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1 be ~' 5, 1.2 End plates are constructed of stainless steel. They are NOTE I-Reagent water is defined in SW-8°46 as water in which an 

An attached by means of eight, 6-mm (¼-in.) threaded rods or any interfcranl is not observed at or above the method's detection limit of the 

umn other means which ensures a leakproof seal. analyte(s) of interest. 

ons. : 5.1.3 Gaskets, one at each end of the column, are con-
1rin- structed of chemically inert materials, and are as thin as 

7. Safety Precaution 

possible while still providing a_good seal .. -The gasket diameter 7 .1 General operating pressure should not exceed 27 5 .8 kPa 

that should overlap the inside column diameter by 3 mm (¼ in.) to (40 psig) with materials as defined herein. Other inert materials 

low prevent the gasket from being forced out while under pressure. are available that can be used to manufacture the column which 

lli!e Techniques other than gaskets for providing a seal between the will withstand pressures above 275.8 kPa (40 psig). 

column and end·plates are allowed provided the technique used 

~ 
is specified in the report. 8. -Sampling 

5.1.4 Flow distribution disks must be constructed of sin- 8.1 Sampling must be perfonned so as to obtain a represen-
tered stainless steel, with a nominal pore diameter of 70 µm. tative sample of the material. 

nm 
Toe disk thickness shall be 6 mm (I/• in.), with a diameter.equal 8.2 Where no specific sampling methods are available, 

n.). 
to the inside diameter of the column, approximately 100 mm (4 sampling methods for materials of physical fonn similar to the 
in.). The disk shall have eight evenly spaced grooves; each of 

,xi-
_which is 3 mm (¼ in.) wide, 3 mm deep and 50 mm (2 in.) 

material shall be used. 

long. These grooves shall be positioned in a ray originating 
8.3 A minimum sample of 5000 g, or three column volumes, 

'· from the center of the disk. 
whichever is larger, shall be sent to the laboratory for each 

l 5.1.5 Tubing used in the apparatus shall be of inert materi- column. 

i d of als, for example, glass, stainless steel, polytetrafluoroethylene 8.4 Samples must be kept in closed containers appropriate 

7 lined. The outer diameter shall be 6 mm (I/• in.). to the sample type and otherwise protected if necessary prior to 

I 5.1.6 Substitution of materials of construction of the column testing to prevent sample contamination or constituent change 

! or any of its parts is acceptable, as long as it is demonstrated or loss. Where it is desired to test biologically or chemically 

i that levels of contamination for analyte(s) of interest are equal active samples in their · existing state, any sample storage 

i 
to or Jess than those specified. Any modification of the rP.quired should be at 4°C (Practice D 3370) and the leaching ~, apparatus _as described in this test method must be justified, should be started within 8 h of sample collection. Where 

documented, and delineated in the report. appropriate, the tester may modify a test portion before 

5.2 Pressurized Reservoir Vessel, which is used to contain leaching to simulate the results of biological or chemical 

: 
the leaching fluid, is constructed with requirements similar to activity in the field. Record the storage conditions, sampling : ' 

- ' 
those of the leaching column with the following exceptions: (1) procedures, handling practices, and any abnormal sampling 

! 

' 
no diffusion disks are used, and (2) it is equipped with .a top conditions in the report. 

port for refilling the fluid. . · 
i 

5.3 Balance, 10-kg capacity, with a 1-g sensitivity. 9. Preparation of Apparatus 
! 

' 
5.4 Compressed Gas Source, _prepurified nitrogen or argon 9.1 The assembled apparatus is shown in Fig. I. 

·, with a two-stage delivery regulator (0 to 350 kPn) (0 to 50 
< 

psig), and a pressure gage capable of measuring the pressure in 
9.2 Column Preparation: 

~· the head space of the liquid reservoir to within ±7 kPa (1 psig). 
9.2.1 Before use, clean all parts of the test apparatus that 

:i will contact the waste material, leaching fluid, or __ product 
. ~ 
~ 6. _Reagents and Materials leachate. 
~ . 9.2.L.l Clean the sintered disks by boiling them for 15 min 

: 

'• 6.1 American Chemical Society (ACS) Reagent grade 

! chemicals or equivalent arc preferred. io· in reagent water, followed by a back.flush with reagent waler. 

l 6.2 Other grades of chemicals may be used, provided that 
Then saturate the disks with concentrated sulfuric acid and 

