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energy fuels nuclear, inc. 
ttv98 pwk central • suite 900 
1515 arapahoe street• denver, colorado 80202 

February .:'8, 1997 

Mr. Joseph J. Holonich. Branch Chief 
High Level Waste and Uranium Recovery 

Projects Branch 
Di\"ision of Waste Management 
Office of Nuclear Material Safety and Safeguards 
FS. Nuclear Regulatory Commission 
2 White Flint North. ~tail Stop T-7J9 
11545 Rockville Pike 
Rockville. MD 20852 

Re: Transmittal of Reclamation Plan for the White Mesa Uranium Mill 
Source Mill License SUA-1358 - Docket No.M-8681 

Dear Mr. Holonich: 
~ 

303-623-8317 
twx 910-931-2561 
fax 303-595-0930 

This letter transmits three complete copies of the Reclamation Plan (and appendices) for 
the White \itesa Uranium Mill. This docwnent supersedes the Reclamation Plan submitted to the 
U.S. Nucle'1'r Regl4latory Commission ("NRC") by Umetco Mineral Corporation in June of 1988, 
although a few selected portions of that submittal are referenced in this Reclamation Plan. 

The technical approaches applied by Energy Fuels Nuclear, Inc. ("EFN") in preparing this 
Reclamation Plan generally conform with the most current NRC regulatory guides. In addition. 
where appropriate. NRC staff have clarified methods for using selected guidance materials. For 
ease of review. key supporting documents have been reproduced as appendices. 

Hopefully. the effort and care taken by Michelle Rehmann and Rick Van Hom in 
preparing this document will expedite the review process. After your initial review. we would 
like to schedule a meeting to discuss any preliminary questions. In the interim. please feel free 
to contact Michelle Rehmann at the letterhead phone or address, or Rick Van Hom at (970) 243-
1968. 
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9703070025 970228 
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Sincerely, 
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/""'..._-uf-:;1 '. '---;/J..#-
Harold R. Roberts 
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cc: William N. Deal 
Earl E. Hodlen 
Richard A. Munson 
rvtichelle R. Rehmann 
Rick A. Van Horn 
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ENERGY FUELS NUCLEAR 

WHITE MESA MILL 

TAILINGS COVER DESIGN 

1.0 SOIL COVER DESIGN 

A six-foot thick soil cover for the uranium tailings Cells 2, 3 and 4A was designed using on-site 

materials that will contain tailings and radon emissions in compliance vvith regulations by the 

United States Nuclear Regulatory Commission (NRC) and by reference, the Environmental 

Protection Agency (EPA). The cover consists of a one-foot thick layer of clay, available from 

within the site boundaries (Section 16), below two-feet of random fill, available from stockpiles 

on-site. The clay is widerlain with three feet (minimum) random fill soil, also available on site. 

The cover layers will be compacted to 95 percent maximum dry density using standard 

construction techniques. In addition to the soil cover, a minimum 3 inch (on the cover top) to 

12-inch ( on the cover slopes) layer of riprap material will be placed over the compacted random 

fill to stabilize slopes and provide long-term erosion resistance. 

Uranium tailings soil cover design requirements for agency compliance include: 

• Attenuate radon. flux to an acceptable level (20 picoCuries-per meter squared-per second 

[pCi/m2 /sec]) (NRC, 1989); 

• Minimize infiltration into the reclaimed tailings cells; 

• Maintain a design life of up to 1,000 years or to the extent reasonably achievable and in any 

case for at least 200 years; and 

• Provide long-term slope stability and geomorphic durability to . vithstand erosional forces of 

wind, the probable maximum flood event, and a horizontal ground acceleration of 0.1 g due to 

seismic events. 

Several models/analyses were utilized in simulating the soil cover effectiveness: radon flux 

attenuation, hydrologic evaluation of infiltration, freeze/thaw effects, soil cover erosion 
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protection, and static and pseudostatic slope stability analyses. These analyses and results are 

discussed in detail in Sections I. I through 1.5. The soil cover (from top to the bottom) will 

consist of: I) minimum of three inches of riprap material; 2) two feet of compacted random fill; 

3) one foot of compacted clay; and 4) minimum three feet of compacted random fill soil. 

The soil cover design for the uraniwn tailings Cells 2, 3, and 4A was developed based on two 

construction options: 

• An integrated soil cover over Disposal Cells 2, 3, and 4A; and 

• A cover over Cells 2 and 3, where Cell 4A tailings are excavated and placed into Cell 3. 

For modeling/analysis purposes it was assumed that the physical and radiological parameters of 

the tailings in Cells 2, 3, and 4A are not dependent on the tailing volume in each individual cell. 

Therefore, each of the two construction options above resulted in the same soil cover 

configuration. The only variation between the options is in the required volumes of cover 

materials, which is dependent only on the surface area to be covered (see Section 1. 7). 

The final grading plans for the two options are presented on Figures I and 2, respectively. As 

indicated on the figures, the top slope of the soil cover will be constructed at 0.2 percent and the 

side slopes, as well as transitional areas between cells, will be graded to five horizontal to one 

vertical (5H: IV). 

A minimum of three feet random fill is located beneath the compacted fill and clay layers (see 

cross-sections on Figures 3 and 4). The purpose of the fill is to raise the base of the cover to the 

desired subgrade elevation. In many areas, the required fill thickness will be much greater. 

However, the models and analyses were perfonned conservatively assuming only a three-foot 

layer. For modeling purposes, this lower, random fill layer was considered as part of the soil 

cover for performing the radon flux attenuation calculation, as it effectively contributes to the 

reduction of radon emissions (see Section 1.1 ). The fill was also evaluated in the slope stability 

analysis (see Section 1.5). However, it is not defined as part of the soil cover for other design 

calculations (infiltration, freeze/thaw, and cover erosion). 
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The folJowing sections describe design considerations, complete with calculations performed and 

parameters utilized, in developing the tailings impoundment soil cover to meet regulatory 

requirements. 

1.1 Radon Flux Attenuation 

The Environmental Protection Agency (EPA) rules in 40 Code of Federal Regulation (CFR) Part 

192 require that h. "uraniUr.1 tailings cover be designed to produce reasonable assurance that the 

radon-222 release rate would not exceed 20 pCi/m2/sec for a period of 1,000 years to the extent 

reasonably achievable and in any case for at least 200 years when averaged over the disposal area 

over at least a one year period" (NRC, 1989). NRC regulations presented in IO CFR Part 40 also 

restrict radon flux to less than 20 pCi/m2/sec. The following sections present the analyses and 

design for a soil cover which meets this requirement. 

1.1.1 Predictive Analysis 

The soil cover for the tailings cells at White Mesa Mill was evaluated for attenuation of radon 

gas using the digital computer program, RADON, presented in the NRC's Regulatory Guide 3.64 

(Task WM 503-4) entitled "Calculation of Radon Flux Attenuation by Earthen Uranium Mill 

Tailings Covers". The RADON model calculates radon-222 flux attenuation by multi-layered 

earthen uranium mill tailings covers, and determines the minimum cover thickness required to 

meet NRC and EPA standards. The RADON model uses the following soil properties in the 

calculation process: . 

• Soil layer thickness [centimeters (cm)]; 

• Soil porosity (percent); 

• Density [grams-per-cubic centimeter (gm/cm3
)); 

• Weight percent moisture (percent); 

• Radium activity (piC/g); 

• Radon emanation coefficient (unitless); and 
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• Diffusion coefficient [square centimeters-per-second (cm2/sec)]. 

Physical and radiological properties for tailings and random fill were analyzed by Chen and 

Associates ( 1987) and Rogers and Associates ( 1988). Clay physical data from Section 16 was 

analyzed by Advanced Terra Testing (1996) and Rogers and Associates (1996). See Appendix A 

for laboratory test data results. 

The RADON model was perfonned for the following cover section (from top to bottom): 

• two feet compacted random fill; 

• one foot compacted clay; and 

• a minimum of three feet random fill occupying the freeboard space between the 

tailings and clay layer. 

The three layers are compacted to 95 percent maximum dry density. The top riprap layer was not 

included as pan of the soil cover for the radon attenuation calculation. 

The results of the RADON modeling exercise show that the uranium tailings cover configuration 

will attenuate raJon flux emanating from the tailings to a level of 17.6 pCi/m2/sec. This number 

was conservatively calculated as it takes into account the freeze/thaw effect on jie uppermost 

part (6.8 inches) of the cover (Section 1.3). The soil cover and tailing parameters used to run the 

RADON model. in addition to the RADON input and cutput data files, are presented in 

Appendix B as part of the Radon Calculation brief. Based on the Model results. the soil cover 

design of six-foot thickness will meet the requirements of 40 CFR Part 192 and IO CFR Part 40. 

1.1.l Empirical Data 

Radon gas flux measurements have been made at the White Mesa Mill tailings piles over Cells 2 

and 3 (see Appendix C). These cells are currently covered with three to four feet of random fill. 

Radon flux measurements, averaged over the covered areas, were as follows (EFN, 1996): 

Cell 2 
Cell 3 

~ 
7.7 pCi/m2/sec 
7.5 pCi/m2/sec 
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Empirical data suggest that the random fill cover, alone, is currently providing an effective 

barrier to Radon flux. Thus, the proposed tailings cover configuration, which is thicker, r.10isture 

adjusted, contains a clay layer and is compacted, is expected to attenuate the Radon flux to a 

level below that predicted by the RADON model. The field radon flux measurements confirm 

the conservatism of the cover design. This conservatism is necessary, however, to guarantee 

compliance with NRC regulations under long term climatic conditions over the required design 

life of 200 to 1,000 years. 

1.2 Infiltration Analysis 

The tailings ponds at White: Mesa Mill are lined with synthetic geomembrane liners which under 

certain climatic conditions, could potentially lead to the long-term accwnulation of water from 

infiltration of precipitation. Therefore, the soil cover was evaluated to estimate the potential 

magnitude of infiltration into the capped tailings ponds. The Hydrologic Evaluation of Landfill 

Performance (HELP) model, Version 3.0 (EPA, 1994) was used for the analysis. HELP is a 

quasi two-dimensional hydrologic model of water movement across, into, through, and out of 

capped and lined impoundments. The model utilizes weather, soil, and engineering design data 

as input to the model, to account for the effects of surface storage, snowmelt, run-off, infiltration, 

evapotranspiration, vegetative growth, soil moisture storage, lateral subsurface drainage, and 

W1saturated vertical drainage on the specific design, at the specified location. 

The soil cover was .evaluated based on a two-foot compacted random fill layer over a one-foot 

thick, compacted clay layer. The soil cover layers were modeled based on material placement at 

a minimum of 95 percent of the maximum dry density, and within two percent of the optimum 

moisture content per American society for Testing and Materials (ASTM) requirements. The top 

riprap layer and the bottom random fill layer were not included as part of the soil cover for 

infiltration calculations. These two layers are not playing any role in controlling the infiltration 

through the cover material. 

The random fill will consist of clayey sands and silts with random amounts of gravel and rock­

size materials. The average hydraulic conductivity of several samples of random fill was 

calculated, based on laboratory tests, to be 8.87xl 0"7 cm/sec. The hydraulic conductivity of the 

clay source from Section 16 was measured in the laboratory to be 3.7xl0"8 cm/sec. Geotechnical 

soil properties and laboratory data are presented in Appendix A. 

r 'J>II.OIECTS\6111-001\lll616I I I OOJ(Wlo.<l6J 

eTITANEnvironmental 



Page 6 

Key HELP model input parameters include: 

• Blanding, Utah, monthly temperature and precipitation data, and HELP modd default solar 

radiation, and evapotranspiration data from Grand Junction, Colorado. Grand Junction is 

located north east of Blanding in similar climate and elevation; 

• Soil cover configuration identifying the number of layers, layer types, layer thickness, and 

the total covered surface area; 

• Individual layer material characteristics identifying saturated hydraulic conductivity. 

porosity, wilting point, field capacity, and perce,1t moisture; and 

• Soil Conservation Service runoff curve numbers, evaporative zone depth, maximum leaf area 

index, and anticipated vegetation quality. 

Watt.c balance results, as calculated by the HELP model, indicate that precipitation would either 

run-off the soil cover or be evaporated. Thus, model simulations predict zero infiltration of 

surface water through the soil cover, as designed. These model results are conservative and take 

into account the freeze/thaw effects on the uppermost part (6.8 inches) of tt t cover (Section 1.3). 

The HELP model input and output for the tailings soil cover are presented in the HELP Model 

calculation brief inclvJed as Appendix D. 

1.3 Fre,ezeffbaw Evaluation 

The tailings s )ii cover of one foot of compacted clay covered b~, two feet of random fill was 

evaluated for freeze/thaw impacts. Repeated freeze/thaw cycles luwe been shown to increase the 

bulk soil pe,meabilil)' by breaking down the <.:ompacted soil stn,cure. 

The soil :over was evaluated for freeze/thaw effects using the modified Berggren eqt1ation as 

presented in Aitken and Berg (1968) and recommended by the NRC (U.S. Depanment of 

Energy, 19~8). This evaluation was based on the properties of the random fill and clay s,)il, and 

meteorologicd data from both Bk.nding, Utah auJ Grand Junctic n, Colorado. 

The results of the freeze/thaw evaluation indicate that the anticipated maximum depth of frost 

penetration on the soil cover would be less than 6.8 inches. Since the random fill layer is two 

feet thick, the frost depth would be confined to this layer and would not penetrate into the 
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underlying clay layer. The perfonnance of the soil cover to attenuate radon gas flux below the 

prescribed standards, and prevent surface water infiltration, would not be compromised. The 

input data and results of the freeze/thaw evaluation are presented in the Effects of Freezing on 

Tailings Covers Calculation brief included as Appendix E. 

1.4 Soil Cover Erosion Protection 

A riprap layer was designed for erosion protection of the tailings soil cover. According to NRC 

guidance, the design must be adequate to protect the soil/tailings against exposure and erosion 

for 200 to i .000 years (NRC, 1990). Currently, there is no standard industry practice for 

stabili~ing tailings for 1,000 years. However, by treating the embankment slopes as wide 

channels, the hydraulic design principles and practices associated with channel design were used 

to design stable slopes that will not erode. Thus, a conservative design based on NRC guidelines 

was developed. Engineering details and calculations are summarized in the Erosion Protection 

Calculation brief provided in Appendix F. 

Riprap cover specifications for the top and side slopes were detennined separately as the side 

slopes are much steeper than the slope of the top of the cover. The size and thickness of the 

riprap on the top of the cover was calculated using the Safety Factor Me'Ulod (NUREG/CR-465 J. 

1987), while the Stephenson Method (NUREG/CR-4651, 1987) was used for the side slopes. 

"Ibese methodologies were chosen based on NRC recommendations ( 1990). 

By the Safety Factor Method. riprap dimensions for the top slope were calculated in order to 

achieve a slope "safety factor'' of I. I. For the top of the soil cover, with a slope of 0.2 percent, 

the Safety Factor Method indicated a median diameter (D50) riprap of 0.28 inches is required to 

stabilize the top slope. However, this dimension must be modified based on the long-term 

durability of the specific rock type to be used in construction. The suitability of rock to be used 

as a protective cover must be assessed by laboratory tests to detennine the physical 

characteristics of the rocks. The sandstones from the confluence of Westwater and Cottonwood 

Canyons require an oversizing factor of 25 percent. Therefore, riprap created from this sandstone 

source should have a D50 size of at least 0.34 inches and should have an overall layer thickness 

of at least three inches on the top of the cover. 
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Riprap dimensions for the side slopes were calculated using Stephenson Method equations. The 

side slopes of the cover are designed at 5H: l V. At this slope, Stephenson's Method indicated the 

unmodified riprap Dso of 3 .24 inches is required. Again assuming that the on-site sandstone will 

be used, the modified Dso size of the riprap should be at least 4.05 inches with an overall layer 

thiclcjess of at least I 2 inches. 

The potential of erosion damage due to overland flow, sheetflow, and channel scouring on the 

top and side slopes of the cover, including the riprap layer, has been evaluated. Overland flow 

calculations were perfonnec' .JSing sit,: meteorological data, cap design specifications, and 

guidelines set by the NRC (NUREG/CR-4620, 1986). These calculations are included in 

Appendix F. According to the guidelines, overland flow velocity estimates are to be compared to 

"permissible velocities", which have been suggested by the NRC, to determine the potential for 

erosion damage. When calculated, overland flow velocity estimates exceed permissible 

velocities, additional cover protection should be considered. The permissible velocity for the 

tailings cover (including the riprap layer) is 5.0 to 6.0 feet-per-second (ft./sec.) (NUREG/CR 

4620). The overland flow velocity calculated for the top of the cover is less than 2.0 ft/sec., and 

the calculated velocity on the side slopes is 4.9 ft/sec. Therefore, the erosion potential of the 

slopes, due to overland flow/channel scouring, is within acceptable limits and no additional 

erosion protection is required. 

1.5 Slope Stability Analysis 

Static and pseudostatic analyses were performed to establish the stability of the side slopes of the 

tailings soil cover. The side slopes are designed at an angle of 5H: IV. Because the side slope 

along the southern section of Cell 4A is the longest and the ground elevation drops rapidly at its 

base, this slope was determined to be c1itical and is thus the focus of the stability analyses. 

The computer software package GSLOPE, developed by MITRE Software Corporation, has been 

used for these analyses to determine the potential for slope failure. GSLOPE applies Bishop's 

Method of slices to identify the critical failure surface ai:d calculate a factor of safety (FOS). 

The slope geometry and properties of the construction materials and bedrock are input into the 

model. These data and drawings are included in the Stability Analysis of Side Slopes 

Calculation brief included as Appendix G. For this analysis, competent bedrock is designated at 

10 feet below the lowest point of the foundation [i.e., at a 5.540-foot elevation above mean sea 
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level (msl)J. This is a conservative estimate, based on the borehole logs supplied by Chen and 

Associates ( 1979), which indicate bedrock near the surface. 

t.S.I Static Analysis 

For the static analysis, a FOS of 1.5 or more was used to indicate an acceptable level of stability. 

The calculated FOS is 2. 91, which indicates that the slope should be stable under static 

conditions. Results of the computer model simulations are included in Appendix G. 

t.S.2 Pseudostatic Analysis (Seismicity) 

The slope stability analysis described above was repeated under pseuuostatic conditions in order 

to estimate a FOS for the slope when a horizontal ground acceleration of 0.1 Og is applied. The 

slope geometry and material properties used in this analysis are identical to those used in the 

stability analysis. A FOS of 1.0 or more was used to indicate an acceptable level of stability 

wider pseudostatic conditions. The calculated FOS is 1.903, which indicates that the slope 

should be stable under dynamic conditions. Details of the analysis and the simulation results are 

included in Appendix G. 

Recently, Lawrence Livermore National Laboratory (LLNL) published a report on seismic 

activity in sou.them Ut.ah, in which a horizontal ground acceleration of 0.12g was proposed for 

the White Mesa site. The evaluations made by I ,LNL were conservative to account for 

tectonically active regions that exist, for example, near Moab, Uta'i. Although, the LLNL report 

states that •• ... (Blanding] is located in a region known for its scarcity of recorded seismic events," 

the stability of the cap design slopes using the LLNL factor was evaluated. The results of a 

sensitivily analysis reveal that when considering a horizontal growid acceleration of 0.12g, the 

calculated FOS is 1. 778 which is still above the required value of 1.0, indicating adequate safety 

wider pseudostatic conditions. This analysis is also included in Appendix G. 

1.6 Cover Material/Cover Material Volumes 

Construction materials for reclamation will be obtained from on-site locations. Fill material will 

be available from the stockpiles that were generated from excavation of the cells for the tailings 

facility. If required. additional materials are available locally to the west of the site. A clay 

material source, identified in Section 16 at the southern end of the White Mesa Mill site, will be 
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used to construct the one-foot compacted day layer. Riprap material will be taken from on-site 

sandstone. located at the confluence of Westwater and Cottonwood Canyons. 

Material quantities have been calculated for each of the components of the reclamation cover. 

Volume estimates Y.l!re made for the two soil cover design options, as follows: 

• Option I: an integrated soil cover which incorporates Disposal Celk 2, 3, and 4A, and 

• Option 2: a cover which includes Cells 2 and 3, where Cell 4A tailings have been excavated 

and placed in Cell 3. 

The quantity of random fill required to bring the pond elevation up to the soil cover subgrade and 

construct the final slope was not calculated. This layer will be a minimum of three feet in depth 

and is dependent on the final tailings grade, which is not known. 

For Design Option I, construction will require the following approximate quantities of materials: 

Material 1 Volume (cubic yards) 
",.. 

Clay 365,082 
Random Fill 737,717 
Riprap (top of cover) 82,762 
Riprap (side slopes) 41,588 

For Design Option 2, construction will require the following approximate quantities of materials: 

Material Volume (cubic yards) 
Clay 289,514 
Random Fill 585,334 
Riprap ttop of cover) 64,984 
Riprap (side slopes) 35,885 

Material quantities calculations are provided in Appendix H as part of the Tailings Cover 

Material Volume Calculation brief. 
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Table 3.4-1 

Physical Properties of Tailings 

and 

Atterberg 

limits 

ll fl 

28 6 

22 7 

Proposed Cover Material 

Specific 

Gravjll_ 

2.85 

2.67 

s Passing 

No. 200 

Sieve 

46 

48 

Maximum 

Dry Density 

Cocfl 

104.0 

120.2 

Note: Physical Soil Data from Chen and Associates (1987). 

Optimum 

Moisture 

Content 

18.1 

11.8 



~ . .... 
z 
w 
t­z 
0 
0 
w 
a: 
::, .... 
~ 
0 
~ 

18 ------~~---------,--~-----r-:-:--:--:-:--:-:-:'T':"".:-:-:-:-:--:-~-:-:-:'"7'":"'-::--:-7":"'f:'"~7':-:-:--:-~~-:---:--:, .••••..•• I ••••••••• I ••••••••• I ' •••••••• I •• I •••••• 

• • • • t •••• ) ••••• I ••• I •••••• I •• I • I • I •••• I I ••••••••• I •••••••••• I •••• I •••• 

• • • • • I •••• I •••• I ••••••••• I ••••• I ••• I I I ••••••• I • I ••••••• I ••• I ••••• 

• I ••••••• I . I ••• I ••• I • I I I ••••• I •••• ' •••• 

. : : : : : Ii : : : : : : : : : 

. . . . . . ....... . 
. . . . . .... ' ... . 

. . . . ' . . ....... . 
16 .. I ....... . • • •' • I 

• I ! I 
• I I • • I • • • I 

••••••••• I • I ••••••• I ••••••••• I ••••• I ••• I I ••••••• I I I •••••••• I •••• I •••• I •• I ••• 

, , , , 
0 

, , , , I , , • r , , • • • I • , • • • • • • I I • • t • • • I • I I I • I I t I • I t I t • I I I I t t • I • t I o , , t t • 

••• I ••• I ' •••• I • I • I I •••••••• I I ' •• I •• I • I I ' •••••••• I ••••••••• I ••••••• 

• • • • • • • • I ••••••••• , ••••••••• , ••••••••• , •••••••• • 1 · ....... · 1 · ........ I ........ . 
, 1 t I I t o I I I O I I O I I I I I I I I I I I • I I I I I I • I I I I I I I I I I I I I I I o I o I O 1 • o I O • I • 1 

o • • • t • 1 • I t I I t I • • ' • I I I t • t I O I I I I I I I I I e t I I I I I I I I I • I • I I I I I I I 1 • • 1 e 1 , 1 o 1 • • o • , • 

, 4 1 .. \ .. _ ......... , ... --·-·- '··-··------·-·----·-·~·-·---·-·---··-1·-· ----- ----·--•···----·-·--·---·--·· · . · · · ... · 1 ........ · 1 · ........ , ........ · 1 · ....... · 1 · ....... · 1 · ....... . 

12 

0 1 I O , 0 1 0 • 0 I I o t I • I I t I f I I f I I f I I I I I I I I 1' I I I I I I I I I I I I I I I I o I I I O I I I I I 

, o o o o , • o , o o I o I o o I I I I I I I I I I I I I I I I I I I I • I I f I I I I I I I I I I I I I o ' • I • • • • • I 

• , , 1 • • , • , I , • • • • • • • • I • • • • • t • • • I • • • • • • • • • 1 • • • • 1 ~ • • • I • • • • • • • • • I • • • • • • • • • 
.......... I ••••••••• I ••••••••• I • I ••••••• I ••••••••• I ••••••••. J •••••• ' •• 

•••• I •••• I •••• I ••• I I ••••••••• I ••••••••• I ••••••••••••••••••• I ' •••••••• 

••••••••• I ••••• I • I • I • ' •• ' •••• • • • • • • I •• I ••••••••• I •••••••• I 

... --1--··-- ............ ~ .. , ......... _,, ___ , __ ... . 
Y: :MA~R 

· · · · S:IT~ '#.1 · · · · · 
o ' I I I 

• ' • • • • • • o&..,,,I• • I • • " ; ; ......... I ........ . 
. . . . . . . . . . . . . . . . . . . . . . . . . . .. ,· ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... . 

• • • • • • s:::. • • ·, •••• 

•........ 
'- I o I I O O I . . . . . . ' . . . ....... . 

I I I I o 

~ ••••••• I • l ••••••••• I •• --;---:-,:- ,. ········t·········t······~········· 
1 0 J ......................................... - .... ·-·-.................... ··-·--....... - ......... - -· . .., .... 

• . • • I.!.,. • . • 

. t ......... I ......... 
·-·-----.. I0-1010-•000_0_00H 

i , • • ~ 

8 
0 

• • • • • • • I • I ••••••••• 

• • • • ' • • I • • • • • • • • • 

.... ' . ' .. , ........ . 
• ' I • o • • • ' • • I I O o f I 0 

. . . . . . . . . . ....... . 

. . . . . . . . . ........ . 

.. --...:...RA;OM F11't. , ..... · . 
: : : : : s,r· · :#.2; :i: & s: :: : : : :: 
• •••••••• I ••••••• I • I ••••••••. 

• • • • • • • I ••••••••• I •••••••• I I • I ••••••• I ••••••••• I ••••••••• I ••••••••• I ••••••••• 

2 4 6 8 10 12 14 16 

TENSION. BAR 

SUMMARY Of CAPILLARY ~OISTURE 
RELATfONSHIP TEST RESULTS 

WHITE MESA PROJECT .. .. . . . . .. . . . . 

OAiA FROM CHEN & ASSOCIATES FIGURE 3.6-1 ·~ 

t 
J 

t 



~ ._. 
z 
~ z 
0 
0 
UJ 
a: :, 
t­
U') 

5 
~ 

24 I .•.•••••• ,· •. • • • • •• ' ' • • • • • •• • • • •. • • • • • • • • • • • • • • • ,·, • • • • •.,. • • • • • • • • 1' ..... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... ' . . . . . . . . . . . . . ... . . . . . . . . . . . . . . .... . 
' ' ' • o ' ' o • o O f ' • o ' o o O • ' o o O I o O O o I I I I t I O I f I I I I I I I t I I I I I o I I O o I O O O o • o o • • o 

• I • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • .... I • • • • • •••••••• I ..•..• 
• • • • • • • • • I ••• I I •••• I ••• I I • '· •• 

. • I • • • • • • . I I ••••••• t I ••••• I • I • I •••• I • • I I •• I •••••• I .......... I ••••.• 

. . • • • • • I .•••••••• I ••••• I •• I I ••••••••• I ••••••••• I I I •••••••••••••• 

• • , 1 •• , , , , • , • 1 •• , , •• , , , 1 , , , • , • , , , I , • , , • , , , , 1 • • • • • • , , , I , • , , , , , , , 1 , , , , • , • , • 

• • • I • • I ••••• I ••••••••• I •• I •• I ••• I •• I •• I ••• I ' ••••• I I • I ••••••• I • I ..••.. 

2 2 I·\··· ............................ 1 ....... ---·--· .. ··-·---t· ......... -........ --···-1-·-- 1------r-··.. ·r-----.. -···-·1• ..... - ......................... .. 
• I • ' • • • • • • •••••••• I •........ I .... • . . . . . . ...... . . . . . . i ..••.. 

. . . . . . ....... . • .••••••• I ••••••••• I ••••••••• I • • • • • . • I ••••• 

• • • • • • , • , I • • • • • • • • • I • • • • • • • • • I • • • • • • • • • I • • • • • • • • • I • • • • • • • • • I ' • • • • • 
•.••••.•. I ••••••••• ' ••••••••• ' ••••••••• i •••••• I •• I ••••••••• I •••.•.••• 

• , , , , , , , • 1 , , , • , , , • , 1 , • , , , , , , • 1 , , , , • , , , , 1 , , , , , , , , • 1 , , , • , • , , • 1 , , , , , • 

I ••••• I •• I ••• I ••••• I ••••• I • I • I ••• I ••• I • I ••••••••• 

I •••• I I • I •• I •••• I • I •••••• I •• I •• I ••• I •• I ••••••••• 

I I ••••••• I •••••••• I I I •••••••• I ••••• I ••• I • I ••••••• 

20 I········-~-·:··; .. ·~·-!,··:··: ... \ .. ·:·-~-~ ... : .. ·;··: ... ~ .............................. --.. , .......... --.---.. ,_ ________ .... _ .. ________ .. . 

>"'· ........ . 
I I e et I f I 

••••••••• I •• I •••••• I I ••••• I •• I • I. I •• I •• I I ••••• I •• j I •••••••• 

· · CL1\Y. : ~ATERIAt : : 
.. SITE ·.M.'.A • • • • • • • • • • • .TN •. , •• , ••• 

18 ................................... .. ,,4..-1,- --• ..._+-·----··I-.••- --·I••· ... -·-• .. -• .. ••· .. ··--•-••··· 

--~f' -. • • • \ ' • I • • 

: I• • • • • • • • I • • • • • • • • • I • • • • • • • • • 
••••••••• I • I • I •••• I • I ••••••• I •••• I •••• I ••••••••• I ••••••••• I ••••••••• I ••••••••• 

t I I I f I • • • I ••• I • I I ••••••••• 

16 1 ···· ...... :···:···: .. ·:·":"~'"i .. : ... : ... : ... :-:· .. :· .. :··: ... : .. r-:-:·:--:·:--·:---:-:-:--

14 
0 

• • • • • • • • • I • • • • • • • • • I • • • • • • • • • I • • • • • • • • • 

. , , , , • • • , I • • • • • • • • • I • • • • • • • • • I • • • • • • • • • 

.. .. i ••••••••• I ••••••••• I •••••• I •• I ••••••••• 

• I •• I ••• I I ••••••••• I ••••••••• I ••••••••• 

• • • • • I .••••••• I ••••••••• I ••••••••• I •• ' •••••• I ••••••• I • I ••••••• I • I ••.•••••• 

• ' ' •• I .•••••••• I ••••• I ••• I I •••••••• I ••••••••• I ••••••• I • I ••••• I ••• ) ••••••••• 

• ' .••.••• I . • • • • . •• I • I I • I •••• I ••••••• I • I •• ' •••••• I • ' •••• I •• I ••••••••• I •••••••.• 

• , , • , , 1 • • • • • • • • • I • • • • • • • • • I • • • • • • • • • I • • • • • • • • • I • • • • • • • • • I • • • • • • • • • I • • • • • • • • • 

2 4 6 8 

TENSION. BAR 

10 12 14 16 

SUf\1MA~Y Of CAPll-LARY MOISTURE 
RELATIONSHIP TEST RESULTS 

WHITE MESA PROJECT - - . . 
DAT A FROM CHEN & ASSOCIATES; FIGU~E 3.5-~ 

I .... 
O' 
I 



SECTION 6 

ROGERS ANO ASSOCIATES ENGINEERING 
CORPORATION 

Letter Dated March 4, 1988 
Letter Dated Hay 9, 1988 

Radiological Properties 
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Rogers & Associates Engineering Corporation 

Hr. C. 0. Sea 1 y 
Umetco Minerals Corporation 
P.O. Box 1029 
Grand Junction, CO 81502 

Dear Hr. Sealy: 

Post Office Box 330 
Salt Lake City, Utah 84110 

(801) 263-1600 

March 4. 1988 

C8700/22 

We have completed the tests oro~red on the four samples shippej to JS. 
The re~ults are as follows: 

3 Radium Emanation Diffusion {g/cm) Sam;1le pCi/gm Fraction Coefffc. Density Moisture Saturation 
Tailings 981±4 0.19±0.01 2.0E-02 1.45 13.2 0.39 

8.4E-03 1.44" 19.1 0.56 Composite (2,3,&5) l.6E-02 1.85 6.5 0.40 
4.SE-04 1.84 12.5 0.75 Site 11 l.6E-02 1.85 8.1 0.48 
l .4E-03 1.84 12.6 0.76 Site 14 l.lE-02 1.65 15.4 0.63 
4.2E-04 1.65 19.3 0.80 

lhe samples will be shipped back to you in the next few weeks. If you have 
any questions regarding the results on the samples please feel free to call. 

RYB/b 

Sf ncerely, 

a- 'f/;.__ 
Renee Y. Bowser 
Lab Supervisor 

SIS Ease 4SOO South· Sall Lake City. Utah 14107 

fl.·' 



·-
R 
A 
E 

~gers & Associates Engin~ering_ Corporation 

Hr. C.O. Sealy 
UHETCO Minerals Corporation 
P.O. Box 1029 
Grand Junction, CO 81502 

Dear Hr. Sealy: 

Post Office Box 330 
Salt Lake City, Utah 84110 

(801) 263-1600 

Hay 9, 1988 

ll~'t 12 \98i 

C8700/22 

The tests for radium content and radon emanation coefficient in the 
following samples have been completed and the results are as follows: 

Sample 

Random {2,3 & 5) 
Site 1 
Site 4 

Radium (pCi/g) 

1.9 + 0.1 
2.2 + 0.1 
2.0 + 0.1 

Radon 
Emanation Coefficient 

0.19 + 0.04 
0.20 + 0.03 
0.11 + 0.04 

If you have any questions regarding these results please feel free to 
call Dr. Kirk Nielson or me. 

RYB:m:s 

Sincerely. 

~ '(6.~ .. 
Renee Y. Bowser 
Lab Supervisor 

SiS East 4SOO South· Salt lake Ciry. U1ah 84107 



-ADYAHCl!D Tf RRI\ TtSTIHC ~- -
833 Parlet Street 
Lakewood, Colorado 8021 5 
(303) 232·8308 



ATTERBERG LIMITS TEST 
ASTM D 4318 

CLIENT Titan Env. 

BORING NO. 
DEPTH 
SAMPLE NO. UT-1 
SOIL DESCR. 
TEST TYPE ATTERBERG 

Plastic Limit 
Determination 

l 

Wt Diab, Wet Soil 3.34 
Wt Dish 6i Dry Soi! 2.96 
Wt of Moisture 0.38 
Wt of Dish 1.05 
Wt of Dry Soil 1.91 
Moisture Content 19.90 

Liquid Limit Device Number 
Determination 

Humber of Blows 

Wt Diab C Wet Soil 
Wt Dish C Dry Soil 
Wt of Moiature 
Wt of Diah 
Wt of Dry Soil 
Moisture Content 

Liquid Limit 
Plastic Limit 
Plasticity Index 

103.1 
19.9 
83.3 

Atterberg Classification CH 

1 

39 

12.18 
6.64 
5.54 
1.10 
5.54 

100.00 

2 

4.06 
3.57 
0.49 
1.11 
2.46 

19.92 

0258 

2 

27 

10.42 
5.67 
4.75 
1.06 
4.61 

103.04 

3 

3.42 
3.03 
0.39 
1.06 
1.97 

19.80 

3 

18 

10.92 
5.87 
s.os 
1.06 
4.81 

104.99 

NA.A Date: 7-26-96 
Date:7- Z~-'to 

JOB NO. 2234-04 

DATE SAMPLED 
DATE TESTED 7-25-96 WEB, RV 

4 s 

14 9 

12.33 10.06 
6.53 5.34 
s.80 4.72 
1.10 1.08 
5.43 4.26 

106.81 110.80 

Data entry b'*-A 
Checked by:~ 
FileName: 

TIGOUTl ADVANCED TERRA TESTING, INC. 
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111 

110 

109 

I 

Atterberg Limits, Flow Curve 
, , UT-1 

108 "-.. I',.. 
t--+--+----ie--+---+---i-+---+-.. ,..:-+-----t---t-+---+--+-t----+--+----t-+--~ 

1; 101 o"'-. 8 108----------~----------t~---l"'-..~+--+--+---t---.t---+---t-__ -+ ___ 

i 1~1---+--+----ie--t---+---i-+---+--+-t-~·-~--...~~.---+---+--+-+--+--+-~ 

:E 104 ", ----------t---------------------.1 103 "~ 

1m ~ 
t--+--+----i'---t---+---i-+---+--+-t--+---t---11---t---t--"'tc,--+--+--+-~ 

101 ~ 
t--+--+----ie--t---+---i-+---+--+-t--+---t---11---+----+---+-,P.,.--+--+-~ 

100 "-. 

Number of Blows 25 

PLASTICITY CHART 
, , UT-1 

100 .------r------,---;--,----/--"'7't--------y--------, 

80 ----+----+---+---+-,,,,,1/"------+--·--__.___,...c;..../_---4 
/v -·· ,,,.,./' 

/v /., 
20 1-----,,,.,,rc..-.i-----b,,,ol'~:..._._-4-_ _....... ___ ~M111~uHa:J.-c.':"-""-----4---~ 

/ /_ -- -

0 50 100 150 
Liquid Limit 

I • Classification] 



CLIENT: 

RORINGNO. 
.PTH 

~AMPLE NO. 

Titan Env. 

UT-1 

Moisture determination 

Wt of Moisture added (ml) 

Wt. of soil & dish (g) 
Ory wt. soil & dish (g) 
Net loss of moisture (g) 
Wt. of dish (g) 
Net wt. of dry soil (g) 
Moisture Content(%) 
Corrected Moisture Content 

Density determination 

VVl of soil & mold (lb) 
Wt. of mold (lb) 
Net wt. of wet soil (lb) 

• wt of dry soil (lb) 
• , Density. (pcf) 
Corrected Ory Density (pcf) 

Volume Factor 

COMPACTION TEST 
ASTM D 1557 A 

1 
100.00 

384.26 
350.60 

33.66 
8.01 

342.59 
9.83 

14.20 
10.36 
3.84 
3.50 

104.89 

30 

SOILDESCR. 
DATE SAMPLED 
DATE TESTED 

2 3 
150.00 250.00 

393.92 291.42 
355.61 251.40 
38.31 40.02 
8.34 8.31 

347.27 243.09 
11.03 16.46 

14.49 14.68 
10.36 10.36 
4.13 4.32 
3.72 3.71 

111.59 111.28 

30 30 

""'ta entered by: RV Date: 7-26-96 
a checked by:~ Date:_LL<o- % 

JOB NO. 2234-04 

7-25-96 RV 

4 5 
350.00 450.00 

244.20 281.17 
202.69 225.04 

41.51 56.13 
8.29 8.43 

194.40 216.61 
21.35 25.91 

14.59 14.46 
10.36 10.36 
423 4.10 
3.49 3.26 

104.57 97.69 

30 30 

FileName: TIPRUT-1 ADVANCED TERRA TESTING, INC 
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ADVANCED TERRA TESTING, INC. 



PEJUIEABILITY DETERMINATION 
PALLING HEAD 
PIXED WALL 

CLIENT Titan Environmental 

BORING NO. 
DEPTH 
SAMPLE NO. UT-1 

JOB NO. 2234-04 

SAMPLED 
TEST STARTED 
TEST FINISHED SOIL DESCR. Remolded 951 Mod Pt. @ OMC SETUP NO. 

SURCHARGE 200 

MOISTURE/Dt~SITY BEFORE AFTER 
DATA TEST TEST 

Wt. Soil & Ring(s) (g) 386.9 404.5 
Wt. Ring(a) (g) 93.0 93.0 
Wt. Soil (g) 293.9 311.4 
Wet Deneity PCF 122.3 120.5 

Wt. Wet Soil & Pan (g) 302.4 319.9 
Wt. Dry Soll & Pan (g) 266.2 266.2 
Wt. Lost Moisture (g) 36.2 53.8 
Wt. of Pan Only (g) 8.5 8.5 
Wt. of Dry Soil (g) 257.7 257.7 
Hoiature Content ' 14.l 20.9 
Dry Density PCP 107.2 99.7 
Max. Dry Denaity PCF 113.5 113.S 
Percent Compaction 94.4 87.8 

ELAPSED DORETTE BURBTTE 
TIME READING READING 
(MIN) hl (CC) h2 (CC) 

0.2 
2599 10.8 10.8 
1427 14.2 14.2 
1440 16.8 16.8 
1440 18.6 18.6 
1440 20.2 20.2 
1440 21.6 21.6 
1469 23.0 23.0 
1440 24.4 

Data Entered By: NAA Date: 8-8-96 
&-~-~ Date Checked By: ~ Date: 

PERCOLATION RATE 
FT/YEAJt at/SEC 

0.14 1.4£-07 
0.09 8.4E-08. 
0.01 6.SE-08 
o.os 4.6£-08 
0.04 4.lE-08 
0.04 3.7E-08 
0.04 J.6E-08 
0.04 !.·.1~~98 

7-28-96 CAL 
8-7-96 CAL 
1 

Filename:TIFHUTl 
ADVANCED TERRA TESTING, INC. 



Rogers & Associates Engin·eering Corporation 
Poat Office Box 330 

Salt Lake City, Utah 84110--0330 
(801) 263-1600 • FAX (801> 262-1527 

September 3, 1996 

Pamela Anderson 
Titan Environmental Corporation 
7939 E. Arapahoe Rd., Suite 230 
Englewood, CO 80112 

Dear Ms. Anderson: 

C9600/9 

Enclosed are the results from the radium content, specific gravity, and radon 
emanation and diffusion coefficient measurements that were performed on the 
sample sent to our laboratory. We will be returning the sample within the month. 

If you have any questions or if we can be of further assistance, please call 

~re~ 

~Roge 
Scientist 

515 Eut 4500 South • Salt Lake City, tJl' 84107-2918 
Adcli&ianal omc. ID: Idaho Falla, m • Santa Fe, NII • Wul\inc1GD DC 



Rogers & Associates Engineering Corporation 

REPORT OF RADON DIFFUSION COEFFICIENT MEASUREMENTS 
(TIME-DEPENDENT DIFFUSION TEST METHOD RAE-SQAP-3.6) 

Moisture 
SampJeID (Dry Wt. 'I,) 

UT-1 14.6 .. 

Radon Dilfusion 
Density Coefflclent 
(lrfcml) (cml/s) 

1.72 9.lE-03 

Poet Office Bo:a: 330 
Salt Lake City • Utah 84110 

(801) 263-1800 

Report Dare: 

Contract: 

By: 

DaJe Received: 

9/3/96 
C9600f) 

BCR 
8/96 

Specific 
Saturation Gravity 

(Mo/P) (arJcml) 

0.89 2.39 

RAE 



Rogers & Associates Engineering Corporation 

REPORT OF RADIUM CONTENT AND EMANATION 
COEFFICIENT MEASUREMENTS 
(LAB PROCEDURE RA.E-SQAP-3.1) 

Sample ldentificalion: Dwi Envirmmental 

- • ID 

trr-1 

Moisture Radon Emanation 
(Dry Wt. ,. ) Coeffldent 

14.6'1, 0.22 :i: 0.04 

Post Off"~ Box 330 
Salt Lake City • Utah 84110 

(801) 263-1600 

Report Date: 9J3f)6 

Contract: C9(i00,9 

By: 

Dare Received: 

BCR 
BM 

Radimn-22Ai 
(DCUe) Cona11mts 

1.5 :t 0.3 

RAE 



_'. chen and ~ociates, inc. 
CONSULTING ENGINEERS 

sou., fCM*NJJOlt N S. ZUNI DENVER. COLORADO &0223 lOl/744-7105 
ING IN 1111 N' 1124 UST flRST STREET • CASPER. WYOMING 12'01 • 307/234-2121 

Job No. 16,406 

SECTION 2 

Extracted Data From 

SOIL PROPERTY STUDY 
EARTH LIHED TAILINGS RETENTION CELLS 

WHITE HESA ~AHIUH PROJECT 
BLANDING, UTAH 

Prepared for: 

ENERGY FUELS NUCLEAR, INC. 

PARK CENTRAL 
1515 ARAPAHOE STREET 

OEHVER, COLORADO 80202 

~uly 18, 1978 



TAIi.i I 

S\119\AAT o, \.AIOAATOAT T(ST A(SU\.TS 

l'•t• I of J 

NAT~AL ,. .. ,_ o,,,_ ATT(lltAC LIMITS ,AAAATION ~LYSIS ltl!OUtD l'Cl1'lM I LI T'r 
Tut o.,c11 o,, '4ol11ure s, .. 1t1c S.11 
Hole ,,1.) 110lsl11•• Ory o.,u lty Co,iunt u.,,, •IHtlclty IIMI- , ... , ... bu thMt lry ........ ,. ,, .. ,,, ,,~ 

Cofttaftl 0.ftt lty Ll•lt ..... .... 1200 '.u 0.11111, C...te11t ,,.,.,,. ... ,,ac. 
U!)_ (1dl '·"' ,,, tu IY.) l1.\ • '1.1 l1cl} 1'11 

2 o-s 117.5 10.a 20 J '" SI ,, '11~, ,, .. ,. 0.57 s.s .. 10·7 hft4y Slit . 
J 7-1 7,2 u ' 

,,, ,2 s."~ er,., • ., 

·~·· 11.s J) / • ,,,. '"· ,, 1.z.10·1 Slit 
s 1t-10 12 102.1 22.0 o.oas 2.U C.lcareeu1 

2S 7 '" 
. 

17 
SIity Clay 

' 1-2 10.) S lft#y C I •r•r 
: SI It 

' at-, 6, I 27 / • ,,. 70 h1ufy Clay 

I s-st I), I HI' )/Ii '"· '2 c,,,,, • ..,, 
hft#y s "' ,. O•l I. I HI' '" SJ Saft• • SI It 

10 i..4l llt 10 
,,. 7l Sa1uf1 Cl •r 

II H·'i tli.O 2' ' '" '5 SI IUlofta-. 

e s, 6.h10·• 
Clayltofta 

12 2-S 101.0 20., SJ ./ JS ,,, ,s.o 11,J 0.0'8 2.,7 Wuthara4 
C l1y1tofta 

ll 7.1 I). I lt / ,, ,. .,. C1lc1reou1 
Slit Clay ... 1-J ,,. ) Ito .• 21 ,,. ., \la11har;i4 

. 2' / 1.2a10·1 J;6ti 
CI rrllOft• 

IS I i·lti 106.1 ,,.o I J/1 '"· '5 17 IOJ.li 18,0 0.012 "94. Calurec • 
Sift~ Chy 

17 2-) II ,It ,, .. II s, Saft~ Sitt 

A, O•) 117,5 12.I Z) ' "' 70 10,., 12,li 0.0)5 ),lta 10-1 Saft#y Clayey . . Slit 
22 1-2 1).2 u/ 10 ,,. 7J San#y Chy 

/u 1-) ... .I 21t IJO 17 Vaather,4 
Clayatoft• 

A> ,.a " . , JO IJO " Cl ay1to11, 

As •·H ').) 26 / ' ... 57 S111ofy City 

,4, lti·S IS. l ... / JO ,,. ,1 Vaatllere4 . Cl ayatOft• 

~/, 0-2 11 .1 21 / 10 ,,. 111. 72 .. SM#>/ Clay 

2-) 8.5 ,, z "' s, SanJy SI It 

J2 I-Ii s., 2) ' IJO n hft#y ,,.,,.,. 
SI Ir 

)7 o.i. 118.1 11.S u s •• 72 110.s 11.S o.o ,. ,.10·7 hn~ Clayey 
S II r 

)8 5.7 II I. 0 
''· 7 

2, / Iii J/1 111. '9 101,lt 11., O.O'•I i..0.10·: 
,,.,...,,. Cl., 

loO i.-H 110.0 1,.2 2, I 

' ,1 ,,. 27 IM Ii 
' ' I, 

II 011 I &ato• ' ,, hndy Cl,y 
. -



TMIU 

SUl'fVAY o, ~OA~TOAY TrsT AlSULTS 

l'•t• 1 of 2 

HATUAAL llaal- o,,,_ ATTlAltAG LINITS GAAOATION >MALTIIS Al"°Uto ,rAkEAI I LI n 
Tut l>eptll o,, l'IOhture S,eclflc Soll 
Hole (re.) ,...,h111re Ory 0.111 lty C9111MII Ll.-14 ~lelllclty ,....,_ hit'"' Lu, tllM Ory .... ,.,.,,. ,,,,,,,, Tr,• ,, .. ,, ... , Oe,ulty Ll•lt 1,uiu Ill• 1200 z"' o..,,,, '°"' • .,, ,,.1,,. u../1ec. 

1:.1 f,ctl (,ct) Mt\ l'Ll m ~, . ~, (,cf) (1) 

~!; ,.,. "·' u I J/1 In. ,o Santly Chy 

liJ •>H1t; ,., "/ 10 J/1 In, 7) Sandy Clay 

It) 11- ,, 12. I "' / 
2. , .. " Chy1tona 

Ii) IJH6i 110.0 ,,., . "° / Iii J/1 In, IS ,.,. 
IOli.1 IS.I 0.021, J,Jalo·• 2.62 Cl ,YllO/\• 

,.,. ,;., 7.5 JO / II )/1 In, , 79 C•lceru111 
s.n.iy c l•y 

1,6 o-z 12.) u ' "' 1, S ,,,..., CI ayey 

A 
S II t 

S•St JO / ' )II In. '5 S•n<ly Clay 

.;,(, S•7 110. 7 ,s., 2S / ' "' 71 105.2 ,,., 0.)) ),.h10·• hnlfy Chy 

.A;', tit-IS 21 / s " 55 c.1careou1 
S anlfy S 11 t 

51, 0-1 ll. I 2) ' 
,. . , .. S,in.+y Clay 

ss s- s I ,.a H .,,, ,,. 
IJO 71 Jll'ldy Chy 

,1- ,o• 21 / 
IJ lit 71 Santfy CI ay ss 

~ Sl-6 I 2. S lS ., ii jlt 75 l'"dy, SI lty lay 

6 I 0· 1 II. S 21 .. "' 7S Santly SI It 

u II• I It 8. I "' I In, ]It c,1,,,eou1 
hnd , SI It 

6J ... ~ JO/ '" " " S a/\oly Clay 

6S 1-2 ,.o "' 
,,, .... SIity h11il 

68 H-8 8.6 u/ I) " '1 hn'r Clay 

70 lf-lot ,, ... 27 .. Ii In, "' Celureo111 
Sand , SI It 

72 0-J 12. 2 22 I "' s, S 111.ty CI ay 

75 10.11 I Z. I, .. , / 2S , .. 75 Wutherad 
Claylton• 

75 12- llo 1,5 .,. 22 ,,, 
" Cl eylCon• 

Cll&,•106 



TABLE 11 

LABORATOkY PERkEABILITY TEST RESULTS 

Compaction 
Samp?e I Solt Type I Ory Ho I sture t of "'\ Surcharge I Permeab 11 f ty Dens I ty Content I\STH OS98 Pressure (pcf) Ci) (psf) (F't/Yr) (Cm/ 

TH 2 P 0'-5' Sandy Silt l tt 1.6 16.~ 95 500 0,57 5,5,d 
TH 5@ 7i'-IO' Calc1reous SIity Clay 102. 1 22.0 101 500 I 0.085 8.2x1 
TH 12@ 2'-5' I \leathered CI 1ystone 9S.O 18.J 91, 500 I 0.068 6. 6x I 
Tit 15 e li'-L!' I Calcareous Sandy Clay 10).4 ts.o 97 500 I 0.012 1 • 2x Ii 
TH 19 e 0'-3' I Sandy, CI ayey SI lt I 109.9 12.~ 91, I soo I 0.035 3. l1x I 1 
TH 37 e 0'-4 1 I Sandy, C 1 ayey SI h I 

110. 5 11. 5 I 93 I 500 I 0.6) 6. lxlC 
TU 38 e S'-7' I Sandy Clay I 102.~ 17.9 92 I 500 I 0.0~1 11, Ox 1C 
Tll 40 e 11 1 -Si' I Sandy Clay 

' 106.~ 16.~ 97 I 500 I 0.017 l. 6x1C 
Tit itJ e IH-161'1 Claystone , 

10~. I ts.a 9S I 500 I 0.024 2.Jxtc 
Tl! 1,9 e 5'-7' I Sandy Clay I IOS.2 13.9 95 I 500 I O.JJ 3. 2x IC 



SAMPLE 

2 (.i) Q - 5 I 

s@ n - 10• 

IS@lt- 1•1' 

19@ 0-3' 

26@ 1•!-5' 

JO @ 5 - 71 

SOIL TYPE 

Sandy Slit 

Calcareous SIity Clay 

Calcareous Sandy Clay 

Sandy, Clayey Si It 

Weathered Claystone 

Sandy Clay 

TABLE 111 

RESULTS OF ATTERBERG LIHITS 

PERCENT ATTERBERG LIMITS 
PASSI NC Liquid Plastfc 
NO. 200 Llml t Llml t 
·SI EVE (i) (%) 

sa 20 17 

56 33 25 

65 26 18 

70 23 17 

91 '41 21 

69 29 15 

Jol, ho. 16, •au· 

Shrlnk119e SHRINKAGE 
Llml t RATIO 

(X) 

17. 1.61 

25 t. 62 

17.5 I. 76 

18 J. 80 

I 2 I. 90 

14 I. 89 



chen and associates, inc. 
CONSULTING ENGINEERS 

SOil 1 IOUNOATIOH 96 S. ZUNI DENVER, COLOP.ADO 10223 

(HGIHflllHG 
SECTION 3 

Extracted Data From 

SOIL P!OP::..~ SillO'i 
PRORlSED TAILINGS RETEHTIO~ Cfl,CS 

~IT£ r£SA l~,NiliM PROJECT 
Bl.ANON;, UTAH 

Prepared for: 

~ER:;:< FUELS Nl.JCLE'AR, INC. 
1515 ARAP.A_!i0£ STREET 

0-::?NER, ~ 80202 

$ , , 

303/74'·710! 

Jo::> t-0. 17 , l JO January 23, 1979 



CHEN ANO ASSOCIATES 

TABLE I • 

SUMMARY OF LAElORATORY TEST RESULTS 
Pa9e I of 3 

'"'=-- - - -1 tlATURAL NATURAL ORY ATTEROCRG LIMITS UNCONFINED TRIAXIAl SHEAR TESTS PERCENT 

HOLE 
OEPTtf 

MOISTURE DENSITY LIOUIO ,usr1c1n C.OMPAESSIVE O(VIATOA CONFINING PASSING 
IF E £T) SOil TYPE ,.,.) 1PCrr LIMIT INOCI STR[UCTH STRESS PRESSURE NO, 200 

(Y.) (•1.) (PSF) (PSF) ' (PSF) · SI EVE -- ·-
__]§_ 0 - I __ i..~s 21 s _ ___ 7.L... -~~~cl'l-!!!.~ ·---·--------- - - --

~.2._:_!Q_ -~.:!- NP .. 
26 --~ _I J..t Y. &.-!1.r:!>Xtl!.Y~ ~E-. ·----

__]7 l . ..i... - 6 -~6 30 15 __JJ__ 2E.!' ! ry _ ~_I_'!)'. 
79 O - I lt • I 20 s _!!1__ S :incly_ s 11.t ________ -

-2-:-2t..L S.5 NP . __!_,_. __ .. c~..1 c~.r.ctf>llS._ ;_~!'~Y- ~I~) ---· ·-no t,. 5 - 7 39 20 _ __J_8_ _ ~'?..!.. c-~~ ~-s-~~ ~y- ~~ -
8 - 8.5 10. I 1,0 20 86 Wcothercd cluyHone -- -· -- ----·-· .. ·····-

01 3 - ,, 6,J 26 8 611 .. 5-!..!.ty 1 -~!!'!~Y .. <: 1_.1y ___ ------.------ - ---· 
0) L1 - 6 2lt --7. 

. 
6lt _S~n~1Y, .EJ."'r'.~Y •. ~ i_lJ_ - - --··--

01, 0 - 2 18 2 I __ f>.L .. _ _s!'~ndy. s I l_t . ·- __ -·-- ·-
9 - 9.5 2.7 NP -- _2.7 __ .S.1 ! ty ___ S.'.>I)~------

06 o - ~.s 2, 6 NP 12 Si11ntlstone ---·-·- . .. ... -· ·--- ··-·-
07 0 - I 3.1 16 I 61 -~~~'!L ~.1..1. ~----- -- --· 
89 o_.:_) 21 - 5 - 66 St111dy -~ l.J ~ ---· •• __ -·-~o 8 - 8.5 I 4. q 35 15 - 61 --~-t ~crcg. ~.!.<?Y s ~!'.fl~.-
92 0 - I 5.9 21 . 5 80 ~dy ·-~-' ! t. --.. --. ------·-- - ·-
9l1 ~ - 5.5 13. 7 27 10 68 ..J.~~1ly _c; I ~Y- ------··--··· - --· - - -·-·--
95 6 - 7 23 s - 62 .• S.i1D<h _JI It·---··_ . _ -- 21 4 7S 96 0 - 7. 5.2 . .i~n..~Y. ~.JJ t ____ - • --- - -

8.5 - 9.5 32 '6 66 _eel !~~r~~!-.!E!'.~Y --~-'-~ --- --
0 - I .--1,.L __ -~ 5 -- ___ 7~• -- _Sandy_ s I. I t ---·-·- ·-·--g= -- ... _1L_ . /1 - '~.:.L .__l]_.8 4~ 25 . ~~.~ th~.r.eJ~.J.~y-~ t,,D£_ 

9 O - 9.5 ltO 20 . 89 We a th<: red c I ~t.5. t~!~.!:.--- . 
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I 
CD 
U'I 
I 

rj 

:J 

, 

'l.o. 

II OLE 
DEPTH 
(FE. ( T} 

Job No. 0 

CHEN AND ASSOCIATES 

TABLE I 
SUMMARY OF LABORATORY TEST RESULTS 

NATURAL 
MOISTURE 

( .,. ) DENSITY llOUIO ,usrmn OMPRESSIVE OE:VIATOR COr,ftNING PASSING 
NATURALOfi''ATTEROERGLIMITSUNCONFINEO'TAIAXIAL SHEAR TESTS PERCENT I 

(PcrJ I.IVIF IMOCI STRENGTH STRE!S PRESSURE NO, 200 c~,.) I c•,., (PsF) <PsF) cPsF, s1EvE 

Pc19c 2 of J 

SOtL TYPE 

99 ~-I_!_!_-~ 12 j 13, 5 I · ~6 J 10 I I J j_7J __ J~ L~y~_t_o_~!! ... ___ _ 
,-- z._, NP 1 1 1 w,i. ~-~1 UY .•. l!'tiP~--·-

- -1 NP I I I I 6 I IJ..<?.0 ~!!£>.f)~I L'.t ~ ~-"-'=--
' JLj B I I I 1-ZL--1-~! ! ~ ~-r·~~ ~- .!_ii'!~. c 1 0 ..J 

NP 

NP 

§ 
6 3_j 6 I I I '1-~--1-~ 1 c>Y.~.c:,~c:-.~U t.! ~~"-~-

LI 12 I J I . 57 J~n~~ ,,y _______ . 

2 • 
~ 

_ j 33 ~ 1· I I_JO L~!!.l~~~us ..!!,.ndy __ cJ!,) 
Lj_§__j I _ 77 .J~~n~!Y_JJ l_t ________ _ 

-- I ~ 
2 -

!1 
j 
6 

_J __ NP I I I --1-~~-1-~-~ndy_!.!.'.~.-------~- - B_, 6 • I I I ___ ,_s, ___ l.~l.c>y~~onc-s~:,t.l~tor~ __ 2 
. 

. 
__ NP 

6 . 

. -1 .. NP I I L--~.3 ____ --1.s.arid~-~.o~c. _______ • .. NP 

. 3 L! 3 I I 1----1--~9 _jS~ndy __ s!l~------·-
8 j 16 j j j . j__j) .J.~_1_.,y!.~.<?.".lc __ ··----

I -
j 116 

109 ,, - 5 ---~ - --- · · : · · 75 l S <)ndv cl .:,yev s I It 
----1 r 1---1· ••. JI.-·· .• L .• . -ll 7 

· 111 
~ 

9 - 9.5 I 5.8 --
~ 5-0 ..!E·S - II. 

, 111, 0 - 2 

10 -f , I-·· I 53 i~CJ,,yHonc -,~ ~~ 1 [= __ F-=~ __ } J~ __ J~~~;;:~~~:~~!~~: :~~-:· 
- , 6 I I I ~_18 t.~~-".!!Y., .. S. !.~Y~Y .. s i ·' ~--

1 I I ,- I 58 ,~~~-'..~.<!~!. ____ _ 

ll ,,o ---24 -
22 

1 I~ ,, . 5 - 6 
t-'' 

116 0 • ~ 

7 - 0 
117 -~ I • 2--- wo,6 

I 110 O - 2 -

-

22 -
b 2ft 10 2w. 

~---21 6 

' ~ ~-1 I I -- I ., t J t I ;2 _j_Sa~_s.!J.i __ 
- I ~ - - • - lw---· - .. ......!.L_l.f.L~Y!.t'?~C.:-t~n~t_orut. 

·---.---~- - ·--, I : ~ ._ I _;, •. ]7 ___ ,~.~~~y_!!__I_~.---
_:'._:__~ ~ L • ., 1 w , _j 77 ~!~..U 



Job No. lJ, 130 

CHEN AND ASSOCIATES 

. TABLE I 
SUMMARY OF LABORATORY TEST RESULTS ' . P-,gc 3 of 3 --- . ---: =-4 

TRI.AXIAL StftAn TESTS! 
-

NATURAL NATURAL ORY ATTERBERG LIMITS UNCONFINED rEt\CENT 
ti OLE 

DEPTH 
MOISTUFIE DENSITY LIOUIO 'LASflCITT COMPRESSIVE 0£ VI A TOR CON FIN ING PASS INC 

SOIL TYPE (FEE f) ( .,. ) ( l'Cl') LIMIT INtCI 'STRENGTH STRESS PRESSURE NO, 200 
(•,.) ("I.) (PS F') (PSF') (PSF} SIEVE 

,,o_ __§_, 5 __ -_§_, 2 110 20 89 W~c1t!1.~r~2-s;; lQY! t~P~--------
119 ~ .. .!i_-_L .--1..Q. 0 26 t 2 68 2~~<!Y~PY~---~ - -

_t2Q I ---~- - 25 8 -~- Sandy,_ c I Jte_rJI It 

r, - ~~ __Jj_, 5 ~- 10 78 .. ;!~~Y- .£!..~Y_. ___ -----
11 - 11, 5 1 ~, 6 42 2ft -~Q ____ C 1.>y.s tone_-·--·- ___ 

122 l1 - 6 25 8 66 1!~~y_,_s_~ Lty_slE.Y._ --·-· 
11• ,i - 15 . 6. t, 26 8 66 Sandy cl11y --··--- . -··- ·---

123 _J_- 3 23 7 _].! __ , -~~~~y., __ ~! ay'?'l s I l_t_ ·-
121, .i..i...:_L 6.0 2) 7 69 Sandy, cl~yey sl It 

6· ---·· ·-····. -·-- ·-------
12S 0 .. I __j,8 22 67 Sandy si It -···--·-· -- ·--·-·· ... --- ··- ---
12 7 5 - 6 51, 3t, 

- -~~--- ~.I clys_t_'?!',: ____ 

120 6 - 8 z. t 2'• 90 Clc1ystonc - - -----·--~· .. ·····-·· ... -·-·- ···- --
·--------

- ··-- ·------ ···-··-
--- - - ~---------· 

--- --·--· 
- -·- -------. --· -- ·-·--·-·- . - -·-

·-- --- ·-·--- . -------·-·--
-- - -- --

- - - -· -- ------
-·-----·--- -

- ---· -



.E 11 

LABORATORY PERMENllLITY TEST RESULTS 

Compaction 

Dry Moisture % of Surchor9c Pcrmeob 111 ty Sample Classification Dens I ty Contant ASTH 0698 Prr.ssuro Ft./Yr. Cm/Sc, (pcf) (X) (ps f) 
ru Bo (ii) ,,j--7, Calcareous sandy clay 100.2 19. 4 96 . 500 0,81 7.0x10· 1 •200•78; LL•)9; Pl•20 

TH o,, (ci) 0-2 1 Sandy s 11 t 11 J. 8 II. 7 -200•65; LL•IS; P1•2 96 500 4.45 11. Jx io-( 

TH 96 (iii 0!--9} 1 Calcareous sandy clay 96.9 20. 7 97 .500 I .55 I .SxlO-( -200•66; LL•32; P1•6 

TH 96@ Bt-9t 1 Calcareous sandy clay 95.7 20.3 q6 500 26. 90l'r -5 i.6i<IO TU 99 (Ii) 8-9t' Weathered ctaystone 

2. tx10·7 
-200•89; LL•40; Pl•20 99.8 18.S 95 soo 0.22 

TII 100 (cJ 0-1' Very s 11 ty sand 117. 5 9.7 98 500 0.30 3.7xlo-7 -200 .. 1,1,; PI •NP . 

TH I "' (@ 0-2 1 Sandy, clayey silt 
112 • '· 12,9 95 500 0.60 S.8x10·7 -200•58; LL•22; P1•6 

Ttl I 20 (@ I -2 1 Sandy, cloyey silt 100.2 1 '4. 7 95 500 0. II I. lx10·7 -200•69; LL•2~; P1•6 

TH 122 6il ,,-6' Sandy, silty clay 108.8 15.S 96 500 o.ltJ l1. 2x io-7 -200•66; LL•25; Pl•O 

T II I 2J ~·) I - J I Sandy, cl~yey sl It i 1 o. 9 12,6 95 500 0. 56 s. '1:<10·7 -200•71; LL•23; P1•7 

TII 120 Gil 6-7' Cloys tone 92.4 2).9 93 500 0. 12 l.2xlo-7 -200•89; LL•'•I; P1•2'• 

TII 120 (a) 6- 7' Clays tone 93. I 2 2, 1 9'4 500 O.Sb': 5. Ox I0· 7t -200•89; LL•l1 I ; P 1 •4 

* 1.5 pll sulfuric .:1cld liquor used during percolation test Interval. 
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PUQX>se: 

Method: 

Results: 

To detennine the required soil cover thicknesses to limit radon emissions from the 
White Mesa tailings impoundments to 20 pCi/m2/sec using United States Nuclear 
Regulatory Commission {NRC) approved methods and inputs. The White Mesa 
Mill site is located in Blanding, Utah. 

Determine the geotechnical and radiological properties of the tailings and cover 
materials based on NRC-acccpted methods and existing database values 
previously collected. Input parameters into the computer modeling program 
"RADON" to determine the radon flux values through the cover materials. A 
variety of scenarios adjusting cover thicknesses were run to determine the 
optimum thickness of cover materials to meet NRC specifications. It was 
assumed that the tailings located in the three cells at the White Mesa Mill site 
(Cells 2, 3, and 4A) have similar properties (Figure I). Therefore, cover layer 
configurations as determined by the RADON model are applicable to the three 
tailings cells. 

A 2-layer uranium mill tailings cover composed of (from top to bottom) a 2-foot 
layer of random fill and t I-foot compacted clay layer will meet NRC 
specifications. In addition to the tailings cover materials, a minimum of 3 feet of 
random fill will be placed between the tailings and soil cover to fill the currently 
existing frecboard. This 3 foot layer was included for modeling purposes since it 
will assist in reducing the radon flux from the tailings impoundments. This layer, 
however, is not considered a part of the actual soil cover. The resulting radon flux 
exiting the top cover layer of the tailings impoundmcnt will be 13 .6 pCi/m2 /scc 
(see Appendix Al for RADON output). 

As indicated in the "Effects of Freezing on Uranium Mill Tailings Covers 
Calculation Brief' (6/17/96), 6.8 inches of the top random fill cover layer will be 
effected by freeze/thaw conditions at Blanding Utah. This suggests th.at 6.8 
inches of the top layer may not contribute to reductions of radon emanation from 
the tailings covers. To conservatively compensate for effects from freezing and 
thawing, 6.8 inches were subtracted from the top random fill cover layer. 
Executing the RADON model based on this cover configuration resulted in a 
radon flux emanation of 17.6 pCi/m2/sec (sec Appendix A2 for RADON output). 

NRC specifications (Regulatory GuiJe 3.64) requires that a uranium tailings cover 
" .. produce resonable asswance that •he radon-222 release rate would not exceed 
20 pCi/m2/sec for a period of 1,000 years to the extent reasonably achievable and 
in any case for at least 200 years when averaged over the disposal area over at 

C!\efn wnue\r..aani.clc lt/l&/MI 
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least a one-year period" (NRC, 1989). Therefore, the above design with 
accounting for freezing and thawing conditions is adequate. 

Parameters; The RADON model requires input of the following parameters for all tailings and 
soil cover layers: 

- layer thickness ( centimeter ( cm)); 
- porosity; 
- mass density (g/cm3

); 

- radium activity (pCi/gr), source term, or ore grade percentage; 
- emanation coefficient; 
- weight percent moisture ~long··term) (percent), and; 
- diffusion coefficient (cm /sec). 

Physical and radiological properties for Tailings and Random Fill were a..dlyz.ed by Chen 
and Associates (1987) and Rogers and Associates (1988) respectively. See Appendix Bl 
for analysis results. Clay physical data input for RADON modeling are included in 
Appendix 82 and were analyzed by Advanced Terra Testing (1996) and Rogers and 
Associates (1996). 

The following cover profile was modeled . 
•.......•.............•.•....................•......•••..........•.•................. , 

Random fill (2') 
· Clay (I') 

Random fill (3' min.) 

\ ).,, \ ~ \ ~ \ ).,, Tailings (16.4' (500cm)] 

. 

....... ············-~································································· 

This cover configuration represents the actual cover layer thicknesses which would be 
constructed on site. The cover profile above was adjusting for modeling purposes to 
account for freezing and thawing conditions. The modeled profile is identical to the one 
above with the exception of the top random fill layer which was reduced to 1.4 feet (2 
feet minus 6.8 inches). It is assumed that 6.8 inches of the top cover layer effected by 
freeze/thaw conditions will not contribute to reductions in radon emanation from the 
tailings covers. 

c.\efn Mlllte\l'-....i clc lt/1'/KI 
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Layer thicknesses 

The thickness of the tailings was assumed to be effectively an infinitely thick radon source. In 
accordance with NRC criteria (Reg. Guide 3.64, p. 3.64-5) a tailings thickness greater than about 
100-200 cm is considered to be effectively, infinitely thick. A value of 500 cm represents an 
equivalent infinitely thick tailings source. The actual tailings thickness of Cell 3 at White Mesa 
is approximately 28 feet (8SO cm), therefore, a value of 500 cm was used for the RADON model. 

A minimum of3-fect (91.5 cm) of random fill will cover the tailings to fill the existing frceboard 
and bring the tailings piles up to the subgrade elevation of the soil cover. A I-foot (30.5 cm) 
layer of compacted clay covers the random fill with an additional 2 feet (61 cm) of random fill 
overlying the clay layer. Adjusting for freeze/thaw conditions results in a (43 cm) random fill 
layer overlaying the clay layer. 

Porosity 

Porosity is calculated from the specific gravity and dry bulk density according to the following 
equations; 

1. Dry bulk. density= [(specific gravityXdensity of water)]/(1 + e] (Ref.: Principles & Practice 
of Civil Engineering, 1996, equation 14.5.6). Sec Appendix C. 

2. Porosity = [e / (1 +e)) x 100 (Ref.: Principles & Practice c,f Civil Engineering, 1996, equation 
14.5.4). Sec Appendix C. 

Max. Dry Bulk.Dry Specific Density of "e" porosity 
Density Density Gravity Water Ob/ft3) (2) (3) 
Ob/ft') (lb/ft') (1) 

Tailings ( 4) 104.0 98.8 2.85 62.4 0.80 44°/o 
Clay (S) 113.S 107.8 2.39 62.4 0.38 2s01o 
Random fill (4) 120.2 114.2 2.67 62.4 0.46 31.5% 
Notes; 
1. Bulk dry density is 95% of the ASTM Proctor maximum dry density for all materials. 
2. Calculated using Equation 1 above where "e" is the volume of voids per volume of solids. 
3. Calculated using F.quation 2 above. 
4. Physical tailings and random fill data from Chen and Associates (1987) included in Appendix 

Bl. 
5. Clay physical data from Advanced Terra Testing (1996) and Rogers and Associates (1996) 

included in Appendix 82. 
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Mass Density 

Mass densities were measured by Rogers and Associates (1988 and 1996) to be {see Appendix 
Bl and 82): 

Tailings = 1.45 g/cm3 

Clay = I. 72 g/cm3 

Random Fill = 1.85 g/cm3 

Radium Activity, Source Term, or Ore Grade 0/o 

Radium activity value.1 from Rogers & Associates (1988 and 1996), were input for White Mesa 
tailings and cover materials (Appendix 81 and 82). The radium activity values are: 

Tailings = 981 pCi/gm 
Clay = 1.5 pCi/gm 
Random Fill = 1.9 pCi/gm. 

Emanation Coefficient 

Emanation coefficient input for the tailings and cover materials are measured values from Rogers 
& Associates ( 1988 and 1996), induded in Appendix 81 and B2. The coefficients are: 

Tailings = 0.19 
Clay = 0.22 
Random Fill = 0.19 

Note: Use ofNRC's default value of E=0.35 is not considett.d appropriate since laboratory 
analyses of emanation coefficients are available. 

Weight Percent Moisture 

Long-term moisture content (weight percent moisture) was assumed to be 6% for the tailings. 
NRC Regulatory Guide 3.64 states, "if acceptable documented alternative information is not 
furnished by the applicant, the staff will use a reference value of 6% for the tailings moisture 
content because 6% is a lower bound for moisture in western soils" (NRC, 1989). Laboratory 
data does not exist to determine the actual weight percent moisture of tailings therefore, this is a 
conservative assumption. 

The weight percent moisture of the new clay source (UT- I) is also Wlknown therefore, it 'W8S 

asswned that the average weight percent moisture from clay (site #1 and site #4) would be 
equivalent to the new clay source (UT- I). This is also a conservative assumption as the new clay 
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source i_s believed to be of better quality. Weight percent moisture values for clay and random 
fill were derived from the "Summary of Capillary Moisture Relationship Test Results" figures 
included in Appendix BI. Weight percent moisture values used for modeling purposes are: 

Tailings = 6% 
Clay = 14.1% 
Random Fill = 9.8% 

Diffusion Coefficient 

Diffusion coefficient input for the tailings and cover materials arc measured values from Rogers 
& Associates (1988 and 1996), included in Appendix Bl and 82. The coefficients used for 
tailings and random fill were an average of the two values presented. The coefficients for each 
material are as follows: 

References: 

Tailings 
Clay 
Random Fill 

= 0.0142 cm2/sec 
= 0.0091 cm2/sec 
= 0.0082 cm2/scc 

Advanced Terra Testing, 1996, Physical soil data, White Mesa Project, Blanding U~ July 25, 
1996. 

Chen and Associate$, 1987. Physical soil data, White Mesa Project Blanding Utah. 

Freeze R Allan and Cherry, John A., 1979, "Groundwater". 

Principles & Practice of Civil Engineering, 2nd Edition, 1996. 

Rogers and Associates Engineering Company, 1988. Radiological Properties Letters to C.O. 
Sealy from R. Y. Bowser dated March 4 and May 9, 1988. 

Rogers and Associates Engineering Company, 1996. Report of Radon Diffusion Coefficient 
Measurements, Radium Content, and Emanation Coefficient Measurements, September 
3, 1996. 

U.S. Nuclear Regulatory Commission (NRC), 1989. "Regulatory Guide 3.64 (Task WM 503-4) 
Calculation of Radon Flux Attenuation by Earthen Uranium Mill Tailings Covers", 
March 1989. 
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-----*****!RADON!*****-----

Version 1.2 - MAY 22, 1989 - G.F. Birchard tel.# (301)492-7000 
U.S. Nuclear Regulatory Commission Office of Research 

RADON FLUX, CONCENTRATION AND TAILINGS COVER THICKNESS 

DATE/TIME OF THIS RUN 
09-l0-1996/18:06:33 

EFN - WHITE MESA 

CONSTANTS 

RADON DECAY CONSTANT 
RADON WATER/AIR PARTITION COEFFICIENT 
SPECIFIC GRAVITY OF COVER & TAILINGS 

GENERAL INPUT PARAMETERS 

LAYERS OF COVER AND TAILINGS 
DESIRED RADON FLUX LIMIT 
LAYER THICKNESS NOT OPTIMIZED 
DEFAULT SURFACE RADON CONCENTRATION 
RADON FLUX INTO LAYER 1 
SURFACE FLUX PRECISION 

LAYER 1 

THICKNESS 
POROSITY 

LAYER INPUT PARAMETERS 

TAILINGS 

MEASURED MASS DENSITY 
MEASURED RADIUM ACTIVITY 

.0000021 

.26 
2.65 

4 
20 

0 
0 
.001 

500 
.44 
1.45 
981 

s"-1 

pCi m"-2 

pCi l"-1 
pCi m"-2 
pCi m"-2 

cm 

g cm"-3 
pCi/g"-1 

s"-1 

s"-1 
s"-1 

MEASURED EMANATION COEFFICIENT 
CALCULATED SOURCE TERM CONCENTRATION 
WEIGHT I' MOISTURE 

.19 
1.2900-03 
6 

pCi cm"-3 s"-1 
\ 

MOISTURE SATURATION FRACTION 
MEASURED DIFFUSION COEFFICIENT 

LAYER 2 

THIC1<NESS 
POROSITY 

RANDOM FILL (FILL FREEBOARD) 

MEASURED MASS DENSITY 
MEASURED RADIUM ACTIVITY 

.198 

. 0142 

91. 5 
.315 
1.85 
1.9 
.19 

cmA2 s"-1 

cm 

g cmA-3 
pCi/gA-1 

MEASURED EMANATION COEFFICIENT 
CALCULATED SOURCE TERM CONCENTRATION 
~IGHT I MOISTURE 

4.4520-06 pCi cmA-3 SA·l 
% 9.800000000000001 

.,... . 

~STURE SATURATION FRACTION 
MEASURED DIFFUSION COEFFICIENT 

.576 
8.200000000000001D-03 cm"2 sA-1 



···~~,-~ -
LAYER 3 CLAY (UI'-1) 

THICKNESS 
ROSITY 

a~ MASS DENSITY 
MEASURED RADIUM ACTIVITY 
MEASURED EMANATION COEFFICIENT 
CALCULATED SOURCE TERM CONCENTRATION 
WEIGHT t MOISTURE 
MOISTURE SATURATION FRACTION 
MEASURED DIFFUSION COEFFICIENT 

LAYER 4 

'l11ICKNESS 
POROSITY 

RANDOM FILL 

MEASURED MASS DENSITY 
MEASURED RADIUM ACTIVITY 
MEASURED EMANATION COEFFICIENT 
CALCULATED SOURCE TERM CONCENTRATION 
WEIGHT I MOISTURE 
MOISTURE SATURATION FRACTION 
MEASURED DIFFUSION COEFFICIENT 

30.5 
.28 
l. 72 
1.5 

-. 1 

cm 

g cm"-3 
pCi/g"-1 

.22 
4.257D-06 
14.1 

pCi cm"-3 s"-1 
t 

.866 

.0091 

61 
.315 
1.85 
1.9 
.19 

cm"2 s"-1 

cm 

g cm"'-3 
pCi/g"-1 

4.452D-06 pCi cm"-3 
9.800000000000001 
.576 
8.200000000000001D-03 

s"-1 
t 

cm"'2 s"-1 

DATA SENT TO THE FILE 'RNDATA' ON DEFAULT DRIVE 

N FOl CNl ICOST CRITJ ACC 
4 O.OOOD+OO O.OOOD+OO 0 2.000D+Ol l.OOOD-03 

LAYER DX D p 0 XMS RHO 
1 S.OOOD+02 l.420D-02 4.400D-Ol l.290D-03 l.977D-01 1.450 
2 9.lSOD+Ol 8.200D-03 3.lSOD-01 4.452D-06 5.756D-01 1.850 
3 3.050D+Ol 9.lOOD-03 2.800D-Ol 4.2570-06 8.661D-Ol 1. 720 
4 6.lOOD+Ol 8.200D-03 3.150D-01 4.452D-06 5.756D-Ol 1. 850 



BARE SOURCE FLUX FROM LAYER 1: 4.667D+02 pCi mA-2 sA-1 

RESULTS OF THE RADON DIFFUSION CALCULATIONS 

LAYER 

l 
2 
3 
4 

THICKNESS 
(cm) 

5.000D+02 
9.150D+Ol 
3.0SOD+Ol 
6.100D+Ol 

EXIT FLUX 
(pCi mA-2 s"-1) 

l.233D+02 
2.562D+Ol 
l.962D+Ol 
l.361D+Ol 

EXIT CONC. 
(pCi lA-1) 

4.519D+OS 
7.892D+04 
2.276D+04 
O.OOOD+OO 

•·. -•. "s.' 
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-----*****! RADON!*****-----

Version 1.2 - MAY 22, 1989 - G.F. Birchard tel.# (301)492-7000 
U.S. Nuclear Regulatory Commission Office of Research 

RADON FLUX, CONCENTRATION AND TAILINGS COVER THICKNESS 

DATE/TIME OF THIS RUN 
09-10-1996/14:46:46 

EFN - WHITE MESA {ACCOUNTING FOR FREEZE/TIIAW CONDITIONS) 

CONSTANTS 

RADON DECAY CONSTANT 
RADON WATER/AIR PARTITION COEFFICIENT 
SPECIFIC GRAVITY OF COVER & TAILINGS 

GENERAL INPUT PARAMETERS 

LAYERS OF COVER AND TAILINGS 
DBSIRED RADON FLUX LIMIT 
LAYER THICKNESS NOT OPTIMIZED 
DEFAULT SURFACE RADON CONCENTRATION 
RADON FLUX INTO LAYER 1 
SURFACE FLUX PRECISION 

LAYER 1 

'nlICKNESS 
POROSITY 

LAYER INPtrr PARAMETERS 

TAILINGS 

MBASURED MASS DENSITY 
MEASURED RADIUM ACTIVITY 

.0000021 

.26 
2.65 

4 
20 

0 
0 
.001 

500 
.44 
1.45 
981 

s"-1 

pCi A -2 m 

pCi l"'-1 
pCi m"'-2 
pCi m"'-2 

cm 

g cm"-3 
pCi/g"-1 

s"-1 

s"-1 
s"-1 

MEASURED EMANATION COEFFICIENT 
CALCULATED SOURCE TERM C'ONCENTRATION 
WEIGHT t MOISTURE 

.19 
1.2900-03 
6 

pCi cm"-3 s"-1 
\" 

MOISTURE SATURATION FRACTION 
MEASURED DIFFUSION COEFFICIENT 

LAYER 2 

THICKNESS 
POROSITY 

RANDOM FILL 

MEASURED MASS DENSITY 
MEASURED RADIUM ACTIVITY 

.198 

.0142 

91.5 
.315 
1.85 
1.9 
.19 

cm"2 s"-1 

cm 

g cm"-3 
pCi/g"-1 

MEASURED EMANATION COEFFICIENT 
CALCULATED SOURCE TERM CONCENTRATION 
WF.IGHT t MOISTURE 

4.4520-06 pCi cm"-3 s"-1 

STORE SATURATION FRACTION 
k.t:.ASURED DIFFUSION COEFFICIENT 

9.800000000000001 
. 576 
a.2ooooooocooooo10-03 

% 

cm"'2 s"-1 



LAYER 3 CLAY 

THICKNESS 
lOSITY 

kl:!ASURED MASS DENSITY 
MEASURED RADIUM ACTIVITY 
MEASURED EMANATION COEFFICIENT 
CALCULATED SOURCE TERM CONCENTRATION 
WEIGHT t MOISTURE 
MOISTURE SATURATION FRACTION 
MEASURED DIFFUSION COEFFICIENT 

LAYER 4 

THICKNESS 
POROSITY 

RANDOM FILL 

MEASURED MASS DENSITY 
MEASURED RADIUM ACTIVITY 
MEASURED EMANATION COEFFICIENT 
CALCULATED SOURCE 1'ERM CONCENTRATION 
WEIGHT t MOISTURE 
MOISTURE SATURATION FRACTION 
MEASURED DIFFUSION COEFFICIENT 

30.5 cm 
.28 
1.72 g cm" -3 
1.5 • pCi/g"-1 
.22 
4.2570-06 
14.1 

pCi cm"-3 s"-1 
\' 

.866 

.0091 

43 
.315 
1.85 
,_. 9 
.19 

cm"2 s"-1 

cm 

g cm"'-3 
pCi/g""-1 

4.452D-06 pCi cm"-3 
9.800000000000001 
.576 
8.2000000000000010-03 

s""-1 
t 

cm"2 s"-1 

DATA SENT TO THE FILE 'RNDATA' ON DEFAULT DRIVE 

N FOl CNl !COST CRITJ ACC 
4 O.OOOD+OO O.OOOD+OO 0 2.000D+Ol l.OOOD-03 

LAYER DX ·D p Q XMS RHO 
1 S.0000+02 1.420D-02 4.400D-Ol 1.290D-03 1.977D-Ol 1.450 
2 9.150D+Ol 8.200D-03 3.lSOD-01 4.452D-06 5.756D-Ol 1.850 
3 3.050D+Ol 9.lOOD-03 2.800D-Ol 4.257D-06 8.661D-01 1.720 
4 4.300D+Ol 8.200D-03 3.lSOD-01 4.452D-06 S.756D-Ol 1.850 



BARE SOURCE FLUX FROM LAYER 1: 4.667D+02 pCi m"-2 s"-1 

RESULTS OF THE RADON DIFFUSION CALCULATIONS 

LAYER 

1 
2 
3 
4 

THICKNESS 
'cm) 

S.000D+02 
9.15v0+01 
3.0500+01 
4.3000+01 

EXIT FLUX EYIT CONC. 
(pCi m"-2 s"-1) (pCi l "-1) 

l.237D+02 4.Sl4D+OS 
2.6790+01 7.6220+04 
2.123D+Ol 1.9440+04 
1.756D+Ol 0.0000+00 
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Table 3.4-1 

Physical Properties of Tailings 

and 

Proposed Cover Materials 

HaXillUII Opt111J81 
Atterberg 

L111ts Specific 

Haterial Type .L1. fl Gravity 

s Passing 

No. 200 Ory Density Moisture 

Sieve (pcf) Content 

Tailings 28 o 2.85 
46 104.0 18.1 

Random Fill 22 7 2.67 
48 120.2 11.8 

Clay 29 14 2.69 56 121.3 12.1 

Clay 36 19 2.75 68 108.7 18.5 

Note: Physical Soil Data from Chen and Associates (1987). 

.... 
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Rogers & Associat.es Engineering Corporation 

Hr. C.O.S aly 
Umetco Hir ... rals Corporation 
P.O. Box 10,J 
Grand June~: n, CO 81502 

Dear Hr. Sealy: 

Post Office Box 330 
Salt Lake City, Utah a.no 

(801) 263-1600 

Harch 4. 1988 

C8700/22 

We have complet~d the tests ordered on the four samples shipped to JS. The re!:ults are as follows: 

3 Radium Eaaanation Diffusion (g/ca) Sam;,le pCf/9! Fraction Coe"fffc. Densitl Moisture Saturation Ta111ngs 981±4 0.1~.0l 2.0E-02 1.45 13.2 0.39 8.4£-03 1.44 19.1 0.56 Composite {2,3,&S) 
l.6E-02 1.85 6.5 0.40 4.5£-04 1.84 12.S 0.75 Sfte 11 
1.6£-02 1.85 8.1 0.48 1.4£-03 1.84 12.6 0.76 Site 14 
l.lE-02 1.65 15.4 0.63 4.2£-04 1.65 19.3 0.80 

The samples will be shipped back to you in the next few weeks. If you have 
any questions regarding the results on the samples please feel free to call. 

RYB/b 

Sincerely, 

(4- 'f.6-.,_ 
Renee Y. Bowser 
Lab Supervisor 

SIS Eu1 4SOO South• Su Laite City. Utah 14107 

~- . . -
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Rogers & Associates Engineering Corporation 

Hr. C.O. Sealy 
UHETCO Hfnerals Corporation 
P.O. Box 1029 
Grand Junction, CO 81502 

Dear Mr. Sealy: 

Post Office Box 330 
Salt Lake City. Utah 8411 O 

(801) 263-1600 

Hav 9, 1988 

HAY 1 2 \988 

C8700/22 

The tests for radha content and radon emanation coefficient in the 
following Scdllples have been completed and the results are as follows: 

Sample 

Randa. (2,3 & 5) 
Site 1 
Site 4 

Radium (pCi/9) 

1.9 + 0.1 
2.2 + 0.1 
2.0 + 0.1 

Radon 
Emanation Coefficient 

0.19 + 0.04 
0.20. + 0.03 
0.11 + 0.04 

If you have any questions regarding these results please feel free to call Dr. Kirk Nielson or me. 

RYB:ms 

Sincerely a 

~ 'fli .• 
Renee Y. Bowser 
lab Supervisor 

SIS £ass 4SOO South • S~ll Luc Ci1y. Utah 14107 
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833 Parfel Street 
LakewOOd, Colorado 8021 5 
(303) 232·8308 



ATTERBERG LIMITS TEST 
ASTH D 4318 

CLIENT 

BORING NO. 
DEPTH 

Titan Env. 

SAMPLE NO. 
SOIL DESCR. 
TEST TYPE 

Plaatic Limit 
Determination 

Wt Diab G Wet Soil 
Wt Diab G Dry Soil 
Wt of Hoiature 
Wt of Diah 
Wt of Dry Soil 
Moisture Content 

UT-1 

ATTERBERG 

1 

3.34 
2.96 
0.38 
1.05 
l.91 

19.90 

2 

4.06 
3.57 
0.49 
1.11 
2.46 

19.92 

Liquid Limit Device Number 0258 
Determi.nation 

Number of Blows 

Wt Diab G Wet Soil 
wt Di.ab G Dry Soil 
Wt of Moisture 
Wt of Diab 
Wt of Dry Soil 
Moisture Content 

Liqui.d Limit 
Plaatic Limit 
Plaaticity Index 

103.1 
19.9 
83.3 

Atterberg Classification CH 

1 2 

39 

12.18 
6.64 
5.54 
1.10 
5.54 

100.00 

27 

10.42 
5.67 
4.75 
1.06 
4.61 

103.04 

l 

3.42 
3.03 
0.39 
1.06 
1.97 

19.80 

3 

18 

10.92 
5.87 
5.05 
1.06 
4.81 

104.99 

NAA Date: 7-26-96 
Date:7, 2~-<io 

JOB NO. 

DATE SAMPLED 
DATE TESTED 

4 

14 

12.33 
6.53 
s.eo 
1.10 
5.43 

106.81 

2234-04 

7-25-96 WEB, RV 

5 

9 

10.06 
5.34 
4.72 
1.08 
4.26 

110.80 

Data entry bnt-A 
Checked by:~ 
FileName: 

TIGOUTl ADVANCED TERRA TESTING, INC. 
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Atterberg Limits, Flow Curve 
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Number of Blows 25 

PLASTICITY CHART 
• , UT-1 

V 
V ... / 

V V / -· / 

V 
...,, ... 

/ OH . 

V / 
V 

V /~ 
V CLorCl. / 

V 

V 

/ ... - -·· -
/ - "'-~ 

so 100 150 
Liquid Limit 

I A Class,ficalion I 



CLIENT: 

BORING NO. 
:PTH 

~PLENO. 

Titan Env. 

UT-1 

Moisture decerminatiou 

WI of Moisture added (ml} 

WI. of soil & dish (g) 
0.-y wt. sol & dish (g) 
Net loss of moisture (g) 
WI. of dish (g) 
Net wt. of d,y soil (g) 
Moisture Content (%) 
Corrected Moisture Content 

Density decermiaatioo 

WI of soil & mold (lb) 
WI. of mold (lb) 
Net wt. of wet soil (lb) 
• · '1 wt of dry soU (lb) 

J Density, (pcf) 
Corrected Dry Density (pcf) 

Volume Fador 

C .PACTION TEST 
ASTMD 1557 A 

1 
100.00 

384.26 
350.S<i 

33.66 
8.01 

342.59 
9.83 

14.20 
10.36 
3.84 
3.50 

104.89 

30 

SOILDESCR. 
DA TE SAMPLED 
DATE TESTED 

2 3 
150.00 250.00 

393.92 291.42 
355.61 251.40 
38.31 40.02 
8.34 8.31 

347.27 243.09 
11.03 16.46 

14.49 14.68 
10.36 10.36 
4.13 4.32 
3.72 3.71 

111.59 111.28 

30 30 

n;aia entered by: RV Date: 7-26-96 
a checked by:~ Date:-1..::l.<o· % 

JOB NO. 2234-04 

7-25-96 RV 

4 5 
350.00 450.00 

244.20 281.17 
202.69 225.04 
41.51 56.13 
8.29 8.-13 

19-1.40 216.61 
21.35 25.91 

14.59 14."6 
10.36 10.36 
4.23 -1.10 
3.49 3.26 

104.57 97.69 

30 30 

f-lleName: TIPRUT-1 ADVANCED TERRA TESTING, INC 
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Proctor Compaction Test 
, ,UT-1 

10 20 30 

Moisture Content (%) 

- Best Fit Curve oAdual Data 

- Zero pjr VoidsCurve C SG = 2. 70 

OPTIMUM MOISTURE CONTENT= 13.9 MAXIMUM ORY or· SOY: 113.5 
ASTM O 1557 A. Rock correc.1ion applied? N 

I 

ADVANCED TERRA TESTING, INC. 



PERMEABILITY DETERMINATION 
FALLING HEAD 
FIXED WALL 

CLIENT Titan Environmental 

BORING NO. 

JOB NO. 2234-04 

SAMPLED 
DEPTH 
SAMPLE NO. TEST STARTED 7-28-96 CAL 

UT-1 TEST FINISHED 
SOIL DESCR. 
SURCHARGE 

Remolded 951 Mod Pt.@ OMC SETUP NO. 
200 

MOISTURE/DENSITY 
DATA 

Wt. Soil fr IU.ng(a) (9) 
Wt. Ring(a) (g) 
Wt. Soil (g) 
Wet Denaity PCF 

Wt. Wet Soil G Pan (g) 
Wt. Dry Soil G Pan (g) 
Wt. Loat Moiature (g) 
Wt. of Pan Only (g) 
Wt. of Dry Soil (g) 
Koiature Content ' Dry Denaity PCF 
Max. Dry Density PCF 
Percent Compaction 

ELAPSED 8URBTTE 
TIME READDIG 
(MD) hl (CC) 

0.2 
2599 10.0 
1427 14.2 
1440 16.8 
1440 18.6 
1440 20.2 
1440 21.6 
1469 23.0 
1440 

Data Entered By: 
Date Checked By: 

BEFORE AFTER 
TEST TEST 

386.9 404.5 
93.0 93.0 

293.9 311.4 
122.3 120.5 

302.4 319.9 
266.2 266.2 

36.2 53.8 
e.5 8.5 

257.7 257.7 
14.1 20.9 

l 'J7. 2 99.7 
113.5 113.5 

94.4 87.8 

Bt1RET'rl: 
REAl>I1'G 
h2 (CC) 

10.8 
14.2 
16.8 
18.6 
20.2 
21.6 
23.0 
24.4 

Date: 
Date: 

8-8-96 
H-~ 

PEROOLATIOR RATE 
FT/YEAR CH/SBC 

0.14 l.4E-07' 
0.09 8.4E-08. 
0.07 6.SE-08 
o.os 4.6E-08 
0.04 4.1£-08 
0.04 3.7£-08 
0.04 3.6£-0B 
0.04 3.7£-08 

8-7-96 CAL 
1 

Filename:TIFROTl 
ADVANCED TERRA TESTING, INC. 
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14.5 Other Useful Equations for Weight-Volume 
Problems 

It is strongly recommended that weight-volwne problems be solved using phase diagrams rather 
than only formulas, as completing a phase diagram clearly indicates whether sufficient information is 
blown to complete the problem, whether information is insufficient and assumptions must be made, or 
whether too much information is present and the problem is overconstrained. For example, it may not be 
immediately apparent from the information given whether a soil is saturated W\til all quantities are calcu­
lated.. Nevertheless, following are given additional useful equations that may be used to solve certain 

classes of weight-volume problems. 

A very useful equation relating four different quantities is 

Se=toG, (14.5.1) 

For satunted soils (S = 100%) there results 

t = IDG, (14.5.2.) 

The relationships between the void ratio and porosity are 

t=-"-1-n 

• n=..L.. l+e 

(14.5.3) 

/l ,. ~,-oc;.;~ 
l 7. \Jo{".i.. 4 \l_!)d.t (14.5.4) 

The total unit weight can be obtained as 

= (G1 +Se)r. = (l+iD)r• 
r l+e w/S+l/G, 

The-dry unit weight can be obtained as 

Vi\\#.~ 3b ~'1\S 
(14.5.5) 

t,~ ~ &Jt,_ a-.. ~ 
6s ·. ~,; ,,"t- ~"His.6) 
y M ~ Q.t.oi ',1' '3 Of W<-v 

------EX.AtdPLEl~s---~---~~~~-----~~~~~~~~~~~~ 

Rework example 14.6 using equ.ations introduced in this section. 

Solution. Se=toG • 
S = wG,lt = (.20)(2.65)/(0.800) = 0.6625 or 66.3% 

t 0.800 
n = 1 + t = 1 + 0.800 ::: 0.444 

r= (1+u,)r. = (l.20)(62.4) =1I0.2 lb/ft3 

w/S + l/G
1 

0.2/0.6625+ 1/2.65 

r = G,r • = {2.65)(62.4) = 91.9 lb/ftl 
' l+e l+0.800 
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(aJ Ula mean radoo flux for ••ch "Sfion vttlwa eaab ceU 1• •• followa, 

I 

ct.11 2 • Cower Al'M • 7, 7 P,:t/,.J •• (!¥Nd OD .225,112 a1 UUJ 

• ... cb A.nae • 3J,J ,.c11rJ-• (bue4 oo u, 7'1 rJ area) 

- ttendtns Liquid Ana• • o pCJ./r/-• Cbuect CID 2, t12 ,.J anaJ 

dell J - Cover Ana • 7. 5 1/Ci/rJ-• c-... oa 12, ,u ,I, aruJ 

• kacb Ana • JI. 7 IQ/r/•1 (buld CG '2, '1'1 a1 UU) 

• ltand1ag Liquid An.aa • 0 r,Ci/rl-• Qauect Oil 1U,J3S •' aru) 

e, Raferaac,e __...,1• • of tJlitl nporc for at11:e •I.Wry tor 

1ndiY1411al •anreamc naulta aDd apectflc Hllple n,ioll 111p1. 

Cb) bf tJae data pru•ted eboo,e, .. bave oalwlated Ula total Mall rlldan 

u follow, 

11 J • 10.0 pCJ./rJ-. 
Cl,ZI 1223.1121 t (31,IJ 1fl 711! • CQI J2.tl2> 

2,0.,21 

11 J • 10.t pCi/•·-· 
17.11 <12,7,2> t 111,71«f3,lf11 • CPI IJtl,11$1 

211,111 

11 

• 
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6.0 r RESULTS/CALCOl.\fI(II$ ~ 
Refere~1ft4 40 en, Put 61, Subpart If, 1'ppencl1JC B, Nttthod 115 - Monitoring to..: 
Jll.ldon-J 2 Eni••ion.1, Sub1ection 2.1.7 - ~lC\llat1on., •t11e ..an radon flux tor 
Mcb r ion of the pU• and for th• total pile 1ball be calculat'9d and reported 

u foll+vs: 

ca> The indbicmal ndon flux calculaUou ehall be aade •• proY!dtld 1n 
J.f.penclix A EtA H(l). Tbe MIA radoll flv.x for Uc:I\ retion of tM 
pile eb&U be calculated by euaaing all 1nd1ddual tlu 
MHIIAMPt• for the ntion and diddinf by the total number of 
flux •atureaenta for the nglcn. 

(bJ The Man radon flu for tM totd urania 11111 ta1liftl• pile ahall 
be calculated•• fo110ll8: 

I 

J. - ila!a • , •• "'*i+) ... "t!a 

111\en. J, • ISean fla fot t.be tot.al pil• CpC1/D1-a) 
Ja • NuD flu NHUed 1ft ngion i (pCi/a'•aJ 
At • ArM of re9ioa i Cr> 
~ - Tot.al area of tM pile ca'> 

\ 2,1.1 "'9poniDCJ. the ruulta of lndbidual flux M&aur-.nta, the 

I approaiaate locat.iou oa UM pile, tmd tJla MU radon flux for each 

I 
I 

I 
j 

I 
I 

re,ion an4 u. aNn radon flux for tba total auck (pUeJ 1hall be 

incl\&ded 1n ~he ea1H10A t .. t npozt. ~ OODdlt.lon or unu.ual 

eTeAt tut occurred dud.at tbe N&aONMata that could 

11QD1f1cantly affect the reault.a abolald be nported, • .... r- ·-· - .. , .. ,.- ,1 ...... 11 

(a) The IIHft radon flu for .. ch raglan vitb.in •di cell b H follows, 

Cell 2 Coftr AN• • ,.1 y;J./r•• Cbued on 225,1112 Ill oru) 

hach ANH - 21. t pei/r•• (baaed on U, 7'1 r UN) 

8tand1119 Liquid Anu • 0 r,CJ./rl-• Cba•ed on 2,HZ r anat 

I 
Cell l t CO'Nr An• - 11.1 pa./rl-a (baaed oa 12, 7'2 rt u .. > 

U. I pC1/J-e CbaHCI Oft '2, 161 r area) 

0 r,CJ./11-• Cbued on 141, JJ5 a' lrMJ 

I 

t leach Ana• -
t StandinrJ Liquid Anall • 

+· I 
I 

I 
I 13 

·- ----~·-·- ---·· -··-r 
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(bJ Uling the dit1 pre11nted lboYe, we have calcullted tha total .. Aft radon 
flu.a for each pile Cc.llJ aa follows: 

I 

I 

Cell 2 • 1.5 pCi/al-a 

.t§.1J(22S.112J • (21.4AC41,761) • (OJ (2.t82) 
2l , '2S 

cr-11 l • 12. 9 r,CJ./~-. 

. jJ.1.1)(121 7,2) + C44.IJJ62,761J + C0}Cl43
1
Jl5J 

JH,bi 

- ·---1-
···-· -

.. 

SEP-10-1996 11:06 ·--~----
32 85% P.04 
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By ~.Date~. Subject EFN - White Mesa Page_J_of 31./ 
ChkdBy4ffi- Date~ _.H._e_lp...,...M_od_e ..... l __________ ProjNo 6111-001 

Pw:pose: 

Method: 

Results; 

To detennine the required soil cover thicknesses to minimize surface water 
infiltration through the White Mesa tailings impoundments so that precipitation 
will not fully penetrate the soil cover. The White Mesa Mill site is located in 
Blanding, Utah. The perfonnance of the tailings cover was evaluated using the 
Hydrologic Evaluation of Landfill Performance (HELP) Model. The HELP 
model was developed to facilitate rapid, economical estimation of the amounts of 
surface runoff, subsurface drainage, and leachate that may be expected to result 
from the operation of a wide variety of possible cover designs. 

Determine the soil properties of the cover materials and climatic properties of 
Blanding, Utah based on existing database values previously collected, and 
acceptable default parameters. Input parameters into the computer modeling 
program "HELP" to determine the percolation through the cover materials. A 
variety of scenarios adjusting cover thicknesses were run to determine the 
optimum thicknesses of cover materials to eliminate percolation through the 
bottom cover layer. The modeled tailings cover consists of a compacted clay 
layer over the tailings, with a random fill soil layer covering the clay. 

The model was developed for Cell 3 at the White Mesa Mill since it is the largest 
of the three cells to be covered (Cells 2, 3, and 4A). Figure 1 shows the location 
of the cells. The cover requirements determined for Cell 3 will be applied to the 
remaining cells as well. This is a conservative approach since the remaining cells 
arc smaller in size and require less time and distance for pRCipitation runoff. 

A two-layer uranium mill tailings cover composed of a 2-foot layer of random fill 
over a I-foot compacted clay layer will reduce percolation into the tailings 
material to a negligible quantity (see Appendix A for HELP results). As indicated 
by the model results, pRCipitation will either runoff the soil cover or be 
evaporated. 

The cover thicknesses recommended above were also determined to be the 
minimum thickness requirements for White Mesa tailings covers based on results 
from radon flux calculations (see "Calculation of Radon Flux from the White 
Mesa Tailings Cover", 9/11/96). As indicated in the Radon Flux calculation, to 
restrict radon flux to 20 pCi/m2/sec, (Regulatory Guide 3.64), a cover consisting 
of 2-feet random fill and I-foot compacted clay is required. 

c: \ef11 wtute\,-&f3. clr lt/U/MI 



TITINEnvironmental 
By IAM.. Date 9/J J/96 Subject _.E ... EN~·-Wh.uJl.aa:ite.._.M.......,..es_a...__ _______ Page 2-of ~ 
Chkd By. Date llhv\q~ Help Model Proj No 6111-QOJ 

Parameters: The HELP model requires input of the following parameters for the cover 
materials: 

- Weather Data: 
Evapotranspiration 
Precipitation 
Temperature 
Solar Radiation 

- Soil and Design Data: 
Landfill area (area of Cell 3) 
Percent of area where runoff is possible 
Moisture content initialization 

- Cover Layer Data: 

Weather Data 

Layer type 
Default soil/material texture nwnber 
Runoff curve nwnber 

Evapotranspiration· and solar radiation data was input using the default parameters from Grand 
Junction, Colorado. Grand Junction is located north east of Blanding Utah in a similar climate 
and elevation. The elevation at Grand Junction is 4,600 feet and the elevation at Blanding Utah 
is 5,600 feet Figure I in Appendix 8 shows the locations of Blanding and Grand Jun .... tion in 
relation to one another. 

Precipitation data from 1988 to 1993 (skipping 1989) was obtained from Utah State University 
(see Appendix C). Daily precipitation values for the five years were input manually into the 
HELP model. Temperature data was obtained from the Dames & Moore (1978) and is also 
included in Appendix C. Daily temperature data was not available for manual entry therefore, 
the computer calculated mean monthly temperatures based on the default location (Grand 
Junction, Colorado). These values were then edited to match the actual mean monthly 
te~peraturcs for Blanding, Utah. 

C'1\ef1t .t\1te\Mlp.1.clC ft/1'/KI 
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Soil and Design Data 

The surface area of Cell 3 at the White Mesa Mill, Blanding, Utah was used for the landfill area 
value. The surface area, as indicated on Figure I, is 78. 7 acres. It was assumed that runoff was 
possible over 100°/o of this area and that no rain would sit on the tailings cover. 

Cover Layer Data 

Lgyer Th:c/cnw; 
A two-layer cover over approximately 28 feet of uranium mill tailings was used to run the HELP 
model. Actual cover thicknesses which would be constructed on site consist of2-feet of random 
fill over a I-foot compacted clay layer. This cover profile was adjusted for modeling purposes to 
account for freezing and thawing conditions. As indicated in the "Effects of Freezing on 
Uranium Mill Tailings Covers Calculation Brief' (6/17/96), 6.8 inches of the top random fill 
cover layer will be effected by freeze/thaw conditions at Blanding, Utah. This suggests that 6.8 
inches of the top layer may not contribute to reductions of infiltration into the tailings piles. To 
conservatively compensate for effects from freezing and thawing, 6.8 inches were subtracted 
from the top random fill cover layer. Therefore, modeled layer thicknesses consisted of 17 .2 
inches of random fill over 12 inches of clay . 

. .• Lqyer 'f.vpe; 

The random fill soil layer was classified as a vertical percolation layer. Vertical percolation 
layers are composed of moderate to high permeability material that drains vertically, primarily as 
unsaturated flow. The clay layer was classified as a barrier soil liner. 1bis material consists of 
low permeability soil designed to limit percolation/leakage and drains only vertically as a 
saturated flow. 

Moisture StoeQ£c facamcccrs; 
Required moisture storage parameters such as; porosity, field capacity, wilting point, initial soil 
water content, and permeability, are interrelated with the exception of permeability. The porosity 
must be greater than zero but less than 1. The field capacity must be between zero and 1 but 
must be smaller than the porosity. The wilting point must be greater than zero but less than the 
field capacity, and the initial moisture content must be greater than or equal to the wilting point 
and less than or equal to the porosity (U.S. EPA, 1994 ). 

Based on these relations, actual measured porosity and penncability values were input for 
random fill (Chen and Associates. 1987) and clay (Advanced Terra Testing, 1996, sample UT-1). 
See Appendix D for physical property data. In addition, wilting point data for the layers was se• 

c,\eln .,.lle\bolpa.clc lt/1'/NJ 
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equal to the long-tenn moisture content of the materials and the soil water content was adjusted 
to equal the optimum moisture content. Field capacity values just less than the porosity's were 
assumed to maintain the interrelationship of the parameters. 

RunQQ:Curve Number 
The runoff curve number was calculated by the HELP model based on a minimum surface slope 
of 0.2%, slope length of 1,200 feet, soil texture of the top layer, and vegetation. A slope length 
of 1,200 feet was assumed to be the maximum distance which precipitation would travel over the 
soil cover. The top layer on the tailings cover will be minimum 3" of rock riprap (sandstone) 
therefore, no vegetation will exist. Tilis top layer, however, was not included in the model to 
detennine percolation quantities. 

References: 

Advanced Terra Testing, 1996, Physical soil data, White Mesa Project, Blanding Utah, July 25, 
1996. 

Chen and Associates, 1987. Physical soil data, White Mesa Project, Blanding, Utah. 

Dames & Moore, 1978. "Environmental Report, White Mesa Uranium Project, San Juan County 
Utah", January 20, 1978, revised May 15, 1978. 

Principles & Practice of Civil Engineering, 2nd Edition, 1996. 

U.S. fa1vironmentaJ Protection Agency (EPA), 1994. "The Hydrologic Evaluation of Landfill 
Performance (HELP) Model", September, 1994. 

Utah Climate Center, Utah State University, Daily Precipitation Values, Station #42073807, 
Blanding, Utah, January 1988 through December 1993. 
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****************************************************************************** 
***********************~****************************************************** 
** 
** 
• 

•• 
•• 
** 
•• 
** 
** 

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 
HELP MODEL VERSION 3.01 (14 OCTOBER 1994) 

DEVELOPED BY ENVIRONMENTAL 1.ABORATORY 
USAE WATERWAYS EXPERIMENT STATION 

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY 

** 
•• 
** 
** 
** 
** 
** 
** 
•• 

****************************************************************************** 
*********************************************~******************************** 

PRECIPITATION DATA FILE: 
TEMPBRA'ruRE DATA FILE: 
SOLAR RADIATION DATA FILE: 
EVAPOTRANSPIRATION DATA: 
SOIL AND DESIGN DATA FILE: 
OUTPUT DATA FILE: 

C:\HELP3\PRECIP.D4 
C:\HELP3\TEMP2.D7 
C:\HELP3\SOLAR.D13 
C:\HELP3\EVAP.D11 
C:\HELP3\efn-fin2.Dl0 
C:\HELP3\efn-fin2.0UT 

TIME: 14: 9 DATE: 9/11/1996 

**************************************************************************** 

TITLE: EFN - White Mesa 

****************************************************************************** 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER 
WERE SPECIFIED BY THE USER. 

LAYER l 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 88 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER 
EFFECTIVE SAT. HYr 

= 17.20 INCHES 
= 0.3150 VOL/VOL 
= 0.3140 VOL/VOL 
= 0.0980 VOL/VOL 

CONTENT = 0.1180 VOL/VOL 
COND. = 0.886999999000E-06 

LAYER 2 

CM/SEC 



THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 89 

= 12.00 INCHES 
= 0.2800 VOL/VOL 
= 0.2799 VOL/VOL 
= 0.1410 VOL/VOL 
= 0.2800 VOL/VOL INITIAL SOIL WATER CONTENT 

EFFECTIVE SAT. HYO. COND. = 0.3699999950008-07 CM/~EC 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE : SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE #27 WITH BARE 
GROUND CONDITIONS, A SURFACE SLOPE OF O.l AND 
A SLOPE LENGTH OF 1200. FEET. 

SCS RUNOFF CURVE NUMBER = 96.40 
FRACTION OF AREA ALLOWING RUNOFF ... 100.0 PERCENT 
AREA PROJECTED ON HORIZONTAL PLANE = 78.700 ACRES 
EVAPORATIVE ZONE DEPTH • 17.2 INCHES 
INITIAL WATER IN EVAPORATIVE ZONE = 2.030 INCHES 
UPPER LIMIT OF EVAPORATIVE STORAGE = 5.418 INCHES 
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.686 INCHES 
INITIAL SNOW WATER = 0.000 INCHES 
INITIAL WATER IN LAYER MATERIALS = 5.390 INCHES 
TOTAL INITIAL WATER = 5.390 INCHES 
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR 

EVAPCl'RANSPIRATION AND WEATHER DATA 

NO""E: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
GRAND JUNCTION COLORAOO 

MAXIMUM LEAF AREA INDEX = 0.00 
START OF GROWING SEASON (JULIAN DATE) = 109 
END OF GROWING SEASON (JULIAN DATE) = '293 
AVERAGE ANNUAL WIND SPEED = 8.10 MPH 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 60.00 ' AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 36.00 \ 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 36.00 \ 
AVERAGE 4TH QUARTER RELAT:!"VE HUMIDITY = 57.00 \-

NOTE: PRECIPITATION DATA FOR BLANDING UTAH 
WAS ENTERED BY THE USER. 



nvu::,: -u:,Ml'ERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR GRAND JUNCTION COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

q/3* JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/~OV JUN/DEC 
------- ------- ------- ------- ------- -------
27.50 32.90 38.10 47.10 57 .40 66. 90 
73.60 70.90 63.00 51.60 38.50 28.90 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR GRAND JUNCTION COLORADO 

STATION LATITUDE • 3~.07 DEGREES 

********************************************************************·********** 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1988 THROUGH 1993 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 

TOTALS 

STD. DEVIATIONS 

RUNOFF 

TOTALS 

STD. DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD. DEVIATIONS 

2.10 
1.17 

1.85 
0.92 

1.455 
0.774 

1.967 
0.691 

0.700 
0.353 

0.072 
0.243 

1.32 
1.37 

1.43 
0 .43 

0.999 
0.885 

1.206 
0.350 

0.411 
0 .490 

0.246 
0.211 

PERCOLATION/LEAKAGE THROUGH LAYER 2 

TOTALS 

STD. DEVIATIONS 

0.0000 0.0000 
0.0000 0.0000 

0.0000 0.0000 
0.0000 0.0000 

0.92 
1.16 

0.72 
0.35 

0.542 
0.802 

0.425 
0.220 

0.331 
0.424 

0.236 
0.223 

0.0000 
0.0000 

0.0000 
0.0000 

0.46 
1.24 

0.37 
0.66 

0.265 
0.785 

0.240 
0.495 

0.224 
0.394 

0.110 
0.235 

0.0000 
0.0000 

0.0000 
0.0000 

1.31 
1.07 

0.71 
0.51 

0.871 
0.713 

0.472 
0.432 

0.413 
0.402 

0.296 
0.141 

0.60 
1.18 

0.62 
0.71 

0.389 
0.568 

0. 494 
0.441 

0.231 
0.534 

0.201 
0.191 

0.0000 0.0000 
0.0000 0.0000 

0.0000 0.0000 
0.0000 0.0000 



AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) -------~7----
--------------------------------------------------------------------------f}'t_ __ 

DAILY AVERAGE HEAD ACROSS LAYER 2 

-------------------------------------
AVERAGES 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

******************************************************************************* 

******************************************************************************* 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1988 THROUGH 1993 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

_£RCQLATI0N/LEAXAGE THROUGH 
FROM LAYER 2 

AVERAGE HEAD ACROSS TOP 
OF LAYER 2 

CHANGE IN WATER STORAGE 

INCHES 

13.90 

9.048 

4.908 

( 2.614) 

( 2 .4802) 

( 0.7521) 

0.00000 ( 0.00000) 

0.000 ( 0.000) 

-0.054 ( 0.1827) 

CU. FEET 

3971537.7 

2584718.25 

1402180.62 

0.000 

-15362.23 

PERCENT 

100.00 

65.081 

35.306 

0.00000 

-0.387 

******************************************•************************************ 



***********************************************************************••····· 

PEAK DAILY VALUES FOR YEARS 1988 THROUGE 1993 \J./ ~ _______________________________________________________________________ [} 

PRECIPITATION 

RUNOFF 

PERCOLATION/LEAKAGE THROUGH LAYER 2 

AVERAGE HEAD ACROSS LAYER 2 

SNOW WATER 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 

MINIMUM VEG. SOIL WATER (VOL/VOL) 

( INCHES) ( CU . FT. ) 
----------

1.33 

1.684 

0.000000 

0.000 

2.96 

-------------
379955.719 

481108.4370 

0.00000 

845040.4370 

0.1182 

0.0962 

*******************w********************************************************** 



*************************************************•**************************** 

FINAL WATER STORAGE AT END OF YEAR 1993 \~/Yf ______________________________________________________________________ ,: 
LAYER (INCHES) (VOL/VOL) 

1 

2 

SNOW WATER 

--------
1.7607 

3.3600 

0.000 

---------
0.1024 

0.2800 

****************************************************************************** 
****************************************************************************** 
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THE COl.D8I CIRQ.E 

II Cl.,--- ... .... . ... . .. .. .. ... .. .... 

3est Of The West 
• • • 

tah combines lhe besl of lhe Wes1 
·
1
1ti1n Ulah s 85.000 sQuare miles 1s a 

1
ncen1raled collage of western folk­

'': scenery and h1s1ory 

·eer inro Ulah and sample some of our 
'': na11ona1 oarks. seven national mon-
~""'•c: ,nrf ''MIii"" n:at,l"\n.:at ,or,oat,nn 

~as Drive 1010 our 43 srare parks or 
ghr nar.onat lores1s Explore the 
:unlry on lh1s mai:., and you II soon 
:ho lhe s1a1emen1 lirs1 made by p,o­
!er selllers lo Utah ··rh,s Is rhe Place· 

IVE NATIONAL PARKS 

Souiheas1ern Ulah 1s lhe place for rhe 
worrd·s grea1est-anc, most concen­
trated-repertory or srone arches 
Arches Nahonal Park s ;rademark ,s 
Dehcare Arch. allhough Landscape 
Arch 1s a world record-holder w11h a 
soan of 291 leer 

WHITE WATER CANYONS 

The Colorado Rive, glid,H oasr Arches 
and churns in10 Canyontands Na11ona1 
Park 40 miles sou1hwes1 National Geo­
graphic '41befs Canvonlands ··rhe realm ' . 

Eighty percenl of Ulah s 1.2 milho~ 
oeopre hve along lhe foothills of lhe 
Wasarch Mountains Sall Lake City 1s 
nor only lhe cultural and social hub oi 
Utah. bul also lhe m1erna1iona1 base for 
lhe Morrr.on Church 

Tho I lt::ah ~v,nnh<1nv S::.»llol WPcl I_ 11:ah 

Aeoerto,y Dance Theater and the Pio­
neer Memorial Thealer all lend a cos­
mopaltlan atmosphere to Salt lake City. 
Professional sports are represented by 
the Golden Eagles hockey club and the 
Salt uke Gulls baseball ream. 
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Purpose: 

Method: 

To detennine if freeze/thaw conditions will impact the perfonnance of the White 
Mesa uranium mill tailings cover. This calculation brief predicts the depth of 
frost which may be anticipated at the mill site. Only frost depth is evaluated since 
this would have the greatest impact on cover integrity (i.e. increasing permeability 
or damage by frost heave). 

A digital computer program of the modified Berggren equation for calculating the 
depth of freeze or thaw in a multi-layered soil system was used fof ..,urposes 
presented in this calculation. This method, used for determining the frost depth, is 
considered adequate for Uranium Mill Tailings Remedial Action (UMTRA) 
Projects by the U.S. Department of Energy for the following reasons: 

• It calculates depth of frost based on a zero degrees Celsius isotherm, whereas 
the frozen front occurs some distance above this line. 

• Extrapolation of current weather records beyond 200 years is not reliable. 

• Extreme changes in temperatures for the 1,000 year design life are not 
anticipated based on geomorphic evidence. 

Parameters for the cover materials based on accepted methods and existing 
database values previously collected, were input into the computer modeling 
program to determine the depth of frost penetration. A cover thickness of 2 feet 
random fill over 1 foot of compacted clay (as determined by HELP and RADON 
computer modeling) was used. 

Assumptions; The model assumes: 

• One-dimensional heat flow with the entire soil mass at its mean annual 
temperature prior to the start of the freezing season. 

• At the start of the freezing season, the surface temperature changes suddenly 
from the mean annual temperature to a temperature below freezing and 
remains at this temperature throughout the entire freezing season. 

• The effect of latent heat is considered as a heat sink at the moving frost line. 

• Soil freezes at a temperature of 32 degrees Fahrenheit. 

C'1\1tn wllite\frH1eJ clC' U/11/HI 
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Results: The total frost penetration depth is less than 6.8 inches. Thi>refore, the 2-foot 
layer of random fill will provide adequate protection to the underlying I-foot clay 
layer. See Appendix A for computer modeling results. 

Parameters: The computer program requires input of the following parameters for the soil 
cover layers: 

- freezing index (degree); 
- length of season (days); 
- mean annual temperature (degrees Fahrenheit); 
- n-factor; 
- layer thickness' (inches); 
- water content (percent); 
- dry unit weight (lbs/cubic foot); 
- heat capacity (Btu/cubic foot-deg f); 
- thermal conductivity (Btu/foot-hour-deg F), and; 
- latent heat of fusion (Btu/cubic foot). 

Freezing (r.,dex/Length of Season/Mean Annual Temperature 

Default values from Grand Junction, Colorado were used for the freezing index and length of 
season. Grand Junction, Colorado was used for default parameters since it is similar in elevation 
and climate to Blanding Utah. An actual mean annual temperature for Blanding Utah from 
Dames & Moore (1978) was used for modeling purposes (see Appendix B). 

N-factor 

A default n-factor of0.70 for sand and gravel surface type was used as per recommended in the 
freeze/thaw model guidelines (Aitken and Berg, 1968). 

Soil type 

Soil type was considered to be fine grained soil for both cover layers. Soil type number is 5. 
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Layer thickness' 

The thickness of the cover materials were determined by infiltration and radon flux modeling 
programs to be 2 feet of random fill over 1 foot of clay. For this calculation, a single 36-inch 
layer was used. This was used because the random fill and clay soil have very similar properties. 

Moisture Content 

Optimum moisture content from Chen and Associates (1987) and Advanced Terra Testing (1996) 
was~ for the random fill and the clay (UT-I) layer respectively. This data is included in 
Appendix B. 

Optimum moisture content: 
random fill = 11. 8% 
clay =13.9% 

A weighted averaged moisture content of 12.S percent was used for this analysis. 

Soil Density 

Soil dry densiLJ was determined from Chen and Associates (1987) for random fill and Advanced 
Terra Testing (1996) for clay. The maxim,un dry density for the random fill was measured to be 
120.2 pounds per cubic foot (pct) and the maximum dry density for the clay was measured to be 
113 .S pcf. Assuming the soil will be compacted to 95 percent of the maximum density, the 
weighted average bulk soil density would be 112 pcf. 

Heat Capacity 

Based on the nomographs presented in Aitken and Berg ( 1968) and included herein as Figure l, 
using an average soil density of 112 pcf and an average moisture content of 12.5 percent yields a 
heat capacity of 30 Btu/ft3 ° F. 

Thermal Conductivity 

Thennal conductivity of the soil cover was assumed to be similar to that for a dry sand. The 
thermal conductivity of a dry sand is reported to be 0.19 Btu/ hr. ft °F (Perry, Robert H. et al., 
1984) (see Table l ). 

c, \efn •h•\frMael .clc lt/11/161 
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Latent Heat 

Based on the nomographs presented in Aitken and Berg ( 1968) and included herein as Figure 1, 
using an average soil densir of 112 pcf and an average moisture content of 12.5 percent yields a 
Latent Heat of2000 Btu/ ft . 

References: 

Advanced Terra Testing, 1996. Physical soil data, White Mesa Project, Blanding Utah, July 25, 
1996. 

Aitken, George W. and Berg, Richard L., 1968, "Digital Solution of Modified Berggren Equation 
to Calculate Depths of Freeze or Thaw in Multilayered Systems", October, 1968. 

Chen and Associates, 1987. Physical soil data, White Mesa Project Blanding Utah. 

Dames & Moore, 1978. "Environmental Report, White Mesa Uranium Project, San Juan 
County, Utah, January 20, 1978, revised May 15, 1978. 

Perry, Robert H. et al., 1984. "Perry's Chemical Engineers' Handbook, Sixth Edition", McGraw 
Hill Book Company, 1984. 

U.S. Department of Energy, 1988, "Effect of Freezing and Thawing on UMTRA Covers" 
Albuquerque, New Mexico, October 1988. 
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IJEATiiER STATIONS i 11 Colorado: 
Length 

Design Mean of 
Freezing Annua I Freezing 

Index Te111p. Season Station Lo,:ation c·r days) c·n (days> ------- ---- ------- ------ ------1 = Ala,aosa 2271 11.3 159 2 = Ducklcy ANGB 577 58.3 88 3 = Colorado Springs 633 18.7 67 1 = Denuc.r 629 58.3 71 5 = Grand Junction 1181 52.6 86 6 = Pueblo 676 52.3 65 

Enter the nuabcr representing tt.e data you want; 
(8 to input your own data): 



LOCATION and WEATHER DATA 

Input weather data for your location in Colorado: 

DESIGN AIR FREEZING Index CF-Days): 1181 

MEAN ANNUAL Tfl1PERAtuRE CF> : 19. 8 

LENGTH of FREEZING SF.ASON <Days): 86 



... 

CHOOSE an APPROPRIATE N-FACTOR 

Surface Type 
-~~---~--~~---------

1 = Porti.nd,Cetlent (snow-free) 
2 = Asp'1a]~.Csnow-frce) 
3 • = Snowt v . 
1 ·= Satid+:•ncL.-Grauel (snow-free> s· ·.= Tur(f;~. ~ '. free) 

·'- ·11~--. 
(f := To .-_input_ your own N-Factor· 

E~ter ~~opt ion: L\ ~..,. ~ ,-~-

N-Factor • 
(Freezing) 
--------

0.75 
0.78 
1.88 
8.78 
8.58 

• N-Factor uariesiwith )attitude. wind speed. cloud couer, and other 
cliaatic conditions. 



INFORMTION for '1,V[R 1: 

Choose the appropriate soil type for this layer -

1 = Portland Ceacnt stabilized layer 
2 = Asphalt stabi I ized layer 
3 = S1'MJW 
1 = Course-grained soil 
S = Fine-grained soi I 
6 = Insulating layer 
7 = Organic soil 

Enter your option: 5 

\\/ ,r 



LAYER PARAMETERS 

P arc1111eters for LAYER l, Fi ne-gra i ned 
Default 
Values 

Ualues 
Used ---~-~---------------------~------ -----~-- ---------

Layer Thickness C inches) 12.0 36.0 
t1oisturc Content(% dry weight> 17.0 12.S 
Dry Unit Weigh! CJbs/cubic foot) 122.0 112.0 
Heat Capacity CB'tu/.cubic foot •r> 

* 29.S 30.0 

ThenNll Conductivity CBtU/foot hour ·n 
* 0.98 0.19 

Latent Heat of Fusion (BtU/cubic foot) * 2016.0 7.000 

.. rcca lculated based upon new t101STURE CONTENT/WEIGHT ua lue(s). 
------- ---------

... <return) for Def., .. It Ua lues ... 



Su111111c1ry: MODIFIED BERGGREN SOLUTION 

Design Freezing Index (AIR> 
Design Freezing Index (SURFACE) 
11can Annua I Te111pcrc1turc 
Length of Freezing Season 

----------

= 1181 F-days 
= 771 F-days 
= 1CJ.a ·F 
= 86 Days 

·--------
LAYER 

1: Type 

LAYER 
11fICKNESS 

(inches> 

FREEZING INDEX DISTRIBUTION 

--~---~----------
1: Fine-grained < 6.8 

Each Layer Accun Berygren 
---c,, lcu lat ions 

115 +- t;Ou I <l not 
converge 

Surfc'\ce DFI 
End of Frost Penetration-------~ ------

TOTAL FROST PENET.RATION = 6.8 inches 

Do you want a hard copy or this data CY or default N>? 
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Table 3.4-1 

Physical Properties of Tailings 

and 

Proposed Cover Materials 

Hax i lllUIII Optimum 
Atterberg 

L1•1tt Specific 

HateriaJ Type JJ. fl Grav1tx 

S Passing 

No. ZOO 

Sieve_ 
Ory Density Moisture 

(pcf) Content 

Tai lings 28 6 2.85 46 104 1 18.1 

~ndom Fill 22 7 2.67 48 120.2 11.8~ "--
Clay 29 14 2.69 56 121.3 12.1 

Clay 36 19 2. 75 68 108.7 18.5 

Note: Physical Soil Data from Chen and Associates (1987). 
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Design of Erosion Protection layer of Riprap for the Cover of Uranium Tailings 

An erosion protection layer of rock riprap is required to protect the soil cover for the uranium mill 
tailings at Blanding, Utah. The cover is supposed to have a design life of I 000 years according to 
requirements set by U.S. Nuclear Regulatory Commission [Ref: "Final Staff Technical Position -
Design of Erosion Protection Covers for Stabilization of Uranium Mill Tailings Sites", • J90; U.S. 
Nuclear Regulatory Com· :ssion (U.S.N.R.C.)]. Hence the erosion protection layer should be 
designed accordingly. A design for the stone size and overall riprap thickness required for erosion 
protection is provided in this document 

METIIODOLOGY: 

The design for rock riprap for protection of top and side slopes of the cover is based on the 
guidelines provided by the following documents: 

a) "Methodologies for Evaluating Long-Term Stabilization Designs of Uranium Mill Tailings 
Impoundments" (NUREG/CR-4620), 1986; U.S. Nuclear Regulatory Commission 

b) "Final Staff Technical Position - Design of Erosion Protection Covers for Stabilization of 
Uranium Mill Tailings Sites,,, 1990; U.S. Nuclear Regulatory Commission (U.S.N.R.C.) 

c) "Development of Riprap Design Criteria by Riprap Testing in Flwnes"(NUREG/CR-4651), 
1987; U.S. Nuclear Regulatory Commission 

The top of the cover and the side slopes will be designed separately as the side slopes are much 
steeper than the top of the cover. Overland flow calculations will be detennined based on the 
guidelines set by Nuclear Regulatory Commission and the site data. The si:zc of the riprap placed on 
top of the tailings cover will be determined using the Safety Factor method (NUREG/CR-4651 ), 
while the Stephenson method (NUREG/CR-4651) will be applied for those placed a!ong the side 
slopes. 
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The methods for overland flow -calculations are same for top and side slopes of the cover. The 
results have been tabulated under Table lA and 2A respectively. The fonnulas, methodologies and 
equations used for overland flow calculations are discussed in this part of the document. The 
calculations are based on unit width of drainage area. 

Aver1&e Slope 'S' and L&natb of draiDA&e basin 'L': Figure I shows the direction of drainage for 
cells 2, 3 & 4. Table IA calculates the flow parameters by varying slopes and slope lengths of cells 
2, 3 & 4. Runoff and flow calculations have been provided for slopes ranging from 0.001 to 0.008 
for cells 2 and 4 and from 0.001 to 0.005 for cell 3. As the slopes are very gentle, for each cell the 
drainage length varies negligibly and hence has been considered constant for calculation purpose. 
The drainage lengths have been measmed from the site map. For erosion protection design of the 
side slopes, a side slope of SH: 1 V and the maximum value of drainage lengths for cells 2, 3 & 4 
have been considered ( Table 2A). 

Probable Maximum Pn:;cipitation (PMP): The I-hour locru stonn PMP for White Mesa is 7.76 
inches (data from NOAA, 1977). 

Time of Concentration ofRaipfall. I,: 
Lo.11 Lo.n 

Tc = 0.00013o.mhours-= O.OOOI3o3as x 60mins (Ref: Equation 4.44 in NUREG/CR-4620) s s 
where, S = average slope of drainage basin and L = length of drainage basin in feet 
The percentage of I-hour precipitation is obtained by interpolating from Table 2.1 ofNUREG/CR-
4620. The minimum value of Tc used in this table is 2.5 minutes. 

% PMP; The percentage for I-hour precipitation (PMP) is obtained by interpolating from table 2.1 
of NUREG/CR-4620. 

Rainfall Depth: 
Precipitation Amount (:itches)= % PMP x PMP =%of I-hour precipitation x PMP (Ref: Eqn. 2.1, 
NUREG/CR-4620). 

Precipitation intensity, 'i': 
Precipitation intensity in inches/hour can be computed as (Ref: Eqn. 2.2, NUREG/CR-4620): 
i = rainfall depth (inches) x (60 / {rainfall duration Tc (minute)}] 

Runoff Coefficient, C: Runoff coefficient depends on climatic conditions, the type of terrain, 
permeability, and storage potential of the basin. Runoff Coefficient has been assumed to be 0.8 for 
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the top of cover and the side slopes (Ref: Appendix D, section 2.4 (Example) in "Final Staff 
Technical Position", U.S.N.R.C.). 

Unit Area, A: Area of I-ft wide drainage basin 
A= Length of drainage basin (ft.} x width (ft.)= L "( I sq. ft. = [ Lx 1/(43560)) Acres 

Peale discbar£e per wut width for the dnlinage b:~: 
By Rational method, q = CiA, where C, i & A have tiieir usual meanings [q in cu. ftJsec (cfs}, i in 
inches/hour and A in acres] (Ref: Eqns. 4.42 at\d 4.43, NUREG/CR-4620). 

Flow Concentration Factor; 
From section 4.9 of NUREG/CR-4620, " .. .it is reasonable to asswne that values between 2 and 3 
are attainable with only a slight evolutionary change in cover." Thus, a flow concentration factor of 
3 and 2 have been asswned for top and side slopes respectively (as the top of cover is flatter than the 
side slopes, it has been asswned that concentration of flow will be higher on the top than along the 
side slopes). 

Concentrated discbwe per unit width for the drainase basin <k= 
qc (cu. ftJsec} = q x flow concentration factor 

Mannioa's Rouahness coefficient. n; 
Assumed n = 0.03 for graded loam to cobbles (Ref: table 4.2, NUREG/CR-4620) 

Depth of water, D; 
l 

De~th of water in ft., D = [ qc x Ts]' (Ref: Eqn. 4.46, NUREG/CR-4620), where Qc is in cu. ft./sec 
1.486 S 

Pennis:;ible Velocity; 
The cover pennis!.. Jle velocity is between 5 to 6 ft./sec (Ref: section 4.11.3, NUREG/CR-4620) 

Flow Velocity, V: 
Using continuity equation, 
discharge= velocity x er ,ss-sectional area 
:. q, = V X (D x U.uit , ) = V X DX 1 

:. V{in ft./sec) = ~ 
Dx 1 

For all the calculations provided in Table I A and 2A for top of cover and side slopes respectively, 
V developed< V pennissible 
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B; Calculation for Preliminary Size Wal of Rock Riprap used for Erosion Protec;tiog 

B,I Ptduniaa,:y Size Ohd q/Riprap along Tqp q/Cor,r 

According to recommendations by U.S.N.R.C. [Ref: Appendix D, section 2.2 (step 5), "Final Staff 
Technical Position"], recent studies have indicated that Safety Factor method is more applicable for 
designing rock for slopes less than I 00/o. The slopes along top of the cover for all the cells 2, 3 and 4 
do not exceed 10%. Henr,e the Safety Factor method bas been adopted to calculate the median 
diameter Dso of the rock particles used for riprap. 

According to the Safety Factor method for determination of stone size, if the Safety Factor (S.F.) is 
greater than unity, the riprap is considered to be safe from failure (Ref: Section 3.4.1,"Devclopment 
of Riprap Design Criteria by Riprap Testing in Flwncs", NUREG/CR-4651). For calculations to 
determine the riprap size for top of cover, a safety factor of 1.1 has been assumed and the D50 

corresponding to this safety factor has been computed. Table 18 tabulates the results for the safety 
factor method. 

The equations 3.5 through 3.9 of NUREG/CR-4651 (see appendix) for Safety Factor method are 
provided below : 

cos0tanct, 
SF= . . ................... eqn. A1 (eqn. 3.5 ofNUREG/CR-4651) 

11 tan++ sm0 cosl3 

, [ I + sin (A + 13 >] 11 = 'l 
2 

· .......................... eqn. 8 1 (eqn. 3.6 ofNUREG/CR-4651) 

2lt 0 11 = ........................... eqn. C1 (eqn. 3.7 ofNUREG/CR-4651) 
(G. - l)y .. X D,o 

T 0 =y .,DS ........................................... eqn. D1 (eqn. 3.8 ofNUREG/CR-4651) 

r 
-ll COSA. P = tan 

2 
. 

8 
................... eqn. E1 (eqn 3.9ofNUREG/CR-4651) 

sm . ~ 
--+SIDA 
11 tan+ 

whe1e, 
A = angle between a horizontal line and the velocity vector compoment measured in the plane 

of side slope (refer to fig. 3.lofNUREG/CR-4651) 
9 = side slope angle 
S = side slope = tan 8 
+ = angle of repose (friction angle) of rock 
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p = angle between vector component of the weight, Ws, directed down the side slope and the 
direction of particle movement 

For top of the cover, as slopes arc very gentle, for all practical purposes, 1'. can be considered to be 
equal to 1.ero (Ref: pg 22, NUREG/CR-465 I) 
Thus for 1'. = 0: cos 1'. = I, sin 1'. = 0. 
Hence, equation 3.9 ofNUREG/CR-4651 can be reduced to 

R -a[TJ tan+] f .., = tan . . ....................................... eqn Ei (eqn 3.10 o NUREG/CR-4651) 
2sm8 

Also, equation 3.6 ofNUREG/CR-4651 can be reduced to 

•!' = 11[1 + ~in ll ] .......................................... eqn. B, 

• = 40° (sec Table 3) 
= 2.48 (see Table 3) 

Yw = 62.4 lbJft3 

The values for depth of water 'D' have been computed in Table IA. Table IB provides the 
preliminary D50 size for each of cells 2, 3 & 4 by varying the slope and the length of the drainage 
basin. 

u~ calculated by csu method 
Accordiug to CSU method (Ref: NUREG/CR-4651, Phase-II), 
D50 = 5.23 x (slopc)°-43 x (discharge)0

·
56 

The results of D50 computed by CSU method have been included in table I B (values of discharge 
have been computed in table IA to compare with those obtained by Safety Factor method. 
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According to recommendations by U.S.N.R.C. (Ref: Appendix D, section 2.2 (step 5), "Final Staff 
Technical Position"), recent studies have indicated that Stephenson method is more applicable for 
designing rock for slopes less than 10%. As the side slopes (SH: IV) have a value of S = 1/5 = 0.2 = 
20%(> 10%), the Stephenson method (Ref: "Development of Riprap Design Criteria by Riprap 
Testing in Flumes", NUREG/ CR-4651) will be most appropriate. 

By Stephenson method, the median size for rock, 0 50 is given by the following equation (Ref: eqn. 
3.15, NUR2G/CR-4651): 

[ 

! I ]i qc<tan8)6 
X 0p6 

D,o = s 

cJg x {(1- np)(G, - l)(cos0)(tan+- tan0)]3 

where, qc 
8 

• o. 
g 
n., 

= Concentrated discharge in cu. ft./sec 
= Slope angle= tan·• (S) = tan·• (0.2) = 11.31 ° 
= Friction angle of the rock= 40° (sec Table 3) 
= Relative Density of the rock= 2.48 (see Table 3) 
= Acceleration due to gravity = 32.2 ftJsec2 

= Porosity of the rock= 0.30 (for sandstone) [Ref: (a) "Origin of Sedimentary 
Rocks" and (b) Table 3 

C = Empirical factor [ 0.22 for gravel/pebble and 0.27 for crushed granite] 
Also, K = Oliver's constant (1.2 for gravel and 1.8 for crushed rock] 
The results for 'le from table 2A have been substituted into the above equation and the solution 
tabulated in table 28. The value of Dso has been multiplied by the Oliver,s constant K to insure 
stability. 

ll»talculated by csu method 
According to CSU method (Ref: NUREG/CR-4651, Phase-II). 
Dso = 5.23 x (slope)°-43 

,r. (discharge}°-56 

The results of 0 50 computed by CSU method have been included b table 28 to compare with those 
obtained by Stephenson method. 
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C; Qveai&inc of Riprap hued on durability and Overall Riprap Thickness 

c 1 Modlficglion QJSJzc (DH) ,U:Bipc4/J ba,wJ on Durahlli/y 

Tables 3 and 4 include the properties of the rock to be used as protective cover material. Based on 
these values and according to the scoring criteria set by U.S.N.R.C. (Ref: Appendix D, sections 6.2, 
6.2.1,6.2.2 and table D-1 in "Final Staff Technical Position''), a rock rating analysis has been 
provided in Table 4. The results show a rock rating of 55.74%, which according to U.S.N.R.C. can 
be used for non critical areas like top slopes and side slopes. 

Thus the oversizing required= 80-55. 74 = 24.26% 
[ref: (a) Appendix D, section 6.2'.2B, "Final Staff Technical Position"; U.S.N.R.C. (oversizing 
required based on a 80-rating), (b) Appendix D, section 6.4 (example), "Final Staff Technical 
Position" and (c) Table 4. 
However a oversizing factor of 25 % has been used. Thus the nominal diameter D50 obtained in 
tables I B and 2B has been multiplied with 1.25 to obtain a modified rock size 0 50 (tables 1 C and 
2C). 

c2 Qvcrall Bilu<I/I Thlc/cacu 

According to the Safety Factor method, it is recommended that the riprap thickness be at least 1.5 
times the Dso value whereas according to the Stephenson method the riprap thickness should be at 
least 2 times the Dso value. The results based on the above rccommenctations arc shown in tables 1 C 
and 2C respectively. 

RESULTS: 

Results of the calculations have been tabulated under tables IA, I B, IC, 2A, 28, 2C respectively. 
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Tfl~l£ 3 
WHITE MESA CHANNEL A ROCK APRON 
RIPRAP SIZING - STEPHENSON'S METHOD 

UNIT FLOW RA TE •q• 
ROCKFILL POROSITY - n 
SLOPE ANGLE 
FRICTION ANGLE 

ENTER 
4.27 CFS/FT 
0.3 

11.3 DEGREES 

~o DEGRE':!} 

SPECIFIC GRAVITY OF ROCK 0 
0-100 (BASED ON 1.25x050) 
0-50 

12.00 INCHES 
9:60 INCHES 

WHITE MESA CHANNEL B ROCK APRON 
RIPRAP SIZING - STEPHENSON·s METHOD 

UNIT FLOW RATE •q• 
ROCKFILL POROSITY - n 
SLOPE ANGLE 
FRICTION ANGLE 

ENTER 
3.26 CFS/FT 

~ 
11.3 DEGREES 

40 DEGREES 

SPECIFIC GRAVITY OF ROCK 2.48 

WITH 24% 
OVERSIZE 

14.ee· 
12.6· 

0-100 (BASED ON 1.5x050) 
0-50 

12.03 INCHES 14.9• 
8.02 INCHES 9.94• 

,E'. ·,· 



TIJ8LE'/ 
NRC SCORING CRITERIA FOR DETERMINING ROCK QUALITY 

WHITE MESA ROCK PROTECTION 

ROCK TYPE 
Limestone = 1 
Sandstone = 2 
Igneous= 3 

[ 

LABORATORY TEST TEST SCORE * MAX. 
AESUL T SCORE WEIGHT WEIGHT SCORE 

Specific Gravity 
Absorption, % 
Sodium Sulfate. % 
UA Abrasion (100 revs), % 
Schmidt Hammer 
Tensile Strength, psi 

248 
1.75 
0.60 
8.40 
0.00 
0.00 

ROCK AA TING, % L ss.14, 
RATING ANALYSIS; 

Critical Areas- REJECTED 
Oversizing,%= 

4.60 
3.50 

10.00 
5.94 
0.00 
0.00 

Non-Critical Areas- OVERSIZING REQUIRED 
Oversizing, % = 24 

6 
5 
3 
8 

13 
4 

---

27.'10 
17.50 
30.00 
47.53 
0.00 
0.00 

60.00 
50.00 
30.00 
80.00 

0.00 
0.00 
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FINAL 
STAFF TECHNICAL POSITION 

DESIGN OF EROSION PROTECTION COVERS FOR 
STABILIZATION OF URANIUM MILL TAILINGS SITES 

1. IHTROOUCTIOH 

Criteria and sundards for envfronaenul protection uy be found in the 
·Uraniua Mill Tailings Radiation Control Act (llfTRCA) of 1978 (PL 95•604) (see 
Ref. 1) and 10 CFR Section 20.106, ·Radfoactfvfty in Effluents to Unrestricted 
Areas.• In 1983, the U.S. Envfronaenul Protection Agency (EPA) established 
standards (40 CFR Part 192) for the final stabilization of uranfua afll 
uilf"9S for inactive (Title I) and active (Title II) sites. In 1980, the 
United Sutes Nuclear Regulatory Coaaission (MAC) proaulgated regulations (10 
CFR Part 40, Appendix A) for active sites and later revised Appendix A to 
confora to the standards fn 40 CFR Part 192. These standards and regulations 
establish the crit.erfa to be aet in providing long-te:w stabfl fzation. 

These regulations also prescribe criteria for control of tailings. For 
the purpose of thfs staff tedm1cal position (STP), control of tailings is 
defined as providing an adequate cover to protect against exposure or erosion 
of the: tailings. To help_ licensees &ftd applicants aeet Federa-1 guidelines, 
this STP describes design practices the NRC staff hu found acceptable for 
providi"9 such protection for 200 to 1000 years and focuses principally on the 
design of tailings covers to provide that protect.ion. 

Presently, very little infonutfon ufsts on designing covers to reuin 
eff.ctive for 1000 yurs. Numerous uaples can be cftad where coven for 
protection of t.11inp eabanlclllntl and other applications have uperi.enced 
significant erosiOft over relatively shol"t periods (lfrsl than SO years). 
Experience vlth reclwtfon of coal-aintng projects, ,or eJCMple, indicates 
tlult ·it ts usually necessary to provide r-elatively flat slopes to u1nta1n 
overall site st.ability (Wells and Jercinovic, 1983, see Ref. 2). 

Because of tlle baste lact of design experience and technical infot'Ution 
in th1s area, this po11t1on attempts to adapt.standard hydraulic design aethods 
and empirical data to tlle design of erosion protection covers. The design 
Nthods df1eu11ed here are based either on: (1) the use of docuaented 
hydr•ultc procedures that. are generally app11able in any area of hydraulic 
design; or (2) the use of procedures developed by tedlll1ca1 assistance 
contractors specifically for long-tera stability applications. 

It should be eaphasized that a standard industry practice for su.biltzing 
tailings for 1000 yeers does not currently exist. However, standard prectice 
does exist for providing stable channel sections. This practice is widely used 
to design drafn&ge ch&nneh that do not erode when subjected to design flood 
flows. Since an eabanlcaent slope can be treated as a wide channel, the staff 
concludes that the hydraulic design principles and practice associated with 

l 



2.1.2 Long·Term Stability 

As required by 40 CFR 192.02 and 10 CFR Part 40, Appendix A, Criterion 6 
st.bilizat1on designs aust provide reasonable assurance of control of ' 
radfo'logical huarda for a 1000-year period, to tb.t extent practicable, but fn 
any cue, for a aint .. 200-year period. ·The NRC staff has concluded that the 
risks froe tailings could be acca•adated by • design standard tti&t requires 
t.Mt there be reasonable usurance that the ta11fngs remain stable for a period 
of 1000 (or at least 200) years, pref-!r&bly with reliance placed on passive 

. controls (such as earth and rock covers). rattler than l"'Outfne utntenance. 

2.1.3 Desfgn for Hfntul Maintenance 

Criteria for tailings stabilization, vitb afnt .. 1 reliance placed on 
active ufntenance, are established in 40 CFR Part 192 and 10 CFR Part 40, 
Appendix A, Criteria 1 and 12. Criterion 1 of 10 CFR Part 40, Appendix A 
spectftcally states that: •tafltngs should be disposed of fn • aanner [such] 
that no active ufntenance ts required to preserve conditions of the site.• 
Criterion 12 states that: "The final dispos1tton of t.a11tn1s or wastes at 
an lfng sites sMuld be sudl that ongoing active uintenanc:e ts not necessary 
to preserve isolation.• 

It is evi~nt that naedial action designs are intended· to last for a long 
tfae, vfthout the need for active •1atenanca. lllerefo,., in accordance with 
regulatory requiNtNnts, the NIC staff has concluded that the goal of any 
design for long-tena stabt11ut1on w aeet applicable du1gn criteria should be 
to provide ov•rall site stlbflity for very long t.i• periods, with no 1'el1ance 
placed on active uint.enuce. 

For the purposes of this m, active •1nt.enance 11 defined as any 
uintenance that 1- needed to. assure tllat the design v111 wt specified 
longevity requ1nainb.Sucb M1ntenance 1ncludu even afnor •intenance, such 
u the addition of 1011 to SM11 rills and gu11 i••· The question that aust be 
answered is whet.lier longevity. 11 dependent on tM Mint.enance. If ft 1s 
necessary to repair gu111e1, for UIMIPl•, to pNMant their growth and ultiaate 
el"'Os1on into ta111ngs, thin that aafnteftaft(..e is cons1dered to be active 
uintenance. · 

2.1.4 Radon Rele&ae L1a1tl 

Titles 40 CFR 192.02 and 10 CFR Pal"'t 40, Appendix A require that earthen 
coven be placed CNer tailings at U. end of af111ng operations to liait 
rel•a.ns of radon-222 ~ not aore than an averye of 2q p1cocur1es. per square 
•t.r per second (pCi/• 1) 1 when averaged ov•r the •nt.1n surface of the 
disposal site and over at leut a one-year pe11od. for tM control period of 
200 to 1000 years. Betore placeaent of the cover, radon release .rates are 
calculated tn designing the protective covers and barriers for uranium aill 
tailings. Add1t.ion&11y. recent. regulations promulgated under the Clean Air Act 
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design follovs the procedure for a soil cover, because the layer ts 

predoa1nantly soi 1, rather th•n rock. 

2.2 Design Procedures 

A step·brstep procedure for designing riprap for the top and side slopes 

of a reclatlled pfle ts presented below: 

Step 1.. Oeteraine the drainage areas for both the top slope ind the stde 

slope. These drainage areas are normally cCNaputed on a unit-width 

bash. 

Step 2. Deterafne t1ae of concentration (tc). 

The tc h usually • d1ff1c,·1t paruaeter to atfaate in the design of 

.a w,,ctc lay9r. Baaed on a review of the various Mthods for 

calculating tc, the HRC staff concludes ttwat 1 •thod such as the 

kfrptdl Mthod, as discussed by Nelson, et •J. (1986, see Ref. 02), 

should be used. The tc •Y be calculated using the foraula: 

tc = (U.9L3/H)" 385 , where L = drain.ate lengt.h (in ailes} 

H = elevation difference {in feet) 

Step 3. 04.t.eraiM Probable Muiaua Flo ,d (PMF) and Probable Maxie1.111 

Prec:1p1t.ation (PMP). 

Techniques for PMP deterainctions have been developed for the entire 

United States, primarily by the National Oceanographic and 

Ataospher1c Adllinistr1tion. in the fora of hydroeet.eorological 

reports for specific regioni. These techniques &r. c011110nly accepted 

and provide straightforwerd procedures for assessing rainfall 

po~nt1&1, with ainiaal variability. Accept.able eethods for 
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determining the total ugnitude of the PMP and various PMP 

intensities for sp~cific tiaes of concentration are given by Helson, 
et al. (1986, see Ref. OZ, Section 2.1). 

Step 4. Calculate peak flow rate. 

The Rational Fonaula, as discussed by Nelson et al. (1986, see Ref. 
02), uy be used to calculate peak flow rates for these saall 

drainage areas. Other aethods that are eore precise ire a 1 so 

acceptable; the Rational fonaula was chosen for its siaplicity and 

ease of computation: 

Step S. :Jeterai11e rock size. 

Using Ule pe1.k flow r. te calculated in Step 4, the required 0
50 

uy 

be deterafned. ·a.cent studies perforaed for the NRC staff {Abt, 

et al.. 1988, see Ref. 03) have indic:.tAld that the Safety Factors 

Method is aore appltcabl• for dlsfpil'lfl ~k for slopes less than 10 

percent •nd that the Stephenscm Metbod is aq.re applicable for slopes 
great.er th&n 10 percent. Other aetllods MY also be used, if properly 

justified. 

Since ft. 11 unlikely t.Mt clogging of the w-iprap voids wil 1 not occur over 

~ long period of tiN, tt h sunested th&t no crec.11~ be t.aken for flow through 

the riprap voids. Ev•~ if the voids becaae clogged, it is unlikely that 

st.lbtlity will be affec:tAtd, as tndi~ated by test$ perfo.,..d for the HAC staff 

by Abt.. et a L ( 1987. see Ref. 04). 

lf rounct.d rather t~n 1ntul1r rock is used. soae increase in the average 

rock she NY be necessary, s tnce the rock vi 11 not be as stal't le. 

Coaput11tional Ndeh, such •1 the Stfety FActors Method, provide st..a>i l ity 



coefficients for different angles of repose of the aaterial. The need for 

oversizing of rounded rock is further discussed by Abt.!!...!!· (1987, see Ref. 

04). 

2.4 ~le of Procedure Application 

Oeteraine the riprap requirements for a tailfngs pile top slope with a 
length of 1000 feet and a slope of 0.02 and for the side slope with an 

additional length of 250 feet and a slope of 0. 2 (ZO percent). 

Step 1. The drainage areas for the top slope (Al) and the side slope 
(A2) on a unit-width bash aN coapvud as follows: 

Al a (1000) (1) / 43Sti0 • 0.023 acres 

A2. • (1000 + 250) (1) / 43560 • 0.029 acres. 

Step 2. The tcs are individually COlll)uted for the top and side 

slopes, using the K1rp1ch Method, as discussed by Nelson, et al. 

(1986 • ... Ref. 02). 

tc = [(11.9)(L)S/ff]"38S 

For l • 1000 , .. t and H c 20 fe•t, 

tc = 0.12 hours= 7.2 •inutes for the top slope 

For L = 250 feet and H: 50 feet, 

tc :: l O 11d nute for the side slope. 
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Therefore, the to~l tc for the side sloP4 fs equal to 7.2 + 1.0, or 

8. 2 minutes. 

Step 3. The rainfall inunsity is deterained using procedures discussed 

by Nelson, et al. (1986, see Re_f. OZ), based on a 7.2-ainute PMP of 
4.2 inches for the top slope and an 8.2-•inute PHP of appraxiutely 

4.5 inches for the side slope. These tncreaental PHPs are based on a 

one·hour PHP of 8.0 inches for northwestern Nett Mexico and were 
derived using procedures discussed by Nelson, et al. (1986, see Ref. 
02). 

Rainfall intensities, for use i~ the Rati~l fol"IIUla, are computed 
as follows: 

t1 = (60}{4. 2)n .2 = 35 inches/hr for the top slope 

i 2 = (60)(4.5)/8.2 • 33 inches/hr for the side slope. 

Step 4. Assuming a runoff coefficient (C) of 0.8, the peak flov rates are 

calculated using the llati~n&l for11Ula 1 as follovs: 

Ql = (0.8) (lS) (0.023) • 0.64 cfs/ft, for the top slope. and 
..-:::;: 

Q2 • (0.8) (13) (0.02') • 0.77 cfs/ft, for the side slope. 

Step 5. Using tJM Safety Facto" Method. the required rock size for the 

pile top slope ts calculated to be: 

o50 : 0.6 inches. 

Usi"i} the St.ephen,on Method, the required rock size for the side 

~:opes is calculated to be: 

0-6 
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050 = 3.1 inches. 

2.5 L1•1tat1ons 

The use of the 1.foreaentioned proceduNs fs widely applicable. The 

Stephenson Method ts an eap1r1ca1 apprqdl and is not applicable to gentle 

slopes. The 5'1fety Factors Method 1s conservative for steep slopes. Other 

aethods uy also be used, if properly justified. 

3. RIPRAP DESIGN FOR DIVERSIOH CHANNELS 

3.1 Technical Iasis 

The Safety Fectors Method or other shear stress Mthods are generally 
accepted as N11ab1e aethods for detanrtning riprap requireaents for channels. 

These •thods are based on a coapari son of the stresses exerted by the flood 

flows wit.ta the allowable stress pera1tted by the ~k.. Oocuaented Mthods are 

readily available for cleteratnfng flow depths and Muning •n• values. 

3.2 Oes19!! Procedms 

3.2.1 Norul Channel 0.stgns 

In desf1111nt the r-1prep for a dhrer,1on ch.annel where there tre no 

particularly difficult eroaion considerations. the design of the erosion 

protect10fl 11 relet.hely straightforward. 

1. The Safety Factors Method or other shear st.nus Mt.hods ••Y b• used 

to deteraine tho r1prap requireaents. 

Z. Th• peek shear stnass should b• used for design pufl)oses and can be 

detet'llined ty substituting the ~•lue of the depth of flow (y) 1n the 1hear 
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6. OVERSIZING Of MARGINAL-QUALITY EROSIOh ROTECTION 

6.1 Technical Basis 

The a.bi 1 ity of soae rock to survivt! without significant degradation for 

long time periods is well-documented by archaeological and hutoric evidence 

(Lindsey. et al., 1982, see Ref. DU). However, very little information is 

available to quantitatively assess the quality of rock needed to survive for 

long periods. based on its physical properties. 

In assessing the long-tera dur.bility of erosion protection utert4ls, the 

N~C staff t..s relied principally on the results of durability tests at several 

sites and on infonution, analyses, and aethodology presented in NUREG/CR-4620 

(Nelson,· et al., see Ref. 02). Thfs doc&aent provides a quantitative aethod 

for det.eraining the oversizing requirements for a particular rock type to b·e 

placed at specific locations on or near a remediated uraniua ai 11 tailings 

pi le. 

Staff review of actual field data froa several tailings sites has 

.i:t' , .. . . 

indicated tut tJle •thodology uy not be sufficiently flexible to allow the 

use of "border1tne• quality ro,k, wheN a particular type of rock fails to •et 

•inifll.lll qualifications for plac ... nt 1n a specific zone. but fails to qualify 

by only a saal 1 U10un~. This uy be very important, since Ute selection of a 

part.1cular rock type and 1"0Ck she depends on its quality and wheN it will be 

placed on the ellbankllent. 

Based on NRC staff review of the actual field data. the methodology 

prev;ou,ly derived has been IIOdified to incorporate additional flexibility. 
Th~se revisions include IIOdtfications to the quality ratings required for use 

in a particular placeaent zone, re-classification of the placement zones, 

re«ssessaent of weighting factors based on the rock type, and 110re detailed 

procedures for cocnputi"9 rock quality and the a,nount of oversizing required. 
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Based on an exaaination of the actual field perfonaance of various types 

and quality of rock (Esmiol, 1967, see Ref. 014), the NRC staff considers it 

iaportant to determine rock properties with a petrographic exaainat1on. The 

case hf story data indicated that the singlHOst important factor in rock 

deterioration vas the presence of sliect1~s and expanding lattice clay 

ainerals. Therefore, if a petrographic exutnation indicates the presence of 

·such •inerals, the rock will ~ be suitable for long-tera applications. 

6.2 Design Procedures 

Design procedures and criteria have been developed by the HRC staff for 

use in selecting and evaluating rack for use as riprap to survive long t.tae 

periods. The Mthods are considered to be flexible enough to accocraod&te a 

wide range of rock types and a wide range of rock quality for use tn various 

long-tera st&bUtty applications. 

fhe fint step tn the design process ts to :ieteraine the qu.altty of the 

rock, based on fts physical properties. The second step ts to deteratne the 

aaount of oversizing needed, if tha rock is not of good quality. Various com­

binations of good-qU&ltty rock and oversized aa1111na1-qua11ty rock uy also be 

considered in tbe design. if necessary. 

6. 2.1 Procedures for Assess4ng Rock Quality 

Thie su1 tu,111 ty of rock to be used as • prot.ect.1 ve cover shou 1 d be 

assessed by 1-.boratory tests to detera1ne the physical ch4ract.er1stics of t.he 

rocks. Several durability tests should be perforaed to classify the rock as 

being of poor, fair (1nt.raed1ate), or good qu.11t.y. For each rock source 

under co~siderat1on, the quality ratings should be based on the results of 

a.bout three to four different durability test aethods for initial screening and 

about six test met.hods for final sizing of the rock(s) selected for inclusion 

in the design. Procedures for detenaining the rock quality and de~eraining a 

rock quality "score" are developed in Table 01. 
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6.2.2 Oversizing Criteria 

Oversizing criteria vary, depending on the location where the rock will be 

placed. Areas that are frequently saturated &re generally aore vulnerable to 

weathering than occasfonally-saturated .areas where freeze/thaw and wt/dry 

cycles occur less frequently. The aount ·of oversfzfng to be applied will also 

· depend on where the rock w111 be placed and its importance to the overall 

perforu.nce of the rec:lU1ation desfgn. For UM purposes of rock oversizing. 
the following criteria have ~en developed: 

A. Critical Areas. These 1.reas include, as a a1n111UB, frequently­

saturated areas, all channels, poorly-drained toes and 

aprons, control structures, and energy dissipation 

areas. 

8. 

Rat.f n,r 

80-100 

6S-80 

No Oversiti ng Heeded 

Overs1z• using factor of (SO-Rating). expressed as the 

percent 1ncnase 1n rock d1 ... ter. For uuple, a rock with 

a rating of 70 will require oversizing of 10 percent. (See 

exaaple of procedure application, given tn Section 6.4, p. 

0-28) 

less than 65 - Reject 

Hon-Critical Ar-ea,. 
,----··---- -- .. ·--·-----

These areas include occasionally-saturated 

1,•as, top ~lopes. side slopes. and ~ll·drained ~---
toes and aprons. 
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Rating 

80-100 

50-80 

Ho Oversizing Heeded 

Oversize using facto.r of (80-Ratfng), expressed as the 
percent ftacrease fn rock diameter 

Less than SO - Reject 

D-26 



·1"e1L£ Ul 

Scoring Crtterta· for D1t1tt11n1ng Rock QualttJ 

Laboratory 
Test 

Sp. Gravtty 

Absorption. I 

Sod1ua 
Sulfite. S 

L/A Abrasion 
(100 revs). I 

Sch11tdt Halft!r 

Tensile Strength. 
ps1 

Weighting Factor 

tfmestone sandstone Igneous 

12 

13 

4 

l 

11 

6 

6 

5 

3 

8 

13 

4 

9 

2 

11 

1 
., 
' 

10 

Score 

' 9. s g 5 ~ m 3 2 I tJ 
tro"ocl mr Poor 

2.75 2.70 2.65 2.60 2.55 2.50 2.45 2.40 2.35 2.40 2.25 

ol .3 .5 .67 .83 1.0 1.5 2.0 2.5 3.0 3 •. 

1.0 3.0 s.o 6.7 8.3 10.0 12.5 15.0 20.0 25.0 30.0 

1.0 3.0 s.o 6.7 8.3 10.0 12.5 15.0 20.0 25.0 30.0 

10.0 6s.o 60.0 s4.o 47.o 40.o 32.o 24.o 16.0 a.a o.o 

1400 1200 1000 833 666 500 400 300 200 100 0 

1. 
scores were derived froa Tables 6.21 6.5, and 6.7 of NUREG/CR-2642 - •Long-Term Surv1vab111~ of R\prap for Armoring 
uran1u• Hill Ta111ngs and Covers: A Ltterature·Revtew,• 19~2 (see Ref. 013). 

2. 

J. 

wetghttng Factors are derived froa Table 7 of •Petrogr1phtc lnvest1gattons of Rock Durability and Co~par1sons of 
virious rest Procedures,• by&. w. DuPuy, .En,tneerlng .. ~eology. July. 1965 (see Ref. D15). Weighting factors are 
based on inverse of ranttng of test methods or each rocE type. Other tests 111y be used; wetght1ng factors for· 
these tests may be derived using Table 7, by counttng upward from the botton of the table. 

Test methods should be stand1rdtzed, tf a standard test ts ava11able and-should be those used 1n HUREG/CR-2642 (see 
Ref. Dll). so that proper correlattons can be .. de. Thfs fs parttcularly Important for the tensile strength test. 
where several methods~ be used; the 11ethod dtscussed by Ntlsson (1962, see Ref. D16) for tensile strength ~as 
used tn the scoring procedure. 
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6.3 Recoanendations 

Based on the perfonaance histories of various rock types and the 

overall intent of achieving long-tera stabfltty, the folletwing recoaienda­

ttons should be considered in assessing rt'Ck quality and determining 

dprap requ.i rements for a _particular design. 

1. The rock that 1s to be used should first be qualitatively rated at least 

Nfair" in a petrographic examination conducted by a geologist or_engineer 

experienced i"n petrographic analysts. See NUREG/CR-4620, Table 6.4 (see 

Ref. 02), for general guidari:e on q~litatfve petrographic ratings.. In 

addition, if a rock contains saectft.es or expanding lattice clay afnerals, 

it will ~ be acceptable. 

2. An occasionally-saturated area 1s defined as an area vith underlying 
filter blankets and slopes tl\at provide good drainage and are steep enough 

to preclude ponding, considering differential settlement, and are located 
wel 1 above nonal gTOundw&ter leveis; otherwise. the area is classified as 

frequently-saturated. N&tural channels and relatively flat un-aade 

diversion (hannels should be clasgfffed as frequently-saturated. 

Generally, any toe or apron located belcw grade should be classified as 

frequently-sat.U'rated; such toes and aprons are considered to be 

poorly-drained in aost cases. 

3. Using the scoring criteria q1ven in Table 01, the results of a durability 

test detel"llines the score; thts score is then ault1plied by the weighting 

factor tor the particular rock type. The final rating should be 

calculated as the percentage of the aa.ximua possible score for al 1 

durability tests tl'Mt were performed. See exuple of procedure 

appl;cat1on for additional guidance on determining final rating. 

4. For final selection and oversizing, the rating 1111y be based on the 

durability tests indicated in the scoring criteria. Other tests may also 
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be substituted or added, as appropriate, depending on rock type and s1te­

specf ftc factors. The durability tests given fn Table 01 are not intended 
to be all-inclusive. They represent soae of the more cOa110nly-used tests 

or tasts where data aay be published or readily-available. Designers 11ay 

wish to use other tests than those presented; such an approach fs 

acceptable. Scoring criteria uy be developed for other tests, using 
procedures and references recomended 1n Table 01. Further, if a rock 

type barely faUs to aeet ainiaua criteria for placeaent in a particular 
area, with proper justification and docmentation, it may be feasible to 
throw out the results of a test that .. y not be particularly applicable 

and substitute one or aore tests with higher weighting factors, depending 

on the rock type or site location. In such cases, consideration should be 

given to perfonaing several additional tests. The ·icftttonal tests should. 

be thOse that are uong the aost applicable tests for• specific rock 
type, as tndicated by the highest weighting factors given in the scoring 
criteria for that roct type. 

5. The percent.age increase of oversizing should be appl ted to the dtuet.er of 

the rock. 

6. The oversizing calculations represent a1nillUII increases. Rock sizes as 
· large as practicable should be provided. (It is ustaled, for exuple, 

that .a 12-tnch l~r of 4-indl rock costs the sua as a 12-inch layer of 

6-inch rock.) The thickness of the rock lQ•r should be bas~ on the con­

struc:tab111ty of the layer, but should be at least 1. S x o5J. Thicknesses 

of lest than 6 inc:tles ~ be d1ff1cult to construct, unless the rock size 

ts relatively saall. 

6.4 Exaaple of Procedure Application 

It ts proposed th4t a sandst.one rock source w111 be used. The rock has been 

rated "fair" in a petrographic cA811inat~on. R~pr.jent.ative t..est N!sults are 

given. COIIJ)ut.e the amount of oversizing necessary. 
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Using the scortng criteria in Table 01. the following ratings are computed: 

Lab Test R·esult Score Weigh~ Score x Weight Max. Score 

Sp. Gr. 2.61 7 6 42 60 

Absorp •• % 1.22 4 5 20 50 

Sod. Sult •• X 6.90 6 3 18 30 

L.A. Abr., X 8.10 5 8 40 80 

Seti. Hu. 51 6 13 78 130 

Tens. Str., psi 670 6 4 24 40 

. Totals 222 390 

The final rating 1s coaputed to be "'~390 or 57 percent.. As discussed in 

Section 6. 2, the rock is not suitable for use in frequently-saturated areas, 
but is suit.able for use in occasionally-saturated areas, if oversized. The 

oversizing needed ts equal to (80 - 57), or a 23 percent increase in rock 

diaaeter. 

6. S liaf t.&tfons 

The procedure previously presented 1s intended to provide an approxiaat.e 

quantitative .. thod of assessing rock quality and rock durability. Although 

the procedure should provide rock of reasonable quality, zdditional data and 

studies are needed to est..ablish perfonaance histories of rock types that have a 

score of a specific magnitude. It should be emphasized that the procedure is 

only a aore quantitative estiaate of rock quality, based on USSR classification 

standards. 
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It should also be recognized that durability tests are not generally 

intended to determine if rock will actually deteriorate enough to adversely 

affect the stability of a reclaimed tailings pile for a design life of 200 to 

1000 years. These tests are priaarily 1ntended to determine acceptabil 1ty of 

rock for various construction purposes for design 1 ifet1aes much shorter than 

1000 years. Therefore, although hfgtter·scores give a higher ~gree of 

.confidence that significant deterioration will not occur, there is not coaplete 

assurance that deterioration vfll not oc~ur. Further, typical construction 

projects rely on planned maintenance to correct deficiencies. It follows, 

then, that there is also less assurance that the oversizing methodology wil 1 

actually result fn rock that vfll onty deteriorate a given 111aunt in a 

specified time period. The aaount of oversizing resulting from these 

calculations is based on the engineering judgment of the NRC staff, with the 

assista~e of contractors. However, in keeping vfth the Han.ageeent Position 

(USNRC, 1989, see Ref. 017). the staff considers that this methodology will 

provide reasonable assurance of the effectiveness of the roe~ over the design 

lifetime of the project. 
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The rainfall depth for a specific site is estimated by determining the 
rainfall duration and/or appropriate time of concentration. The resulting 
rainfall depth in inches, is 

PMP rainfall depth= (I PMP) x (PMP) (2.1) 

where the percent PMP is obtained from Table 2.1 and the PHP is obtained 
from the appropriate PHP design storm presented in Section 2.1.1. 

The rainfall intensity, i, in inches per hour can be computed as 

60 
i = rainfall depth (inches) x 

rainfall duration (minutes) 
(2.2) 

The rainfall intensity determined from Equation 2.2 is generally a conser­
vative value and represents the peak rainfall intensity of the design 
storm. 

To compute the rainfall intensity for any rainfall duration, it is 
recoamended that a rainfall intensity versus rainfall duration curve be 
plotted on semilogarithmic paper. Because of the extremely conservative 
rainfall intensity values obtained for short durations, ft is recoanended 
that the minimum rainfall duration be 2.5 minutes. Rainfall depths should 
be extracted from the appropriate Hydrometeorologfcal Report. 

2.2 PMP COMPARISON STORMS 

A cOllll)arison of estimates of the PMP with greatest observed rainfall 
and estimates of the 100-year events for areas both east and west of the 
105° meridian was prepared (NWS, 1980). Infonnation from 6500 precipita­
tion reporting·stations tn the eastern U.S. and about 2100 stations in the 
west was used. Including storm durations of 6 to 72 hours. the study indi­
cated that 177 separate storm events have been recorded in which the rain­
fall was greater th~n or equal to 50 percent of the PHP for stations east 
of the 105° meridian. Only 66 separate stona events were recorded west of 
the 105° meridian where rainfalls were greater than or equal to 50 percent 
of the PMP. 

The National Weather Service also reported the number of storm events 
which met or exceeded the 100-year rainfall values and compared them with 
the regional PMP values (NWS, 1980). Table 2.2 su!ffl'larizes these rainfall 
events for 6 and 24-hour storms occurring over a 10 square mile area. It 
is interesting to note that a storm has not been officially recorded west 
of the Continental Divide that exceeds 901 of the PHP value. However, it 
is evident that a number of storms approach the PMP values, thereby sub­
stantiating that the prescribed PMP values are not extremely conservative. 
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4.1.5.6 Gully Width 

The width of the gully across the top of the gully at the point of 
maximl.111 depth can be estimated fran Figure 4.5. Having canputed the maxi­
mum depth, !\tlax• and knowing the unifonnity coefficient, Cu, the top 
width is est1mated to be approximately 5.6 feet. However, ihe gully width 
wi 11 widen over time to where the gully side wall stands at an angle less 
than the angle of repose of the cover material. 

4.2 EMBANKMENT ANO SLOPE STABILIZATION l!ilNG RIPRAP 

Rock riprap is one of the most econt• ( ·atertals that is camonly 
used to provide for cover and slope protect. Factors to consider wien 
designing rock riprap are: (1) rock durability, density, size, shape, 
angularity, and angle of ·repose; (2) water velocity, depth, shear stress, 
and flow direction near the riprap; and (3) the slope of the embankment or 
cover to be protected. Through the proper sizing and placeaent of riprap 
on any impoundment cover, rill and gully eroston can be minimized to ensure 
long term stabilization. 

The primary failure mechanism of concern ts the removal of m~terial 
frOll the impoundment due to shear forces developed by water flowing paral­
lel and/or adjacent to the cover as described by Nelson et al. (1983). One 
purpose of the cover is to expedite the removal of precipitation and tribu­
tary waters away from the cover to minimize seepage and percolation. 
However, when surface waters are not properly managed, extreme erosion may 
result and endanger the 1mpoundment stability. For example, slopes are 
often designed and constructed to develop sheet flow conditions. After 
many years of exposure, sheet and ril 1 erosion, and localized settl eaent, 
the hydraulic conditions have significantly altered causing flows to merge 
or concentrate into drainage channels. The greater the concentration of 
flow into the drainage channels, the greater the erosion potential. 

4.2.1 Zone Protection 

The design requi rernents for pl acing riprap rock on a cover vary 
depending upon cover location. It is suggested that four areas exist on 
the cover in w-1ich different failure mechanisms can result fron tributary 
drainage. The four areas or zones of concern are presented in Figure 4.6 
and include: 

l. Zone l: This zone is considered the toe-of-the-slope of the 
reclaimed impoundment. The riprap protecting the slope toe must 
be sized to stabilize the slope due to flooding in the major 
watersheds and dissipate energy as the flow transitions fron the 
irnpoundment slope into the natural terrain. Zone I is considered 
a zone of frequent saturation. 

2. Zone 11: This is the area along the side slope "'1ich renains in 
the major watershed flood plain (PMF). The rock protection must 
resist not only the flow off the cover, but also floods. The 
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riprap must serve as embankment protection similar to river and 
canal banks. Zone II is considered a zone of occasional satura­
tion. 

3. Zone 111: Riprap should be designed to protect steep slopes and 
embankments from potential high overtopping velocities and exces­
sive erosion. flows in Zone Ill are derived from tributary 
drainage and direct runoff fr011 the reclaimed site. Zone III is 
considered a seldom saturated zone. 

4. Zone IV: Rock protection for Zone IV is generally designed for 
flows frOfll mild slopes. Zone IV will usually be characterized by 
sheet flow with low flow velocities. Zone IV is considered a zone 
of seldom saturation. 

Since the rock protection requirements are significantly different on 
various locations on the cover. it should be lpparent that each r1prap 
design procedure available was formulated to address a specific applica­
tion. Since a single riprap design procedure does not necessarily meet all 
of the cover protection requirements, reconaendations will be made indicat­
ing which zone(s) each riprap design procedure best addresses. 

~ecause the frequency of wetting or saturation varies by zone, the 
durability requirements of the rfprap aay vary by zone. The concept of 
durability and oversizing will be addressed in Chapter 6 of this rieport. 

4.2.2 Design Procedures 

Presently, several methods are available to assist the designer in 
determining the appropriate rock size for protection ot impoundlllent covers, 
embankments and unprotected slopes from the impact of drainage waters. 
Alternative riprap design methods sumaaarized herein are 

,l. Safety Factors Method 
2. The Stephenson Method 
3. Corps of Engineers Method 
4. The ''. 5. Bureau of Reclamation Method 

These riprap design procedures are but examples of the many methods 
available. 

4.2.2.1 Safety Factors Method 

The Safety Factors Method (Richardson et al., 1975) for s1z1n9 rock 
riprap is quite versatile in that it allows the designer to evaluate rock 
stability from flow parallel to the cover and adjacent to the cover. The 
Safety Factors Metho;:t can be used by assuming a rock size and then 
calculating the safety factor (S.F.) or allowing the designer to determine 
a S.F. and then computing the corresponding rock size. If the S.F. is 
greater than unity, the riprap is considered safe from failure; if the S.F. 
is unity, the rock is at the condition of incipient motion; and if S.f. is 
le:;s than unity, the riprap will fail. 
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where d50 is the mean rock size in feet. A graphical representation 
for determining n is presented in Figures 4.12 and 4.13. However, these 
values were developed for uniform flow condition over submerged riprap. 
When overtopping flows on steep slopes begin to cascade, n value! will 
increase and may range from 0.07 to 0.09 or higher. (Abt and Ruff, 1985 
and COE, 1970). 

Table 4.2. Hanning Coefficient, n. 

Channel Material Hanning Coefficient, n 

Fine sand, colloidal 
Sandy loam, non-colloidal 
Silt loam, non-colloidal 
Alluvial silts, non-colloidal 
Ordinary firm loam 
Volcanic ash 
Stiff clay, very colloidal 
Alluvial silts, colloidal 
Shales and hardpans 
Fine gravel 
Graded loam to cobbles, non-colloidal 
Graded silts to cobbles, colloidal 
Coarse gravel, non-colloidal 
Cobbles and shingles 

Source: Horris and Wiggert, 1972. 

4.8 COVER EROSION RESISTANCE EVALUATION 

0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.025 
0.025 
0.025 
0.020 
0 .. 030 
0.030 
0.025 
0.035 

The cover design should be evaluated to determine if the unprotected 
slopes(s) can withstand overland or sheet flow with a minimum of erosion. 
Based upon the site-specific cover and precipitation parameters, the design 
sheet flow velocity should be estimated. A cOCApariso11 of the design flow 
velocity with the cover permissible flow velocity can be performed. 
Furthermore, the design velocity can be used to detennine the sediment 
discharge using the Universal Soil Loss Equation (Chapter 5) and for sizing 
stone protection (Section 4.2). 

The design velocity will usually be determined from the peak discharge 
generated from the Probable Maximum Flood (PMF). The PMF can be estimated 
by 

(a) Using computer models, Le., HEC-l (COE, 1974), that are widely 
accepted by the engineering profession. 
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(b) Applying the Rational Method for tributary areas that are less 
than approximately one square mile in area. 

The Rational fonnula is canmonly expressed as 

Q = CiA (4.42} 

where Q is the maximum or design discharge in cfs, C is a runoff coeffi­
cient dependent upon the characterization of the drainage basin, i is the 
rainfal 1 intensity expressed in inches per t.>ur and A is the tributary area 
expressed in acres. When a unit width approach is taken, the area A,, is 
the slope(s) length times the unit width. Therefore, Equation 4.42 would 
be presented as 

q • Ci~ (4.43) 

for a unit width analysis. 

4.8.1 Runoff Coefficient 

The runoff coefficient, C, is related to the climatic conditions and 
type of terrain characteristic of the watershed including soil materials, 
permeability and storage potential. Values of the coefficient Care 
presented in Table 4.4 (Lindsley et al., 1958), Table 4.5 (Chow, 1964), and 
Table 4.6 (ASCE, 1970 and Seelye, 1960}. 

Table 4.4. Values of Coefficient C. 

Type Area 

Flat cultivated land, open sandy soil 

Rolli cultivated land, clay-loam soil 

Hi 11 land, forested, clay lo~ soil 

/,: Steep, impervious slope 
~,· 

Source: Lindsley, et al, 1%8. 

Value of C 

0.20 

0.50 

0.50 

0.95 

The selection of a coefficient value requires considerable judgment as 
it is a tangible aspect of using the rational fonnula. It is recanmended 
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that a conservative value of C be applied for PHF estimation since infil­
tration and storage comprise a low percentag~ of the runoff. Furthermore, 
the C values presented were derived for storms of 5-100 year frequencies. 
Therefore, less frequent. higher intensity storms will require the use of a 
higher C value (Chow, 1964). It is reconmended that a runoff coefficient 
of 1.0 be used for PHF applications in very small watersheds since the 
effects of localized rtorage and infiltration will be small. 

Table 4.5. Values of C for Use in Rational Formula. 

Watershed Cover 

Soil Type Cultivated Pasture Woodlands 

With above-average infiltration rates; 0.20 0.15 0.10 
usually sandy or gravelly 

With average infiltration rates; no 0.40 0.35 0.30 
clay pans; loams and similar soils 

With below-average infiltration rates; 0.50 0.45 0.40 
heavy clay soils or soils with a clay 
pan near the surface; shallow soils 
above impervious rock 

Source: Chow, 1964. 

4.8.2 Rainfall Intensity 

In order to determine the rainfall intensity, i, the time of concen­
tration, t must be estimated. The time of concentration can be 
approximated by: 

(a) Applying one of the many accepted empirical formulae such as 

L0.77 
tc = 0.00013 --

50.385 
(4.44) 

where Lis the length of the basin in feet measured along the 
watercourse from the upper end of the watercourse to the drainage 
basin outlet and S is the average slope of the basin. Time of 
concentration is expressed in hours. This procedure is not 
app1icable to rock covered slopes. This express~on was 

...... 1-' 

I· .,• 
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Table 4.6. Values of runoff coefficient C. 

Character of Surface 

Pavement--asphalt or concrete 

Gravel, fran clean and loose to 
clayey and canpact 

Roofs 

lawns (irrigated) sandy soil 
Flat, 2 percent 
Average, 2 to 7 percent 
Steep, 7 percent or more 

lawns (irrigated) heavy so;1 
Fl at, 2 percent 
Average, 2 to 7 percent 
Steep, 7 percent 

Pasture a...S non-irrigated lawns 
Sand 

Bare 
Light vegetation 

Loam 
Bare 
Light vegetation 

Clay 
Bare 
Light vegetation 

Composite areas 
Urban 

Single-family, 4-6 units/acre 
~;ulti-family, >6 units/acre 

Rural (111<>stly non-irrigated lawn area) 
<1/2 acre - 1 acre 
1 acre - 3 acres 

Industrial 
light 
Heavy 

Business 
Downtown 
Neighborhood 

Parks 

Source: ASC[. 1970 and Seel ye, l 960. 

Runoff Coefficients 

Range Recc:mnended 

0.70-0.95 0.90 

0.25-0.70 0.50 

o. 70-0 .95 0.90 

0.05-0.15 0.10 
0.15-0.20 0.17 
0.20...0.30 0.25 

0.13-0.17 0.15 
0.18-0.22 0.20 
0.25-0.35 0.30 

0.15-0.50 0.30 
0.10-0.40 0.25 

0.20:-0.60 0.40 
0.10-0.45 0.30 

0.30-0.75 0.50 
0.20-0.60 0.40 

0.25-0.50 0.40 
0.50-0.75 0.60 

0.20-0.50 0.35 
0.15-0.50 0.30 

0.50-0.80 0.65 
0.60-0.90 0.75 

0. 70-0. 95 0.85 
0.50-0.70 0.60 
0.10-0 .40 0.20 

' . 
•. 

'J 

! 
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designed for and applicable to small drainage basins (Kirpich, 
1940). 

(b) Using the Soil Conservation Service (SCS) Triangular Hydrograph 

tc 1.: L "f'. ~ Slc.U T . (4.45) r 
(la,..... - (""Ql£~f~~ +,r~.J~ ~~,-~ 

where L is the length (miles) of the longest '8 ercourse from the ~(J 
point of interest to the tributary divide, H is the difference in 04\C\l \ 
elevation (feet) between the point of interest and the tributary ~ 
divide. The time of concentration will be expressed in hours. 
The SCS procedure is most applicable to drainage basins of at 
least 10 square miles. 

Once the rainfall duration or time of concentration is determined, the 
rainfall depth can be caaputed based on the PMP intensity values estimated 
in Section 2.1.2. 

4.8.3 Tributary Area 

The tributary area may be expressed in a unit width format for design 
of rock protection on an embankment. Therefore, the area is the length of 
the longest expected or measured Mater course multiplied by the mtt width. 
This procedure is primarily applicable to Zones I, II, and 111 and is not 
applicable for drainage ditch design. It should be noted that a unit width 
approach to drainage a..S diversion ditch design is not effective. Ditch 
design requires an entire basin analysis in Illich.a composite inflow hydro­
graph 1s detemined and is routed along the channel. Fraa the inflow 
hydrograph, water surface profiles (i.e., HEC-2) can be estimated to deter­
mine flow depth and velocities for riprap design (COE. 1982). 

4.8.4 Sheet Flow Velocity 

The design velocity for sheet flow on an enbankment slope can be esti­
mated by solving the Manning fonaula presented in Equation 4.39. It is 
assumed that the hydraulic radius, R, is approximately equal to the fl ow 
depth. y, and that the design discharge is equal to that estimated by the 
Rational Method. Therefore, the depth of flow is 

y -= [ Qn ] 3/5 
1 .486 s1 /2 

(4.46) 

where Q is the discharge, S is the slope, and n is the Manning coefficient. 
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Therefore, the design velocity can be estimated as 

Voesign = Q/A (feet/sec) (4.47) 

where A is the cross-sectional area of flow. 

4. 9 FLOW CONCENTRATIONS 

Despite the extensive efforts of the impoundlllent reclamation designer, 
reviewer, contractor and inspector, the topographic features of the cover 
will alter over time without continual maintenance (Powledge and Dodge, 
1985). Cover modifications will result fra1 differential settlement, 
collapsing sons, marginal quality control in cover placement, erosion, 
major hydrologic events and monitoring disturbance. Because of these 
unpredictable and generally uncontrollable events, tributary drainage areas 
evolve that were not originally designed or constructed. The result is 
that the peak discharge and volwae of runoff exceed design levels and 
increase the erosion potential. 

Abt and Ruff (1985) conducted a series of fluae etperiments on a 1V:5H 
prototype embanbaent protected by riprap with median rock sizes of 2 inches 
to 6 inches in diameter. It was observd that 2-4 inch diameter riprap 1ere 
highly susceptible to sheet flows converging alo~ the face of the ent>ank­
ment into channels. The discharge in the channel ( s) was canpared to the 
total discharge over the embankment by 

1 
CF=----, (4.48) 

1 - (QC - Q) 

where CF is the concentration factor, (le is the discharge in the channel 
and Q is the total discharge over the embankment. The concentration 
factors ranged from 1.1 to 3.2 where flows \ere less than the failure dis­
charge. These preliminary results indicate that riprap designed for sheet 
flow conditions may be subjected to flow channelizations that concentrate 3 
times the discharge in a single location. 

I!!!' -.... 

The peak discharge along a crest or at a design point is a funct1on of 
the amount of prec;pitation, the tributary drainage area, the slope of the 
drainage basin, the basin contouring, the cover material and cover protec­
tion. Any modification in one or more of these parameters can impact t~e 
outlet peak discharge. The cover design must account for these potential 
changPs in the form of a concentration or safety factor. Therefore, a flow 
concentration factor may be incorporated into the design process to 
adequately evaluate the soH resistance to erosion, to adequately select 
and evaluate. aHernative protective measures and to s1zP riprap \'ilen 
warranted. 

.. 



signer, 
cover 
ge, 
• on, 

;e, 

1ere 

.48) 

10n of 
the 

tee­
the 

~ i a 1 
flow 

69 

It is difficult to accurate1y predict t~e value of the flow concen­
tration factor since limited information is currently available to substan­
tiate design limits. However. it is reasonable to assume that values 
between 2 ~~ 3 are attainable with only a slight evolutionary change in 
cover. Unless- it can be shown that design procedures such as overbuilding 
can compensate for differential settlement, it is recomnended that a 
conservative concentration factor be used unti1 additional research can 
justify a more reasonable range of values. 

To incorporate the flow concentration factor into the stone s1z1ng 
procedure of any riprap des1gn method·, multiply the design peak discharge 
by the flow concentration factor. All subsequent computations, i.e •• 
velocity and depth estimate, stone size determination, etc., will reflect 
the influence of the flow concentration. 

4.10 PERMISSIBLE VELOCITIES 

Evaluation of proposed reclamation alternatives should include an 
analysis of the critical erosion potential of the cover material. Erosion 
potential can be determined based upon the properties of the reclamation 
materials as well as the degree of compaction in which the material is 
placed. The peraissible velocity approach consists of specifying a 
velocity criterion that will not erode the cover or channel and will pre­
vent scour. A co~arison of the actual or design flow velocities to the 
permissible velocities associated with overland flows, sheetflows or chan­
nel flows determines the erosion potential. When the design flow velocity 
meets or exceeds the permissible velocity, cover protection should be 
considered. 

The permissible velocity values presented were developed from experi­
ments performed primarily in canals and stream beds. Therefore. the fol­
lowing pen11issible velocities should provide a conservative estimate for 
evaluating the erosion resistance of the reclailled covers over long term 
periods. In cases where a range of permissible velocities are presented, 
it is recommended that the lower velocity be used for determining erosion 
potential. 

A series of pen1issible maximum canal velocities was developed by 
Fortier and Scobey (1926) and adapted by lane (1955). The maximum 
permissible velocities presented in Table 4.7 are applicable to colloidal 
silts. fhese velocity values were developed for channeis without 
sinuosity. Lane reconwnended a f'educt ion of the ve 1 oc it i es in Tab 1 e 4. 7 by 
13 percent if the canal/channel is moderately sinuous. The maximum 
allowable velocities for sandy-based materials are given in Table 4.8. 
Table 4.9 provides limiting velocities for cohesive materials according to 
compactness for materials with less than 50 percent sand content. The Soi I 
Conservation Service maximum permissible velocities (SCS, 1984) for well 
maintained grass covers are presented in Table 4.10. 

It 1s 1mportant to recogn1ze that limited information is available 
pertaining to permissible velocities on covers under sheet flow conditions. 
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Table 4.7. Maximum permissible velocities in erodible channels. 

Channel Material 

Fine sand. colloidal 
Sandy loam, non-colloidal 
Silty loam. non-colloidal 
Alluvial silts, non-colloidal 
Firm loam 
Vo 1 cant C ash 
Stiff clay, colloidal 
Alluvial silts, colloidal 
Shales and hardpans 
Fine gravel 
Graded loam to cobbles, non-colloidal 
Graded silts to cobble, colloidal 
Coarse gravel, non-colloidal 
Cobbles and shingles 

Source: Lane 1955. 

Water Transporting 
Colloidal Silts 

v {ft/sec) 

2.50 
2.50 
3.00 
3.50 
3.50 
3.50 
5.00 
5.00 
6.00 
5.00 
5.00 
5.50 
6.00 
5.50 

Table 4.8. Maximum allowable velocities in sand-based material. 

Hateri al 

Very light sand of quicksand character 
Very light loose sand 
Coarse sand to light sandy soil 
Sandy soil 
Sandy loai.i 
Average loam, alluvial soil, volcanit dSh 
firm loam, clay loam 
Stiff clay soil, gravel soil 
Coarse gravel, cobbles and shin9les 
Conglomerate, cemented gravel, soft slate, 

tough hardpan. soft sedimentary rock 

Source: Lane, l 9SS. 

Velocity 

(ft/sec) 

0. 75 to 1.00 
LOO to 1.50 
1.50 to 2.00 
2.00 to 2.SO 
2 .so to 2. 75 
2 .75 to 3.00 
3.00 to 3.75 
4.00 to 5.00 
5.00 to 6.00 

6.00 to 8.00 
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lllereforei the pennissible velocities developed for channels is usually 
extended to overland flow situations. When design velocities reach or 
exceed those indicated in Tables 4.7 through 4.10, protection is warranted. 

Table 4.9. Limiting Velocities in Cohesive Materials. 

Compactness of Bed 

fairly Very 
Loose Conpact Canpact Conpact 

Principle Cohesive Velocit) Velodtl Velocit~ Velocity 
Material (ft/sec (ft/sec ( ft/sec (ft/sec) 

Sandy clay 1.48 2.95 4.26 5.90 

~eavy clayey soils 1.31 2.79 4.10 S.58 

Clays 1.15 2.62 3.94 5.41 

lean clayey soils 1.05 2.30 3.44 4~43 

Source: Lane, 1955. 

The materials presented in Tables 4.7 through 4.9 can be referenced to 
the Unified Soil Class1ficat1on System as presented by Wagner (1957). An 
engineering analysis of the cover 1111terial can provide an approximation of 
the pe111iss1ble velocities that the alternative cover materials may with­
stand without supplemental protection. 

4.11 PERMISSIBLE VEtOCITY EXN4Pl£ 

A tail1ngs disposal site located in the northwest corner of New Mexico 
has prepared a reclamation plan for review. The recldfflation plan indicates 
that a 10 foot thick cap will be placed atop the tailings at a slopt of 
2.41 with a c<J11paction of 951 of optimum. The cap will be graded as shown 
in Figure 4.14 and shall transition into side slopes of lV:lOH, It is 
proposed that the cap wi 11 be cClftposed of a sandy c:1 ay wHh d coarse gravel 
cover. Along the crest, a 12 inch thick layer of riprap W'i \1 be pl aced for 
at least 8 feet upslope and downslope of the crest to stabtl1ze the 
transition. The riprap will have a median stone size of 6 rnches. The 
gravel cover will have a median rock size of 1.5 inches. fhe design 
reviewer must verify that the grdvel cover will resist the ~tential 
velocities that may result on the cap. 
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In order to assess the stabfllzatlon of the cap against erosion due to 
overland flnw, fnforaation provided In Sections 4.6 through 4.10 of this 
report .,st be utilized. One alternative a,ans of reviewing the design fs presented in the following analysis. 

4.11.1 Estimation of Peat Runoff 

The peat runoff can be estl .. te4 using the Rational r,,...,11 Pl'tlsented 
in Equation 4.43. The three CGllpOnents of the Rational fo...,11 that 
requl re cons I deratt on IN!: the runoff -ff I cf ent , C; the re 1 nfa 11 I nten. sfty, 1; and the tributary area, A. 

The runoff coeff1c1ettt c.n be est1uted by e1a•fnin9 Tables 4.4 
through 4.6. Since the c.,, will be COlllposed of a COlllpacted cl11, the 
Infiltration and localized storage wt II be low. The peat runoff Is • 
direct funct1.., of the estf .. ted localized PNF. Therefore, a reasOftable C value is 1.0. 

The rainfall fntonsfty can be estf .. ted b1 deter•lnfn9 the I-hr, 
1.,.12 local sto,w PNt> va1ue and adJusttnf the rainfall depth in accor~ 
dance wf th the percent11es present• In able 2, I. For nortl!Wes t New 
Mexico, th,, I-hr, 1 .. 12 PIU> Is estf .. ted to be 9.5 Inches after the 
appropriate elevation anca area adJustaents are perfol"llllcl. 

The ttae of <:onqntratf..,, t,;, Sllould be estt .. ted. Using Equation 
4.44, the le can be estl•ted Where the lon,est flow Pith Is approxl -aately 450 feet as 

t ,: 
C 

(4 .. 49) 

ano 

t, ~ 0.06 hrs 11 3.62 minutes 

(4.)0) 

Tht rainfall <Wpth for vari•ble r•inf•II ®r•ttons c•n be ttli1Mted 
us1ng the values presented in Table 2.1 which •re tpplic.able to northwest 
tt.w llexico. Sinct the 11 .. of concentr•tion is l.6 ainut•s. the Ptrceot ol 
the 1-hr PHP can be interpolated to be approximately 15 P@rceot, The 
rainfall depth 1s co,wputed using £quat1on 2. I to be 

9dtnfall depth• (0.JS) x 9.~ 1n,h, LJJ inches 

.• ,. 
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A conservative estiaate of the rainfall intensity is determined by applying Equation 2.2. 

i • 3. 33 inches 60 
x ~ = S5.5 inches/hr 

l.6 (4.52) 

The tributary area. A. c•n be esti.ated using a unit widtb approach 
presented tn Section 4.8. Since the long.st flow path is 450 feet with a 
untt width of one foot. the tributary area 1s 450 square feet. The 
trtbut1ry ar .. can be converted to acres by dividing by 43.560 square 
f .. t/acre resulting in 1n area of 0.0103 acres. 

The .,ea sheet flow unit discharge 1t the transttion can be c011puted 
by usittt the Ratt01111 foraula presentecl in Equattcn 4.43. 

~ • (1.0) (SS.5) (0.0103) • 0.57 cfi 
(4.53) 

4.11.z Sheet flow Veloc1ty 

The •"-t flow desitn velocity can be est1Mted by first dettrainin9 
the de,th of flow.. The dtpth of flow, y. can be c1lcu\atfld ustr,9 tquation 
4.46. However. the NIM1ftt surface routh•ss coefftcten•, n. •st • 
4ete,..ineo. Fro. E{IVlt1on 4.41, the Mlnnif19 n v1lue t•n be calcul1ted u 

If\ o •~4'.s-(.t:sct)Yc 
n • O.OJH (0. US) 1'' ~ o.on ( 4. S4) 

The depth of f I ow t s then c-,utect to be 

(O.S1) 0.028 l/S 
-·-- · -'"'"'Tr,. • 0. 201. feet 
1 • 416 ( 0 • 024) II c 

or 

'I,. (0.102 ft) (l2 tn/ft) "2.42 Htche\ 
( 4. \6) 

o.s, 

( L0)(0.20) 
2 .12 feet/ Ht< 

I/ 

I 
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. re 0.57 ts the t11it discharge. l .o is the width of now in feet and o .20 
'is the depth of flow in feet. It should be noted that the fl ow concentra~ 
tton factor tes not incorporated into this conputation. 

4.11.J Cover Permissible Velocity 
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embankments, channel and unprotected slopes from the impact of flowing 

waters. Four riprap design procedures which will be referenced are: 

1. ':af ety Factors Method ( SF) 

2. The Stephenson Method (STEPH) 

3. The U.S. Army Corps of Engineers Method (COE) 

4. The U.S. Bureau of Rech11ation Method (US8R) 

A su11111ary of eich method will be presented. 

3.4.1 Safety Factors Method 

The Safety Factors Method (Richardson et al., 1975) for sizing riprap 

allows the designer to evaluate rock stability froa flow parallel to the 

cover and adjacent to the cover. The Safety Factor~ Method can be used by 

assuming a stone size and then calculating the safety factor (SF) or 

allowing the designer to deterwine a SF and then C0111putin9 the corresponding 

~tone size. If the Sf 1s greater than unity, the r1prap is considered safe -----------·· ----- ______...-----. 
from failure; if the Sf 1s unity, the rock· 1s at the condition of incipient 

.... , .. _..,,., __ ..,. 

motion; and 1f Sf is less than unity, the r1prap w111 fail. 

The following equations are provided for riprap placed on a side slope 

or etlbankflent where the flow has a non-horizontal (downslope) velocity 

vector. The safety factor, St. is: 

5f " 
cos , tan• 

\ 3.5) 
..,.. tan • + s in t CO'S tJ 
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" • .: 'I 
+ sin 

( 3.6) 

'I = ( 3. 7) 

., 0 • 'Y OS ( 3.8) 

and 

-1 [ cos>. ] tJ • tan 
(2 s1nf)/(11tanc;) + sfo~ 

( 3.9) 

The angle.~. is shown in Figure 3.1 and is the angle between a 

horizontal line and the velocity vector component iaeasured in the plane of 

the side slope. The angle.,, is the side slope angle shown 1n figure 3.1 

and It is the ang 1 e bet ween the vector CCJftlPOnent of the weight • W5 , 

directed down the side slope and the direction of pa,ticle movefflent. The 

angle,•. is the angle of repose of the riprap, "o is the bed shear stress 

(Simons ~nd Senturk, 1977), 050 is the representative stone s;ze, 

G5 is the specific grav1ty of the rock, O is the depth of flow, Y is the 

specific weight of the liquid, S is the slope of the channel. and 11' and" 

are stability nUlllbers. !n figure 3.1, the forces F1 and Fd are the lift 

and drag forces, and the moment arms of the various forces are indicated by 

the •Plue e1 as i,. l through 1. figure 3.2 illustrates the angle of 

repose for riprap material sizes. 

Riprap is often placed along s1de slopes where the flow direction 1s 

close to horizontal or the dngulc1r1ty of the velocity component with the 
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(a) General View 

W sin 
Streamline 

R, Oir.ction o~A 
Porticl• Movement w. co,, 

lb) View Normal to the S,de Slope (c) Sec :ion A - A 

fig. 3.1. Rtprap stability conditions as described in the Safety factors 
Method. 
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horizontal is small (i.e.,>. = O). For this case, the above equations -----reduce to: 

and 

where 

tan fJ = ~ Lan ti> 
· 2 sin 8 

" ... ~ - (SF/ 

(SF) Cs£) 

tan• 
S.. ,. tan I 

cos (J 

(3.10) 

(3.11) 

(3.12) 

The term S.. is the safety factor of the rock particles against rolling 

down the slope with no flow. The safety factor, SF, for horizontal flow may 

be expressed as: 

SF = ~ [S
2 

11
2 sec2 8 + 4) o.s -S .'J sec 8] 2 m m (3.13) 

R1prap may also be placed on the cover or side slope. For a cover 

sloping in the downstream direction at an angle,•, with the horizontal, the 

equat ions reduce to: 

cos G tan • 
SF,.-·----

" tan• sin a 
(3.14} 
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Historic use of the Safety Factors Method has indicated that a minimum 

SF of 1.5 for non-PMF applicat;ons (i.e. 100-year events) provides a side 

slope with reliable stability and protection (Simons and Senturk, 1977). 

However, a SF of slightly greater than 1.0 is rec<>n111ended for PMF or maximum 

credible flood circumstances. It is recOimlended that the riprap thickness 

be a minimum of 1.5 times the 050. Also, a bedding or filter layer 

should underlay the rock riprap. The filter layer should minimally range 

from 6 inches to 12 inches in thickness. In cases where the Safety Factors 

Method is used to design riprap along embankments or slopes steeper than 

4H:1V, it is reconnended that the toe be firmly stabilized. 

3.4.2 Stephenson Method 

The Stephenson Method for sizing rockfill to stabilize slopes and 

embankments is an empirically derived procedure developed for emerging flows 

(Stephenson, 1979)0 The procedure is applicable to a relatively even layer 

of rockfill acting as a resistance to through and surface flow. It is 

ideally suited for the design and/or evaluation of embankment gradients and 

rockfill protection for flows parallel to the embankments. cover or slope. 

The s;zing of the stable stone or rock requires the designer to 

determine the maximum flow rate per unit width (q). the rockfill porosity 

~e -~cceleration of gravity (g), the relative dens;ty of the rock 

(G5 ), the angle of the slope measured from the horizontal (8), the angle 

of friction(~). and the empirical factor (C). --·-· 
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The stone or rock size. 050. is expressed by Stephenson as 

0 
50 [ 

q(tan 9/
16nJ16 J 2/3 

= _C_g_1_12-(-l--n-P_)(_G_s __ l_)_c_o_s_8_( t-a-n-~--_t_a_n -8-) ]-5-13 
(3.15) 

where the factor C varies from ~..:...?2 for gravel and pebbles to 0.27 for 

crushed granite. The stone size calculated in Equat~on 3.15 is the 
. . •) 

representative diameter. Oso. at which roe k roovement is expected ,:t\rr: 
unit discharge, q. The representative median stone diameter (Dso~; '. is 

I 

then multiplied by Oliviers' constant. K, to insure stability. Qliviers' 

constants are 1.2 for gravel and 1.8 for crushed rock. The rock,fi;ll layer 
··~_.: ...... 

should be wel 1 graded and at least two times the 050 in thickness·. A 

bedding layer or filter should be placed under the rock.fill. 
. •. 

The Stephenson Method does not account for uplift of the sto~es due to 

emerging flow. This procedure was developed for flow over and through 

rockfill on steep slopes. Therefore, it is rec°'!"'ended that the Stephenson 

Method be ap,11 ed as an embankment stabilization for overf-1 ow or sheet fl ow 

conditions. Alternative r1prap rockf111 design procedures should be 

considered for toe and stream bank stabilization. 

3.4.3 U.S. Army Corps of engineers Method 
,I 

The U.S. Army Corps of Engineers has developed perhaps the most 

comprehensive methods and procedures for sizing riprap revetment. Their 

criteria are based on extensive field experience and practice (COE, 1970 and 

.. -.. •· 

.:t. ... · ... 

I 

t 
t 
I 
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PURPOSE: 

Stability Analysia of the Side Slopes of the Cover 

Page_l_of_2_ 
Proj No 6111-001 

The purpose of this calculation brief is to evaluate stability of the side slopes of the cover for the 
uranium tailings impoundments. The sides of the covers are sloped at SH: IV. From the old 
drawings as published by UMETCO (section B-8), the side slope for Cell 4 is the tallest. Also, 
along tJ1e southern section of Cell 4, the ground elevation drops rapidly. Hence the side slopes of 
the cover located along the southern side of Cell 4 are assumed to be critical and considered for 
stability analysis. 

ME1lf0DOLOOY: 

Static and pseudostatic slope stability analyses have been performed for the slope geometry as 
shown in Figure I. The limit equilibrium slope stability code GSLOPE, developed by MITRE 
Software Corporation has been used for these analyes. The Bishop's method of slices bas been 
applied. 

Qeometry and Material Properties 
Along the southern end of Cell 4, the topography drops at a rate of approximately 5.5% (Figure 2). 
The material properties as provided by Dames and Moore, 1978, have been used for these analyses. 
The material properties have been listed in Table l, below. 

Material Type of Unit weight, y Coht>sion, c Angle of 
No. Material friction,+ 

(pct) (pst) (degrees) 
I F.artbfill 123 0 30 
2 Tailings 62.4 0 0 
3 - Dike 123 0 30 
4 Foundation 120 0 28 
s Bedrock 130 10,000 45 

Table 1 : Material Pm.perties 

The surface of the bedrock has been determined from the bore-logs as supplied by Chen and 
Associates, 1978. But as this bedrock swface almost coincides with that of the foundation, 
assuming the bedrock layer to be about 10 ft. below the lowest point of the foundation surface, will 

,,,_,.,.., .. ll·tol\ffMl.lff -
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give conservative results. Thus, for the stability analysis, the surface of competent bedrock has been 
assumed to be at an elevation of +5540 ft. above mean sea level (MSL). 

Factor of Safel)' and Horimntal Accele@tion required for analysis; 
A factor of safety of 1.5 and 1.0 are respectively acceptable for static and pseudostatic analyses. 
Pseudostatic slope stability analysis has been perfonned for a maximum seismic coefficient of 0. lg. 

RESULTS: 

Results of the stability analyses have been presented in this calculation document. 
Results for Static case: For static analysis, the maximum Factor of Safety calculated is 2.91 (> 1.5). 
Results for Pgudostatic 0,c; For pseudostatic analysic:, the maximum Factor of Safety calculated 
is I. 903 (> 1.0) for a ground acceleration of 0.1 g. 

Hence the side slopes are stable. 

REFERENCE: 

a) Chen and Associates, Inc., 1978. Soil Property Study, Earth Lined Tailings Retention Cells, 
White Mesa Uranium Project, Blanding, Utah. 

b) Dames and Moore, 1978. Site Selection and Design Study-Tailing Retention and Mill 
Facilities, White Mesa Uranium Project, January 17, 1978. 

c) "GSLOPE Limit F.quilibrium Slope Stability Analysis", Mitre Software Corporation, 
Alberta, Canada 
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Material 

Eerthfill 

Tailing, 

Dike 
Foundation 
Bedrock 

5600 

I 
0 

I 
100 

Unit Nt 

pcf 

123 

62.4 
123 
120 

130 

C Phi 

psf aeg 

0 30 

0 0 

0 30 
0 28 

10000 45 

200 

Piezo Ru Titan Environmental - Bozeman MT 
Surf. 6111.001 

0 0 
EFN White Mesa Slope Stability 

0 0 

0 0 7/1996 
0 0 Static Analysis 
0 0 

NHTMESA1 .GSl 

+ 
F • 2.91 

~ :s;: -5600 

I 
300 

I 
400 

I 
500 

I 
600 

I 
700 

I 
800 900 



NAME . ... C:\STABLITY\GSLOPE\WHTMESAl.GSL 

6111. 001 

r; 

Job No. 
itle 

EFN White Mesa Slope Stability 
7/1996 

A 
B 

Max Slice Width 
Set Reg. Normals to zero 
Ho. of Materials 
Seismic Acceleration 
External Forces 
Piezometric Surfaces 
Unit Wt. of Pore Fluid 

Static Analysis 

10 
y 

5 
0 
0 
0 
62.4 

Unit Wt Cohesion Friction 
Angle 

1 -Barthfill 123 0 30 
2 -Tailings 62.4 0 0 
3 -Dike 123 0 30 
4 -Foundation 120 0 28 
5 -Bedrock 130 10000 45 

r Surface of Material # 1 (Earthfill) 

Y-Coord 
5550.5 
5568 
5602 
5605 

r Surface of Material# 2 (Tailings) 

-Coord Y-Coord 
0 5550.5 
310 5568 
390 5568 
480 5598 
495 5598 
500 5596.5 

5598 

Surface of Material • 3 (Dike> 

Y-Coord 
5550.5 
5568 
5568 
5598 
5598 

Piezo Ru 
Surface Value 

0 0 
0 0 
0 0 
0 0 
0 0 



500 
620 
900 

5596.5 
5557.5 
5560 

Surface of Material# 4 

A-Coord Y-Coord 
0 5550.5 
310 5568 
390 5568 
620 5557.5 
900 5560 

Surface of Material# 5 

X-Coord 
0 
900 

Y-Coord 
5540 
5540 

(Foundation) 

(Bedrock) 

There are no explicit external forces in the data set. 
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GSLOPE 3.26a 

LIMIT EQUILIBRIUM SLOPE STABILITY ANALYSIS 

uicensed by ML'RE Software Corporation, Edmonton, Canada for USP at:­

Titan Environmental - Bozeman MT 

Results are for Bishop's Modified Method unless otherwise noted. 

File C:\STABLITY\GSLOPE\WHTMBSAl.GSL Output dated 07-03-1996 at 11:55:05 

Unit Wt Cohesion Fx·iction Piezo Ru 
Angle Surface Value 

1 -Barthfill 123 0 30 0 0 2 -Tailings 62.4 0 0 0 0 3 -Dike 123 0 30 0 0 4 - Pe>undat ion 120 0 28 0 0 5 -Bedrock 130 10000 45 0 0 

X-centre Y-centre Radius Factor Iterations Slices M Alpha 
of Safety Warnings 

322.60 5732.50 165.50 2.9103 4 11 0 122.91 5732.50 165.50 2.9101 4 11 0 J23.23 5732.50 165.50 2.9164 4 12 0 322 .6) 5733 .13 166.13 2.9101 4 11 0 322.91 5733.13 166.13 2.9159 .. 12 0 323.23 5733. 1 J 166.13 2.9164 4 12 0 322.60 5733.75 166.75 2.9099 4 11 0 322.91 5733. 75 166.75 2.9160 4 12 0 323.23 5733. 75 166.75 2.9164 4 12 0 

Minina.un Bishop Factor of Safety this run: 
322.60 5733. 75 166.75 2.9099 4 11 0 



Material ~lt Wt 

ocf 

EartM1ll !23 
T11 llngt 62 .41 

Diie i23 
Founaat:ion 220 

Bedroci 130 
Se1saic coefficient• 

5600 

--
I 
0 

I 
100 

C 

psf 

0 

C 

0 

0 

!0000 
.1 

I 
200 

Phi 

aeg 

30 
0 

30 

29 
e 

Ptezo All Titan Environaental - Boze111n MT 
SUrf. 6111.001 

0 0 
EFN White Mesa Slo,>e Stao111ty 

0 0 

0 0 7/1996 

0 0 PIIUdOltatic Analysis 
0 0 

ground eccln. • 0.1g 

WHTIESA2.GSl 

+ 
F • J.903 

~ :::;;: -5600 

I 
300 

I 
400 

I 
500 

I 
600 

I 
700 

I 
800 

I 
900 



-
C:\STA8LITY\GSLOPE\WHTMESA2.GSL 

6111.001 Job llo. 
tle EFN White Mesa Slope Stability 

7/1996 

Mu Slice Width 
Set Neg. Nonu.la to zero 
lk>. of Materials 
Sei1llic Acceleration 

· lxternal Porcea 
Pieaoaetric Surfaces 
Unit wt. of Pore Pluid 

10 
y 

5 
.1 
0 

Paeudoetatic Analysis 
ground accln. • O.lg 

0 
62.4 

Unit Wt Cohesion Friction Pie&v 

-larthfill 12J 
-Tailing& 62.t 
-Dike 123 
~ Poundat ion 120 
-Bedrock 130 

r Surface of Material I 1 

-coord 
0 
310 
480 
900 

Y-COord 
5550.5 
5568 
5602 
5605 

r Surface of Material I 2 

-Coord 
0 
llO 
390 
480 
495 
500 
900 

Y-Coord 
5550.5 
ss,e 
5568 
5598 
5598 
5596. S 
5598 

r Surface of Material#; 

Y·Coord 
5550.5 
S568 
ss,e 
5598 
5598 

Angle Surface 

0 .30 0 
0 0 0 
0 30 0 
0 28 0 
10000 f' 0 

( Barthfi 11 > 

(Tailing8) 

(Dike) 

Ru 
Value 

0 
0 
0 
0 
0 



5f,0 
6/fl 

900 

'"'lper Surface 

X·Coord 
0 
310 
no 
620 
900 

Surface 

x-coord 
0 
900 

of 

of 

5596.5 
5557.5 
5S60 

Material • 4 

Y·Coord 
55SO .. S 
5568 
5568 
55S7.5 
5560 

Material • s 

Y-Cooi·d 
5540 
5540 

<Foundation) 

(Bedrockl 

There are no explicit external force• in the data aet. 



08LOPI 1 26& 

LIMIT IGUILtNia. SLOPi S1'M1Lt1\' MALYS11 

Uftit ilk Cohe•ion Prict ion P.ieco Ru 
Mfl• ..... ,.,.,. Valwt 

... rthfill UJ 0 lO 0 0 ·T•iliftla ,2., 0 0 0 0 ·D1bi .lJ 0 )O 0 0 • .. Poundet ion uo 0 ,. 
0 0 I ·INretlk uo 10000 u 0 0 

1-.ceatr• Y···c•tre Radh,1 ,-,tot rteratiOM 811.cu M AlfM 
of &tfety •mt• 

111.,0 11:u .,o 161. IO 1.Hl6 • u 0 JH I) n:u.10 1e, u LtNl .. u e U2.,.j0 S?U .tO 1, •.•• 1. tllO • u 0 
Nllf 1'1111 C8ITU 1 .tcu 

HJ.ti 11.U .10 111.10 l ~017 t u () Ha.,1 51U, SO u;, n l. ,067 • u G UJ.tt 111a.,o 1,, .•• 1.tHJ 4 11 0 ,in. 11111 caftl l.901 

u lJ n.u.10 165.10 '·'"' • l ., 0 u;a. ,1 17,H.St 16i. U ""'' • u 0 Ul,ll 11)2.10 1,, .•• l ,i,, • 11 0 
1u1 ·nua ~ l 906 

llt.60 nu.u 166 u l ten • 1l 0 :ua.,o 11uu 166' 1 11 

l '"" • 11 0 ua.,o Ull u l6!L SO 1 .. 11,0 • 11 () 
MUI 1'1U $ Cllfflll 1 . to 1 

lU. tl $7U.U u.-. 1 ! 1. f06J t u 0 ua.,1 IHl.U lif, 7 ,:; l. fK1 • u 0 Utt uu '1l 161,$0 1. tlta • u Q 
MIN fttll CW'fll l. 906 



:JIJ,i) S?JJ l.J 166. ll 1 90416 4 
UJ,2J ,,u.u l 6f. . '11 l . 906 7 4 
lU.~1 nu 1l 1,s.,o 1 i:'HH 4 

Mla THIS ''lf.tTrtl l. 906 

UJ.60 57.U .1!§ lH 7S i 'IOH 4 
UJ.6G S7H, '15 10. )8 l ;1061 • Ul 40 !UH n lf6 13 l 9159 • MIN THIS CDTRI 1 90 .3 

ui.,1 t;i7Jl. 7$ 166. 1'!; l 9062 .. 
122. tl 51U. ·15 161 .,. 1. 98'7 • U2,91 !7H 19 166. l J l 9161 • MIii flUS C'llfflll l . 906 

J,U ;u '57U 1S 166 '1\ 1 9066 • UJ H UU. 11 167 )I t 9046 • Ul H SHI 15 lH n 1 .. ,u1 • Mu, nus c.,., l 906 

Nini-.. 8i•hop P&ctor of S•fety th1,1 1 un, 
UJ. 10 51U '71 16' 1!, I 9014 t 

12 0 
12 0 
11 () 

l l 0 
ll 0 
ll {) 

12 0 
12 0 
11 0 

l;l 0 
12 0 
11 0 

0 
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Proj No 6l ll:GlU 

aive conacrvative results. Thus, for the stability analysis, the swfac of competent bedrock has been 
u,umed to be at an elevauon of +SS40 ft. above mean sea level (MSL). 

flllAI Qf Slftar and lJAri10mal Autlcllion a,quirt4 fqr llllb1il; 

A factor of safety of 1.0 is acceptable for pscudostatic. Pseudostatic slope stability analysis bu 
been performed for a maximwn seismic coefficient of 0.121 u recommended by the Lawrence 
Livermore National Laboratory, 

RESULTS: 

l•du ti, !te..,.¥1 .,; For pseudo,tatic analysis, the maximum Pact.or of Safety calculated 
is I. 771 (> 1.0) for a around acceleration of 0.12g. 

Hence the side slopes are stable. 

OFER.ENCE: 

a) Chea auJ Associatea, Inc .• 1971. Soil Property Stwly, Barda Lined Tailinp Retention Cells., 
White Mea Uranium Project. Blandin&. Utah. 

b) DIIDll and Moon,. 1971. Site S.lf!Cdon ancl Deaip Study~ Tailinc Retention md Mill 
facilities.. White Meu Uranium Project. Janl.lll'Y 17. IS I. 

c) Report by "La'WNIICC LivermoN Natioal Laboratory" 

d) ·•osLOPE Limit Equilibrium Slope Stability A.Rllysil", Mitre Software Corporation, 
All>el1a, Canada 
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GSLOPE 3. 26a 

LIMIT EQUILIBRIUM SLOPE STABILITY ANALYSIS 

Licensed by MITRE Software Corporation, Edmonton, Canada for use at:­

Titan Environmental - Bozeman MT 

Results are for Bishop's Modified Method unless otherwise noted. 

File C:\STABLITY\GSLOPE\WH'IMESA4.GSL Output dated 08-28-1996 at 13:09:05 

Unit Wt Cohesion Friction Piezo Ru 
Angle Surface Value 

1 -Earthfill 123 0 30 0 0 2 -Tailings 62.4 0 0 0 0 3 -Dike 123 0 30 0 0 4 -Foundation 120 0 28 0 0 5 -Bedrock 130 10000 45 0 0 

X-centre Y-centre Radius Factor Iterations Slices M Alpha 
of Safety Warnings 

322.60 5732.50 165.50 1.7777 4 11 0 22.91 5732.50 165.50 1.7778 4 11 0 J23.23 5732.50 165.50 1. 780t 4 12 0 322.60 5733.13 166.13 1.7777 4 11 0 322.91 5733.13 166.13 1.7801 4 12 0 323.23 5733.13 166.13 1. 7804 4 12 0 322.60 5733.75 166.75 1.7776 4 11 0 322.91 5·133. 75 166.75 1.7801 4 12 0 323.23 5733.75 166.75 1.7804 4 12 0 

Minimum Bishop Factor of Safety this run: 
322.60 5733.75 166.75 1.7776 4 11 0 
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,: chen and ~ociates, inc. 
CONSULTING ENGINEERS 

SOU.&f04*NTIOII NS. ZUNI DENVER. COLORADO aom 30J/7.U.7105 
IN' IN 111 INC 112, EAST f'IRST STREET • CASPER. wYOMING 12'01 • 307/234-2121 

Job No. 16,406 

SECTION 2 

Extracted Data From 

SOIL PROPERTY STUDY 
EARTH LINED TAILINGS RETENTION CELLS 

WHITE HESA lllAHIUN PROJECT 
BLANDING, UTAH 

Prepared for: 

ENERGY FUELS NUCLEAR~ INC. 

PARK CENTRAL 
1515 ARAPAHOE STREET 

DEHVER, COLOP.ADO 80202 

July 18, 1978 
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3.8 ttab11 t(y -

3. 8 .1 Slope · SltbUttx · --

The external dikes formed by cover placement on Cell z·wnr tie-ex.tended -- . 

t~ a reclaimed slope of S(H) t-e l(Yt·but mayexi-st vn.n-fntlf'im l>asfs 

as ~l~J- to.Jtvt-stopn-untll ·11nal recluation-:--~·s-tabn 1ty inalYsis 

was....per-fonaett·usfrig ·tnel{H)-tu·i~-slopes. Tl•• •• t .. secttoffof the 

dHiJLJIIIUHJaVeiaall!lSS--l'oot wtde beFII at U.s bne. The soil strength 

parameters used in the analysis are those developed by Dames & Moore 

(1978a) and are as follows: 

section 
Embankment. 

Tailings 

Foundation Soils 

Bedrock 

Soil Parameters 

for 

Slope Stabtltty Analysts 

Density 

lfcf) (Degrees> 
123 30 

62.4 0 

120 28 

130 45 

C 

tpsfl 

0 

0 

0 

10,000 
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Pucpo1c; 

Method; 

Aasumptiou; 

To detennine the volume of riprap, clay, and random fill materials required to 
construct the uranium mill tailings cover at White Mesa Mill in Blanding, Utah. 

Material volumes were calculated for two construction options: 
• An integrated soil cover over Disposal Cells 2, 3, and 4A, and 
• A cover over Cells 2 and 3, where Cell 4A tailings are excavated and placed in 

Cell 3. 

Standard geometric equations, as shown below, were used to determine the 
required material volumes. 

Volume of a rectangle 
Volume of a trapezoid 

= base • height • length 
== 1/2 • height •(base, + base 2) 

Surface area calculations for the tops of Cells 2, 3, and 4A arc shown in Figure I, 
and material volumes are calculated in Table I. 

The method for calculating material volumes on the side slopes is shown in Figure 
2. The SH: 1 V slopes have been divided into several zones which are indicated on 
Figure I. The slopes have been categorized based on the average height they 
attain over a certain length. The height of the cover above the ground surface, 
along each side, was estimated using the cross sections in Figures 3 - 5. 
Calculations are presented in Table 2. 

• Random fil) will be used to fill the existing frceboard space between the 
tailings and clay layer of the cover and bring the tailings pile elevations up to 
the berm elevations. This will create a smooth surface with a slope matching 
that of the cover. The random fill thickness between the clay and tailings 
surface will be a minimum of three feet. This random fill volume was not 
calculated due to the lack of inf onnation of the current topography in the 
tailings piles. 

• The 0.2 percent slope on the tailings piles will be created using random fill 
materials beneath the clay layer of the cover. Cover materials will consist of 
one foot of clay under two feet of random fill . The top, riprap layer will 
consist of a minimum three inches on the top of the cover, and one foot on the 
side slopes. 

d,\p~oject1\6llt.DOl\vol..,. clc t/1,1,, 
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Rcaulta: 
Option I: (Cover on Celb 2, 3, and 4A): 

Tot.al volume (Clay): =9,857sl21 ft3 
T'>tal volume (Random fill): •19,918,351 ft3 
Total volume (Riprap - top cover): =2,234,563 ft3 
Total volume (Riprap - side slopes): =1,122,881 ft3 

Option 2: (Cover on Celb 2 and 3): 
Total volume (Clay): =7,816,884 ftJ 
Total volume (Random fill): =15,804,024 ft3 
Total volume (Riprap - top cover): =l,7S4,563 ft3 
Total volume (Riprap - side slopes): =968,890 ft3 

d; \proJecU\UU. 001\o,ol,- clc: t/1'/'6 

=365,082 yd3 
=737,717 yd3 
=82,762 yd3 
=41,S88yd3 

=289,514 yell 
=585,334 yell 
=64,984yell 
=35,885 yell 
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1.0 INTRODUCTION 

NESHAPS RADON FLUX MEASUREMENT PROGRAM 

Energy Fuels Nuclear, Inc. 
White Mesa Mill 

P. o. Box 789 
Blanding, Uta~ 84511 

During July and August 1995, Tellco Environmental (Tellco) provided support to 

Energy Fuels Nuclear, Inc. (Energy Fuels) regarding their required National 

Emission Standards for Hazardous Air Pollutants (NESHAPs) Radon Flux 

Measurement effort on Tailings Cells 2 and 3 at the White Mesa Mill uranium 

processing facility in Blanding, Utah. These measurements are required of 
Energy Fuels to show compliance with 40 Code of Federal Regulations, Part 61, 

Subpart w, National Emission Standards for Radon Emissions from Operating Mill 

Tailings. At present, there are no Subpart T uranium mill tailings at this 
site. As required by the regulations, the NESHAPs monitoring for existing mill 

tailings piles is a flux standard that limits the emission of radon from piles. 

The standard limits the amount of radon that can be emitted per unit area (m2
) 

per unit of time (s). This standard is not an average per facility, but is an 

average per radon source. According to subsection 61.252 Standard, (a) radon-

222 emissions to ambient air from an existing uranium mill tailings pile shall 

not exceed 20 pCi/m2-s of radon-222. Subsection 61.253 Determining Compliance, 

states that: "Compliance with the emission standard in this subpart shall be 

determined annually through the use of Method 115 of Appendix B." 

Tellco was contracted to provide radon collectors, field placement/retrieval of 
said collectors, and analysis for calendar year 1995. This report addresses 

the procedures employed by Tellco to obtain the results presented in Section 

6.0 of this report. 

Environmenta.L Scientist, Mr. Bryce Bird w,i th the State of Utah, Division of 

Radiation Control, was present on Jul:,· 25 & 26, 1995 during the placement and 

retrieval of collectors for Cell 2 and placement of collectors for Cell 3 

tailings beach region. 
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2.0 SITE DESCRIPTION 

The White Mesa Mill is located south of Blanding, Utah on Highway 191. The 

mill began operations in 1980 for the purpose of extracting uranium and 

vanadium from feed stocks. Processing effluents from the operation are 
deposited in four "lined" cells which vary in depth. Cells 1-I and 4A are used 

solely for "liquor" storage, and Cells 2 and 3 are used for sand 
tailings/liquor deposition. 

Cell 2 has a total area of 270,625 square meters {m2 ). ~his cell was comprised 

of two source regions that required NESHAPs radon monitoring: approximately 
225,882 m2 of the cell had a soil cover of varying thickness, with 

approximately 41, 761 m2 of exposed tailings "beaches". The remaining ap­

proximately 2,982 m2 was covered by standing liquid in "low" elevation areas. 

Cell 3 has a tot"l area of 288,858 m2
• This cell was comprised of two source 

regions that required NESHAPs radon monitoring: approximately 82,762 m2 of the 

cell had a soil cover of varying thickness, with approximately 62,761 m2 of 
exposed tailings "beaches". The remaining approximately 143,335 m2 was 

covered by standing liquid in "low" elevation areas. 

Due to worker health and safety concerns expressed by both Energy Fuels site 

personnel and Tellco monitoring -~aff, some of the areas of the wet beaches of 

Cell 2 and Cell 3 were not investigated due to the extreme instability of wet 

tailings beaches. 

3.0 SAMPLER DESCRIPTION 

The Large Area Activated Charcoal Canisters (LAACC) used by Tellco personnel to 

perform the required radon measurements w:?re fabricated in conformance with 

"Radon Flux Measurements on Gardinier and Royster Phosphogypsum Piles near 

Tampa and Mulberry, Florida" (NTIS Document tPB86-161874) as referenced in 40 

CFR, Part 61, Method 115, Appendix B. This method of performing radon flux 

measurements involves the adsotption of radon~~ activated charcoal in a large­

area collector. The charged collector is placed directly on the material 
surface to be measured and is allowed to collect radon for a given time period 
(24 hours). The radon collected on the activated charcoal is then measured by 

me~ns of gamma spectroscopy. 
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Each LAACC was constructed using a 10-inch diameter PVC end cap, spacer pads, 

charcoal distribution grid, retainer screens, pads, and a steel retainer ring 
(see Figure 3-1). 

Prior to deployment, each collector was charged with 190 grams of baked 

charcoal from sealed individual sample containers (reference Section 5.0 below 

for laboratory procedures). lfter the 24 hour measurement period, the exposed 

charcoal was transferred to the plastic sample containers, sealed air-tight 

(with tape), labeled as to sample identification along with exposure 

times/dates, and transferred to the Tellco laboratory (Grand Junction, 
Colorado) facility for analysis. 

4.0 FIELD OPERATIONS 

4.1 General Site Specific Information 

Tellco personnel laid out baselines along the sides of Cells 2 and 3, and a 

grid coordinate location system was developed to accommodate locating the 

samplers in the field. 

The sampling effort commenced on the morning of July 24, 1995. After site 
specific health and safety training provided by Energy Fuels Health and Safety 

personnel, Tellco field technicians laid out the grid system on Cell 2 and Cell 
3 using a measuring tape, pacing, and line-of-sight markings. Boundary 

distinctions between the three source regions were established by visual 

inspection and so noted on the field maps. Tellco personnel placed a 

minimum/maximum thermometer between the two cells during sampling, measuring 

ambient air temperatures at the site, to monitor compliance with the 35°F 

measurement criterion. 

4.2 Sampler Placement 

Radon measurements were made in conformance with methods described in NTIS 

Document #PB86-161874 for each 100 sample measurement set for each source 
region. In addition to the 100 samples, each sample set consisted of 51 field 

blanks. The spacing distribution for each set of 100 measurements was 

determined by visual means and a "best fit" distribution pattern for each 
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source region. Field personnel safety was paramount in the distribuL .m of 

samplers over "wet beach" regions due to the loose, unconsolidated condition of 
the saturated tailings, which are similar in consistency to "quicksand." 

Placement of collectors was accomplished using an all-terrain vehicle where 

possible and t,y foot travel during ,'acement on some tailings "beaches", due to 

access. 

A collector was chosen and the retaining ring, screen and foam pad removed to 

expose the charcoal support grid. A pre-measured charcoal charge was selected 
from a batch, opened and di!'!' 

grid. The collector was U _ 
Juted evenly across the area of the support 

4-assem.bled and gently placed face down on the 
surface to be measured. Care was exercised not to "push" the device into the 

soil surface. The collector rim was "sealed" to the surface using a berm of 

local borrow material (either tailings or soil) to reduce dilution due to air 
or wind currents within the collector. 

A sample identification number was then assigned to the collector. Sample 

numbers utilized an alpha-numeric system composed of the charcoal batch letter 

(i.e., A, B, C .) followed by a sequential number indicating the placement 

(i.e., 01, 02, .). This sample identification number was recorded on an 

adhesive label and placed on the top of the collector. The sample ID, date, 

and time of placement were recorded on a master data sheet for each set of 

measurements. 

During placement of charcoal flux collectors, five field blanks were ~ollected. 
The procedure for field blanks was to charge a collector with charcoal, and 

place it inside an air-tight container. The blank remained in the sealed 

collector for the 24-hour sample time period. 

4.3 Sampler Retrieval 

Retrieval of the collectors followed the same pattern as placement. The 

collectors were disassembled and the charged charcoal removed by pouring from 

the collector into a large funnel suspended above a sample charge container. 
The sample IO number was transferred to the charge container which was sealed 

and placed in a box for transport. The date and time of .::etrieval were 

recorded on the same data sheet as the sample placement information. 
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Each char9ed collector was retrieved upon completion of the measurement time 

period (approxim.tely 24 hours). Upon retrieval of the collectors, the field 

blanks were retrieved and the charged charcoal returned to a container, sealed, 

and labeled a1 such, and returned for analysis along with the measurement set. 

Sample data sheets accompanied the shipment to the laboratory. Tellco 

personnel maintained custody and assured timely delivery of the samples to the 

Tellco Grand Junction laboratory for prompt analysis of the charcoal samples. 

4.4 Site Exit 

Tellco field personnel and ecr~ipment we.e alpha scanned for possible contamina­

tion resu 1 ting from field work activities. All equipment and field personnel 

were surveyed and released for unrestricted use by Energy Fuels Health and 

Safety personnel. 

4.5 Environmental Conditions during Measurement Periods 

Referencing 40 CFR, Part 61, Subpart W, Appendix B, Method 115 - Monitorin9 for 

Radon-222 Emissions, Subsection 2 .1. 4 Restrictions to Radon Flux 

Measurements, "the following restrictions are placed on making radon flux 

measurements: 

(a) Measurements shall not ;,,e initiated within 24 hours of a 
rainfall. 

(bl If a rainfall occurs during the 24 hours measurement period, 
the measuremen~ is invalid if the seal around the lip of the 
collector has washed away or if the collector is surrounded 
by water. 

(c) Measurements shall not be performed if the ambient 
temperature is below 35°F or if the ground is frozen." 

lite 8pecific Diaauaaion 

(a) Prior to commencement of any sampler placement, rainfall amounts (if any) 
were ascertained at the Ener9y Fuel a weather station rain gauge. No 
measureable rainfall occurred during the 24 hour period preceeding 
placement of the LAACC samplers at the site. 

(b) During all 24-hour sample set placements, the minimum ambient air 
temperature recorded by Tellco at the site was so•r. 
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• 
s.o LABORATORY OPERATIONS 

S.l Introdl,lction 

Activated charcoal gas adsorption collectors are passive sampling devices used 

to determine the flux rate of radon-222 gas from a surface area. The charcoal 

canister used consists of a 10-inch PVC cap containing a bed of 180 grams of 

activated, granular ch,rcoal placed in a distribution grid on top of a 1~ inch 

thick layer of foam and secured 1Jnder a \t inch foam layer and a galvanized 

steel screen by a retaining ring. 

Sample collection is initiated by placing 180 grams of unexposed charcoal fro1n 

a sealed container into the above described canister and, after securing the 

retaining ring, placing the canister (open face down) onto the surface to be 

tested. Radon gas is adsorbed on the contained charcoal 

radioactive decay of the entrained radon results in the 

radioactive lead-214 and bismuth-214 in the canister. 

and subsequent 

occurrence of 

These radon progeny isotopes emit characteristic gamma photons which can be 

detected. The original total act.i.vity of the adsorbed radon can be calculated 

from these gamma ray measurements using empirical calibration factors derived 

from cross-calibration of source standards containing a known total activity of 

radium-226 in a geometry identical to the samples to be counted. 

5. 2 Appu at us 

• Single- or multi-channel pulse height analysis system, Ludlum Model 2200 

with a Te:edyne 3w x 3" NaI(Tl) detector. 

• Lead shielded counting well approximately 40 cm deep with 5 cm thick lead 
walls and a 7 cm thick base and 5 cm thick top. 

• NIST traceable aqueous solution radium-226 absorbed onto 180 grams of 
activated charcoal check source and Eberline Model CS-7A cesium-137 check 
source. 

• Ohaus Model C501 balance with 0.1 gram sensiiivity. 
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5.J ApllYlif Proctdurt 

%n•••U.• of ti.be Chal:aoal Conu.tw 
Chfrcoal was received at the analytical laboratory in the sealed sample 

containers. _Upon receipt, the integrity of the container was verified by 
visual inspection of the plastic container. 

IMpl• Idantifioat.i.on llulll:liu• 

Each sample container had a unique sample identification number which wa.i 
determined in the field, and wri tter onto a label attached to the sample 

container. 

Dzyift9 and llacyclint 

All charcoal was dried before use in the field for radon flux measurements. 

Procedures were the same for newly prepared charcoal and for charcoal recycled 

after field use. Charcoal was dried at ll0°C. Drying procedures were as 

follows: 

• Oven temperature set to 110°C. 

• Charcoal placed in the oven in a metal baking tLoy. 

• Dried for 24 hours. 

• Immediately after the tray was removed, approximately 180 grams of charcoal 
were transferred into clean sample containers and sealed with plastic tape. 

5.4 Weighing and Background ~ounting 

Proper balance operation was verified daily by checking with a standard weight. 

The balance readout sho• 1 d agree with the known standard weight to within t 

O. 11. If a discrepant readout was obtained, the balance was re-zeroed, the 
check weight wiped with a soft, lint-free cloth, and re-weighed. If the 

discrepancy persisted, the balance would have been removed from service and 

tagged "Out of Service." for this project, the scale conformed for each day of 

use (See Appendix A, Balance Ope rat ion Daily Check form) . 

After acceptable balance checkout, each empty container was individually placed 
on the balance and the tare weight of the container was documented. to the 

nearest 0.1 grams on the label. The scale was re-zeroed with the container on 
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the balance. Charcoal was carefully added to the container until the readout 

re9iatered approximately 180 grams. The lid was inunediately placed on the 

container and sealed with plastic tape. The tape was stretched slightly while 

wrapping around the container. The end of the tape was folded to form a tab 

for easy tape- removal. The balance was checked for reaoout drift between eac.1 

container we:' ghing step. 

Gamma ray counting system checkout was performed as described in Section 5.6. 

A five-minute background count wu acquired for five containers selected at 

random to represent the "batch." Each sealed container was placed individually 

in the shielded counting well, with the bottom of the container centered on the 

detector. Observed container background counts must fall within the average 

range of 154 ± 30 cpm using the existing Ludlum/Teledyne counting system, 

shielded well, and 4-inch high by 3-.inch diameter containers. The background 

count rate was documented for the five containers on the respective "Radon Flux 

Field Data Sheet" for that batch. If the background counts were higher than 

the count range above, the entire batch was labeled non-conforming and recycled 

through the drying process. 

5.5 ~..!Seipt and Weighing of Exposed Charc£!! 

Containers of exposed charcoal were delivered to the laboratory for analysis by 

Tellco personnel. The Tell.:o Laboratory staff was responsible for weighing and 

inspection of the exposed canisters; inspection of the documentation forms; and 

entry of the required documentation to data base spreadsheets. 

When the containers were received, the following items were inspected: 

• Container was closed and sealed with tape. 

• Container was not damaged. 
0 Data sheet was complete. 

• Discrepancies found during the receipt inspection were documented on the 

data sheet. 

1tainers received open or damaged resulting in seal failure were considered 

void and were not an4lyzed. A total of four containers were not analyzed; two 

containers were spilled at the site during retrieval and two containers were 

damaged during shipment to the Tellco laboratory. 
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Aft•,. r•ceipt inspections, conforming containers we.re weigh@d on a balance to 

the nearett 0.1 gram and the gross wei;ht wa1 logged on the "Radon rlux Field 

Data Sheet" under the appropriate column. 

5.6 ~tmrn• Rax Counting 

louoe/.._..O\I.A CNGlla 

The charcoal gamma ray counting system was subjected to performance checks 

daily when used. Th••• checks included background, cesium-137, and radil..UTl 

check source measurements. (Appendix A of this report contains daily coun 

system performance check records.) 

IUpl• Analyaia 
• The length of count time was determined by the activity of the sample being 

analyzed. A data quality objective establishing a minimum accruement of 

1000 counts for any given sample was followed during sample anlyses. 

• The sample container was placed in the counting well with the lid side up 
and the center on the NaI detector and the shielded well door was set into 
place. 

• One sample count was accrued and the mid-sample count time and date was 
documented on the field data sheet. 

• The sample counts were documented on the field data sheet tor data 
reduction. 

• The above steps were repeated for each exposed sample collector. 

• Approximately 101 of the container.a counted on a given date were selected 
for recounting. These containers were recounted no sooner than l day and no 
longer than 10 days following the original count. 

5.7 Quality Control S!:1PPle1 

Charcoal flux measurement QC samples included the following intra-laboratory 

analytical objectives as required in 40 CFR, Part. 61, Subpart W, Appendix B, 

Method 115, 4.0 - Quality As1urance Procedures for Measuring Ra-222 Flux, D.: 

• recounts, 101, and 

• equipment blank1, 51. 
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All sample canister data wer• subjected to validation protocols. The following 

presents data validation results: 

Forty recount measurements were performed by conducting ref,.icate analyses of 

individual field samples. These recount measurements comprised apfroxirnately 

101 of the total number of sample• analyzed. The precision of all recount 

measurements ranged from less than 11 to 14. 91 with an overall av"'rage 

precision of approximately S. 61. This recount precision is well within the 

expected variability of the analytical method. 

Twenty equipment blanks were analyzed by measuring the radon progeny activity 

in samples subjected to all upects of the measurement process, excepting 

exposure to the source region, These blank sample measurements comprhed 

approximately !'>% of the field measurements. The results of the blank sample 

analyses measured radon flux rates which less than or equal to O .1 

f,Ci/m1-s, which corresponds to approximately 0 . .;\ of the regulatory limit of 20 

pCi/m2-s. 

The objective is 100 s2~ples to be collected from each region, as specified by 

the regulations. The . ollowing is the actual completeness attained during 

Tell co' s sampling progran; ( EPA rules and regulations specify an 85\ complete­

ness object1ve): 

• Cell 
.., .., Cover - 99 samples• 99, cc,mpleteness 

• Cell 2, Beach - 99 samples• 99\ completeness 

• Cell 3, Cover - 99 samples • 99\ completeness 

• Cell 3, Beach - 100 sllll'lples • 1001 completeness 

As presented above, actual QC validation met the objective parameter requiz·e-

ments. 
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5.9 

k~don flux rates were calculated for charcoal collection samples using 

empirical c,. ibration factors derived from cross-calibration of sources wi tli 

known totll ac:::t .i vity witn identical geometry as the charcoal cor1tainers. A 

yield efficiency factor was used to calculate the total activity of the sample 

charcoal containers. 

In p1actice, radon flux rates were calculated by a data base computer program. 

The algorithms utilized by the data base proJram were as follows: 

lqwation 5.1: 

pci Rn-222/m
2sec • ·rfs•A*b*O~ 5,am.1s1 1 

where: N • net sample count rate, cpm under 220-662 keV peak 
Ts= sample duration, seconds 

b • instrument calibration factor, cpm per pCi; current value: 
0. 1827 

d • decay time, elapsed hours between sample mid-time and count 
mid-·time 

A• area of the collector, m2 

1.-uon 5.2: 
2a error• 2 x 

~ Gross sa,nple, cpm + Bkgd, cpm 
Sample count, t, min Bkgd count t, min>< {sample concentration) 

Net cpm 

&quati.on 5.3: 

(CF) (Sb> 
LLD • [Ts*A*b*O, 511m. ,51] 

where: CF• confidence factor of the background standard dev-~tion 
Sb• standard deviation of the background count rate 
Ts• sample duration, seconds 

b a instrwnent calibration factor, cpm per pCi; current value: 
0.1827 
d • decay time, elapsed hours between sample mid-time and count 

mid-time 
A• area of the collector, m2 
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6.0 SAMPLE RESULTS/CALCUI.ATIONS 

Referencing 40 CfR, Part 61, Subpart W, Appendix B, Method 115 - Monitoring for 

Radon-222 Emissions, Subsection 2.1.7 - Calculations, "the mean radon flux for 

••ch region of' the pile and for the total pile shall be calc'llated and reported 

•• fol.lows: 

(a) The individual radon flux calculations shall be :·,ade as provided in 
Appendix A EPA 86(1). The mean radun flux for each region of the 
pile shall be calculated by summing all individual flux 
measurements for the region and dividing by the total number of 
flux measurements for the region. 

(bl The mean radon flux for the total uranium mill tailings pile shall 
be calculated as follows: 

.. J1A1 + •• , J.A1, [+l 
J. At 

Where: J1 • Mean flux for the total pile (pCi/m2-s) 
Jl • Mean flux measured in region i (pCi/m2-s) 
A1 • Area of region i (m2 ) 

At • Total area of the pile (m2
) 

2.1.8 Reporting. The results of individual flux measurements, the 

approximate locations on the pile, and the mean radon flux for each 

region and the mean radon flux for the total stack [pile] shall be 

included in the emission test report. 

e ent that occurred during the 

significantly affect the results should 

Any condition or unusual 

measurements that could 

be reported." 

lite lpeci.~ic lllllpl• a..uita (reference Figure 6-1) 

(al The mean radon flux for each region within each cell is as follows: 

Cell 2 - Cover Area -
- Beach Areas • 
- Standing Liquid Areas• 

Cell 3 - Cover Area 

- Beach Areas 
--

-· Standing Liquid Areas • 

6.1 pCi/m2-s (based on 225,882 m2 area) 
28.4 pCi/m2-s (based on 41,761 m2 area) 
O pCi/m2-s (based on 2,982 m2 area) 

11. l pCi/m2-·s (based on 82,762 m2 area) 
H. 8 pCi/m2-s (based on 62,761 m2 area) 
O pCi/m2-s (based on 143,335 m2 area) 

Note: Reference Appendix B of this report for entire summary for 

individual measurement results and specif.ic sample region maps. 
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(b) Using the data presented above, we have calculated the total mean radon 

flux for each pile (cell) as follows: 

Cell 2 ."l! 9.5 pCi/m2-s 

(6.1)(225,8°2) + (28.4)(41,761) + (0)(2,982) 
270,625 

Cell 3 a 12.9 pCi/m2-s 

(11.1)(82,762) + (44.8)(62.l.761) + (0)(143,335) 
288,858 
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-, /-i~lf· ~ VIL ' 57 1A -5" I '5"0 1 s I "'%J'1,,.,1 '2.1114'-"'1 '2.~·s:t, · "-z"' -s-, 14 'I Po , 
1/'?-,,h~ Pf..< .... 1Ao ,s1 ,4~ 14B 2-~2 ~J..,.6'1!1.1~3 ,._.,.,,..,4- v r, 
J/'3tt,.; J't~ 14'1 t-z-'} \"l.1- ,-:,f, ,q4q~2qsS"42, 1"1~4t~ "2.~c;)2..'8 V f>c~ ,__ ................... __ _,__._..._ ____ ..._ ..... .._...,_ ____ .... 

I 

• 

• t/H: V• da11y average background and nit 1ourc1 CPM f1111 vtthtn the control 1tmtta. 
Ha dally 1v1ra11 background and 1ourc1 CPH do11 not fall wtthtn th1 control 

1 t•tt•. 

Thi acceptable ran111 ~•re d1ten1tn1d froa the prior month's background and source check 
data. 
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CHARCCW. CANISTER ANALYSIS SVSTEH 

Calibration Check Log 

SyatM ID: _(0 O "'2 / D2.. 0 ------------------
(°'.)"' c!, 

Calibration Date: 

Sc a 1 er 5/NI ~ 0 <-------- Hiqh Voltage, ~ SD Windows 4- .42 Threehnld: ? .} l-

Detector S/N1 _,.p_ . ..,_-_D ___ _ Source 1Dr G,t..,o4/e:,5..o~source Activity• ::,--~ ~ ,<.. , ... c ' 

to ,-1·; Empty Shield Bkgd. Range, cp,111 

Net Source Range, cpnu 

2a = J )_ 4- to I t.oe. )o a 1 ' 3 

2o s 10317 to II 43 7 

Techiician --:J;>~~:--------------
~=======·====·==========================-=========================================== 

8KG col.llt (1 •in. each) Source count (1 min. each) 

Date By 1 2 ' Avg. 1 2 

=:,,~~~;= Y~~ f4=5== z,=~;:= ~~b:: =7~=~== ~~1:tt= l~;=i= 

J(•·//•'·,- iVc. 141 •~11 ;·~·1 !""l 7 lCL;~::, \0·1q7 ----t---+---t---'--+---+---~..-------
~ t '?(1,t("tt; Q1,,( 't..S 1-s I ,-;'i, \ 5c,:>, 10,~ I \0(:;4,4.. 

-,J,u/..,, v''- •'-·~ 1 ~o , A-c tS3 10~"1~ 101,~ 

7 f-;.:,4-, ;pf,<_ I "5 I l "Sc., 1£, C.> a.:;~ I 0£,7, l. , 0-lt.'(,. 

) 

======== 

l(.) 113 

,oc.,14-
1071., .. ..; 

(L~2 q 
10 70,> 

• 
Avg. Net Y/N 

:::::::::::::::: 
11.1Y(,C.· '/ 

.0,·t·-\ /,J ,re 
I 1..·-1 '>, ., ~ Po~t-

1 \..' b "J ~ f '-/ f t'<L 

' IL' ~'I ·_s v f'ofaf' 
' a,---··-t----t---+----+---+----+-----t----+----+-----+--

• Y/N: Y = daily average net CPH fall• within the calibration range. 
N = daily average net CPH doee not rall within the calibration range. 

,e acceptable range, were detert1inad on the calibration date aa show. above and are 
baeed on a ainimun of 10 counting periods or 10 minute, each. 



Usie..("" t37 

NESHA(.S {;-f'vM~~~/ 

CHARCOAL CANIITiR ANALYSIS SYSTEM 

Ca]ibCft190 Gb•Fk Lpa 

&11t .. ID: __________ ..... t:I\ ___ C> __ -z....__,_J ..... ~ ....... ---------
~ 

Ca11brat1on Date: 

Scaler S/H: M v,_ H1gh Volta91: __ {y..._"5 __ CJ ___ _ W1ndow: __ 4_· _4_z..._ Threshold: ___ ~--~--~-'-

Detector 1/N: ... _.IJ..,-Z. ___ O __ _ Source ID: __ c..., __ -_• n __ _ Source Act1v1ty: I·-;,.·-:, .. , t_: 

llank Can11ter lkld, Range, c:pa: 20 • __ t-z._4-_ to Lu e, 3o • l 1 :> to t, 'f 
Net lource ~•n11, c,a: ao • -, ''Z. 2 01; to "'3t '-"14.4 3o • "3 ti o 2-1 to ~ c e, 17' 

Techntctan ~-<":.-: 

·······=·························································=·=·==•================•i, ·IKG count (1 •1n. each) Source count (1 m1n. each) • 

~ate By 1 2 3 Avg. 1 2 3 Avg. Net Y/H 
===~= ;asa:::1:a::::a~:aa:::::c:::::1:aa1:cs:aaaaa:aa1:aaaaa~a:::a:::~:aa::::i:::::::::::::;;; 

'!, II ?> r; 7 -J 11-Z ,, t, l • , ),( z. -,, If (; "3 S.• 
,ff/17/.:,•" !)«_ 14"3 1'2-s'° 1'3,f1 14~ 

1
~;-;_:_; ~))~ ~i 1'•t':4o·-i• y 

I I tv/"2"1~ Pl£'. fbO 14.3 \ -:;3 \4..,. '311"M(,, ..,.~'14.;"' j~l;(., "31' 5( 1 

7/.)."J/'J~· t;:yC- 1 ·fl I+ I 13'$' 1~7 "3flf40 °"i/10114 -:J110<,1 ....,,, O"?~ 

7/1411,~ !::=/.? I" '5 I S' I I 45' e, I 5"B ~10(.50 9111'?113 ~ 1 '21«f1 ? I I.,, 1 7 

7/3 1,},iL_ ~. I.{ , ,_ a.. f .:; 0 140 ~ 3 "'II. A e"°J 0:, f .,.1, 7 ~v .., l., ..,,o., ~ 1 '!.f'l.fo~ ,1C>l7t. "')I, ·.i,'1"· 

1{ ,o/..f, )'~ I 5 J 15'5° I C.0 I 5? 3101"'1.,s' 11'1 Zi>f ,,o'}(A. ~t I 1-Z 4 _____ ...,. __ ...,_ __ _,... __ _,... __ .,._ ____ ... 

• t/H: Y• da11y av1r191 background and net 1ouroe CPN f&111 w1th1n the control 11m1ta. 

y 

' V , 
y P,e 

y p~ 

Y fr-c 
'I P0-

Na da11y 1v1r191 background and 1ouro1 CPH do11 not fall w1th1n the control 
Hatta. 

The acceptable r1n1•• w•r• d1t1n11n1d froa the prior month's background and source chack 
data. 



A P P E N D I X B 

Recount Data 
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Cl.IDT: DSIGY PUILS PROJBCT: RADON FLUX MEASUUMENTS PRo.JICT NO. : 95004. co 

PILI: IJ IATCH: H StJRl'ACB: SOIL AIR TIMP NIN: ss•r IIIATHER: CLEAR, WARM, NO RAIN 
AID, COVBR DSPLOYMZN'l' ~ -7 2' 95 UTltIIVAL. 7 27 95 CHARCOAL HG CPN: 154 NIT NT OUT : 180.0 g. 

PIILD ffCIDIICIANS: l'JLC, JD, ss. JM, SC COUNTED BY: DLC DATA ENTRY BY: DLC, SC TAU lflIGHT: 29.2 g. 

COUNTIIIQ IYSTIM I.D.: MOl/021, M02/D20 CALIBRATION DUE: 6/17/516 

llSCotJNT ANALYSES RBSOLTS: 

GRID SAMPLI DBPLOY llBTIIV ANALYSIS MID·TIMB cwr GROSS GROSS RADOtf :t LLD PRECISION (RPO) 

LOCATION I. D. HJl MIN HR MIN MO DA YR IIJl MIN (MIN) COUNTS WT IN pCi/m21 pCi/•2• pCi/1121 (DIFF)/MEAN 

•••••••••••••••••••••••••••••••••o••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
H04 12 51 u l1 7 JO 95 11 23 3 1314 214. 7 0.6 0.1 0.04 

UCOUNT H04 12 51 u 31 7 29 95 u 40 2 1029 · 214. 7 0.7 0.1 0.03 6. 71 

HOS 12 59 u 32 7 30 95 ll 26 ) 1293 l!IJ. 2 0.6 0.1 0.04 

i1.ICOUNT HO!> 12 59 u 32 7 29 95 u 40 2 1005 193 .2 o., 0.1 0.03 5.81 

Hlfi 13 11 14 JI 7 JO 95 11 JI 4 1932 204.9 0.7 0.1 0.04 

RECOUNT H16 13 11 14 38 7 29 95 u 43 3 1745 204.9 0.1 0.1 0.03 8.91 

lil 7 13 20 14 JI 7 30 95 11 42 4 1420 211.1 0.4 0.0 0.04 

HCOUNT Hl7 13 20 14 38 7 29 95 19 .. .. 15'1 211. 7 0.4 0.0 0.03 1.21 

H:H 13 47 u u i JO 95 18 u 4 1540 l17.2 0.5 0.1 0.04 

UCOUMT H251 13 47 u u 7 29 515 19 45 3 1362 :U7.2 0.6 0.1 0.03 8. 71 

H40 l4 11 u 54 7 JO 95 11 54 1 2722 214.9 5.t 0.6 C'. 04 

UCOUNT H40 u 11 14 !it 7 29 95 19 45 1 3015 214.9 5.5 0.5 0.04 6. 71 

HU u 13 u 55 7 JO 95 11 57 3 1119 217.1 0.5 0.0 0.04 

RECOUNT HU 14 13 u 55 7 29 95 19 .. 3 1332 217.1 0.6 O.l 0.04 10.61 

H5l u 45 15 2 7 30 95 19 13 3 1016 215.5 0.5 0.0 0.04 

UCOONT HSJ u 4S 15 2 7 2, 95 19 .. 3 1260 215.5 0.5 0.1 0.04 6.91 

HU 15 11 15 17 7 JO 95 19 26 4 1276 217.0 0.4 o.o 0.04 

ucomrr HU lS 11 15 17 7 29 95 19 51 4 1307 217.0 0.3 o.o 0.04 13.21 

H65 15 20 15 18 7 JO 95 19 30 • 1700 201., 0.6 0.1 0.04 

UCOONT HU 15 20 15 11 7 29 95 19 51 4 1112 201.1 0.6 0.1 0.04 0.01 

HH 16 53 17 u 7 30 95 19 52 1 3128 213.6 ,.2 0.1 0.04 

UCOOlff HII 16 53 11 68 ., 29 !15 19 53 1 4065 213.5 7.J 0.7 0.03 11.n 

AVSRAQS 01.ATIVII PDCDT PUCISIOII: 8.01 



Page 2 of 4 

CLI111T1 IIIBRQY P'OELS PROJICT : RADON FLUX M!ASt1UMENTS PROJICT NO.: 95004.00 

PILI: 13 BATCH: J SURFACI: SAIID/CRUST AIR TEMP MIN: 59•p 

AIIA, TAILS DEPLOYMENT, 7 25 95 UTRIEVAL: 7 26 tS CHARCOAL BICG CPM: 154 

PIILD TIC'JIIIICIMS: DLC, JD, SS, JM, SC COUIITED BY: DLC DATA ENTRY BY: DLC 

COUJn'ING SYSTIM I.D.: M01/D21, M02/D20 CALIBRATION DUI: 6/17/96 

RBCOUNT ANALYSIS RBSULTS: 

GRID SAMPLE DEPLOY llETRIV ANALYSIS MID-TIME Clff GROSS GROSS 

LOCATION I. D. HR MIN HR MIN MO DA YR HJl MIN (MIN) COUJITS WT Ilf 

WV.THBI: CLEAR, WARM. NO RAIN 

NS? Wl' OUT: 180.0 g. 

TARI WEIGHT: 2 9. 2 g. 

RADON t LLD PRECISION (RPDl 

pCi/ia2a pCi/m2a pCi/m2a (DIFF]/MEAN 

•••••••••••••••••••••••••••••••••••••••o•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
J16 11 28 12 25 1 JO ts 20 21 1 35246 200.2 98.0 9.8 0. OS 

RECOUln' J16 11 28 12 25 1 29 95 19 54 1 38121 200.2 88.1 8.8 0.04 10.61 

J40 1l 15 14 6 7 JO 95 21 11 1 10248 195.5 28.1 2.8 0.05 

RECOUNT J40 1:. 15 14 6 7 29 95 19 54 1 11139 195.S 26.9 2.7 o.o, ,.st 

JU 1l 18 14 7 1 JO 95 21 12 1 7786 218.2 21.l 2.1 o.os 

RECOUJIT JU 1l 18 14 7 1 29 95 19 55 1 8718 218.2 19. 7 2.0 0.04 7.0 

JS, 1l 47 1'i 16 7 JO 95 21 20 l 6277 203.1 17.3 1.7 0.05 

RECOUNT J52 1l 47 14 16 1 29 95 19 55 1 7169 203.0 16.J 1.6 0.04 5.61 

JS3 1l 0 14 17 1 JO 95 H 22 1 1997 209.J 5.2 0.5 0.05 

RECOONT J5l 1J 0 14 17 7 29 95 19 SCi 1 2288 209 .3 5.0 o.s 0.04 4 .61 

J6S 14 18 16 37 7 30 95 21 33 1 1133 219.t 2.5 0.3 o.os 

RECOUNT J65 14 18 16 37 7 29 9!> 19 56 1 1325 219 .s 2.5 0.3 o.o, 1.0 

J76 14 u 16 55 7 JO 95 21 46 1 11776 219.9 30.J l.0 0.05 

RECOUNT J76 14 u 16 55 7 29 95 19 57 1 13012 220.0 27.6 2.8 0.04 9.0 

J77 14 46 16 23 7 JO 95 22 0 l 18449 192.7 0.0 4.9 0.05 

UCOOIIT J77 14 46 16 23 7 29 95 19 ~7 1 22017 192.7 48 .1 4.8 0.04 1.91 

JU 15 7 16 :.io 1 JO 95 22 12 1 303' 204.5 94. 7 9.5 0.05 

RECOUNT JH 15 7 16 20 7 29 95 19 SI 1 38145 204.5 84.8 8.5 0.04 11.0t 

JU 15 9 15 4 1 JO 95 21 15 1 11165 194.7 31. 5 J.2 0.05 

UCOUNT JH 15 9 15 4 7 29 ts 19 58 1 13259 194. 7 31.0 3.1 o.o, 1. 71 

JlOO 15 0 14 16 7 JO 95 Z1 21 1 9450 230.9 27.5 2.7 0.05 

UCOUIIT JlOO 15 0 14 16 1 29 95 19 59 1 10901 230.9 26.2 2., 0.04 4.71 

AVERAGE RELATIVE PIRCJDIT PRECISION: 5.71 
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CLIDff1 DIIGY P'USL& PROJSCT: IIADON FLUX MDSURIMEHTS PR~ZCT NO,: 9500t. 00 

PU,111 12 IIATCH: It SUU'ACI: WIT/DRY SAIID AIR TIMP MIN: s2•r lfBATHBa: CLEAR, WARM, NO RAUi 

Aa&A: TAILS DIPLOYMDT :- -67 2 t 95 llBTJlI IVAL : 7 25 t5 CHARCOAL BltG CPM: 1Sf NIT lfT OUT: 180.0 g. 
FIILD TICHIIICIANS: DLC, JD, SS, JM, SC COUNTED BY: DLC DATA lln'RY BY: SMC TAU RIGHT: 2t.2 g. 
Comn'IIIO SYSTIM I . D. : M01/D21, M02/D20 CAL. DUI: 06/17/96 

R.ICOOIIT ANALYSES RISULTS: 

GRID SAMPLE DEPLOY RITIIV ANALYSIS MID-TIMI CNT GROSS GROSS RADOII * LLD PRBCISION (RPD) 

LOCATION X. D. HR MIN HJl MIN MO DA YR Hl MIN (MIN) COUNTS WT IN pCi/1112• pCi/11211 pCi/m2• (DIFF) /MEAN 

••••••••••••••••••••••••••••••••••••••••o•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
ltOl t .. t 51 7 2t ts 17 21 1 Ult 2U.1 11.1 1.t 0.05 

UCOUJIT 103 t .. t 51 7 30 ts 16 1S 1 612l 2tl.2 20.t 2.0 0.06 8.31 

U2 10 5 10 0 7 2t 95 17 2S 1 t751 2U.I U.l l.l 0.05 
UCOtJNT 112 10 5 10 0 7 30 ts 16 1S 1 USS 248.1 14.t 1.t 0.06 8.11 

116 10 3 10 4 7 2t ts 17 27 1 ~6250 222.6 lOl.9 10.4 0.05 
UCOUNT 1[16 10 3 10 4 7 30 95 16 16 1 31697 222.6 107.t 10.8 0.06 3.81 

128 10 42 10 t2 7 2t ts 17 3S 1 8785 241.8 2t.l 2.5 0.05 

llBCOtJNT 128 10 t2 10 t2 7 30 95 16 16 1 8002 248.8 26.7 2.7 0.06 7.61 

132 10 54 11 38 7 29 95 17 31 1 1679 22t.O t.2 O.t 0.05 

RECOUNT 1(32 10 54 11 38 1 lO 95 16 18 1 1'01 224.1 t.1 0.4 0.06 3.01 

140 11 9 11 u 7 29 95 17 46 1 1161 2·10. 5 2.8 O.l 0.05 

UCOUNT HO 11 9 11 t3 1 30 ts 16 18 1 1055 240.6 3.0 0.3 0.06 s.n 

156 11 42 12 27 7 29 95 18 9 2 1002 235.t 1.0 0.1 0.05 

UCOtJNT 1.56 11 42 12 27 7 30 95 16 21 3 U77 236.1 1.0 0.1 0.06 3.H 

1(68 11 58 12 45 7 29 95 18 1t 1 ll145 242.4 35.8 3.6 0.05 
RECOOIT ll'68 11 SI 12 45 7 30 ts 16 21 1 11855 242.8 31.1 l.8 0.06 6.2' 

1(72 l:.l 6 12 46 7 29 t5 18 21 1 3130 220., 8.2 0.1 0.05 

UCOtJNT J:72 12 6 12 u 7 30 !JS 16 24 1 2755 221.1 1.5 O.t 0.06 3.21 

114 12 16 13 19 7 2t 95 18 28 1 3016 22,.t 1.0 0.1 0.05 

UCOOIT lit 12 16 13 19 7 30 95 16 24 1 2656 227.5 1.0 0.8 0.06 0.'/1 

Jl:90 12 23 12 .. 7 2t t5 11 ll 1 2701 2l2.9 7.1 0.7 0.05 

UCOUIIT ltO 12 23 13 33 7 30 ,s 16 26 1 2lU 233.0 7.0 0.7 0.06 1.n 

AVIUGI ULATIVI PDCl1ff PUCISION: 4.81 
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Cl.Illff: DfDCiY P'UBLS PROJBCT: RADOM FWX MBASUUMDITS PROJECT NO. : '5004.00 

PILI: U IATCH: L SUllFACI: SOIL AIR TIMP MIN: 55•r WDTHEJl: CLEAR, WARM, NO RAIN 

ARIA: COVSR DIPLOYMINT: 7 27 95 RITRIIVAL: 7 28 95 CHARCOAL BXG CPM: 15t Nrr WT OtJT: 110.0 g. 

FIILD TICIDJICIMS: DLC, JD, SS, JM, SC COUNTED BY: DLC DATA ENTRY BY: DLC TARI: WEIGHT: 29.2 g. 

COUNTING SYSTIM I.D.: M01/D21, M02/D20 CALIBRATIOII DUI: 6/17/96 

UCOOIIT ANALYS2S RESULTS: 

GRID SAMPLE DEPLOY UTRIV ANALYSIS MID-TIMI CHT GROSS GROSS RADON t LLD PRECISION (RPD) 

LOCATION I. D. HR MIN HR MIN MO DA YR Ha MIN (MIN) COUNTS WT IN pCi/m2a pCi/m21 pCi/m2a (DIFF)/MEAN 
......•.•...............................•...........•.................................................................... 

Lll 16 JO 17 20 7 30 95 16 37 1 2055 212,5 3.5 O.l 0.03 

UCOUIIT Lll 16 30 17 20 7 :a 95 19 27 1 2110 212.1 3.2 0.3 0.03 9.0 

LU 16 35 17 25 7 30 95 16 n 2 1786 21',9 1., 0.1 o. 03 

ucomrr Lll 16 35 17 25 7 29 95 19 27 1 985 21'.9 1.3 0.1 0.03 •. 31 

L21 16 39 17 28 7 JO 95 16 u 1 167t 213.5 2.8 0.3 0.03 

UCOUNT L21 16 39 17 28 7 29 95 19 28 1 1939 213.5 2.8 0.3 0.03 o.ot 

Ll2 16 u 17 39 7 30 95 16 51 2 lUI 216.9 1.1 0.1 0.03 

UCOUNT Lll 16 u 17 39 7 29 95 !9 21 2 1635 216.9 1.0 0.1 0.03 ,.o 

LU 18 3 11 22 7 JO 95 17 7 • 1162 21'.9 0.3 o.o 0.03 

UCOUJIT LU 11 l 18 22 7 29 95 u 32 ' 1342 zu .9 0.2 o.o 0.03 2.n 

L55 11 14 11 32 7 30 95 17 23 5 1020 21'.3 0.1 o.o 0.03 

UCOUNT L55 18 14 11 32 7 29 95 151 32 s ~.02, 21'.3 0.1 o.o 0.03 14.91 

r 58 11 17 18 36 7 30 95 17 27 3 1026 :n,.1 0.3 0.0 0.03 

RECOUNT L58 11 17 18 36 7 29 95 19 35 3 1105 21'.I 0.3 0.0 0.03 3.0 

L75 18 3' 19 6 7 30 95 17 " 2 1210 211.5 0.9 0.1 0.03 

ucomrr L75 18 3t 19 6 7 29 95 19 35 2 1U6 211.5 0.9 0.1 O.Ol 1.01 

Lil 18 ,o 20 ' 7 30 95 17 51 3 1068 21' ., o., 0.0 0.03 

ucomrr Lil 11 ,o 20 ' 7 29 95 u 31 • 1545 21',4 0.3 0.0 0.03 2.91 

L90 11 0 11 ,o 7 30 95 11 10 l 2215 U9.2 3.9 0.4 O.Ol 

UCOUNT L90 18 0 11 ,o 7 29 95 19 37 1 2,20 219.1 l.6 o., 0.03 7.51 

L92 11 51 11 51 7 30 95 18 1l 3 1254 213.3 0.5 o.o 0.03 

UCOUIIT L92 18 51 18 51 7 29 95 19 39 l uu 213 ,3 0.5 0.0 0.03 ,.ot 

AVBUGI RELATIVI PDCDT PUCISIOII: 5.ot 
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Radon Flux Laboratory Data 
and Equipment Blank Data 
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CLillff1 IIISaOY PUSLS PROJICT: ltADOlf PLOX M!ASUUMINTS PROJECT NO. : 95004.00 

PILI, tl IATCH1 H SUR1'AC11 SOIL AIR TIMP MIN: 55•r lflATHZR: Ct.BAR, WARM, NO RAIN 

AIIA1 COYSa DEPLOYMENT: 7 26 95 UTRIIVAL: 7 27 95 CHARCOAL IIG CPM: 154 HIT WT OUT: 180.0 g. 

FIILD TJICIDIICIMS: DLC, JD, SS, JN, SC COUNTED BY: DLC DATA ENTRY IY: DLC, SC TAI& WEIGHT: 2!L2 g. 

COONTil80 SYSTIN I.D.: ~01/D21, M02/D20 CALIBRATION DU!: 6/17/96 

QRID SAMPLI DIPLOY RETllIV ANALYSIS MID-TIMI CNT GROSS GROSS RADON ~ LLD 
LOCAT;ON I. D. HR MIN HR MIN Mu DA YR HR MIN (MIN) COUNTS WT IN pCi/•2• pCi/m2a pCi/m2a COMMENTS: 

···································································-····················································· 
HOl 12 54 14 30 7 30 95 11 20 l 1212 l!H.6 2.3 0.2 0.04 

H02 12 56 14 30 7 30 95 lD 20 1 1341 206.5 2.6 0.3 o.o, 
H03 12 57 14 31 7 30 95 11 23 3 1271 200.l 0.6 0.1 0.04 

HOt 12 51 14 31 7 30 95 18 23 3 1314 214. 7 0.6 0.1 0.04 

HOS 12 59 14 32 7 30 95 18 26 3 12'3 193.2 0.6 0.1 0.04 

H06 13 l 14 32 7 30 95 u 26 3 lUO 208.4 1.1 0.1 0.04 

H07 13 3 14 33 7 30 ,s 18 27 1 1406 217.7 2.8 0.3 o.o, 
HOB 13 5 14 33 7 30 95 11 27 l 1479 200.2 2.9 0.3 0.04 

H09 13 7 14 34 7 30 95 18 28 1 2223 211.4 4.6 0.5 0.04 

HlO 13 9 14 34 7 JO 95 18 28 2 1484 191.t 1.3 0.1 0.04 

Hll 13 10 14 JS 7 JO 95 18 30 2 1308 215.0 1.1 0.1 0.04 

H12 13 12 14 35 7 30 95 18 JO J 1110 212.2 o.s 0.0 o.o, 
Hl3 13 14 14 36 7 30 95 18 34 • 1276 211.1 0.4 0.0 0.04 

Hl4 13 16 14 36 7 30 95 18 34 • 1516 212.0 0.5 0.1 o.o, 
H15 13 17 14 37 7 JO 95 18 31 4 1760 217.S o., 0.1 o.o, 
HU 13 11 14 JI 7 30 95 11 31 • 1732 204.9 0.6 0.1 0.04 

H17 13 20 14 JI 7 JO 95 18 42 • 1120 211.1 0.3 o.o o.o, 
Hll 13 22 14 39 7 30 95 11 42 • 1716 213.5 o., 0.1 0.04 

H19 13 25 14 39 7 30 95 11 45 J 1310 216.4 0.7 0.1 o.o, 
H20 13 27 H 40 7 JO 95 11 0 l 2315 214. 7 4.1 0.5 0.04 

H21 13 JO 14 43 7 JO 95 18 46 l 1460 .l94.4 2.9 0.3 0 04 

H2:Z 13 32 14 0 7 30 95 18 44 1 1057 200.1 2.0 0.2 0.04 

H23 13 34 u .. 7 30 95 18 47 1 3341 214.7 7.2 0.7 o.o, 
H24 13 36 14 45 7 30 95 18 45 l 1640 213.4 3.3 0.3 0.04 

H25 13 31 14 46 7 30 95 11 50 3 1218 206.5 0.6 0.1 0.04 

H26 13 40 14 47 7 JO 95 11 0 4 1236 192.4 0.3 0.0 o.o, 
H27 13 u 14 47 7 30 95 18 ~· • 1232 215.J 0.3 0.0 0.04 

H21 13 45 14 41 7 30 95 VOID SPILLID CHA.ICOAL 

H29 13 47 14 41 7 30 95 11 41 C 1540 217.2 0.5 0.1 0.04 

H30 13 ., 14 u 7 JO 95 11 41 4 1240 2 ? .2 0.4 0.0 0.04 

Hll 13 51 14 0 7 JO 9!> 11 50 l 17tl 211.2 3.7 0.4 0.04 

H32 13 54 14 50 7 30 95 11 50 l 2191 213.2 6.2 0.6 0. 04 

H33 13 56 u so 7 30 t5 11 51 2 1056 213.5 0.1 0.1 0 .04 

H34 13 51 14 51 7 30 H 11 51 1 1'29 200.1 3.3 0.3 0.04 

HJS 14 0 14 52 7 30 95 11 52 l 12650 213 .2 21.3 2.1 0.04 

H36 14 3 14 52 7 30 95 11 52 l 3651 193.6 1.0 0.1 0.04 

H37 u 5 14 SJ 7 30 95 11 53 l :uno 201.·3 49.9 4.9 0.04 

H38 14 7 14 53 7 30 t5 ll 53 2 llH :au.• 1.0 0.1 0.04 

HU H 10 14 54 7 30 ts 11 S4 l 1471 217.1 J.O 0.3 0.04 

HtO 14 11 14 54 7 JO 95 18 54 1 273.2 214.9 0.3 0.1 0.04 
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CLIIIIT, IJIKRGY rtJSLS PROJECT NO.: 95004.00 

PILI: ll IATCH: H SUI.FACI: SOIL -AIR TEMP MIN: 55•r 

ARD, COVSR DIPLOYMDl'f, 26 95 UTRIIVAL: 7 27 95 CHAJtCOAL lltG CPM: 154 

FIILD TICHJIICIANS: DLC, JD, SS, JM, SC COUIITID BY: DLC DATA INTJlY BY: DLC, SC 
COONTING SYSTIM I.D.: M01/D21, M02/D20 CALIBRATION DUI: 6/17/96 

SAMPLE DIPLOY RITRIV ANALYSIS MID-TIME CNT GROSS GROSS 

WEATHER: CLEAR, WA.RM, NO RAIN 

QT WT OUT: 180.0 g. 

TAil.i WEIGHT: 29. 2 g. 

RADON t LLD GRID 

LOCATION I. D. HR MIN HR MIN MO DA YR HR MIN (MIN) COUNTS ltf IN pCi/•2• pCi/m2• pCi/m2• COMMENTS: 

•••••••••e•••••••••••••••••••••••••••••••••••••••••••••••••••••••a••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
HU 
H42 

HU 
HU 

H45 

H46 

H47 

HU 

HO 

H50 

H51 

H52 

H5J 

H54 

H55 

H56 

H57 

H58 

H59 

H60 

H61 

H62 

H6l 

HU 

H65 

H66 

H67 

H61 

HU 
H70 

H71 

H72 

H7l 

H74 

H75 

H76 

H77 

H71 

H79 

HIO 

u ll u 
U 1S 14 

14 11 14 

14 20 14 

U 22 U 

U 25 14 

14 27 14 

14 30 14 

14 35 14 

14 38 14 

14 40 15 

14 43 15 

14 45 15 

55 7 30 95 11 57 

55 7 JO 95 11 57 

56 7 JO 95 19 0 

56 7 JO 95 1~ 0 

57 7 JO 95 19 3 

57 7 JO 95 19 3 

51 7 JO 95 19 5 

58 7 JO 95 19 5 

59 7 JO 95 19 8 

59 7 JO 95 19 8 

0 7 30 95 19 10 

1 7 30 95 19 10 

2 7 30 95 19 13 

14 47 15 J 

U U 15 4 

14 52 15 10 

U 55 15 11 

U 57 15 11 

15 0 15 12 

15 2 15 lJ 

15 5 15 14 

15 10 15 15 

15 15 15 16 

15 11 15 17 

15 20 15 11 

15 22 15 19 

15 JO 15 20 

15 35 15 21 

15 JI 15 22 

7 30 95 

7 JO 95 

7 JO 95 

7 30 95 

7 JO 95 

7 30 95 

7 JO 95 

7 30 95 

7 30 95 

7 30 95 

7 JO 95 

7 30 95 

7 30 95 

7 30 95 

7 30 95 

7 30 95 

15 40 15 41 1 30 95 

15 44 15 44 7 30 95 

15 47 15 45 7 30 95 

15 50 17 20 7 JO 95 

15 55 17 21 7 JO tS 

15 59 11 20 1 10 ts 
16 5 17 17 7 30 95 

16 5 17 16 7 30 95 

16 10 17 14 7 JO 95 

16 ll 17 19 7 30 ,s 

16 lt 17 15 7 JO ts 

19 13 

19 17 

U 17 

U 20 

19 19 

19 23 

19 20 

19 24 

19 23 

19 27 

19 26 

U 30 

19 30 

19 l4 

19 34 

19 37 

19 37 

19 31 

19 31 

19 39 

U 39 

19 40 

19 40 

u u 
19 U 

19 U 

u u 

3 

3 

2 

3 

3 

3 

3 

2 

3 

2 

1 

2 

l 

3 

4 

3 

3 

1 

3 

1 

1 

3 

4 

4 

4 

4 

4 

3 

) 

l 

1 

1 

1 

1 

1 

1 

1 

1 

l 

1 

1119 

1191 

1462 

999 

1359 

1071 

1176 

1012 

1257 

uu 
2597 

1101 

1086 

1041 

1192 

1209 

1311 

51551 

UH 
6243 

1239 
1026 

1440 

1276 

1700 

1361 

1296 
u2, 
1002 

1161 

15114 

21250 

47113 

1931 

11504 

13534 

1500 

4SU 
17521 

43236 

217,1 

208.4 

213.5 

194 .I 

21:Z.O 

215.0 

213.9 

:U2.9 

215.1 

196 .5 

:UO. l 

210.2 

215.S 

214.9 

212.1 

218.1 

192.2 

:zu.o 
220.9 

214 .2 

209.6 

216.6 

192.9 

195.3 

201.9 

210.8 

312.2 

200.1 

21l .6 

194-~ 

193.9 

216. 3 

215.1 

210.S 

220.6 

211.9 

212 .3 

214 .9 

215.4 

2u ., 

0.5 

0.6 

1.3 

0.4 

0.7 

0.5 

0.5 

0.1 

0.6 

1.9 

5.7 

0.9 

0.5 

0.4 

0.3 

0.6 

0.7 

135. 7 

0.6 

_,.2 

2.5 

0.4 

0.5 

0.4 

0.6 

0.4 

0.4 

0.9 

0.4 

0.5 

36.6 

0.4 

102., 

U.2 

25.0 

2'.6 
11.5 

9.9 

31.6 

96.3 

0.0 

0.1 

0.1 

o.o 
0.1 

0.0 

0.1 

0.1 

0.1 

0.2 

0.6 

0.1 

0.0 

0.0 

o.o 
0.1 

0.1 

13.6 

0.1 

1.4 

0.3 

o.o 
o.o 
o.o 
0.1 

o.o 
o.o 
0.1 

0.0 

0.1 

3.7 

4.9 

10.J 

1. 9 

2.5 

J.O 

1.8 

1.0 

3.9 

9.6 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

o.o, 
0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 
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CLIDT1 llllaGY PUILS HOJICT: RADON n.oJ MIASUI.DIINTS PRo.11CT NO. : 15004 .oo 

PIL81 IJ L\TCH, H SUU'ACI: SOIL AIR TIMP Milf: ss•, RATHER: CLIAII, WARM, NO RAIN 
AJllA, covn DSPLOYMINT,-7 26 t5 R.ITaIIVAI.: 7 27 95 CH>JlCOAL BltG CPM: 1s, 11ST Wl' OUT: 180.0 !J. 
PIIU> TSCHJ1ICIA1f8: DLC, J;.,, ss. JM, SC COUIITSD BY: DLC DATA DTRY BY: DLC, SC TAJlS WSIGHT : 29.2 g. 
COOlf'l'IIIQ SYSTIM I.D.: M01/D21, M02/D20 CALIBRATION ~UZ: 6/17/96 

GRID SAMPLI DEPLOY RITRIV ANALYSIS MID-TIMI CJl'r GROSS GROSS RADON t LLD 

LOCATION I. D. HR MIN KJl MIN MO DA YR HR MIN (MIN) comrrs WT IN pCi/112• pCi/•2• pCi/m2• CotOIENTS: 

··········································································g·············································· 
Hll 16 2, 17 16 7 )0 95 u 43 1 3010 216 .1 76.5 7.7 o.o, 
Hl2 16 21 17 17 7 30 95 19 u 1 3017 111.6 71.2 7.1 o.o, 
Hll 16 32 17 1' 7 30 95 u 47 3 1092 216. !I 0.5 0.0 o.o, 
HH 16 35 17 26 7 30 95 u .. 1 12216 216.4 27.2 2.7 o.o, 
HIS 16 40 17 27 7 30 !IS u .. 1 3961 213. 9 1.6 O.!I o.o, 
HH 16 " 17 21 7 30 95 u 51 3 1310 215. 0 0.7 0.1 o.o, 
Hl7 16 u 17 21 7 30 95 u 51 3 1050 212. 7 0.4 o.o o.o, 
HU 16 53 17 .. 7 30 95 u 52 1 3121 213.6 1.2 0.1 o.o, 
HU 16 51 17 23 7 30 !IS u 53 2 1121 213.5 o., 0.1 o.o, 
H!IO 17 5 17 31 7 30 115 20 0 2 1302 209.4 1.1 0.1 o.o, 
HU 17 6 17 JJ 7 30 t5 20 3 5 1155 191.5 0.2 o.o 0.04 

H92 17 7 17 35 7 30 t5 20 3 5 1235 1'2.2 0.2 o.o o.o, 
HU 17 • 17 43 7 30 !15 20 ' 1 2652 20,., 5.7 0.6 0.04 

HH 17 !I 17 53 7 30 ,s 20 4 1 2651 211.4 5.6 0.6 0.04 

H!l5 17 10 17 54 7 30 t5 20 5 2 1016 213.4 0.1 0.1 0.04 

HH 17 1l 17 40 7 30 ,s 20 5 1 32000 214.1 72.4 7.2 0.04 

H97 17 12 17 u JO t5 20 7 3 1602 213.4 o., 0.1 0.04 

HH 17 13 17 13 7 30 ,s 20 7 1 23641 211., 54.5 5.5 o.o, 
HU 17 14 17 36 7 30 ,s 20 10 3 1275 213.4 o., 0.1 o.o, 

HlOO 17 15 17 37 7 30 ,s 20 10 2 1210 203.5 1.1 0.1 0.04 

AV!RAGI RADOlf l'LUX POI CSlJ. 3 COVIR REGION: 11.1 pCi/•2• 
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CLIINT: INDGY t'UILI PlO.JSCT: IADON FLUX MIASUJllMINTS PROJECT NO.: 15004.00 

PILI, 13 BATCH: J SU.FACI: SAIID/CRUST AIR TDIP NIN: se•r 
ARD: TAILS DIPLOYMKll'h· 7 25 ts UTRIIV.U..: 7 26 !15 CHAJICOAL BltG CPM: 154 

lflATHBl: CLEAR, NUM, NO RAIN 
Nrr 11T OUT: 110.0 g. 

FIILD TICIOIICIMS: DI,C, JD, SS, JM, SC COUNTED BY: DLC DATA ENTRY BY: DLC 
COUNTIIIO SYSTEM l.D.: N01/D21. N02/D20 CALIBRATION DUI: 6/17/96 

TARS NIIGHT: 2!L2 g. 

GRID 

LOCATION 
SAMPLI DEPLOY RETRIV ANALYSIS MID-TIMI CNT 
I. D. HR MIN HR MIN MO DA YR HR MIN (MIN) 

GROSS GROSS RADON t LLr 

COUNTS WI' IN pCi/•2• pCi/m2a pCi/m2s COMMENTS: 
•••••••••••••••••••••••••••••••••P•••o•••••••••••••••••••••••••••••••••••••••••••••••••eeaeeaaeaaeaaaaa••••••••••••••••••• 

JOl 

J02 

JO) 

J04 

JOS 

J06 

J07 

JOI ,, 
JlO 

Jll 

Jl2 

Jll 

JU 

Jl5 

Jl6 

Jl7 

Jll 

JU 

J20 

J.11 

J22 

J2l 

J24 

J25 

J26 

J27 

J21 

J2t 

J30 
Jll 

Jl2 

JJJ 

JU 

JU 

Jl6 

J37 

JU 

JU 

J40 

10 56 12 14 

11 0 12 14 

11 I 12 15 

11 t 12 15 

11 10 12 15 

11 11 12 17 

11 11 12 19 

11 14 12 U 

11 16 12 20 

11 17 2 20 

11 11 12 21 

11 19 12 :21 

11 22 12 22 

11 23 12 23 

11 25 12 24 

11 21 12 25 

11 ll 12 25 

11 l:il 12 26 

11 35 12 27 

11 36 12 27 

11 37 12 29 

11 41 12 30 

11 42 12 30 

11 45 12 31 

11 47 '. 2 32 

11 41 12 ll 

11 50 12 ll 

11 51 12 36 

11 54 12 37 

11 56 12 31 

11 57 12 31 

12 St 12 31 

lJ 1 12 39 

13 213 0 

U 4 ll 3 

13 513 3 

ll 713 4 

lJ Ill 4 

lJ 1414 5 

lJ 1514 6 

7 30 ts 20 

7 30 95 20 

7 30 95 20 

7 JO 95 2\J 

7 30 95 20 

7 30 95 20 

7 30 95 20 

7 30 95 20 

7 30 95 20 

7 30 95 20 

1 Jo ,s 20 

7 JO 95 2' 

7 )0 95 20 

7 30 95 20 

7 30 95 20 

7 30 95 20 

7 JO 95 20 

7 30 95 20 

7 JO 15 20 

7 JO 95 20 

7 10 95 20 

1 30 ts 20 

7 30 95 20 

7 JO tS 20 

7 30 95 21 

7 JO 95 21 

1 Jo •5 21 

7 JO 95 21 

7 )0 95 21 

7 30 95 21 

7 30 95 21 

7 )0 95 21 

7 30 95 21 

7 JO 95 21 

7 30 95 21 

7 lO 95 21 

7 30 95 21 

7 JO 95 21 

7 30 95 21 

7 30 95 21 

12 

12 

13 

1l 

u 
14 

1fi 

16 

17 

17 

18 

11 

19 

19 

21 

21 

23 

23 

24 

24 

26 

26 

21 

21 

0 

0 

2 

2 

l 

3 

5 

5 

6 

6 

I 

I 

10 

10 

11 

11 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

l 

l 

l 

1 

1 

l 

1 

1 

1 

1 

l 

1 

l 

1 

1 

1 

l 

1 

1 

1 

1 

l 

1 

1 

1 

l 

1 

1 

1 

13099 

2h07 

14613 

9504 

9122 

12061 

22354 

7591 

1403 

9520 

53116 

1097 

1924 

5129 

24615 

35;246 

14060 

34154 

22575 

2104 

11199 

12134 

21191 

20'17 

34713 

21141 

19900 

23419 

14434 

11128 

17339 

20177 

200'3 

246'17 

U2l 

97141 

53635 

35504 

11216 

10241 

221.7 

223.1 

227.7 

217.9 

314.7 

221.1 

222.1 

211.5 

211.2 

220.4 

222. t 

219.9 

211 t 

219 . .i 

21'. 0 

200.2 

211. 9 

211.3 

203.3 
220.t 

222 .1 

225.7 

222.9 

220.1 

220.6 

219. 7 

222. t 

222.2 

197 .1 

206. t 

220. 0 

217 .5 

217. t 

200 .1 

213. 3 

197 ., 

221.t 

225.1 

211. 7 

1'5.5 

35.7 

60.l 

40.4 

26.0 

24.9 

33.l 

61.6 

20.7 

39.9 

45.0 

10.3 

41.3 

24.4 

13 .9 

61.4 

91.0 

31.9 

95.1 

62.1 

5.5 

52.5 

33.6 

59.1 

U.l 

97.1 

U.2 

55.1 

65.7 

40.4 

52.1 

U.6 

51.9 

51.6 

71.l 

17.t 

281.l 

U!i.1 

102., 

50.5 

21.1 

3.6 

6.0 

4.0 

2.6 

2.5 

3.3 

6.2 

2.1 

4.0 

4.5 

14. 9 

4.1 

"2 .4 

1.4 

,.a 
9.1 

3.9 

9.5 

6.3 

0.5 

5.2 

3.4 

5.t 
, .. 
, .. 
6.1 

5.6 

6.6 

4.0 

5.3 

4.9 

5.9 

5.9 

7.1 

1.8 

21.l 

15.5 

10.3 

5.0 

2.1 

0.05 

0.05 

O.CIS 

0.05 

o.os 
0.05 

0.05 

0.05 

0.05 

0.09 

0.05 

0.05 

0.05 

o.os 
0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

o.os 
0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

o.os 
0.05 

o.os 
0.05 

0.05 

0.05 

0.05 

o.os 
0.05 

0.05 

o.05 
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CLJIIIT: INlaQY PUSL8 PIOJICT, IW)()N PWX M.IASUUMf'NTS PROJICT NO. : 95004. 00 

PILI, ll IIATCH, J SURPACI: SAND/CRUST AU TIMI NIN• 51•p WEATHER: CLEAR, WARM, NO RAIN 

.\RIA: TAIL8 DIPLOYM&NT: 7 25 95 lllTRIIVAL: 7 ::16 95 CHAJCOAL 8KG CPM: 154 NIT WT Otrr: 180.0 g. 

PU:LD TKCHNICIAJIS: DLC, Jtr; SB, .JM, SC COUN'l'ID BY: DLC DATA ENTRY BY: DLC TARI WIUGHT: 29.2 g. 

COUNTING SYSTEM I.D.: M01/D21, MO:l/020 CALIBRATION DUB: 6/17/96 

GRID SAMPLK DEPLOY RITRIV ANALYSIS MID-TIMI CNT GROSS GROS~ RADON t LLD 

LOCATION 1. D. KJl MIN HR NIN NO DA YR HR MIN (MIN) COUNTS WT UI pCi/m2e pCi/112• pCi/112• COMMENTS. 

•••••••••••••••••••••••••a•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••~•• 
JU 13 11 u 7 7 30 95 21 12 1 7716 218.2 :H.3 2.1 0.05 

J42 13 21 14 I 7 30 95 21 12 1 1942 218.4 24.5 2.5 0.05 

JU 13 23 14 9 7 JO 95 21 ll 1 6074 214.8 16.5 l. 7 0.05 

JH 13 24 14 10 7 30 95 :n 13 1 12073 204.8 33.3 3.3 0.05 

J45 13 26 14 11 7 JO 95 21 15 1 12390 223.6 H.2 3.4 0.05 

J46 13 21 14 11 7 30 95 21 15 l 13452 226.1 37.2 3.7 0.05 

J47 1l 30 14 12 7 30 95 21 17 1 16234 227.6 45.0 4.5 0.05 

JU 1l l2 14 13 7 30 95 21 17 1 32628 199.1 90.9 9.1 0.05 

JU 13 JS 14 14 7 JO 95 21 lt 1 262'1 202.1 73 .2 7.3 0.05 

JSO 1l 35 14 lS 7 30 95 21 19 1 21021 211.4 58.5 5.1 0.05 

JSl 13 37 14 15 7 30 95 21 20 1 11479 :n,.5 31.1 3.2 0.05 

JU 13 47 14 u 1 30 95 21 20 1 6277 203.1 17.3 l.1 0.05 

J53 1l u u 17 I 30 9S 21 22 1 1917 209. 3 5.2 0.5 0.05 

J54 1l 51 14 19 7 30 95 21 22 1 19911 211.9 55.1 s., 0.05 

J55 1l 53 14 11 7 30 H 21 23 2 lOH 217.2 1.1 0 .1 0.05 

J56 13 53 14 45 7 30 95 21 23 1 221H 219,0 62.9 6.3 0.05 

J57 1l 57 14 u 7 30 95 21 25 1 1779 220. 3 4.5 0.5 0.05 

JS& 13 59 14 t7 7 30 95 21 25 1 4902 219.2 13 .2 1.3 0.05 

JS9 14 0 14 49 7 30 95 21 27 1 15967 203.7 U.9 4.4 0.05 

J60 14 3 14 so 7 30 95 21 27 l 121,2 195.1 35.2 3.5 0.05 

JU 14 5 14 52 7 30 95 21 30 1 15967 217.1 44.0 4.4 0.05 

JU 14 I 14 53 7 30 95 21 30 1 11530 211.4 51.2 5.1 0.05 

JU 14 12 14 54 7 30 95 u 31 1 23709 :.131.0 65.7 6.6 0.05 

JU 14 15 14 55 7 30 95 21 31 2 1084 320.l 1.1 0.1 o.os 
J65 14 18 1' 37 7 30 95 :n 33 1 1133 219.4 2.5 0.3 0.05 

J66 14 21 16 31 7 30 95 21 33 1 "6571 204.2 120.9 1.1 .1 0.05 

J67 14 23 16 50 7 30 95 :n 35 1 20H2 205 . .! 52.2 s . .i 0.05 

JU 14 25 16 51 7 30 95 21 )5 1 2305 220.2 60 . .I 6.0 0.05 

JU 14 28 16 52 7 30 95 21 40 1 13731 201.4 35.2 3.5 0.05 

J70 14 29 16 l6 7 30 95 21 40 1 "" 191.3 17.9 l. 8 0.05 

J71 14 53 16 u 7 30 95 :n u 1 7650 219.1 u., 2.0 0.05 

J73 14 3' u n 7 30 95 21 42 1 739' 211.4 19.1 1.9 0.05 

J7] 14 39 u SJ 7 30 95 :n 45 2 10,2 210., 1.0 0.1 0.05 

J74 14 42 16 54 7 JO 95 21 45 1 21H 222.1 5.l 0.5 0. 

J75 14 u u 55 7 30 95 21 u 1 uu 226.0 22.9 2.l 0.05 

J76 14 H u 55 7 30 9S :u 46 1 11776 219.9 3". 3 3.0 0.05 

J77 14 u 1' 2) 7 JO 95 22 0 1 11449 192. 7 49.0 4.9 0.05 

J71 14 u 17 2 7 30 95 22 0 1 Ull6 211.S 33 .9 3.4 0.05 

J'/9 14 u 16 25 7 30 95 22 3 1 12252 219. 7 32.4 3.2 0.05 

JIO 14 50 1, 26 7 JO 95 22 3 1 14924 221.6 l!I.' 4.0 0.05 
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cu 111T I maaY FUELS lill<>.nCT: IA.DOif PWX MIASUUM!NTS PROJICT NO. t5004.00 

PILl1 IJ 8ATCH: J SUlPACII: SAND/CRUST AIR TIMP MIN: 51•, WEATHER: CLZAP, WARM, NO RAIN 

AISA1 TAILS DIPLOYMIKT ~ 7 25 ts UTRIIVAL: 7 2, ,s CHARCOAJ, JIG CPM: 154 IIET WT OUT: 110.0 9. 
PIILD TICHNICIANS: DLC, JD, SS, JM, SC COUJrTII> IY: DLC DATA llfTRY BY: DLC TAU WIIGHT: 2,.2 g. 

COUJITIIIQ SYSTIM I.D.: M01/D21, M02/D20 CALIIIIATIOII DUB: 6/17/'6 

GRID SAMPLI DEPLOY JUITaIV ANALYSIS MID-TIMI orr GRO~S GROSS RADON t LLD 

LOCATION I. D. HR Milf HJl MIii MO DA YR HR MIN (MIN) COUNTS WT IN pCi/1112• pCi/m21 pCi/m21 COMM!ln'S: 

··············-~·······················································································~·-················ 
Jll u 50 16 22 7 30 t5 22 4 1 1390 192.6 37.1 3.7 o.os 
J12 14 55 16 21 7 30 95 22 4 1 HU 216.5 3.5 0.4 0.05 

JI) 14 56 16 21 7 JO 95 22 5 1 3019 21'. 9 7.7 0.1 o.os 
JU 14 59 16 27 7 30 95 22 5 1 19701 214 .1 52.6 5.3 o.os 
JU 15 2 15 6 7 30 95 22 6 1 32H 223 .5 ,.o 0.9 0.05 

J86 15 3 15 7 7 30 95 22 10 s 1155 210.7 0.2 0.0 0.05 

JI? 15 5 15 I 7 30 95 22 12 1 11372 194. 0 52.2 5.2 0.05 

JU 15 7 16 20 7 30 ts 22 12 1 34939 204. 5 94. 7 9.5 0.05 

JU 15 ' 15 4 7 30 ,s 21 15 1 111'5 194. 7 31.5 3.2 0.05 

JtO 15 9 15 20 7 JO 95 21 15 l 1U05 211.7 u.o 4.6 0.05 

Jtl 15 11 16 29 7 30 95 21 16 1 14655 221. 7 39.0 3.9 0.05 

Jt2 15 12 15 2 7 JO 95 21 16 1 llUl 216. 9 32.3 l.2 0.05 

J93 15 14 16 33 7 30 95 21 11 1 3546 211., ,.1 0.9 0.05 

J94 15 15 15 1 7 30 ,s 21 11 1 2595 209.7 7.0 0.7 o.os 
J95 15 1' 16 34 7 JO 95 21 19 1 4591 321.1 11.' 1.2 0.05 

JH 15 11 17 0 7 ]0 ,s 21 19 1 14000 224. 9 36.6 3.7 o.os 
J97 15 11 17 1 7 JO t5 21 20 l tl60 221.2 23.1 2.4 o.os 
JU 1S u :6 59 7 30 9S 21 20 1 21162 200.0 57.5 5.7 0.05 

J99 15 20 16 51 -, 30 ,s 21 21 1 15210 211. 9 u., 4.0 0.05 

JlOO 15 0 14 1' 7 JO ,s 21 21 1 94SO 230.9 27.5 2.7 0.05 

AVIRAGI RADON PI.OX POR CILl, 3 TAILI'!GS: U.I pCi/m2a 

' 1 ( ' 

~ 
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CLIDT: INl:RGY ruSLS PROJICT: RADON FLUX MIASURDIEJIITS PROJICT NO. : 95004.00 

,u .. , 12 IATCH1 l SUJlPACI: lflT/DRY SAND AIR TIMP MIN: 52°P WIATHIR: CLEAR, WARM, NO RAIN 

MIA, TAILS DIPLOYMDT, _-; 24 t5 llZTRIIVAL: 7 25 95 CHAJlCOAL 8lG CPM: 154 NIT WT OUT: 110 .0 g. 

PIILD TICHNICIAIIS: DLC, JD. ss. JN, SC COUNTSD IY: DLC DATA ENTRY BY: SMC TA.RF -:a:IGHT: 29. 2 g. 

COOlffIIIQ SYSTIM I.D.: MOl/021, M02/D20 CAL. DUI: 06/17/'6 

QJUD SAMPLI DIPLOY RITRIV ANALYSIS MID·TIMI C'NT GROSS GROSS RADON t LLD 

LOCATION I. D. HR MIN HR MIN MO DA YR HR MIN (MINI COUNTS WT IN pCi/•2• pCi/m2• pCi/m2e COMMEMTS: 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••m••••••••••••••••••••a••••••••••• 
ltOl 9 u 9 50 7 29 !IS 17 20 1 JUI 243.0 9.6 1.0 0.05 

lt02 9 47 ' 50 7 :. ... 95 17 20 1 7615 237.1 21.5 2. 1 0.05 

1(03 9 48 9 51 1 29 95 17 21 1 "" 241.1 11.it 1.9 o.os 

lt04 9 50 9 52 7 29 95 l7 21 1 6412 242.1 11.0 1.8 0.05 

ltOS 9 52 ' 52 7 29 95 17 :u 1 ~2515 232.7 35.8 3.6 0.05 

K06 9 53 9 53 7 29 95 17 22 1 11259 24, .I 3.1. 0 3 . .I 0.05 

lt07 9 54 9 s, 7 29 95 17 23 1 7502 248.5 21.2 2.1 0.05 

KOi 9 57 9 57 7 29 95 17 23 1 1201 231.0 3.0 0.3 0.05 

1(09 ' 59 9 58 7 29 95 17 2, 1 .1051 253.1 6.5 0.5 0.05 

110 10 1 9 59 7 29 95 17 24 1 7137 20.7 22.6 2.2 o.c.s 

ltll 10 2 9 59 7 29 95 17 .15 1 16011 242.1 247. 8 24.8. 0.05 

X12 10 5 10 0 7 29 95 17 .is 1 4751 241.1 13 .l 1.3 0.05 

KU 9 59 10 0 7 29 95 17 26 1 12290 239.5 34. 9 3.5 0.05 

lt14 10 1 10 3 7 29 95 17 2' 1 24687 239.6 70.6 7.1 0.05 

X15 10 2 10 3 7 29 95 17 27 1 45148 240.4 131. 5 ll .2 0.05 

Xl6 10 3 10 4 7 29 95 17 27 1 Jfi250 .Z22 .6 103.9 10., 0.05 

Xl7 10 14 10 4 7 29 95 17 21 1 2435 247 .2 6.6 0.7 o.os 

ltll 10 16 10 4 7 29 95 17 28 1 7611 244. 6 21. 9 2.2 o.os 

ltl9 10 11 10 5 7 29 95 17 30 1 106H 241,l 30.5 J.l 0 "~ ' , 
lt20 10 20 10 5 7 29 95 17 30 1 49'0 248.7 ll. 9 1.4 0.05 

X21 10 22 10 6 7 29 95 17 31 1 USO 245.1 12.s 1.3 o.os 

X22 10 23 10 .II 7 29 95 17 31 1 9550 242.2 26.9 2.7 0.05 

X.13 10 25 10 21 7 29 95 17 32 1 11451 244, 7 32., 3.2 0.05 

lt2' 10 26 10 29 7 29 95 17 32 1 10602 234,3 230.6 23.1 0.05 

K26 10 30 10 30 7 29 95 17 33 1 20796 234. 9 59.3 5.9 o.os 

lt27 10 30 10 30 7 29 95 17 33 3 1476 226.l 1.0 0.1 0.05 

K21 10 42 10 42 7 29 95 17 35 1 8715 2u.1 24.1 2.5 0.05 

lt29 10 45 10 46 7 29 95 17 JS l 3796 237. 7 10.4 1.0 0.05 

lt30 10 47 10 " 7 29 95 17 36 1 6012 223.4 17.0 1.7 0.05 

Xll 10 51 10 51 7 29 95 17 3' 2 1610 231.0 1.9 0.2 O.u5 

Xl2 10 54 11 31 7 29 95 17 JI 1 167' 2.14.0 4.2 0.4 0.05 

133 10 Sf 11 31 7 29 95 17 31 2 1421 2:U.J 1., 0.2 o.os 

X34 10 SI 11 39 7 29 95 17 40 1 2711 232.0 7.3 0.7 0.05 

lt35 11 0 11 39 7 29 95 17 40 1 1042 233.4 2.5 0.2 0.05 

Xl6 11 2 11 40 7 29 95 17 42 2 1112 229,7 2.1 0.2 C.05 

X37 11 4 11 40 7 29 95 17 42 l 1344 237.0 0.1 0.1 0.05 

ltll 11 6 11 41 VOID CHAJlCOAL SPILLSD VOID 

X39 11 7 11 42 7 29 ,s 17 " 1 13201 230.3 36.4 3.6 0.05 

X25 10 21 10 JI 7 29 IS 17 u 1 23021 234, 9 65. J 6.5 0.05 

140 11 9 11 43 7 29 ts 17 u l 11'1 240.S 2.1 0.3 0.05 
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CLIIIIT, INUOY FOILS PROJICT: RADON FLUX MBASUUMINTS PRo..JICT NO.: 95004.00 

PILI, 12 BATCH: I St1RFACl1 WZT/DRY ~ AIR TBMP MIN: S2°P WU.TH!R: CLEAR, WA.RM, NO RA.IN 
AJllA: TA.ILi DIPLOYMINT~-7 24 '5 UTRIIVAI.1 7 25 95 CHARCOAL B!tG CPM, 154 NIT NT OUT: 180.0 g. 

29 .2 g. PIILD TICHNICIANS: DLC, JD, SS, JM, SC COUNTED BY: DLC DA.TA ENTRY BY: SMC TA.RI WIIGHT: 

COUIITIJIQ IYITZM I.D.: M01/D21, M02/D20 CAL. DUI: 06/17/96 

GP.ID 
LOCATION 

SAMPLE DIPLOY RITRIV ANALYSIS MID-TIMI CNT 

I. D. HR MIN Hl MIN MO DA YR HI MIN (MINI 
GROSS GROSS RADON t LLD 

COUNTS WT IN pCi/mla pCi/m2a pCi/mla COIOIENTS: 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••m••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
lt41 

lt42 

HJ 

ltU 

145 

ICU 

147 

JtU 

l?U 

JCSO 

lt51 

lt52 

lt53 

154 

lt55 

l56 

lt57 

IC58 

159 

l60 

IC61 

JC62 

ICU 

JtU 

l65 

IC66 

1(67 

Jt68 

ltO 

Jt70 

l71 

lt72 

IC7l 

IC74 

IC7S 

l76 

Jt77 

171 

lt7' 

180 

11 11 11 44 7 29 95 

11 1~ 12 12 7 29 9S 

11 16 12 12 7 29 95 

11 18 12 13 7 29 95 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

20 12 13 

22 12 14 

7 29 9S 

7 2' ,s 

24 12 JO 1 ~9 95 

2S 12 35 7 29 95 

27 12 JS 7 29 95 

21 12 31 7 29 95 

)0 12 ll 7 29 9S 

34 12 JO 7 29 95 

37 12 29 7 29 95 

39 12 28 7 29 95 

40 12 28 7 29 95 

42 12 27 7 29 95 

43 12 2• ? 29 95 

44 12 25 7 29 95 

46 12 26 7 29 95 

so 12 25 7 29 95 

Sl 12 24 7 29 95 

17 50 

17 51 

17 53 

17 55 

17 56 

17 56 

17 51 

17 SI 

17 S9 

11 0 

11 2 

18 4 

11 S 

11 6 

11 7 

11 9 

11 11 

11 12 

11 14 

11 1 

U 16 

11 54 12 24 7 29 95 11 16 

11 54 12 24 7 29 95 11 17 

11 54 12 23 7 29 95 11 17 

11 55 12 23 7 29 95 18 18 

11 56 12 21 7 2, 95 11 11 

11 56 12 22 7 29 95 11 19 

11 51 12 45 7 29 95 18 19 

12 2 12 46 7 2, 95 11 20 

12 J 12 48 7 29 95 11 20 

12 5 12 47 7 2, 95 11 21 

12 6 12 46 7 29 ,s 11 21 

12 

12 

12 

12 

12 

12 

12 

12 

7 12 t7 7 l9 95 

I 12 0 

9 13 10 7 29 95 

10 13 11 7 29 95 

l 13 12 7 2, 95 

12 13 13 7 29 95 

12 13 14 ? 29 95 

13 13 15 7 29 95 

11 22 

11 23 

U 23 

11 24 

U 24 

11 25 

11 25 

3 

:z 
3 

1 

2 

1 

1 

1 

1 

3 

l 

3 

2 

2 

1 

2 

3 

1 

2 

l 

1 

1 

1 

1 

1 

l 

l 

1 

l 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1314 237.0 

1631 23'.6 

1404 233. 0 

10Ju · :us.J 
1132 

2014 

3022 

4552 

2414 

1209 

109 

lJSl 

1074 

1191 

l 031 

1002 

1302 

3356 

1041 

1512 

1011 

2151 

10213 

9085 

10931 

52001 

5646 

13145 

4775 

6460 

1511 

3130 

13610 

15402 

50273 

13054 

27H 

7260 

1776 

23] .I 

240.0 

236.6 

226.6 

2l!i.7 

234. 7 

230.6 

235.J 

234. 7 

235.0 

231.2 

235.9 

233.9 

235.1 

2U.1 

239.0 

235.9 

211.1 

236.7 

241.3 

232.1 

2U.O 

244.0 

242.4 

223.8 

223.6 

230.6 

220.9 

240.1 

139.2 

2-,. 2 

237.l 

241.9 

2U.O 

236.1 

227.5 

0.8 

1.1 

0.9 

28.0 

1.1 

5.1 

7.1 

11.9 

fi. l 

0,7 

4,2 

0.8 

1.1 

2.2 

2,4 

1.0 

0.8 

8.9 

1.0 

4.0 

2.6 

7.6 

21.1 

25.0 

J0.2 

145.4 

15.4 

JS.I 

12.1 

17.4 

J.8 

1.2 
37. J 

u.6 

136.7 

35.0 

7.2 

U.4 

4,4 

0.1 

0.2 

0.1 

2.8 

0.1 

0.5 

0.8 

1.2 

0.6 

0.1 

0.4 

0.1 

0.1 

0.2 

0.2 

0.1 

0.1 

0.9 

0.1 

0.4 

0.3 

0.8 

2.8 

2.S 

3.0 

14 .s 
1.S 

3.6 

1.3 

1.7 

0.4 

0.1 

o.os 

O.O!i 

0.05 

o.os 

o.os 

o.os 

o.os 

o.os 

o.os 

o.os 

o.os 

o.os 

o.os 

o.os 

o.os 

o.os 

o.os 

o.os 

o.os 

o.os 

o.os 

o.os 

o.os 

o.os 

o.os 

o.os 

0.05 

o.os 

o.os 

0.05 

0.05 

o.os 

3.7 o.05 

VOID, WIIGHT TOO LOW 
4.2 o.os 

l].7 0.05 

J.5 o.os 

0,7 o.os 

1.9 o.os 

0.4 o.os 
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CLIINT I DIJlGY P'UILS PROJICT1 RADON rI.UX MIAJ:,..,dMDITS PROJICT NO. : 9500t. 00 

PILI: 13 BATCH: K SUJlfACI: WIT/DRY SAND AIR TEMP MIN: 52°P' WIATHIR: CLEAR, WARM, NO RAIS 

AUA: TAILS O!PLOYMZNT,-7 2t 95 RETRIEVAL: 7 25 95 CHARCOAL 8KG CPM: 15t NIT WT Otrr: 180. 0 g. 

FIILD TICIOIICIANS: DLC, JD, ss, JM, SC COONTJD BY: OLC DATA ENTRY IY: SMC TARI: WEIGHT: 29.2 g. 

COONTINO SYSTIM I . 0. · MOl/021, M02/D20 CAL. DUE: 06/17/'6 

GRID SAMPLI DEPLOY RZTRIV ANALYSIS MID-TIMS CNT GROSS GROSS RADON t LLD 

LOCATION I. D. HR MIN HR MIN MO DA YR HR MIN (MIN) COUNTS WT IN ~Ci/112• pCi/112a pCi/m2a COIOIENTS: 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••m•••••••••••••••••••••• 
Kil 12 u 13 16 7 29 95 11 26 1 1538 9 231.2 U.5 t.2 0.05 

K82 12 15 13 17 7 29 95 11 26 1 11421 230.2 30.7 3.1 o.os 
Kil 12 16 l) u 7 29 95 18 28 1 23031 223.2 62.t 6.2 0.05 

KU 12 16 13 19 7 29 95 11 28 l 3016 229.9 1.0 0.1 o.os 
1(85 12 17 13 20 7 29 95 11 29 1 bJH 233. 2 17.0 1.7 0.05 

1(86 12 18 13 21 7 29 95 11 29 1 2t03 239.9 6.1 0.6 0.05 

IC87 12 20 13 31 7 29 95 11 30 1 7509 236.2 U.9 2.0 0.05 

ICU 12 21 13 32 7 29 9S 11 30 1 12993 217 .• lt.l 3.5 o.os 
ICH 12 22 12 .. 7 29 95 11 31 l 3176 2H.6 1.5 0.8 0.05 

uo 12 :13 12 u 7 29 95 11 31 1 2701 23:il.' 7.1 0.7 0.05 

ICU 12 26 13 29 7 29 95 11 32 1 8t64 225.2 2,.0 2., 0.05 

n2 12 27 13 22 7 29 95 11 32 l 0223 235.1 lH.3 13 .• 0.05 

lt93 12 21 13 23 7 29 95 11 33 1 11651 233.7 31.5 3.1 0.05 

ICH 12 29 13 2t 7 29 95 l" Jl l 23U5 233.9 63 .9 , .. 0.05 

l9S 12 30 13 25 7 29 95 11 H 1 :nu 223.1 5.6 0.6 0.05 

1(96 12 ll 13 26 7 29 95 18 H 1 2U56 220.1 67.6 6.1 0.05 

1(97 12 32 13 27 7 29 95 11 36 l 9829 .ao.s 2'.5 2.6 0. cs 

lt98 12 33 13 28 7 ;z, 95 11 36 l ,002 221. 9 10.5 1.1 0.05 

11:99 12 H 13 JO 7 29 95 11 37 1 20306 220.6 55.1 5.5 0.05 

1(100 12 35 12 t5 7 29 95 11 37 1 4756 230.6 1).0 1. 3 0.05 

UOl 12 37 12 •o 7 29 95 18 31 1 1:lllO 22, .• 34 .1 3.t 0.05 

AVERAGE RADON FLUX POil CELL 2 "''ILINQS : 21., pCi/112a 
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CLIIN'l': lllllGY P'UII.S PROJICT : AAOON FLUX MIASUllMIHTS PROJICT NO.: 95004. 00 

Pli.11 12 IATCH: L SURJ'ACI: SOIL AIR TIMP MIN: 55•r 

Al!A: COVll DIPLOYMEJIT: 7 27 95 RITRIEVM.: 7 21 95 CHAJlCOAL HG CPM: 154 

FIILD TECHNICIANS: DLC, JD, SS, JM, SC COUNTID BY: DLC DATA INTRY BY: DLC 

COUNTING SYSTIM I.O.: MOl/021, M02/D20 CALIBRATION DUB: 6/17/96 

SAMPLI DRPLOY RITRIV ANALYSIS MID-TIMI C'NT GROSS GROSS 

NBATHIR: CLL\R, WARM, NO RAIN 

HIT WT OUT: 110. 0 g. 

TAU: QIGHT: 29. 2 g. 

RADON t LLD GRID 

LOCATION I. D. HR MIN HR MIN MO uA YR HR MIN (MIN) COOMTS WT IN pCi/m2• pCi/m2• pCi/m2• COMMENTS: 

···································································································~····················· 
LOl 

L02 

L03 

L04 

LOS 

L06 

Z..07 

LOI 

L09 

LlO 

Lll 

L12 

Lll 

LU 

Ll5 

Ll6 

L17 

Lll 

LU 

L20 

L21 

L22 

L23 

L24 

L25 

L26 

L27 

L21 

L29 

L30 

Lll 

LJ.I 

L33 

L34 

L35 

L36 
LJ7 

L38 

LU 

L40 

16 14 17 

l6 15 17 

16 20 17 

16 20 17 

16 2l 17 

16 22 17 

16 24 17 

16 24 17 

16 25 17 

16 25 17 

16 26 17 

16 26 17 

16 30 17 

I 7 30 95 16 30 

9 7 10 95 16 30 

10 7 30 95 16 31 

1: 7 30 95 16 31 

12 7 30 95 16 32 

13 7 10 95 16 32 

14 7 30 95 16 33 

15 7 30 95 16 33 

16 7 JO 95 16 34 

17 7 30 95 16 34 

18 7 30 q5 16 36 

19 7 30 95 16 36 

20 7 10 95 16 37 

u 
16 

30 17 21 7 30 95 

33 17 22 7 30 95 

16 37 

16 39 

16 39 

16 U 

16 U 

16 U 

u u 
16 H 

16 U 

H U 

16 U 

16 47 

16 47 

16 U 

16 U 

16 U 

16 0 

16 51 

1' 51 

16 54 

16 54 

16 56 

16 56 

16 59 

1' 59 

16 3l 17 

16 35 17 

16 35 17 

16 37 17 

16 37 17 

16 39 17 

16 39 17 

16 4' 17 

16 U 17 

16 U 17 

16 43 17 

16 45 17 

16 45 17 

16 47 17 

16 47 17 

16 49 17 

16 U 17 

23 7 30 95 

24 7 30 95 

25 7 30 95 

26 7 lO 95 

27 7 30 ts 
21 7 30 95 

2' 7 30 95 

30 7 30 9S 

ll 7 30 t5 

32 7 30 95 

33 7 30 95 

34 7 30 95 

35 7 30 95 

36 7 30 95 

37 7 30 95 

31 7 30 95 

19 7 JC 95 

16 

16 

16 

16 

16 

16 

54 17 40 

54 17 U 

56 17 U 

56 17 U 

SI 17 U 

51 17 U 

7 30 ts 
7 JO 95 

7 30 9!5 

7 30 95 

7 30 95 

7 30 H 

17 0 17 46 7 30 95 17 3 

11 o 11 41 1 10 ,s 11 1 

1 

l 

1 

1 

1 

l 

l 

1 

1 

l 

2 

1 

1 

l 

2 

3 

1 

2 

1 

1 

1 

1 

l 

1 

1 

1 

l 

1 

3 

3 

:z 
2 

1 

2 

1 

3 

3 

4 

1 

13113 213.l 

13717 213.2 

62:ll 

1714 

1675 

10103 

2559 

2601 

12710 

2175 

162l 

:1211 

:ZOSS 

1416 

1914 

1244 

3647 

1716 

3462 

6437 

1674 

Ull 

1911 

19111 

10133 

21U 

2715 

20'1 

1011 

1251 

1U8 

1451 

13210 

1124 

3963 

1131 

1121 

212.5 

;us., 
:Zll.5 

,10. 7 

212., 

211. 2 

214. 7 

215.S 

lU.3 

217 .4 

212.S 

214.2 

l12.6 

213.S 

214.1 

llt.9 

214.7 

212.6 

213.5 

lll.4 

lU.2 

215.8 

211.2 

2u.6 

21'.3 

213.6 

21:Z.9 

211.4 

213.5 

:11'.9 

213.5 

21t.8 

217.8 

211.4 

216.6 

215.0 

1056 207.5 

14576 211. I 

23.1 

,4.7 

11. 1 

15.6 

,I. 8 

19.S 

••• 
4.5 

:12. 9 

3.7 

1.2 

3.8 

3.5 

0.6 

1. 5 

0.5 

6.4 

1.4 

,.o 
11.S 

2.1 

1.1 

7.0 

3'.6 

3.9 

11.2 

l.6 

4.7 

3.5 

0.3 

o.s 
1.1 

1.1 

23.t 

0.7 

7.0 

0.4 

o., 
0.2 

26.4 

2.4 

2.5 

1.1 

1.6 

0.3 

1.9 

O.t 

0.4 

2.3 

0.4 

0.1 

o., 
0.3 

0.1 

0.2 

0.0 

0.6 

0.1 

0.6 

1.1 

0.3 

0.8 

0.1 

3.~ 

0.4 1.. 
0.4 

0.5 

0.4 

0.0 

o.o 
0.1 

0.1 

l.4 

0.1 

0.7 

0.0 

0.0 

o.o 
2.6 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0 03 

0.03 

0.03 

0.03 

0 03 

0.03 

:>. 03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

O.Ol 

O.Ol 



Page 2 of 3 

CLl'.IIIT: DIIRGY FUIUI HOJIIC?, RADON PLUX MIASUUNDITS PROJ!C? NO.: tSOOt.00 

PILI: 12 BATCH: L SURPACI: SOIL AIR TIMP MIN: ss•r 
AUA.1 COVU DIPLOYMINT: .. 7 27 95 HTJlIIVAL: 7 21 ts CHARCOAL HG CPM: 15t 

PIILD TECHNICIANS: DLC, JD, SS, JM, SC COUNTED BY: DLC DATA INTRY IY: DLC 

COUNTING SYSTIM I.D.: MC1/D21, MC2/D20 CALIBRATION DUI: 6/17/96 

GllID 

1,,0CATION 

SAMPLE 
I. D. 

~!PLOY RETRIV ANALYSIS MID-TIME CNT 

HR MIN HR MIN MO DA YR HR MIN (MIN) 
GROSS GROSS 

COUNTS WT IN 

RATHER: 

NIT WT OUT: 
TAU WKIGHT: 

CLEAR, WA.RM, NO RAIN 

180.0g. 

29.2 g. 

RADON t LLD 

pC1/m2• pCi/m2• pCi/m2a COMMENTS: 
••••a••••••••••••••••••••••••••m••••a••••••••••••••••••••••••••••••••••••••••••••m•••••~••••••••••••••••••••••••••••••••• 

LU 

L42 

Ul 

LU 

us 
L46 

U1 

LO 

LO 

LSO 

LSl 

L52 

L53 

LSt 

LSS 

L56 

L57 

LSI 

t.s, 
L60 

L61 

L62 

LU 

LU 

LU 

L66 

L'7 

LH 

LU 

L70 

L71 

L72 

L7l 

L7t 

L75 

L76 

L77 

L71 

L7t 

LIO 

17 

17 

18 

18 

18 

11 

18 

18 

18 

18 

2 17 U 

2 17 U 

2 11 21 

3 18 22 

4 18 23 

!> 18 23 

, 18 :a 
7 18 24 

I 18 21 

9 18 25 

18 10 18 26 

11 1111 n 
18 12 18 30 

11 ll 18 31 

11 14 11 32 

11 15 18 33 

11 U 18 H 

11 17 19 16 

1a 11 lt to 

18 1919 U 

18 20 11 40 

18 21 19 U 

11 22 19 42 

11 23 19 43 

18 24 19 U 

11nuu 

11 26 lt U 

11 27 lt 47 

11 2119 U 

11 2t 1t U 

11 JO lt 50 

11 n 1t , 

11 32 lt 2 

11 3319 1 

183419 6 

11 35 lt 1S 

11 36 lt 10 

11 37 1t 21 

11 31 19 20 

11 3t lt 16 

7 30 95 17 5 

7 30 ts 17 5 

7 30 95 17 7 

7 30 ,s 17 7 

7 30 95 17 11 

7 30 95 17 11 

7 30 95 17 lt 

7 30 95 17 14 

7 30 95 17 16 

7 30 ,s 1 · 16 

7 JO 95 

7 JO 95 

7 30 95 

7 JO 95 

7 JO 95 

7 JO 95 

7 30 95 

7 JO 95 

7 JO 95 

7 JO 95 

7 30 95 

7 30 95 

7 30 95 

7 JO 95 

7 30 t5 

7 JO ts 

7 30 ll5 

7 30 9~ 

7 30 95 

7 30 !15 

7 30 ,s 
7 30 95 

7 30 95 

7 JO t5 

7 JO 95 

7 30 t5 

1 30 ts 
7 30 ll5 

7 30 ts 
7 30 95 

17 11 

17 18 

17 20 

17 20 

17 23 

17 23 

17 27 

17 27 

17 30 

17 30 

17 33 

17 33 

17 3t 

17 34 

17 35 

17 35 

17 l7 

17 37 

17 39 

17 40 

17 42 

17 42 

17 45 

17 45 

17 47 

17 47 

17 51 

17 51 

17 55 

1 ·, 55 

2 

2 

3 

4 

1 

3 

3 

3 

t 

l 

1 

.I. 

2 

2 

5 

5 

1 

3 

J 

j 

VOID 

1 

1 

1 

1 

2 

2 

2 

2 

5 

1 

1 

3 

3 

2 

3 

4 

4 

4 

2 

1734 

1276 

1504 

1162 

10242 

1041 

1434 

1671 

1761 

:n1u 
8227 

7426 

1716 

212.1 

213 .5 

212.6 

214.t 

211.3 

215. 3 

21J.3 

214.7 

212. t 

216.5 

215.5 

214.2 

2': .8 

1392 215.1 

1020 214. 3 

1152 :111.3 

3000 216.9 

1026 214.1 

102 213.0 

1425 212.7 

SPILLID CHARCOAL 

14111 

2111 

226' 

16766 

1561 

1361 

1152 

1760 

1231 

10211 

nu 
1026 

1U6 

1210 

1413 

956 

1'12 

1112 

1356 

214.2 

212.5 

215.0 

212. t 
214.t 

215.1 

211.1 

215.0 

210.f. 

213. 7 

216.S 

219.6 

212. 7 

211.5 

214.t 

220.7 

315.6 

223.0 

216.4 

1.3 

o., 
0.6 

0.3 

11. 7 

o.• 
0.6 

0.7 

0.5 

40.2 

15.0 

13 .s 
1.) 

1.0 

0.1 

0.1 

5.3 

0.) 

1.0 

0.6 

26.0 

3.5 

3.1 

29.5 

1.1 

O.t 
0.7 

1.3 

0.2 

17.9 

14.' 
0.3 

0.6 

O.t 
0.6 

0.2 

0.5 

0.2 

1.0 

0.1 

0.1 

0.1 

0.0 

1., 

0.0 

0.1 

0.1 

0.1 

4.0 

1.5 

1." 
0.1 

0.1 

0.0 

0.0 

0.5 

o.o 

0.1 

() .1 

2.6 

0.3 

0.4 

,l.' 
0.1 

0.1 

0.1 

0.1 

0.0 

1.8 

1.s 
0.0 

0.1 

0.1 

0.1 

0.0 

o.o 
o.o 
0.1 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.0] 

0.03 

O.OJ 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 



Page J of J 

CLIDT1 DDOY rt11LI PlOJICT, lAOON PLUI MIASUUMINTS PROJICT NO. : 9500t. 00 

Pil.11 12 IATCH: L SU1lFACI: SOIL AIR TIMP MIN: ss•r WKATHER: CLEAR, WARM, NO RAIN 
ARD, covsa DIPLOYMINT : .J 2 7 95 RITll IV.AL: 7 ll 95 C.'HARCOAL BltO CPM: 15t NET WT OUT: , .. n. o 

Fill.D TICIDIICIANS: DLC, JD, ss, JM, SC COUNTID BY: DLC DATA INTRY BY: OLC TARS WIIGHT· 29 2 g. 

COUJt'l'IIIG SYSTEM I.D.: MOl/021, M02/D20 CALIBRATION DUB: 6/17/96 

GRID SAHi'LB DIPLOY RITRIV ANALYSIS MID-TIMI CNT GROSS GROSS RADON :t LL~ 

LOCATION I. D. HR MIN HR MIN MO DA YR HR MIN !MIN) COUNTS WT IN pCi/m2• pli/m2s pc1,m2• COMMENTS: 

•••••••••••••••••••••••••••••••••••••~•••a••••••••••••••••••••••••••••••••••••••••••••••••m•••••••••••••••••••••••••••••• 
Lil 111 to 20 t 7 30 ts 17 58 l 1061 214. 4 0.4 0.0 0. 03 

L82 11 u 20 ' 7 30 ts 17 58 1 22614 218.1 39.1 4.0 0.03 

Lil 111 42 20 3 7 30 95 11 2 t 1:184 214.4 0.3 0.0 0.03 

LU 18 t3 20 3 7 30 95 18 2 t UH 217 .5 O.t 0.0 0.03 

L85 18 u 20 2 7 30 95 11 6 t 13H 211.4 0.3 0.0 0 03 

L86 18 45 JO 2 7 30 95 l8 6 4 1161 223.7 0.2 0.0 0.03 

L87 18 t6 19 5 7 30 95 18 a 2 1090 220.4 0.7 0.1 0.03 

L88 18 t7 11 53 7 30 95 11 8 1 U77 213.8 7.6 0.8 0.UJ 

LU 18 u lB 52 7 30 95 11 10 2 1051 213.I 0.7 O.l 0.03 

L90 18 0 11 to 7 JO 95 le 10 1 2:n5 219.:1 3.9 O.t 0.03 

L91 18 50 19 0 7 30 95 11 ll J 1071 212.5 O.t 0.0 0.03 

L92 18 51 18 58 7 30 95 11 13 3 12S4 213. l 0.5 0.0 0 ')) 

LU 18 52 11 u 7 JO 95 18 16 t 105.1 213.2 0.2 0.0 O.OJ 

LH 18 53 11 u 7 JO 95 11 16 1 5169 21S.3 t.5 1. 0 0.03 

L9S 18 St 19 25 7 30 95 11 17 2 11:io ll.il ., 0.7 0.1 0.03 

L96 11 55 19 2t 7 JO ts 11 17 1 2305 :no. 1 4.0 0.4 0.03 

U7 11 56 19 :16 7 JO 95 18 11 1 1003 208.5 1.6 0.2 0.03 

LH 18 57 19 27 7 30 95 18 18 1 1023 210.4 1.6 0.2 0.03 

L99 18 58 19 S6 7 JO 95 11 19 1 1100 :no. J 1.7 0.2 0.0J 

LlOO 18 59 18 ts 7 30 95 11 19 1 1060 21:l.1 1.7 o. :i 0.03 

AVERAGE RADON FLUX FOR CELL 2 COVER: 6.1 pCi/m2• 



Pagel of 1 

CLIINT, IIIIRGY rtJ'ILS PR~CT· RADON FLUX MIASURJ:MBNTS PROJECT NO. 1 95004. 00 

PILI, 3 • 3· IATCH, K,J,H,L SURFACI: ALL AIR TEMP MIN: 52°F NSATHBR: CLll!,\Jl, WARM, NO RAIN 
MBA, ALL DIPLOYMENT: VMlI':::S RITRIIVAL: VARIES CHARCOAL BIG CPM. 154 NIT WT OUT: 180.0 g. 

PIILD TICHJfICIANS: DLC, JD COUNTED BY: DLC DATA ENTRY BY: OLC TARI WEIGHT: 29. 2 g. 

COUNTING SYSTIM I .D. : M01/D21, M02/020 CAL. DUE, 6/17/96 

GIUO SAMPLI DEPLOY RETRIV ANALYSIS MIO-TIM! orr GROSS GROSS RADON :t LLD 

LOCATION I. o. HR MIN HR MIN MO DA YR HR MIN (MINI COUNTS WT IN pCi/1121 pCi/m21 pt:i/m21 COMMENTS: 

••••••••••••••••••••••••••••••••••••••••••••••••••••a•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••~•••n• 
lrBOl 9 25 10 0 7 29 95 6 10 7 1117 211. 2 0.02 0.00 0.05 

1'802 9 28 10 :a 7 l9 95 6 10 6 1034 313.0 o.os 0.01 0.05 

ICPB03 9 3l 10 3 7 29 95 6 20 11 2103 213 .J 0.01 o.oo 0.05 

lr:1804 9 54 10 l 7 29 95 6 20 lCJ llU 211. 7 0.03 o.oo o.os 
KFB05 10 0 10 3 7 29 95 6 31 7 ll05 213. 7 0.01 0.00 0.05 

JPBOl 10 ll 12 20 ., 29 95 6 31 7 1207 209.1 o. 04 o.oo 0. 04 

JFB02 11 1 l2 lCJ 7 29 95 6 35 CJ 1504 Hl.O 0.03 0.00 0.04 

JFB03 11 l,; 12 14 7 29 95 6 )5 CJ 1530 213 .1 0.04 o.oo 0. 04 

JP'804 12 33 12 40 7 29 95 6 40 15 2555 212.0 0.04 o.oo 0.04 

JF805 13 2 13 20 7 29 95 6 40 15 2615 212.2 0.05 o.oo 0.04 

HP'SOl u 17 15 25 7 29 95 11 50 20 3540 196. 4 0.04 o.oo 0.03 

HP'B02 13 l, 15 51 7 29 95 18 so 20 353!1 205.4 0.04 o.oo 0.03 

HFB03 14 3J 15 SI 7 29 95 lCJ 10 6 1038 210.0 0.04 o.oo 0. 03 

HFB04 17 0 17 45 7 29 95 lCJ 10 5 1021 211.0 0.10 0.01 0.C3 

HFB05 17 20 17 34 7 29 95 lCJ 15 7 llU 211.8 0.02 o.oo 0.03 

LP'BOl 15 26 18 4 7 29 95 19 15 6 UOl 210 6 0.07 0.01 0.03 

LF802 15 52 11 7 7 29 95 19 20 7 1246 209.7 0.04 0.00 0.03 

LFIOJ 16 0 11 9 7 29 95 lCJ 20 7 lU9 211.5 0.01 0.01 0.03 

LFB04 17 25 11 10 7 :u 95 19 25 7 1113 210.2 0.02 o.oo 0.03 

LP805 17 45 11 12 7 29 95 19 25 7 1211 210.2 0.03 o.oo 0.03 

AVIRAGI BLAHJC CANISTER ANALYSIS USl7LT: 0.04 pCi/m21 



A P P E N D I X D 

Field Data Sheets 



TEI.I.CO ENVIRONMENTAi. 

l..al ,Lux• ,11LO OAJA SIIIT 

CLIPT:ue-'"~•,~·H"bNOJICT: NE!> tt-AP,,- IC,0)5' 

PIL(: .!, AHA: Co v~,,... 

MJCI: H Ill CPI: ,u,nur OUT:.!.i2.t. 
YICIIIICIMI: Pfl ,.JP 1 ~, JA'I, ~c.. 
CMTIN SYIJU I. 0.: ~01 p-i..l ! M01 I p-:zo 
(A-,.-ltc{ 91' ~ y U!.... . 

•ID IMILt DEJLOY"!IT lt~HYAL 
lOCAJJOI I, 0. TUii TIIII 

NOJICf IO.: q 5004. 00 SHEU \ Of ' --
IUIIIACI: ~ : I 1111. a11 n111 ouauc w,u ,u100: 5"5"'1p 
DIPLOYNUJ DAU: 7ti..tfr,.,' IURUYA&. DAU: 1(-z 7 I'(?° 

CM.lWTIOI DUI: ',,,/17}4 f: TAil WU"'J:2:.2..Jf. 

ANALYSIS AIAI.YIIS COUIIJ 
DATE JJIII NIN, 

uoss 
COUNTS 

't>l'-

IUCHT 
II 

COlfflEIJS: 

··::11···11:•1•:::••:•••:•••••••:1:••••••••••••:·····::•::•:•:······:1:11::•••:•••:•••::z•••••:••:·····1························ •· ... • • ··: ... -.:i·o-; : "i&\gf; ·5:· · : ·1hoM: 10-io:+ ...... : ·;;:, i. ·:·;;,.~1 .................. .. 
t ~ I • I • I I t8"2.() I I I )4 f$ ''tO(a,7 

-------· I I I I - I I - I i •-------_______ : IJ:57 : • : : ,,..2.) l ) : 1778 :~.,o: ______ _ 
I t:fp4 ~: .' : I 0'1} : 3 .: t 3, :f :~: _______ : MD5 ' : . I -1E.!..: 1 : lV>} :«'I})::: ______ _ 

_______ :, HOk =t{J'O : ' : ~±: tj?l«fo :2os4-: ______ _ 
_______ : HQ:2 I : ' : f9'17 : 1401,, !'21z.7: ______ _ 

: rt;ol ~ ·~: : ,e-z, : · t4"78 l700·!f _______ : HO' . ! : 'e,'lJ ' 2,~13 :2.JJ.M ______ _ 
_______ : rtto · • : ,e7 s 2.. 14M :~: ______ _ 
_______ : rl 1/ 1 ' : ,~o ::Z, l~oc:~-------
_______ : H 11. : 1; ,;:is : ,4jp. 3 11,0 :"ln.·"l..: ______ _ 

: tt •l : · i: : -.J.tW;.: :4: ,:z 1<:: :~: 
.d.1l: :~·· .' l ~± l''" !"l.47 : ------- n•s' : : ~ : cl?i: '7 k" :211·?: ______ _ 

------- fr,fe : · : : tD.114 ,,:e~:;&t:t: ______ _ 
------- rl'Z :#. 0: : I 1&i1..:...L_ ll"L.O l'I.U·§: ______ _ 

,t1S : · :~: ,•.-1~:---a::-. ,.,," l~-------
tt:U3 ! :;;\5 :~: , &441": .3 I 1~8b l~-------
tf"l.CJ :~: .:>:'IC: ;:43: ' : -z. J,s'_: ~,.,,. ______ _ 
tf'l..l :~: ,2:';;\3 : I s: f : 14ft O :L'l1 +: ______ _ 
1:f '%1. :~. :~·~ I :~ I 10:r7 :~·t: 
...t.1.) I I I '4 I I~/ t \ 'l')'f 8 I~, I 

------- --~----· I ' I I I . I •--------1:tJ.!-:~. : ;> ~ ';\ I l , M : I tc., 4 0 l t.13 •-------
-------1 dlS: : t: :~l : ,ip~ 3 1''2 •§ :~o..,.,s-: ______ _ 
________ : ttit _: ','-\0 '~: ~: 4 .~ ~ {.. p41."-1 _______ _ 

: rl11 ~~:4 : ~: 4 1i1,..,_ :·i,5-"1: _______ : H·2.f . I : : t' :io; J ~,, ,, ,J cCc. -------·WWW rf'2-1 ~ ~ : ,pe J. ,?'40 :~•7'2.: ______ _ 
.ttJO ~ • I 1 ~I J 1-z.40 :1 c:t,1.: ______ _ 

---·--- iK ~· · : :::; i ~1tbt ~·~~ 
;1.n ~ : i 'IZI L «es C k,~.t: ______ _ 
rt Jf I '. : ~ : Ul:tl I I ("'2.' l'ZW·I : ______ _ 
tf '3-s' l .'00 : .• a.. : ·~:;-z.: I ,.,c,,o :~-------
rtlf, :=ii• o : : : 3!:!:...: ' , • 95 fi :~: 

------- __ "Tl ...... 3 .... 7_: .' :~: '".;;): r 21c.e,o :~: ______ _ 
_ w3t1 : ~o, :~· : ,013 : 2 "'°~ :;i,,4,t: ______ _ 

------- rt M __ : c:O.·,o : ~ : ,,-s-.4: 1 1411 :"'''1-, : ______ _ 
t,IJfC, '#' I ''5 I 1'&~+-11 I 'I 7"J#-

12/<f''-------
------- I ' I ' I I _I -------3E: , l : tS ~: ~ 11 1' :'2.•7.J: :ff. :ii: -rr,;-,

1

1 ,:, 11 9 I :~: ______ _ 
I • I ' I ~ ~ ,4n•m1 
I I I I I_,. =-·~·----·---tt'i ::a: : : : : 1400: .> "1:2 :..-rT-» : ______ _ 



• 

TEl.L&O ENVIRONMENTAL 

IADIIII fl.VI• fllLO DATA IIIIT 

cuu,: §:e:;y1it1 Lftoncr: IVbUAP',-"'!z NOJler IO.: 4,t.:04.co SNHT 2 Of 3 --
,ru: 3 UU: C f)V~ -t' sua,ae,: --~i I NIN. All ''"' OIIIH SAll,u PUIOO: 5'54F 
IATCI: H Ill C'":!a,_IIUIJIT OUT:..Lae.J. OIPLOYNllJ OAH: zlveti'7" IETlUYAL DAU: 7/z7/,:;: 

can~ SYITEll 1. i.CltUl 1 @z.Zoz.o CAUIUTION DUE: ftJ/t1(11e 
TICIIICIMI: ;p~ t> ~ ~ ~, 

'4)~~d &yr D 
IIID IAIIILI DIPLOYNINT 1£Tll(VAL ANALYSIS AIALYIIS COUNT 

LOCAn• I. o. m,, ,,, llltlfJ\ DATE TIIII 1111. 

fl 

IIOSI 
COUIIJS 

MtrUT 
II 

TAal IIEl,Hf:'2.":',?;;t. 

COMMENTS: 



.. 
TEI.LCO ENV/RONMENTtll. 

1aoG11 rLUX • FllLO OAJA St1ElT 

e&.UIT: fM:>\/~~iJrcr: NC.'5 U Ar;-,q,.,- ,ac ·er 10.: ~,ood.oo SNUT2- o,L 

'IU: 3 MU: . 6:J1.1-#v IUIFAC£: So; I 1111. All JW DUl11C SM,U ,EllOO: ':>5"f 
UTCI: H HS CPll:~IIUCHT OUT:~. DOLOYNEH NH: ffl~.P.rc- IURl[YAL OATl: J'2s;tl.,_p 

CMTIN SYIHII i.o.C oJo'L .~ M.t>'2./DZO CAUIUUOII DUE: c.,/11/1i JAi[ IICIGHT:~. 
IICIIICIMI: 'P~ll ~S JM 54 ,.. /•7;<,,,J' 

~~" By~ . 
UID IAIIIU D[PLOYIIEIT IETIHYAL ANALYSIS MALYIII COUIT 

LOCATIOI I. O. TINE UNE NH TJIIE NII. 

-

uoss 
couns 

•ue11, 
II 

COMUJS: 



.. 
TELLCO ENVIRONMENTAL 

lalGI FLUX• fllLD DATA SIEET 

CLHH: Ere,t~•IOUCT: N e$fllflj- 1'4)$' NOUCT 10.: 9'5004.c;,o 

PILI: ~ AHA: - 'rDt ·,Ii ~~ s IUIIFACE: Sp .. J~ NII. All n• OUIIJIIC SAN,u ,ruoo: -s-e°F 
UTCI: l 1,a C'91:l2t,_IIUCHT OUT:/\;¥? t, DlPLOYNHT OAU:' 7hs-k-, IETIIEVAL OATt:J/.?~;§'s-
TECUICIAIII: '!;)-€4 ,JD ~ ~~:,~ • 
CGUITII. IYITElt Lk 4 ;n /rl.f'l/Q-u, CAUIUUOI DUE: ~/17/4c, TAH lltlCHT:~. 2..9. 
~'H'J.~ ~ I?'*' . V « 

IUD IMIU D0LOY1tl1T lfTIIEVAL ANALYSIS MALYIIS COUii UOSS lfl&NT 
111 

COMUTS: 
LOCATIGI I. 0. Tlltl UNI DATE TIIII 1111. COUNTS 

111••11••:1:·····1·······························:·:·1:1···:·····:···:··111:·:":•:1·····::••:•::······:1·······:···········:···· 
: 1hol~~ .. .. ........... ~·o·;• .. m··;6~ .. : .. \a .·\'4 ........ .. : io I "L • :±• ... i. '~ ~qz·:·i~tai ... ............. .. 

) QJ "\°\ •t)O : f;} :1':f_ -Zot-z_ I : ?..l'foJ_:2z, t$l ______ _ 
JO} 11 ·.~ :B 1oq ·l t : ,@r:-z~,."7: 

I 
I 

J 04, \ l 'c:8 : 2:0(3 : I : ~ 5o~ :;1-,,j : ______ _ 
J os-0 \iii : ' ;io14 : ' ' ~I 1 :Z: :214.7 : ______ _ 
>ow _, u i\l : ' z o, 4:: ' i1 o "' :1, ,., : ______ _ 

,l e Z tJ UR a 2 0 
''- • 3, -z :>:t4 :1'2.2~: JQfi 11;11.. ! '2..0tk ' "7>')8 :1t&;$Y _____ _ 

Jo, \\av :l.O '"12 I 14;4~1 :"l.1e-'l!------I 

;,l fO )ljlJ '. 7:°IJ I ':3£20 lf!Iil-------
.J 11 "'':: ~ :zoo} , ,:f6tfe,: . : ______ _ 
J f1h:!l ~ 'Z.Ct!a 1 ~" I · : .JIJ \\:?,,)).. ,3 ~a., 1.o\1 , ~ :t.•ei+ 1 ______ _ 

I 
I 

J ,i u;a, a:A ..,. 0 ,, -1.__ l'2. :'1,,.2.. : _____ _ 
111 . • . 1~ 1 1,--r- M :~fh·Pl ______ _ 

D l f k D I 2.e:J ' : f '°S~~ : "&.QO, ~: ______ _ 

J 17 : ti J .:n., l I , 1Jc;L o r~ •tt:'): I 
J, 'B : ' ~g"t:>: r 11 1:,;t :1.,s3 : ______ _ I 

I .1,q ~ ' "2->l4: I iZ%72' :20;1}: ______ _ 
•- Jz.o \: :-~ 3:%t: , ~,04; :-z~;,: 

I 
I 
I 

_______ : Jl.J : !~ 'ltn,: ' 79'~ l7 .,: ______ _ 
_______ : J ,z. u ; a.u : · ;t) ·,Jn '-':± •"2 , i4 :11,-1 : ______ _ 

I 
I 
I 
I 

_______ : JJ3 l\: lf'1.l f,!}:.)Q -io-,s: i.1 t't8 :z·n:,: ______ _ 
: J ':\ ~: Ji)~.9\ -z c:n.'5: , -z..4')= : zz.,.e,: ______ _ 

I 

• I I 
I 

:::::::::-_-_-_-: J2~ ~:~~ '2..toQ: ' 14'-?~_rlJQ:wl 
• J1., :a· : l°?) 2..,00: , "21&4, :1c,.7: ______ _ 
I J'7,,1 I ' \ 1.n,11 l~'fJJDl.,-,-z~l ------------· . ··- ·~·-------

I 
I 
I 
I 
I 
I 
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TEl.L&O ENVIRONMENT.ti. 

IADGI fLUX • fllLO DATA INEET 

C&.IPT:frt:?v ~~JICT: NES ~ - 1 ~NOJICT 10.: q~o4.oo SIIIET~ o,.3 
. . ,e 

,ru: ·'L.. °3 AIU: - ;-" ", li ""'!)5' IUlfACI: 5Rt11.lv NII. All TEIIP MINI SANPU ,ulot"~'£ 
IATCI: .J Ill CPII: I S4.MUCIIT OUT: r eo_.. 0£PLOYNUT DATE: },/r.5t1'$" IUIIEYAL DAU~ 7/:?fb3"" 
TICIIICIAll: .................. --r.P'!2"'~----~ ....... i-"!!'..,..~~---------------------
CJM ii" SYIHI I. D. :l':@ I Jp;r.. I I id 02;/ D t O CALIIIATIOII OUI: " / c 7 / 'I 'e 
~diL' ~-

UID 'I ' IAIIPU D[PLOYNIIT 1£T11£VAL ANALYSIS MALYIJS COUil CIOSS •nu, CONNHTS: 
LOCATI• I. D. 11111 TUii DATE nu NII. curs II 

------

.. 



.. 
Til.l.&O ENVIRONMENTAL 

l..al FLUX• FIILO DAJA IIIEJ 

cuu,:~fw.e1•,aonc1: ~E.SHAf"r '"45 11onc, 10.: 9,ooA..a:> SNHT :3 Of .3 --
,1u:. 3 MU: - -t'c,,i l"c~~ SUIFACE: So,1,,J~ NII. All TW DUIINC SA11,u PEAIOO: SS0

r 
UTCI: J ....,. HC CPN:,,1Sf~UCNT iu. . Dt,LOYNHT OATl:ef/,t.') IETIUVAL DATE:;z/7 f:/q'f 
TECUICIMI: fl( , ..> ~:.,~ J 1 e.. - • 
COUIITIII IYITEI I. O.:l]pz.j M ,c:t62.1DzD CAUWHOI DUI: a, /17 /t:11t? TM£ IEJCIIJ:!1.!:.J. 

' 
UID 

LICAJIOI 
IMIU 
I. D, 

OIPI.OYNUT lfTll[YAL 
TINI TIit 

MIALYSIS MIALYIIS 
DATE TINE 

COUIT 
Ill, 

UOSI 
wrs 

lfICIIT 
II 

COMUTS: 
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• 

TEl,I.CO ENV/1lONMENTi4L 

l..al rLUX • rllLO DAJA 111£11 

CL1£t1T: k~ J;..(!'l,loncr:_LJ!_t_k._,,f ... i __ _ 

,nr: '2,. AHA: :J:11 ·. (\ "':2, 
UTCI: K IH en: I s4idGNT OUT: 1 SO 1. 
TECUICIMI: iSt( I J ~ ~ ~Ji\ I *'= 
COUITIN IYSTOI I. D.:: M'o1i['2.t 1 ™ZPl·k 

1110 
LOCATJII 

_' _____ _ 

SAIIPU 
I. 0. 

I ______ , .................... _ 

.. 

D[PLOYNEIT 1£Tll£YAL 
TIii[ TIii[ 

,aonc, 10.: ~ wo4. 00 SHlET / Of~ --
MfACE: '5-.~ ~y 1111. All TW DUAIH SAt1,LE 'EIIOO: ,;,•F 
OEPLOYIIOT DATE{iJi:ti,,- IETIIEVAL DAU: 7/7 .;/q ;-

CALIWUII DUI: u,L ,., /q I, TAIE IIEISIIJ: '"}•. 

ANALYSIS AIALYSIS CGUIT 
DATE JJIE Ill. 

uoss 
COIIJS 

•EHNT 
II 

~llfl[NTS: 



• 
7El.L&O EN'l/11.0NMENTAL 

fLUI • flllJ DATA SMEET 
f'UU. 

.Hll: !M17' ~lCI: "'E.5 N~ ,, • ''l-t) 
' ") ""-·(' ' 

q$()04.00 NOJICT IO.: ____ _ SMEil 2 Of 3 --
. ILi: '- MU: ' ~ 1 

• :0 SUIUCt: S.- t1 J ~ Ill. All TEU DUUIC SAIIPLE ,0100:..£1.:.f-
,TCI: l£ Ill CM: tsl 11t1UT OUT: l'e01. DOLDYNUT NH: 1 '1.4t,-i"" UTIUYAL DATE: 7/i;iffs-

r ~CUICIMI: t,,tl e J '2 !6 "fl*~ '7 
. TIN m,111. 1.: 'i10 i f MP12J>10 cauwn• DUI: "''' "k I 

TAIE IIUUT: z,:-a.,. 
IIID 

LOCATI• 
IMPU 
I, I. 

DOLDYIIUT HTIHYAL 
TIii£ 11111 

ANALYSIS AIIALYIII 
NTE nu 

COUii 
Ill. 

HIUT 
II 

COMEITS: 

111111:1:11:::11:::11:::::::::::::::::::::::::::::::1:1::1::::::::::11:1111:1111:::11::11:::::11::::::1:::::::::::::::::::::::: 
______ .: ,4~ :..u;io :~:.,/:ic,ezs:«7$'" l 1... l 1(3'1.- I 23:i-~-------
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------ !':fl :it ":3,5 :_ : ,.,50 ' : ~S'"Z. l"l2t.-k ______ _ ae.., : · ,z:35 :.... _: ,7s:, , : u,t : ,,,"),: ______ _ 

1£ S° : . 1,2 :.!) :~ : ( eoo 3 '"2°' : t. "'34-~-------E: s: t I \\ :~ 12:31 L t--: l§O"l. , ,,_,, :~: ______ _ 

f:'Sl :1it ii' r-9, I 604 .3 · ~)~':) l-231::3: 
t"-S3 I ·. : ~o "2. lb74- :m. ______ _ 
f5~ I . I I O 'L t9'tS :™'-------
'46"'.5 : ll:=~ :..rn ' 0 ,o,, :mt ______ _ 
t=~l lwH:~i :~ 10'1 "2- fOO"J. 1~-------

g?g ,,i~ :!·t 7 ;~;~ i~~1i 6 "li'j ' :~ I I 2 IO 48 :l.!L.J.: ______ _ 
IE s,o · : 12:a, ' J I tt,: 1>1.v: ______ _ 
I':: !t J ' : .J.2.!.a ....1J?!.!. I o C/ : 'u;, : ______ _ 
t£ "1. . :...lZ.!J!:L ...J..!.!k I 2 I i8 :.!J..!J: ______ _ 
k- '21 ii:& '"'? , •OJ•l :rn:_ 
t': It 4 . : I ~7 I ' 0 tr: :ml.: "'" s:: . , . , , se JI : -11.ti: ______ _ 
~~" : • : ' 1 11 ,209 I :~: ______ _ 
"-""1 : h ;.:v :~ '1)12 s,c,.f.{, :~: 
t'-"9 :~:~ ,o,, t"'l•is: l'147~-------
t,(.'91 :~:~ lf,~0 , I 477S :~:-

-• J(.-,o :ff:~ , S~ l I -• Jc:f \»P :~: ______ _ 
______ : t<.] t : ~ : J.:>~'t2 •V:t: I : ' 5 ,,_: l 3o.!tir ______ _ 
______ : if:21 :~: l.2!'fy lf-?:t.: ( : 11,30 p.20,: ______ _ 

_______ :___t.2J....:~:~ ...lJ!!.: , : 1"3yr0 :~: u.------: t<'?f : >;>;ot :~ ~: , : "2.,0~ :~: y"iJ .,.,<»tct,e--4'~ I 
______ : t'-.7$' : t!>j{S : 3'. /&2.J: : I 5 40. l"a."M.3: ______ _ 
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______ : ~'6 1 : 1:1,·i;i : , ,,y.: ts3~..2 :1 1 ~::Y. ______ _ 
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: ,z 64 :ii.' : 13.19 1fl2.J ' ~09b :'2~.,: 
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TEI.LCO ENV/'RONMENT.tL 

IAOIII FLUX• flELO DATA SltlT 

CLUIT: Pt•1t futl;'toacT: N' !a~"'~. ,-,o, S NOJECT 10.: 9 S-OO,f..00 SIIUT-2... orL 
PIU: "2.. AHA: - 76l ~ '; "O .s sua,.c,: Son~ 1111. All TW DUIIH SAIIPlE P[llOO: G'2 .F 
UICI: g HC cn:L-54- WEIGHT OUT:.l.!2J. DEPLOYnu, OAU: 2.4 f95 IUIIEVAl DATE: J./.7&-85 
TICIIJCIMI: D~, .J D,a1: Jrs:_ ,!c.. 
CMTJN IYITPI 1. o.:tJI I I a M0'2./p29 CAUHATIOI DUE: "f,7 /.:,,- TAil IIU5MJ:"'l'f·~,. 

•JD 
LICAIIGI 

IWU 
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DfPLOYNEIT ltTIJ(VAl 
TIN£ TINE 

AIIALYSJI AIALYIIS 
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COUil 
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UOSI 
curs 

lfUCNT 
II 

COMUfS: 
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TELLCO EN'I/TlONMEIIT.tl. 

UICI n.ux • flllJ NTI •HT 
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• 

7ELL&O ENVIRONMENTAi. 

1..a1 rLUX • fJILO DATA SIIIET 

CLIUT: P.,~1 fi,,t,. NCUECT: 
• SHEU 3 Of ..3 --

PILE: 2- MU: C.c-.., 4 ,' SUlfACE: ~d, I 1111. All TUii DUIIIII SA11'1.E PUIOO: S!,.....,f 
DIPLGYNOT OAT[: 7/~-,/9-S- IEHICVAL NTE: 7/z.p/q i IATCI: '- HI CPI: IS4 WUGNT OUT: 100 a. 

TICUJCIAIIS: PH , .J 'D. s.,. 4 Mt Ste, 
CGUITJN,_lllTPI I. D.: M010ID1: I 4 MOZ.. I PbP CALHUTIGII DUE: ll /, 7 / 'f/i,; 
~~wJ 1y: ~ . 

IIID IAIIPLE OEPLOYNllT IETIIEVAl ANALYSIS ANALYSIS 

TAIi ll[IGNT: 'UJ·;. 

COMHTS: 
LICATIGI I. D. TINE TIIIE DATE TJIIE 

COUIT 
NII. -· CGUITS 

IEICNT 
IN 

::1:1::::::::::::::::::::::::::::::::::::::::::::::1::::::::::::::::::::z::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
L-8, : : (p!Sa.. :1/~o/4~111!_!? _ _:.,.2=_: 10 s e : -i,1.~------
L°>o ' ' t: 'YO ~·+· 7""21&;, ,z.,4.-i ... ----------•-""'----' -- -- I I - _,_...,., ______ _ 

L,J ~ t81;l : l lOJ f :~:-------/AZ ' ~ ,,,.., :I: ,1. S4 :llU: ______ _ 
'-"'.3 ~ ,.,,,, :..£-: ,o~ :lU.ld ______ _ 
h ;l .J&.:.!iL ~.!!.~ . .J t : r ' "1 rz.•~-~ : ______ _ 
,'!'S' ~· "Z-. I lt-z_O l"ZJZ,.C,1 -- -mii!----·-· ·-·-------k'" ....L!.U.: j : 'Z.;10~ :7-10.,: ______ _ 

L 'f1 ~:_L: fOf/12 :~-------
&. 

49jJ lietfi:-1....: t&>'l.~ :~-------J,...#J' ,-e>,9: : , 100 :~: ____ .. __ _ 

1.-,00 ,e,,: , : . o"o :..!.!!.!.: ______ _ 
I I I I 

------- ----- ----- ---- ---- ----• a •-•-------• I I I ------- ----- ----- ---- ---- ----:-: :-:-------------- ----- ----- ---- ---- ----·-· ·-·-------' I I I ------- ----- ----- -------- ----: : :-:-------______ _. _____ ----- ---- ---- ----·-· ·-·-------
' I I I ------- ----- --------- ---- ----·-· ·-·-------' I I I ------------ -----·- ---- ----·-· ·-·-------' I I I I I 

------- ----- ______ , I I I •-•-------
1 I I I I I _______ , _____ -----• I •--• 1-•-------
I I I I I I 

------- ----- -----• I 1-1 ,_, _____ ....,.,__ 
I I I I I I ------------ _____ ,I I I I ,_, ______ _ 

I I I I I I 
------- ----- -----• I 1-1 ,_, ______ _ 

I I I I I I 
------- _____ ,, ____ , 1- I •-•-------

1 I I I I I 

------- -----• I I ·-·-------1 I I I I 

------- -----• I I •-•-------1 I I I I 

------ -----· I I ·-·-------1 I I I I ------- ·-· ·-·-------' I I ------- ----- ----- -------- ----· ·-·-------• I I ---------- ------- ------- _ ...... ______ ----- _____ .. --------·----·-----------
' I ------- ----- --------- ----- -----------:-:--------------- ----- ----- ----- ---- ----- --- ------: :--------------------- ----- -------- ------- ----:-:------------------- ----- ---- ---- ---- -------·-·-------' I -----·------------------------------------· ·--------' I ------- ----- ----- ---- ---- ----- ----·-·-------' I I ------- ----- ------------- ---- ---· ·-·-------' I I ------- ___ _, __ , ____ ---- ---- ------·----·-·-------

• I I I I 

------- -----• I -• •-•-------1 I I I I I I 

------- -----·----·----·---- ----·-· I ·-------1 I I I I I I ------ -----·----·----·---- ----·-· ·-·-------• I I I I I I ------ -----·----·----·----·---'-' ·-·-------' I I I I I I I 

-------- -----·----· I ·---·-· ·-·-------.. 



Til.LCO ENVIRONMENTAL 

IAICII rLUX • rIELO DATA SIIEET 

CUIIT:~,1 ~;,,aoncr: ~ ESHAPs- '"q'5 NOJlCT 10.: o,,oo4 ,oo SHUT / OF 4-- -
'IU: 3 AHA: <.c- V~t- SUIFAC(: s ... ~ f 1111. All TW DUAINC SAIIPU P£1lIOO: c;e:. ~ 
IAYCII: \:f HC CPll:.!.2.t..WUGHT OUT: 1Y.01. OOLOYIIEIT OAH: 7ef,t,~ IETIICVAL DAU: 7/:~7/qT 
HCUJCIMI: pu , 4 o, ~s. :l M, s ~ 
COUITJN IYlfU I. D.: Mo/ IQ 2. J d M o""t./ t;)·z S? CAUWUOI OUE: ~~/, 7 /gfi: TM[ WEICHT: ='-'I ·:19. 
~"~fDtL-

0 

IIID IAIIPLE 0£PLOYNEIT lETRJEVAL ANALYSIS AIIALYIJS COIIIT 
LOCUIGI I. D. TINE TINE DATE TJIIE Ill. 

uass 
COUNT$ 

IEIGHT 
II 

COffflflTS: 

11::•:1•::··············:·····························:·1:··········:1•:1::···::················································ . . .............. ~g~····w.~·····i¥ : 7,Mii~ tt·· 1 ·~"T··~·~~ri~~~~---················· 
ti I\# ~j~ .:)::l5 : : -' : &14~ :~:-------

1;/ • ., t;:m 4:M :~:-r: IS~( :.1J.L:2: ______ _ 
ltl:::} 1:97 :l~j,5 :~:..L: \"'lc-,7.. :~-------
r+ 4 0 c:) • 11 _1 ~ : I 't A::z: l : '3 v I 5' l !.t.f.'1: ______ _ 

•.t A,\ ~·.·:: 1··,:: : , ,tr, l-L..: \3'"3 "Z- :1'...l.l: tt, 53 1"J4f, I 3 I · l"J.~CJ l'1.f 5'.s-: _______ _ 
lL !e4 1, 5: t : 4 : 1 ~;, 7 :..2.!.!1: _______ _ 
H!t.S" ~-1 • 4: 1 !.;n- :zei-~ 
t,1§ ~st, i-L...: 40l,·7 :J-L!.i:::::::::::::::: 

I I I I ------- ----- ----- ----1 I ,_, _______ _ 
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energy fuels nuclear, inc. 
p.o. box 787 • blanaing. utah IMS 1 1 

February 26, 1996 

Mr. Joseph Holonich 
Branch Chief 
U. s. Nuclear Regulatory Commission 
High Leval Waste and Uranium Recovery Projects Branch 
Division of Waata Management, NMSS (T7 J9) 
11555 Rockville Pike 
Rockville, MD 20852-2738 

Re: Bnergy J'Uel• HUclear, Inc. 
SOA-13581 Docket Ho. 40-8681 
semi-Annual Bffluant Report 

Dear Mr. Holonich: 

Attached is the Semi-Annual Effluent Report for the 
period of July 1, 1995 through December 31, 1995. 