;' the reagent is of sufficiently high purity to pennit its use 
soak until all ·residues arc removed. Th_en vacuum or pressure 

,j without compromising the objectives of the testing. 
remove the excess acid with reagent water .. Next, pump or draw 

i. 
6.3 Demonstration of acceptability through reagent blank 

either. acetone or methanol through the disks, followed by 

data at or below the quantitotion limits for all analytes of 
either hexane or methylene chloride~ Permit disks to air dry. 

inte_rest is required. 9.2.1.2 Clean the column apparatus by washing it with a 

6.4 Unless otherwise indicated. references to reagent water nonionic surfactant soap and water. Rinse with tap water and 

mean water as .defined in SW-846, Method 1311, 5.2. See follow with a reagent water rinse. Then rinse it with either 

: reagent water.under the tenninology section of this test method acetone or methanol, followed by a rinse with either hexane or 

{ (3,1.1). . methylene chloride. Pennit the apparatus to air dry. 

9.3 Assemble the apparatus as depicted in Figs. 1 and 2. 

I 
Weigh the dried, clean empty column, inclui:ling end caps and 

r 
10 R,o,,·,., Ch•mic,,ls, lrm,rican Ch,micol Soci•,y -Sp,cljicarions, American other fittings necessary to contain the waste, ,and.record the 

Chemical Socic1y, Washinglon, DC. for suzgcs1iorui OJI lbc. testing of reagents not mass. This is the tare of the apparatus. Record the inside 
wred by the American Chemic~ Society, sec Analar Stondartb for Loborotory 
Ci,,micals, BOH Ltd., Poole, Dorsc~ U.K., A11d du: Unlrtd Stal<J l'harmacoptia 

diameter and height of that part of the column to be filled with 

;:;:,_Na1ional Fa_rmulary, U.S. Phnrmaceulical Convention, Inc, (USPC), Rockville, waste (that is, the column cylinder). If, following column : 
saturation, the tcs1er wishes to check the degree of saturation, 

. 
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ii will first be necessary to determine the mass of water that can 
be contained in the porous flow distribution disks, end plates, 
and fittings. 

JO. Procedure 
IO.I Preconditioning: 
1-0: I .I Prepare a test portion of waste in a manner that 

simulates the state the waste is in or will be in as ii undergoes 
leaching in the field. Preparation of the lest portion may 
include such factors as curing, and adjustment of moisture 
content and density. For such adjustments,· the following 
procedures can be used where appropriate. 
··10.1.2 Moisture Content- Adjust the moisture content to 

that defined in the disposal scenario by dewatering or adding 
reagent water to the material. Increase moisture content to that 
defined fo the disposal scenario by addition of reagent water. 
Note and record the volume of reagent water added. If the 
concentration of any trace analyte of concern found in the 
reagent water exceeds the reporting (quantitation) limit for the 
volume added, note this on the report fonn. Decrease moisture 
content by detennining. scenario temperature (normally less 
than 66°C) and drying the material at the temperature for a 

.. ~pecified. time interval . Detennine actual moisture content of 
the waste as it is placed in the column'-using Test Method 
D 2216 and an appropriate drying temperature. Note and 
record the drying temperature used. Record the moisture 
content. 

I I I 
I 

i 

i 
I 
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10.1.3 Density-Density ·is to be adjusted by vibration (see ; 
Test Method D 4253) or compaction (see Test Method D 698) 
to the anticipated field density. Pack the waste material in the 
column so that uniform density is achieved. This can be 
checked by vi_sualobservation of the waste in the transparent 
column. 

I 0.1.4 Curing-Aging may be necessary for those materials 
that undergo physical or chemical changes with time in·order to i 

obtain a specimen (test portion) representative of the desired 
conditions. Curing may be accomplished in the field before 
testing in the column 10 produce a physical and chemical state 
representative of the waste as it undergoes leaching in the field. 
Note and record field conditions of temperature, humidity, and 
atmospheric pressure. Record the duration . of the curing pro­
cess and repon with the test data. 

10.1.5 Panicle Siz.e- Ensure that the panicle siz.e distribu­
tion 'of the waste as placed in the column is representative of 
that expected in• field placement. Interpretation of results is 
based in part on a knowledge of the· particle size distribution 
and surface area of the material. Maximum particle diameter 
must not exceed 1/10 of the inside diameter of the column. 
Particle siz.e reduction is not recommended. An evaluation of 
the particle characteristics of siz.e distribution and surface area 
may be useful. 'Test Methods D 422 and C 819 should be used 
lo evaluat~ these properties of the waste. 