If you or your staff have any questions regarding 
the effluent report, please contact me. 

Sincerely yours, 

M,qf-?ffe • R wI1i.anl N. Deal 
Plant Manager 

xc: Linda Howell, Branch chief, Fuels cycle 
Decomissioning Branch 
Bill Sinclair, State of Utah, Division of 
Radiation control 
Harold Roberts 
Michelle Rehmann 
Central File 



2. stack saapling 
White Mesa Mill started up mill op~_jtions on 
August 1, 1995 with the grinding of ore at 
the SAG Mill. Feed to the north yellowcake 
dryer began on September 8, 1995. Feed to the 
south yellowcake dryer began on November 9, 
1995 due to refractory work with the south 
dryer center column and hearths. Because both 
dryers were not running simultaneously until 
November 1995, stack sampling was not 
conducted until December 10 through December 
JO, 1995 during the fourth quarter of 1995. 
Fourth quarter 1995 samples include the 
semi-annual Grizzly stack, the semi-annual 
Demister stack, and the quarterly north and 
south yellowcake dryers. First quarter 1996 
stack sampling was conducted during January 
27 thrr .gh February 3, 1996. First quarter 
1996 samples include the baghouse stack, 
north yellowcake dryer stack, and the south 
yellowcake dryer stack. Fourth quarter 1995 
stack sampling results are listed in Table 
24. The stack sampling was conducted by Mr. 
Don Smith. First quarter 1996 results will be 
reported in the January 1 through June 30, 
1996 effluent report. 

3. 1nvironm1nta1, Radiologiqal, and 1rr1u1nt 
Monitoring Data 

3.1. Environmental Radon 
Environmental radon concentrations are 
determined by Trak Etch detectors furnished 
by Landauer, previously known as Terradex 
Corporation. There is one detector at each of 
the five environmental monitoring stations 
with a duplicate at BHV-2, the nearest 
residance. Tellco EnvironmAntal e-perms have 
been discontinued due to the lack of 
sensitivity to meet the new 10 CFR 20 
standard of 0.1 pCi/1. Figure 1 shows the 
locations of the environmental stations in 
relation to the mill. 



Table 1 and Graphs 1 through 6 show the 
results. Background has been subtracted from 
the graph values for r~mparison to the limit 
of 0.1 pCi/1 in an unrestricted area. Table 2 
is used for quality control purposes. Table 2 
is the linear regression results comparing 
BHV-2 to BHV-6 (the duplicate at BHV-2). The 
calculated r 2 for Landauer analyses shows, 
tor the most part, a correlation attributable 
to chance. The sample cups for BHV-2 and 
BHV-6 are located on a power pole, with no 
vertical spacing and within one inch of each 
other. 

The standard deviation of the differences 
between the measurements is 0.33 pCi/1. The 
differences in results between identical 
measuring devices located in essentially 
identical positions leads to the conclusion 
that radon probably cannot be reliably 
measured by these devices to 1.0 pCi/1 let 
alone the new 10 CFR 20 standard of 0.1 
pCi/1. 

The mill area (including the ore storage pad 
and yellowcake dryer) are on a line in the 
prevailing wind direction with BHV-1 and 
BHV-2. BHV-1 shows lower radon measurements 
than BHV-2, nearest resident. It is felt that 
the agricultural activity at BHV-2 is the 
cause of higher radon readings. The 
agricultural activity includes tilling the 
earth and the application of fertilizers, 
either of which may cause elevated radon 
levels. It is also important to note that 
during the mill run, BHV-4 and BHV-5 radon 
levels increased. The levels can be 
attributed to the mill operations including 
dusting from ore stockpiles and increased 
traffic along the mill area roads. 

Based on License Amendment 41 (issued on 
September 28, 1995 by the U.S. Nuclear 
Regulatory Commission), License Condition 24 
B was removed from Energy Fuels Nuclear, Inc. 
Source Material License SUA-1358. 



Amendment 41 states that Energy Fuels 
Nuclear, Inc. can use -MILDOS modeling to sh.ow 
compliance at BHV-2 and thereby eliminate the 
need for quarterly monitoring of 
environmental radon. Environmental radon was 
discontinued at the end of the third quarter 
1995. Compli.ance at BHV-2 will be 
demonstrated using MILDOS. 

J.a. 1nyiromgenta1 Gamma 

Gamma radiation levels at the five 
environmental locations (with a duplicate at 
BHV 2, nearest resident) are determined by 
Thermal Luminescent Dosimeters (TLDs) 
furnished by Eberline Instruments. The badges 
are exchanged quarterly and the data is 
presented in Tables 3 through 7 and Gr~phs 7 
through lJ. Graph 7 shows that the rea<i: ·1gs 
appear to be more correlated to one another 
than location. That is, the levels tend to 
move up and down as a group. 'I'here appears to 
be an increasing trend since 1984 in the 
group as a whole. No trends are apparent in 
the data when background is subtracted. 
The duplicate at BHV 2 now has 23 quarters of 
data. There is mi2imal agreement among the 
samples with an r of 0.39. Refer to Table 8 
and Graph 13. 

3.3. vegetation sample• 
Vegetation samples are collected at 3 
locations around the mill periphary. The 
sampling locations are Northeast, Northwest, 
and Southwest of the mill facility. 
Vegetation samples are collected during early 
spring, late spring, and fall. Vegetation 
results are included as Tables 9 through 11 
and Graphs 15 through 17. No trends are 
apparent as the Ra-226 and Pb-210 
concentrations at each sampling location are 
remaining consistent. 



3.,. 1nviroDJP1nt1111, Monitoring 

Air monitoring at the White Mesa mi.11 is 
accomplished by five high-volume stations. 
Figure 1 shows the locations. Tables 12 
through 16 and Graphs 17 through 20 show the 
results. 

Graphs 17 through 20 show an increase in 
U-Nat, Ra-226, and Pb-210 concentlations at 
BHV-5 during the fourth quarter of 1995. 
These concentrations can be attributed in 
particular to mill operations associated with 
the processing of yellowcake such as dusting 
from the ore stockpiles and increased truck 
traffic around the ore stockpile and mill 
areas. The concentrations observed are in 
line with those concentrations observed 
during previous operating periods. 

Based on License Amendment 41, air 
particulate radionuclide monitoring at BHV-3 
was discontinued at the end of the third 
quarter 1995 due to the sufficient amount of 
data (12 years) to establish background 
concentrations. As a result of this 
amendment, the air particulate radionuclide 
concentrations at each monitoring site i e 
calculated by subtracting the appropriate 
quarterly background average as listed in 
Enclosure 2 to License Amendment 41. Table 17 
shows the radionuclide concentrations at each 
location with background concentrations 
subtracted. Table 18 shows the results ot the 
dose calculations including the 50 year uose 
commitment to the nearest residence. Graphs 
21 through 23 show the yearly dose to the 
nearest resident. No trends are apparent. 

3.5. Groundwater Monitoring 

Tables 19 and 20 show the results of the 
groundwater monitoring program at the White 
Mesa mill. Table 21 shows the QC results for 
the third and fourth quarter of 1995. 



Quarterly results are plotted for this report 
in Graphs 24 through 53. Table 21 QC results 
include a column where distilled w~ter that 
has been flushed through the hose reel is 
analyzed (in addition to the blind 
duplicate). It is evident that there is some 
contamination introduced through the hose 
reel. It is also evident that the 
radionuclides are most affected, indicating 
that either radionuclide assays do not 
represent the true radionuclide content of 
the fluid, or that radionuclides 
preferentially diss~lve in the distilled 
water over other constituents. 

Graphs 24 and 25 show the phreatic elevations 
for the monitor wells. It appears that 
monitor well 4 and monitor well 11 phreatic 
elevations are decreasing. At this time, no 
determinations have been made as to the 
cause(s) of these decreasing elevations. The 
monitor wells will continue to be monitored 
closely and an investigation into possible 
causes will follow if these elevations 
continue to decrease. Graph 39.0 shows 
elevated selentum concentrations for monitor 
well 15. However, the third and fourth 
quarter 1995 samples have been sent out to a 
third party laboratory (Oatachem) to confirm 
the vendor laboratory results. The internal 
laboratory reassayed both samples and had a 
consistent result of 0.03 mg/1. After third 
party laboratory results are received and 
reviewed, verification samples will be 
required before any conclusions can be made. 
In Graphs 40 and 41 which show Nickel 
concentrations at each well show a higher 
concentration than normal for all wells. 
However, the higher concentration is due to a 
change in the reported detection limit. The 
limit is 0.05 mg/1 instead of 0.01 mg/1. This 
has been the case since 1994 when Energy 
Fuels Nuclear, Inc. changed the vendor 
laboratory to Energy Laboratories, Inc. No 
trends are apparent. 



3.,. surface water Monitoring 
The results of surface water moni.toring are 
presented in Tabla 22. cottonwood Creak is 
sampled semi-annually and Westwater Creek is 
sampled on an annual basis. QC results are 
presented in Tabla 22 A. It is evident from 
the table that there is variation in the 
radionuclide concentrations between the 
samples and their duplicates. However, 
surface water samples are ob-ained during 
run-off, resulting in samples that have 
considerable amounts of solids present. Since 
the amount of solids may vary from sample to 
sample, it is difficult to obtain a duplicate 
sample that has the same concentrations. No 
trends are apparent. 

3.7 Soil sampling 

Soil samples were taken on August 28, 1995 at 
the five BHV locations. Table 23 shows the 
results. 

,. Meteorological Data 

The SPmi Annual Air Quality and Meteorology 
Monitc~ing Report provided by Enecotech is 
attached as Appendix A. 
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Ra-22ti 
SAMPLED VALUE 

DATE uCI/Kg 

27-Aua-81 3.90E-04 
20-0ct-81 1.40E-04 
15-Aor-82 1.31E-04 
01-Jul-82 1.&0E-04 

30-Nov-82 2.67£-06 
13-Aor-83 9.361:-05 
01-Jul-83 1.12E-04 

30-Jan-84 1.09E-04 
28-Jun-84 3.47£-04 
14-Nov-84 5.61E-04 
27-Mar-85 1.0SE-03 
15-Jul-85 8.20E-05 

09-0ct-85 1.1SE-04 
24-Mar-86 5.72E-04 
10-Jul-88 5.01E-04 

18-Dec-ee 8.70E-04 
20-Ac>r-87 5.90E-04 
OS-Jun-87 1.60E-04 
22-0ec-87 2.10E-04 
19-Aor-88 4.SOE-04 
28-Jul-88 3.20E-05 

07-Apr-89· 5.60E-04 
06-Jun-89 1.SOE-04 
07-Nov-89 6.00E-04 
17-Aor-90 2.60E-04 
20-Jun-90 1.aoE-04 
17-0ct-90 1.60E-04 
10-Aor-91 1.20E-04 
11-Jun-91 9.10E-05 
20-Nov-91 4.SOE-04 
22-Aor-92 3.60E-OS 
10-Jun-92 1.00E-05 
10-Jun-92 7.90E-05 
13-Aor-93 3.70E-05 
26-Jun-93 3.00E-05 
12-0ct-93 6.60E-05 
11-May-94 1.&0E-04 
19-Jul-94 1.71E-05 

28-Nov-94 2.40E-04 
11-Apr-95 6.70E-05 
06-Jul-95 1.SOE-05 

15-Nov-95 5.SOE-05 

ti'"'"' ,,,'l!U 42 
MINIMUM 2.67£-06 
MAXIMUM 1.0SE-03 
MEAN 2.40E-04 
STD. DEV. 2.441:-04 

TA8LE9 

ENERGY FUELS NUCLEAR, INC. 
WHITE MESA MILL 

FORAGE RADIONUCLIDE DATA 
NORTH EAST OF MILL 

Ra-229 LLD t"D-ii?10· 
ERROR uCUKg VALUE 
uCVKg 5.00E-08 uCVKg 

1.oe-os 5.0E-08 1.10E-03 
1.0E-05 5.0E-08 8.&0E-04 
1.3E-05 1.0E-08 4.90E-04 
1.0E-05 5.0E-08 8.00E-04 
1.1E-06 1.0E-08 1.oaE-04 
6.2E-06 8.0E-09 4.97E-04 
1.2E-05 8.0E-06 1.84E-04 
8.0E-06 4.0E-06 7.80E-04 
1.2E-os 2.0E-09 3.75E-03 
2.0E-04 2.0E-07 7.82E-03 
3.0E-05 2.0E-06 3.22E-03 
7.0E-06 3.0E-06 7.70E-04 
1.0E-05 3.0E-08 5.10E-04 
2.1E-05 4.0E-06 2.49E-03 
1.3E-OS 3.0E-06 1.57E-03 
5.0E-05 3.0E-06 6.80E-04 
7.0E-05 5.0E-08 1.SOE-03 
3.0E-05 5.0E-08 9.SOE-04 
4.0E-05 5.0E-08 1.70E-03 
7.0E-05 5.0E-08 1.40E-03 
2.2E-05 5.0E-08 1.SOE-04 
4.0E-05 ••• 1.10E-03 
2.0E-05 ••• 2.30E-04 
5.0E-05 7.0E-06 2.04E-03 
3.0E-05 4.0E-08 3.30E-04 
2.0E-05 5.0E-08 3.20E-04 
2.0E-d 5.0E-08 3.30E-04 
2.0E-05 5.0E-06 3.00E-04 
1.&E-05 2.0E-07 1.90E-04 
4.0E-05 5.0E-08 1.09E-03 
1.0E-05 2.0E-06 1.SOE-04 
7.0E-06 2.0E-07 7.SOE-05 
3.SE-05 3.0E-06 7.10E-04 
2.2E-05 3.0E-06 2.SOE-04 
1.SE-05 3.0E-06 4.30E-05 
2.7E-05 3.0E-06 5.30E-04 
4.0E-05 3.0E-05 4.40E-04 
1.2E-06 9.0E-08 3.00E-05 
1.SE-05 1.7E-07 1.70E-04 
5.4E-06 1.6E-07 1.40E-04 
1.SE-06 1.SE-07 s.1oe-os 
5.0E-08 1.&E-07 6.70E-OS 

42 42 42 
1.1E-06 2.00E-09 3.00E-05 
2.0E-04 3.00E-05 7.82E-03 
2.&E-05 2.19E-06 9.47E-04 
3.2E-05 4.73E-06 1.361:-03 

t"D-~10 LLD 
ERROR uCVKg 
uCI/Kg 1.00E-06 

1.0E-04 1.0E-06 
8.0E-05 1.0E-08 
7.0E-05 8.0E-05 
1.7E-04 1.0E-07 
9.0E-08 1.0E-05 
9.3E-05 1.0E-04 
1.2E-OS 1.0E-06 
6.2E-05 8.0E-05 
1.6E-04 4.0E-08 
3.3E-04 7.0E-08 
1.4E-04 2.0E-05 
1.3E-04 2.0E-04 
3.0E-05 2.oe-os 
1.0E-04 1.0E-05 
1.7E-03 2.0E-04 
3.0E-05 3.0E-06 
1.0E-04 1.0E-06 
4.0E-05 1.0E-06 
1.0E-04 1.0E-06 
1.0E-04 1.0E-06 
4.4E-04 1.0E-06 
1.oe-01 ••• 
2.0E-05 ••• 
7.0E-05 1.4E-05 
2.oe-os 2.2E-OS 
2.0E-05 1.0E-06 
2.0E-05 1.0E-06 
2.0E-05 1.0E-06 
2.0E-05 2.0E-07 
s.oe-os 1.0E-06 
2.oe-os 1.oe-os 
2.0E-05 1.0E-06 
7.0E-05 2.0E-05 
3.0E-05 2.0E-05 
3.SE-05 2.0E-05 
6.0E-05 2.0E-05 
6.0E-05 2.0E-04 
6.1E-06 4.SE-06 
1.1E-05 8.3E-07 
1.3E-05 7.9E-07 
4.SE-06 7.6E-07 
1.0E-05 8.&E-07 

42 ~ 

4.SE-06 4.00E-08 
1.oe-01 2.00E-04 
2.SE-03 2.SOE-05 
1.se-02 5.28E-05 
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SAMPLED 
DATE 

27-Aua-81 
20-oct-81 
15-Aor-82 
01-Jul-82 

30-Nov-82 
13-Aor-83 
01-Jul-83 

30-Jan-84 
28-Jun-84 
14-Nov-84 
27-Mar-85 
15-Jul-85 

09-0ct-85 
24-Mar-86 
10-Jul-86 

18-0ec-86 
20-Aor-87 
os-Jun-87 
22-Dec-87 
19-AP!-::_88 
28-JuJ -R8 

07-Ai>r-89 
06-Jun-89 
07-Nov-89 
18-Apr-90 
26-Jun-90 
22-0ct-90 
10-Apr-91 
11-Jun-91 
20-Nov-91 
22-Apr-92 
10-Jun-92 
08-0ec-92 
13-Aor-93 
26-Jun-93 
21-0ct-93 
11-Mav-94 
19-Jul-94 

16-Nov-94 
12-Apr-95 
06-Jul-95 

29-Nov-95 

•ua.x:nvcu 
MINIMUM 
MAXIMUM 
MEAN 
STD. DEV. 

Ra-2211 
VALUE 
uCi/Kg 

2.73E-03 
2.00E-04 
1.04E-04 
2.00E-05 
2.36E-06 
8.58E-05 
1.19E-04 
9.78E-05 
2.0aE-04 
6.0SE-04 
1.10E-04 
6.10E-OS 
1.07E-04 
8.86E-04 
6.66E-04 
5.20E-04 
4.10E-04 
1.60€-04 
3.60E-04 
2.&0E-04 
3.10E-05 
6.20E-04 
3.40E-04 
5.10E-04 
3.&0E-04 
1.70E-04 
8.SOE-05 
3.00E-04 
3.10E-04 
5.00E-04 
2.00E-05 
6.SOE-06 
1.20E-04 
1.SOE-05 
5.20E-05 
5.10E-OS 
1.20E-04 
3.73E-05 
2.40E-04 
8.40E-05 
1.90E-05 
1.20E-04 

42 

2.36E-06 
2.73E-03 
2.82E-04 
4.37E-04 

TABLE 10 

ENERGY FUELS NUCLEAR, INC. 
WHITE MESA MILL 

FORAGE RADIONUCLIDE DATA 
NORTH WEST OF MILL 

tUI-Ziim UD ~D-210 
ERROR uCI/Kg VALUE 
uCi/Kg 5.00E-08 uCI/Kg 

5.0E-05 5.0E-08 7.10E-03 
1.0E-05 5.0E-08 8.30E-04 
9.0E-08 7.0E-06 6.40£-04 
1.0E-05 5.0E-08 2.20E-04 
9.SE-07 1.0E-06 8.00E-05 
1.41:-05 2.0E-08 3.53E-04 
1.1E-OS 5.0E-06 1.S8E-04 
7.0E-08 2.0E-06 2.16E-03 
1.0E-05 3.0E-09 1.60E-03 
1.6E-04 2.0E-07 2.S8E-03 
8.0E-06 3.0E-06 8.63E-04 
6.0E-06 2.0E-06 5.40E-04 
6.0E-06 2.0E-06 3.SOE-04 
1.SE-05 2.0E-06 4.40E-03 
1.SE-05 3.0E-06 4.78E-03 
1.0E-04 3.0E-06 1.70E-03 
1.0E-04 S.OE-08 1.60E-03 
3.0E-05 S.OE-08 5.50E-04 
5.0E-05 5.0E-08 1.80E-03 
S.OE-05 S.OE-08 1.90E-03 
1.91:-05 S.OE-08 1.&0E-04 
5.0E-05 ••• 1.70E-03 
3.0E-05 *** 7.40E-04 
8.0E-05 7.0E-06 1.00E-03 
3.0E-05 4.0E-06 4.BOE-04 
2.0E-05 5.0E-08 3.20£-04 
1.&E-05 5.0E-08 2.90E-04 
3.0E-05 S.OE-06 4.10E-04 
3.0E-05 2.0E-07 4.70E-04 
4.0E-05 S.OE-08 1.SOE-03 
8.0E-06 2.0E-06 9.&0E-05 
6.0E-06 2.0E-06 1.20E-04 
4.0E-05 3.0E-06 1.21E-03 
1.7E-05 3.0E-06 2.10E-04 
1.9E-05 3.0E-06 1.70E-05 
2.3E-OS 3.0E-06 7.10E-04 
1.0E-05 3.0E-05 9.BOE-04 
1.&E-06 8.4E-08 7.SOE-05 
1.SE-05 1.7E-07 2.60E-04 
6.1E-06 1.SE-07 1.20E-04 
1.SE-06 1.4E-07 4.SOE-05 
6.SE-06 1.4E-07 1.00E-05 

42 42 42 
9.SE-07 3.00E-09 1.00E-05 
1.&E-04 3.00E-05 7.10E-03 
2.7E-05 2.23E-06 1.08E-03 
3.1E-05 4.74E-06 1.41E-03 

t"D-4!!10 UD 
ERROR uCVKg 
~,Ci/Kg 1.00E-06 

3.0E-04 1.0E-06 
5.0E-05 1.0E-08 
5.0E-05 4.0E-05 
9.0E-05 1.0E-07 
1.0E-05 1.0E-05 
1.9E-05 1.0E-05 
1.3E-05 1.0E-05 
3.4E-04 3.0E-04 
7.0E-05 3.0E-08 
1.1E-04 3.0E-08 
4.2E-05 3.0E-05 
5.0E-05 5.0E-05 
3.0E-05 2.0E-05 
1.9E-04 3.0E-05 
2.1E-04 6.0E-05 
1.0E-04 6.0E-05 
1.0E-04 1.0E-06 
4.0E-05 1.0E-06 
1.0E-04 1.0E-06 
1.0E-04 1.0E-06 
4.0E-05 1.0E-06 
1.0E-04 ••• 
3.0E-05 ••• 
7.0E-05 1.41:-05 
2.0E-05 2.2E-05 
2.0E-05 1.0E-06 
2.0E-05 1.0E-06 
2.0E-05 1.0E-06 
2.0E-05 2.0E-07 
1.0E-04 1.0E-06 
1.4E-OS 1.0E-05 
2.0E-05 1.0E-06 
8.0E-05 2.0E-05 
3.0E-05 2.0E-05 
3.&E-05 2.0E-05 
6.0E-05 2.0E-05 
1.&E-04 2.0E-04 
7.1E-06 4.2E-07 
1.3E-05 8.3E-07 
1.1E-OS 7.5E-OS 
4.3E-06 7.2E-07 
5.&E-06 7.1E-07 

42 42 
4.3E-06 3.00E-08 
3.4E-04 3.00E-04 
6.9E-05 2.47E-05 
7.4E-05 5.48E-OS 



Ra-225 
SAMPLED VALUE 

DATE uCI/Kg 

27-Aua-81 9.SOE-04 
21-0ct-81 3.00E-05 
15-Apr -82 1.37E-05 
01-Jul-82 3.40E-04 

30-Nov-82 1.75E-05 
14-Apr-83 7.13E-04 
01-Jul-83 S.39E-05 

30-Jan-84 8.40E-05 
28-Jun-84 8.27E-OS 
14-Nov-84 2.72E-04 
27-Mw-85 4.73E-04 
15-Jul-85 8.60E-OS 

09-0ct-85 2.83E-04 -· 24-MCU"-86 1.57E-04 - l6 3.78E-04 1l 
1a-u J 2.60E-04 
20-A ... 4.10E-04 - 2.90E-04 05· ........ -87 
22-Dec-87 1.SOE-04 
19-Apr-88 2.30E-04 
28-Jul-88 1.soE-04 
07-Apr-89 3.10E-04 
06-Jun-89 1.30E-04 
07-Nov-89 4.30E-04 
28-M•-90 2.SOE-04 
13-Jun-90 1.lOE-04 
23-0ct-90 8.10E-05 
10-Apt-91 3.40E-05 
11-Jun-91 8.00E-05 
20-Nov-91 8.SOE-05 -22-Aor-92 1.60E-05 
10-Jun-92 1.90E-05 
08-Dec-92 1.60E-05 
13-Aor-93 2.60E-05 
27-Jun-93 3.00E-05 
27-0ct-93 3.10E-05 

01-Mav-94 2.00E-05 
11-Jul-94 1.75E-05 

16:.Nov-94 1.00E-04 
OS-Aor-95 1.70E-05 
07-Jul-95 8.40E-06 

09-Nov-95 2.30E-OS 

•vn-,nvcu 42 
MINIMUM 6.40E-08 
MAXIMUM 9.50E-04 
MEAN 1.72E-04 
STD.DEV. 2.00E-04 

TABLE 11 

ENERGY FUELS NUCLEAR, INC. 
WHITE MESA MIU 

FORAGE RADIONUCLIDE DATA 
SOUTH WEST OF MIU 

Ra-2211 LLD PD-210 
ERROR uCI/Kg VALUE 
uCUKg 5.00E-08 uCI/Kg 

2.0E-05 5.0E-08 1.SOE-04 
3.0E-06 5.0E-08 1.SOE-04 
3.0E-06 3.0E-06 3.BOE-04 
2.0E-05 5.0E-08 3.68E-03 
3.0E-06 2.0E-08 7.92E-04 
7.3E-05 9.0E-08 2.51E-03 
4.SE-06 2.0E-06 8.88E-04 
7.0E-06 4.0E-06 1.20E-03 
6.3E-06 3.0E-09 1.&0E-03 
1.SE-04 2.0E-07 4.70E-03 
1.6E-07 3.0E-06 7.07E-04 
7.0E-06 4.0E-06 4.90E-04 
2.0E-05 7.0E-06 1.SOE-03 
1.0E-05 4.0E-06 4.14E-03 
1.0E-05 2.0E-06 1.65E-02 
2.0E-05 2.0E-06 1.70E-03 
7.0E-05 5.0E-08 2.20E-03 
4.0E-05 5.0E-08 7.SOE-04 
3.0E-05 5.0E-08 2.40E-03 
5.0E-05 5.0E-08 2.90E-03 
3.0E-05 5.0E-08 4.30E-03 
4.0E-05 ••• 4.20E-03 
2.0E-05 ••• 1.SOE-03 
5.0E-05 1.4E-05 3.SOE-03 
3.0E-05 5.0E-06 2.39E-03 
2.0E-05 5.0E-08 6.60E-04 
1.4E-05 5.0E-08 6.10E-04 
1.1E-OS 5.0E-06 2.20E-04 
6.0E-06 2.0E-07 1.20E-04 
1.4E-05 5.0E-08 9.10E-04 
7.0E-06 2.0E-06 3.20E-04 
1.0E-05 2.0E-07 2.20E-04 
1.SE-05 3.0E-06 7.60E-04 
2.0E-05 3.0E-06 3.40E-04 
1.4E-05 3.0E-06 o.ooe+oo 
1.6E-05 3.0E-06 4.20E-04 
5.0E-06 3.0E-05 3.90E-04 
1.7E-06 7.6E-08 1.30E-04 
9.0E-06 1.SE-07 2.60E-04 
1.SE-06 1.6E-07 1.60E-04 
6.0E-07 1.4E-07 4.40E-05 
2.2E-06 1.7E-07 6.60E-05 

42 42 42 
1.6E-07 O.OOE+OO o.ooe+oo 
1.SE-04 3.00E-05 1.65E-02 
2.1E-05 2.45E-06 1.69E-03 
2.&E-05 5.04E-06 2.68E-03 

PD-210 LLD 
ERROR uCI/Kg 
uCI/Kg 1.00E-08 

1.0E-05 1.0E-08 
2.0E-05 1.0E-08 
4.0E-05 4.0E-05 
2.7E-04 1.0E-07 
4.0E-06 2.0E-05 
3.0E-04 3.0E-04 
4.3E-OS 4.0E-05 
1.0E-04 4.0E-05 
1.0E-04 9.0E-08 
7.2E-04 3.0E-07 
3.6E-OS 3.0E-05 
3.0E-05 3.0E-05 
1.0E-04 7.0E-05 
1.IE-04 3.QE-(',1 
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ENDING .. 
21..Qec 88 
23-Mar-87 
1B,Jl.#M37 
09-Sep-87 
31-Dec-87 

1-ADr-87 
7.Joo.PCJ 
1"1...,---- ... ~ 

0"' -
04-Aor-89 
JO.Jl.#M39 

., 

02.Jan-90 
02-ADr-90 
02.Jul-90 
01-0ct-90 
02.Jan-91 
01-APr-91 
01.Jul-91 

30-Seo-91 
O:? ·-- = 
08-Anr-92 
02.Jul-92 
01-0ct-92 
04-Jan-93 
OS-Apr-93 
08.Jul-93 
04.Qct-93 
10.Jan-lM 
01-Aor·IM 
05.Jul-94 
Os-oct-94 
03.Jan-SS 
03-Aor-95 
03..Jul-95 
09-0ct-95 

MEAN 
Count 

Sid Dev 

TABLE 1 

ENERGY FUELS NUCLEAR, INC. 
WHITE MESA MILL 

AMBIENT RADON LEVELS 
pCUlitar 

BHV-1 BHV-2 BHV-3 BHV-4 
0.56 0.57 0.13 0.60 

0.5 0.6 0.4 0.6 
0.4 0.4 0.2 0.6 
1.7 1.9 1.7 1.7 
0.6 0.7 0.3 0.5 
u 0.8 0.7 0.7 
0.3 0.5 0.5 0.6 
0.4 0.6 0.7 1.0 
1.0 0.4 0.2 0.6 
0.6 0.6 0.6 0.9 
1.3 3.1 0.5 0.7 
0.6 1.3 0.6 3.0 
0.4 0.4 0.4 0.5 
0.8 1.7 0.5 1.4 
0.5 0.4 0.5 0.8 
0.4 0.5 0.3 0.3 
1.0 1.5 0.7 0.6 
0.6 0.4 0.2 0.5 
0.4 0.6 0.3 0.6 
0.5 0.3 0.2 0.3 
0.6 0.6 0.3 0.4 
0.8 1.2 0.3 0.4 
1.0 0.5 0.7 0.8 
0.7 0.4 0.1 0.3 
0.8 0.8 0.4 0.5 
0.8 0.5 0.2 0.9 
0.5 0.2 0.3 0.3 
0.9 0.9 0.4 0.6 
0.8 0.7 0.3 0.4 
0.8 0.7 0.4 0.8 
1.2 1.1 0.6 1.3 
1.3 1.1 0.7 1.9 
0.8 0.4 0.2 0.4 
1.3 0.9 0.1 1.4 
0.6 0.7 0.6 1.0 
1.0 0.8 0.7 1.0 
1.4 0.8 0.4 1.0 

0.79 0.80 0.46 0.81 
37 37 37 37 

0.347 0.548 0.282 0.536 

• BHV-6 ia a duplicate located at BHV-2. 

BHV-5 
o.n 

1.1 
1.0 
2.0 
0.7 
1.3 
0.6 
1.2 
1.4 
2.3 
2.5 
3.3 
1.9 
2.5 
1.1 
0.5 
1.0 
1.1 
1.2 
0.5 
0.8 
0.9 
1.3 
0.5 
1.1 
1.5 
0.7 
0.8 

1 
1.8 
2.2 
1.5 
1.1 
3.3 
1.9 
1.7 
2.0 

1.41 
37 

0.728 

- BHV-7 is a trip blank qpt in ira wrapper in the office. 

TABLE 2 

ENERGY FUELS NUCLEAR, INC. 
WHITE MESA MILL 

BHV-2 wnua BHV-6 

Canstant 
Sfd Etr ot Y Eat 
R Squared 
No. ol Obeervdona 
o.g,... ol Freedom 

X Coefllci,:!nt(a) 
Sid E,r ol Coet. 

0.81988 
0.19855 

0.09IM8 
0.41 
0.33 

37 
35 

BHV-6• BHV-r-
0.37 

0.4 
0.4 
3.0 
0.7 
0.6 
o .. 
1.0 
0.5 
1.7 
1.0 
1.1 
0.7 
1.2 
0.6 ·-0.3 
0.1 
0.4 
0.4 
0.3 
0.5 
0.6 
1.0 
0.6 
0.8 
0.6 
0.2 
0.4 1.8 
0.6 1.2 
0.8 3.3 
0.8 3 
1.2 3.2 
0.7 1.9 
0.9 5.9 
0.4 4.7 
0.8 4.4 

1 5.4 

0.75 1.32 
37 47 

0.493 1.400 
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TABLE 3 

ENERGY FUELS NUCLEAR. INC. 
WHITE MESA MILL 

DIRECT RADIATION 
MR/QTR 

Location: BHV-1, Meterolooical Station 
Total Net Total 

Period Exposure Counting Exposure Net Rate 
Endina Rate Error Rate Error Mr/week 

,__ 30-Seo--81 23.66 0.00 3.90 0.00 1.82 
31-Dec-81 25.87 0.00 -2.21 0.00 1.99 
31-Mar-82 26.00 0.00 1.69 0.00 2.00 
30-Jun-82 24.05 0.00 -3.64 

-
0.00 1.85 

01-0ct-82 25.35 0.00 3.12 0.00 1.95 
03-Jan-83 30.55 0.00 4.94 0.00 2.35 
04-Apr-83 22 49 0.00 -1.82 0.00 1.73 
05-Jul-83 32.11 0.00 7.54 0.00 2.47 

03-0ct-83 20.54 0.00 -1.43 0.00 1.58 
03-Jan-84 22.75 0.00 -0.91 0.00 1.75 
03-Apr-84 24.70 0.00 1.56 0.00 1.90 -· 02.Jul-84 22.49, 0.00 1.69 0.00 1.73 
02-0ct-84 19.89 2.21 1.82 4.37 1.53 
02.Jan-85 21.58 3.12 1.30 4.89 1.66 
04-Apr-85 23.40 1ojf11 1.04 10.70 1.80 
08-Jul-85 16.90 6.50 4.55 7.58 1.30 

07-0ct-85 20.28 1.58 1.56 2.49 1.56 
17-Jan-86 23.79 5.89 1.43 6.32 1.83 
22-Apr-86 23.92 -0.70 0.91 0.92 1.84 
21.Jul-86 17.94 26.40 -6.37 30.31 1.38 

03-Nov-86 19.63 0.09 -2.99 4.59 1.51 
03-Feb-87 20.67 0.05 1.30 1.55 1.59 
01-Aor-87 22.75 i 92 -8.19 2.09 1.75 
01.Jul-87 Sample los in the field 

09-0ct-87 17.94 0.03 1.95 1.07 1.38 
I 14-Jan-8A 20.80 1.58 -0.13 1.63 1.6 

19-Apr-88 25.61 2.32 1.43 I 3.43 1.97 
15.Jul-88 26.52 7 37 1.69 8.28 2.04 

11-0ct-88 20.02, 5.81 -0.39 5.81 1.54 
19-Jan-89 23.14 2.61 -1 17 5.30 1.78 

08-May-89 30.42 5 61 0.26 7.14 2.34 
21.Jul-89 27.43 6.73 1.17 6.95 2 11 

- 30-0ct-89 25.09 12.58 2.34 15.12 
-· 

1.93 
- -rs.Jan-90 23.27 9.23 0.78 10.97 1.79 
_:9-Apr-90 26.26 4.12 2.86 5.11 2.02 
-- 16-.. 'ul-90 22.75 2.05 -1.56 3.12 1.75 
I 01-0ct-90 22.10 1 95 0.45 1.95 1.70 

02.Jan-91 25.61 2.24 -6.76 9.60 1.97 f----9o! -Apr-91 22.49 2.35 -1.30 4.94 1.73 
1-Jul-91 23.92 5.62 -7.67 5.83 1.84 r 30-Sep-91 23.27 0.97 1 -0.39 0.98 1.79 

13.Jan-92 34.97 0.97 11.31 0.98 2.69 -
10-Apr-92 22.10 1.62 -15.34 6.60 1.70 
15-Jul-92 23.14 1.26 -3.90 6.44 1.78 

01-0ct-92 21.97 5.50 -3.64 5.91 1.69 -
04.Jan-93 27.04 1.53 4.55 4.56 2.08 
08-Apr-93 21.45 J:13 -10.92 

-9.85 1.65 
13-Jul-93 24.05 7.89 0.26 9.01 1.85 -· 

08-0ct-93 26.65 1.57 -4.94 2.21 2.05 .. .. --
13-Jan-94 31.85 4.50 d.19 4.50 2.45 
11-Apr-94 31.20 1.03 -6.24 6.48 2.4 
11-Jul-94 23.01 3.02 -4.03 7.00 1.77 
11-0ct-94 22.62 6.08 -2.99! 6.45 1.74 
11-Jan-9i 19.11 15.77 -3.381 16.35 1.47 
11-Aor-95 21.97 2.04l -7 671 2.64 1.69 
11-Jul-95 23 79 6.611 1.04 7.07 1.83 

··-·· -
18-0ct-95 25.48 7.62 2 73 8.02 1.96 

----· 16-Jan-96 16.64 4 06j -2.34 4 51 1.28 

Mean 23.36 3.59 -0.58 4.94 1.83 
Std. Dev. 4.81 4.60 iS4 5.11 029 

Counting 
Error 

Mr/week 

0.17 
0.24 
0.77 
0.50 
0.12 
0.45 

-0.05 
2.03. 
0.01 
0.00 
0.15 

0.00 
0 12 
ola 
0.57 
0.45 -0.20 
0.43 
0.52 
0.97 
0.71 
0.32, 
0.16 
0.15 1 
0.17J 
0.18 
0.43 -0.07 
0.07 
0.12 
0.10 
0.42 
0.12 
0.24 
0.61 
0 12 
0.35 
0.08 
0.23 
0.47 
1.21 
0.1 J 
0.51 
0.59 
0.31 

035 
0.36 



Total 
Period Exposure 
Ending Rate 
30-Sep..81 19.11 
31-Dec-81 24.57 
31-Mar-82 27.04 
30-Jun-82 23.66 
01-0ct-82 22.88 
03-Jan-83 25.61 
04-A&>r-83 22.88 
05-Jul-83 23.66 

03-0ct-83 22.75 
03-Jan-84 29.38 
03-Apr-84 23 92 
02-Jul-84 20 02 

02-0ct-84 23.92 
02-Jan-85 22.23 
04-Apr-85 9.10 
07-Jul-85 15.47 
07-0ct-85 21.32 
17-Jan-86 21.97 
22-Aor-86 29.51 
21-Jul-86 25.35 --

03-Nov-86 22.88 
03-Feb-87 29.25 
01-Apr-87 22.88 
01-Jul-87 30.29 

09-0ct-87 17.81 
14-Jan-88 21.19 
19-Aor-88 27.82 
15-Jul-88 25.48 

11-0ct-88 25.35 
19-Jan-89 24.44 

08-Mav-89 32.37 
21-Jul-89 27.95 
30-0ct-89 22.88 
18-Jan-90 24.05 
19-Apr-90 24.83 
16-Jul-90 23.14 

01-0ct-90 23.14 
02-Jan-91 30.42 
01-Aor-91 25.61 
01-Jul-91 24.70 

.,o.seo-91 25.74 
13-Jan-92 38.61 
10-Apr-92 23.66 
15-Jul-92 26.13 

01-0ct-92 23.01 
04-Jan-93 26.65 
08-Apr-93 22.88 
13-Jul-93 17.42 

08-0ct-93 26.91 
13-Jan-94 30.42 
11-Apr-94 19.89 
11-Jul-94 26.13 
11-0ct-94 25.09 
12-Jan-95 28.08 
11-ADr-95 24.18 
11-Jul-95 24.18 

16-0ct-95 27.17 
16-Jan-96 , 7.81 

Mean 24.39 
Std DflV. 4.35 - - --

TABLE 4 

ENERGY FUELS NUCLEAR, INC. 
WHITE MESA MILL 

DIRECT RADIATION 
MR/CTR 

Location: BHV-?., Nearset Residence 
Net 

Counting Exposure Net 
Error Rate Error 

0.00 -0.65 0.00 
0.00 -3.51 0.00 
0.00 2.73 0.00 
0.00 -4.03 0.00 
0.00 0.65 0.00 
0.00 0.00 0.00 
0.00 -1.43 0.00 
0.00 -0.91 0.00 
0.00 0.78 0.00 
0.00 5.72 0.00 
0.00 0.78 0.00 
0.00 -0.78 0.00 
3.12 5.85 4.89 
3.38 1.95 5.06 
3.77 -13.26 5.33 
5.72 3.12 6.92 

-0.12 2.60 1.93 
8.89 -0.39 9.18 
9.90 6.50 9.92 
7.30 1.04 16.59 
0.09 0.26 4.59 

-0.75 9.88 1.r 
0.82 -8.06 U61 
4.61: 5.20 8.65 
3.73 1.82 3.88 
4.08 0.26 4.10 
4.72 3.64 5.35 
6.67 0.65 7.66 
8.51' 4.94 8.51 
5.21 0.13 6.96 
2.61 2.21 5.12 --
2.33 1.69 2.90 
2.58 0.13 8.77 
2.43 1.56 6.41 
0.42 1.43 3.05 
0.65 -1.17 2.44 
7.55 .. 49 7.55 
5.34 -1.95 10.76 
9.95 1.82 10.86 
4.12 .. 6.89 4.41 
6.77 2.08 6.77 
8.70 14.95 8.70 
1.22 -13.78 6.52 
4.56 -0.91 7.79 
6.40 •2.60 6.75 

-0.67 4.16 4.35 
4.53 -9.49 10.38 
3.79 -6.37 5.77 
427 -4.68 4.55 
4.30 6.76 4.30 
7.53 .17 55 9.88 
6.32 -0.91 -8.94 

10.18 -0.52 10.41 · 
-

-0.03 5.59 4 
4.34 -5.46 4 
3.81 1.43 4.5· 
7.52 4.42 7.93 I -
5.06 -1.17 5.43 

3.56 0.03 5.11 
3.17 5.39 3.71 ·-

Total Counting 
Rate Error 

Mr/week Mr/week 
1.47 
1.89 
2.08 
1.82 
1.76 
1.97 
1.76 
1.82 
1.75 
2.26 
1.84 
1.54 
1.84 0.24 
1.71 0.26 
0.70 0.29 
1 19 0.44 
1.64 -0.01 
1.69 0.68 
2.27 0.76 
1.95 0.56 
1.76 0,01 
2.25 -0.06 
1.76 0.06 
2.33 0.35 
1.37 0.29 
1.63 0.31 
2.14 0.36 
1.96 0.51 
1.95 0.65 
1.88 0.40 
2.49 0.20 
2.15 0.18 
1.76 0.20 
1.85 0.19 
1.91 0.03 
1.78 0.05 
1.78 0.58 
2.34 0.41 
1.97 0.77 

1.9 0.32 
1.98 0.52 
2.97 0.67 
1.82 0.09 --
2.01 0.35 
1.77 0.49 
2.05 -0.05 
1.76 0.35 
1.34 0.29 
2.07 0.33 
2.34 0.33 
1.53 0.5b 
2.01 0.49 
1.93 0.78 
2.16 -0.00 
1.86 0.33 
1.86 0.29 
2.09 0.58 
1.37 0.39 

1.88 0.34 
0.33 022 



Period 
Ending 
30-Sep.81 
31-0ec-81 
31-Mar-82 
30-Jun-82 
01-0ct-82 
03-Jan-83 
04-Apr-83 
05-Jul-83 

03-0ct-83 
03-Jan-84 
03-Apr-84 
02-Jul-84 

02-0ct-84 
02-Jan-85 
04-Apr-85 
07-Jul-85 

07-Uct-85 
17-Jan-88 
22-Apr-86 
21-Jul-86 

03-Nov-86 
03-Feb-87 
01-Apr-87 
01-Jul-87 

09-0ct-87 
14.Jan-88 
19-Aor-88 
15-Jul-88 
11-0ct-88 
19-Jan-89 

08-Mav-89 
___J.1-Jul-89 

30-0ct-89 
18-Jan-90 
19-Aor-90 
16-Jul-90 

01-0ct-90 
02.Jan-91 
01-Aor-91 
01-Jul-91 

30 Ser.,-91 
13-Jan-92 
1 O-Ar.,r-92 
15-Jul-92 

01-0ct-92 
04-Jan-93 
08-Apr-93 
13-Jul-93 

08-0ct-93 
12.Jan-94 
11-Aor-94 
11.Jul-94 

11-0ct-94 
12.Jan-95 
11-Apr-95 

,_ 11.Jul-95 
18-0ct-95 
18.Jan-96 

Mean 
Std. Dev. 

TABLE 5 

ENERGY FUELS NUCLEAR. INC. 
WHITE MESA MILL 

DIRECT RADIATION 
MR/QTR 

Location: BHV-3, Black Mesa (Backaround) 
Total Net Total I Counting 

Exposure Counting Exposure Net Rate Error 
Rate Error Rate Error Mr/week Mr/Week 

19.76 0.00 0.00 0.00 
-+ -

1.52 I 

28.08 0.00 0.00 
·- +----

0.00 216~ 
24.31 0.00 0.00 0.00 1.87 
27.69 0.00 0.00 0.00 2.13 
22.23 0.00 0.00 0.00 1.71 
25.61 0.00 0.00 0.00 1.97 
24.31 0.00 0.00 0.00 1.87 
2457 0.00 0.00 0.00 1.89 
21.97 0.00 0.00 0.00 1.69 
23.66 0.00 0.00 0.00 1.82 
23.14 0.00 0.00 0.00 1.78 ' 
20.80 0.00 0.00 0.00 1.60 
18.07 3.77 'l.00 5.33 1.39 0.29 
20.28 3.77 .J:oo 533 1.56 0.29 
22.36 3.77 b.00 5.33 1.72 0.29 
12.35 3.90 0,00 I 5.52 0.95 0.30 
18.72 1.93 0.00 2.73 1.44 -0~, 
22.36 2.29 0.00 3.24 1.72 0.18 
23.01 0.60 0.00 0.85 1.77 0.05 
24.31 14.90 0.00 21.07 1.37 1.15 . 
22.62 4.59 0.00 6.49 1.74 0.35 
19.37 1.55 0.00 2.19 1.49 0.12 
30.94 0.82 0.00 1.16 2.38 0.06 
25.09 7.32 0.00 10.35 1.93 0.56 
15.99 -1.07 0.00 1.51 1.23 -0.08 
20.93 -0.42 0.00 0.59 1.61 -0.03 
24.18 2.52 0.00 3.56 1.86 0.19 
24.83 3.77 0.00 5.33 1.91 0.29 
20.41 0.21 0.00 0.30 1.57 0.02 
24.31 4.61 0.00 6.52 1.87 0.35 
30.16 4.41 0.00 6.24 2.32 0.34 
26.26 1.73 0.00 2.45 2.02 0.13 
22.75 8.38 0.00 11.85 1.75 0.64 
22.49 5.93 0.00 8.39 1.73 0.46 
23.40 3.02 0.00 4.27 1.8 0.23 
24.31 2.35 0.00 3.32 1.87 0.18 
21.65 0.00 0.00 0.00 1.665 0.00 
32.37 9.34 0.00 13.21 2.49 0.72 
23.79 4.35 0.00 6.15 1.83 0.33 · 
31.59 •1.56 0.00 2.21 2.43 -0.12 
23.66 0.17 0.00 0.24 1.82 0.01 
37.44 6.40 0.00 9.05 2.88 0.49 
27.04 6.32 0.00 8.94 2.00 0.49 
25.61 2.16 0.00 3.05 1.97 0.17 
22.49 4.30 0.00 6.0f,+- 1.73 0.33 
29.64 -1.67 0.00 2.36 2.28 -0.13 
23.66 -0 17 0.00 0.24 1.82 -0.01 

-
22.88 2.19 O.OU 3.10 1.76 0.17 
24.83 2.57 0.00 3.63 1.91 0.20 
30.94 3.00 0.00 4.24 2.38 0.23 
31.46 4.93 0.00 6.97 2.42 0.38 
24.05 1.12 0.00 1.58 1.85 0.09 
21.97 2.68 0.00 3.79 1.69 0.21 
25.87 14.77 0.00 20.89 1.99 1.14 
23.01 2.04 0.00 2 88 1 77 0.16 
22.75 2.51 0.00 3.55 

_______ ._. 
1.75 0.19 

26.28 1 12 000 1.58 ·2.02 -- 0.09 --18.98 1.96 0.00 2.77 1.46 0.15 ----
24.10 2.84 0.00 3.97 1.85 ~ 4 18 3 35 0.00 - ,4 54 032 e -·---



Total 
Period Exposure 
l:ndina Rate 

,__ 30-SeD-81 18.23 
31-0ec-81 25.61 
31-Mar-82 
30-Jun-82 
01-0ct-82 27.43 
03-Jan-83 37.31 
04-Apr-83 28.08 
05-Jul-83 25.09 

~3-0ct-83 26.65 
03-Jan-84 31.46 
03-Aor-84 26.65 
02-Jul-84 26.39 
02-0ct-84 18.98 
02-Jan-85 21.45 
04-Aor-85 24.31 
07-Jul-85 13.52 

07-0ct-85 21.45 
17-Jan-86 24.05 
22-Aor-86 28.21 
21-Jul-86 25.61 

03-Nov-86 24.18 
03-Ftb-87 23.27 
01-Apr-87 22.36 
01-Jul-87 26.26 

09-0ct-87 20.15 
14-Jan-88 22.36 
19-Apr-88 26.13 
15-Jul-88 27.69 
11-0ct-88 23.40 
19-Jan-89 24.18 

08-May-89 32.50 
21-Jul-89 29.64 
30-0ct-89 21.97 
18-Jan-90 23.92 
19-Apr-90 25.61 
16-Jul-90 21.58 

01-0ct-90 23.66 
02-Jan-91 24.83 
01-APr-91 24.05 
01-Jul-91 26.00 

30-Sep-91 23.40 
13-Jan-92 34.58 
10-ADr-92 25.74 
15-Jul-92 23.92 

01-0ct-92 29.64 
04-Jan-93 28.73 
08-ADr-93 25.61 
13-Jul-93 23.40 

08-0ct-93 22.36 
13-Jan-94 29.51 
11-APr-94 2964 
11-Jul-94 27.17 
11-0ct-94 J3.53 
12~Jan-95 23.14 
11-APr-95 23.66 
11-Jul-95 24.31 
18-0ct-95 27.17 
16-Jin-96 27.56 

Mean 25.31 
Std. Dev. 3.84 

TABLE 6 

ENERGY FUELS NUCLEAR, INC. 
WHITE MESA MILL 
DIRECT RADIATION 

MR/QTR 
Location: BHV S -4, l)Uth Tailings Area 

Net 
Counting Exposure Net 

Error Rate Error 
0.00 -1.43 0.00 
0.00 ·2.47 0 00 
0.00 -24.31 0.00 
0.00 -27.69 0.00 
0.00 5.20 0.00 
0.00 11.70 0.00 
0.00 3.77 0.00 
0.00 0.52 0.00 
0.00 4.68 0.00 
0.00 7.80 0.00 
0.00 3.51 0.00 
0.00 5.59 0.00 
4.94 0.91 6.21 
1.56 1.17 4.08 
1.69 1 95 4.13 
4.42 ; ·11 5.e I 

0.68 2.73 2.0 
6.69 1.69 7.07 

23.40 5.20 23.41 
3.60 1.30 15.33 
2.69 1.56 5.32 
2.55 3.90 2.98 
2.12 -8.58 2.27 

14.71 1.17 16.43 
-0.87 4.16 1.38 
2.68 1.43 2.71 

-1.68 1.95 3.03 
1.77 2.86 4.16 
2.81 2.99 2.82 
3.91 -0.13 6.04 
0.61 2.34 4.45 

-0.57 3.38 1.82 
-1.32 -0.78 8.48 
9.23 1.43 10.97 
2.62 2.21 4.00 
2.75 -2.73 3.62 
0.25 2.01 0.25 
1 74 -7.54 9.50 
045 0.26 4.37 
5.62 -5.59 5.83 
2.37 -0.26 2.38; 

10.80 -2.86 12.55 
1.02 -1.30 6.40 

-0.64 -1.69 2.25 
6.90 7.15 8.13 
8.73 -0.91 8.89 
3.83 1.95 3.83 
4.49 0.52 5.00 
6.17 ·2 47 6.68 
5.80 -1.43 6.53 
3.73 -1.82 6.18 
6.82 3.12 6.91 
3.98 1.56 4.80 

10.37 -2.73 18.05 
2.84 0.65 3.50 
3.31 1.30 3.89 
5.82 0.91 5.93 
1.56 8.58 2.51 

3.22 0.34 4.88 
4.26 6.08 4.79 

Total I Counting 
Rate ; Error 

Mr/week Mr/week 
1.41 
1.97 
0.00 
0.00 --, 
2.1; 
2.87 
2.16 
1.93 
2.05 
2.42 
2.05 
2.03 
1.46 0.38 
1.65 0.12 
1.87 0.13 
1.04 0.34 
1.65 0.05 
1.85 0.51 
2.17 1.80 
1.97 0.28 
1.86 

·- --21 -1.79 J 20 -1.72 0.16 
2.02 Tt3 
1.55 -0.07 
1.72 0.21 i 
2.01 -0.13 
2.13 0.14 
1.80 0.22 
1.86 0.30 
2.5 0.05 

2.28 -0.04 
1 69 -0.10 
1.84 0.71 
1.97 0 20 
1.66 o.ff 
1.82 0.02 
1.91 0.13 
1.85 0.03 

2 0.43 
1.8 0.18 

2.66 0.83 
1.98 0.08 
1.84 -0.05 
2.28 0.53 
2.21 0.67 
1.97 0.29 

1.8 C.35 
1.72 0.47 
2.27 0451 
2.28 0.29 
2.09 0.52 
1.81 0.31 
1.78 0.80 
1.82 0.22 
1.87 0.25 
2.09 0.45 
2.12 0.12 

1.88 0.31 
0.46 0.34 -



Total 
Period Exposure 
Ending Rate 
30-SeP-81 20.28 
31-0ec-81 
31-Mar-82 27.95 
30-Jun-82 26.52 
01-0ct-82 24.96 
C3-Jan-83 31.59 
04-Aor-83 31.46 
OS-Jul-83 25.22 

03-0ct-83 23661 
03-Jan-84 30.16 
03-Aor-84 28.21 
02-Jul-84 23.79 

02-0ct-84 20.80 
02-Jan-85 23.66 
04-Apr-85 24 31 
07-Jul-851· -,3.52 
07-0ct-85 23.53 
17-Jan-86 26.78 
22-Apr-86 24.83 
21-Jul-86 25.09 

03-Nov-86 21.97 
03-Feb-87 

~-··· 
21.19 

01-Acr-87 23.14 
01-Jul-87 31.33 
09-0ct-87 20.54 
14-Jan-88 26.13 
19-Aor-88 27.30 
15-Jul-88 29.64 

11-0ct-88 23.531 
19-Jan-89 25 74 

08-Mav-89 32.11 
21-Jul-89 31.98 
30-0ct-89 27.04 I - 18-Jan-90 28.08 
19-Aor-90 27.69 
16-Jul-90 25.35 
)1-0ct-90 25.87. 
02-Jan-91 27.69 
01-Acr-91 26.13 
01-Jul-91 27.04 

10-Seo-91 26.00 
- 13-Jan-92 37.18 

10-Apr-92 29.90 
15-Jul-92 27.04 

01-0ct-92 28 99 
04-Jan-93 34.32 
08-Aor-93 is 09 
13-Jul-93 29:41 

08-0ct-93 29.25 
13-Jan-94 35.75 
11-Aor-94. 30.42 
11-Jul-94 30.42 

11-0ct-94 28.34 
12-Jan-95 20.02 
11-Al>r-95 26.78 
11-Jul-95 25.35 

16-0ct-95 28.86 
18-Jan-96 23.66 

Mean 26.70 
Std. Dev. 4.07 

TABLE 7 

ENERGY FUELS NUCLEAR, INC. 
WHITE MESA MILL 

DIRECT RAOIA TION 
MR/QTR 

oca ion: - as 11 anas L r BHV 5 E t T T Ar ea 
Net 

Counting Exposure Net 
Error Rate Error 

0.00 0.52 0.00 
0.00 -28.08 0.00 
0.00 3.64 0.00 
0.00 -1.17 0.00 
0.00 2.73 0.00 
0.00 5.98 0.00 
0.00 7.15 0.00 
0.00 0.65 0.00 
0.00 1.69 0.00 
0.00 6.50 0.00 
0.00 5.07 0.00 
0.00 2.99 0.00 
1.56 2.73 4.08 
4.03 3.38 5.52 
ti.SO I 1.95 7.51 
2.99 1.17 4 91 

-0 92 4.81 2.14 
9 09 4.42 9.37 
8.40 1.82 8.42 
1.80 0.78 15.01 
0.29 -0.65 4.60 
1.65 1.82 2.26 
9.52 -7.80 9.56 

13.11 6 24 15.02 
2.23 4.55 2.47 

-1.22 5.20 1.29 
3.82 3.12 4.58 
2.07 4.81 4.30 
1 51 3.12 1.52 
6.21 1.43 7.73 
4.91 1.95 8.60 
0.93 5.72 1.96 
6.88 4.29 10.84 
4.03 5.59 7.17 
2.62 4.29 4.00 
2.351 1.04 3.32 
1.85 i 4.23 1.85 
9.941 -4.68 13.64 
1.15 2.34 4.50 
0.42 -4.55 1.62 
2.97 2.34 2.97 
9.20 -0.26 11.21 

10.52 2.86 12.27 
3.58 1.43 4.16 
3.60 6.50 5.61 
8.93 4.68 9.08 
2.23 1.43 2.24 
5 29 5.59 5.73 
7.87 4.42 8.28 
7.60 4 81 8.17 

13.13 -1.04 14.03 
1.12 6.37 1 58, 
4.58 6.37 5.31' 

14.87 -5.85 20.~6 
3.74 3.77 4.26 

11.21 2.34 11.39 

Total 
Rate 

Mr/week 
1.56 
0.00 
2.15 
2.04' 
1.92 
2.43 
2.42 
1.94 
1.82 
2.32 
2.17 
1.83 
1.60 
1.82 
1.87 
1.04 
1.81 
2.061 
1.91 
1.93 
1.69 
1.63 
1 78 
2.41 
1.58 
2.0~ 
2.10 
2.28 
1.81 
1.98 
2.47 
2.46 
2.08 
2.16 
2.13 
1.95 
1.99 
2.13 
2.01 
2.08 
2.00 
2.86 
2.:';0 
2.08 
2.23 
2.64 
1.93 
2.19 
2.25 
2.75 
2.34 
2.34 
2.18 
1.54 
206 
1.95 

7.92 2.60+- sljo! ___ - 2.22 
10.46 4.u8 10.64 1.82 ·---· 

408 2.13 537 2.02 
4.13 504 4.79 0.41 

Counting 
Error 

Mr/week 

·-

0.12 
0.31 
0.50 
0.23 

-0.07 
0.70 

·-
0.65 
0.14 
0.02 
0.13 
0.73 
1.01 
0.17 

-0.09 
0.29 
0.16 
0.12 
0.48 
0.38 
0.07 
0.531 
0.311 
0.20 1 
0.18 
0.14 
0.76 
0.09 
0.03 
0.23 
0.71 
0.81 --
0.27 
0.28 
0.69 
0.17 
0.41 
0.61 
0.58 
1.01 
0.09 
0.35 
1.14 
0.29 
0.86 
0.61 

- 0.80 

0.40 
0.31 



TABLE 8 

ENERGY FUELS NUCLEAR. INC. 
WHITE MESA MILL 
DIRECT RADIATION 

MR/QTR 
Location: BHV-2 VERSUS BHV-6. DUPLICATION - Total Net 

Period Exposure Counting Exposure Net 
Endmg Rate Error Rate Error 

16-Jul-90 24.83 0.55 0.52 0.55 --
01-0ct-90 17.68 23.75 -3.97 75 

: 02-Jan-91 29.51 1.74 7.87 74 
01-Apr-91 25.4A 6.75 -6.89 6.75 .. 
01-Jul-91 26 91 4.92 3 12 4.9? 

30-See:!1. 23.27 2.97 4 29 2.9. 
13-Jcan-92 -· 38.14 7.50 17.16 7.50 
10-Apr-92 23.79 4.82 4.81 4.82 
15.Jul-92 24.57 3.86 5.59 3.86 

01-0ct-92 22.88 7.50 3.90 7.50 
-04.Jan-93 29.64 8.33 10.66 

.. 

8 33 --· 08-Apr-93 28.73 3.03 5.85 3.61 
13-Jul-93 20.93 1.39 -3.90 1.39 

08-0ct-93 25.48 2.77 -5.46 3.83 
13.Jan-94 31.46 5.90 0.00 6.78 
11- ·,µr-94 34.58 15.63 10.53 15.63 
1 , -Jul-94 26.13 7.82 4.16 7.82 

---fl -Oct-94 25.09 7.68 -0.78 7.68 
12.Jan-95 · 28.08 4.77 5.07 4.77 
11-Apr-95 ,--2, 66 6.94 4.68 6.94 
11.Jul-95 23.66 4.91 4.68 4.91 

16-0ct-95 26.13 8.22 7.15 8.22 
16-Jan-96 18 33. 4.96 18.33 4.96 

Regression Output: 
Constant 
Std Err of Y Est 
R Squared 
No. of Observations 
Degrees of Freedom 

X Coefficient(s) 
Std Err of Coef. 

0.617 
0.167 

Total 
Rate 

Mr/week 
1.91 
1.36 
2.27 
1.96 
2.07 
1.79 
2.78 
1.83 
1.89 
1.76 
2.28 
2.21 
1.61 
1.98 
2.42 
2.66 
2.01 
1.93 
2.16 
1.82 
1.82 
2.01 
1.41 

0.711 
0.268 
0.39 

23 
21 

Counting 
Error 

Mr/week 
0.04 
1.83 
0.13 
0.52 
0.38 
0.23 
0.58 
0.37 
0.30 
0.58 
0.64 
0.23 
0.11 
0.21 
0.45 
1.20 
o:SO 
0.59 
0.37 
0.53 
0.38 
0.63 
0.38 
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TABLE22A 

ENERGY FUELS NUCLEAR, INC. 
WHITE MESA MILL 

QUALITY CONTROL DU PUCA TE SAMPLES 

THIRD QUARTER 1995 

J 
COTTONWOOD Blind Per Cent I 

CREEK Duplicate Difference 

/================ ==================================J . I 
, U-NatTotal I 1.9E-09 3.4E-09 44.12% i 

U-Nat Dissolved ! 9.0E-10 1.4E-09 35.71% I 
Ra-226 Total I 1.0E-08 1.4E-08 28.57% i 

I ' 

I 
Ra-226 Dissolved · 4.9E-10 4.SE-10 2.04%: 

Th-230 Total I 4.2E-09 3.8E-09 9.52% I 
! Th-230 Dissolved j 1.0E-09 2.0E-10 80.00% i 
~==================================================, 

FOURTH QUARTER 1995 

COTTONWOOD Blind Per Cent 
1 CREEK Duplicate Difference I 
I I ================1==================================i 

/ TDS ! 392 408 3.92% : 
: TSS ! 12 12 0.00%: 
j Gross Alpha I 1 1. 7 41 . 18% 1 

1 U-Nat Total ! 2.3E-09 9.SE-09 75.74% 
/ U-Nat Dissolved 

1 
2.0E-10 4.6C:-09 95.65% 

1==========~=====9================================~= 
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ENERGY FUELS NUCLEAR, INC. 
WHITE MESA MILL 

Soil Sampling Results 

(VALUES) x 10E-3 µCi/Kg 
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Mean 
Std. Dev. 

1.42 
1.04 

1.99 
2.17 

1.00 
0.61 
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0.78 

0.97 
0.76 

1.03 
1.20 

1.15 
1 .08 

1.66 
2.66 

1.80 
1.43 

2.73 
3.43 



TABLE 24 

ENERGY FUELS NUCLEAR, INC. 

1995 STACK SAMPLING RESULTS 

f PARAMETER I[ N. YC STACK I( S. YC STACK 
I 

DEMISTER STACK ft GRIZZLY STACK 

DRY STANDARD CUBIC FEET 

U-NAT µCVml 
LLD 

RA-226 µCi/ml 
LLD 

TH-230 pCi/mt 
LLD 

PB-210 ~Vml 
LLD 

URANIUM RELEASE RATE KG/QTR 
URANIUM RELEASE RATE CUQTR 

135.293 

1.03E-10 
9E-14 

7.37E-14 ~ 3.89E-14 
2E-14 

2.57E·13 ~4.61E·14 
2E-15 

3.49E".'13 t O . 
2E-15 

0.8 
5.5E 

157.395 

1.1l7E-09 
9E-14 
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1.0 INTRODUCTION 

In 1977, meteorological. air quality, and radiological monJtortng was tnJtiated at the 
White Mesa Mill. The original purpose of these monJtortng programs was to document 
the regional atmospheric baseline and to provtde adequate data to assess the potent:ial 
air quality impacts resulting from the mill. After construction of the mill the 
mon.ttortng programs were modified to address compliance of mill operations. ThJs 
report sununarizes the meteorological data collected from this monJtortng program for 
the period July through December 1995. 
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2.0 MONITORING PROGRAM DESCRIPTION 

The meteorological parameters collected were wind speed. Wind direction. standard 
deviation of horizontal Wind direction. and atmospheric stability. The data were 
collected and processed under general site operations protocol and quality assurance 
activities. 

2.1 Site Desciiption 

The region encompassing the Energy Fuels Nuclear Inc. White Mesa Mill (Blanding 
Station) is shown in Figure I. The mill is located on White Mesa approximately five 
miles south of the town of Blanding. Utah. Just west of State Highway 47. The 
surrounding terrain slopes up towards the north and down to the soutl1 through 
southwest. The meteorological monitoring station, located on the northern property 
boundary of the mill. is situated in the southwest corner of Section 22. T37S, R22E 
at an elevation of 5660 feet above mean sea level (AMSL). The location was choser1 
for the purpose of compliance monitoring for operations at the mill. 

2.2 Monitortne Instrumentation 

The sensors. their accuracies and the sampling heights used 1n the monitoring 
program are shown 1n Table 2.1. Weathertronics wind cup anemometer and wind 
vane were connected to a Campbell Scientific CR-10 Data Logger. which continuously 
recorded wind speed and wind direction at the standard ten-meter height. Hourly 
averages of these parameters and hourly were calculated and retatned 1n the data 
logger. Data stored in the logger was then transferred to a solid state storage module 
on a monthly basis 

2.3 Data Collection and Processlne 

The storage modules from the CR-10 were sent to EnecoTech's Denver office. where 
they were subsequently downloaded onto a computer. The data were processed for 
subsequent analysts. 

2 .4 Quality Assurance 

After the meteorological data were downloaded and processed, It was checked for any 
apparent anomalies. If any were discovered, the project manager was notlfted and the 
reasons for the erroneous data along with possible solutions to the problem were 
discussed. The site technician was then contacted and gtven instructions for any 
necessaiy repairs. If required, an EnecoTech scientist was dispatched to the 
site. Any anomalous data was corrected. If possible. If the erroneous data could not 
be corrected it was coded as invalid in the data files. 
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Parameter 

Wind Speed 

Wind direction 

Data logger 

TABLE 2.1 

INSTRUMENT SP:ZCIFICATIONS FOR THE 
UMETCO MINERALS CORPORATION 

WHITE l\li;SA MILL 

Instrument 
Reading Manufacturer and 

Accuracy Height Model Nwnber 

0.34 m/sec 10 m Weathertronics 2030 

± 2.0° 10 m Weathertrnnics 2030 

10 m Mathmatlcal 

Campbell Scientlflc 
CR-IO 



3.0 ANALYSIS RESULTS 

Meteorological data were collected at the White Mesa Mill site and processed according 
to the procedures described in Section 2.0. The data were also subjected to a calm 
processing routine in which any hour's average wtnd speed less than or equal to 
1.0 m/s was set equal to 1.0 m/s and the wind direction was set equal to the last 
non-calm hour's wind direction. The stability class was detemlined for each hour (see 
Section 3.3) and the data set was then analyzed by time of day and stability 
classification. 

3.1 Hourly Data . · · nc;~r ·:. tion 

Hourly averaged vaJ, , of wind speed. wind direction, and are presented in Appendix 
A in the Storage and Retrteval of Aerometrtc Data (SAROAD) format. This format is 
a method of presenting air quality and meteorological data. The SAROAD format also 
includes. when applicable, average monthly values for each hour, daily averages and 
monthly averages. 

3.2 Wind Analysis by Hour of the Day 

The standard wind frequency distribution for the reporting pertod ts presented 
graphically in Figure 3.1. To show the diurnal wind patterns, additional wind 
frequency distributions were developed graphically in 4-hour segments throughout the 
day (midnight to 4:00 a.m., 4:00 a.m. to 8:00 a.m., etc.) and are presented 1n Figure 
3.2. A Joint frequency dtstrtbutlon of wind direction by wind speed was produced 
from the data collected at the site over the reporting period and ts presented in 
Table 3.1. The Joint frequency dtstrtbutlons for Figure 3.2 are presented in 
Appendix B. Tables B-1 through B-6. For reference, one meter per second (m/s) 
equals 2.24 miles per hour (mph). 

Figure 3.1 shows the dominant flow for the period was a drainage wind out of the 
north northeast occurring 16.7 percent of the time. This flow was a result of the 
surrounding terrain's Influence on the site. 

Figure 3.2 confirms the downslope wind pattern seen in Figure 3.1 and displays the 
diurnal pattern of this flow as well as other less prominent flows. Owing the 
nighttime hours from 20-08 Mountain Standard Tune (MSO the north-northeasterly 
wtnds were most yrominent. These drainage winds occurred over 35 percent of the 
time during the evening hours, with speeds averaging 3.15 m/s (7.0 mph). For the 
dayUght hours from 08-16 Msr. the prominent winds were from the south and south­
southeast. These were return or upslope flows and occurred on average 16 percent 
of the time durtng the daytime hours with a mean speed of 3.3 m/s (7.4 mph). 
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TABLE 3-l 
FREQUENCY OP WINDS BY DIRECTION AND SPEED 

FOR STABILITY CLASS ALL 
JULY THROUGH DECEMBER 1995 

ENERGY FUELS NUCLEAR, INC. 
WHITE MESA MILL 

Speed Class Interval {m/s) 
Mean 

Direction l, <l. 5 1. 5, <3 3,<5 5,<8 8,<11 >11 All Speed 
N 0.75 5.84 8 17 0.86 0.09 0.02 15.93 3.3 
NNE o. 72 7 .38 g. l 7 0.45 0.00 o.oo 16.73 3.0 
NE 0.84 4.12 l. 43 0.25 0.00 0.00 6.63 2.5 
ENE 0.54 1.47 0.50 0.20 0.00 0.00 2 .72 2.5 
E 0.45 1.13 0.27 0.09 0.00 0.00 l. 95 2.3 
ESE 0.29 1.06 0.29 0.00 0.05 0.00 l. 70 2.4 
SE 0.43 l. 95 l. 09 0.18 0.09 o.oo 3.73 2.9 
SSE 0.23 3.60 2.22 0.43 0.00 0.00 6.47 2.9 
s 0.45 3.~4 3.83 0.52 0.05 0.00 8.49 3.1 
SSW 0.25 2.67 3.35 1.13 0.00 0.00 7.40 3.5 
SW 0.16 1.31 2.29 0.81 0.02 0.05 4.64 3.8 
WSW 0.16 0.75 l. 02 0.86 0.20 0.00 2.99 4.3 
w 0.09 0.81 0.79 0.43 0.16 0.02 2.31 3.9 
WNW 0.14 0.84 0.59 0.32 0.00 0.05 1.92 3.5 
NW 0.09 1.40 2.17 1.13 0.32 0.20 5.32 4.5 
NNW 0.50 2.42 2.97 2.31 0.68 0.16 9.03 4.4 
AIi 6.09 40.40 39.34 9.98 1. 65 0.50 97.96 3.3 

Calm {less than 1. o m/s) = 2.11 



The overall mean Wind speed from July through December 1995 was 3.3 m/s 
(7.4 mph). The highest average directlonal Wind speed, 4.5 m/s (10.1 mph), was out 
of the northwest while the lowest average directional wind speed. 2.3 m/s (5.1 mph), 
was out of the east. Calm conditions (mean wtnd speed less than or equal to 
1.0 m/s or 2.2 mph) occurred 2.1 percent of the time. 

The average wind speed of 3.3 m/s (7.4 mph) for the second half of 1995 compared 
well with the average wind speeds reported in previous semiannual reports for the 
same time period. The first half of 1986 through 1991 had mean speeds ranging 
from 2.4 m/s (5.4 mph) to 3.4 m/s (7.6 mph). The dominant wind direction for these 
same time periods was north-northeasterly. The differences in Wind speed for these 
time periods can be attributed to year-to-year variability. 

3.3 Atmospheric Stability 

Atmospheric dispersion stability classifications in the standard Pasquill scheme have 
been calculated for the Blanding site using the Mitchell-Timbre technique. In this 
technique, Pasquill stability classes are derived from the hourly sigma theta average 
wind speed. and the solar angle algorithm to differentiate daytime from nighttime 
conditions. The Pasquill stability classification scheme involves delineating stability 
into six classes, A through F. Classes A through C reflect unstable conditions, With 
Class A being most unstable, and can only occur during the day. Stable conditions 
are represented by Classes E and F. with Class F being more stable than Class E, 
and can only occur at night. Neutral conditions are denoted by a D classtftcation and 
can occur anytime. 

Typically, unstable conditions occur when there fs good solar heating (clear days) and 
low wind speeds. Neutral conditions occur with cloudy skies and/or hJgh wtnd 
speeds. Stable conditions typically occur when there is radiational cooling (clear 
nights) and low Wind speeds. Usually stable conditions result in the worst dispersion 
of atmospheric released pollutants. 

Table3.2 presents the total frequency of occurrence of each stability class obseived 
at the White Mesa Mill site throughout the reporting period, not including calm Winds. 
Neutral (D) conditions had the highest frequency of occurrence at 34.2 percent, With 
slightly stable (E) conditions following at 21.1 percent. Slightly unstable (C) had the 
next highest frequency at 13.3 percent. Moderately unstable (BJ had a frequency of 
occurrence of 13.1 percent and moderately stable (F) had a frequency of 8.2 percent. 
Extremely unstable (A) had the least frequency of occurrence at 8.1 percent. This 
type of dJstribution Is generally co nslstent with what has been obseived In previous 
reports for the calendar six month period. Table 3.3 presents the frequency 
distribution of wind direction by stability class includin& calm wtnds. The highest 
frequency of occurrence of direction by stabWty class was observed for north 
northeast winds under E (slightly stable) conditions at 7 .1 percent. 

FJgu.re 3.3 presents graphically the Wind distribution for each stability class. As 
anticipated, thJs figure demonstrates that the atmospheric stability conditions tracked 
well with the local drainage/return flow pattern of the area obseived In Figure 3. 
Unstable conditions (Classes A through C) were associated with winds from the south-
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TABLE 3.2 

STABILnY CLASSIFICATION AND FREQUENCY OF OCCURRENCE 
OF PASQUILL STABILrIY CLASSES 
JANUARY1lfROUGHJUNE1994 
ENERGY FUELS NUCLEAR. INC. 

WHITE MESA MILL 

Stability 
Classification Pasquill Categories Percent Occurrence 

Extremely Unstable A 8.1 

Moderately Unstable B 13.1 

Slightly Unstable C 13.3 

Neutral D 34.2 

Slightly Stable E 21.1 

Moderately Stable F 8.2 



TABLE 3 .3 
FREQUENCY OF WINDS BY STABILITY CLASS 

JULY THROUGH DECEMBER 1995 
ENERGY FUELS·NUCLFAR, INC. 

WHITE MESA MILL 

Stability Category 
Direction A B C D E F All 

N 0.05 0.11 0.72 7.88 s. 32 1.86 15.93 
NNE 0.14 0.27 0.61 7.29 7.18 1.24 16.73 
NE 0.11 0.36 0.75 2.22 1.90 1.29 6.63 
ENE 0.07 0.27 0.70 0. 50 0.52 0.66 2.72 
E 0.25 0.29 0.38 0.41 0.25 0 .36 1. 95 
ESE 0.16 0. 43 0.34 0.20 O. 36 0 .20 1. 70 
SE 0.63 1. 34 0.72 0.48 0. 38 0 .18 3.73 
SSE 1. 90 2.35 1.29 0.54 0.23 0.16 6.47 
s 1. 99 2.97 1. 92 1.15 0.41 0.05 8.49 
SSW 1. 65 2.24 l. 79 1.36 0.25 0.11 7.40 
SW 0.52 0.97 1.24 1.34 0. 38 0.18 4.6, 
WSW 0.18 0.{5 0.41 l. 47 0.27 0.20 2.99 
w 0.14 0.23 0.36 0.95 0.54 0.09 2.31 
WNW 0.16 0.16 0.29 0.81 0.32 0.18 1.92 
NW 0.09 0.48 1. 00 2.26 1.13 0.36 5 .32 
NNW 0.02 0.20 0.75 5 .34 1. 65 1.06 9.03 
All 8.06 13 .13 13.29 34.20 21.10 8.19 97.96 
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southeast through south-southwest (upslope flow) since these wtnds typically occurred 
during the daylight hours. Also seen in Figure 3.3, stable conditions (Classes E 
and f1 prtmartly occurred wtth the nocturnal drainage (north and north-northeast) 
Winds. Neutral (D) conditions had prominent north-northeast flow. The Joint 
frequency distributions of wtnd direction by wtnd speed for each stability class are 
prese~ted In Appendix C. Tables C-1 through C-7. 

3.4 Data Recovezy 

Table 3.4 summarizes the data recovery for this semiannual reporting period. Data 
recovertes for Wind speed. Wind direction. stability were at approximately 100 percent. 
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Parameter 

Wind Speed 

Wind Direction 

TABLE 3.4 

PERCENT DATA RECOVERY 
JULY THROUGH DECEMBER 1995 

ENERGY FUELS NUCLEAR, INC. 
WHITE MESA MILL 

Standard Deviation of 
Horizontal \Vind Direction 

Stability 

Percentage 

100.0 

100.0 

100.0 

100.0 



4.0 SUMMARY 

Meteorological data was collected from July through December, 199~ at the White 
Mesa Mill site With an overall recovery rate of l 00 percent. The results of the 
meteorological data collected during this reporting period are representative of the 
monitoring locatlon. The dominant feature of the Winds observed at the site was a 
local nocturnal drainage flow from the higher elevations to the north and northeast 
and a daytime upslope (return) flow from the south-southeast through 
south-southwest. Neutral condi~ons were the most prominent of the stability classes 
and the period mean Wind speed was 3.3 m/s (7.4 mph). 
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Sampling Period 
and Location 

I ! 5/9/94-8/9/95 
i Met. Station 

I BHV-1 

I 

I 5/9/94-8/9/95 
i Nedl'est Residence 
I 

BHV-2 ! 
I 

I 

l 5/9/94-8/9/95 
I 

I South Tailing Area 
BHV-4 

5/9/94-8/9/95 
S.E. Tailing Area 

BHV-5 

TABLE 17 

ENERGY FUELS NUCLEAR. INC. 
WHITE MESA URANIUM MIU 

SEMIANNUAL Er FLUENT AND MONITORING REPORT 
Source Material License No. SUA-1 J.58 Docket No. 40-8681 

AIR PARTICULATES 

Net Reltlase From 
Site(Background 

Subtracted) Sampling Period 

• 

Radionuclide uCUml and Location Radionuclide 
i 

U-Nat. 1.97E-16 \8/9/95-11/11/95 U-Nat. 
Th-230 6.B"E-17 ! Met Station Th-230 
Ra-226 2.J~E-16 / BHV-1 Ra-226 
Pb-210 1.80E-15 ! Pb-210 

I 
U-Nat. 1.60E-17i8/9/95-11/11;95 U-Nat. 
Th-230 4.70E- 18 INearest Residence Th-230 
Ra-226 9.10E-17 i BHV-2 Ra-226 
Pb-210 O.OOE+00 1 Pb-210 

l 
U-Nat. 7.20E-17 !8/9/95-11/11/95 U-Nat. 
Th-230 1 .94E-16: South Tailing Area Th-230 
Ra-226 2.70E-17: BHV-4 Ra-2.".!6 
Pb-210 7 40E-16; Pb-210 

I 

I 

U-Nat. 9.30E-17 J 8/9/95-11/11/95 U-Nat. 
Th-230 1 .58E-15 I S.E. Tailing Area Th-230 
Ra-226 3.86E-1s J BHV-5 Aa-226 
Pb-210 3.64E-15 ! Pb-210 

Net Release From 
Site(Background 

Subtracted) 
uCliml 

4.48E-15 
5.10E-16 
"-.27E-16 
0.00E+OO 

2.51E-15 
2.78E-16 
4.57E-161 
0.00E+OOI 

1.40E-141 
2.1ee-15I 
2.54E-t51 

O.OOE•001 
2.01E-1~ 
6.57E-1~,, 
7.58E-15/j 
O.OOE+OO 



Radionuclide 
11U-238 
' 
I U-234 

/IBh-230 
; Ra-226 
I ; Pb-210 
TOTAL 

TABLE 18 

ENERGY FUELS NUCLEAR, INC. 
WHITE MESA URANIUM MILL 

SEMIANNUAL EFFLUENT AND MONITORING REPORT 
Source Material License No. SUA-1358 Docket No. 40-8681 

RADIOLOGICAL 50 YEAR DOSE COMMITMENT 
TO THE NEAREST RESIDENT FROM THE 

INHALATIO"J OF AIRBORNE PARTICULATES 
THIACJ QUARTER 

Net 
Concentration 
(Background 
Subtracted) 

Ci/ml 
7.84E-18 
7.84E-18 
4.70E-18 
9.10E-17 
O.OOE+OO 

WHOLE BODY 
0.0000 
0.0000 
0.0008 
0.0028 
0.0000 
0.0037 

FOURTH QUARTER 

Net 
Concentration 

Dose 
mrem/Year 

BONE 
0.0006 
0.0006 
0.0280 
0.0281 
0.0000 
0.0573 

Dose 
mrem/Year 

MASS 
AVERAGE 

LUNG 
0.0012 
0.0014 
o.01s1 1 
0.60151 
0.0000! 
0.6193 

(Background MASS 
Subtract&d) AVERAGE 

Aadionuclide I µCi/ml : WHOLE BODY BONE LUNG 
!iU-238 - 1.23E-15i 0.0053 0.0974 0.19431 
1

1' U-234 1 .23E-15 ' 0.0061 0.0978 0.2214 
/ Th-230 2.78E-16 0.0461 1.6541 0.8952J 
/,Ra-226 4 57E-16 0.0141 0.1412 3.02081 

;lPb-21 o.=-===========o=.o==o=e=+=oo======o=·=oo=o=o====o::::;.o~o::;:oo§:=====o===::.0==0~00==11 
0.0716 1.9905 4.3316 
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pADAl,n::. JEK 
• •• - ••• IL. MW#1 rii.-.,,.~ 

DATE OF SAMPLE 9/14/95 9/14/95 
CASING ELEVATION, feet 5648.22 5613.49 
PHREATIC ELEVATION, feet 5572.62 5503.51 
pH FIELD 7.32 7.38 -~-
FIELD SP. COND. Cumhos@n 1720 3670 
TDS, (mg/I) 1251 2808 

--- -· 
CHLORIDE(~ 13.7 7.6 -· -- -
SULFATES (mg/I) __ 682 1951 ---.......... 
U-NAT. {1,1Ci/ml) 2.6E-09 7.9E-09 
U-NAT. LLD. (uCi/ml) 2.0E-10 2.0E-10 
POTASSIUM(mg/1} 6.37 10.4 -
NICKEL (mg/I) <0.05 <0.05 -

TABLE 19 

ENERGY FUELS NUCLEAR, INC. 
WHITE MESA URANIUM MILL 

MONITOR WELLS 
WATER QUALITY ANALYSIS 

THIRD QUARTER 
GROUNDWATER 

MW#3 MW#4 MW#S MW#11 
9/14/95 9/14/95 9/14/95 9/14/95 
5555.32 5622.57 5609.33 5611.08 
5471.67 5535.68 5501.27 5510.31 

7.11 7.13 7.87 8.06 
5690 3720 2670 2670 
5089 2935 1849 1740 -
73.0 55.9 49.0 33.0 
3237 2110 1057 1012 

2.6E-08 3.SE-09 3.2E-09 9.5E-10 
2.0E-10 2.0E-10 2.0E-10 2.0E-10 

22.3 10 7.41 5.78 -

MW#12 
-

MW#14 
9/14/95 9/14/95 ---
5609.45 5596.39 

-

5500.17 5491.31 
7.33 7.02 ----

4140 3900 
3544 3155 
64.0 21.0 

2388 2220 
1.2E-08 4.1E-08 
2.0E-10 2.0E-10 

12.7 11.5 
<O.Of <0.05 <0.0~ <O.m <0.05 <0.0~ --~------

MW#15 !CULINARY 
9/14/95 9/14/95 
5598.62 N/A 
5491.33 NIA 

7.21 7.59 
4310 429 
3333 219 
40.0 1.7 --
2365 34 

2.8E-08 6.BE-10 
2.0E-10 2.0E-10 

9.8 3.4 
<0.05 <0.0~ 



··-
,A~D-"-.':' •. _ It:~ MW#1 

DATE OF SAMPLE 12/07/95 
CASING ELEVATION, feet 5648.22 -------
PHREATIC ELEVATION, feet 5572.66 
pH FIELD 7.43 ----------·---
FIELD SP. COND. U!_~hp_s@.!)__ ____ 1725 r------
SODIUM (mall) 178 -----· --·- ------------
POTASSIUM (mg/I) 6.4 ----------- -- ------
ARSENIC (mg/I) <0.001 

-·· ·--··- ------·-···-··--·- -··---·-
NICKEL (mQ/1} <O.m 

···-··-··---·- ----·-
SELENIUM (mgfil_ _____________ <0.001 --·-
U-NAT. (uCi/ml) 8.1E-10 --------
U-NAT. LLD. (1,1Ci/m!l_ _______________ 2.0E-10 ·-
Ra-226 (pCi/1) 4.0E-13 ----------
Ra-226 LLD (pCi/1} 2.0E-13 ·-----· 
Th-230 (pCi/1) 3.0E-13 ·--·-------- -----
Th-230 LLD {~Ci/I) 2.0E-13 
Pb-210 (oCi/1) <1E-12 
Pb-210 LLD loCi/1\ 1.0E-12 

·--
MW#2 
12/07/95 
5613.49 --
5503.76 

TABLE 20 

ENERGY FUELS NUCLEAR, INC. 
WHITE MESA URANIUM Mill 

MONITOR WELLS 
WATER QUALITY ANALYSIS 

FOURTH QUARTER 
GROUNDWATER 

-
~YYff.> 

.... a.1.1.1. .. MW#5 ........ 
12/07/95 12/07/95 12/07/95 

·-· 
5555.32 5622.57 5609.33 
5471.62 5537.40 5501.41 

-
MW#11 MW#12 
12/07/95 12/07/95 
5611.08 5609.45 - ·-
5510.64 5500.29 

·----·· -- .._._ -- ,-.---~· -
7.32 6.79 7.12 7.74 7.98 7.15 

. --- ------· -·-·-- -·-----
3730 5830 3840 2690 2700 4120 ---- -- -----,___ ____ ------- ----- -· 
498 765 302 455 576 300 ··---·---·---- -·------------··-- --------
10.3 22 10.1 7.2 5.7 12.3 ----------- ------- -- - •·--·- -

0.001 <0.001 <0.001 <0.001 <0.001 <0.001 ~---------..__ ___ ---~---- -------- - ---
<0.05 <0.0~ <0.0~ <0.0~ <0.05 <O.OE ~---·----- ·---------
0.01 0.017 0.006 <0.001 <0.001 0.004 t------ - -----

8.1E-09 1.BE-08 3.7E-09 6.BE-10 2.0E-10 1.0E-08 ·-------·· ---· ---- -----
2.0E-10 2.0E-10 2.0E-10 2.0E-10 2.0E-10 2.0E-10 _ .. -
9.0E-13 5.0E-13 7.0E-13 3.0E-13 <.2E-12 5.0E-13 -~-·-·-----
2.0E-13 2.0E-13 2.0E-13 2.0E-13 2.0E-13 2.0E-13 --
5.0E-13 5.0E-13 5.0E-13 4.0E-13 5.0E-13 4.0E-13 -
2.0E-13 2.0E-13 2.0E-13 2.0E-13 2.0E-13 2.0E-13 

<1E-12 <1E-12 <1E-12 <1E-12 <1E-12 1.8E-12 
1.0E-12 1.0E-12 1.0E-12 1.0E-121 1.0E-i2 1.0E-12 

MW#14 MW#15 CULINARY 
12/07/95 12/07/D5 12/07/95 
5596.39 5598.62 NIA -· 5491.39 5491.42 NIA 

6.93 7.05 7.58 ---
3910 4430 434 

345 495 8.8 -----
12 9.5 3.2 

<0.001 <0.001 0.019 

<0.05 <0.05 <0.0! -
<0.001 0.106 <0.001 

3.9E-08 3.0E-08 2.0E-10 
~-

2.0E-10 2.0E-10 2.0E-10 
2.0E-13 <.2E-12 4.0E-13 
2.0E-13 2.0E-13 2.0E-13 
2.0E-13 5.0E-13 7.0E-13 
2.0E-13 2.0E-13 2.0E-13 

<1E-12 <1E-12 <1E-12 
1.0E-12 1.0E-12 1.0E-12 



============ 
Chloride 
Nickel 

Putasslum 
Sulfate 
TDS 

TABLE 21 

ENERGY FUELS NUCLEAR, INC. 
WHITE MESA MILL 

QUALfTY CONTROL DUPLICATE SAMPLES 

Monitor Blind Per Cent l Monitor Blind Per Cent 

-~~~~-- -~~~~~~- =~-~~r~~= -7:~~":~= -~~~~~~- =~~~~~~ 
7.6 7.5 1.32% 1.7 1.1 35.29% 

0.05 0.05 0.00% 0.05 0.05 0.00% 
10.4 10.5 0.95% 3.4 3.33 2.06% 

1951 1983 1.61% 34 J3 2.94% 
2808 2699 3.88% 219 211 3.65% 

U 7.9E-09 7.4E-09 6.33% 6.8E-i0 1.6E-09 57.69% 
============~=-========================-~========================== 

1 Monitor.. Monitor.. ~1 Monitor.. / SPIKED SPIKE Per Cent 
/ Well 13 Well 13A Well 16 SAMPLE VALUE Difference 

============r======== ======== ======--=~---======================= 
Chloride 1.5 1.7~ 1.2 1.1 1.9 42.11% 
Nickel 

1 
<O.O <O.O <0.0 0.08 0.095 16.67% 

Potassium I <0.1 0.3 <O. 1 100 100 0.00% 
Sulfate / <1 48 l <1 1 1 0.00% 
TDS j <1 99 31 1 4.66 78.54% 

U 
1 

9.SE-10, 1.SE-09 1.20E-09 7.7E-08 6.8E-08 11.69% 
=--=-===-==- f-==----- =-=------ ---------- --------- -----==::- =-=-==-·-= 

Monitor Blind Per Cent / Monitor Bland Per Cent 

-•-~I;:;•-- .~~~;;-~~~~~ _.?._~~~:z r-~:~~; .~~~~~ -~~~~ 
Potassium 10.1 9.8 2.97%1 7.2 7 2.78% 

Arsenic <0.001 <0.00 i 0.00% I <0.001 <0.001 0.00% 
Nickel <0.05 <0.05 0.00% I <0.05 <0.05 0.00% 

Selenium 0.006 0.005 16.67% I <0.001 <0.001 0.00% 
LI-Natural 3.7E-09 3.7E-09 0.00% I 6.SE-10 2.2E-09 69.09% 
Ra-226 7.0E-13 7.0E-13 0.00% 3.0E-13 2.0E-12 85.00% 
Th-230 5.0E-13 5.0E-13 0.00% I 4.0E-13 8.0E-13 50.00% 

=--~~:~~~---~===:~:~l----:~:;:===--~~~::~---:~:~l----:::~l----~~:: 

j Monitor.. I Monitor.. I Monitor.. i SPIKED SPIKED Per Cent 

a--~~;--= r-~."!-~~~,~~~~~t-~~~~~-J~~~ --~~~~~ -~;~: 
Potassium <1 <~ <1/ 34.5 36.5 5.48% 

Arsenic <0.001 <0.001 <0.001 <0.001 
Nickel I <0.0 <0.0 <0.0 <0.05 

Selenium I <0.001 <0.001 0.003 <0.001 
LI-Natural / <2E-1 <2E-1~· 1.20E-09 <2E-10 
Ra-226 , <2E-1 <2E-1 2.00E-13 <2E-13 
Th-230 I 5.0E-13 6.0E-13 <2E-1 <2E-13 
Pb-210 <1E-1 2.2E-12 <1E-1 6.BOE-12 

I 

======== =------~- ----------=-------=-------
de-Ionized water, recirculated 
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HOURLY AVERAGED WIND SPEED 
DA'l'A RECORDED IN JULY 1995 

BLANDING - U'l'AH 
UNITS ARE TENTHS OF A METER PER SECOND 

HOUR OF THE DAY 
---- -- ---

DAY 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 :u AW - --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -
1 56 52 41 37 38 28 32 50 30 31 34 38 43 54 77 49 49 65 58 55 '3 " 30 ,o 45 
2 41 38 53 51 36 33 22 27 26 31 29 40 54 57 78 73 65 56 65 58 27 34 0 '6 45 
3 30 17 23 35 18 41 32 15 31 49 63 73 36 99 35 47 48 63 59 17 13 19 19 27 38 
4 20 22 10 24 36 20 16 18 14 29 4l 30 54 53 56 49 58 58 42 43 49 " 48 '9 37 
5 47 59 51 42 51 21 19 22 19 24 20 23 26 30 31 33 35 36 35 17 25 38 36 u 33 
6 39 43 35 34 11 25 14 27 21 29 25 24 24 34 30 29 22 33 10 17 39 43 u 53 29 
7 45 30 29 30 29 37 22 20 34 40 33 36 40 33 30 26 28 20 22 24 42 41 43 49 33 
8 47 38 34 34 40 21 24 27 38 52 41 36 29 33 32 34 29 27 47 30 50 38 34 51 36 
9 48 28 25 16 33 29 21 ,o 67 56 48 46 46 41 48 63 83 41 33 27 36 " 43 48 42 

10 45 34 40 37 39 28 25 24 27 29 40 45 43 51 51 43 54 43 19 15 29 35 35 26 36 
11 37 35 31 42 " 36 24 22 31 37 47 55 53 79 63 56 52 33 59 38 10 17 28 46 '1 
12 39 35 20 30 33 34 30 21 50 54 '' 49 48 84 85 79 72 95 73 50 59 33 31 25 49 
13 34 27 25 18 28 " 20 22 25 29 27 25 37 81 100 104 86 74 54 53 53 '1 31 13 " 14 32 27 25 24 30 14 10 13 20 20 24 25 41 40 47 4a 51 40 30 30 55 39 45 42 32 
15 22 18 22 26 25 27 22 23 20 15 18 32 60 51 47 46 44 49 49 52 53 56 43 48 36 
16 36 43 38 36 49 49 32 21 12 17 32 32 31 34 34 35 30 39 34 85 55 55 56 41 39 
17 38 39 37 18 19 13 10 37 66 18 36 30 33 44 38 27 39 48 31 38 57 54 58 57 37 
18 57 63 57 18 34 53 53 52 45 42 56 60 54 44 53 52 45 52 43 50 54 31 28 43 47 
19 38 46 33 20 24 27 18 13 28 32 28 25 24 27 25 29 32 22 20 13 38 41 24 27 27 
20 35 38 43 30 37 41 33 16 22 41 48 36 36 " 39 51 104 84 31 13 35 28 27 34 39 
21 27 29 34 28 23 22 24 15 25 21 27 2·1 23 32 35 34 43 46 39 25 31 42 45 37 31 
22 36 17 22 11 29 33 27 19 13 17 26 28 27 37 41 43 41 34 29 55 37 48 35 32 31 
23 34 30 25 25 19 27 18 23 33 42 42 37 38 41 38 35 37 41 74 98 80 60 23 18 39 
24 38 39 37 18 19 13 10 37 66 18 36 30 33 " 38 27 39 48 31 38 57 54 58 57 37 
25 35 28 4o 35 29 25 30 27 19 61 64 54 45 47 68 54 44 57 64 113 86 77 34 25 '9 
26 21 28 33 29 32 27 32 24 21 31 28 33 33 44 55 44 58 55 62 56 41 29 22 45 37 
27 70 39 35 22 16 10 10 14 16 16 28 32 36 36 48 72 50 38 36 37 41 34 39 35 34 
28 12 15 19 19 26 32 34 28 22 17 22 29 36 37 31 57 31 24 22 18 55 35 24 29 23 
29 24 25 27 32 33 27 26 29 30 22 24 21 26 36 79 30 33 36 34 3.3 37 40 40 25 32 
30 19 28 23 24 23 30 30 17 22 17 20 17 25 34 28 33 30 29 31 29 24 25 25 u 26 
31 42 37 18 22 12 13 20 1~ 19 25 37 22 33 52 54 69 75 78 73 60 39 55 58 55 41 -- --- --- --- --- --- ---

AVERAGE 37 34 32 28 30 28 24 25 29 31 35 35 38 47 49 47 49 47 42 42 " u 37 39 37 
* Indicates calibration of sensors 

•• Indicates invalid data EHECOTECH INC. 
~·. SAROAD(Vl.O) 02/01/96 



HOURLY AVERAGED WIND DIRECTION 
DATA RECORDED IN JULY 1995 

BLANDING - UTAH 
UNITS ARE DEGREES AZIMUTH 

HOUR OF THE DAY 
---- -- ---

DAY l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
- --- --- --- --- --- --- --·- --- --- --- --- --- --- --- --- --- --- ---

l 356 3 22 39 25 14 297 342 15 126 140 154 186 228 258 347 283 287 169 152 82 80 30 14 
2 12 47 53 43 27 14 39 134 156 171 192 207 215 238 252 247 258 261 265 263 299 322 33) 319 
3 340 40 29 17 104 325 316 323 168 159 207 260 60 314 21 49 77 61 . 58 138 26 12 33'3 353 
4 355 347 347 17 14 356 291 266 198 227 240 242 286 321 319 305 318 313 6 14 13 10 7 353 
5 331 340 338 354 335 70 52 156 147 157 213 233 227 213 263 221 197 192 182 160 19 11 9 4 
6 357 1 14 345 19 21 62 126 134 163 152 149 159 267 251 284 236 221 360 59 20 12 14 15 
7 11 358 348 320 23 19 309 285 158 144 165 160 189 211 257 296 220 246 273 354 4 358 16 16 
8 12 5 8 16 16 17 23 1'5 165 163 158 127 121 126 159 111 89 114 100 63 76 61 27 23 
9 37 25 34 316 48 27 31 111 137 145 163 177 157 195 182 166 144 173 174 314 355 345 16 19 

10 38 :o 37 29 29 30 22 60 161 lb4 197 192 187 186 144 163 190 178 150 113 76 211 188 55 
11 31 346 351 4 16 30 35 148 139 160 183 202 186 179 157 160 158 174 201 204 134 43 317 334 
12 297 265 269 24 22 23 31 117 151 152 161 180 172 176 179 175 169 239 300 314 291 317 7 36 
13 13 8 26 318 4 351 14 107 160 154 169 203 159 248 314 272 272 271 328 356 25 67 17 359 
14 348 317 314 2 7 8 266 126 109 183 230 197 205 216 223 231 247 57 22 17 3 34 47 10 
15 353 38 0 0 358 17 41 64 134 271 80 65 42 49 46 35 40 24 347 342 345 350 358 4 
16 9 356 347 40 20 22 25 52 39 52 76 79 so 37 30 21 29 14 35 141 190 197 147 308 
17 302 302 300 306 329 294 254 208 157 333 174 205 222 230 194 175 318 305 305 341 346 339 338 3'2 
18 342 336 332 333 345 3SO 344 337 333 310 292 313 310 309 329 321 323 324 358 349 339 338 308 345 
19 342 2 343 20 72 44 19 81 131 133 141 142 154 134 83 172 159 140 174 184 4 4 301 8 
20 32 24 13 29 19 11 4 8 108 141 148 156 157 187 220 156 118 129 81 5 19 3 346 346 
21 347 344 35 258 353 2 357 344 347 354 164 177 193 198 229 213 354 348 259 274 11 s 357 31 
22 360 28 18 228 329 336 338 319 192 179 280 352 351 188 180 168 196 352 353 352 352 358 352 351 
23 358 16 15 ' 357 352 352 296 353 352 354 259 323 339 333 353 348 332 344 352 332 357 335 236 
2, 302 302 300 306 329 294 254 208 157 333 174 205 222 230 194 175 318 305 305 341 346 339 338 342 
25 19 24 21 23 20 41 21 17 140 143 157 165 173 205 193 209 173 187 166 235 335 356 327 337 
26 35 7 17 24 29 36 31 21 93 141 161 179 216 212 238 275 250 260 293 343 6 43 145 208 
27 190 224 259 292 310 310 310 347 277 180 184 203 203 198 207 18 25 38 199 230 223 220 238 240 
28 108 31 59 36 23 26 21 33 88 147 166 183 212 222 64 58 43 67 97 356 196 230 259 24 
29 39 20 26 19 15 39 63 13 46 184 184 174 186 258 356 316 so 23 36 61' 23 3 3 48 
30 35 24 22 22 24 5 349 346 290 201 199 194 192 205 197 247 244 244 243 236• 242 219 l 352 
31 360 7 215 359 30 51 40 38 118 155 159 173 130 355 345 346 4 354 350 351 · 5 12 1 ' • Indicates calibration of sensors 

•• Indicates invalid data ENECOTECH INC. 
SAROAD(Vl.O) 02/01/96 



HOURLY HORIZONTAL WIND DIRECTION STANDARD DEVIATION 
DATA RECORDED IN JULY 1995 

BLANDING - UTAH 
UNITS ARE TENTHS OF A DEGREE 

HOUR OF THE DAY ---- -- ---
DAY l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 AVG - --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -

1 363 92 167 64 86 79 151 130 '39 371 311 372 401 339 202 516 282 153 414 284 94 91 163 51 234 
2 76 1'4 77 83 147 90 196 315 224 316 327 279 321 281 183 171 132 196 117 97 319 80 69 51 179 
3 170 132 107 146 733 211 249 383 344 145 317 213 495 215 290 267 442 35. 92 624 247 162 339 151 284 
4 202 162 718 137 69 417 230 310 365 276 255 470 236 282 303 319 189 2E· 206 123 55 69 63 132 242 
5 89 " 94 171 125 242 218 175 200 293 526 545 492 426 449 397 287 183 101 198 256 74 163 165 2'6 
6 88 185 174 287 320 153 307 204 209 249 253 383 481 378 525 504 538 334 675 107 102 51 22 33 273 
7 43 318 286 376 188 109 300 405 262 225 291 362 283 289 486 453 426 599 126 401 74 128 235 2, 279 
8 37 99 20) 79 95 130 107 509 180 18) 227 314 439 495 520 588 323 242 172 130 295 381 95 51 2'6 
9 97 417 183 501 171 134 177 250 129 216 258 276 290 455 314 271 151 172 216 410 358 198 73 72 2'1 

10 92 87 59 87 88 104 85 370 315 281 264 316 319 284 270 241 241 163 132 '11 505 377 270 459 243 
11 136 294 304 83 52 96 117 365 162 286 216 186 304 326 200 238 230 215 124 98 316 323 446 223 223 
12 125 125 311 78 53 59 85 468 158 157 279 269 346 276 198 193 191 428 168 177 95 183 212 171 200 
13 114 175 9' 446 189 116 343 242 307 315 472 533 458 395 121 169 123 190 151 120 186 117 558 571 271 
14 165 156 446 287 200 492 739 461 447 611 432 489 367 301 290 265 211 774 516 171 114 201 125 125 349 
15 361 191 200 205 150 185 157 138 443 544 719 406 148 244 2'8 187 202 107 128 50 39 55 118 87 221 
16 119 95 110 345 76 46 82 182 517 421 300 429 462 437 420 358 303 140 360 313 711 586 336 107 302 
17 127 109 210 254 638 615 253 680 129 532 199 367 285 256 227 515 377 187· 98 146 55 72 54 50 268 
18 66 76 95 532 107 96 94 101 159 216 189 207 213 239 246 261 279 141 156 106 " 125 182 95 168 
19 99 119 191 592 215 161 139 373 231 197 260 327 607 583 647 388 273 233 96 184 184 151 367 336 290 
20 89 57 71 51 70 43 114 177 516 184 183 278 287 311 403 379 136 122 535 363 175 186 17 113 203 
21 93 721 505 718 534 304 62 459 29 308 376 320 521 531 661 346 6 308 488 508 152 104 95 275 351 
22 148 354 384 743 114 " 54 401 644 428 775 23 17 434 207 214 584 6 4 4 68 71 115 92 2'7 
23 195 170 266 252 231 0 261 494 9 8 722 651 372 233 156 11 402 351 271 153 15f 155 607 553 278 
24 127 109 210 254 638 615 253 680 129 532 199 367 285 256 227 515 377 187 98 U6 55 72 54 50 268 
25 127 169 75 69 109 171 99 83 516 204 152 230 346 314 235 238 256 :uo 135 173 238 72 324 67' 219 
26 284 117 119 53 107 89 87 78 487 265 291 310 387 266 310 319 232 186 182 297 79 491 270 166 228 
27 117 448 151 124 400 376 236 326 521 419 400 306 406 332 250 382 111 134 565 126 90 78 " 139 271 
28 262 529 292 223 96 97 65 100 276 365 476 '70 334 398 405 116 241 485 398 683 249 150 367 175 302 
29 261 215 181 127 113 164 333 181 275 391 455 428 502 327 251 664 146 385 207 155 76 85 129 535 275 
30 87 96 93 78 115 104 81 355 220 394 352 482 402 272 333 486 481 484 407 103 83 202 307 49 253 
31 103 117 700 408 160 220 67 107 347 175 109 415 739 367 338 216 151 166 144 146 147 65 78 71 232 

---
AVERAGE 145 197 228 253 206 186 185 307 296 307 341 356 372 340 320 329 268 261 241 226 181 166 204 189 254 

• Indicate• calibration of ••n•ors 
•• Indicate• invalid data ENBCOftCH lNC. 

SAROAD(Vl,O) 02/01/96 



HOURLY AVBMSED wnm SPEED 
DATA RECORDED IN AUGUST 1995 

BLANDING - UTAH 
UNITS ARE TENTHS OP A METER PER SECOND 

HOUR OP' THE DAY 
---- -- ---

DAY 1 2 3 4 5 6 7 8 9 10 11 12 13 u 15 16 17 18 19 20 21 22 23 2, A'VG 
- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
1 56 52 41 37 38 28 32 50 30 31 34 38 '3 54 77 0 u 65 58 55 t3 " 30 ,o '5 
2 41 38 53 51 36 33 22 27 26 31 29 40 54 57 78 73 65 56 65 58 27 3' t9 t6 t5 
3 JO 17 23 35 18 41 32 15 31 49 63 73 36 99 35 47 48 63 59 17 13 19 19 27 38 
4 20 22 10 24 36 20 16 18 14 29 41 30 54 53 56 49 58 58 42 43 u " 48 49 37 
5 47 59 51 42 51 21 19 22 19 24 20 23 26 30 31 33 35 36 35 17 25 38 36 u 33 
6 39 43 35 34 11 25 u 27 21 29 25 24 :a 34 30 29 22 33 10 17 39 '3 44 53 29 
7 45 30 29 30 29 37 22 20 3' ,o 33 36 ,o 33 30 26 28 20 22 24 42 u '3 " 33 
8 47 38 3' 34 40 21 24 27 38 52 41 36 29 33 32 3' 29 27 47 30 50 38 34 51 36 
9 u 28 25 16 33 29 21 40 67 56 48 46 46 41 48 63 83 41 33 27 36 " 43 '8 42 

10 45 34 40 37 39 28 25 24 27 29 40 45 43 51 51 43 54 '3 19 15 29 35 35 26 36 
11 37 35 31 42 u 36 24 22 31 l7 '7 55 53 79 63 56 52 33 59 38 10 17 28 '6 u 
12 39 35 20 30 33 3' 30 21 50 54 " u 48 84 85 79 72 95 73 50 59 33 31 25 " 13 34 27 25 18 28 44 20 22 25 29 27 25 37 81 100 104 86 74 54 53 53 41 31 13 H 
14 32 27 25 24 30 14 10 13 20 20 2' 25 41 40 47 48 51 40 30 30 55 39 45 42 32 
15 22 18 22 26 25 27 22 23 20 15 18 32 60 51 47 46 44 49 " 52 53 56 43 48 36 
16 38 43 38 36 '9 49 32 21 12 17 32 32 31 34 34 35 30 39 34 85 55 55 56 41 39 
17 38 39 37 18 19 13 10 37 66 18 36 30 33 44 38 27 39 48 31 38 57 54 58 57 37 
18 57 63 57 18 34 53 53 52 45 42 56 60 54 44 53 52 45 52 43 50 54 31 28 43 47 
19 38 46 33 20 24 27 18 13 28 32 28 25 24 27 25 29 32 22 20 13 38 u 2, 27 27 
20 35 38 43 30 37 41 33 16 22 u u 36 36 44 39 51 104 8' 31 13 35 28 27 3' 39 
21 27 29 34 28 23 22 24 15 25 21 27 27 ·n 32 35 34 43 46 39 25 31 42 45 37 31 
22 36 17 22 ll 29 33 27 19 13 17 26 28 27 37 41 43 41 34 29 55 37 48 35 32 31 
23 34 30 25 25 19 27 18 23 33 '2 42 37 38 41 38 35 37 41 " 98 80 60 23 18 39 
24 38 39 37 18 19 13 10 37 66 18 36 30 33 44 38 27 39 48 31 38 57 54 58 57 37 
25 35 28 46 35 29 25 30 27 19 61 64 54 45 47 68 54 " 57 64 113 86 77 34 25 49 
26 21 28 33 29 32 27 32 2, 21 31 28 33 33 44 55 " 58 55 62 56 u 29 22 45 37 
27 70 39 35 22 16 10 10 1' 16 16 28 32 36 36 48 72 50 38 36 37 '1 34 39 35 3, 
28 12 15 19 19 26 32 34 28 22 17 22 29 36 37 31 57 31 24 22 18 55 35 24 29 28 
29 24 25 27 32 33 27 26 29 30 22 24 21 26 36 79 30 33 36 34 33 3'7 40 40 25 32 
30 19 28 23 24 23 JO 30 17 22 17 20 17 25 34 28 33 30 29 31 29 24 25 25 '1 26 
31 42 37 18 22 12 13 20 19 19 25 37 22 33 52 54 69 75 78 73 60 39 55 58 55 u 

- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
AVERAGE 37 34 32 28 30 28 24 25 29 31 35 35 38 47 49 47 49 47 42 42 " u 3'7 39 31 

0 Indicate• calibration of •en•or• 
•• Indicates invalid data ENECOTECH INC. 

SAROAD(Vl.O) 02/01/96 



HOURLY AVERAGED WIND DIRECTION 
DATA RECORDED IN AUGUST 1995 

BLANDING - UTAH 
UNITS ARB DEGREES AZIMU'ffl 

HOUR OP THE DAY ---- -- ---
DAY 1 2 3 ' 5 6 ., 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 --- ---

1 356 3 22 39 25 1' 297 1,2 15 126 140 15, 186 228 258 3'7 283 287 169 152 82 80 30 u 
2 12 n 53 u 27 1' )9 u, 156 171 192 207 215 238 252 2'7 258 261 265 263 299 322 33J 319 
3 3'0 ,o 29 17 10, 325 316 323 168 159 207 260 60 u, 21 '9 77 61 50 138 26 12 338 35) 

' )55 3'7 3'7 17 1' 356 291 266 198 227 2,0 2,2 286 321 319 305 318 313 6 14 13 10 7 353 
5 331 3'0 338 35, 335 70 52 156 1'7 157 213 233 227 213 263 221 197 192 182 160 19 11 9 ' 6 357 1 1' 3'5 19 21 62 126 13' 163 152 1'9 159 267 251 284 236 221 360 59 20 12 u 15 
7 11 358 3'8 320 23 19 )09 285 158 lU 165 160 189 211 257 296 220 2C6 273 354 ' 358 16 16 
8 12 5 8 16 16 17 23 1'5 165 163 158 127 121 126 159 111 89 114 100 63 76 61 27 23 
9 37 25 H 3Hi '8 27 ll 111 137 1'5 163 177 157 195 182 166 lU 173 174 31' 355 3,5 16 19 

10 38 JO 37 29 29 30 22 60 161 18' 197 192 187 186 lU 163. 190 178 150 113 76 211 189 55 
11 31 3'6 351 ' 16 30 35 148 139 160 183 202 186 179 157 160 158 17' 201 20, u, ,J 317 33' 
12 297 265 269 2, 22 23 31 117 151 152 161 180 172 176 179 175 169 239 300 31' 291 317 7 36 
13 ll 8 26 318 ' 351 14 107 160 15, 169 203 159 248 314 272 272 271 328 356 25 67 17 359 
1' 3'8 317 314 2 7 8 266 126 109 183 230 197 205 216 223 231 2'7 57 22 17 3 3' " 10 
15 353 38 ~ 0 358 17 '1 6' u, 271 80 65 ,2 49 '6 35 ,o 2, 347 3C2 J,s 350 358 ' 16 9 356 347 40 20 22 25 52 39 52 76 79 50 37 30 21 29 14 35 1'1 190 197 1'7 308 
17 302 302 300 306 329 29' 2s, 208 157 333 17' 205 222 230 194 175 318 305 305 341 l'6 339 338 )'2 
18 342 336 332 333 3,s 350 3't 337 333 310 292 313 310 309 329 321 323 32C 358 30 339 338 308 1,5 
19 3'2 2 )'3 20 72 " 19 81 131 133 141 142 154 134 83 172 159 140 11, 184 4 4 )01 8 
20 32 24 13 29 19 11 ' 8 108 Ul 148 156 157 187 220 156 118 129 81 5 19 3 lU JU 
21 347 3U 35 258 353 2 357 JU 347 1s, 16' 1'7 193 198 229 213 354 3'8 259 l7' 11 5 357 31 
22 360 28 18 228 329 336 338 319 192 179 280 352 351 188 180 168 196 352 353 352 352 358 352 351 
23 358 16 15 ' 357 352 352 296 353 352 35, 259 32) 339 333 353 3'8 332 JU 352 332 357 335 236 
24 302 302 300 306 329 29' 254 208 157 333 17' 205 222 230 19C 175 318 305 305 3'1 3'6 339 331 3'2 
25 19 24 21 23 20 41 21 17 140 143 157 165 173 205 193 209 173 187 lfi6 235 335 356 327 337 
26 35 7 17 2, 29 36 31 21 93 1'1 161 179 216 212 238 275 250 260 293 343 6 0 us 208 
27 190 22, 259 292 310 310 310 3'7 277 180 184 203 203 198 207 18 25 38 199 230 223 220 21a 240 
28 108 31 59 36 23 26 21 33 88 147 166 183 212 222 64 58 43 67 97 356 196 230 259 2, 
29 39 20 26 19 15 39 63 lJ u 18' 184 11, 186 258 356 316 50 23 36 61 23 3 3 " 30 35 24 22 22 24 5 3'9 346 290 201 199 194 192 205 197 247 2'4 2'4 2U 236 2,2 219 1 352 
31 360 7 215 359 30 51 40 38 118 155 159 173 130 355 3'5 3'6 ' 354 350 351 5 12 7 ' • Indicate& calibration of aenaora 

** Indicates invalid data DIECOTltCH INC. 
SAROAD(Vl.O) 02/01/96 
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HOURLY HORIZONTAL WIND DIRECTION STANDARD DEVIATION 
DATA RECORDED IN AUGUST 1995 

BLANDING - UTAH 
UNITS ARE TENTHS OP A DEGREE 

HOUR OF THE DAY 
---- -- ---

DAY 1 2 3 ' 5 6 7 8 9 10 11 12 13 u 15 16 17 18 19 20 21 22 23 2, AVG --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
1 363 92 167 64 86 79 151 130 '39 371 311 372 ,01 339 202 516 282 153 ,u 284 94 91 163 51 234 
2 76 lU 77 83 147 90 196 315 22, 316 327 279 321 281 183 171 132 196 117 97 319 80 69 51 179 
3 170 132 107 146 733 211 20 383 3U 145 317 213 495 215 290 267 U2 351 92 62, 247 162 339 151 28' 

' 202 162 718 137 69 417 230 310 365 276 255 '70 236 282 303 319 189 219 206 123 55 69 63 132 2,2 
5 89 " 94 171 125 242 218 175 200 293 526 545 492 426 449 397 287 183 101 198 256 14 163 165 2'6 
6 88 185 174 287 320 153 307 204 209 249 253 383 481 378 525 504 538 334 675 107 102 51 22 3l 273 
7 u 318 286 376 188 109 300 405 262 225 291 362 283 289 486 453 426 599 126 401 " 128 235 2, 279 
8 37 99 203 79 95 130 107 509 180 183 227 JU 439 495 520 588 323 242 172 130 295 381 95 51 2'6 
9 97 417 183 501 171 134 177 250 129 216 258 276 290 455 31' 271 151 172 216 no 358 198 73 72 2U 

10 92 87 59 87 88 10, 85 370 315 281 264 316 319 284 270 241 ;241 163 132 Ul 505 377 270 459 ~u 
11 136 294 304 83 52 96 117 365 162 286 216 186 30f 326 200 238 230 215 124 98 316 323 H6 223 22] 
12 125 125 311 78 53 59 85 '68 158 157 279 269 3'6 276 198 193 191 428 168 177 95 183 212 171 200 
ll 114 175 94 '46 189 116 JU 242 307 315 472 533 458 395 121 169 123 190 151 120 186 117 558 571 2'11 
u 165 156 U6 287 200 02 739 '61 U7 611 432 489 367 301 290 265 211 774 516 171 11' 201 125 U5 3'9 
15 361 191 200 205 150 185 157 138 U3 SU 719 ,06 1'8 2U 248 187 202 107 128 50 39 55 118 87 221 
16 119 95 110 345 76 46 82 182 517 421 300 429 462 '37 420 356 303 140 360 313 711 586 336 107 302 
17 127 109 210 254 638 615 253 680 129 532 199 367 ,85 256 227 515 377 18? 98 1'6 55 7l 5, 50 261 
18 66 76 95 532 107 96 94 101 159 216 189 207 213 239 246 261 279 141 156 106 " 125 182 95 1fi8 
19 99 119 191 592 215 161 139 373 231 197 260 327 607 583 647 388 273 233 96 186 18' 151 367 336 290 
20 89 57 71 51 70 43 11' 177 516 18' 183 278 287 311 403 379 136 122 535 363 175 186 17 11) 203 
21 93 721 505 718 53' 304 62 459 :~ 308 376 320 521 531 661 3'6 6 308 '88 508 152 104 95 275 351 
22 148 354 384 7U 114 " s, ,01 6'4 428 775 23 17 '34 207 21' 584 6 ' ' 68 71 115 92 2n 
23 195 170 266 252 231 0 261 49' 9 8 722 651 372 233 156 11 402 351 271 153 154 155 607 553 2'71 
24 127 109 ..:10 254 638 615 253 680 129 532 199 367 285 256 227 515 377 187 98 1'6 55 n 54 50 261 
25 127 169 75 69 109 171 99 83 516 206 152 230 346 31' 235 238 256 240 135 173 238 72 324 "' 219 
26 284 117 119 53 107 89 87 78 ,81 265 291 310 387 266 310 319 232 186 182 297 79 '91 270 166 221 
27 117 U8 151 12' ,oo 376 236 326 521 '19 400 306 ,06 332 250 382 111 13' 565 126 90 78 64 139 271 
28 262 529 292 223 96 97 65 100 276 365 .. ,o 470 334 398 405 116 2'1 485 398 683 249 150 367 175 ]02 
29 281 215 181 127 113 16' 333 181 275 391 ,55 428 502 327 251 664 146 385 207 155 7G 85 129 535 275 
30 87 96 93 78 115 104 81 355 220 39' 352 482 402 272 333 486 481 "' 407 103 83 202 307 " 253 
31 103 117 700 408 160 220 67 107 347 175 109 415 739 367 338 216 151 166 lU 146 147 65 71 '11 232 

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --
AVERAGE 145 197 228 253 206 186 185 307 296 307 341 356 372 340 320 329 268 261 2U 226 181 lH 20, 119 25' 

• Indicate• calibration of •enaors 
•• Indicate• invalid data DIBCOTECH INC. 

SAROAD(Vl.O) 02/01/96 



HOURL'l AVERAGED WIND SPEED 
DATA RECORDED IN SEPTEMBER 1995 

BLANDING - UTAH 
UNITS ARE TEN'MIS OF A METER PER SECOND 

HOUR OP THE DAY 
---- -- ---

DAY l 2 3 ' 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 n 22 2] 2, AVG - --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
l 56 52 u 37 38 28 32 50 30 3l 3' 38 ,&J 5, 77 '9 '9 65 58 55 0 " 30 ,o '5 
2 u 38 53 51 36 33 22 27 26 31 29 ,o 54 57 78 73 65 56 65 58 27 3' " " 45 
3 30 17 23 35 18 u 32 15 31 '9 63 73 36 99 35 '7 48 63 59 17 13 u 19 27 38 
4 20 22 10 2, 36 20 16 18 14 29 u 30 54 SJ 56 49 58 58 ,2 t3 0 " u 0 ]7 
5 " 59 51 42 51 21 19 22 19 24 20 23 26 30 31 33 35 36 35 17 25 38 36 u 33 
6 39 '3 35 34 11 25 14 27 21 29 25 24 24 3, 30 29 22 33 10 17 39 '3 " 53 29 
7 45 JO 29 30 29 37 22 20 3' ,o 33 36 40 33 30 26 28 20 22 24 u u u " ll 
8 '7 38 34 34 40 21 2, 27 38 52 41 36 29 33 32 34 29 27 " 30 50 38 34 51 36 
9 '8 28 25 16 33 29 21 ,o 67 56 ,o 46 46 u 48 63 83 u 33 27 36 " '3 48 u 

10 45 34 40 37 39 28 25 24 27 29 40 45 43 51 51 43 54 43 19 15 29 35 35 26 36 
11 37 35 31 42 " 36 2, 22 31 37 47 55 53 79 63 56 52 33 59 38 10 17 28 " u 
n 39 35 20 JO 33 34 30 21 50 54 u 49 48 84 85 79 72 95 73 50 59 33 31 25 " 13 34 27 25 18 28 " 20 22 25 29 27 25 37 81 100 104 86 74 54 53 53 u 31 13 u 
14 32 27 25 24 30 14 10 13 20 20 24 25 41 40 47 48 51 ,o 30 JO 55 39 45 u 32 
15 22 18 22 26 25 27 22 23 20 15 18 32 60 51 '7 46 " '9 49 52 53 56 u '8 36 
16 38 43 38 36 '9 49 32 21 12 17 32 32 31 34 H 35 30 39 34 85 55 55 56 u 39 
17 38 39 37 18 19 13 10 37 66 18 36 30 33 " 38 27 39 48 31 38 57 54 58 57 37 
18 57 63 57 18 34 53 53 52 45 ,2 56 60 54 " 53 52 45 52 u 50 54 31 28 u n 
19 38 '6 33 20 24 27 18 13 28 32 28 25 24 27 25 29 32 22 20 13 38 u 2, 27 27 
20 35 38 43 30 37 41 33 16 22 u 48 36 36 " 39 51 104 84 31 13 35 28 27 3' 39 
21 27 29 34 28 23 22 24 15 25 21 27 27 23 32 35 34 '3 46 39 25 31 42 45 37 ll 
22 36 17 22 11 29 33 27 19 13 17 26 28 27 37 u '3 u 3' 29 55 37 48 15 32 31 
23 34 30 25 25 19 27 18 23 33 42 '2 37 38 41 38 35 37 u " 98 80 60 23 18 39 
24 38 39 37 18 19 13 10 37 66 18 36 30 33 44 38 21 39 48 3l 38 57 54 58 57 37 
25 35 28 46 35 29 25 30 27 19 61 64 54 45 47 68 54 " 57 64 113 86 77 34 25 " 26 21 28 33 29 32 37 32 2, 21 31 28 33 33 " 55 " 58 55 62 56 u 29 22 45 37 
27 70 39 35 22 16 10 10 14 16 16 28 32 36 36 '8 72 50 38 36 37 u 34 39 35 3' 
28 12 15 19 19 26 32 34 28 22 17 22 29 36 37 31 57 31 24 22 18 55 35 2, 29 28 
2! 2' 25 27 32 33 27 26 29 ~ 0 22 2, 21 26 36 79 30 33 36 34 33 37 ,o ,o 25 32 
30 19 28 23 24 23 30 30 17 22 17 20 17 25 3' 28 33 30 29 31 29 24 25 25 u 26 -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

AVERAGE 37 34 32 28 30 29 2, 25 30 31 35 36 38 47 '9 '7 48 '6 '1 u " u 37 38 37 
• Indicates calibration of aenaora 

•• Indicates invalid data DIECOTECH INC. 
SAROAD(Vl.O) 02/01/96 



HOURLY AVERAGED WIND DIRECTION 
DATA RECORDED IN SEPTEMBER 1995 

BLANDING - UTAH 
UNITS ARE DEGREES AZIMUTH 

HOUR 01' THE DAY ---- -- ---
DAY l 2 3 ' 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --
1 356 3 22 39 25 14 297 3U 15 126 1'0 15, 186 228 258 347 283 287 169 152 82 80 30 u 
2 12 47 53 43 27 14 39 134 156 171 192 207 215 238 252 247 258 261 265 263 299 322 333 319 
3 340 40 29 17 104 325 316 323 168 159 207 260 60 314 21 49 77 61. 58 138 26 12 338 353 

' 355 347 3,1 17 14 356 291 266 198 227 2,0 2,2 286 321 319 305 318 313 6 14 13 10 '1 353 
5 331 340 338 15, 335 70 52 156 1 .. 1 157 213 233 227 213 263 221 197 192 182 160 19 11 9 ' 6 357 1 14 345 19 21 62 126 134 163 152 149 159 267 251 284 236 221 360 59 20 12 u 15 
7 11 358 3'8 320 23 19 309 285 158 144 165 160 189 211 257 296 220 246 273 354 ' 358 16 16 
8 12 5 8 16 16 17 23 145 165 163 158 127 121 126 159 111 89 114 100 63 76 61 27 23 
9 37 25 34 316 48 '21 31 111 137 U5 163 177 157 195 182 166 144 173 174 314 355 3,5 16 19 

10 38 30 37 29 29 30 22 60 161 184 197 192 187 186 144 163 190 178 150 113 76 211 188 55 
11 31 346 351 4 16 30 35 148 139 160 183 202 186 179 157 160 158 174 201 20, 134 '3 31'7 33' 
12 297 265 269 24 22 23 31 117 151 152 161 180 17:l 176 179 175 169 239 300 314 291 317 7 36 
13 13 8 26 318 4 351 u 107 160 154 169 203 159 248 314 272 2'72 271 328 356 25 67 1'1 35, 
14 348 317 314 2 7 8 266 126 109 183 230 197 205 216 223 231 247 57 22 17 3 34 47 10 
15 353 38 0 0 358 17 41 64 134 271 80 65 42 49 46 35 40 24 347 342 345 350 358 4 
16 9 356 347 ,o 20 22 25 52 39 52 76 79 50 37 30 21 29 14 35 lU 190 197 14'7 308 
17 302 302 300 306 329 29t 254 208' 157 333 174 205 222 230 194 175 318 305 305 JU 3'6 339 338 JU 
18 342 336 332 333 345 350 3'4 337 333 310 292 313 310 309 329 321 323 324 358 349 339 338 308 3'5 
19 342 2 343 20 72 '' 19 81 131 133 lU u:: 154 134 83 172 159 140 11, 18' ' ' 301 8 
20 32 2, 13 29 19 11 ' 8 108 141 148 156 157 187 220 156 118 129 Bl 5 19 3 3'6 3'6 
21 347 JU 35 258 353 2 357 3U 347 354 164 177 193 198 229 213 354 348 259 274 11 5 357 31 
22 360 28 18 228 329 336 338 319 192 179 280 352 351 188 180 168 196 352 353 352 352 358 352 351 
23 358 16 15 4 357 352 352 296 35J 352 354 259 323 339 333 353 348 332 JU 352 332 357 335 236 
2, 302 302 300 306 329 294 254 208 157 333 17' 205 222 230 19' 175 318 305 305 3'1 346 339 338 342 
25 19 2, ~l 23 20 41 21 17 140 143 157 165 173 205 193 209 173 187 166 235 335 356 327 337 
26 35 7 17 24 29 36 31 .ll 93 lU 161 179 216 2U 238 275 250 260 293 343 6 43 1'5 208 
27 190 224 259 292 310 310 310 347 277 180 184 203 203 198 207 18 25 38 199 230 223 220 238 240 
28 108 31 59 36 23 26 21 33 88 147 166 183 212 222 64 58 43 67 97 356 196 230 259 2, 
29 39 20 26 19 15 39 63 ll 46 184 184 174 186 258 356 316 50 23 36 61 23 3 3 '8 
30 35 24 22 22 2, 5 349 346 290 201 199 194 192 205 197 247 244 244 243 236 242 219 l 352 

• Indicate• calibration of senaora 
•• Indicate• invalid data Dfl'.CO'l'ECH INC • 

SAROAD(Vl.O) 02/01/9, 



HOURLY HORIZONTAL WIND DIREC'I'ION STANDARD DEVIATION 
DATA RECORDED IN SEPTEMBER 1995 

BLANDING - UTAH 
UNITS ARE TENTHS OF A DEGREE 

HOUR OP THE DAY 
---- -- ---

DAY l 2 3 ' 5 6 7 8 g 10 11 12 13 1' 15 16 17 18 19 20 21 22 23 2, AW --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
1 363 92 167 6' 86 79 15 130 439 371 311 372 401 339 202 516 282 153 414 284 9' 91 163 51 23' 
2 76 144 77 83 1'7 90 196 315 22, 316 327 279 321 281 183 171 132 196 117 97 319 80 69 51 179 
3 170 132 107 146 733 211 249 383 34' 145 311 213 495 215 290 267 442 351 92 62' 2'7 162 339 151 2H 

' 202 162 718 137 69 417 230 310 365 276 255 470 236 282 303 319 189 219 206 123 55 69 63 132 2'2 
5 89 " 94 171 125 242 218 175 200 293 526 545 492 426 449 397 287 183 101 198 256 74 16) 165 2'6 
6 88 185 174 l87 )20 15) )07 20, 209 20 253 )83 481 378 525 so, 538 3)4 675 107 102 51 22 ll 273 
7 43 318 286 376 188 109 300 405 262 225 291 362 283 289 486 453 426 599 126 401 7' 128 l35 24 279 
8 37 99 203 79 95 130 107 509 180 183 227 314 439 495 520 588 323 242 172 1)0 295 3Bl 95 51 2'6 
9 97 U7 183 501 171 134 177 250 129 216 258 276 290 455 314 271 151 172 216 410 358 198 73 72 2&1 

10 92 87 59 87 88 104 85 370 315 281 264 316 319 284 270 241 241 163 132 411 sos 377 270 459 243 
11 1)6 29' 304 83 52 96 117 365 162 286 216 186 304 326 200 238 230 215 124 98 316 323 U6 223 223 
12 125 125 311 78 53 59 85 468 158 157 279 269 346 276 198 193 191 428 168 177 95 183 212 171 200 
13 114 175 9' 446 189 116 343 242 307 315 472 533 458 395 121 169 123 190 151 120 186 117 558 571 271 
14 165 156 446 287 200 492 739 461 U7 611 432 4r9 367 301 290 265 211 774 516 171 11' 201 125 125 30 
15 361 191 200 205 150 185 157 138 443 SU 719 4f 6 148 244 248 187 202 107 128 50 39 55 118 87 221 
16 119 95 110 345 76 46 82 182 517 421 300 429 462 437 420 358 303 140 360 313 711 586 336 107 302 
17 127 109 210 254 638 615 253 680 129 532 199 367 285 256 227 515 377 187 98 146 55 72 54 so 2H 
18 66 76 95 532 107 96 94 101 159 216 189 207 21) 239 246 261 279 141 156 106 u 125 182 95 168 
19 99 119 191 592 215 161 139 373 231 197 260 327 607 583 647 388 273 233 96 184 18' 151 367 336 290 
20 89 57 71 51 70 '3 114 177 516 184 183 278 287 311 403 379 136 122 535 36J 175 186 17 113 203 
21 93 721 505 718 534 304 62 459 29 308 376 320 521 531 661 346 6 308 488 50~ 152 10, 95 275 351 
22 148 354 384 743 114 " 54 401 6U '28 775 23 17 434 207 214 58' 6 4 4 68 71 115 92 247 
23 195 170 266 252 231 0 261 494 9 8 722 651 372 233 156 11 402 351 271 153 154 155 607 553 278 
24 127 109 210 254 638 615 253 680 n9 532 199 367 285 256 227 515 377 187 98 1'6 55 72 54 50 261 
25 127 169 75 69 109 171 99 83 516 204 152 230 346 314 235 238 256 240 135 173 238 72 324 n, 219 
26 28' 117 119 53 107 89 87 78 487 265 291 310 387 266 310 319 232 186 182 297 79 491 270 166 228 
27 117 HS 151 124 400 376 236 326 521 419 400 306 ~06 332 250 382 111 134 565 126 90 78 " 139 271 
28 262 529 292 223 96 97 65 100 276 365 476 470 334 398 405 116 241 485 398 683 249 150 367 175 302 
29 281 215 181 127 113 16' 333 181 275 391 455 428 502 327 251 664 146 385 207 155 76 85 129 535 275 
30 87 96 93 78 115 104 81 355 220 394 352 482 402 272 333 486 481 484 ,01 103 83 202 307 49 253 

-- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
AVERAGE 146 200 213 248 208 185 189 313 295 311 349 354 360 339 319 332 272 26' 245 229 182 170 208 193 255 

• Indicates calibration of aeneora 
•• Indicate• invalid data INECO'fECH INC. 

SAROAD(Vl.O) 02/01/96 



HOURLY A'. ~RAGED WIND SPEED 
DATA RECORDED IN OCTOBER 1995 

BLANDING - UTAH 
UNITS ARE TENTHS OF A Y"'TER PER SECOND 

HOUR OF THE DAY ---- -- ---
DAY 1 2 3 ' 5 6 1 8 ' 10 ll 12 13 u 15 16 17 18 19 :10 21 22 :n 24 AVG -- --- ---

l 56 52 u 37 38 28 32 50 30 31 34 38 '3 5, 77 u u 65 58 55 '3 u )0 ,o 45 
2 u 38 53 51 36 33 22 27 26 31 29 40 5( 57 78 73 65 56 65 58 27 3' u 46 45 
3 JO 17 23 35 18 41 32 15 31 49 63 73 36 99 35 47 46 63 59 17 13 19 19 27 31 
4 20 22 10 24 36 20 16 18 1' 29 41 30 54 53 56 .. 9 58 58 42 ~ l u u 48 " 37 
5 47 59 51 42 51 21 1S 22 19 24 20 23 26 30 31 33 35 36 35 17 25 38 36 u 33 
6 39 '3 35 34 11 25 14 27 21 29 25 24 24 34 30 29 22 33 10 17 39 fl u !53 29 
7 45 30 29 ~o 29 37 22 20 3 ,o 33 36 40 33 30 26 28 20 22 24 42 u u '9 33 
8 47 38 34 J4 40 21 24 27 52 u 36 29 33 32 3' 29 27 47 30 50 38 34 51 36 
9 '8 28 25 16 33 29 21 40 6, 56 '8 46 46 u '8 63 83 u 33 27 36 u '3 48 ,2 

10 45 34 40 37 39 28 25 24 21 29 40 45 43 51 51 43 54 u 19 15 29 35 )5 26 36 
11 37 35 31 42 " 36 24 22 31 37 47 55 53 79 63 56 52 33 59 38 10 17 28 '6 u 
12 39 35 20 JO 33 34 30 21 50 54 44 49 48 84 85 79 72 95 73 50 59 33 31 25 49 
13 3' 27 25 18 28 " 20 22 25 29 27 25 37 81 100 104 86 74 54 53 53 41 31 ll " 1' 32 27 25 24 30 14 10 13 20 20 24 25 '1 40 47 48 51 40 30 30 55 39 45 42 32 
:i.5 22 18 22 26 25 27 22 23 20 15 18 32 60 51 47 46 u u u 52 53 56 '3 '8 36 
16 38 '3 38 36 49 0 32 21 12 17 32 32 31 34 34 35 30 39 34 85 !55 !55 56 u 39 
17 38 39 37 18 19 13 10 37 66 18 36 30 33 " 38 27 39 48 31 38 57 54 58 57 37 
18 57 63 57 18 3' 53 53 52 45 42 56 60 54 u 53 52 45 52 43 50 54 31 28 43 n 
19 38 46 33 20 24 2: 18 13 28 32 28 25 24 27 25 29 32 22 20 13 38 u 24 27 27 
20 35 38 '3 30 37 41 33 16 22 41 '8 36 36 44 39 51 104 84 31 13 35 28 27 3' 39 
21 27 29 34 28 23 22 2, 15 25 21 27 27 23 32 35 34 43 46 39 25 31 42 45 37 31 
22 36 17 22 11 29 33 27 19 13 17 26 28 21 37 41 43 41 34 29 55 37 48 35 32 31 
23 34 30 25 25 19 27 18 23 33 42 ,2 37 38 41 38 35 37 41 " 98 80 60 23 18 39 
24 38 39 37 18 19 13 10 37 66 18 36 30 33 u 38 27 39 48 31 38 57 54 58 57 37 
25 35 28 46 35 29 25 30 27 19 61 64 s, 45 47 68 54 u 57 64 113 86 77 3, 25 " 26 21 28 33 29 32 27 32 24 21 31 28 33 l3 u 55 u 58 55 62 56 u 29 22 45 37 
27 70 39 35 22 16 10 10 14 16 16 28 32 36 36 48 72 50 38 36 37 41 34 39 35 l4 
28 12 15 19 19 26 32 3' 28 22 17 :2 29 36 37 31 57 31 2, 22 18 55 35 2, 29 28 
29 24 25 27 32 33 27 26 29 30 22 "' 21 26 )6 79 JO 33 36 34 33 37 40 40 25 32 
30 19 28 23 24 23 30 30 17 22 17 20 17 25 34 28 33 30 29 31 29 24 25 25 u 26 
31 42 37 18 22 12 13 20 19 19 25 37 22 33 52 54 69 75 78 73 60 39 55 58 55 u 

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --
AVERAGE 37 34 32 28 30 28 24 25 29 31 35 35 38 47 49 47 49 47 42 42 " u 37 39 37 

• Indicate• calibration of ae,.sora 
•• Indicates invalid d&ta ENECO'l"ECH INC. 

SAJlOAD(Vl.O) 02/01/96 



HOURLY AVERAGED WIND DIRECTION 
DATA RECORDED IN OCTOBER 1995 

BLANDING - UTAH 
UNITS ARE DEGREES AZINU'MI 

HOUR OP THE DAY ---- -- ---
DAY 1 2 3 4 5 6 7 8 9 10 11 12 13 u 15 16 17 18 19 20 21 22 ::n 2, 

- --- --- --- --- -- - -- - --- --- --- --- --- --- --- ---
1 356 ) 22 39 25 14 297 3'2 15 126 140 154 186 228 258 347 283 287 169 152 82 80 JO u 
2 12 47 53 Cl 27 14 39 134 156 171 192 207 215 238 252 247 258 261 265 263 299 322 333 319 
3 3t0 ,o 29 17 10, 325 316 32) 168 159 207 260 60 314 21 '9 77 61 58 138 26 12 338 353 
4 355 3'7 )47 17 u 356 291 266 198 227 240 242 286 321 319 305 318 313 6 14 13 10 7 353 
5 331 340 338 354 335 70 52 156 147 157 213 233 227 213 263 221 197 192 182 160 19 11 9 ' 6 357 1 14 345 19 21 62 126 13' 163 152 1'9 159 267 251 284 236 221 360 59 20 12 u 15 
7 11 358 JU 320 23 19 )09 285 158 lU 165 160 189 211 257 296 220 246 273 354 4 358 16 16 
8 12 5 8 16 16 17 23 145 165 163 158 127 121 126 159 111 89 lU 100 6) 76 61 27 23 
9 37 25 34 316 48 27 )l 111 137 145 16) 177 1~7 195 182 166 144 173 174 314 355 345 16 19 

10 38 30 37 29 29 30 22 60 161 184 197 192 187 186 14' 163 190 178 150 113 76 211 188 55 
11 ll 3'6 )51 4 16 )0 )5 ue 139 160 183 202 186 179 157 160 158 17' 201 204 134 4) 317 3)4 
12 297 265 269 24 22 23 31 117 151 152 161 180 172 176 179 175 169 239 300 JU 291 317 7 36 
13 13 8 26 318 4 )51 14 107 160 154 169 20) 159 2'8 )14 272 272 271 328 356 25 67 17 359 
14 lU 317 lU 2 7 8 266 126 109 183 230 197 205 216 223 231 247 57 22 17 ) 34 n 10 
15 353 38 0 0 358 17 '1 6' 134 271 80 65 42 49 46 35 40 24 347 342 345 350 358 4 
16 9 356 347 40 20 22 25 52 )9 52 76 79 50 )7 30 21 29 14 )5 lU 190 197 U7 308 
17 302 302 300 306 3.!9 294 254 208 157 333 174 205 222 230 194 175 318 305 305 3'1 JU 339 338 342 
18 342 336 332 333 345 350 344 337 333 310 292 313 310 309 329 )21 323 l:Z4 358 30 339 338 308 345 
19 342 2 343 20 72 u 19 81 131 133 lU 142 154 134 83 172 159 140 174 184 4 ' 301 8 
20 32 241 13 29 19 11 4 8 108 lU 148 156 157 187 220 156 118 129 81 5 19 3 346 3'6 
21 3'7 lU 35 258 353 2 357 lU 3'7 354 16' 177 191 198 229 213 354 lU 259 274 11 5 357 31 
22 360 28 18 228 329 336 338 319 192 179 280 352 351 188 180 168 196 352 353 )52 352 358 352 351 
23 358 16 15 4 357 352 352 296 353 352 354 259 323 339 333 353 348 332 344 352 332 357 335 236 
24 302 302 300 306 329 294 254 2J8 157 333 17' 205 222 230 194 175 318 305 305 )41 346 339 33B 342 
25 19 24 21 23 20 41 21 17 uo 143 157 165 173 205 193 209 173 187 166 235 335 356 327 337 
26 35 7 17 24 29 36 31 21 93 141 161 179 216 212 238 275 250 260 293 343 6 43 145 208 
27 190 224 259 292 310 310 310 347 277 180 18' 203 203 198 207 18 25 38 199 230 223 220 238 240 
28 108 31 59 36 23 26 21 33 88 147 166 183 212 222 64 58 43 67 97 356 196 230 259 24 
29 39 20 26 19 15 39 6) 13 46 18t 184 174 186 258 356 316 50 23 36 61 23 3 3 '8 
30 JS 24 22 22 24 5 349 346 290 201 199 194 192 205 197 247 2U 244 243 236 242 219 1 352 
31 360 7 215 359 30 51 40 38 118 155 159 173 130 355 345 346 4 354 350 351 s 12 7 4 

• Indicate• calibration of ••n•or• 
•• Indicate& invalid data 2NECOTECH INC. 

SAROAD(Vl.O) 02/01/96 



HOURLY HORIZotfl'AL WIND DIRECTION STANDARD DEVIATION 
DATA RECORDED IN OCTOBER 1995 

BLANDING - UTAH 
UNITS ARE TENTHS OF A DEGREE 

HOUR OP THE DAY 
---- -- ---

DAY 1 2 3 ' 5 6 7 8 g 10 11 12 l) u 15 16 17 18 19 20 21 22 23 2, AW --- --- --- --- --- --- --- --- -- - --- --- --- -- - --- --- --- --- --- --- --- --- --- --- --- ---
1 )6) 92 167 64 86 79 151 1)0 439 371 311 )72 401 339 202 516 282 153 '14 2H 9' 91 16) 51 234 
2 76 lU 77 83 147 90 196 315 2,, 316 327 279 321 281 183 171 132 196 117 97 JU 80 69 51 179 
3 170 132 107 146 733 211 249 383 lU U5 317 213 495 215 290 267 '42 )51 j2 624 247 162 3)9 151 284 
4 202 162 718 137 69 417 230 310 365 276 255 470 236 282 )03 319 189 219 206 123 55 69 63 132 242 
5 89 44 94 171 125 242 218 175 200 293 526 545 492 426 449 397 287 183 101 198 256 7' 163 165 246 
6 88 185 174 287 320 153 307 204 209 249 253 383 '81 378 525 504 538 334 675 107 102 51 22 33 273 
7 43 318 286 376 188 109 300 405 262 225 291 362 283 289 486 453 426 599 126 401 74 128 235 24 279 
8 37 99 20) 79 95 130 107 509 180 183 227 314 439 495 520 588 323 242 172 130 295 381 95 51 2'6 
9 97 41'1 183 501 171 134 177 250 129 216 258 276 290 455 314 271 151 172 216 410 358 198 73 72 241 

10 92 87 59 87 88 104 85 370 315 281 26' 316 319 284 270 241 2'1 163 132 '11 505 377 270 459 243 
11 136 294 304 83 52 96 117 365 162 286 216 186 304 326 200 238 230 215 124 98 lHi 323 446 22) 22) 
12 125 125 311 78 53 59 85 468 158 157 279 269 346 276 198 193 191 428 168 177 95 183 212 171 200 
13 114 175 94 446 189 116 343 242 307 315 ,n 533 458 395 121 169 123 190 151 120 186 117 558 571 271 
14 165 156 4'6 287 200 492 139 461 447 611 432 489 367 301 290 265 211 774 516 171 114 201 125 125 JU 
15 361 191 200 205 150 185 157 138 U3 544 719 406 148 244 248 187 202 107 128 50 39 ~5 118 87 221 
16 119 95 110 345 76 '6 82 182 517 421 300 429 462 437 420 358 303 140 )60 313 711 586 336 107 302 
17 127 109 210 254 638 615 253 680 129 532 199 367 285 256 227 515 377 187 98 146 55 72 54 50 268 
18 66 76 95 532 107 96 94 101 159 216 189 207 213 239 246 261 279 141 156 106 " 125 182 95 168 
19 99 119 191 592 215 161 139 373 231 197 260 327 607 583 647 388 273 233 96 18' 18' 151 367 336 290 
20 89 57 71 51 70 43 114 177 516 184 183 278 287 311 403 379 136 122 535 363 175 186 17 113 201 
21 93 721 505 718 534 30' 62 459 29 308 376 320 521 531 661' 346 6 308 488 508 152 104 95 275 351 
22 148 354 384 743 114 " 54 ,01 644 428 775 23 17 ,34 207 214 584 6 ' 4 68 71 115 92 24'1 
23 195 170 266 252 231 0 261 494 9 8 722 651 372 233 156 11 402 351 271 153 154 155 607 553 271 
2, 127 10!, 210 254 638 615 253 680 129 532 199 367 285 256 227 515 377 187 98 146 55 72 54 50 268 
25 127 169 75 69 109 171 99 83 516 204 152 230 346 314 235 238 256 240 135 173 238 72 324 674 219 
26 284 117 119 53 107 89 87 78 ,81 265 291 310 387 266 310 319 232 186 182 297 79 491 :no 166 228 
27 117 448 151 124 ,oo 376 236 326 521 419 400 306 406 332 250 382 111 134 565 126 90 78 64 139 271 
28 262 529 292 223 9~ 97 65 100 276 365 476 470 334 398 405 116 241 485 )98 683 249 150 367 175 102 
29 281 215 181 127 113 164 333 181 275 391 455 428 502 327 251 664 146 385 207 155 76 85 129 535 275 
30 87 96 93 78 115 104 81 355 220 39' 352 482 402 272 333 41i6 ,a1 48' 407 l "3 83 202 307 u 253 
31 103 117 700 ,os 160 220 67 107 347 1..,5 109 415 739 367 338 216 151 166 144 146 147 65 78 71 232 

-- --- --- - - - - -- - -- --- -- - --- --- --- --- --- -- - - - - --- -- - --- --- --- --- --- --- --- ---
AVERAGE 145 197 228 253 206 186 185 307 296 307 341 356 372 340 320 329 268 261 241 226 181 166 204 189 254 

• Indicate• calibration of aen$ora 
•• Indicate• invalid data ENECOTECH INC. 

SAROAD(Vl.O> 02/01/96 



HOURLY HORIZONTAL WIND DIRECTION STANT',RD DEVIATION 
DATA R2CORDED IN OCTOP~R. ,~~ 

BLANDING - I\.' 
UNITS ARE TENTHS Or A OEGREE 

HOUR OF THE DAY 
---- -- ---

DAY 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 :n 22 2) :u AVG 
--- --- --- - -- --- --- --- --- --- --- - -- -- - --- - -- --- --- --- --- --- --- --- --- --- --- ---

l )63 92 167 64 86 79 151 130 439 371 311 372 401 339 202 516 282 153 U4 28' 94 91 163 51 234 
2 76 144 77 83 147 90 196 315 224 316 327 279 321 281 183 171 132 196 117 97 319 80 69 51 179 
3 170 132 107 146 733 211 249 383 344 145 317 213 495 215 290 267 442 351 92 624 247 162 339 151 284 
4 202 162 718 137 69 417 230 310 365 276 255 470 236 282 303 319 189 219 206 123 55 69 63 1)2 242 
s 89 " 94 171 125 242 218 175 200 293 526 545 492 426 449 397 287 183 101 198 256 74 163 165 246 
6 88 185 174 287 320 153 307 204 209 249 253 383 481 378 525 504 538 334 675 107 102 51 22 33 273 
7 43 318 286 376 188 109 300 405 262 225 291 362 283 289 486 453 426 599 126 401 74 128 2)5 24 279 
8 37 99 203 79 95 130 107 509 180 183 227 314 439 495 520 588 323 242 172 130 295 3Sl 95 51 246 
9 97 417 183 501 171 134 177 250 129 216 258 276 290 455 314 271 151 172 216 uo 358 198 73 72 241 

10 92 87 59 87 88 104 85 370 315 281 264 316 319 284 270 241 241 163 1)2 Ul ~05 377 270 459 2'3 
11 136 294 304 83 52 96 117 365 162 286 216 186 304 326 200 238 230 215 124 98 316 323 446 223 223 
12 125 125 311 78 53 59 85 468 158 157 279 269 3'6 276 198 193 191 428 168 177 95 183 2U 171 200 
13 114 175 94 H6 189 116 343 242 307 315 472 533 458 395 121 169 123 190 151 120 186 117 558 571 271 
14 165 156 446 287 200 492 739 461 447 611 432 489 367 301 290 265 211 774 516 171 114 201 125 125 3'9 
15 361 191 200 205 150 185 157 138 443 544 719 406 148 244 248 187 202 107 128 50 39 55 118 87 221 
16 119 95 110 345 76 46 82 182 517 421 300 429 462 437 420 358 303 140 360 313 711 586 336 107 302 
17 127 109 210 254 638 615 253 680 129 532 199 367 285 256 227 515 377 187 98 146 55 72 54 50 268 
18 66 76 95 532 107 96 94 101 159 216 189 207 213 239 246 261 279 141 156 106 " 125 182 95 168 
19 99 119 191 592 215 161 139 373 231 197 260 327 607 583 647 388 273 233 96 184 184 151 367 336 290 
20 89 57 71 51 70 43 114 177 516 184 183 278 287 311 403 379 136 122 535 363 175 186 17 113 203 
21 93 721 505 718 53' 304 62 459 29 308 376 320 521 531 661 346 6 308 488 508 152 104 95 275 351 
22 148 354 384 743 114 4' 54 401 644 428 775 23 17 434 207 214 584 6 4 4 68 71 115 92 247 
23 195 170 266 252 231 0 261 49' 9 8 722 651 372 :;:33 156 H 402 351 271 153 154 155 607 553 278 
24 127 109 210 254 638 615 253 680 129 532 199 367 285 256 227 515 377 187 98 146 55 72 54 50 268 
25 127 169 75 69 109 171 99 83 516 204 152 230 346 314 235 238 256 240 135 173 238 72 324 674 21' 
26 284 117 119 53 107 89 87 78 487 265 291 310 387 266 310 319 232 186 182 297 79 491 270 166 228 
27 117 448 151 12, 400 376 236 326 521 419 400 306 406 332 250 382 111 134 565 126 90 78 64 139 271 
28 262 529 292 223 96 97 65 100 276 365 476 470 334 398 405 116 241 485 398 683 2U 150 367 175 302 
29 281 215 181 127 113 164 333 181 275 391 455 428 502 327 251 664 146 385 207 155 76 85 129 535 275 
30 87 96 93 78 115 104 81 355 220 394 352 4'12 402 272 333 486 481 484 ,01 103 83 202 307 0 253 
31 103 117 700 408 160 220 67 107 347 175 109 '15 739 367 338 216 151 166 144 146 147 65 78 71 232 

- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --
AVERAGE 145 197 228 253 206 186 185 307 296 307 341 356 372 340 320 329 268 261 241 226 181 166 204 189 254 

• Indicate• calibration of senaora 
•• Indicate• invalid data ENBCOTECH INC. 

SA.ROAD(Vl.O) 02/01/96 



HOURLY AVERAGED WIND SPEED 
DATA RECORDED IN NO\'EMBER 1995 

BLANDING - UTAH 
UNITS ARE TENTHS OF A METER PER SECOND 

HOUR OF 'fflE DAY 
---- -- ---

DAY l 2 ) ' 5 6 7 8 9 10 11 12 1) 1' 15 16 17 18 l9 20 21 22 2) 24 AVG 
- --- --- --- - -- --- - -- --- --- --- --- --- -- - -- - -- - --- -- - -- - --- --- --- --- --- --- ---
1 56 52 u 37 38 28 32 50 30 31 34 38 '3 54 77 u u 65 58 55 n " 30 40 " 2 u 38 53 51 36 33 22 27 26 31 29 40 S4 57 78 73 65 56 65 58 27 3' 49 46 45 
3 30 17 23 35 18 u 32 15 31 '9 63 73 36 99 35 47 48 63 59 17 13 19 19 27 38 

' 20 22 10 24 36 20 16 18 14 29 u 30 54 53 56 49 58 58 42 43 '9 " 48 49 37 
5 " 59 51 42 51 21 19 22 19 24 20 23 26 30 31 33 35 36 35 17 25 38 )6 u 33 
6 39 '3 35 34 11 25 14 27 21 29 25 24 24 34 30 29 22 33 10 17 39 43 " 53 29 
7 45 30 29 30 29 37 22 20 3' ,o 33 36 ,o 33 30 26 28 20 22 24 42 u 43 u )) 

8 47 38 3' 34 40 21 24 27 38 52 u 36 29 33 32 34 29 27 47 30 50 38 3' 51 )6 
9 48 28 25 16 33 29 21 40 61 56 '8 46 46 41 48 63 83 41 33 27 36 " 43 '8 " 10 45 34 40 37 39 28 25 2, 27 29 40 45 43 51 51 43 54 43 19 15 29 35 35 26 36 

11 37 35 31 42 44 36 24 22 31 37 47 55 53 79 63 56 52 33 59 38 10 17 28 46 u 
12 39 35 20 )0 33 34 30 21 50 54 " 49 48 84 85 79 72 95 73 50 59 33 31 25 n 
ll 34 27 25 18 28 44 20 22 25 29 27 25 37 81 100 10, 86 74 54 ~) 53 u 31 13 " 14 32 27 25 24 ]0 14 10 13 20 20 24 25 41 40 47 48 51 ,o 30 30 55 39 45 42 32 
15 22 18 22 26 25 27 22 23 20 15 18 32 60 51 47 46 44 49 49 52 53 56 43 48 36 
16 38 u 38 36 49 u 32 21 12 17 32 32 31 34 34 35 30 39 34 85 55 55 56 u 39 
17 38 39 37 18 19 ll 10 37 66 18 36 30 33 44 38 27 39 48 31 38 57 54 58 57 37 
18 57 63 57 18 34 53 53 52 45 42 56 60 54 44 53 52 45 52 43 50 54 31 28 43 n 
19 38 46 33 20 24 27 18 13 28 32 28 25 2, 27 25 29 32 22 20 ll 38 u 2' 27 27 
20 35 38 43 30 37 41 3) 16 22 u '8 36 36 " 39 51 104 8' 31 13 35 28 27 34 39 
.: l 27 29 34 2A 23 22 24 15 2S 21 27 27 23 32 35 34 43 46 39 25 31 42 45 37 31 
22 36 17 22 1~ 29 33 27 19 13 17 26 28 27 37 41 43 41 34 29 55 37 '8 35 3.2 31 
23 )4 30 25 25 19 27 18 23 33 '2 42 37 38 41 38 35 37 u " 98 80 60 23 18 39 
24 38 39 37 18 19 13 10 37 66 18 36 30 33 " 38 27 39 48 31 38 57 54 58 57 37 
25 35 28 46 35 29 25 30 27 19 61 64 54 45 47 68 54 " 57 64 113 86 77 34 25 u 
26 21 28 33 29 32 27 32 24 21 31 28 33 33 44 55 " 58 55 62 56 u 29 22 ,s 37 
27 10 39 35 22 16 10 10 14 16 16 28 32 36 36 48 12 50 38 36 37 41 3' 39 35 3' 
28 12 15 19 19 26 32 34 28 22 17 22 29 36 37 31 57 31 24 22 18 55 35 24 29 28 
29 2, 25 27 32 3) 27 26 29 30 22 2, 21 26 36 79 30 33 36 34 33 37 ,o 40 25 32 
30 19 28 23 24 23 30 )0 17 22 17 20 17 25 34 28 33 JO 29 )1 29 2' 25 25 u 26 

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- - .. --- --- --- --- --- --- --- --
AVERAGE 37 34 32 28 30 29 24 25 30 31 35 36 38 " 49 n '8 46 u u " u 37 38 37 

• Indicate• calibration of sensors 
•• Indicates invalid data ENECO'l'ECH INC. 

SAROAD(Vl.O) 02/01/96 



HOURLY AVERAGED WIND DIRECTION 
DATA RECORDED IN NOVEMBER 1995 

BLANDING - UTAH 
UNITS ARE DEGREES AZIMUTH 

HOUR OF 'l'IIE DAY 
---- -- ---

DAY 1 2 3 ' 5 6 7 8 9 10 11 12 13 u 15 16 17 18 19 20 21 22 23 2, 
- --- --- - - - --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

l )56 ) 22 39 25 u 297 342 15 126 uo 15« 186 228 258 3'7 283 287 .1..69 152 82 80 30 u 
2 12 '7 53 43 27 14 39 13' 156 171 192 207 215 238 252 247 258 261 265 263 299 )22 333 319 
3 340 ,o 29 17 104 325 316 323 168 159 207 260 60 314 21 49 77 61 58 138 26 12 338 353 
4 355 347 347 17 14 356 ;?91 266 198 227 240 242 286 321 319 305 318 313 6 14 13 10 7 353 
5 331 340 )38 354 335 70 52 156 147 157 213 233 227 213 263 221 197 192 182 160 19 11 9 4 
6 357 l 14 34~ 19 21 62 126 134 163 152 149 159 267 251 284 236 221 360 59 20 12 14 15 
7 11 358 348 320 23 19 309 285 158 lU 165 160 189 211 257 296 220 246 2n 354 4 358 16 16 
8 12 5 8 16 16 17 23 145 165 163 158 127 121 126 159 111 89 114 100 63 76 61 27 21 
9 37 25 34 316 48 27 31 111 137 145 163 177 157 195 18:l 161. 144 173 174 314 355 345 16 19 

10 38 30 37 29 29 30 22 60 161 184 197 192 187 186 14-t 163 190 178 150 113 76 211 188 55 
11 31 346 351 4 16 30 35 148 B9 :i.60 183 202 186 179 157 16il 158 174. 201 204 B..I 43 317 334 
12 297 265 269 24 22 23 31 117 151 1 "-"> J• •. 'il 180 172 176 179 175 169 23~ 300 314 291 317 7 36 
13 13 8 26 318 4 hl ).4 107 160 154 169 203 159 248 314 272 272 271 356 25 67 17 359 
14 348 317 JU 2 7 8 266 126 109 183 230 197 205 216 223 231 247 57 17 3 34 47 10 
15 353 38 0 0 358 17 41 64 13, 271 80 65 ,2 ,s 46 35 40 24 342 345 350 358 ' 16 9 356 3'7 40 20 ,2 25 52 39 52 76 79 50 37 30 21 29 14 141 190 197 147 308 
17 302 302 300 '.\06 329 294 254 2.08 157 333 174 205 222 230 194 175 318 305 ..,:, 341 346 339 338 342 
18 342 336 332 333 345 350 JU 337 ~33 310 292 313 310 309 329 321 323 32, 358 3'9 339 338 308 3'5 
19 342 2 343 20 72 " 19 81 131 133 141 142 15, 134 83 172 159 140 174 184 .. 4 301 8 
20 32 24 13 29 19 11 ~ 8 108 ~41 148 156 157 187 220 156 118 129 81 5 19 3 346 3'6 
21 347 344 35 258 353 2 357 344 347 354 164 177 193 198 229 213 354 348 259 :>74 11 5 357 31 
22 360 28 18 228 32!1 331; 338 319 192 H9 280 352 351 188 180 168 196 352 353 352 352 358 352 351 
23 358 16 15 4 357 352 352 296 J53 352 354 259 323 339 333 353 348 332 344 352 332 357 335 236 
24 302 302 300 306 329 29, 254 208 157 J33 174 205 222 230 194 175 318 305 305 341 3'6 339 338 342 
25 19 24 21 23 20 41 21 17 140 143 157 165 173 205 193 20!? 173 l 97 166 235 335 356 327 )37 
26 35 7 17 24 29 36 31 21 93 1'1 161 179 216 212 238 275 250 260 293 3'3 6 '3 145 208 
27 190 22, 259 292 310 3~ 0 310 347 277 180 18' 203 203 198 207 18 25 38 199 230 223 220 238 240 
28 108 31 59 36 23 26 21 )) 88 147 166 183 212 :222 6' 58 CJ 67 97 356 156 2l0 259 24 
29 39 20 26 u 15 39 63 13 46 18' u, 11, 186 258 356 J:o 50 :n 36 61 23 3 3 '8 
30 35 2'ii 22 22 2, 5 H9 346 290 201 199 194 192 205 197 247 2U 244 2,3 236 2,2 219 1 352 

• Indicates calibration of sensors 
•• Indicatea invalid data ENECOl'ECH INC. 

SAROAD(Vl.O) 02/01/96 



HOURLY HORIZONTAL WIND DIRECTION STANDARD DEVIATION 
DATA RECORDED IN NOVEMBER 1~95 

BLANDING - UTAH 
UNITS ARE TENTHS OF A DEGREE 

HOUR OF 'nfE DAY 
---- -- ---

DAY l 2 3 t 5 6 1 8 9 10 11 12 13 u J5 16 17 18 19 20 21 22 23 24 AW 
-- --- --- -- - -- - --- --- --- --- - -- --- --- •" -- --- - - -- - -- - --- --- --- --- --- --- --- ---

1 363 92 16? 6' 86 79 151 130 439 371 311 372 ,01 3.39 202 516 282 153 ,u 28' 9' 91 163 51 234 
2 76 lU 77 83 147 90 196 315 22' 316 327 279 321 281 183 171 132 196 117 97 319 80 69 51 179 
3 170 132 107 1'6 733 211 20 383 3U 145 317 2l1 05 215 290 267 U2 351 92 624 2'7 162 339 151 2H 
4 202 lo2 718 137 69 417 230 310 365 276 255 410 236 282 303 319 189 219 206 123 55 69 6) 1)2 2,2 
5 89 " " 171 125 242 218 175 200 293 526 545 492 426 449 397 287 183 101 198 256 74 163 165 2'6 
6 88 185 174 287 320 153 307 20, 209 249 253 383 '81 378 525 504 538 33' 675 107 102 51 22 )) 273 
7 43 318 286 376 188 10::, 300 405 262 225 291 362 283 289 486 453 426 599 126 401 74 128 235 2, 279 
8 37 99 203 79 95 130 107 509 180 183 227 314 '39 495 520 588 323 242 172 130 295 381 95 51 2'6 
9 97 '17 183 501 171 lH 177 250 129 216 258 27fi 290 455 314 271 151 172 216 no 358 198 7) 72 241 

10 92 87 59 87 88 104 85 370 315 281 264 316 319 284 270 2'1 241 163 132 411 505 377 270 459 2Cl 
11 136 294 304 83 52 96 117 365 162 286 216 186 304 326 200 238 230 215 124 98 316 323 U6 223 223 
12 125 125 311 78 53 59 85 468 158 157 279 269 346 276 198 193 191 428 168 177 95 183 U2 171 200 
13 11' 175 94 446 189 116 343 2'2 307 ?15 472 533 ,58 395 121 169 123 190 151 120 186 117 558 571 271 
14 165 156 U6 287 200 '92 739 461 447 611 4H '89 367 301 290 265 211 774 516 171 114 201 125 125 349 
15 361 191 200 205 150 185 157 138 .:u 544 719 406 148 244 248 187 202 107 128 50 39 55 118 87 221 
16 119 95 110 345 76 46 82 182 517 421 300 429 462 437 ,20 358 303 uo 360 313 711 586 336 107 302 
17 127 109 210 254 638 615 253 680 129 532 199 367 285 256 227 515 377 187 98 146 55 72 54 ~I.I 268 
18 66 76 95 532 107 96 9' 101 159 216 189 207 213 239 246 261 279 141 156 106 u 125 182 95 168 
19 99 119 191 592 215 161 139 373 231 197 260 327 607 583 647 388 273 233 96 184 18' 151 367 336 290 
20 89 57 71 51 70 43 114 177 516 18' 183 278 287 311 403 379 136 122 535 363 175 186 17 113 203 
21 93 721 5c,5 718 534 304 62 459 29 308 376 320 52.1. 531 661 346 6 308 488 508 152 10, 95 275 351 
22 1'8 354 384 743 114 " 54 ,01 644 428 77S 2) 17 '34 207 21' 58' 6 14 ' 68 71 115 92 2'7 
23 195 170 266 252 231 10 261 "' 9 8 722 651 372 233 156 11 402 351 271 153 154 155 607 553 278 
24 127 109 210 25( 638 615 253 680 129 532 199 367 285 256 227 515 377 187 98 146 55 72 54 50 268 
25 127 169 75 69 109 171 99 83 516 20, 152 230 346 31' 235 238 256 2,0 135 173 238 72 324 674 219 
26 284 117 119 53 107 89 87 78 481 265 291 310 387 266 !310 319 232 186 182 297 79 '91 270 166 228 
27 117 4'8 151 124 400 376 236 326 521 U9 coo 306 406 332 250 382 111 13' 565 126 90 78 64 139 271 
28 262 529 292 223 96 97 65 100 276 365 476 470 334 398 405 116 241 485 398 683 20 150 367 175 302 
29 281 215 181 127 113 164 -~ 33 181 275 391 455 428 502 327 251 664 146 385 207 155 76 85 129 535 275 
30 87 96 93 78 115 10, 81 355 220 394 352 482 402 272 333 486 '81 484 407 103 83 202 307 u 253 

--- --- --- --- --- --- --- --- --- --- --- - -- --- --- -- - --- --- --- --- --- --- --- --- --- ---
AVERAGE 1'6 200 213 248 208 185 189 313 295 311 349 354 360 339 319 332 272 26' 245 229 182 170 208 193 255 

• Indicate• calibration of sensors 
•• Indicate• invalid data ENECOTECH INC. 

SAROAD(Vl.O) 02/01/96 



HOURLY AVERAGED WIND SPEED 
DATA RECORDED IN DECEMBER 1995 

BLANDING - UTAH 
UNITS ARE TENTHS OF A METER PER SECOND 

HOUR OP THE DAY 
---- -- ---

DAY l 2 3 ' 5 6 7 8 9 10 11 12 13 1' 15 16 17 18 19 20 21 22 23 2, AVG 
- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
l 56 52 41 37 38 28 32 50 30 31 3' 38 '3 '' 77 0 n 65 58 55 ,1 " 30 ,o " 2 u 38 53 51 36 33 22 27 26 31 29 40 54 57 78 73 65 56 65 58 27 34 49 46 ,5 
3 30 17 23 35 18 u 32 15 31 49 63 73 36 99 35 47 48 63 59 17 ll 19 19 27 38 
4 20 22 10 2, 36 20 16 18 14 29 41 30 54 53 56 49 58 58 42 u 49 u '8 49 37 
5 47 59 51 42 51 21 19 22 19 24 20 23 26 30 31 33 35 36 35 17 25 38 36 41 ll 
6 39 43 35 34 11 25 14 27 21 79 25 24 24 34 30 29 22 )) 10 17 39 43 u 53 29 
7 45 30 29 30 29 37 22 20 34 40 3) 36 40 33 30 26 28 20 22 24 42 u u 49 33 
8 47 38 34 34 40 21 24 27 38 52 41 36 29 33 32 34 29 27 '7 30 50 38 34 51 36 
9 48 28 25 16 )) 29 21 40 67 56 48 46 46 41 48 63 83 41 33 27 36 u u 48 42 

10 45 34 40 37 39 28 25 24 27 29 40 45 43 51 51 43 54 43 19 15 29 35 35 26 36 
11 37 35 31 42 u 36 24 22 31 37 47 55 53 79 63 56 52 33 59 38 10 17 28 46 u 
12 39 35 20 30 33 34 30 21 50 54 u 49 48 84 85 79 72 95 73 50 59 33 31 25 49 
13 34 27 25 18 28 " 20 22 25 29 27 25 37 81 100 104 86 74 54 53 53 u 31 13 u 
14 32 27 25 24 30 14 10 13 20 20 24 :5 41 40 '7 48 51 40 30 30 55 39 45 42 32 
15 22 18 22 26 25 27 22 23 20 15 18 32 60 51 47 46 44 49 49 52 53 56 u '8 36 
16 38 ,3 38 36 49 49 32 21 12 17 32 32 31 34 34 35 30 39 34 85 55 55 56 41 39 
17 38 39 37 18 19 13 10 37 66 18 36 30 33 u 38 27 39 48 31 38 57 54 58 57 37 
18 57 63 57 18 34 53 53 52 45 42 56 60 54 " 53 52 45 52 u 50 5, 31 28 u 47 
19 38 '' 33 20 24 27 18 13 28 32 28 25 24 27 25 29 32 22 20 13 38 u 24 27 27 
20 35 38 43 30 37 41 33 16 22 41 48 36 36 44 39 51 104 84 31 13 35 28 27 34 39 
21 27 29 34 28 23 22 24 15 25 21 27 27 23 32 35 34 u 46 39 25 31 42 4'> 37 31 
22 36 17 22 11 29 1..1 27 19 13 17 26 28 27 37 41 43 u 34 29 55 37 48 3, 32 )1 

23 34 30 25 25 19 .n 18 23 33 42 42 37 38 41 38 35 37 41 74 98 80 60 2;; 18 39 
24 38 39 37 18 19 13 10 37 66 18 36 JO 33 " 38 27 39 48 31 38 57 54 58 57 37 
25 35 28 46 35 29 25 JO 27 19 61 64 54 45 47 68 54 44 57 64 113 86 77 34 25 49 
26 21 28 33 29 32 27 32 24 21 31 28 33 33 44 55 " 58 55 62 56 u 29 22 45 37 
27 70 39 35 22 16 10 10 14 16 16 28 32 36 36 48 72 50 38 36 37 u 34 39 35 34 
2P 12 15 19 19 26 32 34 28 22 17 22 29 36 37 3l 57 31 24 22 18 55 35 2, 29 28 
29 24 25 27 32 33 27 26 29 30 22 24 21 26 36 79 30 33 36 34 JJ 37 40 40 25 32 
30 19 28 23 24 23 JO 30 17 22 17 20 17 25 34 28 33 30 29 31 29 24 25 25 u 26 
31 42 37 18 22 12 13 20 19 19 25 37 22 33 52 54 69 75 78 73 60 39 55 58 55 u 

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
AVERAGE 37 34 32 28 30 28 24 25 29 31 35 35 38 47 49 47 49 47 ,2 ,2 H u 37 39 37 

• Indicat•• calibration of sensors 
•• Indicate• invalid data BNBCOTECH INC. 

SAROAD(Vl.O) 02/01/96 



HOURLY AVERAGED WIND DIRECTION 
DATA RECORDED IN DECEMBER 1995 

BLANDING - UTAH 
UNITS ARB DEGREES AZIMUTH 

HOUR OF THE DAY 
---- -- --- -· 

DAY l 2 3 4 5 6 7 8 9 10 11 12 13 14 ]5 16 17 18 19 20 21 22 23 24 
- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
l 356 3 ~2 39 25 14 297 342 15 126 140 154 186 228 258 347 283 287 169 152 82 BO 30 14 
2 12 47 53 43 27 14 39 134 156 171 192 207 215 238 252 247 258 261 265 263 299 322 333 319 
3 340 40 29 17 104 325 316 323 168 159 207 260 60 314 21 49 77 61 SB 138 26 12 338 353 
4 355 347 347 17 14 356 .191 266 198 ,,7 .140 .14.l 286 lll 319 305 318 313 6 14 13 10 7 )53 
5 331 340 338 354 335 70 52 156 147 157 213 233 227 213 263 221 197 192 182 160 19 11 9 ' 6 357 1 14 345 19 :::i 62 126 134 163 152 149 159 267 251 284 236 221 360 59 20 12 14 15 
7 11 )58 3'8 )20 23 19 309 285 158 lU 165 160 189 211 257 296 220 246 273 )54 4 )58 16 16 
8 12 5 8 16 16 17 2) 145 165 163 158 127 121 126 159 111 89 114 100 63 76 61 27 2) 
9 37 25 34 316 48 27 )1 111 1)7 145 16) 177 157 195 182 166 144 173 1"14 314 )55 )45 16 19 

10 38 30 37 29 29 30 22 60 161 184 197 192 187 186 144 163 190 178 1:>0 113 76 211 188 55 
ll 31 346 351 4 16 30 35 148 139 160 183 202 186 179 157 160 158 174 201 204 134 43 317 334 
12 297 265 269 24 22 23 31 117 151 15:? 161 180 172 176 179 175 169 239 300 314 291 317 7 36 
13 13 8 26 318 ' 351 14 107 160 154 169 203 159 248 314 272 272 271 328 356 25 67 17 359 
14 348 317 314 2 7 8 266 126 109 183 230 197 205 216 223 231 247 57 22 17 3 34 47 10 
15 353 38 0 0 3' ; . ' 17 41 64 134 271 80 65 42 49 46 35 40 24 347 342 345 350 358 4 
16 9 356 347 40 20 22 25 52 39 52 76 79 so 37 30 21 29 14 35 141 190 197 147 308 
17 302 302 300 306 329 294 254 208 157 333 174 205 222 230 194 175 318 305 305 341 346 339 338 342 
18 342 )36 )32 333 345 350 344 337 333 310 292 313 310 309 329 321 323 324 )58 349 )39 llB )08 )45 
19 342 2 )'3 20 72 " 19 81 131 133 141 142 154 134 83 172 159 140 174 184 ' 4 301 8 
.:0 32 2, 13 29 19 11 4 8 108 Ul 148 156 157 187 220 156 118 129 81 5 19 3 346 )46 
21 347 344 35 258 353 2 357 344 347 354 164 177 193 198 229 213 354 348 259 274 11 5 357 31 
22 360 28 18 228 J29 336 338 319 192 179 280 352 351 188 180 lf8 196 352 353 352 352 358 352 351 
23 358 16 15 4 357 352 352 296 353 352 354 259 323 339 ))3 353 348 332 344 352 332 357 335 236 
24 302 302 300 306 329 294 254 208 157 333 174 205 222 230 194 175 318 305 305 341 346 339 ll8 H2 
25 19 24 21 23 20 41 21 17 140 143 157 165 173 205 193 209 173 187 166 235 335 356 327 33'7 
26 35 7 17 24 29 36 31 21 93 141 161 179 216 212 238 275 250 260 29J 343 6 43 145 208 
27 190 224 259 292 310 310 310 347 277 180 18' 203 203 198 207 18 25 38 199 230 223 220 ,c38 240 
28 108 31 59 36 23 26 21 )) 88 147 166 183 212 222 64 58 43 67 97 356 196 230 259 24 
29 39 20 26 19 15 39 63 13 46 184 184 174 186 258 356 316 50 23 36 61 23 3 3 '8 
30 35 24 22 22 24 5 349 346 290 201 199 194 192 205 197 247 24' 244 243 236 242 219 l 352 
31 360 7 215 359 30 51 40 38 118 155 159 173 130 355 345 346 4 354 350 351 5 12 7 4 

• Indicates calibration of aeneora 
•• Indicate• invalid data ENECOTECH INC. 

SAROAD(Vl.O) 02/01/96 



HOURLY HORIZONTAL WIND DIRECTION STANDARD DEVIATION 
DATA RECORDED IN DECEMBER 1995 

BLANDING - UT1'.fl 
UNITS ARE TENTHS OF A DEGREE 

HOUR OF THE DAY 
---- -- ---

DAY l 2 3 4 5 6 7 8 9 10 11 12 ll u 15 16 17 18 19 20 :n 22 23 24 AW 
- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --

1 363 92 167 64 86 79 151 130 43~ 371 311 3'72 ,01 339 202 516 282 153 U4 28' " 91 163 51 234 
2 76 lU 77 83 147 90 196 315 224 316 327 279 321 281 183 171 132 196 117 97 319 80 69 51 179 
3 170 13..Z 107 146 733 211 2'9 383 344 1'5 317 213 495 215 290 267 U2 351 92 624 2'7 162 339 151 28' 
4 202 162 718 137 69 417 230 310 36S 276 255 470 ~36 282 303 319 189 219 206 123 55 69 63 132 2U 
5 89 H 94 171 125 242 218 175 200 293 526 545 492 426 449 397 287 183 101 19b 256 74 163 U5 246 
6 88 185 174 287 )20 153 )07 204 209 249 253 383 481 )78 525 504 538 H4 675 107 102 51 22 ll 273 
7 43 318 286 376 188 109 300 405 262 225 291 362 283 289 486 453 426 599 126 401 74 128 235 24 279 
8 37 99 203 79 95 130 107 509 180 18) 227 314 439 495 520 588 323 242 172 130 295 381 95 51 246 
9 97 417 183 501 171 134 177 250 129 216 258 276 290 455 314 271 151 172 216 uo 358 198 73 72 241 

10 92 87 59 87 ~8 104 85 370 315 281 264 316 319 284 270 2U 241 163 132 Ul 505 377 270 459 243 
11 136 294 304 83 52 96 117 365 162 286 216 186 304 326 200 238 230 215 124 98 316 323 U6 ?.23 223 
12 125 12'i 311 78 53 59 85 468 158 157 279 269 346 276 198 193 191 428 168 177 95 183 212 171 200 
13 114 175 94 H6 189 116 3'3 242 307 315 472 533 458 395 121 169 123 190 151 120 186 117 558 571 271 
u 165 156 H6 287 200 492 739 461 H7 611 '32 '89 367 301 290 265 211 774 516 171 11' 201 125 125 3'9 
15 361 191 200 205 150 185 157 138 4'3 5H 719 406 148 2H 24P 187 202 107 128 50 39 55 118 87 231 
16 119 95 110 345 '76 46 82 182 517 421 300 429 '62 437 420 358 303 140 360 313 711 586 336 107 302 
17 127 109 210 254 638 615 253 680 129 532 199 367 285 256 227 515 377 187 98 146 55 72 5.t 50 268 
18 66 76 95 532 107 96 94 101 159 216 189 207 213 239 246 261 279 141 156 106 " 125 182 95 168 
u 99 119 191 592 215 161 139 373 231 197 260 327 607 583 647 388 273 233 96 184 184 151 367 336 290 
20 89 57 71 51 70 43 114 177 516 184 183 278 287 311 403 379 136 122 535 363 175 186 17 113 203 
21 93 721 505 718 53.t 304 62 459 29 308 376 320 521 531 661 346 6 308 488 5M 152 104 95 275 351 
22 148 15, 38' 743 114 " s, ,01 u, 428 775 23 17 434 207 214 58' 6 ' .. 68 '11 115 92 2'7 
23 195 170 266 252 231 0 261 04 9 8 722 651 372 233 156 11 402 351 271 153 154 155 607 553 278 
2, 127 109 no 254 638 615 253 680 129 532 199 367 285 256 227 515 377 187 98 146 55 72 54 50 268 
25 127 169 75 69 109 171 99 83 516 204 152 230 346 31' 235 238 256 2,0 135 173 238 72 324 67' 219 
26 284 11'7 119 53 107 9q 87 78 487 265 291 310 387 266 310 319 232 186 1!2 297 79 ,ci1 270 166 2211 
27 117 U8 151 124 400 37b 236 326 521 419 400 306 406 332 250 382 111 134 565 126 90 78 64 139 271 
28 262 529 292 223 96 97 65 100 276 365 476 '70 334 398 405 116 241 '85 398 683 20 150 367 175 302 
29 281 .215 181 127 113 164 333 181 275 391 .t55 428 502 327 251 664 146 385 207 155 76 85 129 535 27S 
30 87 96 93 78 115 104 81 355 220 394 352 482 402 272 333 486 481 484 407 103 83 202 307 " 253 
31 103 117 700 ,09 160 220 67 107 3'7 175 109 '15 739 367 338 216 151 166 144 146 U? 65 78 11 232 

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --
AWRAGE 145 197 228 253 206 186 185 307 296 307 341 356 372 340 320 329 268 261 2U 226 181 166 204 189 254 

• Indicate• calibration of aenaor• 
•• Indicate• invalid data !:HECOTECH INC. 

SA1t0AD(V1.0) 02/01/tl 



APPENDIX 8 

JOINT FREQUENCY DISTRDUTIONS OF WIND DIRECTION 
BY WIND SPEED FOR HOURS OF THE DAY 



UST OF TABLES 

Iibk Descrtption 

B-1 Frequency of Winds by Direction and Speed for 0000-0400 MSI' 

B-2 Frequency of Winds by Direction and Speed for 0400-0800 MST 

B-3 Frequency of Winds by Direction and Speed for 0800-1200 M5'T 

B-4 Frequency of Winds by Direction and Speed for 1200-1600 Msr 

B-5 Frequency of Winds by Direction and Speed for 1600-2000 Msr 

B-6 '?requency of Winds by Direction and Speed for 2000-2400 Msr 



TABLI B-1 
FREQUENCY OF WINDS BY DIRECTION AND SPEED 

FOR 
JULY THROUGH DECEMBER 1995 
ENERGY FUELS NUCLEAR, IMC. 

WHITE MESA MILL 
TIME (MST): 0000-0400 

Speed Class Interval (m/sl 
Mean 

Direction l<l. 5 1.5< 3 3< 5 5< 8 8<11 >11 All Speed 
N I. 09 11.68 12.09 0.82 0.00 0.1a 25.82 3.1 
NNE 0. 82 15.22 14.81 0.14 0.00 0.00 30.98 2.9 
NE 1.22 8.02 2.99 0.41 0.00 0.00 12.64 2.5 
ENE 0.27 2 .04 0.27 0.00 o.oo 0.00 2.58 2.1 
E 0.41 1.22 0.27 0.00 0.00 0.00 1.90 2.2 
ESE 0.54 0.54 0.14 0.00 0.00 0.00 1.22 l. 8 
SE 0.00 1.36 0.00 0.00 0.00 0.00 1.36 2.0 
SSE 0.00 0.41 0.41 0.00 0.00 0. 'JO 0.82 3.1 
s 0.14 0.27 0.27 0.27 0.00 0.00 0.95 3.8 
SSW 0.00 0.14 0.41 0.41 0.00 0.00 0.95 4.7 
SW 0.27 0.41 0.41 0.27 0.00 0.00 1. 36 3.1 
WSW 0.00 0.68 0.14 0.00 0.00 0.00 0.82 2.5 
w 0.00 0.54 0.68 0.00 0.14 0.00 1.36 3.3 
WNW 0.14 0.27 1.36 0.00 0.00 0.00 1. 77 3.4 
NW 0.27 l.90 2 .3.£. 0 .41 o.oo 0.00 4.89 3.2 
NNW 0.54 3.26 3.26 1. 90 0.41 0.14 9.51 3.9 
All 5. 7l 47.96 39 .81 4.62 o.sa 0.27 98.91 :LO 

Calm (less than 1.0 m/sl = 1.1 
Period mean wind speed= 3.0 m/s 



TABLE B-2 
FREQUENCY OP WINDS BY DIRECTION AND SPEED 

FOR 
JULY THROUGH DECEMBER. 1995 
ENERGY FUELS NUCLEAR, INC. 

WHITE MESA MILL 
TIME (MST) : 0400-0800 

Speed Class Interval (m/s) 
Mean 

Di ... ection l<l. 5 1.5< 3 3< 5 5< 8 8<11 >11 All Speed 
N 1. 77 10 .19 5.30 0.27 0.00 0.00 17.53 2.5 
NNE 2.31 16.98 13.86 0.00 0.00 0.00 33.15 2.7 
NE 2.31 9.51 l. 49 0.00 0.00 0.00 13.32 2.1 
ENE l. 09 2.99 0.14 0.00 0.00 0.00 4.21 2.0 
E 0.54 0.68 0.00 0.00 o.oo 0.00 1.22 l. 7 
ESE 0.14 0.68 0.27 0.00 0.00 0.00 1.09 2.2 
SE 0.27 0.41 0.00 0.00 0.00 0.00 0.68 2.2 
SSE 0. 00 0.68 0.00 0.00 0.00 0.00 0.68 2.2 
s 0.14 0.27 0.14 0.27 0 .O'J 0.00 0.82 4.1 
SSW o.oo 0.41 0.27 0.00 0.00 0.00 0.68 2.7 
SW 0.14 0.82 0.68 0.00 0.00 0.00 1. 63 2.6 
WSW 0.27 0.27 0.00 0.00 0.00 0.00 0.54 1. 5 
w 0.27 0.68 0.27 0.00 0.00 0.00 1.22 2.1 
WNW 0.27 1.49 0.41 0.00 0.00 0.00 2.17 2.3 
NW 0.14 2.04 1. 77 0.54 0.14 0.27 4.89 3.8 
NNW 1. 63 5.03 1. 77 1.90 0.68 u.27 11.28 3.6 
All :.I. 28 53 .13 26.36 2. §§ 0.82 0.54 95.11 2.7 

Calm (less than 1.0 m/s) = 4.9 
Period mean wind speed= 2.6 m/s 



TABLE B-3 
FREQUENCY OP WINDS BY DIRECTION AND SPEED 

FOR 
JULY THROUGH DECEMBER 1995 
ENERGY FUELS NUCLEAR, INC. 

WHITE MESA MILL 
TIME (MST): 0800-1200 

Speed Class Interval (m/s) 
Mean 

Direction l<l.5 1.5< 3 3< 5 5< 8 8<11 >ll All Speed 
N 0.27 1.22 0.81 0.00 0.00 0.00 2.31 2.8 
NNE 0.27 1. 90 0.41 0.27 0.00 0.00 2.85 2.6 
NE 0.81 1. 76 0.54 0.27 0.00 0.00 3.39 2.4 
ENE l.09 1.36 0.68 0.14 0.00 0.00 3.26 2.1 
E 0.81 2.44 0.41 0.00 0.00 0.00 3.66 2.0 
ESE 0.68 2.44 0.68 0.00 0.00 0.00 3.80 2.2 
SE l.22 6.24 4.75 0.54 0.00 0.00 12.75 2.9 
SSE 0.54 12.62 8.55 1. 22 0.00 o.oo 22.93 2.9 
s 0.95 7.73 7.33 0.14 0.00 0.00 16.15 2.8 
SSW 0.68 5.83 3.26 0.68 o.oo 0.00 10.45 2.8 
SW 0.14 1.63 0.68 0.27 o.oo 0.00 2.71 2.8 
WSW 0.27 0.54 0.81 0.00 0.27 0.00 1.90 3.5 
w 0.14 1.49 0.27 0.14 0.00 0.00 2.04 2.4 
WNW 0.27 0.81 0.41 0.41 0.00 0.00 1.90 3.2 
NW 0.14 0.68 0.68 0.54 0.41 0.27 2.71 5.4 
NNW 0.68 1. 3,; 0.68 0.27 0.68 0.27 3.93 4.6 
All 8.96 50.07 30.94 4.88 1.36 0.54 96.74 2.9 

Calm (less than 1.0 m/s) = 3.3 
Period mean wind speed= 2.8 m/s 



.. 
TABLE B-4 

FREQUENCY OP WINDS BY DIRECTION AND SPEED 
FOR 

JULY THROUGH DECEJ!BER 1995 
ENERGY FUELS NUCLEAR, INC. 

WHITE MESA MILL 
TIME (MST): 1200-1600 

Speed Class Interval (m/s) 
Mean 

Direction l<l.5 1.5< 3 3< 5 5< 8 8<11 >ll All Speed 
N 0.00 0.82 0.41 0.68 0.00 0.00 1.90 4.3 
NNE 0.00 0.27 0.41 0.41 0.00 0.00 1.09 4.4 
NE 0.00 0.27 0.95 0.41 0.00 0.00 l.63 4.3 
ENE 0.00 0.27 0.68 0.41 0.00 0.00 1.36 4.0 
E 0.27 0.95 0.00 0.00 0.00 0.00 1.22 2 ~ 
ESE 0.00 0.68 0.41 0.00 0.00 0.00 1.09 2.8 
SE 0.27 1.49 1. 09 0.41 0.00 0.00 3.2b 3.0 
SSE 0.27 4.89 3.40 0.68 0.00 0.00 9.24 3.1 
s 0.14 9.51 12.09 1.22 0.27 0.00 23.23 3.3 
SSW 0.00 6.93 12.09 3.67 0.00 0.00 22.69 3.7 
SW 0.14 2.04 7.07 2.72 0.14 0.00 12.09 4.1 
WSW 0.00 0.82 1.63 2.17 0. 54 0. 00 5.16 5.1 
w 0.14 0.27 0.82 0.68 0.54 0.14 2.58 5.7 
WNW 0.00 0.68 0.27 0.54 0.00 0.27 l. 77 5.3 
NW 0.00 0.54 2.31 2.17 1.09 0.54 6.66 6.3 
NNW 0.14 0.14 1.49 2.31 0.54 0.14 4.76 5.9 
All 1.36 30.57 45.11 18.48 3 .13 1.09 99.73 4.0 

Calm (less than 1.0 m/s) = 0.3 
Period mean wind speed= 4.0 m/s 



TABLE B-5 
FREQUENCY OF WINDS BY DIRECTION AND SPEED 

POR 
JULY THROUGH DECEMBER 1995 
ENERGY FUELS NUCLF.AR, INC. 

WHITE MESA MILL 
TIME (MST): 1600-2000 

Speed Class Interval (m/s) 
Mean 

Direction 1<1.5 l.S< 3 3< 5 5< 8 8<11 >11 All Speed 
N 0.82 2.99 6. 93 I. 90 0.41 0.00 13 .04 3.8 
NNE 0.27 3.40 4.89 0.68 0.00 0.00 9.24 3.2 
NE 0.54 1.49 1. 90 0.14 0.00 0.00 4.08 2.8 
ENE 0.54 1.09 0.95 0.54 0.00 0.00 3.13 3.0 
E 0.54 0. 82 0.54 0.41 0.00 0.00 2.31 2.3 
ESE 0.41 1.22 0.14 0.00 0.27 0.00 2.04 3.1 
SE 0.68 1.22 0.41 0.14 0.54 0.00 2.99 3.5 
SSE 0.41 2.31 0.95 0.54 0.00 0.00 4.21 2.7 
s 1.22 3.80 2.99 0.95 0.00 0.00 8.97 3.0 
SSW 0.82 2.04 3. 53 1. 36 0.00 0.00 7.74 3.5 
SW 0.27 2 .17 3. 53 1.22 0.00 0.27 7.47 3.9 
WSW 0.27 1.36 2. 72 2.58 0.14 0.00 7.07 4.4 
w 0.00 1.36 2.17 1. 77 0.14 0.00 5.43 4.2 
WNW 0.00 0.68 0.68 0.82 0.00 0.00 2.17 4.2 
NW 0.00 1.36 3.53 2.17 0.27 0.14 7.47 4.7 
NNW 0.00 1. 09 4.76 3.67 0.82 0.14 10 .46 5.0 
All 6.79 28.40 40.63 18.89 2. 58 0.54 97.83 3.8 

Calm (less than 1.0 m/sl = 2.2 
Period mean wind speed= 3. 7 m/s 



TABLE B-6 
FREQUENCY OP WINDS BY DIRECTION AND SPEED 

FOR 
JULY THROUGH DECmfiJER 1995 
ENERGY FUELS NUCLEAR, INC. 

WHITE MESA MILL 
TIME (MST) : 2000-2400 

Speed Class Interval (m/s) 
Mean 

Direction l<l.5 1.5< 3 3< 5 5< 8 8<11 >11 All Speed 
N 0.54 8.15 24.73 1.49 0.14 0.00 35.05 3.5 
NNE 0.68 6.52 14.67 1.22 0.00 0.00 23.10 3.3 
NE 0.14 3.67 0.68 0.27 0.00 0.00 4.76 2.6 
ENE 0.27 1.09 0.27 0.14 0.00 0.00 1. 77 2.6 
E 0.14 0.68 0.41 0.14 0.00 0.00 1. 36 3.0 
ESE 0.00 0.82 0.14 0.00 0.00 0.00 0.95 2.6 
SE 0.14 0.95 0.27 0.00 0.00 0.00 1.36 2.3 
SSE 0.14 0.68 0.00 0.14 0.00 0.00 0.95 2.7 
s 0.14 0.27 0.14 0.27 0.00 0.00 0.82 3.6 
SSW 0.00 0.68 0.54 0.68 0.00 0.00 1. 90 4.0 
SW 0.00 0.82 1. 36 0.41 0.00 0.00 2.58 3.7 
WSW 0.14 0.82 0.82 0.41 0.27 0.00 2.45 4.2 
w 0.00 0.54 0.54 0.00 0.14 0.00 1.22 3.6 
WNW 0.14 1. 09 0.41 0.14 0.00 0.00 1. 77 2.8 
NW 0.00 1. 90 2.45 0.95 0.00 0.00 5.30 3.8 
NNW 0.00 3.67 5.84 3.80 0.95 0.00 14.27 4.3 
All 2.45 32 .34 53.26 10.05 1.49 0.00 99.59 3.5 

Calm (lass than 1.0 ~/s) = 0.4 
Period mean wind speed= 3.5 m/s 
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TABLE C-1 
FREQUENCY OP WINDS BY DIRECTION AND SPEED 

FOR STABILITY CLASS A 
JULY THROUGH DECEMBER. 1995 

ENERGY FUELS NUCLEAR, INC. 
WHITE MESA MILL 

Speed Class Interval (m/s) 
Mean 

Direction l, <l. 5 l. 5, <3 3,<5 5,<8 8,<11 >11 All Speed 
N 0.00 0.56 0.00 0.00 0.00 0.00 0.56 2.3 
NNE o.oo l.67 0.00 0.00 0.00 0.00 1.67 2.1 
NE 0.00 0.84 0.56 0.00 0.00 0.00 1.39 2.4 
ENE 0.28 0.56 0.00 0.00 0.00 0.00 0.84 1. 7 
E 0.84 2.23 0.00 0.00 0.00 0.00 3.06 2.0 
ESE 0.00 l. 95 0.00 0.00 0.00 0.00 1. 95 2.3 
SE 0.28 7.52 0.00 0.00 0.00 0.00 7.80 2.4 
SSE 0.00 22.01 1.39 o.oo 0.00 0.00 23.40 2.4 
s 1. ll 23.40 0.00 o.oo 0.00 0.00 24.51 2.3 
SSW 0.56 18.94 0. 84 o.oo 0.00 0.00 20.33 2.4 
SW 0.00 6.41 0.00 0.00 0.00 0.00 6.41 2.4 
WSW 0.00 1.67 0.56 0.00 0.00 0.00 2.23 2.5 
w 0.28 1. 39 0.00 0.00 0.00 0.00 1.67 2.1 
WNW 0.00 1. 95 0.00 0.00 0.00 0.00 1.95 2.5 
NW 0.00 0.84 0.28 0.00 0.00 0.00 1.11 2.5 
NNW 0.28 0.00 0.00 o.oo 0.00 0.00 0.28 1.1 
All 3.62 91.92 3.62 0.00 0.00 0.00 99.16 2.3 

Calm (less than 1.0 m/s) = 0.8% 
Period mean wind speed= 2. 3 m/s 
Percent occurrence for A stability class 8.1% 



TABLE C-2 
FREQUENCY OF WINDS BY DIRECTION AND SPEED 

FOR STABILITY CLASS B 
JULY THROUGH DECEMBER. 1995 

ENERGY FUELS NUCLEAR, INC. 
WHITE MESA MILL 

Speed Class Interval (m/s) 
Mean 

Direction 1, <l. 5 1. 5, <) 3,<5 5,<8 8,<11 >11 All Speed 
N 0.34 o.si 0.00 0.00 0.00 0.00 0.85 2.1 
NNE 0.17 1.02 0.85 0.00 0~00 0.00 2.04 2.7 
NE 0.51 1.19 l. 02 0.00 0.00 0.00 2.72 2.4 
ENE 0.17 0.68 1.19 0.00 0.00 0.00 2.04 2.8 
E 0.17 1.36 0.68 0.00 0.00 0.00 2.21 2.5 
ESE 0.17 l.87 1.19 0.00 0.00 0.00 3.23 2.5 
SE 1. 02 3.90 5.09 0.00 0.00 0.00 10.02 2.7 
SSE 0.51 6.62 10.53 0.00 0.00 0.00 17.66 2.9 
s 0.34 5.43 16.47 0.00 0.00 0.00 22.24 3.1 
SSW 0.34 3.06 13.41 0.00 0.00 0.00 16.81 3.2 
SW 0.17 1.02 5.94 0.17 0.00 0.00 7.30 3.3 
WSW 0.34 0.34 2.72 0.00 0.00 0.00 3.40 3.1 
w 0.00 0.51 1.19 0.00 0.00 0.00 1. 70 2.9 
WNW 0.00 0.51 0.68 0.00 0.00 0.00 1.19 2.9 
NW 0.17 0.68 2. 72 0.00 0.00 0.00 3.57 3.3 
NNW 0.17 0.68 0.51 0.17 0.00 0.00 1. 53 2.9 
All 4.58 29.37 64.18 0.34 0.00 0.00 98.47 3.0 

Calm (less than 1.0 m/s) = 1. s, 
Period mean wind speP.d = 3.0 m/s 
Percent occurrence for B stability class 13.3% 



TABLE C-3 
FREQUENCY OP WINDS BY DIRB:TION AND SPEED 

POR STABILITY CLASS C 
JULY THROUGH DECEMBER 1995 

ENERGY FUELS NUCLEAR, INC. 
WHITE MESA MILL 

Speed Class Interval (m/s) 
Mean 

Direction l,<1.5 1. s, <3 3,<5 5,<8 8,<11 >11 All Speed 
N 0.33 2.99 i. 00 1.00 0.00 0.00 5.32 3.r-
N?lE 0.33 2.49 1.16 0.50 0.00 0.00 4.49 2.8 
NE 0.66 .. . 66 1. 83 0.33 0.00 0.00 5.48 2.8 
ENE 0.83 2.49 1.16 0.66 0.00 0.00 5.15 2.~ 
E 0.66 1. 99 0.00 0.17 0.00 0.00 2.82 2.1 
ESE 0.66 1. 50 0.33 0.00 0.00 0.00 2.49 2.2 
SE 0.50 1. 83 2.49 o.so 0.00 0.00 5.32 3.3 
SSE 0.83 2.99 4.15 1.50 0.00 0.00 9.47 3.4 
s 0.J3 2.99 9.30 1.50 0.00 0.00 14.12 3.8 
SSW 0 .17 2.66 tJ. 31 3.99 0.00 0.00 13.12 4.2 
SW 0.33 1.66 4.65 2.49 0.00 0.00 9.14 4.2 
WSW 0.00 0.66 0.66 1.50 0.17 0.00 2.99 4.7 
w 0.17 1.16 0.50 0.83 0.00 0.00 2.66 3.4 
WNW 0.33 0.50 0.50 0.83 0.00 0.00 2.16 3.8 
NW 0.00 0.83 3.49 2.82 0.17 0.00 7.31 4.6 
NNW 0.00 1.16 2.49 l.66 0.17 0.00 5.48 4.3 
All 6.15 30.56 40.03 20.27 a.so 0.00 97.51 3.7 

Calm (less than 1.0 m/s) = 2.51 
Period mean wind speed= 3.6 m/s 
Percent occurrence for C stability Clc:iSS 13.6\ 



TABLK C-4 
FREQUENCY OF WI.NOS BY DIRECTION AND SPEED 

POR STABILITY CLASS D 
JULY THROUGH DECEMBER 1995 

EN&.i.GY FUELS NUCLEAR, INC. 
WHITE MESA MILL 

Speed Class Interval (m/s) 
Mean 

Direction l,<l.5 l. 5, <3 3,<5 5,<8 8,<11 >11 All Speed 
N 0.33 4.07 16.02 2.10 0.26 0.07 22.85 3.8 
NNE 0.26 8.34 11.49 1.05 0.00 0.00 21.14 3.2 
NE 0.39 3.22 2.23 0.59 O.OJ 0.00 6.43 3.0 
ENE 0.26 0.33 0.53 0.33 0.00 0.00 1.44 3.4 
E 0.26 0.39 0.33 0.20 0.00 0.00 1.18 3.1 
ESE 0.13 0.20 0.13 0.00 0.13 0.00 0.59 4.2 
SE 0.33 0.39 0.07 0.33 0.26 0.00 l. 38 4.2 
SSE 0.07 0.53 0.33 0.66 0.00 0.00 l. 58 4.1 
s 0.33 1.12 0.85 0.92 0.13 0.00 3.35 3.9 
SSW 0.20 0.59 1.51 1.64 0.00 ,). 00 3.94 4.3 
SW 0.00 0.33 2.04 l. 31 0.07 0.13 3.87 4.8 
WSW 0.20 0.66 1.05 l. 84 0.53 0.00 4.27 5.3 
w 0.07 0.13 1.12 0.92 0.46 0.07 2.76 5.5 
WNW 0.00 0.59 1.05 0.59 0.00 0.13 2.36 4.5 
NW 0.00 0.66 2.30 2.17 0.85 0.59 6.57 6.l 
NNW 0.39 1.44 5.38 5.91 l. 90 0.46 15.50 5.4 
All 3.22 22.98 4.6.42 20.55 4.60 1.44 99.21 4.2 

Calm (less than l.O m/s) = o.a, 
Period mean wind speed = 4.2 mis 
Percent occurrence for D stability class 34.51 



"'1'.BLE c-s 
FREQUENCY OP WINDS BY DIRECTION AND SPEED 

FOR STABILITY CLASS B 
JULY THROUGH DECEMBER 1995 

ENERGY FUELS NUCLEAR, INC. 
WHITE MESA MILL 

Speed Class Interval (m/s) 
Mean 

Direction 1, <l. 5 1. S, <3 3,<5 5,<8 8,<11 >ll All Speed 
N 0.63 ll.41 12. 57 0.00 0.00 0.00 24.61 3.0 
NNE 1. 57 13.40 18.12 0.10 0.00 0.00 33.19 3.0 
NE 0.84 6.91 1.05 0.00 0.00 0.00 8.80 2.3 
ENE 0.63 1. 78 0.00 0.00 0.00 0 .00 2.41 1. 9 
E 0.21 0.63 0.31 0.00 0.00 0.00 1.15 2.3 
ESE 0.42 1. 05 0.21 0.00 0.00 0.00 1. 68 1. 9 
SE 0.42 1.15 0.21 0.00 0.00 0.00 1. 78 2.1 
SSE 0.00 0.94 0.10 0.00 0.00 J.00 1. OS 2.5 
s 0.63 0.94 0.31 0.00 0.00 0.00 1. 88 2.2 
SSW 0.21 0.31 0.52 0.10 0.00 0.00 1.15 3.4 
SW 0.21 0.84 0.73 0.00 0.00 0.00 1.78 2.7 
WSW 0.10 0.31 0.73 0.10 0.00 0.00 1.26 3.2 
w 0.10 1. 57 0.84 0.00 0.00 0.00 2.51 2.5 
WNW 0.10 1. OS 0.31 0.00 0.00 0.00 1.47 2.5 
NW 0.21 2. 62 2.41 0.00 0.00 0.00 5.24 2.9 
NNW 0.42 3.87 3.25 0.10 0.00 0.00 7.64 2.9 
All 6.70 48. 80 41.68 0.42 0.00 0.00 97.59 2.8 

Calm (less than 1.0 m/s) = 2.41 
Period mean wind speed= 2.8 mis 
Percent occurrence for E stability class 21.61 



TABLE C-6 
FREQUENCY OF WINDS BY DIRECTION AND SPEED 

FOR STABILITY CLASS P 
JULY THROUGH DECEMBER 1995 

ENERGY FUELS NUCLEAR, INC. 
WHITE MESA MILL 

Speed Class Interval (m/s) 
Mean 

Direction l,<1.5 1. s. <3 3,<5 5,<8 8,<11 >11 All Speed 
N 4.63 16.45 0.00 0.00 0.00 0.00 21.08 2.0 
NNE 2.57 11.31 0. 26 0.00 0.00 0.00 14.14 1.9 
NE 4.11 10.54 0.00 0.00 0.00 0.00 14.65 1. 7 
ENE 1. 80 5.66 0.00 0.00 0.00 0.00 7.46 1.8 
E 1. 54 2.57 0.00 0.00 0.00 0.00 4 .11 1.6 
ESE 0.51 1. 80 o.oo 0.00 0.00 0.00 2.31 1. 9 
SE 0.00 2.06 0.00 0.00 0.00 0.00 2.06 2.0 
SSE 0.26 1. 54 0.00 0.00 0.00 0.00 l. 80 1. 9 
s 0.26 0.26 0.00 0.00 0.00 0.00 0.51 1. 8 
SSW 0.26 1.03 o.oo 0.00 0.00 0.00 1.29 2.1 
SW 0.51 1. 54 0.00 0.00 0.00 0.00 2.06 1.6 
WSW 0.26 2.06 0.00 0.00 0.00 0.00 2.31 2.1 
w 0.00 1.03 0.00 0.00 o.co 0.00 1.03 2.0 
WNW 0.77 1.29 0.00 0.00 0.00 0.00 2.06 1. 7 
NW 0.26 3.86 0.00 0.00 0.00 0.00 4.11 2.0 
NNW 2.57 9.51 0.00 0.00 0.00 0.00 12. 08 2.0 
All 20. 3l 72.49 0.26 0.00 0.00 0.00 93.06 1. 9 

Calm (less than 1.0 m/sl = 6.91 
Period mean wind speed = 1. 8 m/s 
Percent occurrence for F stability class 8.81 



TABLE C-7 
FREQUENCY OP WINDS BY DIRICTION AND SPEED 

POR .:iTABILIT'Y CLASS ALL 
JULY THBOUGH DECEMBER 1995 

ENERGY FUELS RUCLEAR, INC. 
WHITE MESA MILL 

Speed Cl~s Interval (m/s) 
Mean 

Direc~ion l,<1.5 1. 5, <3 3,<5 5,<8 8,<11 >11 All Speed 
, . o.1s 5.84 8.37 0.86 0.09 0.02 lS.93 3.3 •• 
NNE o. 72 7.38 8 .17 0 .45 0.00 0.00 16.73 3.0 
NE 0.84 4.12 1. 43 0.25 0.00 0.00 6.63 2.5 
ENE 0.54 1.47 0.50 0.20 0.00 0.00 2.72 2.5 
E 0.45 1.13 0.27 0.09 0.00 0.00 l. 95 2.3 
ESE 0.29 1. 06 0.29 0.00 0.05 0.00 l. 70 2.4 
SE 0.43 1. 95 1.09 0.18 0.09 0.00 3.73 2.9 
~SE 0.23 3.60 2.22 0.43 0. 0() 0.00 6.47 2.9 
s 0.45 3.64 3. 83 0.52 0.05 0.00 8.49 3.1 
SSW 0.25 2.67 3.35 1.13 0.00 0.00 7.40 3.5 
SW 0.16 1. 31 2.29 0.81 0.02 0.05 4.64 3.8 
WSW 0.16 0.75 1. 02 0.86 0.20 0.00 2.99 4.3 
w 0.09 0.81 0.79 0.43 0.16 0.02 2.31 3.9 
WNW 0.14 0.84 0.59 0.32 0.00 0.05 1.92 3.5 
NW 0.09 1.40 2.17 1.13 0.32 0.20 5.32 4.5 
NNW 0.50 2.42 2. 97 2.31 0.68 0.16 9.03 4.4 
AU 6.09 40.40 39. 34 9.98 i. 65 0.50 97.96 3.3 

Calm (less than 1.0 m/s) = 2.1' 
Period mean wind speed= 3.3 m/s 
Percent occurrence for All stability classes 100.01 
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HYDROGEOLOGIC EVALUATION 
OF WHITE MESA URANIUM MILL 

1.0 INTRODUCTION 

This report presents a hydrogeologic evaluation for the White Mesa Uranium Mill. The 

evaluation focuses on d~scription and definition of the site hydrostr'ltigraphy, and occurrence of 

ground water as it relates to the natural and manmade safeguards which protect ground water 

resources from potential leakage of tailings cells at the site. 

The findings of this evaluation indicate that the tailings located in the existi:ig disposal cells are 

not impacting ground water at the site. In addition, it does not appear that future impacts to 

ground water would be expected as a result of continuing operations. These conclusions are 

based on chemical and hydrogeologic data which show that: 

I . The chemistry of perched ground water encountered below the site does not show 

concentrations or increasing trends in concentrations of constituents that would indicate 

seepage from the existing disposal cells; 

2. The useable aquif~r at the site is separated from the facility by about 1,200 feet of 

unsaturated, low-permeability rock; 

3. The useable aquifer is under artesian pressure and, therefore, has an upward pressure 

gradient which would preclude downward migration of constituents into the aquifer; and 

4. The facility has operated for a period of 15 years and has caused no discernible impacts 

to ground water during this period. 

Continued and expanded monitoring of subsurface conditions at the site will be performed to 

verify that past, current and future operations will not impact ground water. 

Numerous technicai studies were used in the preparation of this document. Regional geologic 

and geohydrologic data were obtained primarily from U.S. Geological Survey and State of Utah 

publications. Site-specific information was obtained from the 1978 Environmental Report 

eTITANEnvironmental 
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prepared by Dames and Moore, the 1988 Reclamation Plan submitted by Umetco, a 1992 ground 

water study report submitted by Umetco, and a 1991 ground water hydrology report on White 

Mesa prepared by Hydro-Engineering. Additional references consulted during preparation of this 

report include site-specific reports by D' Appolonia ( 1981, 1982 and 1984 ). 

1.1 Site Description 

The White Mesa Uranium Mill is located in southeastern Ut!\h, approximately 6 miles south of 

the town of Blanding. It is situated on White Mesa. a flat area bounded on the east by Corral 

Canyon, to the west by Westwater Creek, and to the south by Cottonwood Canyon. The site 

consists of the uranium processing mill, and four engineered lined tailings disposal cells. 

1.2 Geologic Setting 

The White Mesa Uranium Mill site is located near the western edge of the Blanding Basin within 

the Canyon lands section of the Colorado Plateau physiographic province (Figure 1.1 ). The 

Canyon lands have undergone broad, fairly horizontal uplift and subsequent erosion which have 

produced the region's characteristic topography represented by high plateaus, mesas, buttes and 

deep canyons incised into relatively flat lying sedimentary .. '<s of pre-Tertiary age. Elevations 

range from approximately 3,000 feet in the bottoms of th< .eep canyons along the southwestern 

margi11s of the region to more than 11,000 feet in the Hen.. bajo and La Sal mountains located 

to the northwest and northeast of the facility. With thl .ception of the deep canyons and 

isolated mountain peaks, an average elevation slightly in excess of 5,000 feet persists over most 

of the Canyon lands. The average elevation at the White Mesa Uranium Mill is 5,600 feet mean 

sea level (MSL ). 

1.2.1 Stratigraphy 

Rocks of Upper Jurassic and Cretaceous age are exposed in the canyon walls in the vicinity of 

the White Mesa Uranium Mill site. These rock units (Figure 1.2) include, in descending order, 

the following: Eolian sand of Quaternary Age rlnd varying thickness overlies the Dakota 
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sandstone and Mancos shale on the mesa. A thin deposit of talus derived from rock falls of 

Dakota sandstone and Burro Canyon Formation mantles the lower valley flanks. Underlying 

these units are the Cretaceous Age erosional remnants of Mancos shale, Dakota Sandstone, and 

Burro Canyon Formation. Erosional remnants of Mancos shale are only found north of the Mill 

site. The Brushy Basin, Westwater Canyon, Recapture and Salt Wash Members of the upper 

Jurassic Age Morrison Formation are encountered below the Burro Canyon Formation. The 

Summerville Formation, Entrada Sandstone and Navajo Sandstone are the deepest units of 

concern encountered at the site. 

1.2.2 Local Geologic Structure 

In general, the rock fonnations of the region are flat-lying with dips of 1 to 3 degrees. The rock 

fonnations are incised by streams that have formed canyons between intervening areas of broad 

mesas and buttes. An intricate system of deep canyons along and across hog-backs and cuestas 

has resulted from faulting, upwarping arid dislocation of rocks around the intrusive rock masses, 

such as the Abajo Mountains. Thus the region is divided up into numerous hydrological areas 

controlled by structural features. 

The strata underlying White Mesa have a regional dip of 1/2 to 1 degrees to the south; however, 

local dips of 5 degrees have been measured. Haynes, et al ( 1972) includes a map showing the 

structure at the base of the Dakota Formation. Approximately 25 miles to the north, the Abajo 

Mountains, formed by igneous intrusions, have caused local faulting, upwarping, and 

displacement of the sedimentary section. However. no faults have been mapped in the immediate 

vicinity of White Mesa. 

1.3 Hydrogeologic Setting 

On a regional basis, the formations that are recognized as aquifers are: Cretaceous-age Dakota 

Sandstone and the upper part of the Morrison Formation of late Jurassic age; the Entrada 

Sandstone, and the Navajo Sandstone of Jurassic age; the Wingate Sandstone and the Shinarump 
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Member of the Chinle Formation of Triassic age; and the DeChelle Member of the Cutler 

Formation of Permian age . 

•• Recharge to aquifers in the region occurs by infiltration of precipitation into the aquifers along 

the flanks of the Abajo, Henry and La Sal Mountains and along the flanks of folds, such as Comb 

Ridge Monocline and the San Rafael Swell, where the permeable formations are exposed at the 

surface (Figure I . I). 

Seventy-four ground water appropriation applications. within a five-mile radius of the Mill site, 

are on file with the Utah State Engineer's office. A summary of the applications is presented in 

Table 1.1 and shown on Figure 1.3. The majority of the applications is hv private individuals 

and for wells drawing small, intermittent quantities of water, less than 8 gallons per minute 

(gpm), from the Burro Canyon Formation. For the most part, these wells are located upgradient 

(north) of the White Mesa Uranium Mill site. Stockwatering and irrigation are listed as primary 

uses of the majority of the wells. It is important to note that no wells exist downgradient of the 

site within the 5-mile radius. 

The producth 't} of the Burro Canyon Formation within the White Mesa site is substantially 

different from the productivity of this formation upgradient of the site. For the most part, the 

documented pumping rates from on-site wells completerl in the Burro Canyon Formation are less 

than 0.5 gpm. Even at this low rate, the on-site wells are typically pumped dry within a couple 

of hours. This low productivity stems from the fact that the White Mesa Uranium Mill is located 

ovt:r a peripheral fringe of perched water; saturated thickness decreases under the site and 

permeability of the formation is very low. 

These observations have been verified by studies performed for the U.S. Department of Energy's 

disposal site at Slick Rock which noted that the Dakota Sandstone, Burro Canyon Formation and 

upper claystone of the Brushy Basin Member are not considered aquifers due to the low 

permeability, discontinuous nature and limited thickness of these units (DOE. 1993 ). 

eTITAN Envirorunental 



Table I.I 

Wells Located Within A 5-Mile Radius of 
The White Mesa Uranium Mill 

Map Numbers Water Right SEC TWP RNG CFS USE Depth (ft.) 

I Nielson, Norman and Richard C. 11 37S 22E 0.015 IDS 150-200 
2 Guymon, Willard M. 10 37S 22E 0.015 s 82 
3 Nielson, J. Rex 10 37S 22E 0.015 IDS 160 
4 Nielson, J. Rex 10 37S 22E 0.013 s 165 
5 Lyman, Fred S. 10 37S 22E 0.022 IDS 120 
6 Plateau Resources 15 37S 22E 0.015 0 740 
7 Plateau Resources 15 37S 22'"' 0.015 0 135 
8 Nielson, Norman and Richard C. 14 37S 22E 0.015 IS 150-200 
9 Lyman, George F. 15 37S 22E 0.015 s 135 

10 Holt, N.E., McLaws, W. 15 37S 22E 0.007 s 195 

11 Perkins, Dorothy 21 37S 22E 0.015 s 150 
12 Energy Fuels Nuclear, Inc. 21 37S 22E 0.6 0 1600 

13 Energy Fuels Nuclear, Inc. 22 37S 22E 1.11 0 1820 
14 Utah Launch Complex 27 37S 22E 0.015 D 650 

15 Energy Fuels Nuclear, Inc. 28 37S 22E I. I I 0 1885 
16 Energy Fuels Nuclear, Inc. 28 37S 22E 1.11 0 1850 
17 Energy Fuels Nuclear, Inc. 28 37S 22E 0.015 DSO 1800 

18 Energy Fuels Nuclear, Inc. 28 37S 22E 0.6 0 1600 
19 Jones, Alma U. 33 37S 22E 0.015 s 200 

20 Energy Fuels Nuclear, Inc. 33 37S 22E 0.6 0 1600 

21 BLM 8 37S 22E 0.01 s 170 

22 Halliday, Fred L. 11 37S 22E 0.015 IS 180 

23 Perking, Paul 2 37S 22E 0.015 ID 180 

24 Redd, James D. 2 37S 22E 0.1 ID 200 

25 Brown, Aroe G. 1 37S 22E 0.015 IS 210 

26 Bro~n. George I 37S 22E 0.015 IDS 140 

27 Brown, Lio M. I 37S 22E 0.004 IDS 141 

28 Rentz, Alyce M. l 37S 22E 0.015 ID 180 

29 Rogers, Clarence 2 37S 22E 0.015 s 142 

30 Perkins, Dorothy 2 37S 22E 0.015 s 100-200 

31 Brandt J.R. & C.J. I 37S 22E 0.015 IDS 160 

32 Montella, Frank A. 3 37S 22E 0.015 100 190 

33 Snyder, Bertha 1 37S 22E 0.1 IDS 196 

34 Martineau, Stanley D. I 37S 22E 0.015 ID 160 

35 Kirk, Ronald D. & Catherine A. l 37S 22E 0.015 IDS 160 

36 Palmer, Ned J. and Marilyn I 37S 22E 0.015 IDS 0 

37 Grover, Jess M. I 37S 22E 0.015 s 160 

38 Monson, Larry l 37S 22E 0.015 IDS 140 

39 Neilson, Norman and Richard I 37S 22E 0.015 IS 132 

40 Watkins, Henry Clyde l 37S 22E 0.015 IS 150 

41 Shumway, Glen & Eve 15 37S 22E 0.015 IS 60 

42 Energy Fuels Nuclear, Inc. 21 37S 22E 0.600 0 1600 
(not drilled) 
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Map Numbers 

43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 

~~ 
D - Domestic 
I - Irrigation 
S- Stockwatering 
0 - Industrial 

Table I.I 

Wells Located Within A 5-Mile Radius of 
The White Mesa Uranium Mill 

(Continued) 

Water Right 

Energy Fuels Nuclear, Inc. (#1) 
Watkins, Ivan R. 
Waukesha of Utah 
Simpson, William 
Guy~ Willard M. 
Harrieson, Lynda 
Hurst, Reed 
Kaer, Alvin 
Heiner, Gerald B. 
Laws, James A. 
Laws, J. Parley 
Anderson, Dennis & Edith 
Guymon, Eugene 
Guymon, Eugene 
Guymon, Dennis & Doris 
Guymon, Eugene 
Guymon, Eugene 
Perkins, Dorothy 
Watkins, Ivan R. 
Roper, Lloyd 
Smith, Lee & Marylynn 
McDonald, Kenneth P. 
Br~e, John 
Brake, John 
Redd, Parley V. & Reva V. 
C & C Construction 
Guymon, Dean W. 
Phillips, Elizabeth Ann Hurst 
Howe, Leonard R. 
Shwnway, Mark Eugene 
Shumway, Mark Eugene 
Lyman, Henry M. 

SEC - Section 
TWP - Township 
RNG - Range 

SEC 

28 
l 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
34 
34 
34 
34 
34 
34 
34 
3 
34 
3 
3 
3 
3 

CFS - Cubic Feet Per Second 

TWP RNG 

37S 22E 
37S 22E 
37S 22E 
37S 22E 
37S 22E 
37S 22E 
37S 22E 
37S 22E 
37S 22E 
37S 22E 
37S 22E 
37S 22E 
37S 22E 
37S 22E 
37S 22E 
37S 22E 
37S 22E 
37S 22E 
37S 22E 
36S 22E 
36S 22E 
36S 22E 
16S 22E 
J6S 22E 
J6S 22E 
26S 22E 
37S 22E 
36S 22E 
37S 22E 
37S 22E 
37S 22E 
37S 22E 

CFS USE Depth (ft.) 

1.100 0 1860 
0.200 s 185 
0.015 D 226 
0.030 ID 180 
0.030 s 164 
0.012 IDS 
0.015 D 100-300 
0.015 IDS 100-300 
0.015 ID 75 
0.015 IDS 100-300 
0.015 IDS 
0.015 IDS 160 
0.100 IDS 130 
0.015 s 130 
0.030 IDS 210 
0.115 IDS 100-200 
0.115 IDS l u0-200 
0.015 IDS 140 
0.015 IDS 145 
0.015 ID 180 
0.060 IDS 170 
0.015 IDS 734 
0.015 ID 250 
0.015 IS 150 
0.015 IS 200 
0.015 IS 190 
0.015 IDS 180 
0.015 I 165 
0.015 0 160 
0.015 ID 
0.015 IDS 150 
0.100 IDS 200 
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Two water wells exist approximately 4.5 miles southeast of the site on the Ute Indian 

Reservation. These wells supply domestic water for the village on the mesa along Highway 191. 

Both wells are completed in the Entrada sandstone which is 1,200 feet below the ground surface. 

1.4 Climatological Setting 

The climate of southeastern Utah is classifien as dry to arid continental. The region is generally 

typified by wann summer and cold winter temperatures, with precipitation averaging less than 

11.8 inches annually and evapotranspiration in the range of 61.5 inches annually (Dames and 

Moore, 1978). 

Precipitation in southeastern Utah is characterized by wide variations in seasonal and annual 

rainfall and by long periods of no rainfall. Short duration summer storms furnish rain in small 

areas of a few square miles and this is frequently the total rainfall for an entire month within a 

given area. The average annual precipitation in the region ranges from less than 8 inches at Bluff 

to more than 16 inches on the eastern flank of the Abajo Mountains, as recorded at Monticello. 

The mountain peaks in the Henry, La Sal and Abajo Mountains may receive more than 30 inches 

of precipitation, but these areas are very small in comparison to the vast area of much lower 

precipitation in the region. 

Clll\SUBl>la.ECTOI. Y\FD..EN.4ME REV (7/271941 eTITANEnvironmental 
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2.0 EVALUATION OF GROUND WATER OCCURRENCE 

The site stratigraphy is briefly described in Section 1.2. l. The detailed site stratigraphic column 

with descriptions of each geologic unit is provided on Figure 1.2. The following discussion 

focuses on those geologic units at or in the vicinity of the site which have or may have ground 

water present. 

2.1 Hydrostratigraphy 

The presence of ground water within and in proximity to the site has been documented in three 

strata: the Dakota Sandstone, the Burro Canyon Formation, and the Entrada/Navajo Sandstone. 

The Burro Canyon Formation hosts perched ground water over the Brushy Basin Member of the 

Morr :son Formation at the site. 

The Entrada/Navajo Sandstones form one of the most permeable aquifers in the region. This 

aquifer is separated from the Burro Canyon Formation by the Morrison Formation and 

Summerville Formation. Water in this aquifer i~ under artesian pressure and is used by the site's 

operator for industrial needs and consumption. The artesian conditions present in this aquifer are 

discussed in Section 3.4. l. 

Geologic cross sections which illustrate the stratigraphic position of the Entrada/Navajo Sandstone 

aquifer and intervening strata are shown on Figures 2.1, 2.2, and 2.3. The summary of the 

borehole information supporting the site's stratigraphy, description ofth, drilling information and 

boring logs are presented in Appendix A. With the exception of six deep water supply wells 

installed at various locations around the site and completed in Entrada/Navajo Sandstone, all of 

the boring data are from wells drilled through the Dakota/Burro Canyon Sandstones and 

terminated in the Brushy Basin Member. The drilling and logging data indicate that the physical 

characteristics of the bedrock vary considerably, both vertically and laterally. The following 

sections discuss the relevance of those strata and their physical characteristics to the site's 

hydrogeology. 

CU\SUBOIII.ECTOll Y\fU.ENAME llEV (7/l7194J eTITANEnvironmental 
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The Dakota Sandstone is a low- to moderately-permeable formation that produces acceptable 

quality water at low production rates. Water from this formation is typically used for stock water 

and/or irrigation. 

The Dakota Sandstone is the uppermost strata in which the tailings disposal cells are sited. At 

the ground surface, the Dakota Sandstone is overlain by a veneer of reddish-brown clayey or 

sandy silts with a thickness of up to 10 feet and extends to depths of 43 to 66 feet below the 

surface (D' Appolonia, 1982). The Dakota Sandstone at this site is typically composed of 

moderately hard to hard sandstones with random discontinuous shale ( claystone) and siltstone 

layers. The samistones are moderately cemented (upper part of formation) to well cemented with 

kaolinitic clays. The claystones and siltstones are typically 2 to 3 feet thick, although boring 

WMMW-19 encountered a siltstone layer having a thickness of 8 feet at 33 to 41 feet below the 

ground surface. 

Porosity of the Dakota Sandstone is predominately intergranular. Laboratory tests performed (see 

Table 2.1) show the total porosity of the sandstone varies from 13.4 to 26.0 percent with an 

average value of 19.9 percent. The formation is very dry to dry with volumetric water contents 

varying from 0.6 to 7.1 percent with an average value of 3.0 percent. Saturation values for the 

Dakota Sandstone vary from 3.7 to 27.2 percent. The hydraulic conductivity values as 

determined from packer tests range from 9. l 2E-04 centimeters per second (cm/sec) to 2. 71 E-06 

cm/sec with a geometric mean c,f 3 .89E-05 cm/sec (Dames & Moore, 1978; Umetco, 1992). A 

summary of hydraulic properties of the Dakota Sandstone is presented in Table 2.2. 

2.1.2 Burro Canyon Sancbtone 

Directly below the Dakota Sandstone, the borings encountered sandstones and random 

discontinuous shale layers of the Burro Canyon Formation to depths of 91 to 141 feet below the 

site. The importance of this stratum to the site's hydrogeology is that it hosts perched water 

beneath the site. The composition of the Brushy Basin Member is of variegated bentonitic 

c-. TISUBDlaECTOA Y'#ILSNAME UV (7/l7M4) 
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Tablel.1 

Properties of the Dakota/Burro Canyon Formations 
White Mesa Unnium Mill 

Moisture I Moisture Dry Unit Retained Liquid Plastic Plasticity 

Well No. and I Content I Content Weight Porosity Particle Saturation Moisture Limit Limit Index 

For.nation I Sample Interval (Percent) Volumetric (lbs/cu ft) (Percent) Sp.Gr. (Percent) (Percent) (Percent) (Percent) (Percent) Rock Type 

:kota IWMMW-16 26.4' - 38.4' 1.5 3.3 135.2 17.9 2.64 18.2 ~ 1 Sandstone 

WMMW-16 37.8' • 38.4' 0.4 0.8 127.4 22.4 2.63 3.7 6.3 Sandstone 

WMMW-17 27.0' - 27.5' 0.3 0.6 138.8 13.4 2.57 4.8 5.1 Sandstone 

WMMW-17 49.0' • 49.5 3.6 7.1 121.9 26.0 2.64 27.2 9.6 Sandstone 

arro Caayoa IWMMW-16 4S.0'-4S.5' S.6 12.6 140.9 16.4 2.70 77.2 29.6 15.4 14.2 Sandy Mudstone 

WMMW-16 41.S' • 48.0' 2.6 S.9 142.8 12.0 2.60 48.9 4.4 S.Odstone 

WMMW-16 S3 .S' - S4.l' 0.7 1.4 129.0 19.9 2.58 7.1 6.4 Sandstone 

WMMW-16 60.5' - 61.0' 0.1 0.2 117.9 27.3 2.61 0.8 9.9 Sandstone 

WMMW-16 6S.S' -66.0' 2.6 s.s 131.S 19.3 2.62 28.2 7.1 Sandstone 

WMMW-16 73.0' - 73.5' 0.1 0.3 130.3 20.6 2.63 1.3 5.5 Sandstone 

WMMW-16 82.0' - 82.4' 0.1 0.1 134.3 18.S 2.64 0.6 4.8 Sandstone 

WMMW-16 90.0' • 90.7 0.1 0.3 161.5 2.0 2.64 12.8 0.9 Sandstone 
WMMW-16 91.1' • 91.4' S.2 9.8 118.1 29.l 2.67 33.8 33.7 16.2 11.5 Claystone 

WMMW-17 104.0' - 104.5' 0.2 0.4 161.4 1.7 2.67 26.6 0.8 Sandstone 

:e: 1.65 3.4 13S 17.6 2.631 211 s.s 
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Borinc/Well 
Location 

Soils 
6 
7 
IO 
12 
16 
17 
19 
22 

Dakota Sandstone 
No. 3 
No. 3 

No. 12 
No. 12 
No. 19 
No.19 

Burro Canyon Fonnation 
No. 3 
No. 3 
No. 3 
No. 3 
No. 3 
No. 3 
Nu. 9 
No. 9 
No.9 
No.9 
No.9 

No.12 
No.12 
No. 12 
No. 28 
No.28 
No. 28 

WMMWI 
WMMW3 
WMMW.S 
WMMW.5 
WMMWII 
WMMW!l 
WMMWl2 
WMMW12 
WMMW14 
WMMWl4 
WMMWl.5 
WMMWIS 

Table 2.2 

Summary of Hydraulic Properties 
White Mesa Uranium Mill 

Interval Document 
Test Type (ft-ft) Referenced 

Laboratory Test 9 D&M 
Laboratory Test 4.5 D&M 
Laboratory Test 4 D&M 
Laboratory Test 9 D&M 
Laboratory Test 4.S D&M 
Laboratory Test 4.5 D&M 
Laboratory Test 4 D&M 
Laboratory Test 4 D&M 

Geometric Mean 

Injection Test 28-33 D&M 
Injection Test 33-42.5 D&M 
Injection Test 16-22.5 D&M 
Injection Test 22.5-37 . .5 D&M 
Injection Test 26-37.5 D&M 
Injection Test 37.5-52.5 D&M 

Geometric Mean 

In_i,. ·tion Test 42.5-S2.5 D&M 
Injection Test 52.5-63 D&M 
Injection Test 63-72 . .5 D&M 
Injection Test 72.5-92 . .5 D&M 
Injecuon Test 92.5-I07.5 D&M 
Injection Test 122.5-142 D&M 
Injection Test 21.~-42.S D&M 
Injection Test 42.5-S9 D&M 
Injection Test S9-82.5 D&M 

. Injection Test 82 . .5-!07.5 D&M 
Injection Test 107.5-132 D&M 
Injection Test 37 . .5-57.5 D&M 
Injection T (st 57 . .5-82.5 D&M 
Injection Test 82 . .5-!02.5 D&M 
Injection Test 76-87.5 D&M 
Injection Test 87.5-I07.5 D&M 
Injection Test 107.5-132.5 D&M 

(7) Recovery 92-112 Peel 
(7) Recovery 67-87 Peel 
(7) Recovery 95.5-133.5 H-E 
(7) Recovery 95.5-133.5 Peel 
(7) Recovery 90.7-130.4 H-E 
(7) Single well drawdown 90.7-130.4 Peel 
(7) Recovery 84-124 H-E 
(7) Recovery 84-124 Peel 

Single well drawdown 90-120 (5) H-E 
Single well drawdown 90-120 (6) H-E 
Single well drawdown 99-129 H-E 

(7) Recovery 99-129 Peel 

Hydraulic Hydraulic 
Conductivity Conductivity 

(ft/yr) (cm/sec) 

UE+OI l.2E-05 
I.OE+OI l..;i-05 
UE+OI l.2E-05 
l.4E+02 l.4E-04 
2.2E+OI 2.IE-05 
9.3E+OI 9.0E-05 
7.0E+Ol 6.SE-05 
3.9E+OO 3.SE-06 

2.45E+OI 2.37E-05 

(I) 5.68E+02 .5.49E-04 
2.80E+OO 2.71E-06 
5. IOE+OO 4.93E-06 
7 92E+OI 7.66£-05 
7.00E+OO 6.77E-06 
9.44E+02 9.12E-04 
4.03E+Ol 3.89E-05 

5.80E+OO 5.61E-06 
l.62E+ol l.57E-0.5 
5.30E+oo 5.13E-06 
3.20E+OO 3.09E-06 
4.90E+OO 4.74E-06 
6.00E-01 5.80E-07 
2.70E+OO 2.61E-06 
2.00E+OO l.93E-06 
7.00E-01 6.77E-07 
I.IOE+oo 1.06E-06 
3.00E-01 2.90E-07 
9.0IE-01 8.70E-07 
1.40E+OO l.3.5E-06 
1.07E+OI l.OJE-05 
4.JOE+oo 4.16E-06 
3.00E-01 2.90E-07 
2.00E-01 1.93E-07 

(2) 3.00E+OO 2.90E-06 
2.97E+OO 2.87E-06 
l.31E+OI l.27E-05 
2.IOE+OI 2.0JE-05 

(3) l.23E+o3 l.19E-03 
l.63E+o3 I.SSE-OJ 
6.84E+Ol 6.61E-05 
6.84E+OI 6.61E-0.5 
l.21E+03 1.16E-03 
4.02E+02 3.88E-04 
3.65E+OI 3.SJE-05 
2.58E+OI 2.49E-0.5 

"•1 Dl2 
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Borin&JWell 
Location 

WMMW16 
WMMWl6 
WMMWl6 
WMMW16 
WMMWl7 
WMMV.17 
WMMWl7 
WMMW18 
WMMWl8 
WMMW18 
WMMWl8 
WMMW19 
WMMWl9 

Entrada/Navajo Sandstones 
WW-I 
WW-I 

WW-1,2,3 

~ 

Test Type 

lnJection Test 
Injection Test 
Injection Test 
Injection Test 
Injection Test 
Injection Test 
Injection Test 
Injection Test 
Injection Test 
Injection Test 
Injection Test 
Injection Test 
Injection Test 

Recovery 

Table 2.2 

Summary or Hydraulic Properties 
White Men Uranium Mill 

(Continued) 

Interval Document 
(ft-ft) Referenced 

28.5-31.5 Peel 
45.5-S l.5 Peel 
65.5-71.5 Peel 
8.S . .S-91.5 Peel 

4.S-.SO Peel 
90-9.S Peel 

100-10.S Peel 
27-32 Peel 
8S-90 Peel 
8.S-90 Peel 

120-12S Peel 
55-60 Peel 

9S-IOO Peel 
Geometric me.m 

D'Appolonia 
Multi-well drawdown D'Appolonia 
Multi-well drawdown D',~ppolonia 

Geometric Mean 

'I) D&M = Dames & Moore, Environmental Report. White Mesa Uranium Project, January, 1978. 

Hydraulic 
Conductivity 

(ft/yr) 

9 42E+02 
5.28E+OI 
8.07E+OI 
3.00E+OI 
3.IOE+OO 
3.62E+OO 
5.69E+OO 
I 14E+02 
2.S9E+OI 
2.69E+OI 
4.66E+OO 
8.69E+OO 
1.4.SE+OO 
I.OSE+OI 

(4) J.80E+02 
4.66E+02 
4.24E+02 
4.22E+02 

K2) Peel= Peel Environmental Services, UMETCO Minerals Corp., Ground Water Study, White Mesa Facility, June, 1994. 
P> H-E = Hydro-Engineering, Ground-Water Hydrology at the White Mesa Tailings Facility, July, 1991. 
,4) D'Appolonia. Assessment of the Water Supply System, White Mesa Project.Feb. 1981 
,5) Early test data. 
( 6) Late test data. 
7) Test data reanalymi by TEC. 

Hydraulic 
CORd uctivity 

(cm/sec) 

9.IOE-04 
5. IOE-05 
7.80E-O.S 
2.90E-05 
3.00E-06 
3.SOE-06 
.S.SOE-06 
I.IOE-04 
2.SOE-05 
2.60E-O.S 
4.SOE-06 
8.40E-06 
l.40E-06 
I.OIE-0.S 

J.67E-04 
4.SOE-04 
4. IOE-04 
4.0SE-04 

MEHYD XLS,t7/27114J eTITAN Environmentat2 °' 2 



Revision 0 
July 27. 1994 

Page 17 

mudstone and siltstone~ its permeability is lower than the overlying Burro Canyon Forr· Jtion and 

prevents downward percolation of ground water (Haynes, et al, 1972). Observed plasticity of 

claystones (Umetco, 1992) forming the Brushy Basin Member indicates low potential for open 

fractures which could increase permeability. 

Previous investigators have seldom made a distinction between the Dakota and Burro Canyon 

Sandstones. However, examination of borehole cuttings, cores and geophysical logging methods 

has allowed separation of the two formations. Although similar to the Dako~ the Burro Canyon 

Formation varies from a very fine- to coarse-grained sandstone. The sand grains are generally 

poorly sorted. The coarse-grained layers also tend to be conglomeratic. The grains are cemented 

with both silica and kaolin, but silk1 ~emented sandstones are dominant. The formation becomes 

argillaceous near the contact with the Brushy Basin Member. 

The saturated thickness in the Burro Canyon Formation varies across the project area from 5 5 feet 

in the northern section to less than 5 feet in the southern .ll'ea. Saturation ceases or is marginal 

along the western and southern section of the project. The extent toward the east is not defined, 

but its maximum extent is certainly not beyond the walls of Westwater Creek and Corral Cariyons 

where the Burro Canyon Formation crops out. Perched ground water elevations and saturated 

thickness of this formation are shown on Figures 2.4 and 2.5, respectively. 

Hydraulic properties of this stratum have been determined from 12 single, well-pumping/recovery 

tests and from 30 packer tests. A summary of the hydraulic properties is given in Table 2.2. 

These tests indicate the hydraulic conductivity geometric mean to be l .OE-05 cm/sec. The 

physical properties of the Burro Canyon Sandstone are summarized in Table 2.1. Based on the 

core samples tested, the sandstones of the Burro Canyon Formati"n vary in total porosity from 

1.7 to 27.6 percent, the average being 16.0 percent. Volumetric W£ttr~r content in these sandstones 

ranges from 0.1 to 7.1 percent, averaging 2.2 percent, with the fine-grained materials l.aving the 

higher moisture content. Porosities in the claystone layers vary from 16.4 to 29. l percent with 

saturation values ranging from 33.8 to 77.2 percent. 
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The Brushy Basin Member of the Morric;on Formation is the first aquitard isolating perched water 

in the Burro Canyon Fonnation from the productive Entrada/Navajo Sandstones. The Brushy 

Basin Member, in contrast to the overlying Dakota Sandstone, is composed of bentonitic 

mudstone and claystone. Site-specific hydraulic property data are not available for the Brushy 

Basin Member. 

The thickness of the Brushy Basin Member in this region reportedly varies from 200-450 feet 

(Dames & Moore, 1978). This stratum was penetrated by six water supply wells (see Figure 2.1 

and Appendix A) and its thickness was estimated at 275 feet. Owing the site investigation, 

borings which terminated in the Brushy Basin Member, encountered moderately plastic dark green 

to dark reddish-brown mudstones. Plastic bentonitic mudstone is not prone to develop fracturing. 

Hence, competency of this strata, as on aquitard, is very likely. 

2.1.4 Entrada/Navajo Aquifer 

Within and in proximity to the site, the Entrada/Navajo Sandstones are both prolific aquifers. 

Since site water wells are screened in both aquifers, they are, from a hydrogeologic standpoint, 

treated as a single aquifer. The Entrada/Navajo Sandstone is the first useable aquifer of 

significance documented within the project area. This aquifer is present at depths between 1200 

and 1800 feet below the surface and is capable of delivering from 150 to 225 gpm of water per 

well (D' Appolonia, 1981 ). 

Water is present under artesian pressure and is documented to rise by about 800 to 900 feet above 

the top of Entrada/Navajo Sandstone contact with the overlying Summerville Fonnation. The 

static water level is about 400 to 500 feet below the swface (Figures 2.2 and 2.3). Section 3.4.1 

provides a more detailed discussion regarding the artesian conditions of this formation. 

The thickness of the strata separati11g this aquifer from water present in the Burro Canyon 

Formation is about 1,200 feet. This confining layer is competent enough to maintain pressure 
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of 900 feet of water or 390 pounds per square inch (psi) within the Entrada/Navajo Aquifer. The 

positioning of th.is aquifer and its hydraulic head versus other strata is shown on Figures 2.2 and 

2.3. In-situ hydraulic pressure of ground water in the Entrada/Navajo Aquifer is strong evidence 

of the "aquitard" properties of the overlying sedimentary section. Due to the presence of 

significant artesian pressure in this aquifer, any future hydraulic communication between perched 

water in the Burro Canyon Fonnation and the Entrada/Navajo Aquifer is unlikely. 

2.2 Perched Ground Water Characteristics 

The perched water in the Burro Canyon Formation originates in the areas north of the site as 

shown by the direction of ground water flow from north to south (see Figure 2.4). The thickness 

of saturation is greatest in the northern and central sections of the site and reduces toward the 

south. The configuration of the perched water table and map of saturated thicknesses are 

provided on Figures 2.4 and 2.5, respectively. The topography of the Brushy Basin Member 

which defines the bottom of the perched water is shown on Figure 2.6. 

The ground water from the Burro Canyon F onnation discharges into the adjacent canyons 

(Westwater Creek and Corral Canyon) as evidenced by springs and productive vegetation patterns. 

Some part of the ground water flow may enter the Brushy Basin Member via relief fractures 

whicl. occur in close proximity to the canyons. The location of the canyons which bound the 

White Mesa on the west. east and south are shown on Figure 2.1. 

The geometric mean of the hydraulic conductivity of the saturated part of Burro Canyon 

Fonnation is l.OE-05 cm/sec. The water yield per well is very low, as documented by 9 pumping 

tests, and is typically below 0.5 gpm. In contrast to the very low pumping rates observed in 8 

wells, Well WMMW-1 l produced a higher yi~ld on the order of 2 gpm. This higher yield may 

be attributable to the presence of localized high-penneability material, such as a lense of coarser 

material acting as a drainage gallery. Localized fracturing could also cause a similar effect, but 

few fractures have been documented during drilling of th.is or other wells (Umetco, 1992; Dames 

& Moore, 1978). 
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Ground water monitoring of the Burro Canyon Formation saturated zone has been conducted at 

the White Mesa facility since 1979. Table 2.3 provides a list of wells that have been constructed 

for monitoring purposes at the facility. Figure 2.1 indicates the locations of these wells. The 

water quality data obtained from these wells are provided both in tabular and graphical form in 

Appendix B. 

Examination of the spatial distribution and temporal trends (or lack thereof) in concentrations of 

analyzed constituents provides three significant conclusions: 

I . The quality of perched water throughout the site shows no discernible pattern in variation, 

2. The water qu. .y is generally of poor quality [moderately high values of chloride, sulfate, 

and totally dissolved solids (TDS)], and 

3. Analytical results show that operations at the White Mesa Uranium Mill have not 

impacted the quality of the perched water of the Burro Canyon Formation. 

To arrive a these conclusions, comparisons of the water chemistries from the various wells were 

analyzed by graphical techniques. The purpose of the comparisons was to determine if trends 

in chloride, which would be associated with water from the tailings ponds, were increasing in the 

perched water of the Burro Canyon Formation. The trilinear plot and the Stiff diagram were used 

to conduct a preliminary evaluation of differences or similarities in water quality data between 

wells. 

2.2.J.J Temporal and Spatial Variations 

Figure 2. 7 is a trilinear plot for the water sampled in wells in the immediate vicinity of the Mill 

site during the fall of 1992. Figures 2.8 through 2.10 are Stiff diagrams presenting the same data. 

These plots show that the water from all wells is of the sulfate (anion) type. The cation 
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Date 
Well Name Installed 

WMMW-1 Scp-79 

WMMW-2 Scp-79 

WMMW-3 Sep-79 

WMMW-4 Scp-79 

WMMW-5 May-80 

WMMW-6 May-80 

WMMW-7 May-80 

WMMW-8 May-80 

WMMW-11 Oct-82 

WMMW-12 Oct-82 

WMMW-13 Oct-82 

WMMW-14 Sep-89 

WMMW-15 Sep-89 

WMMW-16 Dec-92 

WMMW-17 Dcc-92 

WMMW-18 Dcc-92 

WMMW-19 Dcc-92 

#9-1 May-80 

#9-2 May-80 

#10-2 May-80 

#I0-2 May-80 

Notes: 

Table 2.3 

Monitoring Well and Ground Water Elevation Data 
White Mesa Uranium Mill 

Water Level 

Total Depth Elevation 
Depth Perforations Date (ft) (ft-MSL) 

117' 92'-112' 11/19/92 75.45 5572.77 

128.8' 85'-125' 11/19/92 110.06 5503.43 

93· 67'-87' 11/19/92 83.74 5471.58 

123.6' 92'-12' 11/19/92 92.42 5530.15 

136' 95.5'-133-5' 11/19/92 108.32 

This well was destroyed in March 1993 during construction of Cell 3. 

This well was destroyed in March 1993 during construction of Cell 3. 

This well was destroyed in March 1993 during construction of Cell 3. 

135' 90. 7-130.4' 11/19/92 102.53 5508.55 

130.3' 84'-124' 11/19/92 109.68 5499.77 

118S This well was destroyed during construction of Cell 4A 

129.1' 90'-120' 11/19/92 !05.34 5491.05 

138' 99'-129' 11/19/92 108.28 5490.34 

91S 78.5'-88.5' 7/12/92 Dry 

I IO' 90'-100' 11/30/92 87.56 

148.5' 103.5'-133.5' 11/30/92 92.11 

149' IOl'-131' 10/12/92 85.00 

33S 10'-30' 3/4/91 Dry 

62.7' 39.7"-5Q 7" 3/4/91 Dry 

33.5' I IJ'-31.3' 3/4/91 Dry 

62.2' 39.2'-59.2' 3/4/91 Dry 

I. Well locations provided on figure 2.1. 
2. LDS = leak detection system 
3. ft.-MSL = feet - mean sea level 

Measurine Point 

Above Elevation 
LDS (ft) (ft-MSL) 

2.0 5648.22 

1.8 5613.49 

2.0 5555.32 

1.6 5622.57 

0.6 5609.33 

2.4 5611.08 

0.9 5609.45 

0.0 5596.39 

0.8 5598.62 

1.5 

u 
1.5 

1.5 

1.8 5622.83 

2 5622.58 

2 5633.58 

2.1 5633.39 
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definition of the water type is variable. Of the 13 wells analyzed for water chemistry, 4 fall in 

the calcium-sulfate type category, 4 fall in the (sodium plus potassium)-sulfate type, 2 samples 

classify as the magnesium-sulfate type. Five samples have no dominant cation type. However, 

these 5 samples tend to classify more closely to the (sodium plus potassium)-sulfate and calcium­

sulfate types. 

A temporal change of water chemistries may be suggested from four sampling periods for wells 

WMMW-1, WMMW-3 and WMMW-4 using the trilinear plotting technique shown on Figures 

2.11 through 2. 13. These figures suggest changes in water chemistries from October, 1979 

through February 1991. 

The spatial variability of water quality data witrun the Burro Canyon Formation is illustrated on 

Figures 2. 7 through 2.13 and the data presented in Appendix 8. Upgradient Monitoring Wells 

WMMW-1, WMMW-18, and WMMW-19 varied in sulfate concentrations from 676 to 1736 

milligrams per liter (mg/I). Likewise, chloride concentrations in these wells varied from 12 to 

92 mg/I. Across the site, sulfate and chloride concentrations vary with no discernible pattern to 

the variations. Details regarding chemistry of the Burro Canyon Formation water can be found 

in Appendix B, including the results of 1993 sampling for Wells WMMW-17, 18 and 19. 

Variability of water within the Burro Canyon Formation is the result of slow moving to nearly 

stagnant ground water flow beneath the site. These conditions are likely leading to dissolution 

of minerals from the Brushy Basin Member and the formation of sulfate-dominated waters. 

2. 2.1. 2 Stalistical Analysis 

Because of the variable ground water chemistry in the Burro Canyon Formation baseline data, 

comparison of individual well ground water chemistries to a single background ground water well 

may not be an appropriate method of monitoring potential disposal cell leakage or ground water 

impacts. Water quality baseline and comparisons to that baseline established on a well-by-well 

basis may be required to provide a meaningful representation of changes in ground water 

chemistry. Using this concept, the statistical "t" test was performed on samples from chloride 
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populations within specific wells over time (see Appendix B). Because chlorides are a 

conservative species and are concentrated in the tailings solutions, this or other similar mobile 

constituents may be selected as an initial method of detecting impacts to the ground water. 

Disposal Cell No. 2 leak detection system (LOS) water chemistry provides a useful picture of the 

water chemistry directly below Disposal Cell No. 2. The water analyzed in the Disposal Cell 

No. 2 LOS contains the lowest TDS content (756 mg/I) of any water sampled in the area 

(Appendix B) with the exception of the Jones well. The Jones well also contains the highest 

percentage of carbonate and bicarbonate when compared to the other monitorL.1g wells. The 

slimes drain contains a TDS value of 47,115 mg/I and no carbonates due to its extremely !ow pH 

(typically 1.5 to 3). Any significant leakage of tailings solution into the LOS would react with 

the carbonates and raise the TDS levels. This has not occurred to date. 

Well WMMW-1 (installed September 1979) was originally considered as a potential background 

well for the site. Chlorides in this well have been relatively low (varying from 11 to 53.2 mg/I) 

since 1980. A "t" test was perfonned on sample populations from 1980-81 and 1990-92 for Well 

WMMW-1. The test indicates that there is a significant difference in the mean of the populations 

at the 0.05 level of significance. The analysis indicates chloride levels decreased significantly. 

Tests perfonned on a sulfate population from the period 1980-81 to a population from 1990-92 

show the sulfates in this well have increased significantly. Such changes in water chemistry in 

this potential background well suggest that water chemistry in the Brushy Basin Member is 

variable. 

Well WMMW-3 (installed September 1979) was originally constructed to serve as the point of 

compliance well. Statistical testing ("t" test) on a chloride population from 1980-81 compared 

to a chloride population from 1990-92 shows that there is no significant difference in the two 

chloride populations. Sulfate samples taken 1980-81 compared to samples taken 1988-91 show 

there is a significant increase in sulfates. 

For Well WMMW-5 (installed May 1980), the statistical "t" test performed on a sample from the 

chloride population of 1981-83 to a sample from a chloride population of 1990-92 shows there 
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is a significant difference in the means of the chloride populations and that the chloride content 

has decreased. 

For Well WMMW-12 (installed October 1982), the statistical "t" test performed on a sample from 

the chloride population from 1982-85 compared to the chloride population from 1990-91 shows 

there is a significant difference in the means of the chloride populations of these two sampling 

periods and that the chloride content has decreased. 

Wells WMMW-14 and 15 (installed September 1989) were installed in the south embankment 

of Disposal Cell No. 4A in 1989. Wells WMMW-14 and 15 have a similar water chemistry to 

Monitor Well WMMW-12 which· was installed in 1982. A statistical "t" test chloride value 

indicates the mean chloride value in Well WMMW-15 is significantly higher than Well 

WMMW-14. Statistical tests also show that the chloride values are decreasing in both wells. 

Similar testing on Well WMMW-12 likewise shows a decrease in chlorides. Any contamination 

from the tailings solution would probably show an increase in the chloride values in these wells 

over time, which has not happened. 

Considering the apparent variability of chemical composition of perched water and the absence 

of any impact from operations, it may be appropriate to determine background concentrations for 

a number of selected wells. 
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3.0 OPERATIONAL EFFECTS 

This section addresses the potential operational effects of the tailings disposal cells on the vadose 

zone, perched ground water, and the Entrada/Navajo Aquifer. It is important to note that in the 

15 years of operation, no operational effects to the vadose zone, perched ground water, or the 

underlying aquifers have been documented, as demonstrated by the water chemistry discussions 

in Section 2.2. 

3.1 Infiltration Evaluation 

Operational effects of the tailings disposal cells are concerned with the potential for liquids from 

the cells to migrate into and through the vadose zone at the site. 

The EPA Hydrologic Evaluation of Landfill Performance (HELP) Model Version 2.0 (Schroeder, 

et al, 1989) was used to estimate the potential seepage from the tailings disposal cells. The 

HELP model uses water balance methods to quantify water movement out of the bottom of the 

disposal cells. The model accounts for the combined effects of hydrologic processes including 

precipitation, surface disposal, runoff, infiltration, percolation, evapotraru.piration, changes in soil 

moisture, and lateral drainage. 

The HELP model uses site-specific climatological, cover/liner material, and design data. 

Climatological data include: monthly temperature, precipitation, and solar radiation values. 

Cover/liner property data include: soil type, hydraulic conductivity, porosity, field capacity, and 

wilting point. Design data include: number of soil layers, thicknesses of layers, type of soil layer 

(barrier to flow, lateral drainage, or percolation layer), and drainage slopes. The specific input 

and output data used in the HELP model evaluation for the facility are presented in Appendix 

C. Properties of tailings, disposal cell design, and properties of disposal cell cover materials were 

obtained from the reclamation plan for the site (Umetco, 1988). 

Cll1'SU8DIUCT0llY'IDJ!NAME llV (7127194) eTITANEnvironmental 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1· 
I 

Revision 0 
July 27. 1994 

Page 36 

The tailings disposal cells at the White Mesa Uranium Mill store slurried tailings from the mill's 

operations. These cells are termed wet cells. Tailings imported from outside sources will be void 

of drainable liquid and will be placed in impoundments free of liquids. These cells are termed 

dry cells. Dry tailings disposal ~onsists of placing low-moisture-content tailings in a lined, 

engineered disposal cell. Hence, dry tailings have no capacity to drain liquid into underlying 

strata. An engineered cap is placed over the tailings to limit precipitation infiltration. 

Wet tailings disposal consists of placement of slurried tailings into a lined, engineered disposal 

cell. With this type of disposal, the tailings are completely saturated. Due to their wet condition, 

these tailings have the potential to release seepage into the vadose zone. Wet cells are also 

capped to limit precipitation infiltration. 

Both the dry and wet tailings cells were evaluated using the HELP model. For this evaluation, 

climatological data from Bia.riding, Utah and Grand Junction, Colorado were utilized. The cells 

were conservatively evaluated assuming partially- and fully-leaking liners. 

3.1.1 Dry Tailings Dilposal Cell 

A schematic f ll .. c1 typical dry tailings disposal cell is shown on F igW'e 3 .1. As shown, the bottom 

of the cell has a I-foot clay layer base which is overlain with a synthetic liner. Dry tailings are 

placed within the cell over the liner. The dry cell cap consists of a 4-foot-thick random-fill base 

layer overlain by I foot of clay, 1 foot of filter material (capillary break), 3.5 feet of random fill 

(protective layer), and 0.5 foot of vegetative cover. 

The EPA HELP model was used to evaluate the infiltration that may occur through the typical 

dry tailings disposal cell configuration. The specific input and output data used for the HELP 

model evaluation for dry tailings disposal are presented in Appendix C. Based on site data, the 

HELP model evaluation for the dry tailings disposal cell configuration indicated that zero net 

infiltration is expected to reach the vadose zone through the operational life of the cell. 
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A ~ ~1natic for a typical wet tailings disposal cell is shown on Figure 3 .2. The wet tailings 

disposal cell has a six-inch base/drainage layer of crushed rock and sand overlain by a synthetic 

liner. Under operational conditions, the tailings are placed within the cell as a slurry; therefore, 

the tailings are completely saturated. The maximum depth of the tailings within the cell is three 

feet below the top of the cell dike (freeboard limit). The cap for the wet tailings disposal cell 

is identical to that for the dry tailings disposal cell. 

The EPA HELP model was used to evaluate the infiltration that may occur through the typical 

wet tailings disposal cell configuration. The specific input and outpu. data used for the HELP 

model evaluation are presented in Appendix C. Based on site da~ the HELP model evaluation 

for the wet tailings disposal cell configuration indicates the potential for .04 to .12 feet per year 

of net infiltration into the "adose zone. The estimated infiltration for the wet tailings disposal 

cell is higher than for the dry tailings disposal cell because of: 1) the saturated condition of the 

tailings provides additional water for gravity drainage into the vadose zone; and 2) the 

conservative assumption that the bottom liner of the disposal cell would leak. 

3.2 Potential Vadose Zone Impacts 

Moisture infiltrating the vadose zone will first be taken up into storage within the formation until 

enough moisture is available to allow gravity drainage. This storage is referred to as residual 

moisture or moisture retention. Moisture retention tests on the Dakota and Burro Canyon 

Sandstones are summarized in Table 2.1. These data indicate that the unsaturated portions of the 

Dakota and Burro Canyon Sandstones, on the average, may retain up to 5 .5 percent of moisture 

under gravity drainage conditions. Using an average unsaturated zone thickness of 109.5 feet, 

the available volume of "retained" moisture beneath a typical cell is approximately 18,902,000 

cubic feet. Assuming continued infiltration from the wet tailings cell, it would take 50 years for 

a fully-leaking lined cell and 150 years for a partially-leaking lined cell to accumulate this 

volume. Therefore, migration of infiltrated moisture from the wet tailings disposal cell is 
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estimated to take 50 to 150 years to travel through the vadose zone at the site. This estimate is 

conservative as it assumes only vertical migration from the cells and does not account for lateral 

migration. 

It could be postulated that a hypothetical fracture beneath a wet tailings disposal cell would 

reduce the time of infiltration through the ,·1dose zone. However, no significant fractures/joints 

have been documented in the subsurface in the approximately 45 wells and borings at the site. 

In addition, Disposal Cell No. 2 has been in operation for over 14 years with no evidence of 

constituents migrating through the vadose zone. 

3.3 Potential Perched Ground Water Zone Impacts 

As discussed in Section 2.0, the perched ground water zone beneath the site thins toward the 

edges of the mesa. Both the Dakota and Burro Canyon Sandstones outcrop at the edge of the 

mesa, and this is also the discharge zone for the perched ground water. Discharge takes place 

at the rim along the contact between the Burro Canyon Fonnation and underlying Brushy Basin 

Member as evidenced by the springs and productive vegetative pattern. Part of the discharge may 

also enter the Brushy Basin Member along documented fractures at the canyon rim. 

Constituents that may have entered the perched water zone via infiltration through the vadose 

zone would be expected to migrate southward within the perched watc.r zone and ultimately be 

discharged at the edge of the mesa. Vertical migration to any significant depth is highly unlikely 

due to the low permeability and unsaturated thickness of the underlying strata. 

The ground water seepage velocity in the saturated Burro Canyon Formation can be used to 

estimate the minimum travel time for constituents to migrate from under the site to the edge of 

the mesa. This is a conservative approach, as this method does not accowtt for adsorption of the 

constituents which may retard migration and lengthen the transport time. Specific calculations 

of ground water travel time are presented in Appendix 0. 
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The ground water seepage velocity may be estimated using Darcy's law. Seepage velocity is a 

function of hydraulic conductivity, hydraulic gradient, and effective porosity. The measured 

hydraulic conductivities for the Burro Canyon Sandstone via pump/recovery and injection tests 

are summarized in Table 2.2. The measured values range from l.SSE-03 to l.93E-07 cm/sec 

with a geometric mean of the measured values of l.OIE-05 cm/sec (10.S ft/yr). 

An average hydraulic gradient from the site to the edge of the mesa can be estimated utilizing 

the perched water elevation map shown on Figure 2.4. The hydraulic gradient from the center 

of the sitt to the edge of the site is estimated to be 0.015 feet/foot. Using an average porosity 

of 17.6 percent for both the Dakota and Burro Canyon Sandstones (Table 2.1), the seepage 

velocity within the perched water zone is estimated at approximately 0.89 ft/yr. 

The downgradient distance from the White Mesa Facility to the Dakota/Burro Canyon Sandstones 

outcrop on the southern rim of the mesa is approximately 8,000 feet. Using the ground water 

seepage velocity of 0.89 ft/yr, it would take a minimum of 8,900 years for a constituent entering 

the perched water zone to reach the discharge point at the rim of the canyon. Therefore, even 

if leakage did occur, the possibility of constituents entering the local surface drainage system via 

seepage from the Burro Canyon Formation is not likely. 

3.4 Potential Entrada/Navajo Aquifer Impacts 

This section addresses the natural hydraulic and physical barriers that are present at the site that 

protect the Entrada/Navajo Aquifer from operational effects of the facility. The primary barriers 

are the artesian conditions present in the Entrada/Navajo Aquifer a.r1J the presence of the Brushy 

Basin aquitard and other intervening low-permeability layers within the Morrison and 

Summerville Formations which separate the perched water from the Entrada/Navajo Aquifer. In 

the presence of both of these natural barriers, it is unlikely constituents present in the tailings 

disposal cells would migrate into the Entrada/Navajo Aquifer. 
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As described in Section 2.1.4, the Entrada/Navajo Aquifer is regionally used for irrigation and 

domestic consumption (Dames and Moore, 1978). Figmes 2.2 and 2.3 show the relative location 

of the Entrada/Navajo Aquifer with respect to the White Mesa Uranium Facility and the perched 

water in the Burro Canyon Sandstone. The elevation of the Entrada/Navajo Aquifer beneath 

White Mesa is approximately 4,340 feet MSL, or 1,200 feet below the mesa ground surface. 

Well logs from four water supply wells completed at the facility indicate that the ground water 

levels in the Entrada/Navajo are at an average elevation of 5,180 feet MSL, or 450 feet below 

the mesa ground surface (D'Appolonia, 1981) (Appendix A). This is equivalent to 850 feet of 

artesian head. The artesian pressure heads measured in these wells are summarized in Table 3.1. 

Artesian conditions in the Entrada/Navajo Aquifer were also noted in a water well drilled at the 

Hanksville ore-buying station 84 miles from the site (Dames and Moore, 1978). Therefore, the 

presence of artesian pressure in this aquifer is laterally extensive and can be assumed to be 

continuous throughout this site. 

The artesian conditions in the Entrada/Navajn Aquifer can be explained by the topographic 

location of primary aquifer recharge. According to the Dames and Moore ( 1978) Environmental 

Report, recharge to the Entrada/Navajo Aquifer is from the outcrop area of these sandstones along 

the length of the north-south trending Comb Ridge Monocline located approximately 8 miles west 

of the site (Dames and Moore, 1978). 

In terms of operational effects, the presence of artesian pressures in the Entrada/Navajo provides 

a positive safeguard against potential migration of constituents into the aquifer. In order for 

constituents to <'nter the aquifer, the pressure within the aquifer would have to be ::-xceeded. 

Therefore, migration of constituents into the Entrada/Navajo Aquifer in the presence of artesian 

conditions is unlikely. 
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Estimated 
Ground 

Surface 
Well Elevation 

Desi2nation <ft-MSL) 

WWJ 5622 

WW2 5630 

WV+/3 5622 

WW4 5670 

Table 3.1 

Ground Water Levels in Entrada/Navajo Aquifer 
White Mesa Uranium Mill 

Estimated Estimated 

Estimated Total OriginaJ Top Elevation Artesian 

Casing Well Static Water ofEntrada Pressure 
Elevation Depth Elevation Aquifer Head 
(ft-MSL) (ft) (ft-MSL) (ft-MSL) (fl) 

4582 1&60 5175 4326 849 

4380 1885 5180 4340 840 

4372 1820 5172 4322 850 

4420 1820 5210 4370 840 

Comoletion Details 

Gravel pack and slotted casing 

inslalled at depth of 1700 ft. 
Well decommissioned. 

Barren below the casing. Casing 

not sealed at the bottom. 

Barren below the casing. 
Casing cemented at bottom. 

Barren below the casing. 

Notes: ft-MSL = feet - mean sea level 
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As shown on Figures 2.2 and 2.3, the Brushy Basin, Westwater Canyon, Recapture, and Salt 

Wash Members of the Morrison Formation are stratigraphically situated between the facility and 

Entrada/Navajo Aquifer. All of these members are unsaturated as indicated on drillers logs for 

wells that have penetrated the Morrison Formation (Appendix A) and are described as being low 

permeability. The Brushy Basin Member is described as consisting of bentonitic mudstones and 

siltstones and is generally considered impenneable (Dames and Moore, 1978). 

Site-specific data on the hydraulic properties of the Brushy Basin or other n.embers of the 

Morrison Formation are not available. However, the relative permeability of the Morrison 

Formation can be inferred from the presence of the high artesian pressures present in the 

Entrada/Navajo Aquifer. If this formation were moderately permeable, then leaky, confined 

conditions would exist and the overlying strata would be saturated to some degree. The absence 

of saturated conditions in the Morrison Formation implies layers of very low permeability. 

The presence of low permeability, unsaturated strata between the Burro Canyon Formation and 

the Entrad~avajo Aquifer provides a positive natural physical barrier that will protect the 

quality of the Ent~ada/Navajo Aquifer. ;n order to impact the quality of the Entrada/Navajo 

Aquifer, constituents generated from tailings storage would have to migrate through over 1,200 

feet of unsaturated, low-permeability strata between the Burro Canyon Member and top of the 

Entrada/Navajo Aquifer. This, combined with the artesian pressures in the Entrada/Navajo 

Aquifer indicate migration of constituents from the facility to the aquifer is unlikely. 
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This section presents proposed additional investigations to comply with the requirements of the 

U.S. Nuclear Regulatory Commission (NRC). Proposed investigations include the following 

tasks: 

• Investigate subsurface joint sets, 

• Verify the hydraulic properties of the Brushy Basin Member, and 

s Define the extent of the perched ground water zone. 

The proposed investigations will be conducted in the following phases: 1) subsurface joint 

identification program, 2) Brushy Basin Member investigations, and 3) extent of the perched 

ground water zone. 

4.2 Subsurface Joint Sets 

Observational data presented in the invironmental Report (Dames and Moore, 1978) indicate that 

jointing is common in the exposed Dakota/Burro Canyon Formations along the mesa's rim with 

primary joints parallel to the cliff faces and secondary joints almost perpendicular to the primary 

joints. Umetco ( 1992) also mapped surface fractures along the canyon rim and found a primary 

joint vector with a strike of NI IE, and a secondary joint vector with a strike of N47W. 

Investigations are proposed to determine whether or not the surficially mapped joint sets are 

present in the subsurface Dakota/Burro Canyon Formations beneath Tailings Disposal Cells No. 

3 and No. 4A at the site and whether or not their presence, if any, is causing an increase in the 

rock mass permeability. 

The scope of investigations to identify subsurface joint sets (.;Onsists of advancing four angled 

borings into the Dakota/Buno Canyon Formations and at least 25 feet into the Brushy Basin 
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Member beneath Tailings Disposal Cells No. 3 and No. 4A. Figure 4.1 presents the proposed 

locations of the angled borings. At each location shown on Figure 4.1, one angled boring will 

be advanced parallel to the strike of the primary joints mapped on the surface. A second boring 

will be advanced perpendicular to the strike of the primary joints. This method should intersect 

the maximum number of potential subsurface fractures, if present. Each boring will be fully 

cored with an NX or NWQL double-core barrel. Cores will be logged with particular attention 

given to fractures, specifically 1 their orientation, spacing, aperture, and any evidence of flow (e.g., 

staining, mineral redeposition or presence of clay). 

Permeability oressure (packer) tests will be conducted in each borehole in five- or ten-foot 

increments throughout the entire length of the borehole. Upon completion, borings will be 

grouted with cement/bentonite grout from the bottom up. 

4.3 Brushy Basin Member Investigations 

The primary objective of the Brushy Basin Member investigation is to quantify the hydraulic 

properties of the unit and evaluate its effectiveness as an aquitard. For the sake of expediting the 

investigations, borings from which the hydraulic information is obtained will be converted into 

observation wells t~ further define the extent of saturation in the Burro Canyon Formation. 

The proposed Brushy Basin Member investigation includes: 

• Drilling three exploratory borings into the Brushy Basin Member. Each boring will 

penetrate 20 feet into the unit. The boring data will also be used to define the Brushy 

Basin-Burro Canyon Member contact. The proposed locations of the borings are 

presented on Figure 4.1. 

• From each boring, collecting two 5-foot sections of the core from the Brushy Basin 

Member. 
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• Conducting packer permeability tests in each boring within the section of the hole in the 

Brushy Basin Member. 

• Conducting laboratory liquid permeability tests on vertically-oriented cores from the 

Brushy Basin Member. These tests will be necessary to quantify the vertical permeability 

which is expected to be orders of magnitude lower than the horizontal permeabilities from 

the field packer tests (horizontal permeability will be calculated from packer tests). 

All borings advanced within the Brushy Basin Member will be converted into the observation 

wells screened in the Burro Canyon Formation. 

4.4 Perched Ground Water Zone Extent 

Based on the available site data, the perched ground water zone thickness in the Dakotal Burro 
Canyon sandstones thins southward and the water discharges along the rim of White Mesa. The 

lateral extent and saturated thickness of the perched ground water zone between the site and the 

edge of the mesa are currently unknown. It is known, however, that the extent of perched ground 

water does not extend beyorad the canyon walls, as the Dakota/Burro Canyon sandstones outcrop 

along the rim of the canyon. 

To further define the extent of the perched ground water zone between the site and the edge of 

the mesa, three shallow observation wells will be completed in the borings advanced for the 

investigation of the Brushy Basin Member. The proposed locations of these wells are presented 

on Figure 4.1. Each well will be fully screened within the Burro Canyon Formation. Well 

construction will be the same as that for Well WMMW-16, as shown in Appendix A. 

4.5 Vadose Zone Monitorin1 

Energy Fuels believes that the existing monitoring wells which arc completed in the perched 

water zone above the Brushy Basin Formation are suit:ible tor the timely detection of leaks from 

the tailings disposal cells at the site when considering th ,t the first aquifer to protect is in the 
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EntradwNavajo Sandstones and that about 1,200 feet of unsaturated, tight formations separate this 

aquifer from perched water. The NRC, however, has asked that other methods be investigated 

that would provide an earlier warning that excursions are taking place from the tailings disposal 

cells. 

To be responsive to NRC requests, Energy Fuels nas investigated several methods of monitoring 

existing tailings disposal cells and has evaluated their pote1 .. ial application at the White Mesa 

Uranium Mill. The methods reviewed are presented in Appendix E. A summary of the proposed 

monitoring method is provided in the following paragraphs. 

Energy Fuels wishes to stress that the TEM method will not allow for collection of alleged 

seepage samples for laboratory analysis. Therefore, information obtained by this method will be 

of a qualitative nature onJy. It appears possible that elevated moisture from atmospheric 

infiltration and likely dissolution of salts known to be present in Mancos Shale overlying the 

Dakota Sandstone may cause readings similar to those expected to be caused by leakage from 

cells. Therefore, Energy Fuels will exercise utmost care in collection and interpretation of TEM 

surveys. 

4.5.1 Proposed V adose Zone Monitoring Plan 

Energy Fuels proposes to perform Transient Electromagnetic (TEM) geophysical surveys from 

approximately eight locations around the tailings cell as shown in Figure 4.1. Precise locations 

will depend on field-specific conditions prior to field implementation, and may vary slightly from 

those shown in Figure 4.1. 

Initial survey infonnation will be evaluated to establish baseline moisture conditions with depth 

from readings taken at specific locations. Two initial surveys will be performed at 6-month 

intervals, with annual surveys performed thereafter. The survey information will be evaluated 

to determine if a wetting front exists downgradient of the tailings ponds and to evaluate potential 

movement of this front downward through the unsaturated zc1e. The data and yearly evaluation 

• 
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will be presented in the Annual Technical Evaluation of the White Mesa Mill Tailings 

Management System. 

4.5. 1.1 General Description 

Based on current usage in the field of geophysics, the TEM survey is the preferred method of 

choice in the industry for detection and monitoring of plwnes. The method, using a survey 

pattern similar to that being proposed in this section for the White Mesa Mill, is now being 

employed at Kennecott's Bingham Pit. Much of the recent work has included saltwater 

encroachment in the southeast. 

The underlying premise for using geophysics is that the property being evaluated has substantially 

different properties from those of the host rock. The physical properties that are generally of 

most interest are magnetic susceptibility, resistivity, and induced polarimtion effect. 

TEM surveys are conducted using a large transmitter (T lt) loop on the ground, and a small loop 

coMected to a receiver. The transmitter loop will vary from I 00 feet on side to several thousand 

feet on a side. Equipment for TEM surveys is built by several manufacturers, Geonics, Crone, 

UTEM, and Zonge Engineering. 

4.5. /.2 Basic Operation 

To collect data. the transmitter loop is connected to the transmitter, and a large current, typically 

15-20 amps. is then transmitted for a short time. 17 milliseconds. When the current is turned off, 

eddy currents are generated in the ground which decay over time. The receiver, which is 

coMected to the small coil. then makes many measurements starting at 0.089 milliseconds until 

20 milliseconds. In most case three measurements are made at each station, vertical (z), north 

and east. North and east are often called X and Y to confuse the geologists. 
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Three types of set-ups are commonly used for TEM surveys. One of these will be applied for 

White Mesa Mill. They are fixed transmitter-moving receiver (profiling), in-loop (sounding), and 

slingram. 

The fixed transmitter-moving receiver generally uses a large loop of wire, typically 1,000 feet 

by l,500 feet. The loop is not moved dwing a survey, only the receiver is moved along the 

survey lines. The fixed transmitter-moving receiver method is the most common method used 

for exploration. 

The in-loop method is the most common in environmental and engineering applications. A small 

transmitter loop, between 100-400 feet on a side, and the receiver are both moved for every 

reading. The receiver is in the center of the loop. The in-loop method is good for determining 

the dt:pth to different layers, often for engineering surveys. Station separation between 

transmitter loops is dependant upon the target, for environmental monitoring this separation can 

vary between O and a thousand feet. 

The slingram method is similar to the in-loop· method. However, both the receiver and 

transmitter are moved for each reading, with the receiver always a fixed distance outside of the 

transmitter loop. Many of the initial TEM surveys in Canada used the slingram method, 

however, it is the least popular method. 

Appendix E includes a description of the principals of TEM. 
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···'" ·- .. - • .u- _____ ,_ ··--·----.. --A_ ... do• .i,.a. Da,11.---------
T_ af _...l.Q w .. a,..-J1Mo1--r • li T• Q 

(13) WELL LOG: ..__., _. 8"t;gl 26Q-6!:.ta.ci
01 

D- _..,. _l.J.OjL___,_ 0-.., - _, lAQQ ,_ 

~ ~ r..:.~:.:.-:-...:-..::..i:.·" 1r...: m-:r.r.::-= __ .... _________ ., ___ _ -----v. .......... -11 ....... 
OUTS I .IIA'l'DIAL I 

I 

I 
111 .11.!.!JI.J . I acuut 

! I 
' 1&1111 =!lil1t.r1,J! I ~ I I I 1•,a, .1111 :.I cl, 

Oi S'.L' I I ;1 Soil 
~ 4 j :_, ..... xt,:::_-_-:::_-..;.-:..;.-1:_,-:.·Ci:,,.i,rr.i.eu, ... o ...... s""h-a""'l"""e ____ _ 
28 1 230 I '3 1 

I I x. Br, ~s Oakgca fgr;:nacion 
230 37 5.X~l _______ _;,. ___ G\ur~eu,~D1-a$uh~aul~ei..,Jw~i~cun'-iL~i~rae 

:, 
1 

. er:, bl;-;! 
3--2-6~i-7_6_Q-;--- x·aca & Grr,1n Shalt wich 

, ·1 .1 1 ss ,,:i:,u rn•A, hard 
761 au 1 '2C · ; ... ! .... Jlbi.ce ss Wt•'"'iJCI: Sand 

I 'I I l I I I : I i ; ,, SCJJt Iii'"' .. 

891' no 1 !XI 1 1 1 ifials ss & Shah Cy;cis 
11 , 1 1 1 1 'fm:::::w r;igp 

ill 11 ?1:21 ·x: 1 ' 1 ' 1 'Red ss !;ng;-ada fg;;ytio: 
21 a11242! 1X'' 1 1 1 '.ih1c1 ss '"AP of HlxaJoS: u~a '1 I I ' I I I I ; 5 ... 5 5(8" OP s;uin1 to 
__ .;.I -..;.~_:.i ...;.-----~"'-.;.1...;tl2..i0..,_' ________ _ 
2c:1,, ~oQJ_,gx ... 1 ____ ..,11 ' wn; c" ss. ~a....S.3-. 

·I I I ; ! ,, ( '"" C. ,i-) 
i I I I I I I ' 

__ ;..._,;... __ _,,--.-,-, -, --1 ; ·L ___________ _ __ ,_ _ _:.___.____ ·-
! I I I I I I •I 

_ ___ ·!_!___..:_ _______ .,_ ------------
_ ___ ., i ·-------' l ____ II__!__! ' 1---i 

·I i , , ·--,,-:-,-----------
----,,-;---:--· I I , ,I 
-~iJ-·,----, -, -,-·, .. ------------

I '1 I I 'L,------------
----'!.._! _______ 1_1__, :..! ------·-----

! . :I I 1 · 1 I ;-;-: :I . -- --· ------ -· 
--1--·1 ,--.-·-:-,-;-:-I 

............. Dec, __ 6 1J.l.. 
(U) PUllP: 
•••ctaet.:re,·• ..... _ Reda. ________________ _ 
~' .Sucme:-~ibla._ __ ·---- a. •·--~t.10.._ __ 
o-• .. ...... .. ...... -7.90 __ .. _ . ,_ 

Tr.:1 we,1 ••• cirll:ti uncler ,.,., superv111on. and th1a re1111n 11 :::i&• 14 
t.,e o,,, !'! mv_.rno•:•ac• ,no b1u~i-
:-.ome _.::_: _5'_;_(1-:i:;;;!rO __ J_r_.:_ __ _ 

\ r., ... 11 fUM. et .... , ...... i,Htt '-:0,.,.. ff ...... 

·•• '!) >1 ;:_ •• ,-~ 'll,--c:i;• • "~· - 1' C" 

i 1.· •• 
I 

,,~, 
.......... ~···' 

.\i..-.... ,,, --... -~ -_-.:·-·--"' - .... ..,.i '-'•• --:-·'!:.,,......._, 
= ,.:~-~•«, ._,;-'-: _·_.:::. - -:. ::--:...-. •.. :~ !. . .. _ :.-----------

,.. C , ! C /:/ :.-··j' Otll ~·, t ::, ...... , 

"· - t:a~se :S:o . .:_~-- --- ,h~ ....!.!2.~.::.: 

t:U OTll&A 1111& ,oa AJ1D1T:o-.u. 11, ... ,. •• 
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:IC .. .. 
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I 
a 

! 

lO 

1; 

H-,19 

BORING NO. 
EL, 5629.0 FT. 

1; 

10 

llt>-IIIOWN FIN[ $ANO A~C Sli.T. 
"ttlUM OEN$[ 

GRACING CAL:All£0LS ~ITH C,L­
C!T[ STfUt..C[RS 

LlGIIT 11101111. u:.-:-y c...;.1, lli,11 · 
!WEATNUID CL,AUlOHtJ 

llll>IUM IIIOWII, Vt:lY rtNI-GRAllllD 
SANDSTONE: 1MTIIU.\YCIED Nll.1.­
CINIIITID AND TII IN . P00a.L Y­
CIIClftlD IIANDI 

HOU: CotlPLETtO 9/lOt77 
NO CIIOUIID NATEII E:«;ot;:,TUED 

BORING NO. 2 
EL. 5634.3 FT. 

a------. .... _ .... _______________ _ 
SM/ RCO·I~ rwt St,.HO .\SO SILT, 
ML 111:DIUM DENS!. 

CL 

GlAOINC C"'4.CAft£0lS WITH ~,u.~ 
C:TE 5':'Rl~CtRS 

CRlEN•IROWN :i!~T'I c::..:,\· <WEATIIEREO 
Ct.;..YSTONti. H~AO 

i ;;-----~ 

.. 
Ill r 
I 
s 

i 

:;-----

;;R[tl~lSH-BRuW, •. r:~.--~AA:,w SA.'10-
ST?S£. I~TLR..i-itRCC ftEL~ :t,~NT!O 
A!-10 POCRZ..: ~,:c:u..:.,;':'£0 lft!,OS 

HO:..£ COMP LtTEO i / ~ r, 1 .. 1 
'«l G~OUND ll"TO 2>1COL1,T[IU:0 

BORING NO. 4 
El,. 5623,2 n. 

~. l \ • l O 7 

~I)' 

• 1-

!'£:>-tllOWN r[i,£ SANO A.'110 Sli.1. 
,'1101 UN 011151 

CI/IDING CAI.CAHOliS WITH c A!.­
r :n STIIINGI.AS 

GIEi~ FINI-GIIAIMIO W.~OSTOHI: IN• 
TZll,J.ltR£0 "11.L CIMCJITEO ;.,10 
POOat.Y-CIHl:IIT&O aAIIOI 

HvLL C014PI.ITE:l t'l0/ 77 
:<O CROl;NC WATtl CNCOI.NTlll£0 

LOG OF 

A-R. 

.. ... r 
• :a: ... .. 
I 

.. e 
I 
:a: 

i 

ii 

C C 

CSI C 

6. ·-

l~ 

1, 

BORING NO. 5 

' 

EL. 5632.9 FT. 

Jl['.'.J-31?~ r1~;z: s~~o AAD SiLT. 
ML: r u1-. ')£•:s£ 

;MOI~C :.U..C/,RLO~S W4-:'H :~;.­
.::7!'. s-:~:~•~t:tS 

.;111:t:, TO 8~'-""", f':;,t-GAAINEO $.\/;:)­
STOP,[: lJ,Y£lt.!:J l:.tOiu•: TO Wl:t,L ,£• 
!tl;::TEC li!':'H i..IT':':.C POORLY CEHE:ITED 

20------ HO~£ CONPJ:.ETED t/10/77 
NO GllOUND 11'.ATE~ E!ICOUNTERED 

BORING NO. 6 
EL. 5633.5 FT. 

SM/ Rl:O-Uo\11: FINE 
ML HED;\,~: ,tNSE 

S..liO AND SIL':' 

w ~AAOU CAt.e.\l!EOUS WITH c.u-
l'iln ~ ::~t S':'!IINGEU AND occ.uio:· 

::)sts or AAS3!V£ CAL..C!"!"E C!-
"!!:~'TATI,:);,1 

90, 
l·lJI • ,0 

t.IGHT UOWN TO ;.Q£N CLAY 

au CNEAT!ll:IIID Cl.AUTOIIEI , llAAI) 

CL _,,,, orr ... '.r.t!-:"t SA~:03701'1£. VERY .;r~. 
- ··-... £.tJ:,, • t.W 

,J ____ _ 
1tOL.i. ;:,::;~1P:...£TtO IJ/ll1 J-; 
~.c .j;tO<. "'iO w,;T£it i:SCOI..HT!:R!:j 

KEY 
INDIC"'TU DEPTH ,.T . .,HlCH t.:~C:S'.'1;~8E:l SANl't.C i,AS E,· 
i'AACTED ~Slt1G OAIIU • MOOJE ;.vi,LD 

lNOICATIS OEPTII ~T "'11ICH 015T~Jl£0 SANPLE ~AS tX~IIAC~f." 
USINC DIU'l!:S 4 HOOU SAlltl'Ltll 

lNOl:ATE5 SA/1PLE A':"!&Hn' WITH NO ~£COVtRY 

!NOl::Arll Ot1TN AT NHICN OIST"llato SAKPLt WAS £XTP~C7£0 
USiltC STAHDAlD PINCTIIAT I ON TUT S1.~PU:II 

A '1£1.0 HOIST'JU tXPIIUSED .U A PUCtNTAGE or THE D~·· 
WUCIIT or SOIL 

I DIIY OEHSITY EXP1t£H£D IN :.as,c~ r~ 

ILOWS/P'T OT P~!TIUITIOH ~5I'-C A .•J-~I HAl!Mtl 
OIIOPPlNG JO l~CIIU 

INDICATES NC COIi£ AUN 

0 PUCIIIT or COIII llCQVUY 
E IIQO• 

INOICATII PAClllt TIST SECT!O~ 

, PCIIII.CAIILJTY ""'8UR&O IT SIS,L& PAClta T!ST IH FT/Ya 

NA MOT MPLICAII.I !USE:> FOIi llQO =~ r:.ns 01 n&c:HA.lllCA!.!.¥ 
PMCTVII.ID ZON!S I 

NOTlt:, l:LJIVAT!Ollll PIIOl/10£0 1Y ENEIICY ru11.s NUC!.1.AR. INC. 

• IIOCK QUALITY DIIIGIIATION -- Plt:IICENTAC[ or COIi£ UCOvEIU;J :s 
UNGTltl GUA1'EII TIWI 4 INCH.U 

BORINGS 

DAM••• Moo•• 
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BORING NO. 3 
EL. 5634.4 FT. 

ISl l l 

l5.1'-lll8'4 

• 12/ 
10 • 

so. 
z· 

a --.....1---1 

I :~ 
10 .... __ ... t_.9;,!l!-,1 

I H& I 1, 
I 1 
T 

Jj 

:? 8 

,o...J.._ 
I 

..j. 
T 
i· 0 H 

l ; I 

so 

J. 

~; -I,_ 

I 

l6 I 

•a 
I 

T 
72 

6S 

I .L 
I S J 

10 

... 

y 

PJ:0-1~. Fl"E SAl:O ;,,.a S ll.T, 
;.oost 

GIU.Ol~G CALCA;u:ous -rTH >ll~R 
CAI.Cl7E STRlt•GEIIS 

IIIOW~ SILTY CLAY IW£ATH£11ED CLAY­
STOHtJ . IIAkD 

DAU GM~. Flii.; :1U.D, Sl!.TY 
5A11i0ST'OIIE WITII ,JO,; l.1,.;<i,S. NOST!.Y 
l,1£l.L CtllElfTIO -- •ITlt i01o1: THIN, 
so". Ct.A Y!Y OiJiOS 

~:GHT GRAY, 1110lu¥ GRAI~t!>. WELL 
(:£11CNTEO SAIIOSTOIIE • 17H vRANGt 
:..:MOt.f1!: srAit-;.t:l SA'.DS 

:..IGIIT TO >l~OlU~ C.U£:;-1ao.,11, 
'4£0l'JII TO ~OAIIISC-G.11Alll£0 SAllil­
S':'ONE 

;;iouND WATEll 1.£V[L ;4 4 ~­
; l: 4/71 

COl'li.1.0MZIUITt I~ :.IGIIT GAAl, r;11e; 
SAMO MTIU X rllDf! 62. 4 TO i J FT 

GM.OU TIIIICUQI WIUTE S1LTS70N1 
TO A Glll&Elt Cl.AYS'l'ONE 

YEW.OW. !U:DIUM•GRAINED S.U.OSTONI 

DRlU.lll<i lNOlCATII <.IJIEML!.Y 
•EI.L•CINIWTIO SAliDITOH ,; I Tit 
!otlll(Ja COIICLOMUAtt IJUIOi 

MATCH LIN( 

LOG OF 

15 I 

I 

I 

I 
90 T 

I 

T ~ 

I 71 
II 

l B -,.---+ ...... -t 

I -
I 

I 100 ____ __, 

I 4. 9 
I 
I 

I 

I 

I 

i 
I 

110,---

1 

I 

il 11 S -.:---
0 

T 

:,o I ~• 
I -I 
I 

!25 
I 

i 

I 

I 
, lO 

I 

I 

I 0 6 
I 

l)! 

I 

I 

I 
140 

' .l. 
145 

_...) ~ 

BORINGS 

MATCH LINE 

LICHT CIIIAY, FIN£-CIIA1N£D SA~O­
STOll!, l'OCllU,Y ::!HEIITED IN PARTS 

~,CH~ 9ilvWII: 70 fAI.I,; GIU.Y, FINt TC 
,u:o::;~~-Gi!Al:.t:, Sllllt.STO~E 

!tlTU:.A Y Clll£:> tA.~01 or UNOY , GRJ:EN 
Cl.,\'fSTOl'II: AND PALC 11-N SANDS'l'ONI 

~R:~~;NG I~0ICA1t5 UNrlllACTU~EO 
ii!;.;. Ct.tit.!~-; ED SANDSTONE 

HOW: :oMP!.£7t:> 9 ! 14 ,7 J 

DAM•• e MOOR• 



BORING NO. 7 
EL. 5656.9 rr. 

10/ 1.,,.,,,1 • u· 

IIED•IRQ.41'i rl~t :,;,.1<0 Al<D S!;.T, 
,.J:D: ~/l DENSE 

GAADING CAl.CAiU'.OUS •!TH :ALCl':'E 
STRIHCtlS .... o oc:,1.s101u:. 10N~S 
OF !\ASS t•Jr C>.I.C l-:'~ :tKL,,,TATl'lN 

j 7' 
! ,

0 
__ ISllO" 

?AU. UIIOWN. 'IN[ GP.A!NEO. ot&ATHERLD 
S,.NDl>T<»IE, GAADINC IIAROU 

i 

,,, 
151 '; 

lS------t 

20-----

DAU 8IIONII 'l'O DAU GRAY, fllft TO 
H£:) I UI'. GAAi 11£0, •tATHEIU:D SAIIDST0.1£, 
ull.ACCS HAltDEJI AND T.\11 COI.ORICD 

I '-'Tta&tDDED H.\!UI AJ;O VUY It.AIU>, 
:.!Gift GRAY S,dDSTOHE 

HOL£ COMPL£TEJ t/11/77 
NO GIIOIIND ~ATlR ENCOUNTER.£0 

BORING NO. 10 
El. 5690.9 FT. 

--·-- SM/ 
AtO•IIIOWN FIN£ SAND ANO S ti."::, ML OtNU 

• Hi GMD!NG ;;.. :.=AA£0CS WIT!! C.\L-
H~ lOO ,o· CITE STRINGERS 6. 

C.AADINC \/UY ChL.::AlltOUS ANO 
VCIIY 0£)1Sl 

' I 
!!,1 9,l/ 

I ,,i s· 

; 

.. 
I 
I 

I 

I{'" "U l!IO~ HI.I.OW ro ~Ut.~. F !!,~ TO KE:>!UM . ::lAAINCO, >IU'l'HliU'.O SANDSTONE 

;;IIJ,OING ,i.;n, .. -;11E£N. Mt:>:UM 70 
·:'.JAPU-cil\A IN£.> SANDSTONE 

!iO;...t .":J!lP~TECl 'JI: J.r .... ,o----- ~O ,;~QIJNC WA':'t~ t!ICOIJN'!'ER!D 

BORING NO. 13 
EL. 5602.4 FT. 

,o------

•co·•~ f[N! SA•O ANO SlLT, 
IIIDIUII DIENU 

PA~& G•l&N. ~IUN·GIAINID SAIIIDSTOllt 
1£COMU I/SU "'ILl,·C&IUll1tD 

H~"c COfll~ITID t11•111 
NO ciouliD wAtU ENCOUNTIUO 

LOG OF 

BORING NO. 8 
EL. 5668.4 FT. 

10-----...I 

i .... :-:-: "LS 
r-:-.:-: 

DAllJ GRAT. SILTY Ct..\YST0Nt, 
\IE,t.1·1111:MD WITH Y&LI.Ol<•OMNGt IRON 
STAINl!IG, GE.itMUY VERY O~Y 

I l 5 ---•t51-l--1 '""': =ii-
;, 
B so, 

0 2~· 
20 -----.&; 

zs------1 

JO-----

CRADU TO vcav HARD 

505 DAllll C.MY, 'l&DIUN-GRAINED SAo,DS','ONE, 
;u;...:.rtvt...Y ~..c.....,·rw 
orr•WHXTE. MltOIUM-CIV,lNED ,ANOSTO~L. 
'ftU. CEI\Efl'\'CD 

HOU COMILln.) ti 19; 17 
NO G.-OUNO WATER ENCX:.TtRtD 

BORING NO. II 
EL. 5677.8 F'T. 

0 
5M/ UD-IIIOWf; FINE SAU) ilND il~T 
ML Civ.D!IIG CAI.CAACO~S WlTH c...i.• 

50/ CI11: STa II, ::us I.110 SON£ lOlltS 

·4~· or :-!ASSIVE CAJ.C:-:'t CIIIE:lTATl ... 
I! 
I sos "1(,11-:' IROWN, F'!Nt Gil,;t.;;-J[C, 

~0/ WtA-:'HtilEJ s;..;osTOH !SI.,. 
<,111,0 I sc; "'E:L CtM£:,7c0 

ltOL.t COIU'L£T!D ~/l&;:: 
SO GIIOUIIO ~ATEP tllCJCST~REJ 

BORING NO. 14 
EL. 5597.5 FT. 

11-----

BORINGS 

JID-1**11 rINt SAND Mi~ ,l~~-
11101\ill DINH 

iRAO! "C CAI.C;.uous "'l Tl:i CA ... 
CI!i STll!NC1U 

~I ;iu,t TV UFF•WHlTt, NIDIUM 
TO. ,AAll•GIU>INtD SAhDSTONE, V£Al 
WCL!. C&ll&HTICI 

COi.OR GIIADtl TO YtiL...CW• TAI< 

HOU .»1Pl..t'r£D J; ll/ 71 
~o QIIOU~O ~ATEA tNCO\JNTt~,o 

................ 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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BORING NO. 9 
EL. 5679.3 FT. 

l O _____ .;(lii __ i"-il-1 

T 

20 

0 

J, 

_1 _______ _ 

..J._ __ 

, .. 

1~~ .... -.-e-""" 
6 I .L----1io-111'111P'll'I 

J . 
•o . ..L.::... 

' 11 ··--·,··----

"IC';, ~.:.I. orr~wh;: i.. A.:,o i:iil£L:,. 
111t. ... :rii..1lt:J SIL':'':' -~\ S':'0,itE 

Jrr-•Hl7[ TO Gil.CC~. C;..\YlV, 
oE,.;7nt1U:D SANDSTONE 

~Rtt\. rt tit TO ,'4£011.lt•~IIAIN&D, 
lolt,\TnUtO, .:I.HEY .SANOSTOHI 

~: .. ·, •: ·.,HLV wEA'!'MUlD- SOM. 
-~~.• .. ,to :LAYST~~I w • TH ·)AAio.Gl. 
-·~1\:!E·S~~l~EC LA\tlS 

,uo:·;~ IIIOWII. rtll'E ro "'O!UM-·GAA!NED 
5AN~$TONE: 'IUU:S rl!QM !«)OIMTEI.Y 
:tl'.ES1'£ll TO VUY POOIU.Y·C!IIIIITCD 

"U.J; .'·1-;11,A.NIO >A!,OS:"ONL. l-ilJD£AA,.;.f 
:t:U..:"tTtO . ..l('TII ;.,t0;"11 iTAlNIKC .....JNt.. 
HOR: .ON'!'Al,. f'MC:vU 

IA!iDEO. ~1-~IIT ·r:, 11&1)1~1! ;;a,;,:11 SILr• 
S!OSt. C:..AYIY .... C $0,T l~ PART 
JAR, .;;RJIY 1'0 ILACJ. :tD!UI! CJIAl,olu, 
•t •• :;:,q1>1TLO, :.~QONACtOL~ SA,>!OSTONc 
..; : -:-:~ ;.)fl£ son 1:.Ac.,.:. ~·i../\'tl. l ~"NOS 

-'~ ·: . ..\S LJt."41~ ;w;.~ .:),,it~ .,~:..t:£(.,t.,S 
i; ... ,;)j' ;f-11' :~.Jt 

VtA".. Wf .... ..;tlitCN'":"tO. 1..:;,;1f!' i;II.At !"~ i)Ft­
#H: ·:t 14hlVl'!-;;M1 ~,o 5;.sosro«o: 

POOll~!·CINll!flO PU&U CONGLO<U:."'4ti. 
)II IIIDWll, SA1l0Y ~tlllX, SON: · ,,Ct,-l.,TI.O 
$A:40\' IANDS 

l1001MTEI.~ -·:lillwtl:D TO i>Q()JIL1 <~~nn 
U1,0iT<'JlfE 

MATCH LINE 

ao ___ ___) r~ 
I 
I - ··-I 

a; I ao 

I 0 

I .... 
I 

I 
90 ,----

I 

I 

I 
95 

I 
I Ll 

I 

I ,..·y 
100 -------I 

I 
... I 

tics I -----
I I 

' 
.!... 

T:on 
: 
I 

1:0 
I l~' I 

! 

I _ ____ ,.._._ 

' 
I 

I 

I 
l 4\J 

' ;; I 
I 

; 

I 
'.') ----·-

' 
' . !V ------·~ -
I 

.. t 

.n ------

LOG OF BORINGS 

MATCH LINE 

GIU.Y•lflQl,'fj, :U:Dlt;~I CAAINEO. ~IClDER· 
A':'E~Y TO 1'00111.Y ·CE.NEll'TEO SANO$T0'4[, 
Hl:;it~Y FIIACTUIUtl IY DU~ ; PtRPE'.,• 
DIC~t.U 1"" COU .UIS 

.JUNO W.t.TEJI 1.i£Vtl. tt. I l'T, l l / V 7; 

'-'I.£ GQ&al, N&JlUJI GAAllllO. IIAAD, 
S l ~ IC l fl C.) SMIDl1'0ell. 

,, AU GIU:Cll , IAIIOY C LA U'TOHE f 110M 
107. l 1'0 101. l f'f 

DAO ~II. ICIIIUII GIIAUIED, CU.HY 
SANO,fOIII. l«>OllATtLY MAJID W!TM ~!~O~ 
lllCLUtlO..$ Of W« IIIOWII, AH<lUI.Al' 
GIU.\'C~-SIUD C1IHT 
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.I 
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BORING NO. 12 
EL. 5648.1 FT. 

~'-' . ~-
·--... ·--· -

.. , 

f
:
1 
.• SM/ 

f ML 
! 
·r 
1 

IU:D-III06iti r1~~ SAND ANO SIL~. 
OIKU 

GMA01Nj c;.u.AU.Ot.-S ... xrH T~ "'' 
l,AYUS Jr \/LU C:A~CAll£1)1..!: 
>l.\'l'Ut..~ 

6 .1\· 104 ••• 
so. 

111 i • 
l\ 

r· 

-..-
\ I 

\ )Q 
lO • .L 

I ~A 

.,. ---
H 

I 

I 

JO ..i....:.~=---
I 

T 
j ~ ) j 

II 7·--·v-.. l. l. 
I 
I 4,l 

~.L _______ 

' II ... L. __ , ... - ... -

'+' , .. 

l j 

lllU 
50l! CRU" .\ND 11;..I.Qlil ri,n. TO !KOWN 

.:iAAINCO. ~l:.\'fHLRIO SA,DSTOIII 

GIICIII. r!N£ il&l,1 .. CO, Cl.MEY, 
wUTHHID SA11llt1'0IIL i,j I Tit YCLI.O,j 
.\110 illD LIOII S'\'JillllNG 

UCOKI.J U.SS. Ct.OU, lm5'1' 
:uc~i...1"lON ..011 

1Jtt!Y ;..!Ctf:' i.t~tt ro CM't, Ma:::n~'"" 
.;IIAllleli l·\/.,JS'l'QIIE ~!'I'll SOMC ·'.JIIAH<lt: 
i1".\IIIINC 11·.JOUAnl.Y ro •IL .. 
: £l4111Tfltl .\':" TOP. UCOIC$ ,00,1., • 
:EMINTI.O .,f J1 r. 

)£11111;.~~J ...,_iOOA ,£:.> · :CIIUIT~,) 
.ir1,•0ST(t"'l 

C1..h 
'·.- 1,;1..'11 $D$,\,,c;u;;;., iA#ol>W .~;,.Hlo'l'OWI Mflfll :~ --t ._ IUD 1*3,1 iTAl•Il<G. :.or. 

IIUl!I --.~ ,,1111M flllt Q!ll,111,ll), i«JOU· 
A'l't:.Y ·(:W!i'l'ICi IA .. ITO 

lN1UI.AUUO i.A.>ll)ffflNC •11D :i....ir,v 
,,,..ft'(!ji(...,, 

Nl~~·C~IO ~~~I. -,,AJ­
~1,1 "'11'!1 00::CUIOIIAI. PIAC'\'IIM,., 
lalltt 

LOG OF 

i 
• 
I 

•o --, 
+ ...L 

I 

90 _L..-., 

I l O 1 

I 

I 

100 -..L.... 

.J. 

i.lQ -·------

_y 

·: ~ ac.::....\1" tor..; :..os-:. 57 a.;.. .:.?Pt1<1.RS 
•l~L :tHC!ITED 

atCOM£5 i.US CllU:M"l'tO 

50!'11 ,.; IRCUU.f!ON 11.GAlHEO 11.'T 
' S~f~~ LAIICE WATt~ I.OISE& 

P00,~1 .. ,.:~:u;:;T£D iANOSTVtJt 

•lt~;.-,:E!IZ,,n.;, :.AIIOS~C 

POOll.1-i.t:CWl'l:O. POS1l.L.¥ ~;)t,;.:,o; .. 
IAA1'1 at rMl.."'1'1.MD W<IOSTOII! 

)l(ll>CIIATi:I.l ·CINl.lfflO SAlltlSTflNE 

,0011,.; ·c'Ulll'TCO $A1iDl1'0II[ 

,.,~_ ..;;;,u;~Ttll $All0STO•r 

BORING NO. 15 
EL. 5600.7 n. 

¥1)• lllliillN fl Nl ~ ~HO S li..'t 
•WWII! ::>l,11( 

;,A,\:llllG CAU:Aa.lQUS •i1'11 CAL.: 7ii 
n•111ocu 

C';IICP. lfM MIIIU;O n.us l'\llflt 

~flt. f! :f£ 1'0 Ol&IIIIJll•(l!UI INIO 
SliilOl~I 

i,AAOU '" ~l. c Q1t1,rt&o 

llO~f; ~Qlll~Uf9 t; I l, / I 
)I() ~JOVNO •-fll INC()l;NT£1.0 

BORINGS 

.............. 
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BORING NO. 16 
EL. '5597.5 FT. 

!!.:.!.04 

so. 
lll l'I. 

RCO·IIW>..n. Fl~t S.\!10 AHO S!~T 
lttDIIJ" PENH 

GIIADING CA.1,CAIU:OUS w!TH C,IJ.· 
Cl 1t 11'11 IIICllU 

PALE GJ&&ll fO WKITI, FINI 1'0 
:oAalt•OIIIAllllO SAiil0S1'0N£. "1.TC•· 
~4"!'1tfe; WILl.•CIEMIJl'l'IO AIIO POOAL.Y• 
CC.,!MED IIAMUI 

1\-- at::QKIES C1MT !IIUOU$LY WC:...• 
cnwruo 

ltOLl CGfll'LfflO 9/ 1 o; 11 
IO GIDUIID WA'tU bKOWTIIWI lO··-----

BORING NO. 18 
EL. 5608.5 F'T. 

. ' 
'.I ___ .......I.,.;..-· ...... _ .. 

)i), 

:::i 1· 

i<.J ·----··---··"• 

ltlO·IIICIIW FlNt SANO AND s:~r. 
otto:u11 l)CIIH 

lPJ\O!ll(i CAU;:4lllO~S ~:n, ~Ak· 
C 11'1 STIUIIGIU 

<JH • Wlll'l'lt, PQOIII,. C QIINTEO, 
""\l'IIIUO s.-.ica-ro,i, •I'!'!< ,Mt:115 
·)r -u1111110 CU.YSTONI 

Glt£tli. WIA1'1tlll&D Ct.AV s·t·J>I! "; rl'! 
J""""'" i NQti IT,\I N 1 :,,c 

t10 .. 1 :u,unnu, ~ 1 • , , • 
~) •,AOV<O w,t,1'0 l'.'IC.)•Jr,n~£~ 

BORING NO. 20 
EL, 5570.4 FT. 

NJ~I. CCilllP.t'flL • IL' j '., 

'IC .~IOt,i<:) • 4TU IIIC°'-NTUID 

LOG OF 

i 
I 

BORING NO. 17 
EL 5582.0 c:-r. 

ac~-IIIOW, r1Nt SASD 4~0 s:~T 

CAAi)l.iC CA~::~JltOOS .:: TH c.:.. .. -
Cl~~ lTftlMGtH ASO !NC~l:StJ,;;; 

; 

SOI 
151 : , • 

10------a 

GIUE~. FINE 1'0 ,1tOIUl!•GIU.lt/EO 
$ANDS1'0fll. INllTALl.Y WtATHtato. 
GAACINC ;,J[~t Ct.'1£l;no 

•. i\ YE •10 POO•L Y •C!l!E' T!I! -'<~0 
lll~L•CtM&Hf&O, POSSIIL\ SOM£ C:.AY• 
STOii£ LA'fUI 

i 
I 

i 
I 

I 

a-----
I..AYCIUID WIU•CIIISll'l'ID AMO ·,oI 
WIU•CIMIUl'l'kll 

!IOI.I; COl'IPl.l':'10 V l 7 /7 7 
~ GJIOUIID WA'l'tlt !M'OOr.tlll:D 

BORING NO. 21 
EL. 5584.5 F'T. 

.1-------

AtD•IIIOIIII FlNE SANO ANO SILT. 
t.OOIC ':'C IIIOlUM 011111 

Gll&Cli Cl,,,\Y WlTII SONI GYPSUM 
CRVttAl.S, I WIATll&IICD CL,H Sl'O~l; 
S"!'lfT ~ VUY STH'T 

clltl~. F: ,l (;IU,Uil,1). ,.UT!ltllto 
SANOS'l'OfliE 

~~~t :o~, .!7!0 •11- ·-
:.,,:,.1 .:litOU~~: .... ~T£1t tSC'?s.;~rtaE::; 

BORING NO. 22 
EL~ 5585.3 FT. 

5 \/ &,· 
10·~--··--

"t:,-Uowt, r: ,, SAl>O AN'.> ;; : . • 

-:.M::H!*G :A1.::A•to;..:s -~-:-H :·;.._, 
:,TE l7~:;.~0$ 

.1,;11-:- u;.,w:, '.'!l ,:,r, ·•Hi:·t s· · 
::..,., 

~a£&;·. r: .h, :. ,~"' .• ,~ "lu. :t11o111J:::, 
$1< .. 0STO!tl •11'11 ffl(;;I c:.,U C;JiH':'th~ 
PQQ~r.Ct.-Ullft:O 

IIQ;.I COJIPl,J':''9 1/ I 1I11 
Ill) GIOIJHO WATt" QICQU1f'l'tHO 

BORINGS 

............. 
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BORING NO. 19 
EL. 5600.3 f'T. 

o---,~~~.~l~)-~·-="'~F~t .. ~E~SA~~~o~~N=C~i~!~~T-.-

lO 

10 --· 

H 

JO 

l. 
I T 

SO/ -~· 
u 

~.co I Ul"I l>IIIS£ 

,;iu.otHG CAl.CAl\.:OvS >r. lH 
'."'LCITt STl!NOtltS 

'-1'11t1£5 ,;u .::1...c,.•r.:i,.s ~No 
'/UY 0£HU 

HCOlll:5 ·;tllY LOOS£ , 
,<!TN VOi Ji 

HCOl!U Jf.r,.st 

GIIIEJI. '1NI: fO ~OlU,.•GIUIINCtl 
$AIID5TOIII, .l~ATMLMO. oil'l'II SOIU. 
OaAIIG£ .'ll'D YCJ.I.O', IIIOII STAINl;U'l 

JMY·GUDI. FINI TO I\IDIUII , ·:it.D. 
.. u1111:11to. CJ..'YE\ SAkD*1'0III ". fh 
OMIICI Allll Ytl.l.,OII, IIIO/,I l'l'AlNlt"-

HCOICI t.UI lol.Al111111D WITH I.US 
CI.A Y • PatllON 1 hAH'U, Y GM Y w I 1'11 
OIIANCI !IIOII S1AtN111G. IIOOIIIATCLY 
CtMtwrto. MEDIWI GIIAINID 

I •o 
I n __ .. ,_,_, 
I , a 

rrnt :.IUIVIL CQll.:iWM.1AA1'! "ITII ,:ONS!D· 
!AAaLt COA.SE•GIIA?NEC S.\ICO AND CAL• 
:;.ac,us ll!AT111 x 

; J.. 

I HJ 

.. 
' ) 'I: ---~·-···~-,i: -

., ···----·· 

J,o -~--·-

's -··---· ... __ 

110 -----
_..., 

al!Ollf< TO YEt.1,Ql,i, COA1l.U•<,l1U,IN1:0 SAMO,• 
HONE WI 1'M COltll OEIIAaU .ft:.\11 IIOll 1 • 
ZON1'~L tllACTUIUIIG ANO SOMI OIIAN(it 
! ~011 51'A INI N<l. IIIODCIAT&a Clblll•TW 

~miff i.llM Mtl:ll\JM ro ~OA11H·•·AA1N£D 
SANOS?()f!I, NlOlfLY ,iu1,rulljo .r.U)flG 

HO>'' •1'Al. 1100111G. COIIUHIIAl._t 
',!ll!>'l:"l'lt STA!Nll!Ki ,i,L::>~G HG 
,Mc'!'\llq; NOOIIAl'lLY C re 
UIIC"'flllttD. CQllt W4tU ~ 
DUI 'f'O - I NG AIM' or IJIICIIIP'l'III 
%ot!U 

ICC:OIIW;S VIIY Ul<CIUUcaTlO. WATCJ 
lll'f\llltl :,.,OJIT 

111)1,.1 t.QS':' AT l J f":, IIQLt I tA "'"·4!" n ..,. IOU1!11 or 1Wt1 1,, 
NI;) IIA1'J 1111'1111 08TAllllHl1 IIO 
!Mi'~l!IG '°"IIJ,,1 -1.t LOGIXO 
,._. DIILl.lllO ••11us 

11:av Wl~c. CJllJ4"1l,I SANt l'Ollf. ' 1, f'T) 
!IIOOIMH-.Y·CNffll) UNOITQ!!,11 111 n1 

LOG OF 

•~ ----·-

,o--- --

H-----·-

110-----

i 
l1os------1 

I 
110-----"'I 

,JO--·---

____ ,_ 

BORINGS 

NOOEIIATCLY W[LL-CE/'l[NTEC <.'ONG~O><C'-'"~ 
011 f Jt.\CT1Jllt0 SAl,0$1'0NL Cll.10 I NC lt'."7 l' 
CtlUNTE:J 

GAAO(N .,US ~t>lt~"'."E:l 

VtllY POOIILY-CCl'II.N'tEO SANOSTONC 

M00£11ATELt•C~T£Q C:..AYST0Nt 

,OOlLY-CIHIN'l'tO SANDSTOIIE WITH 
MINOII NAllD 1.£.NSLS 

MOD£11ATELY·CltM£NTtO :; .. 110STONE 

GIi.ADU LUS Cl.ilEIITED 

~,,uu Cl..'UY 

NODEIIATELY-CEK£hTEO SANDSTONE 

- y - GIIOUIID WATIII I.EVtL 1 10 F'T. , li 4_11 • 

POOIU.Y•CClitllTEO SANOSTQNE WITH 
,;)('CAS !OllAL IA.'lDII OF /lAAYEL OR 
CONGiAl1111ATt 

VUY WEL:..·•CTMN'l'IO o,\IIDST'.lNt 

VERY POOILY-Cl,iiNTE~ SANDSTONE 

I'['', ;;,:t.l.•Ct!U:NTCO ~ .... ,os·ro11t 

............ 
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BORING NO. 23 
EL. 5535.9 FT. 

u, 
!5113~" 

ACD· 11:01;.; fl /'IE SA-.D AND , ! L ~ 
l.OOU TO 1'£DIUM ::>£NS£ 

GIA.Cl~ CAi-C'°"JIIQl.S ~:~M C.~;,.­
: !Tt S1'1t1s.;us 
GAAOI~ Ml:DIU~l·G~l»£0 
~~~T~EO ~O~OAS FROM ltf.O TO 
dh!Tl AND YtLLOI, 

Yll.l.C* fO t.MIIT IIIOWN, 14£DIUM TO 
Cv-\llSl.•CIIAINt:D SAIID l•tATMEIIIO 
SA'I.JSTo~c, 

CL .;uu TO '""'Tl 110TT1.10 cL.AY 
<lolll.THEMD Ct..\YST0:4EI 

0Ff•WMJ11 TO Y£U,OW IIIOWII. MIOIIJM 
TO COAII.U·GIUlllllSD. l'OOlll.Y ,~E*lfTIO 
SA!UISTOfll. CAAOtl WILL C&N:lttlO 

HOLE COtlll.O:'tlO 9/ 101 ., 7 
~ ,l.llOUMD WATER LNCOIJIITUID 

JO-----

BORING NO. 2 4 
EL. 5!173.4 F'T 

o--

::i 

•!! 

;a. 
~ --·--·--

RID•IMOVII r!Nl SAND ANO StLT. 
LOOS£ TO MEDIUM :;)ENSE 

,;11,\llPiG ,:ALCAIIEOUS "!TH •:Al..<:: TE 
$T,t.,G£U 

JFf•WHITt. flNl GJV.1N[O. ~EATH~•to 
SAMOS'l'OHE. JIIAOU Wt:.1..-,:UU:NTI.O 

·)rr-w111n. rtNt TO .,U:DIUM GAA!l,EO, 
HO :RA!LI.Y ~El..l.•CEMt:IITlD SANOSTOWE 

:.lGJH UO.IN, rillt ro 14£01!;1-1 ,;M,NEO. 
1•:El.l.•Cl:;41,.:ITt~ $AN0STONE 

iO;..,;: ;:1;.;;ii:..1;11.:0 9, ~ 7, 1 ~ 

·io ',iilOVXC iliA'?'til c;~~C{)l:~.-a.~£:, 

BORING NO. 26 
E:... ~518.3 n. 

~f;O• l!lmt:, rJ Iii SANO -•MJ , l ~ 1', 
;..oon 1'0 Mtu !UN CIENH 

Glllu;IIIIG CAr...::A1<1.0LS • !Tlf Ul~i l Tl 
STIii! HCJ;U 

I ~ ·- ,,rr-w11:u. "'" 1'<) "tEO:J11-·,AA:N~O 
I.U,{141'0111. WUTIIIIU.O ciAAO I:.<; Wtl.L­
CQIEll'l'IO ' Vt.lY otll.1.. CIUIL<IT£0 

MOU :OHPt.l'l'ID f;. ' '' 
,.0 CillQUNO WAflll tNCOt, .. T\;lll..> 

LOG OF 

F 
I 

i 
I 

I 

BORING NO. 27 
EL. 5555.0 FT. 

- .. 
~I 

- •ro-1110:.l'I ""' SAN'.J ANO s ! :..-=-' 
ML i..00St TO HEDIUH OLKU 

GAAOINC C.\LC,OtOl:S ... t:rl ,~~c: 
alu 

•,; $':'ll!~CtAS 
·1· ,:,us ;iU£:,ISH. Flit; :-0 i'!tDl!JH•t,AA 1,,,. 

0 

., 
SAIIDSTONi:. V~IIY WlLl.•C£111:'.'4T£D 

NOL£ C?l1PLICT:O 9/17/77 
so C::IIOOllO WATU E~COUIITEUD 

10 --·---

0 

s 

BORING NO. 29 
EL, 5655.0 ·r. IAPPROXJ 

ll&D• IIIOMI r !:IE SA!iO AIIO J : ~ T . 
..OOSI 

CIIAOIS >ll:OlUM OCNSI 

Qll,\.:c 111G C>.L.CAHOIJ s 

WHITE TO SLICIITl.Y TAH 5ANOITO;lt 
HCOMU WILL·CD11:::uo 

lO -----
HOU COMl'LITCll 9/ JV 7 7 
NO QII00,1D WATU tllCOUIITC ll&il 

BORINGS 

•••••• M .. 11. 



BOH1NG NO. 28 
Ei.. ~54·,.6 FT. 

-r H-:1:: 
T 

JO..,-----
1 

HO·· 6AOWN FI Nl SJ.ND .\,·t S: :. 7 
!'111.~!vn 0£~SC · 

"..AAOTNC .::;.u:.a.ALOL'S "l 't 1-4 
tA;...:: ;-:-t S".."llt1,1c;UtS 

UCO+IU VLIIY D£N1l 

011/\hGt TO Yl~LOW. HtOIUH TO flNL 
,;11AU1EO, SILTY SAND iWtATM£11£0 
SAIWHON£1 

:..l~ll'f Glllc~S l~ll·Gll,AY. tl!ll: ;,; 
~EOIU~-GIIAIN~O $.U.DSTOIII •ITH 
qoHt GIUIVEL TO PEl&LE•31ZED IN­
CLc5IONS: llO'.llt 1"1•011 l.1-l'U 
ST' ! .• ;)IG: r11.\CTUIIU IIOIIUON'fAL 

... l._;1-r: ~;REC'.I ~~,a£-GttJHNC;J ,SN,·;:. .. 

Si'0NE ~ tTM ~·tuts or G~.E£ft \..'.{,,.,\1 ·· 
;j·•JlWl VI "to 4 fNCHtS TH !CK 

I ,o~·-·-··....,-",. 

' 

61 ..... 

. ~ ---·-··-··--· ·-
r 

y 

>t(;) : '.,M fO L, tllt1' 8 tOWl< . ,1t.:l ! UII TO 
,:::•on ,,AA I NC:ll' Wl.!.t.•CE.'IEN'TEO SAliD· 
s·:oNt. lR()N ilTACNlN<.; 1:\/IOUI':' AT 
r.·r. •. · ;,, · T W J 1'H 01/t~L ¥1 NG r Ufoll • 

. , 'l:tl,.. SA1,10S'T'O~l 

.. :;H'f •:11,\Y. ,u:01u11 TO ,:l)Al\$1· 
,;R,\Jllf;;) SANil"1VNI WI TII UCTI,,.,$ .if 
11£P> ?'l-OIILt-CIMltN't£0 $AN0$f():,t~ 

Lll'fUI..Afiltlll. POOA.t.1-Cl,ill.WUO 11,.lO 
~U.k··CDl&l«1't0 'iMIOSTO.,t MW C<JN·· 
<,I..OMll:U.1'1 

.. MA l CH UNE 

LOG OF 

10 

, .. 
I 

IS ..L_ 

I 

.i. 

90 -I 

u-L--
1 

'o. 
I 

100 

I 
. ry. l 

lOO 

ll 

:20 .. ___ _ 

I JC . ...L... .......... ~-·---·· 

BORINGS 

MATCH LINE 

Git.AVE~ AUO JlEllt.t :o:~GL0tl£AA"':'t .,. ! T~ 
SANDY ~TPlX IN r:...i.cts J,cc~!~7CD 

l.lGNT GAAY 1'0 orr--HIT[. r:Nt TO 
H£01UH-GAAI ~ED SA~0StoH£. WEW, 
CEMCN'Tto 

Gt:ltAALLY Ll~IT C.AAY SA1,0S1'0N[ WITH 
OCCASIOHAI. SAIID$ or llt(l,,jN, C;.A1·:u 
SANOS1'0llt 

GAAOES OA!IKER GAAY 

~IGHT GMAY. WE:LL-COU:"no SANDS1'0Nt 

l,!GNT GRAY, ,U:Dlt;PI GIIAINEO. •l~~­
c"t!4.INTltD SA,ll>STO!lt; fJl.o\CTIJRES 
G£ll£JIAl.1, Y NF.Alt HOU l:ONT AL 

.............. 
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~79 'il 0 
07.S.C,.i; ~7 
10.S.,.79 '.Ol.5 • ~! 2 9-4 6 
u .. s.o,;; :-:' 3 :09_15 ;.& 6 
2S.S.0..79 '."U 110.1 !3• 9'7 
1G-Oc-79 81.7 1102 80 9'.7 

'~ ':"li.O ,095 &32 9J.I 
21-Fe-.o ;, 0 ,oe., 819 'i2.I 
~-eo ;, 0 1C':'.9 ao.1 92., 
JO.Me.....o 75.9 '.10.0 a:s.1 »'.3 112.2 
17.Jun-eo :-s., 110.0 13.7 M.3 10l.0 
1~ 7H 110.0 13.1 9'.3 108.0 

1~Au9-t0 75.1 110.0 13.1 9'.2 tOI.O 
07-Seo-ao ;-g,2 , 1, .1 13.7 w., ,oe., 
11..s.«) 1,.3 110.5 83.7 9'.3 tOl.5 
OI.Q:I,«) 7g.z 111 .1 l,U 
%7..Jan.&2 75.3 110.0 13.1 94.3 IOI.I 10o&.O 111.7 71.0 21,&.o ., 83.2 112.3 17.5 96., !Ol.2 113., 111.a n.3 
OS.~ 78.0 110., 14.0 M.O 108.0 10,-.0 109.I 73.0 
21-Ftt>&S 7S.O 110.3 14..1 9'.2 1oe.o ,o.a.o 110.1 73.3 
~ 71.2 110.5 14.I 9'.0 1082 103.I tOI.I 73.2 
30 Seo-IS '5., '.10.0 83.7 93., 107.5 102.9 tOl.1 71.0 
31.Qcs....S 750 110.1 o.3.0 
27-Nov~ :"5.SI l 12.2 
15-0.C~ 75.5 110.3 83.7 93.5 108.1 103.7 109.7 iT.5 
2'-JM.81 80.2 110.0 13.7 
21-F~ 75.1 110.1 13 .. 
20-Mw-M :'6.2 110.5 14.I 9'.0 IOl.2 103.1 110.I 73.3 
27-Mar-tl 75.1 110.3 IW.O 103.Q 110.0 17.0 
~ ... 75.1 IOI.I U.I 
1~ 7$.7 IOI.I &U 93.4 107.1 ,oz.a 109.3 77.2 
a.lurMi 75.7 IOI.I u., !13., 107.; ,oz.a 109.3 77.2 

°' Seo-6& 7U 110.1 13.1 93.5 107.1 103.0 109.3 n.1 
10.0.C-tl 71.5 111.3 13.1 95.7 10I.Z 103.2 t 11.2 79.3 
20-F ... 1 7U 111 .3 13.1 95.7 10I.Z 103.2 t 10.2 79.3 
a.Aor ... 1 7S.7 110.2 83.a 93.2 10I.O ,az., 109.7 71.0 
1~7 75.3 111.1 83.3 93.3 10l.3 1az.g ,au 71.0 
~ ... 1 78.0 110., €...i.l 93..3 108.3 103:.? 10l.7 17.3 
27~ 7U 110., 83.a 93.1 108.3 102.I 109.7 r.2 
01..JIMI..M :"5.1 110., 13.1 93., IOl.3 !01.9 109.I 772 
23--"'9 .... iS:.? 110.1 83., 93.1 110.5 102..Q 109.1 77' 
OJ.to ... ':'5.3 110.0 63.J 93.3 ,oe., 102.s 109:.? 76.t 
(».Mer~ ':"3.0 110.1 &U 93.a 10l.7 102.5 109.5 i7.4 
21.Jun.19 -:'6.1 110.3 83.7 93.Z 10l.1 102..5 109.2 
01.Sao,.fi 75.1 110.0 15.7 !13.3 1Gl.2 ,oz.a 109., 
,u.,, .. , 75.1 110.1 IJ,7 !13.1 108.3 102.5 109.i 1Ql.2 107.C 
16$090 75.11 110.01 13-" i:1.11 IQl.1' ,~ 10tl.45 1Cl..1' ,01., 

ONotay-90 7$.5 IOI.I au 92.t 10l.1 102.2 109.5 105M 107 
07-Aut-QO 75.a 110.0 &U 9U tOl.2 ,oz.a 109., 105.47 107..! 
13,Hov.9() 75.1 101.1 I.U 9U 10l.0 102.5 109.0 105 1C'.° 
27-F.,, 75.1 110., 13.7 92..5 10l.1 1az.1 108.Z 1Cl..37 1QI. 
21~1 7U ,,a.a 13.7 n, 108.3 102.5 tot.I ,as., ,01~ 
24,$ao,11 75.0 110.3 1,,&.0 9U ,oe.s 102.I 108.7 105M 107E ~o.c-e, 75.7 110., &U 92.1 10l.5 102..5 109.7 1CI.I 107.'. ,-:.....,-12 75.7 110.0 13.1 n.z 10I.Z 101.9 109., 105.2:S 101.:-
11~ 75.7 110.2 13.7 92.5 10l.5 102.3 109.5 tOl.21 107.! 
03-5.o-•2 75.2 110.1 13.7 112., '°'·' 102.a 109.5 tCl.'3 107 '." 
1~·112 :'5.7 110.0 &3.1 92.4 '°'·' ,02., 109.I 105.51 107.! 
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;)!'!!MIC M.A•1 ,'o'Mt"'Z ..• ,..a:3 .Vl,A .. M.I.S h\.Ca1, NMa12 ,'/M,IIJ ::..:ltNA~Y . ...,...,, .,5 
:ie'411Cft So,1,8 22 S,;13,9 ::!! :.2 ~.57 ,a.Jg J.3 3o:)9 ,s xitt 08 ::iO ~S 5.5'w6..18 :Sit 6.: ('4Sec>:, ::29 57 

:,;-See>,~. ::.27.!7 
,c.s.o.;; ::JI; 72 ;4QI 29 ::.2Hi 
: '-Seo-ii :5i0 ;2 :503.89 ::.27¥7 
2~S.O.ii :S71 S2 :503.39 S471 92 ::.21 e1 
' G-Or:::I, 79 :566.52 55'1.3.29 5,470.42 ::27.17 
1o..Jan.j() :572.22 :503.99 5,472_:2 ::.21.67 
21-F-..O :S7' 22 5505.39 5,473 42 5529.77 
~.iQ 5;1,.22 :505.Sil 5,474 52 :!J0.17 
30-MaMO 5572.32 :503.,, S47U2 SSD.27 5'97.13 
17~ 5572.82 sso:u, 5,471 62 55.21.27 5501.33 
1~ sm.12 sso:u, ;.11 n 5521.27 5501.33 
It,~ sm.12 5503.49 3471. :"2 5521.37 5501.33 
01.S.0..0 5572.Q:2 550Z.31 5,471_g 5SZl.17 SSD0.93 
11.s..«i 5573.12 5502.N 5'71.62 !521.27 5500.13 
OI.Qcl.iQ 5572.02 !5a2.31 5'70.92 
27.JM.a 5572.12 sm.,, S471 :"2 ~521.27 5500.73 SSOl.'5 55Q2.'1 5,492.35 
21S. •• 5511.01 5501.20 541771 5521.13 5501.11 !!QI.QI S..33 5'1.1.Cll 
OS.Dec~ 5572.22 5!03.07 5"71.32 552U7 5501.33 5505..'5 !501.50 5"87.35 
21,Ftl>&S 5572.22 5503.11 5'7107 :521 . .fO 5501.33 550.S.'5 S!J01.CIO >'17.10 
2$Jun,,&5 5572.05 5SDZ.N 5,47012 5521.57 5!01. 11 5505.53 5S01.Z5 5'1711 
»s.:, as 5572.IO 5503,,9 5-4:1 65 :5.ZI. 15 5501.13 SSQl.53 5502.25 5'13.35 
J1-0cl-15 5Si3.ZZ 5502.54 5'72.l2 
27-Nov-15 5572.:JO 5501.32 
1$.0.C...S SS72.72 5503.11 5471 6! :529.07 SS01.25 5505.71 !501.41 S49U5 
24..Jan.M 5561.05 5503_,, 5471 55 
ZUtlM& 5572.39 5503.41 S411.5':' 
~ ... 5572.05 S!aZ.N 5,470.12 5$3.57 5501.11 55)5.53 59:I0.21 S417. 10 ,1...., ... 557'%.39 sa.,, 5'71.:2 S50l.'5 5501.0I 5,413.35 
ow...- !572.14 5903.17 5'70.5'1 ,~ 5572.55 5!CIIUI S47UO 5529.15 5501.'1 SIDI.a S!IQ1.13 S413.11 
zt.,Jun.M 5572.5!" S!D.1.N 5'1UO 5521.15 !!iDU1 !SOI.a 5501.13 5"13.11 
0 ..... 55'72.lC Sta:a.41 5'11,41 5521m 55DU1 S!IDl.'5 550'!.13 Si&t.1.27 
10.0.C-M 5571.72 55Q2.19 5'71.!a 5521.87 SI01.13 5!GU5 5411.11 5'11.0S 
»FtlM7 5571.,7 S!OZ.24 5'71.5'1 5sauo 5501.11 S50l.2I SSC11U1 5"11.GZ 
21-Aor .. 1 5572.55 ss:i.uz 5'71 .5'1 5S2UO !ID1.33 550'1.03 5901.,, 5o&IU5 
''"Auf"7 !571.19 SIOl,41 s.&71 ·" 5$11.32 SSH.CIO 51D1.17 55DZ.51 5'111-35 
20-Now .. 7 5572.22 5Sl3.Q1 5'71'0 sszu, 5501.CIO SD.a 5901.41 5'ICl.10 
27~ 5572.lC SID:l.07 s.411 41 SSZI.N 5501.CIO !IOI.a 5!D1 . .i&1 5'13.11 
01.Jun.M 5572.47 5503.12 5'7UI 5521.15 ucn.oa 550'1.!5 5501.50 5'13.tl 

~Aut-M 557305 SSQ.1.37 5471 90 :52US S..13 !907.,5 55QZ.CIO s.482.13 
03-Nr:w ... 5572.12 5503.11 5,471.12 5521.3' !501.24 !IDI.N 5501.15 :!70.35 
09-Mar..ft SS'TS.Z2 5503.39 St7152 !521.77 5500.&1 SD.ff 5501.51 
21~9 5572. 12 590:Lll 5'71.CZ 5521.3' 5!01.24 5!DI.N !501.15 
01..S.0..I 5572.17 55D:l.41 5"611.H ssaua 5501.11 SD.IS 5501.7'2 
15-'-.fi 5572.'3 5llrl.37 S..71.IO 5S21.'5 5501.0I SIDI.ff 5501.13 5'81.19 5'80.t! ,~ 5572.41 SIDl.48 5'11.U SS21.41 5SJ1.1t SIOl.1.1 5501.13 S,tl1.ol S.1.1! 

~ 5172.:r, Sim.It 5471.U 55:11.17 SSH.JD 5507.21 5501.55 S4tO..II 5'111.Z 
01,Aut-eO sm.,, S!D:1.48 s.&71 .,s !521.M HD1.0I SD.II 5!D1.U S4IO.IIZ s.ee,.c: 
13-'-"'0 5572.'2 SSD:1.11 5'7U2 ssa.rr 55'!Cl.33 550I.H S!CIZ.OI 5411.31 !Mea.l: 
27.,091 557'2.6' 51D:1.'2 5'71.17 SD0.10 SSH.21 550'1.31 5501.11 5411.GZ s.:i.1· z,~, 5972.r, SIQ:l.41 S,47151 5530.11 UD1.03 51D7.00 5501.52 5"IGJII s.ee,.ci 
2~1 557:1.21 591D.1t 5'71.31 5521.17 HOO.ID SD.II 5901.'3 SollO.ICI 5'11.0 
Q3.0.C-t1 5572.IZ 5ICXl.11 5'7142 55.10.03 UDD.M SIOl.k 55a1.31 MI0.7'1 5't0.lil 
17-Mat-12 sm.sz ssm.,1 5'71.5'1 5530.37 5501.15 5507.Sl 5501.6' 5411.1' MIO.I 
I 1.Ju,\-12 !572.SZ 5503.27 s.471.M 5530.0I SD.ti 5507.11 5501.55 5411.10 5'11.1• 
~i2 :572.N 5503.<IO S..71.6' 5530.1, 55CO.N 5507:J.7 5501.55 WI0.11 5'80.S 
1t-NID¥,i2 'iS72.55 5503 . .a 5'71 4f 5530.Ul 5500.H 5507.10 5~1.44 weo.a1 5411.0, 



Conouczanc.e 
MW•1 '.4W'2 1.4WS3 •.tWM '.4Wlf5 1.1w.,1 •.1w•12 1AW•13 :·..::.INARY 1.4wa,,, MW.I . 

Jl-Oa-:"; ..... ·i;o :260 ,1&.) 

lG-M1v...O '.50() 2CJ ~;,s JZ:5 zsao 
:i,c..;un...O · 367 JC.ll ~275 ; • ';16 ,:n 
J1....i1,1,...0 •..a 2Sr.:l0 ~ :26' :J:"1 
J1··~ 1565 i7l2 45.17 ,213 2'-'0 
JO.Seo-.lO •5'7 2791 ,151 2791 2559 
J1 .o::..ao 1S11 29,30 ~ l261 2,1, 

JO.Now...O ,509 2661 ,112 :J.219 :?Sil 
ll-Clec-80 1561 47l0 J,m :..?S. 2412 
31~1 1612 :!190 !.JM :.4,35 .::.zsz 
a.~, 11'Zl 3089 505,6 l.170 22151 
31-Milt .. 1 1,&7'2 :!53 J:m 25.ll 
30-"1r .. 1 1425 JCl97 4893 J.363 2511 JO.M..,.., 1 S,f,3 2911 ,,,, lOM 2422 ~, 1 :ia:a 2ICI '433 310I 2111 
14-Auit-t, 1711 3702 5632 39&.1 YJT7 
%1...-...a 1450 3'$0 5100 3.370 lQIO 
07 ·"1Jr-&Z 1131 3"'2 5'M 3&10 lZ7S ,51 
07~ 1570 l:WO 5170 l3IQ %7'90 573 

10.0ac.Q 1J:2Q 27'20 -'J90 3030 2ZID 2102 :mo l:l&CI S30 
~ 1J10 2UO '2fi0 2910 2150 1630 JIYJ 330 ..... 
3Q."1r-l,l 1J2Q 28QO .:.a) 3'20 2490 2330 3"°° 3;70 ,50 

07,s.o.&J 1390 2110 "90 2970 213/J Z2IO J250 31IO ,,2 
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Chlorkilla· ·r-r •&1 
Ablllor Wel·MW· I 

I THI: Two s...n.- AH••nanu Equal v~. 
D.al• Dill• •fll I 0,dll o .. ,. ,., 2 

Dal• • ., I Dal• Sfll 2 30-Now• 12 07-Aug·IO 11.0 Mun 136 .... 31 Dec: IO 13 13-Novto 120 Vedanca I I 31J11111 15 27 Feb 91 120 ~ 10 10 21 Feb81 14 21Maytl 120 Poolad Vadanca I II 31·Mlw II 14 24 Sep 91 II 0 ~-... .,.. Oilta,ttni 0.00 30.Ap II 13 03 Dec II 130 cl 1100 30-Mayll 14 17 Ma, 92 130 I 312 30.Junll 12 11 Jwl 12 100 P(lol)one a.Ml 000 ll·Augll 14 OJ Sttp12 II ICtilicel--tal 113 31-DeG 11 15 11 Nov92 IJO P(T <-1) IIIIO·&all 000 
I Ctkal lwo·lall 2.10 

Dill;a HI I Ditlil s111 2 

l Mean 1360 Mean 11 IO 
Sland.vd Euoe 0.34 Slandard f,ro, 0.33 
Median 1400 Medan 12.00 
Modil 1400 Modit II 00 
Sland.t,d 0.v..iltoo I 07 Si.Ind.Md DllVlilllon 1.03 
Vaflance 116 Va,lance I 07 
l<uslOsts ·O.H KurlOall -0.to 
Slaawne:.1 .0 32 SMwnesa -0 21 
~ 3.00 Range 3.00 
Minimum 1200 Mlnh&n 10.00 
Mil•lmum 1500 ......... 13.00 
Sum 13600 Sum 111.00 
Counl 10 eou.11 10 



• 

U n.11 ·1·1 ... 
Monlkw Wal MW I 

I THI: Two·SAmple AHumlng Equal Vari.lnc .. 

Dill• Dill• • ., ' D•I• D.wa • ., 2 Data .., I O.,a HI 2 
30·Slp-81 2.1E-GI 16-Aug•to 4.afE-10 ...... 1.831E41 1.1331:·10 
31 Decll &5E·10 13 Nov90 500E·10 Variance 0 0 
31 U..12 &.SE-10 27 Febll 2.20£·10 ObMrvellon5 10 10 
30.lun-12 UE-OI 21 Miyll l.1DE·IO Poalad Variance 0.00 
30 S..,12 61E-10 24 Sap II I 20E·10 ~ U.an 0tlftH80( 0.00 
31 Dec 12 &IE-10 03 0.Ctl 4 30E· 10 cl 1100 
31 Mar 13 7.4E-OI 17Mar 12 4 54E·10 I 1 45 
30.lun 13 6.7E-IO 11 Jun 12 2.76E·OI JJCT <-1) one Lilll O.OI 
30-Sep13 2.lE OI 03 Sep12 2.03E-09 I C.ilical one-call 1.73 
31 Dec; 13 23E OI II Nov92 S.42E· 10 P(l <•I) IWO·lall 0.17 

I Crlllcal lWo &al 2 10 

OJI,. s111t I Dal,. sul 2 

~ Mean 1.94E·09 Mean 913E 10 
S&and.ud fr,o, 6 59E·IO Sland.ud Euo, 260£-10 
Mecun 102E·OI Mecilft 521E·IO 
Mode 650£-10 Mode IN/A 
Sa.nd.ud 0..Vhllton 20IE 09 S&and.vd 0.vaalK>n l.23E·10 
Valiance 4 35E·11 Variance l.71E-11 
Kuoos!s &.1oe,oo l<&.wlow 2.13E.oo 
Sbwner.• 2.35Et00 SNwrleH 1.73Et00 
Range 6.75E-09 fw9 254E 09 
Minimum 150E 10 Minimum 2.20l:·10 
Malimum 7.40EOI Maalmum 2.76E 09 
Sum 194E·OI !km 9.13E-OI 
Cootll 10 Cou111 10 



WalH··J•Tes& 
Monllor W..·MW· 1 

, .. re.a: Two·Sample Ask.ll'l'llng Equal Valiances o.,. Oat• ... ' o .. ,. o ...... 2 O.,a ,., f 0.111 HI 2 
31.Jlln·IO 520 07·Aug·tl0 - MN,\ IOI .... 30May·IO 135 13·Nov 90 887 Vartance 1400 274 30_.,...IO &32 21 _Fe 11 662 Obuntallon5 10 10 31-Jul IO 610 UMayll 652 Pooled Varilnc• 136:tl 31-Aug 10 112 24 Sep II 612 ~sized U.an Odht1t111ce 0.00 30-SeplO 640 03 Dec 91 677 "' 11.00 
31 OcllO 510 17U..12 667 I -462 
30 NlwlO 613 I I ·Jun 92 642 PCT <"'II on.t·IAtl 000 
31·0.C·IO 620 03 Sep 92 670 1 er..a one-lait 1.73 
31.Jan-11 131 It-Nov 92 654 PCT <•Q hlllo·IM 0.00 

I C, llleal IWo lail 2.10 

D•I• set I o .. ,. s•t 2 

' Mun 609E,02 Mean 669Et02 

\ Slanda,d Euc.N UIE,CI Standard Euo, 524E,OO 
Medan 617E,02 Medan l.69Et02 
Mode INIA ..... INIA 
Stand.ud 0.Vlilhoo l.74E,OI S&andii,d 0.walaon t.66E,01 
Vwiance 1 40Et03 Variance 2.74Et02 
KurlOsis 3.IIEtOO Kur8'*1 ·1.IOEtOO Sk..,.,, ·1.80Et00 Sk .... ss ·1.211:-01 
Range I 20Et02 Range s.ooe.01 
Mininu,n 5.20Et02 ........, 

6.42Et02 
Maximum 640Et02 u.. ........ 6.92Et02 
Sum 109Et03 Sum 6.69E,03 
Count ,o Couna 10 



.. 

Ctiionde• ·rr.,1 
Mon11or Wei ·MW·3 

I Te&t; Two Sample Auumlng Equal Va,iance, o.,. OM• ae, r Dale Dill• ••• 2 V•W. I V~2 30-Now-lC .. 07·.Al,g·IO 15.0 ..... 70.8 &U 31 Dec ID 15 13 NovlO 610 v..tenc. 193 33 31 Jan 11 71 27·Fet>II 610 ObMNllicin, 10 10 28-febll 6S 21 war 11 560 Pooled v.n.nc. 11281 3Uwll i6 24 Sepll 600 ~ Mun Oifterence 000 30-Afll II &a 03 OK 11 640 dt 1100 30-~·· 110 11 ..... 92 64.0 I 141 3Q.Jun II 61 II Jun 12 760 Pf J <"If one·u.t 009 
31·Aug 81 67 OJ Sept2 58 IC.ilicltane·lal 1 73 
31-0.C 11 66 It Nov 92 630 P(T <•I) IWO·lall 0.11 

I C111aca1 1wo lail 2 10 

DJlil set I D.11. $di 2 

l Mean 7090 Mun 6420 
Standard i:1101 439 Siandatd Eno, 111 
Median 6600 ....... 6400 ... 6600 Modlt 6100 
Sland.trd 0.w.tbOn 1319 SiandMd 0.VIIIIIOO 5 71 
VariMce 19299 Variance 3262 
Kurlolii5 940 KurlOlk 1.02 
S11ewtMb5 304 5kMwle55 066 ... 4600 Range 20.00 
Minimum 64.00 Mlnlllrum 56.00 
MaainlUffl 110.00 ....... 71.00 
Sum 70900 Sum 64200 
Couraa 10 Counl 10 



u N.1-·rT.,1 
MoMor Wei-MW 3 

I Teal: Two Samf*I Auunq Equal V•dances o.,. DM• ae, I Date Data••• I 
Dela •M I Data ••• 2 30-S.-81 2.a .. l&·Aug-lO 1.a1E-OI ..... l.706E.QI 1.271E-OI 31 Dae:: II 1.4EOI 13Nov IO 1 &oE-OI Variance 0 0 31 Mar 82 2.1E·OI 27 Nbll IOOE 09 Obsentuons 10 10 30Jwtl2 2.4E·OI 21 Maytl 1.30E oa Pooled Variance 000 30-Sep-12 ltEOI 24-Sep II 220E·08 ~zed lhan o.n.,,ence 0.00 31·0.C: 82 2.5E·OI 03 Die; II I IOE-OI df 1100 31 Mat-13 IOE OI 17Me.12 4531:.09 

' 1.35 30.lw\13 20E·OI 11 Jun 12 I 13E 09 Pfl< .. t)onea.ui 010 lO·Sep-13 l.4E·OI 03 Sept2 1 BE-08 I Crlllca, one ·a.II 1.13 3t·D1c: 13 21EOI tl·Nov 12 112E·OI P(T<aQIWo•lail O.lt 
I Crlllcat 1wo ·W 2.10 

Oat;a HI I Oiita s•t I , 
Mean l.71E·OI ......... 1.21E-OI 
Slandiud Errot 214E-GI Slanmrd Eno, l.78E·09 Medan 170E OI Mada,\ UIEOI Modlt 2.40E-OI 11;..,ct. IN/A 
SIAnd.ud 0.VIUOO 136E 09 Stand&fd Deviation 556E09 
V•&.lnce 6HE·17 Variance 30IE-17 Kurlosls -1.oae.oo KurSous ·l.33E-01 SkewneH 3.35E 01 SkewNH 2.48E 01 Range 2.53EOI Range 1.75E·OI Minimum 2 70EOI Minimum 4.53E-ot Maidmum 2.IOE·OI ........ 2.20E-OI Swn 1.71E 07 Sum 1.21E-07 Count 10 Cour11 10 



Suda141• "T"Ta.a 
MonllOr Wel-MW-3 

l ·Tesa: Paired Two S..Ope to, U.... 
o ... CMI• HI 1 Oat• Dal• ••t 2 D.u • ., 1 o., • •• , 2 

11»1D 2100 I If.Ml 3410 Mun 2726 3218 
5/30,'IQ 2430 318189 3410 Vadance 104114 101111 
ll30ilO 2625 6121119 3500 ObsarvalloN 10 10 
7/31/IO 2450 111/19 3500 Peanon Conelalion 041 
lf.SIIIO 2175 11115119 2670 Pooled Variance -42314.67 
ll30IIO 2IOO 2120/90 3330 Hypobtuled Matan 01fft,Hen 000 

10/31/IO 3050 S,819() 3480 di 900 
11/30IIO 2750 117/90 3400 I 330 

12/31/IO 3068 11/1:WO 3468 P(T <--1) one-lall 000 
1/31111 3012 2127'91 2712 I Crilical one-tail 1.13 

PCT <•I) IWO·lail 0 01 
I C1lllcal IWD ·tail 226 

Data s•t I Data HI 2 

l Mean 272600 Mean 328800 
Slandiud E111 102.07 Standald EHOf 100.94 
Median 2775.00 Median 341000 
Modlt .WA Mode ~A 
StandJtd Ott, 322 78 Slandilld 0.viallon 319.19 
v~ 104184.22 Variance 101880.19 
Kwtosts -027 Kurtoa 1.19 
Skewn9:.s 0.74 Slle•Mss -1.67 
Range 961.00 Range 130.00 
Minimum 2100.00 Minimum 2670.00 
Mulmum 3068.00 Mallimum 3500.00 
Sum 27260.00 Sum 328IO.OO 
Counl 10 Count 10 



Ctlloridlta ·1·1 e.a 
Manmr Wel-MW-5 

I Teal: Two Sample A•t.Uming Equal Variances o ... O,,,• •• I Dt11e IMI• ••• 2 v ..... , v...._2 30 • ....., .. .. 07-Aug-lO 48 ...... 70.8 41.4 31 Dec.IQ IS 13-NovlO 52 Vartence 193 109 31.Jan II 71 27 Feb 91 53 Obsentalion. 10 10 29 febll 65 21 May II 54 Pooled Vadllnce 151.01 31-1.ta,11 66 24 Septt 55 tfrpalhnl.rad NNn OtNe,ence 0.00 30-Apr II 68 03-0ec: 91 53 di 1100 30-Mayll 110 17 Mar 12 53 I 391 
30.Jun 81 61 11 Jun 12 53 P( T <-1) OM t.ul 000 

31-Aug·II 87 OJ Sep92 52 I C,ilicaj OM·lal 1.73 
31 Dec II 86 19 Nov 92 20 PCT <•I) ewo-LaM 000 

I C, itlcat two hail 210 

o., .. s., ' Dill.a SIii 2 

~ Mun 7090 Mun 4940 
Sland.iard E110, 4.39 Slandaid Eno, 3.30 
Median 6600 Mediall 53.0Q 
Moda 1600 Modit 53.00 
Standa,d O.va.ataon 1389 Slanda,d 0."'*>n 1045 
V•iance 192.19 v~ 109.1& 
KwlOsia 140 KwlDlla t.31 --H 304 SluMnes. 303 ..... 4800 ,_.. 

35.00 ..,..um 6400 ...... 20.00 
MaltmUm 110.00 ......... 5500 
Sum 709.00 Sum 41400 
Count 10 Cow,, 10 



u N.Jt ·rr •• , 
Monlluf Well-MW 5 

I THI: Two-Sample Auuming Equal V•aance• o.,. D.,• •el I Dal• 0..• NI 2 Dal• NI r Dal• .. , 2 
30.Lp.i, ..... 16-Aug-to ···10 ....... 2a1E-oa 1.014E-ot 
'1 Dec 81 3.0EGI 13 NovlO 300E 10 Vllrlanc• 0 0 
31Mllfl2 1.IE-10 27 Feb 91 2 7DE 10 Obsen,aon5 10 10 
30Junl2 2.7E-OI 21 u.,11 UOE-OI Poaled Vallance 000 
JO.Sep-12 &.7E 10 24 Septa IOOE 10 ~-....... o.a .. 4Hlett 000 
31 DIie 12 l.7E-IO Ol DIie 91 530E·IO cl 1100 
31·Mllrl3 I.OE-10 17Mar92 UOE·OI I 141 
30-Jun-13 l.7E-10 11 Jun 92 2.00E-10 P( f <--1) one-lAII 009 
30-Sep13 5.&E-ot OJ Sap92 4.0IE 09 &Crilicmon.-tal 173 
31 DIie 13 ilE-10 11 Nov 92 6.77E-IO P(Tcal)IIM)-... 0 II 

IC.*tatlill!Olall 2.10 

D•I• HI I 0.tlJ Stll 2 

' 
Mean 290E 09 Mun I.OIE OI 
Slatm,d Euor UIE·OI Slandiwd Enor 3.ME-10 
Mecian 140E·1D ..... fUiE-10 
Mode 6 70E 10 Mode INIA 
Slanu.ifd 0.viabon 4.07E-09 ~d O.Wllil>n t.15E 09 
Va,iance I &SE 17 Variance 1.321:·11 
Kurl0165 SIOEtOO KwlOlla 6.53Et00 
SktMn.1$$ 2 37Et00 ....... 2.45Et00 
Range 1.21E OI Range 3.l&E-GI 
Mlr*nt.im 6.70£ 10 llnllllum 2.00E-10 
Maldmum 1.35E-GI ......... 4.0IE·OI 
Sin 2.IOE-OI S&MI 1.0IE·OI 
Count 10 Counl 10 



u Nal·"T"Tesa 
MonlllM' Wal-MW· 1 1 

t Te.a; Two-Sample~ Equal Variances o.,. o., • ..,' Dale 0.,11 Ml 2 Data .., r Dal• ••• 2 
3 ......... 7.45E-OI 07-Aug-90 4.61E-IO ...... 2.ME-08 1.115E09 
30-Jun-14 2.7'E-OI 13 Nov90 &COE·IO vartance 0 0 
30-Sep-14 4.0&E-10 27 Ft!b 91 200E·IO ~ 10 10 

31·0.C-14 l.11E-OI 21 May91 2 30E-IO Pooled v.tanc. 0.00 
31·Mllr·l5 2.11E·IO 24-Septl 7 40£-10 Hypolhel,!1ed u.an OiiitNenctt 0.00 
30-JunU 2.UE-10 030.CII 2.40£·10 di 18.00 
30-Sep-15 I.IOE·OI 17Matl2 2.70E·09 I 127 
31-0.C·IS s.ooe-10 11·.bt 12 200E·IO P( T < .. I) one lllil 0 II 
Uhiun·II 1.70E-G9 OJ Sep12 3.39E-OI I Critical one-tall 1.73 
30Jun·88 1.50E-OI 11 Nov 92 3.18E·09 P(l <•I) IWO·&ait 0.22 

I c,--, IWo tail 2.10 

o.l• HI I 0.Jlt:i HI 2 

1 Mean 2.54£09 Mean 1.19E 09 
S&andard Eno, l.70E 10 Slandard Emw 4.21E·10 
Mldiafl 1.60E-09 Median 534E 10 
Modlt INIA Mode 2.00E-10 
Slandard 0.VIUOO 3.07E-09 Slandard O.Vllllion 133E-09 
V•uince 140E·18 V•--=e l.77E·II 
KurlOsis 1.12E.OO KurlOtla ·9.t&E-01 
stu.wneu I 54Et00 1.02E•OO 

Rana- ll.53E·OI 3.19E-OI ......... 2.71E·10 2.ooe-10 
Mallimum 1 IOE-OI 3.38E-OI 
Sum 254E-OI I.IIE·OI 
eo.n 10 10 



Chlaridaa-·r·r ua 
......,_Wei-MW-II 

I Teal: Two· Sample A&suming Equal Variances 
o.,. o.. ,., ' D•I• DAI• •et 2 Oafa •• I Dal• •et 2 

31 ..... -14 11.4 07-Aug-lO 33.0 MN,t 45.0i& 32.2 
30.Jun-84 32.0 13Ncw IO 340 Yadanc:e 311 12 
30.s.p.14 n., 27-Feb 11 31.0 a...vaona 10 10 
31-DK-84 31.1 21-Aotay-91 300 Pooled Vanlnce 191.48 
31-U.-15 34.0 24-Sepll 30.0 ~U.an Otnetence 0.00 
30·Jun·l5 31.0 03-0.C 91 310 di II.CO 
30-Sep15 31.0 17U.92 32.0 I 207 
31-Dec:15 71.0 11 Jwl 92 280 PCT cal) one a...a 0.03 
18.Jun·II 77.0 03 Ser 92 31 I Crlil:al OM a.I 1.73 
30-J&n·II 700 II-No. :12 41.0 P(l <•t) IWO·III 005 

I C.kal ING lalt 2.10 

Datil s•t I Dillil S•I 2 

~ Mean 45.02 Mun 32.20 
S&andatd Eno, 6.09 Sland.lrd Euor I.OI 
MNan 3383 Median 31.00 
Modal IN/A .... 3100 
Slandafd 0.VWlloo 19 27 S&Andiwd 0.VlilllOO 343 
V•iance Jll.19 Variance II 73 
Kurtosis -108 KurtoMa S.44 
SIHMfW&S I 03 SkeMleH 217 
Range 4600 Rallp 1200 
Minimum 31.00 ........ 28.00 ....... 1100 ......... 41.00 
Sum 45016 Sum 322.00 
Count 10 Counl 10 



------------------~ • 

C'.tNnd95 ... , ... 
MDflllllfWel-ltW&2 

• Tell: Two Semple AHumtng Equal YadlnGe• o.,. D.11•..,' o.,. Dill• ... 2 .,.,,..., .,.,..2 
31-&c-a i7.4 07-Aug-lD G.1.0 ...... ..... ii.s 
25.JM-a 70 13 Now ID a.o Variance • • 30.lun-13 I05 27 Fabll &10 ~ 10 10 
31-Dlc: 13 65 21·May91 550 Poated v.tance 2246 
31Mllr-M 14.1 24-Sepll 510 ~ Mun Odht,ttne4t 0.00 
30·.lun14 uo 03 OK II 600 di 1100 
30-Sep14 141 17 Ma, 92 60.0 I 321 
31 ·DIie ... 114 '' Jun 92 56.0 fef< .. QOM l..t 000 
31Mar-15 17.0 OJ Sep92 56 ICnlicelo,w-tlll 113 
30.lun-15 120 19-Nov 12 62.0 P(i <•I) ........ 000 

, C.uat1111o .... 210 

DMil Ht I Dal• i•I 2 

~ Malan 6630 Mean 59.50 
SlandaldEmw UC Slandald Emw 0.13 ...... 6S.OO Medan 60.00 ... 1500 Mode 13.GO 
~dO.lltilbon 602 SIMdltdO...... 215 
Vwianco 3120 Vadance 1.72 
l<tMIOm 357 KurlOsls ·1.39 
SktMne:.5 I 3S SluMneu -0.39 
flange 23 10 Ainge 1.00 .......... 57.40 ....... 55.00 
Maldmum I0.50 ......... 13.00 
Sao 663.01 Sea 595.00 
Cowal 10 Courll 10 



1 

o.,. 
31-Mii-U 
30 Jun-13 
30·Sepl3 
31·0.C-13 
31·U.·14 
30-Jun 14 
30-Sepl4 
31·0.C-14 
31-Mar·U 
30.Jun·IS 

o., •••• ' 
iii"• 
2.oe• 
1.1E• 
I.OE-GI 

281E-GI 
1.UE·• 
4.CNIE-10 
1.12E-OI 
4.74E·IO 
a.lOE-GI 

o .. ,. 
07-Aug-lO 
13Novl0 
27F,ibtl 
21 Marti 
24Septl 
03 Die ti 
11 Mar 12 
11 Jun 92 

OJ Sept2 
11 Nov 12 

a., .... , 

Mean 
Slend.ud Euo, 
Media,\ 

Modal 
~d O.VlilllOn 

V•&ance 
Kurlo"5 -·· Range 
fJ1nnum 
Mallimum 
51.wn 
Count 

u tut ·1·1na 
lblllDf w.l·MW-12 

I THI: Two Sampllt A•~ Equal Vartance• o., •••• 2 

1.o'fl-Oil 
I OOE OI 
I.IOE OI 
t.OOE-OI 
I.IOE·OI 
6IOE·OI 
1.0,e oe 
5.5lE·09 
1.29£-GI 

1.JIE·OI 

I 47E·OI 
2.IIEOI 
5.IIOEOI 
INIA 
921£ 09 
141E-17 
1.11e.oo 
144Et00 
2.11E·OI 
4.06E·10 
2.IIE·OI 
l.41E OI 

10 

Mun 
Variance 
~ 
Poolad Vartance 
.......... u..n OtltH.nce 
cl 
I 
P(T<aQonuu 
IC.'*81one-tall 
Pfl<•IIMO-lail 
I C.illcal IWo 181 

Mltan 
SlancMtd £110, ...... ..,. 

0 .. lii SIii 2 

SiaNMrd O.villllon 
V•iMce 
KultDl&s 
..... M 
Range .......... ....... 
Sia 
Couna 

Data sef I 0.111 .. , 2 
•. 47E 08 •.• &-oa 

0 0 
10 

0.00 
000 

1100 
-0 50 
031 
1.73 
0.62 
210 

117E OI 
7.94E·IO 
I OIEOI 
I.OOEOI 
251EOI 
131E-11 
7•9E·02 
·2.IIE-01 
l.37E-OI 
553E-OI 
1.JIE-08 
l.17E-OI 

10 

10 



Cloo,kJes-mw-15 & mw-12 

I· T... T WO·Sa,npe A&&umlng lk1eqt:al Vanc111e~ Date mw,s mw-,2 ,,..,,,. ,s mw-12 15-Nov-89 490 630 .... 40.84815 60.23077 20-Feb-90 44 0 63 0 Variance 15 30769 8 525641 08-May-90 44.0 620 Ob&ervalions 13 13 07-Aug-90 44 0 630 Pearson Com O 813065 13-Nov-90 44 0 6:i 0 Pooled Vanan 35 27-feb-91 410 61 0 di 22 20217 21-May-91 380 55 0 I ·14 31649 24-Sep-91 38.0 59 0 P(T <=I) one- 6 2~E-13 03-0ec-91 38 0 60 0 I Oilical one- I /1/144 17-Mar-92 400 60 0 P(T <=t) IWO· I 2!>E-12 11-Joo-92 35 O 560 I Critical lwo 2 073875 03-Sep-92 37 56 

' 
19-Nov-92 39 0 62 0 

Mw-lS Mwl2 

Mean 40 84615 Meis1 60 23077 Slandard Enor 1. 085134 Slandard Error 0809826 Madan 40 Medal 61 MJda 44 ~ 63 
Standard Oevialiot 3. 912505 Standard Oevial 2 91987 Variance 15.30769 Variance 8.5258'41 
l<urlosis -0 154432 t<ur1osas ·O 803318 

0 550588 Skewness ·O 791194 Rqa 14 Aa1J8 8 
Milia1111 35 Minimum 55 Maarlftm 49 Maunm 63 Sun 531 Stm 783 Count 13 Couna 13 



Dille mw· Jif·' . mw- 15 I 

15·Nov·89 25.0 490 
20-feb-90 20 0 44 0 
08-May-90 23 0 44 0 

07-Aug-90 21 0 44 0 

13-Nov-90 230 44 0 

I· 191. Two-Sample A&suffllng Unequal Vauance:i 

_j mw-14-, mw 14·2 

M181 22.4 19 5 

Varianat 3 80 6 5/ 
Observallons 5 6 
Penon Conallllion INJA 
Pooled Variance 3.5 
di 10 3862 
I 2.308074 
P(T <=I) one-lail 0 0219 
I Crilical ona-lail 1 812462 
P(T <=I) two-lail 0.043799 
I Critical IWO·lail 2.228139 

Ot.ORllES-MN· 14 & YN-15 

Date 
27-feb-91 
21-May-91 
24-Sep-91 

03·0ec·91 
17-Mar-92 
11-Jun-92 
03-Sep-92 

19·Nov·92 

mw-14·2 

23.0 
21 0 
15.0 

19.0 
220 
18 0 

20 
18 0 

mw1S·2 

41.0 
38 O 
38 0 

38 0 
400 
35 0 

37 
390 

I· Test. T wo·Sample A&suffllng u-. :al V atlat1C8S 

mw- IS· I mw- 152 

Mail'I 45.00 38 25 

Variance 5 J 3ti 
Observataons 5 8 
Pearson Correlahon IN/A 
?oolad Variance 35 
di 7.32449 
I 5.665187 
P(T <=I) one-lilll 0 000381 
I Crilacal one-lail 1 ii94578 
P(T <=I) IWO·l!lil 0 000762 
I Critical 1wo-1ad 2 364623 



• 

Chloride& Mw-14 & Mw-15 

I· Test: Two-Sample AssunWlg Ulequal Variances 
Dale mw-14 mw15 ,,.., .. mw-15 15-Nov-89 25.0 490 ..... 20.61538 40.84615385 20-feb-90 200 44 0 Variance 7 25641 15 30769231 08-May-90 23.0 44 0 Ob&arvMons 13 13 O?-Aug-90 210 .. 4 0 Pearson Correlation 0 721347 13-Nov-90 230 44 0 Pooled Variance 3.5 27-Feb-91 23.G •1 0 di 21 28944 

21-May-91 21.0 38 O I ·15.35589 
24-Sep-91 15.0 38 O P(T <=I) one-tail 3 42E-13 
03-0ec-91 19 0 38 O I Critical one-lail 1. 720744 
17-Mar-92 220 40 0 P(T <=I) two-lall 684E·13 
11 ·Jun-92 18.0 35 0 I Critical IWO-latl 2 079614 
03-Sep-92 20 37 
19-Nov-92 18 0 39 0 

t mw ,., mw 15 

MN1 2061538 U... 40 84615 
Slandard ErrOl O 14 7118 Slandard Error 1 085134 
Meca1 21 Malian 40 
Ltxh 23 ..._ 44 
Slandard Oevtal1on 2 693772 Standard Oewation 3 912505 
Vaiance 7 25641 Variance 15.30769 
l<t.s1osis 0 1 71482 l<aa1osis -0 154432 

·O 452377 0 550588 
Rqe 10 14 
Minimum 15 Minmum 35 
Maxi'fllm 25 Maxnun 49 
St1n 268 Stm 531 
C0111,1 13 Counl 13 
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By: PMW, 7 0/94 EFN, #4111-001 
ChkdBy: 

Subject: Running the HELP (Hydrologic Evaluation of Landfill Perfonnance) Model for 
several scenarios at the White Mesa Tailings Facility. Blanding, Utah. 