I 
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10.2.1 Fill the column by compacting or vibrating the waste 
in five approximately equal layers. Approximate the expected 
field density. Scarify the top surface of ench layer before 
adding the next increment. Do not scarify the top layer after 
fin11I compnction. Fill the column to its final height, ensuring 
that the final height of the compacted material is equal to the 
height of the leaching column. 

10.2.2 After filling the column, determine the mass, includ­
ing the same fittings as in the detenninotion of the tare. Record 
the total mass. 

10.3 Leaching: 

10.3.1 The leaching process is conducted in a continuous 
up-flow mode. 

10.3.2· Saturation-After assembling the column as shown 
in Fig. 1, snturate the column with reagent water by the method 
outlined in Test Method D 2434 for determirung permeability 
coefficients using a constant head penneameter. In this case, 
the column assembly replaces the constant head permeameter 
of that procedure. If it is determined that it is not possible to 
saturate the waste using Test Method D 2434, it may be 
necessary to increase the vacuum used in the procedure or 
attempt to saturate the column under pressure, or both, _to 
promote the dissolution of gasses. 

10.3.3 Water used to saturate the waste should be of the 
same quality as that to be used to leach the waste in the 
column. Collect a sample of this water at the time of saturation 
and analyze for the same properties and constituents as will be 
measured in the column efiluent. An appropriate sample 
container, similar to that used for sample collection should be 
chosen and cleaned. Sample container guidance is given in 
10.6.J. The test portion will be collected using the procedures 
for leachate collection, 

10.3.4 Detem1ination of the Void Volume-Void volume is 
estimated from the measurement of specific gravity of the 
solids in accordance with Test Method D 854, the mass of the 
wet solids placed into the column, the moisture content of the 
material in accordance with Test Method D 2216, and the 
volume of the column. Although the drying temperatures used 
in Test Methods D 854 and-0 2216 can be sclec1ed on the basis 
of the specific characteristics of the material being dried, the 
drying temperatures used in the two procedures must be the 
same for the data to be used for porosity and void volume 
calculations. 

10.3.4.1 Measure the mass of the sample material which 
fills the column apparatus. Note and record the _moisture 
content of the material, as well as the specific gravity and any 
other specific information relevant to the material. 

10.3.4.2 Calculate the void volume using the following 
equation: 

V,. = V,{M11(1 + w) X S X D]) (I) 

where: 
~P == void volume in the column, cm3

, 

v_ volume of the column, cm3, 

M = os-packed mass of the material, including moisture, 
contained in the column, 

w = moisture content of the material contained in the 
column as a mass ratio from Test Method D 2216, g· 
water/g solids 

S = specific gravity of the material as detennined in Test 
Methods D 854, unitless, and 

D = density of water, g/cm3• 

10.3.5 Estimate the degree of saturation by calculating the 
porosity 11 of the material using the following equation: 

n ... v,tv, (2) 

Calculate the mass gain in the saturated material. Add the 
value of the mass gain to the mass of the water in the packed 
column. Compare the value to the calculated void volume. The 
ratio is the degree of saturation. The degree of saturation can be 
estimated by dctennining the mass gain due to the water added 
to the waste during the saturation process, adding trus mass 
gain to the mass of water in the _ packed column before 
saturation, and comporing this to the void volume just calcu­
lated. The mass gain can be determined by subtracting the mass 
of the packed, unsaturated column plus the mass of the-packed, 
unsaturated column plus the mass of the water retained in the 
end plates, flow distribution disks, and fittings, from the mass 
of the saturated column. 

10.4 EJ!luent Flow: 
10.4.1 Once the column is saturated, begin the testing 

period. Adjust the pressure or hydraulic head, or both, so that 
one complete void volume exchange rote is accomplished in 24 
± 3 h. Maximum operating column pressure, for apparatus 
specified, ·should not exceed 275 lcPa (40 psig). Read and 

· record operating pressure, and effluent start time. If some test 
period other than 24 ± 3 _h (an a1temate void volume ·period) 
is warranted, record justification, time interval required, oper­
ating conditions, and effluent start lime. Collect all column 
effluents as discrete void volume increments. 

87 

10.4.2 Operating J?equirements-The column must be op­
erated continuously: Note and record stop and restart times for 

· all cessations. Determine total stoppage time for e_aqh occur­
rence per day and total daily stoppage. Cease test if, on any one 
day, total stoppage exceeds t h. · ·. 

10.4.3 No type of channeling is permitted. When channeling 
is noted, note the time and cease the test. Determine if samples 
generated previously ore usable. Document rationa1e for 
acceptance/rejection of previous sample effluent. Columns · 
shall be protected' from extraneous light except during column 
checks and sample collection intervals. Note and record all 
exposure period!. 

10.4.4 Columns are· to be run at ambient temperature, under 
normal test conditions . . Sufficient pressure is required to 
maintain flow ai-the specified rate which will yield a void 
volume during the specified time interval. Temperature and 
pressures must be read nnd recorded periodically. For safety 
reasons, do not operate this equipment above 275 lcPa (40 
psig). ·- · 

10.5 Leachate Collection: 
10.5.1 The colwnn must be inspected periodicoily and 

adjustments made. if_ necessary lo maintain the desired.operat-
ing conditions. ·. · · . . _ ~~ . ·. 

10.5.2 Sufficient leachate from void volume peri9ds shall be 
collected to establish a basis for judgment on completeness of 
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may provide additional useful data. The .minimum number and mation: · · · · ·anab1 q 
sequence numbers of void volumes that will be collected and 11.1.1 Project identification and description, · }l Nar. ---lf----+--t--+----1-,·, ■1 
analyzed must be identified in advance of any collection 11.1.2 Description of waste as sampled, /~ ·r 

activity. 
1 

db II , II 11.-1.3 Sampling procedures, waste sample handling, and· :.i.;_:· - 1 --1---+--+--+-11111
1 

• 

10.5.3 Void volumes arc samp e Y co ectmg a column storage procedures including·the dale and time of sampling, 
effluent generated over a 24 :t 3 h or other period correspond- 11. 1.4 All procedures used to condition the waste for 
ing lo the void volume of interest. placement in the column including curing and moisture adjust- . 

i-~ ~e---4----1---+--;·a!I,' ■ 
CalCll !; 

10.5.4 Minimize contact of the leachate with the atmo- ment procedures, 
sphere. Fill effluent collection vessel head space with pre- 1 J. 1.5 Penneability, particle size, and surface area informa-
purified nitrogen or argon. Protect vessel head space with a tion where available, including disposal scenario specifica- · 
water trap. . lions; and a complete description of material as sampled, 

l0.5.5. Collect effluent in appropriate containers. Containers I I. 1.6 Temperature used for drying in moisture determina-
shall be cleaned in ari appropriate manner. Containers must be tion and specific gravity · procedures if different than J 1 O = .'. 
free froin contamination for those parameters of interest in the 5°c:;, . 
leachate. Follow the procedures outlined in Practice D 3694 or 11. l. 7 Materials used to construct the column apparatus if 
Ref (4), or both. · different than those specified in the test method, 

I 0.6 Leachate Sa,nple Preparation: 11.1.8 Column washing procedures, 
I 0.6.1 Sample containers must be constructed of materials 11. L9 Waste moisture content ns sampled and as packed in 

that do not alter the s·ample quality. Follow the procedures the column, 
outlined in Practice D 3694 or Ref (4); or both. 11.1.1 O Characteristics of the waste as placed in the column 

10.6.2 Sample containers must be cleaned according to including specific gravity of the solids, porosity, and void . 
Practice D 3694, methods contained in Ref (4), or as appropri- volume, 

Cabal 
Chron 
Copp 

·· Iron 
LllhiUI 
Magn• 
Molyb 
tiicl<e 
Phosr 

: ·Potas 
Sllico1 

·._. Sodiu 

. Vanat 
. ·Zinc 

• Av, 
.. :•ea, 
_kithe ( 
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ate for the constituents of interest. 11.1.11 Mass of the waste placed in the column, , 12. F 
10.6.3 If collected leachates from void volume periods are 11.1.12 Saturation procedures used if •different than Test : · ··

12
. 

stirred or agitated before filtration or analysis, this must be Method D 2434, and date and time that column saturation ·· siudit _ 
noted in the report. Minimize contact between the liq~id and began and ended, ,. '; iny~l• 
air during this mixing. If there are solids visible in the collected · 11.1.13 Date and time that leaching began, . , . nkcd ; 
leachate before or after mixing, this must be noted in the report. 11. 1.14 Temperature and pressure of column operation al ~nm 