Puq,ose; Using the HELP model, determine the performance of the tailings caps and 
tailings cells un1a local (Blanding, UT) precipitation and temperature conditions and 
latitudes, and solar indexes from Milford. Utah. Water movement throu&h tailings Cell 3 
and Cell 4 were determined. Tailings within Cell 3 were considaed saturated whde 
tailings within Cell 4 were considered unsaturated. Tailings cells 3 and 4 were modeled 
using a PVC liner with 1% leakage and without the PVC liner (100% leakage). 

Addijonal work: For comparison purposes, both cells were modeled u!.ing 20 years of 
default climate data from Grand Junction, Colorado. 

Methods: 

I. Input local climate data into HELP model. Five years of precipitation data was 
obtained from Utah State University. Temperature data was obtained from the 
Application ;or Source Material Ucense, dated September 26, 1978. Tables I and 2 
identify the pn:cipitation and temperature data. The n:maining climate data was input 
using the default parameters from the Milford, Utah area. Milford is located in 
southwestern Utah, in similar climates and elevation. Elevation at Milford is 5000 feel 
Elevation at Blanding (southeastern Utah) is 5600 feel The additional HELP runs used 
the default climate data from Grand Junction, Colorado. Grand Junction has similar 
climatic conditions, yet is lower in elevation (4600 feet) and bu a longer growing season. 

2. Identify soil layers within the cap and tailings. 1be cap and tailings an: described in the 
Reclamation Plan, White Mesa Project, Blanding, UT, dated June, 1988. Default soil 
parameters from HELP were used for each of the 7 layers. Figures I and 2 identify the 
layers of the cap, tailings and liner. Figure 2 also identifies the individual parameters used 
for each of the soil layen. including the initial soil moisture, soil type number, thickness 
and laya number. Table 3 defines the soil types by number. Table 3 identifies the default 
soil types within the HELP model. 

3. Calculate the area of the two cells. Figures 3 and 4 present Cells 3 and 4, n:spectively. 
CelJ 3 equals 3,150,000 feetA2. Cell 4 equal~ 1,650,000 feet"2. 

4. Run the HELP model Several scenarios were run for each of the tailings cells. The 
four scenarios for Cell 3 arc: l) saturated tailings with the PVC liner at 1 % leakage and 
Blanding climate data, 2) saturated tailings without the PVC liner (100% leakage) and 



;/:~ ~s 
Blanding climate data, 3) satW'lted tailings with the PVC liner and 20 years of simulated 
Grand Junction climate data, and 4) saturated tailings without the PVC liner and 20 years 
of simulated Orand Junction climate data. The two scenarios for Cell 4 are: 1) 
unsaturated tailings with the PVC liner at 1 % leakage and Blanding climate data, and 2) 
unsaturated tailings without the PVC liner (lOOt, leakage) and Blandin& c. limate data. 
The HELP runs are presented at the end of this calculation brief. 

Summary: Table 4 sununarim the HELP runs. 
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0 _ 2/25/93 • 0.04 
0 2/26/93 0 
0 
0 
0 

0 
0 

0.34 

... --··-------
2/27/93 . 
2/211,'93 
3/1/93 

3/2/93 
3/3193 
3/4193 

0 
0 
0 

0 
0 
0 

P•-.1• I ;r ' 



Daily Prc:1:1p11a1mn Values. S1a11on #42073807. 81andin 6, Ulan 
J;mu;u). 1988 1hrou1~ February . . 1994 

. . . . 
.. }'!~ie!.'~on. . Prec1p11at1on . . Pr~ip11a1ion. . Plecipimion . 

Dale inches Date 
JI~!. 0 3/5/90 
J/6111 0.01 3/6/90 
Jnt88 0 Jn/90 
3/8/88 0 3/8/90 
.l/9/88 - . 0 3/9/90 --

3(!_0/8-! • 0.01 3/10/90 
3/ 11/88 _ 0 3/1 IAJ 

-~!2188 __ . 0 3/12/90 
3/ 13/88 0 • . 3/13/90 _ 
J/1418L O .... :y_1~ • 
3/IS/88 __ O_ _ J/IS/90 

.1'..!.~~- 0.01 ~-- _J/1619Q__ __ 

(1nchesj 
0 

0.01 
0 

0 
0 

0.02 
O.IS 

0.23 
0.06 

0 
0 
0 

Daie iinchesj Daie {inches! Da1e 
V5/91 0 314192 0 3/5/93 
'16/91 0 3/~/92 0 J/6193 
.ln/91 0 l/6192 0 3/7/93 0 
.l/8/91 0 3/7/92 0 3/8193 0 
319/91 0 J/8192 025 319/93 0 -

.l/10/91 0 319/92 0.o] 3/10/93 0 
3/11/91 0 l/10/92 0 3/11/93 0 

_J/1_~1_. 0 3/11192 0 3/12193 .... +-·-··--· 0 
. 3/12192 0 ·-· _3/131'93 0 
• 3/13192 0 •• 3/14193 . 0 
• 31j419f •.. 0 3/IS/93 0 

3/IS/92 0 , • 3/16193 - 0 

3/IJ/91 0 
l/14/91 006 
3/1 S/91 O.ot 
:ii1&iJi . 0 

3/17/88 . 0 3/17/90 
3/1~ __ o ___ · .. 3/18/90 . ___ 

r --·-·-·--- --·-t-

0 . ·--• 3/17191 _. 0 .. 3/16mi-- o" ·r. 3/17/93 ~ 0 
f··y,,i9~--o· , : 3/18193 · - - 1i19 

";~ 3/18192~---o··-,·311~--o-
0 ' 3/18191 0 

3/19/88 • 0 3/19/90 0 • 3/19/91 + 0.03 
7_ .... -J/19/9:-::-t-2 .... 0 --+I --3/2'""3 ... -- ..... ------+·· -· -·--·-- 't ·- - -----· 

J/20/88 0 , 3/20/90 --~--'3...L ... - . ---_ .. _.,.____ o O - : J/20/91 r O · 

}/2118t..;.._ 0 "' . 3'7_1/90 

)/22/88 _ _ 0 • _ }122/90 • . 
J/23/88 , 0 3/23/90 

3/~ _ o__ : • 3124/90_ • 
3/25/88 0 J/25/90 

}./26(~_: 0 ~ - -~~ . 
~7~~-- 0 •. _:l{f_?~ .. 
J~!f.8! . 0 3/2~ . 
3/29/88 0 3/29/90 

3/~!!__ 0 3/30/90 
3/31/88 0 3/J I /90 -·---·--~···-

__ 411/88_ 

-~8! .• 
__ 41318!__ 
- 4/4/88_ • -

4/5/88 ---- .. 
_ 416188 __ 

4/7/88 --·----
4/8/88 

_419/88 _. 
4/10/88 
. -·- -----· 

0 
0 
0 

0.02 
0 
0 
0 
0 
0 
0 

4!.!.~ • 
4gJ9Q • -
413/90 ------· ·-· 
414/90 
41S/90 
416/90 
417/90 

4/~--

- .4!J~. 
4/10/90 

0 

0 
0 
0 
0 
0 
0 
0 
0 

0.08 
0 

0 
0 
0 
0 
0 
0 

006 
0 11 

0 
0 

4/11/88.. 0 _ 4/11/90 • . 0 
4112188_ o _ ~LI~ _ 0 
4/13/88 0 4113/90 0 --- .. ---- -- - -·---·--------
4114188 0.06 4/14/90 0 

. 4115/&C 0.2 .. - - 4/IS/90 - 0 
4116188 o io 4116/90 o 

~j1~~~: O 2 ' . 4/17~ • 0 

4118/88 0 02 •· • ~!_ 8/90 -- _ 0 
4/19188 __ __Q_ ___ +~ 4/19/90 i 0 
4/20l8t~ 0 ___ -~- • 4/20/90 . 0 
------···-- - ------·-----+·-•· ------- ----·--
4/21/88 · 0.01 • . 4/21/90 0 
_4122/88 • -- 0.08 . l . _4/22/90 ___ . 0 
4123188 0.01 . 4/23/90 0 
4124181 0.02 ' 4/24/90 0.48 
4/25/88 + 0 . • 4/25/90 ' 0 

·--·-··-+· ·-- -------· 
4126.'88 0 4/26/90 · ,, 

. 4/27/88.. 0 ·-, 4/27/90-· 0 
--- • - -1. ·• -------

4/21/18 0 4/28/90 ; 0 
-- ------ - •. - ··-·---t· 

4/29/IL O . • _ ~9~---- 0.09 

~~· . o ~- . ~!.W90 .L: _ o~~--
_s11181 + _ O S/1/90 0.83 

_ S/2/88 _ 0 5njijo -= . _ 0 
. ~~~ _ 0 S/3/90 .. 
_ 5.14188 . . 0 . ~/4/90 ·-

S/5/11 0 S/5/90 
--~6/18 0 5/~ .. 
S/7/81 0 Sn/90 

0 
0 
0 
0 
0 

. -+·--- ----. 
3/21/91 0 14 L. _312-~2 ~ ___ _9_ -~~ J/21~ . 0 
J/2~.J.. • 0 • 3/21/92 : 0.03 ~ • 3/22193 • 0 

. ~::- ~ -~-:l-~-~~ r- ~:: -:~! -- =i 

. 3~1!1 • 0 3/24/92 : 0.02 3/2SJ93 0 

. 3~~1 .. 026 -- '_3125192 i_ .. 0 _ -~: 3/26193 _ 0.06 
3121191 o ... 312&92 _ . o ________ 31271'93 __ o.47 

3/28/91 0 • 3127192 _____ 0.5 _ _ • _ 3/28193 _ 0 
.\/29/91 0 3128192 0.37 3/291'93 0.01 
llJ~ 1. _ o 3129192 o 3130/93 o 
3/31/91 0 • 3/30/92 .~ -- o.n -~-~ _ 3/Jli93 ~- 0 

411/91 0 
412/91 0 . 
4/3/91 0 
4/4191 0 

- ---·-
4/5/91 0 
4/6/91 0 
4n/91 0 
418191 0 
4/9/91 0 

4/10/91 0 

4/11/91 0 
4/12191 0 
4/13191 0 
4/14/91 0 
4/15/91 0 

3/31/92 

-. . -~.!!!2-... 
412/92 ' .. -----J.--

• + 4/3/92 -
414/92 --- -----4/5192 __ 

416192 
417/92 ' 
4/8192 
41919f. 

-· 4/10/92 
. 4/11192: _ 

4/12192 
41j~2. 
4114192 

0.11 ______ 4/1/93 _____ 0 

0.05 412193 0 
0 . .,. -4/3193 0 

__ 0 _ _ ·- 4/4193 ---0.03 _ 
0 • _ 4/5193 ---- 0.04 

0 -· ·-- 416193 -- 0.5 
0 4/7193 0 
0 418,'1)3 0 - ., _______ . 
0 ___ _ 419/93 . 
0 • _ 4110/93 _ 

0 
0 
0 
0 
0 

.... 411 !.'?~ _ 

. __ 4112193 __ 

.. 4113193 . 
4/14193 - ----·- .----
4/ISJ9J 

0 
0 

0 
0 
0 
0 
0 

•·-- - --·------·-
- 4/161'93 4/16/91 0 411 S/92 

4/17/91 0 . 4116192 -
. --·· - ·- . 

4/18/91 0 __ 411?192_ - ---------
. -- 4/19/91 _ 0 4/18192 .. 

4120t'91 0 4/19192 . 
~.!19! . 0 . 41_2~f~. 
·.:22/91 0 4121/92 

-·---- 4_113/91 • 0.01 : ~~-i:-: 
4124191 ~ 0 4123/92 
4/25/91 0 . 4124192 • 

4126191 0 • 4125.192: 
~ 

.U27/91 • 
- ·•--------..--

- 0 .. 41261?.1. 
4128191 . 0 . _ 4127/92 • 
4129/91 - 0 • • 4128192 . 
4/30/91 0 4129/92 

-t---· ····-· -·- - . 
- ·-•·· 

S/1/91 0 4/30/92 
•· 512/9J_ • 0 5/1/92 I 

~• - .. r. 

51~~~ , 0 512192 
,,4/91 . 0 S/3/92 
SIS/91 0 S/4/92 ' 
s1619i- • . 

0 S/5/92 
sn/91 0 S/6/92 

003 
003 

0 
0 
0 

0 
0 
0 
0 
0 
0 ----
0 
0 
0 
0 

0 
0 
0 
0 

0.07 
0 
0 

. ---- ·--··-
4/17/93 .. - -- -·· .. - - -- -

. ---- 41181'93 .. 
4/191'93 

---~111~3 . 
·--- 4121/93 -·­
.. ~'!.1} _ 
. ___ 4123193 _ 
·- 4/24193 _ 
--·- 41W93 _ 
- . 4fl6/93 .. -

. • ~- 412719}_ __ 
• . _4128193 
• _ .4/J.9193 _ 

-~· . '4!~3. ·•· 
5/1193 

_ T ' SJ2!9i- -
S/3193 
5/4193 
S/S/93 _. 
5/6193 
sn/93 

0.02 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

o.o• 
O.S 
0 

006 

••• , • .i ., . 



_Prtgpt_~U~ . 
DIie inches 

S/11/18 0 
5!9/_81 0 
S/10/88 0 

_5/11188.. 0 

D11ly Prec1p1u11on Values. S1_a11on 142073807, BlanJang. Ut.ah 
J.an!':U:Y. 1988 1hr_ou___1h February, _1994 

: ~ec1p11a.11on; 
. . 

_ Precap~talion~ . Precip1111ion, 
Date !inches! I 

Dale !•nches! Date 1inche•! 
5/8/90 0 5/8191 0 sn/92 0.19 
5/9/90 0 5/9/91 0 518192 0 
5/10/90 0 5/10/91 0 5/9/92 096 

Dale 
. Precipuauon 

inches 
S/8193 
519193 
5/10/9} _~ 

0.15 
0 
0 

_ S/12/88 _ 0 
S/13188 0 

_!/_141~. 0 
S/IS/8~-. 0 
~16/88 _; ____ o _ 
Sii 7188 ____ 0.64 __ 

. -··--·- -~·-
_ 6110/88 __ 0 
_6111/88 -- 0 
6112/88 0 ··-·-·----
6113188 0 ···------. 
6114188 0 

·-··----
6115/88 ___ 0 
6116188 _ 0 
6117/88 0 
6118188 .. 0 
6119/88 0 
6/20l88 0 612~ - - ·o- -- - : 6/20,'9-I • 0 .. 6/19/92 . . . -- ------- -

----. -- _ .. _ --- ·------+---- _ . ·-----.-- _ _ _ _ •· ------- 0 6120/93 _ _!)_ --
_ 6121tq_ __ o ___ +--_ I 6121~ _ _.Q_ __ -t-_.,__6121191+··-·Q_--·.--i-~~- ___ 0

0 
__ -·--+ 

1
: ~!~3

3 1
,_ 

0
0 

6122/11 :_ 0.02 ! ! 612219() 0 ; I 6122/91 . 0 ' , 6121/92 • v,4417 
I--"'=-'=------·~ --- -----t I ·+-- ------+-------•· - .. ------ ~--·----
- 6123188 ___ o.o I _ : , _ 6123/90 

1
, ____ o _ -·-+ I 6123191 _ .! __ o _ .. ;..~ 6/2219.i..,. ___ o : 6123193 i __ !! __ _ 

~L __ .. o.os _ ---~ ~4/90 _J> .•. J 61241?.U o _ ~ ~-~~1..j. _ o_ _ _ • : 6/2AIJ93 , _ .. _ Q __ _ 
6/2SJ88 0.27 · : 6125/90 I O ' 612.S/9 I O 6124192 , 0 . 6125193 0 ___ .. _______ --+--,.. ---~---·· - ..... •. t - -------· •· . ' .. ----~~~ ~-.. ... -+----•----· -·--- .. ·-
6126.'18 0.11 : . 6l26l90 , 0 . 6126/91 , 0 6125/92 · 0.08 : 6126193 0 
-~7118_~ _o.sc_·_::-+--~--: __ _Q_ ·:: ;.@~c:: 0 .:· :-~1~ Q : __ :=·6121f?i.2~ --~-'!. 
6/211111 • ___ (!42 ___ ~~ 6128/90 l __ Q ____ ~-~-~8/91 +-- o _ •. !!.J..1.~'!.. _ o _ .. _ 61211193 ·. _Q 

~-~. __ _!!
0 

___ ·--·+:r,:~~~-±_ •... o
0
_ ---~-; -~:?

1
·t, _ o . ~lll?L Q.01 ~ ~-~~~.=-~-~--°--~~ 

__ ... _-___ -- ------ - • t .. _~-~J_ -- ·-- •· -+-~--7 - t O ' 6129°i92''. 0 i 613(W3 : 0 
... !1_1118 _ _ _ (! ~ • 7{1!'!Q -~. _ _Q_ _ • ~. _7~~1 ' 0 : ~~2 ~- - ()-- --:::..-?/1193 ~-~: ~§=~ ~ __ 
1~~ _ o • ~ !~. i.. Q ... J..1219! o 7/1/92 o _ .• 7/2193_ __ o _ 

_ 7/3/1& _ 0 11'3!!.Q_ • 0 713/91 0 712192 0 _ . 7/3/93 () 
7/4188 0 7/4/90 0 : .. 7j419j O 7/3/92 O 7/4193 0 _7,w ~- o ~-· j!_~J - !!. __ • 7tSl91 • o 114192 o - _1!~1-]_ o 
7/6.'18 0 7/6/90 . 0 7/6/91 0 7/5/92 0 7/6/93 : 0 

. Jn/U . -- 0 7nl'X)· • Q 78_ .. , I 7nf9l O 1~ff.!!} 0 J/7/9~ • 0 
--7/1111-- 0 718/90 . _ 0.7} , 7/8191 0 I 117/92 0 ~'}_ . 0 
- ?~I. = O _ ~ ~~-: 0.02 -: : - 7/9/9 i l 0.45 718/92 0.4 7/9/93 o 
iil'&ii- 0 •.. ;. 7/10/90 :- 0 -- 7110/91 0.01 7/9/92 0 7/10/93 0 

hgie J 'lf , 



.1FL 
7/?<J./11 

--

Daily Prec1p11a11on Values. Scallon #42073807. 8_1.inding. U~h 
J~n~ary. 1988 1~011gh February, 1994 

. Precit>.!l~•~- . Prec1p11~ion . Prec1p11auon_ Prec1p11ation . Prec1p11auon 
l>alt 

7/ 11/88 
7/12/88 
7/13/88 
7/14188 
7/IS/88 
7/16188 
7/17/88 
7/18/88 
7/19/88 

7/21),'88 
7/21/88 
··----·-•· 
7/22/88 
7/23/88 • 
----·-----
7/24188 
7/25/88 
7f~61!L 
7/27/88 
7/28/88 -
7/29/88 ~ --- ..... ., .... --

7/30/88 
- - ·-·-·- -- ··--
7 /3 I /88 
8/ 1/od 

!1121!8_ .. 
813/88 
8/41118 
11/5/88 
8/6188 
817/88 
8/8/88 

1nche1 Date i•ncheal Dair 1uichea! Daie \inche•2 
0 7/11/90 0 7/11/91 0 7/10/92 0 
0 7/12/90 0 7/12191 0 7/11/92 0 
0 7/13/90 0 7/1 J/91 0 7/12/92 133 
0 7/14/90 0.05 7/14191 0 7/IJ/92 0.02 

0 111 S/90 0 7/IS/91 0 7/14192 0 

0 7/16,90 0 7/16191 () 7/IS/92 0 . 
005 7/17190 0 7/17/91 0 7/16192 0 

0 7/18/90 0.01 7/18/91 0 7/17/92 0 . 
0 7/19/90 0 7/19/91 0 7/18/92 0.08 

0 7/20,'90 o ..... : '. 7/2()191 ~ _ 0.28 7/19192 • 0 
0 •• 7/21/90 ~ . 0.03 7/21/91 ' 0 • 7f20/92 :· - 0 --- - --~•••••••·-•+ • --·- t-•-•••H••- •- .... -------r·• 

.!> , • . ?fl~-•· 0 : ~/2"1/J..~ + 0 •· _ 7/21/92 _ i _ 0 
o 1123/90 o.oi 1123191 · 0.04 · · 7122/92 0.1 ........ -----· ... ---······•·---.------+·-- --- ···------1-·-----
o . • •- 7/24/90 ... _ 002 _ · ..... 7/24191 +--- 0.23 _ ·• •· 7123/92 __ 0.08 _ 
0 7/W90 ' 0.05 ; 7125191 I 0.08 ' ' 1124192 · 0 

0.16 - .• ·111.6!90 • -. o .. 'T12M1 • . 'o'iff .•. ins192··--- o. r7 
o 1h1iio1 · a· · · -· 1iii"i9i - · · ·o · · · 1126192· --- o 

-1-·.,. ----- ·--,t--·· +--· t··----··-+--·· ·- ------- - -· · 
0 7128/90 0 02 7128/91 0 7/27/92 0 

0.13 .: :· !~?/fjij_: 0 : :111~~1.:.. 0 • ; 7~~.I: 0.02 
·-- _____ ..... -· ... - ___ ... .. ....-+---------·- ··t--·· - --- ..... ----- -·- ---

0.05 • _ 1IJ.QIJC}_. 0.19 •. 7/30,'91 _. 0 • 7129/92 • 0 
0 12 7/Jl/90 0 • 7j31_~1_. 0 • 711_~2 . 0 
0.13 811/90 0 8/1/91 0.03 7/31/92 0 

0 8/2/90 0.25 8/2191 0.04 8/1/92 0 
l) 8/3/90 0 8/3/91 0.08 8/2/92 0 ------- --·. -
0 8/4/90 0 8/4/91 0 8/3/92 0 

0.38 815/90 0 8/5/91 001 8/4192 0 ---·. -·-·-
0.02 8/6/90 0 8/6191 0.56 8/5/92 0.02 

0 817/90 0 8/7/91 0 8/6192 0.01 
0 8/8/90 0 8/8/91 0 817 /92 0 

Da1e inches 
7/11/93 0 
7/12193 0 
7/1 J/9J 0 
7/14/93 0 
7/15/93 0 
7/16193 0 
7/17/93 0 
7/18/93 0 
7/19/93 0 

·-· ?~~~:... -- 0 
. 7121/93 ~ _ 0 
__ 7122/93_, __ . 0 

7123/93 0 .. ------
• • 7/24193 _ _ _Q.01 __ .. 

712~193 0 
-··-- ·-- --·--

7126/93 0 . ----··----··-
7 !J..? IJ}.. • 0 

_ . 1!£.~3-.. 0 
_ • 7/29/93 • 0 

7/3()/Q1 0 
7/31193 0 
8/1/93 0 
812/93 0 
8/3193 0 
8/4193 0.01 
8/S/93 0 
8/6193 0.03 
817/93 0 03 
8/8/93 0.03 ·--- -- -·--·-- - .. 

8/9/88 0 h./9/90 0 8/9/91 0 ..... - ---- . 8/8/92 0 St.'.?~- . . 0.03 
8110/H __ ..... o _____ . • 8/ 10,'90 • . 0 
8/11/88 0.04 8/11/90 0.04 
8/12/88. 007 8/12/90 0 
8/13/88 0 8/13/90 O.IS 
8/14188 0 8/14/90 0.07 
8/15/88 0.09 8/1 S/90 O.OS 
8/16/88 0 05 K/16/90 0.24 
8/17/88 0 8117/90 0 
8/18/88 0 8/18/90_. 0 

8119/88 0 8/19/90 0 
8/20/88 0 24 8/20,'90 0 
8/21/88 0.15 8121/90 0 
8/22188 0 8/22/90 0 
8123/88 0 8/23/90 0 

-~241118____ _ 0 ___ 8124/90 ~ 0 
8/25/111 ! 0 , 8/2.S/90 ; 0 

8/26188 ... _____ IJ -· .... _ •. _ 11/2619() I 0 
8127/118 : 0 8127/90 0 

-~~!-"' __ ... 0 -· --~- 1112.~. ~ _ 0 

1112f~i .:- ... 0 - .. --- 8n9/90... 0 
-~0/8~. 0.18 __ II{_~. 0 
~J..1~_!- 0.47 -- • 8/31/90 • 0 

8/ll~J ... _ 0 . •- 8/9/92. -- --0.03 __ ... 8/10/93 -- __ 0.01 __ 
. 8/11/91 • 0 • 8/10/92 .• o _ .. rn 1/93 ... _ o 

8/12/91 0.36 

: ~l~I 0 
. ~U!9~ _ o.04 . _8(12~~ _ o 

8/12/92 0 8/IJ/93 0 
8/14191 0 8/13/92 0 8/14193 0 
8/15/91 001 8/14192 0 8/ I S/93 0 . - ····-- -------
8/16191 0 8/15/92 0 8/1619.1 0 

8/17/91 0 . --·---·----- - 8/1_~2 _ 0 • 11{1_7/93__ 0 
8/18/91 0.06 8/17/92 0.19 8/18/93 0 

8/19/91 
!1/2()191 

11121/91 
11122/91 
!1123/91 
11/24/91 

_ ·-' _ 8/25/91.; ... 
8/26191 

• 8/27/91 ' 

: ~ ~J.8/91 ( 
8/29/91 
8/3()191 

8/3_1191 • 

-· - .. ---- --· .. 
0 8/18/92 0 

0 8/ 1_919_2 . 0 
0 8/20/92 0 
0 8/21/92 0 
0 8/22/92 0 37 
0 8/23192 0.16 

0 ~ 8/24192 ~-- 0 
0 . 8125/92 _ 0 

o.oi 8/26192 o 
0 8/27/9f' 0 

0 
0 

. 

8128/92 
8/29/92 
8/)0liif. 

·--·--·-------

0 
0 

0 28 

8/ 19/93 0.03 
8120/93 0 

-- 8/21/93 . 002 
8122193 0 
8/23/93 0 
8/24193 0 - ------ .•. 

812.S/93 0.08 ---- ---· 
~~!.. 0.74 
8127/93 0 - ---- --- ·- •... 

.. __ 8121/?} _ O 73 

8129/93 
8/30/93 
8131/93 - -·- -- .. --

0 
0 

9/1/88 0.01 .•• _ ?I(~ •- 0.01 , . ..J. _9fl/9! . 

0.02 
0 
0 
0 
0 
0 

8/31/92 
9/li92". 

0.16 9/1/93 
005 

0 
() 912188 o 9/2/90 •... <>}L • .i _ !.~! i 

9/3/88 • 0 9/~ . 0.1 • -+ 9~]!9_1_ . 
9/4188 0 9/4/90 0 • , . 9/4/91 
9/5/81 0 9/5/90 0.08 9/5/91 
9/6/88 0 9/6/90 0 I 916191 

9nt88_. o 9-njJ_i, __ : o 9n191 
9/8/88 0 

. 919188_ .. o 
9/10/88.. u 32 
9/11/18 0.0.S 
9/12188 O . .S8 

-· - .. 
9/8/90 
9/9/90 

9/11),'9() 
' 9/11/90 

9/12/90 

0 
0 
0 
0 
0 

9/8/91 
9/9/91 .... - - -
9/JO/QI , 
9/11/91 
9/12191 

0.93 
0 25 

0 
0 
0 

0 13 
I) 

.. 
0 

912/92·-- 0 
9/3/92 • 0 --- -
9/4192 0 
9/S/92 0 
9/6192 0 

9n192 0 

9/BJ?J • 0 

9/9_/JJ. . 0 

9/l(Jl9-2 . 0 
9/11/92 0 

~~3. 
9j~J... 
9/4/93 
9/5/93 
9/6193 
9n193 . ~ 

9/8/93 .. 
9191J3 

9/10/93 
9/11/93 
9/12193 

0 
0 
0 
0 
0 

0 
0 
0 
f) 

0.01 

PNCIP 1.L11Jl '10,tl! 

~ 



Daily Prec1p11auon Values. Stallon IM207'II07. Blanding. Utah 
Jan~ary. 1988 lhr_ough February. 1994 

. Precil'!'~'!~: . Prec1p11a11on Prec1p11a11on Prec1p11auon Prec1p11a11on 
Date inches Dale (mches) Dale (inchesJ 

9/13/88 0 9/13/90 0 9/13/91 0.01 
9/14/88 0 9/14/90 0 9/14191 0 
9/IS/88 0 9/l~/90 0 9/15191 0 

9/16188 0 9/1619() • . 0 9/16191 0 
9/17/88 0 9/17/90 0 9/17/91 0 

9/111/88 0 9/18/90 0.63 9/18/91 0 
9/ 19/88 0 9/19/90 0 9/19/91 0 
9/20/88 0 9120t'90 016 9/20/91 0 

9nt/B8 0.08 ~2119Q__ 
9n2/88 0 9122/90 

0 9/21/91 0 

0 . 9/2219i 0 

9nJ/88 0 9/23/90 0.06 9n3191 0 
. 9/24/°il_ : ~~ : :o . 9/24J90 
9/25/88 0 . • 9/2mf) 

..... _. ·---- --·· .. 
0 9/24191 0 ····-·--·· 
0 ••. 9n519t_. 0 

. 9/26/88 : ___ o_ _ .. . , 9/26/90 . _ 0 .. j 9/26191 __ ..... 0 
9/27/88 O.o3 · , 9/27/90 

••• ··-·••Ho• -- ·•••• --- -•• 'T" --- ••- - .. 

--~n~~-: o· ---~ ~. 9128/90 -~ 
9/29/88 0 9/29/90 . -------- ....... ---- ... 
9/30/88 -· _ _ 0 .. _ •· . J/3~-­

. l<Wl/88 •. , __ o ...• Jvil/90 __ 
_.!. 0/2/88 _____ ()_ I~~- _ 
_ 1_<:v.JJH_ o 11¥3/90 • 
I 0/4/88 0 I 0/4/90 

.. -·-·- --·- ---· 
10/5/88 0 
10/6188 0.02 
10/7/88 0.04 

10/5/90 
10/6/90 

10/7~. 

I0/8/80 0.02 10/8190 

!_0/918! -~-- .. 0. ·- ___ ICl/9~ .. _ 
_1_(_}{1_0/88 • --- .. 0 . . . 10110/90 
IC!t'll/88 0 10/11/90 
1011·2111. 0 ·-· ··10/12/90 .. 

. ----·--· -· - . - -·-·-·--- .. 
10/13/88 0 10/13/90 -- ~ - ---·-·---· -
!.Q!.1418!_ _ 0 _ . _ I Ol 14/90 • 
10/15/88 0 .. l~IS/~L 
10/16188 0 10/16/90 -----·--··· ....... --------··-. 
10/17/88 0 10/17/90 

10/18/88 
10/19/88 
10/20/88 

. - -·--·--··· 
10/21/88 
. ---···--· 

0 
0 

0 

0 

0.23 
0 
0 

0.01 
I.I 

0.02 
0 
0 
0 

0.1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.2 
028 

i 9n7/91 . 
. ... _. _______ 

9/28/91 1--------- -- ·-
9/29/91 

. 9i30l91 ......... -----··-·- .. 
10/1/91 
I0/2191 ... -·--~--·· 

. ;0/~_1_. 
10/4191 
10/5/91 
10/6/91 
10/7/91 

10/8/91 
10/9/91 

10/10/91 

. 

__ I0/11191 _ 
10/12191 . ···-·--- .. 
10/13/91 

·-····--· ----
- . 10/14191 _ 

IC!t'IS/91 - .. ------· ... 
10/16.191 

- . . ·- -- -----· . 
10/17/91 

10/18/91 

_ 10/J9!Jl 
10/20/91 ····-- --
10/21/91 ... ·--- -·- -

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 

10/22/88 
0 
0 

10/18/90 
10/19/90 
I0/20t'90 
10/21/90_ 
1002/90 

011 
0 
0 
0 

10/22191 · 0.02 . . -- . . .. 
10/23/88 
IC!t'24/88 
10/25/88 
10/26/88.,. 

0 10/23/90 10/23/91 0 
0 10/24J90 

. ·- ·-- - ·-·-•" ... 
0 1005/90 . ·-·- •r.·-·--·-

0 
.. ·-··· - ·- .. 

10/24191 
- 10/25/91 . - . ---·---. 

008 
0 

0 1006/90 
0 
0 
0 

10/26/91 0 
10/27/88 . 0 . 1007/90 -

------ -----·- -.,---+~---~--
..• 1007191 ____ 0.69 

'ioo81881-0-~~:-:10t2&190, ~ ~J>_- --noo819t 
I 0/29/88 0 . HV29/90 0 . t-· 10/29/9 I . 
10/30/88 O.ol · . 10/30/90 T o • 10/30/91 

'i0/31/88 r--0--- . ioo1190-· . 0 .. 10/31/91. 
·-··· --·-·· --- -···+--··•-···---.. -- ·-- ... ·------· --- • 
11/1/88 · 0 ' 11/1/90 · 0 11/1/91 ·ffwsa-- ·-- o- .. -· - 11/219()·- o.35 · -~-T,n.ri,--

~n{Tl_sf~ ··- o · -- · ·ff/3/90.- o.37 - · ·1,,3.i-fi · 
11/4/88 0 . • ,114190 . 0 . • i 114/91 • 
11/5/88 • 0 ; lll5i9o . 0 - • • li/S/91 

l_l/6j88 0 --:-~-II!~~~ 0.01 : )IM1·· 

- ------·-- --· . 
lln/88 0 11n/90 0.12 11/7/91 .. •· __________ .. . 
11/8/88 0 11_/8{~_. 0 11/8/91 
11/9/88 0 I l/')/90 0 11/9/91 

11/10/88 .• 0 • I I/IMO. 0 11/10/91 
11/11/88 0.56 . 11/11/90 0 11/11/91 
11/12/88 0 • 111_1_~. 0 11/12/91 
11/13/88 0 11/13/90 0 11111/91 
11/14188 0 _11114/90_ 0 11/14191 -
11/15/88 0.25 11/15/90 0 11/15/91 

NICO .1L11!7,JO 'HI 

0.26 
026 
0.1 
0 
0 
0 
0 
0 
0 
0 

/) 

0 
0 

003 
0 
0 
0 

0.49 
095 

Dale I inches) Dale (mches 
9/12/92 0 9/ 1.l/93 0.6 
9/13/92 0 9/14193 0 
9/14/92 0 9m191 0 

9/15/92 013 9/16193 0 
9/16,/9'1 0 9/17/93 0 

9/ 17/92 0 9/18/93 0 22 
9/1~2 , 0.22 9/19/93 0 

. 9t!.~L. o.47 . ~~~~. o 
9/20/92 0.08 9/21/93 0 
9/21/92 0 _ . 9/22/93 0 

9/22192 0 ·-9/23/93 . 0 
. 9123192 • 0 . -· __ 9/24193 _ 0 
9ji419'f • 0 9125/93 0 

.. 9/25/92-; 0 - 9126/93 0 
9/26192 ' 0 ~ ~/93 - .. 0 

-----··t-. - ........ +---·----

9/27rff .. - ·o -· -. 9/28/93 0 

9/28/92 0 9/29/93 0 
9/29/92 • 0 . -~ : _9/3-0/93 :. 0 

. 9/30/92 - 0 10/1/93 0 

tOh/92 • _ 0 _ -: _. I0/2J93 _ 0 
10/2/92 • 0 100/93 0 
!~T: _ o · : 10/4193 • _ o 
10/4192 0 10/5/93 0 -·· --· ·------. 
~~~~].... 0 ··-_IOI~!... 0.61 
10/6/92 0 _____ 10/7/93 ___ O.~J __ .. 

10(!_/92 ____ __ .Q ____ ·- ~ IOll/93 . __ .Q~----
10/8/92 ______ o . _____ I0/9/93 __ ..... o .. 

.. l~/9} ___ 0 •• J!W~---~.:<!! ___ _ 

..• 10/1~-- 0 __ ..• I0/'11/93; __ 0 l 
10/11/92 0 10/12193 • 0 

_ · 1oi1~~- o ___ 10,1mJ:~~~~o~: __ -::_:: 
10/13/92 0 10/14/93 0 

• 10/14192 ...... 0-- - - ~3-· --------·-
.. _______ .., _ .. _ - - - . ---~------·- 0 

10/15/92 0 . 10/16/93 0.09 
. ,-&i~[· 0 -~=_i~_!I/9}: 02 

- ~------------. 
tc>(IJ.'~L . o 10,18193 
10/18192 0 10/19/93 

. - ·--- - -
_10/19/92· _ 0 __ 1000/93 __ 

10/20/92 0 1001/93 

. 1~1/?~: 0 II ~:1&2~f 
I 0/22/92 0 I 0/23/93 
10/23/92 · 0 10/24/93 
lll/24/92-. .. 0 37 ~- :·1005/93_: 
I 0/25/92 0 15 I 006.193 

. :. ~-10/26/92 r.:::-:.:_-0 ~_.::~ ___ 1007/93:: . 

. . 1001m L _ o.04 . _' _ _1008193 __ 
I 0/28192 : 0 26 I 009/93 · 

0.02 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

........ -·--::--r--- -------·. ·-···---- ···-~· -·-

.. ~~~-~ o !2 t~L o 
10/30/92 · 0.22 10/31/93 0 

0 
0 

1ri.ij1i92. 0.19 iiti/93 . 
11/119:f· 0 i 112/93 
I l/1'9i . 0 . 11/3/93 0 
11/3/92 • . 0 .• - .!J~~ . 0 

11/5/93 -- ------··--· 11/4/92 •. 0 0 

11/~~. 0 11/6/93 0 

11/6192 0 1117/93 0 
1117/92 0 . 11/8193 • 0 

I J/8/92 0 • 11i<J193 0 

11/9/9,L 0 11/10/93 0 . -- . -··. 
11/10/92 0.14 11/ J 1/93 0.64 
I 1/1_1_ "!t . 0 • _ . ~ I/ 12/93 0 3 
11/12192 0 11/1 J/93 0 14 

11/13.'9~; 0 11/14193 0 . . - . ·-· - . 
11/14/92 0 11/15/93 0 

Cun-4.) 
P•~• ', A 4 



~ fl Daily Prrc1p1tJt1on Value-1. Stall<lfl #4207JII07. Blandin1, Utah 

?/lt/91 
h.nuar). 1988 1hrou1h February. 1994 

. Prec1pua1ion_ . Prectpuauon Prec1p1tation . Prec1p11a11on. . Prec1pi!auon 
Date inches Date (•nchesJ Date (inchesl Date \inches! Date inches 

11/16188 0 11/16/9() 0 11/16191 0.03 11/1~/92 0 11/16191 0 

~ 11/17/88 002 11/17/90 0 11/17/91 0 11/16192 0 11/17/9.1 0 

~~?,+ 11/18/88 0 I lilll/90 0 11/18/91 0,07 11/17/92 0 11/18/93 0 

11/19/88 0 11/19/90 0 11/19/91 0 11/1 i!/92 0.01 11/19/93 0 

l 1/2!Y88 0 11/2~. 0.09 11/20/91 0 11/19/92 0 I 1/2()193 0 

11/21/88 0 1112119-(). 0 1 lnt/91 0 11/20/9~. 0.12 11/21193 0 

11/22/88 0 11/22/90 0 11/22191 0 1 ll7!19_L 0 11/22193 0 .. --··-- - ----·· 
11/23188 0 11/2~. 0 1112_3{9 I • 0 11/22/92 0 11/23/93 0 

I 1/l418~. 
- . ·- -- ---- 11/24/93. 0 11/24/90 0 11/2~1, 0 _ 1112}/?L 0 0 .. ---- ---- -

1_112~8~. O.Q7 11_/2~~- 0 1 l/2SJ91 0 • 11/24192 •.. 0 I l/2S/93 ____ 0 . ... . 
1 l/26188 0.11 1112~.i 0.48 11/26191 0 •. !_l/251!.2_ 0 11/26193 0 . ·-- ---·--···-

•· . -----·-----···---
. _.11/26/92 •.. JJ'-22'~. 0 11/~7~. _ 001 11/27/91 .• 0 0 11127/93 0 

11_~~!8 .• 0 11/28/90 0 IJ~8191 .•.. 0 11127192 0 lln8/93-. 0 

1_1_@{~8. 0 II~~-~ 0 11/_2~/!I_ 0 . ' 11/28192 0 •. I ln9/93 0 . 
• 11/29/92 

--- ---·--·· 
110088 0 11/30/90 0 l_llle>r! I_: 0.01 0 11/3°"93 0 
------- -· ··---------· . . 

12/J!!8 •· 003 12/1/90 0 12/1/91 0 11~2 0 12/1/93 0 

ll/2/88 • 0 12/2/90 0 12/2/91 0 •. .1211~? . _____ o __ ·•-· 1212/93 0 ------ ·--- ·---- - -
12/3/88 0 12/JJ90 0 12/3191 0 1212192 _ 0 J213J93 .. 0 

. -- -- - -···- . 
.!1'~88 •. 0 12/~ 0 12/4/91 0 •• _ 12/3/92_ 0 I '1J4/93 0 
11/5/88 0 I 2/S/90 0 12/S/91 0 12/4/92 0.13 .• 12/S/93 0 -----· ... .. 

• _ 12/51'92 . 
----------··-··· 

12/6188 0 12/6/90 0 1'2/6/91 0 0.81 . 12/6/93 0 

1217/88 0 12/7/90 0 1'217/91 0 • __ 12/~{. 0 1'217/93 0 
12/8/88 0 12/8/90 0 PJS/91 0 1'217/92 -99999 12/8193 0 . - ·-------·· 
12/9/88 0 12/9/90 0 12/9/91 0 12/8/92 0.28 12/9/93 0 
1'2/10/88 0 12/10/90 0 12/10/91 002 •. . 1Y9_19L 0 .. • _12/10/93 . 0 
12/11/88 0 12/IJ~. 0 1'2/11/91 026 12/IOJ92 0 12111/93 0 . --- ---.- -- ... ----~ --

_ 1~12193 ___ 12/12/88 0 12/12/90 0 27 12112/91 0 12/11/92 0 O.Q7 . - ---------·-
IY!3!~. 0 12/13/90 0.04 12/U/91 0 • _1_2112/92 • 0.5 12/13193 0 ---------
12/14188 0 12/14/90 0 12/14nl 0 _!~l~L 0 • 12114193 _____ o .. ________ .. _ . .. 
12/IS/88 0 i_yrn~>_ 0.06 12/IS/91 . 0 .12114192 ____ 0 12115193 0.o7 -------- . ·----- --··--- . .. 
12/16188 0 12/16/90 0.11 121161?!. 0 • .. 12115/92 _ () 12116193 0.18 ----·-----

_ .. _______ .. ------ --- ----
12/17/88 0 12/17/90 0 12/17/91 0 12/16192 0 12117/93 0 
-----··---. ·-- ----·- -
12/18/88 0 1'2118/90 0 12/18/91 0.54 12/17/92 0 12/18193 0 -------- ·-------·-· 

_ 12/19/88 _ 0 12119/90 0.06 12/19/91 0.43 12/18/92 0.2 12/19/93 0 ·--------- . - ---~-~--·· 
12/20/88 005 1'2/20/90 0 36 12/20/91 0 12/19/92 0 12/20l93 0 
- - ·---- - -
12/21/88 0]8 12121/90 0 12/21191 0 12/20/92 0 1~1_~_3- 0 
12/22/88 0 12122/90 0 12/22/91 0 12/21/92 .. 0 12/22/93 0 
12/23/88 O.l 121_2}_~. 0 12/23/91 0 12/22/92 0 12/23193 0 ... - - ---- -
12/24188 0.13 1'2124/90 0 12/24/91 0 12/23/92 0 12/24193 0 
12/25/88 009· 12/25/90 0 12/ZS/91 0 12/24192 0 12(251'93 0 
12/26188 0 1'2/26/90 0 12/26/91 0 12/2S/9l 0 12/26/93 0 

12/27/88 0 I 2/27!JIJ. • 0 12/27/91 0 . 12/26/92 _ 0 12/27193 0.1 -----·--- .. . -- ----- - . 
_12/28/88. 0 12/28190 0 12/28/91 0 12/27/92 0 12/28/93 0 
1'2/29/88 0 12/.29~ •. 0 12/29/91 005 12/28/92 OJ 12129/93 0 
. - -· --- ·-

: ~2/~] _12/30{88 • .. 0 
~ 

11/JOl901 0 12/30'91 0.11 ~- !1129192 • 0 0 
12/31/90 ,· 

t ---·--··--- .. _ 

12/31/88. 0 0 12/31/91 0.02 12/30/92 0.07 12/31/93 0 
12/J 1/92 0 . . 

NotU: Source: Utah Climer Cenier UtAh Staie lJniversu , Lo an, UT 

• 
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PLATE 2.2-/ 
MONTHLY MEAMS AND EXTREMES 

OF TEMPERATURES 
BLANDING, UTAH 

/ -
: ·~.f_Lj~~~-oi: f0,.:S9(J:JCE=.MMtRI-AL,:: /~--

. . . LICENSE 
ANNUAL M.EAN: 9.9°C 

REVISED c :. ~- :..: .: ·.., .:.-
SEPTEMBER 26, 1978 

""' (.J 2. 0 
0 ..., 

Lt.I 
a: 
::, .... 
C( 

a: 
""' 10 a. 
:I 
w .... 

0 

MONTH FEB MAR APR MAY JUNE JULY AUG SEP OCT 

24 27 33 38 38 37 34 2.9 21 15 

MEAN MIN. -a.a -S.9 -3.2 0.4 5.4 10.1 14.2 13.1 9.4 2.9 -3.2 -7.8 
EXTREME 

MIN. -29 -22 -15 -II -6 -I 8 3 -5 -12 -19 -22 

(A) MEAN OAILY MAXIMUM 

(8) MEAN MONTHLY 

CC) MEAN DAil. Y MINIMUM 

CO) FREEZE OATES 

..... ------------~ 

f ~ A-b0-e. 2 J 
DAM•a8MOO .. a 



T 
25'± 

CELL,; #t SCHEMATIC 
NTS 

NOR71i SOU71i 

,..., .. ..._ ______ 900'± --------.._,/ 

I I MONITOR/NG WELL 
CO~R 

----·-····.· ... 
· ... : 

DRAIN PIPE 

DAKOTA-·BURRO CANYON SANDSTONE 

PERCHED WATER 

---------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
- .. 

BRUSHY BASIN SHALE 
(JOO') 

f 

--.-\ 
\ r, ?\J ,_'2£_-_i __ 

.... . . -··---· 



- - - - - -" 

t; ol- f,.,i1io1, llar i: a 4•i. ~iL. ~~,Jl&E-

! JJc,41uttl ~ 1"Y~ 
---·t··--·--····- .. -- - . -, - . ---

1 ! D. 14 :1 '1 ~et'"U&. 

6° VEGETATIVE SUPPORT 
MATERIAL 

---- ----- ~-
l ; o. \4 ~ to I iar·,c) ..- 3' 6" UPPER RANDOM FILL ~t" 

it 
~ 

'.J \.­>-- ~ " . ' .. 
........... 

~ 

f i, I o.ofo · ·.:i._lS-=._J~ · I \ ~ 1· CAPIL[ARY MATERIAL .. • n." , 
4 1 o.43 -#/le i ~~ •.. 1· CLAY LAYER - - 12" 7 

~-- I 1 ~ 
I' (). 14 ti (O Vu;cl(_.. \ ~ 4' MIN LOWER RANDOM FILL 

0.14 ~ _ __:::.:__ ___ _=~~-----D i 4 1
"=' 413'' 

I c~ ~ -- ----- -

l, UN~~ 'r 

. C,_µ_ ~-:.. \O 
o.,3 

6ffl'\~~ 

.f 1---f o.4?; I ~ t lP 
I . ·-· -

~ (t(ti · ,dt.t.. 

B~ I • f;;./1._ 
.,__.,-.Jr~ 

.... ·- -· -·----· 

TAILINGS 
~zO' AVG. 
~ 22..' -= 2 't" 

'?o~·"- f\iC., u~ -r~-

1-·-------- -- . JllifLAMATION t,"~ \ F, &-u,l.rc_ 2 \ COVER Nkn~tt. 

---- =-­\11 
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DEFAULT, UNVEGETATED, UNCOHPACTED SOIL CHAFACTERISTICS 
•••••••a•a•s•=•••=•••••••••~••••••••••a•aaaaaa======mzssz~•== 

SOIL TEXTURE DII-IENSIONLESS S~T. fiYD. 
---------------- POROSITY FIELD WILTING CONDUCTIVITY 
HELP USDA uses CAPACITY POINT (CH/SEC) 

•••••••aaamaa•s•••===••m•••••••••••••a•••••••••a••a••••~•~msm 
1 cos GS 0.417 0.045 0.018 
2 s SW 0.437 0.062 0.024 
3 FS SH 0.457 0.083 0.033 
4 !.S SH 0.437 0.105 0._~47 
5 LFS SH 0.457 0.131 0.058 
6 SL SH 0.453 0.190 0.085 
7 FSL SH 0.473 0.222 0.104 
8 L ML 0.463 0.232 0.116 
9 SiL ML 0.501 0.284 0.135 

10 SCL SC 0.,398 0.244 0.136..-
11 CL CL 0.464 0.310 0.187 

, 12 SiCL CL 0.471 0.342 0.210 
13 SC CH 0.430 0.321 0.221 

ENTER RE~ TO VIEW THE REST OF THE SOIL TYPES. 

11 CL CL 
12 SiCL CL 
13 SC CH 

0.464 
0.471 
0.430 

0. 310 
0.342 
0. 321 

0.187 
0.210 
0.221 

ENTER RETURN TO VIEN THE REST CF THE SOIL T'!PES. 

SOIL TEXTURE DIHENSIONLESS 
---------------- POROSITY FIELD l·TILTING 
HELP USDA uses CAPACITY POINT 

14 SiC CH 0.479 0.371 0.251 
15 C CH 0.475 0.378 0.265 

..... 16 Liner Soil 0.430 0. 366 0.280 
17 Liner Soil 0.400 0. 356 0.290 
18 tlun. Naste 0.520 0.294 0.140 

l.0E-02 
5.SE-03 
3.lE-03 
1.7E-03 
l .0E-03 
7.2E-04 
S.2E-04 
3.7E-04 
1. 9E-04 
1. 2F,-04 
6.4E-05 
4.2E-05 
3.3E-05 

6.4E-05 
4. 2E-05 
3.3E-05 

SAT. HYD. 
CONDUCTIVITY 

{CII/SEC) 

2.SE-05 
1.7E-05 
!..0E-07 
l.0E-08 
2.0E-04 

19 USER SPECIFIED SOIL CHARACTERISTICS 
20 USER SPECIFIED SOIL CHARACTERISTICS 

5. 9 E}ITER SOIL TEY.'I'URS OF SOIL LAYER 1. 
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10(i; 
JfZ Tablt4 

71z,z/H HELP Model Summaries for Cells J aad 4 
Wbite Mesa Tailiap Fadlity, Blaadlna, Utu 

Lafaal Patolation Percolation 
Orainagc from from from Change in 

HELP ~ipitalion Runoff Bvapocranspiration Layer3 Laycr4 Layer7 Water 
Run {i~l {inchesl {incheal {ft"3l {fl"32 {fl"32 Saorage 

Cell 3, SIIIWalCd wi&h 

~ # 
PVC Jina', Blanding 13.77 0.2 12.67 26 64989 13741.5 993.52 

f.~ climate da&a 

~ Ccll3,~DO 
liner, Blanding clinwe 13.77 0.2 12.67 26 64989 1S62025 -13252.58 

daaa 

Cell 3. saaunred. wi&h 
PVC liner and 20 yn 

7.94 0 7.93 0 0 120661 -117348 Orud Junccion 
climate dala 

Cell 3, u&ur'lled, no 
liner and 20 yn Grand 7.94 0 7.93 0 0 390.507 -387194 
Junction climale data 

Cell 4, umalullled 
wilb PVC liner, 13.77 0.2 12.67 14 0 1240'J9 

Blanding climllc da&a 

Cell 4, UlllltUnlaed, no 
Uner,Bllndingclinwe 13.77 0.2 12.67 14 0 1~ 

dala 



••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
WHTl'EMESA TAD..INOS PACILllY 
CELL 3, WBT, INCLUDINO LA YER 7, PVC LINER 
BLANDINO O..IMATE DATA 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

POOR GRASS 

LAYER I 

VERTICAL PERCOLATION LA YER 
THICKNESS • 6.00 INCHES 
POROSITY • 0.5010 VOL/VOL 
PIBLD CAPACITY • 0.2837 VOUVOL 
WR.TINO POINT • 0.1353 VOI.JVOL 
INl11AL SOIL WATER CONTENT • 0.1400 VOI.JVOL 
SATURATED HYDRAULIC CONDucnvrrv = 0.000342000014 CM/SEC 

LAYER 2 

VERTICAL PERCOLATION LA YER 
THICKNESS = 42.00 INCHES 
POROSITY = 0.3325 VOL/VOL 
PIBLDCAPACllY = 0.2173 VOUVOL 
WILTINO POINT = 0.1361 VOIJVOL 
INmAL SOIL WATER CONTENT = 0.1400 VOIJVOL 
SATURATED HYDRAULIC CONDUC11VrrY = 0.000006000000 CM/SEC 

LAYER 3 

LATERAL DRAINAOE LA YER 
THICKNESS = 12.00 INCHES 
POROSITY = 0.3573 VOL/VOL 
P1BLDCAPACl1Y = 0.1127 VOI.JVOL 
WD.. TING POINT = 0.0580 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0600 VOI.JVOL 
SATURATED HYDRAULIC CONDUCTIVrrY = O.oooo50000002 CM/SEC 
SLOPE = 0~7PERCENT 
DRAINAGE LENGTH a 1750.0 FEET 

LAYER 4 

BAJUUEJl SOU.. LINER 
THICKNESS • 12.00 INCHES 
POROSITY = 0.4300 VOL/VOL 
FIELD CAPACllY = 0.3663 VOIJVOL 
WD.. TING POINT :: 0.2802 VOL/VOL 
INl11AL SOD.. WATER CONTENT = 0.4300 VOL/VOL 
SATURATED HYDRAULIC CONDUCTMTY = 0.000000100000 CM/SEC 

LAYER 5 

VERTICAL PERCOLATION LAYER 
THICKNESS = 48.00 INCHES 
POROSITY = 0.3325 VOL/VOL 



FIELD CAPACITY = 0.2173 VOIJVOL 
WU. TINO POINT • 0.1361 VOUVOL 
INITIAL soa WATER CONTENT • 0.1400 VOlJVOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000006000000 CM/SEC 

LAYP.R 6 

VERTICAL PERCOLATION LA YER 
nDCKNESS = 264.00 INCHES 
POROSITY • 0.3325 VOl.JVOL 
PIELD CAPACITY • 0.2173 VOUVOL 
WU..TINOPOINT = 0.1361 VOUVOL 
tN1TlAL SOIL WATER ~ONTENT = 0.3300 VOUVOL 
SATURATED HYDRAULIC CONDUCTIVn'Y :a 0.ooooo6000000 CM/SEC 

LAYF.R 7 

BARRIER SOU. LINER WITH FLBXlBLE MEMBRANE LINER 
TIUCKNESS = 6.00 INCHES 
POROSITY = 0.4300 VOl.JVOL 
FIELD CAPACITY = 0.3663 VOUVOL 
WR. TING POINT • 0.2802 VOL/VOL 
INmAL SOIL WATER CONTENT • 0.4300 VOlJVOL 
SATURATED HYDRAULIC CONDUC'l1VITY = 0.000000100000 CM/SEC 
LINF.ll LEAKAGE FRACTION = 0.01000000 

GENF.RALSIMULATIONDATA 

• 87.21 SCS RUNOPP CURVB NUMBER 
TOTAL AREA OP COVER 
EVAPORATIVE ZONE DEPTH 

= 3150000. SQ Fr 
• 28.00 INCHES 

= 10.3210 INCHF.S 
3.9200 INCHPS 

UPPER LIMIT VEG. STORAGE 
INl11AL VP.O. STORAGE = 
INITIAL SNOW WATER CONTENT 
INlTJAL TOl'AL WATER STORAGE IN 

= O.OOOOINCHES 

SOIL AND WASTE LAYERS = 109.()2()() INCHF~ 

son. WATP.R CONTENT INrl1AUZED BY USER. 

a.JMATOLOCHCAL DATA 

USER SPBClrlED RAINPALL wrrH SYNTHE11C DAD.. Y TEMPERATURES AND 
SOLAR RADIATION POR MILR>RD Uf AH 

MAXIMUM LBAP AREA INDEX • 1.60 
START OF GROWJNO SEASON (JULIAN DATE) • 138 
P.ND OF OROWINO SEASON (JWAN DA11!) • 276 

NORMAL MEAN MONTHLY 'lEMPERAnTRm, DEGREES PAHRF.NHEIT 
JANIJUL PEB/AOO MARJSEP APRJOCT MAY/NOV JUN/DEC 

26.,40 32.10 31.20 -16.30 55.90 65.80 
74.30 72.10 62.60 50.30 36.80 28.20 ....................................................................... 
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MONTHLYTOTALSPOR YEAR 1988 

JAN/JUL FBB/AUO MA.RliEP APRIOCT MAY/NOV JUN/DEC 

PRECIPITATION (INCHES) 1.60 0.50 0.02 0.78 1.27 1.40 
0.64 1.70 1.06 0.10 1.04 0.85 

RUNOPP (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 1.()03 1.175 0.020 0.276 0.569 2.174 
(INCHES) 0.834 1.64'4 1.388 0.100 0.306 0.395 

LATERAL DRAINAOB FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PE.RCOLA TION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0459 0,0434 0.0463 0.0447 0.0461 0.0446 
LA YER 7 (INCHES) 0.0460 0.0459 0.0444 0.0458 0.0442 0.0457 

MON1lll. Y SUMMARIES FOR DAJL Y HEADS 

AVO. DAJL Y HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OP DAJL Y HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LA YER 4 (INCHBS) 0.00 0.00 0.00 0.00 0.00 0.00 

AVO. DAILY HEAD ON 258.07 257.68 257.30 256.90 256.51 256.11 
LA YER 7 (INCHBS) 255.72 25S.32 254.93 254.S4 254.15 253.76 

STD.DBV.OPDAJLYHEAD 0.12 0.00 0.11 0.18 0.15 0.13 
ON LAYER 7 (INCHES) 0.00 0.10 0.12 0.00 0.17 0.13 

··············~························································ ANNUAL TOTALS FOR YEAR 1988 

(INCHES) (CU. Fl'.) PERCENT 

PRECIPITATION 

RUNOFF 

10.96 21noo1. 100.00 

0.000 0. 0.00 

EV APOTRANSPIRATION 9.885 2594779. 90.19 

LA TBRAL DRAINAOB FROM LA YBR 3 0.0000 0. 0.00 

PP.RCOLATION FROM LA YER 4 

PERCOLATION FROM LA YER 7 

CHANGE IN WATER STORAGE 

0.0000 o. 0.00 

0.5430 142529. 4.95 

0.532 139691. 4.86 
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SOIL WATERATSTARTOFYEAR 109.02 '-4617752. 

SOR. WATER ATBNDOPYEAR 109.5, 28757442. 

SNOW WATER AT START OP YEAR 0.00 O. 

SNOW WATER AT BND OP YEAR 0.00 0. 

ANNUAL WATER BUDOBT BALANCE 0.00 2. 0.00 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

MON11D.. Y 10T ALS FOR YEATl 1990 
------------·-···-··-... ·-··-------

JAN/JUL FEB/AUO MARISPJt APR/OCT MAY/NOV JUN/DBC 

PRECIPITATION (INCHBS) 1.11 0.38 0.57 0.80 0.85 1.13 
1.91 0.80 1.69 1.82 1.43 0.90 

RUNOPP (INCHES) 0.000 0.000 0.000 0.000 0.007 0.027 
0.000 0.000 0.000 0.0'29 0.000 0.000 

BVAPOTRANSPIRATION 0.788 1.136 0.566 0.413 1.864 0.758 
(INCHES) 2.272 0.908 1.597 1.707 1.245 0.648 

LATERAL DRAINAOB PROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PER.COLA TION PROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 4 {INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0456 0.()411 0.0455 0.0439 0.0453 0.0438 
LA YBR 7 {INCHES) 0.0452 0.0451 0.0436 0.0450 0.0435 0.0448 

MON11fL Y SUMMARIES FOR DAR. Y HEADS 

A VO. DAILY HBAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YBR 4 (l~HES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DBV. OP DAR. Y HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LA YER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

AVG. DAILY HEAD ON 253.36 252.98 252.61 252.22 251.83 251.45 
LAYBR 7{1NCHES) 251.()6 250.67 250.28 249.90 249.51 249.13 

STD.D1'.V.OFDAD..YHEAD 0.11 0.11 0.13 0.08 0.18 0.15 
ON LAYER 7 (JNCHBS) 0.11 0.06 0.12 0.13 0.10 0.09 ....................................................................... 

ANNUAL TOTALS FOR YBAR 1990 

PRECIPITATION 

RUNOPP 

(INCHES) (CU.PT.) PERCENT 

13.39 3514875. 100.00 

0.()63 16508. 0.47 
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• 

EV APOTRANSPIRA 110N 13.902 3649268. 103.82 

LA Tf.RAL DRAINAGE FROM LA YER 3 O.CXXX> 

PERCOLATION FROM LJ. YER 4 0.0000 

o. 0.00 

0. 0.00 

PERCOLATION FROM LA YER 7 0.5323 139735. 3.98 

CHANGEINWATERSTORAGE -1.107 -290634. -8.27 

SOIL WATER AT START OP YEAR 109.55 28757442. 

SOU.. WATER AT END OP YEAR 108.44 28466808. 

SNOW WATER AT START OP YEAR 0.00 0. 

SNOW WATER AT END OP YEAR 0.00 0. 

ANNUAL WATER BUDOET BALANCE 0.00 -1. 0.00 
•••••••••••••o••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

MONTHLY TOTAL<' FOR YEAR 1991 

JAN/JUL FEB/AUG MAR/SEP APRJ0CT MAY/NOV JUN/DEC 

PRECIPITATION (INCHES) 1.22 0.45 1.40 0.01 0.49 O.OS 
1.20 1.18 1.32 1.41 1.58 1.43 

RUNOFF (INCHES) 0.018 0.000 0.008 0.000 0.000 0.000 
0.000 OJ)OO 0.008 0.000 0.040 CJ.000 

EV APOTRANSPIRA TION 1.306 0.588 1.407 0.366 0.0'J4 0.384 
(INCi-im) 0.822 1.620 1.312 0.266 1.047 0.858 

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 3 (INCHF..S) 0.0000 0.0000 0.0000 0.000" 0.0000 0.0000 

PERCOLA 110N FROM O.< .000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLA 110N PROM 0.0448 0.<M04 0.0446 'l.043 l 0.0445 0.()430 
LA YER 7 (INCHES) 0.°"4 0.0443 0.()428 0.0442 0.0427 0.0440 

MON"lllL Y SUMMARIF.S FOR DAR. Y HEADS 

AVG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YP.R 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAU.. Y HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LA YFJl 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

AVO. DAILY HF.ADON 248.74 248.37 248.00 247.62 247.24 246.86 
LAYER 7 (INCHES) 246.48 246.10 245.72 245.34 244.97 244.59 

s 



STD. DEV. OF DAILY HEAD 0.16 0.03 0.12 0.10 0.12 0.16 
ON LAYER 7 (INCHES) 0.07 0.11 0.09 0.13 0.11 0.16 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
ANNUAL TOTALS FOR YEAR 1991 

PRBCIPITA TION 

RUNOFF 

(INCHES) (CU. FT.) PERCENT 

11.74 3081750. 100.00 

0.074 19552. 0.63 

EVAPOTRANSPIRATION 10.071 2643531. 85.78 

LATPRAL DRAINAGE PROM LA YER 3 0.0000 0. 0.00 

PERCOLATION PROM LA YER 4 0.0000 0. 0.00 

PERCOLATION FROM LA YER 7 0.5228 137247. 4.45 

CHANOE IN WATER STORAGE 1.072 281420. 9.13 

SOIL WATER AT START OF YEAR 108.44 U466808. 

SOIL WATER AT END OF YE.All 109.40 28718424. 

SNOW WATER AT START OP YEAR 0.00 0. 

SNOWWATBRATENDOPYF.AR 0.11 29804. 

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

MONTfll. Y TOTAL"' FOR YEAR 1992 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

ECIPIT A TION (INCHES) 0.8l 1.54 1.8S 0.11 2.33 0.29 
2.20 1.26 0.90 1.24 0.27 2.29 

RUNOPF(INCHES) 0.000 0.001 0.000 0.000 0.017 0.000 
0.075 0.000 0.000 0.000 0.000 0.002 

EVAPOTRANSPIRATION 0.843 1.S90 1.879 1.221 1.S56 1.144 
(INCHES) 3.0'22 0.935 1.227 0.370 0.440 1.062 

LATER.AL DRAINAGE PROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION PROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION PROM 0.0440 0.0411 0.0438 0.0424 0.0437 0.0422 
LAYER 7(1NCHES) 0.0436 0.0435 0.0420 0.0434 0.0419 0.0433 

------------.. ~~·-------------------------------------------.--·-
MONTHLY SUMMARIBS POR DAILY HEADS 
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A VO. DAU.. Y HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OP DAll. Y HF.AD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LA YER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

AVO. DAD.-Y HEAD ON 244.21 243.84 243.47 243.10 242.72 242.35 
LA YER 7 (INCHES) 241.98 24 l.tiO 241.23 240.86 240.49 240.12 

STD. DEV. OP DAll..Y HEAD 0.15 0.16 0.10 0.07 0.09 0.1S 
ON LAYER 7 (INCHES) 0.17 0.13 0.09 0.11 0.10 0.14 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
ANNUAL TOTALS FOR YEAR 199? 

-------·-------------------------
(INCHES) (CU. Fl'.) PERCENT 

PRECIPITATION 

RUNOFF 

15.10 3963750. 100.00 

0.095 25025. 0.63 

EV APOTRANSPIRATION 15.290 4013554. 101.26 

LATERAL DRAINAGE PR.OM LA YER 3 0.0000 0. 0.00 

PERCOLATION FROM LA YER 4 

PERCOLATION PROM LA YER 7 

0.0000 0. 0.00 

0.5149 135170. 3.41 

CHANGE IN WATER STORAGE -0.800 -20IJ997. -5.30 

SOIL WATER AT START OF YEAR 109.40 28718424. 

SOll. WATER AT END OP YEAR 108.71 28536844. 

SNOW WATER AT START OP YEAR 0.11 29804. 

SNOWWATERATENDOPYBAR 0.01 1387. 

ANNUAL WATER BUOOEJ' BALANCE 0.00 -1. 0.00 ....................................................................... 
MONTHLY TOTAl.S POR YEAR 1993 

----------·-----·-··-· ··------·--------
JAN/JUL FEB/AUG MAR/SEP APRJOCT MAY/NOV JUN/DEC 

PRECIPITATION (INCHm) 5.31 3.73 0.73 0.59 1.62 0.12 
0.01 l.79 0.83 1.43 1.08 0.42 

RUNOFF (INCHES) 0.283 0.489 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

BVAPOTRANSPIRATION 0.950 1.452 1.732 1.304 0.833 0.995 
(INCHES) 1.476 1.276 l.050 1.533 1.219 0.368 
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LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 
LA YER 3 (INCHES) 0.0001 0.0001 O.OOOI 0.0001 0.0000 0.0000 

PERCOLATION PROM 0.0000 0.0000 0.0654 0.1140 0.1348 0.1326 
LAYER 4 (INCHES) 0.1370 0.13S6 0.1291 0.1308 0.1238 0.1249 

PERCOLATION FROM 0.04-32 0.0390 0.0431 0.0416 0.0429 0.0415 
LA YER 7 (INCHES) 0.0428 0.0427 0.0413 0.0426 0.0412 0.0425 

MONnlL Y SUMMARIES FOR DAll.. Y HEADS 
--------------------------·----
AVO. DAILY HEAD ON 0.00 0.00 0.64 2.62 3.36 3.59 
LA YER 4 (INCHES) 3.59 3.42 3.17 2.87 2.55 2.20 

STD. DEV. OF DAILY HP.AD 0.00 0.00 0.69 0.35 0.12 0.03 
ON LAYER 4 (INCHES) 0.03 0.06 0.08 0.09 0.10 0.10 

AVG. DAILY HEAD ON 239.74 239.38 239.03 238.66 238.29 237.93 
LA YER 7 (INCHES) 237.56 237.19 236.83 236.46 236.10 235.73 

STD. DEV. OFDAD..Y HP.AD 0.09 0.12 01>7 0.11 0.12 0.15 
ON LAYER 7 (INCHES) 0.10 0.07 0.10 0.14 0.00 0.13 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

ANNUAL 10TALS FOR YEAR 1993 

PRECIPrr A TION 

RUNOFF 

(INCHES) (CU. PT.) PERCENT 

17.66 46357SO. 100.00 

0.112 1i1J.n6. 4.37 

EV APOTRANSPIRA TION 14.187 3n.a66. 80.34 

LATERAL DRAINAGE FROM LA YER 3 u.0005 131. 0.00 

PERCOLATION. FROM LA YER 4 1.2379 324945. 7.01 

PERCOLATION FROM LA YER 7 O.S044 132397. 2.86 

CHANGE IN WATER STORAGE 2.195 516280. 12.43 

SOIL WATER AT START OP YEAR l<Ml.71 28536844. 

SOU.. WATER AT BND OP YEAR 110.91 29114510. 

SNOW WATER AT START OP YEAR 0.01 1387. 

SNOW WATER AT END OP YEAR 0.00 o. 

ANNUAL WATER BUDOBTBALANCB 0.00 0. 0.00 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••o••• 

A VERAGB MONJllL Y V ALUP.S IN INCHES FOR YEARS 1988111ROUGH 1993 

JAN/JUL FEB/AUO MAR/SEP APRJ0CT MAY/NOV JUN/DEC 
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PRF.CIPITA TION 

TOTALS 2.01 1.32 0.91 0.46 1.31 0.60 
1.19 1.35 1.16 1.20 1.08 1.18 

STD. DEVIATIONS 1.86 1.43 0.72 0.37 0.71 0.62 
0.90 0.40 0.3S 0.6S O.Sl 0.72 

RUNOFP 

TOTALS 0.0<,0 0.098 0.002 0.000 0.005 0.005 
0.015 0.000 0.002 0.006 0.008 0.000 

STD. DEVIATIONS 0.125 0.219 0.004 0.000 0.007 0.012 
0.034 0.000 0.003 0.013 0.018 0.001 

BVAPOTRANSPIRATION 

TOTALS 0.978 1.188 1.121 0.716 0.983 l.091 
1.685 1.2n 1.31s o.795 o.as1 o.666 

STD. DEVIATIONS 0.202 0.38S 0.798 0.502 0.723 0.670 
0.954 0.355 0.202 0.761 0.446 0.298 

LATERAL DRAINAGE PROM LA YF.R 3 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

sm. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM LA YER 4 

TOTALS . 0.0000 0.0000 0.0131 0.0248 0.0'270 0.0265 
0.0'274 0.0'271 0.0'258 0.0262 0.0248 0.0250 

SID. DEVIATIONS 0.0000 0.0000 0.0293 O.OSS4 O.WOJ 0.0593 
o.0613 o.0606 o.osn o.o5ss o.os.54 o.o5s9 

PERCOLATION FROM LA YER 7 

TOTALS 0.<>447 0.0410 0.0447 0.0432 0.0445 0.0430 
0.0444 0.0443 0.0428 0.0442 0.0427 0.0441 

sm. DEVIATIONS 0.0011 0.0016 0.0013 0.0012 0.0013 0.0012 
0.0013 0.0013 0.0012 0.0013 0.0012 0.0013 

····························································$·········· A VERAOE ANNUAL TOTALS cl: (S1D. DE' A 110NS) FOR YF.ARS 19881HROUOH 1993 
---------~ --------------------------------- ------------

(INCHES) (CU. Ff.) PERCENT 

PRECIPITATION 13.n < 2.695) 3614625. 100.00 
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RUNOFF 0.201 ( 0.321) 52772. 1.46 

EV APOTRA: ;s?IRATION 12.61,7 ( 2.S 10) 3325060. 91.99 

LATERAL DRAINAGE FROM 0.0001 ( 0.0002) 26. 0.00 
LAYER 3 

PERCOLATION PROM LA YFJl 4 0.2476 ( 0.5536) 64989. 1.80 

PERCOLATION FROM LA YF.lt 7 O.S23S ( 0.01SO) 137415. 3.80 

CHANGE IN WATER STORAGE 0.378 ( 1.360) 99352. 2.75 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PEAK DAll...Y VALUES FuR YEARS 1988 TIIROUGH 1993 

PRECIPITATION 

RUNOFF 

(INCHES) (CU. FT.) 

1.33 349125.0 

0.20'J S481S.7 

LA TF.RAL DRAINAGE PROM LA YER 3 0.0000 0.5 

PERCOLATION PROM LAYER 4 0.0044 1162.2 

HEADONLAYEn 4 3.6 

PERCOLATION FROM LA YER 7 0.001S 393.2 

HEAD ON LA YER 7 258.3 

SNOWWA1ER 2.53 (J6S42 l.9 

MAXIMUM VEG. SOll.. WATER (VOL/VOL) 0.3469 

MINIMUM VEG. son.. WATER (VOL/VOL) 0.13S4 
e•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PINAL WATERS10RAGEATENDOF YEAR 1993 

LAYER (INCHES) (VOL/VOL) 
1 0.92 0.1529 
2 7.95 0.1892 
3 1.85 0.1539 
4 5.16 0.4300 
s 7.96 0.1658 
6 84.SO 0.3201 
7 2.S8 0.4300 

SNOW WATER 0.00 

··························$··········································· 

• 

JO 



I 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
WHITE MESA TAD..INOS PAOLITY 
CFLL 3, WET, WITIIOUT THE LA YER 7 PVC LINER 
BLANDING 0..IMATE DATA 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

POOR GRASS 

LAYER 1 

VERTICAL PERCOLATION LAYER 
nDCKNESS • 6.00 INCHES 
POROSITY • 0.5010 VOLJVOL 
PIELD CAPACITY = 0.2837 VOJ.JVOL 
WD..11NG POINT = 0.1353 VOUVOL 
INITIAL SOIL WATER CONTENT = 0.1400 VOLJVOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000342000014 CM/SEC 

LAYER 2 

VF.RTICAL PERCOLATION LAYER 
nDCKNESS = 42.00 INCHES 
POROSITY = 0.332.S VOL/VOL 
FIELD CAPACITY = 0.2173 VOl/VOL 
Wll. TINO POINT = 0.1361 VOUVOL 
INITIAL SOIL WATER CONTENT = 0.1400 VOL/VOL 
SATURATED HYDRAULIC CONDUCTIVITY • 0.000006000000 CM/SEC 

LAYER 3 

LATERAL DRAINAGE LA YER 
nDCKNESS = 12.00 INCHES 
POROSITY = 0.3573 VOL/VOL 
FIELD CAP A.CITY = 0.1127 VOl/VOL 
WR. TINO POINT = 0.0580 VOI.JVOL 
INITIAL SOIL WATER CONTENT = 0.0600 VOL/VOL 
SATURATED HYDRAULIC CONDUCl1VITY = 0.000050000002 CM/SEC 
SLOPE = 0.57 PERCENT 
DRAINAGE LENGTH = 1750.0 FEET 

LAYER 4 

BARRIER SOR. LINF.R 
nDCKNESS = 12.00 INCHES 
POROSITY = 0.4300 VOY /VOL 
FIELD CAPACITY = 0.3663 VOI.JVOL 
Wll.11NG POINT = 0.2802 VOI.JVOL 
INITIAL SOIL WATER CONTENT = 0.4'.'00 VOL/VOL 
SATURATED HYDRAULICCONDucnvrrv = O.OOOOOOlOOOOOCM/SEC 

LAYER 5 

VF.RTICAL PERCOLATION LAYER 
nDCKNESS = 48.00 lf'JCHES 
POROSITY = 0.3325 VOUVOL 



flELD CAPACITY = 0.2173 VOLJVOL 
WR.TINO K IT = 0.1361 VOIJVOL 
INl11AL SOIL WATER CON1ENT = 0.1400 VOUVOL 
SATURA 1EO HYDRAULIC CONDUcnVITY = 0.000006000000 CM/SEC 

LAYER 6 

VERTICAL PERCOLATION LAYER 
nDCKNESS = 264.00 INCHES 
POROSITY = 0.3325 VOIJVOL 
FIELD CAPACITY = 0.2173 VOL/VOL 
WR. TINO POINT = 0.1361 VOIJVOL 
INTI1AL SOIL WATER CONTENT = 0.3300 VOI.JVOL 
SATURATED HYDRAULIC CONDUcnvrrv = O.Q00006(XXX)OO CM/SEC 

LAYER 7 

BARRIFJl son. LINER WITH FLEXIBLE MEMBRANE. LINER 
TlnCKNBSS = 6.00 INCHES 
POROSITY = 0.4300 VOIJVOL 
FIELD CAPACITY = 0.3663 VOL/VOL 
Wll. TINO POINT = 0.2802 VOL/VOL 
INITIAL SOIL WATER CON1ENT = 0.4300 VOI.JVOL 
SATURATED HYDRAULIC CONDUcnvrrY = 0.000000100000 CM/SEC 
LINER LEAKAGE PRACl10N = 1.00000000 

GENERAL C::IMULATION DATA 

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OP COVER 
EVAPORATIVE ZONB DEPTH 

= 87.21 
= 3150000. SQ FT 

= 28.00 INCHES 
= 10.3210 INCHES 

3.9200 INCHF.S 
UPPER LIMIT VEG. STORAGE 
INl11AL VBO. STORAOE = 
INI11AL SNOW WATER CONTENT 
INITIAL TOTAL WATER STORAGE IN 

= 0.0000 INCHF.S 

SOIL AND WASTE LA YFJlS = 109.0200 INCHES 

son.WATER CONTENT INTl1A1J7JID BY USER. 
CT.IMA 10L0GICAL DATA 

USF.ll SPliUPlED RAINFALL wrrH SYNTIIETIC DAILY TEMPERATURES AND 
SOLAR RAJMATION FOR MILfORD trrAH 
MAXIMUM LEAP AREA INDEX = 1.60 
START OP GROWING SEASON (JULIAN DATE) :: 138 
P.ND OP GROWING SEASON (JULIAN DATE) = 276 

NORMAL MEAN MONTHLY TEMPERATIJRF.S, DP.OR.BES PAHRP.NHEIT 
JAN/JUL FEB/AUO MAR/SEP APR/OCT MAY/NOV JUN/DEC 

26.40 32.10 38.20 46.30 55.90 65.80 
74.30 72.10 62.60 50.30 36.80 28.20 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
MONTHLY TOTALS R>R YEAR 1988 

2 



JAN/JUL FEB/AUO MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION (INCHES) 1.60 0.50 0.02 0.78 1.27 1.40 
0.64 I. 70 1.06 0.10 1.04 0.85 

RUNOPP (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 o.ono 0.000 

EV APOTRANSPIRA TION 1.003 1.175 0.020 ~ .276 0.569 2.174 
(INCHES) 0.834 1.644 !.388 0.100 0.306 0.395 

LATERAL DRAINAGE PR.OM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 3 {INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION PROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION PROM 4.2828 3.4955 3.2217 2.6811 2.3827 1.9828 
LAYER 7(1NCHES) l.7622 l.5117 1.2580 l.1180 0.9304 0.8268 

MONTHLY SUMMARIES FOR DAll. Y HEADS 

AVO. DAll. Y HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OP DAR. Y HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LA YP.R 4 (INCffa) 0.00 0.00 0.00 0.00 0.00 0.00 

AVO. DAILY HEAD ON 239.42 205.56 176.41 lS0.86 128.91 110.01 
LAYER 7 (INCHES) 93.n 79.59 61.(I) 57.30 48.43 40.82 

STD. DEV. OP DAR. Y HEAD 11.()2 8.91 8.20 6.83 6.CY7 5.05 
ON LA YP.R 7 (INCffa) 4.49 3.85 3.20 2.85 2.37 2.10 

··········$········~··················································· ANNUAL TOTALS FOR YEAR 1988 

(INCHES) (CU. Fl'.) PERCENT 

PRECIPITATION 

RUNOFP 

EVAPOTRANSPIRATION 

10.96 21noo1. 100.00 

0.000 0. 0.00 

9.88S 2594n9. 90.19 

LA TFRAL DRAINAGE FROM LA YER 3 0.0000 0. 0.00 

0. 0.00 PERCOLATION PROM LA YER 4 

PERCOLATION PROM LA YER 7 

CHANGE IN WATER STORAGE 

0.0000 

25.4537 6681596. 232.24 

-24.379 -6399377. • ••••• 

S0ll. WATERATSTARTOPYEAR 109.()2 28617752. 

3 



• 

SOD..WATERATENDOPYEAR 84.64 22218374. 

SNOW WATER AT START OP YEAR 0.00 0. 

StcOW WATF.R AT END Of YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 3. 0.00 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

MONTID..YTOTALSFORYEAR1990 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION (INCHES) 1.11 0.38 0.57 0.80 0.85 1.13 
1.91 0.80 1.69 1.82 1.43 0.90 

RUNOFF (INCHES) 0.000 0.()()() 0.000 0.000 0.007 0.027 
0.000 0.000 0.000 0.0'29 0.000 0.000 

EVAPOTRANSPIRA110N 0.788 1.136 0.5<,6 0.413 1.864 0.758 
(INCHES) 2.272 0.908 1.597 1.707 1.245 0.648 

LATERAL DRAINAOE PROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YF.R 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLA 110N PROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION PROM 0.7093 0.5536 0.5298 0.4409 0.3918 0.3261 
LA YF.R 7 (INCHES) 0.2898 0.2486 0.2069 0.1839 0.1530 0.1360 

-----------------·----··-··-· -·-· ·-·-· -·-·. ·-·-··-------
MONTIIL Y SUMMARIES FOR DAILY HEADS 

--------- ----------------
A VO. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YER 4 (INCHES) 0.00 0.00 0.00 O.<Y\ 0.00 0.00 

STD. DEV.OF DAILY HEAD 0.00 0.00 0.00 U.00 0.00 0.00 
ON LA YF.R 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

AVO.DAILYHEADON 34.16 28.70 24.00 19.80 16.19 13.0I 
LAYER 7 (INCHES) 10.41 8.0S 6.10 4.41 2.95 1.70 

STD. DEV.OP DAILY HEAD un 1.41 1.35 1.12 1.00 0.83 
ON LA YF.R 7 (INCHES) 0.74 0.63 0.53 0.47 0.39 0.35 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
ANNUAL TOTALS FOR YEAR 1990 

···-----------------------------
(INCHES) (CU. Fl'.) PERCENT 

PRECIPITATION 

RUNOFF 

EVAPOTRA.NSPIRA110N 

13.39 3514875. 100.00 

0.063 16508. 0.47 

13.902 3649268. 103.82 
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L.ATF.RAL DRAINAGE FROM LA YER 3 0.0000 0. 0.00 

PERCOLATIO~ FROM LA YFR 4 

PERCOLATION FROM LA YER 7 

CHANGE IN WATER STORAGE 

0.0000 0. 0.00 

4.1697 1094534. 31.14 

-4.74S -124S433. -35.43 

SOIL WATER ATSTARTOPYE.\R 84.64 22218374. 

SOIL WATERATENDOFYEAR 79.90 20972942. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OP YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 -1. 0.00 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

MONTHLY TOTALS POR YEAR 1991 

JAN/JUL FEB/AUG MAR/SEP APRJ0CT MAY/NOV JUN/DEC 

PRECJPITATION (INCHES) 1.22 0.4S 1.40 0.01 0.49 O.OS 
1.20 1.18 1.32 1.41 l.S8 1.43 

RUNOFP (INCHES) 0.018 0.000 0.008 0.000 0.000 0.000 
0.000 0.000 0.008 0.000 0.040 0.000 

BVAPOTRANSPIRATION 1.306 O.S88 1.407 0.366 0.094 0.384 
(INCHES) 0.822 1.620 1.312 0.266 1.047 0.858 

LA TBRAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 3 (INCHES) O.<XX>O 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION f'ROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 4 (INCHES) O.<XX>O 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION f'ROM 0.1166 0.0128 0.0000 0.0000 0.0000 0.0000 
LA YER 7 (INCHES) O.<XX>O 0.0000 0.0000 0.0000 0.0000 0.0000 
-----·• •••••••• I a •••- -------

MONTHLY SUMMARIES POk DAILY HEADS 
-·-·--· -----------------

A -.,·o. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OP DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LA YER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

AVO. DAILY HE.ADON O.tiO 0.0• 0.00 0.00 J.00 0.00 
LA YER 7 (INCHES) 0.00 0.00 O.CO 0.00 0.00 0.00 

STD. DEV. OP DAILY HEAD 0.30 O.O'Z 0.00 0.00 0.00 0.00 
ON LA YER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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ANNUAL lOTALS FOR YEAR 1991 

(lNCHF.S) (CU. PT.) PERCENT 

PRECIPITATION 

RUNOPP 

11.74 3081750. 100.00 

0.074 19552. 0.63 

EV APOTRANSPIRA TION 10.071 2643531. 85.78 

LATERAL DRAINAGE FROM LA YER 3 0.0000 0. 0.00 

PERCOLATION FROM LA YER 4 

PERCOLATION FROM LA YER 7 

0.0000 0. 0.00 

0.1295 33984, 1.10 

CHANOE IN WATER STORAGE 1.465 384684. 12.48 

SOR. WATER AT ST ART OP YEAR 79.90 20972942. 

SOU.. WA'IF.R AT BNDOPYBAR 81.25 21327820. 

SNOW WATER AT START OP YF.AR 0.00 0. 

SNOW WATER AT END OP YEAR 0.11 29804. 

ANNUAL WATER BUDGET BALANCE 0.00 -1. 0.00 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

MONTHLY TOTALS FOR YEAR 1992 
-----------·------·--·-··-··-··-· ·-·-···-----·--

JAN/JUL PBB/AUO MAR/SEP APRJ0CT MAY/NOV JUN/DEC 

PRECIPITATION (INCHPS) 0.82 l.S4 1.85 0.11 2.33 0.29 
2.20 1.26 0.90 1.24 0.27 2.29 

RUNOFF (INCHES) 0.000 0.001 0.000 0.000 0.017 0.000 
0.075 0.000 0.000 0.000 0.000 0.002 

EVAPOTRANSPIRATION 0.843 1.590 1.879 1.221 1.556 1.144 
(INCHES) 3.022 0.935 1.227 0.370 0.440 1.062 

LATERAL DRAINAGE PROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 3 (INCHF3) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PER.COLA TION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PER.COLA TION PROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 7 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

·----------------------------------------------------------------
MON111L Y SUMMARJF.S FOR DAB.. Y HEADS 

··-···-··-··-···----------·--·-----·--
AVG. DAR. Y HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 
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STD. DEV. Of DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LA YF.R 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

A VO. DAU.. Y HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV.Of DAll..Y HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LA YBR 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
ANNUAL TOf ALS FOR YEAR 1992 

(INCHES) (CU. PT.) PERCENT 

PRBCJPIT A TION 

RUNOFP 

BVAPOTRANSPIRATION 

15.10 3963750. 100.00 

0.095 25025. 0.63 

15.290 40135S4. 101."S 

LATERAL DRAINAGE FROM LA YER 3 0.0000 

PERCOLATION PROM LAYF.R 4 

PERCOLATION PROM LA YER 7 

0.0000 

0.0000 

o. 0.00 

0. 0.00 

l. 0.00 

CHANOB IN WA TBR STORAOB -0.285 -74830. -1.89 

SOU.. WATER AT ST ART OF YEAR 81.25 21327820. 

SOU.. WATER AT END OP YEAR 81.07 21281408. 

SNOW WATER AT ST ART OP YEAR 0.11 29804. 

SNOWWATERATENDOFYEAR 0.01 1387. 

ANNUAL WATER BUDOfil'BALANCB 0.00 o. 0.00 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

MONTHLY TOTALS FOR YEAR 1993 
----·----------

J~JUL FEB/AUG MAR/SEP APRJ0CT MAY/NOV JUN/DEC 

PRECIPITATION {INCIB) 5.31 3.73 0.73 0.59 1.62 0.12 
0.01 1.79 0.83 1.43 1.08 0.42 

RUNOFF (INCHES) 0.283 0.489 0.000 0.000 0.000 0.000 
o.cm 0.000 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 0.9SO 1.452 1.732 1.304 0.833 0.995 
(INCHES) 1.476 1.276 1.050 1.533 1.219 0.368 

LATERAL DRAINAOEFROM 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 
LA YER 3 (INCHES) 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 
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PERCOLATION FROM 0.0000 0.0000 0.0654 0.1240 0.1348 0.1326 
LAYER 4 (INCHES) 0.1370 0.1356 0.1291 0.1308 0.1238 0.1249 

Pl .RCOLA TION FROM O 0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 7 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

----··--·---------------·--·-----------------·--
MONTHLY SUMMARIES FOR DAILY HEADS 

--·--·--·--- .. ---·-···--·····------------------
A VO. DAILY HEAD ON 0.00 0.00 0.64 2.62 3.36 3.59 
LAYER 4 (INCHES) 3.59 3.42 3.17 2.87 2.55 2.20 

STD. DEV. OF DAILY HF.AD 0.00 0.00 0.69 0.35 0.12 0.03 
ON LA YER 4 (INCHES) 0.03 0.06 0.08 0.09 0.10 0.10 

AVO. DAD.. Y HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DBV. OP DAD.. Y HF.AD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LA YER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

···················································*··················· ANNUAL TOTALS FOR YEAR 1993 
.... ---------------------------------------------

(INCHES) (CU. Fl'.) PER.CENT 

PRECIPITATION 

RUNOFF 

17.66 4635750. 100.00 

0. 772 'JJ1J.776. 4.37 

BV APOTRANSPIR.A TION 14.187 37241fJ6. 80.34 

LATERAL DRAINAGE PROM LA YER 3 0.0005 131. 0.00 

PERCOLATION FROM LA YER 4 

PERCOLATION PROM LA YER 7 

CHANGE IN WATER. STORAGE 

1.2379 324945. 7.01 

0.0000 11. 0.00 

2.700 708667. 15.29 

SOIL WATER.ATSTARTOPYEAR 81.07 21281408. 

SOIL WATBRATBNDOFYEAR 83.78 21991462. 

SNOW WATER AT START OP YEAR 0.01 1387. 

SNOWWATERATENDOPYEAR 0.00 0. 

~NL 'L WATER BUDGET BALANCE 0.00 -1. 0.00 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

AVERAGE MONTHLY VALUES IN INCHP3 POR YEARS 1988 TimOUGH 1993 
---------------------------·---·--··-------------

JAN/JUL FEB/AUG MAR/SEP APRJOCT MAY /NOV JUN/DEC 

PRF.CIPIT ATION 
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TOTALS 2.01 1.32 0.91 0.46 1.31 0.60 
1.19 1.35 1.16 1.20 1.08 1.18 

STD. DEVIATIONS 1.86 1.43 0.72 0.37 0.71 0.62 
0.90 0.40 0.35 0.65 0.51 0.72 

RUNOFF 

TOTALS O.otiO 0.098 0.002 O.<XX> 0.005 0.005 
0.015 0.000 0.002 o.006 o.ooa 0.000 

STD. OBVIATIONS 0.125 0.219 0.()()4 0.000 0.007 0.012 
0.034 0.000 0.003 0.013 0.018 0.001 

EV AP0TRANSP1RA110N 

TOTALS 0.978 1.188 1.121 0.716 0.983 1.091 
1.685 1.277 1.315 0.795 0.851 O.li66 

STD. DEVIATIONS 0.202 0.385 0.798 O.SO'l 0.723 0.670 
0.954 0.355 0.202 0.761 0.446 0.298 

LA 11:RAL DRAINAGE FROM LA YFJl 3 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 o.cooo 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM LA YER 4 

TOTALS 0.0000 0.0000 0.0131 0.0248 0.0270 0.0265 
0.0274 0. 1271 0.0258 0.0262 0.0248 0.0250 

STD. DEVIATIONS 0.0000 0.0000 0.029) 0.0554 0.()6()3 0.0593 
0.0613 0.0606 0.0577 0.0585 O.OSS4 0.0559 

PERCOLATION FROM LA YER 7 

TOTALS U>218 0.8124 0.7503 0.6244 0.5549 0.4618 
0.4104 0.3S21 0.2930 0.2604 0.2167 0.1926 

STD. DEVIATIONS 1.8466 1.5186 1.4005 1.1655 1.0358 0.8619 
0.76(,() 0.6571 0.5469 0.4860 0.4044 0.3.S94 

-

$ ..................................................................... . 

AVPJtAOB ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1988 THROUGH 1993 
-----,-----··· ...... ·----

PRECIPITATION 

RUNOFP 

(INCHES) (CU. Fl'.) PERCENT 

13.77 ( 2.695) 3614625. 100.00 

0.201 ( 0.321) S2772. 1.46 
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EV APOTRANSPlRA TION 12.667 ( 2.510) 3325060. 91.99 

LATERAL DRAINAGE FROM 0.0001 ( 0.0002) 26. 0.00 
LAYER 3 

PP.RCOLA TION FROM LA YER 4 0.2476 ( 0.5536) 64989. 1.80 

PERCOLATION FROM LA YER 7 5.9506 (11.0482) 1562025. 43.21 

CHANGE IN WATER STORAGE -5.049 (11.168) -1325258. -36.66 

······································································~ PEAK DAD.. Y V ALUP.S FOR YEARS 1988 lllROUGH 1993 

PRECIPITATION 

RUNOFF 

(INCHES) (CU. PT.) 

1.33 349125.0 

0.209 54815.7 

LA TF.RAL DRAINAGE FROM LA YER 3 0.0000 0.5 

PERCOLATION PROM LA YER 4 0.0044 1162.2 

HEADONLAYER 4 3.6 

PERCOLATION FROM LAYER 7 OJ481 38869.1 

HEAD ON LA YER 7 257.9 

SNOW WATER 2.53 665421.9 

MAXIMUM VEG. son. WA TP.R (VOI.JVOL) 0.3469 

MINIMUM VEG. son. WATER (VOIJVOL) 0.1354 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

FINAL WATER STORAGE AT END OF YEAR 1993 

LA YER (INCHES) (VOIJVOL) 
------· 

1 0.92 0.1529 
2 1.9S 0.1892 
3 I.BS O.IS39 
4 S.16 0.4300 
5 7.96 0.1658 
6 57.37 0.2173 
7 2.58 0.4300 

SNOW WATER 0.00 

·······~······························································ 
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••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
WHITE MESA TAil.JNOS PACJUTY 
CELL 3, WET, INCLUDING LA YER 7, PVC LINER 
~ YEARS ORAND JUNCJ10N WMA TE DATA 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

POORORASS 

LAYER I 

VF.RTICAL PERCOLATION LA YER 
TIDCJCNmS = 6.00 INCHES 
POROSITY = 0.5010 VOIJVOL 
FIELD CAPACITY = 0.2837 VOUVOL 
WU.. TINO POINT = 0.1353 VOL/VOL 
INl'l1AL SOIL WATER CON'll!NT 111 0.1400 VOL/VOL 
SATURATED HYDRAULIC CONDucnvrrY • 0.000342000014 CM/SEC 

LAYER 2 

VERTICAL PERCOLATION LA YER 
TIDCJCNmS = 42.00 INCHES 
POROSITY = 0.3325 VOIJVOL 
FIELD CAPACITY = 0.2173 VOIJVOL 
WU.. TINO POINT = 0.1361 VOIJVOL 
INl'l1AL SOIL WATER CON'll!NT a 0.1400 VOL/VOL 
SATURA nm HYDRAULIC CONDUcnvrrv = 0.000006000000 CM/SBC 

LAYER 3 

LATERAL DRAINAOE LA YER 
TIDCKNBSS = 12.00 INCHES 
POROSITY = 0.3573 VOIJVOL 
FIBLD CAPACITY = 0.1127 VOUVOL 
WD.. TINO POINT = 0.0580 VOL/VOL 
IN1TJAL SOIL WATER CONTENT = 0.0600 VOL/VOL 
SA TURA TSO HYDRAULIC CONOUcnvrrY • 0.000050000002 CM/SBC 
SLOPE = 0.57 PERCENT 
DRAINAGBLBNOTH = 1750.0FBET 

LAYER 4 

BARRIER SOD.. LINER 
TIDCKNBSS = 12.00 INCHES 
POROSl1Y • 0.4300 VOL/VOL 
FIELD CAPACITY • 03663 VOIJVOL 
WD.. TINO POINT • 0.2802 VOlJVOL 
INITIAL SOIL WATER CONTENT = 0.4300 VOl/VOL 
SATURATED HYDRAULIC CONDUC11VrrY = 0.000000100000 CM/SBC 

LAYER 5 

VERTICAL PERCOLATION LA YER 
THICKNESS = 48.00 INCHES 
POROSITY = 0.3325 VOL/VOL 

1 



FIELD CAPACITY = 0.2173 VOUVOL 
WR.TINO POINT s 0.1361 VOUVOL 
INmAL SOIL WATER CON'IBNT = 0.1400 VOUVOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000006000000 CM/SEC 

LAYER 6 

VERTICAL PERCOLATION LA YER 
TIDCKNESS • 264.00 INCHES 
POROSITY = 0.3325 VOUVOL 
FIELD CAPACITY • 0.2173 VOUVOL 
WR.TINO POINT • 0.1361 VOUVOL 
1NmAL SOIL WATER CON1ENT = 0.3300 VOI./VOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000006000000 CM/SBC 

LAYER 7 

BARRJP.R SOU.. LINER WITH FLEXIBLB MEMBRANE LINER 
TIDCKNESS = 6.00 INCHES 
POROSITY = 0.4300 VOL/VOL 
PIBLD CAPACITY = 0.3663 VOUVOL 
WR. TINO POINT • 0.2802 VOUVOL 
IN111AL SOIL WATER CONTENT = 0.4300 VOUVOL 
SATURATED HYDRAULIC CONDUC11VJTY = 0.000000100000 CM/SBC 
LINER LEAKAGE FRACl10N = 0.01000000 

GENERAL SIMULATION DATA 

• 87.21 SCS RUNOPP CUR.VB NUMBER 
TOTAL AREA OP COVER = 3150000. SQ PT 
BV APORATIVB 7.DNB DEPI1I = 28.00 INCHES 

= 10.3210 INCHES UPPFJl LIMIT VEG. STORAGE 
INITIAL VBG. STORAGE = 
INJ11AL SNOW WATER CONTENT 
INITIAL 'IOTAL WATER S10RAGE IN 

3.9200 INCIIP.S 
= 0.0000 INCHP.S 

SOILANDWASTBLAYERS • 109.02001NCHBS 

SOR. WATER CONTENT INITIAi IZED BY USER. 

WMATOLOOICAL DATA 

SYN'lllB11C RAINPALL Wl11f SYNTHE11C DAILY TEMPERA TURES AND 
SOLAR RADIATION R>ll GRAND JUNCTION COLORADO 

MAXIMUM LEAF AREA INDEX = 1.W 
START OP GROWING SEASON (JULIAN DATE) • 116 
END OP OROWINO SEASON (JULIAN DATB) = 288 

NOR.MAL MEAN MONTHLY TBMPERAllJRBS, DBORBES PAHRBNHEIT 
JAN/JUL PEB/AUO MARJSEP APRJOCT MAY/NOV JUNJDBC 

15.50 33.50 41.90 51.70 62.10 72.30 
78.90 75.90 67.10 54.90 39.60 28.30 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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A VFRAOB MONTHLY VALUES IN INCHES FOR YEARS 1 THROUOH 20 

JAN/JUL PEB/AUO MAR/SEP APR/OCT MAY /NOV JUN/DEC 

PRECJPIT A 110N 

TOTALS 0.72 0.54 0.60 0.73 0.57 0.39 
0.52 0.96 0.73 0.88 0.73 0.56 

STD. DBVIA TIONS 0.40 0.26 0.28 0.44 0.43 0.22 
0.37 0.42 0.71 0.44 0.42 0.36 

RUNOFF 

TOTALS 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

STD. DBVIA TIONS 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.001 0.001 0.000 0.000 

EVAPOTRANSPIRATION 

TOTALS 0.555 0.718 0.704 0.747 0.736 0.577 
0.513 0.907 0.719 0.697 0.517 0.539 

STD. OBVIATIONS 0.192 0.260 0.285 0.467 0.411 0.327 
0.327 0.440 0.668 0.482 0.239 0.194 

!.A TERAL DRAINAGE FROM LA YFJl 3 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 U.()'()() 0.000() 0.0000 0.0000 0.0000 

PERCOLATION·FROM LAYER 4 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

sm. DBVIA TIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERC(J! A TION FROM LA YP.R 7 

TOTALS 0.0393 0.0358 0.0392 0.0379 0.0391 0.0378 
0.0390 0.0389 0.0376 0.0388 0.0375 0.0387 

STD. OBVIATIONS 0.0041 0.0038 0.0042 0.0040 0.0042 0.0040 
0.0041 0.0041 0.0040 0.0041 0.0040 0.0041 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
A VER.AGE ANNUAL TOJ'ALS cl (STD. OBVIATIONS) FOR YEARS 1 THROUGH 20 

(INCHES) (CU. PT.) PERCENT 
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PRECIPITATION 

RUNOFF 

7.94 ( 1.572) 2084906. 100.00 

0.000 ( 0.001) 122. 0.01 

EV APOTRANSPIRATION 

LATERAL DRAINAGE FROM 
LAYER 3 

7.929 ( 1.452) 2081472. 99.84 

0.0000 ( 0.0000) 0. 0.00 

PERCOLATION FROM LA YER 4 0.0000 ( 0.0000) 0. 0.00 

PERCOLATION FROM LAYER 7 0.4597 (0.0487) 120661. 5.79 

CHANGE IN WATER STORAOB -0.447 ( 0.832) -117348. -5.63 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PEAK DAILY VALUES FOR YEARS 1 TIIROUGH 20 

PRECIPITATION 

RUNOFF 

(INCHES) (CU. Ff.) 

0.91 238875.0 

0.006 1572.3 

LATERAL DRAINAGE FROM LA YER 3 0.0000 0.0 

PERCOLATION FROM LA YER 4 0.0000 0.0 

HEAD ON LA YER 4 0.0 

PERCOLA. "ROMLAYER 7 0.0015 393.2 

HEAD O •• -· . {ER 1 258.3 

SNOWWATER 0.67 175610.8 

MAXIMUM VEG. SOIL WATER (VOUVOL) 0.2232 

MINIMUM VEG. SOIL WATER (VOlJVOL) 0.1356 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PINAL WATER STORAOB AT BND OP YEAR 20 

LA YER (INCHPS) (VOI.JVOL) 

I 1.18 
2 5.80 
3 0.72 
4 5.16 
5 6.72 
6 77.93 
7 2.58 

SNOW WATER 

0.1961 
0.1380 
0.()(JO() 

0.4300 
0.1400 
0.2952 
0.4300 

0.00 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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• 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
WHITE MESA TAalNOS FACU..ITY 
CELL 3, WET. WITHOUT PVC LA YER 7 
20 YEARS ORAND JUNCTION O..IMATE DATA 

········~······························································ POORORASS 

LAYER ! 

VF.RTICAL PERCOLATION LA YER · 
nDCKNESS = 6.00 INCHF.S 
POROSITY = 0.5010 VOL/VOL 
FIELD CAPACITY = 0.2837 VOL/VOL 
WR.TINO POINT = 0.1353 VOL/VOL 
INITIALSOIL WATER.CONTENT = 0.1400VOUVOL 
SAnJRA TED HYDRAULIC CONDUC11Vfl'Y == O.ooo342000014 CM/SEC 

LAYER 2 

VF.RTICAL PER.COLA TION LA YER 
TIUCKNESS = 42.00 INCHES 
POROSITY = 0.3325 VOL/VOL 
FIELD CAPACITY = 0.2173 VOUVOL 
WILTINO POINT == 0.1361 VOL/VOL 
INITIAL SOIL WATERCOf'rrENT = 0.1400VOUVOL 
SATURATED HYDRAULIC CONDUCTIVITY = O.C>OOOO(,()()() CM/SEC 

LAYER 3 

LATERAL DRAINAGE LA YER 
THICKNESS = 12.00 INCHES 
POROSITY = 0.3573 VOL/VOL 
FIEI..DCAPACITY = 0.1127 VOUVOL 
WIL TINO POINT = 0.0580 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0600 VOUVOL 
SATURATED HYDRAULIC CONDUCJlVITY = 0.00005000000'2 CM/SBC 
SLOPE = 0.57 PERCENT 
DRAINAGE LENG1ll = 1750.0 PF.ET 

LAYF.R 4 

BARRIER SOIL LINF.R. 
TIDCKNF.SS = 12.00 INCHES 
POROSITY :ic 0.4300 VOUVOI., 
Pl.ELD CAPACITY • 0.3663 VOL/VOL 
W1L TINO POINT • 0.2802 VOI.JVOL 
INfflAL SOIL WATER CONTENT = 0.4300 VOUVOL 
SA nJRA TED HYDR ".ULIC CONDUCilVITY = 0.000000100000 CM/SEC 

LAYER 5 

VF.RTICAL PERCOLATION LA YF.R 
TIUCKNESS = 48.00 INCHES 
POROSITY = 0.3325 VOUVOL 



FIELD CAPACllY = 0.2173 VOUVOL 
WR.TING POINT = 0.1361 VOUVOL 
INl11AL SOIL WATER CONTENT = 0.1400 VOUVOL 
SATURATED HYDRAULIC CONDUCl1VITY = 0.000006000000 CM/SEC 

LAYER 6 

VERTICAL PERCOLATION LAYEil 
TIDCKNESS • 264.00 INCHES 
POROSITY = 0.3325 VOIJVOL 
FIELD CAPACITY = 0.2173 VOIJVOL 
WU.TINO POINT = 0.1361 VOUVOL 
IN1TIAL SOIL WATER CONTENT = 0.3300 VOLJVOL 
SATURATED HYDRAULIC CONDUCllVrrY = 0.000006000000 CM/SEC 

LAYER 7 

BARRJF.R SOIL LINF.R W111I PLEXIBLE MEMBRANE LINER 
TIDCKNESS = 6.00 INCHES 
POROSITY = 0.4300 VO(JVOL 
PIELD CAPACITY = 0.3663 VOI.JVOL 
WU.TINO POINT = 0.2802 VOUVOL 
INITIAL SOIL WATER CONlENT • 0.4300 VOLJVOL 
SATURATED HYDRAULIC CONDUCl1VrrY = 0.000000100000 CM/SEC 
LINF.R LEAKAGE FRACJ10N = J .00000000 

OENF.RAL SIMULATION DATA 

= 87.21 SCS RUNOPP CURVE NUMBER 
TOTAL AREA OP COVER = 3150000. SQ PT 
EV APORATIVB ZONE DEFl1I = 28.00 INCHES 

= 1032101NCHF.S UPPFJl LIMIT VEO. STORAGE 
IN111AL VEG. STORAGE = 
INITIAL SNOW WATE.R CONTENT 
INl11AL TOTAL WA 1ER S10RAO~ IN 

3.9200IN~ 
= 0.0000 INCHES 

SOIL AND WASTE LA YEtS ~ 109.0'lOO INCHES 

SOIL WATER CONTENT INJ11A.Ll7lID BY USF.R. 
CLIMATOLOGICAL DATA 

SYN11IE11C RAINPAU.. Wl11I SYN'lltETIC DAD.. Y TEMPERA 11.JRF.S AND 
SOI.AR RADIATION FOR GRAND JUNCTION COLORADO 

MAXIMUM LEAF AREA INDEX = 1.60 
STARTOPOROW1NOSEASON (ruLIAN DATE)= 116 
Fm> OP OROWINO SEASON (JULIAN DA'IE) = 288 

NORMAL MEAN MON1lfL Y TEMPERATIJRES, DEGREES FAHRENHEIT 
JAN/JUL fEB/AUO MAR/SEP APRJOCT MAY/NOV JUN/DEC 

25.50 33..50 41.90 51.70 62.10 72.30 
~~ "~ ~w ~~ ~@ 21~ 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
A VEIAOE MONTHLY VALUES IN INCHES POR YEARS l THROUGH 20 
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JANflUL FEB/AUG MARJSFP APR,OCT MAY/NOV JUN/DEC 

PRECIPITATION 

TOTALS 0.72 0.54 0.60 0.73 O.S7 0.39 
O.S2 0.96 0. 73 0.88 0. 73 O.S6 

STD. DEVIATIONS 0.40 0.26 0.28 0.44 0.43 0.22 
0.37 0.42 o. 71 0.44 0.42 0.36 

RUNOFF 

TOTALS 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

STD. DEVJA TIONS 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.001 0.001 0.000 0.000 

EVAPOTRANSPIRATION 

TOTALS 0.555 0.718 0.704 0.747 0.736 0.577 
0.513 0.907 0.719 0.697 0.517 O.S39 

STD. DEVIATIONS 0.192 0.260 0.285 0.467 0.411 0.327 
0.327 0.440 0.668 0.482 0.239 0.194 

LA TBRAL DRAINAGE FROM LA YF.R 3 
·-------
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

u.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM LA YFJl 4 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVJA TIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION PROM LA YER 7 

TOTALS 0.2556 0.1978 0.1885 0.1569 0.1394 0.1160 
0.1031 0.0885 0.0736 0.0654 O.osc.t 0.0484 

STD. DEVIATIONS 0.9613 0.7599 o:n1s 0.60S4 0.5380 0.44n 
0.3979 0.34!3 0.2841 0.2S2S 0.2101 0.1867 

••••••• .. ••••••••••••••••••••••••••••••••••o••••••••••••••••••••••••••• 
A VER.AGE ANNUAL TOTALS A (STD. DEVIATIONS) FOR YEARS I THROUOH 20 
--------·-·------------

(INCHES) (CU. PT.) PERCENT 
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PRECIPITATION 

RUNOFF 

7.94 ( 1.572) 2084906. 100.00 

0.000 ( 0.001) 122. 0.01 

EV APOTRANSPJRATION 

LATERAL DRAINAGE PROM 
LAYER 3 

7.929 ( 1.452) 2081472. 99.M 

0.0000 ( 0.0000) o. 0.00 

PERCOLATION f'ROM LA YER 4 0.0000 ( 0.0000) 0. 0.00 

PERCOLATION PROM LAYER 7 1.4876 ( S.7122) 390S07. 18.73 

CHANGE IN WATER STORAGE -l.475 ( S.662) -387194. -18.57 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PEAK DAR. Y V ALUBS R>R YEARS I THROUGH W 

(INCHES) (CU. FT.) 

PRECIPITATION 

RUNOFF 

0.91 238875.0 

0.006 1572.3 

LATERAL DRAINAGE FROM LA YER 3 0.0000 0.0 

PERCOLATION f'ROM LA YER 4 0.0000 0.0 

HEAD ON LA YF.R. 4 0.0 

PERCOLATION PROM LA YER 7 0.1481 38869.1 

HEAD ON LA YER 7 257.9 

SNOW WATER 0.67 17S610.8 

MAXIMUM VEG. son. WATER (VOlJVOL) 0.2232 

MINIMUM VEG. SOR. WATER (VOlJVOL) 0.13S6 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PINAL WATER STORAOE AT F.ND OP YEAR 20 ·------·-- . .. ... ________ _ 
LA YER (INCHES) (VOL/VOL) 

1 1.18 
2 5.80 
3 0.72 
4 5.16 
S 6.12 
6 S7.37 
7 2.58 

SNOW WATER 

0.1961 
0.1380 
o.o<ioo 
0.4300 
0.1400 
0.2173 
0.4300 

0.00 

·············~························································ 
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••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
WHJTBMESA TAILINGS FACILITY 
CBlL 4, DRY, INO..UDJNG LA YER 7, PVC LINER 
BLANDING O.JMA TE DATA 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

POOR GRASS 

LAYER 1 

VERTICAL PERCOLATION LA YER 
TIDCKNBSS = 6.00 INCHES 
POROSI1Y = 0.5010 VOL/VOL 
FIELD CAPACITY • 0.2837 VOL/VOL 
Wll..TINO POINT = 0.1353 VOLIVOL 
INl11AL SOR. WATER CONTENT = 0.1400 VOL/VOL 
SATURATED HYDRAULIC CONDUCl1VrrY = 0.000342000014 CM/SEC 

LAYER 2 

VERTICAL PERCOLATION LA YER 
THICKNESS • 42.00 INCHES 
POROSl1Y = 0.3325 VOL/VOL 
FIELD CAPACITY = 0.2173 VOL/VOL 
WU.TING POINT • 0.1361 VOUVOL 
INITIAL SOR. WATER CONTENT = 0.1400 VOL/VOL 
SATURATED HYDRAULIC CONDUcnvITY = 0.<>00006000000 CM/SEC 

LAYER 3 

LATERAL DRAINAGE LA YER 
llDCKNESS • 12.00 INCHES 
POROSI1Y = 0.3573 VOL/VOL 
FIELD CAPACITY = 0.1127 VOL/VOL 
Wll. TING POINT = 0.0580 VOUVOL 
IN111AL SOD.. WATER CONTENT • 0.0600 VOUVOL 
SATURATED HYDRAULIC CONDUcnvm = 0.000050000002 CM/SEC 
SLOPS = 0.57 PERCENT 
DRAINAGE f ENGTii • 1750.0 FEET 

LAYER 4 

BARRJF'Jl SOIL LINER 
THICKNESS = 12.00 INCHES 
POROSITY • 0.4300 VOL/VOL 
Pl.ELD CAPACITY • 0.3663 VOL/VOL 
WO.. TING POINT • 0.2802 VOL/VOL 
INl11AL SOIL WATER CONTENT • 0.4300 VOL/VOL 
SA11JRATEDHYDRAWCCONDUCl1VrrY = O.OOOOOOIOOOOOCM/SEC 

LAYER 5 

Vf.RTICAL PERCOLATION LA Yf.R 
THICKNESS = 48.00 INCHES 
POROS11Y = 0.33!5 YOllYOL 



FIELD CAPACITY = 0.2173 VOUVOL 
WILTING POINT = 0.1361 VOUVOL 
INITIAL SOIL WATER CON"IENT • 0.1400 VOUVOL 
SA TIJRA TED HYDRAULIC CONDUCTIVITY = 0.000006000000 CM/SEC 

LAYF.R 6 

VF.RTICAL PER.COLA TION LA YER 
TIUCKNBSS • 264.00 INCHES 
POROSITY • 0.3325 VOL/VOL 
PIELD CAPACITY • 0.2173 VOJ.JVOL 
WILTINO POINT = 0.1361 VOUVOL 
INl11AL SOIL WATER CONTENT • 0.1400 VOUVOL 
SATIJRATED HYDRAULIC CONDUcnvrrY • 0.000006000000 CM/SBC 

LAYER 7 

BARRIF.R SOIL L:NP.R WITH FLBXIBLE MEMBRANE LINER 
TIUCKNESS • 6.00 INCHES 
POROSITY = 0.4300 VOL/VOL 
PIELD CAPACITY = 0.3663 VOUVOL 
WIL TINO POINT = 0.2802 VOI.JVOL 
INJTIAL SOIL WATER CONTENT • 0.4300 VOUVOL 
SATIJRATEDHYDRAUUCCONDUcnvrrv = O.OOOOOOIOOOOOCM/SEC 
LINER LEAKAGE FRACffON = 0.01000000 

OBNERAL SIMULATION DATA 

SCS RUNOFF CURVB NUMBER 
TOTAL AREA OP COVER 

= 87.21 
= 1650000. SQ Ff 

EV APORATIVB ZONE DEPl1f = 28.00 INCHES 
= I0.3210INCHES 

3.9200 INCHP.S 
UPPER LIMIT VBO. STORAOE 
INITIAL VP.O. STORAGE = 
INITIAL SNOW WATER CONTENT 
INfflAL lOTAL WATP.R STORAGE IN 

• 0.0000 INCHES 

SOIL AND W:AS'JB LA VP.RS • 58.8600 INCHES 

SOIL WATER CONTENT INITIALIZED BY USER. 

CLIMA'IOLOGICAL DATA 

USER SPSCIPIED RAJNPALL WITH SYN1HE11C DAILY TEMPERATURES AND 
SOLAR RADIATION POR MILfORD lJTAH 

MAXIMUM LBAP AREA INDEX • I a> 
START OP GROWINO SEASON (JULIAN DATE) a 138 
END OP OROWINO SEASON (JULIAN OATS) = 276 

NORMAL MEAN MONrHL Y TEMPER.ATURES, DEOREF.S PAHRBNHEIT 
JAN/nJl. PEB/AUO MAR/SEP APR,OCT MAY/NOV JUN/DEC 

26.~ 32.10 38.20 46.30 '5.90 6'.80 
74.30 72.10 62/JO 50.30 36.80 28.20 ........ ~ ... ···········~······································~········ 
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MONTHLY TOTALS FOR YEAR 1988 
---··-------------------------------

JAN/JUL FEB/AUG MAR/SEP APRJ0CT MAY/NOV JUN/DEC 

PRECIPITATION (INCHES) 1.60 0.50 0.02 0. 78 1.27 1.40 
0.64 1.70 1.06 0.10 1.04 0.85 

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

BV APOTRANSPIRA TION 1.()03 1.175 0.020 0.276 0.569 2.174 
(INCHES) 0.834 1.644 1.388 0.100 0.306 0.395 

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLA 110N FROM 0.0000 0.()()00 O.OCXX> 0.0000 0.0000 0.0000 
LA YER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PFRCOLA 110N FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 7 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAD.. Y HEADS 
-----·-· . ··--------·-----------
AVG. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV.OP DAILY HF.AD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LA YF.R 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

A VO. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 o.ro 
LA YER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OP DAILY HF.AD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LA YF.R 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 ....................................................................... 

ANNUAL TOTALS FOR YEAR 1988 

(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 

RUNOFP 

10.96 1507000. l00.00 

0.000 o. 0.00 

EVAPOTRANSPIRATION 9.885 1359170. 90.19 

LATERAL DRAINAOB PROM LA YER 3 0.0000 0. 0.00 

PERCOLATION FROM LA YER -1 

PERCOLATION FROM LA YER 7 

CHANOE IN WA'l'Ell STORAGE 

0.0000 o. 0.00 

0.0000 o. 0.00 

1.075 147830. 9.81 
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SOll. WATER AT ST ART OF YEAR 58.86 8093250. 

SOll. WATER AT END OP Ye.AR 59.94 8241080. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WATF.R BUDOET BALANCE 0.00 1. 0.00 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

MONTill. Y TOI' ALS FOR YEAR 1990 ____________ , __ _ ------
JAN/JUL PEB/AUO MAR/SEP APRJ0CT MAY/NOV JUN/DBC 

PRECIPITATION (INCHES) 1.11 0.38 0.57 0.80 0.85 1.13 
1.91 0.80 1.69 1.82 1.43 0.90 

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.007 0.027 
0.000 0.000 0.000 0.009 0.000 0.000 

EVAPOTRANSPIRATION 0.788 1.136 0.566 0.413 1.864 0.758 
(INCHES) 2.272 0.908 l.597 1.707 1.245 0.648 

LATERAL DRAINAOB PR.OM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION PR.OM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YPll , (INCHBS) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 7 (INCHES) 0.0000 0.0000 C' 0000 0.0000 0.0000 0.0000 

--------- ·----··-··----------------
MON11U.. Y SUMMARIES FOR DAILY HEADS 

A VO. DAll. Y HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. OBV. OP DAD.. Y HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LA YP.R 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

AVO. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OP DAD.. Y HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LA Ya 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 ....................................................................... 

ANNUAL TOTALS FOR YEAR 1990 
----------------·--

PRECIPITATION 

RUNOFF 

(INCHBS) (CU. PT.) PERCENT 

13.39 1841125. 100.00 

0.063 8647. 0.47 

4 



BV APOTRANSPIRA TION 13.902 1911521. 103.82 

LATERAL DRAINAGE FROM LA YER 3 0.0000 0. 0.00 

PERCOLATION FROM LA YER 4 0.0000 o. 0.00 

PERCOLATION FROM LA YER 7 0.0000 o. 0.00 

CHANGE IN WATER STORAGE -0.575 -79043. -4.29 

son. WATER AT START OP YEAR S9.94 8241080. 

SOD.. WATER AT END OP YEAR 59.36 8162037. 

SNOW WATER AT ST ART OP YEAR 0.00 0. 

SNOW WATER AT END Ol- YEAR 0.00 0. 

ANNUAL WATER BUDGET BAI..ANCE 0.00 o. 0.00 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

MONTHLY TOTAL: FOR YEAR 1991 

JAN/SUL FEB/AUG MARJSEP APRJOCT MAY/NOV JUN/DEC 

PRECIPITATION (INCHES) 1.22 0.45 1.40 0.01 0.49 O.OS 
1.20 1.18 1.32 1.41 1.58 1.43 

RUNOPP (INCHES) 0.018 0.000 0.008 0.000 0.000 0.000 
0.000 0.000 0.008 0.000 0.040 0.000 

EVAPOTRANSPIRATION 1.306 0.588 1.407 0.366 O.o94 0.384 
(INCHES) 0.822 1.620 1.312 0.266 1.047 0.8S8 

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PBRCOLA TION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PEllCOLA TION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YEil 7 (INCHES) 0.0000 0.0000 0.0000 0.0000 O.<Xm 0.0000 

MONTHLY SUMMARIES FOR DAD.. Y HEADS 
---·------------------------·--·-·· 
AVO. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV.OPDAD..Y HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LA YFJl 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

AVG. DAD.. Y HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OP DAO.. Y HEAD 0.00 0.00 0.00 0.00 0.00 0.00 



I 
I 
I 

ON LA YER 7 (INCHF.S) 0.00 0.00 0.00 0.00 0.00 0.00 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

ANNUAL TOTALS FOR YEAR 1991 

(INCHES) (CU. Fr.) PERCENT 

PRECIPJTA TION 

RUNOFF 

11.74 1614250. 100.00 

0.074 10242. 0.63 

EV APOTRANSPIRATION 10.071 1384707. 85.78 

LATERAL DRAINAOB FROM LA YER 3 0.0000 o. 0.00 
' 

PERCOLATION FROM LA YER 4 

PERCOLATION FROM LAYP.R 7 

CHANGE IN WATER STORAGE 

0.0000 0. 0.00 

0.0000 0. 0.00 

1.595 219302. 13.59 

son. WATERATSTARTOFYEAR 59.36 8162037. 

SOll. WATER AT END OP YEAR (i().84 836,727. 

SNOW WATER AT START OP YEAR 0.00 0. 

SNOWWATERATENDOPYEAR 0.11 1S612. 

ANNUAL WA TF.R BUDOET BALANCE 0.00 o. 0.00 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

MONTID.. Y TOTALS FOR YEAR 1992 

JAN/JUL FEB/AUG MAl<ISEP APR/OCT MA YINOV JUN/DEC 

PRECIPITATION (INCHF3) 0.82 1.54 1.85 0.11 2.33 0.29 
2.20 1.26 0.90 1.24 0.27 2.29 

RUNOPP (INCHES) OJlOO 0.001 0.000 0.000 0.017 0.000 
0.075 0.000 0.000 0.000 0.000 0.002 

EVAPOTRANSPIRATION 0.843 1.590 1.879 1.221 1..SS6 1.145 
(INCHP.S) 3.021 0.936 1.226 0.371 0.440 1.060 

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 3 (INCHES) 0.{XX)O 0.0000 0.0000 O.WX> 0.0000 0.0000 

PER.COLA TION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 4 \INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLA 110N FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 7 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

---------····---------------------.. ·----------------------------------
MONTHLY SUMMARIES fOR DAU.. Y HEADS 

6 



A VO. DAll. Y HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD.DEV.OFDAll.YHEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LA YER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

AVO. DAO.. Y HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OP DAD.. Y HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LAYf'Jt 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 
•••••••••••••••••o•~••••••••••••••••••••••••••••••••••••••••••••••••••• 

ANNUAL TOTALS FOR YEAR 1992 
···---·------------,---,·------

(INCHES) (CU. PT.) PERCENT 

PRECIPITATION 

RUNOFF 

15.10 2076250. 100.00 

0.095 13106. 0.63 

EV APOTltANSPIRA TION 1.S.290 2102365. 101.26 

LATERAL DRAINAGE FROM LA YER 3 0.0000 

PERCULATION FROM LA ffR 4 

PERCOLATION FROM LAYER 7 

0.0000 

0.0000 

0. 0.00 

0. 0.00 

0. 0.00 

CHANGE IN WATER STORAGE -0.285 -3922D. -1.89 

SOil. WATERATSTARTOPYEAR 60.84 8365727. 

SOD.. WA'JEl.tATENDOFYEAR <io.66 8341379. 

SNOWWATERATSTARTOFYEAR 0.11 15612. 

SNOW WATER AT END OP YEAR 0.01 740. 

ANNUAL WATER BUOOET BALANCB 0.00 o. 0.00 

······································~································ MON'I1D.. Y TOTALS FOR YEAR 1993 , ___________ _ 
JAN/JUL PEB/AUO MAR/SEP APRi'OCT MAY/NOV JUN/DEC 

PllECIPITATION (INCHES) 5.31 3.73 0.73 0.59 1.62 0.12 
0.01 1.79 0.83 1.43 1.08 0.42 

RUNOFP (INCHES) 0.284 0.490 0.000 0.000 0.000 0.000 
0.000 0.1)00 0.000 0.(XX) 0.000 0.000 

EVAPOTRANSPIRATION 0.950 1.449 1.728 1.303 0.837 0.996 
(INCHES) 1.475 1.277 1.048 1.S31 l.219 0.369 

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 
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LA YER 3 (INCHES) 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 

PERCOLATION f'ROM 0.0000 0.0000 0.0655 0.1240 0.1349 0.1326 
LAYER 4(1NCHBS) 0.1371 0.1357 0.1292 0.1309 0.1239 0.1250 

PERCOLATION PROM 0.0000 0.0000 0.0000 0.0000 0.00.,J O.OJOO 
LA YER 7 (INCHES) 0.0000 0.0000 0.0000 O.<XX>O 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS 

A VG. DAll. Y HEAD ON 0.00 0.00 0.64 2.62 3.36 3.60 
LAYER 4 (INCHES) 3.59 3.43 3.18 2.88 2.55 2.21 

STD. DEV. OP DAD.. Y HEAD 0.00 0.00 0.69 0.35 0.12 0.03 
ON LAYER 4 (INCHES) 0.03 0.06 0.08 O.o9 0.10 0.10 

A VG. DAll. Y HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

sm. DBV.OPDAll.Y HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LA YER 7 (INCHF.S) 0.00 0.00 0.00 0.00 0.00 0.00 

···················································~··················· ANNUAL TOTALS FOR YEAR 1993 

(INCHF.S) (CU. FT.) PERCENT 

PRBCIPfr ATION 

RUNOFF 

17.66 2428250. 100.00 

o.n4 106369. 4.38 

EV AP011lANSPIRA TION 14.183 1950185. 80.31 

LATERAL DRAINAGE f'ROM LA YER 3 0.0005 69. 0.00 

PERCOLATION FROM LA YER 4 

PERCOLATION FROM LAYER 7 

CHANOE IN WATER STORAGE 

1.2386 170301. 7.01 

0.0000 0. 0.00 

2.703 371627. 15.30 

SOll. WATER AT START OP YEAR 60.66 8141379. 

SOR. WATERATENDOPYF.AR 63.37 8713746. 

SNOWWATERATSTARTOPYEAR 0.01 740. 

SNOW WATER AT END OP YEAR 0.00 0. 

ANNUAL WATPJl BUOOET BALANCE 0.00 0. 0.00 

······························································~········ A VERAGB MONTHLY VALUES IN INCHES FOR YEARS 1988 lllROUGH 1~93 
-----------·-·--------·--·-------·-

JAN/IUL PBB/AUO MARJSEP AF'RJOCT MAY /NOV JUN/DEC 
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PRE.CIPITA TION 

TOTALS 2.01 1.32 0.91 0.46 1.31 0.60 
1.19 1.35 1.16 1.20 1.08 1.18 

sm. DEVIATIONS 1.86 1.43 o. 72 0.37 o. 71 0.62 
0.90 0.40 0.35 0.65 0.51 0.72 

RUNOFF 

TOTALS 0.0<,0 0.098 0.002 0.000 0.005 0.005 
0.015 O.OOC, 0.002 0.006 0.008 0.000 

STD. DEVIATIONS 0.125 0.219 0.004 0.000 0.007 0.012 
0.03' 0.000 0.003 0.013 0.018 0.001 

EVAPOTRANSPIRATION 

TOTALS 0.978 1.188 1.120 0.716 0.984 1.091 
1.685 1.277 1.315 0.795 0.852 0.666 

sm. DEVIATIONS 0.202 0.385 0.798 0.502 0.722 0.670 
0.954 0.355 0.202 0.761 0.446 0.298 

LATERAL DRAINAGE FROM LA YER 3 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM LAYER 4 

TOTALS 0.0000 0.0000 0.0131 0.0248 0.0270 0.0265 
0.()274 0.0271 0.0258 0.01.62 0.0248 0.0250 

STD. DEVIATIONS 0.0000 0.0000 0.0293 0.0555 0.0603 0.0593 
0.0613 0.0607 0.0578 0.0585 0.0554 0.0559 

PERCOLATION PROM LA YER 7 --- ._ .. ____ _ 
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 o.oroo 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

•••••••••••••••••••••••••••••••••••••••••••••••••o••••••••••••••••••••• 
A VERAOE ANNUAL TOr ALS ,l (STD. DEVIATIONS) 'UR YEARS 1988 mROUOH 1993 
--------·-·····--------------..... ·----------.. ·-----

{INCHF.S) (CU. PT.J PERCENT 

PRECIPITATION 13.77 ( 2.695) 1893375. 100.00 
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• 

RUNOFP 0.201 ( 0.322) 27673. 1.46 

BVAPOTRANSPIRATION 12.666 ( 2.509) 1741S90. 91.98 

LATERAL DRAINAGE FROM 0.0001 ( 0.0002) 14. 0.00 
LAYER 3 

PERCOLATION FROM LA YER 4 0.24n ( 0.5539) 34060. 1.80 

PERCOLATION FROM LA YER 7 0.0000 ( 0.0000) 0. 0.00 

CHANGBINWATERSTORAOB 0.903 ( 1.355) 124099. 6.55 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PEAK DAD..Y VALUF3 FOR YEARS 1988111ROUOH 1993 

PRECIPITATION 

RUNOFP 

(INCHES) (CU. FT.) 

1.33 182875.0 

0.2()1) 28712.2 

LA TEllAL DRAINAGE PROM LA YER 3 0.0000 0.3 

PF.RCOLATION FROM LA YER 4 0.0044 609.l 

HEAD ON LA YER 4 3.6 

PBRCOLA TION PROM LAYER 7 0.0000 

HEAD ON LA YER 7 

SNOW WATER 

0.0 

2.53 348554.3 

0.0 

MAXIMUM VEO. SOll. WATER (VOUVOL) 0.3469 

MlNIMUM VEG. son. WATER (VOUVOL) 0.1354 
•••••••••••••••••••••••••••••••••••••••••••••••••••o•••••$••••••••••••• 

FINAL WATER STORAGE AT END OP YEAR i i.'93 

LA YER (INCHPS) (VOI.JVOL) 

I 0.92 
2 7.95 
3 1.85 
4 5.16 
5 7.96 
6 36.96 
7 2.58 

SNOWWATBR 

0.1529 
0.1892 
0.1541 
0.4300 
0.1658 
0.1400 
0.4300 

0.00 

··········································~··························· 
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.. 

·······~································································ WHITE MESA TAll..JNOS FACILITY 
CELL 4, DRY, WITHOtrr LA YF.R 7 PVC UNEK 
BLANDINO CLIMATE DATA 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

POORORASS 

LAYER 1 

VERTICAL PERCOLA 110N LA YER 
TIDCKNESS • 6.00 INCHES 
POROSl1Y • 0.5010 VOUVOL 
F1ELD CAPACITY • 0.2837 VOI.JVOL 
WIL TINO POINT = 0.1353 VOL/VOL 
INITIAL SOIL WATER CONTENT 111 0. 1400 VOUVOL 
SATURATED HYDRAULICCONDUCllVITY = 0.000342000014 CM/SEC 

LAYER 2 

VERTICAL PERCOLA TIO,. LA YER 
TIUCKNESS • 42.00 INCHES 
POROSl1Y • 0.3325 VOUVOL 
P1ELD CAPACITY • 0.2173 VOUVOL 
WILTING POINT = 0.1361 VOLJVOL 
INmAL SOIL WATER CONTENT = 0.1400 VOUVOL 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000006000000 CM/SEC 

LAYER 3 

LATERAL DRAINAGE LA YER 
TIDCKN! ~S = 12.00 INCHES 
POROSITY = 0.3573 VOUVOL 
PlELD CAPACITY = 0.1127 VOI.JVOL 
WIL TINO POINT • <' .0580 VOl/VOL 
INmAL SOIL WATER CONTENT = 0.0600 VOUVOL 
SATURA TBD HYDRAULIC CONDUCllVITY • 0.000050000002 CM/SEC 
SLOPE • 0.57 PERCENT 
DRAINAOI.: ~OTH = 1750.0 FEET 

LAYP.R 4 

BARRJER SOll. LINER 
TIDCKNESS = 12.0C1 INCHES 
POROSITY • 0.4300 VOL/VOL 
FIELD CAPACITY • 0.3663 VOL/VOL 
WU.. TING POINT = 0.2802 VOLJVOL 
INITIAL SOIL WATER CON'11!NT • 0.4300 VOUVOL 
SATURATED HYDRAULIC CONDUCTIVrrY = 0.000000100000 CM/SEC 

LAYER 5 

VERTICAL PERCOLA 110N LAYER 
TIDCKNESS • 48.00 INCHES 



POROSITY = 0.3325 VOUVOL 
FIELD CAPACITY = 0.2173 VOIJVOL 
WR.TINO POINT = 0.1361 VOL/VOL 
IN111AL SOIL WATER CONTENT = 0.1400 VOUVOL 
SATURA TBD HYDRAULIC CONDUcnVITY = 0.000006000000 CM/SEC 

LAYER 6 

VERTICAL PERCOLATION LA YER 
11fJCKNESS = 264.00 INCHES 
POROSITY = 0.3325 VOL/VOL 
FIELD CAPACITY = 0.217l VOL/VOL 
Wll.. TINO POINT • 0.1361 VOL/VOL 
INITIALSOIL WATERCON'IENT • 0.1400VOL/VOL 
SATURATED HYDRAULIC CC.,NDUcnvrrv = 0.000006000000 CM/SEC 

LAYER 7 

BARRIER son. LINF.R W1TII FLEXIBLE MEMBRANE LINER 
TIDCKNFSS = 6.00 INCHES 
POROSITY = 0.4300 VOUVOL 
FIELD CAPACITY = 0.3663 VOlJVOL 
wn.. TINO POINT = 0.2802 VOUVOL 
INITIAL SOIL WATER CON'JENT • 0.4300 VOl/VOL 
SATURATED HYDRAULIC CONDUCllVITY = 0.000000100000 CM/SEC 
LINER LF.AKAGE FRACTION = 1.00000000 

GENERAL SIMULATION DATA 

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE 1.0NE DEPTH 

= 87.21 
= 16SOOOO. SQ FT 

= 28.00 INCHES 
= 10.3210 INCHF.S 

3.9200 JNCHF.S 
UPPER LL\flT VEO. STORAGE 
INITIAL VEG. STORAOE = 
INITIAL SNOW WATER CONTENT 
INITIAL TOTAL WATER STORAGE IN 

= 0.0000 INCHF.S 

SOIL AND WASTE LA VF.RS = S8.8<JOO INCHES 

SOIL WATER CONTENT INITIAi IZED BY USER. 

CLIMATOLOOICAL DATA 

USER SPBCIPIED RAINFAU. WITH SYN1l1ETIC DAILY TEMPERATIJRES AND 
SOLAR RADIATION R>R MILfORD l1T AH 

MAXIMUM LEAP AREA INDEX = 1.fJO 
START OP GROWING SEASON (JULIAN DATE) = 138 
END OP GROWING SEASON (JULIAN DATE) = 276 

NORMAL MEAN MONTHLY TBMPERAllJRES, ~ FAHRENHEIT 
JAN/JUL PEB/AUG MAR/SEP APRJ0CT MAY/NOV JUN/DEC 

26.40 32.10 38.20 46.30 SS.90 65.80 
74.30 72.10 62.60 S0.30 36.80 28.20 
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~······································································ MONTHLY TOTALS FOR YEAR 1988 

JAN/JUL PEB/AUO MAR/SEP APRJ0CT MAY/NOV IUN/DEC 

PRECIPITATION (INCHES) 1.60 O.SO 0.02 0.78 1.27 1.40 
0.64 1.70 1.06 0.10 1.()4 0.85 

RUNOPP (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

BVAPOTRANSPIRATION 1.003 1.175 0.020 0.276 0.569 2.174 
(INCHES) 0.834 1.6W 1.388 0.100 0.306 0.395 

LA TEllAL DRAINAGE PROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YBR 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLA 110N FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 7 (INCHES) 0.0000 O.(XX)() 0.0000 0.000(' •l.0000 0.0000 

MONTID.. Y SUMMAIUBS FOR DAILY HEADS 

AVO. DAILY HBAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

sm. DEV. OP DAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LA YER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

A VO. DAILY HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

sm. DBV.OFDAILY HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LA YF.R 7 (INCHa) 0.00 0.00 0.00 0.00 0.00 0.00 

··················································~···················· ANNUAL TOTALS POR YEAR 1988 __________ .. _______________ _ 
(lNCHBS) (CU. PT.) PERCENT 

PRECIPITATION 

RUNOFF 

10.96 1507000. 100.00 

0.000 o. 0.00 

EV APOTRANSPIRA 110N 9.885 1359170. 90.19 

LATERAL DRA!NAOB FROM LA YER 3 0.0000 0. 0.00 

Plm.COLATION PROM LA YER 4 

Pf.R.COLATION PROM LA YER 7 

CHANOE IN WATER STORAOB 

0.0000 0. 0.00 

0.0000 0. 0.00 

1.075 147830. 9.81 
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SOIL WATER AT ST ART OP YEAR 58.86 8093250. 

SOILWA'IERATENDOPYEAR 59.94 8241080. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WA TPR BUDGET BALANCE 0.00 I. 0.00 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

MONTifl.. Y TOTALS FOR YEAR 1990 
·~~-----------..---

JAN/JUL FEB/AUG MAR/SEP APRJOCT MAY/NOV 1UN/DBC 

PRF.clPITATION (INCHES) 1.11 0.38 0.57 0.80 0.85 1.13 
1.91 0.80 1.69 1.82 1.43 0.90 

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.007 0.027 
0.000 0.000 '\000 0.029 0.000 0.000 

EVAPOTRANSPIRATION 0.788 1.136 0.566 0.413 1.864 0.758 
(INCHa) 2.272 0.908 1.597 1.707 1.245 0.648 

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 i 0000 
LA YER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLA'tlON FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 o.cmo 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0 rvxlO 0.0000 0.0000 
L\ YF.R 7 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MON'JHLY SUMMARIES FOR DAR. Y HEADS 

A VO. DAD.. Y HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OF DAR. Y HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LA YER 4 (INCHF3) 0.00 0.00 0.00 0.00 0.00 0.00 

A VO. DAR. Y HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OP DAR. Y HP.AD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LA YER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
ANNUAL 'IOTA.LS POR YE.AR 1990 

PRE.CIPITATION 

RUNOFF 

(INCHES) (CU. Fr.) PERCENT 

13.39 1841125. 100.00 

0.063 8647. • 0.47 
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EV APOTRANSPIRA TION 13.902 1911521. 103.82 

LA TP.RAL DRAINAOE PROM LA YER 3 0.0000 o. 0.00 

PERCOLATION PROM LA YP.R 4 

PERCOLATION PROM LA YP.R 7 

0.0000 

0.0000 

0. 0.00 

0. 0.00 

CHANOE IN WATER STORAOE -0.575 -79043. -4.29 

SOll.. WATER AT START OF YBAR 59.94 8241080. 

SOll..WATERATBNDOPYEAR 59.36 8162037. 

SNOW WATER AT START OP YF.AR 0.00 0. 

SNOW WATER AT END OP YEAR 0.00 O. 

ANNUAL WATER BUDOET BALANCE 0.00 o. 0.00 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

MONTIR. Y TOTALS FOR YEAR 1991 

JAN/JUL FEB/AUO MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION (INCHES) 1.22 0.45 1.40 0.01 0.49 O.OS 
1.20 1.18 1.32 1.41 1.58 1.43 

RUNOfP (INCHES) 0.018 0.000 0.008 0.000 0.000 0.000 
0.000 0.000 0.008 0.000 0.040 0.000 

EV APOTRANSPIRA TION I .306 0.588 1.407 0.366 0.094 0.384 
(INCHES) 0.822 1.620 1.312 0.266 I.Ot 7 0.858 

LATERAL DRAINAOE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION PROM 0.0000 0.0000 0 0000 0.0000 0.0000 0.0000 
LA YER 4 <INCHES) 0.0000 0.(NX)O 0.0000 0.0000 0.0000 0.0000 

PERCOi.A110N PROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 7 (INCHES) 0.0000 0.0000 U.0000 0.0000 0.0000 0.0000 
-----------------

MON"IHL Y SUMMARIES FOR DAILY HEADS 
~~~~~~-~~~---------··--··········-

A VO. DAll.. Y HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OP DAD.. Y HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LA YER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

A VO. DAll.. Y HEAD ON 0.00 0.00 0.00 0.0<' 0.00 0.00 
LA YER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

s 
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STD. DEV. OP DAILY HF.AD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LA YER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

•~••••••••••••••••••••••••••••••••••••o•••••••••••••••••••••••••••••••• 
ANNUAL TOTALS FOR YEAR 1991 

PRECIPITATION 

RUNOFF 

(INCHES) (CU. FT.) PERCENT 

11.1• 1614250. 100.00 

0.074 10242. 0.63 

EVAPOTRANSPIRATION 10.071 1384707. 85.78 

LATERAL D~\lNAOEFROMLAYER 3 0.0000 0. 0.00 

PERCOLATION FRO~,t LAYFR • 0.0000 o. 0.00 

PER.COLA TION FROM LA YER 7 0.0000 0. 0.00 

CHANOE IN WATER STORAGE 1.595 219302. 13.59 

SOIL WATER AT START OF YEAR SQ.36 8162037. 

SOIL WATER AT Efl.':., OP YEAR 60.84 8365727. 

SNOW WATER AT START OP YEAR 0.00 0. 

SNC,WWATERATENDOPYEA,t 0.11 l.5612. 

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

MONTHLY TOTALS FOR YEAR 1992 

JAN/JUL f'EB/AUO MAR/SEP APRJOCT MAY /NOV JUN/DEC 

PRECIPITATION (INCHES) 0.82 l .S4 1.85 0.11 2.33 0.29 
2.20 1.26 0.90 1.24 0.27 2.29 

RUNOFF (INCHES) 0.000 0.001 0.000 0.000 0.017 0.000 
0.075 0.000 0.000 0.000 0.000 0.002 

EVAPOTRANSPIRATION 0.843 1.590 1.879 1.221 1.sc;6 1.145 
(INCHB.1) 3.021 0.936 1.226 0.371 0.440 Ul60 

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION PROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 7 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
----------··---··· ............. ~----..-----

MON1lD.. Y SUMMARIES FOR DAILY HEADS 
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A VO. DAll. Y HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YER 4 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

sm. DEV. OP DAll. Y HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LA YER 4 (INCHBS) 0.00 0.00 0.00 0.00 0.00 0.00 

A VO. DAll. Y HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YER 7 (INCHES) 0.00 0.00 0.00 0.00 0.00 0.00 

sm. DEV. OP DAD.. Y HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LA YER 7 (INCHBS) 0.00 0.00 0.00 0.00 0.00 0.00 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
ANNUAL TOTALS FOR YEAR 1992 

(INCHES) (CU. FT.) PERCENT 

PRBCIPIT A TION 

RUNOFF 

15.10 2076250. 100.00 

0.095 13106. 0.63 

EV APOTRANSPIRA 110N 15.290 2102365. 101.26 

LA 1ERAL DRAINAGE FROM LA YER 3 0.0000 

PERCOLATION FROM LA YER 4 

PERCOLATION PROM LA YFJl 7 

0.0000 

0.0000 

o. 0.00 

0. 0.00 

0. 0.00 

CHANGE IN WATER STORAOE -0.285 -39220. -1.89 

SOll. \VA TER AT ST ART OF YEAR ti0.84 8365727. 

SOD.. WATER AT END OP YEAR ti0.66 8341379. 

SNOWWATERATSTARTOPYEAR 0.11 15612. 

SNOW WATER AT END OF YEAR 0.01 740. 

ANNUAL WA TEil BUOOET BALANCE 0.00 0. 0.00 ....................................................................... 
MONTHLY TOTALS FOR YEAR 1993 

--------·-----·----------------
JAN/JUL FEB/AUO MAR/SEP APR,OCT MAY /NOV JUN/DF.C 

PRECIPITATION (INCHES) 5.31 3.73 0.73 O.S9 1.62 0.12 
0.01 1.79 0.83 1.43 1.08 0.42 

RUNOFP (INCHES) 0.284 0.490 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

BVAPOTRANSPIRATION 0.950 1.449 1.728 1.303 0.837 0.996 
(INCHES) 1.475 J.277 1.048 1.531 1.219 0.369 
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LATERAL DRAINAOEFROM 0.0000 O.JOOO 0.0000 0.0000 C.0001 0.0001 
LA YER 3 (INCHES) 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 

PERCOLATION FROM 0.0000 0.0000 0.06SS 0.1240 0.1349 0.1326 
LA YER 4 (INCHES) 0.1371 0.1357 0.1292 0.1309 0.1239 O. l 2SO 

PERCOLA 110N FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LA YER 7 (INCHF.s) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAll.. Y HEADS 

A VO. DAILY HEAD ON 0.00 0.00 0.64 2.62 3.36 3.60 
LAYER 4 (INCffm) 3.59 3.43 3.18 2.88 2.55 2.21 

STD. DEV. OP DAR. Y HEAD 0.00 0.00 0.69 0.35 0.12 0.03 
ON LA YER 4 (INCHES) 0.03 0.06 0.08 0.09 0.10 0.10 

A VO. DAll.. Y HEAD ON 0.00 0.00 0.00 0.00 0.00 0.00 
LA YER 7 (INCffm) 0.00 0.00 0.00 0.00 0.00 0.00 

STD. DEV. OP DAll.. Y HEAD 0.00 0.00 0.00 0.00 0.00 0.00 
ON LA YER 7 (INCHES) 0.00 0.00 0.00 O.<Y' 0.00 0.00 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

ANNUAL TOTALS FOR YEAR 1993 

(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 

RUNOFF 

17.66 2428250. 100.00 

0.774 106369. 4.38 

EV APOTRANSPIRA TION 14.183 1950185. 80.31 

LA TF.RAL DRAINAGE FROM LA YER 3 0.0005 (fJ, 0.00 

PERCOLATION FROM LAYER 4 

PERCOLATION FROM LA YF.R 7 

CHANOE IN WATER STORAGE 

1.2386 170301. 7.01 

0.0000 0. 0.00 

2.703 371627. 15.30 

SOR. WATERATSTARTOFYEAR 60.66 6341379. 

SOD.. WA 'JEil AT END OP YEAR 63.37 8713746. 

SNOW WATER AT START OP YEAR 0.01 740. 

SNOW WATER AT END OP YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 0 0.00 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

A VFJlAOE MONnlL Y V ALUP.S IN INCHm FOR YEARS 1988 'IlfROUOH 1993 

JAN/SUL PEB/AUO MARJSFJ> APRJ0CT MAY /NOV JUN/DEC 
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PRECIPITATION 

TOTALS 2.01 1.32 0.91 0.46 1.31 0.60 
1.19 1.35 1.16 1.20 1.08 1.18 

STD. DEVlATIONS 1.86 1.43 0.72 0.37 0.71 0.62 
0.90 0.40 0.35 0.65 0.51 0.72 

RUNOf'F 

TOTALS 0.060 0.098 0.00'2 O.ClOO 0.005 O.OOS 
0.015 0.000 0.002 0.006 0.008 0.000 

STD. DEVIATIONS 0.125 0.219 0.()()4 0.000 0.007 0.012 
0.034 0.000 0.003 0.013 0.018 0.001 

EV APOTRANSPiRATION 

TOTALS 0.978 1.188 1.120 0.716 0.984 1.091 
1.685 1.277 1.315 0.795 0.852 0.666 

STD. DEVIATIONS 0.202 0.385 0.798 0.502 0.722 0.670 
0.9S4 0.355 0.202 0.761 0.446 0.298 

LA 11::RAL DRAINAGE f'ROM LA YER 3 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.()()00 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION PROM LA YER 4 

TOTALS . 0.0000 0.0000 0.0131 0.0248 0.0270 0.0265 
0.0274 0.0271 0.0258 0.0262 0.0248 0.0250 

STD. DEVIATIONS 0.0000 0.0000 0.0293 0.0555 0.0603 0.0593 
0.0613 0.0607 O.OS78 0.0585 0.05S4 0.0559 

PERCOLATION PROM LA YER 7 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.()000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

~······································································ AVERAGE ANNUAL ror ALS & (STD. DEVIATIONS) R)R YEARS 1988 THROUGH 1993 

(INCHES) (CU.PT.) PERChNT 
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• 

PRECIPITATION 

RUNOFP 

13.77 ( 2.695) 1893375. 100.00 

0.201 ( 0.322) 27673. 1.46 

EV APOTRANSPJRATION 12.666 ( 2.509) 1741590. 

LAlERAL DRAINAGE FROM 0.0001 ( 0.0002) 14. 
LAYER 3 

PERCOLATION PROM LA YER 4 o.24n c o.5539) 34060. 

PERCOLATION FROM LA YER 7 0.0000 ( 0.0000) o. 

CHANGE IN WATPR STORAOB 0.903 ( 1.355) 124099. 

91.98 

0.00 

1.80 

0.00 

6.55 ....................................................................... 
PEAK DAILY VALUES FOR YEARS 1988 THROUGH 1993 

PRBCIPIT ATION 

RUNOFF 

(INCHES) (CU. Fr.) 

1.33 182875.0 

0.209 28712.2 

LA TEllAL DRAINAGE FROM LA YER 3 0.0000 0.3 

PERCOLATION FROM LA YER 4 0.0044 (J()9. I 

HBADONLAYER 4 3.6 

PERCOLATION FROM LAYER 7 0.0000 

HBAD ON LA YER 7 

SNOWWA'IF.R 

0.0 

2.53 348554.3 

0.0 

MAXIMUM.VEG. SOD.. WATER(VOIJVOL) 0.3469 

MINIMUM VEG. son.. WA 11:R (VOlJVOL) 0.13S4 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

FINAL WATER STORAGE AT END OF YEAR 1993 
-----·------

LA YER (INCHFS) (VOlJVOL) 

1 0.92 
2 7.95 
3 1.85 
4 5.16 
S 1.96 
6 36.96 
7 2.58 

SNOWWATER 

0.1529 
0.1892 
0.1.SU 
0.4300 
0.1658 
0.1400 
0.4300 

0.00 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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APPENDIX D 

PERCHED WATER SEEPAGE VELOCITY, 
TRAVEL TIME, FLUX CALCULATIONS 

eTITANEnvironmental 
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TableZ 
HELP Model Summaries ror Cells J aDd 4 

White Mesa Tailings Facility, Blanding, Utab 

Larera1 Percolation Percolation 
Drainage from from from Change in 

HELP Precipitation Runoff Evapouanspiration Layer 3 Layer4 Layer7 Waacr 
Run (inchcs2 (inches! (inches! {ft"32 {ft"32 (ft"3} Storage 

I Cell 3, satura~ wilh 
12.67 26 64989 ~ ! PVC liner, Blanding 13.77 0.2 137415 99352 

" I linwe data f~ ! C 
I 

• {f I Cell 3, saturalcd, DO 

y :__liner, Blanding climaac 13.77 0.2 12.67 26 64989 1562025 -1325258 
dala 

Cell 3, sawrared, wilh 
PVC lina and 20 yn 

7.94 0 7.93 0 0 120661 -117348 Grand Junction 
clinwedata 

Cell 3, saturaled. no 
liner and 20 yn Grand 7.94 0 7.93 0 0 390507 -387194 
Junction climale data 

Cell 4, unsatura~ 
wilh PVC lina, 13.77 0.2 1Vi7 14 34060 0 124099 

Blandin& climare data 

Cell 4. unsa&urared. no 
liner, Blanding climare 13.77 0.2 12.67 14 34060 0 124099 

daaa 
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6 Labo[IIOt)' Test 9 D&M l.l~+ol I '.1.E-0.S 
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10 l.uol'llOI')' Test 4 D&M l.2F.+Ol 1.2.E-OS 
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22 Laborar.ory Test 4 D&M 3.9K+OO 3.IE-06 

Gc-'"'fflCtric Mean 2.45E•Ol 2.37£.0S 

Dakota Slndslone 
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Oeometric M.:m 4.03£+01 3.l9E-05 
8mro Canyon Pormation 
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No.3 lqjecdoD Toil 92...5-107.j O&M 4.906+00 4.74£-06 
No.3 1Djcc1ioa Tea 122., 142 DAM 6.~l S.l0£..01 
No.9 JJicaic,n Tesr 27.J-42.S DAM 2.70£+()() 2.61E-06 
No.9 bQ&lotion Tat 'l . .5-59 D.t.M 2.00E+OO l.93E--06 
No.9 Jqjoc:lion T Cit !912.S D&M 7.00E-OI 6.TTr:..-01 
No.9 ~TCII ~d-107.S O&M t.JOE+oo l.06E-'l6 
No.9 &Qoc:doo T Cit i07.S-132 O.tM 3.00F.-01 2.90f:..~f7 

No.12 bUacdoa Tall 37 . .5-571 DAM 9.0IE-0! 1.70£~07 
No. 12 1qjGCCion 1·at S7.5-12.:S DilM J.40E+OO L't 11:.--06 
No. 12 Iqioclioa TClt 12.s-102.~ D&M l.071!-t-Ol I.03£-0.S 
No.21 lqjoclioo Tm 76-17.$ DAM 4.30£+00 4.16E-06 
No.28 Jnjectiaa Ta 17.S.107.S O.t.M l.OOE-01 2.901:,,07 

No.21 JnjecUoD Tat 107.S- 132.5 o&.M 2.00E-01 l.93E-<J7 
WMMWI 7 R.ec:ovcry 92-112 Pa:! 2 3.oo£+()() 2. 9i!JE--06 
WMM'Wl 7~ 67-87 Peet 2.97E...OO 2.87E-06 

WMMWS 7 IIAarvay f5.5-133.S h-E LHE-+-01 l.2''e.Q5 

WMMWS 7 lla:ovay 95.5·133.5 Peel 2..lOE-t-01 2.0)£.-05 
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WMMWl5 Siqle well dra1#dowll 99-129 H-E 3.65E~l 3.53E-05 
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·t=t~~ I Whiae Maa Tailiap Fadllty, BlaadiD&, Utall 

-:ti~ '14- (Coati•J i) 

Hydraulic 
BoriaC,Well Jatenal Document Coad•ctivity 

Locatln TIIMT (ft-ft) ...... ) 

WMMWl6 lqjccwa Tat lS.5-31.S Peel 9.42E.._02 
WMMWl6 lnjectiou Test 45.5-51..5 Peel 5.l&E-t-01 
WMMW16 lftjecdon T QI\ 65.s-11., rect 8.07E+ol 

WMMW16 1njcctiou Test 15.5-91.5 Ped 
WMMW17 lajcction Test 4S•SO Peel 
WMMW11 lqlc:ctiou Test 90-9' Ped 
WMMW17 li,Jcdic:m. Test 100.105 Peel 
WMMW18 lqicctiOft Tea 27-ll Peel 
WMMWll Izrjcc:tioc Test 15.90 Pc:cl 
WMMW18 IqjCICllion Tar IS-90 Ped 
WMMWll ID,Jcction Tat 120-125 Pal--· 
WMMW19 hucclion Test '5-60 Peet ., 
WMMWl9 lqjecdou Test 95-tOO 

BNShy 8asiA MC11111er 
Glrfl4kl Coanty, Vcah ~nTcst NA 

lqjecdoa Test NA 
lltjoctlon Test NA 
Jnjeclioa. Test NA D' I 
Jnjecdoa TCll NA D'~ 5.l?E+-01 
lnjedioa T c:st NA O' A,ipc,lofti& 5.27E...01 
11\Jccdan Tea NA {)l Appo'lollia 3.llE-t-01 

lnJCdioaTear 'NA Il 1 
Iqjoction Taa NA I)'~ 

huccUonTat NJ\ O'~ia U,E..01 
/ Mean I.ME+<>l 

Entnda/Navtjo ~ 
WW•l Recovery D'App01ooia (•'9 3.IOE-4-02 
WW•l Multi-well ckawdown I• I r 4,66E-+-02 

WW•l,2.3 Muki-wcll drawdowu 4.24f.+Q2 
Meu 4.22E·~ 

t) D.lM • DmN & Moen, Eaviraamema1 llcpotr. Wbitl; Mell Unnials Projc:ct. J....-y. 1971. 
) ,-a• fta:1.1,ftv'.n....-W ScYicca. UMBT'CO MIDmlls Corp .. Growid Wlllllr Smdy, Wbire Maa Facility, J~ 1994. 
) 1-1-l •Hy~ Groundj•Wllllt Hylblooaubc White Mca TlilinpFIICll~. July, 1991 . 

... ) l7~0Dil. AtUP'S7lnll of1be Wllclr Supply S)'SIIIII. While MCIIProjecl.fcb. 1911 
4b) O'Appoloma. Oeff• baiA1 She Evalllllkm. Faney Project. Garfield Co .• Utah. June. 1984. 
S) fMty-dia 
6) Lale- dlla. 

T•dllfa TEC. 

Hydn11lic 
Conductivity 

cm/set) 

9.10£.04 
S.lOE-OS 
7.IOE-OS 

l.90E-05 
3.00E-06 
3.50&-06 
S.50£-06 
1.10&-04 
2.50E-05 
2.60£-05 
4.sor~ 
1.40£..06 
l.401:!.Q6 
1.0IE.-05 

200£.06 
2.00&-05 
9.00E--06 
2.60£.0.5 
,.oo~ 
5.10£.05 
3.lOE-0, 
4.lOB-OS 
l.OOE.o6 
uos.o, 
t.60E-0! 

3.67£.04 
4.SO~ 
4.106-04 
4.085-04 



Table2 tf' 
Propertla el the Dauallluro Can,-S...._a ~ 

Mall&llre Moisture 
. . . 

Well No.and I Coalent Caatalt Wc\lbt Porosity Particle Satmation Rmh•od Uqaid Pllllic Plasttcity 

lntemil (Pacent) Volmndric libs/ca ft) ,. S1:1. Gr. (Pcrcmt) Moilbn Limit Limit Index Rode Type Formation 

26.4"- 31.4' 1.51 3.3 135.2 17.9 2.6'1 11.2 5.1 SanddDM Dakola 

37.1'-31A' 0.4 0.1 127.4 22.~ 63 3.'1 6.3 SlndlCone Dito&& 

4S.0'-45.5' S.6 12.6 J,10.9 16.4 2.7 112 29.6 ts.4 14.2 Sandy Mudstone Burro Canyon 

-16 147 .5' - 41.0' 2.56 5.9 142.8 12 2.6 41.9 4.37 SandlWPI Bu.no Canyon 

SJ.5' • 54.1' 0.61 1.4 129 19.9 2.SI 7.1 6.31 Sandstone Burro Can)•on 

60.5"-61.0" 0.11 0.2 117.9 27.3 2.61 0.1 9.19 SlndSlone Bum, Canyon 

S.S'-66.0' 2.62 5.S 131.S 19.3 2.62 28.2 7.13 Sandstone BunoCanyon 

73..D'-73S 0.13 0.3 130.3 20.6 2.63 1.3 ,.s Sandstone Burro Canyon 

82.(T • 12.4' 0.05 0.1 13-4.3 111.S 2.64 0.6 4.711 Sandstone Buno Canyon 

190,0' - 90.7 0.12 0.3 161., 2 2.64 12.1 O.IS Sandstone Burro Canyon 

91.1' • 91.4' 5.2 9.1 Ill.I 29.1 2.67 33.I 33.7 16.2 17.S Claystone Burro Canyon 

-17 127.0' • 21.5· 0.29 0.6 131.1 13.4 2.S1 4.8 S.11 Sandstone Dakota 

49.0'-49.5 3.62 7.1 121.9 26 2.64 21.2 9.6 Sandstone Dlkota 

, 104.0' - 104.5' 0.17 0.4 161.4 1.7 2.67 26.6 0.11 SandltODC Bum, Canycn 
. 

1.65 3.4 13! 17.fi U3 ' 21 S.41 
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VADOSE ZONE MONITORING EVALUATION 

This appendix presents results of an evaluation performed by Energy Fuels on methods to monitor 

the vadose zone. The methods evaluated include: 

I. Conventional Monitoring Wells. 

2. Suction Lysimeters, 

3. Vacuum Pressure Lysimeters, 

4. Neutron Probe Method, and 

5. Transient Electromagnetic Geophysical Surveying. 

l. Conventional Monitoring Wells 

Conventional shallow wells were evaluated to collect solutions in the unsaturated bedrock (Figure 

EI). The bedrock has a high negative matrix potential (suction) which would prohibit solution 

from flowing into the well. The only condition under which the wells would produce solution 

is the case where a massive failure of the liner would occur, thus producing saturated flow 

conditions directly underneath the cells and outside the perimeter of the cells. 

2. Suction Lysimeten 

These devices can collect fluids in the vadose zone via a ceramic-type cup. These cups, if 

properly placed, would become an extension of the pore space in the bedrock. Consequently, the 

water content in the lysimeter would become equilibrated at the existing bedrock-pore water 

pressure. A sample of fluid can be collected by applying a vacuum to the cup (Figure E2). 

These units are generally effective up to six feet below the ground surface. Below this deptl . 

detection of a migrating contaminant plume would be impossible. 

3. Vacuum Pressure Ly1imeten 

This device is a modification of the suction lysimeter in that pressure can be applied to extract 

the fluid (Figure E3). The disadvantage is that forcing pressure into the cup would also force 

fluids back into the bedrock, thus limiting the amount of the sample that could be obtained. This 

condition is exacerbated with depth and becomes ineffective below depths of a maximum of 30 
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feet. Consequently, this method is a)so not useful where the devices are placed at the edge of 

a tailings disposal cell. 

4. Neutron Probe Method 

Use of the neutron probe (Figure E4) to determine the moisture profile in a borehole has proven 

to be a reliable indirect method of obtaining a subsurface moisture distribution. fhe prime 

disadvantage of using this technique is that moisture measurements are Hmited to a few inches 

from the borehole. This method also does nnt provide data on the quality of seepage. Therefore, 

information from this method will be nonconclusive. 

S. Transient Electromagnetic Geophysical Surv·eyiag 

General - The following describes the basic concepts of the method transient electromagnetic 

(TEM) geophysical surveying, which will be considered in applying the method at White Mesa 

Mill. 

Electromagnetic techniques are used for measuring the electrical resistivity of the ground, with 

the electrical resistivity being derived by determining resistance to flow of electrical current. 

With TEM, current driven through a transmitter (Tx) loop laid on the ground surface creates a 

primary magnetic field. At the instant the current is turned off an electromagnetic induction is 

established by the primary magnetic field. This electromagnetic induction in tum results in eddy 

current flow in the subsurface. The intensity of these eddy currents at certain time, and depth, 

depends on ground resistivity. Immediately after turnoff, the eddy currents are concentrated near 

the surface. With increasing time, the eddy currents diffuse down and ou4 which can be 

illustrated as a "smoke ring" pattern. Eddy currents generate a secondary magnetic field whose 

lines of force are opposite those of the primary magnetic field. The receiver (Rx) measures the 

electromagnetic forces (EMF) due to the secondary magnetic field. A schematic of the resistivity 

loop is shown on Figure ES. 

Eddy Currents - At early time when the eddy currents are concentrated near the surface, the 

EMF' s measure will reflect the electrical resistivity of near-surfa.;e layers. With increasing time, 

the EMF measured will progressively be more influenced by physical properties of deeper layers. 
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In a uniform layered environment the secondary magnetic fiel•j produced by the eddy currents 

is symmetric about the Tx loop center. The behavior of the EMF due to the vertical magnetic 

field (Bz) is relatively flat about the center, so that measurements of the EMF due to Bz are 

relatively insensitive to errors in surveying the center of the loop. The EMF due to Bz has a 

maxima in the center of the loop, has a zero crossing on both sides of the center, and passes 

through a minimum before decaying to zero with increasing distance. The EMF due to the 

horizontal magnetic fields (Bx and By) has a zero crossing in the center of the loop, passes 

through a minimum and maximum outside the loop and decays to zero with increasing distance. 

The position of the minimum and maximum for Bx and By is a strong function of the geoelectric 

section of the ground. Measurements made inside the loop will exhibit a maximum Bz 

component with a weak-to-no Bx and/or By component as opposed to measurements made 

outside the loop which will have a weak Bz component and maximum Bx and/or By component 

response. 

Coupling - The term used in electromagnetic theory for how well a body can be detected is 

"coupling", or how well is the target energized. The target must have a different resistivity than 

the host rock to be detected. It is advantageous if the target is a better conductor. The direction 

of the electromagnetic field varies with position. Electromagnetic coupling is a crucial concept 

for planning a survey, as even good conductors can be missed. Coupling depends on the location 

and must be considered any time one is planning a survey using electromagnetic methods. It is 

of particular importance for conducting resistivity surveys. 

Asymmetry in the component profiles in regards to geometry and/or magnitude is an indicator 

of two-dimensional (2-D) and three-dimensional (3-D) conductors. The induced EMF in the 

conductor(s) will produce a secondary magnetic field whose amplitude and decay rate are 

dependent on the quality of the conductor. In TEM, the depth and size of the conductor are 

reflected primarily in the amplitude of the secondary field, whereas the quality of the conductor 

is reflected mainly in the rate of decay of the secondary magnetic field, a good conductor having 

a long decay and a poor conductor having a short decay. 

With 2-D conductors the vertical and horizontal component asymmetry will be restricted to 

measurements taken orthogonal to strike of body, i.e. an E-W striking fault will exhibit change 

in both the Bz and Bx component response along a N-S transect, but little varianct in 

measurements made parallel to strike. 
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With 3-D conductors, symmetry in component profile will exist about the Tx loop center when 

the Tx loop is positioned directly over the body (similar to a uniform half-space response). 

However, EMF magnitudes for the conductor will be much higher, perhaps one order of 

magnitude than the response of the surrounding half-space. Asymmetry in profiles will exist 

when the Tx loops are offset from the conductor. Shape and magnitude will be indicators of 

strike, dip and plunge. 

Downdropping of surf ace and subsurface strata, increased fracturing and interstitial water content, 

increased silicification and argillization, depletion of carbonates and anhydrides and increased 

salinity are factors contributing to the EMF response of the pipe environment. Variations in one 

or all of the factors can alter the measured EMF from one target to the next. 

Depth of Investigation - Depth depends on several factors. The later in time a measurement is 

taken, the deeper the response. It is important to note, that in some cases near surface conductive 

responses can obscure any response from depth. The near surface responses can be cultural. 

fences or drill pipe, or surface geologic structures. Separation between the transmitter loop and 

the receiver loop is also important especially with slingram or profiling. A greater separation 

increase the depth of penetration. 

Depth of penetration also depends on the resistivity of the rock. Through a resistive basalt it may 

be possible to see several thousand feet, through a conductive shale the depth of penetration may 

be limited to several hundred feet. Survey design is critical. 

Induced Polariz.ation Response - In almost all situations, current flow in the earth is carried in 

the solutions filling the pore spaces of the rocks. The current flow is actually maintained by 

charged ions in the solutions (electrolyte). Ions in fluid-filled pore space within the rock are 

driven by eddy currents, conceptuallJ creating an additional current flowing in the same direction 

as the eddy currents. This additional current is termed the induced polarization (IP) current 

which is a result of additional charge carriers supplied by the pore-space electrolyte. 

After the initial ionic movement has ended with ions "stacking up" at boundaries of regions of 

different ion mobility, the charged state of a conductor is achieved. When the eddy currents 

decay sufficiently, the ions want to return to the equilibrium position that existed prior to the 

induction of the eddy currents. This ion flow again constitutes a polarization current, now in the 

opposite direction to that of the rapidly decaying eddy currents. 
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This reversed polariz.ation current may be large enough to dominate the eddy currents, causing 

the secondary magnetic field and EMF to decay faster than normal, and possibly reverses com­

pletely. In general the amplitude of the polarization current depends on the chargeability and 

resistivity of the medium. Increasing resistivity decreases the strength of the eddy currents 

allowing the polariz.ation current to dominate e~lier in time, while increasing the chargeability 

increase the amplitude of th~ polarizai' Jn current. 

While in the conventional IP frequency range a small increase in IP response (few milliradians) 

may not be detected, at the higher EM frequencies these small changes can have a strong 

influen~e on the measured response. The IP response will be strongest near the Tx loop wire 

where the current density is greatest. 
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RESPONSE TO NRC LETTER OF MARCH 31, 1994 

In the NRC letter dated March 31, 1994, the NRC requested a response to specific questions so 

that they could proceed with the review of the license renewal and the Monticello amendment 

request. For clarity, the specific requests of the NRC are included in italics immediately before 

the corresponding reply: 

NRC REQUEST: 

A. Please propose modifications to enhance the tailings cell leak detection system to provide 

prompt detection of a major cell leak. 

ENERGY FUELS NUCLEAR RESPONSE: 

Leak detection systems are currently in place at Cell 3 and Cell 4-A and are monitored to identify 

excursions should they occur. The leak detection systems in the cells cannot be modified. 

However. additional monitoring of the vadose zone can be conducted. This additional monitoring 

for both Cell 3 and Cell 4-A is described below in response to NRC Reque~1 Band in Section 4 

of the main report. 

NRC REQUEST: 

B. Please propose· additional detection monitoring points for the vadose zone lying beneath or 

adjacent to the tailings cells, since the nonuniform plume migration can occur in this zone. 

ENERGY FUELS NUCLEAR RESPONSE: 

Energy Fuels has researched several methods of measuring the development of a wetting front 

beneath the tailings disposal cells and movement through the unsaturated zone to the perched 

water. These methods include conventional monitor wells, suction lysimeters, vacuum pressure 

lysimeters, neutron probes, and geophysical surveys. Results of this research are presented in 

Section 4.5 of this report. 

caru150\WHJTBISA1WKT1.1SA.f A.ff (7/JJ/94) F-1 



Energy Fuels proposes to monitor fluid movement in the unsaturated zone through the use of 

transient electromagnetic (TEM) geophysical surveys. Discussions of TEM surveys are presented 

in Section 4.5 and Appendix E of this report. We propose to monitor a line that would detect 

excursions to the west, the south or the east of the tailings impoundments. Initial surveys will 

be obtained tn establish a "baseline" moisture profile with depth at the survey locations. 

The TEM survey information will be evaluated to determine if a wetting front has occurred and 

contaminants are advancing downward in the vadose zone. The data and yearly evaluation will 

be presented in the "Annual Technical Evaluation of White Mesa Mill Tailings Management 

System." If the evaluation indicates that significant seepage is occurring from the cells, Energy 

Fuels will develop an appropriate contingency plan. 

NRC REQUEST: 

C. Please propose additional detection monitor wells in the saturated Burro Canyon Formation. 

Umetco indicated this formation. not the Dakota Sandstone, is the uppermost aquifer at the White 

ft;fesa facility. Currently, water quality in the southerly, downgradient direction is monitored only 

at Monitor Well MW-3. The areal extent of the tailings cells and, therefore. the potential source 

of tailings seepage. requires an enhanced ground water monitoring network. 

ENERGY FUELS NUCLEAR REPLY: 

Monitor Wells MW-5, MW-12, MW-14, MW-15 and MW-3 are currently used to detect changes 

in water quality in·the saturated zone of the Burro Canyon Formation. Energy Fuels feels that 

this saturated zone is not an aquifer by virtue of its inability to sustain any reasonable production 

rates. 

Notwithstanding the above, a drilling program is proposed to install three new monitoring wells 

in areas downgradient of the tailings cells. These wells will be used to monitor water quality 

within the saturated Burro Canyon and to provide information on the saturated thickness. This 

program is set forth in Section 4.0 and locations of the borings are shown on Figure 4.1. 
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NRC REQUESTS: 

D. You have indicated that the variable quality of ground waler necessitates developing 

(baseline) standards on a well-by-well basis. To justify your position, please demonstrate that 

the reported water quality is representative of only one aquifer. One way to demonstrate that 

your ground water samples are from an hydraulically-connected aquifer, for example, would be . 

to perform a pressure test comprising pumping one monitor well and measuring the effects on ·. 

sensors positioned in the other monitor wells. The necessary time for performing this test would ~ 

be based on aquifer hydraulic properties and the various distances between sensor-equipped.; 

monitor wells and the pumping well. In additjon, please provide documentation such as well 

logs, electric logs, or other borehole data to vuify well scree!.,, positioning. 

ENERGY FUELS NUCLEAR REPLY: 

The available site data suggest that the perched water within the Burro Canyon is continuous 

beneath the site. Site data shown on Figures 2.4 and 2.5 indicate the perched water has limited 

saturated thickness but is continuous beneath the site. 

The variable quality of the subsurface water is likely the result of the slow-moving nature of the 

water, as demonstrated by on-site penneability and gradient measurements and the very limited 

direct-recharge of the perched system. The ground water quality is characteristic of slow-moving 

water circulation with high total dissolved solids. The variable nature of waters in the slow­

moving system may be the result of local variations in the availability of gypsum near the contact 

between the Burro ·Canyon and Brushy Basin units. 

1.0 ENCLOSURE l 

NRC COMMENTS: 

/. Please provide the labora1ory analytical results/or monitored, ground waler constituents.from 

four quarterly sampling events/or Monitor Wells MW-17, MW-18 and MW-19. These wells will 

provide additional data for establishing background ground waler quality . 
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ENERGY FUELS NUCLEAR REPLY: 

The data requested is included in Appendix B of this report. Data from sampling events to 

December 1993 are included. 

NRC COMMENT: 

2. Please discuss alternative corrective r- 1ion programs (CAP) that could be implemented in the 

event of detected seepage from your tm. '1gs cells. The purpose of this discussion is to enable 

the NRC to conclude that feasible and practic.al corrective actions are available. 

ENERGY FUELS NUCLEAR REPLY: 

Alternative corrective action programs that could be considered for implementation at the White 

Mesa Facility include: I) increased site monitoring, 2) reduction of head on the synthetic liner, 

3) collection of water in the leak detection system, or 4) treatment of the liquids within the cell 

or cells. If necessary, one or a combination of these or other technologies could be employed 

at the site to achieve or maintain compliance with the ground water protection standard. 

Increased Site Monitorin& - Increased site monitoring could potentially entail collection and 

analysis of additional water samples from the site, drilling and sampling of additional wells. and 

conducting additional resistivity survey measurements. These actions could be used to assess the 

potential, long-term impact to the Entrada/Navajo aquifer and to determine if additional corrective 

actions are necessary. 

Reduction of Head in the Cells - RP,duction of the head on the cell liner could possibly be 

accomplished by tran fer of free liquids from the top of the cells to the evaporation impoundment 

and a withdrawal of liquids from the tailings material by pumping the slimes drain system. 

Collection of Water from the Leak Detection System - Water accumulating in the seepage 

collection system beneath the synthetic liner could be removed to minimize the flux of tailings 

liquids into the subsurface materials. Most likely, a combination of head reduction on the liner 

and removal of liquids from the underdrain system would provide a feasible, practical approach 

to mitigating contaminant flux to the environment. 
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Treatment of Liquids within the Cells - Liquids within the cells could potentially be neutralized 

to lessen the migration of contaminants from the impoundment. The addition of lime or hydrated 

lime to the tailings liquids has been proven to be an effective technology in the control of 

contaminant migration. NUREG/CR-3030 "Evaluation of Selected Neutralizing Agents for the 

Treatment of Uranium Tailings Leachates" and NUREG/CR-3449 "Laboratory Evaluation of 

Limestone and Lime Neutralii.ation of Acidic Uranium Mill Tailings Solutior.· can be consulted 

for an assessment of the potential benefits of tailings liquid neutraliz.ation. It should be noted that 

these are laboratory studies only, and not scaled-up to the real world of 3.5 MM tons of tailings 

and solutions. 

NRC COMMENT: 

3. Based on your evaluation of the ground water monitoring and leak detection programs. as 

well as geologic and hydrogeologic information, please provide an analysis of the rate of plume 

migration through the Dakota/Burro Canyon Formation and Brushy Basin lo the underlying 

Entrada Sandstone Aquijer, if a tailings cell leak.s. 

ENERGY FUELS NUCLEAR REPLY: 

Potential rates of plume migration from the disposal cells are proposed in Section 3.2 of the main 

report. As discussed there, travel time through the Dakota-Burro Canyon Sandstones to the top 

of the Brushy Basin is conservatively estimated on the order of 50 to 150 years. Based on 

existing information, which will be enhanced with the proposed field investigations, it is assumed 

that the Brushy Basin is in an effective aquitard and will prevent migration downward to the 

underlying Entrada/Navajo Aquifer. The function of the Brushy Basin in preventing downward 

migration is further enhanced by the 850-foot hydrostatic heaJ pressure within the Entrada/Navajo 

Aquifer. 

NRC COMMENT: 

4. Please provide a technical analysis of, or a reference to, a previous submittal which describes 

the anticipated impact of the low pH raffinate on the clay liner integrity and potential ensuring 

consequences 

caru I SOIWHITEMSAIWHTMSA.f Af>P (712719'41 F-5 



ENERGY FUELS NUCLEAR REPLY: 

The effect of low pH solutions on the clay liner is addressed in NUREG/CR-2946. "The Long­

Term Stability of Earthen Materials in Contact with Acidic Tailings Solutions." NUREG/CR-

3124, "Laboratory Measurements of Contaminant Attenuation of Uranium Mill Tailing Leachates 

by Sediments and Clay Liners," and NUREG/CR-2494, "Interaction of Uranium Mill Tailings 

with Soils and Clay Liners." These reports indicate that clay liner permeability decreases over 

time when low pH, high TDS solutions contact natural earth materials. This decrease in 

permeability is due to the precipitation of hydroxides and amorphous members of the alunite 

mineral group. These reactions are likely to occur at the White Mesa facility because the 

raffmate solutions and clay materials are similar to those used in the studies. 