J 0.6.4 If filtration of the leachate is desired -prior to chemi- the beginning of the test, and at each time samples are collected ; colun · 
cal analyses, then such filtration steps must be noted. Analyze or flow rates are adjusted, · 
the filtered material separately to ensure that the suspended 11.1.15 Means used Lo prevent exposure of column contents 
solids ,ctid not contain constituents that are ;of environmental to light, . 
significance. If suspended solids arc found to con.lain analytes 11.1.16 Total time for collection of each void volume, .the : 

metal 
plasrr 
lions 

· the p: 
of sigitificance, then redo the column leach test, and analyze measured volume of the leachate collected during the period, · 
the lea-chate without .filtration. the date and time when measured, any correcti uns made to flow meas, 

J 0.6.5 U samples are filtered before analysis, the method of rates, and quantities of. effluent collected between flow rate · c~ue 

Practi 

filtration must be noted in the report. Filtration must be determinations, ! 

completed within 1 h of sample collection. Contact with air 11.1: 17 Date, time, and duration of all flow stoppages, · 
must .be minimized. 11.1.18 Observations of unusual conditions in the column, · i·~-~_or 
. J0.6.6 · Samples must be stored under refrigeration at 4°C. such . as density variations, cracks, gas~filled spaces, or evi• : · 

condt 
colun 

Sample container head space must be minimized. A tight seal dence of fluid channeling along column walls, . 
between the- cap and the container is expected. Guidance on 11.1.19 Date and time that the tester began and finished . 
preservation techniques can be found in _Practices D 3694 and collecting each void volume and the number of void volumes ; 
D 3370 as well as in Ref (4). collected, 

{l)Gn 10:1 Sample uibeling- At a minim~_m, the information 11.1.20 Type and material of con~truction of sampling 
regarding column source, collection d·ate, collection 1ime,.void containers and·methods used to clean sample containers, · · So, 

volume number, sampler's name, sampler's signature, and 11.1.21 Steps taken to avoid sample contact with air where (l) ;~ 
pre-serva~ives used must .be recorded. , such steps are called for in the tes1 method. 

1 

Pai 

10.8 Characterization of the Leachate-The minimum test 11.1.22 Results of measurements of index properties and • '. No 

portion for characterization is equal to the .volume of leachate any other analyses performed on unfiltered samples within l h ; · nic 
produced during the void volume period. Suggested analyses of collecting the void volume from the column. The results of ~ = (3) Ra, 

for chatacterization of lcachate":-i_nclude:., pET Test Methods the analyses of that water used to saturate and leach the waste . : '.'E• 

D 1293· Conductivity, Test Methods D 1125; Rcdox Potential, must also be included, and 
Practic~ D )498; Total Solids, Test Method D 1888; and any 11.1.23 All analytical data requested in disposal scenario 0: 

other analYiies that will further characterize the material and with complete documentation and traceability through labora· ; : 
provide intCrpretivc guidance. · tory records. -.~ .; .(·· \ 
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TABLE 1 Test Method Precision (Percent Relative Standard Deviations) 

•• i: NOTE I-The lop number in eoch set is the pooled within-laboratory relative standard deviation ....;hilc the bonom number i., the overall intcrlaborarory 
:; ; variability for a single lest result in terms of relative sumdard deviation. 
1
1

:---1----1---+-- -1--- NOTE 2-Because all chemical analyses were performed by a single laboratory, the 101al variance docs not contain an in1erlaboratory analytical 

,f._. -+---+---t----lf-- -i component 
Number al Vold Volumes of Liquid Having Passed Through lhe Column al the Tlme of Sample Collec:tlon 

'f --1---1---t---t--

!] 

I o 
I • 

I I 
i 

ii 

Element 
1 2 4 8 16 32 

Average,. 