NRC COMMENT: 

5. Al the February 9, 1994 meeting. you stated you were going to perform a drilling program 

at the While Mesa site. Therefore, please provide the results of the angle-hole drilling, packer 

tests, and any other analyses you performed to determine the presence of a subsurface .fracture 

system. Based on information you presented, in the event of a liner failure, tailings seepage 

could reach the Brushy Basin. The angle-hole drilling program should, therefore, incorporate 

penetraJion and analyses of this strata. This is necessary to evaluate whether a .fracture system 

exists which could provide a conduit for seepage migration through the Dakota Sandstone, Burro 

Canyon Formation, and Brushy Basin, to impact the Entrada Sandstone. It is our understanding 

that the drilling program will comprise two sets of boreholes. and that each borehole will be I 00 

feet in length. Based on available information for the thickness of the overlying strata. this would 

allow as much as 20 feet of penetration into the Brushy Basin unit. Each borehole set would 

include one borehole perpendicular to the previously identified, primary joint system. We 

understand these boreholes would be at approximately 30 degrees lo rhe vertical. TM 

accompanying borehole would be perpendicular to the secondary joint system. At a minimum, 

the following information for the vadose zone (Dakota Sandstone), Burro Canyon Formation, and 

the uppermost 20 feet of the Brushy Basin strata should be provided: A) Characterization of 

subsurface structure (fracture systems). and b) A quantitative analyses of the rate and direction 

of effluent migration through the system in both horizontal and vertical, cross and downgradient 

directions. 
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ENERGY FUELS NUCLEAR REPLY: 

Observational data presented in the Environmental Report (Dames and Moore, 1978) indicate that 

jointing is common in the exposed Dakota/Burro Canyon Formations along the mesa's rim with 

primary joints parallel to the cliff faces and secondary joints almost perpendicular to the primary 

joints. Umetco ( 1991) also mapped surface fractures along the canyon rim and found a primary 

joint vector with strike of N 11 E, and a secondary joint vector with a strike of N4 7W. 

Investigations are proposed to determine whether the surficially-mapped joint sets are present in 

the subswface Dakota/Burro Canyon Formations beneath Tailings Disposal Cells No. 3 and No. 

4A at the site and whether their presence, if any, is causing an increase in the rock mass 

permeability. 

The scope of investigations to identify subsurface joint sets consists of advancing four angled 

borings into the Dakota/Burro Canyon Formations and at least 25 feet into the Brushy Basin 

Member beneath Tailings Disposal Cells No. 3 and No. 4A. Figure 4.1 of this report presents 

the location of the angled borings. At each location, one angled boring will be advanced parallel 

to the strike of the primary joints mapped on the surface. A second boring will be advanced 

perpendicular to the strike of the primary joints. This method should intersect the maximum 

number of potential subsurface fractures, if present. Each boring will be fully-cored with an NX 

or NWQL double-core barrel. Cores will be logged with particular attention given to fractures, 

specifically. their orientation, spacing, aperture, and any evidence of flow ( e.g., staining, mineral 

redeposition or presence of clay). 

Permeability pressure (packer) tests will be conducted in each borehole in five- or ten-foot 

increments throughout the entire length of the borehole. Upon completion, borings will be 

grouted with cement/bentonite grout from the bottom up. 

NRC COMMENT: 

6. Please provide 1he geologic and hydrogeologic informalion necessary lo characlerize 1ha1 the 

Brushy Basin acts as an aquilard between the Burro Canyon and the Entrada Sanditone. This 

i,iformati<m should include the vertical and horizontal conductivities characterized at the site, 

ver~ficalion of the effective porosity, and thickness of this unit. Also, please provide this 

ieformation for any wells constructed in the Enlrada Sandstone. 
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ENERGY FUELS NUCLEAR REPLY: 

As discussed in Section 4.3 of the main report, the primary objective of the Brushy Basin 

Member investigation is to quantify the hydraulic properties of the unit and evaluate its 

effectiveness as an aquitard. For the sake of expediting the investigations, borings from which 

the above information will be obtained will be converted into observation wells to further define 

the extent of saturation in the Burro Canyon Formation. 

The proposed Brushy Basin Member investigation includes: 

• Drilling three exploratory borings into the Brushy Basin Member. Each boring will 

penetrate 20 feet into the unit. The boring data will also be used to define the Brushy 

Basin-Burro Canyon Member contact. The proposed locations of the borings are 

presented on Figure 4.1. 

• From each boring, collecting two 5-foot sections of the core from the Brushy Basin 

Member. 

• Conducting packer permeability tests in each boring within the section of the hole in the 

Brushy Basin Member. 

• Conducting laboratory liquid permeability tests on vertically-oriented cores from the 

Brushy Basin Member. These tests will be necessary to quantify the vertical permeability 

which is expected to be orders of magnitude lower than the horimntal permeabilities from 

the field packer tests (horimntal permeability will be calculated from packer tests). 

All borings advanced within the Brushy Basin Member will be converted into the observation 

wells screened in the Burro Canyon Formation. 

As discussed in Se~tion 3.0 of the main report, not only the Brushy Basin but the Westwater. 

Recapture and Salt Wash of the Morrison Formation as well as the Summerville Formation are 

effective aquitards because the Entrada/Navajo is a confined aquifer under artesian pressure. 

No wells have been constructed in the Entrada Sandstone; however, driller's logs of the Navajo 

water supply wells constructed at the site and geophysical logs for these wells have been included 

as an attachment to Ap.,.:ndix A. 
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NRC COMMENT: 

7. In consideration of both stratigraphy and structure. please provide a quantitative assessment 

of horizontal and vertical effluent travel times within the Dakota Sandstone, Burro Canyon 

Formation and Brushy Basin. 

ENERGY FUELS NUCLEAR REPLY: 

Calculations for travel time within the Dakota Sandstone, Burro Canyon Fonnation and Brushy 

Basin are provided in Section 3.0. Travel times could range from 50 to 150 years from the base 

of the cell to the top of the saturated zone in the Burro Canyon. 

Ground water velocity calculations for the perched water in the Burro Canyon are presented in 

Appendix D. Using Darcy's equation, growid water velocity is estimated to be 0.89 feet per year 

in a southerly direction in the Burro Canyon. 

Site-specific data for the Br hy Basin have not been collected yet but will be the focus of the 

current drilling program. 

NRC COMMENT: 

8. Please provide well log, geophysical data, piezometric data, or other data to just~fy your 

interpretation of the southerly pinch-out of the saturated thickness of the Burro Canyon 

Formation that was presented in the referenced meeting. As discussed in the meeting, the unit 

thickness isopachs are somewhat speculative in the region downgradient of the tailings cells. It 

is not clear whether the downgradient direction is actually south, southwest, or southeast. Please 

include isopach maps and a map depicting the bottom surface of the Burro Canyon Formation. 

ENERGY FL'ELS NUCLEAR RESPONSE: 

Figure 2.5 in the main report is a map of the Burro Canyon saturated thickness. The thickness 

of saturation is greatest in the northern and central sections of the site and reduces toward the 

south. 

The topography of the Brushy Basin Member which defines the bottom of the perched water is 

included in the report .11 Figure 2.6. 
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The general direction of ground water flow is toward the south. with southeast and southwest 

components, as depicted in Figure 2.4. 

NRC COMMENT: 

9. During the meeting, four piezometric wells were noted as being constructed southwest of the 

tailings cells. Please identify these wells and include any piezometric and subsurface structural 

or stratigraphic information collected during this drilling program, such as that from electric logs 

or core samples, to enhance site characterization. 

ENERGY FUELS NUCLEAR RESPONSE: 

The four piezometers are located on a site map (Figure Fl). The piezometers are west of Cell 

1-1. They are designated as #9-1, #9-2, # 10-1 and # l 0-2. The depths of these piezometers are 

as follows: 

Piezometer 

#9-1 

#9-2 

#10-1 

#I0-2 

Depth 

30.0' 

59.7' 

31.3' 

59.2' 

These piezometers have been monitored annually and were dry at all sampling events. More 

information about these piezometers is available in D' Appolonia's February 1982 report, "Ground 

Water Monitoring Program:' which is on file at the Whitt: Mesa Mill site. 

NRC COMMENT: 

JO. Please provide piezometric data to characterize the Burro Canyon formation and Entrada 

Sandstone aquifers. 

ENERGY FUELS NUCLEAR RESPONSE: 

The occurrence of perched water in the Burro Canyon Sandstone is discussed in Section 2.0 of 

the main report. Levels of perched water are pn . .:,ented on Figure 2.4 of the main report. 
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Ground water level data for the Entrada/Navajo Aquifer based on drillers' logs .-u.~ presented in 

Table 3.1 of the report. These data indicate artesian pressures up to 850 feet of head exist within 

th( aquifer. 

2.0 ENCLOSURE 2 - EPA COMMENTS AND QUESTIONS CONCERNING THE 

UMETCO MINERAL CORPORATION, WHITE MESA F ACIUTY 

EPA COMMENT: 

EPA b1,;·/ieves, based on the data which we have received and reviewed the Umetco, White Mesa 

facility is not in violation of any applicable Federal or State of Utah regulations. Howeve, EPA 

iJ conc.erned the US. Nuclear Regulatory Commi.ssion (NRC) and Umetco have not agreed upon 

a Point of Compliance (POC) for the White Mesa facility. EPA will not allow the facility to 

receive the Mont:. ·ello Mill tailings until such time as a P(X is established and "constituent" 

levels hav(• been determb;ed, which, if exceeded, will indicate a release has occurred. 

After rniewing the d,isign of cells 3 and 4A, especially the leak detection systems (LDS), we 

would concur with l,',netco, the LDSs, as designed and constructed will only detect minor leaks 

positioned almost directly rJver the detection system unless a major breakthrough wert· to occur. 

For this r..:ason, we are not certain wh..1t is gained by making the LDS the POC. Based on the 

data pr~sented, we would agree that the "saturated" Burro Canyon-Dakota Formation would be 

suitable as the P(X.'. {f NRC accepts the Burro Canyon Formation as the POC, additional 

hydrogeological characterization of the Burro Canyon Formation needs 10 be conducted. Since 

the Brushy Basin Member of this Morrison Formation is considered to be the geological unit 

providing protection of potable water in the underlying Entrada Formation aquifer, the 

characterization effort should extend into the Brushy Basin. Additional comments addressing 

some of the necessary characterization efforts of the Brushy Basin Member are attach.1d. 

EPA requests that NRC and Umetco explain how background levels for constituents of concern 

will be determined. If it is eventually determined that "site-wide" constiluenl background and 

compliance levels cannot be developed. how will appropriate compliance levels be established 

for the individual wells? It might be appropriate to determine, if possible, why there is such l, 

variation in constituent levels in the upgradient wells (i.e .. could well construction, completion. 

und development. sampling procedures, or other factors account/or this variability?) II may be 

appropriate to initially set con.v,;, . · .· !ci.•els for se .·era/ of the mobile constituents, while further 

sampling and analyses is con , u , I IIJ determine if "site-wide" background levels can be 
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esrablished. EPA would nole if a Srale of Utah Ground Waler Discharge Permil (GWDP) is 

required or if l'metco intends to gather the data required to substantially meet the intent for 

obtaining the GWDP. ii may be appropriate to discuss with the State of Utah. Division of Warer 

Quality any additional requirements that they may have. 

ENERGY FUELS NUCLEAR REPLY: 

The spatial variability of water within the Burro Canyon formation is presented in Section 2.2 

of this report. Upgradient wells and wells across the site show variability in water chemistries 

as demonstrated by sulfate anj chloride conc1'ntrations. This variability may be related to the 

dissolution of minerals near the Brushy Basin Shale and Burro Canyon Sandstone contact by very 

slow-moving (0.89 feet per year) ground water. Because of the variable ground water chemistry, 

comparison of well chemistries to single or multiple background wells may not be an appropriate 

means of detection for cell seepage or ground water contamination. Rather, it may be appropriate 

to establish water quality baseline values on a well-by-well basis with appropriate compliance 

level values set for selected compliance monitor wells. 

The existing well construction and water quality data, and additional data gathering programs will 

be further evaluated. Energy Fuels will then propose methods for developing background and 

compliance levels for constituents of concern. 

As EPA has suggested, it may be appropriate to initially set constituent levels for particular 

mobile constituents, while conducting further sampling and analyses to determine the appropriate 

approach to background determination. The collection of additional data will provide insight into 

the means of selecting proper poinl(s) of compliance. 

EPA COMMENT: 

Our review of the Student T test ("T'') analyses contained in the documents indicates that some 

of the data were excluded Furthermore. the use of the 'T" test may be inappropriate sina the 

data are not normally distributed. However. we concur with Umetco that if a significant leak 

were to occur. the ,·h/orides would be one of the first constituents to break through and that the 

chloride constituent levels would be elevated significantly above background. 
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ENERGY FUELS NUCLEAR RESPONSE: 

The statistical analysis was an attempt to determine whether a small population ( IO samples) 

collected during the early period of sampling was statistically similar to a similar size population 

for the most recent sampling periods. This analysis indicated. in the case of the l-hlorides (the 

more critical of the indicator solutes), that the means of the two populations not only differed but 

indicate a decrease in the mean chloride concentration over time. This suggests that the ground 

water has not been impacted by fluids from the ponds. 

Energy Fuels recognizes the need to consider the distribution of the data in selection of statistical 

text. In the future, Energy Fuels will refer to guidance, such as "Statistical Analysis of Ground 

Water Monitoring Data at RCRA Facilities," (EPA, 1989) for selecting appropriate stat!stical 

analysis of ground water data. 

EPA COMMENT: 

EPA believes if a major leak occurs ll will migrate through joint fractures and along preferential 

pathways and not be held in the pore spac, uf the matrix, especially if the matrix is wel/­

cemrmed, as is generally assumed by many proponents of flow mechanisms through unsaturated 

sediments. Water level fluctuations in excess of 1.5 feet have been observed in several wells over 

a 5-month period. This suggests that the ground water table responds relatively quickly to in.flux. 

We did not evaluate or prepare detailed ground water table maps to determine if any trends could 

be established: however. ii might be useful lo do so. 

ENERGY FUELS NUCLEAR RESPONSE: 

Although joints have been observed and mapped on the edge of the mesa. no significant joints 

have been documented in the subsurf&.e from over 45 wells and borings at the site. In addition, 

hydraulic tests conducted at the site do not indicate the pre . .:nee of extensive jointing. 

A review of the hydrographs of the monitoring wells showed that the majority of the recorded 

water-level fluctuations greater than 1.5 feet are in a negative direction to the mean water surface 

elevation in that well. This may suggest a lowering of the water table. The few measured, 

positive water-level fluctuations were sporadic. single-well fluctuations with no trend. In many 

cases these water-level fluctuations occurred in one sampling event, followed by a similar 

fluctuation in the reverse direction. These fluctuations probably were due to measuring error . 
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-he majority of these errors occurred prior to 1989, at which time new equipment was purchased. 

The present sampler also started at that time and has had a better understanding of quality control. 

In addition, Energy Fuels has prepared a new quality assurance plan which will include an 

updated Standard Operating Procedure (SOP) for water level measurements. The SOP is 

currently under re. iew. 

EPA COMMENT: 

We concur with Umetco 's statement that they need to confirm that the saturated thickness of 

sediments in the Burro Canyon is pinching out. Review of the well logs suggests that the reason 

Well No. J 6 is dry is that the bottom of the well was screened at the bollom of the Burro Canyon 

Formation at an elevation of5,497 feet above sea level. Water elevations in Wells 5 and 12 were 

at approximately 5,501 feet. Based on the assumed phreatic surface gradient, the: linear distance 

between Well 16 and Wells 5 and I 2. and the fact that the Burro Canyon Formation is 

unconformable over the Brushy Basin Member. water at that elevation would not be detected. 

EPA 's review and analysis of the existing well logs suggests that the bottom of the Burro Canyon­

Dakota Formation is generally dipping to the southeast with the possible exception of a 

topographic high at Well 4. 

ENERGY FUELS NUCLEAR RESPONSE: 

Data from MW-16 indicate the elevation of the top of the Brushy Basin is at 4,597 feet. The 

projected phreatic surface at thi('. location is approximately 4,590 feet (see Figure 2.4 of this 

report). Therefore .. the projected perched water level is below the top of the Brushy Basin. This 

would indicate the saturated thickness of the perched water approaches zero at this location. 

EPA COMMENT: 

We concur with Umetco that additional exploratory borings are needed lo be made and 

additional piezometers constructed when water ;_,; encountered. Additional compliance monitoring 

wells may need to be constructed based on the results of further characterization. Additional 

characterization efforts should e· tend southerly, from a line formed by extending the common 

wallldilce between cells 2 and 3. east and west to the mesa edge to confirm that the saturated 

thickness of Burro sediment pinches out. Data from the existing wells and any additional data 

collected from further characterization efforts can be utilized to prepare a geologic map depicting 
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the boltom of the Burro Canyon Formation and an isopach map depicting the thickness of the 

formation and saturated intervals. 

ENERGY FUELS NUCLEAR RESPONSE: 

All data gathered during the drilling program will be added to existing data to update maps and 

cross sections. The vertical borings completed dcring this program will be developed as 

monitoring wells and will become part of the ground water monitoring program. These data will 

be included in the Semi-annual Effluent Reports that are submitted to the NRC. 

EPA COMMENT: 

During the meeting. Umetco indicated that the hydraulic conductivity of the Brushy Basin 

Member was approximately I{)"" and that the effective porosity was approximately 15 percent. 

ls there any .•·ile-specific data supporting these assumptions at the Umetco site? Can Umetco 

provide reasonable assurance that if a significant release occurs there will be time lo put in place 

a contingency plan (e.g., a pump-and-treat lystem) to avoid contamination .from moving 

horizontally ojfsite or vertically through the Brushy Basin Member? The angle holes. core 

ru·overy, and the packer testing should extend into the Brushy Basin Member so that 

confirmation of the assumed hydraulic conductivities in the Brushy Basin Member can be 

obtained. 

ENERGY FUELS NUCLEAR RESPONSE: 

Effective hydraulic conductivity of the Brushy Basin Shale has not been measured at the site. 

H,)wever, hydraulic conductivity values for mudstone and c.·''iystone in the Burro Canyon 

Formation, reported in Table 2.2 of the report. range 7om l .58F .03 to l .93E-u:' :::m/5iCC. 

The slow-moving nature of water in the saturated zone of the Burro Canyon Formation (0.89 feet 

per year) and the low permeability of the underlying Brushy Basin Shale allows for the 

implementation of a contingency plan if a significant release were to occur from the disposal 

cells. Horizontal migration offsite. a dirunce of over 8,000 feet, would take over 8,000 years 

and vertical migration through the Morrison Formation would be negligible. 
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The proposed field program is designed to penetrate into the Brushy Basin Shale so that packer 

tests can be conducted to provide site-specific values for the hydraulic condudivity of the Bmshy 

Basin Shale. 

EPA COMMENT: 

Some of the wells logs and any test data from the culinary wells may be useful to respond to or 

support eh above concern. Can the culinary well locations be placed on the map, and the well 

logs be made available lo EPA for review? As a minimum, the lithologic logs for the culinary 

wells should provide a good estimate of the thickness of the formations from the surface down 

to the Entrada. 

ENERGY FUELS NUCLEAR RESPONSE: 

Drillem' logs of site water supply wells are included in Appendix A. Thicknesses of the 

formations were 1 :iferred from these logs as: 

Unit Thickn~~ 

Dakota 81' 

Burro Canyon 65' 

Morrison 672' 

Summerville 37' 

Entrada 365' 

EPA COMMENT: 

EPA also requests thal all additional compliance monitoring wells be constructed in accordance 

with the Handbook qf Suues,ed Practices for the Design and lnstalla,ion of ground Water 

Monitorin, We!ls (EPA 1991 Document No. EPA/600/4-89/034) or be functionally equivalent. 

ENERGY FUELS NUCLEAR RESPONSE: 

This document was used to design MW-16 through MW-19 and is the basis for the design of any 

future monitoring wells. 
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EPA COMMENT: 

EPA also requests the results of uny packer tests which were completed in the vadose zone. 

Please provide EPA with any packer and pump/slug tests that may have been conducted and were 

not included or referenced in the February 1993 Ground Water Study, White Mesa Facility, 

Blanding, Utah. 

ENERGY FUELS NuCLEAR RESPONSE: 

The results of al' packer tests conducted in the vadose zone iu-e included in this report in 

Table 2.2 

EPA COMMENT: 

EPA would like to have the confidence and assurance that field sampling techniques and 

laboratory quality assurance and quality control procedures are in place to validate data. We 

would like to see in place, a system which would preclude questionable "hits" based on sampling 

techniques and analytical methods. 

ENERGY FUELS NUCLEAR RESPONSE: 

Energy Fuels has prepared an updated Quality Assurance Project Plan (QAPP) for the White 

Mesa Mill ground water compliance monitoring program. The QAPP is included as Appendix 

G to the main report. The current version addresses data quality objectives, quality assurance 

objectives, sample and document custody procedures, quality control procedures, data evaluation 

methods, and analytical procedures. The QAPP presents the organi:zation structure to ensure 

conformance to the Quality Assurance Plan. The S0Ps to be attached to the QAPP a.re currently 

being revised from the S0Ps that were used previously. 

3.0 A TI ACHMENT 

EPA COMMENT: 

If the Burro Canyon-Dakota Formation is used as a point of compliance. the Brushy Basin 

Member of the Morrison Formation must also be characterized since it is the geologic unit 

separating the Burro Canyon aquifer from the underlying aquifer in the Entrada Formation. 
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Cha, ,2clerizallon of the Brushy Basin Member should verify the assumplion that it is acting as 

an "aquitard " Characterization of the Brushy Basin Member should include. but nol be limited 

lo.· 

• lilhnlogic and geophysical logs/or the culinary wells previously installed into the Entrada 

Formation. 

• thickness of the unit, 

• any fractures observed in the unit, 

• packer tests at different depth intervals. 

• other data related to horizontal and vertical hydraulic conductivity, including laboratory 

tests conducted on samples, 

• verification of 15 percent effective porosity of the Brushy Basin underlying the While 

Mesa area or laboratory data from tests conducted for effective porosity on samples 

collected from the Brushy Basin Member underlying the site, and 

• any other data pertinent to cha, ..icterizing the Brushy Basin Member which supports the 

assumption that the Brushy Basin is an aquitard. 

EPA believes by extending the proposed characterization effort into the !Jrushy JJ~in Member. 

Umetco should be able to provide answers to our questions and comments. Tne minimum 

apparent depth of penetralion into the competent Brushy Basin Member would be 20 feet. Baud 

on the assumption that a JO-degree angle from the vertical is used for angle drilling, the total 

length of core would be 25 feet and the horizontal dista;:ce wn,tld be 15 feet. The decision of 

the actual depth occurred can be made on criteria observed : n the field such as lithology, the 

occurrence. spacing, and orientation of joints and .fractures observed in the Dakota/Bu"o 

Formation. The core should be recovered for observation and laboratory analyses. Packer 

testing intervals should be determined after observation of the core. 

ENERGY FUELS NUCLEAR RESPONSE: 

The Brushy Basin Member of the Morrison Formation will be investigated in the additional 

characterization studies proposed for the White Mesa Facility. These studies, described in 

Section 4.0 of this report, include penetration of at least 25 feet of Brushy Basin in the angle 

boring, core sampling, lithologic and geophysical logging, and permeability testing. Laboratory 

analysis of the shale will also be conducted to estimate the effective permeability of the Brushy 

Basin. 
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4.0 ENCLOSURE 

EPA COMMENT: 

Various types of leaks may occur through the bottom of Cell 4A. EPA would like to see various 

leakage scenarios to assess the possible leakage rates that may occur through the cell lining. 

Leak scenarios that examine a range of leakage rates, types of leakage that may occur through 

the bottom of the cell using reasonable assumptions about the subsurface characteristics directly 

below the cell are appropriate. 

These leakage rates should include the following scenarios: 

I. areal leakage though the bottom of the cell equal to the expected flux of water infiltrating 

the cover. 

2. areal leakage through the bottom of the liner I 0- Jo I 00-times the expected flux of water 

infiltrating the cover. 

3. a scenario that simulates a major liner failure. 

Based on Umetco 'sjigure titled "Cell 4A Schematic"from the February 9, 1994 meeting at NRC. 

the cover flux is projected at 0. 0 I ff /yr/fr. This flux may be considered as an areal flux through 

the bottom of the liner (Q"' = (!""). The three-dimensional extent of leakage can be calculated 

using this flux rate. assuming that the leakage occurs throughout the bottom of the cell and 

making some reasonable assumptions about the in situ material characteristics directly below the 

cell c:lay liner. These assumptions would include flow through the matrix and the potential for 

fracture flow in the subsurface. If a major leak occurs, the movement of fluid will be primarily 

in the open fractures. if fractures are present, and not within the matrix of the sedimentary units. 

The cover may fail and, therefore, the second scenario, leakage through the bottom of the liner 

at JO- to JOO-times the expected cover flux (0. I to 1.0 ft3/yr/fr), should be calculated Finally. 

a worse-case scenario that assumes a major liner failure should be calculated. For this worse­

case scenario, assumptions may include the maximum waler level expected in the cell, a leak in 

the southwest corner of the cell, and a significant leakage rate of at least I 0-5 cm/sec. 

ENERGY FUELS NUCLEAR RESPONSE: 

Analyses of infiltration through the bottom of wet and dry tailings disposal cells are discussed 

in Section 3. I of the main report. The analyses were conducted using the EPA HELP Model 

F-19 
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(Version 2.0) using site-specific soil data and climatological data from Blanding, Utah and Grand 

Junction, Colorado. The results of the HELP Model are presented in Appendix C of this report. 

The results of the analyses indicate that zero net infiltration would occur through the dry tailings 

cell. An infiltration rate of 0.04 to 0.12 feet per year was predicted for the w~t tailings cell 

assuming a partially- and fully-ledking bottom liner . 

Clll\JUOIWHITEMSAIWKTMSA.f AH (71l7'94J F-20 
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WBITB KESA MILL'S GRQUIIP WATBR OQALJTJ ASSQRANCI PROJECT 
PLU 

1.0 INTRQDQCTIQI 

This quality assurance program is based on u.s EPA 
Guideline SW-846, u.s NRC Regulatory Guide 4.14 and 
4.15, and is designed to provide specific guidance 
and quality assurance requirements for White Mesa 
Mill's environmental sampling activities. This 
quality assurance (QA) program presents the 
purpose, organization, and Standard Operating 
Procedures (SOPs) pertinent to conduct sampling in 
a manner consistent with specific quality assurance 
goals. 

These quality assurance goals focus on precision, 
accuracy, completeness, representativeness, and 
comparability. The QA program addresses data 
quality objectives (OQOs), quality assurance 
objectives, sample and document custody proc, ·~s, 
quality control procedures, data evaluation 
procedures, and analytical proced\.,.:es. 

2.0 DBSCRIPTIQ1f AND QYJRALL DATA OUALI+. QBJBCTIVBS 

2.1 INTRODOCTIOH 

The overall intent of the environmental sampling 
activities is for compliance purposes under the 
NRC Material License SUA 1358. 

2. 2 ANALYTI"!AL OBJECTIVES 

The data quality objective process described in 
u.s EPA Guideline SW-846 is used as a basis tor 
development of the analytical objectives. For 
analysis of the ground water samples, analytical 
objectives have been developed and are described 
in detail in Sections 4.0 and 8.0. 

Analytical objectives include criteria for 
precision, accuracy, representativeness, 
completeness, and comparability of the ground 
water data. Analytical methods used vary 
according to the analyses required and according 
to the methods used by the laboratory. 
Procedures regarding review of data and data 
validation are included in Appendix A, Part 2, 
Standard Operating Procedure (SOP) No. 6. 



2.3 DATA Ml\lfAGEKEHT OBJECTIVES 
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Procedures are given to document sample quality. 
Procedures include all S0Ps for ground water 
monitoring well sampling activities. Field 
logbooks will be kept as described in Appendix 
A, Part 2, SOP No. 1. Sample analyses from the 
in-house laboratory and from the contract 
laboratory will be retained in the monitoring 
wells file. All ground water analyses shall be 
summarized and included in the semi-annual 
effluent reports. 

2.4 PROJECT SCBBDOLB 

The ground water project schedule is discussed 
in section 1.0 of Appendix A, Part 1, Ground 
Water Monitoring Plan. 

3.o PROJECT QRGAMIZATIQtf AND RBSPONSIBILITIBS 

3.1 PROJECT ORGANIZATIOB 

Project organization consists of the 
environmental coordinator reporting to the 
Department Head of EA/HS. The Department Head of 
EA/HS has the overall responsibility for 
assuring that the QA program is being followed 
and that QC measures are adequate. The 
environmental technician reports to the 
environmental coordinator on the progress of 
ground water sampling activities and any 
problems incurred. In addition, both the 
in-house chemist and the laboratory project 
chemist send all ground water analyses to the 
environmental coordinator for review. An 
organizational chart is included in Table 1.0. 

3.2 RESPONSIBILITIES OF IPN PERSONNEL 

The environmental technician is responsible for 
sample collection, sample storage, sample 
management, and equipment calibration. The 
technician is required to follow all SOPs 
relating to ground water sampling activities. 
The in-house chemist is responsible for 
performing ground water analyses for chemical 
analytes specified by EFN. 
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The chemist is also responsible for following us 
EPA analytical methods in Guideline SW-846. In 
addition, White Mesa Mill's environmental 
coordinator is responsible tor directing and 
coordinating all environmental sampling 
activities. The Department Head of EA/HS will 
supervise all QA/QC measures to assure proper 
adherence to the QA program and will determine 
corrective measures to be taken when deviations 
from the program occur. 

3.3 JlB8POM8I8ILITIZ8 o• COIITRACT LABOllATORY 

The contract laboratory is responsible tor 
providing sample analyses for ground water 
monitoring and for reviewing all analytical data 
to assure that data are valid and of sufficient 
quality. The laboratory is also responsible for 
data validation in which 101 ot the data is 
checked in reference to data quality objectives. 

In addition, the laborat~ry must adhere to the 
specified guidelines EFN is requiring the 
laboratory to meet. The guidelines the contract 
laboratory is expected to follow are us EPA 
Guideline SW-846, and US NRC Regulatory Guide 
4.14 ~nd 4.15. 

The contract laboratory will be chosen based on 
the following criteria: (1) experience in 
analyzing environmental samples with detail for 
precision and accuracy, (2) experience with 
si~il~r matrix analyses, (3) operation of a 
stringent internal quality assurance program 
meeting EFN's specifications, (4) ability to 
satisfy radionuclide requirements as stipulated 
in NRC Regulatory Guide 4.14, and (5) audit and 
approval of the laboratory by EFN. Details of 
quali'ty assurance/ quality control (QA/QC) 
requirements for laboratory performance are 
addressed in Sections 6.0 and 15.0 respectively. 

4.0 QUALITY ASStJIWICI OBJICTIVBS FOR IUSQBIUl'J' or DATA 

The primary QA objective for all White Mesa Mill's 
ground water sampling activities is to identify and 
implement procedures for field sampling, laboratory 
analyses, data management, and reporting that will 
provide data of sufficient quality to meet ground 
water monitoring objectives • 

.. 
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Project objectives are previously discussed in 
Section 2.0. The quality assurance objectives are to 
docwnent data quality in terms of precision, 
accuracy, representativeness, completeness, and 
comparability. 

,.1 QUALITY ASSURUICB PUAIIBTBR8 

4~1.1 PRICISION 

Precision is defined as the measure of 
variability that exists between individual 
sample measurements of the same property 
under identical conditions. Precision is 
measured through the use of sample splits 
taken at specified regular intervals. 
Split samples ar·e prepared during 
laboratory analysis and must contain 
identical concentrations of the parameters 
of concern. 

Analysis of sample splits generates an 
estimate of overall precision in sampling 
and analysis. Laboratory split analyses 
express precision as a relative percent 
difference (IRPD). Field and laboratory 
split analyses are evaluated during data 
validation as discussed in Section 9.0. 

4.1.2 ACCURACY 

Accuracy is defined as a measure of bias 
in a system or as the degree of agreement 
between a measured value and an accepted 
or measured value. The accuracy of 
laboratory analyses is evaluated based on 
analyzing standards of known concentration 
both before and during analysis. Accuracy 
i• also measured by spiking samples with a 
known concentration of reagent and 
measuring the actual versus expected 
recovery in analysis. 

Blank analysis also notes bias that may 
have occurred due to cross-contamination. 
Analytical QC samples which will be used 
to control analytical accuracy are 
discussed in Section 4.3. Accuracy is 
moreover measured and evaluated through 
the Standard Operating Procedures(SOPs). 
SOPs are provided in Part 2, Appendix A. 
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Accuracy is evaluated through the use of 
blanks. Blanks may be field blanks of 
equipment rinsate blanks which may 
demonstrate the bias resulting from 
contamination. Such contamination may be 
due to sampling equipment, sample 
containers, or sample handling. Section 
4.2 addresses quality control samples 
collected in the field to be used to 
evaluate the accuracy of sampling 
activities. The impact of bias encountered 
during sampling will be evaluated during 
data validation as discussed in Section 
9.0. 

4.1.3 RBPRB8ElrrATIVB11E88 

Representativeness is defined as the 
degree to which a set of data accurately 
represents the characteristics of a 
population, parameter conditions at a 
sampling point, or an environmental 
condition. Representativeness is 
controlled by collecting QC saaples and 
performing all sampling in compliance with 
the applicable procedures. Detailed 
sampling procedures are provided in 
Appendix A. QC samples collected in the 
field to control data representativeness 
are discussed in Section 4.2. 

4elo4 COKPLBTBHJ:88 

Completeness refers to the amount of valid 
data obtained from a measurement system in 
reference to the amount that could be 
obtained under ideal conditions. 
La.uoratory completeness is a measure of 
the number of samples submitted for 
analysis compared to the number of 
analyses found acceptable after review of 
the analytical data. 

4.1.5 COMPARABILITY 

Comparability refers to the confidence 
with which one set of data can be compared 
to another measuring the same property. 
Data can be prepared based on accuracy, 
precision, and representativeness. Data 
are ~omparable if sampling conditions, 
collection techniques, measureaent 
procedures, methods, and reporting units 
are consistent for all samples within a 
sample set. 
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Data subject to quality assurance/quality 
control (QA/QC) measures are deemed more 
reliable than data without any QA/QC 
measures. Quality control samples which 
help evaluate comparability are discussed 
in Section 4.3. 

,.2 FIBLD All'D LABORATORY QUALITY ~OIITROL 

4.2.1 l'IU.D QC CBBCU 

Field QC checks consist of field 
duplicates and rinsata blanks collected 
and submitted to the analytical laboratory 
in order to assess the quality of data 
resulting from the field sampling program. 
Field duplicates will be analyzed to 
determine the reproducibility of sampling 
and laboratory results. 

Equipment rinsate blanks will serve as a 
check for cross-contamination that may 
have occurred during the sampling process. 
The Standard Operating Procedures address 
the topics of equipment decontaaination 
and sampling procedures to be followed. 
Equipment rinsate blanks provide a check 
for cross-contamination by sampling 
equipment. The frequency for collection of 
equipment rinsate blanks is described in 
Part 1, Appendix A, Ground Water 
Monitoring Plan. 

Field blanks will be analyzed to evaluate 
data accuracy through presentation of 
possible bias. 

4.2.2 FIBLD QC CHECK PROCB1>0RBS 

Field QC check procedures will include peer 
review and approval of field procedures by the 
Department Head of EA/HS. All procedures must 
be signed off by the Department Head of EA/HS 
in order to be properly implemented and 
documented. For field QC check procedures, 
instrument calibration of all field instruments 
involved in the sampling process will done 
prior to each day of sampling. Procedures for 
instrument calibration are contained in the SOP 
No L 
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The QC checks for the in-house and contract 
analytical laboratory will meet or exceed the 
quality control measures set forth in the 
analytical methods used by the laboratory. 
Laboratory QC samples will assess the accuracy 
and precision of the environmental analyses. The 
following describes the type of QC samples which 
will be used to assess the quality of the data. 

4.3.1 JIATJlIZ SPIKB 

A matrix spike is an environmental sample 
to which known concentrations have been 
added. The spike is taken through the 
entire analytical procedure and the 
recovery of the analytes is calculated. 
Results are expressed as percent recovery 
of the known amount spiked. The matrix 
spike serves as a check evaluating the 
effect of the sample matrix on the 
accuracy of analysis. 

Matrix spike analyses will be documented 
in the field logbook and the Chain-of 
custody form by the environmental 
technician using a sample identification 
number. Extra sample volume aay be 
collected as needed. A miniaua of 1 in 20 
samples shall be designated for spike 
analysis. The same ainimWll will hold true 
for the in-house laboratory as well as 
the contract laboratory. 

The amount of spiked reagent to add to a 
sample can be determined from the 
following formula: 

(Nl)(Vl)= (N2) (V2) where Nl is the 
concentration of sample water and where 
N2 is the concentration of the spike 
reagent; Vl is the volume of the sample 
water. V2 is the volume of reagent that 
needs to be added. When solving the 
equation V2 can be determined. 
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A laboratory duplicate is taken as a 
split from an environmental sample. A 
duplicate is prepared and analyzed by 
identical methods to the original sample. 
Duplicates serve to check precision of 
the analysis. Results are expressed as a 
relative percent difference (IRPD) 
between analytical results for the split 
and the original sample. Both the 
in-house and the contract lab will 
analyze duplicates. 

4.3.3 LABORATORY AND PRBPARATIOB BLAIIK8 

A laboratory blank is prepared and 
analyzed in an identical manner to the 
environmental sample. A preparation blank 
consists of analyte-free deionized water 
analyzed in a manner identical to the 
environmental sample. ContaJ1ination 
detected in analysis of laboratory or 
preparation blanks will be used to 
evaluate any laboratory contamination of 
ground water samples which may have 
occurred. 

4.4 IIDSUJlDD'l' GOALS 

The objective of quality assurance is to assess 
the accuracy and precision of sampling activities 
and laboratory methodology, and to provide 
quantifiable data with known accuracy and 
precision limits. 

Field activity QA objectives will be fulfilled by 
the approved sampling and sample handling 
procedures described in the Ground Water 
Monitoring Plan and the Ground Water SOPs. 

The accuracy and precision of laboratory analyses 
will be determined by analysis of laboratory 
spiked samples, laboratory duplicates, and sample 
blanks collected and analyzed with frequency as 
described below. Accuracy is measured as the 
percent recovery (IR) of a known standard or 
spiked amount for method-specific calibration 
standards and spiked field samples. Precision is 
aeasured as relative percent difference (IRPD) 
for field duplicates. 
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The frequency of the duplicates isl for every 20 
samples submitted. The frequency for blanks is 1 
for every 20 samples submitted. Equipment rinsate 
blanks will be collected each day ground water 
sampling is conducted and submitted with the 
quarterly samples. Furthermore, a spike should be 
performed for every 20 samples submitted. 

QA measurement of the representativeness of data 
is achieved through analysis of field duplicates 
assuming that comparable sampling and analysis 
procedures have been followed. QA measurement of 
data comparability is also achieved through 
analytical methods and laboratory quality 
assurance programs. 

Laboratory quality assurance provides a means for 
establishing consistency in the performance of 
analytical procedures and assuring adherence to 
analytical methods utilized. Laboratory quality 
control programs include traceability of 
measurements to independence reference materials 
and internal controls. QA measurement of 
completeness will be evaluated during data 
validation as discussed in Section 9.0. 
Completeness goals for ground water are addressed 
in Section 4.14. 

4.5 PIBLD HBASUJlBKZll'r8 

Measurement data will be generated for all ground 
water sampling activities and will include a 
description of weacher conditions during the time 
ot sample collection. QA objective for the data 
will be achieved by recording field instrument 
calibrations and by follcwing preventive 
maintenance procedures addressed in Part 2, 
Appendix A, SOP No. 1 

s.o 8AHPLI1fG PRQCIDQBII 

Sampling procedures are specified in Part~, Appendix 
A, Ground Water Standard Operating Procedures. These 
procedures include procedures for preparation of 
sampling equipment, sample designation, saaple 
preservation, and decontamination. 
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sample and document custody procedures are addressed 
in Part 2, Appendix A, SOP No. 2. Procedures will 
include sample handling, labeling, shipping, 
Chain-of-custody documents, field documentation, and 
project docuaentation. Verifiable sample custody 
will be an integral part of all field and laboratory 
operations related to ground water monitoring. 
Traceable steps will be taken in the field and 
laboratory to document that all samples have been 
properly acquired, preserved, and identified. 

1.0 CALIBRATJQII 11D DIOQQCJ IIOCIPPIU 
Calibration and frequency procedures are addressed 
in the Part 2, Appendix A, SOP No. 1. Procedures 
include calibration of field and laboratory 
equipment, and frequency of calibration. A 
fundamental requirement for collection of valid data 
is the proper calibration of all analytical 
instruments. Calibration documentJ that analytical 
equipment is operating properly and that data 
produced are within defined calibration ranges. 

a.o MILJTICAL IBQCIPVBII 

8.1 LABORATORY PROCBDUllB8 

The analytical procedures to be used by the 
in-house laboratory and contract laboratory 
will depend on the analysis being done. Methods 
will vary depending on the laboratory 

·contracted. All compliance analyses will be 
performed at the contract laboratory. However, 
both labs are to meet the specifications as 
outlined by EFN. 

These specifications require both the in-house 
and contract laboratory to follow US NRC 
Regulatory Guide 4.14 and US EPA Guideline 
sw-e~6. The ground water limits for 
radionuclides are given in NRC Regulatory Guide 
4.14 and the contract laboratory is expected to 
meet these limits. Analytical procedures are 
discussed in section 11.0 and SOP No. 6 • 



Section 2.0 
Revision 1 
Page 11 of 17 
July 19,1994 

a.2 PHYSICAL TB8T8 AND •xBLD PROCBDURB8 

Parameters such as pH and specific conductance 
will be measured upon sample collection with 
appropriate instruments in accordance with the 
procedures defined in the SOP No 1. 

The contract lab will be required to meet the 
guidelines specified for LLD values for 
radionuclides in ground water and aay deviate 
froa the LLD values provided that the standard 
error is not greater than 101 of the estimated 
value of the sample. 

t.o DITA BIPVCTIQI, JALIDATIQI, 11D IIIQBTIIG 

The analytical data generated by the contract 
laboratory will be evaluated for precision, 
completeness, accuracy, and representativeness using 
specific data validation procedures. All ground water 
data will go through two levels of data review and 
vali~ation. The first level of review will be by the 
contract laboratory. A data validation specialist 
will validate all analyses for the contract lab. 

Full validation will include recalculation of raw 
data for a minimum of one or more analytes for ten 
percent of the samples analyzed. The reaaining 901 of 
all data will undergo a QC review which will include 
validating holding times and QC samples. Overall data 
assessment will be a part of the validation process 
as well. 

The laboratory reviewer will evaluate the quality of 
the data based on US NRC Guide 4.14 and on 
analytical methods used. The reviewer will check the 
following: (1) sample preparation information is 
correct and complete, (2) analysis information is 
correct and complete, (3) appropriate laboratory 
SOPs are being followed, (4) analytical results ara 
correct and complete, (5) QC samples are within 
established control limits, (6) blanks are within QC 
limits, (7) special sample preparation and 
analytical requirements have been met, (8) 
documentation complete. 



Section 2.0 
Revision 1 
Page 12 of 17 
July 19,1994 

The laboratory will prepare and retain full QC and 
analytical documentation. The laboratory will report 
the data as a group of 20 or less, along with the 
QA/QC data. The contract laboratory will provide the 
following information: (1) cover sheet listing 
samples included in report with a narrative, (2) 
results of compounds identified and quantified, (3) 
dilution factors, and (4) reporting limits for all 
analytes. Also to be included are the QA/QC 
analytical results. 

The second level of review will be the 
responsibility of the environmental coordinator. The 
review will be objective and independent since the 
coordinator is not directly involved in the analysis 
of the ground water samples. Additional chemical 
analyses for grol...,,j water samples will be provided 
by the in-house laboratory. Other areas of interest 
for validation purposes will include the review of 
sampling procedures, rinsate blanks, laboratory 
blanks, laboratory duplicates, and spikes. 
Laboratory analyses will also be checked for 
completeness upon receipt fro• the contract 
laboratory. Re-runs will be required for samples not 
meeting reporting limits or LLD values. 

In addition, the holding time for ground water 
~amples vary according to the analyte being 
analyzed. As part of the data validation process, 
the holding time will be compared to the date of the 
laboratory saaple analyses and the date of sample 
collection to assure validity of the analyses. 

10.0 Jlf'l'BllQL WOMTOIX CIICII 

Laboratory QA procedures will be followed to ensure 
proper handling and tracking of analytical accuracy 
and precision. Accuracy will be evaluated using 
spikes, blanks, and duplicates. All 
out-of-coapliance results will be logged by the 
laboratory QA officer with corrective actions 
described as well as the results of the corrective 
actions taken. All raw and reduced data will be 
stored according to the laboratory's record keeping 
procedures and QA prograa. All records will be 
available for on-site inspection at any time during 
the course of investigation. 
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The contract laboratory will follow specific SOP&· 
and analytical methods used by the laboratory. SOPs 
will ba available for on-site r~view by 
non-laboratory personnel during the course of 
investigation. 

11 re-runs occur with increasing frequency, the QA 
officer and the project che•iat will be consulted to 
establish more appropriate analytical approaches to 
problem saaples. 

11.0 IJITII NIP IIIIPJUIIIICI IJJDIII 

System audits are conducted to verify documentation 
and implementation of the QA program. The audits 
also evaluate the effectiveness of the established 
QA program and identify any weakness within the 
program needing improvement. Audits identify 
deviations from the QA program and verify correction 
of such deviations. The Department Head of EA/HS 
will b~ responsible for initiating and overseeing 
systei .udi ts. 

Performance audits are used to assess the accuracy 
of measurement data through the use of laboratory 
performance evaluation and blind check samples. 
Blind perforaance evaluation samples will be 
submitted to the contract laboratory for analysis. 

11.1 AODIT ,aocmORB 

The system audits will be conducted by EFN 
staff or by other qualified and approved 
persons. Systea audits will review field and 
laboratory operations including saapling 
equipment, laboratory aquipaent, aaapling 
procedures, and equipment calibrations to 
evaluate the effectiveness of the QA program 
and to identify any weaknesses that may exist. 

11.2 POLLOW-OP ACTIONS 

Response to the system audits i• required when 
deviations are found and corrective action is 
required. The Department Head of EA/HS in 
coordination with the environ11antal coordinator 
will respond to each Audit Finding Report by 
completing the Corrective Action Reply section 
on each fora. The response is to be completed 
within 20 days of receipt and is to state tbe 
corrective measures taken for each finding. The 
response will include the corrective a~tion, 
the date of implementation, and include 
corrective action to prevent recurrence. 
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Audit records for all audits conducted to date 
will be retained in Central Filas. These 
records will contain audit reports, written 
replies, records of completion for corrective 
action•, and any other documents associated 
with the audits supporting audit findings or 
corrective actions. 

12. o IIIYU'l'IYI MIDIIMCI 

Preventive maintenance concern• the proper 
maintenance and care of field and laboratory 
instruments. Preventive maintenance helps ensure 
that ground water data generated will be of 
sufficient quality to meet QA objectives. Both field 
and laboratory instruments have a set maintenance 
schedule to ensure proper functioning of the 
instruments. Both field and laboratory instruments 
will be maintained as par the manufacturer's 
specifications and established sampling practice. 

Field instruments will be checked and calibrated 
prior to use. Batteries wil1 be charged and checked 
daily or as needed. All equipaant out of service 
will be i111J1ediately replaced. Field instrwaents will 
be protected from adverse weather conditions during 
sampling activities. Instruments will be stored 
properly at the end of each working day. Calibration 
and maintenance problems encountered will be 
recorded in the field logbook. Calibration and 
maintenance procedures are specified in SOP No. l. 

Both the in-house and the contract laboratory are 
responsible for the aaintenance of their 
instruments. Preventive maintenance will be 
performed on a scheduled basis to minimize downtime 
and the potential interruption of analytical work. 

13.o QUI AIIIIMU'1' IIQCIDVBU 

Data assessment and review will be accomplished by 
the project chemist in conjunction with data 
validation and QC review described in Section 9.0 
and SOP No. 6. A summary of this assessment of 
chemical data quality will be reviewed by the 
environmental coordinator. Any problems regarding 
sample col.action, shipping, handling, or analysis 
will be taken into consideration when evaluating the 
quality of the data . 
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Both precision and accuracy of the data will be 
evaluated to assess the quality of the data. 
Assessment of data with respect to the quality 
assurance objectives will be accomplished through 
the joint efforts of the project chemist, 
environmental coordinator, and the Department Head 
of EA/HS. The assessment will evaluate sample 
collection, sample handling, field data, validated 
blank values, and any other data flags or 
qualifiers. 

1t.o CQIIIC'.'IIYI ACTIOI 

Both the field technician and project chemist are 
responsible toe following procedures in accordance 
with the protocols established in the Quality 
Assurance Project Plan. 

corrective action should be taken for any procedure 
deficiencies or deviations noted in the ground water 
monitoring program. All deviations from field 
~ampling procedures will be noted in the field 
logbook. Any QA/0.C probl ;ms that arise will be 
brought to the iJIIJllediate attention of the 
environaental coordinator. Laboratory deviations 
will be recorded by the QA officer in a logbook as 
well. 

Corrective actions will be made and docuaented when 
procedures are not strictly in compliance with the 
established protocol. Data associated with these 
deviations is considered suspect. Additional samples 
or measureaents will be taken in the field to 
replace data considered suspect. Upon implementa.tion 
of corrective action, a memorandwa docUJLenting the 
field corrective action will be placed in the 
monitoring well files and in Central Files. 

Corrective act! in for laboratory deviations will 
be the responsibility of both the environmental 
coordinator and lab supervisor. Any deviation 
apparent during analysis will be addressed and 
corrective action will be taken when deemed 
necessary. All corrective measures will be 
documented and filed. 
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1s.o OUALJTX IIIQIIIICI RIPQBTI TO NAlfAQIKIIT 

The environmental technician will report to the 
environmental coordinator regularly regarding 
progress of the ground water sampling. The . 
technician will also brief the coordinator on any 
QA/OC issues asaociated with ground water sampling 
activities. Refer to Section J.O and Table 1.0. 

The in-house and contract laboratory maintain 
detailed procedures for laboratory record keeping. 
Each data sat report subaitted to the anvironaental 
coordinator will contain the laboratory'• 
certification of the analytical aethods performed 
and identify all QA/QC measures not within the 
established control limits. Any QA/QC problems will 
be brought to the environmanta]. coordinator's 
attention as soon as possible. 

After sampling has been completed and final analyses 
are completed and reviewed, a brief data evaluation 
swuaary report will be prepared. The report will 
summarize the data validation efforts and provide an 
evaluation of the data quality in regard to 
precision, accuracy, and completeness. The final 
swuaary will be prepared by the project cheaist for 
the contract lab and by the staff cheaist at the 
in-house lab. The final SW1U1ary will be reviewed by 
the environmental coordinator and incorporated into 
the ground water semi-annual effluent report. 
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energy fuels nuclear, inc. 
po. box 787 • Oland,ng. uta"I 8451 1 

October 5, 1994 

Ms. Sandra Wastler, Senior Project Manager 
U. S. Nuclear Regulatory Com:nission 
2 White Flint North, Mail Stop 7J9 
11545 Rockville Pike 
Rockville, MD 20852 

Dear Ms. Wastler: 

Re: White Mesa Mill, Blanding, Utah. License SUA-135~ 
Transmittal of Points of Compliance for 
White Mesa Mill 

Enclosed are five copies of a report which presents the 
l'ationale for location and compliance criteria for 
groundwater Points of Compliance (POCs) for the Energy Fuels 
Nuclear, Inc. (EFNI), White Mesa Uranium Mill. The purpose 
of the POCs is to provide timely detection of potential 
leakage from the tailings disposal cells at the mill site and 
to assure protection of the underlying Entrada/Navaho 
Aquifer. 

The report has been developed based on a re-evaluation of 
existing groundwater quality data and incorporates NRC's 
comments from our meeting of August 11, 1994, and NRC's site 
visit of Septembe- 20, 1994. We have also enclosed one copy 
of each of the two guidance documents prepared by the U. S. 
Environmental Protection Agency (EPA) concerning groundwater 
monitoring and 5tatistical analysis of groundwater data which 
were used in this report. 

If you or your staff have any questions concerning this 
report, please call me at (801) 678-2221 or Michelle Rehmann 
at (303) 623-8317. 

DI<S/gp 
Enclosures 

xc: Mr. Charles L. Cain 
Ms. Michelle R. Rehmann 
Mr. Rick A. Van Horn 
Mr. Harold R. Roberts 

Sincerely, 

iti:ft 
Manager of 

1tt.l1.un Processing 
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This report presents the rationale for location, and compliance criteria for ground water Points 
of Compliance (POCs) for the Energy Fuels Nuclear Inc. (EFNI) White Mesa Uranium Mill. 
The purpose of the POCs is to provide timely detection of potaitial leakage from the tailinp 
disposal cells at the mill site, and to assure protection of the underlying F.ntrada/Navajo Aquifer. 

The POCs for the mill site are existing monitoring wells WMMW-5, WMMW-11, WMMW-12, 
WMMW-14, and WMMW-15. In addition, a proposed POC monitorinc well will be located 
adjacent to taiUnas cell No. 4A. The POC monitoring wells are located hydraulically 
downp'adient of tailings disposal cells No. 3 and No. 4A and screened in the ground water 
perched mne of the Burro Canyon Formation. These wells will be monitored quarterly for the 
indicator constituents chloride, potassium, and nickel. Approved statistical methods, as per the 
F.nvironmental Protection Agency (EPA, 1989), will be employed to evaluate whether the 
perched ground water zone bu been affected by cell leakage. 

2.0 CURREN!' Sfl'E CONDmONS 

'Ibis section presents a summary of the current site hydrogeologic conditions as they pertain to 
POC issues. 

2.1 Site HydroaeoloaY 

Ground water occurrence within the proximity of the White Mesa Uranium Mill has been 
documented in three strata: the Dakota Sandstone, the Burro Canyon Formation, and the 
F.ntrada/Navajo Sandstones. An evaluation of the occunence of ground water at the mill site 
is presented by EFNI (1994a). 

Dakota Sand.stoM and Burro Canyon Formation 

The ground water occum:nce within Dakota Sandstone and Burro Canyon Formation in 
proximity of the mill site is in the form of a single perched ground water mne. The ground 
water is perched above the Brushy Basin Member of the Morrison Formation which consists of 
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bentonitic mudstooes and claystones. The saturated thickness of the perched ground water zone 
varies from 55 feet north of the site and thins to less than 5 feet to the south where it discharges 
into the adjacent canyons as evidenced by springs and productive vegetation patterns. 

Downgradient of the mill, (i.e. between the mill and dissecting canyons) the ground water in 
the perched mne cannot be used for irrigation or domestic consumption because of the natural 
poor quality of the water (Section 2.2) and low yield rates of the perched zone. Documented 
pumpin& rates from on-site wells completed in tte Burro Canyon Formation ar! less than 0.5 
gallons-per-minute (&pm). Even at these low rates, the wells are typically pumped dry within 
a couple of houn. 

At the mill site, the tailings disposal cells are sited within the unsaturated, Dakota Sandstone. 
If cell Jeakaae were to occur from the tailings cells, tailings-related constituents would have to 
migrate through approximately 110 feet of unsaturated material before reaching the perched 
ground water mne. The travel time for constituents to reach the perched ground water zone bas 
been estimated to range from SO to 150 yean (EFNI, 1994a). 

In terms of compliance monitoring, the perched ground water zone provides the earliest horizon 
for detection of tailings cell leakage because it is closest to the potential release point. Although 
the perched ground water zone cannot be classified as a useable aquifer, it would be considered 
a pathway for constituents (EPA, 1992), and under 40 CFR I 264.97 can be used for POC 
monitoring. 

Enlrada/Navajo Sandstone Aquifer 

The ground water. present within the Entrada/Navajo San~ is the first useable aquifer of 
significance documented within the mill area. The Entrada/Navajo Sandstone aquifer 
(Entrada/Navajo Aquifer) is an artesian aquifer and is used regionally for irrigation and domestic 
consumption. 

At the mill site, the F.ntrada/Navajo Aquifer is separated from the perched ground water zone 
within the Dakota Sandstone and Burro Canyon Formation by more than 1,200 feet of 
unsaturated, low permeability formations. The combination of low permeability, thick 
unsaturated strata and the artesian pressure within the aquifer provides a positive natural physical 
and hydraulic barrier that will protect the F.ntrada/Navajo Aquifer from being impacted by 
potential tailin1s cell leakage. 

In terms of compliance monitoring, the Entrada/Navajo Aquifer would not be included in POC 
monitoring for the following reasons: 
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• Timely detection of tailings cell leakage and protection of the Entrada/Navajo 
Aquifer can be accomplished by monitoring the overlying perched ground water 
mne within the Dakota Sandstone and Burro Canyon Formation; and 

• Timely detection of tailings cell leakage cannot be accomplished by monitoring 
the Entrada/Navajo Aquifer because it is separated from the tailings cells by more 
than 1,200 feet of low permeability, unsaturated strata. 

2.2 Perdled Water Quality 

Water quality data hu been collected at the White Mesa facility since 1979 and is presented in 
Appendix A of this report. Evaluation of the data indicates that in the perched z.one: 

• Water quality is poor and variable, and 
• Operations at the White Mesa Uranium Mill have not impacted water quality. 

Figure 1, which presents Stiff diagrams for wells upgradient of the tailings facility, demonstrate 
that water quality at the White Mesa Mill is variable in the perched ground water zone. 
Examination of the Stiff diagrams indicates that sulfate is the dominant anion but the dominant 
cation varies for the wells. At the W"mdmill and Jet Pump Well, magnesium is the dominant 
cation; at well WMMW-18, calcium is the dominant cation; at well WMMW-19, sodium is the 
dominant cation; and at well WMMW-1, calcium and sodium are present in approximately equal 
(milliequivalent) proportions. Figures 2 and 3 show that the cation variability continues 
throughout the mill site. 

Water quality variability is likely the result of several factors, including: 

• Slow ground water velocities that allow water to equilibrate with local 
mineralogy' 

• Mineralogic variability within the Burro Canyon Formation, 
• Partial penetration of some wells into the top of the underlying Brushy Basin 

Member,and 
• The decrease in saturated thickness of the perched mne south of the site. 
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As discussed below, the interaction of these factors leads to variability of water type (dominant 
cation) and also variability of other constituents. 

A discussion of the water velocity within the perched ground water mne is presented by EFNI 
( 1994a). Water velocity is expected to decrease as the saturated perched zone thickness 
decrascs south of the site. Along the edges of the saturated z:onc, ground water likely becomes 
staanant. Larae calcium, alkalinity and sulfate concentrations at wells located at the edge of 
the perched 1.011e indicate that the perched water probably is saturated with calcite, and possibly 
with gypsum, which is a result of stagnant or very slow movement of water in the perched mne. 

The mudstones of the Brushy Basin Member are expected to be a source of minor concentrations 
of trace metals. In general, large concentrations of trace metals such as arsenic, molybdenum 
and selenium, are found in shales, as compared to sandstones (Parm, 1967). According to 
boring and well completion logs (EFNI, 1994a), several wells were screened across the Burro 
Canyon Formation/Brushy Basin Member contact, including WMMW-2, WMMW-3, WMMW-
4, WMMW-5, WMMW-11, WMMW-12, and WMMW-15. Small concentrations of arst:1tic, 
molybdenum, and selenium are occasionally detected in these wells. 

Thinning of saturated thickness and related slow ground water velocities also account for the 
generally poor quality of the water. For example, the average total dissolved solids ('IDS) 
concentrations for site wells in the perched water zone range from 1271 to S0S2 milligrams-per­
liter (m&fl) md average sulfate concentrations ran1e from 656 to 2956 mg/I. These ran~~, of 
concentrations also have been documented ir sandstone and shale units in other semi-arid regions 
(Hem, 1989) with natural poor water quality. According to Utah Administrative Code, R448-6~ 
ground water with TDS of 3,000 to 10,000 rng/1 is classified as Class m - Limited Use. A 
number of upgradient, transgradient and downgradient wells, including wells WMMW-3, 
WMMW-4, WMMW-12, WMMW-14, WMMW-15, WMMW-17 and WMMW-19, would fall 
into this classification, indicating the poor quality of the perched water. Because of the poor 
quality of the water and low well yield of the water within the Burro Canyon Formation, its 
expect future uses are minimal. 

3.0 POINTS OF COMPLIANCE 

This section presents the compliance monitoring program, including location and rationale for 
the POCs, indicator constituents, and data evaluation protocol. 
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1be POCs for the White Mesa Uraniwn Mill are the existing monitoring wells WMMW-5, 
WMMW-11, WMMW-12, WMMW-14, and WMMW-15. In addition, a proposed monitoring 
well will be locatc:d adjacent to tailinas cell No. 4A. The locations of the POC wells are shown 
in Fipre 4. 

The POC locations were chosen based on the pidance set fonh in the document entitled ·RCRA 
Ground-Water Monitoring: Draft Technical Guidance• (EPA, 1992). • The POC monitoring 
wells are located hydraulically doWlllfldient of and adjacent to tailings disposal cells No. 3 and 
No. 4A, and are screened in the perched pound water zone. The pound water levels and flow 
directions present in the perched water a,ne are also shown in Figure 4. 

Cross-padient, the lateral spacing between the POC monitoring wells ranges from approximately 
500 to 700 feet. This spacin& will be adequate for POC monitoring because naturally occurring 
hydraulic, physical, and kinetic mechanisms are praent that will result in lateral sprading of 
constituents should cell Jeahae occur. The lateral sprading of constituents will facilitate cell 
lakaae ~on at the POCs. 

The mechanisms causing lateral sprading include: 

• Potential lokaae from a tailings disposal cell will first enter the unsaturated 
Dakota Sandstone where it will spread laterally as well as vertically aided by the 
presence of low permeability layers (stringers) and capillary suction; and 

• The flow regime within the perched water l.OllC of the Burro Canyon Formation 
is one of flow through a porous media. As such, constituents entering the 
ground water will be subject to transport processes of advection, dispersion, and 
diffusion. While advection (&round water flow) will transport constituents 
downgradient, both dispersion and ditfJsion mechanisms will cause lateral 
spreading of constituents in the ground water. Diffusion will cause lateral 
spreading set up by constituent concentmion gradients within the ground water. 
Hydraulic dispersion will cause lateral spreading due to flow through pore 
channels. The mqnitude of dispersion spreading is scale dependent and may 
range several orders of mapitude for various geologic media (Neuman, 1990). 
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Lateral spreading of constituents by naturally occuning mechanisms will increase the likelihood 
of detection at the POCs. Therefore, the POCs monitoring wells will provide timely detection 
of leaJc.aae from the tailings disposal cell. 

The POC monitoring wells are completed in the perched ground water mne of the Burro Canyon 
Formatioo. POC monitoring wells are not proposed for the Entrada/Navajo Aquifei because 
more than 1,200 feet of unsaturated, low permeability formations isolates the aquifer from the 
tailings cells, and because this aquifer is not the first occurrence of ground water to be affected 
should lrakage from the tailings cells occur. 

As presented in Section 2.1, the perched pound water zone is considered a potential constituent 
pathway, and it is located closest to the tailin1s cells. Therefore, monitoring of the Burro 
Canyon Formation perched ground water zone will provide timely det.ection of tailings cell 
leakage, if it occurs, and will be protective of the water quality of the F.l1trada/Navajo Aquifer. 

Oe.~ 
3.l Compliance Monitorin1 Program 
~~ 

The compliance monitoring program will consist of quarterly sampling of the POC monitoring 
wells. :Each sampling event will consist of ground water sampling and ground water elevation 
determination. Ground water sampling will be conducted using the procedures set forth in the 
Ground Wata Monitoring Plan (EFNI, 1994c) and the Quality Assurance Project Plan (EFNI, 
1994b). 

lndicalOr Co,utitwnJS 

Potential lrakage from the tailings cells will be evaluated by analyzing the perched zone ground 
water for indicator constituents present in the tailings. For the purpose of POC monitoring, the 
slimes drain water is considered representative of liquids associated with the tailings. Water 
quality indicator constituents were chosen based on the following criteria: 

• High c:oncentrations in tailings slimes drain water, 
• Low concentrations in site ground water, 
• Coruervative chemical characteristics, and 
• Representation of chemical classes; that is, a cation, an anion, and a trace metal . 
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Coostituents that meet these criteria are chloride, potassium and nickel. Table 1 lists average 
concentrations of chloride, potassium and nickel for the POC wells, in addition to 
concentrations in tailin&s cell No. 2 slimes drain water. As shown in Table 1, the concentrations 
in slimes chain water of chloride (3191 to 2573 mg/1), potassium (251 to 286 mg/I) and nickel 
(1.2 to 12 mafl) are one to three orders of magnitude larger than concentrations in the POC 
wells. 

In addition to the high concentrations in the slimes drain water, chloride, potassium and nickel 
were chosen as indicator constituents for the following reasons: 

• Chloride has been used as a conservative tracer for a number of years (Davis 
and others, 1985) and has been shown to travel at the same rate as water 
(Kaufman and Orlob, 1956). Conservative tracen, such as chloride, do not 
readily adsorb onto soil materials or precipitate unless present in very large 
concentrations. Evidence of the conservative nature of chloride is that chloride 
is the dominant anion in ocean water. 

• Potassium is somewhat conservative, depending on the presence of clays. 
Potassium is subject to adsorption by illite clay and to cation exchange by most 
clays. Potassium has been used as a tracer when it is a component of leachate 
(Davis and others, 1985) and to determine transport properties (Leonhart and 
othen, 1985). The tailings cells are underlain by sandstone, so potassium 
retardation due to reaction with clays should be minor. 

• Nickel was selected as an indicator constituent as representative of trace metals 
in the slimes drain water. Nickel is not considered to be conservative; however, 
it is less readily adsorbed and therefore, travels more readily in solution than 
other metals, such as lead, copper and zinc (Kinniburgh and Jackson, 1981). 
Nickel adsorption by clay is decreased by the presence of sulfate (Bansal, 1985), 
and sulfate is plentiful in slimes drain water and perched ground water. Hence, 
adsorption of nickel should be minor. 

Other constituents, such as pH, sodium, magnesium, calcium, sulfate and arsenic, were not 
included as water quality indicators for a number of ttasOllS. For example, pH is affected by 
soil constitue.nts, such as calcareous materials. Calcareous materials react with low pH 
solutions, resulting in pH incnme. Boring logs (EFNI, 1994a) indicated the presence of 
calcareous stringen and 1.0DCS underlying the site. The presence of these materials in the 
unsaturar.cd mne provides a protective geochemical barrier to potential movement of trace metals 
from the tailings cells. However, potential movement of solutions from the tailings cells would 
be n,copized sooner by monitoring chloride, which is less affected by reactions with soil 
materials . 
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In addition to potawum and chloride, slimes drain water contains other major cations and 
anions, includin& sodium, mapesium, calcium and sulfate. These parameters were not chosen 
as potential tracers because they also are major constituents in the pached ground water, as 
discussed in Section 2 .2. 

Arsenic occun as an anion in solution and, therefore, has different chemical behavior than most 
metals. For example, arsenic adsorbs readily at a pH of about 4.5 but desorbs at higher pH 
values, whereas most metals do not adsorb until the pH is much higher than 4.S. The slimes 
drain water pH typically is in the range of 1.5 to 3. If this water were to percolate into the 
underlyiq materials, the pH would gradually increase as sugested above. The result would 
be that arsenic in percolating water would tend to adsorb well before other metals, such as 
nickel. Therefore, arsenic is not considered to be useful as an indicator parameter. 

3 .3 Statutical Analysis of Monitorina Data 

Statistical methods will be employed to analyz.e the ground water monitoring data at the POCs 
and to evaluate compliance. The statistical analysis will be conducted usin& recommended EPA 
intra-well comparison techniques for RCRA facilities (EPA, 1989). Intra-well comparison 
techniques will be employed because, as discussed in Section 2.2, the spatial variability of the 
ground water quality precludes definitio., of background ground water quality over the large 
areal extent of the mill site. 

The intra-well comparison technique used will be a control chart based method. Control chart 
methods are widely used as a statistical tool in industty bec3use they are relatively simple to use 
and they provide ~ visual tool for detecting trends and abrupt changes in concentration levels. 

3.3.1 Compliance Evaluation 

The control chart method used for evaluating compliance will be the combined Shewhart­
CUSUM control chart method. The combined Sbewhart-CUSUM control chart method consists 
of plotting standardiud constituent concentration data versus time. Compliance is then evaluated 
by comparing the standardiz.ed concentrations against predefined upper bounds which are based 
on standard deviations. Combined Shewhart-CUSUM control charts for the POC monitoring 
wells and the indicator constituents are presented in Appendix B. The calculations used to 
develop these charts are presented in Appendix C. The control charts presented in Appendix 
B were constructed using the water quality data presented in Appendix A. All of the charts 
were constructed with a starting sampling date of March 24, 1994 so that each chart would 
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cover the same time period. Water quality data collected prior to March 24, 1994 were used 
to calculate the popu)ation mean and standard deviation used in control chart construction. 

To construct a combined Shewhart-CUSUM control chart, the constituent concentration data 
must first be standardized. The constituent concentration data is st.andardiz.ed using the 
followin& equation: 

where: 

Z • standardized mean, 
"' = averaae concentration of sample event, 
µ = mean population concentration, 
a = popu)ation standard deviation, and 
11; = number of measurements during sample event. 

In addition to the standardized mean, the cumulative sum for the standardized data must also be 
calcuJated. The cumulative sum is equal to: 

where: 

S1 = present cumulative sum, 
s .. 1 • previous cumulative sum, 
Z = standardized mean, and 
k :: reference value • 1 (EPA, 1989) 

Once the concentration data is standardized, the data is plotted versus time. Two upper bounds 
are also plotted with the data, b and SCL. The upper bound b is a statistical upper bound for 
the cumulative sum data, while SCL is an upper bound for the standardized mean data. EPA 
(1989) recommends setting b equal to Sand SCL equal to 4.5 for ground water monitoring. 

Compliance is evaluated by comparing the cumulative sum data to the upper bound h, and the 
standardi1.ed mean data to the SCL upper bound. If the cumulative sum data exceeds the b upper 
bound or the standardil.ed mean data exceeds the SCL upper bound, this would indicate a 
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statistically sipificant increase in constituent concentration. For the White Mesa Uranium Mill, 
this would indicale potential cell leakage. 

The control charts presented in Appendix B show that based on water quality data taken after 
March 24,1994 the POC monitoring wells do not show impact from mill operations. As future 
quarterly water quality data is collected, the conttol charts in Appendix B will be updated and 
compliance evaluated. If sampling of a POC monitoring well indicates exceedance of the b 
upper bound or the SCL upper bound usina the combined Shewhart-CUSUM control charts, a 
confirmatory samplina program will be initiated. 'lbe confirmatory samplina program will 
consist of monthly samplina of the affected well for a minimum period of six months. The 
minimum samplina period of six months was chosen to provide a statistically significant 
population for evaluatin& outliers and seasonality. 

After the confirmatory sampling program is complete, the POC ground water quality data will 
be analyad usin& an Analysis of Variance (ANOVA) as per EPA (1989) guidance. The 
ANOV A would be med to dete.imine if the water quality data collected during the confirmatory 
sampling propam are statistically different from the water quality data collected before the 
confirmatory sampling program. If the data are significantly different, a corrective action plan 
will be prepared. . 

;:~~ 
Waur Quality Dala AdjusttMIIIS · C ~"1 

Durin1 the water quality monitoring period, the control charts for each POC well will be 
updated after each sampling round. However, before the control charts are updated, the water 
quality data may need to be adjusted to account for seasonal trends and non-detection values. 
Although the site water quality data does not exhibit a consistent trend of seasonality, methods 
to adjust the water q!lllity data for seasonality and the presence of non-detect values are 
presented by the EPA (1989), and will be used, if appropriate, for the POC control charts at the 
mill site. 

4.0 CONCLUSIONS 

The POCs for the White Mesa Uranium Mill are existin1 monitorin1 wells WMMW-S, 
WMMW-11, WMMW-12 WMMW-14, and WMMW-15. In addition, a proposed POC 
monitorin& well will be located adjacent to the southeast corner of tailings cell No. 4A. The 
POC monitorina wells are lc.cated alon1 the southern ( downgradient) ed&e of tailings disposal 
cells No. 3 and No. 4A, and are screened in the perched ground water zone witL.n the Burro 
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Canyon Formation. The perched around water wne cannot be classified as a usable aquifer, 
however, monitorin& of the perched around water 1.0lle will be protective of the Entrada/Navajo 
Aquifer because it will allow timely detection of taiJ.inas cell Jeakaae, should it occur. 

The POC monitorina program will employ approved BP A statistical methods to evaluate whether 
the perched around water z.?ne bas heal affected by tailinp cell leaJcaae. The statistical methods 
used will be based on intra-well methods because the natural spatial variability of the site around 
water quality precludes definition of a bacqround water quality. 

The intra-well stalistical method will be based on combined Shewhart-CUSUM control charts. 
Control charts have been constructed for three indicator constituents, chloride, potassium, and 
nickel for the site. Selection of these indicator constituents was based on constituent 
concentrations present in the tailings cell No. 2 slimes drain water. 

Compliance within the perched around wattr zone will be evaluated quarterly by plotting 
srandardu.ed concentration data on the control charts and comparing the data to upper bounds 
as defined by the method. If samplina of a POC monitorin& well indicates exccedance of an 
upper bound usin& the Shewhart-CUSUM control charts, this would triger a 6-month 
confirmatory samplina propam to determine if the data are statistically significant. H the data 
are sipificantly different, a corrective action plan will be prepared. 
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TABLE 1 
AVERAGE CONCENTRATIONS OF INDICATOR PARAMETERS 

(milllgrama per liter) 

Location 

Cell No. 2 
Slimes Drain 
Water (May, 

1991) 

Cell No. 2 
Slimes Drain 
Water (Sept., 

1991) 

WMMW-5 

WMMW-11 

WMMW-12 

WMMW-14 

WMMW-15 

Chloride 

3191 

2573 

55 

35 

66 

20 

40 

l"otassium 

251 

286 

9 

9 

14 

13 

11 

Nickel 

7.2 

12.0 

0.007 

0.008 

0.016 

0.016 

0.016 

TAll.!1 lCLI (10t711MI 

eTITANEnvironmental 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
·I 
1· 
I 

---.. 
n 

No.~ 

C.ltions, Milliequivalents per liter 

50 i5 iO 35 30 25 20 15 t O 5 

Na+-K 
Ca 
Mo 
r. 

Na-+-K 
C;a 
Mg 
re 

Na+-K 
C.a 
Mo 
re 

Na+-K 
Ca 
Mo 
re 

....... 

Anions, Milliequivalents per liter 

5 1 O 15 20 25 30 35 iO i5 50 
Cl 

HC03 
S01 
C03 

Cl 
HC03 
90i 
C03 

Cl 
HC03 
S0-1 
C03 

Cl 
HC03 
901 
C03 

Cl 
HC03 
901 
C03 

STIFF DIAGRAMS FOR 
JET PUMP WELL. WINOMIU, 

WMMW-1, WMMW-18 ANO WMMW-19 
PREPARED FOR 

ENERGY FUELS NUCLEAR 
DENVER, COLORADO 

TITAN Environmental 
RGURE 1 

DRAWING NUMBER 
4111-A29 



I ~ 
I ... 

I --.. 
I n Cations, 1'1i'liequivalents per liter Anions, '1illiequivalents per liter 

I 5 5 10 15 20 25 30 35 10 15 50 

Na+K Cl 
Ca HC03 

I Mo SO't 
re C03 

Na+K Cl 

I Ca HC03 
Mo SO<t 
re C03 

I Na+K Cl 

Ca HC03 

I 
Mo so .. 
f"w C03 

N.;...-K Cl 

I C.a I-IC03 
Mg S04' 
re C03 

I Na+K Cl 
Ca HC03 
no 901 

I re C03 

I 
I 
I 

STIFF DIAGRAMS FOR 

I WMMW-5, WMMW-11. WMMW-12 
WMMW-14 ANO WMMW-15 

I 
PREPARED FOR 

ENERGY FUELS NUCLEAR 
DENVER, COLORADO 

1· & •TITAN Environmental 
.... Q,.-s[ ISSUE / MlilSOI ftGUR£ 2 DRAWING NUMBER 

I 
41 t 1-AJO 

& 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-~ 
I ---.. 
n Cilt 1 ons, 1'1i 11 i equiv i11'mt s per lit er 

50 15 10 35 30 25 20 15 10 5 

Anions, '1il11equivalents per liter 

5 l O 15 20 25 30 35 10 15 50 
Cl 

HC03 
S0-1 
C03 

Cl 
HC03 
SO-t 
C03 

Cl 
HC03 
S01 
C03 

Cl 
HC03 
S01 
C03 

Cl 
HC03 
$01 
C03 

STIFF DIAGRA lS F'OR 
WMMW-2. WMMW-3 • . VMMW-4 

WMMW-17 AND JONES WEU.. 
PREPARED FOR 

ENERGY F~flS NUCLEAR 
DEtNER. COLORADO 

ru-..... na.----,r:::::,r71~kn.. eTITMEnvlronmental 
DRAWING NUMBER 

4111-AJt 



-
r 

L 

l 
l 

1111111 - - -

;, z....,..---;--
... 

---
ISIUC/-

- -

r 
·---·--

PROPEkTY l BOUNDARY 

i-­
l 

- 111111 

t,£G£NQ: 

§ 
~ 

- -

r 
I 

.. - •555Q CONTOUR IN FEET A80IE 
MCAN SU. LEVEL 

_.,. GROUND WATER FLOW DIRECTION 

- -

-,,. EXISTING POINT OF COMPLIANCE MONITORINC W[U 

A 
_..._ .. 
(:io111.o>• 

PROPOSE:O POINT Of COMPUAt-..::E MONITORINC WELL 

O.tSTINC MONITORING WELL 

- - -

~ 
~ 

§ 
~ 
z 
+ 

-

·-·-1 
I 
i 

SCliLE 

PROPERTY 
BOUNDARY 

-- -
2000 --0 2000 

LOCATION MAP 
POINTS Of COMPLIANCE 

WHITE MESA MILL 
Bl.AN'"'ING. UTAH 

4000 f[[T 

-~ 4111 -1111 



AP.PENDIXA 

WBtl'E MESA GROUND WATER QUALITY 
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W_QUAL 
MWl1 MWl2 MWl3 MW#4 MWIS MWl11 MW#12 MWl13 CULINARY MW#14 MWl15 

u..... uCilffll 
IMW1 MWl2 MWl3 MWl4 MWl5 MWl11 MWt12 MWt13 CULINARY MWl14 MWl15 MWl17 IMl11 MWl11 0C(1~ 

30-Sap,81 2.7E-09 3.2E-OI ~.4E-08 UE-08 1.4E-08 6.8E-10 
31.Qec.81 6.51..-10 3.0E-09 t.4E-08 2.0E-09 3.0E-09 6.9E-10 
31~-82 6.SE-10 2.0E-OP 2.7E-09 I.IE-10 6.~-10 6.IE-10 
30-.kD,82 14E-09 4.7E-G9 2.4E.o8 1.3E-09 2.7E-09 7.0E-10 
~ 6.IE-10 2.7E-08 I.IE-09 6.IE-10 &.7E-10 4.SE-09 
31-0ec-a2 6.8E-10 6.&E-10 2.SE-08 6.7E-10 6.7E-10 6.&E-10 
31-Mlr-83 7.4E-09 2.0E-08 1.0E-08 5.SE-09 8.0E-10 3.4E-10 5.0E-09 4.1E-09 
30-Jun.83 6.7£-10 3.4E-09 2.0E-08 6.IE-10 6.7E-10 6.8E-10 2.0E-09 4.0E-09 
30-lap,83 2.3E.Q8 2.3£-08 UE-OI 2.3£.0S 5.8E-09 8.5E.Q8 1.1E-OI 6.IE-09 
31.o.c.a3 2.3E-09 6.0E-09 2.IE-08 8.7E-10 6.IE-10 6.IE-10 1.0E-08 UE-08 
31-Mar-84 2.71E-09 1.35E-09 UIE-08 1.35E.Q8 1.35E-09 7.45E-09 2.81E-GI 5.24E-09 3.25E-08 
».Jun,14 2.71E-08 2.71E-G8 1.29£-08 2.71E.o9 2.71E-G8 2.71E.o9 1.13£-0I 1.83£-08 2.71E-09 
~ l.12E-10 4.0IE-10 1.22E-08 4.0IE-10 4.0IE-10 4.0IE-10 4.0IE-10 4.0&E-10 4.0SE-10 
31.o.c.M 4.0&E-10 O.OOE+OO U8E-08 1.12£-10 O.OOE+oo 1.78E-09 1.82E-09 1.48£-09 U5E-08 
31 ...... -85 1.78E-09 1.80E-G9 1.58E-o& 4.20E-08 I.OIE-10 2.71E-10 4.74E-10 2.30E-o& 2.0E-10 
30,Jun,85 7.98£-10 6.20E-09 1.0IE-o& t.OOE-10 1.03£-10 2.91E-10 l.f!OE-08 2.50£-09 1.SOE-08 
30-Sep,15 1.35E-G9 1.&IE-08 3.0SE-08 1.3SE-09 3.38E-09 8.IOE-08 3.38£-09 2.03E-09 1.86E-09 
31..Qeo.85 1.70E-G8 9.4GE.OS 2.0&E-08 1.80E-G8 5.00E-10 5.00E-10 I.IOE-08 1.35E-08 2.15£-09 
31-Mlr ... 1.80E-G9 I.IOE-08 1.80E.QI 2.20E-09 1.10E.Q8 1.70£-08 9.80£-08 1.41E-OI 
30-Jun.86 1.90E-08 6.40£-09 1.50£-08 1.IOE-08 5.00E-G8 1.50£-08 9.80£-08 1.10£-08 1.00E-09 
048ap,,86 2.30E-G9 5.IOE-08 1.67E-OI 1.00E-08 7.00E-10 4.00E-10 9.00E-G8 1.17E-08 2.00E-09 
10-0ec-ll 2.80E-G8 l.20E-08 1.21E.o8 UOE-10 1.&0E-OS 1.80E-10 1.28E-OI 1.17E-GI 2.20£--08 
20-F-.e7 1.&0E-10 3.50E-u9 1.10E-08 1.IOE-10 1.IOE-10 UOE-10 8.10£-08 7.00E-09 1.&0E-10 
21-Apr-87 1.SOE-09 3.10£-09 1.28E-08 1.30E.Q8 9.00E-10 3.00E-10 1.0SE-08 9.SOE-09 7.00E-10 
19-Aug-87 2.40E..o& 8.20E-08 2.30E-OI 1.SOE-08 2.10£-08 7.00E-10 9.00E-09 1.20E-08 5.00E-10 
20-Nov-87 1.30E-oa 4.10E.Q8 UOE-08 8.00E-10 3.00E-10 5.00E-10 8.40E-oa 1.20E-08 3.00E-10 
28-Jan.ll 1.IOE.Q8 4.10E-G8 2.00E-08 UOE-GI 1.00E-09 1.80£-10 8.80£-09 1.20£-08 3.00E-10 
01..Jun.ll 7.00E-10 4.70E..Q8 1.14E-08 1.40E-G8 fUOE-10 5.00E-10 1.23E-08 1.43E-08 8.00E-10 
23-Aug,8 7.20E-09 1.10E-09 1.50E-09 5.40E-10 1.20E-10 5.00E-11 1.00E-GI 1.20E.CJI 2.20E-10 
03,,tb,,II 1.22£-08 4.IME-09 1.41E-07 3.&0E-12 1.0IE-08 2.71E-10 1.20E-07 1.23£-07 1.62E-08 
aMar-18 1.02E-OI 6.00E-08 2.20E-08 1.40E-08 1.SOE-08 9.00E-10 1.00E-OI O.OOE+OO 1.IOE-09 
21..Jun.81 2.00E-oa 8.IOE-09 2.30E-08 1.20E.Q8 6.00E-10 i.OOE-10 1.10E-08 O.OOE+OO 6.00E-10 
01--- 9.00E-10 I.IOE-GB 2.20£-08 2.IOE.QQ 1.10£--08 1.&0E-09 1.10E-OI O.OOE+OO 9.00E-10 
20-No\:. 2.00E-10 8.SOE-oa 1.IOE-08 8.00E-10 4.ooe-1r ~.OOE-10 5.&0E-08 O.OOE+OO 2.7E-08 4.4E-08 5.0E-10 
tl-Flb,,80 2.40E-OI 7.40E.Q8 UOE-OI UOE-09 7.00E-· I.OOE-10 I.IOE-08 3.00E-10 3.2E-OI 3.0E-OI 5.0E-10 ·-· 7.00E-10 8.00E.QI 2.30E-GI 1.80E.Q9 7.00E-1" 8.00E-10 1.00E-08 3.00E-10 3.3E4S 3.0E-08 8.0E-10 
11._.ao 4.67E-10 5.17E-09 1.87E-08 1.27E-09 8.00E-10 4.87E-10 1.07E-OI 4.00E-10 3.3E-OI 2.SE-08 3.3E-10 
13Nlw80 5.00E-10 7.20E-08 1.IOE-08 1.20E-OI 3.00E-10 8.00E-10 1.00E-08 5.00E-10 3.3E-OI 2.4E-GI 4.1E-10 
27-Feb-81 2.20E-10 3.50E-08 8.00E-08 1.30£-08 2.70E-10 2.00E-10 8.IOE-08 2.00E-10 2.4E-08 2.0E-08 1.&E-08 
21......,.a1 9.10£-10 4.30E-oa 1.30E-08 7.70E-10 1.10E..Q8 2.30£-10 1.00E-OI 8.&0E-10 2.2E-OI 1.BE-08 3.IE-10 
24 Sap,11 l.20E-10 7.IOE-08 2.20£-08 9.00E-10 I.OOE-10 7.40E-10 1.10£-08 9.IOE-10 3.1E-OI 3.3E-08 2.0E-10 
03-Deo81 4.30£-10 8.50E-08 8.10£-09 7.40£-10 5.30£-10 2.40E-10 8.IOE.Q8 2.40£-10 3.0E-08 2.3E-OI 2.0E-1G 
17-Mlr-82 4.54E-10 7.07E-08 4.53£-09 1.02£-ot 1.80E-G9 2.70£-09 1.01£-08 1.46£-09 3.03E-OB 2.37E-OI 7.2E-10 
11....lulMt2 2.78E.Q8 4.fl&E--08 9.13E-09 2.00E-10 2.00E-10 2.00E-10 5.53E.oa 2.00E-10 2.IE-08 1.IE-OI 2.0E-10 
03-Sap,82 2.0E-09 1.2£-08 1.9E-OI 4.1E-08 4.tE-08 ~.4E-09 1.3E-08 2.0E-08 4.3E-08 2.IE-08 
19-Hov-82 5.42£-10 1.02£-08 1.12E-48 1.42£-07 8.77E-10 3.18E-09 1.38E-08 1.83E-09 4.3E-08 2.7E-08 2.0E-09 
24-Mar-83 2.00E-10 1.15£-09 U2E-08 1.35£-09 1.35E-09 2.03E-09 1.02£-08 1.35£-09 2.SE-09 1.2£-08 2.0E-08 UE-08 1.0E-08 8.1E-08 
08.Jun.93 2.03E-09 I.IOE-OS 1.42E-08 2.71E-08 2.03E-08 2.71E-09 8.BOE-08 3.39E-G8 2.9E-08 2.3E-OI 1.3E-08 ,.se-oa 8.5E.Q8 2.0E-08 
22..s.p.83 1.4E-09 8.IE-08 1.2E-08 1.2E-08 UE..o& UE-09 8.1E-09 2.0E-10 2.IE-OI 1.7E-08 9.5E-09 8.1E-o9 1.IE-09 2.0E-10 
14-0ec-93 2.00E-10 7.45E-09 8.80E-08 1.35E.Q8 2.00E-10 2.00E-10 9.48E-09 6.nE-10 3.0E-08 2.3E-08 9.5E.Q8 1.1E-08 8.1E-09 2.0E-10 
2 ...... -84 2.10E-o& 7.80E-G8 1.50E-08 1.30E-G8 2.00E-10 2.00E-10 8.IOE-08 3.30E-08 2.8E-08 1.7E-C8 9.&E-08 7.7E-OI 6 7E-09 5.4E-10 



15-Jun.94 2.00E-10 2.50E-09 2.BOE-09 2.00E-10 2.00E-10 8.10E-10 2.20E-09 8.80E-10 60E-09 4.9E-09 3.1E-09 1.IE-09 5.9E-09 20E•t0 
U-Nal 1.49E-09 6.33£-09 1.16E-08 4.54E-09 1.43E-09 139E-09 1.13E-08 1.17E-08 1.69E-09 2.ll1E-08 2.38E-08 1.07E-08 l.34E-09 7.32E-OI 9.»E-10 
uCillrRI 1.42E-09 5.22£-09 2.20E-08 1.94E-08 2.0&E-09 2.01E-09 1.69E-08 2.25E-08 4.63£-09 9.61E-09 8.02E-09 5.18E-OI 3.31E-09 2.IIIE-09 1.38E.QI 

1.IOE-10 O.OOE+OO 1.0IE-09 3.IOE-12 O.OOE+OO 5.00£-11 4.08E-10 O.OOE+OO O.OOE+OO 2.51E-08 4.90E-OI 3.10E-08 1.IOE-OI U3E-08 2.00E-10 
7.40E-09 3.20E-GI 1.411:.07 1.42E-07 1.:tSE-08 8.BOE-09 1.20E.07 1.23E.07 3.~-ee 4.27E-08 4.40E-GI 2.03E-GI 1.22£-GI 1.02E-GI 8.0IE-OI 



Conduc1ance 
MWl1 MWl2 MWS3 MWl4 MWl5 MWl11 MWl12 MWl13 CULINARY MWl14 MWl15 MM17 MWlt11 IMIHI 

31..Qcl.79 848 1270 3260 3360 
30Marl0 1500 2413 3915 3205 2660 
30,.Jun.80 1387 3031 4276 3186 2372 
31..JIUO 1469 2500 4386 3284 2371 

31-Aug,IO 1565 2712 4537 3233 2440 
30-s.p.80 1547 2791 4788 2191 2559 
31.Qd.lO 1578 2930 4146 3261 2419 
~ 1508 2688 4712 3289 2588 
31-0ec.eo 1568 2730 4128 3254 2' 12 
31 ....... 1 1812 3180 5381 3435 . 2,d2 
ZI-Feb-81 1723 30l8 6054 3!70 2281 ,,....,.., 1472 5153 3391 2831 
30-Apr-11 1425 3087 4891 3383 2589 ._.., 1543 2915 4S 8 30l4 2422 
30.Jun.81 1303 2808 4433 3108 2189 
14-Aug-81 1718 3702 S832 3983 3077 
27.Jan.82 14!10 3450 5100 3370 3050 
07-Apr-82 1835 3402 5419 3830 3275 459 
07.Jul-82 1570 3340 5170 3380 2790 573 

1o.o.c.a2 1320 2720 4390 3030 2220 2102 3280 3360 530 
~ 1310 2880 4260 2910 2150 1630 3130 3290 439 
30-Apr-83 1320 2800 4820 3420 2480 2330 3400 3970 450 
07-Sep,33 1390 2810 4480 2870 2130 2260 3250 3160 412 
21-0ct-13 1880 3580 5550 3700 2840 2600 4000 4380 470 
20-Mlr-84 1200 2380 4200 2340 2150 1500 3050 3200 312 
14-Jun.M 1200 2400 4500 2500 2300 1800 3200 3200 370 
QS.Oec-14 1100 2275 3975 2325 2000 1900 3000 3050 231 
21.fal).85 1300 2IOO 4000 2700 2100 1900 4000 3200 380 
25,Jun.15 1100 2600 4200 2800 2200 1850 3300 3150 300 
30-Sap,15 1500 2500 5000 3300 2800 2350 3800 3800 470 
15,,0ac.15 3000 3200 4700 3000 2200 3100 2600 3800 
27 ....... 1350 2950 4000 2800 2300 1900 3100 3000 500 ......... 1800 3800 5800 3800 3800 3400 5400 4400 100 

04 --
1800 3700 eooo 4100 3250 2700 5500 5000 550 

1o.o.c-aa 2200 3200 4600 3400 2400 1500 3300 3800 IOO 
20-feb.87 1800 3800 5800 3200 2800 3400 5500 4400 480 
a..a1 1800 5000 5800 2800 3700 3250 4400 3900 500 
11-Aug-17 1500 3300 5400 3800 2700 2800 3300 4200 500 
20,,Nov-87 1800 3400 5000 3700 2600 2300 3800 4000 600 
21.Jan.81 1300 2600 4500 1900 1800 3000 3050 285 
01.Jun.al 1350 2800 4500 2850 2100 2000 3250 3400 340 
23-Aug-ll 1550 3400 4500 3100 2200 1800 3400 3350 310 
Q3.Nov.a8 1250 2l50 4400 2000 1850 3000 3300 ....... 1300 2800 4200 2700 2100 2000 3200 3150 
21.Jun.al 1114 3880 5880 3IIO 2710 2520 ~ 550 
011.- 1870 3670 5550 3670 2740 25IO 4010 575 3880 4580 
11,tb,. 1tl0 3820 5580 3840 2750 2510 4020 - 3880 4450 
2CM=e80 1885 3830 5550 3830 2780 2750 3880 814 3830 4300 
Olt.tay80 1894 3830 5650 3850 2750 2550 4000 700 3IIO 43IO 
07-ltug,80 1867 3580 5480 3550 2880 2530 3880 688 3710 4240 
13-Nov.ao 1040 2080 4010 2070 2000 1080 3000 550 2080 3030 
27-Fab-81 1700 3720 5530 3730 2&40 2880 4120 448 3880 4360 
21-May-81 1705 38IO 5680 •10 2850 2820 4040 441 3IIO 4400 



24-Sap-91 1726 3660 5570 3660 2650 2690 4030 447 3840 4310 
Q3..0ec.81 1705 3650 5560 3610 2630 2610 4100 442 3900 4ffl 
17-Mar-82 1702 3600 5490 3670 26:lO 2630 4070 440 3890 4320 
11~2 1618 3640 5480 3620 2800 2600 4000 447 3850 43IO 
03 Sllp,82 1684 3620 5580 3610 2800 2630 4000 411 3810 4200 
19-Nov-82 1680 3660 5710 3650 2680 2630 4070 407 3850 4270 
24-Mar-83 1683 3570 5450 3620 2630 2900 3990 409 3780 4210 4490 2IOO 3210 
CIB-Jl.n.83 1364 3580 5530 3630 2680 3060 3850 .. 08 3nO 4180 4880 2860 3490 
22-Sllp«I 1878 3570 5460 3630 2650 3070 3860 409 3760 4180 4830 2830 3580 
14-Qec.83 2020 3820 8280 4200 2730 2830 4240 .. 20 4180 4540 8450 3340 4170 
24-Mllr-14 1370 3650 58IIO 3670 2630 2840 4030 390 3650 4240 2170 3150 4IIO 
15-Jun.94 1720 3640 5850 3860 2750 2830 3980 404 3830 4240 4950 2170 2180 

Conductance 1551 3172 4919 3322 . 2561 2414 3772 3604 473 3760 4250 4728 2875 3115 
IOhallcm 292 575 632 432 364 520 625 530 122 399 300 1075 200 708 

Ml 1270 3260 2070 1900 1090 2600 3000 238 2080 3030 2770 2IOO 27IO 
3000 5000 8280 4200 3800 3400 5500 5000 800 4180 4560 6450 3340 4880 



pH 
MW#1 MW#2 MWfl MWl4 MWl5 MWl11 MWIJ12 MWl13 CULINARY MWl14 MWS15 MWll17 MM11 .. ,. 

<fi4fj) <(i) 7.2 7.3 7.1 
31.......ao 7.4 7.2 6.8 7.1 

7.3 7.4 7.2 7.2 7.6 
7.5 7.4 7.2 7.3 7.6 
7.4 7.5 7.2 7.3 1.1 
7.2 7.2 6.9 7.1 7.4 
7.8 7.6 7.6 1.1 1.7 
7.4 7.3 1.2 7.8 7.6 

30-NowlO 7.5 7.4 7.1 7.3 1.7 
31~ 7.4 7.4 7.1 7.2 7.2 
31.Jan.81 7.2 7.2 1 7.1 7.4 
28-FaM1 7.2 7.1 6.8 7 7.3 
31-11w.a1 7.5 7.15 7 1.1 1.1 
30-Apr.a1 7.5 7.2 7.1 7.5 7.5 30_.a, 7 7 8.5 ••• 7.2 
»Jun.11 7.3 7.2 6.8 7.3 7.3 
31-Aug,81 7.4 7.4 8.8 7.2 7.1 
31.o.c,.a1 7.5 1.1 7.3 7.7 1.1 
31.Jan.82 7.3 7.2 6.7 7.1 7.35 
~ 7.7 7.5 7.2 7.3 7.8 
31~ 7.8 7.7 7.5 7.8 8 
31~ 7.8 7.7 7.5 7.8 • 8.2 7.M 7.15 
31-Mar-13 7.6 7.5 7.2 7.3 8.05 7.4 6.7 7.4 
30,Jun.83 7.8 7.7 7.5 7.7 a.12 8 7.4 8 
31-Dec-83 7.8 7.55 7.4 7.55 7.7 7.2 7.2 7.8 ,, ......... 1.1 7.0 8.8 7.1 7.8 7.8 7.2 7.6 7.8 
30-Jun,M 7.8 7.2 7.4 7.8 7.8 1.2 7.8 7.5 8.2 
30-S ... 7.5 7.1 6.8 7.0 7.5 7.8 6.8 7.0 7.8 
31.Qec.M 1.1 7.1 8.1 8.1 7.1 7.8 8.7 7.1 1.3 
31-Mlr-15 7.1 7.8 6.8 7.1 7.1 7.8 7.1 7.4 8.0 ........ 7.8 7.0 6.8 8.7 7.8 1.0 8.8 7.2 7.8 
30 Sap,85 8.1 7.1 6.4 8.3 7.0 7.9 6.8 8.5 7.4 
31..Qec.85 7.3 7.3 6.8 6.8 8.1 7.1 1.1 7 1 
31-Mar-18 7.0 7.0 8.8 6.8 7.0 7.0 1.7 f; !; 7.0 
»Jurl.l8 7.5 7.0 8.7 7.0 7.5 7.9 8.7 ti.8 
04Sap,88 7.3 6.9 8.7 6.8 7.8 7.8 I.I 7.0 7.0 
to.c>ee>-88 7.7 6.9 6.5 7.0 7.1 7.9 7.1 7.1 7.6 
zo.,:.,a7 7.4 7.1 6.5 1.0 7.8 7.9 8.8 7.0 8.5 
21,Apr-17 7.6 8.7 6.5 6.8 7.6 7.8 6.9 7.0 7.8 
1Mut,17 7.6 6.7 6.6 7.8 7.4 7.5 7.0 7.1 7.4 
zo..Nlw.87 7.8 7.4 7.2 7.2 8.0 7.8 7.3 7.4 7.4 
27.Jan.ll 8.0 7.4 6.8 7.7 7.0 7.1 7.1 7.7 
01.Jln.88 8.1 7.2 7.0 7.1 7.8 7.9 7.1 7.3 8.2 
23,-Aug,a 7.8 7.1 6.7 6.8 7.8 7.7 6.7 6.9 7.8 
03-No¥,88 7.5 7.2 6.7 7.5 8.0 8.8 7.0 7.8 
08Mar81 7.4 7.1 6.7 7.3 7.6 1~ 6.8 8.8 
21~ 8.0 7.1 6.7 6.8 7.4 7.8 8.8 7.7 
01..s.p.aa 7.3 7.4 6.9 7.0 7.7 7.8 6.8 7.7 
15-Ncw-19 7.5 7.0 6.5 6.8 7.8 7.8 7.1 7.6 8.8 6.9 
20-Feb,80 7.8 7.5 6.8 7.0 8.0 8.1 7.2 8.0 8.87 7.46 
08May.., 7.5 7.1 6.6 7.0 7.8 7.8 6.8 7.9 6.8 7.07 
07-AMg,,80 7.5 7.0 6.8 7.7 7.7 7.4 7.0 7.8 6.87 7.18 
13-Nov-90 7.9 7.5 6.6 7.7 8.0 8.0 7.5 8.2 6.47 7.06 



27-Feb-81 7.9 7.5 6.6 7.7 8.0 8.0 7.5 8.2 6.47 7.06 
21-May-81 7.4 7.1 6.3 6.1 7.4 7.9 7.0 7.1 6.82 7.06 
24-Sep,,81 7.7 7.0 6.7 7.0 7.4 8.0 6.8 7.3 8.69 8.94 
03-Dec-91 7.6 7.3 6.8 6.9 7.7 7.9 8.9 7.8 6.8 7 
17.U.-82 6.7 7.2 5.8 6.9 7.6 7.9 7.0 7.1 7 7.21 
11.Jun.92 7.1 6.9 6.1 6.7 7.2 7.4 6.6 7.7 6.6 7.33 
03-Sep,92 8.1 7.9 6.7 7.0 7.6 7.9 7.4 7.6 6.89 7.03 
19-Ncw-82 7.5 7.8 7.1 6.9 7.8 6.2 8.1 7.7 6.83 7.16 
23-Mar-83 7.8 7.2 6.6 6.9 7.4 7.3 7.0 7.7 6.85 7.08 7.23 8.12 7 39 
oe..u.e 7.5 7.3 6.7 7.1 7.7 7.5 6.9 7.8 S.83 7.03 7.04 6.83 7.48 
22.s.,,.83 7.6 7.6 6.9 7.3 7.6 7.6 7.1 7.9 8.95 7.19 7.2 8.94 7.52 
14-Dec-83 1.1 7.2 6.7 7.2 7.9 7.9 7.1 7.1 6.92 7.26 7.29 6.89 7.57 
24-Mlr-84 8.7 7.2 6.8 8.9 7.4 7.2 6.8 7.4 8.12 8.18 8.15 7.31 8.17 
15.Jun.84 7.2 7.2 6.7 7.0 7.7 7.7 7.0 7.0 6.18 7.02 7.08 6.99 7.81 

pH 7.5 7.3 6.8 7.2 7.6 7.7 7.0 7.2 7.7 6.8 7.1 7.0 6.9 7.3 
0.3 0.3 0.3 0.3 0.3 0.4 0.3 0.3 0.4 0.1 0.1 0.4 0.2 0.5 
6.7 6.7 5.8 6.3 7.0 6.2 6.6 6.5 7.0 6.5 8.9 8.2 6.8 6.2 
8.8 7.9 7.8 7.9 8.1 8.2 8.1 1.0 8.5 7.0 7.5 7.3 7.4 7.8 



Cl mg/I 
MWl1 MWl2 MWl3 MWM MWl5 UW,11 MWl12 MWl13 CULINARY MW114 MWl15 UW,17 MWl11 MM1t QC(13A) 

31.()ct.79 2.5 5 12.6 20.1 
31.Jan-80 14 18 25 35 
30u.yao 20 18 50 44 60 
~ 16 15 51 43 57 
31.Jul.80 20 20 62 48 60 

31-Aug-80 18 16 65 58 60 
30Sapa 13 15 62 43 51 
31-0c:MIO 30 :?O 65 50 55 
30Novt0 12 8 64 38 49 
31-Dec,80 13 10 85 41 52 
31.Ja!Wl1 15 11 71 48 53 
21-Feb-81 14 9 65 41 54 
31-Mar-81 14 10 66 40 55 

at 13 11 

~ 
41 53 

14 13 41 53 
12 10 43 53 

31-Aug,81 14 7 67 32 52 
31..Qec.81 15 14 bt> 41 20 
31.Jan.82 13 8 64 42 51 
3Mpr-82 12 7 64 40 50 
31-Aug,82 12 6 67 43 43 
31-0ec-82 10.9 5.5 53 36 47.1 24.4 57.4 40.5 4.6 
25.Jan.83 16 11 71 46 57 32 70 53 6.4 
3C)...kft.83 18.5 25 66.5 37.3 48.1 26.8 80.5 43.8 2.8 
31.()ec:83 13 8 63 38 54 32 85 
31-Mar-84 14.3 9.4 67.2 43.1 57.8 31.4 64.1 50.4 2.4 
30...hlMM 12.0 7.0 63.0 43.0 54.0 32.0 85.0 49.0 3.0 
30-Sep,84 15.4 10.9 57.4 44.8 58.8 33.9 84.8 50.9 1.9 
31..Qec.84 14.2 7.1 67.4 42.5 53.2 31.9 87.4 49.6 3.5 
31-Mar-85 14.0 13.0 88.0 48.0 59.0 34.0 67.0 ,~.o 10.0 
30,Jun-85 17.0 7.8 73.0 42.0 53.0 31.0 82.0 46.0 1.0 

~ 
18.0 ~ 78.0 47.0 82.0 38.0 71.0 47.0 47.0 
53.2 (ZJ) 53.0 71.0 71.0 53.0 71.0 62.0 
25.0 15.0 140.0 88.0 130.0 11.0 170.0 120.0 7.7 

~ 25.0 17.0 140.0 85.0 130.0 70.0 150.0 100.0 9.1 
04 Sep,18 2.0 9.5 64.0 42.0 53.0 32.0 58.0 48.0 8.1 
1o.o.c-a8 I.I 2.7 88.0 45.0 54.0 33.0 84.0 50.0 3.3 
20-F.tMl7 11.0 8.8 68.0 44.0 54.0 32.0 83.0 46.0 3~.o 
21-Apr-87 12.1 7.7 85.3 42.4 54.3 43.2 12.7 48.7 1.7 
1Mug-87 11.0 6.0 65.0 46.0 54.0 33.0 81.0 51.0 0.4 
20,Nov,,87 9.3 4.6 62.8 45.3 53.2 31.8 81.2 49.2 0.1 
27.Jan.ll 10.0 3.7 64.0 45.0 54.0 31.0 61.0 48.0 0.9 
01.Jun.ll 9.8 4.8 68.0 45.0 53.0 32.0 64.0 50.0 0.1 
2),Aug,,IP 13.2 8.4 66.1 41.5 53.8 33.5 84.8 51.2 0.8 
03-Nwal 11.8 6.6 87.7 48.2 54.7 35.2 85.1 52.1 2.7 
CINW-89 12.0 7.8 64.0 45.0 52.6 32.3 81.5 48.8 5.7 
21.Jun-89 11.3 6.4 66.8 45.9 54.6 32.4 60.8 5.2 
01-Sap-89 10.0 6.0 65.0 46.0 54.0 34.0 59.0 8.0 1 
15-Nov-89 11.0 5.0 66.0 415.0 54.0 34.0 63.0 7.0 25.0 49.0 1 
20-F.aG 11.i) 5.0 65.0 47.0 55.0 33.0 63.0 4.0 20.0 44.0 1 
08-May-80 12.0 7.0 67.0 48.0 58.0 33.0 62.0 6.0 23.0 44.0 1 
07-Aug-&0 11.0 8.0 85.0 48.0 53.0 33.0 63.0 7.0 21.0 "4.0 1 
13-Nov.eo 12.0 6.0 68.0 50.0 54.0 34.0 63.0 4.0 23.0 44.0 1 



- -• - - - - - - - - - - - - - - - - 1111 

27-Feb-91 12.0 10.0 68.0 50.0 50.0 31.0 61.0 1.0 23.0 41.0 1 
21-May-81 12.0 6.0 56.0 44.0 48.0 30.0 55.0 1.0 21.0 38.0 1 
24-Sep-91 11.0 9.0 60.0 45.0 54.0 30.0 59.0 2.0 15.0 38.0 1 
03-Dec-91 13.0 7.0 64.0 46.0 50.0 31.0 60.0 2.0 19.0 38.0 1 
17-Mar-92 13.0 7.0 64.0 48.0 51.0 32.0 60.0 2.0 22.0 40.0 1 
11.Jun.82 10.0 6.0 76.0 43.0 46.0 29.0 56.0 1.0 18.0 35.0 1 
03-Sep-92 11 6 58 43 46 31 56 1 20 37 1 
19-Hov-92 13.0 6.0 63.0 45.0 50.0 41.0 62.0 1.0 18.0 39.0 1 
24-Mllr-83 14.0 8.0 64.0 47.0 50.0 35.0 60.0 1.0 19.0 38.0 28 34 81 1 
othk.n-83 12.0 6.0 61.0 46.0 48.0 39.0 54.0 4.0 17.0 38.0 27 34 82 4 
22-8ep-83 18 6 64 47 52 33 61 5 18 38 28 34 cM 5 
14-0ec-83 12.0 6.0 61.0 45.0 48.0 36.0 54.0 5.0 18.0 38.0 25 34 93 5 
24-Mllr-94 15.0 6.0 64.0 47.0 · 50.0 32.0 59.0 1.0 20.0 38.0 29 71 5 
15.Jun.94 13.0 6.0 65.0 4.0 47.0 44.0 57.0 5.0 20.0 36.0 31 . 83 5 

Chloride 10.1 65.8 44.8 54.9 35.3 66.1 54.8 6.5 20.0 39.9 28.0 34..t 82.3 3.5 .... 6.4 8.7 17.2 11.4 14.6 10.4 20.7 17.6 11.6 2.4 3.4 1.8 0.4 11.9 19.5 
2.0 2.7 12.6 4.0 20.0 24.4 53.0 40.5 0.1 15.0 35.0 25.0 34.0 83.0 0.0 

53.2 70.9 140.0 88.0 130.0 n.o 47ft ft 120.0 62.0 25.0 48.0 31.0 35.0 84.0 55.0 



-------• - - - - --- - - - - -
Sodium .. 

MWl1 MWl2 MWl3 MM4 MWl5 MM11 UW.12 MWl13 CULINARY MM14 MWl15 MWl17 IMl11 IMIII QC(t3A) 
106 154 282 342 
140 213 334 214 
165 348 575 348 471 
168 361 642 322 462 
160 418 442 335 435 
158 410 653 338 465 
156 488 586 371 500 
182 415 677 341 443 
168 419 567 309 428 
161 442 - 331 4IO 
170 467 756 335 467 
148 462 704 384 417 
175 470 745 331 473 
161 476 703 314 467 
160 472 718 350 458 
162 458 615 351 437 
181 460 661 323 428 
170 469 730 330 4IO 
170 483 757 340 480 
180 480 790 330 510 
160 470 750 340 470 
170 480 810 334 431 550 310 830 67 
170 470 770 330 458 480 310 640 27 
170 500 800 320 480 540 290 840 
170 500 7IO 310 470 530 320 850 5.6 
182 443 411 340 421 446 328 459 7.2 
20 540 790 370 540 610 330 860 7.3 

320 490 780 340 530 550 380 600 5.5 
282 543 937 328 514 580 430 659 23.8 
175 456 746 - 431 477 286 541 29.5 
210 529 784 335 501 250 324 582 68.0 
111 333 513 20I 307 386 187 380 54.3 
134 312 511 232 3IO 371 235 - 7.0 
212 818 951 31G 514 711 334 177 11.8 
115 507 776 
117 - 761 2tl •32 531 244 445 15.2 
172 ...., .. 211 410 411 - 510 17.4 
1• ... 713 275 321 375 1• 584 22.0 
113 - 713 217 411 - -11M 515 637 270 SOI 517 321 70.1 70.7 72.8 ·-· 161 504 758 291 - 517 214 70.I 318.0 581.0 0.45 

13,,Nov,,80 115 470 891 215 ,t10 •n 277 48.9 341.0 540.0 0.15 
21-F.t>l1 171 477 70I 214 430 522 213 19.0 265.0 488.0 0.01 
21.....,..1 177 503 798 274 440 549 271 15.0 353.0 580.0 c0.01 
03-Dec,81 171 492 717 324 ... 848 338 17.0 386.0 480.0 0.04 
11..Jun.12 180 490 780 300 410 540 290 15.2 350.0 510.0 o.os 
03 Sap,,82 182 475 742 291 428 531 291 9.5 345 504 0.11 
19-Nw,12 182 467 738 311 ,t53 520 311 8.5 358.0 471.0 
24-Mar-83 187 504 729 312 ...., 551 305 7.5 352.0 !>08.0 115 115 432 0.27 
08-Jln.83 170 ,e1 849 312 445 517 302 8.0 3'9.0 418.0 841 192 '31 0.15 
22-s.&3 184 472 755 291 482 557 277 10 355 481 12, 1N 411 13 
1...o.c.83 170 471 734 302 433 551 291 5.0 353.0 417.0 - 113 415 0.2 
24-Mar-84 164 470 738 291 436 567 217 0.1 344.7 477.7 653 182.7 441.7 0.103 



- - - - - - - - - - - - - - - - - - ~ • 

280 10.0 350.0 480.0 IIO 190 430 o, 
15-Jun.94 170 480 740 300 440 560 

294.2 561.6 22.7 329.8 475.6 590.1 234.5 .-.o 1.2 
169.1 458.1 699.3 31&., 452.7 518.5 

113.1 111.1 95.9 77.9 4.1 Sodium 
34.0 45.I 19.0 47.2 91.9 21.6 73.5 

0.0 .. 36.0 71.7 121.4 
116.0 360.0 0.1 70.7 72.6 192.7 185.0 430.0 

19.I 154.0 282.0 209.0 307.0 250.0 
70.8 381.0 590.0 724.0 441.7 153.0 13.0 584.0 788.0 430.0 677.0 320.0 611.0 958.0 395.0 



TDS 1191 
MWl1 MWt2 MWl3 MWM MWl5 MWl11 MWl12 MWl13 CULINARY MW114 MWl15 MWl1- MWl11 MWl18 QC(13AJ 

31.Qcl.79 625 790 2100 2950 
31.Jan-80 870 1080 2450 2800 
30 May-80 1250 1950 4400 3600 2300 
30..Jwl.80 1250 2300 4750 2500 2280 
31.Jul.80 1182 2449 4024 3198 2060 

31-Aug-80 1220 2278 4908 3480 2218 
30-s.p.80 1285 2768 4593 3525 2182 
31-Cld-80 1220 2852 4828 3402 2096 
30-Ncw-80 1166 2492 4522 2990 1960 
31-0ec-80 1194 2641 4882 2998 . 2105 
31.Jan.81 1273 2768 5053 3330 2072 
28-feb-81 1254 2135 4804 3322 2192 
31-Mar-81 1317 5122 3320 2256 
30-Apr-81 1330 3028 5130 3318 2308 

30....,..1 1306 2881 5188 3298 2287 
~1 1188 2983 5387 3608 2114 
31-Aug-81 1197 2832 5124 3337 2119 
31-0ec-81 ,,. 2901 5167 3377 2180 
31.Jan.82 1200 2800 4950 3200 2250 
30-Apr~ 1200 2800 5125 3200 2500 
31-At.,g,82 1200 2950 5300 3500 2250 
31-Dec-82 1326 305Q 5386 3470 2180 1812 4118 3780 334 
30-Jun.83 1150 3500 4900 3500 2200 1850 4050 3850 
31-0ec-83 1200 2950 5150 3250 2100 1550 3950 3750 
30.Jwl-84 ~ c5 5300 3 I 

1700 4100 3700 280 

• 
<mJ> c:8 s 139 • 3130 a ~ ~ 221 

3700 5000 
1280 3200 5500 3450 1700 4140 3870 277 

30.Jln.88 1330 3250 5500 3810 3210 1700 4210 3850 292 
04-s.p.86 1250 3240 5320 3450 2040 1710 4040 3770 283 
1o.Dec-86 1270 3140 5290 3530 2100 1710 4110 3820 403 
20-Feb-87 1270 3230 5330 3480 2050 1710 4120 3780 :,11 
29-Apr-87 1270 3180 5400 3340 2380 1880 4120 3810 249 
19-Aug,,87 1280 3190 5320 3530 1990 1890 3990 3750 234 
20-No¥,,87 1330 3260 5520 3570 1970 1720 4130 3840 236 
27.Jan.18 1310 3270 5100 3460 2030 1840 3960 3740 22 
01.J&.n.88 1250 3140 5240 3430 1880 1860 4080 3720 25 
~ 1220 3080 5230 3320 1830 1620 3010 3720 207 
03-Now-88 1250 3150 5430 3450 1890 1710 4080 3670 170 
09-Mar-89 1280 3140 5270 3530 2010 1730 3960 3780 
21.Jl.n.89 1280 3210 5450 3580 2020 1750 4030 316 
01-Sap,89 1210 3040 5290 3430 1940 1760 3630 296 
15-Nov-89 1200 3060 5250 3370 2080 1860 3900 544 3430 3980 <4 
20-Feb-80 1280 3190 5300 3540 2110 1780 4030 202 3710 3970 <4 
OI May80 1180 3050 5060 3240 1950 1880 3700 338 3000 3740 154 
07-Aug,80 1210 3080 5220 3320 1970 1700 3750 344 3500 3770 <4 
13-NoY-90 1170 3150 5290 3280 1880 1720 3780 308 3440 3780 <4 
27-Feb-91 1272 3154 5268 3424 1850 1688 3280 252 2684 3358 15 
21-May-81 1275 3037 5326 3348 1871 1740 3943 250 3813 3950 15 
24-Sep-91 1352 3149 5309 3471 2139 1819 3810 268 3818 3817 27 
03-0ec-91 1286 3179 5188 3482 1943 1810 3930 238 3661 3843 c10 
17-Mar-92 1285 3206 5317 3523 1922 1797 4024 237 3704 3910 3 



11...J&.n.92 990 2910 4930 3190 1810 1740 3900 219 3580 3800 <10 
03-Sep-92 1417 3294 5404 3520 2130 1923 4208 347 3958 4040 <10 
19-Nov-82 1567 3357 sn1 3773 2213 2850 4323 380 3833 4233 
24-Mar-93 1295 3122 5385 3515 1947 2090 3920 287 3630 3835 4607 2855 2125 107 
08-Jln.83 1300 3288 5616 3760 2048 2396 4156 260 3728 4084 4636 2120 3144 40 
22-sep.93 1300 3176 5496 3564 2008 2352 3908 304 3708 4052 4592 2700 3172 21 
14-0ec-83 1692 3800 6186 3892 2500 2528 4306 470 4062 4530 5296 2940 361M 28 
24-Mar-M 1210 2770 5000 3140 1760 1790 3640 200 3380 3120 4190 2460 2340 8 
15-Jun.fM 1271 3043 5334 3303 2126 1916 3744 224 3512 3860 4534 2557 2067 <10 
TDS 1290 2941 5052 3383 2173 1907 3937 3847 270 3570 3911 4349 2645 3255 23 
ff9'I 380 518 678 353 622 574 433 779 97 314 229 898 193 - 35 

625 790 2100 1581 1300 1550 2000 2033 22 2684 3358 2426 2288 2061 0 
4000 3800 6186 4600 . 6600 5100 5100 6800 544 4062 4530 52116 2940 4829 154 



--··----- ----------
SIMllll1 mg,1 

MWl1 MWl2 MWl3 MWN MWl5 MWl11 MWl12 MWl13 CULINARY UW.'14 MWl15 MWl11 MWl18 MWl11 QC(13A) 
31-0d-79 220 240 930 1220 
31.Jm-80 520 630 2100 1700 
30 May-80 635 1075 2430 1860 1290 
30-Jun.80 632 1290 2625 1850 1200 
31.Jul.80 610 1400 2450 1880 1100 

31-Aug-80 61Z 1345 2975 1980 1150 
30-Sap-80 640 1550 2800 2075 980 
31-0cl-lO 570 1535 3050 2020 1060 
30-Ncw-80 813 1425 2750 1780 1050 
31.()ec.80 620 1520 3060 1780 1150 
31.Jan.81 638 1530 3012 1800 1140 
28-Fflb.81 600 1550 2780 1980 1260 
31-Mlr-81 658 3150 1890 1210 
30-Apr-81 620 1660 3030 1880 1220 

30May-81 650 1730 3100 1810 1180 
~1 626 1880 3040 2070 1105 
31-Aug-81 630 1750 3050 1810 1115 
31.Jan.82 613 1580 3100 1820 1260 
30-Apr-82 697 1768 3239 2058 1518 
31-Aug-82 662 1788 3185 2047 1295 
31-0ec-82 653 1749 3259 1979 1182 926 2395 2288 39 
30-.hft.83 658 1801 3226 2109 1228 943 2420 2324 41 
31-0ec-83 660 1820 3200 2075 1200 800 2338 2265 64 
29-Feb-84 637 1835 3235 2056 1175 937 2400 2250 77 
30-Jun.84 680 1900 3300 2075 1200 920 2400 2200 32 
31-0ec-84 637 1835 3235 2058 1175 837 2400 2250 

~ ~ 
1890 2040 1210 ~ 2440 2300 18 
1270 2870 2020 <ffl§) ag, 2120 79 
2010 3450 2120 1240 943 2500 2420 45 

30.JwHI& 691 2040 3400 2150 1890 949 2520 2420 43 
04-Sep,86 707 2020 3410 2160 1230 956 2470 2400 49 
1o.o.c.a& 680 1860 2620 2000 1140 911 2370 2240 n 
20-Feb-87 857 1910 2640 2030 1120 895 2100 1800 62 
29-Apr-87 664 1920 3200 1930 1310 1020 2300 2;.70 22 
19-Auc>,87 691 2000 3400 2130 1140 951 2430 2380 28 
20-Ncw-87 697 2040 3520 2170 1120 961 2560 2450 25 
27.Jan-88 890 1930 3020 2080 1130 919 2380 2300 22 
01.Jun-88 681 1900 3360 2120 1030 947 2450 2370 25 
23-Aug,88 648 1970 3330 2100 1050 915 2290 2330 7 
03-Ncw-88 688 1980 3410 2120 1080 974 2500 2240 34 
09-Mw-89 694 1990 3410 2070 1180 975 2530 2400 41 
21..Jun.89 718 2040 3500 2180 1180 1020 2500 65 
01-Sep,89 352 2000 3500 2140 1140 1020 2250 60 
15,,fllcw-89 697 1990 2670 2150 1180 893 2250 105 2230 2560 <5 
20-Feb-80 692 2020 3330 2140 1210 1010 2460 98 2250 2448 c4 
08-May-90 684 2020 3480 2080 1180 1000 2070 51 1160 1260 5 
07-Aug-80 685 1970 3400 2060 1140 973 2450 88 2240 2445 c4 
13-Nov-80 687 1980 3460 2130 1100 975 2460 88 2230 2470 4 
27.feb-91 662 1849 2712 1948 1028 967 1850 45 1512 1876 11 
21-May,81 652 1885 2947 1988 1010 936 2255 51 2112 2299 9 
24-Sep-91 692 1848 2532 1939 880 956 2240 49 1971 2215 25 
03-0ec-91 en 1883 2214 1958 1035 968 2326 27 1919 2253 .. 
17-Mar-92 687 1699 3220 2035 1022 976 2330 21 2162 2314 2.9 



........ ___ _ 
• ----------

11.Jun.12 642 1162 2894 1993 998 976 2304 26 2138 2293 C4 

.... 92 670 1933 3312 2029 1033 1005 2352 30 2208 236& C4 

~ .. 1164 3200 1951 1055 1507 2343 21 2Cl88 2362 
24-lllf.83 814 1733 2200 1820 1007 1162 2086 20 18n 2124 2004 1371 1500 5 

-.......a 611 1499 1890 1974 1064 1308 21s.l 27 2051 2203 2079 1431 1136 5 

22..s.p.83 658 114i 2572 1982 1057 1307 2234 19 2106 2298 2671 1446 1811 4 

14-0ac-83 752 1840 2528 1971 1065 1054 2261 21 2067 2292 2460 1446 1113 4 ,.. ....... 722 1840 3350 1980 1040 1020 2280 26 2110 2.WO 2710 1420 1400 0 
1~ 670 1834 2199 1986 997 1118 2187 17 2110 2361 2553 1416 1204 C4 

II N1111 856 17.W 2956 1991 1259 880 28 2296 43 2028 2241 2370 1428 1Sl3 5 

fflll 96 326 483 142 886 184 848 106 25 265 273 245 27 218 • 
220 240 930 1220 860 79 1850 1990 7 1160 1280 2004 1371 1204 0 

1080 2040 3520 2180 7820 1507 7820 2450 105 2250 2580 2111 1.W7 1811 25 



- - - - - - - - - - - - - - - - - -• 

ARSENIC 
MWl1 1;p ~ w:4. MWl5 MWt11 MWl12 MWt13 CULINARY MWt14 MWt15 MWl17 MWl11 MWl1t QC(13A) <iiB o.0008 0.006 

31-Ai.ii,io 0.004 . 0. 0.002 0.0009 
30,s.p-lO 0.002 0.002 0.002 0.0009 0.0009 
31.()d.80 0.0008 0.0009 0.0009 0.0008 0.0009 
30-Nov-80 0.002 0.004 0.004 0.002 0.002 
31-Dec-80 0.0009 0.0009 0.0009 0.0009 0.0008 
31~1 0.0008 0.0009 0.0009 0.0009 0.0008 
21-Feb,81 0.0008 0.0009 0.0009 0.0009 0.0009 
31..U.~1 0.0009 0.0009 0.0009 0.0008 0.0009 
30-Ap'-81 0.0009 0.0008 0.0008 0.0009 0.0009 

30 May-31 0.0009 0.0008 0.0009 0.0009 lt.0009 
3Chlun-81 0.0009 0.0008 0.0009 0.0009 0.0009 
31-Aug,81 0.0009 0.0008 0.0008 0.0008 0.0009 
31.Jen.82 0.0009 0.0009 0.0009 0.0009 0.0009 
05 May,15 0.0008 0.0009 0.0009 

~ 0.0008 - 0.0008 0.0009 0.0009 0.0009 0.0009 0.0009 0.008 
0.0009 0.0008 ·~ 0.001 0.001 0.0009 

30 Sap-85 0.0008 0.0009 0.0009 
30..Qcl.85 0.0009 0.0009 0.0009 
27-Nov-85 0.0008 0.0008 0.0009 
15-Dac-15 0.0008 0.0008 0.0009 0.0008 0.0009 0.0009 0.0009 0.0009 0.0009 
24-Jan.88 0.0009 0.0009 0.0009 
28-Fab-88 0.0008 0.0009 0.0009 
27-Mar...e& 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.002 0.0009 
08-Apr...e& 0.0009 0.0009 0.0008 

02-May,,86 0.0009 0.0009 0.0009 
04 Sap.a& 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0008 0.0009 0.0008 
10-0ec-86 0.001 0.003 0.005 
20-Fab-87 0.0009 0.002 0.002 0.002 0.002 0.001 0.002 0.002 0.0009 
21-Apr-87 0.002 0.002 0.001 0.0008 0.0009 0.002 0.003 0.002 0.011 
2C).Nov.87 0.003 0.005 0.006 0.002 0.001 0.001 0.009 0.008 0.013 
27.Jan.88 0.0030 0.0009 0.0030 
23-Aug-88 0.0020 0.0030 0.0070 0.0030 0.0030 0.0120 0.0050 0.0040 

• 0.0009 O.DOOI •• 0.0009 0.0009 0.0030 0.0009 ces <t:1~ - 0.0300 0.0070 
0.0150 

0.0010 0.0050 0.0060 0.0030 0.001CJ 0.0000 0.0060 
15-Ncw,lt 0.0010 0.0080 0.0100 0.0020 0.0070 0.0020 0.0130 0.0030 0.0080 0.001 
08-80 0.0020 roo10 0.0050 0.0010 0.0009 0.0010 0.0120 0.0010 0.0020 0.008 
13-Nov-80 O.OOOP 0.0009 0.0009 0.0009 0.0008 0.0008 0.0110 0.0009 0.0009 0.001 
27~eb-81 0.0010 0.0009 0.0009 0.0020 0.0009 0.0020 0.0140 0.0009 0.0009 0.002 
24-Sap-81 0.0008 0.0010 0.0008 0.0020 D.OOIO 0.0009 0.0130 0.0009 0.0010 0.001 
17-Mllr-82 0.0009 0.0008 0.0009 0.0020 0.0100 0.0020 0.0130 0.0009 0.0020 0.001 
03,.Sap-82 0.0008 0.0009 0.0009 0.0008 0.0080 0.0080 0.0210 0.0008 0.0009 0.001 
24-Mar-83 0.0008 0.0009 C.0080 0.0008 0.0080 0.0009 0.0130 0.0009 0.0020 0.009 0.0009 0.0009 0.001 
22-Sep,83 0.0009 0.0009 0.0009 0.0008 0.0009 0.0009 0.0009 0.0009 0.0008 0.0008 0.0008 0.0008 0.0008 
24Mar ... 0.0009 0.0009 0.0009 0.0008 0.0020 0.0009 0.0180 0.0009 0.0008 0.0009 0.0009 0.0008 0.0009 

ARSENIC 0.0018 0.0036 O.oo« 0.0033 0.0032 0.0029 0.0052 0.0069 0.0098 0.0011 0.0018 0.0036 0.0009 0.0009 0.0011 
0.0028 0.0063 0.0086 0.0086 0.0045 0.0045 0.0080 0.0084 0.0076 0.0006 0.0015 0.0038 0.0000 0.0000 0.0021 
0.0009 0.0009 0.0009 0.0009 0.0009 0.0000 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 
0.0150 0.0320 0.0460 0.0330 0.0180 0.0180 0.0360 0.0300 0.0330 0.0030 0.0060 0.0080 0.0009 0.0009 O.OOIO 



- .. - - - - - -• - - lllill - - - - - .. 
SELENIUM 

MWl1 MltW2 MW#3 MWIM MM5 MWlt11 M'tW12 MWl13 CULINARY MW114 MWl15 MWt17 Mllla18 t.lM11 QC(13A) 
31..JIUO 0.0008 0.025 0.0009 0.0008 0.0008 

31-Aug-80 0.002 0.026 0.005 0.002 0.003 
30-Sep,IO 0.0008 0.012 0.0009 0.0008 0.0009 
31-0ct.ao 0.0009 0.017 0.0009 0.0008 0.0008 
30-Nov-80 0.001 0.011 0.003 0.001 0.001 
31.Qec.80 0.0009 0.0009 0.0008 0.0009 0.0009 
31~1 0.0008 0.016 0.0009 0.0009 0.0009 
~1 0.0008 0.0008 0.0008 0.0008 0.0009 
31 .... -81 0.0009 0.0008 0.0008 0.0009 
30-Apr-81 0.0009 0.0009 0.0009 0.0009 0.0009 
30--81 0.0008 0.002 0.0009 0.0009 0.0009 
30-Jun.81 0.0008 0.01 0.0009 0.0009 0.0009 
31-Aug-81 0.0009 0.004 0.0009 0.0009 0.0009 
31.Jan.12 0.0009 0.009 & 0.003 0.0009 

fif!!r 0.0049 0.015 0.008 0.0049 0.0049 0.0049 0.005 0.0049 
0.0008 0.0008 0.0008 

iit• 
0.0009 0.0009 0.0008 0.0009 0.0009 0.0008 0.0009 0.0009 
0.0008 0.0008 
0.0008 0.0009 

30Sep,85 0.0009 0.0008 0.0008 
30-0c:l-85 0.0008 0.0009 0.0008 
27-Ncw-85 0.0008 O.OO<i8 0.0009 
15-Dec-85 0.0008 0.0008 0.0009 0.0009 0.0008 0.0009 0.0009 0.0009 0.0009 
~ 0.0008 0.0008 0.0009 
21,.Feb,.88 0.0009 0.0009 0.0009 
27 ..... -88 0.0008 0.0009 0.0009 0.0009 0.0008 0.0008 0.0009 0.0008 0.0009 
QI.Apr.a& 0.0008 0.003 0.0009 
02....,.. 0.0009 0.0008 0.0009 
OotSr,p-16 0.0008 0.0008 0.001 0.0009 0.0008 0.0009 0.0009 0.0009 0.0009 
1CM)ac.16 0.0019 0.0019 0.0019 
20-Feb-87 0.0009 0.0009 0.002 0.0008 0.001 0.003 0.001 0.007 0.0009 

ie 0.0008 0.0009 0.0009 o.ffl, 0.0009 0.0009 0.0009 0.0009 
0.005 0.023 (BJt> .0 Gil) <DZJ' 0.0CM dD 0.0008 
0.008 0.01 0.018 

• 
0.005 0.011 0.011 0.012 c:1§> 0.001 0.007 0.02 0.0009 
0.005 0.024 ell 0.005 0 CILD' 0.003 0.03 0.0009 
O.OCM 0.017 ~ 0.005 0.002 GZJ) cdll> 0.001 
0.001 0.002 . 0.003 O.OOot O.OCM 0.001 0.001 

3L 0.001 0.001 0.004 0.003 0 0 0 0.001 
0.005 0.015 0.019 0.015 0.008 

0~ 
0.02 0.001 <Cow ~· 0.001 

08Mar90 0.0009 0.0008 0.0008 0.0008 0.0008 0.0009 0.0009 o.nooe 0.001 
13-No\180 0.0008 O.OCM 0.003 0.0008 0.0009 0.0009 0.0009 0.0009 0.0009 0.001 
27.feb-81 0.002 0.0019 0.0019 0.0019 0.0019 0.0019 0.0018 0.0019 0.0019 0.0019 0.002 
24-Sap,81 0.0019 0.0019 0.0019 0.0019 0.0019 0.0018 0.0019 0.0019 0.0019 0.0019 0.002 
17-Mlr-82 0.0018 0.002 0.0019 0.0018 0.0019 0.0019 0.0018 0.0019 0.0019 G.0019 0.002 

atAiiDlb 0.0019 0.003 0.011 0.0019 0.0019 0.0019 0.0019 0.0019 0.0018 ~ 0.002 
24-Mar-83 0.0019 0.003 0.003 0.0019 0.0019 0.0019 0.0019 0.0019 0.002 0.0019 0.0019 0.005 0.002 

al! 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 
0.0019 0.008 0.02 0.0019 0.0019 0.0019 0.004 0.0019 0.0019 - 0.0018 0.0019 G.011 0.0019 

0.003 0.007 0.007 0.003 0.004 0.008 0.004 0.014 0.001 0.003 0.002 0.002 0.003 0.002 
0.005 0.008 0.015 0.004 0.011 0.016 0.006 0.018 0.001 0.004 0.011 0.000 0.000 0.001 0.000 
0.001 0.001 0.001 0.001 0.000 0.000 0.000 0.001 0.001 0.001 0.001 0.002 0.002 0.002 0.001 
0.037 O.Oot5 0.091 0.019 0.061 0.072 0.021 0.057 0.005 0.014 0.034 0.002 0.002 0.005 0.002 



Ra-226 
pCill MWl1 MWt2 MWt3 MWM MWl5 MWl11 MWt12 MWIJ13 CULINARY MWl14 MWl15 MM17 MWIJ18 MWS18 QC(13A) 
31..Jw.80 1 1.3 , 0.7 1 

31,Aug,,80 0.7 1.7 0.6 0.7 0.6 
30-Sep.«) 0.7 0.3 0.5 0.4 0.2 
31-C)ct,80 0.8 1.9 1.1 0.9 1.1 
30-Nov-80 0.7 1.1 0.8 0.8 0.8 
31.Qec.80 0.5 0.4 0.3 0.1 0.4 
31.Jan.81 0.5 1.3 1.3 0.5 0.6 
28-Feb-81 0.6 1.7 0.6 0.9 0.6 
31.U..a1 2 1.6 0.8 0.9 0.7 
»Apr-11 2.2 1.3 1.8 0.5 0.3 
30...,..1 3.5 2.3 1.5 1.3 0.1 ., 1.5 <th ~ 

1.2 1.8 
0.8 1.1 1.8 
0.4 1.1 5 0.8 0.2 

31.Jan.82 a.a 1.6 1.1 1 0.9 
3CMpr.a2 0.3 0.6 0.5 1 0.3 
30-JLll-83 0.4 0.17 1.4 1 1.2 0.4 0.6 0.6 0.4 
~ 0.3 0.8 0.8 0.7 0.2 0.2 0.2 0.2 0.7 
30-Jun.85 1 1.3 1 u 0.3 0.1 1.1 0.9 2 
31.o.c.a5 0.5 0.9 5.3 0.9 0.8 0.1 0.7 0.4 0.55 
21-Mlr-86 0.5 1 0.8 0.8 0.2 0.1 0.6 0.1 0.4 
1Wun-88 0.5 0.9 5.3 0.9 0.8 0.1 0.7 0.4 0.055 
04Sap,86 1.5 0.8 0.9 0.1 0.2 0.2 0.9 0.1 1.3 
10-Dec.a6 0.4 0.5 1.1 0.7 0.3 0.3 0.7 0.3 0.3 
20,feb,87 0.2 0.5 1.1 0.5 0.4 0.4 0.1 0.2 0.3 
29-Apr-87 0.8 0 0.3 0.4 0.3 0.2 0.6 0.3 0.5 
20-Nov-87 0.3 0.2 0.3 0.1 0 0.2 0.3 0 0.6 
27..Jan.88 0.6 0.2 0.8 
~ 0.5 0.2 0.7 0.3 0.1 0.1 0.5 0.1 0.5 
03-Ncw-88 0.1 0.2 0.3 0.1 0 0.2 0.7 0 0.5 
09-Mar-18 0.1 0.2 0.3 0.1 0.1 0.1 0.2 0.2 0.9 
01-s.p.88 0 0.5 0.2 0.2 0 0.1 0.5 0.2 
15-Nlw-88 0.2 0.2 0.4 0.2 0.1 0.2 0.1 0.1 0.1 0.1 0 ·-· 0.2 0.3 0.8 0.4 0.2 0.1 0.4 0.3 0.1 0.1 0 
13-Nov-80 0.2 0.4 0.2 0.1 0.2 0.4 0.1 0.4 0.2 0.3 0.4 
27-Feb-81 0.1 0.3 0.2 0.3 0 0.1 0.3 0.3 0.3 0 0 
241~1 0.4 0.1 0.2 0 0 0 0.3 0.2 0.2 0 0 
17.U.-12 0.4 0.2 0.1 0.9 0.4 0.3 0.2 0.3 0.4 0.3 0.2 
03 Sap-82 0.2 0.8 0.8 0.4 0.1 0.1 0.4 0.7 0.2 0 0.2 
24-Mar"'3 0 1.8 0.2 1.2 1.1 0 0.2 0.5 0.5 0 0.9 0.7 0.4 0 
22..s.p.83 0.7. 0.5 0.8 0.4 0.2 0.9 0.2 0.4 0.5 0.5 0.7 0.8 0.8 0.1 
24-Apr-84 0.3 0.1 0.4 0.6 0 0 0.1 0.3 0.3 0 0.3 0.2 0.3 0 

RA-226 0.712 1.142 1.488 0.791 0.510 C.268 0.684 0.471 0.760 0.280 0.130 0.600 0.600 0.500 0.080 
0.741 1.803 2.880 1.044 0.498 0.398 1.118 0.740 1.334 0.140 0.188 0.214 0.218 0.500 O.OIO 
0.000 0.000 0.200 0.000 0.000 0.000 0.100 0.000 0.055 0.100 0.000 0.200 0.300 0.500 0.080 
3.500 8.000 15.500 7.000 2.000 2.000 8.000 3.000 7.000 0.500 0.500 o• 0.800 0.500 0.080 



Ra-228 
pCill MWl1 MWl2 MW#3 MWl4 MWl5 MWl11 MWl12 MWl13 CULINARY MWt14 MWl15 M\W17 MWl11 IMl19 QC(13A) 

27..feb.81 1.7 2.5 1.1 2.1 1.2 0.9 2.8 1.4 0.5 1.2 0.1 
24-Sep,81 1.8 2.2 1.9 1.9 0.8 0.7 2.1 0 0 0.3 0.2 
17-litlr-82 1.6 1.6 0 2.1 0.4 0 1.6 0.8 0.9 0.3 0.8 
ms.,e2 1.1 0 2.5 1.4 0 0 0 0 0.6 0.4 0 
2.........as 1 1.8 0 u 0 0 0 u 0 0 0 0 0 0 
22-Sap,83 2.3 3.4 1.9 2.6 1.8 2.1 1.4 0 1.5 1.1 1.8 1.3 1.2 0.4 
24-Apr-84 1.5 2.8 1.4 1.5 1.2 0.9 0.7 0.7 0.7 0.4 u 1.1 2 0 

RA-228 1.671 2.0..., 1.257 1.857 0.771 0.657 1.22& ERR o.• 0.600 0.529 1.267 0.833 0.133 o.• 
0.361 1.005 0.883 0.417 0.627 0.707 0.978 ERR 0.503 0.484 0.413 o.• 0.185 0.525 0.325 
1.000 0.000 0.000 1.400 0.000 0.000 0.000 ERR 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2.300 3.400 2.500 2.600 1.800 2.100 2.900 ERR 1.400 1.500 1.200 2.000 1.500 1.200 O.IOO 



Ttl-230 
pCill MWl1 MWl2 MWl3 MWll4 MM5 MWlt11 MWl12 MWl13 CULINARY MWl14 MWl15 MWW17 IAW18 IMl19 QC(13A) 
31 ........ 0.4 0.3 0.3 0.4 0.5 
31~ 0.4 0.4 0.5 0.3 0.3 .... 0.8 0.5 0.4 0.7 0.9 
31..Qd.8) 0.5 0.9 0.4 0.8 1.1 
30-NDw.ao 0.8 0.6 0.5 0.6 0.9 
31-o.o,ao 0.5 0.4 0.8 0.9 0.6 
31 ....... 1 0.5 1.3 1.3 0.5 0.6 
21-F .. 1 0.5 0.8 0.8 0.7 0.6 
31 ...... 1 0.1 0.4 0.1 0.8 0.5 
30-Apr-81 0.5 0.6 0.6 0.5 0.9 

30Mlry-81 1.1 0.7 0.5 1.2 0.8 
30.Jun.81 1.7 1.1 0.8 1.3 0.7 

a 0.7 1.2 1.1 1.4 c:H, 1.1 0 0 1 
0.8 0.9 1.5 0.8 1.7 

31-Aiag-82 0.2 0 0 0 0 
»Jun-13 0 0.4 0.5 0.1 0.2 0 0.1 0.1 0 
»Jlft,M 0.2 0.4 0.1 0 0.1 0.2 0 0.5 0.2 
3C).Jan,a5 1.2 0.5 0.5 0.8 0.1 1.2 0.6 0.5 0.3 
31-0ec,85 0.1 0 0.7 0.1 0.1 0.1 0.5 0.1 0.05 
21 ...... 0.1 0 0.7 0.1 0.1 0.1 0.5 0.1 0.05 
19-Jun.l& 0.1 0 0.7 0.1 0.1 0.1 0.5 0.1 0.05 

'2:' 0.4 0.7 0.9 <t.P 1.8 1.2 0 0.5 0.5 
0 0 0 0.1 0 0 0 0 

Er 0.2 1.5 0 0 0.9 0 0 0 0.1 
0.1 0.1 0.2 0.8 0.3 ~ Cl]) <::Jl) <tZ) 

0 0 0 0.1 0 0 0.1 0 
27..Jan.18 0.1 0.1 0.3 
23,-Aug,tl 0.9 0 0.7 0 0.4 0 0 0 0.4 
Q.3.Hava 0.7 0.2 (\ 1 0.4 0 0 0.5 0.5 0.2 ........ 0 0 0 0.1 0 0.2 0.2 0.2 0 

- 0 0 0 0 0.1 0 0.4 0 
0 0 cm, 0.1 0 0 0 al> 0 a:t> 0 

0.1 0 0.1 0 0 0 0 0 0 0 0.1 
1J.Ncw.lO 0.2 0.1 0 0.1 0 0.2 0.2 0 0 0.2 0.1 
27..feb.81 0 0 0.1 0 0 0 0 0.1 0 0.1 0 
241.-1 C 0 0 0 0 0 0.1 0 0 0.1 0 
17-Mlr-82 G 0 0 0 0 0 0 0 0 0 0 
03 Sap,,12 0 0 0 0 0 0 0 0 0 0.2 0 
24-Mlf.83 0 0 0 0 0 0.3 0 0.5 0 0.1 0 0.2 0 0.7 
22-s.&3 0.4 0 0 0 0 0 0 0.2 0 0 0 0.3 0 0 
24-Apr-N 0 0.2 1 1.4 0.8 0 0 0.4 0.2 0 0.4 0 1.1 0.3 

0.426 0.426 0.662 0.483 0.459 0.286 0.380 0.821 0.370 0.020 0.540 0.233 0.187 0.387 0.190 
0.477 0.685 1.512 0.533 0.599 0.513 1.050 1.579 0.729 0.080 1.388 0.330 0.125 0.519 0.295 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 o.oao 
2.000 4.000 10.000 2.400 2.800 2.000 5.400 5.000 3.200 0.200 4.700 0.700 0.300 1.100 0.800 



Pb-210 
pCil IMl1 IMl2 WMl3 WMIN WMl5 WMl11 WMl12 WMl13 CULINARY \\'Ml14 WMl15 Wltl17 ... ... QC(13A» 
31.Jul.lO 3 3 3 3 5 
31~ 3 3 5 2 3 ..... 3 3 2 3 5 
3~ 3 3 3 2 3 
30"'*"'180 3 2 4 s 4 
31.Qac.80 5 3 3 4 2 
31.Jan.11 3 3 4 2 4 
a.Feb-81 4 5 4 3 5 
31-Mlr-81 4 5 3 5 
30-Apr-81 4 5 5 3 5 
..... 1 4 3 s 3 4 
30-Jun.81 3 5 I 3 5 
31-Aug-81 2 3 6 5 3 
31.Jan.12 0 5 0 0 8 
30-Aprl,82 1.3 1.2 1.8 0.9 1.1 
31-Aug,82 9 0.5 1.03 0.9 0 

• 
0 0 0.5 0 0 0 0 0 0 

1.2 ~ 
0.7 1 0.3 0.1 0.8 1.2 (:[I) 

2.7 1.2 0 0.3 0.8 0 0.2 1.6 
0 1 0.4 0.2 0.3 0.9 0.1 0.2 0.2 

21 ...... 0 1 0.4 0.2 0.3 0.9 0.1 0.2 0.2 

fe 0 1 0.4 0.2 0.3 0.9 0.1 0.2 0.2 
0.3 0 0 0 c::!I> 0.1 0.3 0 0 
2.2 3 0 0 0 0.8 0 0 0 

20-Feb,87 2.2 2.3 1.8 1.5 2.7 1.5 2.1 1.1 1.3 

91 3.1 0.2 0.5 ~ 2.4 4 0 1.8 0.9 
0.7 0.0 0.0 1.7 0.8 <!D 2.3 1.2 0.9 
0.0 0.0 0.0 

~ 0.0 0.4 0.0 0.0 0.0 0.4 0.0 0.0 0.0 
Q3.Nl»8I 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 ...... 0.2 0.8 0.1 0.8 0.1 0.7 0.3 o.a 0.9 
01.s.pa 0.0 0.1 0.0 0.5 0.0 0.1 0.0 0.3 
20,lb,18 0.4 1.3 1.3 0.1 1.0 0.1 0.2 1.2 1.0 0.0 0.1 ·-· 0.4 0.0 1.0 0.4 1.1 0.7 0.8 0.0 0.7 1.3 0.8 
13-Nlw,80 0.7 1.3 0.4 0.9 0.0 1.1 0.3 0.0 0.6 0.1 0.5 
27..fe.81 0.0 0.4 0.1 2.6 0.9 0.8 0.3 0.8 0.6 0.7 0 
24 lap,81 0.5 0.7 1.1 0.0 0.0 0.1 1.8 1.8 1.7 0.0 0 
17-lllr-82 1.4 2.6 1.3 1.5 1.1 1.5 2.2 2.0 2.3 2.2 1 
031ep,82 0.0 0.0 0.0 0.0 1.1 0.4 0.0 0.8 0.8 0.0 0 
24 Mlr-83 1.3 1.3 0.6 2.2 1.3 1.4 0.7 0.2 0.1 0.2 0.7 1 0.8 0.5 
22.a.p.&3 0.4 1.1 0.1 1.4 0.8 1.0 0.0 0.2 0.9 1.7 0 0.5 Q 0.8 
24,Apr-84 0.8 0.0 0.6 0.6 0.2 0.8 0.2 1.1 0.7 0.0 0.7 0.5 0.4 0.2 

1.519 2.037 1.825 1.590 2.046 1.076 0.792 0.493 0.928 0.920 0.820 0.487 O.N7 0.333 0.430 
1.503 2.149 2.051 1.614 2.025 1.383 1.648 0.581 1.718 0.800 0.1$2 0.330 0.236 0..249 0.341 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.100 0.000 0.000 0.500 0.000 0.000 
5.000 9.000 7.000 8.800 1.000 8.700 I.ODO 1.800 1.800 2.300 2.200 0.7tl0 1.000 0.800 , .. 



Mlllinily 
(flgll) MWl1 MWl2 WMl3 WMM WMl5 WMt11 WMl12 WMl14 WMl15 C'*-Y WMl17 WMl18 WMl19 QC(13A) 

Detll 
01-Now-19 326 316 346 428 374 0 4 
20-Nov-18 280 344 277 347 322 301 342 379 353 240 1 
15,,0ec-89 314 304 324 392 355 1 
~ 300 300 319 382 353 0.5 
27-Feb-91 271 349 204 384 303 301 296 361 356 201 0.14 --19-Ncw-82 258 345 352 350 322 329 334 406 357 189 
24-Mar-83 280 349 324 :we 318 312 344 392 363 181 384 324 194 1 
~ 270 345 410 350 312 308 362 384 358 185 385 325 205 4 
22-Sap-83 252 28' 402 340 309 310 343 378 357 192 383 323 208 1 
14-0ec-83 250 343 331 347 312 305 325 387 355 185 385 328 206 3 
24-Mlr-94 256 347 358 352 317 311 348 390 371 190 336 213 388 2 
1s.Jun.94 251 338 406 343 253 309 337 383 257 184 431 246 223 2.4 

259 338 340 351 3Q9 309 335 389 351 175 385 293 239 2 
7 19 84 12 18 8 16 16 29 61 29 46 72 2 

250 284 204 340 253 300 286 361 257 0 338 213 184 0 
271 349 410 314 328 329 382 428 374 240 431 328 - 7 

Alllmania ,..., MWl1 MWl2 WMl3 WMN WMIS 
Dall 

WMl11 WMl12 WMl14 WW15 CIMrwy QC(13A) 

01-Nov-89 0.7 0.6 0.2 0.1 0.1 
20-Now-88 0.5 0.008 0.009 0.7 0.1 0.8 0.1 0.009 0.2 0.2 0.1 
15-l)ec-89 0.7 0.8 0.1 0.1 0.1 
2'-JM.80 0.5 0.5 0.09 0.09 0.09 0.1 

0.500 0.009 0.009 0.700 0.650 0.575 0.123 0.075 0.123 0.200 
0.000 0.000 0.000 0.000 0.087 0.°'3 0.045 0.038 0.045 0.000 
0.500 0.008 0.008 0.700 0.500 0.500 0.080 0.009 0.080 0.200 
0.500 0.009 0.009 0.700 0.700 O.IOO 0.200 0.100 0.200 0.200 



MWJ1 MM2 WMl3 WMM WMIS WMl11 WMl12 WMl14 WMl15 Cunry QC(13A) 

0.009 0.008 0.009 0.008 0.008 
0:008 0.009 0.008 0.009 0.009 o.oaa 0.009 0.009 0.03 CUM 0.01 

0.008 0.009 0.008 o.oae 0.01 0.01 
0.009 0.008 0.009 0.008 0.009 0.01 

0.009 0.008 0.009 0.009 0.009 0.008 0.009 0.009 0.015 0.040 0.010 
0.000 0.080 0.000 0.000 0.000 0.000 0.000 0.000 0.008 0.000 0.000 
0.009 0.008 0.008 0.008 0.009 0.008 0.008 0.008 0.008 0.040 0.010 
0.009 0.009 0.000 0.008 0.008 0.008 0.008 O.OG8 0.030 O.CMO 0.810 

MWJ1 MWJ2 WMl3 WMl4 WMIS WMl11 WMl12 WMl14 WMl15 c..rwy QC(13A) 

0.008 0.009 0.008 0.009 0.008 
O.OOI 0.009 0.009 0.008 0.008 0.008 0.009 0.009 0.009 0.008 0.008 

0.008 0.008 0.008 0.009 0.009 0.009 
0.008 0.009 0.009 0.009 0.009 0.008 

0.009 0.009 0.009 0.008 0.009 ct• 0.008 o.oae o.oae o.oae OJIOI 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.009 0.008 0.009 0.008 0.008 0.008 0.009 0.009 0.008 0.009 0.009 
0.008 O.OOI 0.008 0.008 0.008 0.008 0.008 0.008 0.008 O.OGI O.OGI 

0-Alplla 
Dilmt.d 

(pal) MWl1 M\W2 WMl3 WMM WMl5 WMt11 WMl12 WMl14 WMt15 Cuhry WMl17 WMl18 WMl11 QC(13A) 
DIie 

@ 

• 
7 47 53 • 8.3 38 85 4 8 17 27 • 81 1.1 1 
7 13 <12> ~ <:I' 0.1 
0 0 18 2 

27-Fe,81 0 4 0 10 15 17 24 48 18 0.1 0.5 

et 0 21 78 2 5 5 27 <I> 24 5.1 0.1 
0 (ti) 38 31 12 10 0 47 0.2 0 
5 31 34 5 10 0 10 48 27 0 0 

iii> 0 21 0 0 0 0 15 48 18 0 10 12 7 0 
<2I> 11 <Sil) 8 3.8 14 10 38 38 1.1 31 18 11 0.4 
4.4 21 33 5 12 • 33 44 57 2.3 52 18 34 0.7 

4.588 27.500 53.250 8.2!50 7.264 11.455 24.836 54.273 58.000 1.438 22.333 21.333 28.000 0.830 
6.677 11.428 54.080 9.134 4.621 11.412 17.0M 13.039 27.581 1.115 12.228 8.211 18.028 0.581 
0.000 4.000 0.000 0.000 0.000 0.000 0.000 31.000 19.000 0.000 10.000 12.000 7.000 0.000 

21.000 87.000 180.000 31.000 15.000 42.000 82.000 82.000 18.000 5.900 38.000 34.000 52.000 2.000 



0...88111 
DilllaMld 

epal) ... , MWl2 WMll3 WMN WMl5 WMf11 WMl12 WMl14 WMl15 Cwinary WMl17 WMl18 WMl19 QC(13A) 

iSi> 12 ® 30 43 <ii> 
11 31 50 15 18 7 34 40 29 6.7 2.1 

15-Dac,89 19 16 44 37 51 8.9 
2tl.Jan.lO 13 10 29 37 41 1.1 

• 
7.1 21 31 13 6.3 8.3 26 25 18 1.1 
15 21 63 <3f, 17 18 25 33 42 5.6 2.1 

'1P 28 42 22 13 16 25 $ 29 42 0 
<11> 60 10 10 14 38 39 42 1.3 

0.3 9 51 0 7 5 36 47 40 3.6 40 13 21 0 
16,,0d,83 11 30 48 24 14 14 22 29 19 3.3 31 18 11 3.3 
24 ........ 9.5 32 62 22 15 15 19 34 24 4.1 35 19 22 0.7 

10.800 28.000 49.500 16.887 12.811 12.811 31 .• 42.778 38.222 4.IIO 40.000 13.000 21.000 1.225 
6.180 15.100 10.751 12.324 4.315 5.151 6.208 11.151 10.189 1.131 0.000 0.000 0.000 o.• 
0.300 9.000 31.000 0.000 8.300 5.0GO 25.000 25.000 18.000 3.800 40.000 13.000 21..000 O.OIO 

20.980 58.000 83.000 40.000 18.000 21.000 4'.000 87.000 56.000 8.780 40.000 13.000 21.- 2.IOO 

Milllt)tll• 
CNalidlt 

(ugl) MM1 MWl2 WMl3 WMN WMl5 WMl11 WMl12 WMl14 WMl15 Culirwy 
0... 

01-Nov-81 4.9 4.8 4.8 4.9 4.9 
~ 4.9 4.8 4.9 4.9 4.9 4.9 4.9 4.9 4.8 130 
15-0ec>89 4.9 4.9 4.8 4.9 4.9 
24 ...... 4.9 4.8 4.9 4.8 4.9 

5 5 !', 5 5 5 5 5 5 130 
0 0 ., 0 0 0 0 0 0 0 
5 5 5 5 5 5 5 5 5 130 
5 5 5 5 5 5 5 5 5 130 

,__. 
cu.t) MWl1 MWl2 WMl3 WMM WUN WMt11 WMJ12 WMl14 WMJ15 C'*-Y 
0... 

01..fbf.88 • • • • • 10,Ncw. 99 • 99 98 98 98 • 98 98 • ,s.o.o.a 8.9 8.9 8.9 8.9 9.8 
24,Jan,-80 9.9 1.9 9.8 9.9 8.8 

• • 99 • 54 54 54 54 54 • 0 0 0 0 45 45 45 45 45 0 
88 • 99 98 10 10 10 10 10 • • • 88 98 • • • • • • 



i ! !1!!!11!!!! i - 00100 r : .. o.oo 0 - ..... o- -0 ·o oo oq _qq - .. 00000 .. 0000 - o• - -
8 8 8 

I lllllli 
0000000 

• lllllli. .... 
I 0000000 

... lllllli. .. 
I 

, . . 0000 oc· o 

j I 111111!!!! j ! 1111 I I 1111 0000 0 0000 
0 000000 

II> 1111111111!!!! .,, !!!!!!!! .,, !!!!!!!! - .. .. 
I 0000000000 I I 
• llllllllilllll • !!!!!!!! .. !!!!!!!! .. - ... 
I ocic:ic:iooo 0 oo 0000 I I 
N lllililllllili N !!!!!!!! N 11111111 - - .. 
I 00000000000000 I I 00000000 

- lliilillllll-• .. !!!!!!!! ... !!!!!!!! - - ... 
I ooooooc:iaoooooo I I 

I 11111111111111 
o a c:i O ci o c:i c:i 0,0 o o o o I !!!!!!!! I !!!!!!!! 

j I 111111!!!! I ! 111, I I 1111 
0000 0 0000 

0 000000 

I I llllllii-1 I 
I !!!! I I !!!! 

c:i ciciciooo 0000 0 0 

i I 111111!!!! I I 1111 I I 1111 
0 0000 c:i cioaa 

0 000000 

- I !11111!!!! - I !!!! .. ! '''' I I 0 I 0000 
0 00000 

111!H1HHH J11UH 1,1nn 
-



• 

MIICuly 
NI) MM1 MM2 WMl3 WMIM WMl5 WMl11 WMl12 WMl14 WMt15 Culilwy QC(13A) 

0... 
01-Ncw-89 0.00019 0.00019 0.00019 0.00019 0.00019 
1'0 No¥89 0.00019 0.00019 0.00019 0.00019 0.00019 0.00019 0.00019 0.00019 0.00019 0.00019 0.0002 
15-0ac-89 0.00019 0.00019 0.00019 0.00019 0.00019 0.0082 
24.Jan.80 0.00019 0.00019 0.00019 0.00019 0.00019 0.0002 

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 o.coo 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

MWS1 MWl2 WMf3 WMIM WMl5 WMl11 WMl12 WMl14 WMt15 ~ WMN1 WMHI WMl19 QC(13A) 

0.008 0.009 0.02 0.02 0.04 
20,Ncw. 0.01 0.02 0.009 0.02 0.008 0.009 0.02 0.02 0.008 0.009 0.01 
16-CJac.a 0.008 0.009 0.02 0.02 0.03 0.01 
24-Jan.80 O.OGI 0.009 0.009 0.009 0.01 0.01 
24.s.p.e1 0.001 0.003 0.01 0.014 0.0008 0.0008 0.008 0.025 0.001 0.001 
17..u..&2 0.001 0.001 0.0009 0.0009 0.0008 0.0008 0.002 0.003 0.003 0.001 0.001 
14.s.p.82 0.0009 0.0009 0.0009 0.0008 0.001 0.001 0.001 0.002 0.0009 0 001 0.001 
2'.U.-83 0.002 0.001 0.0009 0.001 0.001 0.001 0.002 0.003 0.001 0.0008 0.0009 0.0009 0.007 0.001 
22-Sep,83 C.0009 o.ooae 0.0009 0.0008 0.0009 0.0009 0.0008 0.0008 0.0009 0.001 0.0009 0.0009 0.004 0.0008 
24-Mar.94 0.008 0.008 0.009 0.009 0.008 0.009 0.009 0.009 0.009 0.008 o.oaa 0.009 0.008 0.009 

0.002 0.004 0.003 0.008 0.004 0.004 0.008 0.010 0.010 0.002 0.001 0.001 0.004 o.co,e 
0.003 0.007 0.004 0.007 0.004 0.004 O.OOI 0.008 0.013 0.GG3 0.000 0.001 0.002 0.004 
0.001 0.001 o.ao, 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
0.010 0.020 0.010 0.020 0.009 0.009 0.020 0.025 0.040 O.OGI 0.001 0.002 0.007 0.010 

Nidlll ..,, MWl1 MWl2 WMl3 WMIM WMl5 WMl11 WMl12 WMl14 WMl15 ~ WMl17 WMltl WMltl QC(13A) 
0. 

01-Nav-18 0.008 0.008 0.03 0.03 0.02 ........ O.OOI 0.008 0.05 0.02 0.008 O.OGI 0.02 0.02 0.02 0.008 0.01 
~ 0.009 0.009 0.02 0.03 0.02 0.01 

mt (iii) <ui:> cui) g, ~ ~ 0.01 ~ 0.01 
<O> <I§:) .0 0.01 0.02 

o.ooa 0.01 0.02 O.OOI . 0.008 o.a O.OOI 0.009 0.009 0.J1 
0.009 0.01 0.01 o .• 0.009 0.008 o.• 0.008 0.008 0.008 0.01 

0.0009 0.0009 0.019 O.OOCII 0.0088 0.0008 0.0008 0.0009 0.0008 0.0008 0.001 
0.0009 0.0009 0.014 0.0008 0.0008 O.OOGI 0.0088 0.0009 0.0009 0.0008 0.0009 0.005 0.0008 0.001 

0.003 0.00GB 0.012 0.003 0.0088 0.0009 0.005 0.003 0.0009 0.001 0.0009 0.0009 0.004 o.oooe 
0.009 0.009 0.01 0.008 0.009 0.009 0.009 0.009 0.03 0.009 O.OOI O.OOI 0.008 0.008 
0.008 0.015 0.036 0.018 0.011 0.012 0.011 0.018 0.018 0.008 0.001 0.005 0.001 cum 
0.006 0.020 0.032 0.024 0.011 0.014 0.017 0.015 0.020 0.004 0.000 0.000 0.000 0.008 
0.001 0.001 0.010 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.005 0.001 0.001 
0.820 0.0&0 0.100 0.070 0.040 0.050 0.080 0.050 0.070 0.010 0.001 O.OOI 0.001 0.020 



Cllllafl 
Dill•d• 

(ugl) M\W1 MWl2 WMl3 WIIM WW5 WMl11 WMl12 WMl14 WMl15 c...y 
a. 

Ot-N&w,19 4.9 4.9 4.9 4.9 4.9 .....,.. 4.8 4.9 4.9 ... 9 4.9 ... , ... 9 ... 9 4.9 4.9 
15-DK-89 4.9 4.9 4.9 4.9 4.8 
24,Jan.80 4.9 4.9 4.9 4.9 4.9 

5 :., 5 5 5 5 5 5 5 5 
0 0 G 0 0 0 0 0 0 0 
5 5 5 5 5 5 5 5 5 5 
5 5 5 5 5 5 5 5 5 5 

Clllarcl6,nn 
(1111) MWlt1 IMl2 WMIJ3 WMl4 
Dall 

WMl5 WMl11 WMf12 WMl14 WW1G CUifwy 

4.9 4.1 4.9 4.9 4.9 
4.9 4.8 4.9 4.t 4.9 4.t 4.8 4.9 4.9 4.8 

4.8 4.9 4.9 4.9 4.9 
4.8 4.8 4.t 4.8 4.8 

5 5 5 5 5 5 5 5 5 5 
0 0 0 0 0 0 0 0 0 0 
5 5 5 5 5 5 5 5 5 5 
5 5 5 5 5 5 5 5 5 5 

2-a ...... 
(Ugl) MWl1 MWl2 WMl3 WMl4 WMl5 WMl11 WMl12 WMl14 WMl15 Cwllay 
Dall o,....,.. • 98 • • • 20 Noli• II • 98 • • • • • • 18 

15-0ac-ll 9.8 9.9 8.9 9.1 9.9 
24Jlnl0 I.I 9.9 8.9 I.I 9.9 • 19 • • 54 54 54 54 54 • G 0 0 0 45 45 45 45 46 0 • 98 98 • 10 10 10 10 10 • • • • • • • • • • • 



• ..,.... 
NI) ...., MWl2 WMl3 WMM WW5 WMl11 
0.. 

WMt12 WMt14 WW15 Culirwy WMl17 WMl11 WMl19 QC (13A) 

24-Sap-&i 0.0809 0.0I09 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 
17-Mlf..82 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 
03-Sep,92 0.0009 0.0009 0.0009 0.0009 0.0009 00009 0.0009 0.0009 0.0009 0.0009 0.0009 
24......a3 0.0009 0.0009 O.OOCN 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0008 0.0009 0.0009 0.0009 0.0009 
22..s.p.93 000019 0.00019 0.00019 0.00019 0.00019 0.00019 0.00019 0.00019 0.00019 0.00019 0.00019 0.00019 0.00019 0.00019 
2+Mar.&4 0.009 0.009 0.009 0.008 0.009 0.009 0.009 0.009 0.009 0.009 0.008 0.008 0.008 O.ON 

0.001 o.ecu 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 

c.lciulll 
(fflgl) IAW1 MM2 WMl3 WMN WMIS WU,11 WMl12 WMl14 WMl15 C..-y WMl17 WMf11 WMf19 QC(13A) 
a.. 

03-Sap,82 128 306 377 377 110 34.5 488 467 358 47 3.5 
14-NaJ\i..82 152 334 437 424 132 188 504 474 431 49 
24Mlr~ 148 355 '66 439 138 117 514 498 422 50 406 415 245 0.91 
OI-Jun.83 150 355 - 442 136 150 512 500 451 50 388 445 316 0.98 
22Sap83 142 325 453 427 130 140 507 498 430 50 375 437 305 2 
14-0ec,83 187 332 457 420 128 50 488 477 446 49 372 419 287 ' 24Mmr-N 159 341 47& 431 125 53.3 537 505 436 53.1 a 458 198 0.32 
15-Jun.84 130 325 443 423 130 77 ... 498 453 48 410 424 111 1.8 

144 331 437 421 128 125 505 485 418 48 397 430 281 2 
11 20 36 26 11 80 10 14 34 1 9 15 36 1 

128 308 377 377 110 35 418 487 358 47 318 415 245 1 
152 355 - 442 138 198 514 500 451 50 406 445 318 4 

11Wt1 MWl2 WMl3 WMIM WMl5 WMl11 WMl12 WMl14 WMl15 Culilwy WMl17 WMl11 WMl11 QC(13A) 

a.n 11.4 23.9 10.17 7.7 8.3 13.8 12 10.2 3.27 0.7 
6.85 12.25 24.3 10.6 7.15 10.55 13.25 11.5 10.1 3.15 

8.2 11.9 25.7 10.8 8.7 9.2 14.7 13.2 11.5 1.9 17.8 7.1 12.7 0.01 
7.3 12.8 28.2 11.8 9 12.2 15.1 13.6 11.7 3.5 17.7 7.8 11.1 0.05 
8.2 13.6 32 11.1 11.3 11.3 14.9 13.9 14.6 2.5 18.7 7.8 13 0.4 

8 12.7 28.2 11.6 8.4 8 14.7 13.8 12.2 3.4 18.8 7.4 12.8 0.4 
6.1 9.8 21.4 11.7 8.4 1.1 12 11.2 10.7 3.4 13.3 7 1.1 0.5 

7 12 27 11 8 8 14 13 11 3 16 7 11 0.1 

6.7 12.1 25.5 10.8 8.3 9.6 14.2 12.6 10.9 3.0 17.8 7.4 12.3 0.3 
P11S iLilfl 0.4 0.5 1.7 0.6 0.6 2.2 0.7 0.9 0.7 0.6 0.0 0.3 0.4 0.3 

6.2 11.4 23.9 10.2 1.7 6.3 13.3 11.5 10.1 1.9 17.7 7.1 11.1 0.0 
7.3 12.8 28.2 11.1 9.0 12.2 15.1 13.6 11.7 3.5 17.8 7.6 12.7 0.7 



• 

.... ··-...., ... , MWS2 
D11111 

WMl3 WMN WMl5 'WMl11 WMl12 WMl1' WMIJ15 c.awy WMl11 WMl11 WMl19 QC(1~ 

03Sap92 I0.5 105 252 192 42 12 231 181 116 23 • W-Nlw-82 63 104 244 185 43 73 224 157 1n 21 0 .• 24Mar,83 54 99 239 17& 38 36 215 150 158 20 200 12 81 a.• .........., 55 fill 238 176 38 48 214 155 165 19 ,. • 111 22..s.p.m 53 95 241 176 38 47 210 151 163 20 1IO 97 115 0.1 M-Oec-13 63 94 244 173 37 15 210 141 188 19 177 15 102 0.1 24-1111'4M 81.2 17.1 248 177 37.7 18.1 220 153 185 11.8 - 17.1 71.1 0.06 15-Jun .. 55 92 237 173 37 23 207 152 181 11 200 85 11 0.07 

Mlg Hilillll 83.0 105.0 252.0 192.0 43.0 73.0 231.0 161.0 1n.o 23.0 200.0 N.O 111.0 •. 0 3.7 3.0 5.5 6.7 2.1 22.0 7.0 4.0 5.0 1.5 6.0 2.0 11.5 41.1 54.0 •. 0 231.0 176.0 38.0 12.0 214.0 15C.O 158.0 18.0 181.0 12.0 81.0 0.1 a.o 105.0 252.0 192.0 43.0 73.0 231.0 181.0 1n.o 23.0 200.0 N.O 111.0 ••• 
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,. 
Step 3. W1th1n each month and year. subtract 

c1ntrat1on for th1t month and add the grand 11111n. 
1983, the adjusted concentration becoa11s 

the average IDO"thly con­
For tx111Ple, for January 

, tf~sf'~ 
r ~\ • 

1.99 - 2.05 + 2.17 • 2.11 

,• ....... 
··-

The adjusted conc1ntr1tions are shOldl tn the 11st three coluans of Table 7-1. 

· The reader can dlect that the 1vei-age of 111 3e ldjustld concentrations 
equals 2.17, the 1verate unadjusted concantrat1on. F1gul"e 7-1 shows the plot 
of the un1djustld &nd adjusted data. The raw data clearly exhibit seasonality 
11 well u an upwards trend whtdl ts less evident by staply locktng at the 
~e.:a. t!ble. ' "' 

.. -':.,· =" IIITDPRETATION ................ ---..:... 
. 

·- - '.) 
-...-- As can be seen 1n Ftgure 7-1, seasonal effects ware present tn the. 
~~ data. After adjusting for aonthly effects, the seasonality wu 1"80Ved u can 
· ·· be seen in the 1dju1tld data plotted 1n the s1111 figure. _ ·-. -· .. ..--·--'. . ·-- -. ' --... ~ .~. 7.3 COMIINED SHEWMAAT-CUSUM CONTROL CHARTS FOR tACH WILL MO COIISTITUEMT 7 ::_:--
~ . U--:: . --e- .-... ~ -:::. 
~ ~Control dlarts IN widely used u ·a stattsttcal tool fn industry u well ... ;.. 
~ u -rn•ardl and dnelo;111nt llbor1tor111. -., The concapt of cont1"01 dl1rts ts -~ .. ~ -
~ re1at1v1ly sfapl1, wtttcll Mk11 tMII attractive· to use. ,,.. tile papulatton · 
~~ dfitr1but1on of a gtven var11ble, such u concantratfons of a 11v111 consttt- - -..... 
~ uent, repeated randoll SIIIPllS are taken at ·1nt1rv1l1 ove,. tt•. Stattsttcs, ·. · .:, 
:-~ tor exaple the •an of repltcata values at a point 1n tt•, .,.. coaputld Ind _ 
.. plottld toget!lar wttll uo,er IN/Or lOlller prtd1ta1111ned 11a1ts on I dtart wllere ·.· •· 
· · the x-u1s ~r'lsants t1a. It & r-tsult falls outside these bound1r11s, then . , 

·- ttl8 procass is decland to be •out of control•: otllerwtse. the process ts ·· -:: . 
dtclam to bl •in contnl .• T1la widespread use ot control dlarts is due to 

--
their ease of const,uctton 111d the fact that tlley can pl"Ov1de I QUick visual 
1v1luatton of I situation, 111d r•1d1a1 action c:an bl tlklft, 1, necessary. 

In the context of pound water mn1tor1ng, control c.harts can be usld to 
aonttor the tntael"lnt stat1st1ca1 var1at1on of ttle d&U collected within a 
single well, Ind to flq 111G111lou1 1"'81Ult1. Further tnvestt11tt0ft o, data 
potnts 1y1nf outstcle tM estu11slllcl boundart11 wt 11 be necassary before any 
direct action ts taken. 

-~ A control chart that can be used on a real tt• basts aust be constructed 
tra11 1 data set large enougtt to dl&ractar1z1 tna beftav1or ot a specttfc 
wel 1. It 1 s r1Caa1nded that d1U ,,.. a a1111 .. of 1tg11t ••t•s witllfn a 

- year be collected for eac:11 const1tulftt at 11C11 well to ...,..tt an waluat1on of 
tlle conststency of wttorfng results w1tll the current concept of tu hydro­
geology of the s1te. Starts (1188) rld 1nd1 a 1111111111 of tour saplfng 
perfocts at I unit w1tll 1tgt1t or IION wells and a a1n1 .. ot e19ht saplfng 
periods &t I unit w1tta 1111 than tour wells. Once tlle control chart tor the 
specific constituent at I gtven well 11 acceptable, then subsequent data 

7-5 

... 



pofnts can be plotted on ft to provide a qufc:Jc evaluation u to whether the 
process 1s fn control. 

; ~, ~J The standard &SSU11Pt1ons 1n the use of control charts are tJlat the data 
,~~ g1ner1tld by the process. when 1t 1s 1n control. an 1~ent1y (111 Sec-

q ·11 
• tfon 2.4.2) and no1"11111Y dtstr1butld with 1 ~ •an • ~nst&nt v1r1111e1 

r •'· The most important USUIIJ'tion 1s that orTiifependenca: cont1"01 charts are 
not robust w1tll respect to departure tro11 fndependenca (e.g., sar11l C01"T'91&­
t1on, s• glossary). In general, the saplfng sdltlle w111 be such tllat the 

, poss1b111ty of obu1n1ng ser1&11y COl"l"ll&tld results 1s 111n1a1zld. as noted 1n 
Section 2. The US\llll't1on of nor1111fty 1s of s,i,m111hat less concern, but 
should be 1nvest1gated befort plotting tM charts. A tr111stoN1t1on (1.9., 
109-transfol"II, square root transtol"II) can be applied to tlle raw data so 1s to 
obt41n errors narally dfstrfbutld about tne NM. . An lddft1onal situation 
whfch 111y decnas1 the· eft'ec:t1veness of controi charts f s seasona11ty fn the 
data. The probl111 of se1son1lfty can be handled by"riaov1ng the seasona11ty 
effect troa the data, provided that suff1c1ent data to cover at leut two 
seuons of the illie tn;e ar• 1va1l&bl1 (e.g., 2 years when· monthly ·o,. quart­
erly seasonal effect). A procedure to cornet • t1• series for seasonality 
was shown &b0v1 in Section 7.Z. 

PUIPQSE 

Collb1nec1 sllewh1rt-<1.,1ai1vl ,. ~ cCUS111,· ~1t£.;;f'~c11.11:S · ~ ~tructec1 
f~ •. ~ldl. constituent at e~ wll to .P~1de a v1~,1. tool. o! d'tlet111f both 
tnriill· ancr lbrupt changes 1n concamratfon-_ levels. ·.:_-_ .... ~ '": ... c ..... c .:aJ • • _ •'41.t· ... ' ,.·- ... -~ t ....... ,. -- ... _. - _.,,.r_,.. -,,..,. ...... , ·~· ... ~ .. ·-,~·,.a,"' ··~~ •• • •• .,·, •.••.• • .,,.•·. -~ ... ·•••-··:I ~ ....... ~·~·-:.-:.·•.•- __ O .... ~·.••·.•.I.· • - ' PID':D'URE' r".;: ,... _ -· .• . - . -..•.• , •..• ~ -· ... .:i.. • • . ,.,. ....... . 

-----!'---·- .. . - . • ..... ·. • • . ": · ........ : .. _... - • . ~ :ltc . , .... s~!~J•~.:... .. ...••.. . , . ~"'. ,.~~ , ·. , .. ,:J~ , .• · .. ~:,.-:: ~- ~-

Assu• that data f'l"OII at 111st e1gnt fndependent saples of aon1tor1ng · 
are 1v1fl&bl1 to provide relflble 1stf•te1 of the •111, 11, &rid standard 
dev1at1on, •• of the canstftuent' s concantratfon 1eve1s 1n & given well. · · · · · 

-::~· Step 1. , To const,,ict & callbtllld ShtMlart-CUUl .. ~rt, ~~ p&r~ters 
need to be selected prior to plotting: 

-'"!2 h - a dic1s1on 1ntama1 value · ·· · ·'· 
le • 1 reterenca value 

~ .. , 

SCL - ShMart control 11att (dlftOtld by u f n Stans (19U)) ... 
The paraeter le of tJNt CUS111 sdltlll fs directly obtained,,,. th1 value, 

D, of the d1sp1aclalflt tll&t shOUld be qutdcly dttactad; k • 0/2. It 11 r"ICQll­
•ndld to salec:t le • 1. wtlidl will allow a displ1c1a1nt of two standard dev1a­
t1ons to be detectld quickly. 

'· When le 1s selectld to be 1, tlll par-ter II 11 usually sat at v1lu11 of 4 
or 5. The par-tar ti ts the value 1411nst wh1dl the cuaulat1ve 1111 fn the 
CUSUM sch- w111 be ca11111nd. In tJII contut of poundwater IIOll1tor1ng, 1 
value of h • 5 ts rec:Ollllnded (Starks, 19~; Lucu, 1112). 

7.7 



The upper Shewhart 11a1t is set at SCL • c.s 1n units of stllldard d1v11-
t1on. Th1s COllb1nat1on of k • 1, h • 5, and SCL • ,.s wu ,ound aost IPP?"O­
pr1ate for the applfcat1on of coabtned Shewhart-CUSUM charts for groundwater 
aon1tor1ng (Starts, 1988). 

Sup 2. Assua that at t1• period T1, !'1 Qmeantrat1on •UUl"llllftts 
x,, •.• , Xnt• 11'1 ava111b11. CQ111Nta their average x1• . _ : 

• ,F=" rl,-' 
. Sup 3. Calculate tM standardfnd IIHII . . ,, .. \ 

' -

- • ,.... .I ~ -. . / 

, ~ •. (Xf • a) ••11/• ·. ../. S- -: t·7 · .; 
.. ~ . : _ ·• . . . • . - . (J°:l..f. ~ .... ~ ~ :i- "·5. 

where• and• are the .. .,, and stinclard dev1atfon obt&fned fP'OII prfor aonftor~t1_ 
tng &t the s .. wel 1 (at leut four supltng periods 1n a year). . .... :r .t 

. . . .. . . . . .. - . . . . . . .. . . ., 
~:--Step,.· ~-~t ~·~~_.tt~-~~r~~~ _T1, ~~~~ the_ ~J~~1!• ~ua,.s1,. u:.·~=-~ . . .. .. . . 
._.:.• ... . :; ~ .• ,,: j ~ ... .:· - ... · " •. ·: .. · .. • ., ...... : . ..~·:.::::. _-: -~ 

S1 • 111X {O, (Z1 • le) + S~-l} ·: ·: ... ~ .. - . :_; ·;-r~:~z !.i.1ri 

~~ .. ~ .CA, ~l j 1~ .. ~~-x..1~ "'·. ~. ~ ••;;. ~tu;t~"I .~1.~ .. s~ .. '!~9· .... ~,e111e~ 
11-..:-·· .. .... . .._ .. - ,,.. .... ,, ... ·;...... •.• ' 1••.G,. •2! ••••.••. .,., .. ,.. ........... '"'!' •. .,\ 

•• Sup s. ·-·Plot the values. of s1 ·ve"us T1 on a t1a cllart for ~11. ~ .. · 
b1111d Shtwhlrt-cusllt sctsw. ·'Dec:llre 111 ••i..ot-contro1• sttuatton at 11111- • 
p11ng pertod r1 1, ,or the first tta. S1 ~II or Z1 a SCL. This w111 1nd1cata . .. 
prab&ble cont .. 1nat1on at ttle well ~further 1nvesttgat1ons w111 be 
~S S&ry. . .. . J ~~ ~ • _ !?-.. ~. -: :: -.. . • • . . _ • • . . : , ~ . . :. 

• • • ' I IEFtll£NCES p. : ;:, .;; : : •. : J. ,: ; • -:-- • :. : 
. ' ... . .. .,,~-. --

Lucas, J. M.. 1982. •c.tftld Shewllart-CUSUM Qu11 tty Control Sdl-s. • _Jour­
nal of Quality TfflwlolofY. · Vol. 14, pp. 51-59. 

Starks, T. H. 1988 (Draft). •!valuatton of Control Chart Mlthodol0911s for 
RCRA waste Stte1.• 

. 
Hodclllft, K. K., Ind J. M. Lucas. 1187. 1Y1r1u111ty Raductton Throutll Sub­
vessel CUSIIIContl"Ol.• IOUffllll.ofQua&&tyTt~a Vol. 19, pp. 113-121 • 

• 

The procedure ts d•i,n1t1-atld on a set of carbon tetrldl1or1de •1sure-
11111ts tlkan aontllly at a caapltanca well over I l-y91r perfod. The aontllly 
••• of cw 111...ur•1nt1 aCII Cnt • Z for 111 f's).,. preslfttld fn tlll third 
coluan of T.wle 7-2 below. · tstt•tll ot • Ind •, the •111 Ind standard 
de¥1&t1on d cart»on tatrldllo1"1de •UUN11nt1 at tll&t f11"t1cu1ar well were 
obtatnect troa I precldfng •n1tor1ng pertod 1t tll&t we 1; a • f.5 119/L and 
• • 0.4 119/L. 
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TAIL£ 7-2. EXAMPLE DATA FOR COMBINED SHEWHMT-CUSUM CHAAT-­
CA.ltlON TETRACHLORIDE CONCENTRATION (119/L) 

I eff~\~~ S•ltng -r ~,i~ period Maan COr'Cllltrat1on, Standardized X1, CUSlll, 

• 

Date ft ··x1 Zt Zt • k St 

Ju I 1 5.52 0.07 -0.93 0 
., ... 3 2 s.eo 0.35 -0.15 0 
..... l 3 5.45 -0.18 -1.18 0 
Apr 7 4 ·5.15 -1.24 -2.24 0 

·Nay 5 5 · 1.95 ~.~, 1.59 0.59 0.59 
Jun Z G 5.54 0.14 -a.a, 0.00 
Jul 7 7 5.49 -0.04 -1.04 0"00 
Aug 4 a G.08 \ . , t, 

2.054 1.05 · 1.osb 
Sep 1 9 5.91- ~·· 4.99. l.99 5.04b 

·'Oct I 10 a.11 4.53 . . 3.53 a.ss Nov 3 11 : 1.71 
... 

4.28 3.28 11.ffi :a.c: 1 1Z ,.as ... 4.07 3.07 14.91 ,~·~- . . .. .. -
~~ :'" .... ,,,. ··- ......... :,..,, ... ~ .. ,~ ' . .,. .. ,. .• -~ ··. ~- -.·. ·~..,: .. . ·; ..... 
Par-tarsi . M1tn • 5.50; stcf • 0.4; le • 1; h • S; SCL • 4..5. ···r .: .· · :".~. ,- · . . :· .. "' ..... -- . . . . ... ~ . . 

9~)~1catas •out-of~~·: procus vta Sllawtsart_control 11att (Z1 > 4.5)._ ·t,,.. . . -. . . ' .... ., .. . ~.' . . . . ~ ' . . .. - .. : . ' . 
'; t!,,.:-CUSUM •out-of-control~. s1'!'&1 (S1 > 5) .~ ·. ·; · : ·.- · . . , . 

~~ ' .. . 11-4r-;, . . ,, 
"' ' . ·. ··- ........... ,,.. . '·• . .. ' -l'!ftt· . . .. . 

.. ... • Step 1. TIie three P&J--tars . l'IICUl&r'J to construct I COllbt ned 
s........-i-CUSIM dlart wvah saltctld u II • 5; le • 1; SCL • 4.5 1n units of 
stl.riNrd dev1&t1on. , . .. . 

::: Sup z. The aontbly · •1111 &re presented tn tM tJl1rd coluan of 
Tula 1.2. . . -,10 •. ·., • - • I. 

·''-' . . . -
., #,. . ••. . ~ . . 

~ . Step 3. Standardize tN 1111111 wtth1n each sap11ng pel'tocl. These 
cQIIIUt&t1ons an Sham 1n u. fourth column of Tule 7-2. ,or UIIIP1t, 
Z1 ~ (5.52 - I.SO)•JZl0.4 • 0.07. ·- . 

COIPUta the quant1t111 s1, f • l, ••• , 12. ,or tx111Plt, 

Sa• 111X (0, -0.93 + O} • 0 
Sa• 111X {O, -0.51 + 0) • 0 
• 

. .. . 
'"' 
-1·. . s, • Ill.I co. 0.11 + S-.) • IIU' co. a.st + O} • o.o 
.. Se • IIU (0, -0.81 + S1} • 11U (0, -0.U + 0.51) • IIU CO, -0.27} • 0 

• 
etc. 
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......... 

These quanttttes are shown tn the last colua, of Table 7-2. 

Sta, 5. Constl"'Uc:t the control chart. The y-uts ts 1n units of stan­
dard devtattons. The x-uts rtpresant t1N, OT'"_tne s•11ng periods. For 
11ch sup11ng period, T 1, record the value of Xi and s1• Draw horizontal 
lfnes at values h • 5 and SCL • ~.5. These two 11nas rtpresent the upper con­
trol 11a1ts for the CUSUN s.ch- and the Shewtl&rt conuol Hait, l"ISPtC· 
t1v1ly. The chart for thts uuple data set ts shown tn Ftgure 7-2. 

The cOllbtned chart tncUcatas st&tisttcally sign1ftcant 1v1d1nc1 of c:on­
t•1nat1on starting at s•11ng "r1od T 1• loth th1 CUS1lt sdlllll and tne 
Sllewhart control 11a1t were ucaected by i 1 111d Z1 , res,-ct1vely. Inv1st1-
11t1on of the situatton shouJd bel1n to confira cont•inatton and action 
should be required to bring the varf&btlity of the data bade to tts previous 
level. 

INTERPRETATION 
C: 
-~ The coab1ned Shewhart-CUSUM control sch- wu appl ted to an uaple data 

sat of carbon tetrach 1 ori de •uureaents t&Jcen on a aonth 1 y bu is at a WI 11 • 
The stati sttc used tn the constn,ctton of the chart wu the •an ot tw 
•uurta1nts per s-,11,. per10d. (It should be noted tn&t tllts •thod cu be 
used on an 1nd1v1dUa 1 auurwnt u WI 11, 111 whtdt cue n1 • 1). · 1st fates 
of the •an Ind standard deviation of tM •uunants _.,.. ava11u11 ,,.. 
previous data co111Ctad at that -.11 over at least ,.,,. s•11ng periods. · · 

· • (•~ The P&rlllltlrt of tlle Caab1nect dlart wart selected tcr be k • 1 unft, tJle 
refeT"lncl value or 111owab1e sl&dc for tha process; h • I units, the dectston 
interval for the CUSUM sch-; and SCL • 4.5 untts, the upper Shewh&l"t control 
1fa1t. All p1r ... t1rs are 1n units of•• the standard dev1&t1on obtained ft"CII 
the previous aonttorint results. Various =abtn1tton1 of par-t•r values can 
bl 11lectld. The parttc:ular values reca•1ftdlct here appe1r to l:Mt tne best tor 
t!le tntt111 use of the Procadul"I ,,.. 1 rtY11W ot the sf1111l1tton1 and l"ICClll­
•ndattons fn Ute references. A dtscusston on thts subject ts gfven by Lucas 
(1982) , Hoc-.n and Lucas ( 1987), and Stans (19a). Thi cnotca of the paraa­
etars h Ind k of • CUSIM dl&rt ts based on the d1sfrtd perlof'lllnCa o, the 
dl&rt. The crftarton ulld to 1v1luata I control sdlal ts tne 1v1r19e l'llllblr 
of ••'•• or t1• pertod1 befort an out-of-control stgnal ts ootatned. This 
a-1ter1on ts denoted by ML or 1v1r11• run llftltll. The ML should be large 
.tten the •111 conclfttratton of a huardOUs constituent ts nur its target 
value and saall wtllft t111 •an ttas shtftld too rar ,.,.. the target. Tu1es 
hive b .. n d1v1l0Ptc1 by S111U1&t1on .. thods to 11tt .. t1 AALs tor g1ven COllll1na­
tfons ot the par-ters (u.cu. Hocklllft and Lucas, and Stu-ks). The user is 
r1f1f'Ttd to these 1rttcl11 to,, tuntler rtldf"9. 

7.4 UPOAYE OF A CONTROL CHART 

The contro 1 c:hut ts based on prese 1 actld p1rl'oraanc1 par-tars 11 we 11 
11 on 1st1 .. i11 of u and•• the p&r1111t1rs of the d1str1but1on of the .. asure­
•nts 1n question. As •nttor1nt cont111111 and the proc111 11 found to bet~ 

• control, tn111 par-tart ftNd p1r1oct1c upo1t1"110 11 to 1nco,.,.r1t1 thts new 
1nforut1on 1nto the control charts. Starks (11N) hu sut111t1d th&t fn 
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general, 1djust111nts 1n supl1 •ans and standard d•v1at1ons be Mdl after 
saap11"1 periods 4. a. lZ, 20, and 32, following the 1n1t1a1 aon1tor1"1 period 
rec011Nndld to be &t 111st eight sup11"1 periods. Also, tne perforunce 
p1r1Mt1rs h, k, and SCL would need to be updated. The author 1u9pst1 that 
h • 5, le • 1. Ind SCL • 4.S bl leapt at those values '°'" tlle first 12 IUIP11ng 
perfOds tol 1ow1nt the fn1t1&1 aonftor1ng plan, and that k be rNUCld to a. 75 
and SCL to 4.0 tor all subsequ111t sapling periods. These values and sapling 
peT"fOd rulbers are not ll&ndatbry. In t111 event of an out...af-cont1"01 state or 
1 tNnd, the control Chart should not be updated. 

7.5 NONDmCTs IN A CONTROL ClfMT 

Replat1ons requ1N that tour 1nd1,endant water 1-,111 be tuu at each 
well at I given saap11ng per10d. The •111 of tlle four co11C1ntr1t1on eusure­
•nts of I ptr:1,:1l1r coi'lstftulllt fs used 1n the constl"Uctfon of I contl"Ol 
chart. Now sftu&tfons w111 1r111 when the concentration of I constituent ts 
below detection 1fa1t for 0111 or 11are saapl11. The following approach f s 
suggested for treating noncl1tacts when plotting control charts. 

If only one of the four •uurta1nts 1s • nond1tect, then rte1laca tt with 
one halt of the detection ltaft (MDL/Z) or with one halt of the pract1ca1 
quantttatfon 1ta1t (PQL/2) and proceed u des;r1bed fn Section 7.3. 

- -- . 
~ If ,1 titer two or three of the •uu.....,.ts are nondetects. use only tlle -

quanttt&tld valu11 (M ow- one, respectively) tor ttae· control dllrt and p,._ 
cNcl IS di SCUiied ur1t1r. tn Section 7.3. · -

··-.... . ... 
* I, a 11 tour ••sur ••nt• .,.. nondetects, tMn use one Ill 1, of tlll detec­

t ion 1111ft or practfcal quuttt&tton lta1t u the value for t"8 construction 
of tlle control chart. TIits ts an ot»vfous s1tuatton of no cont•1natfon ot tM 
well • 

.. ·. In the event that a control cMrt requ11"ts updatint Ind I cert&1n propor­
~- .. -· tfon of thl .• uu,....,,ts ts below detect ton 1ta1t, tnen ldJust tM •111 and 
-.. -..... ... . 

' .. -----

standard deviatfon r11e111ary tor the control chart 1»1 using Cohen's. •ttlod 
dtscr1bed tn SIC'tion 1.1.c. In that case, tM pl"Oportton ot nondttacts 
aop11es to the pool of data 1v1t1ul1 at the tt• of t"8 u,dattng and ..auld 
f nclude 111 nondetacis up to that ti•, not Just the four ••su• ••nts t&lcen 
at the lut s•Hnt period. 

~·~WY 'fli: Control charts are a useful suppl111111t to otlllr stat1st1cal 
· · oues ause they are 9runtcal 111d s1.,1e to use. Holllllver, ft ts 

1ft1Ntropr11t1 to construct I control dlart on wells t~at taav, stlown evidence 
of conta11t1tton or an 1ncreu1111 trend (SH IZM.17(&)(1)(1)). Furttter, con­
t•tnatton MY not be pnsent 1n 1 •11 1n the ton1 of I steldfly tncreuiftf 
concantratton protfl1--1t IIIY be p"9sent 1nter11tctently or 1111 tncn1111 1n • 
step function. Therefow-e, the 11»11nc1 ot an 1ncreutnrr t"nd dais not 
neca1s1r11y prove that a rel11s1 h&s not occul'Tld. 
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TITLE: CONSTRUCTION OF COMBINED SHEWHART-CUSUM CONTROL CHARTS 

CHK'D BY: I~ 
DATE: -· 3.{:5Mq 

Objective: The objective of this calculation brief is to 
construct the Shewhart-CUSUM control charts for the POC 
monitoring wells at the White Mesa Uranium Mill. The POC 
monitoring wells are: WMMW-5, WMMW-11, WMMW-12, WMMW-14, and 
WMMW-15. Control charts need to be constructed for the following 
indic~tor constituents for each well: chloride, potassium, and 
nickel. 

Method: The method of constructing the Shewhart-CUSUM control 
charts is presented in EPA (1989). A copy of the method is 
presented in Appendix A of this calculation brief. 

Assumptions: The water quality data are independently and 
normally distributed with a fixed mean and constant variance. As 
per EPA (1989) the statistical parameters for the control charts 
are assumed to be k=l, haS, and SCL=4.S 

control chart construction 
To construct a combined Shewhart-CUSUM control chart, the 
constituent concentration data must first be standardized. The 
~onstituent concentration data is standardized using the 
following equation: 

where: 

_ r,;-: 
z . = ( Y,i - µ ) .Y.:::.! 

i a 

Z1 • standardized mean, 
X1 • average concentration of sample event, 
µ•mean concentration from previous sample events, 
a• standard deviation f-om previous sample events, and 
n1 • number of measurements during sample event. 

In addition to the standardized mean, the cumulative sum for the 
standardized data must also be calculated, The cumulative s·.1m is 
equal to: 
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where: 

S1 = present cumulative sum, 
St. 1 =- previous cumulative sum, 
Zi = standardized mean, and 
k = reference value= 1 (EPA, 1989) 

Once the concentration data is standardized, the data is plotted 
versus time. Two upper bounds are also plotted with the data, h 
and SCL. The upper bound his a statistical upper bound for the 
cumulative sum data, while SCL is an upper bound for the 
standardized mean data. EPA (1989) recommends setting h equal to 
5 and SCL equal to 4.5. 

Compliance is evaluated by comparing the cumulative sum data to 
the upper bound h, and the standardized mean data to the SCL 
upper bound. If the cumulative sum data exceeds or equals the h 
upper bound or the standardized mean data exceeds or equals the 
SCL upper bound, this would indicate a statistically significant 
increase in constituent concentration. For the White Mesa 
Uranium Mill, this would indicate probable cell leakage. 

To c~astruct the control charts for the indicator constituents, 
the water quality data base was used. A print out of the data 
base is presented in Appendix B of this calculation brief. 
Spreadsheets were constructed to streamline the process of 
construction. In order to construct the control chart, a mean and 
standard deviation for a portion of the data set needs to be 
calculated. A mean and ~tandard deviation were calculated for 
all water quality data collected before March 24, 1994. Data 
collected on or after March 24, 1994 were used to construct the 
control charts. This way all control charts will cover the same 
time period. 

In addition, the water quality data for nickel contained many 
non-deter 1-s;. In the water quality database, the non-detects were 
replac, :J d.th O. 009 or O. 0009 ppm which represent the detection 
level. Jt.lring those sampling events. For .:ontrol chart 
condtruction, SPA (1989) suggests replacing non-detects with 1/2 
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the detection level. Therefore, population statistics and control 
charts for nickel were constructed by replacing all non-detects 
with 1/2 the detection level, either 0.0045 or 0.00045 depending 
on the detection limit. 

The following spreadsheets present the calculations needed to 
construct the cc~trol charts. The control charts follow the 
spreadsheets. 

Ref: EPA, 1989. Statistical Analysis of Ground-Water Monitoring 
Data at RCRA Facilities, Interim Final Guidance. Office of Solid 
Waste, Waste Management Division, U.S. EPA, EPA/530-SW-89-026. 
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CHLORIDE 

DATE 
30-Moy-80 
30-Jun-80! 
31-Jut-80 

31-Aua-80! 
30-Sep-80 
31-0ct-80 
30-Nov-80 
31-0ec-801 
31-Jon-81 
28-Feb-81 
31-Mor-81 
30-Apr-81 

30-Mov-81: 
30-Jun-81 I 

31-Auo-81 1 

31-0ec-81 1 

3 l -Joo-82 i 
30-Apr-821 
31-Auo-821 
31-0ec-821 

25-Jon-83: 
30-Jun-83 1 

31-Dec-83 1 

31-Mor-841 
30-Jun-841 
30-Sec-841 
31-Dec-84 
31-Mor-85, 
30-Jun-85, 
30-Sep-85; 
31-0ec-851 
19-Jun-861 

~ 
30-Jun-86, 
4-SeE2-a61 

l~Oec-86: 
20-Feo,e7· 
29-Ar:,r-87 · 
19-A!:!Q-87. 
20-Nov-87' 
27-Jon"8el 

1-J\.il'l-81 
23-Aua-88 

3-Nov-88· 
9-Mor-89 

21-Jun-89· 
__ 1 ·SC1!E·89 

lS,,Nov-69 
20-Feo-90 

WMMW-5 

CONC I 
I 

60 I 
57. 
601 i 
6()1 i 
51, 
551 ' 491 I ··-I 

I -
52! 
53i ' 

54 
55 
53 
531 
S3i 
521 ' i 

201 I 
51, I i I 

501 ' I 
; 

43, i i 

47.1: i 

57' I I 

48.1. i 

54: I ; 

57.8. ' I 

54.0 I 

56.6 · I 
: 

53.2. 
59.0 - ·-53.0 ·-62.0. I 

71.0 ' I 
' --130 f" I I 

130.0 
53.0 ! 

54,0 I 
I i 
' 

54.0' i I 

54.3: I 
I 

54.0 
53.2, ! 

' 
54.0 I 

53.0. ' 

53.9 I 

54.7 I 

52.6 ' 

54.6 
54.0 
54.0 
§§.0 

' 

--- ...... 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

• 

I 
:1 

CHLORIDE 

8-Moy-90 56.0 i 
7-Aua-901 53.0: 

13-Nov-90 54.0: 
27-Feb-91 1 50,Q I 

21-May-91; 48,0 I 

24-Seo-91 i 54.0 i 
3-0ec-911 50.0: 

17-Mor-92: 51.0 i 
11-Jun-92[ 46.0 i 

461 3-Seo-92 
19-Nov-92 50.0 I 
24-Mar-93 50.0: 

8-Jun-93! 48.o I 
22-Seo-931 521 
14-Dec-93 48.0 I 

MEAN• ! 56.2: 
sroev. 14.9 

I I 

DATE 1CONC !ZJ 
24-Mor-94; 50.0 • 
15-Jun-94! 44.0 · 
1-Sep-941 

I 

1-Dec-94· 

WMMW-5 

I 
I ! 
I 

! ' 

l i 
: 

I 

' ·-I 

I I 
' ·-
I 

I 
I 

I 
i ! 

I I 
I 

IZI-K lCUSUM 
-0.3498! -1.3498! a 

-0.75279! -1.752791 0 
I 

i 
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COMBINED SHEWHART-CUSUM CHART 

WMMW-5 CHLORIDE 

j_:_~Meool 
~ 1: I 
i 7 

6 Ill 

~ h 
5 

8 4 t ~ 

a SCL 
I§ 3 

' 
2 

l 

! 0~ ~ -1 

-2 
24--Mtw-94 15-Jul-94 1-Sep-9,t I-Oec-94 

DCN 
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I 
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I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 

POTASSIUM 

DATE 
3-Sep-92 

14-Nov-92 
24-Mar-93 

8-Jun-93 
22-Sep-93 
14-0ec-931 

MEAN• 
STOEV• 

DATE 
24-Mor-94 
15--Jun-94 
1-Sep-94 
1-Dec-941 

CONC. i I I 
7.71 I 

7.851 I 
8.7! I 

91 i 
11.3! ! 
8.4: I 

8.8 I i -1.3091031 I 
I I 
I i I ! 

CONC IZJ IZJ-k CUSUM 
6.41 -1.85241 i -2.85241 0 

9i 0.133679: -0.86632 0 
I ! 
! I 
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10 

z 9 
0 8 

I 7 

6 l&I 
0 

5 z 
8 4 
Q 

3 ; 
Q 2 
~ 1 Q 

! 0 

-1 

-2 
24-Mar-94 

t'-1201~ 

- - - - - - - - - - - -1 

COMBINED SHEWHART-CUSUM CHART 

WMMW-5 POTASSIUM 

15-Jul-94 1-Sep-94 

Date 

a--- Standardized Mean 

--0-CLJSlJM 

h 

SCL 

I-Oec-94 

~ 
~ 



NICKEL WMMW-5 
I 

I iADJUSTED i 
I 

DATE 1CONC. :CONC. I 
01-Nov-89 : 0.009'. 0.0045, : 
20-Nov-89; 0.009: 0.0045, 
15-Dec-89 . 0.0091 0.0045· I 
24-Jan-90 0.009: 0.0045i 
27-Feb-91 0.04• 0.041 I 

I 

24-Sep-91 . 0.009i 0.0045i i 
17-Mor-92 : 0.0091 0.0045i ! 

14-Sep.92 0.CXX)9i 0.00)451 ! 

24-Mar-93 , 0.00)9! 0.CXD45i 
22-Seo-93 i 0.00)91 O.CXD451 

MEAN= ' 0.006835: I 
STDEV = I ' 0.0118083551 

l I 
I l 

DATE CONC ·ADJ.CONC. iZI IZJ-k CUSUM 
24-Mor-94 · 0.002 0.002' -0.40946i -1.4094558 0 
01-Jun-94 i ! 
01-Sep.94 I 

I 
! 

01-Dec-94 : i 
I 

I 

NOTE: 
1 . ADJUSTED VALUES ARE 1 /2 THE DETECTION LIMIT 
2. DETECTION LIMIT VARIED FROM 0.009 TO O.CXXl9 
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COMBINED SHEWHART-CUSUM CHART 

WMMW-5 NICKEL 

10 • Standardized Mean 

z 9 
0 0 -0--CUSUM 

I I 

6 h l&I 
0 

5 z 
0 

4 0 
0 3 SCL 
~ 

~ 2 

l Q 

I o I~ 
-1 

I 
-2 

24-Mar-94 01-.h.n-94 01-Sep-94 01-0ec-94 

Date 

/{'/ti ~;;;/ry -~o ,... 

-



CHLORIDE WMMN-11 -
DATE :CONC. I I I i I 

I 

31-0ec-82! 24.4 I 
25-Jon-83! 32 I I I 

I 

30-Jun-831 26.8 I 
I I I 

31-Dec-83: 32! I I i 
-

31-Mor-84i I 31.4 I I I ! 

30-Jun-84: 32.0 i I I ! I 

30-Sep-841 33.9 ! ! ! I I 
31-Dec-84i 31.9 ! ' I I ---· 
31-Mar-85: 34.0 • i I I 
30-Jun-85\ 31.0' I I 

30-Sep-85, 38.0 i I I 
31-Dec-851 71.0 I 
19-Jun-861 77.0 I I 
30-Jun-86i 70.0 I 
4-Sep-861 32.0 I 

10-Dec-86i 33.0 i 
I 
I 

20-Feb-87 32.0' i I 
I 

I I 

29-Apr-87 1 43.2: I ; I 1 I 

19-Aug-87' 33.0. ' i i 
20-Nov-87: 31.9 ; ' ; I 

' 
27-Jan-88! 31.0 ' I I l 

1-Jun-88 32.0 ! ! I 

23-Aua-88· 33.5. ' ' 

3-Nov-88, 35.2' ! I 
I 

9-Mar-89'. 32.3. I i ! 
21-Jun-89· 32.4. I I ! 

1-Sep-891 34.0 · I I 

15-Nov-89' 34.0 I 
I l 

20-Feb-90· 33.0 ' 
8-May-90· 33.0. ' : ' I -
7-Aug-90: 33.0: ' i I I 

13-Nov-90: 34.0 i i I I I 

27-Feb-91 · 31.0 I I 

21-May-91 30.0 I 

24-Sep-91 30.0 I ! I 

3-Dec-91 31.0 I i ' 
' I 

17-Mor-92 32.0. I 
j ' I I 

11-Jun-92 29.0 i I ' 
' 

3-Sep-92 31 ' 
19-Nov-92 41.0. I 

24-Mor-93 35.0. 
' ! 

8-Jun-93 39.0. I i I I 

22-Sep-93 33: I ' i I ' 
14-Dec-93 36.0 · ' ' ' ' : I I I 

Mean= 35.6 : I 
' 

' I ' 
Stdev :a 10.65905 I i ! 

' ' i 

DATE CONC ZI Zl-k .CUSUM ' 
24-Mar-94 32.0 -0.33659 -1.33659 0 I 

15-Jun-94 32.0 -0.33659 -1.33659: o: I 
' 

...._~·See-94 ' I 
I I 

1-Dec-94 I I 
I I 
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WMMW-11 CHLORIDE 

-u 

1~.Ju\-94 1-Sep-94 

Date 

I-=-=-Mean I 
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SCL 

1-0ec-94 



POTAS.51UM WMMW-11 

DATE :CONC. i ·-3-Seo-92 6.31 
14-Nov-92 10.551 
24-Mar-93. 9.2 ! 

8-Jun-93 12.2: 
22-Sep-93. 11.3 I 
14-0ec-93 8' j 

~EAN• 9.6 
I 

STDEV• : 2.198276 
! 

DATE ·CONC ZI .Zl-k CUSUM 
24-Mar-94' 6.1 -1.58837 -2.58837 0 
15-Jun-94 8 -0.724051 -1.72405. 0 
1-Seo-94 
l-Oec-94: 
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10 --

9 + 

8 + 

7 -

6 + 

COMBINED SHEWHART-CUSUM CHART 

WMMW-11 POTASSIUM 

a-- Standardized Meal 

--0--- CUSUM 

5 
/h ~---------------------" 

4+ 

3 4- SCL 

2 -

1 -

0 

-1 i : I -2 I 
I 

24-Mar-94 15-Ju'l-94 1-Sep-94 1-0ec-94 

~);/ 
Date 

~ 
C" 



NICKEL WMMW-11 

i i 
ADJUSTED I 

I I 
DATE CONC. CONC. ! i I 

I 

01-Nov-89 0.009 0.0045 1 I l I 

20-Nov-89. 0.009· 0.0045: i 
15-Dec-89 , 0.009' 0.0045, I I 

I 

24-Jan-90 · 0.009' 0.0045, l i 
27-Feb-91 ; 0.05: 0.05j I I I ' 
24-Sep-91 i 0.0091 0.0045i I 
17-Mar-92 : 0.009 0.00451 I I 

I I 

14-SeP-92 ! 0.00)9 0.CXX)45j ! I 
24-Mar-93 l 0.00)9 0.CXXl45i I I 

2,-Seo-93 i 0.00)9' 0.00045! I 
I 

MEAN= ! 0.0078351 I 
STOEV• I 0.014937779! ' ! 

I I 
I I 

I I i I 
I I I 

DATE ICONC ADJ. CONC. 'ZI !ZJ-k :cusuM 
24-Mar-94; 0.00)9· 0.CXX)45; -0.49438 i -1.4943841: 0 
01-Jun-94 I ' 

01-Sep-94 · I 

01-Dec-94 ' ! : 
' 

NOTE: ' ' 

1. ADJUSTED VALUES ARE 1 /2 THE DETECTION LIMIT 
2. Dr:TECTION LIMIT VARIED FROM 0.009 TO 0.00)9 
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CHLORIDE WMMW-12 

DATE :coNc. i i l i 
31-Dec-82 57.4; I I I I I 

25-Jon-83 701 I I ; i I 

30-Jun-83 : 80.5: I i ! I 
31-Dec-83 65. ' ! 

31-Mor-84 64.1 : 
i 

I ! ! 

30-Jun-84 65.0 ! I I j I 

30-Seo-84 64.6 I i ' i I 
I 

31-Dec-84 67.4 [ I ! I I I 

31-Mor-85 67.0 ! I I I I 

30-Jun-85 . 62,0 I ! 

30-Sep-85 · 71.0; l 
31-Dec-85 · 53.0 l ! 
19-Jun-86 : 170.0: ! I 

I 

30-Jun-86 · 150.0 ! I i 
04-Sep-86 ; 58.0 ! I I I 
10-Dec-86 64.Q I i : 

20-Feb-87 63.0: I I I I I I 

29-Aor-87 62.7 ! ! ' I : i 

19-Aug-87 · 61.Q I I i i ' I 

20-Nov-87 61.2. ' 
; ; ! 

' 
27-Jon-88 61.0 1 I ! 

I 

: I 

01-Jun-88 64.0 · ! ! 
i 

23-Aug-88 64,8 I : I 

03-Nov-88 65.1 
09-Mar-89 61.5 i I 

I I I 

21-Jun-89 60.8: ! ' 
I ! ' 

01-Seo-89 59.0: I 
i I I I 

15-Nov-89 63.0. : ' I 
I 

20-Feb-90 63.0 ' 

08-May-90 62.0 I 
' 

07-Auo-90 63.0: ! 
13-Nov-90 63.0 : i 

: I 

27-Feb-91 61.0. I 
I i 

21-Moy-91 55.0 
24-Sep-91 59.0: ! I ! 

03-Dec-91 : 60.0: j I ! I I 

17-Mar-92 60.0: I I I I I 

11-Jun-92 56.0: I ; ; 

! I -
03-Seo-92 56 I 

I I 

19-Nov-92 62.0 ! I I 
: 

24-Mar-93 60.0. ' i ! 

08-Jun-93 54.0 i I i 
22-Sep-93 61 I 

I I 
14-Dec-93 54.0: I I i I 

I ' : 

MEAN= 66.5 I ' 
I 

STDEV = 21.31167 ' ' i 

: 

--·-·---
DATE CONC Zi Zl-k CUSUM 
24-Mar-94 59.0 -0.35097 -1.3fm7 0 I 

15-Jun-94 57.0 -0.44482' -1.44482 0 : 

1-Sep-94 I i I 
I i -· 

1-Dec-94 : I ! I 



10 

9 
~ 8+ 

i 7· 
6 

i 5 

4 

I 
3 

2 

1 

Ol ~ -1 

-2 
24-Mar-94 

~ ~~h'~ 

COMBINED SHEWHART-CUSUM CHART 

WMMW-12 CHLORIDE 

...... -

1~.Jln.94 1-Sep-94 
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I _:_ ::-Meoo I 
h 

SCL 
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~ 
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POT~UM WMMW"12 
DATE CONC. 

3-'"-- -·- 13.8 
14-Nov-92 13.25 
24-Ma-93 14.7 

__!:Jt.n-93 15.1 I 

22-Seo-931 14.9 I I 
I I 

14-0ec-93 14.7 I l 

MEAN• 14.4 
STOEV• 0.7213991 ! 

I 
I 

DATE CONC ZJ IZl-k CUSUM 
24-Mor-94 12 -3.33842! -4.33842 0 
15-Jt.n-94 14 -0.566031 -1.56603 0 
}vSeo-94 
1-0ec-94 I 



COMBINED SHEWHART-CUSUM CHART 

WMMW-12 POTASSIUM 

I~ l j_:_::-~1 ~ 

i 6 

rJ 5 .i _......... h 

8 4 

3 'SCL Q 2 ; 
1 

9 0 
Q -1 

I -2 
-3 
-4 
24Mar-'M 15-Jun.94 1-&lp-94 1-0ec-94 

Date 



NICKEL WMMW-12 
I 

I I I 
I 

I 
ADJUSTED I I DATE CONC. CONC. I - I 01-Nov-89 0.03 0.03: I I - .. --

20-Nov-89 l 0.02! 0.021 I i I 

15-Dec-89 l 0.02' 0.02: i 
24-Jan-90 1 0.009i 0.00451 1 i 
27-Feb-91 : 'l06i O.Q6i I 
24-Sep-91 I 0.0091 Q,00d51 j ! 
17-Mar-92 . 0.009! 0.0045j I I 
14-Seo-92 ! O.OOJ91 Q.CXX)45i I 
24-Mar-93 I O.CXXJ9! 0.CXX)45, L_ 
22-Seo-93 ! 0.005 0.005! I 

MEAN a I I 0.014941 
STOEV• l 0.0187205151 

I i 
' I I ' 

DATE !CONC iADJ. CONC. 'ZI IZl-k ICUSUM 
24-Mar-94: 0.00)9! 0.CXXJ45; -0.774(]2.1 -1.7740172: 0 
01-Jun-94 · : I 

I 

01-Sep-94 I 
' i 

01-Dec-94 1 : ' I 
I : 

NOTE: I 
' 

1. ADJUSTED VALUES ARE 1 /2 THE DETECTION LIMIT ! 

2. DETECTION LIMIT VARIED FROM 0.009 TO O.CXXJ9 
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CHLORIDE WMMW-14 

DATE iCONC. I I -15-Nov-89 25.0 ! 
20-Feb-90 20.0 
8-Mav-90 23.0 · i 
7-Aua-90 21.0 l ' I 

13-Nov-90 23.0; i j 

27-Feb-91 1 23,0 I ! 
21-Mav-91 i 21.0 I 
24-Seo-91 i 15.0 
3-0ec-91 19.0 I 

17-Mar-92 22.0 I 
11-Jun-92 18.0: 
3-Seo-921 20 

19-Nov-921 
I 

1s.o I 
24-Mor-93 19.0 l 

8-Jun-93 17.0 
~1![):93, 181 I 

14-0ec-931 18.0 I I 
I 

MEAN• I 20.0: 
> 

I ! 

STOEV• ; 2.622022' I I 
I 

> 
1 
I 

i i 
I I 

DATE CONC ZI Zl-k ·CUSUM 
24-Mar-94• 20.0 Qi -1. a - . 

15-Jun-94. 20.0 O· -1 0 
1-Sep.94' : : 

> 

1-Dec-94 i 
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Both Standard1Zed Mean and CUSUM 018 ZBfO 

15-.ul-94 I-Sep-94 

Date 

1=::-~1 
h 

-- ~ 

'-scL 

1-0ec-94 

~ 

~ 



POTASSIUM WMMW-14 

DATE CONC. ' 3-Seo-92 12 ! 

14-Nov-92 11.5 
24-Ma-93 13.2 

8-Jun-93 13.6 I 
22-Seo-93 13.9 
14-0ec·93 13.6 -·-

MEAN• 13.0 
STOEV• 0.981156 

DATE CONC ZJ !ZJ.k CUSUM 
24-Mar•94 11.2 -1.80)6: -2.8006 0 
15-Jun-94 13 0.033974i -0.96603 0 
1-Sao-94 
1-0ec-94! i 

·I 

" 
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· COMBINED SHEWHART-CUSUM CHART 

'WMMW-1, POTASSIUM 

1~ l j_:_::-~1 
I ~ t 
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I 5 
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-2 
24-Mar-'M 15-.Jln.94 J-Sep-04 1-0ec-94 
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NICKEL WM~-14 

I I I 
I 

ADJUSTED I 
DATE CONC. CONC. I I 

I --0.03 0.03! I 01-Nov-89 
I i 20-Nov-89 0.02· 0.02t 

15-0ec-89 0.03i 
I 

0.03 
I 

24-Jon-90 0.01 i 0.01 1 

27-Feb-91 0.05i 0.05: 
24-Sep.91 0.009: 0.0045 
17-Mor~92 0.009! 0.0045 I 

14-Seo--92 0.CXX)91 0.00)45 I 

24-Mar-93 0.00)9 0.00)45 i 
22-Seo-93 0.003 0.003 I 

I 

MEAN• ! 0.015291 I 

STDEV• t 0.016706832. ' 

I ..... 
! 

DATE cv-,c !ADJ. CONC. ZJ IZJ-k ·cusuM 
24-Mor-94 O.CXX)9· O.CXXl45i -0.888261 -1.8882594, 0 
01-Jun-94 ! 

I .. 
01-Seo-94 : i 

Ol-Oec-94 I i 
I 
! -- I 

NOTE: 
1. ADJUSTED VALUES AAE 1 /2 THE DETECTION LIMIT 

-
2. DETECTION LIMIT VARIED FROM 0.009 TO O.CXXl9 



10 T 
l 

COMBINED SHEWHM'J-CUSUM CHART 

•• rw-1.i NICKEL 

9 

~ 8 h i 7 ~ 

I :~ 'SCl 

j__:_::-~j 

e 3r 
I ! 
• -1 T -21---~~~~~~-~---t-~~~ ,.. ...... 01..Jun.94 

~ 
~~ 

Ol-Sep-94 

Date 

OI-Oec-94 

N 
~ 
~ 



., 

CHLORIDE wtvMN-15 

DATE iCONC. ! i 
j 

1&-Nov-e9! 49.0 
2(),Feb-90 44.0 I 
• a.•- -901 - ·~·- 44,0 I 1 

7-Aua-90 44.0 I 

j 

13-Nov-90 44.0 ! l 
27-F,b-91 41.0 ! ! 

21-Mov-91, 38.0 I 

24-Sel)-91 , 38.0: I 
3-0ec-91. 38.0: ' ' 

17-Ma-92t 40.0 1 

11-Ju,-92 3S.O i 
3-S.0.92! 37' 

19-Nov-92! 39.0 
24-Mar-931 38.0 l 

8-Jun,,931 38,Q L ! 
22-ct~: 38:, ' 

14-0.C-93; I 

-.~·,.., .. ~. «J.2. i r 
STO!V• 3.609628' I 

' : ' 
' ! 

OAli CONC ZJ 'Zl-k 'CUSUM 
24--MQr-'M 38.0 -0.60296, -1.60296, 0 
l~Jun-94· 36.0 -1.15704: -2.157041 0 
l·SeP::!4· I ! 

I 

1-0.C-94 
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POTASSIUM WMMW-15 
OATE CONC. I 

3-5ec "2 10.21 
14-Nov-92 10.1 1 

2.t-Ma-931 11.5 
&-Jun-931 11.7 I 

' 
22~ ie0-93: 14.61 ! 
14-C iec-931 12.2 I I 

MEAtl• 11.7 I 

sroev. I 1.6436751 I 

I I r ' 
tcONC 

! 

DATE rZJ Zl-k CUSUM 
24-Mar-94 10.1, .().61*5:Si -1.618&3 0 ---
15-Jun-94 11 .0.43601' -1.4360 l 0 
1-Seo-94 
1-0ec:~94 
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NICKEL WMMN-15 

,ADJUSTED 
DATE CONC. !CONC. ·--+------- . _____ _ 
01-Nov-89 ___ 0.02~ -=__o-=_.02-_+-i~--t-· _________________ _ 
20-Nov-89 0.021 · 0.021 

--···- I --------
15-Dec-89 0.021 0.021 ·--------- ----··---· 
2A-Jon-90 0.009~ __ 0.00461 
27-~eb-91 0.01: 0.07 . I -
2A~?J_ ____ O.(X)9~ 0.00461 
17-Mor-92 O.OO't 0.00451 

i ----+--- ··--------···--
' -+-----. --·-- ··- --·-· 

-I ---- , -------

14-Sep-92 Q~(XX)(, O.CW45j 
24-Mar-93 0.00)91 0.CXX),46: 

~ 
+-----·-·----·-·--

.. 

OATE CONC ADJ. CONC. fiJ-· 1ZJ-k CUSUM 
24-Mar-94 0.CXXl9' 0.000461 -0.66054) -1.6605403 0 ----- ---·-·-------------· 
01-Jun-94 ________________ ----------------------·--+--··---.. ·---·------------- ___ _ 
01- 94 

------······----·--· ··--··-~--------------------------------
01-Dec-94 

-··--·-·-----·----,·------··--··--··----·--·--
NOTE: ·--~-------------------·-· 
1. ADJUSTED VALUES_ARE 1/2 THE OETECTIO~ LIMIT 
2. DETECTION LIMIT VARIED FR0M 0.009 TO O.CXX)9 --------- --- --~t;o ~~ 



• 

I 
I 
I 
! 

COUIINED SHEWHAllf-cusuM CHART 

WUW-15 NICKEL 

lO T 
I 

9f 
s+ 

! 

j_:_::-~1 
7 + 
6+ h 
s r--------------
4 r------------=---=========-------------___1'1fi 
H 'SCL 
r, t 
• 

-2 --- ----------·------+--------------

24-Mar~ OJ.Jln.94 01-Sep-94 Ol-Oec-94 

~hr 
Date 

v' 
v"-...~ ...... 

) 



.,. 

TITAN ENVIRONMENTAL 

BY: JFL PAGE J~ OF 3' 
DATE: 9/27/94 

TITLE: CONSTRUCTION OF COMBINED SHEWHART-CUSUM CONTROL CHARTS 

CHK'D BY: {{1/',-f 
DATE: _ ~ 

Appendix A 
Control Chart Conatruction Nethod 



TITAN ENVIRONMENTAL 

BY: JFL PAGE K OF .lf!.. 
DATE: 9/27/94 

TITLE: CONSTRUCTION OF COMBINED SHEWHART-CUSQM CONTROL CHARTS 

CHK'D BY: I 
DATE: ~f1f 

Appendix B 
Water Quality Data 



W_OUAL 
MWl1 MW#2 MWl3 MWM MWl5 MWl11 MWl12 MWl13 CULINARY MWl14 MW#15 

U-Nel uCilml 
MWl1 MWl2 MWl3 MW'4 MWl5 MWt11 MWl12 MWl13 CULINARY MW114 MWl15 MWl17 MWl18 MWl18 QC(13A) 

30-~1 2.7E-09 3.2£-08 2.4E-08 1.5E-08 1.4E-08 6.8E-10 
31.0.:-81 6.5E-10 3.0E-09 UE-08 2.0E-09 3.0E-G9 6.9E-10 
31-Ms-82 6.5E-10 20£-09 2.7E-G9 6.SE-10 6.BE-10 6.9E-10 
30-Jun.42 1.4E-G9 4.7E-09 2.4E-oa 1.3E-09 2.7E-09 7.0E-10 
30-Sep,82 6.8E-10 2.7E-G9 8.8E-09 6.IE-10 6.7E-10 4.5E-Oe 
31.o.c-a2 6.8E-10 6.6E-10 2.5E-OI 6.7E-10 6.7E-10 6.6E-10 
31-Mar-83 7.4E-09 2.0E-08 t.OE-08 5.5E-08 8.0E-10 3.4E-10 5.0E-09 4.1E-09 
30-Jun-83 6.7E-10 3.4E-09 2.0E.oe 6.IE-10 8.7E-10 6.8E-10 2.0E-09 4.0E-09 
30-Sap,43 2.3E-G9 2.3E-09 UE-0& 2.3E-G9 5.'&E-09 8.5E-08 1.1E-08 8.IE-09 
31.o.c-a3 2.3E-09 6.0E-09 2.8E.Q8 6.7E-10 6.IE-10 6.9E-10 1.0E-08 1.4E-08 
31-Mlr-84 2.71E.Q9 1.35E-09 1.49E-08 1.35E-09 1.35E-09 7.45E-09 2.91E-08 5.24E-09 3.25E-08 
30,Jun-84 2.71E-08 2.71E-09 t.29E-08 2.71E-G9 2.71E-09 1.71E-G9 1.83E-G8 1.83E-08 2.71E-09 
30,~ 8.12E-10 4.0IE-10 1.22£-09 4.0IE-10 4.0SE-10 4.08E-10 4.0IE-10 4.0&E-10 4.0&E-10 
31..Qec..84 4.0&E-10 O.OOE+oo 1.41E-08 1.12£-10 O.OOE+oo 1.76E-09 1.82E..o9 1.49£-09 1.35E-09 
31 ...... 1.76E-09 1.IOE-09 1.58E-09 4.20E-08 8.09E-10 2.71E-10 4.74E-10 2.30£-0S 2.0E-10 
30-Jun-85 7.99E-10 6.20E-08 1.0BE-09 8.00E-10 6.03E-10 2.98E-10 8.80E-09 2.SGE-09 1.SOE-09 
30,s.p.85 1.35E-G9 1.69£-08 3.05E-08 1.35E-08 3.39E-G9 8.IOE-08 ~.391:-09 2.03E-09 1.66E-09 
31.Qec.85 t.70E-09 t.40E-08 2.08E-08 1.&0E-09 5.00E-10 5.00E-10 8.60E-09 1.35E-08 2.15E-09 
31-Uar-86 1.&0E-09 8.80E-09 1.90E.Q8 2.20E-09 1.10E.Q9 1.70E-09 9.80E.Q9 1.48E-08 
30.Jl.n.86 1.90E-09 6.40E-09 1.50E.oa 1.IOE-GI 5.00E-09 1.50E.o9 8.SOE-08 1.10E-08 1.00E-08 
04-Sap,88 2.30E-09 5.80E..o9 1.67E-08 1.00E-09 7.00E-10 4.00E-10 9.00E-08 1.17E-08 2.00E-09 
10-Dac-86 2.90E-09 8.20E-09 1.21E-08 1.90E-10 1.60E-09 1.90E-10 1.29E-08 1.17E-08 2.20E-09 
20-Feb-87 1.90E-10 3.SOE-09 1.10E-08 1.90E-10 1.90E-10 1.BOE-10 9.10E-09 7.00E-09 1.BOE-10 
29-Apr-87 1.SOE-09 3.10E-09 1.26E-08 1.30E-09 9.00E-10 3.00E-10 1.05E-G8 9.50E-09 7.00E-10 
19-Aug-87 2.40E-G9 6.20E-09 2.30E-08 1.50E-09 2.10E-09 7.00E-10 9.00E-G9 1.20E-08 5.00E-10 
20-Nov-87 1.30E-09 4.tOE-09 1.&0E-08 8.00E-10 3.00E-10 5.00E-10 9.40E-09 1.20E-08 3.00E-10 
26-Jan..88 1.80E-09 4.10E-G9 2.00E-08 1.80E-08 1.00E-08 1.BOE-10 8.90E-G9 1.20E.o8 3.00E-10 
01.JID88 7.00E-10 4.70E.()9 1.ME-08 1.40E-09 8.00E-10 5.00E-10 1.23E-08 1.43E-08 8.00E-10 
23-Aug-18 7.20E-09 1.10E-09 1.SOE-09 5.40E-10 1.20E-10 5.00E-11 1.00E-08 1.20E-08 2.20E-10 
03-Ncwoll 1.22E.o8 4.IME-09 1.48E..07 3.IOE-12 1.CJIE-09 2.71E-10 1.20E..07 1.23E.07 1.82£-08 ....... 1.02E-G9 8.00E-09 2.20E.Q8 1.40E-09 1.50E-08 9.00E-10 1.00E-OI O.OOE+OO 1.90E-09 
21.JLn-88 2.00E-09 8.IOE-08 2.30£-0I 1.20£-09 6.00E-10 8.00E-10 1.10E-OI O.OOE+oo 6.00E-10 
01-s.p.ae 9.00E-10 8.IOE-08 2.20E-Ce 2.IOE-08 1.10E-09 1.80E-09 1.10E-08 O.OOE+oo 9.00E-10 
20-Hov-89 2.00E-10 8.50E-GI 1.80E-oa 9.00E-10 4.00E-10 8 OOE-10 5.80E-G9 O.OOE+OO 2.7E-GB 4.4E-GB 5.0E-10 ,...,.. 2.40E-09 7.40E-N 1.40E.oe 1.80£-GI 7.00E-10 7.UOE-10 I.IOE-08 3.00E-10 3.2E.oe 3.0E.oe 5.0E-1C. 
08Mayl0 7.00E-10 8.00E.o9 2.30£-ol 1.IOE-08 7.00E-10 8.00E-10 1.00E-GI 3.00E-10 3.3E-08 3.0E-OI 6.0E-10 
16-Aug-80 4.67E-10 5.87E-09 1.67E-OI 1.27£-09 8.00E-10 4.87E-10 1.07E-OI 4.00E-10 3.3E-OI 2.5E-OI 3.3E-10 
13-Ncw,80 5.00E-10 7.20E-09 1.&0E-48 1.20£-08 3.0GE-10 8.00E-10 1.00E-48 5.00E-10 3.3E45 2.4E-08 4.1E-10 
27..f9t>.81 2.20E-10 3.50E.Q9 8.00E-09 1.30E-09 2.70E-10 2.00E-10 8.IOE-"9 2.00E-10 2.4E-08 2.0E-08 1.6E-09 
21._.a1 9.10E-10 4.30E-G9 1.30E-OI 7.70E-10 1.10E..Q9 2.30£-10 1.00E..oa 8.SOE-10 2.2E-OD 1.IE-OI 3.&E-10 
24-Sap,81 1.20£-10 7.IOE-08 2.20E-OI 9.00E-10 I.OOE-10 7.40£-10 i.10E-OI 8.90E-10 3.1E.oll 3.3E.QII 2.0E-10 
03-0ec-81 4.30£-10 l.50E-GI l.tOE-09 7.40E-10 5.30E-10 2.40E-10 8.IOE-GI 2.40E-10 3.0E.QII 2.3E-08 2.0E-10 
17 ..... -92 4.54E-10 7.07£-09 4.53E-08 1.02E-08 1.&0E-08 2.70E.CJ9 1.01E-08 USE-08 3.03E-08 2.37E-08 7.2E-10 
11~2 2.78E-09 4.86£-09 9.t3E-09 2.00E-10 2.00E-10 2.00E-10 5.53E-08 2.00E-10 2.6E-OI 1.9E-08 2.0E-10 
03-Sep-92 2.0E-09 1.2E-G8 1.9E-08 4.1E-09 4.1E-09 3.4E-09 1.3E-08 2.0E-08 4.3E-08 2.8E-08 
19-Nov-82 5.42E-10 1.02E.Q8 1.12E-08 1.42E-07 6.77E-10 3.18E-09 1.39E-G8 1.83E.()9 4.3E-08 2.7E-08 2.0E-09 
24-Mlr-93 2.00E-10 1.15E-o9 1.42E-08 1.35E-G9 1.35E-G9 2.03E-09 1.02E-GB 1.35E-08 2.5E-09 1.2E-G8 2.0E-08 1.2E-08 1.0E.OS 6.1E-09 
08.Jun.93 2.03E-09 8.80E-08 1.42E-08 2.71E-09 2.03E-09 2.71E-08 8.80E-09 3.39E-G9 2.9E-08 2.3E-08 1.3E-08 9.SE-09 9.5E-09 2.0E-09 
22-s.p.93 1.4E-09 6.IE-08 1.2E-08 1.2E-08 1.4E-09 UE-09 6.1E-09 2.0E-10 2.IE-08 1.7E-08 9.5E-09 8.1E-09 8.8E-09 2.0E-10 
14-0ec-93 2.00E-10 7.45E-09 8.80E-08 1.:S5E-08 2.00E-10 2.00E-10 9.48E-09 6.77E-10 3.0E-08 2.3E-08 8.SE-09 1.1E-08 8.1E-08 2.0E-10 
24-Mar-94 2.10E-09 7.BOE-09 1.SOE-08 1.30E-09 2.00E-10 2.00E-10 8.90E-08 3.30E-08 2.GE-08 1.7E-08 9.6E-G9 7.7E.o9 6.7E-09 5.4E-10 



v,,1(/ f,'1141 
15-Jwl-94 2.00E-10 2.SOE-09 2.&oe-09 2.00E-10 2.00E-10 8.10E-10 2.20E-09 8.80E-10 6.0E-09 4.9E-09 31E-09 UE-09 5.9E-09 20E-10 
U-Nal 1.49£-09 6.33E-09 1.86E-08 4.54E-09 1.43E-09 1.39E-09 1.13E-08 1.17E-08 1.68E-09 2.81E-08 2.38£-08 1.07E-OI 8.34E-09 7.32£-09 9.38£-10 
uCllnll U2E-09 5.22E-09 2.20E-08 1.94E-08 2.0SE-09 2.01E-o9 1.69E-08 2.25E-08 4.63E-o9 9.61E-o9 8.02E-o9 5.18E-09 3.31E-09 2.96E-09 1.38E,49 

1.90E-10 O.OOE+OO 1.0IE-09 3.IOE•12 O.OOE+OO 5.00E-11 4.0&E-10 O.OOE+oo O.OOE+OO 2.StE-09 4.IOE-09 3.tOE-09 1.IOE-G9 1.43E-09 2.00E-10 
7.40£-09 3.20E-OI 1.41E-07 1.42£-07 1.35E-08 8.80£-09 1.20E-07 1.23E-07 3.25E-08 4.27E-OI 4.40E-08 2.03E-08 1.22E-OI 1.02£-GI 6.08E-09 



"'flt1i.if 
Conu:lance 

MWl1 MWl2 MWl3 MWl4 MWIS MWl11 MWll12 MWl13 CULINARY MWt14 MWl15 MWl17 MWl11 MWl18 
31.Qcl.71 948 1270 3260 3380 
30U.,IO 1500 2413 3915 3205 2660 
30-Jun.eo 1387 3031 4278 3188 2372 
31..u.lO 1481 2500 4388 3284 2371 

31-Aug,80 1565 2712 4537 3233 2440 
JO.SIPIO 1547 2791 4788 2791 2559 
31.Q:MIO 1571 2830 ... 3288 2479 .,.,.. 1508 2681 4782 3288 2588 
31.o.c.ao 1511 2730 4121 3254 2412 
31.Jan.81 1812 3190 5391 3435 2282 
a.F ... 1 1723 30II 5054 3370 . 2288 
31 ...... 1 1472 5153 3391 2838 
30-Apr-81 1425 3097 4883 3313 2588 
30~1 1543 281& 4911 3084 2422 
30,Jun.81 1303 2808 4433 ,,. 2888 
14-Aug,11 1118 3702 5832 3983 3077 
27.Jan.82 1450 3450 5100 3370 3050 
07-Apr-82 1835 3402 5418 3830 3275 459 
07.Jul.82 1570 3340 5170 3380 2790 573 

10.0.:-82 1320 2720 4390 3030 2220 2102 3280 3360 530 
25-Jan.83 1310 2680 4260 2110 2150 1630 3130 3290 439 
30,Apr-83 1320 2800 4820 3-420 2490 2330 3400 3970 450 
07-s.p.83 1390 2810 4490 2170 2130 2260 3250 3160 412 
26..Qd.83 1680 3560 5550 3700 2840 2800 4000 4380 470 
20-Mar-M 1200 2380 4200 2340 2150 1500 3050 3200 312 
1~ 1200 2400 4500 2500 2300 1800 3200 3200 370 
05-Dec-84 1100 2275 3975 2325 2000 1900 3000 3050 238 
21-F...S 1300 2800 4000 2700 2100 1800 4000 3200 380 
~ 1100 2800 4200 2800 2200 1850 3300 3150 300 
30-s.p.85 1500 2500 5000 3300 2800 2350 3800 3800 470 
15.Qec.85 3000 3200 4700 3000 2200 3100 2600 3600 
2, ........ 1350 2650 4000 2800 2300 1000 3100 3000 500 
26-Jun.81 1800 3800 5600 3600 3800 3400 5400 4400 700 
04-s.p.88 1800 3700 6000 4100 3250 2700 5500 5000 550 
1CM>ec-88 2200 3200 4600 3400 2400 1500 3300 3600 800 
20,Feb-87 1800 3800 S800 3200 2800 3400 5500 4400 460 
29-Apr,87 1800 5000 5800 2800 3700 3250 4400 3800 500 
1Mug.87 1500 3300 5400 3800 2700 2800 3300 4200 500 
zo.Nov.87 1800 3400 5000 3700 2800 2300 3900 4000 600 
27~ 1300 2600 4500 1800 1800 3000 3050 265 
01.Jun.81 1350 2800 4500 2850 2100 2000 3250 3400 340 
23-Aug-81 1550 3400 4500 3100 2200 1900 3400 3350 310 
03-Nfw.88 1250 2850 4400 2000 '1850 3000 3300 
GI Mar-81 1300 2IOO 4200 2700 2100 2000 3200 3150 
21.Jun.81 1814 3880 5880 BO 2710 2520 4000 550 
01.s.p.81 1870 3670 5550 3870 2740 :.560 4010 575 3880 4560 
11-No.c• 18IO 1620 5580 3840 2760 2510 4020 693 3880 4450 
20,F..., 1885 3830 5550 3830 2790 2750 3980 814 3830 4300 
OIi-May.SO 1694 3630 5850 3650 2750 2550 4000 700 3880 4360 
07-Aug-90 1667 3560 5480 3550 2680 2530 3880 688 3710 4240 
13-Nov-80 1040 2060 4010 2070 2000 1090 3000 550 2080 3030 
27.feb-91 1700 3720 5530 3730 2640 2680 4120 449 3960 4360 
21-May-91 1705 3680 5660 3670 2850 2620 4040 448 3880 4400 



24..s.p.91 1726 3660 5570 3660 2650 2690 4030 ,., 3840 4310 
03-0ec-91 1705 3650 5560 3610 2630 2610 4100 442 3900 4220 
17-Mllr-92 1702 3600 5490 3670 2620 2630 4070 440 3890 4320 
11.Jun.82 1669 3640 5480 3620 2600 2600 4000 447 3850 4380 
03-S9p-92 1684 3620 5590 3610 2600 2630 4000 411 3810 4200 
19-Hov-82 1690 3660 5710 3650 2680 2630 4070 407 3850 4270 
24 ...... -93 1613 3570 5450 3820 2630 2900 3990 409 3780 4210 4490 2800 3210 
OI-Jun-93 1364 3580 5530 3630 2680 3060 3850 408 3770 4180 4880 2860 3490 
22-Sap,83 1878 3570 5460 3630 2650 3070 3860 409 3760 4180 4830 2830 3580 
14-Dlc-83 2020 3820 ,;290 4200 2730 2830 4240 420 4180 4540 6450 3340 4170 
2 ....... -84 1370 3650 5880 3870 2630 2640 4030 3:,0 3650 4240 2no 3150 4960 
15..Jwl.84 1720 3640 5850 3660 2750 2830 3980 404 3830 4240 4950 2870 2760 

Conductance 1558 3172 4998 3322 · 2581 2414 3772 3604 473 3760 4250 4728 2975 3695 
umhaalcm 292 575 832 ,32 364 5~ 625 530 122 399 300 1075 200 708 

948 1270 3260 2070 1900 1090 2600 3000 238 2080 3030 2770 2800 2760 
3000 5000 8280 4200 3800 3400 5500 5000 800 4180 4560 8450 3340 4860 



- - -------~ 

~~li1 
pH 

MWIJ1 MM2 MWl3 MWl4 MW#S MWl11 MWl12 MWl13 CULINARY MWl14 MWl15 MW917 MWl18 MWl'19 
<fi.oi:i-d) (ii) 7.2 7.3 7.1 
31.Jen.lO 7.4 1.2 8.8 7.1 

7.3 7.4 1.2 7.2 1.6 
7.5 7.4 7.2 7.3 7.6 
7.4 7.5 7.2 7.3 7.7 
7.2 7.2 8.9 7.1 7.4 
7.6 7.6 7.6 7.7 7.7 
7.4 7.3 7.2 7.8 7.8 

30-Nov,IO 7.5 7.4 7.1 7.3 1.1 
31-Dec,80 7.4 7.4 7.1 7.2 7.2 
31.Jan.11 7.2 7.2 1 7.1 7.4 
2I-F9b,81 7.2 7.1 8.8 7 7.3 
31-Mlr-11 7.5 7.15 1 7.7 7.7 
30,Apr-81 7.5 1.2 7.1 7.5 7.5 

30 May.at 7 7 1.5 I.I 7.2 
30-Jullo.l1 7.3 7.2 8.8 7.3 7.3 
31.,\ug,81 7.4 7.4 8.9 7.2 7.8 
31-Deo,81 7.5 7.7 7.3 1.1 7.7 
31.Jan.12 7.3 7.2 8.7 7.1 7.35 
3C).Apf,a2 7.7 7.5 7.2 7.3 7.8 
31-Aug,82 7.8 1.1 7.5 7.8 8 
31.Qec.12 7.8 1.1 7.5 7.8 8 8.2 7.8 7.85 
31-Mlr-83 7.6 7.5 7.2 7.3 8.05 7.4 6.7 7.4 
3C).,,hn.l3 7.8 7.7 7.5 7.7 8.12 8 7.4 8 
31~ 7.8 7.55 7.4 7.55 7.7 7.2 7.2 7.8 
31-Mar-14 7.7 7.0 8.8 7.8 7.9 7.8 7.2 7.0 7.8 .......... 7.8 7.2 7.4 7.8 7.8 7.2 7.8 7.5 8.2 
30-Sep,84 7.5 7.1 6.6 7.0 7.5 7.9 8.8 7.0 7.8 
31-Deo,84 7.7 7.1 8.8 8.8 7.8 7.9 8.7 7.1 8.3 
31........as 7.8 7.8 8.9 7.1 7.8 7.9 7.1 7.4 8.0 
30,Jun.85 7.6 1.0 8.8 6.7 7.8 1.0 6.8 7.2 7.8 
30-SefMi5 6.8 7.1 6.4 8.3 7.0 7.8 6.9 8.5 7.4 
31-0ac,85 7.3 7.3 6.8 6.9 8.1 7.1 1.1 7.1 
31 ........ 7.0 7.0 6.6 8.9 7.0 7.0 8.7 8.9 1.0 
3o.Jun.l8 7.5 7.0 8.7 7.0 7.5 7.9 6.7 6.9 
CMS.a& 7.3 8.& 6.7 8.8 7.8 7.8 6.8 7.0 7.0 
1~ 7.7 6.9 6.5 7.0 7.1 7.9 7.1 7.1 7.6 
20-F ... 7 7.4 7.1 8.5 1.0 7.8 7.9 8.9 7.0 8.5 
29_.,,17 7.8 8.7 8.5 8.8 7.8 7.8 8.9 7.0 7.8 
18-Aug,17 7.8 8.7 &.8 7.8 7.4 7.5 7.0 7.1 7.4 
zo..Ncw.17 7.8 7.4 7.2 7.2 8.0 7.8 7.3 7.4 7.4 
27.Jan.81 8.0 7.4 6.8 1.1 1.0 7.1 7.1 1.1 
01.Jln.88 8.1 7.2 7.0 7.1 7.8 7.9 7.1 7.3 8.2 
23,,Aug,,II 7.8 7.1 6.7 8.8 7.8 1.1 8.7 6.9 7.8 
03-Ncw.aa 7.5 7.2 8.7 7.15 8.0 8.8 7.0 7.8 ....... 7.4 7.1 6.7 7.3 7.8 7.9 8.9 8.8 
21..Jun.81 8.0 7.1 8.7 8.8 7.4 7.8 6.8 7.7 
01-51p,19 7.3 7.4 8.9 7.0 7.7 7.8 8.8 1.1 
15-Nov-89 7.5 7.0 8.5 8.8 7.8 7.1 7.1 7.6 8.9 8.9 
20-Feb-90 7.8 7.5 8.8 7.0 8.0 1.1 7.2 8.0 8.87 7.46 
Ol'-90 7.5 7.1 6.6 1.0 7.8 7.8 6.8 7.9 8.8 7.07 
07-Aug-90 7.5 7.0 6.8 1.7 7.7 7.4 7.0 7.8 6.87 7.18 
13-Nov-90 7.9 7.5 6.8 7.1 8.0 8.0 7.5 8.2 6.47 7.08 



- - ,: y,fl6, '11 t,9, "11 - - - - - - - - - - - - - -
27.f.91 7.9 7.5 6.6 7.7 8.0 8.0 7.5 8.2 6.47 7.06 
21-May-91 7.4 7.1 6.3 6.8 7.4 7.9 7.0 7.1 6.82 7.06 
24-Sap-91 7.7 7.0 6.7 7.0 7.4 8.0 6.8 7.3 6.69 6.94 
03-Dec-91 7.6 7.3 6.8 6.9 7.7 7.9 6.9 7.8 6.8 7 
17-Mar-92 6.7 7.2 5.8 6.9 7.6 7.9 7.0 7.1 7 7.21 
11.Jun.92 7.1 6.9 6.1 6.7 7.2 7.4 6.6 1.1 6.6 7.33 
~92 8.1 7.9 6.7 7.0 7.6 7.9 7.4 7.6 6.89 7.03 
19-Ncw,82 7.5 7.8 7.1 8.9 7.8 6.2 8.1 7.7 6.83 7.16 
23-Mlr-83 7.6 7.2 6.6 6.9 7.4 7.3 7.0 7.7 6.85 7.08 7.23 6.82 7.39 
OI.Jun.83 7.5 7.3 6.7 7.1 7.7 7.5 6.9 7.8 6.83 7.03 7.04 6.63 7.48 
22-s.p.83 7.6 7.6 6.9 7.3 7.8 7.6 7.1 7.9 6.95 7.19 7.2 6.94 7.52 
14-0ec-83 7.7 7.2 6.7 7.2 7.9 7.9 7.1 7.1 6.92 7.26 7.29 6.89 7.57 
24-Mar-lM 8.7 7.2 6.8 6.9 7.4 7.2 8.8 7.4 6.82 8.89 8.15 7.38 6.17 
15-Jl.n..84 7.2 7.2 6.7 7.0 7.7 7.7 7.0 7.8 6.88 7.02 7.08 8.99 7.61 

pH 7.5 7.3 6.1 7.2 7.6 7.7 7.0 7.2 7.7 6.8 7.1 7.0 6.9 7.3 
0.3 0.3 0.3 0.3 0.3 0.4 0.3 0.3 0.4 0.1 0.1 0.4 0.2 0.5 
6.7 6.7 5.8 8.3 7.0 6.2 6.6 6.5 7.0 8.5 6.9 6.2 6.6 8.2 
8.8 7.9 7.8 7.9 8.1 8.2 8.1 8.0 8.5 7.0 7.5 7.3 7.4 7.8 

.... 

-, 



11111 , ilillll - - - - - -···- -.. - - - - -\'1,1~1~1 
I a ... 

MWl1 MWl2 MWt3 MWl4 MWl5 M\11111 MWl12 MWl13 CULINARY MWl14 MWl15 MWl17 MWl18 MWl11 QC(13A) 
31-0l:l-19 2.5 5 12.I 20.1 
31 ....... 14 11 25 35 ·-· 20 11 50 44 80 ........... 11 15 51 43 57 
31~ 20 20 12 41 80 

31-Aug,IO 11 11 15 58 IO ..... 13 15 12 a 11 
31.ocMMt 30 20 15 50 55 
30Ncw• 12 • 84 31 41 
31.o.o.lO 13 10 • 41 52 
31.Jan.81 11 11 11 41 13 
21-F~1 14 8 15 41 54 
31 ....... 1 14 10 • 40 55 

~ 
13 11 ct 

41 53 
14 13 41 53 
12 10 43 53 

31~1 14 1 17 32 12 
31-Del>l1 15 14 • 41 20 .. 
31.Jan.12 13 • 84 42 11 
30-Apr-12 12 1 14 40 50 
31-AMg,12 12 8 17 43 43 
31.()ac.82 10.8 5.5 53 31 47.1 24.4 57.4 40.5 4.8 
25 Jln.83 18 11 71 ... 57 32 70 53 8.4 ........, 11.5 25 •. 5 37.3 41.1 28.1 80.5 43.1 2.1 
31.o.c.G 13 a 13 31 54 32 15 ,,...., .... 14.3 8.4 17.2 43.1 ST.I 31.4 14.1 50.4 2.4 
JO.Jun-14 12.0 1.0 83.0 43.0 14.0 32.0 15.0 41.0 3.0 
30Sap,84 15.4 10.8 57.4 44.1 11.8 33.1 84.1 50.8 1.9 
31.o.c-M 14.2 7.1 81.4 42.5 53.2 31.9 17.4 48.1 3.5 
31-Mlr-lS 14.0 13.0 tl.O 41.0 •. o 34.0 17.0 50.0 10.0 
30-Jun.85 17.0 7.1 73.0 42.0 53.0 31.0 12.0 48.0 1.0 

~ 
11.0 dH> 11.0 47.0 82.0 31.0 71.0 47.0 47.0 
53.2 4IJD 53.0 71.0 71.0 13.0 71.0 12.0 
25.0 15.0 140.0 81.0 130.0 77.0 170.0 120.0 7.7 ......... 25.0 17.0 140.0 15.0 130.0 70.0 150.0 100.0 1.1 

CMSap,18 2.0 8.5 84.0 42.0 53.0 32.0 58.0 41.0 1.1 
1o-Dec48 ••• 2.7 81.0 45.0 54.0 33.C 84.0 50.0 3.3 
zo.F~7 11.0 8.8 88.0 44.0 54.0 32.0 63.0 41.0 32.0 
21-Apr-417 12.1 7.7 15.3 42.4 54.3 43.2 12.7 41.7 1.7 -I 1.._.., 11.0 8.0 15.0 48.0 54.0 33.0 81.0 51.0 0.4 
~1 8.3 4.8 82.1 45.3 53.2 31.8 81.2 49.2 0.1 
27 ........ 10.0 3.7 84.0 45.0 54.0 31.0 61.0 41L 0.9 
o,~ 8.8 4.8 66.0 41.0 53.0 32.0 84.0 50.0 0.1 
23,,Aug,a 13.2 8.4 •. 1 41.5 53.8 33.5 84.8 51.2 0.9 
~ 11.1 I.I 87.7 48.2 54.7 35.2 65.1 52.1 2.7 ........ 12.0 7.6 84.0 45.0 52.6 32.3 61.5 41.8 5.7 
21 .......... 11.3 6.4 68.9 45.8 54.8 32.4 60.8 5.2 
01-Sep,19 10.0 8.0 85.0 48.0 54.0 34.0 59.0 8.0 1 
15-Ncw-89 11.0 5.0 88.0 45.0 54.0 34.0 83.0 7.0 25.0 49.0 1 
20-Fal>80 11.0 5.0 85.0 47.0 55.0 33.0 63.0 4.0 20.0 44.0 1 
OI May-80 12.0 1.0 17.0 48.0 56.0 33.0 82.0 8.0 23.0 44.0 1 
07-Aug-80 11.0 8.0 85.0 41.0 53.0 33.0 13.0 7.0 21.0 44.0 1 
13-Nov-90 12.0 8.0 68.0 !50.0 54.0 34.0 83.0 4.0 23.0 44.0 1 



q 1'~14t . 
2 ~eb-91 12.0 10.0 68.0 50.0 50.0 31.0 61.0 1.0 23.0 41.0 1 
21.u.,.e1 12.0 6.0 56.0 44.0 41.0 30.0 55.0 1.0 21.0 38.0 1 
~91 11.0 9.0 60.0 45.0 54.0 30.0 59.0 2.0 15.0 38.0 1 
03-Dec-81 13.0 7.0 64.0 48.0 50.0 31.0 60.0 2.0 19.0 38.0 1 
11-Mlr-82 13.0 7.0 64.0 41.0 51.0 32.0 60.0 2.0 22.0 40.0 1 
11.Jun.82 10.0 6.0 78.0 43.0 41.0 29.0 56.0 1.0 18.0 35.0 1 
03S.,a2 11 6 58 43 46 31 56 1 20 37 1 
11-Nov-82 13.0 6.0 63.0 45.0 50.0 41.0 62.0 1.0 18.0 39.0 1 
24-Mlr-G 14.0 8.0 84.0 47.0 50.0 35.0 60.0 1.0 19.0 38.0 28 34 81 1 
Ol-..lun,4l3 12.0 6.0 81.0 48.0 41.0 39.0 54.0 4.0 17.0 38.0 27 34 92 4 
22.s.p.e3 11 6 64 47 52 33 61 5 ., 38 28 34 94 5 
14-Dec413 12.0 6.0 81.0 45.0 41.0 36.0 54.0 5.0 11.0 38.0 25 34 93 5 
~ 15.0 6.0 64.0 47.0 50.0 32.0 59.0 1.0 20.0 38.0 29 34 71 5 
15-Jun.84 13.0 6.0 85.0 4.0 47.0 44.0 57.0 5.0 20.0 36.0 31 35 63 5 

CNoride 10.1 85.8 44.8 54.9 35.3 66.1 54.8 6.5 20.0 39.9 28.0 34.2 12.3 3.5 .. 6.4 8.7 17.2 11.4 14.6 10.4 20.7 17.6 11.6 2.4 3.4 1.8 0.4 11.9 19.5 
2.0 2.7 12.8 <4.0 20.0 24.4 53.0 40.5 0.1 15.0 35.0 25.0 34.0 63.0 0.0 

53.2 70.8 140.0 81.0 130.0 77.0 170.0 120.0 82.0 25.0 49.0 31.0 35.0 94.0 55.0 

-) 



/uu~~ 
1/ii 

Sodium .. 
MW91 IM92 MM3 IMW4 ....-s MM1t MM12 MM13 CULINARY MM14 MM15 MWl11 MWl11 .... QC(1~ 

31.Qc.t.JI 1N 154 212 342 
31..,.. 140 213 334 274 ·-· 185 341 515 Ml 478 
30,Jun.lQ ,. 381 142 m 412 
31-.M,IO 180 411 442 '335 435 

31-Aug,IO 151 410 853 m -..... 151 481 511 371 soo 
3f.Ol:l.aO 112 415 In 341 443 
30-NDttlO - 411 517 - 421 
31-CJao.aO 1U 442 - 331 4IO 
31.Jan.11 110 487 151 335 417 
~1 141 482 114 314 o117 
31-Mlf.lt 171 470 145 331 413 
.... 1 181 471 703 314 417 
• ...,..1 180 472 711 - -~1 182 451 115 ·351 437 
31.-.e1 111 - - m 421 
31..o.o.at 170 411 130 330 4IO 
31.........C 110 413 151 340 -•• ,12 190 4IO no - 110 
31...Aug,12 1IO 470 7IO 340 470 
31.Qlo.82 110 - 110 334 431 550 310 830 &1 
~ 110 470 no 330 451 480 310 640 27 
31..0.0.U 170 &00 - 320 - 540 280 &40 
30,Jln.l4 170 500 780 310 470 530 320 850 5.8 
31-DecMl4 112 443 488 340 421 441 321 458 7.2 
~ 20 540 190 370 540 810 330 660 7.3 
31..0.C.U 320 480 7IO 340 530 550 - 600 5.5 
1 ....... 212 543 837 321 514 580 430 859 23.8 ..... 115 418 741 211 438 4n - 541 29.5 ,...,.. 210 521 7M 335 501 250 324 512 11.0 
2Q.Feb.17 111 m 513 - 307 - 117 380 54.3 
21.,a1 134 312 111 m - 371 235 318 1.0 
20,Now,87 212 111 151 - .. 111 334 877 11.8 
21...,.. 115 507 771 .... 117 - 111 - - 131 244 441 15.2 
a,..Nc,\1. 172 - 151 - 410 ... - 110 17.4 ...... 118 414 713 211 321 315 1• !14 22.0 
01 ..... 113 - 713 217 411 - -ts-N&w• 114 515 137 210 508 581 321 70.1 10.1 72.1 ·-· ,. 504 158 211 458 517 214 70.1 318.0 568.0 0.45 
1s-Nocl0 ,. 470 ... 215 410 415 277 41.9 341.0 540.0 0.15 
27..feb.lt 171 477 781 2M 430 522 213 19.0 285.0 •.o 0.01 
2,....,.., ,n 503 718 274 440 549 271 15.0 353.0 590.0 c0.01 
03-Deo81 111 412 ?11 324 418 .... - 17.0 398.0 490.0 0.04 
11...az 180 4IO 780 - 410 540 280 15.2 350.0 510.0 0.03 
o,.s.-z 182 475 742 291 421 531 291 9.5 345 504 0.11 
11-Nca¥,82 112 487 138 311 453 520 311 1.5 351.0 471.0 
,. Mlli.13 117 504 729 312 - 551 305 7.5 352.0 508.0 115 115 432 0.27 ......... 110 411 849 312 445 517 302 8.0 349.0 488.0 841 192 438 0.15 
22 lap,13 184 472 755 211 482 557 277 10 355 4N 724 1• 411 13 
14-Dec-83 170 471 734 302 433 556 211 5.0 353.0 487.0 - 113 475 0.2 
24 ......... 114 470 736 211 438 567 217 0.1 344.7 •n.1 153 192.7 441.7 0.103 



~/44' - 280 10.0 350.0 •. o - 430 15-Jla.M 110 - , ... 440 - l90 01 ..... ttl.1 ... , •. 3 31'., 452.1 511.5 294.2 581.6 22.7 329.I ,JS.I 590.1 234.5 .... 1.2 ... 31.G 11.1 121.4 3'.0 45.1 89.0 '7.Z .. , 21.6 73.5 113.1 111.t 15.1 71.9 4.1 

11.1 114.0 212.0 ••• 307.0 250.0 1N.O 380.0 0.1 10.1 n.1 112.1 115.0 , •. 0 0.0 

m.o 111.0 •. o ••• 514.0 111.0 430.0 &n.o 10.1 311.0 590.0 n,.o 441.7 153.0 13.0 
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... 1 IIMl2 ..., .... - IMlt11 .. ,2 IW1:' Cl.•..JNARY IMIM 1Mt15 a.1117 .... .... QC(tMt 
1 u 1 .. , t .. , t.7 o.s 0.7 u 

0.1 u 0.5 .. , 0.2 .. 1.9 1.1 . .. 1.1 
1.7 1.1 Oc.l ... 0;1 
u .... fU 1.7 0.4 
u 1..3 1.3 0.5 ... .. 1.7 u . .. ... 

2 1.1 .. ... 0.7 
2.2 1.J 1.1 0.1 o.s 
11 " 1.1 1.3 ... 
1.5 <ti, ~ 

1.2 1.a .. t.1 1.t .... 1.t .. 1.2 .. 1.1 1.1 1 I.I 
1.3 •• 0.5 1 0.3 ' ' .... 0.11 1.4 1 1.2 0.4 ... ••• • •• 0.3 I.I ... t.7 1.2 1.2 0.2 0.2 0.7 

1 1.3 t , ... 0.3 0.1 1.1 0.9 2 
u ... 1.3 u u 0.1 0.7 t>.4 0.55 ... 1 ... ... 1.2 0.1 ••• 0.1 .... 
u ... S.3 ••• •• 0.1 0.7 0.4 0.1155 
1.5 ... ••• •• 1.2 0.2 . .. 0.1 u ... e.s 1.1 .. , u 8.3 0.7 0.3 0.3 
1.2 O.! 1.1 u ••• 0.4 0.1 1.2 u .. 0 0.3 .... 1.3 0.2 u 0.3 8.5 
1.3 0.2 8.3 .. , • 1.2 0.3 0 ... 
0.1 0.2 ... ... 0.2 0.7 0.3 0.1 0.1 o.s 0.1 o.s 
8.1 0.2 0.3 0.1 0 1.2 0.7 0 0.S 
1.1 0.2 0.3 0.1 1.1 0.1 0.2 0.2 0.1 

0 1.5 0.2 1.2 0 0.1 I.I 0.2 
0.2 0.2 0.4 1.2 0.1 0.2 0.1 0.1 0.1 0.1 • 0.2 8.:J ... .... 0.2 0.1 0.4 0.3 0.1 0.1 0 u tl.4 0.2 1.1 0.2 .... 0.1 0.4 0.2 0.3 0.4 
0.1 1.3 0.2 1.3 0 0.1 u 0.3 0.3 0 0 ... O.t 0.2 0 • 0 0.3 iJ.2 0.2 0 r 
0.:4 0.2 0.1 ... .... u 0.2 0.3 . .. 0.3 ... 
8.2 ... ... 1.4 0.1 0.1 0.4 1.1 0.2 0 0.2 • 1.a 0.2 1.2 1.1 0 0.2 0.5 0.5 0 ... 0.7 . ... 0 
1.1 1.5 ... .. , 0.2 ... 1.2 0.4 8.5 1.5 0.7 0.1 0.1 1.1 u 1.1 OA u • 0 0.1 0.3 0.3 0 0.3 0.2 0.3 0 

1.112 1.141 1.- ··- 0.511 ··- I ... 0.471 0.190 , .. 0.130 I.too .... a.saa , ... 
8.741 , ... UII 1 .... ··- .... 1111 I.Ml 1.3'4 0.141 0.111 1.214 O.zte ··- o ... .... ... 1.211 I.Ill . .... ··- 0.111 ... O.GII 0.100 , ... 0.211 , .. tueo ··-1111 ... ti.Ill , .. UII 2 ... ··- 1111 , .... .... . ... I.Ill D.111 l..500 ., .. 
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1111111 - ... .... - IMl11 IMl12 .... IM917 .... ... QC«-J .... u 8.3 .... 8.5 
eA .... 0..5 . ., 0.3 
u u .. , 1.7 ... 
as u 0.4 ... 1.1 .. u I.I u 0.1 
1.5 .... u ... . .. 
u 1.3 1.3 I.I ... 
1.5 u •• 1.7 •• .. ... ... u 1.5 
u .. u I.I ... 
t.1 0.7 I.I 1.2 ... 
t.7 ,., u 1.3 0.7 
8.1 1.2 1.1 , ... di> 1.1 • 0 1 
u ... 1.5 u 1.7 
O." 0 0 0 0 

• , ... 0.1 .. , 0.2 0 0.1 01 0 
1.2 .... 0.1 0 0.1 0.2 0 0.5 0.2 
1.2 u 0.5 ... 0.1 1.2 ••• 0.5 0.3 
8.1 0 cu 1.1 0.1 0.1 0.5 0.1 0.05 •. , 0 0.1 0.1 0.1 cu 0.5 0.1 ••• 0..1 0 0.7 8.1 0.1 0.1 0.5 0.1 0.15 .. , 0.7 , .. <i.P 1.a 1.2 0 0.5 0.5 

0 • 0 D.1 D 0 0 D 
•.2 1.5 0 0 ... 0 0 0 0.1 
0.1 8.1 0.2 ... 0.3 <:H' ~ cJl) (tZ) 

D 0 • 0.1 • 0 1.1 0 ...... 0..1 0.1 .. , ... ._. •• 0 0.7 0 0.4 0 0 0 0.4 
•NmsN 0.1 0.2 0.3 0.4 • 0 0..1 0.5 8.2 •1*1'• 0 • 0 8.1 0 1.2 D.2 0.2 0 

ilt 0 0 0 0 0.1 0 0.4 

~ • • <a 0.1 0 0 0 • al) • 0.1 • 1.1 0 0 0 0 0 0 0.1 ...... 1.2 0.1 0 0.1 0 0.2 0.2 0 • 0.2 u 
ZN'tlMH 0 • 0.1 0 0 0 0 0.1 0 0.1 0 •••tt • 0 0 0 0 0 0.1 0 0 0.1 • t1t111r• 0 0 0 0 0 0 0 • 0 • • •••• 0 0 0 0 0 0 0 0 0 0.2 0 ..... 0 G 0 0 0 0.3 0 0.1 • 0.1 0 0.2 0 0.7 ...... .., 0 0 0 0 0 0 0.2 0 0 0 0.3 0 • .... 0 0.2 1 ,., ... 0 • o., 0.2 0 .... 0 1.1 t.3 tl- O.GI ... 0.413 .... 8.211 0.318 0.121 0.370 0.020 ..... o.m 0.181 t.317 O.tlO 

'·"' ... t.512 0.533 0.111 0.113 1.IIO 1.519 0.128 .... 1.- 0.330 1.125 0.519 0.215 ... . ... ··- ... ··- .... . ... ··- O.OII .... o.eao ..... ·-- . .... O.OII 
HIii •t• ...... 2.• 2.NO 2.at s.• I..IIO UN t.211 4.111 t.718 0.- 1.100 ..... 



..... - .., WltlN - W111111 Mlt!2 all13 ~ lllllll'M .... ..., ... ... QC .. 
3 3 3 3 ' 3 3 I 2 3 
s 3 2 3 5 
3 :s 3 2 3 
3 2 4 ' .. 
• 3 3 4 2 
3 3 4 2 4 
4 I 4 3 5 
4 I s i .. I I 3 I 
4 s I 3 4 
3 • • 3 I 
2 3 • I 3 

• I 0 • • ,-

1.3 1.2 t.a ... 1.1 
I I.I , .. u 0 
0 • I.I 0 0 0 0 0 0 

1.2 di, 1.7 1 0.3 0.1 ... 1.2 <l.f> 2.7 1.2 • 1.3 ... • 0.2 
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INTRODl'CTI0:'4 

nus document prepared by tnerwy Fuels ;'Ju .. lear, Inc. (EfN), presents EFN's plans and 

~stimated cnsts for 1. ,: reclamation of Cells 1-l. 2. 3. and 4. and for decommissioning of the 

White \fesa \.fill. 

rhe uranium processinij sedwns of the mill will be decommissioned as follows: 

The uranium and vanadium processing areas of the mill, including all equipment. structures and 

.,uppon facilities will be decommissioned and disposed of in tailings or buried on site as 

appropriate. All equipment. including tankqe and piping; agitation; process control 

instrumentation and switchgears; and contaminated structures; will be cut up, removed. and buried 

in taiHnas prior to final cover placement. Concrete structures and foundations will be demolished 

and removed or covered with soil as appropriate. These decommissioned areas would include, 

• but not be limiteJ to. the following: 

• 

• 

• 
• 

• 

• 

• 

• 

• 
• 

Coarse ore bin and associated equipment, conveyors and structures . 

Grind drcuit indudir~g semi-autogenous grind (SAG) mill, screens. pumps and cyclones . 

rhree pre-leach tanks to the east of the mill building, including all associated tankage, 

agitation eyuipment. pumps, and piping. 

Seven leach tan.ks inside the main mill building, including all associated agitation 

equipment, pumps and pipina. 
Counter-current decantation (CCD) circuit includina aJl thickeners and equipment, pumps 

and pipina. 

Cranium precipitation circuit, includina aU thickeners, pwnps and piping . 

fwo yellowcake dryers and aJI mechanical and electrical suppon equipment, including 

uranium packaaing equipment. 

Clariflers to the wesc of the mill building including the preleach thickener and claricone. 
Boiler and all ancillary equipment and buildinas . 

Entire vanadium precipitation, drying, and fusion circuit. 
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All external tanka~e not induded in the above list including: reagent tanks for the storage 

uf ai:iJ. ammonij, kerosene. water. or dry chemicals~ and the vanadium oxidation circuit. 

I 'ranium and vanadium solvent extraction ( SX) circuit including all SX and reagent 

tanka~e. mixers and settlers. pumps. and piping. 

SX building . 

Mill builJing . 

Otlice building . 

Shop and warehouse building . 

Samr,le pla 1
• · building . 

fhe sequence of demolition would proceed so as to allow the maximum use of support areas of 

the facility. such as the office and shop areas. It is antidpated that all major structures and large 

equipment will be demolished with the use of hydraulic .:.hears. These will speed the process, 

provide proper sizing of the materials to be placed in tailings, and redUi.:e exposure to radiation 

and 'lther safety hazards during the demolition. Any uncontaminated or decontaminated 

t:quipmen1 .o be considered for salvage will be released in accordance with the NRC docwnent. 

' - -C: tehn,;s fo1 Qec2ntamina1ion o( Facilities and EQyignent Prior to Release fur Unre§tricted Cs 
QL .rmint11i20 of Licenses fgr Byp~t QC Sow;cc Malfrjal1. dated September, 1984. and in 
i.:ornpliance with the conditions of Source MateriaJ License SUA-1358. As with the equipment 

for disposaJ. any contammated soils from the mill area will be disposed of in the tailings facilities 

in accordance with Section 4.0 of Attachment A. Plans and Specifications. 
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lhe c:stimated redamation ..:osts for surety are summarized a.s follows: 

Dire~t C\)sts 
\1ill Decommissioning 
(' d I I Reclamation 
Cd! 2 Reclamation 
Cdl J Reclamation 
Cdl 4A Reclamation 

White \tesa Reclamation 
Cost Summary 

Misc. Items ( Project General) 

Profit Allowance 

Continkl,.!ncy 
Licensing and Bonding 
Long T em Care Fund 

REPORT ORGANIZATlON 

Subtotal Direct:. 

IO% 
15% 
2% 

I21w Surety Requirement: 

Mi. 
1.485 

738 

1.736 
2.216 

1 l 5 

2,045 
8,335 

833 
1.250 

167 

585 

11.170 

General site characteristics peninent to the reclamation plan are contained in Sc:ction 1.0. 

Descriptions of the facility construction, operations and monitoring are given in Section 2.0. The 

current environmental monitoring program is described u1 s~ction 2.l Seismic risk was assessed 

in Section 2.6.3. 

1 he Reclamation Plan including descriptions of facilities to be reclaimed and design criteria. is 

presented in Section 3.0. Section 3.0 Attadunents A. B. and C are the Plans and Specifications, 

Quality Plan for Construction Activities. and Cost Estimates, respective!" 
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Supp()rting d1)cuments. \\hich have been reproduced as appendices for ease of review. include: 

• 

• 

• 

• 

Si:m1-.-\r.nual Effluent Report, \\ .. hite \.1esa Mill. SLA-1358, Docket No. 40-8681, 

t July through Del:ember 1995) and Semi-AMual Effluent Report, \\'hite ~1esa 

\till. Sl,.'A-13;8, Docket No. 40-8681, (January through June 1996) Energy Fuels 

'.'Juclear. Inc. 

Hvdroiieoloiiic Evaluation of \\bite Mesa Uranium Mill, July 1994. Titan 

Environmental Corporation (Titan). 

Points of Complianq;. White \ifesa Cranium ~1ill, September 1994. Titan . 

Tailinis Cover Desian, \\'hite Mesa Mill. October 1996. Titan . 

• Neshaps Radon flux Measurement Proaram, White Mes MilL I 995, October 

1995. Telko Environmental . 
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1.0 SITE CHARACTERISTICS 

The White Mesa Mm is located in southeastern Utah (see Figure 1-1 ), approximately six miles south 

of Blandi1.g, Utah (sec Figure 1-2). 

The Envjronmenwl Report ("ER") (Dames and Moore 1978b) has be:.:n reproduced, with minor 

revisions. to describe site characteristics. The Final Environmental Statement ("Final ES") l U.S. 

NRC 1979) has also been used, where noted below, for descriptions of the preoperational 

environment. Section 2.0. Site Characteristics. contains certain pertinent sections reproduced from 

the Final ES with minor changes in syntax. Where these sections were reproduced. the ER or Final 

ES section numbers are referenced in parentheses after the section title . 

Section l .o. l. Regional Geology, and Section 1.6.2, Blruiding Site Geology, were reproduced from 

the ER with minor rhanges in syntax. Section 1.6.3, Seismic Risk Assessment, summarizes the 

results of static and pseudostatic analyses performed in September of 1996. T,,ese analyses were 

based on the most recent data available as well as previously collected data, and were used to 

establish .: stab111ty of the side slopes of the tailings soil cover. Complete details of the tailings 

cover design are provided in Appendix D, Tailings Cover Desiiin, White Mesa Mill (Titan 

Envirr)nmental Corporation, 1996 ). 

The Semi-Annual Eftluent Report for July through December. 1996 (EFN, 1996) is reproduced in 

Appendix A. Many of the graphs in the Sl!mi-Annual Effluent Report show data from late 1979 or 

early 1980 to the present. The word "current" is used to describe these data and/or updates. The 

l:Jydroaeoloaic Evaluation of White Mesa Uranium Mill (Titan, 1994) is reproduced in Appendix 

B. Points of Compliance. White Mesa Mill (Titan, 1994) is reproduced in Appendix C. Tailiniis 
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Cm.:.a Desi"n, White Mesa Mill (Titan, 1996) is reproduct:d in Appendix D. Api.ii:ndix Eis the most 

recently completed radon monitoring report . 

• U ,lJSFRS'MFM\WP\MRR'RfCLAMWM 96\FNLDRAFT\SECTOI RPT\f~bruary 28, 1997 
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Text on climate and associated tables are adapted. with minor revisions. from the Final ES. Sew 

table numbers are added to the text below to correspond to sections in this Reclamation Plan. but 

the origini.il table numbers from the Final ES are cited on the modified tables. for ease of 

reference. 

I. I. I Gener.ii Influences (Final ES St·ction :?. I. I) 

Although varying somewhat with elevation and terrain in the vicinity of the site, the climate can 

generally be described as semiarid. Skies are usually clear with abundant sunshine, precipitation 

is light. humidity is low, and evaporation is high. Daily ranges in temperature are relatively 

large. and winds are normally light to moderate. Influences that would result in synoptic 

meteorological conditions are relatively weak; as a result, topography and local 

micrometerological effects play an important role in determining climate in the region. 

Seasons are well defined in the region. Winters are cold but usually not severe, and summers 

are warm. The normal mean annual temperature reported for Blanding, Utah, is about 50° F ( l 0° 

C). as shown in Table l.1-1 (Table 2.1 in the Final ES). January is usually the coldest m0nth 

in the region, with a normal mean monthly tempe1..1turc of about 27° F (-3° C). Temperatures 

of oc F ( -18° C) or below may occur in about two of every three years, but temperatures below 

-15° F (-:?6° C) are rare. July is generally the warmest month. having a normal mean monthly 

temperature of about 73° F (23° C). Temperatures above 90° F (32° C) are not uncommon in 

the summer and are reported to occur about 34 days a year; however, temperatures above l 00° 

F (38° C) occur rarely . 

M •L'SERS•MF!'.rWPIMRR\RECLAMWM 96\fNLDRAfl'SECTOI RPl'fcbruary 28. 1997 
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Precipitation in the vicinity of the \\ibite \1esa Uranium Project is light (Table 1.1-2) ( Final ES 

Tabk 2.2). \:ormal annual precipitation is about 12 inches (30 cm). ~lost precipitalion in the 

ar::a is rainfall. with about 25 percent of the annual total in the form of snowfall. 

There are two separate rainfall seasons in the region. The first occurs in late summer and early 

autumn when moisture-laden air masses occasionally move in from the Gulf of Mexico, resulting 

in showers and thunderstorms. The second rainfall period occurs during the winter when Pacific 

storms frequent the region. 

1.1.3 Winds (Final ES Section 2.1.3) 

Wind speeds are generally light to moderate at the site during all seasons, with occasional strong 

winds during late winter and spring frontal activity and during thunderstorms in ~he summer. 

Southerly wind directions are reported to prevail throughout the year. 

l. 1.4 Storms ( Final ES Section 2.1.4) 

Thunderstorms are frequent during the summer and early fall when moist air moves into the area 

from the Gulf of Mexico. Related precipitation is usually light, but a heavy local storm can 

produce over an inch of rain in one day. The maximum 24-hour precipitation reported to have 

fallen during a 30-year period at Blanding was 1.98 inches (5.02 cm). Hailstorms are uncommon 

in this area. Although winter storms may occasionally deposit comparable amounts of moisture, 

maximum short-term precipitation is usually associated with summer thunderstorms. 

• H 'tSERS'MFM\WP1MRR\R£CLAMWM 96\fNLDRAfT·.SECTOI RPT\fcbruary 28. 1997 
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T1>rnadL)t!S have been L)hserwd in the general region. but they occur infrequently. Strong winds 

~an occur in the area along \\ ith thunderstorm activity in the spring and summer. The \\ bite 

\lesa site is susceptible to occasional dust storms, which vary greatly in intensity. duration. and 

time of occurrence. The basic conditions for blowing dust in the region are created by wide areas 

of exposed dry topsoil and stwng, turbulent winds. Dust storms usually occur following frontal 

passages during the warmer months and are occasionally associated with thunderstorm activities . 

fi LSERS MFM WP'MIUUU:CLAMWM 96•fNLDRAf1'SECT0I RPT'february 21. 1997 
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Temperature means and extremes at Blanding, lJtaha 

Means Extremes 

Daily Daily Record Record 
Month maximum minimum Monthly highest Year iowest Year 

o(' •F oc •F ·c •f' •(' •F ·c •F 

January 3.9 39.I -9.1 15.6 -2.6 27.4 16 60 1956 -27 -17 1937 

Februal)· 6.5 43.7 -6.4 20.4 0.1 32.1 19 67 1932 -31 -23 193.l 

March 11.1 51.9 -3.3 26.1 3.9 39.0 ') 72 1934 17 
., 1948 --

April 17.0 62.6 0.9 33.7 8.9 48.1 28 82 1943 12 II 1936 

May .,., ,, --·- 71.9 5.2 41.3 13.7 56.6 33 92 1951 -5 23 Jl)J1 

June 28.2 82.8 9.6 49.2 18.9 66.0 38 100 1954 -2 28 1947 

July 31.7 89.1 13.8 56.9 27.8 73.0 39 103 1931 2 36 19H 

August 30.3 86.5 13.1 55.5 21.7 71.0 37 98 1954 6 42 19SO 

September 26.2 79.3 8.7 47.7 17.6 63.6 35 95 1948 -2 29 IQ34 

October 19.0 66.2 2.7 36.9 10.9 51.6 32 90 1937 -10 14 19.,5 

November 10.4 50.8 -4.4 24.1 3.1 37.5 21 69 1934 -22 -7 1931 

December 5.3 41.6 -7.4 18.6 I. I 30.1 16 61 1949 -24 -11 1935 

Annual 17.7 63.8 1.9 35.5 9.8 49.7 39 103 July 1931 -3 I -23 February 1933 

•Period of record: 1931-1960 (30 years). 

Source: Adapted from ll. S. NRC ( 1979) Final Environmental Statement, Page 2-2. Table 2.1. 
Original Source: Plateau Resources, Limited, Application for Source Material license, Table 2.2-1, p. 2-6, Apr. 3, 1978. 



• • • T Al .. a-1: 1.1-2 

Precipitation means and extremes at Blanding. Utah1 

Total 

Month Mean monthly Maximum monthly Greatest daily Year 

cm m. cm m. cm Ill. 

January 3.04 1.20 10.31 4.06 2.64 1.04 1952 

February 2.95 1.16 4.39 1.73 2.62 1.03 1Q37 

March 2.38 0.94 5.00 1.97 2.54 1.00 1937 

April 2.18 0.86 5.41 2.13 2.69 1.06 1957 

May 1.63 0.64 5.11 2.01 2.39 0.94 1947 

June 1.39 0.55 5.51 2.17 3.56 I .40 1938 

July 2.13 0.84 7.79 3.07 3.35 1.32 1930 

August 3.02 1.19 12.59 4.96 5.03 1.98 1951 

September 3.02 1.19 9.60 3.78 3.07 1.21 1933 

October 3.5 I 1.38 16.79 6.61 3.94 1.55 1940 

November 1.88 0.74 5.21 2.05 2.41 0.95 1946 

December 3.20 1.26 9.29 3.66 3.56 1.40 193) 

•Period of record: 1931-1960 (30 years). 

Source: Adapted from U.S. NRC (1979) Final Environmental Statement, Page 2-2, Table 2.2. 
Original Source: Plateau Resources. Limited. Application.for Source Material Ucen.\·1:. Table 2.2-2, p. 2-8. Apr. 3, 1978. 
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The following text is reproduced from Section 2.3 of the Fina! ES. 

The site is located on a "peninsula" platform tilted slightly to the south-southeast and surrounded 

on almost all sides by deep canyons. washes, or river valleys. Only a narrow neck of land 

connects this platform with high country to the north, forming the foothills of the Abajo 

Mountains. Even tllong this neck. relatively deep stream courses intercept overland flow from 

the higher country. Consequently. this platform ( \\'hite Mesa) is well protected from runoff 

flooding, except for that caused by incidental rainfall directly on the mesa itself. The land on 

the mesa immediately surrounding the White Mesa site is relatively flat. 

1.3 .-\RCHEOLOGICAL RESOURCES 

The following discussion of archeological sites is adapted from Section 2.5.2.3 of the Final ES. 

l. 3. I Archeological Sites 

Archeological surveys of portions of the entire project site were conducted between the fall of 

1977 and the spring of 1979. The total area surveyed contained parts of Section 21, 22, 27, 28. 

32. and 33 of T37S, R22E, and encompassed 2,000 acres (809 ha), of which 200 acres (81 ha) 

are administered by the U. S. Bureau of Land Management and 320 acres (130 ha) are O\\ned 

by the State of Utah. The remaining acreage is privately owned. During the surveys. 121 sites 

were recorded and all were determined to have an affiliatio'l with the San Juan Anasazi who 

oc upied this area of Utah from O A.D. to 1300 A.O. All but 22 of the sites were within the 

project boundaries. 

• H LSERS-MFM\WP\MRR\RECLAMWM.96\FNLDRAFl'SECTOI RJ>l',february 28, 1997 
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I'.ible I.}- I. adapted from Final ES fable 2.18. summarizes the recorded sites according to their 

probable 1 .... mporal positions. The dates of occupation are the best estimates available, based on 

professional experience and expertise in the interpretation of archeological evidence. Available 

ev·idence suggests that settlement on \\i'hite Mesa reached a peak in perhaps 800 A.O. Occupation 

remained at approximately that level until some time near the end of Pueblo II or in the Pueblo 

II/Pueblo Ill transition period. After this period, the population density declined sharply, and ·t 

may be assumed that the White Mesa was. for the most part, abandoned by about 1250 AD. 

Archeological test excavations were conducted by the Antiquities Section, Division of State 

History. in the spring ot 1978. on 20 sites located in the area later to be occupied by tailings c.ells 

2. 3 and 4. Of these sites, 12 were deemed by the State Archeologist to have significant National 

Register potential and four possible significance. The primary determinant of significance in this 

study was the presence nf st1 Jctures, though storage features and pottery artifacts were also 

common. 

In the fall of 1978, a surface survey was conducted on much of the previously unsurveyed 

portions of the proposed mill site. Approximately 45 archeological sites were located durin~ this 

survey, some of which are believed to be of equal or greater significance than the more 

significant sites form the earlier study. Determination of the actual significance of all untested 

sites would require additional field investigation . 

U L'SER.S'MFM\WP\MRR\RECI.AMWM 96\fNLDRAFT.SECTOI RP1'fcbruary 21. 1997 
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TABLE 1.3-1 

Distribution of Recorded Sites According to Temporal Position 

T emporaJ position Approximate dates (A.0.)a Nwnber of sites 

Basket Maker III 575-750 2 

Basket Maker IIL'Pueblo I 575-850 27 

Pueblo I 750-850 12 

Pueblo I/Pueblo II 850-950 13 

Pueblo II 950-1100 14 

Pueblo II/Pueblo III 1100-1150 12 

Pueblo III 1150-1250 8 

Pueblo II+ b s 
Mult!component C 3 

u rudentified d 14 

a Includes transitional periods. 

b Although collections at these locations were lacking in diagnostic material, available 
evidence indicates that the site would have been used or occupied no earlier than 900 A.O. and 
possibly later. 

c Ceramic collections from each of these sites indicate an occupation extending from Pueblo 
I through Pueblo II and into Pueblo III. 

d These sites did not produce evidence strong enough to justify any identification. 

Source: Adapted from Dames & Moore (1978b) (ER), Table 2.3-2, U. S. NRC (1979) Final 
Environmental Statement, Page 2-20, Table 2.18, and from supplementary reports on project 
archeology . 
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Pursu~mt to IO ('FR Part 63 .3, the NRC submitted on :\farch -8, l 97Q, a request to the Keeper 

of the National Register for a determination of eligibility for the area which had been sur\·eyed 

.md tested. The area contained 112 archeological sites and six historical sites. The determination 

hy the Keeper of the '.'Jational Register 011 April 6. 1979. was that the \Vhite Mesa Archeological 

District is digible for inclusion in the National Register. 

1.3 .2 Current Status of Excavation 

Archeological investigations for the entire mill site and for Cells 1-1 through Cell 4 were 

completed with the issuance of four separate reports covering 30 sites. excluding re-investigations. 

( Lindsay 1978, Nielson 1979, Casjens et al 1980, and Agenbroad et al 1981 ) . 

The sites reported as excavated are as follows: 

6380 
6381 
6384 
6385 
6386 
6387 
6388 
6391 
6392 
6393 

6394 
6395 
6396 
6397 
6403 
6404 
6420 
6429 
6435 
6436 

Sites for which excavation has not been required are: 

6379 
6382 
6405 

6441 
6443 
6444 

7658 
7659 
7660 

6437 
6684 
6685 
6686 
6697 
6698 
6699 
6754 
6757 
7754 

7690 
7691 
7693 

• H ·,lJSERS\MFM\WP',MRR\RECLAMWM 961FNLDRAF1'SECTOI RP'Pfebruary 28. 1997 
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6379 
6382 
6405 

6441 
6443 
6444 

7658 
7659 
7660 

The sites remaining to be ex1.avated are (continued): 

6408 6445 7661 
6421 6739 7665 
6427 6740 7668 
6430 7653 7675 
6431 7655 7684 
6432 7656 7687 
6439 7657 7689 

SURFACE WATER 

Pa• 1c 1-1-l t, 

Revision 1.0 
Energy Fuels Nuclear. Inc. 

White Mesa Mill Reclamation Plan 

7690 
7691 
7693 

7696 
7700 
7752 
7876 
8014 

The following description of undisturbed surface water conditions is adapted from Section 2.6.1 of 

the Final ES. Since construction. the mill has been designed to prevent runon or runoff of storm 

water. No perennial surface water drainages exist on the site. The description of surface water 

quality in subsection 1.4.2 retlects baseline sampling perfonned in July 1977 - March 1918. 

'ontinuous monitoring of surface water is not possible due to lack of streamflow. 

l.4.1 S.urf&:e Water Description (Final ES Section 2.6.1. l) 

The mill site is located on White Mesa, a gently sloping ( 1 % SSW) plateau that is physically defined 

by the adjacent drainages which have cut deeply into regional sandstone formations. There is a small 

drainage area of approximately 62 acres (25 ha) above the site that could yield surface runoff to the 

site. Runoff from the project area is conducted by the general surface topography to either 

• H · USERS•MFM'.WP'·MRR\RECI.AMWM •1>-.fNI.DRAFT0Sf("fOI RPT•Februar) 28. 19Q7 
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sno"mdt and ll1eal rJir._,lllrms I particularly thunderstorms). Surface runoff from app'"oximately 

38~ acres ( 155 ha) of the project site drains \hstward and is collected by Westwater Creek. and 

runoff from another 384 acres ( 155 ha) drains e ... :>l into Corral Creek. The remaining 713 acres 

1289 ha I of the :,uuthern and suuthwestern portions of the site drain indirectly into Cottonwood 

Wash I Dames & Moore. 1978b. p. 2-143). The site and vicinity drainages carry water only on 

an intermittent basis. The major drainages in the project vicinity are depicted in Figure 1.4-1 and 

t'1eir drainages tabulateJ in Table 1.4-1. Total runoff from the site (total yield per watershed 

area I is estimated to be less than 0.5 inch ( 1.3cm) annually (Dames & Moore. 1978b. p. 2- t 43 ). 

There are no perennial surface waters on or in the vicinity of the project site. This is due to the 

gentle slope of the mesa on which the site is located. the low average annual rainfall of 11.8 

inches (29. 7 cm) per year at Blanding ( Dames & Moore, 1978b, p. 2-168). local soil 

characteristics and the porous nature of local stream channels. Prior to construction, three small 

ephemeral catch hasins were present on the site to the northwest and northeast of the scale house. 

Corral Creek is an intermittent tributary to Recapture Creek. The drainage area of that portion 

llf Corral Creek above and including drainage from the c:astem portion of the site is about 5 

square miles ( 13 km~). Westwatl!r Creek is also an intermittent tributary of Cottonwood Wash. 

The Westwater Creek drainage basin covers nearly 27 square miles (70 krn1
) at its contluence 

with Cottonwood Wash 1.5 miles (2.5 km) west of the project site. Both Recapture Creek and 

Cottonwood Wash are similarly inter.nittently active, although they carry water more often and 

for longer periods of time due to their larger watershed areas. They both drain to the south and 

are tributaries of the San Juan River. The contluences of Recapture Creek and Cottonwood Wash 

with the San Juan River are approximately 18 miles (29 km) south of the project site. The San 

Juan River, a major tributary for the upper Colorado River, has a drainage of 23,000 square miles 

• H l'~fR.S,MfM'WP'MRR'flECLAMWM 96\fNLDRAFnSECTOI RPl'february ll. 1997 
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( 60.000 lo.m: I mt:Jsure<l at the USGS gauge to the west uf Bluff. L'tah t Dames & \toore. l l/78b. 

p. :!-130) . 

H L'SERS\Mf~MVP1MRR·R£CLAMWM 961f-'NLDRAfT';t:CTOI RJ>l'february 28. 1997 



• 

• 

• $ 
:,,..::;1:r1og• ~oo "' ':I"• l'c. ,... t~ ., 

USGS 
of the Mite iV•Ho "';'i 

GAUGE NO. 09376900 .2 USGS GAUGE NO. 09378630 ~et·•11o :,II(~ .. '"" _,. .. !-ff~ 

.3 
:,,,<.:;' 9v t,A TE ... .... 

USGS GAUGE NO. 09378700 ::• ...... ,c..i..,z .... ti-~ .... 



• TABLE 1.4-1 

drainage Areas of Project Vicinity and Region 

Drainage area 
Basin description 

km~ sq. miles 

Corra'' at confluence I 5.0 5.8 
with t{.__ i.:apture Creek 

Westwater Creek at confluence 68.8 26.6 
with Cottonwood Wash 

Cottonwood Wash at USGS <531 <205 
gage west of project site 

Cottonwood Wash at confluence <860 <332 
with San Juan River 

Recapture Creek at USGS gage 9.8 3.8 

Recapture Creek at confluence <518 <200 

• with San Juan River 

San Juan River at USGS gage <60,000 <23,000 
downstream at Bluff. Utah 

Source: Adapted from Dames & Moore ( l 978bJ, Table 2.6-3 

• 
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Storm runoff in tht!se streams is characterized by a rapid rise in the tlow rates, followed by rapid 

recession primarily due to the small storage capacity of the surface soils in the area. For 

example. on August I. 196\, a flow of W.500 cfs (581 m3lsec) was recorded in Cononwood 

Wash Gear Blanding. The average flow for that day. however. was only ..J.340 cfs ( 113 m-
1 
'sec). 

By August 4. the tlow had returned •o 16 cfs (0.5 m3lsec) (Dames & Moore. 1978b, p. 2-1351. 

~onthly streamtlow summaries are presented in Figure 1.4-2 for Cottonwood Wash and 

Recapture Creek. Flow data are not available for the two smaller water courses closest to the 

project site. Corral Creek and Westwater Creek, because these streams carry water infre4uently 

and only in response to local heavy rainfall and snowmelt, which occurs primarily in the months 

of April. August. and October. Flow typically ceases in Corral and \\'.!stwater Creeks within 6 

to 48 hours after precipitation or snowmelt ends . 

1.4.1 Surface Water Oualit): (Final ES Section 2.6.1.2) 

Sampling of surface water quality in the project vicinity began in July 1977 and continued 

through March 1978. Baseline data describe and evaluate existing conditions at the project site 

and vicinity. Sampling of the temporary on-site surface waters (two catch basins) has been 

attempted but without success because of the lack of naturally occurring water in these basins. 

The basin to the northeast of the mill site has been filled with well water to serve as a nonpotable 

water source during constructir1n of office and laboratory buildings in conjunction with the mill 

( approximately six months). This water has not been sampled but presumably reflects the poor 

quality associated with local groundwater. Sampling of ephemeral surface waters in the vicinity 

was possible only during major precipitation events. as these streams are normally dry at other 

times. 

• H 1liSERS\MfM\WP'MRR'RECLAMWM 96\fNLDRAfl'.SECTOI RPT.fcbruary 28, 1997 
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The ln1.:Jt1Pns nf the -,urfrK.! \\ater sampk sites are presented in Figure l .4-3. The water quality 

\ alues obtained for these sam""le sites are given in Dames & \1oore ( 1978b) Table :.6~ 7. and 

L'.S. ~RC ( 1979) Table 2 22. Water quality samples were collected during the spring at several 

intermittently active stream.,; that drain the proJect area. These streams include Westwater Creek 

(SIR. S9) Corral Creek below the small irrigation pond (S3R), the junctior. of Corral Creek and 

Recapture Creek ( S4R 1. and Cottonwood Creek (S8R). Samples were also ta.ken from a surface 

pond southeast of the mill (S5R). No s.imples were ta.ken at S2R on Corral Creek or at the small 

wash (S6R) located south of the site. 

Surface water quality in the vicinity of .he mill is generally poor. Waters in Westwater Creek 

(SIR and S9) were characterized by high total dissolved solids (TDS; mean of 674 mg/liter) and 

sulfate levels (mean 117 mg of SO, per liter). The waters were typically hard (total hardness 

measured as CaCO,; mean 221 mg/liter) and had an average pH of 8.25. Estimated water 

\·elo1.:ities for Westwater Creek averaged 0.3 fps (0.08 m/sec) at the time of sampling. 

• H ·l;SERS,MFM'.WP'.MRR\RECL.AMWM 961FNLDRAF1',SECTOI RPl'Fcbrua,y 28, 1997 
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S.unples from Cotton\l.o,)J Creek ( S8R> ""ere similar in 4uality to Westwater Creek water 

samples. although the TDS and sulfate levels were lower (TDS a\'"rageo 164 mg liter; SO. 

;.ni.:raged ~O mg,liter) during heavy spring tlow conditions r80 fps (:!4 rTusec) water velocity]. 

I he concentrations of TOS increased downstream in Corral Creek. averaging 3,180 mg!liter at 

S3R and 6,660 mg/liter (one sample) at S4R. Total hardness averaged in excess of 2,000 

mg.11iter. and pH values were slightly alkaline. Estimated water velocities in Corral Creek were 

typically less than 0.1 fps ( O.u3 · ·) during sampling. 

The spring sample collected a the surface pond south of the project site (S5R) indicated a TDS 

concentration of less than 300 mg/liter. The water was slightly alkaline with moderate dissolved 

sulfate k· els averaging 42 mg/liter . 

l luring heavy runoff. the concentration of total suspended solids in these streams increased 

sharply to values in excess of l,500 mg/liter (U.'- NRC 1979, Table 2.22). High concentrations 

of certain trace elements were measured in some sampling areas. Levels of mercury (total) were 

reported as high as 0.002 mg/liter (S3R, 1/25177; S8R. 7125177). Total iron measured in the pond 

(S5R. l l/10177) was 9.4 mg/liter. These values appear to reflect groundwater quality in the 

vicinity and are probably due to evaporative concentration and not due to hwnan perturbation of 

the environment. 

1.5 GROUNDWATER 

The following descriptions of groundwater occurrence and characteristics in and around the White 

Mesa Mill is a summary and compilation of information contained in documents previously 

submitted to and reviewed by the U.S. NRC. These include the Final ES, the Hydrogeolo&i£ 

• H LSERS\MfMIWP1MRR-,JlFCLAMWM 96\FNLDRAFl'.SECTOI RPT\fcbrua,y 28, 1997 
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[\aluati,m 1)f White \f~sa t·ranium Mill ("Hydrogeologic Evaluation'') (Titan. 1994a). Points_..Qf 

(\101pliam:e, White \lesa l:ranium \·till ( "POC") ( Titan. 1994b). the Semi-Anr1ual Effluent Report 

for Julv throu~h Decemb(!r 1995 .,ad the Semi-Annual Effluent Report for Januarv throu~h June 
J9'1..Q ("Semi-annual Effluent Reports") (Energy Fuels ~udear. lnc.). 

fhe Hydrogeologic Evaluation referenced numerous technical studies: Regional geologic and 

geohydrologic data were obtained primarily from U.S. Geologic Survey (l'.S.G.S.) and State of 

L'tah publications; Site-specific information was obtained from the 1978 Environmental Report 

( Dames & \1oore): a 1992 groundwater study report submitted to the NRC by Lmetco; a 1991 

groundwater hydrology report on White Mesa prepared by Hydro-Engineering; and reports by 

D · Appolonia < 1981, 1982, and 1984 ). See the Hydrogeologic Evaluation, transmitted herewith 

in its entirety as Appendix 8, for complete data tables, lists of ,derences, and technical details 

des1., .. 1~d in this section. 

This section is primarily an adaptation of the Hydrogeologic Evaluation. For ease of reference, 

a copy of the Hydrogeologic Evaluation is included as Appendix B. The POC is included as 

Appendi.< C. The Hydrogeologic Evaluation focused on description and definition of the site 

hydrostratigraphy. and occurrence of groundwater as it relates to the natural and manmade 

safeguards which protect ~rowidwater resources from poll 1tial leakage of tailings cells at the site. 

The POC summarized and statistically analyzed the available groundwater database, and proposed 

a re\ ised groundwater monitoring and data review program. 

The findings of the Hydrogeologic Evaluation indicated that the tailings located in the existing 

disposal cells are not impacting groundwater at the site. In addition. it does not appear that future 

impacts to groundwater would be expected as a result of continuing operations. 

• H -L'SERS\MfM'WPIMRR\RfCLAMWM 96,fNLORAfliSECTOI RPTlfcbruary 28. 1997 
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These conclusions ;ire based on chemical and hydrngeologic data which show that: 

I . The chemistry of perched groundwater cncowltered below the site does not sho\.\ 

concentrations or increasing trends in concentrations of constituents that would 

indi1.:ate seepage from the existing disposal cells; 

.., -· The useable aquifer at the site is separated from the facility by about 1.200 feet of 

unsaturated. low-permeability rock; 

3. The useable aquifer is under artesian pressure and. therefore. has an upward pressure 

gradient which would preclude downward migration of constituents into the aquifer; 

and 

4. The facility has operated for a period of 16 years and has caused no discernible 

impacts to groundwater during this period. 

Continued monitoring of groundwater at the site are performed to verify that past, current. and future 

operations will not impact groundwater. The existing monitoring program and results are presented 

in the Semi-annual Effluent reports (Appendix A). 

• H l'.SfRS'\tfMIWP'MRR-RH'LAMWM 96\FNLDRAFr,SECTOI RPT,Fcbruary 28. 1997 
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:\s shown on Figure 1.1-2. White Mesa L'ranium .\till is located in southeastern l'tah. 

approximately six miles south of the town of Blanding. It is situated on \\ bite Mesa. a tlat area 

bounded on the east by Corral Canyon. to the west by Westwater Creek. and to the south by 

Cottonwood Canyon. The -.ite consists of the uranium processing mill, and four er,gineered lined 

.. ilings disposal cells. 

1.5.2 Geolotiic Setting 

The White \1esa Cranium Mill site is located near the western edge of the Blanding Basin within 

the Canyon Lands section of the Colorado Plateau physiographic prm mce (Figure 1.5-1. 

Hydrogeologic Evaluation Figure 1.1 ). The Canyon Lan.!s have undergone broad, fairly 

horizontal uplift and sut-~equent erosion which have produced the region's characteristic 

topography represented by high plateaus, mesas, buttes and deep canyons incised into relatively 

tlat lying sedimentary rocks of pre-Tertiary age. Elevations range from approximately 3,000 feet 

in the bottor,s of the deep canyons along the soul western margins of the region to more than 

11.000 feet in the Henry. Abajo and La Sal mountains located to the northwest and northeast of 

the facility. With the exception of the deep canyons and isolated mountain peaks, an average 

devation slightly in excess of 5,000 feet persists over most of the Canyon Lands. The average 

elevation at the \\-'bite Mesa Uranium Mill is 5,600 feet mean sea level (MSL) . 

H LSERS'Mf!l.f,WP\MRRJlfCLAMWM 961FNLDRAIT'5ECTOI RPT>.february 28, 1997 
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Rocks of Upper Juras<-ic and Cretaceous age are exposed in the canyon walls in the vicinity of 

the White Mesa Cranium \till site. 1 nese rock units (Figure 1.5-2, Hydrogeologic Evaluation 

Figure 1.2) include. in descending order. the following. Eolian sand of Quaternary Age and 

varying thickness overlies the Dakota sandstone and Mancos shale on the mesa. A thin deposit 

of talus derived from rock falls of Dakota sandstone and Burro Canyon formation mantles the 

lower valley flanks. C nderlying these units are the Cretaceous Age erosional remnants of Mancos 

shale. Dakota Sandstone. and Burro Canyon formation. Erosional remnants of Mancos shale are 

only found north of the Mill site. The Brushy Basin, Westwater Canyon, Recapture and Salt 

Wash Members of the · per Jurassic Age Morrison formation are encountered below the Burro 

Canyon formation. The Summerville formation, Entrada Sandstone and Navajo Sandstone are 

the deepest units of concern encountered at the site. 

1.5.2.2 Local Geolvgic Structure 

In general. the rock formations of the region are flat-lying with dips of 1 to 3 degrees. The rock 

formations are incised by streams that have formed canyons between intervening areas of broad 

mesas and bunes. An intricate system of deep canyons along and acoss hog-backs and cuestas 

has resulted from faulting. upwarping and dislocation of rocks around the intrusive rock masses. 

such as the Abajo Mountains. Thus the region is divided up into numerous hydrological areas 

controlled by structural features. 

• H '.l/SERSIMFM\WP\MRJl1JtECLAMWM 96\FNLORAFl'SECTOI RJ>l\febru.vy 28, 1997 
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The strata underlying White !v1esa have a regional dip of l ,:! to l degrees to the south; however. 

local dips of 5 degrees have been measured. Haynes. et al ( 1972) includes a map showing the 

.:;tructure at the base of the Dakota formation. Approximately 25 miles to the north, the Abajo 

Mountains. formed by igneous intrusions. have caused local faulting. upwarping. and 

displacement of the sedimentary section. However, no faults have been mapped in the immediate 

vicinity of White Mesa. 

1.5.3 Hvdrogeolo~ic Settin& 

On a regional basis, the formations that are recognized as aquifers are: Cretaceous-age Dakota 

Sandstone and the upper part 0f the Morrison formation of late Jurassic age; the Entrada 

Sandstone. and the Navajo Sandstone of Jurassic age; the Wingate Sandstone and the Shinarump 

• Member of the Chinle formation "f Triassic age; and the DeChelle Member of the Cutler 

f rmation of Permian age. 

• 

Recharge to aquifers in the region occurs by infiltration of precipitation into the aquifers along 

the flanks of the Abajo. Henry and La Sal Mountains and along the flanks of folds, such as Comb 

Ridge Monocline and the San Rafael Swell, where the permeable formations are exposed at the 

surface ( Figure l.5-1. Hydrogeologic Evaluation Figure 1.1 ). 

Seventy-six groundwater appropriation applications, within a five-mile radius of the Mill site. are 

on file with the Utah State Engineer's office. A summary of the applications is presented in 

Table 1.5-1 and shown on Figure l .5-3. The majority of the applications is by private individuals 

and for wells drawing small, intermittent quantities of water, less than eight gpm, from the Burro 

Canyon formation. For the most part, these wells are located upgradient (north) of the White 

Mesa Uranium Mill site. Stockwatering and irrigation are listed as primary uses of the majority 

H IUSERS\MFMIWP\MRRIJtECLAMWM 96\FNLORAFNECTOI RPTifebruary 28. 1997 
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of the \\ells. h is important to note that no wells completed in the perched groundw:uer of the 

Burro Canyon formation exist directly downgradient of the site within the five-mile radius. Two 

water wells which available data indicate are completed in the Entrada/Navajo sandstone (Clow. 

19()7). exist approximately 4.5 miles southeast of the sitt on the lJte Mountain l 1te Reservation. 

These wells supply domestic water for the Ute Mountain Ute White Mesa Community. situated 

on the mesa along Highway 191 (see Figure I 5-3 ). Data supplit. J by the Tribal Environmental 

Programs Office indicate that both wells are completed in the Entrada/Navajo sandstone, which 

is approximately 1.200 feet below the ground surface. Insufficient data are available to define 

the groundwater tlow direction in the Entrada;Navajo sandstone in the vicinity of the mill. 

H L'SERS'MfM\WP'MRR'RECLAMW\196,FNLDRAFl\SECTOI RP1'February 28, 1997 
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Table 1.5-1 

• Wells Located Within A S-Mile Radius of 
The White Mesa Uranium Mill 

Map Water Right SEC TWP RNG CFS l'SE Depth 
No. (ft.) 

Nielson. Nonnan and Richard C. 11 37S 22E 0.015 IDS 150-200 

2 Guymon, Willard M. 10 37S 22E 0.015 s 82 

3 Nielson. J. Rex 10 37S 22E 0.015 IDS 160 

4 Nielson. J. Rex 10 37S 22E 0.013 s 165 

5 Lyman. Fred S. 10 37S 22E 0.022 IDS 120 

6 Plateau Resources 15 37S 22E 0.015 0 740 

7 Plateau Resources 15 37S 22E 0.015 0 135 

8 Nielson, Nonnan and Richard C. 14 37S 22E 0.015 IS 150-200 

9 Lyman. George F. 15 37S 22E 0.015 s 135 

10 Holt. N.E., Mclaws, W. 15 37S 22E 0.007 s 195 

11 Perkins. Dorothy 21 37S 22E 0.015 s 150 

• 12 Energy Fuels Nucl ·ar, Inc. 21 37S 22E 0.6 0 1600 

13 Energy Fuels Nuclear, Inc. 22 37S 22E I.I I 0 1820 

I I Utah Launch Complex 27 37S 22E 0.015 D 650 

15 Energy Fuels Nuclear. Inc. 28 37S 22E 1.11 0 1885 

16 Energy Fuels Nuclear, Inc. 28 37S 22E 1.11 0 1850 

17 Energy Fuels Nuclear, Inc. 28 37S 22E 0.015 DSO 1800 

18 Energy Fuels Nuclear, Inc. 28 37S 22E 0.6 0 1600 

19 Jones, Alma U. 33 37S 22E 0.015 s 200 

20 Energy Fuels Nuclear, Inc. 33 37S 22E 0.6 0 1600 

11 BLM 8 37S 22E 0.01 s 170 

22 Halliday, Fred L. I I 37S 22E 0.015 IS 180 

23 Perking, Paul 2 37S 22E 0.015 ID 180 

24 Redd, James D. 2 37S 22E 0.1 ID 200 

25 Brown, Aroe G. 37S 22E 0.015 IS 210 

26 Brown. George 37S 22E 0.015 IDS 140 

• 



Table t.5-1 
\\'ells Located \\'ithin A 5-Mile Radius of 

• The \\"bite '.\lesa Uranium Mill 
( continued) 

Map Waler Right SEC TWP RNG CFS USE Depth 
No. (ft.) 

27 Bro"n. Lio !\.1 37S 22E 0.004 IDS 141 

28 Rentz. Alyce M. 37S 22E 0.015 ID 18(, 

29 Rogers. Clarence 2 37S 22E 0.015 s 142 

30 Perkins. Dorothy 2 37S 22E 0.015 s 100-200 

31 Brandt J.R. & C.J. 37S 22E 0.015 IDS 160 

~-, 
.J .. \,fontella. Frank A. 3 37S 22E 0.015 IDO 190 

33 Snyder. Bertha 37S 22E 0.1 IDS 196 

34 Martineau, Stanley D. 37S 22E 0.015 ID 160 

35 Kirk, Ronald D. & Catherine A. 37S 22E 0.015 IDS 160 

36 Palmer, Ned J. and Marilyn 37S 22E 0.015 IDS 0 

37 Grover. Jess M. 37S 22E 0.015 s 160 

• 38 Monson, Larry 37S 22E O.Ql5 IDS 140 

39 Neilson. Norman and Richard 37S 22E 0.015 IS 132 

40 Watkins. Henry Clyde 37S 22E 0.015 IS 150 

41 Shumway, Glen & Eve 15 37S 22E 0.015 IS 60 

42 Energ)' Fuels Nuclear. Inc. 21 37S 22E 0.600 0 1600 
(not drilled) 

43 Energy Fuels Nuclear, Inc.(# I) 28 37S 22E 1.100 0 1860 

44 Watkins. Ivan R 37S 22E 0.200 s 185 

45 Waukesha of Utah 3 37S 2-E 0 015 D 226 

46 Simpson, William 3 37S 22E 0.030 ID 180 

47 Guyman. Willard M. 2 37S 22E 0.030 s 164 

48 Harrieson, Lynda 2 37S 22E 0.012 IDS 

49 Hurst, Reed 2 37S 2.2F 0.015 D 100-300 

50 Kaer. Al'. in 2 37S 22E 0.015 IDS 100-300 

51 Heiner, Gerald B. 2 37S 22E 0.015 ID 75 

• 52 Laws, James A. 2 37S 22E 0.015 IDS 100-300 



Table 1.5-1 
\\'ells Located Within A 5-Mile Radius of 

• The White Mesa Uranium Mill 
(continued) 

Map Water Right SEC TWP RNG CFS USE Depth 
No. (ft.) 

53 Laws, J Parley ") 37S 22E 0.015 IDS .. 
54 Anderson. o,mnis & Edith 2 37S 22E 0.015 IDS 160 

55 Guymon. Eugene 2 37S 22E 0.1()0 IDS 130 

56 Guymon. Eugene 2 37S 22E 0.015 s 130 

57 Guymon, Dennis & Doris 2 37S 22E 0.030 IDS 210 

58 Guymon. Eugene 2 37S 22E 0.115 IDS I00-200 

59 Guymon, Eugene 2 37S 22E 0.115 IDS 100-200 

60 Perkins, Dorothy 2 37S 22E 0.015 IDS 140 

61 Watkins, Ivan R. 37S 22E 0.015 IDS 145 

62 Roper. Lloyd 34 36S 22E O.oJ5 ID 180 

63 Smith, Lee & Marylynn 34 36S 22E 0.060 IDS 170 

• 64 McDonald, Kenneth P. 34 J6S 22E O.oJ5 IDS 734 

65 Brake, John 34 36S 22E o.ois ID 250 

66 Brake. John 34 36S 22E 0.015 IS 150 

67 Redd, Parley V. & Reva V. 34 36S 22E 0.015 IS 200 

68 C & C Construction 34 26S 22E 0.015 IS 190 

69 Guymon, Dean W. 3 37S 22c 0.015 IDS 180 

70 Phillips, Elizabeth Ann Hurst 34 36S 22E O.oJ5 165 

71 Howe. Leonard R. 3 37S 22E O.ol5 0 160 

T2 Shumway, Mark Eugene 3 37S 22E 0.015 ID 

73 Shumway, Mark Eugene 3 37S 22E 0.015 IDS 150 

74 Lyman, Hemry M. 3 37S 22E 0.100 IDS 200 

75 Uta Mountain Ute 23 1gs 22E 0.535 D 

76 Ute Mountain Ute 23 38S 22E 0.1606 D 1515 

t!~ 
D- Domestic 0 - Industrial RNG - Range 
I - Irrigation SEC - Section CFS - Cubic Feet Per Second 

• S - Stockwatering TWP- Township 
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The well yield from wells completed in the Burro Canyon fonnation within the White Mesa site is 

generally lower than that obtained from wells in this fonnation upgradient of the site. For the most 

part. the documented pumping rates from on-site wells completed in the Burro Canyon formation 

are less than 0.5 gpm. Even at this low rate, the on-site wells completed in the Burro Canyon 

formation are typically pumped dry within a couple of hours. 

This low productivity suggests that the wt,;te Mesa Uraniwn Mill is located over a peripheral fringe 

of perched water; with saturated thickness in the perched zone discontinuous and generally 

decrea-;ing beneath the site. and with conductivity of the formation being v1.:ry low. These 

observations have been verified by studies perfonned for the U.S. Department of Energy's disposal 

site at Slick Rock, which noted that the Dakota Sandstone, Burro Canyon formation, and upper 

claystone of the Brushy Basin Member are not considered aquifers due to the low permeability • 

discontinuous nature, and limited thickness of these units (U.S. DOE, 1993). 

1.5.3.1 Hydrostratigraphy 

The site stratigraphy is described above in Section 1.5.2. l. The detailed site stratigraphic e;olumn 

with descriptions of each geologic unit is provided on Figure 1.5-2. The following discussion, 

adapted from the Hydrogeologic Evaluation, focuses on those geologic units at or in the vicinity of 

the site which have or may have groundwater pref,e.nt. 

The presence of groundwater within and in proximity to the site has been documented in three strata: 

the Dakota Sandstone. the Burro Canyon formation, and the Entrada/Navajo Sandstone. The Burro 

Canyon formation hosts perched groundwater over the Brushy Basin Member of the Morrison 

formation at the site . 

H ,IJSl:RS'.MfM\WP' MRR'.RECLAMWM 96\mLDRAFT',SECTOI RP"IWebrua,y 28, 1997 
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-lbe Entrada/Navajo Sandstones form one of the most permeable aquifers in the region. This aquifer 

is separated from the Burro Canyon formation by the Morrison formation and Summerville 

formation. Water in this aquifer is under artesian pressure and is used by the site's operator for 

industrial needs and consumption. The artesian conditions present in this aquifer are discussed in 

Section 1.5.6.4. 

Geologic cross sections which illustrate the stratigraphic position of the Entrada/Navajo Sandstone 

aquifer and intervening strata are shown on Figures 1.5.3~1, 1.5.3-2. and 1.5.3-3 (from 

Hydrogeologic Evaluatic.n Figures 2.1. 2.2, and 2.3, respectively). The summary of the borehole 

information supporting the site's stratigraphy. description of the drilling information and boring logs 

are presented in Appendix A of the Hydrogeologic Evaluation. With the exception of six deep water 

supply wells installed at various locations around the site and completed in Entrada/Navajo 

Sandstone, all of the boring data are from wells drilled through the Dakota/Burro Canyon Sandstones 

and terminated in the Brushy Basin Member. The drilling and logging data indicate that the physical 

characteristics of the bedrock vary considerably, both vertically and laterally. The following sections 

discuss the relevance of those strata and their physical characteristics to the site's hydrogeology. 

Dakota Sandstone 

The Dakota Sandstone is a low- to moderately-permeable formation that produces acceptable quality 

water at low production rates. Water from this formation is typically used for stock water and/or 

irrigation. 

The Dakota Sandstone is the uppermost stratum in which the tailings disposal cells are sited. At th,,. 

ground surface, the Dakota Sandstone is overlain by a veneer of reddish-brown clayey or sandy silts 

• II ,USERS\MFM\WPIMRRIRECLAMWM 96\fNLDRAFl'.SECTOI.RYf\February 28. 1997 
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with a thickness of up to IO feet and extends to depths of 43 to 66 feet below the surface 

(D'Appolonia, 1982). The Dakota Sandstone at this site is typically composed of moderately hard 

to hard sandstones with random discontinuous shale (claystone) and siltstone layers. Th.! sandstones 

are moderately cemented (upper part of fonnation) to well cemented with kaolinitic clays. The 

claystones and siltstones are typically 2 to 3 feet thick, although boring WMMW-19 encountered 

a siltstone layer having a thickness of 8 feet at 3 3 to 41 feet below the ground surface. 

Porosity ot the Dakota Sandstone is predominately intergranular. Laboratory tests performed (see 

Table 1.5.3.1-1, from Hydrogeologic Evaluation Table 2.1) show the total porosity of the sandstone 

varies from 13.4 to 26.0 percent with an average value of 19.9 percent. The formation is very dry 

to dry with volumetric water contents varying from 0.6 to 7.1 percent with an average value of 3 .0 

percent. Saturation values for the Dakota Sandstone vary from 3. 7 to :.7 .2 percent. The hydraulic 

conductivity values as detennined from packer tests range from 9. l 2E-04 centimeters per second 

(cm/sec) to 2. 71 E-06 cm/sec with a geometric mean of 3 .89E-05 cm/sec (Dames & Moore, 1978; 

Umetco. 1992). A summary of hydraulic properties of the Dakota Sandstone is presented in Table 

1.5.3.1-2 (Hydrogeo\ogic Evaluation Table 2.2). 

• II 1USERS1MFM\WPIMRR\RECl.AMWM 96\fNLDRAfT,SECTOI RPT'February 28, 1997 
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formation Well No. and Sample lnter\'al 

l>al.otll WMMW-16 26.4' - 38.4' 

WMMW-16 37.8' • 38.4' 

WMMW-17 27.0' • 27.5' 

WMMW-17 49.0'. 49.5' 

Burro<. 'an)on WMMW-16 45.0' - 45.5' 

WMMW-16 47S' - 48.0' 

WMMW-16 53.5' - 54.1' 

WMMW-16 60.5' • 61.0' 

WMMW-16 65.5' • 66.0' 

WMMW-16 73.0' • 73.5' 

WMMW-16 82.0' • 82 4' 

WMMW-16 90.0' • 90.7' I WMMW-16 91.1' -91.4' 

WMMW-17 104.0' • 104.5' 

Averap: 

• 
Table 1.5.3.1-1 

Properties of the Dakota/Burro Canyon Formation 
White Mesa Uranium Mill 

Moisture Mosture DI) llnil RetamaJ 
Contenl Conteni Weight Porosit} Paniclc: Sa1urdl1on Moislure 

(Pl"rcenll Volumelm: (lh~cu fi) (Percent) Sp. (ir (l'ercenll tPercenO 

1.5 .U 135 2 17.9 264 182 5 I 

0.4 0.8 , 127.4 22.4 2.63 3 7 63 

0.3 138.8 I.H 2.57 4.8 5.1 06 

3.6 7.1 121.9 26.0 2.64 272 9.6 

5.6 12.6 140.9 16.4 2.70 77 2 

2.6 5.9 142.8 12.0 2.60 489 4.4 

0.7 1.4 129.0 19.9 2.58 7 I 6.4 

0.1 0.2 117.9 27.3 2.61 0.8 9.9 

2.6 5.5 131.5 19.3 2.62 28.2 7 I 

0.1 0.3 130.3 20.6 2.63 I 3 5.5 

0.1 0.1 134.3 18.5 2.64 0.6 4.8 

0.1 0.3 lol.5 2.0 2.64 12.8 0.9 

5.2 9.8 118.1 29.1 2.67 33.8 

O" 0.4 161.4 1.7 2.67 26.6 0.8 

l.6S 3.4 us 17.6 2.63 21 S.5 

Adapted from: Table 2.l, Hydrogeologic Evaluation. 

• 

Liquid l 'la.,11e P'astiCll} 
Limn Limit ludell. 

(Percent) I Pi:rcenl I (Percent I I{ 11,.J. I \J'l" 

San,t,1011<· 

SanJ.,1011.: 

SanJ.,11111.: 

SanJs10111." 

29.6 15.4 14 2 Sand~ 
Mudston.· 

Sandst,111t" 

Sandston.: 

Sand!>IOOc: 

SanJ.,ton.: 

Sand!>hllll'. 

Sand:.1,111.: 

Sands1011.: 

33.7 16.2 17.5 Clay,wn.: 

SanJ,1111t.: 



Table 1.5.3.1-2 
Summar}· of H)'draulic Properties • White Mesa Mill 

Hydraulic Hydraulic 
Boring/Well Interval Document C ond uctiv ity Conducthity 

Location Test T)pe (rt.. rt.> Rererenced (rt.1yr.) (cm.lsec.) 

Soils 

6 Laboratory Test g D&M 12E+OJ I .2E-05 

7 Laboratory Test 4.5 D&M I.OE+OI I .OE-05 

10 Laboratory rest 4 D&M 1.2E ... o I I .2E-05 

12 l.aboratol") Test 9 D&M 1.4E .-02 I .4E-04 

16 Laboralol") Test 4.5 D&M 2.2E+OJ 2. IE-.i~ 

17 Laboratory Test 4.5 D&M 9.3E+OJ 9.0E-05 

19 Laboratory Test 4 D&M 7.0E..-01 6.8E-05 

22 Laboratory Test 4 D&M 3.9E+OO 3.SE-06 

Geometric 2.45E ,..QI 2.37E-05 
Mean 

• Dakota 
Sandstone 

No 3 Injection Test 28-33 D&M (I) 5.68E+02 5.49E-04 

No. 3 lnJection Test 33-42.5 D&M 2.80E+OO 2.71E-06 

No. 12 Injection Te,, 16-22.5 D&M 5.IOE+OO 4.93E-06 

No. 12 Injection Test 22.5-37.5 D&M 7.92E+Ol 7.66E-05 

No. 19 Injection Test 26-37.5 D&M 7.00E+OO 6.77E-06 

No. 19 Injection Test 37.5-52.5 D&M 9.4~E+02 9. 12E-04 

Geometric 4.0JE+OI 3.89E-05 
Mean 

Burro CJnyon 
Formation 

No. 3 Injection Test 42.5-52.5 D&M 5.80E+OO 5.61 E-06 

No. 3 Injection Test 52.5-63 D&M l.62E~Ot l.57E-05 

No. 3 Injection Test 63-72.5 D&M 5.30E+OO 5.13E-06 

No. 3 Injection Test 72.5-92.5 D&M 3.20E+OC 3.09E-06 

• 



Table l.5.3.1-2 
Summary· of H)·draulic Properties 

• White Mesa Mill 
(continued) 

Hydraulic Hydraulic 
Boring/Well lntenal Document Conductivity Conductivity 

Location Test Type (ft. - rt.> Referenced (ft./yr.) (cm./sec.) 

No. 3 Injection Test 925-1075 D&M 4.90E+OO 474E-06 

No 3 ln.1ection r e-,t 122 5-142 D&M 6.00ErOI 5 80f-07 

Nu 9 lnJectiun lest 275-42 'i D&M 2 70E..-OO 2.61 E-06 

'Jo 9 Injection Test 42 5-59 D&M 2 OOE..-00 I CJJ E-Oo 

No 9 Injection Test 59.·:2.5 D&M 7.00Lt-01 6 771:-07 

No. 9 Injection Test 82_5-107.5 D&M 1. IOE+OO I 06E-06 

No 9 Injection Test IOL-132 D&M J.OOE+OI 2.90E-07 

No. 12 Injection Test 37.5-~7 5 D&M 9_0IE-d)I 8.70[-07 

Nu. 12 Injection rest 57.5-82.5 D&M I 40E+OO l.35E-06 

No. 12 Injection Test 82_5-102.5 D&M 1.07E +O I I.OJE-05 

No. 28 ljection Test 76-87.5 D&M 4.30[-,..0Q 4.16E-06 

• No. 28 Injection Test !P.5-107.5 D&M 3.00E+OI 2.90E-07 

No. 28 Injection Test 107.5-132.5 D&M 2.00E+OI l.93E-07 

WMMWI 17) Recovery 92-112 Peel (2) 3.00E +00 2.90E-06 

WMMW3 (7) Recovery 67-87 Peel 2.97E .. oo 2.87E-06 

WMr<.tW5 (7) Recovery 95.5-1335 H-E 1.31 E+OI I .27E-05 

WMMW5 (7) Recovery 95.5-133.5 Peel 2.IOE.,..01 2.0JE-05 

WMMWII (7) Recovery 90.7-130.4 H-E (3) 1.23E+03 l .19E-03 

WMMWII (7) Single well drawdown 90.7-130.4 Peel 1.63E+03 I .58E-03 

WMMWl2 (7) Recovery 84-124 H-E 6.84E+Ol 6.61 E-05 

WMMW12 (7) Recovery 84-124 Peel 6.84E+OI 6.61 E-05 

WMMW14 Single well drawdown 90-120 (5) H-E 1.21 E .. 03 I .16E-03 

WMMWl4 Single well drawdown 90-120 (6) H-E 4.02E+02 3.88E-04 

WMMWl5 Single well drawdown 99-129 H-E 3.65E+Ol 3 53E-05 

WMMW15 (7) Recovery 99-129 Peel 2.58E+OI 2.49E-05 

WMMWl6 Injection Test 28.5-31.5 Peel 9.42E+02 9. IOE-04 • WMMW16 Injection Test 45.5-51.5 Peel 5.28E+OI 5.1 OE-05 
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Table 1.5.3.1-2 
Summa11· of H)·draulic Properties 

White Mesa '.\1ill 
(continued) 

H~t.lraulir 
Boring/Well lnlenal Document (onduc1i,ily 

Lontion Test T)pe (fl. - rt.) Referenced (ft.1 .. r.) 

WMMWl6 ln1c,11on rest 65 5-71.5 Peel 8.0-:'F·OI 

WMMW16 lnJc,11011 lest 85 '-91.5 Peel ,OOF•I)( 

WMMW17 lnje,t1on Test 45-50 Peel 3 IOE+OO 

WMMWl7 Injection fest 90-95 Peel J.62E+OQ 

WMMW17 Injection Test 100-105 Peel 5.69E+OO 

WMMW18 (n.JC(tJOn fi:sl 2 ~ -32 Peel I 14E+-02 

W\1\1Wl8 Injection Test 85-90 Peel 2.69E•OI 

WMMW18 Injection rest 120-125 Peel 4 66£+00 

WMMWl9 Injection T i:st 55-60 Peel 8.69E+-OO 

W\1MW19 lnje,11on Test 95-100 Peel 1.45E -oo 

Geometric I 05E+-Ol 
Mean 

Entrada NavaJO 
Sandstones 

WW-I Recovery D'Appolon1a (4) J.80E+02 
,, 

WW-I Multi-well drawdown D'Appolonia 4.66£..-02 

\\o'W-1.2.3 Mult1-well drawdown D'Appolonia 4.24£+02 

Geometric 4.22E..-02 
Mean 

~ 
( IJ D&M · Dames & Moore. Environmental Report. White Mesa Uranium Project. January, 1978 

H)'draulic 
Conductivity 

(cm.lsec.) 

7 80E-05 

2 90E-05 

3.00E-06 

3.50£-06 

5 SOE.06 

1.IOE-04 

2.60E-05 

4.50£-06 

8.-'0E-06 

I 40E-06 

I OIE-05 

3 67E-04 

4.SOE-04 

4. IOE-04 

4.08E-04 

(2) 

{3) 

(4) 
(5) 
(6) 
(7) 

Peel ·· Ped En .. 1ronmental Services, UMETCO Minerals Corp., Ground Water Study, White Mesa Facility. June 1994. 
H·E"' H>dro-Enginecring, Ground-Water Hydrology at the White Mesa Tailings Facility. July. 1991. 
D' Appolonia. A~sessment of the Water Supply System. White Mesa Project. Feb. 1981. 
Early lest data. 
Late test data. 
Test data reanalyzed by TEC 

Adapted from: Table :!.2 H}drogeologic Evaluation . 
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Directly below the Dakota Sandstone. the borings encountered sandstones and random discontinuous 

shale layers of the Burru Canyon formation to depths of 91 to 141 feet below the site. The 

importance of this stratum to the site's hydrogeology is that it hosts perched water beneath the site. 

Beneath the Burro Canyon formation. the Brushy Basin Member is composed of variegated 

bentonitic muJstone and siltstone; its permeability is lower than the overlying Burro Canyon 

formation and prevents downward percolation of groundwu.er (Haynes, et al, 1972). Observed 

plasticity of ciaystones (lJmetco. 1992) forming the Brushy Basin Member indicates low potential 

for open fractures which could increase permeability. Section 1.5.3.2 contains a summary of a 

drilling program carried out in response to agency requests to obtain additional hydrogeologic data . 

Previous investigators have seldom made a distinction bt:tween the Dakota and Burro Canyon 

Sandstones. However, examination of borehole cuttir ,;s, cores and geophysical logging methods 

has allowed separation of the two formations. Although similar to the Dakota, the Burro Canyon 

formation varies from a very fine- to coarse-grained sandstone. The sand grains are generally poorly 

sorted. The coarse-grained layers also tend to be cnnglomeratic. The grains are cemented with both 

silica and kaolin, but silica-cemented sandstones are dominant. The formation becomes argillaceous 

near the contact with the Brushy Basin Member. 

The saturated thickness in the Burro Canyon formation varies across the project area from 55 feet 

in the northern section to less than 5 feet in the southern area. Some wells are dry, which suggests 

that the zone of saturation is not continuous. Saturation ceases or is marginal along the western and 

southern section of the project. The extent toward the east is not defined, but its maximum extent 

is certainly not beyond the walls of Westwater Creek and Corral Canyons where the Burro Canyon 

• II .,t:SERS.MFMIWP'MRR'.RffLAMWM 96-.FNLDRAI-T,SfCTOI RPT\fcbrua,y 28, 1997 
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fonnation crops out. Perched groundwater devations and saturated thickness of this fonnation are 

shown u,1 Figures l .5.3.1-4 and 1.5.3.1-5, respectively (from Hydrogeologic Evaluation Figures 2.4 

and 2.5). 

Hydraulic properties of this stratum have been determined from 12 single, well-pumping/recovery 

tests and from 30 packer tests. A summary of the hydraulic properties is given in Table 1.5.3.1-2 

(Hydrogeologic Evaluation Table 2.2). These tests indicate the hydraulic conductivity geometric 

mean to he l .OE-05 cm/sec. The physical properties of the Burro Canyon Sandstone are swnmarized 

in Table 1.5.3. l-l. Based on the core samples tested, the sandstones of the Burro Canyon fonnation 

vary in total porosity from l.7 to 27.6 percent, the average being 16.0 percent. Volumetric water 

content in these sandstones ranges from 0.1 to 7.1 percent, averaging 2.2 percent, with the fine-

• graineJ materials having the higher moisture content. Porosities in the claystone layers vary from 

16.4 to 29. l percent with saturation values ranging from 33.8 to 77.2 percent. 

• It •IJSlRSIMFM\WP\MRR'Rffl.AMWM 96\FNI.DRAFTISECTOI RYf\Fcbruary 28. 1997 
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The Brushy Basin Member of the Morrison formation is the first aquitard isolating perched water 

in the Burro Canyon formation from the productive Entrada/Navajo Sandstones. The Brushy Basin 

Member. in contrast to the overlying nakota Sandstone. is composed of bentonitic mudstone and 

claystone Li,nited site-specific hydraulic property data are available for the Brushy Basin Member. 

The thickness of the Brushy Basin Member in this region reporkdly varies from 200-450 feet 

tDames & Moore. 1978). This stratum was penetrated by six water supply wells [see Figure 1.5.3.1-

1 (Hydrogeologic Evaluation Figure 2. I ))and Appendix A of the Hydrogeologic Evaluation) and its 

thickness was estimated at 275 feet. Borings which terminate in the Brushy Basin Member 

encounter moderately plastic dark green to dark reddish-brown mudstones. Plastic bentonitic 

mudstone is not prone to develop fracturing. H~nce, competency of this strata, as an aquitard, is very 

likely. 

Entrada/Navajo Aquifer 

Within and in proximity to the site, the Entrada/Navajo Sandstones are both prolific aquifers. Since 

site water wells are screened in both aquifers. they are, from a hydrogeologic standpoint, treated as 

a single aquifer. The Entrada/Navajo Sandstone is the first useable aquifer of significance 

documented within the project area. This aquifer is present at depths between 1.200 and 1,800 feet 

below the surface and is capable of delivering from 150 to 225 gpm of water per well (D'Appolonia, 

1981 ). 

• H , l:SERS\MfM\ WP'MRR\RECLAMWM 96\FNl.DRAFl\SECTO I .RPr.Fcbrua,y 28. 1997 
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Water is present under artesian pressure and is documented to rise by about 800 to 900 feet above 

the top of Entrada/Navajo Sandstone cnntact with the overlying Summerville formation. The static 

water level is about 400 to 500 feet below the surface (Figures 1.5.3.1-2 and 1.5.3.1-3 ). Section 

1.5.6.4. provides a more detailed discussion regarding the artesian conditions of this formation. 

The thickness of the strata separating this aquifer from water present in the Burro Canyon fonnation 

is about 1.200 feet. This confining layer is competent enough to maintain pressure of 900 feet of 

water or 390 pounds per square inch (psi) within the Entrada/Navajo Aquifer. 

The positioning of this :·quifor ..md its hydraulic head versus other strata is shown on Figures 1.5.3.1-

2 and 1.5.3.1-3. In-situ hydraulic pressure of groundwater in the Entrada/Navajo Aquifer is strong 

• evidence of the confining ( i.e. "aquitard") properties of the overlying sedimentary section. Due to 

the presence of significant artesian pressure in this aquifer. any future hydraulic communication 

between perched water in the Burro Canyon formation and the Entrada/Navajo Aquifer is unlikely. 

1.5.3.2 Data Collected in 1994 

This subsection cont.iins a summary of a 1994 drilling program carried out in response to a request 

by the U.S. Nuclear Regulatory Commission (NRC) and th U.S. Environmental Protection Agency 

(EPA) to further investigate the competence of the Brushy Basin member of the Morrison fonnation 

and to provide additional hydrogeologic data. Three vertical and four angle core holes were drilled. 

• H 1lJSERS1MfM\Wl"MRR',RECI.AMWM Q61FNI.DRAI-T SECTOJ RPT,Fchruary 28, 1997 
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The three ,ertical holes ( WMMW-20, WMMW-2 t. and WMMW-~~) \\l·re drilled do\\ngraJient of 

the existing monitoring wells. Constant head packer tests were conducted over intervals within the 

Brushy Basin member to gain infonnation about the horizontal hydraulic conductivity of this unit. 

Scleded cores samples of the Brushy Basin member were analyzed for vertical hydraulic 

conductivities. The three vertical holes were drilled to sufficient depth to penetrate 20± feet of 

Brushy Basin Member. Four core holes were drilled along the edge of tailings ponds No. 3 and No. 

4. The cores were examined to determine if open fractures were present. Few fractures were 

observed. and where noted. they were closed and infilled with gypsum. Packer tests were conducted 

during the drilling of the holes to gain further infonnation about the h} ... lraulic conductivity of the 

rocks. 

Upon completion of drilling, all the geotechnical holes were logged using wireline geophysi ti 

methods. A video camera survey was perfonned in three of the four core holes. The holes were then 

plugged and abandoned. 

Selected cores of the Brushy Basin from all the holes were sent for laboratory measurement of the 

vertical permeability. The results of these tests are presented in Table 1.5.3.2-1. The hydraulic 

conductivities calculated from these tests vary from 7. IOE-06 cm/sec to 8.90E-04 cm/sec in the 

Dakota formation. from 9.88E-07 cm/sec to 7.iOE-04 cm/sec in the Burro Canyon fonnatiun and 

from '.2.30E-07 cm/sec to 1.91 E-06 cm/sec in the Brushy Basin member. Thr .... e packer tests run 

v.ithin the Brushy Basin member yielded "No Take." Uue to the iow hydraulic conductivities, 

measurements could not be made with the equipment available. The hydraulic conductivities of 

these zones can be expected to be lower than the zones in which actual m~asurements were made. 

It can. therefore, be assumed that the hydraulic conductivities of these zones are less than 2.JOE-07 

• II •t;SfRS\MfM\WJ>\MRR,RECIAMWM 96\FNI.Dl<.AFT'SEC'TOI RPTIFcllrullr} 28, 1997 
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cm/sec. Packer tests tend to reflect horizontal hydraulic conductivities which can be expected to be 

greater than vertical hydraulic conductivities of the same zone. 

Slug tests vvere rnnducted in wells WMMW-20 and WMMW-22. The test results are shown in 

Table 1.5.3.2-1. A hydraulic conductivity of 3.14E-06 cm/sec was calculated for WMMW-20 and 

9.88E-07 cm/sec (essentially l .OE-06 cm/sec) for WMMW-22. 

Cores from the Brushy Basin were sent to Western Engineers of Grand Junction, Colorado for 

horizontal and vertical permeability determination. The results of these tests are shown on Table 

1.5.3.2-2. The vertical hydraulic conductivities of the cores vary from 5.95E-04 to 7.28E-l l cm/sec. 

The geometric mean of the vertical permeabilities is l .23E-08 cm/sec . 

For the few analyses conducted for horizontal permeabilities, the results ranged from l .09E-07 to 

6. l 4E- l O cm/sec and the geometric mean of these values was calculated to be 6. 72E-09 cm/sec. 

Packer tests were conducted over zones within the Dakota, Burro Canyon and Brushy Basin units. 

The cores and video surveys of the drill holes showed that the few closed hairline fractures present 

in the Burro Canyon and Dakota Formations do not substantially affect the hydraulk conductivity 

of the formations. 

• U IIJSERSIMfM\WP\MRRIRECLAMWM.96\FNLDRAt'l',SEC'TOI RPl\February 28. 1997 
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L-\BLE I. 5. 3 .2- l 
Summar} of Borehole lests. l 99~ Drilling Program 

White Mesa Project. San Juan CoW1ty. L'tah 

Interval 

110.5-114.5 

M7.0-90.0 

109.5-117.0 

lJ0.0-140.0 

76-120 

.>4.0-40 0 

40 -50.0 

70.0-80.0 

92.0-100 

103.0-110.0 

130.0-140.0 

163.0-165.0 

34.0-40.0 

32.S-40.0 

50.0-56.0 

60.0-70.0 

70.0-80.0 

80.0-90.0 

138.0-144.0 

l.S.S.0-161.0 

138.0-144.0 

Type of Test Fonnation 

Constant Head Brushy Basin 

Slug Burro Canyon 

Conc:ant Head Brushy Ba.sir 

Constant Head Brushy Basin 

Slug Burro Canyon 

Constant Head Dakota 

Constant dead Dakota 

Constant Head Burro Canyon 

Constant Head Burro Canyon 

Constant Head Burro Canyon 

Constant Head Brushy Basin 

Constant Head Brushy Basin 

Constant Head Dakota 

Constant Head Dakota 

Constant Head Dakota 

Constant Head Burro Canyon 

Constant Head Burro Canyon 

Constant Head Burro Canyon 

Constant Head Brushy Basin 

Constant Head Brush) Basin 

Constant Head Brushy Basin 

Hydraulic Hydraulic 
Conductivity Conductivity 

gpdft'.2 

0.005 

0.015 

0.17 

0.06 

0.16 

1.18 

0.01 

13.1 

15.84 

3.6 

0.66 

18.72 

2.30 

1.04 

4.18 

3.02 

0.07 

0.06 

cm sec 

2.30E-07 

5.29E-06 

8.15E-06 

-No Take-

3.14E-06 

7. lOE-06 

5.60E-OS 

9.88E-07 

6.20E-04 

7.70E-04 

l.70E-04 

-No Take-

3. IOE-OS 

8.90E-04 

l. lOE-04 

4 90E-0S 

2 OOE-04 

I . .SOE-04 

-No Take-

3.26E-06 

2.70E-06 



• f..\BLE J .5.3.2-2 
Results of Laboratory Tests 

Venical 
Permeabilities 

Well :-.Jo. Interval Tesred (ft) Fom1ation Tested cm: sec 

\\ \I\IW-20 t):? 0-92 5 Brushy Basin 7.96E-I I 

95.4-96.0 Brushy Basin 2.96E-09 

I 04.0-104.4 Brushy Basin 2.43E-09 

105.0-105.5 Brushy Basin 7.:?SE-11 

I 09.5-110.0 Brushy Basin l.02E-09 

WMMW-21 94.8-95.3 Brushy Basin 5.78E-06 

106.5-107.0 Brushy Basin 6.38E-IO 

114.5-115.0 Brushy Basin l.46E-07 

WMMW-22 122.:?-122.7 Brushy Basin I.OSE-06 

126.3-127.2 Brushy Basin 6.94E-IO 

133.3-133.7 Brushy Basin 2. I lE-09 

• 137.3-137.8 Brushy Basin 5.95E-04 

GH-1 163.0-163.5 Brushy Basin l.68E-08 

165.0-165.5 Brushy Basin 6.76E-07 

GH-2A 161.0-161.5 Brushy Basin 6.73E-09 

GJ-f-3 157.0-157.5 Brushy Basin 9.42E-10 

GH-4 158.0-158.5 Brushy Basin 2.l 7E-09 

Horizonal 
Penneabilities 

Well No. Interval Tested (ft) Formation Tested cm/sec 

WMMW-20 95.4-96.0 Brushy Basin l.09E-07 

lu5 .0- l OS .S Brushy Basin 6.14E-IO 

WMMW-21 94.8-95.3 Brushy Basin 8.JlE-10 

WMMW-22 137.3-137.8 Brushy Basin 3.67E-08 

• 
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The climate of southeastern Utah is classifo.:d as dry to arid continental. The region is generally 

typified by wann summer and cold winter temperatures, with precipitation averaging less than 11.8 

inches annually and evapotranspiration in the range of 61. 5 inches annually ( Dames and Moore. 

1978). 

Precipitation in southeastern Utah is characterized by "'ide variations in seasonal and annual rainfall 

and by long periods of no rainfall. Short duration summer stonns furnish rain in small areas of a few 

square miles and this is frequently the total rainfall for an entire 1uonth within a given area. The 

average annual precipitation in the region ranges from less than 8 inches at Bluff to more than 16 

inches on the eastern flank of the AbaJo Mountains, as recorded at Monticel! ). The mountain peaks 

i !1 the Henry, La Sal and Abajo Mountains may receive more than 30 inches of precipitation. but 

these areas are very small in comparison to the vast area of much lower precipitation in the region 

1.5.5 Perched QrQWlfJ...w'1tcr Characteristics 

The perched water in the Burro Canyon fonnation originates in the areas north of the site as shown 

by the direction of groundwater flow from north to south (see Figure 1.5.5-1). The thickness of 

saturation is greatest in the northern and central sections of the site and reduces toward the south. 

The configuration of the perched water table and map of saturated thicknesses are provided on 

Figures 1.5.5-l and 1.5.5-2, respectively. The topography of the Brushy Basin Member which 

defines the bottom of the perched water is shown on Figure l .5.5-3 (Hydrogeologic Evaluation 

Figure 2.6). 

• H ·USERS MFM\WP'MRR\RECl.AMWM 96\f"Nl.DRAFT\SECTOI RPT\Februa,y 28, 1997 
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The groundwater from the Burw Canyon formation Jischarges into the adjacent canyons (Westwater 

Creek and Corral Canvon) as evidenced by springs and productive vegetation patterns. Some part 

of the groundwater flow may enter the Brushy Basin Member via relief fractures which occur in 

dose proximity to the ~anyons. The location of the canyons which bound the White Mesa on the 

west. east and south are shown on Figure 1.5.3-1. 

The geometric mean of the hydraulic conductivity of the saturated part of Burro Canyon formation 

is l .OE-05 cm/sec. The water yield per well is very low. as documented by nine pumping tests, and 

is typically below 0.5 gpm. In contrast to the very lf'•v pumping rates observed in eight wells, Well 

WMMW-11 produced a higher yield on the order of 2 gpm. This higher yield may be attributable 

to the presence of localized high-permeability material, such as a tense of coarser material acting as 

a drainage g..tllery. Localized fracturing could also cause a similar effect, but few fractures have 

been documented during drilling of this or other wells ( Umetco, 1992; Dames & Moore, 1978) . 

H lJSERS1MfM\WP\MRR\RECLAMWM.96\fNLORAF(ISECTOI .RP'(lfcbruary 28. 1997 
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Table 1.5.5-1 

'.\lonitoring \\'ell and (;round Water Ele,·ation Data 
White Mesa l'ranium Mill 

Water Level Measuring Point 

Well Name Date Total Perforations Depth Elevation Above Elevation 
Installed Depth Date (rt.) (ft.-MSL) LOS (ft.) (ft.-MSL) 

WMMW-1 Sep-79 I 17' 92'-112' 11 19192 75.45 5572.77 2.0 5648.22 

WMMW-2 Sep-7Q 128.8' 85'-125' 11 19/92 110.06 5503.43 1.8 5613 49 

'wi\lMW-3 Sep-79 98' 67'-87' l l,·19/92 83.74 5471.58 2.0 5555.32 

WMMW-4 Sep-79 123.6' Q2'-12' 11 19'92 92.42 5530.15 1.6 5622.57 

WMMW-5 May-80 136' 95 5'- IJJ .5' 11 19 92 108.32 0.6 5609.33 

WMMW-6 May-80 fhis well was destroyed during construction of Cell 3. 

WMMW-7 Ma)-80 This well was destroyed during construction of Cell 3 

WMMW-8 May-80 This "ell was destroyed during construction of Cell 3. 

WMMW-11 Oct-82 135' QO. 7'-130.4' I l ')9/92 102.53 5508. ::5 2.4 561108 

WMMW-12 Oct-82 130.J' 84'-124' 11 19/92 109.68 5499.77 0.9 5609.45 

WMMW-13 Oct-82 118.5' fhis well was destroyed during construction of Cell 4A. 

• WMMW-14 ~ep-89 129.1' 90'-120' 1119192 105.34 5491.05 0.0 55%.39 

WMMW-15 Sep-89 IJ8' 99'-129' l lil9i92 108.28 5490.34 0.8 5598.62 

WMMW-16 Dec-92 915' 78.5'-88.5' 7/12/92 Dry 1.5 

WMMW-17 Dec-92 110' 90'-100' 1130192 87.56 1.5 

WMMW-18 Dec-92 148.5' IOJ.5'-133.5' 11/30/92 92.11 1.5 

WMMW-19 Dec-92 149' )01'-131' 101 I \92 85.00 1.5 

#9-1 May-80 33 5' 10'-30' 3/4/91 Dry 1.8 5622.83 

#9-2 May-80 62.7' 39.7"-59.7" J/4/91 Dry 2 5622.58 

lil0-2 May-80 335' l) .3'-31.3' 3/4;'91 Dry 2 5633.58 

"10-2 May-80 6'') ')' -·- 39.2'-59.2' 3/4/91 Dry 2.1 5633.39 

Notes: 
I. Well locations provided on Figure 1.5 3-1. 
2. LOS= leak detection S)stem. 
J. t'!.-MSL "'feet· rnean sea levd. 

• .dapted from: Table 2.3, Hydrogeologic Evaluation 
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Groundwater monitoring of the Burro Canyon fom1ation saturated zone has been conducted at the 

White Mesa facility since 1979. Table 1.5.5-1 (Hydrogeologic Evaluation Table 2.3) provide~ a list 

of wells that have been •·onstructed for monitoring purposes at the facility. Figure 1.5.3.1-1 indicates 

the locations of thest :lls. The water quality data obtained from th.:se weJls are provided hoth in 

tabular and graphica, rm in Appendix B of the Hydrogeologic Evaluatior., with more recent data 

in the Semi-annual Etlluent Report for July throuah December 1995 and the Semi-aooual Effluent 

Report for January throuah June 1925 (Energy Fuels Nuclear, Inc). 

Examination of the spatial distribution and temporal trends (or lack thereof) in concentrations of 

• analyzed constituents provides three significant conclusions: 

I . The quality of perched water throughout the site shows no discernible pattern in 

variation. 

., -· The water is generally of poor quality [moderately high values of chloride, sulfate, 

and totally dissolved solids (TDS)]. and 

3. An1lytical results show that operations at the White Mesa Uranium Mill have not 

impacted the quality of the perched water of the Burro Canyon formation. 

To arrive a these conclusions, comparisons of the water chemistries from the various wells were 

analyzed in the Hydrogeologic Evaluation by graphical techniques. The purpose of the comparisons 

was to determine if trends in chloride, which would be associated with water from the tailings ponds, 

• II 1l!SERS\MFM\Wf>IMRR1RECLAMWM 96\FNLORAn'\SECTOI RPl'.february 28, 1997 
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were increasing in the perched water of the Burro Canyon formation. The trilinear plot and the Stiff 

diagram were used u conduct a preliminary evaluation of differences or similarities in water quality 

data between wells. The following is a summary of the conclusions drawn in the Hydrogeologic 

Evaluation. 

Temporal and Spatial Variations 

The trilinear plots and Stiff diagrams presented in the Hydrogeologic Evaluation (Figures 2. 7-2. l O) 

show that the water from all wells is of the sulfate (anion) type. The cation definition of the water 

type is variable. Of the 13 wells analyzed for water chemistry, four fall in the calcium-sulfate type 

category, four fall in the (sodium plus potassium)-sulfate type, two samples classify as the 

magnesium-sulfate type. Five samples have no dominant cation type. However, these five samples 

tend to classify more closely to the (sodium plus potassium)-sulfate and calcium-sulfate types. 

The spatial variability of water quality data within the Burro Canyon formation is illustrated on 

Hydrogeologic Evaluation Figures 2. 7 through 2.13, and the data Tabled in Appendix B of the 

Hydrogeologic Evaluation. Upgradient Monitoring Wells WMMW-1, WMMW-18, and WMMW-

19 varied in sulfate concentrations from 676 to 1736 milligrams per liter (mg/I). Likewise, chloride 

concentrations in these wells varied from 12 to 92 mg/I. Across the site, sulfate and chloride 

concentrations vary with no discernible pattern to the variations. Details regarding chemistry of the 

Burro Canyon formation water can be found in Appendix B of the Hydrogeologic Evaluation. 

Variability of water within the Burro Canyon fonnation is the result of slow moving to nearly 

stagnant groundwater flow beneath the site. These conditions are likely leading to dissolution of 

minerals from the Brushy Basin Member and the formation of sulfate-dominated waters. 

• JI llJSERSIMFMIWP',MRR\RECLAMWM 96\FNLDRAIT,SECTOI RPT\Fcbruary 28. 1997 
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Bec.:ause of t'.1e variable groundwater chemistry in the Burro Canyon fonnation baseline data. 

comparison of individual well groundwater chemistries tc a single background groundwater well is 

not an appropriate method of monitoring potential disposal cell leakage or groundwater impacts. 

Water quality baseline and comparisons to that baseline established on a well-by-well basis has been 

proposed in the POC, as this method will best provide a meaningful representation of changes in 

groundwater chemistry. 

Based on a review of water quality data gathered from 1979 through I 992, which are presented in 

the Hydrogeologic Evaluation. and considering the apparent variability of chemical composition of 

perched water and the absence of any impact from operations, EFN proposes to apply. an intra-well 

approach for assessing water quality trends. This approach, described in Appendix C, the Points of 

Compliance (POC) report (Titan, 1994), involves determination of background concentrations for 

a number of selected wells. 

1.6 GEOLOGY 

The following text is copied, with minor revisions, from the Environmental Report (Dames and 

Moore, 1978b) (ER). The text has been duplicated herein for ease of reference and to provide 

background information concerning the site geology. ER Suhsections used in the following text are 

shown in parentheses immediately following the subsection titles. 

The site is near the western margin of the Blanding Basin in southeastern Utah and within the 

Monticello uranium-mining district. Thousands of feet of multi-colored marine and non-marine 

• II VSERS\MFM\WP',MRR'RffLAMWM96\fNLORAIT•.S~CTOI RPTifebrua,y 28, 1997 
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sedimentary rocks have been uplifted and warped. and subsequent erosion has carved a spectacular 

landscape for which the region is famous. Another unique feature of the region is the wide-spread 

presence of unusually large accumulations of uranium-bearing minerals. 

I .6.1 Re~ional Geolo~y 

The following descriptions of regional physiography; rock units; and structure and tectonics are 

reproduced from the ER for ease of reference and as a review of regional geology. 

1.6.1. l Physiography (ER Section 2.4. l. l) 

The project site is within the Canyon Lands section of the Colorado Plateau physiographic province . 

To the north, this section is distinctly bounded by the Book Cliffs and Grand Mesa of the Uinta 

Basin; western margins are defined by the tectonically controlled High Plateaus section, and the 

southern boundary is arbitrarily defined along the San Juan River. The eastern boundary is less 

distinct where the elevated surface of the Canyon Lands section merges with the Southern Rocky 

Mountain province. 

Canyon Lands has undergone epeirogenic uplift and subsequent major erosion has produced the 

region's characteristic angular topography reflected by high plateaus, mesas, buttes, structural 

benches. and deep canyons incised into flat-laying sedimentary rocks of pre-Tertiary age. Elevations 

range from approximately 3,000 feet (914 meters) in the bottom of the deeper canyons along the 

southwestern margins of the section to more than 11,000 feet (3,353 meters) in the topographically 

anomalous laccolithic Henry, Abajo and La Sal Mountains to the northeast. Except for the deeper 

• U 'USERS,MfM\WPIMRR\RfCLAMWM 961FNLDRAFT\SECTOI RYNcbruary 28. 1997 
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canyons and isolated mountain peaks, an average elevation in excess of 500 feet ( 1.524 meters) 

persists over most of the Canyon Lands section. 

On a more localized regional basis, the project site is located near the v. ·<;tern edge of the Blanding 

Basin. sometimes referred to as the Great Sage Plain (Eardly, 1958 ), lying east of the north-south 

trending Monument Uplift. south of the Abajo Mountains and adjacent to the northwesterly-trending 

Paradox Fold and Fault Belt (Figure 1.6-1). Topographically, the Abajo Mountains are the most 

prominent feature in the region, rising more than 4,000 feet ( 1,219 meters) above the broad, gently 

rolling surface of the Great Sage Plain. 

The Great Sage Plain is a structural slope, capped by the resistant Burro Canyon fonnation and the 

Dakota Sandstone. almost horizontal in an east-west direction but descends to the south with a 

regional slope of about 2,000 feet (610 meters) over a distance of nearly 50 miles (80 kilometers). 

Though not as deeply or intricately dissected as other parts of the Canyon Lands, the plain is cut by 

numerous narrow and vertical-walled south-trending valleys I 00 to more than 500 feet (30 to 152+ 

meters) deep. Water from the intennittent streams that drain the plain flow southward to the San 

Juan River. eventually joininr the Colorado River and exiting the Canyon Lands section through the 

Grand Canyon. 

1.6.1.2 Rock Units (ER Section 2.4.1. I) 

The sedimentary rocks exposed in southeastern Utah have an aggregate thickness of about 6,000 to 

7,000 feet (1,829 to 2,134 meters) and range in age from Pennsylvanian to Late Cretaceous. Older 

unexposed rocks are known mainly from oil well drilling in the Blanding Basin and Monument 

Uplift. These wells have encountered correlative Cambrian to Permian rock units of markedly 
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differing tli1ckncsses but averaging over 5,000 feet (1,524 meters) in total thickne;;s (Witkind. 1964). 

Most of the wells drilled in the region have bottomed in the Pennc;ylvanian Paradox Member of the 

Hermusa formation. A generalized stratigraphic section of rock units ranging in age from Cambrian 

through Jurassic and Triassic (?), as determined from oil-well logs, is shown in Table 1 .6-1. 

Descriptions of the younger rocks, Jurassic through Cretaceous, are based on field mapping by 

various investigators and are shown in Table 1 .6-2. 

Paleozoic rocks of Cambrian. Devonian and Mississippian ages are not exposed in the southeastern 

Utah n.:gion. Most of the geologic knowledge regarding these rocks was learned from the deeper oil 

wells c' tiled in the region, and from exposures in the Grand Canyon to the southwest and in the 

Uinta and Wasatch Mountains to the north. A few patches of Devonian rocks are exposed in the San 

Juan Mountains in southwestern Colorado. These Paleozoic rocks are the result of periodic 

transgressions and regressions of epicontinental seas and their lithoJogies reflect a variety of 

depositional environments. 

In general, the coarse-grained feldspathic rocks overlying the Precambrian basement rocks grade 

upward into shales, limestones and dolomites that dominate the upper part of the Cambrian. 

Devonian and Mississippian dolomites, limestones and interbedded shales unconformably overlay 

the Cambrian strata. The complete absence of Ordovician and Silurian rocks in the Grand Canyon, 

Uinta Mountains, southwest Utah region and adjacent portions of Colorado, New Mexico and 

Arizona indicate that the region was probably epeirogenically positive during these times. 

The oldest stratigraphic unit that crops out in the region is the Hennas fonnation of Middle and Late 

Pennsylvanian age. Only the uppermost strata of this fonnation are exposed, the best exposure being 

in the canyon of the San Juan River at the "Goosenecks" where the river traverses the crest of the 
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Monument uplift. Other exposures are in the breached centers of the Lisbon Valley, Moab and 

Castle Valley anticlines. The Paradox Member of the Hermosa formation is sandwiched between 

a relatively thin lower unnamed member consisting of dark-gray shale siltstone, dolomite, anhydrite. 

and limestone. and an upper unnamed member of similar lithology but having a much greater 

thicknes.:,. Composition of the Paradox Member is dominantly a thick sequence of interbedded slat 

(halite), anhydrite, gypsum, and black shale. Surface exposures of the Paradox in the Moab and 

Castle Valley anticlines are limited to contorted residues of gypsum and black shale. 

Conformably overlying the Hermosa is the Pennsylvanian and Permian (?) Rico formation, 

composed of interbedded reddish-brown arkosic sandstone and gray marine limestone. The Rico 

represents a transition zone between the predominantly marine Hermosa and the overlying 

• continental Cutler formation of Permian age. 

Two members of the Cutler probably underlying the region south of Blanding are, in ascending 

order. the CPdar Mesa Sandstone and the Organ Rock Tongue. The Cedar~ fesa is a white to pale 

reddish-brown, massive, cross-bedded, fine-to medium-grained eolian sandstone. An .:regular 

fluvial sequence of reddish-brown fine-grained sandstones, shaly siltstones and sandy shales 

comprise the Organ Rock Tongue. 

The Moenkopi formation, of Middle (?) and Lower Triassic age, unconformably overlies the Cutler 

strata. It is composed of thin, evenly-bedded, reddish to chocolate-brown, ripple-marked, cross­

laminated siltstone and sandy shales with irregular beds of massive medium-grained sandstone. 

A thick sequence of complex continental sediments known as the Chinle formation unconformably 

overlies the Moenkopi. For the purpose of making lithology correlations in oil wells this formation 
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is divided into three units: The basal Shinarump Member. the Moss Back Member and an upper 

undivided thick sequence of variegated reddish-brown, reddish- to greenish-gray. yellowish-brown 

to light-brown bentonitic claystones, mudstones, sandy siltstone, fine-grained sandstone, and 

limestones. The basal Shinarump is dominantly a yellowish-grey, fine- to coarse-grained sandstone, 

conglomeratic sandstone and conglomerate characteristically filling ancient stream channel scours 

eroded into the Moenkopi surface. Numerous uranium deposits have been located in this member 

in the White Canyon mining district to the west of Comb Ridge. The Moss Back is typically 

composed of yellowish- to greenish-grey. fine- to medium-grained sandstone, conglomeratic 

sdndstone and conglomerate. It commonly comprises the basal unit of the Chinle where the 

Shinarump was not deposited, and in a like manner, fills ancient stream channels scoured into the 

underlying unit. 
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In the 81.mding Basin the Glen Canyon Group consists of three formations which are, in .iscending 

order, the Wingate Sandstone. the Kayenta and the vajo Sandstone. All are conformable and their 

contacts are gradational. Commonly cropping out in sheer cliffs. the Late Triassic Wingate 

Sandstone is typically composed of~ uff to reddish-brown, massive, cross-bedded, well-sorted. fine­

grained quartzose sandstone of eolian origin. Late Triassic (?) Kayenta is fluvial in origin and 

consists of reddish-brown, irregularly to cross-bedded sandstone. shaly sandstone and, locally. thin 

beds of limestone and conglomerate. Light yellowish-brown to light-gray and white, massive. cross­

bedded, friable, fine- to medium-grained quartzose sandstone typifies the predominantly eolian 

Jurassic and Triassic('?) Navajo Sandstone. 

Four formations of the Middle to Late Jurassic San Rafael Grour ·.mconformably overly the Navajo 

Sandstone. These strata are composed of alternating marine and non-marine sandstones. shales and 

mudstones. In ascending order, the formations are the Carmel formation. Entrada Sa.,dstone, 

Summerville formation, and Bluff Sandstone. The Carmel usual1y crops out as a bench between the 

Navajo and Entrada Sandstones. Typically reddish-brown muddy sandstone and sandy mudstone, 

the Cannel locally contains thin beds of brown to gray limestone and reddish- to greenish-gray shale. 

Predominantly eolian in origin, the Entrada is a massive cross-bedded fine- to medium-grained 

sandstone ranging in color from reddish-brown to grayish-white that crops out in cliffs or hummocky 

slopes. The Swnmerville is composed of regular thin-bedded, ripple-marked, reddish-brown muddy 

sandstone and sandy shale of marine origin and forms steep to gentle slopes above the Entrada. 

Cliff-forming Bluff Sandston~ is present only in the southern part of the Monticello district thinning 

northward and pinching out near Blanding. It is a white to grayish-brown. massive, cross-bedded 

eolian sandstone. 
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In the southeastern Utah region the Late Jurassic Morrison fonnation has been divided in ascending 

order into the Salt Wash, Recapture, Westwater Canyon, and Brushy Basin Members. In general. 

these strata are dominantly tluvial in origin but do contain lacustrine sediments. Doth the Salt Wash 

and Recapture consist of alternating mudstone and sandstone; the Westwater Canyon is chiefly 

sandstone with some sandy mudstone and daystone lenses. and the hcterogenuus Brushy Basin 

consists of vari~gated bentonitic mudstone and siltstone containing scattered thin limestone, 

sandstone. and conglomerate lenses. As strata of the Morrison formation are the oldest rocks 

exposed in the project area vidnity and are one of the two principal uranium-bearing formations in 

southeast Utah. the Morrison. as well as younger rocks, are described in more detail in Section 

1.6.2.2. 

The Early Cretaceous Burro Canyon fonnation rests unconformably (?) on the underlying Brushy 

Basin Member of the Morrison formation. Most of the Burro Canyon consists of light-colored, 

massive, aoss-bedded fluvial conglomerate. conglomerate sandstone and sandstone. Most of the 

conglomerates are near the base. Thin. even-hedded, light-green mudstones are included in the 

formation and light-grey thin-bedded limestones are sometimes locally interbedded with the 

mudstones near the top of the formation. 

Overlying the Burro Canyoo is the Dakota Sandstone of Upper Cretaceous age. Typical Dakota is 

dominantly yellowish-brown to light-gray, thick-bedded, quartLitic sandstone and conglomeratic 

sandstone with subordinate thin lenticular beds of mudstone, gray carbona~eous shale and, locally, 

thin seams of impure coal. The contact with the underlying Burro Canyon is unconformable whereas 

the contact with the overlying Mancos Shale is gradational from the light-colored sandstones to dark­

grey to black shaly siltstone and shale. 
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Upper Cretaceous ~1ancos Shale is exposed in the region surrounding the project vicinity but not 

within it. Where exposed and weathered, the shale is light-gray or yellowish-gray, but is dark. to 

olive-gray where fresh. Bedding is thin and well developed; much of it is laminated. 

Quaternary alluvium within the project vicinity is of three types: alluvial silt, sand and gravels 

deposited in the stream channels; colluvium deposits of slope wash, talus, rock rubble and large 

displaced blocks on slopes below cliff faces and outcrops of resistant rock; and alluvial and 

windblown deposits of silt and sand. partially reworked by water, on benches and broad upland 

surfaces. 

1.6.1.J Structure and Tectonics (ER Section 2.4. l .J) 

According to Shoemaker ( 1954 and 1956), structural features within the Canyon Lands of 

southeastern Utah may be classified into three main categories on the basis of origin or mechanism 

of the stress that created the structure. These three categories are: (I) structures related to large­

scale regional uplifting or downwarping (epe11,igenic defonnation) directly related to movements 

in the basement complex (Monument Uplift and the Blanding Basin); (2) structures resulting from 

the plastic defonnation of thick sequences of evaporite deposits, salt plugs and salt anticlines, where 

the structural expression at the surface is not reflected in the basement complex (Paradox Fold and 

Fault Belt); and (3) structures that are fonned in direct response to stresses induced by magmatic 

intrusion including local laccolithic domes, <likes and stocks (Abajo Mountains). 

Each of the basins and uplifts within the project area region is an asymmetric fold usual I y separated 

by a steeply dipping sinuous mon0cline. Dips of the sedimentary beds in the basins and uplifts 

rarely exceed a few degrees except along the monocline (Shoemaker, 1956) where, in some 
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instances. the beds arc nearly vertical. Along the Comb Ridge monoclint:, the boundary between the 

\,fonument Uplift and the Blanding Basin. approximately eight miles ( 12.9 kilometers) west of the 

project area, dips in the Upper Triassic Wingate sandstone and in the Chinle formation are more than 

40 degrees to the east. 

Structures in the crystalline basement complex in the central Colorado Plateau are relatively 

unknO\\'TI but where monoclines can be followed in Precambrian rocks they pass into steeply dipping 

faults. It is probable that the large monoclines in the Canyon Lands section are related to flexure of 

the layered sedimentary rocks under tangential comores~:l)n over nearly vertical normal or high­

angle reverse faults in the more rigid Precambrian basement rocks (Kelley, 1955; Shoemaker, 1956; 

Johnson and Thordarson, 1966) . 

The MQnument Uplift is a north-trending. elongated, upwarped structure approximately 90 miles 

( 145 kilometers) long and nearly 35 miles (56 kilometers) wide. Structural relief is about 3,000 teet 

(914 meters) (Kelley, 1955). Its broad crest is slightly convex tu the east where the Comb Ridge 

monocline defines the eastern boundary. The unifonn and gently descending western flank of the 

uplift crosses the White Canyon slope and merges into the Henry Basin (Figure 1.6-1 ). 

East of the Monument Upli 1t. the relatively equidimensional Blanding Basin merges almost 

imperceptibly with the Parad,JA Fold and Fault Belt to the north, the Four Comers Platfonn to the 

southeast and the Defiance Uplift to the south. The basin is a shallow feature with approximately 

700 feet (213 meters) of structural relief as estimated on top of the Upper Triassic rhinle fonnation 

by Kelley ( 1955), and is roughly 40 to 50 miles (64 to 80 kilometers) across. Gentle folds within 

the basin trend westerly to northwesterly in contrast to the distinct northerly orientation of the 

Monument Uplift. 
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Situated to the north of the Monument t:plift and Blending Basin is the most unique structural 

feature of the Canyon Lands section, the Paradox Fold and Fault Belt. This tectonic unit is 

dominated by northwest trending anticlinal folds and associated normal faults covering an area about 

150 miles (241 kilometers) long and 65 miles ( I 04 kilometers) wide. These anticlinal structures are 

associated with salt tlowagc from the Pennsylvanian Paradox Member of the Hermosa formation and 

some show piercement of the overlying younger sedimentary beds by plug-like salt intrusions 

(Johnson and Thordarson. 1966). Prominent valleys have been eroded along the crests of the 

anticlines where salt piercements have occurred or collapses of the central parts have resulted in 

intricate systems of step-faults and grabens along the anticlinal crests r1nd flanks. 

The Abajo Mountains are located approximately 20 miles (32 kilometers) north of the project area 

on the more-or-less arbitrary border of the Blanding Basin and the Paradox Fold and Fault Belt 

( Figure 1.6-1 ). These mountains are laccolithic domes that have been intruded into and through the 

sedimentary rocks by several stocks (Witkind, 1964). At least 31 laccoliths have been identified. 

The youngest sedimentary rocks that have been intruded are those of Mancos Shale of Late 

Cretaceous age. Based on this and other vague and inconclusive evidence, Witkind (1964), has 

assigned the age of these intrusions tu the Late Cretaceous or early Eocene. 

Nearly all known faults in the region of the project area are high-angle normal faults with 

displacements on the order of 300 feet (91 meters) or less (Johnson and Thordarson, 1966). The 

largest known faults within a 40-mile (64 kilometer) radius around Blanding are associated with the 

Shay graben on the north side of the Abajo Mountains and the Verdure graben on the south side. 

Respe,tively. these faults trend northeasterly and easterly and can be traced for approximate 

distarn.:cs ranging from 21 to 34 miles (34 to 55 kilometers) accorrling to Witkind (1964 ). Maximum 

displa\:ements reported by Witkind on any of the faults is 320 feet (98 m~ters). Because of the 
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extensions of Sha) and Verdure fault systems beyond the Abajo Mountains and other geologic 

evidence, the age of these faults is Late Cretaceous or post-( retaceous and antedate the laccolithic 

intrusions (Witkind, 1964 ). 

A prominent group of faults is associated with the salt anticlines in the Paradox Fold and Fault Belt. 

These faults trend northwesterly parallel to the anticlines and are related to the salt emplacement. 

Quite likely, these faults are relief features due to salt intrusion or salt removal by solution 

(Thompson, 196 7). Two faults in this region, the Lisbon Valley fault associated with the Lisbon 

Valley salt anticline and the Moab fault at the southeast end of the Moab anticline have maximum 

\'ertical displacements of at least 5,000 feet (1,524 meters) and 2,000 feet (609 meters), respectively. 

and are probably associated with breaks in the Precambrian basement crystalline complex. It is 

possible that zones of weakness in the basement rocks represented by faults of this magnitude may 

be responsible for the beginning of salt flowage in the salt anticlines, and subsequent solution and 

removal of the salt by groundwater caused collapse within the salt anticlines resulting in the 

fonnation of grabens and local complex block faults (Johnson and Thordarson, 1966). 

The longest faults in the Colorado Plateau are located some 155 to 210 miles (249 to 338 kilometers) 

west of the project area along the \\ estem margin of the High Plateau section. These faults have a 

north to northeast echelon trend, are nearly vertical and downthrown on the west in most places. 

Major faults included in this group are the Hurrican,Toroweap-Sevier, Paunsaugunt, and Paradise 

faults. The longest fault. the Toroweap-Sevier, can be traced for about 240 miles (386 kilometers) 

and may have as much as 3,000 feet (914 meters) of displacement (Kelley, 1955). 

From the later part of the Precambrian until the middle Paleozoic the Colorado Plateau was a 

relatively stable tectonic unit undergoing gentle epeirogenic uplifting and downwarping during 
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which seas transgressed and regressed, depositing and then partially removing layers of sedimentary 

materials. This period of stability was interrupted by northeast-southwest tangential compression 

that began sometime during late Mississippian or early Pennsylvanian and continued intermittently 

into the Triassic. Buckling along the northeast margins of the shelf produced northwest-trending 

uplifts. the most prominent of which are the Uncompahgre and San Juan Uplifts, sometimes referred 

to as the Ancestral Rocky Mountains. Clearly. these positive features are the earliest marked 

tectonic con·rols that may have guided many of the later Laramide structures (Kelley, 1955). 

Subsidence of the area southwest of the Uncompahgre Uplift throughout most of the Pennsylvanian 

led to the filling of the newly formed basin with an extremely thick sequence of evaporites and 

associated interbeds which comprise the Paradox Member of the Hermosa formation (Kelley, 1956). 

Following Paradox deposition, continental and marine sediments buried the evaporite sequence as 

epeirogenic movements shifted shallow seas across the region during the Jwassic, Triassic and much 

of the Cretaceous. The area underlain by the Paradox Member in eastern Utah and western Colorado 

is commonly referred to as the Paradox Basin (Figure 1.6-1 ). Renewed compression during the 

Permian initiated the salt anticlines and piercements, and salt flowage continued through the 

Triassic. 

The Lara nide orogeny, lasting from Late Cretaceous through Eocene time, consisted of deep-~eated 

compressional and local vertical stresses. The orogeny is responsible for a north-south to northwest 

trend in the tectonic fabric of the region and created most of the principal basins and uplifts in the 

eastern-half of the Colorado Plateau (Grose, 1972; Kelley, 1955). 

Post-Laramide epeirogenic deformation has occurred throughout the Tertiary; Eocene strata are 

flexed sharply in the Grand Hogback monocline, line-grained Pliocene deposits are tilted on the 
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llanks of the Defiance Uplitt, and Pleistocene deposits in Fisher Valle~ cont 1in three angubr 

unconformaties (Shoemaker, 1956). 

1.6.2 Blandin" Site GeoloiY 

The following descriptions of physiography and topography; rock units; structure; relationship 01 

earthquakes to tectonic structure; and potential earthquake hazards to the project area are reproduced 

from the ER for ease of reference and as a review of the mill site geology. (See Figure 1.6-2) 

1.6.2. l Physiography and Topography (ER Section 2.4.2. l) 

The project site is located near the center of White Mesa, one of the many finger-like north-soutl . 

trending mesas that make up the Great Sage Plain. The nearly flat upland surface of White Mesa is 

underlain by resistant sandstone caprock which forms steep prominent cliffs separating the upland 

from deeply entrenched intermittent stream courses on the east, south and west. 

Surface ekvations across the project site range from about 5,550 to 5,650 feet (1,692 to I. 722 

meters) and the gently rolling surface slopes to the south at a rate of approximately 60 feet per mile 

( 18 meters per 1.6 kilometer). 

Maximum relief between the mesa's surface and Cottonwood Canyon on the west is about 750 feet 

( 229 meters) where Westwater Creek joins Cottonwood Wash. These two streams and their 

tributaries drain the west and south sides of White Mesa. Drainage on the east is provided by 

Recapture Creek and its tributaries. Both Cottonwood Wash and Recapture Creeks are normally 
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intermittent streams and tlow south to the San Juan River. However. Cottonwood Wash has been 

known to flow perennially in the project vicinity during wet years . 
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Only rocks of Jurassic and Cretaceous ages are exposed in the vicinity of the project site. These 

include. in ascending order. 11:e Upper Jurassic Salt Wash, Recapture. Westwater Can)on. and 

Brushy Basin Members of the Morrison fonnation: the Lower Cretaceous Burro Canyon fonnation; 

and the Upper Cretaceous Dakota Sandstone. The Upper Cretaceous Mancos Shale is exposed as 

isolated remnants along the rim of Recapture Creek valley several miles southeast of the project site 

and on the eastern flanks of the Abajo Mountains some 20 miles (32 kilometers) north but is not 

exposed at the project site. However, patches of Mancos Shale may be present within the project 

site boundaries as isolated buried remnants that are obscured by a mantle of alluvial windblown silt 

and sand . 

The Morrison fonnation is of particular economic importance in southeast Utah since several 

hundred uranium deposits have been discovered in the basal Salt Wash Member (Stokes, 1967). 

In most of eastern Utah. the Salt Wash Member underlies the Brushy Basin. However, just south 

of Blanding in the project vicinity the Recapture Member replaces an upper portion of the Sall Wash 

and the Westwater Canyon Member replaces a lower part of the Brushy Basin. A southern limit of 

Salt Wash deposition and a northern limit of Westwater Canyon deposition has been recognized by 

Haynes et al. ( 1972) ii. Westwater Canyon approximately three to six miles (4.8 to 9.7 kilometers). 

respectively. northwest of the project site. However, good exposures of Salt Wash are found 

throughout the Montc.lUma Canyon area 13 miles (21 kilometers) to the east. 

The Salt Wash Membl.'r is composed dominantly of tluvial fine-grained to conglomeratic sandstones, 

and interbedded mudstones. Sandstone intervals are usually yellowish-brown to pale reddish-brown 
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while the mudstoncs are greenish- and reddish-gray. Carbonaceous materials ("trash") vary from 

sparse to abundant. Cliff-fonning massive sandstone and conglomeratic sandstone in discontinuous 

beds make up to 50 percent or more of the member. According to Craig et al. ( 1955), the Salt Wash 

was deposited by a system of braided streams flowing generally east and northeast. Most of the 

uranium-vanadium dt:posits are located in the basal sandstones and conglomeratic sandstones that 

fill stream-cut sc0ur chrumels in the underlying Bluff Sandstone, or where the Bluff Sandstone has 

been removed by pre-Morrison erosion, in similar channels cut in the Summerville fonnation. 

Mapped thicknesses of this member range from zero to approximately 350 feet (0-107 meters) in 

southeast Utah. Because the Salt Wash pinches out in a southerly direction in Recapture Creek three 

mites (4.8 kilometers) northwest of the project site and does not reappear until exposed m 

Montezuma Canyon, it is not known for certain that the Salt Wash actually underlies the site . 

The Recapture Member is typically composed of interbedded reddish-gray, white, and light-brown 

fine- to medium-grained sandstone and reddish-gray, silty and sandy claystone. Bedding is gently 

:o sharply lenticular. Just north of the project site, the Recapture intertongues with and grades into 

the Salt Wash and the contact between the two cannot be easily recognized. A few spotty 

occurrences of uriniferous mineralization are found in sandstone lenses in the southern part of the 

Montict>llo district :ind larger deposits are known in a conglomeratic sandstone facies some 75 to I 00 

miles ( 121 to 161 kilometers) southeast of the Monticello district. Since significant ore deposits 

have not been found in extensive outcrops in more favorable areas, the Recapture is believed not to 

contain potential resources in the project site (Johnson and Thordarson, 1966). 

Just north of the project site, the Westwater Canyon Member intertongues with and grades into the 

lower part of the overlying Brushy Ilasin Member. Exposures of the Westwater Canyon in 

Cottonwood Wash are typically composed of interbedded yellowish- and greenish-gray to pinkish-
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gray. lenticular. fine- to coarse-grained arkosic sandstone and minor amounts of greenish-gray to 

reddish-brown sandy shale and mudstone. Like the Salt Wash. the Westwater Canyon Member is 

tluvial in origin. having been deposited by streams flowing north and northwest, coalescing with 

streams from the southwest depositing the upper part of the Salt Wash and the lower part of the 

Brushy Basin (Huff and Lesure. 1965). Several small and scattered uranium deposits in the 

Westwater Canyon are located in the ext1eme southern end of the Monticello district. Both the 

Recapture Member and the Westwater Canyon contain only traces of carbonaccuus materials, are 

believed to be less favorable host rocks for uranium deposition (Johnson and Thordarson, 1966) and 

have vi.:ry little potential for producing uranium reserves. 

The lower part of the Brushy Basin is replaced by the Westwater Canyon Member in the Blanding 

area but the upper part of the Brushy Basin overlies this member. Composition of the Brushy Basin 

is dominantly variegated bentonitic mudstone and siltstone. Bedding is thin and regular and usually 

distinguished by color variations of gray, pale-green, redd: ,n-brown, pale purple, and maroon. 

Scattered lenticular thin beds of distinctive green and red chert-pebble conglomeratic sandstone are 

found near the base of the member, some of which contain uranium-vanadium mineralization in the 

southernmost part of the Monticello district (Haynes et al., 1972). Thin discontinuous beds of 

limestone and beds of grayish-red to greenish-black siltstone of local extent suggest that much of 

the Brushy Basin is probably lacustrine in origin. 

For the most part, the Great Sage Plain owes its existence to the erosion of resistant s~1,1Jstones and 

conglomerates of the Lower Cretaceous Burro Canyon formation. This fonnation unconformably('?) 

overlies the Brushy Basin and the contact is concealed over most of the project area by talus blocks 

and slope wash. Massive, light-gray to light yellowish-brown sandstone, conglomeratic sandstone 

and conglomerate comprise more than tWCl·thirds of the fonnation's thickness. The conglomerate 
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and sandstone arc interbedded and usually grade from one to the other. However, most of the 

conglomerate is near the base. These rocks are massive cru.,s-bedded units formed by a series of 

interbedded lenses. each lens representing a scour filled ~ith stream-deposited sediments. In pl. ces 

the fom1ation contains greenish-gray lenticular beds of mudstone and claystone. Most of the Burro 

Canyon is exposed in the vertkal cliffs separating the relatively flat surface of White Mesa from the 

canyons to the west and east. In some places the resistant basal sandstone beds of the overlying 

Dakota Sandstone are exposed at the top of the cliffs, but entire cliffs of Burro Canyon are most 

common. Where the sandstones of the Dakota rest on sandstones c:1d conglomerates of the Burro 

Canyon. the contact between the two is very difficult to identify and most investigators map the two 

fonnations as a single unit (Figure 1.6-2). At best, the contact can be defined as the top of a silicified 

zone in ti · upper part of the Burro Canyon that appears to be remnants of an ancient soil that formed 

during a long period of weathering i,rior to Dakota deposition (Huff and Lesure, 1965 ) . 

The Upper Cretaceous Dakota Sandstone disconformably overlies the Burro Canyon formation. 

Le .:ally. the disconformity is marked by shallow depressions in the top of the Burro Canyon filled 

with Dakota sediments containing angular to sub-rounded rock fragments probably derived from 

Burro Canyon strata ( Witkind, 1964) but the contact is concealed at the project site. The Dakota 

is composed predominantly of pale yellowish-brown to light gray, massive, intricately cross-bedded, 

fine- to coarse-grained quartzose sandstone locally well-cemented with silica and calcite; elsewhere 

it is weakly cemented and friable. Scattered throughout the sandstone are lenses of conglomerate. 

dark-gray carbonaceous mud~tones and shale and, in some instances, impure coal. In general, the 

lower part of the Dakota is more conglomeratic and contains more cross-bedded sandstone than the 

upper part which in normally more thinly bedded and marine-like in appearance. The basal 

sandstones and conglomerates are fluvial in origin, whereas the carbonaceous mudstones and shales 

were probably deposited in back water areas behind beach ridges in front of the advancing Late 
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Cretaceous sea (Huff and Lesure, 1965). The upper sandstones probably represent littoral marine 

deposits since they grade upward into the dark-gray siltstones and marine shales of the Mancos 

Shale. 

The Mancos shale is not exposed in the project vicinity. The nearest exposures are small isolated 

remnants resting conformably on Dakota Sandstone along the western rim above Recapture Creek 

4.3 to 5.::- .niles (6.9 to 8.9 kilometers) southeast of the project site. Additional exposures are found 

on the easLern and southern flanks of the Abajo Mountains approximate!., 16 to 20 miles (26 to 32 

kilometers) to the north. It is possible that thin patches of Mancos may be buried at the project site 

but are obscured by the mantle of alluvial windblown silt and sand covering the upland surface. The 

Upper Cretaceous Mancos shale is of marine origin and consists of dark- to olive-gray shale with 

minor amounts of gray. fine-grained, thin-bedded to blocky limestone and siltstone in the lower part 

of the formation. Bedding in the Mancos is thin and well developed, and much of the shale is 

laminated. Where fresh, the shale is brittle . 1d fissile and weathers to chips that are light- to 

yellowish-gray. Topographic features formed by the Mancos are usually subdued and commonly 

displayed by low rounded hills and gentle slopes. 

A layer of Quaternary to Recent reddish-brown eolian silt and fine sand is spread over the surface 

of the project site. Most of the loess consists of subangular to rounded frosted quartz grains that are 

coated with iron oxide. Basically, the loess is massive and homogeneous, ranges in thickness from 

a dust coating on the rocks that form the rim cliffs to more than 20 feet (6 meters), and is partially 

cemented with calciwn carbonate (caliche) in light-colored mottled and veined accumulations which 

probably represent ancient immature soil horizons. 
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The geologic structure at the proj~ ..:t site is comparatively simple. Strata of the underlying Mesozoic 

sedimentary rocks are nearly horizontal; only slight undulations along the caprock rims of the upland 

are perceptible and faulting is absent. In much ot the area surrounding the project site the dips are 

less than one degre .... The prevailing regional dip is about one degree to the south. The low dips and 

simple structure are in sharp contrast to the pronounced structural features of the Comb Ridge 

Monocline to the west and the Abajo Mountains to the north. 

The project area is within a 1.:latively tectonically stable portion of the Colorado Plateau noted for 

its scarcity of historical seismic events. Tl.I! epicenters of historical earthquakes from 1853 through 

1986 within a 200-mile (320 km) radius of the site are sho\m in Figure 1.6-3. More than l, l 46 

events have occurred in the area, of which at least 45 were damaging; that is, having an intensity of 

VI or greater on the Modified Mercalli Scale. A description of the Modified Mercalli Scale is given 

in Table l .6-3. All intensities mentioned herein refer to this table. Table l .6-3 also shows a 

generalized relationship between Mercalli intensities and other parameters to which this review will 

refer. Since these relationships are frequently site specific, the table values should be used only for 

approximation and understanding. Conversely. the border between the Colorado Plateau and the 

Basin and Range Province and Middle Rocky Mountain Province some 155 to 240 miles (249 to 386 

km) west arid northwest, respectively, from the site is one of the most active seismic belts in the 

western United States. 

On:v 63 non-duplicative epicenters have been recorded within a 120 mile (200 km) radius of the 

project area (Figure 1.6-4). Of these, 50 had ari intensity IV or less ( or unrecorded) and two were 

recorded as intensity VI. The nearest event occurred in the Glen Canyon National Recreation Area 
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approximat~·ly 38 miles (63 km) west-northwest of the project area. The next closest event occurred 

approximately 53 miles (88 km) to the northeast. Just east of Durango, Colorado, approximately 99 

miles ( 159 km) due east of the project area, an event having local intensity of V was recorded on 

August 29. 1941 ( Hadsell, 1968). It is very doubtful that these events would have been felt in the 

vicinity of Blanding. 

Three of the most damaging earthquakes associated with the seismic bdt along the Colorado 

Plateau's western border have occurred in the Elsinore-Richfield are about 168 miles (270 km) 

northwest of the project site. All were of intensity VIII. On November 13, 190 I, a strong shock 

caused extensive damage from Richfield to Parowan. Many brick structures were damaged~ 

rockslides were reported near Beaver. Earthquakes with the ejection of sand and water were 

reported, and some creeks increased their flow. Aftershocks continued for several weeks {von I lake, 

1977). 1-ollowing several weeks of small foreshocks, a strong earthquake caused major damage in 

the Monroe-Elsinore-Rich field area on September 29. 1921. Scores of chimneys were thrown down, 

plaster fell from ceilings, and a section of a ne\\ two-story brick wall collapsed at Elsinore's 

schoolhouse. Two days later, on October l, 1921, another strong tremor caused additional damage 

to the area's structures. Large rockfalls occurred along both sides of the Sevier Valley and hot 

springs were discolored by iron oxides {von Hake, 1977). It is probable that these shocks may have 

been perceptible at the project site but they certainly would not have caused any damage. 

Seven events of intensity VII have been reported within 320 kilometers (km) around Blanding, Utah, 

which is the area shown in Figure l .6-3. Of these, only two are considered to have any significance 

with respect to the project site. On August 18, 1912, an intensity VU shock damaged houses in 

northern Arizona and was felt in Gallup, New Mexico, and southern Utah. Rock slides occurred near 

tlie epicenter in the San Francisco Mountains and a 50-mile (80 km) earth crack was reported north 
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of the San Francisco Range (l'. S. Geological Survey, 1970). Nearly every building in Duke, New 

Mexico. was damaL?ed to some degree when shook by a strong earthquake on January 22. 1966. 

Rockfalls and landslides occurred l Oto 15 miles ( 16 to 24 km) west of Dulce along Highway 17 

where cracks in the pavement were reported (Hermann et al., 1980). Both of these events may have 

been felt at the project site but, again. would certainly not have caused any damage. Figure 1.6-4 

shows the occurrence of seismic events within 200 km of Blanding . 
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The majority of recorded earthquakes in Utah have occurred along an active belt of seismicity that 

extends from the Gulf of California. through western Arizona, central Utah. and northward into 

western British Columbia. The seismic belt is possibly a branch of the active rift system associated 

with the landward extension of the East Pacific Rise (Cook and Smith, 1967). This belt is the 

Intermountain Seismic Belt shown in Figure 1.6-5 (Smith, 1978). 

It is significant to note that the seismic belt forms the boundary zone between the Basin and Range -

Great Basin Provinces and the Colorado Plateau - Middle Rocky Mountain Provinces. This block­

faulted zone is about 47 to 62 miles (7:, to 100 km) wide and forms a tectonic transition zone 

• betw\!en the rdatively simple structures of the Colorado Plateau and the complex fault-controlled 

structures of ti 1e Basin and Range Province (Cook and Smith, 196 7 ). 

Another zont: of seismic activity is in the vicinity of Dulce. New Mexico. near the Colorado border. 

This zone. v.·hi~h coincides with an extensive series of tertiary intrusives, may also be related to the 

northern end of the Rio Grande Rift. This rift is a series of fault-controlled structural depressions 

extending southward from southern Colorado through central New Mexico and into Mexico. The 

rift 1s shown on Figure 1.6-5 trending north-south to the east of the pr' ct area. 

Most of the ev~nts south of the Utah border of intensity V and greater are located within 50 miles 

( 80 km) of post-Oligocene extrusives. This relationship is not surprising because it has been 

observed in many other parts of the world (Hadsell. 1968). 
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In Colorado. the Rio Grande Rift zone is one of three siesmotcctonic provinces that may contribute 

energy to the study area. Prominent physiographic expression of the rift includes the San Luis 

Valley in southern Colorado. The valley is a half~graben strucnue with major faulting on the east :m 

flank. Extensional tectonics is dominant in the area and very large earthquakes with recurrence 

intervals of several thousand years have been projected (Kirkham and Rodgers, t 981 ). Mountainous 

areas lu the west of the Rio Grande rift province include the San Juan Mountains. These mountains 

are a complex domicil uplift with extensive Oligocene and Miocene volcanic cover. Many faults 

are associated with the collapse of the calderas and apparently have not moved since. Faults of 

Neogene age exist in the eastern San Juan Mountains that may be related to the extension of the Rio 

Grande rift. Numerous small earthquakes have been folt or recorded in the western mountainous 

province despite an absence of major Neogene tectonic faults (Kirkham and Rodgers, 1981 ) . 

Tht: third seismotectonic province in Colorado, that of the Colorado Plateau, extends into the 

surrounding states to the west and south. In Colorado, the major tectonic element that has been 

recurrently active in the Quaternary is the Uncompahgre uplift. Both flanks are faulted and 

earthquakes have been felt in the area. The faults associated with the Salt Anticlines are collapsed 

features produced by evaporite solution and flowage (Cater, 1970). Their non-tectonic origin and 

the plastic deformation of the salt reduces their potential for generating even moderate-sized 

earthquakes (Kirkham and Rodgers, 1981 ). 

Case and Joesting ( 1972) have called attention to the fact that regional seismicity of the Colorado 

Plateau includes a component added by basement faulting. lbt:y inferred a basement fault trending 

northeast along the axis of the Colorado River through Canyonlands. This basement faulting may 

be part of the much larger structure that Hite (1975) examined and Warner (1978) named the 

Color..Jo lineament (Figure 1.6-6). This 1,300-mile (2,100 km) long lineament that extends from 
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northern Arizon;i to Minnesota is suggested to be a Precambrian wrench-fault system formed some 

2.0 to I. 7 billion years before present. While it has been suggested that the Colorado lineament is 

a source ZOfo! for larger earthquakes (m = 4 to 6) in the west-central United States. the observed 

spatial relationship between epicenters and the trace of the lineament does not prove a casual relation 

( Brill and Nuttli. 1983 ). In terms of contemporary seismicity, the lineament does not act as a 

uniform earthquake generator. Only specific portions of the proposed structure can presently be 

1.:onsidered seismic source zones and each segment exhibits seismicity of distinctive activity and 

character ( Wong. 1981 ). This is a reflection of the different orientations and magnitudes of the stress 

fields along the lineament. The interior of the Colorado Plateau forms a tectonic stress province. as 

defined by Zoback and Zoback ( 1980), that is characterized by generally east-west tectonic 

comr ression. Only where extensional stresses from the Basin and Range province of the Rio Gra.,ide 

• rift extend into the Colorado Plateau would the Colorado lineament in the local area be suspected 

of having the capability of generating a large magnitude earthquake (Wong, 1984). At the present 

time, the well defined surface expression of regional extension is far to the west and far to the east 

of the project area. 

Recent work by Wong (1984) has helped define the seismicity of the whole Colorado r1lateau. He 

called attention to the low level (less than ML = 3.6) but high number (30) of earthquakes in the 

Capitol Reef Area from 1978 to 1980 that were associated with the Waterpocket fold and the 

Cainville monocline, two other major tectonic features of the Colorado Plateau. Only five 

earthquakes in the sequence were of ML greater than 3, and fault plane solutions suggest the swann 

wasp .. lduced by normal faulting along northwest-trending Precambrian basement structw-es (Wong, 

1984 ). The significance of the Capitol Reef seismicity is its relatively isolated 0ccurrence within 

the Colorado Plateau and its location at a geometric barrier in the regional stress field (Aki, 1979). 

Stress concentration that produces earthquakes at bends or junctures of basement faults as indicated 
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hy this swarm may be expected to occur at other locations in the Colorado Plateau Province. No 

inference that earthquakes such as those at Capitol Reef are precursors for larger subsequent events 

is implied. 

1.6.2.5 Potential Earthquake Haz.ards to Project 

The project site is located in a region known for its scarcity of recorded seismic events. Although 

the seismic history for this region is barely 135 years old. the epicenu-al pattern, or fabric, is basically 

set and appreciable changes are not expected · 0 occur. Most of the larger seismic events in the 

Colorado Plateau have occurred along its margins rather than in the interior central region. Based 

on the region's seismic history, the probability of a major damaging earthquake occurring at or near 

• the project site is very remote. Studies by Algermissen and Perkins (1976) indicate that southeastern 

Utah, including the site, is in an area where there is a 90 percent probability that a horizontal 

acceleration of four percent gravity (0.04g) would not be exceeded within 50 years. 

Minor earthquakes. not associated with any seismic·tectonic trealds, can presumably occur randomly 

at almost any location. Even if such an event with an intensity as high as VI should occur at or near 

the project site, horizontal ground accelerations would not txceed 0.1 Og but would probably range 

between 0.05 and 0.09g (Coulter et al., 1973; Trifunac and Brady, 1975). These magnitudes of 

ground motion would not pose significant hazards to the existing and proposed facilities at the 

Project Site. 

• II USERS<MFM'WP',MRR.RfCI.AMWM 96JNWRAFT<;f.CTOI RPTFebruary 211. 1997 
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In addition to general estimates of earthquake hazards, such as those offered by Dames and Moore 

( 1978b), and summarized above, a more detailed analysis of the relationship between the project area 

and regional seismicity was performed. As can be seen in Figure 1.6-3, a map based on the 

seismologic data base from the National Geophysical Data Center of the National Oceanic and 

Atmospheric Administration (NOAA 1988), many events occur within the lntermountain Seismic 

Belt and within the Rio Grande rift. Since the Colorado Plateau Province (and particularly the 

Blanding basin portion, in which the proj~ct site lies) is a distinctly different tectonic province, the 

historical sample chosen for magnitude/frequency estimates was limited to a radius of about 120 

miles (200 km) from the project. This sample included a region which is more representative of the 

• seismicity of the Colorado Plateau. 

Static and pseudostatic analyses were performed to establish the stability of the side slopes of the 

tailings soil cover. These analyses. together with analyses of radon flux attenuation. infiltration, 

freeze/thaw effects. and erosion protection, are summarized below. and are detailed in Appendix D, 

the Tai I ings Cover Design report (Titan, 1996 ). 

The side slopes are designed at an angle of SH: 1 V. Because the side slope along the southern section 

of Cell 4A is the longest and the ground elevation drops rapidly at its base, this slope was detennined 

to be critical and is thus the focus of the stability analyses. 

The computer software package GSLOPE, developed by MITRE Software Corporation, was used 

to detennine the potential for slope failure. GSLOPE applies Bishop's Method of slices to identify 

the critical failure surface and calculate a factor of safety (FOS). The slope geometry and properties 
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of the construction materials and bedrock are input into the model. These data .ind drawings are 

included in the Stability Analysis of Side Slopes Calculation brief included as Appendix G of the 

Tailings Cover Design report. for this analysis. competent bedrock i.:, designated at IO feet below 

the lowest point of the foundation [i.e., at a 5,540-foot elevation above mean sea level (msl)]. This 

is a conservative estimate. based on the borehole logs supplied by Chen and Associates ( 1979). 

which indicate bedrock near the surface. 

1.6.3.1 Static Analysis 

For the static analysis, a Fae Lor of Safety ("FOS") of 1.5 or more was used to indicate an acceptable 

level of stability. The calculated FOS is 2.91, which indicates that the slope should be stable under 

• static conditions. Results of the computer model simulations are included in Appendix G of the 

Tailings Cover Design report. 

1.6.3.2 Pseudostatic Analysis (Seismicity) 

·n,e slope stability analysis described above was repeated under pseudostatic conditions in order to 

estimate a FOS for the slope when a horizontal ground acceleration of 0.1 Og is applied. The slope 

geometry and material properties used in this andlysis are identical to those used in the stability 

analysis. A FOS of 1.0 or more was used to indicate an acceptabl\! level of stability under 

pseudostatic conditions. The calculated FOS is 1.903, which iHJicates that the slope should be stable 

under dynamic conditions. Ddails of the analysis and the simulation results are included in 

Appendix G of the Tailings Cover Design report. 
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In June of 1994, Lawrence Livennore Nat1unal Laboratory ("LLNL") ( 1994) published a report on 

seismic activity in southern Utah, in which a horizontal ground acceleration of 0.12g was proposed 

for the White Mesa sitt. The evaluations made by LLNL were conservative to account for 

tectonically active regions that exist. for example, near Moab. Utah. Although. the LLNI. report 

states that" ... [Blanding] is located in a region known for its scarcity of recorded seismic events," the 

stability of the cap dl!sign slopes using the LLNL factor was evaluated. The results of a sensitivity 

analysii; reveal that when considering a horizontal ground acceleration of0.12g, the calculated FOS 

is I. 778 which is still above the required value of 1.0, indicating adequate safety under pseudostatic 

conditions. This analysis is also included in Appendix G of the Tailings Cover Design report. 

1.7 OIOTA (ER Section 2.9) 

1.7.1 Tcrresuial (ER Section 2.9.l) 

1.7.1.1 Flora(ER Section 2.9.1.1) 

The natural vegetation presently <X:cwring within a 25-mile (40-km) radius of the site is very simil..1I 

to that of the potential, being characterized by pinyon-juniper woodland intergrading with big 

sagebrush (Artemisia tridentata) communities. The pinyon-juniper community is dominated by Utah 

juniper (Juniperus osteospenna) with occurrences of pinyon pine (Pinus edulis) as a codominant or 

subdominant tree species. The understory of this community, which is usually q•tite open, is 

composed of grasses, forbs, and shrubs that are also found in the big sagebrush communities. 

Common associates include galleta grass (Hilaria jarnesii), green ephedra (Ephedra viridis), and 

broum snakewood (Gutierrezia sarothrae). The big sagebrush communities occur in deep, well­

drained soils on flat terrain. whereas the pinyon-juniper woodland is usually found on shallow rocky 

• U '.USERSIMFM' WP\MRRIRfCLAMWM 96·,FNLDRAf'l',SECTO I RPT,fcbruary 28. 1997 

i . '• ' . 
'I , 

' '! 



• 
soil of exp\,sed canyon riJges and slopes. 

Page 1-101 
Revision 1.0 

Enl!rg) Fuels Nudear, Inc. 
White Mesa Mill Reclamation Plan 

Seven community types are present on the project site (Table I. 7-1 and Figure I. 7-1 ). Except for 

the small portions of pinyon-juniper woodland and the big sagebrush community types. the majorit·· 

of the plant communities within the site boundary have been disLUrbed by past grazing ami/or 

treatments designed to improve the site for rangeland. These past treatments include chaining. 

plowing, and reseeding with crested wheatgrass (Agropyron dese.torum). Controlled big sagebrush 

communities are those lands containing big sagebrush that have been chained to stimulate grass 

production. In addition. these areas have been seeded with crested wheatgrass. Both grassland 

communities I and II are the result of chaining and/or plowing and seeding with crested wheatgrass. 

The reseeded grassland II community is in an earlier stage of recovery from disturbance than the 

• r.eseeced grassland I community. The relative frequency, relative cover. relative density, and 

importance vdues uf species sampled in each community are presented in Dames and Moore 

(1978b), Table 2.8-2. The percentage of vegetative cover in 1977 was lowest on the reseeded 

grassland II community ( 10.7%) and highest on the big sagebrush community (33%) (Table l .7-2). 

Based UJ)( 1 dry weight composition. most communities on the site were in poor range condition in 

1977 (Dames & Moore (1978), Tables 2.8-3 and 2.8-4). Pinyan-juniper, big sagebrush, and 

controlled big sagebrush communities were in fair condition. However, precipitation for 1977 at the 

project site was classed as drought conditions (Dames & Moore (1978b), Section 2.8.2.1). Until 

July, no production was evident on the site. 

No designated or proposed endangered plant species occur on or near the project site (Dames & 

Moore (1978b). Section 2.8.2. J ). Of the 65 proposed endangered species in Utah, six have 

documented distributions on San Juan County. A careful review of the habitat requirements and 
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known distributions of these species indicates that. because of the disturbed environment, these 

sp~cies would probably not occur on the project site . 
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TABLE 1.7-1 

Community Types and Expanse Within the Project site 
Boundary 

Expanse 

Community Type Ha Acres 

Pinyon 1iper Woodland 5 13 

Big Sagehrush 113 278 

Reseeded Grassland I 177 438 

Reseeded Grassland II 121 299 

Tamarisk-salix 3 7 

Controlled Rig Sagebrush 230 569 

Disturbed 17 41 

TABLE 1.7-? 

Ground Cover For Each Community Within the Project Site Boundary 

Percentage of Each Type of Cover 

Community Type Vegetative Cover Litter Bare Ground 

Pinyon-juniper Woodland' 25.9 15.6 55.6 

Big Sagebrush 33.3 16.9 49.9 

Reseeded Grassland I 15.2 24.2 61.0 

Reseeded Grassland I I 10.7 9.5 79.7 

T amarisk-salix 12.0 20.1 67.9 

Controlled Big Sagebrush 17.3 15.J 67.4 

Disturbed 13.2 7.0 80.0 

'Rock covered 4.4% uf the ground . 
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Wildlife data have ~en collected through four seasons at several locations on the site. The presence 

of a species was based on direct observations, trappings and signs such as the occurrence of scat, 

tracks. or burrows. A total of 174 vertebrate species potentially occur within the vicinity of the mill 

(Dames & Moore ( 1978b). Appendix D), 78 of which w~re con1i, ned (Dames & Moore ( 1978b), 

S . .., 8 1 "') ecuon .... ·-·- . 

Although seven species of amphibians are thought to occur in the area, the scarcity of surface water 

limits the use of the site by amphibians. The tiger salamander (Ambystoma tigrinum) \\as the only 

species observed. It appeared in the pinyon-juniper woodland west of the project site (Dames & 

Moore ( 1978b), Section 2.8.2.2 ) . 

Eleven species of lizards and five snakes potentially occur in the area. Three species of lizards were 

observed: the sagebrush lizard (Sceloparas i:µ-aciosus), western whiptail (Cnem; fophorus tigris). and 

the short-horned lizard (Phrynosoma douglassi) (Dames & Moore ( 1978b), Section 2.8.2.2). The 

sagebrush and western whiptail lizard were found in sagebrush habitat, and the short-homed lizard 

was observed in the grassland. No snakes were observed during the field work. 

Fifty-six species of birds were observed in the vicinity of the project site (Table l.7-3). The 

abundance of each species was estimated by using modified Emlen transects and roadside bird 

counts in various habitats and seasons. Only four species were observed during the February 

sampling. The most abundant species was the homed lark (Eremophila aepestis) tollowed by the 

common raven (Corvus corax), which were bot! 1centrated in the grassland. Avian counts 

increased drastically in May. Based on extrapolatiou uf the Emlen transect data, the avian density 
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on grassland of the project site during spring was about 123 per 100 acres (:05 per square 

kilometer). Of these individuals, 94 percent were homed larks and western meadowlarks (Stumella 

ncglecta). This density and species composition are typical of rangeland habitats. In late June the 

species din:rsity declined somewhat i grassland but peaked mall other habitats. By October the 

overall diversity decreased but again remained the hi6hest in grassland. 

Raptors are prominent in the western United States. Five species were observed in the vicinity of 

the site (Table l. 7-3 ). Although no nests of these species were located, all {except the golden eagle. 

Aquila chrysaetos) have suitable nesting habitat in the vicinity of the site. The nest of a prairie 

falcon (Falco mexicanus) was found about 3/4 mile ( 1.2 km) east of the site. Although no sightings 

were made of this species, members tend to return to the same nests for several years if undisturbed 

(Dames & l\foore ( 1978b). Section 2.8.2.2) . 

Of several mammals that occupy the site, mule deer <Odocoileus hemionus) is the largest species. 

The deer inhabit the project vicinity and adjacent canyons during winter to feed on the sagebrush and 

have been observed migrating through the site to Murphy Point (Dames & Moore ( 1978b), Section 

2.8.2.2). Winter deer use of the project vicinity, as measured by browse utiliz.ation, is among the 

hea,·iest in southeastern Utah [25 days of use per acre ( 61 days of use per hectare) in the piny ,11-

juniper-sagebrush habitats in the vicinity of the proiect site]. In addition, this area is heavily used 

as a migration route by deer traveling tu Murphy PL,int to winter. Daily movement during winter 

periods by deer inhabiting the area has also been observed between Westwater Creek and Murphy 

Point. The present size of the local deer herd is not known. 

Other mammals present at the site include the coyote (Canis latrans), red fox (Vulpes vulpes), gray 

fox (Urocyon cineroargenteus), striped skunk (Mephitis mephitis), badger (taxidea taxus), longtail 
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weasel (Mustcla frcnata). anJ bobcat (Lynx rufus). Nine species of rodents were trapped or observed 

on the site, the deer mouse (Peromyscus maniculatus) having the greatest distribution and 

abundance. A)tl1ough desert cottontails (Sylvilagus auduboni) were uncommon in 1977. black-tailed 

jackrabbits ( Lepus califomicus) were seen during all seasons. 

Three currt!ntly recognized endangered species of 1imals could occur in the project vicinity. 

However, the probability of these animals occurring near the site is ex• .:mely low. The project site 

is within the range of the bald eagle (Haliaeetus leucocephalus) and L1 • .\merican peregrine falccn 

(Falco peregrinus anatum), but the lac'-' of aquatic habitat indicates a 1 w probability of these species 

occurring on the site. Although the black-footed ferret (Musetela nigripc.:s) once range<l in the 

vicinity of the site, it has not been sighted in Utah since 1952, and the Utah Division of Wildlife 

feels it is highly unlikely that this animal is present (Dames & Moore ( 1978b), Section 2.8.2.2) . 

I. 7.2 A1r1uatic Biota (ER Section 2.9.2) 

Aquatic habitat at the project site ranges temporally from extremely limited to nonexistent due to 

the aridity, topography and soil characteristics of the region and consequent dearth of perennial 

surface water. Two small catch basins (Dames & Moore ( 1978b), Section 2.6.1.1 ), approximately 

20 min diamett:r, are located on the project site. but these only fill naturally during periods of heavy 

rainfall (spring and fall) and have not held rainwater during the year-long baseline water quality 

monitoring program. One additional small basin was completed in 1994 to serve as a diversionary 

feature for migrating waterfowl. Although more properly considered features of the terrestrial 

environment, the. ~ssentially represent the total aquatic habitat on the project site. When containing 

water. these catch basins probably harbor algae, insects, other invertebrate forms, and amphibians. 
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l.-\BLE I 7-3 
Birds Ooscrvt!<l in the Vicinity ,lf the Whit~ \ks..t Pro_1ect 

Spedes Rela1ive Abundance and Sta1us' Species Rela1ive Ahundarn:e mJ Status' 

Mallard CP Pinyon Jay CP 

Pintail CP Bu,htit CP 

Turke~ Vulture us Bewick's Wren CP 

Red-tailed Ha"k CP Mockingbird us 
Golden Eagle CP Mountain Bluebird cs 
Marsh Hawk CP Black-tailed Gnatcatcher H 

Merlin uw Ruby-crowned Kinglet CP 

Amerii:an Kestrel CP Loggerhead Shrike cs 
Sage Grouse lJP Starling CP 

Scaled Qu,11 i Not Listed Yellow-rumped W;irhler cs . 
American Coot cs Western Meadowlark CP 

Killdeer CP Red-winged Blackbird CP 

Spotted Sandpiper cs Brewer's 111ackbird CP 

\1ourning Dove cs Brown-headed Cowbird cs 
Common Nighthawk cs Blue Grosbeak cs 
White-throated Swift cs House Finch CP 

Yellow-bellied Sapsucker CP American Goldfinch CP 

Western Kingbird cs Green-tailed Towhee cs 
A:):.-throated Flycatcher cs Rufous-sided Towhee CP 

Say's Phoebe cs Lark Sparrow cs 
Horn 'Lark CP Black-throated Sparrow cs 
Violet-green Swallow cs Sage Sparrow l'C 

Barn S\,.,allo" cs Dark-eyed Junco cw 

Cliff S\\allm,., cs Chipping Sparrow cs 
Scrub Jay CP Brewer's Sparr1 · w cs 
Black-billed Magpie CP White-crov. nt>d Sparrow cs 

Common Raven CP Song .:ipmow CP 

Cr-mmon Crow cw Vesper Sparrow cs 

'W. H. Behk and M. L. Perry, Utuh Birds. Ltah Museum of Natural History, University of l Jtah, Salt Lake City, 197~. 

Relative Abundance 

C ° Common 

L: ·a lJ ncom rnon 

H "' Hypoth,.tical 

Status 

P = Pennanent 

S "" Summer Resident 

W = Winter Visitant 

Source: Dames & Moore ( l'H8b), Table 2.8-5 

• 
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They ma~ Jiso pruvide a water source for small mammals and birds. Similar ephemeral catch and 

seepage basins are typical and numerous to the northeast of the project site and south of Blanding. 

Aquatic habitaL in the project ,·icinity is similarly limited. The three adjacent strea.tl'li (Corral Creek, 

Westwater Creek. and an unnamed ann of Cottonwood Wash) are only intermittently active, carrying 

water primarily in the spring during increased rainfall and snowmelt runoff, in the autumn, and 

hdetly during hlcali?ed but intense electrical storms. Intermittent water flow most typically occurs 

in April. August, and October in those streams. Again, due to Lhe temporary nature of these steams, 

their contribution to the aquatic habitat of the 1egion is probably limited to providing a water source 

for wildlife and a temporary habitat for insect and amphibian species. 

• No populations of fish are present on the project site, nor are any known to exist, in its immediate 

vicinity. The closest perennial aquatic habitat to the m1ll appears to be a small irrigation basin 

(approximately 50 m in diameter) about 3.8 miles (6 km) upgrade to the n<'rtheast. This habitat was 

not sampled for biota and it has been reported that the pond is intermittent and probably does not 

harbor any fish species. 

The closest perennial aquatic habitat known to support fish populations is the San Juan River 18 

miles (29 km) south of the project site. Five species of fish Federally designated (or proposed) as 

endangered or threatened occur in Utah (Table 1.7-4,:. One of the five species, the woundfin 

(Plegopterus argentissiumus), does not occur in southeastern Utah where the mill site is located. The 

Colorado squawfish (Ptychocheilus lucius) and humpback chub (Gila cypha), however, are reported 

as inhabiting large river systems in southeastern Utah. The bonytail chub (Gila elegans), cla~sified 

as threatened by the State and proposed as endangered by Federal authorities, is also limited in its 

distribution to main channel,; or large rivers. The humpback sucker (razorback sucker; Xyrauchen 

• U '.IJSERSIMfMIWPIMRR'RffLAMWM 961t"NWRAl-'f\SECTOI RYf'.february 28. 1997 
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texanus). protected by the State and proposed as threatened by the Federal authorities, is found in 

southeastern Utah inhabiting backwater pools and quiet areas of mainstream rivers. The closest 

habitat suitable for the Colorado squawfish, humpback chub, bonytail chub, and humpback sucker 

is the San Juan River 18 miles (:-!9 km) south of the site . 

• U ,.USERS\MFMiWP'.MRJNlffl.AMWM 96\FNLDRAFl'SECTOI RP'nFcbruary 28. 1997 
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TABLE 1.7-4 

Threatened :md J:ndangered Aquatic Species Occurring in Utah 

Species 

Woundfin 
Pler,ortt'r11s .4rr,enr,swnu.\· 

Humpback Chub 
<J1/u ()pha 

Colorado River Squawtish 
Ptn.:h1x:ht1tlus Lucius 

Bonytail Chub 
Lit/a Eleguns 

Humpback Sucker 
(razorback suckt'n 
.\)ruuchen Texunu.1 

Habitat 

Sihy streams; muddy. swift-current 
areas, Virgin River critical habitat' 

Lu~e river systems, eddies, and 
backw"ter 

Main channels of large river systems 
in Colorado drainage 

Main channel~ of large river systems 
in Colorado drainage 

Back water pools JnJ quiet-water 
areas of main rivers 

Listing 

Federal - endangen:Jb 
State - threatened 

Federal - endangeredb 
State - threatened 

Federal - endangercdb 
State - threatened 

Federal - proposed 
endangered" 

State - threatened 

Federal - proposed 
threatened' 

State - threatened 

a "Endangered and lhreatened Wildlife and Plants," Fed. Regis/. 42,211 ): 57329 ( 1977). 

b "Endangered and Threatened Wildlife and Plants," Fed. R- ;isr 42( 135 ): 36419-39431 ( 1977). 

c "Endangered and Threatened Wildlife and Plants," Fed. Regis/. 43(79): 17375-17377 ( 1978) . 

Occurrence 
in 

Southeastern Utah 

No 

Yes 

Yes 

Yes 

Yes 
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The following sections describe background levels of natural radiation and refer the reader to recent 

reports containing current radiation monitoring data. 

1.8. I Back~round (ER Section 2.10) 

Radiation exposure in the natural environment is due to cosmic and terrestrial radiation and to the 

inhalation of radon and its daughters. Measurements of the background environmental radioactidty 

were made at the mill site using thermoluinescent dosimeters (TLDs). The results indicate an 

average total body dose of 142 millirems per year, of which 68 millirems is attributable to cosmic 

• radiation and 74 millirems to terrestrial sources. The cosmogenic radiation dose is estimated to be 

about I millirem per year. Terrestrial radiation originates from the radionuclides potassium-40. 

rubidium-87, and daughter isotopes from the decay of uranium-238, thorium-232, and, to a lesser 

extent, uranium-235. The dose from ingested radionuclides is estimated at 18 millirems per year to 

the total body. The dose to the total body from all sources of environmental radioactivity is 

estimated to be about 161 millirems per year. 

The concentration of radon in the area is estimated to be in the range of 500 to 1,000 pCi/m3
, based 

on the concentra(ion of radium-226 in the local soil. Exposure to this concentration on a continuous 

basis would result in a dose of up to 625 millirems per year to the bronchial epithelium. As 

ventilation decreases, the dose increases; for example, in unventilated enclosures, the comparable 

dose might reach 1,200 millirems per year. 

• It 11JSERS\Mfl\1\\\ P\MRR\RECL.AMWM.96\FNLDRAffiSECTOI RPT\l'ebrua,y 28, 1997 
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The medical total body dose for Utah is about 75 millirems per year per person. The total dose in 

the area vf the mill from natural background and medical exposure is estimated to be 236 millirems 

per year. 

1.8.2 Cum;nt Monitorin~ Data 

The most recent data for radon, gamma, vegetation, air and stock sampling, groundwater, surface 

water, meteorological monih)fing, and soil sampling discussed in the following sections are found 

in the Semi-Annual Effluent Reports for July through December 1995 (Semi-Annual Effluent 

Report, 1995) (Energy Fuels Nuclear, Inc. 1996) and the Semi-Annu.il Eflluent Report for January 

through June 1995 (Semi-Annual Effluent Report, 1995) (Energy Fuels Nuclear, Inc., 1995), which 

• are reproduced in Appendix A. 

1.8.2. l Environmental Radon 

Until l O CFR 20 standards were reduced to 0.1 pCi/1, environmental radon concentrations were 

determined by using Track Etch detectors. There was one detector at each of five environmental 

monitoring stations "ith a duplicate at BHV-2, the nearest residence. See Appendix A. the Semi­

Annual Effluent reports, for maps showing these locations. After 1995, with concurrence of the 

NRC. environmental radon concentrations are no longer measured at these locations due to the lack 

of sensitivity of available monitoring methods to meet the new IO CFR 20 standard of 0.1 pCi/1. 

• H \USERS1MfM\WP'MRR1R£Cl.AMWM 961FNLDRAFT1SECTOI RYrfcbruary 28. 1997 
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Gamma radiation levels are determined by Thermal Luminescent Dosimeters (TLDs). The TLDs 

are placed at the five envirorunental stations located around the perimeter boundary of the mill site 

discussed above. The badges are exchanged quarterly. The data are presented in Appendix A. 

1.8.2.3 Vegetal , Samples 

Vegetation samples are collected at three locations around the mill periphery. The sampling 

locations are northeast. northwest. and southwest of the mill t.1cility. Vegetation samples are 

collected during early spring. late spring. and fall. Vegetation results are included in Appendix A. 

• No trends are apparent. as the Ra-226 and Pb-210 concentrations at el"ch sampling location have 

remained consistent. 

1.8.2.4 Environmental Air Monitoring and Stack Sampling 

Air monitoring at the White Mesa Mill is conducted at five high volume (40 standard cubic feet per 

minute) stations located around the periphery of the mill. These locations are shown in Appendix 

A. BHV -1 is located at the northern mill boundary at the meteorological station site. BHV-2 is 

further north at the nearest residence. BHV-3 is the background station located approximately three 

to five miles due east of the mill. BHV-4 is south of Cell 3 and BHV-5 is just south of the ore 

storage pad. Appendix A, the Semi-Annual Effluent reports, contain air monitoring data. 

The results of the first quarter 1996 stack samples are presented in Appendix A. These samples were 

collected during the period between January 27, t 996 and February 3, 1996. Samples were collected 

• H II ISERS1MfMIWPIMRR1RECl.AMWM 96,FNLDRAFT\SECTOI RP'Nebruary 28, 1997 
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from the ~onh Yellowca...~ ~:,)er. the South Yellowcake Dryer, and the Yellowcake Baghouse. The 

Demister Stack and Grizzl:., Stack were not sampled because they were not in operation during that 

time. The material being processed during that time for recovery of the source material content \,·as 

a uranium calcium fluoride solid in powder form. which requires no grinding. ~o second quarter 

1996 gas ~pies were colJected on any process stack. because material processing and drying 

operations ceased on \larch 23. 1996. Graphical representation of uranium release rate is presented 

in Appendix . ..\. The south yellowcake dryer and yellowcake baghouse have only been sampled 

twice. ~o graphs had been generated for those data. 

Pursuant to ~RC License .Amendment So. 41 for the White Mesa Mill Source Material License No. 

SLA-1358. air paniculate radionuclide monitoring at BHV-3 was discontinued at the end of the third 

• quaner 1995. Sufficient data were accumulated over a 12-year period to adequately establish 

background radionuclide concentrations. As a result of Amendment No. 41, the air particulate 

radionuclide concentrations at each monitoring site are calculated by subtracting the appropriate 

quanerly background average. Appendix A tables show the radionuclide concentrations at each 

location with background concentrations subtracted, and the results of the dose calculations. 

including the 50-year dose commitment to the nearest residence. Appendix A shows the yearly dose 

to the nearest resident. which is very lnw. No apparent trends are evident. 

l .8.2.5 Ground"ater 

Appendix A tables list the groundwater monitoring data and the Quality Control (QC) results. No 

trends are apparent. 

• It l \fR.C, \ff \f "P \tJU. Rl:C l.A\tW\f % f"Sl.DRAFT .SE err, I RYr febnsar) 28. 1997 
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The results of surface water monitoring are presented in Appendix A. Cottonwood Creek is sampled 

Semi-annually and Westwater Creek is sampled on an annual basis. No water flowed in Westwater 

Creek during 1996. ~o trends are apparent. 

1.8.2. 7 Meteorological Monitoring 

The Semi-Annual Air Quality and Meteorology Monitoring Report provided by Enecotech is 

included in Appendix A. 

• II (;SERS' MFM WP' MRR RECLA~1WM 961FNLDRAFTSECTO I RPT February 28, 1997 
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2.0 EXISTING FACILITY 

The following sections describe the construction history of the \Vhite Mesa Mill; the mill and mill 

tailings management facilities: mill operations including the mill circuit and tailings management; 

and both operational and environmental monitoring. 

2.1 Facilit>· CQnstruction Histoo· 

The White Mesa uranium/vanadium mill was developed in the late l 970's by Energy Fuels Nuclear. 

Inc. (EFN) as an outlet for the many small mines that are located in the Colorado Plateau and for the 

possibility of milling Arizona Strip ores. At the time of its construction, it was anticipated that high 

• uranium prices would stimulate ore production. However. prices started to decline about the same 

time as mill operations commenced. 

As uranium prices foll. producers in the region were affected and mine output declined. After about 

two and one-half years, the White Mesa Mill ceased ore processing operations altogether, began 

solution recycle. and entered a total shutdown phase. In 19&4, a majority ownership interest was 

acquired by Union Carbide Corporation's (UCC) Metals Division which later became Umetco 

Minerals Corporation (l!metco), a wholJy-owned subsidiary of UCC. This pai~nership continued 

until May 26. 1994 when EFN reassurned complete oMtership. 

2.1. l Mill and Tailings Management Facility 

The Source Materials License Application for the White Mesa Mill was submitted to the U. S. 

Nuclear Regulatory Commission (NRC) on February 8, 1978. Between this date and the date the 

• H l'.SERS' MF:\fWP MRRRECLAMWM 96 FNLDRAFTSECT02 Febl'Uat) 28. 1997 
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first ore was fod to the mill grizzly on May 6. 1980, several actions were taken including: increasing 

1.1ill design rnpacity. permit issuance from the Environmental Protection Agency and the State of 

Utah. archeologicaJ clearance for the mill and tailings areas. and an NRC pre-operational inspection 

on May 5, J 980. 

Construction on the tailings area began on August I. 1978 with the movement of earth from the area 

of Cell 2. Cell 2 was completed on May 4, 1980, Cell I-I on June 29. 1981, and Cell 3 on September 

2. 1982. In January of 1990 an additional cell. designated 4A, was completed and placed into use 

solely for solution storage and evaporation. 

2.2 Facility Operations 

• In the following subsections. an overview of mill operators and operating periods are followed by 

descriptions of the operations of the mill circuit and tailings management facilities. 

2.2.1 Operating Periods 

The White Mesa Mill was operated by EFN from the initial start-up date of May 6, 1980 until the 

cessation of operations in 1983. Umetco. as per agreement between the parties. became the operator 

of record on January l. 1984. The White Mesa Mill was shut down during all of 1984. The mill 

operated at least part of each year from 1985 through 1990. Mill operations were again ceased 

during the years of 1991 through 1994. EFN reacquired sole ownership on May 26, 1994 and the 

mill operated again during 1995 and 1996. Typical employment figures for the mill are l 18 during 

uranium-only operations and 138 during uraniwn/vanadium operations. 

• H \l!Sl:RS·MFM',WP'MRR.RECLAMWM 961f"'NLDRAFf1.SECT02,fcbruary 28. 1997 
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While originally designed for a capacity of 1,500 dry tons per day (dtpd.), the mill was boosted to 

the present rated design of 1980 dtpd. prior to commissioning. 

The mill uses an atmospheric hot acid leach followed by counter current decantation (CCD). This 

in tum is followed by a clarification stage which precedes the solvent extraction (SX) circuit. 

Kerosene containing iso-decanol and tertiary amines extract the uranium and vanadium from the 

aqueous solution in the SX circuit. Salt and soda ash are then used to strip the uranium and 

vanadium from the organic phase. 

After extraction of the uranium values from the aqueous solution in SX, uranium is precipitated with 

• anhydrous ammonia, dissolved. and re-precipitated to improve product quality. The resulting 

precipitate is then washed and dewatered using centrifuges to produce a final product called 

"yellowcake." The yellowcake is dried in a hearth dryer and packaged in drums weighing 

approximately 800 to 1.000 lbs. for shipping to converters. 

After the uranium values are stnpped from the pregnant solution in SX, the vanadium values are 

transferred to tertiary amines contained in kerosene and concentrated into an intermediate product 

called vanadium product liquor (VPL). An intermediate product, anunonium metavanadate (AMV). 

is precipitated from the VPL using ammonium sulfate in batch precipitators. The AMV is then 

filtered on a belt filter and, if necessary, dried. Normally, the AMV cake is fed to fusion furnaces 

when it is converted to the mill's primary vanadium product, V20~ tech tlake, commonly called 

"black tlake." 

• Ii LSl:RS MFM Wl"MRR Rfll :\MWM 96·FNl.DRAFTSECT0.:?'.fcbruar, .:?8. 1997 
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The mill processed 1,511.544 tons of ore and other materials from May 6. 1980 to February 4. l 983. 

During tl,e :o,:cond operational period from October l, 1985 through December 7. 1987. ).023,393 

tons were processed. During the third operational period from July 1988 through November 1990. 

1.015.03.:! tons were processed. During the fourth operational period from August 1995 l.tlrough 

January 1996. 203.317 tons were processed. The fifth and most recent operational period from May 

1996 through September 1996. processed 3,868 tons of calcium fluoride material. Inception to date 

material processed through September 1996 totals 3,757. 154 tons. This total is for all processing 

periods combined. 

2.2.3 Tailings Management Facilities 

Taili.ngs produced by the mill typically contain 30 percent moisture by weight. have an in-place dry 

• density of 74.2 pounds per cubic foot. have a size distribution with a predominant -325 mesh size 

fraction. and have a high acid and flocculent content. 

The tailings facilities at White Mesa currently consist of four cells as follows: 

• Cdl l, constructed with a 30-millimeter (ml) PVC earthen-covered liner, is used for the 

evaporation of process solution. 

• Cell 2, constructed with a JO-millimeter (ml) PVC earthen-covered liner. is used for the 

storage of barren tailings sands. 

• Cell 3. constructed with a JO-millimeter (ml) PVC earthen-covered liner, is used for the 

storage of barren tailings sands and solutions. 

• Cell 4A. constructed with a 40-millimeter (ml) HOPE liner, is currently used only for the 

storage of solutions. 

• II l 'SfRS·Mf!l.fl\'P',MRR°'RfCLAMWM 96,fNLDRAFf'SECT02\February 28. 19Q7 



• 
Page ~-5 

Revision 1.0 
Energy Fuels Nuclear. Inc. 

White Mesa Mill Reclamation Plan 

fotal estimated design capacity of Cells 2. 3. and 4A is approximate!y six million (mm) cubic yards. 

2.2.J. I Tailings Management 

Constructed in shallow valleys or swale areas. the lined tailings facilities provide storage below the 

existing grade and reduce potential exposure. Because the cells are separate and distinct. individual 

tailings cells may be reclaimed as they are filled to capacity. This phased reclamation approach 

minimizes the amount of tailings exposed at any given time and reduces potential exposure to a 

minimum. 

The perimeter discharge method involves setting up discharge points around the east, north. and west 

boundaries of the cell. This results in low cost disposal at first, followed by higher disposal costs 

• toward the end of the cell's life. The disadvantage to this method is that reclamation activities cannot 

take place until near the end of the cell's life. This disadvantage was recognized and led to the 

development of the final grade method. 

Slurry disposal has taken place in both Cells 2 and 3. Tails placement accomplished in Cell 2 was 

hy means of the above described perimeter discharge method. while in Cell 3 the final grade method. 

described below. has been employed. 

The final grade method used in Cell 3 calls for the slurry to be discharged until the tailings surface 

comes up to final grade. The discharge points are set up in the east end of the cell and the final grade 

surface is advanced to the slimes pool area. When the slimes pool is reached, the discharge points 

are then moved to the west end of the cell and worked back to the middle. An advantage to using 

the final grade method is that maximum beach stability is achieved by (I) allowing water to drain 

from the sands to the maximum extent, and (2) allowing coarse sand deposition to help provide 

• H 1USERS\MFM,WPIMRR\RECLAMWM 96·.FNLDRAH SFCT02 February 28, 1997 
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stable beaches. Another advantage is that radon release and dust prevention measures ( through the 

placement of the initial layer of the final cover) are applied as expeditiously as possible. 

2.2.3.2 Liquid Management 

As a zero-discharge facility. the White Mesa Mill must evaporate all of the liquids utilized during 

processing. This evaporation takes place in three areas: 

• Cell I. which is used for solutions oniy; 

• Cell 3. in which tailings and solutions exist; and 

• Cell 4A. which is currentlv for the evaporation of tailings solutions only. 

• The original engineering design indicated a net water gain into the cells would occur during mill 

operations. As anticipated, this has been proven to be the case. In addition to natural evaporation, 

spray S) stems have been used at various times to enhance evaporative rates and for dust control. To 

minimize the net water gain. solutions are recycled from the active tailings cells to the maximum 

extent possible. Solutions from Cells 3 and 4 are brought back to the CCD circuit where 

metallurgical benefit can be realized. Recycle to other parts of the mill circuit are not feasible due 

to the acid content of the solution. 

2.3 Monitorina Pro~rams 

Operational monitoring is defined as those monitoring activities that take place only during 

operations. This is contrasted with environmental monitoring, which is performed whether or not 

the mill is in operation. 

• If \l'Sl:RS'MFMWP'MRR Rf-CL.AMWM 96 FNI.DRAFTSfCT02'Fcbrulll) 28. IQ97 
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In the mill facilities area. the operational monitoring programs consist of effluent gas stack sampling; 

daily inspection of process tanks, lines and equipment; and daily inspection of tailing impoundments 

and leak detection systems. Quarterly effluent gas stack samples are collected on all mill process 

stacks when those process systems are operating. These include the yellowcake dryers No. l and 

No. 2. the vanadium df)er stack. their respective scrubber stacks. the demister stack. and the grizzly 

stack. 

A visual inspection is made daily by supervisory personnel of all process tanks and discharge lines 

in the mill and of the tailings management area. In the event of a failure in one of the normal process 

streams. corrective actions are •aken to ensure that there are no discharges to the environment. 

Leak detection systems ( "LDS") under each tailings cell are monitored for the presence of solution 

weekly. If sufficient solution is present in the LOS of Cells 2. 3. or 4 to be pumped, the solution is 

sampled and analyzed for nickel. chlorides, sulfates, potassium. selenium. and pH. 

2.3.2 Environmental Monitoring 

Environmental monitoring consists of the following: groundwater and surface water samples; air 

particulate samples. gamma radiation measurements, soil. and vegetation samples. Refer to the 

Semi-annual Effluent Reports contained in Appendix A for sampling location, frequency and 

anal) tical results. 
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Wells MW-6. MW-7. and MW-8 were plugged because they were under Cell 3, as was MW-13. 

under Cell 4A. Wells MW-9 and MW-10 are dry and have been excluded from the monitoring 

program. The ten monitoring wells in or near the uppennost aquifer are MW-I. MW-2. MW-3. 

M\\'-4, MW-5. M\V-11, MW-12, MW-14, MW-15 and MW-17. These wells vary in depth from 

94 to 189 feet. Flow rates in these wells vary from 15 gallons per month to IO gallons per hour. The 

culinary well (one of the supply wells) is completed in the Navajo aquifer, at a depth of 

approximately 1.800 feet below the ground surface. 

The groundwater monitoring program consists of parameters measured quarterly and semi-annually. 

Quarterly parameters include: pH, specific conductance. temperature, depth to water, chlorides. 

• sulfates. total dissolved solids (TDS). nickel. potassium, and l 1-natural. The parameters measured 

on a semi-annual basis, in addition to the quarterly parameters, are: arsenic, selenium. sodium. 

radium-226. thorium-230. and lead-210. Semi annual parameters which all measured are: all 

physical chemical criteria of quarterly sampling as well as additional analyte parameters as. Se Na 

and RJdionu .. I ides Ra-226, Th-230, and Pb2 l 6. 

Surface W:tter 

Surface water samples are taken from the two nearby streams, Westwater Creek and Cottonwood 

Creek. Cottonwood Creek usually contains running wat r, ~ut has also been dry on occasion. 

Westwater Creek rarely contains running water. and when it does, it is from :irecipitation runoff. 

Water samples are collected quarterly from Cottonwood Creek and analyzed for TDS and total 

suspended solids (TSS). Additional semi-annual water samples are collected at a minimum of four 

• II LSERS,MFM,WP'MRR Rf.CLAMWM %1fNLDRAFT.SECT021Fcbru~ 28. 1997 
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(4) months apart. These samples are analyzed for TDS. TSS. dissolved and suspended lf-nat, Ra-

226. and Th-230. 

Currently the program includes sampling water from Westwater Creek once a year, if the creek is 

flowing. However. if water is not running. an alternate soil sample is collected from the creek bed. 

Water samples from Westwater Creek are analyzed for TDS. TSS. Dissolved and Suspended U-nat, 

Ra-226. and Th-230. If a soil sample is ~ollected. it is analyzed for U-nat and Ra-226 (per License 

Condition 24C ). 

Radiation 

Natural radiation monitoring includes air particulate sampling, gamma radiation measurements. and 

• vegetation and soil sampling. Air particulate monitoring is conducted continuously at four 

monitoring stations located around the periphery of the mill. Gamma radiation measurements. 

vegetation sampling, and soil sampling are conducted at five locations. See Section 1.8 for details 

concerning the monitoring program. 

Gamma radiation levels are determined at the five environmental monitoring stations and are 

reported quarterly. "'ith duplicate samples coll'.!cted at the nearest residence . 

.\pproximately five poWlds of "new growth" vegetation samples are collected from areas "northeast 

of the mill, northwest of the mill, and southwest of the mill" during early spring, late spring. and late 

fall. Sample collection areas vary depending on the growth year (i.e. in low or no moisture years 

it may take an area several acres in size to collect five pounds of vegetation, while in "wet" years a 

much smaller area is needed). Vegetation is analyzed for radium-226 and lead-210. 

• fl liSERS,MFM\WP'MRR.RfCLA,\.IWM %1fNL.DRAfT'.SETT02 fcbruary 28. 1~7 
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Soils are ~ampled al each of the ti\c cm :ronmcntal monitoring stations annually in August. rhe 

soils are analyzed for l ·-natural and rndium-.::!.::!6 . 

• H I 'il·.R'i Ml'\I \,\P MRR RH I .\M\.\M ·N, ~'.',I l)RMT ',I( Ii!~ hbru.u, 28 JW7 
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3.0 RECLAMATION PLAN 

This section provides an overvie\\ of the mill location and prnoeny; details the facilities to be 

reclaimed; anc describes the design criteria applied in this reclamation plan. Reclamation Pla'ls and 

Specifo..:atiuns are presented in Attachment A. Attachment B presents the 4uality plan for 

constrw.:tion adivities. Attachment C presents cost estimates for reclamation. 

3. I ~ation and Propeny Description 

rhe White Mesa \1ill is located six miles south of Blanding. Utah on L;s Highway 191 on a parcel 

of land encompassing all or part of Sections 21. 22, 27, 28. 29. 32. and 33 of T37S. R22E. and 

Sections 4. 5. 6. 8. 9. and 16 of T38S. R22E. Salt Lake 9ase and Meridian described as follows 

• (Fig.ureJ.1-1) 

• 

lhe south half of Section 21: the southeast quarter of the southeast quarter of Section 

22: the nonhwest quarter of the northwest quarter and lots I and 4 of Section 27 all 

that part of the southwest quarter of the northwest quarter and the northwest quarter 

southwest quarter of Section 27 lying west of Utah State Highway 163; the northeast 

4uarter of the northwest quarter, the south haJf of the northwest quarter. the northeast 

4uarter and the south half of Section 28; the southeast quarter of the southeast quarter 

llf Section ~9. the east half of Section 31 and all of Section 33, Township 37 South, 

Range 2~ East Salt Lake Base and Meridian. Lots l through 4, inclusive. the south 

half of the north haJt: the southwest quarter. the west half of the southeast quarter, the 

west half of the east half of the southeast quarter and the west haff of the east half of 

the east half of the southeast quarter of Section 4; Lots I through 4, inclusive. the 

south half of the north half and the south half of Section 5 (at)); Lots I and 2, the 

ti l'', .. R", ~UM\\P'MRR RH I .·\MWM%F.,H.DRAFTSFCTOJ RPTFcbruary 28. 1997 



• 

• 

P' .. , age_, __ 

Revision 1.0 
Energy Fuels Nuclear. Inc. 

White Mesa Mill Reclamation Plan 

south half of the northeast quarter and the south half of Section 6 (El/:!): the 

northeast quarter of Section 8: all of Section 9 and all of Section 16. To\\nship 38 

South. Range ::!::! East. Salt Lake Base and Meridian. Containing approximately 

4.87 l acres . 

• II l SERS MfM.,WP'MRR·RlTI .·\~tWM 96,FNLDRAFTSH'TOJ RPT Fcbrulll) :?8. 1qq7 
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See figure 3.2-1 for a general layout of the mill yard and related facilities and the restricted area 

b-\1undJry. 

3.~. I Summary of Facilities to he Reclaimed 

The facilities to be reclaimed include the following: 

• Cdl I (evaporative). Cells 2 and 3 (tailings) and Ceil 4A (solutions only). 

• Mill buildings and equipment. 

• On-site contaminated areas . 

• Off-site contaminated areas (i.e .. potential areas affected by windblown tailings). 

The reclamation of the above facilities will include the following: 

• Placement of materials and debris from mill decommissioning in tailings Cells 2 and 3. 

• Placement of contaminated soils. crystals, and synthetic liner material from Cell I in 

tailings Cells 2 and 3. 

• Placement of ... ontaminated soils. crystals and synthetic liner material from Cell 4A in 

tailings Cells 2 and 3. 

• Placement of an engineered multi-layer cover on Cells 2 and 3. 

• Construction of runoff control and diversion channels as necessary. 

• Reconditioning of mill and ancillary areas. 

• Reclamation of borrow sources. 

• II I 'Sl::RS1MFM\WP1MRR1RECI.AMWM 96\FNLDRAFT,SECfUJ RPr.Jcbruary 28. 1997 
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lbe following subsections describe the cover design and reclamation procedures for Cells 11. 2. 3. 

and 4A. Complete engineering details and text are presented in the Tailings Cover Design repon. 

Appendix D. 

J.2.2.1 Soil (\ner Design 

A six-foot thick soil lll\ er ti.)r the urani.um tailings in Cell 2 and Cell 3 was designed using on-site 

materials that will ~untain tailings and radon emissions in compliance with regulations of the L;nited 

States Nuclear Regulatory Commission ("NRC") and by reference. the Environmental Protection 

Agency (''EPA"). The cover consists of a one-foot thick layer of clay. available from within the site 

• houndari~s (Section 16). below two feet of random fill. available from stockpiles on site. The clay 

is underlain by three feet (minimum) random fill soil. also available on site. In addition to the soil 

cover. a minimum three inch (on the cover top) to 12-inch (on the cover slopes) layer of riprap 

material will he placed over the compacted random fill to stabilize slopes and provide long-term 

erosion resistance. 

l "ranium tailings soil cover design requirements for regulatory compliance include: 

• Attenuate radon flux to an acceptable level (20 picoCuries-per meter squared-per second 

[pCiim~,'sec]) (NRC. I 989); 

• Minimize infiltration into the reclaimed tailings cells; 

" Maintain a design life of up to 1.000 years or to the extent reasonably achievable, and in any 

case for at least 200 years: and 

• Provide long-term slope stability and geomorphic durability to withstand erosional forces of 

• H I SIRS.Mf-11,f'.WP'MRR,Rf.ll.AMWM 9o,fNl.DRAFTSfCT03 RPTFcbruary 21!. IW7 
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wind. the probable maximum flood event. and a horizontal ground acceleration of 0.1 g due 

to seismic C\ ents. 

Several models/an.!lyses were utilized in simulating the soil cover effectiveness: radon tlux 

attenu..1tion. hydrologic evaluation of infiltration. freeze/thaw effects, soil cover erosion protection, 

and static anJ pseudostatic slope stability analyses. These analyses and results are discussed in detail 

in Sections 3.3.1 through 3.3.5. and calculations are also sho\\11 in the Tailings Cover Design report, 

Appendix D. The soil cover (from top to the bottom) will consist of: ( l) minimum of three inches 

of riprap material: ( 2) two feet of compacted random fill; (3) one foot of compacted clay; and ( 4) 

minimum three feet of compacted random fill soil. 

The final grading plan is presented in Section 5. hgure 5.1-1. As indicated on the figures, the top 

• slope of the soil cover will be constructed at 0.2 percent and the side slopes, as well as transitional 

areas betv.een cells. will be graded to five horizontal to one vertical (5H: IV). 

A minimum of three fret random till is located beneath the compacted fill and clay layers (see cross­

:.,;ections on Figures 5.1-2 and 5.1-J). The purpose of the fill is to raise the base of the cover to the 

desired subgrade elevation. In many areas, the required fill thickness will be much greater. 

However. the models and analyses presented in the Tailings Cover Design report (Appendix D) were 

performed con~rvatively, assuming only a three-foot layer. For modeling purposes, this lower, 

random till layer was considered as part of the soil cover for performing the radon flux attenuation 

,akulation. as it etlectively contributes to the reduction ofradon emissions (see Section 3.J. l ). The 

!ill was also evaluated in the slope stability analysis (see Section 3.3.6). However. it is not defined 

as part of the soil cover for other design calculations (infiltration, freeze/thaw, and cover erosion). 
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Cell 1-1. used solely for evaporation of process liquids. is the northernmost existing cell and is 

located immediately west of the mill. It is also the highest cell in elevation. as the natural 

topography slopes 10 the south. The drainage an:a above and including the cell is 216 acres. This 

includes drainage from the mill site. 

Cdl 1-1 will be evaporated to dryness. The synthetic liner and raffinate crystals will then be 

removed and placed in the tailings cells. Any contaminated soils below the liner will be removed 

and also placed in the tailings cells. Based on current regulatory criteria, the current plan calls for 

excavation of the residual radioactive materi.1L; to be desi~ned to ensure that the concentration of 

ra<lium-226 in land averaged over any area of 100 square meters does not exceed the background 

• level by more than: 

• 5 pl'i.'g. averaged over the first 15 cm of soil below the surface. and 

• 15 pCi.'g, averaged over a 15 cm thick layer of soil more than 15 cm below the surface. 

Cdl 1-l \\ill then be breached and converted to a sedimentation basin. All runoff from the mill area 

and immediately north of the cell will be routed into the sedimentation basin and will discharge onto 

the natural ground via the thannel located at the southwest comer of the basin. The channel is 

designed to accommodate the PMF flood. 

The HEC-1 model was used to determine the PMF and route the tlood through the sedimentation 

basin. The peak flow was determined to be 1,987 cubic feet per second (cfs). A 100-foot wide 

channel will discharge the flow to the natural drai1tage. During the local storm PMF event, the 

maximum discharge through the channel will he 746 cfs. The entire tlood volume will pas~ through 

• II ,I :stRS'!\.fFM' WP MRR' RH IAMWM 96,FNLDRAFTSf(.' f0.1 RPTFebrull) 28. 11197 
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:\t peak flow. the velocit) in the discharge channel will be J.5 foet per second (fps). The maximum 

flow depth will be 2.2 feet. Twenty-f0ur inches of riprap having a nominal (u,11 ) size of 12 inches 

will be placed on the bottom and up the sides of the channel. A free board depth of 0.5 feet will be 

maintained for the P\1P event. 

3 . .2.2.3 Cell 2 

Cell 2 will be filled with tailings and covered with a multi-layered engineered cover to a minimum 

cover thickness of six teet. The final cover will drain to the south at a 0.2 percent gradient. 

• The cover will consist of a minimum of three feet of random fill, followed by a clay radon b..uTier 

of one foot in thickness. and two feet of upper random fill for protection of the radon barrier. A 

minimum of three inches of rock will be utilized as armor lgainst erosion. Side slopes will be 

graded to a 5: I slope and will have one foot of rock armor protection. 

3.2.2.4 Cell 3 

Cell 3 will be filled with tailings. debris and contaminated soils and covered with the same multi­

layered engineered cover as Cell 2. 

3.2.2.5 Cell 4A 

Cell 4A will be evaporated to dryness and the crystals. synthetic liner and any contaminated soils 

placed in tailings. Non-contaminated materials in cell 4A dikes will be used to reduce the southern 

• II l'SFRS·MFMWP'MRR'Rfl'l :\,\1W\.19ld'NLORAFT-SECT03 RPl'Fcbruary 28. 1997 
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A general layout of the mill area is shown in Figure 3.2.3-1. 

3.2.3.1 Mill Building and Equipment 
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The uranium and vanadium sections. including ore reclaim. grinding. pre-leach. leach. CCD. SX. 

and precipitation and drying circllits will be decommissioned as follows: 

All eyuipment including instrumentation. process piping. electrical control and switchgear, and 

• contaminated structures will be removed. Contaminated concrete foundations will be demolished 

and removed or covered with soil as required. Uncontaminated equipmem. structures and waste 

materials from mill decommissioning may be disposed of by sale, transferred to other company­

o\\ned facilities. transferred to an appropriate off-site solid waste site. or disposed of in one of the 

tailings cells. C'nntaminated equipment, structures and waste materials from mill decommissioning, 

contaminated soils underlying the mill areas. and ancillary contaminated materials will be disposed 

of in tailings cells. 

Debris and scrap will have a maximum dimension of 20 feet and a maximum volume of 30 cubic 

feet. Material exceeding these limits will be reduced to within the acceptable limits by breaking. 

cutting or other approved methods. Empty dri 1ms, tanks or other objects having a hollow volume 

greater than five cubic feet will be reduced in volume by at least 70 percent. If volume reduction 

is not feasible. openings shall be made in the object to allow soils or other approved material to enter 

the object. 

• ll l.'SERS\MFM'WP ,,!RR'RfCLAMWM Qt,,F!'-.l.DRAFf\SECTOJ RPT\fcbruary 28. 1997 
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Debris and scrap will be spread across the designated areas to avoid nesting and to reduce the 

volume ohoi<ls present in the placed mass. Stockpiled soils. and 'or orher approved material shall 

be placed over and into the scrap in sutlicient amounts to fi l' the voids between the large pieces and 

the volume within the hollow pieces to fonn a coherent mass . 

• fl ',l!SERW,1FM\WP'MRR1RECLAMWM Q6\FNLDRAFTSECT03 RPT'Fcbruary 28. 1997 
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Contc.1minated areas on the mill site will he primarily superficial and includes the ore storage area 

and surface contamination of some roads. All ore will have been previously removed from the ore 

stockpile area. Ali contaminated materials ,viii he excavated and be disposed in one of the tailings 

cells. The depth of excavation will vary depending on the extent of contamination and ,., ill he 

governed by the criteria in Section 4.3.2.1. 

Windblo\\-n material is defined as mill-derived contaminants dispersed by wind to surrounding areas. 

Windblown contaminated material detected by a gamma survey using the criteria in Section 4.3 .2.1 

will be excavated and disposed in one of the tailings cells. 

• Disturbed areas will be covered, graded and vegetated as required. The proposed grading plan for 

the mill site and ancillary areas is shown on Figure A-3.2-1 in Attachment A. 

3.3 Desiio Critaul 

The design criteria swnmaries in this section are adapted from Tailinas Cover Desian, Wbite Mesa 

Mill (Titan. 1996). A copy of the Tailings Cover Design report is included as Appendix D. It 

~ontains all of t~e calculations used in design discussed in this section. 

3.3.1 Ri:gulatory Criteria 

lnformati\,ii ._·11ntained in 10 CFR Part 20. Appendix A. 10 CFR Part 40, and 40 CFR Part 192 was 

used as criteria in final designs under this reclamation plan. In addition, the following documents 

also provid1:d guidance: 

• H l \I RS,Mf'!\.1' WP' MRR RH'l 4.MWM 96\FNLDRAfT\SECTOJ RPT'.Februlll')' 28. 1997 



• 

• 

• 

Page 3-14 
Revision 1.0 

Energy Fuels Nuclear. Inc. 
White Mesa Mill Reclamation Plan 

Environmental Protection Agency (EPA). 1994, "The Hydrologic Evaluation of Landfill 

Performance (HELP) Model, Version 3." EPN600/R-94/168b, September. 

• Nuclear Regulatory Commission (NRC), 1989. "Regulatory Guide 3.64 (Task WM-503-4) 

Calculation of Radon Flux Attenuation by Earthen Uranium Mill Tailings Covers," March. 

• NRC. 1980. "Final Staff Technical Position Design of Erosion Protection Covers for 

Stabilization of Uranium Mill Tailings Sites." August. 

• NUREG/CR-4620, Nelson. J. D .. Abt, S. ~-,et.al.. 1986, "Methodologies far Evaluating 

Long-Term Stabilization Designs of Uranium Mill Tailings Impoundments," June. 

• NUREGICR-4651, 1987, "Development of Riprap Design Criteria by Riprap Testing in 

Flumes: Phase 1," May. 

• U.S. Department of Energy. 1988. "Effect of Freezing and Thawing on UMTRA Covers," 

Albuquerque. New Mexico, October . 

3.3.2 Radon Flux Attenuation 

The Environm-.·ntal Protection Agency (EPA) rules in 40 Code of Federal Regulation (CFR) Part 192 

require that a "uranium tailings cover be designed to produce reasonable assurance that the radon-

222 release rate would not exceed 20 pCi/m2/sec for a period of 1,000 years to the extent reasonably 

achievable and in any case for at least 200 years when averaged over the disposal area over at least 

a one year period" (NRC, 1989). NRC regulations presented in IO CFR Part 40 also restrict radon 

tlux to less than 20 pCi/m2/sec. The following sections present the analyses and design for a soil 

cover which meets this requirement. 

3.3.2.1 Predictive Analysis 

The soil cover for the tailings cells at White Mesa Mill was evaluated for attenuation of radon gas 

• II •USFRS1MfM\WP\MRk1RECLAMWM Qn\FNLDRAfT\SECTOJ RPT\fcbruary 28, 1997 
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using the digital computer program. RADON. presented in the NRC's Regulatory Guide 3.64 (Task 

WM 503-4) entitled "Calculation of Radon Flux Attenuation by Earthen Uranium Mill Tailings 

Covers." The RADON model calculates radon-222 flux attenuation by multi-layered earthen 

uranium mill tailings covers. and determines the minimum cover thickness required to meet NRC 

and EPA standards. The RADON model uses the following soil properties in the calculation 

process: 

• Soil layer thkkness [centimeters (cm)); 

• Soil porosity (percent): 

• Density [grams-per-cubic centimeter ( gm/cm3* 
• Weight percent moisture (percent); 

• Radium activity (piC/g ); 

• Radon emanation coefficient (unitless): and 

• Diffusion coefficient [ square centimeters-per-second ( cm2/sec) J. 

Physical and radiological properties for tailings and random fill were analyzed by Chen and 

Associates (1987) and Rogers and Associates (1988). Clay physical data from Section 16 was 

analyzed by Advanced Terra Testing ( 1996) and Rogers and Associates (1996). See Appendix D 

for laboratory test data results. 

The RADON model was performed for the following cover section (from top to bottom): 

• two feet compacted random fill; 

• one foot compacted clay; and 

• a minimum of three feet random fill occupying the freeboard space between the tailings 

and clay layer. 

• U USERS'MfM\WP'-MRRRECl.AMWM 96\FNLDRAFl'SECTOJ RPr,February 28, 1997 
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The top one foot of the lower random r" <')av layer and two foot upper random fill are compacted 

to 95 percent maximum dry density. TI- · ·r riprap layer was not included as part of the soil cover 

for the radon attenuation calculation. 

The results of the RADON modeling exercise show that the uranium tailings , over configuration 

will attenuate radon flux emanating from the tailings to a level of 17.6 pCi/m~/sec. This number was 

conservatively calculated :i~ it takes into account the freeze/thaw effect on the uppermost part (6.8 

inches) of the cover (Section 3.3.4). The soil ~over and tailing parameters used to run the RADON 

model. in addition to the RADON input and output data files, are presented in Appendix D as part 

of the Radon Calculation brief (See Appendix B in the T iil;ngs Cover Design report, included 

herewith in its entirety '1!> Appendix D). Based on the model results, the soil cover design of six-foot 

thickness wi 11 meet the requirements of 40 CFR Part 192 and l O CFR Part 40 . 

3.3.2 . .:! Empirical Data 

Radon g~" flux measurements have been made at the White Mesa Mill tailings piles over Cells 2 and 

1 ( see Appendix D ). Currently these cells are partially covered with three to four feet of random fill. 

Radon flux measurements. averaged over the covered areas. were as follows (EFN. 1996): 

Cell 2 

Cell 3 

7.7 pCii:1:' sec 

7.5 pCi/m~/sec 

6.1 pCi/m:!/sec 

11. l pCi/m2/sec 

Empirical data suggest that the random fill cover. alone, is currently providing an effective barrier 

to radon flux. Thus, the proposed tailings cover configuration, which is thicker, moisture adjusted, 

contains a clay layer, and is compacted, is expected to attenuate the radon flux to a level below that 

• H \t_lSl:RS\MFM\WP\MRR\RECIAMWM 961FNLDRAFT',SECT03 RPl'.february 28, 1997 
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predicted by the lt.\DO:'\ model. The field radon flu.\ measurements confirm the conservatism o:· 

the cover design. This conscr\atism is useful, however. to guarantee compliance with NRC 

regulations under long term climatic conditions over the required design life of 200 to 1.000 years. 

3.3.3 Infiltration Anal)sis 

The tailings ponds at \\ bite Mesa Mill are lined with synthetic geomembrane liners which under 

certain climatic conditions. could potentially lead to the long-term accumulation of water from 

infiltration of precipitation. Thuefore. the soil cover was evaluated to estimate the potential 

magnitude uf infiltration into the capped tailings ponds. Tiie Hydrologic Evaluation of Landfill 

Performance f HELP) model. Version 3.0 (EPA. 1994) was used for the analysis. HELP is a quasi 

two-dimensional hydrologic model of water movement across. into. through. and out of capped and 

• lined impoundments. The model utilizes weather. soil, and engineering design data as input to the 

model. to account for the effects of surface storage. snowmelt, run-off, infiltration, 

evapotranspiration. vegetative gro"1h. soil moisture storage, lateral subsurface drainage. and 

unsaturated vertical drainage on the specific design, at the specified location. 

The soil cover was e\·aluated based on a two-foot compacted random fill layer over a one-foot thick, 

compacted clay layer. The soil cover layers were modeled based on material placement at a 

minimum of 95 percent of the maximum dry density, and within two percent of the optimum 

moisture content per American Society for Testing and Materials (ASTM) requirements. The top 

riprap layer and the bottom random fill layer were not included as part of the soil cover for 

infiltration calculations. These two layers are not playing any role in controlling the infiltration 

through the cover material. 

The random fill will consist of clayey sands and silts with random amounts of gravel and rock-size 

• H L~fllS MFM' \\ P' MU RECl.AM\Of 96.fNLDRAFT SECT03 RPT Fcbruat} 28. 1997 
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materials. The a\cragc hydraulic conductivity of several samples of random fill was calculated. 

based on laboratory tests. to be 8.87 x 10·1 cm/sec. The hydraulic conductivity of the clay source 

from Section 16 was measured in the laboratory to be 3. 7 x I 0·1 cm/sec. Geotechnical soil properties 

and laboratory data are presented in Appendix D. 

Key HELP model input parameters include: 

• Blanding, Utah. monthly temperature and precipitation data. and HELP model default solar 

radiati~. and evapotranspiration data from Grand Junction. Colorado. Grand Junction is 

located northeast of Blanding in similar climate and elevation; 

• 

• 

Soil cover configuration identifying the number of layers. layer types. layer thickness, and 

the total covered surface area; 

lndi vi dual layer material characteristics identifying saturated hydraulic conductivity, 

porosity. wilting point. field capacity, and percent moisture; and 

• Soil Consenation Service runoff curve numbers, evaporative zone depth. maximum leaf area 

index. and anticipated vegetation quality. 

Water balance results. as calculated by the HELP model, indicate that precipitation would either run­

off the soil cover or be evaporated. Thus, model simulations predict zero infiltration of surface water 

through the soil cover, as designed. These model results are conservative and take into account the 

free7.e/thaw effects on the uppermost part ( 6.8 inches) of the cover ( See Section l . 3 of the Tailings 

Cover Design report. Appendix D). The HELP model input and output for the tailings soil cover are 

presented in the HELP Model calculation brief included in Appendix D. 

• H l:1,ERSMF\f.WPMRR Rl:CLAM~M 9fr~LDRAFTSECT03 RPTFcbruary 28, 1997 
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The tailings soil cover of one foot of compacted clay co\'ered by two feet of random fill was 

e\·aluated for freeze 1thaw impacts. Repeated freeze/thaw cycles have been shown to increase the 

bulk soil permeability by breaking down the compacted soil structure. 

The soil cover was evaluated for freeze/thaw effects using the modified Berggren equation as 

presented in Aitken :..1, 1 Berg ( 1968) and recommended by the NRC (U.S. Department of Energy, 

1988). This evaluation was based on the properties of the random fill and clay soil, and 

meteorologiral data from both Banding, Utah and Grand Junction, Colorado. 

The results of the freeze/thaw evaluation indicate that the anticipated maximum depth of frost 

• penetration on the soil cover would be less than 6.8 inches. Since the random fill layer is two feet 

thick, the frost depth would be confined to this layer and would not penetrate into the underlying 

clay layer. The performance of the soil cover to attenuate radon gas flux below the prescribed 

standards. and to prevent surface water infiltration. would not be compromised. The input data and 

results of the freeze/thaw evaluation are presented in the Effects of Freezing on Tailings Covers 

Calculation brief included as Appendix E in the Tailings Cover Design report. which is included 

herewith as Appendix D. 

3.3.5 Soil Cover Erosion Protection 

A riprap layer was designed for erosion protection of the tailings soil cover. According to NRC 

guidance. the design must be adequate to protect the soil/tailings against exposure and erosion for 

200 to 1.000 years (NRC 1990). Currently, there is no standard industry practice for stabilizing 

tailings for 1.000 years. However. by treating the embankment slopes as wide channels, the 

• H USERS',MFM\WP',MRR,RfCLAMWM 96\fNLDRAITSECTO..i RPT\fcbruary 28, 1997 
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hydraulic design principles and practices associated with channel design were used to design stable 

slopes that will not erode. Thus. a conservative design based on NRC guidelines was developed. 

Engineering details and calculations are summarized in the Erosion Protection Calculation brief 

provided in Appendix F in the Tailings Cover Design report, which is included herewith as 

Appendix 0. 

Riprap cover specifications for the top and side slopes were determined separately as the side slopes 

are much steeper than the slope of the top uf fr~~ cover. The size and thickness of the riprap on the 

top of the cover was calculated using the Safety Factor Method (NUREG/CR-4651, 1987). while the 

Stephenson Method (NUREG/CR-4651. 1987) was used for the side slopes. These methodologies 

were chosen based on NRC recommendations ( 1990). 

• By the Safety Factor Method. riprap dimensions for the top slope were calculated in order to achieve 

a slope "safety factor" of 1.1. For the top of the soil cover. with a slope of 0.2 percent, the Safety 

Factor Method indicated a median diameter (D50 ) riprap of 0.28 inches is required to stabilize the top 

slope. However. this dimension must be modified based on the long-term durability of the specific 

rock type to be used in construction. The suitability of rock to be used as a protective cover must 

be assessed by laboratory tests to determine the physical characteristics of the rocks. The sandstones 

from the contluence of Westwater and Cottonwood Canyons require an oversizing factor of 25 

percent. Therefore. riprap created from this sandstone source should have a 0~0 size of at least 0.34 

inches and should have an overall layer thickness of at least three inches on the top of the cover. 

Riprap dimensions for the side slopes were calculated using Stephenson Method equations. The side 

slopes of the cover are designed at SH: IV. At this slope, Stephenson's Method indicated the 

unmodified riprap D50 of 3.24 inches is required. Again, assuming that the on-site sandstone will 

be used, the modified 0 50 size of the riprap should be at least 4.05 inches with an overall layer 

• U ·LSF.RS\.MFl\fWP'·MRR'RfCl.\MWM 96·f~LDRAFT.SECT03 RPTF.:brua,; 28. 19Q7 
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The potential of erosion damage due to overland flow. sheetflow. and channel scouring on the top 

anJ side slopes of the cover. including the riprap layer, has been evaluated. Overland flow 

calculations were perfonned using site meteorological data. cap design specifications. and guidelines 

set by the NRC (NUREG:CR-4620, 1986). These calculations are included in Appendix F of the 

Tailings Cover Design report. According to the guidelines, overland flow velocity estimates are to 

be compared to "permissible velocities," which ha,. -: been suggested by the NRC, to determine the 

potential fi.)r erosion damage. \Vhen calculated, overland flow velocity estimates exceed permissible 

velocities, additional cover protection should be c<'-:-idered. The per:nissible velocity for the tailings 

cover (including the riprap layer) is 5.0 to 6.0 fe'- per-second (ft./sec.) (NUREG/CR-4620). The 

overland tlow velocity cakulated for the top of the co"er is less than 2.0 ft./sec .. and the calculated 

• velocity on the side slopes is 4.9 ft./sec. Therefore, the erosion potential of the slopes, due to 

overland tlowichannel scouring. is within acceptable limits and no additional erosion protection is 

required. 

J.J.6 Slope Stability Analysis 

Static and pseudostatic analyses were performed to establish the stability of the side slopes of the 

tailings soil cover. The side slopes are designed at an angle of 5H: IV. Because the side slope along 

the southern section of Cell 4A is the longest and the ground elevation drops rapidly at its base. this 

slope was determined to be critical and is thus the focus of the stability analyses. 

The computer software package GSLOPE. developed by MITRE Software Corporation, has been 

used for these analyses to determine the potential for slope failure. GSLOPE applies Bishop's 

Method of slices to identify thf• critical failure surface and calculate a factor of safety (FOS). The 

• B ,L,SERS1MFM\WP'MR.R,RH'LAMWM 96\fNLDRAFT.SE<.:TOJ RPT\Fcbnally 21. 1997 
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slope geometry and properties of the construction materials and bedrock are input into the model. 

f"hese data and drawings are included in the Stability Analysis of Side Slopes Calculation brief 

included in Appendix G of the Tailings Cover Design report. For this analysis, competent bedrock 

is designated at lO feet below the lowest point of the foundation [i.e., at a 5,540-foot elevation above 

mean sea level (msl)J. This is a conservative estimate. based on the borehole logs supplied by Chen 

and Associates ( 1979). which indicate bedrock near the surface. 

3.3.6.1 Static Analysis 

For the static analysis, a Factor of Safety ("FOS") of 1.5 or more was used to indicate an acceptable 

level of stability. The calculated FOS is 2.91, which indicates that the slope should be stable under 

static conditions. Results of the computer model simulations are included in Appendix G of the 

• Tailings Cover Design report. 

3.3.6.2 Pseudostatic Analysis (Seismicity) 

The slope stability analysis described above was repeated under pseudostatic conditions in order to 

estimate a FOS for the slope when a horizontal ground acceleration of 0. t Og is applied. The slope 

geometry and material properties used in this analysis are identical to those used in the stability 

analysis. A FOS of 1.0 or more was used to indicate an acceptable level of str.bility under 

pseudostatic conditions. The calculated FOS is 1.903, which indicates that the slope should be stable 

under dynamic conditions. Details of the analysis and the simulation results are included in 

Appendix G of the Tailings Cover Design report. 

In June of 1994, Lawrence Livermore National Laboratory ("LLNL") published a report entitled 

Seismic Hazard &lalysis of Title II Reclamation Plans, (Lawrence Livermore National Laboratory. 

• U l.'StRS MFi\,f\\H)\.MRR,Rf.tLA\!WM %•.fNl.DRAFTSE:CTOJ RPTFebruar,- 28. llN7 



• 
Page 3-23 

Revision 1.0 
Energy Fuels Nuclear, Inc. 

White Mesa Mill Reclamation Plan 

1994 I which included a section on seismic activity in southern Utah. In the LLNL report. a 

horizontal ground accderation of 0.12g was proposed for the White Mesa site. The evaluations 

made by LLNL were conservative to account for tectonically active regions that exist. for example. 

near Moab. Litah. Although. the LLNL report states that " ... [Blanding) is located in a region known 

for its scarcity of recorded seismic events." the stability of the cap design slopes using the LLNL 

factor was evaluated. The results of a sensitivity analysis reveal that when considering a horizontal 

ground acceleration of 0.12g. the calculated FOS is I. 778 which is still above the required value of 

1.0. indicating adequate safety under pseudostatic conditions. This analysis is also included in 

Appendix G of the Tailings Cover Design report. 

3.3.7 Ct>ver MateriaL'Cover Material Volumes 

• Construction materials for reclamation will be obtained from on-site locations. Fill material will be 

available from the stockpiles that were generated from excavation of the cells for the tailings facility. 

If required. additional materiaJs are available locally to the west of the site. A clay material source. 

identified in Section 16 at the southern end of the White Mesa Mill site. will be used to construct the 

one-foot compacted clay layer. Riprap material will be produced from on-site sandstone. 

Detailed material quantities calculations are provided in Attachment C. Cost Estimates for 

Reclamation of White Mesa Mill Facilities. as part of the volume and costing exercise. 

• II ,l:SfRS·MfM'-WP'MRR·RfClAMWM 96,FNLDR.'\Fl'Sf.CTOJ RPT,february 28. 19Q7 
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I'hc 'SJ)C'-7tfo.:ations presented tn this se..:tion i.:on:r the redamation of the White \ksa ~1ill t'i11..:ilities. 

~ o CU I 1-1 Rl·CL\\lA r!ON 

rhe rcdamauon of Cd! 1-1 .. onsists 1.>f evaporating the cell to dryness. remov;ng ratlinate Cf) stals. 

s~ nthctic lina anJ ,m~ contaminated soils. A sedimentation l,asin will then be i.:onstructed and a 

drarnage ,hannci pro\ ided . 

, ., 

2 2.1 Raffinate Cr)stats 

RaHinatc c~ stals will be rcmO\ ::d from Cell l -1 and transported to the tailings cell:., It is anticipated 

that the i.:l;, stab\\ ill have a ~un~istency similar to a granular material \.\hen brought to the cells. with 

large: i.:r~ stal massc'i ht:rng broken down for mmspon. Placement of the Cr) stals will be perfonned 

as a granular till. \ .. 1th care hei.,g taken to avoid nesting 1lf large s1z.ed materi ti Void~ around large 

material will be tilled v.tth finer mattriaJ or ihe ay'ital mass brokt!n down b) the placing c'-luipment 

Actual pl.1cement procedure'i will be evaluated b) the Qt' offo.:er during construction a-. cry·,tal 

materials arc brought and placed in the ceJis. 
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rht' PVC liner will he cut up. folded I \\·hen necessary), removed from Cell 1-1. and transported to 

the tailings cells. rhe liner material will be spread as flat as practical over the designated area. After 

plm.:cn,ent. the liner \\ i II be covered as soon a-. possible with at least one foot of soil. crystals or other 

materials for protectwn against wiml as approved b} the f)C officer. 

2.2.J t ·ontaminated Soils 

TJ1e extent ot contamination of the mill site \\ ill be detennined by a scintillometer survey. If 

necessa11. a correlation between scimillometer readings and C-nat/Radium-226 concentrations will 

be dewloped. Scintillometer readings can then be used to ddine cleanup areas and to monitor the 

• cleanup. Soil samnlmg will he conducted to confinn that the cleanup results in a concentration of 

Radium- ~26 averaged over any area \)f l 00 s4uare meters that does not exceed the background level 

b~ more than: 

5 pl' i g averaged 1.n er the first 15 cm of soils below the surface. and 

15 pC i. g averaged over a 15 cm thkk layer of soils more than 15 cm below the surface 

\\, nere sul'\ eys indi,ate the above criteria have not been achieved. the soil will be removed to meet 

the criteria. Soil removed from Cell 1-1 ""ill he excavated and transponed to the tailings cells. 

Placement and compadion will be in accordan~e with Section 4.0 of these Pl'lns and Specifications. 
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Cell 1-1 will then be hreached and constructed as a sedimentation basin. All runoff from the mill 

area and immediately north of the cell will be routed into the sedimentation basin and will discharge 

onto the natural ground , ia the channel located at the southwest comer of the basin. The channel 

is designed to accummoJatc the PMF tlood. 

A sedimentation basin" ill he constructed in Cell l-1 as shO\.\'tl in Figure A2.2.4-l. Grading will be 

perfonned to promote drainage and proper functioning of the basin. The drainage channel out of the 

sedimentation basin will be constructed to the lines and grades as sho\\.n . 

• I ,1-R, \11-M \\ P' \tRR RH l \\1\A, \t 9n F,t llR:\F I' A fl<\ h:bruar. 28. l'N., 
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rhe following subsections detail decommissioning plans for the mill buildings and equipment: the 

mill site; and windblown contamination. 

3.1 ~ 

The uranium and vanadium processing areas of the mill. including all equipment. structures and 

"upport fadities. will he decommissioned and disposed of in tailini;s or buried on site as 

appropriate. All equipment. including tankage and piping. agitation equipment. process control 

instrumentation and switchgear. and contaminated structures will be cut up. removed and buried in 

tailings prior to final cover placement. Concrete structures and foundations will bf: demolished and 

• removed or covered \\ith soil as appropriate. These decommissioned areas would include. but not 

be limited to the folluwing: 

• 

• Coarse ore oin and associated equipment. conveyors and structures. 

• Grind circuit including semi-autogeneous grind (SAG) mill. screens. pumps and 

cyclones. 

• The three preleach tanks to the east of the mill building, including all tankage. 

agitation equipment. pumps and piping. 

• The seven leach tanks inside the main mill building. including all agitation 

equipment. pumps and piping. 

• The counter-current decantation (CCD) circuit including all thickener~ and 

equipment. pumps and piping. 

• l 'ranium precipitation circuit. including all thickeners. pumps and p:ping . 

I \I' R\ \IHI\\ P \IRR RH I .\ \1 \\ ,1 w. F"-1 DR . .\IT ,.\ rl ,\ h:Druan 211. I W7 
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The t\\ o ~ dlow cake dryers and all mechanical and electrical support equipment . 

induJing uranium packaging equipment. 

• !"he dariticrs tn the west of the mill building including the prelcach thickener ( PLT) 

and l' \aricone. 

• The boiler and all ancillu,) equipment and buildings. 

• f"he entire \'anadium precipitation, drying and fusion circuit. 

• All external tank.age not included in the pre\'ious list including reagent tanks for the 

storage of acid. ammonia. kerosene. water. dry chemicals. etc. and the \'anadium 

oxidation circuit 

• The uranium and vanadium solvent extraction ( SX) circuit including all SX and 

reagent tankage. mixers and settlers. pumps and piping. 

• The SX building . 

• The mill building . 

• The office building . 

• The shop an<l \\arehouse building . 

• The sample plant building . 

The ~quence of demolition would proceed so as to allow the maximum use of support areas of the 

facility such as the otlice and shop areas. It is anticipated that all major structures and large 

equirment will be demolished with the u.::ie of hydraulic shears. These will speed the process. 

pro\'idc proper sizing of the materials to be placed m tailings. and reduce exposure to radi'.!tion and 

nther satet) hazards during the demohtion. Any uncontaminated or decontaminated equipment tL) 

be rnnsidered Lr salvage will be relea54!d in accordance with the terms of License Condition 14. 

As with •he equipment for disposal. any ~- >ntaminated soils from the mill area will be disposed of 

in the tailings facilities in accordance with Section 4.0 of the Specifications. 
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Contaminated areas on the mill site will be primarily superficial and include the ore storage area and 

surface contamination of some roads. All ore will have been previously removed from the ore 

~tockpile area. All contaminated materials "ill be excavated and be disposed in one of the tailings 

1.:ells in a1.:wrdance \-\ith Section 4.0 of these Plans and Specifications. The depth of excavation will 

\af) depending on the extent of contamina:ion and will be based on the criteria in Section 2.2.3 of 

these Plans and Specifications. 

:\II ancillary contaminated materials including pipelines will be removed and will be disposed of by 

disposal in the tailing cells in accordance with Section 4.0 of these Plans and Specifications. 

• Disturbed areas will be ~O\ered. graded and vegetated as required. The proposed grading plan for 

the mill site and ancillary areas is shov.n on Figure 3.2-1. 

).) \\Jndhlown Contamination 

Windblown contamination is defined as mill derived contaminants dispersed by the wind to 

surrounding areas. The potential areas affected by windblown contamination will be surveyed using 

scintillometers taking into account historical operational data ftom the Semi-annual Effluent Reports 

( Appendix A) and other guidance such as prevailing wind direction and historical background data. 

• I ,~ R, Mt M \\ P' MMR RH I A\1W'\.t % .fl\il DRAf· r :\ I I ·\ h:brulll) 28 I <N7 
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The necessity for remedial actions will be based upon an evaluation prepared by EFN. and approved 

by the NRC, nf the potential health hazard presented by any windblown materials identified. The 

assessment will be based upon analysis of all pertinent radiometric and past land use information and 

will consider the feasibility. 1.:ost-effocti,cness. and environmental impact of the proposed remedial 

acti\ities and final land use. All methods utilized "iU be consistent with the guidance contained in 

Nl'REG-5849: "Manual for Conducting Radiological Surveys in Support of License Termination." 

3.3.:! General Methodology 

The facility cun•.ntly monitors soils for the presence of Ra-226, such results being presented in the 

• second semi-annual effluent report for each year. Guideline values for these two materials will be 

Jetermined and will form the basis for the cleanup of the White Mesa Mill site and surrounding 

areas. For purposes of determining possible windblo\\n contamination. areas used for processing 

of uranium ores as well as the tailings and evaporative facilities will be excluded from tht> initial 

:coping survey, due to their proximity to tht> uranium recovery operations. rhose areas include· 

• The mill buildi11g. including CCD. PL T area.. uranium drying and packaging, 

clarifying. and prek~.h. 

• The SX building. including reagent storage immediatdy to the east of the SX 

building. 

• The ore pad and ore feed areas. 

• -railings (~ells ~o. 2. 3~ and 4A. 

• Fvaporative cell No. 1-1. 

• l StR, \11-\f\l,P·MRRll.~ll .·\:\-I\\M%,FNLDRAFTArrA February 28.1997 
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The remaining areas l>f the mill will he divided up into two areas for purposes of windblown 

determinations: 

• The restricted area. less the above areas: and. 

• A halo around the restricted area. 

The restricted area. as sho\\TI on Figure A3.2-l will be initially surveyed on a 30 x 30 meter grid as 

described below in Section 3.3.3. The halo around the restricted area "'ill also be initially surveyed 

nn a 50 x 50 meter grid using methodologies described below in Section 3.3.3. Any areas \\hich are 

fnund to have ele\·afi:d activity levels will be further evaluated as described in Sections 3.3.4 and 

3.3.5. 

• 3.3.3 Scoping Sur\'ey 

The srnpinb survey will be conducted using a calibrated Mount Sopris Model SC-132 scintillometer 

I or equivalent) capable of detecting radiation at levels less than or equal to 25 percent of the 

guideline value. The meter will be s\.\'ung from side to side at an elevation of six (6) inches above 

the ground level while walking a path v.ithin the grid shov.n in Figure A-3.3-1. These paths will be 

designed so that a minimum of 10 percent of the area within the grid sidelines v.ill be scanned. using 

an average coverage area for the sdntillometer of one ( 1) meter wide. Grids where hotspots arc 

encountered or where readings of 75 percent of the guideline level are found will be reclassified as 

affected areas. and will be subject to further characterization as described below. Grids where no 

readings exceed 75 percent of the guideline value will be classified as unaffected, and therefore will 

not require remediation. It is assumed that by following mnhodologies that would be utilized during 

the !hal survey. that the classification of these areas would stand and would require no further 

survey confirmation. 

• l SFRS !\1F:'.f'\\P'.MRR\Rf1 ".fWM Q61FNl.DRAFrATIA Februill') 28. 19Q7 
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A sufficient 4uant;ty 1•f QA samples will be taken to pwvide a correlation between the meter 

readings and the actual Ra-226 concentrations in the soil. 

3. 3 .4 Characterization and Remediation Control Surveys 

After the entire subarea has been classified as affected or unaffected. the affected areas will be 

further scanned to identity areas of elevated activity requiring cleanup. Such areas will be flagged 

and sutlicient soils removed to. at a minimum. meet activity criteria. Following such remediation. 

the area will be scanned again to ensure compliance with activity criteria. A calibrated Mount Sopris 

SC- I~~ scintillometer ( or equivalent ) capable of detecting activity levels of less than or equal to 25 

percent of the guideline values will be used to scan all the areas of interest. 

• 3.3.5 Final Survey 

Alier remediation. the affected areas deemed to be in compliance with standards will then undergo 

a final survey. utilizing a 10 x IO meter grid system with sample point locations ~ shmm in Figure 

A-3.3-2. Again a calibrated Mount Sopris SC-132 scintillometer (or equivalent) capable of detecting 

acti,ity levels of less than or equal to 25 percent of the guideline values \\ill be used, and will be 

held at a one meter distance above the systematic sample locations. As with the scoping survey. a 

statisticaJly significant quantity of QA samples will be taken at randomly selected points to provide 

a correlation between the meter readings and the actual Ra-226 concentrations in the soil. 

• 1 ·sFRS MF\1' Y. P' MRR,Rl:CL:\\IW\1 911\FNLORAFT ,\ ff.\ fc:brull' :!8. 191P 
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4.1 Scrap and Debris 
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The scrap and debris will ha\'e a maxirnwn dimension of 20 feet and a maximwn volume of 30 cubic 

foet. Scrap exceeding these limits will be reduced to within the acceptable limits by breaking. 

cutting llr other appro\'cd methods. Empty drums. tanks or other objects having a hollow volume 

greater than five cubic feet will be reduced in volume by at least 70 percent. If volume reduction 

is not feasible. openings will be made in the object to allow soils. tailings and/or other approved 

materials to enter the object at the time of covering on the tailings cells. The scrap, after having been 

reduced in dirnension and volwne. if required. "ill be placed on the tailings cells as directed by the 

QC officer . 

Any scrap placed will be spread across the top of the tailings cells to avoid nesting and to reduce the 

volwne of voids present m the disposed ma!is Stockpiled soils. contaminated soils. tailings and/or 

other approved materials will be plac~ over and imo the scrap in sutlicient am0tmt to fill the voids 

between the large pieces and the volume within the hollow pieces to fonn a coherent mass. It is 

recognized that some mids will remain because of the scrap volume reduction specified. and because 

nf practical limitations of these procedures. Reasonable etlort will be made to fill the voids. The 

approval of the Site Manager or a designated representative will be required for the use of materials 

other than stockpiled soils. contaminated soils or tailings for the purpose of filling voids. 

• l SI.RS!\ff\f'WP'MRR·.RECI.AMWM ~f>,f'NLDRAIT.-\ITA•Fcbruary 28, 19Q7 
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The various materials will not be concentrated in thick deposits on top of the tailings. but will be 

spread o,·er the working surface as much as possible to provide relatively unifonn settlement and 

consolidation characteristics of the cleanup materials. 

4.3 Compaction Requirements 

The scrap. contaminated soils and other materials for the first lift will be placed over the existing 

tailings surface to a depth 0f up to four feet thick in a bridging lift to allow access for placing and 

compacting equipment. The first lift will be compacted by the tracking of heavy equipment. such 

as a Caterpillar 06 Dozer ( or equivalent), at least four times prior to the placement of a subsequent 

• lift. Subsequent layers will not exceed two feet and will be compacted to the same requirements. 

During construction. the compaction requirements for the crystals will be reevaluated based on field 

conditions and modified by the Site Manager or a designated representative, with the agreement of 

the NRC Project Manager. 

The contaminated soils and other cleanup materials after the bridging lift will be compacted to at 

least 80 percent of standard Proctor maximum density (ASTM D-698). 

• ,I 'SERS'.MfW.WP'MRR\RH'I.AMWM 961fNLDRAFl'ATIA\Febru81) 28, 1997 
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A multi-layered earthen cover will be placed over tailings Cells 2, 3. and 4A. The general grading 

plan is shown on Drawing 5. 1-1. Reclamation cover cross-sections are shown on Drawings 5. I -2 

and 5. 1-3. 

s .2 f\faterials 

5.2.1 Physical Properties 

• The physical properties of materials for use as cover soils will meet the following: 

Random Fill ( upper and lower layers) 

These materials will be mixtures of cla~:ey sands and silts \\1th random amounts of gravel and . 

size material. In the initial bridging lift. rocl sizes of up to 24 inches in diam..:ler will be allowed. 

On all other random fill lifts. rock sizes will be limited to 12 inches in diam1.. _ .. with at least 30 

percent of the material finer than 40 seive. For that portion passing the No. 40 sieve, these soils will 

classify as CL, SC, MC or SM materials under the l 1nified Soil Classification System. 

Cla.y Layer Materials 

Clays will have at least 40 percent passing me No. 200 sieve. The minimum liquid limit of these 

soils will be 25 and the plasticity index will be 15 or greater. These soils will classify as CL or CH 

materials under the Unified Soil Classification System. 

• IIJSERS\MFM\WP\MRR\RECLAMWM 96\FNLDRAFJ\AITA'.fcbruary 28, 1997 
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5.:!.2 Borrow Sources 
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The sources for soils for the cover materials are as follows: 

5.3 

I. Random Fill - stockpiles from previous cell construction activities currently located 

to the east and west of the tailing facilities. 

2. Clay - will be imported from borrow areas located in Section 16. T38S, R22E. SLM. 

J. Rock Armor - will be produced by using oversize materials in the random fill piles. 

using crushing and screening as necessary to produce proper size fractions . 

Cover Construction 

5.3.1 General 

Placement of cover materials "ill be based on a schedule detenr ;ned by analysis of settlement data, 

piezometer data and equipment mobility considerations. Settlement plates and piezometers will be 

installed and monitored in accordance with Section 5.4 of these Plans and Specifications. 

5.3.2 Placement and Compaction 

5.3.2. l Methods 

The distribution and gradation of the materials throughout each fill layer will be such that the fill 

will. as far as practicable, be free of lenses, pockets, streaks or layers of material differing 

• l.'"iERS Mft\.fWP'MRR RfflAMWM 96FNLDRAfTATIA February 28. 1997 
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substantially in texture. gradation or moisture content from the surrounding material. Successive 

loads of material will be placed on the fill so as to produce the best practical distribution of material. 

If the compacted surface of any layer of fill is too dry or smooth to bond properly with the layer of 

material to be placed thereon. it will be moistened and/or reworked with a harrow. scarifier, or other 

suitable equipment to a sufficient depth to provide relatively uniform moisture content and a 

satisfactory bonding surface before the next succeeding layer of earthfill is placed. If the compacted 

surface of any layer of earthfill in-place is too wet, due to precipitation. for proper compaction of the 

earthfill material to be placed thereon, it will be reworked with harrow. scarifier or other suitable 

equipment to reduce the moisture content to the required level shown in Table 5.3.2.1-1. It will then 

be recompacted to the earthfill requirements. 

• No material will be placed when either the materials, or the underlying material, is frozen or when 

ambient temperatures do not permit the placement or compaction of the materials to the specified 

density, without developing frost lenses in the fill. 

5.3.2.2 Moisture and Density Control 

As far as practicable. the materials will be brought to the proper moisture content before placement 

on tailings. or moisture will be added to the material by sprinkling on the earthfill. Each layer of the 

fill will be conditioned so that the moisture content is unifonn throughout the layer prior to and 

during compaction. The moisture content of the compacted fill will be within the limits of standard 

optimum moisture content as shown in Table 5.3.2.1-1. Material that is too dry or too wet to pennit 

bonding of layers during compaction will be rejected and will be reworked until the moisture content 

is within the specified limits. Reworking may include removal, re-harrowing, reconditioning, 

rerolling, or combinations of these procedures. 

• lJSERS MFM\WP'MRR\RECLAMWM %11-"NLDRAFT\A TI A February 28. 1997 
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Density wntrol of rnmpacted soil will be such that the compacted material represented by samples 

having a dry density less than the values shown in Table 5.3.2.1-1 will be rejected. Such rejected 

material will be reworked as necessary and rerolled until a dry density equal to or greater than the 

percent of its standard Proctor maximum density shown in Table 5.3.2.1-1. 

To determine that the moisture content and dry density requirements of the compacted fill are being 

met. field and laboratory tests will be made at specified intervals taken from the compacted fills as 

specified in Section 7.4. "Frequency of Quality Control Tests." 

5 .4 Monitorin~ Cover Settlement 

5.4. l Temporary Settlement Plates 

5 .4. I. l General 

Temporary settlement plates will be in.:;talled in the tailings Cells. At the time of cell closure, a 

monitoring program will be proposed to the NRC. Data collected will be analyzed and the 

reclamation techniques and schedule adjusted accordingly. 

• [;SERSIMfM\WP'MRR-RECLAMWM %\FNLDRAFTATrA,February 28. 1997 
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Cover Layer 

Lower Random Fill 

Clay Layer 

Upper Random Fill 

Riprap 

TABLE A-5.3.2.1-1 

Placement and Compaction Criteria 
Reclamation Cover Materials 

Maximum Per Cent 
Lift Thickness Compaction 

3 Feet Bridging Lift 80 
1 Foot 90 

I Foot 95 

2 Feet 95 

Top of Tails 3 Inches 

Slope I Inch 

Note: 

Allowable Placement 
Moisture Content 

from Optimum 
Moisture Con tent 

±2 
±2 

0 to+ 3 

±2 

Percent Compaction is based on standard Proctor dry density (ASTM D-698). 

Optimum moisture content of a soil will be determined by ASTM D-698 methods . 
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At the time of cell closure or during the placement of interim cover, the temporary settlement plates 

will consist of a corrosion resistant steel plate I /2 inch thick and three foot square to which a three 

inch diameter corrosion resistant pipe has been welded. 

[he installation will consist of leveling an area on the existing surface of the tailings, and placing 

the base plate directly on the tailings. A minimum three feet of initial soil or tailings cover will be 

placed on the base plate for a minimum radial distance of five feet from the pipe. 

5.4.1.3 Monitoring Settlement Plates 

• Monitoring of settlement plates will be in accordance with the program submitted to and approved 

by the NRC. Settlement observations will be made in accordance with Quality Control Procedure 

QC-16-WM. "Monitoring of Temporary Settlement Plates." 

6.0 ROCK PROTECTION 

6.1 General 

The side slopes of the reclaimed cover will be protected by rock surfacing. Drawings 5. l - l, 5. l -2. 

and 5.1-3 show the location of rock protection with the size, thickness and gradation requirements 

for the various side slopes. 

A riprap layer was designed for erosion protection of the tailings soil cover. According to NRC 

guidance. the design must be adequate to protect the soil/tailings against exposure and erosion for 

• lSERS\MfM'WP'MRR\RECLAMWM 96\FNLDRAITATI"AJ:cbruary 28. 1997 
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200 to 1.000 years (NRC. 1990). Currently. there is no standard industry practice for stabilizing 

tailings ft)r 1,000 years. However. by treating the embankment slopes as wide channels. the 

hydraulic design principles and practices associated with channel design were used to design stable 

slopes that will not erode. Thus. a conservative design based on NRC guidelines was developed. 

Engineering details and calculations are summarized in the Tailings Cover Design report (Appendix 

D). 

Riprap cover specifications for the top and side slopes were detennined separately as the side slopes 

are much steeper than the slope of the top of the cover. The size and thickness of the riprap on the 

top of the .. over was calculated using the Safety Fa.;tor Method (NUREG/CR-465 l, 1987), while the 

Stephenson Method (NUREG/CR-4651. 1987) was used for the side slopes. These methodologies 

were chosen based on NRC recommendati0ns ( 1990) . 

By the Safety Factor Method. riprap dimensions for the top slope were calculated in order to achieve 

a slope "safety factor" of 1.1. For the top of the soil cover, with a slope of 0.2 percent, the Safety 

Factor Method indicated a median diameter (D50) riprap of0.28 inches is required to stabilize the top 

slope. However. this dimension must be modified based on the long-tenn durability of the specific 

rock type to be used in construction. The suitability of rock to be used as a protective cover must 

be assessed by laboratory tests to detennine the physical characteristics of the rocks. The sandstones 

from the contluence of Westwater and Cottonwood Canyons require an oversizing factor of 25 

percent. Therefore, riprap created from this sandstone source should have a D,0 size of at least 0.34 

inches and should have an overall layer thickness of at least three inches on the top of the cover. 

Riprap dimensions for the side slopes were calculated using Stephenson Method equations. The side 

slopes of the cover are designed at SH: IV. At this slope, Stephenson's Method indicated the 

unmodified riprap D~0 of 3.24 inches is required. Again assuming that the on-site sandstone will be 

• ·USERS 11,ffM\WP\MRR RffLAMWM 96,fNLDRAl' I\ATIA.february 28. 1997 
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used. the modified D,0 size of the riprap should be at least 4.05 inches with an overall layer thickness 

of at least 12 inches. 

Ille potential of erosion damage due to overland flow. sheetflow. and channel scouring on the top 

and side slopes of the cover. including the riprap layer. has been evaluated. Overland flow 

calculations \\ere performed using site meteorological data. cap design specifications, and guidelines 

set b} the NRC (NUREG!CR-4620. 1986). According to the guidelines. overland tlow velocity 

estimates are to be rnmpared to "permissible velocities." which have been suggested by the NRC. 

to determine the potential for erosion damage. If calculated overland flow velocity estimates exceed 

permissible velocities. additional cover protection should be considered. The permissible velocity 

for the tailings cover ( including the riprap layer) is 5.0 to 6.0 feet per second (ft./sec.) (NUREG/CR-

4620). lne overland flow velocity calculated for the top of the cover is less than 2.0 ft./sec., and the 

• calculated velocity on the side slopes is 4.9 ft.I sec. Therefore. the erosion potential of the slopes. 

due to overland flow/channel scouring. is within acceptable limits and no additional erosion 

protection is required. See Appendix D for details. 

6.1 Materials 

~1aterials utilized for riprap applications will meet the following specifications: 

Location 

Top Surface 

Slope Surface 

Dso Size 

0.4" 

4" 

DJOo Size 

0.6" 

8" 

• ·LJSERS\MfM\WP',MRR,RfCLAMWM 96\FNLDRAFr.A IT Alfebrual} 28. 1997 

Layer Thickness 

3" 

12" 
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During construction of the tailings f"'!cilities. significant quantities of oversize was produced through 

drilling and blasting. as the rocks of the Burro CanyorvDakota were too hard to rip. As these 

materials will hav1.: to be segregated from the random fill for some applications. it is anticipated that 

all rock requirements will be met by crushing and screening the random till oversize. 

Riprap quality will be evaluated by methods pr~sented in NUREG/CR-4620 "Methodologies for 

Evaluating Long-Term Stabilization Designs of Uranium Mill Tailings lmpoundment." Size 

adjustment will be made in the riprap for materials not meetir.g the quality criteria. 

6.3 Placement 

Riprap material will be hauled to the reclaimed surfaces and placed on the surfaces using scrapers. 

• in a manner to minimize segregation of the material. Placement of the riprap will avoid 

accumulation of riprap sizes less than the minimum D~0 size and nesting of the larger sized rock. 

·The riprap layer will have at least two passes by a D-7 Dozer (or equivalent) in order to key the rock 

for stability. 

7.0 QUALITY CONTROL/QUALITY ASSURANCE 

7.1 Qwllity Plan 

A Quality Plan has been developed for construction activities for the White Mesa Project. The 

Quality Plan includes the following: 

l. 

.., ..... 

QC/QA Definitions. Methodology and Activities. 

Organizational Structure . 

• 
1l'SERS\MfM'WPIMRR·.RECl.AMWM 96,FNLDRAF1'ATIA Fcbl'WU) 28. 1997 
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4. 

5. 

6. 

7.2 

Surveys. Inspections. Sampling and Testing . 

Changes and Corrective Actions. 

Documentation Requirements. 

Quality Control Procedures. 

Implementation 
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The Qualit) Plan will be implemented upon initiation of reclamation work. 

7.3 Quality Control Procedures 

Quality control procedures have been developed for reclamation and are presented in Attachment 

• B of this Reclamation Plan. Procedures will be used for all testing, sampling and inspection 

functions. 

7.4 Fre1,1uency of Quality Control Tests 

The frequency of the quality control tests for earthwork will be as follows: 

l . The frequency of the field density and moisture tests will be not less than one test for each 

5 .000 cubic yards of placed fill material ( clay or random fill). 

2. There ~ill be at least two field density and moisture tests for each lift of fill material placed. 

• l'Sl:RS\MfM'.WP'MRR'RECLAMWM 9o1FNLDRAFT\AITA Fcbruaf) 28. 1~7 
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Gradations and Atterberg limits of compacted fill materials will be performed at a frequency 

of not less than each I 0.000 cubic yards of placed day or each 20.000 cubic yards of 

comoacted random fill. 

4. Frequency of laboratory standard Proctor compaction tests will be such that maximum 

densities are determined for the range of materials being placed in the fill~ however. 

frequency of compaction tests will not be less than one test for each 5,000 cubic yards of 

compacted fill material. 

5. For riprap materials. each load of material will be checked against standard piles for 

gradation prior to transport to the tailings piles . 

• l'iERS,MFM',WP\MRR\RfCLAMWM w.,f'NLDRAFl'ATIA February 28. 199'7 
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rhe folltming Quality Plan for Construct: , .... ,. .. vities ( "Quality Plan" i describes how the 

Cnnstruction (.)uality Control Quality Assurance ( "QCQA") activities are implemented 

fhis Quality Plan includes the followin!?: 

{ I l Organi1.ational Structure: 

(: l Surveys. Inspections. Sampling and resting: 

I 31 Changes and Corrective Action.s: and 

Documentallon Requirements, 

I : QL'ALITY PLAN OBJECTIVES 

The objectives of the ()ualit:. Plan are as followy 

(II Qualit) Control: To verify that tht' c1Jnstruction is in accordrmce with the P'lans and 

Speci fie at ions. 

(3) 

Quality Assuranck: To provide cross-checks and auditing functions on Quality 

Comrol 

Monitori~: To provide the required information and data to evaluate the efft:~ts of 

Construction Activities. 

• II l \H~S \t}\f WP-,MRR RH I ,\MWM % F"I DRAH A I 1B hbruAf\ ~Ii. 14197 
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~: .-\ repon prepared hy the QC Officer ( "QCO") upon completion of a 

Construction Segmt!'nt. A Compliance Report requires the appnwal llf the Site Manager An) 

suhsequ:mt Construction Segment that is dependent upon successful complt!'tion of a spccitic 

Construction Segment cannot be initiated until a Compliance Repon is prepart!'d and appro\ed for 

the previous Jependent ConstfU•:tion Segment. Compliance Repons are to be completed on Form 

So F-23 which is atta{:hed in Part V 

Construdion T,4;3k: :\ basic construction feature of a Construction Project invohing a specific 

Construction Activity . 

Constru(;tion Pro1ect: The total authorized'approved Project that n.:quires several Construction 

St!'gments to complete . 

.l)~: Changes made in a Construction Project that alters or changes the tntent of the 

Plans and Specifications. Design changes re'1uire approval of the Design Engineer and the Site 

\1anilger or a designated representative. Design Changes are to be reported on Form No. F-26, 

v. hich is attached in Part V. 

Field Chan,¥e: Changes made during c. nstruction to fit field conditions that do not alter the intent 

of the Plans and Specifications. Field Changes require approval of the Site Manager or a designated 

representative. Field Changes are to be reported on Form No. F-25. which is attached in Part V. 

Final Construction Rs:poa· A repon prepared by the Site Manager or a designated representative 

upon completion uf a Construction Project. This report will be submitted i.O the ~RC. 

• It l'iFI<, Mf\f'\\P•~·1RR RH I .\MWM %1f'Nl ORAF r ArlR februat} 28. 1'~7 
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Figure l shm.\s the general relatilmships of QuaJity Control and Quality Assurance activities in the 

performance nf the Construction Activitie~ for a given work area. The Quality Control Activities 

implemented with standardized QC procedures. provide the necessary tests and observations for the 

i;,.mstrut:twn. sampling and monitoring process. Quality Assurance audits and reviews will provide 

n, ~rs1ght of the QC Act1vit1es. 

• I .4. I . 2 C ompliam;e Reports 

For each project. the Quality Plan re4uues a Compliance Repon at the successful completion of a 

CPnstruction Segment. The Construction Tasks making up a Construction Segment will be 

"h:h:rmined to be in compliance with the Pb.ns and Specifications by the QCO A Compliance 

Repon will then be prepared by the QCO with a copy l<., th.: NRC Project Manager. and submitted 

to the Site Manager for approval. before the next dependent phase of construction can begin. The 

Site Manager will review Quality Control data. Quality Assurance docwnentation, and review any 

ollsen·ations before approvin~ the Compliance Report. 

After the Construction Project has been completed. a FinaJ Construction Report will be prepared by 

the Site Manager or a designated representative for submittal to the NRC. 
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()uality Control ("QC") will be conducted by the QCO or a designated representatl\ e. Hcrein..lfter 

rctem:d to as the Q\'0. l'he <.)CO will implement the QC Program. 

1.-l.2.2 Quality Control Activities 

()ualit) Control requirements for a Construction Project are presented in the Specifications. 

rhe ()ualitv Control A1,;tivities will be implemented with standardized Quality Control Procedures. 

• The Quality Control Procedures include field sampling. testing. observations and monitoring 

pro1,;edures. and laboratory testing procedures. The Quality Control Procedures are listed and are 

irn.:tuded m Part VJ. 

I 4. J Qualit) Assurance 

1.4.3 I General 

Quality Assurance ("QA") will be conducted by the QAO or a designated representative. The QAO 

IA 111 11nplem~.1t the QA Program 

• H I -;us \ff .. f\\P'MRR.RH L\MV.l\1 %F"'il DRAffAITB'Jebruary :8. 1~7 
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nw QA functions will be implemented by the QAO by perfomung the following activities. 

I 4.J 2.1 Pre-quail fa:ation of QC Technicians 

Each QC Technician ("QCT") will be pre-qualified by a QAO, who is :1 knowledgeable specialist 

in the area of qualification. fhe QAO will determine the areas of expertise of the respective 

te,hnician and maintain a QA file on the technician. Areas of competency will be identified and 

training needs noted for the respective technician. 

I 4.3.2.: Verification of Fftectiveness of QC Program 

The effectiveness of the QC Program will be verified by the QAO by performing the following 

audits: 

, l ) Test and Sampling Procedures. Test procedures will be audited on a quarterly basis by 

appropriate specialists. This will entail direct observation of test methods and sampling, and 

perfr>rming random duphcate tests. 

(2) Fquipment. Equipment will be inspected and checked regularly. Calibration certificates wilJ 

be verified and maintained in the fil.:s. 

, 3) ( 'alculations and Documentation. Calculations from tests and monitoring will be spot 

checked randoml)' from the files. Documentation will be checked for accuracy and 

completeness. 

• II I SfRS-Mf'M'.Wl".MRR.Rffl.AMWM %•1-'"NlllRAHAffB,Fcbruary 28. Jqg7 
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Each QA activity and audit will be documented in \\Titing. Audit reports will be prepared by the 

QAO and submitted to the Site Manager. These will be kept in the 'White Mesa project files, and 

made available for review by the NRC Project Manager. 

I . 5 \.IONJTORJNG 

\fonitoring functions fall under the responsibilities of · QCO. Scheduled monitoring and 

observations shall be made at the intervals required in the Plans and Specifications by Quality 

Control Technicians ( "QCTs") under the direction of the QCO. Monitoring records will be reviewed 

by the QCO and will be available for review by the NRC. The QAO will audit monitoring records 

• on an unscheduled basis. Monitoring records originals will be maintained in the \\lute Mesa Project 

Files. 

2.0 ORGANIZATIONAL STRL'CTURE 

2.1 SCOPE 

The following items are covered in this section: 

( I ) A description of the Quality Control Organiz.ation. 

( 2) The classification. qualifications. duties, responsibilities and authority of personnel. 

( 3) The individual who will be responsible for overaJI management at the site for Quality 

Control. 

( 4) The specific authority and responsibility of aJI other personnel regarding the Quality Plan. 

• 11 I 'SFRS MFMWP',MRR-RfCL,\MW!'l.t 9t,,FNI.DRAFTA ITB1h:bruary Z8. 1997 
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(5) A program for information tlow among workers. construction management and inspectors 

about various QC:QA. and health and safety requirements . 

., ., ORGANIZATION 

A schematic diagram of the organization for implementation of the Quality Plan is shown on Figure 

B-2. The Site Manager. the QCO. and the QAO. play major roles. 

2.3 DUTIES AND Ql:ALIFICATIONS OF PERSONNEL 

2.3.1 Personnel Desi~nations 

• The Site ~1anager or a designated representative will be referred to as the "Site Manager." 

The Quality Control Officer or a designated representative will be referred to as the "QC Officer 

("QCO")." 

The Quality Assurance Officer or a designated representative will be referred to as the "QA Officer 

t"QAO")." 

, .. , s· ll1 · -·-'·.;. ._1te ·" a11a~er 

2.3.2.1 Duties. Responsibilities and Authority 

The Site Manager will oversee the Construction Project and will be responsible for •he conduct, 

din:ction and supervision of the \' >rk. As shown on the organizational chart. the ~1h! Manager 

• II USERS\Mf M•.\\'Pl.MRR'.RfCLAMWM Q61fNLDRAF1' A TIB\february 28. 1997 
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will have ultimate responsihility for all consln!l'lt\•11 and QC/QA Activities. The Site Manager will 

appoint all personnd. and interact as required with the QAO. the QCO and the NRC Project 

Manager. 

~. J. 3 Ds:si1:nated Rs;presentati ve for Site Mana~er 

In the absence of the Site Manager. a designated representative will assume the duties of the Site 

Manager. 

2.3 .4 Quality Control omcer I "QCO" > 

2.3.4.1 Duties, Responsibilities and Authority 

The QCO will be responsible for overall implementation and management of the Quality Control 

Program for the Construction Project. The QCO will supervise Field and Laboratory Quality 

Control Technicians. and will coordinate with the Document Control Manager, the Office Staff and 

the Health and Safety Officer. The QCO will have specific authority and responsibility with regard 

to all other personnel for the Quality Plan. The QCO will have the authority to reject work or 

material. to require removal or placement, to specify and require appropriate corrective actions if it 

is detennined that the Quality Control/Quality Assurance, personnel. instructions. controls, tests. 

records are not conforming to the Plans and Specifications. The signature of the QCO is required 

on all C,lmpliance Reports ("CR's") required in the Specificatir'ls. 

The QCO will be familiar with the existing \Vhite Mesa Facilities, and QC/QA methodology. 

Responsibilities of the QCO will include the following: 

• If 'PSl·RS1MfM·WP'MRR,Rl:CI.AMWM %'FNI.DRA~T ATIB'-fcbruU) :?8. l'N7 
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( l ) 

(2) 

Provide overall surveillance of Quality Control requirements. 

Be familiar with all documents. requirements, equipment and procedures relating to project 

construction. 

(3) Provide and document Quality Control Technician ("QCT") training. 

(4) Evaluate and approve all reports. 

( 5) Assure schedules are met and adequately documented. 

( 6) Schedule data reduction activities. 

( 7) Arrange consultation with additional staff. the QAO, Site Manager. and/or NRC Project 

Manager to help find solutions to unsolved problems. 

(8) Identify invalid. una\;ceptable, or unusable data. 

(9) Take correcti\'e action if Quality Control procedures indicale the construction is not meeting 

the requirements of the Specifications. 

• ( I 0) Assure all documentation is complete, accurate. and up to date. 

( 11) Interact anl.l cooperate with QA Technicians 

2.3.5 DesiKoated Representative for QCO 

In the absence of the QCO. a designated representative will assume the duties of the QCO. In 

addition. the designated representative may be assigned some of the duties, responsibilities and 

authority of the QCO. 

• H USERS'.MfM,WP'MRR,RHl.AMWM ~61FNLDRAFl'AITB\fcbrull) 28. IW7 
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2.3.o Quality Assurance Officer {"QAQ"l 

2.3.6. l Duties 

The QAO. who may he an independent consultant. will implement the Quality Assurance functions 

which includes pre-qualification ofQCTs. verification of test procedures and results by spot retests. 

equipment checks, and review of calculations and documentation and Compliance Reports (CR's). 

The QAO should be familiar with the construction process and be qualified in construction testing. 

Responsibilities of the QAO will include the following: 

( I ) 

(2) 

Be familiar with all docwnents, requirements, equipment and procedures relating to project 

construction. 

Certify that the QCO is qualified to conduct the various test and monitoring procedures and 

observations. and document same. 

( 3) Through spot checks. retests. equipment checks and review of calculations and 

documentation \'erify test procedures. monitoring and observations are being performed 

correctly and accurately in accordance with the Specifications. 

(4) Consult with the QCO. and the Site Manager to help solve problems. 

(5) Prepare QA reports for review by the Site Manager and NRC Project Manager. 

2.3.7 DesiiQated Representative of the Quality Assurance Qfficer 

In the absence of the Quality Assurance Officer ("QAO"). the designated representative of the QAO 

\\'ill assume the duties of the QAO. In addition. certain specialists may be designated to assume 

some of the duties of the QAO. 

• U t:SERS·~fFM'.WP'MRR'RfCLAMWM 961FNLDRAFT'AHB1Fcbruary 28. 1997 
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2.3.8 i',;RC Proisa:t :,.tana~er 

1be NRC Project Manager will represent the NRC's interests in the Construction Project. The NRC 

Project Manager may choose to review selected procedures, p,·rsonnel qualifications. equipment. 

calculations. and documentation. 

2.3.9 Quality Control Technicians ("QCT"l 

2.3.9.1 Duties 

The Quality Control Technicians ("QCTs) for implementation oftl.e Quality Plan will be classifie,' 

as follows: 

( I ) Construction Quality Control Technicians - Field. 

( :! ) Construction Quality Control Technicians - Laboratory. 

A QCT may be qualified for and perform the duties in more than one classification. 

2.3.9.2 Qualifications 

The QCO will supervise ( or may appoint a supervisor) for each classification to provide scheduling. 

oversee equipment calibrations, enforce documentation requirements, and provide for preliminary 

docwnent review. The nwnber uf QCTs in each classification will depend on the project needs as 

the work progresses. 

• U lJSERS\MfM\WP\MRR\RECLAMWM 961.FNLDRAfl',.ATfB'Fc:bruary 18. 1997 
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The Construction QCTs will satisfactorily complete a training program and receive on-the-job 

training as required under the direction of the QCO. 

A procedure \'eritication program will be implemented by the QAO for all Construction QCTs. 

2.4 PROGRAM FOR INl ORMATION FLOW 

2.4. 1 Re\'ie\..- of Documents 

The Plans and Specifo.:ations for the Construction Project describe the work to be performed, the 

QC/QA. and the monitoring requirements. These documents \\ill be reviewed and approved in depth 

by licensee personnel. including the QCO and Site Manager . 

2.4.2 lnfonnation Flo\\: 

2.4.2. I Internal Information Flow 

As shown on the Organization Chart (Figure B-2), the Construction Superintendent gives 

instructions to the Construction Foremen, who supervise the construction workers. The Construction 

Superintendent may directly supervise all or some of the construction workers. 

The QCO monitors the construction work and completes the forms and reports as given in the 

Quality Control Procedures. The QCO ensures that all key personnel receive the required 

information. 

• ll liSERS\MFM\WPIMRR'.RffLAMWM 9ti\FNLDRAfT•.ATI81fcbruary :?8, 1997 
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Secllon 4.0 below. "Changes and Corrective Actions." outlines the procedure for implementing 

changes and correcti\'e actions. 

2.-L2.2 InformL.tion Flow to NRC 

All reports of sampling, tests. inspections and construction records will be maintained in the White 

Mesa Project files. These documents will be available to the NRC Project Manager at all times. The 

't\:RC Project Manager will have the right to inspect and reproduce any documents as needed. 

A list of the required reports is shown on Table 8-1. These reports will be kept in the \\!bite Mesa 

Project Files . 

3.0 SUR VEYS. IN~PECTIONS. SAMPLING AND TESTING 

3.1 SCOPE 

The following items are covered in this Section: 

(I) Methods and procedures for surveys, inspel'.tions, sampling and testing during various 

construction tasks. 

(2) The necessary qualifications of individuals perfor·ning surveys. inspections, sampling and 

testing. 

( 3) The number and type of surveys. inspections .md/or tests to be conducted. 

• U \USERS\MFM'.Wf>\MRR\Rf('LAMWM Q6\FNLDRAFJiATIB\Fcbruary 28, 1997 
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REQLIRED REPORTS 

REPOR r TYPE FREQCENCY 

Construction Activities Daily during Construction 

Sampling, Field and Report for each respective 
Laboratory Testing test 

•compliance Report l 1non completion of Construc-
tion Segment 

*Final Construction Report After completion of the 
Construction Project 

• Reports to be submitted to the NRC 

ORI GINA TOR APPROVAL 

QC Technician QC Officer 

QC Technician QC Officer 

QC Officer Site Manager 

QC Officer Site Manager 
Site Manager 
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Quality Control Procedures will be written to meet the following objectives: 

( l) To describe the equipment, calibration and methods/procedures to be followed in performing 

surveys. sampling and testing. 

(2) To describe the procedures to observe construction activities. 

(3) To describe the procedures for monitoring. 

All Quality Control Procedures for sampling, testing. and monitoring\\;~! be conducted by the QCO 

and/or QCTs. The results will be reviewed and approved by the QCO before being delivered to the 

Document Control Officer ("DCO") for reproduction, distribution, and filing . 

All boundary surveys will be made and documented by a registered land surveyor. Construction 

surveys will be made and documented by appropriately trained QCTs. 

3.3 FREQUENCY AND TYPE 

The number and type of survey, observations, inspections and/or tests are specified in the Plans and 

Specifications. 

4.0 CHANGES AND CORRECTIVE ACTIONS 

4.1 SCOPE 

The methodology for dealing with changes and corrective actions is detailed in this Section. 

• H 1lJSERS•MFM\Wf>\MRR\Rfl'LAMWM.96\FNLDRAf'MITB\Fcbruary 28, 1997 
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The Site Manager and/or the QCO will have the authority to reject material or work. to require 

removal or replacement, to specify and require appropriate actions if it is determined that the Quality 

Control/Quality Assurance. personnel, instructions. controls. tests, records are not conforming to the 

Plans and Specifications. 

4.3 METHODOLOGY 

4.3. I Field and Desi~n Chan~es 

Changes in locations or alignments of construction features that do not alter design concepts will be 

• appro\ ed by the Site Manager or a designated representative. These changes will require a Field 

Change Order (form F-25). 

Changes in design concepts will be approved and documented by the Design Engineer, will be 

approved by the Site Manager. These changes will require a Design Change Order (Form F-26). 

All changes will be recorded in the Final Construction Report including "as-built" drawings for the 

work. 

4.3.2 Corrective Actions 

The QCO will require corrective actions if tests and observations indicate the work is not conforming 

to the intent of the Plans and Specifications. Appropriate corrective actions will be determined by 

• ll·USERS'<MFMIWP'MRR'-RECLAMWM 96\FNLDRAFJiATIBlfebruary 28. 1997 
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reviewing pertinent Quality Control records. Contemplated corrective actions will be brought to the 

attention of the Site Manager and the Construction Superintendent. 

5.0 DOCUMENTATION 

5.1 SCOPE 

Documentation requirements will include the following: 

(I) The identification of the person who has authority to provide for the submittal and/or storage 

of all survey, test and inspection reports. 

(2) Specification of reporting requirements. forms. formats, and distribution of reports . 

(3) A description of record keeping to document construction methods and results, surveys, 

sampling, testing and inspection of construction. Samples of forms and records will be 

included. 

( 4) Documentation of corrective actions. 

5.2 PERSONNEL 

5.2.1 Document Control Officer ("DCO"} 

5.2.1.1 Duties 

The Document Control Officer ("DCO") will be appointed by the Site Manager. Responsibilities 

will include: 

• H 1USERS\MFM\WP\MRR1RECLAMWM 96\FNLDRAmATIBIFcbruary 28. 1997 
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~1aintaining pennanem files for the Construction Project. All tests. surveys. monitoring and 

report originals will be maintained in the project files. 

(2) Instituting and overseeing data reproduction and distribution. A distribution list will be 

prepared for each project number and will be reviewed and approved by the QCO. 

5.3 FORMS 

All test results. sampling, surveys. and monitoring will be documented on the forms for those 

particular procedures where applicable. Specific surveys require a notebook prepared for data 

recording. Each Construction Field QCT will complete a Construction Activities report for each 

day's work. Forms will be comrleted so that all important data are recorded. Data required on all 

fonns and notebooks includes project number, date, technician's signature, and the signature of the 

• supervisor or a dcsignee. who has reviewed and approved the work. The DCO will return all 

incomplete forms to the appropriate supervisor to be properly filled out. 

Forms F-23, F-25. and F-26 follow. 

• H \lJSFRS\MFMIWPIMRRIRECLAMWM 96\FNLDRAFl\A'rfB\February 28. 1997 
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Form No. F..-26 

DESIGN CHANGE ORDER 

Project No. -----­

Drawing No.-----­

Specification No.----­

Des f gn feature 

Change in design 

Reason 

QUALITY PLAN NO. QP-GEN•l•\14 
PART V Page 20 

Date -------

ln1t11ted by: ------------­
Approval 1: 

Site Manager --------------

NE Project Manager -----------
De1f III Engineer-------------
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Form No. F-!5 

FIELD CHAHGE ORDER 

Project No. ------
Drawing No. -------
Specification No.-----------
Design feature 

Mod1f1cat1ons 

Reason 

QUALITY PLAN NO. QP-GEN-1-Wf~ 
PART V Page 19 

D1te -------

Inf t11ted by: --------------
Approved by: --------------

S1 te Manager 
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Form No. F-23 

C(Jf)LIANCE REPORT 

Project No. ------ Date -------
Construction Segment -----------------

Drawing No. -----­

Specification No. -----

Description of Completed Construction Segment 
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J'fiite Mesa Mill 
euretw Pte4Uiremente $Ummary 

fllevieion of 12/1/Cf6 

!De&Griptlon =1 !Fae.tor~ L Amount 

MIii Dec.ommi&slonl~ 1,464,551 
Gell .2 

1,135,e52 Gell 3 
2.215,CICl'f Gell 4A 

114,156 Gell 1 
138,3"71 

Ml&G.ellaneous(w/o L. Tc.J 2,045,035 

SUbtotal DlreGt Go&t& f>.334,564 

Profit Allowance 10.00% &33,456 
Cont lngenc:.y 15.00% 1,250,185 
L.iGenGlng 4 Bonding 2.00% 166,6Cf1 
Long Term Gare Fund St>S,300 

Total surety Req,uirement 11, 1"70. 1Cl6 

Amounts are in 1Cfel6 Dollars 
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~ll'M~,. Co~~ - N4i1,u ~ ~ EQ..l1P ~l"~ 

RATE 1~1 FUEL 

I 
FUEL. I :j MONTHLY I HOURLY UUOE •• 

637E Scraper 21.630 122.90 2.01 24.0 20.64 145.55 
D8N0ozer 10,815 61.45 1.08 8.5 7.31 69.84 
07H0ozer 9,270 52.67 0.88 7.0 6.02 59.57 
82SC Compactor 9,785 55.60 1.03 14.0 12.04 68.67 
980F Loader 10,300 58.52 1.08 9.0 7.74 67.34 
988F Loader 15,450 87.78 1.34 12.0 10.32 99.44 
769C Haul Truck 9.270 52.67 1.39 9.0 7.74 61.80 
2458 Excavator 16.480 93.64 1.29 14.0 12.04 106.96 
651 Water W8gon 10,300 58.52 1.75 18.0 15.48 75.75 
5000 gal Wat• Truck 59665 32.19 0.67 10.0 8.60 41.46 
14G Maintaniner 7,725 43.89 0.98 5.5 4.73 49.60 
18G Maintainer 11,330 64.38 1.13 8.5 7.31 72.82 



• • • 
,,/% 

E,qu,PMet.)..,... ~!TS WITH 3.7o lfJC~ 

!-=.al MlE FUEL 

I 
FUELe I lOTAL 

MDN'M.Y I HOURLY UUGE . .,. COST 

837ESaaper 21,630 122.90 2.01 24.0 18.24 143.15 
D8NtloNr' 10,815 61.45 1.08 8.5 6.46 68.99 
D7H0ozer 9,270 52.87 0.88 7.0 5.32 58.87 
l25C Compactor 9.785 55.60 1.03 14.0 10.64 67.27 
988Floeder 10,300 58.52 1.08 9.0 6.84 66.44 
988FL.oader 15,450 87.78 1.34 12.0 9.12 98.24 
MIC Haul TfUCk 9,270 52.67 1.39 9.0 6.84 60.90 
2458 Excavator 16.480 93.64 1.29 14.0 10.64 105.56 
851WaterW8gon 10,300 58.52 1.75 18.0 13.68 73.95 
5080 aa1 Water Truck 5,865 32.19 0.67 10.0 7.60 40.46 
146 Hait lfaniner' 7,725 43.89 0.98 5.5 4.18 49.05 
16G Hllintainer 11,330 64.38 1.13 8.5 6.46 71.97 
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WEESE PETROLEU'1 
IOX 888 
DOVE CREiK, COLORADO 81324 
971-61?•2424 
HOVEKIER 2,. 1996 

ENERGY ,uELS _ 
ATTENTION, RICK VAHMORTQN 

I£1 110 PRICE OF DIESEL ,uEL DELlVEIED TO BLANDING, UTAH 

12 DIISEEL FUEL 1.8143 
FREIGHT •.142~ 

11 DIESEL FUEL 
F'REIOHT 

-----------•. 8!!9 

•. 9143 
•.• 42! ___ ... ______ _ 

e.95:59 

PRICE SUBJECT TO CHANGES WITH RACK PRICES 

m~ 
NOV 2 6 006 U!J 

R.A. VAN Hr:·.: 
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!G1UIP'Ml!NT Ofl'l!ICA TIN6 GOeTS INGLUC>IN6 P'UBL GON9UMPTION 

• Tirft 
• 6round lngaelftt Gompon8"ta (cHG) 
• f'uel 

19.1Md on the ltfflQth of the proJ-.t. lf'NI would •If\,'°'"• 1"6 dltc.OUnt Off of the (4UOted 
111.ftler ratn. Thi• analyf,i• •MMIIM that the dltcOUnt, when taken with no credit ,or the 
lower overtime l"'lltn, will more than OffMt the tire and 61G c.o.t... P'uel con.umptlon 
(lhQ.un In Qllllhr J ha t:Jeen added at ratn quoted In the •ea Por Off-road dleNI Puel•. 

IU.1'1 MTR ,ua FUEL. TUrAL 

:.....n,'HLY -·-v l)CPINOMLII UMGI! .. ,. COIT -

d11 tcnper 21/JOO 11.if.92 , .• 24.0 1e.2, 1M.s1 
C,IN:. - 10,IOO ..... 1.0, ••• . .... .,.1, 
CMHCOur 411,0CO 11.14 O.N 1.0 1.12 91.91 

'*' Gonlp«,&or 
411,900 .... 1.00 14.0 10.64 .. .• 2 

~,. L.oader 10,000 ... ,.2 1.0, 11.0 .... .... ,, 
1111&6,. L..Oader 11,t::JOO •:a 1.90 12.0 tl.12 .... 
i..-e ....,. Truc:.k ... ooo 11.14 , ... tl.O . ... ...... 
- .. --~tt,or 
,..... -- 16,000 .it0.4111 1.3' 14.0 10.64 102.IO .. , ,..,. " _,,,... .. 10,000 16.62 1.10 ,e.o , .... 12.20 
~ .-:: ~ ,at ,_.,. Truc.k I.too 11..a 0.611 10.0 1.60 Stll.lO 

146M...,.lner 1.900 4U1 o .• ••• '4.16 41.,4 

1 .. M;t,....,..r 11,000 62.IO 1.10 ... ..... 10.06 
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ti, U.'te nu 08: H F.U l 101 us 1111 Bl'TLER IACRI~ER\" 14Jou1 

FAX TRANSMISSION 
BUTLER MACHINERY COMPANY 

I 35 I PAGE DRIVE. FO BOX 955g 
F'AlltOO NO 58 I oe 
900-873-8858 

0 WI~~ 
,.r I 2 2 19'Ji & 

To: 

fu#: 

RICK VAN HORN 
ENERGY fUELS 

From: JOEL NIKLE 

COII.IIIDl'II: 

UCK: 

70 I •208-1 727 
F'AX: 70 I -2Q8• I 7 I 7 

R A V, A ~ I ~Jr;::;,.· .. ,..,,~ 1\.., . 

Date: 'So-vember ll, 1996 

l, ineludln1 tlut cover sheet. 

l'D OUll 'nLlfBOD CCJIIVDU.!IOII Yl8'1'DDAI Ul'DIIICJI OUR '1l0f08Al. 
DADD la!' I, lttl, aUft.aa NM:B:nma CCIDU'I a•••• TO A JI 
IWCUMII roa ALL Mn8 QUO'IIID. 

911111111 MRI IIOULD .. VALID tJll'l'J;J. TD 111111) or 1111. 

Ir YOU aw Ml1' QUlll!:tOIII, ., .... G%YI Ill A CALL, 

SDCCUIIJ,.I, 

JII: jW 



~.1 

• Butler 
Butler Machinery Co. 
1351 Page Drive 
P0Box9&6I 
Fargo, ND 581 oe 
(701)232~ 
FAX (701) 288-1717 

FAX TRANSMISSION NOTE 
DATE: May 8, 1995 -
TO: Mr, Rick Van Horn 

FROM:_ Joel N1>c11 ·-• 

NUMBER OF PAGES (INCLUDING THIS PAGE) 

IN CASE OF PROBLEM, CALL: Joel (701) 232-<>033 

• ) If CHECKED. PlEAS& CONPIAM AEC&IPT OF DOCUMENT . 

COMMENTS: 

• 
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ar a, 19t!I 

DDG1' rum.I IIUCLUll, DIC. 
At'.ftl I RICK VU IOU 
271t CCINPOII DllZVI, IUIR 101 
GIUUID JUIIC~IGII, C:O 11Sot 

DIAa IJ:C:Xa 

HUS rou POil m IJ1VI~10lf 'IO Quon DDG'I rum.I IUC'l,IU, tK. 
(IIPIII) m SQUIPNllft IIDDD roa '!DIR IIIBIIIG noJBC'f IB ILUDIN, 
U'JU. aun.a NICSJ:mt CONPAlff (SU"ILSII) mPICft'ULL'.I IUIUUft OUJl 
PIIOIIOIAL roa A. ll&llf!AJ:IIU n.m or CI.DUitel,IR IIIC'IDU. 

LIIDD OJI HU.C-.rl A, IOU Wu.L PJ:IID t'III JIDDm.8, QUUl'II2IU, 
Wia:Lt rmAL Ill.Bl, IIOUU ALLOnD na JIOIID, DCIII IOUll 
CIIIMB, caauaanm ...... OJ' -.mum AU auD UPOII, 'IO'DL 
,aim c11UC1aa AD m JC11B11W1C1 Mn ,a aoaa ,oa amxu.s 
OIILr • 

ALL Dm IKCJNII OIi Aftacmlll!l A DO IIO.t IIICI.UU Aft I~, LOCAL, 
PIIOlP9.U Ga UI ftDll 'l'IDM ~ NU U Uft.lCUl.11. 

URI AD IUD VOii IILIICBIC aou1l mD U.UIW 11BICJI UI 
UUCDD 'I() '1'D DU.I 0, Ual NICIIZn. -- UII WID OIi 171 
IOUIII or UII IICII »DIii. m•• •oua CUJIAl9, 1, 1111, 1111.L U 
CllCULADD 111D UIVOJ:CD Alf m - or m flDDC'I. nDI WOULD 
U IIO CUDIIJ IIIVD ... .111'1 8CIUIIII UIIDD '811 llnLONID DUaJl1CI fta 
nJDI OP nx1 f!IOIIQIU,. IP anrx a.acn to DGUllnll U!ft IIICSDU, 
na lvn.D WOULD IIIVOICII nan .... u .. - 0, IM:II .. , •• 
(ft PICIUD m DGUIJ.11 Rift Mm, DD m aa•• 1oua Mn 
aONII • &ftAC...,, a ~w m man • HUM). 

mum IUIID UNII A •• IIIUN CIUAllllll'IIII or J iiGlflU 111D & tM···· zr D'IIJ: - n GUUUnl a LOWaa IIIIDL na roa ate :F LllftD OIi &BMmn a, na auna WOULD 11,1:Clf m 
PCll,t4MIIIG ADDl'IIGIIAL DXICOUIIII GIi m IIDIIWllnl WIAL IIUII 111D 
1-=u1 aova cuw a'laaamrn t0 as on a 1. roa a m•UIUII or 
t ..... IIU'I, HDUal' II. 2 • Pa A IIDIDIUII QW t llllflU - , 
DIIIDUCI 101, oa 3. roa A IIIIIDIIIII o• 12 WIU -· DIDUC7: 111 • .......... 
'1119 aai•aua ............. 1.lftlD GIi UUC:•lfi a IIICLUDU 
.. MIIIIUL ........ WLY, auca u UJI, OIL, 111D ,um. ,u.nu, 
UlflLICAIP.I OIU, GUUI, llfU•Pm18, IU'IIII., flll l&N, LIIIN 
.... NID•Uf OITA. IUl'UIII MOULD nt'VOICI 11111 ICWIL IOUU UIID OIi 
llla'IW Um m OI' IIM'a NOIIW8. 

...... "" ........ ,, .... , ..... ,, .. ,. """'·"''' iti ..... 
r7UJJ1tt• 
I.II, ... ~-



"' 1, 1111 
• :*ff rum.I IVCt,IIR, !IIC • 

..a 2 
I 

OUR MOllftLI &Ill'IIIIJICa C,11911 WOULD 81 ,20,110.00, 1111JCII IJICLUDa OUll 
~, IRCIALIID LUU !IIUCK8, auno• VDICLll8 UD aQUXJIIIJII, 
IPICULil•D 'IOOLI•G, ICIIIDULSD OIL IANPLIN, P&al m.lLDI UD 
I1IVllff0aIB8, IUJ.DGB UD navm. 1Dm1. avn.a wn.L IROVIDI 'NO (2) 
PUJ.L-'fDII ICUll'!DUCS DCml!CUlla OIi IID ,un (50) aOUII PD nD GIi & 
SCUDUU ff .. DIDIUIDIID, IIOD&1' naoua ,UD,U. ••x 1fOULD II.VI ~ 
ICIDULII m JIICJIIm &VULULI ,.,. & ~DIR PUIIII ta '10 U DftDlllDD 
ADIQUUII Poa aun.a IIAIIIUIIWICI PmollllllL !O Plllll'OIIII na UQUIDD 
NAlftmllCB. 8U'n.aa 1IOUI.D IIIVCICB D'III l'OII '!1111 IIOftJIL1' JG.tlfDIWICB 
CUJIGI U 'ID BNI-IN OP UCB Wta. 

UPNU• 
8U'1'LD WOULD II WPGIIIIIILJI POil &LL UPlta JW!LIJDUIG pun UD LIIOR OIi 
oua 111«:1im ona nu ,uLUm c:uaa aw DANMJU oa 1111-us•. UPuu 
IIICLUDB I~ U JUIIGll U ~, .U.~IWUOIII, 1fAm. fUIIPI, DDIWJl.lC 
aoau, nc .. ,o m a.JOll 1~ 1uca u -1m, n1111NI1111w, 
DI1Jl'Ullftu.LI, 111m, anum.xc ..... 111D cn.umm, nc. ir tDII 
Plllllzn UD 11'111 UQUUn aun.n•a ftCIIIICUII IO PIJll'OIIII UPAJU Ga 
1GI.'IIMUCS OIi ~Dia IIICBJ:m, OUll 80UIILI' cu- 1fGULD A ,,s.oo ••• IOUR 

•• ll&Ulll.lLI • •. , .. , 
PU?~ rmaa ntCLUDa aon DBLI'Vllll1' .IIIID mmm, UaaNILt, AIID 
DIUAmLr QI' IQUIPJCllfl. 

ltlJ'I lllt9ll&IJLI1JII J1SJ•JP•1 
QPIIIII.PILs ,aov1Da na onauou u nDD to onan IIAC'lrm u 1nno 
1• canaflJ,t,U'I OnllUlN CIUIH. aU'ILlll 11D.L ROVXD8, U IO anull ft 
Sl'III, QUll,J:PIIID 'IIIUIII.. lllll'lll'UC20M roa m ........ 0, ftUnN 
o•D.UOM. fll?I mz•lllll lfGIU DD PL&Ca a BIi J01181ft Um 1•1~UL 
.... , UP or na .JOB DD IIOIJLD IJICLIJDS CLl.laocll, 1IILX UOUIID, UD DI ?ROIi 
D..,_'lll&ttlOll8. 

,um... •utn.'I UD P!J.L Al.la PUIIL roa IQUll'IIIDft ZIICLIIDDIII au:n.a f I ID.Vim 
vuim.u. 
'811' n1a 1J1CLUDU ... , uaam, am 11-1:t'LII, .... WDD-, 

, nc. •UftJlll • I IIOIIIIL NLICI '°" ... uazar, ...... - ISIDL 
ac•1na II 'IO a•u• lllml ..... IIIS DIUI. NUOD JI CClll'YDD, IONIIVD, 
1• ft8 DANMIID 1,:IIC II• A. IAnft' CGIICI•, 111 IIDIJr.D ... .ua m DINIO .. 
U IOOII U NMIIIY Uft1l ... OCCVIIJIID. All 1saa:1a LIii OF '1111 .... 
AIID r..uoa llqUIUD lfOVLD •• NGVIDD - ... I ,uoa IO l'IU'1QINI -

'"'Ala, .IIID IIIVOICD U CUUllll'I LIit' PUCIII f'LU8 ,uz-, u,oa COllft,ftl.OII • 

• 



P.4 

• 

,, 1, 1111 
1&01 PIJIILI IUC'LUll, Ille • 

. Al I . ,, ,, 
I 

"IUPCIIIUP 1ft ,,... D'lll 1IOULD .. mRllllaLI ,oa ALL ~I- ... 
DIC'LUDIIICI ~11111 DAIIIGII OIi ftll DCB?m nn All Una!Slt LXIDD OIi 
AffAClllm a. IQUll'NIDl'f lfOULD U.V'S '!OU llftlJRIID 1ftft 11D 8RUD UD 
IIOD& 1:1- U 1fDII DILl'VIIIUID, Oil PllOIIMID ACCOJIDIJIIG1,I Bl nac:BnMIB 01' 
~ID RAil UD CODl~IOII .U i'BIUIIJIHIOII OP IIDDL PUlIOD. 

UPOII DILIVBlll OP IIM!IIDIU, & UPllllamHIVa a, Bun.Bil, A RBPmmA'?nE 
OP 11'111 UD A IUIPW~rn ROIi &II DIDUUDBft ~ID DIIAl,BR oa 
JIAIIUl'JICWUJl WOULD JO!Jl'&I Vlal!PI DI IIU'IDIO '11111 COIIDli'IOII, nJICBIIUGB 01' 
nut, UD 'IJ:U vu.us. UPOII naaaD'J'!OII OP rma• ,, 1111 WOULD JCPtW DVII 
!1111 UPU811111'!U!VU JallffZ:OIIIID .IIIOVII DmJlll!D US COIIDI~XOII, PDCIIIDGB 
or wau, UD 'IIU vu.on. Alff D1ff8DIICl8 IIOUD, wom.D tllll U CIIIA1ID 
oa CDDim 'IO 11'111 IIICLUDDIG BOD JCUDU.LII UD LUOa. 

mmacmua Nm aa &LL na.c:s 'l'D• J11C111m NOULD u BUILD'• 1Dm1. 

POPIP ffl:IAIM Z99'4 • 

D'ID WOULD U D8POll8UILII l'Oa ALL PABB ULATtllCI 'IQ ClllOUIID I.IIGlaUQ ~ ,ca.a.~.,,, ••. CUftIJIQ .... , UPPD 'llN JUl1) fao'fiiC20M, IUCl&'I 'IIN AIID 
\PIiia, DGa anwmm uanm, ma tI..USa oa amw or 1uc:aa11 m 

• 
.. IIDVftiaG UIID1IUa. 8ftJ.D WOULD IIIIDLL 'Im• lftlll Ga .Ill U mDIID 

atUJa u m cuaun eusu11,1,1a Lin P1Uca PLUS ,ux~ u ao ADD1nODL 
LIIMHl COtlfl. ALL MACalm 1IOULD U DSLrvlUD nn m ca.1.2. Inlll UID 
.11111 'IO R U!UIUID 1111'11 -· 

1111 WIN fl> 'IIWIK In% UD rou POa GJVIIICI 118 'ID OPPOUUlllff to PD811ft 
OUll PllOtOSAL AID POa I.LL '!U C0DIDDU%OII 1IS DCaXVB. 

•111ewm,r rouu, 

Jll"IDllY CCIIPUl'I 

Joa. w. a11:La 
UIIDL PLllft Nl ... a 
.nal/4el 
cc:: oacaa rmlOII, lllll'D.L l'LSft IGUIDIUIG DIIIGD 

• 



• • -• AllACHa-.-1il 6 
ENERm: EUEI I NUCLEAR. INC1 r 

EQUIPMENT NEEDED FOR JOB IN BLANDING. UTAH .... 

MAYl, 1985 I 
MNIIUII . 
GUARANTEED TOTAL .. ~ 

MONTHLY HOURS EXCESS NUMBER OF FREIGHT MAINTENANCE! 
RENTAL ALLOVVED HOUR MONTHS RATE CHARGES· RATE 

.. 

~ MOQEl gn RATE eEBUONJH QtARGE BASEQ UPON IQIA«>M PER HOUR 

•6J7B .. $21,000 BA. ~/6 BA. $61 •• 3 u . ,10,000 11&. fl.95 •• 
E 

G 
0911/RIPPD 1 ll,000 176 ,2 3 1,000 1.30 

! 
llll/lll .... 1 10,500 176 lt J 7,000 1.05 M g 
>lHIRIPPBll 1 ,,ooo 176 28 l 6,000 .85 

j25C 1 9,500 176 30 3 7,000 1.00 
8 

.... l 10,000 176 32 3 7,000 J .. 05 

·HIP l 15,000 176 ,. 3 8,000 J.JO 

76,C • 1,000 ... 11, II&. 28 •• 3 •• 1,000 •• 1.35 u.. 

45B l 16,000 176 50 l 12,000 1.25 

0, 000 GII,1411 1 10,000 17fi 30 l 1,000 1.10 
&Bil ... 

'000 G&J,14'11 1 5~500 176 18 3 3,000 . .,s 
lftR lla<D1 
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R11ff Rust Geotech Inc • 

A Wt.IX TIICfflOI09IIS ~ Phone 970 Z48 e:CC 
PO So• :4(XX) • ~37 81' Road Fa1 970 Z£8 ~O 
Gs n Junc!IOII COIOl,00 81502-SSO. 

May 22, 1995 

COYER LITTER 
fH 

REQUEST FOR PROPOSAL BfP-llJI 
TO ALL OFFERORS 

SUBJECT: Request for Proposal (RFP) 11348 for Construction of an RCRA­
Type Repository in Monticello, Utah 

Dear Offerors: 

Rust Geotech Inc., Operating Contractor for the U.S. Department of Energy 
(DOE), Grand Junction, Colorado, cordially invites your firm to submit a 
proposal for the subject construction project . 

This solicitation includes the following documents: 

I. Cover Letter and Payment and Performance Bond Forms. 

II. Exhibit A) Statement of Work and Drawings in support of the 
repository and associated construction, remediation, operation 
and maintenance. 

III. Exhibit B) General Proposal Instructions: This document 
contains general administrative information pertaining to the 
proposal as a whole as well as evaluation criteria. 

IV. Exhibit C) Business Proposal Instructions: This document 
covers business data such as pricing, tenas, period of 
performance, and includes the following: 

a. Schedule A 

b. Schedule B 

C. Schedul I C 

d. Schedule D 

OOL Wage Decision UT940009, Dated September 
9, 1994. 

Notice of Requirements for Affirmative 
Action. 

Unit price/lump sum proposal. 

Minimum Requirements for Small Business and 
Small Disadvantaged Business Subcontracting 
Plan. 

~·-, ...... _ 
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VI. 

e. Schedule E 

f. Schedule F 

g. Schedule G 

h. Schedule H 

1. Schedule I 

Contract Pricing Proposal Cover Letter {Form 
1411). 

Proposal Bond 

Proposal Representations and Certif;cations 
(GJ-PROC-113). These are to be executed by 
an official authorized to bind the offeror 
and are made a part of this proposal. 
Return one completed and signed copy with 
your proposal. 

Organizational Conflicts of Interest (GJPO­
PPM-1333). This is to be executed by an 
official authorized to bind the offeror and 
is made a part of this proposal. Return one 
completed and signed copy with your 
proposal. 

Terms and Conditions (GJ-PROC-111), dated 
May, 1995. These Terms and Conditions will 
be included in any subcontract resulting 
from this solicitation • 

Exhibit D) Technical Proposal Instructions. This document 
contains a list of technical information and documentation 
required. Pricing is .fj[[ to be included in this technical 
proposal. 

VII. Site Specific Specifications: Engineering Document E02926A8. 

VIII. Signature Page with Subcontract Schedule 

P1ctorm1nce of tbc Nock by the Sybcgntr1ctor 
The Subcontractor shall perfora on the work site, and with its own 
organization, work equivalent to at least twelve (!2) percent of the total 
amount of work to be perfor'lltd under the subcontract. This percentage 111y 
be reduced by suppl ... ntal agre1111nt to this subcontract 1f, during the 
performance of the work, the Subcontractor requests I reduction and the 
Contractor deteraines it would be in the best interest of the Government to 
do so. 

Pc1-Pcapgs~ 1 coot1c,o,1 and stta Insptcttqn 
A pre-proposal conference and inspection of the work site(s) will be 
conducted on June 13, 1995, beginning at 9:00 A.M. at the Rust Geotech 
Office in Monticello, Utah. Answers to questions addressed to the 
Subcontract Administrator, received no later than June 8, 1995, will be 
addressed. All questions, including those arising during the site 
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inspection, sh1ll be submitted in writing to the Subcontract Administrator; 
a written response will be sent to all prospective offerors. 

Schedules 
Refer to detailed sections within the Specifications to acquire scheduling 
data. 
The construction schedule shall be as follows: 

Estimate 

start Date 
November 1, 1995 

compJetjcn Pate 
June 30, 2000 

The Rust in-house estimate for the total solicitation package is between 
S25,000,000.00 and $50,000,000.00. The in-house estimate will not be 
revealed. 

If any of the documentation that you submit for this proposal is considered 
proprietary to your firm, please so identify. Geotech will take every 
precaution to ensure the security of the information. See the General 
Proposal Instructions, Exhibit 8, for additional information. 

Your response is due no later than close of business, 4:30 P.M. MST, July 
19, 1995. Should your firm desire not to offer a proposal, please send 
notification of your decision. Response should be transmitted as follows: 

U.S. Mai 1: 

Rust Geotech Inc. 
ATTN: S. H. Johnson 
Subcontracts 
P.O. Box 14000 
Grand Junction, CO 81502-5536 

Air or Surface Carriers: 

Rust Geotech Inc. 
ATTN: S. H. Johnson 
Subcontracts 
2597 B 3/4 Road 
r.rand Junction, CO 81503 

Labels identifying the RFP, and defined as Technical Proposal and Business 
Proposal, should be affixed to the outside of the respective proposal 
packages. 

Should any additional information be required, please contact the 
undersigned at 970/248-6113. 

Steph1n H. Johns~ 
Subcontract Administrator 

shj/ ib rfpcov:ou1 
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General Decision Number UT940009 

Superseded General Decision No. UT930009 

State: Utah 

Construction Type: 
HEAVY 

County(ies): 
BEAVER 
CARBON 
DAGGETT 
EHERY' 
GARFIELD 
GRANO 

IRON 
JUAB 
KANE 
PIUTE 
SAN JUAN 
SAN PETE: 

SEVIER 
UINTAH 
WASHINGTON 
WAYNE 

HEAVY CONSTRUCTION PROJECTS 

Modification Number 
0 
l 
2 

?ublication Date 
02/11/1994 
04/01/1994 
09/09/1994 

UT940009 - l 09/09/1994 



• 

• 

• 

COUNTY(ies): 
BEAVER 
CARBON 
DAGGETT 
EMERY 
GARFIELD 
GRAND 

IRON 
JUAB 
KANE 
PIUTE 
SAN JUAN 
SAN PETE 

* BOIL0:828 01/01/1994 

BOILERMAKERS 

SEVIER 
UINTAH 
WASHINGTON 
WAYNE 

Rates 
18.48 

Fringes 
7.89 

----------------------------~-----------------------------------
CA.RP0722B 10/01/1993 

MILLWRIGHTS 
Rates 
19.27 

Fringes 
2.65 

----------------~-----------------------------------------------
* IRON0027G 07/01/1994 

IRONWORKERS: 
Structural 

Rates 

17.75 

=ringes 

4.46 

----------------------------------------------------------------
SUuT2007A 03/01/1988 

CARPENTERS 
CEHENT HASONS 
ELECTRICIANS 
IRO!:':vORKERS : 
Reinforcing 

LABORERS (including 
pipelayers) 

PIPEFITTERS 
POWER EQUIPHENT OPERATORS: 

Backhoes 
cranes 
Dozers 
Graders 
Loaders 
Scrapers 
Trackhoes 
Tractors 

TRUCK DRIVERS 

Rates 
10.Sl 
11.52 
1.;.s2 

11. 00 

7.65 
12.60 

10.00 
10.43 
13.10 
12.67 
11.26 
10.00 
10.00 
9.42 
9.42 

Fringes 

2.71 

1.60 

----------~--c•-------~-------------~------y---------------------WELDERS - Receive rate prescribed tor craft pe~torming operation 
to which welding is incidental. 

------------------~---------------------------------~-----------
Unlisted classifications needed tor work not included within 
the scope of the classitications listed rnay be added after 

UT940009 - 2 09/09/1994 
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award only as provided in the labor standards contract clauses 
(23 CFR S. S(a) (1) (v)). 

--------------~-------------------------------------------------
In the listing above, the "SU" designation means that rates 
listed.under that identifier do not reflect collectively 
bargained wage and fringe benefit rates. Other designations 
indicate unions whose rates have been determined to be 
prevailing. 

ENO OF GENERAL DECISION 

UT,40009 - 3 09/09/1994 


	1
	2
	3
	4