Aluminum 61/130 22/62" 44/54 30/40 29/85 10/50 35/72 
Calcium 9/20 5/16 6/28 7/14 14ll5 13/42 9/33 
Coball 25/64 9 ... ... ... ... 
Chromium 13/51 12/16 16/33 8/8 17/338 ... 12/17 
Copper 25/33 8/10 12/22 18/26 33/438 ... 16/23 
Iron 88/140 18/18 20/26 16/18 27/409 ... 35/51 
Lilhlum 34/50 75/130 63/120 ... ... ... 57/100 
Magnesium 130/1708 ... ... ... . .. . .. 
Molybdenum 5/10 13/60 5ene 17/69 s1n1" ... 24/55 
Nickel ... ... 50/868 36/41 21/34 61/38 
Phosphorus ... . .. s4n1 85/858 67n38 ... 64nl 

Polassium 24/82 28/110 63/120 93/100" 48/80 38/104 
Sllieon ... ... ... . .. 34/48 22/29 28/39 
Sodium 24/87 56/100 50/86 28/39 46/59 ... 41n◄ 

SlronUum 19/42 18/18 28/52 4/22 361758 17/34 

Vanadium 49/538 10/27 30/60 16/18 24/338 14/24 18/32 

Zinc 99/1008 ... ... ... ... ... . .. 
Average 33/5◄ 

,. Average values are based only on data wllhout asterisks. 
"Based on data sels that contain one to three values below deteclion limits (out of nine values). Those values below detection lmlts ere assigned the detection limit 

In the calculations. If more than lhree values are below the detection limit, the dale were nol analyzed. 

12. Precision and Bias 

12. l Precision-The precision of this test method has been 
studied for inorganic materials in a three-laboratory study 
involving triplicate columns at each laboratory. Ay ash was 
used as a waste material. Because the fly ash was of very low 
permeability, end caps without radial grooves were used. The 
column effiuents were analyzed by a single laboratory. for 
metals by emission spectroscopy using an inductively coupled 
plasma source. Those metals that were measured at concentra­
tions above the method detection limits were used to determine 
the precision of the column extraction method according to 
Practice E 691. The precision identified in the study· was a 
measure of the ability of the column method to generate 
effluents of similar quality from a single waste material in tests 
conducted at different laboratories, or in tests using multiple 
columns at a single laboratory. A summary of the precision dak 
is contained in Table 1. The complete interlaboratory study is 

described in Ref (S). The pooled within-interlaboratory relative 
standard deviation for metals data averaged 33 %. The overall 
interlnboro.tory single test reproducibility in terms of standard 
devintion was 54 %. This excludes interlaboratory analytical 
effects because all analyses were perfonned by a central 
laboratory. The analytical precision reported by the central 
laboratory, at concentrations most frequently measured, was 
seldom greater than 5 % relative standard deviation. 

12.2 Precision data for organic constituents are not avail­
able. 

12.3 Bias-It is not possible to ·determine the bias of this 
test method because there are no accepted reference effluents 
generated. 

13. Keywords 

13.1 column leach; leachate; waste leaching technique 
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~ D 4874-95 (2001) 

ASTM lntemetlcmal takes no i,;,sttion respecitng the val/dlty of eny patent rights asserted In connection with any Item mentioned 
in this stand11rcl, VSBf'5 of this standard arv flxpressly advised that determination of the validity of any such patent rights, end 1118 rWc 

· · al Infringement of such rights, 11re enUr,ly their own rasponslblllly. 

This st11nderrl Is Wbject lo revision al 1ny time by lh6 responslble technical commlN11e end must be reviewed eve,y five years a~ 
Hnot revised, either rriapproved or withdrawn. Your comments an, invited eH/Jer for r11vision of this standard or for ■ddilionat slMldetds 
and should be a<1drr,ssad to ASTM lntsm11t1onat He11dqusners. Your comments will recaive careful conslderalfon at a meeting of lhe 
responsible lechniCIII commi111111, which you may att,md. If you _lee/ that your commenls have not rt1Ct1ived a fair hearing you should 
make your views known to the ASTM Cr,mm/rtee on Standsrrls, 11I lh• address shown t>lllow. 

Thi,: standard Is copyrighted by ASTM fntematlonal, 100 Barr HertJor Drive, PO Box C700, West Conshohocken, PA 19428•2959, 
Untied States. lndMdual reprinlS (single or multlpla cop/ts) of this standard may be obtained by contacling ASTM at the above 
address or 81 610-832-9585· (phone), 610·832•9555 (fax), or servlca@estm.org (~m111); or through the ASTM website 
(www.astm.org). 
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l>MAIN Ut- l,;U:S I UUY RECORD AND ANALYSIS REQUEST CF- 1893 
SHIP TO: 

Company Name: 

ADDRESS 

C!TY,STATE, ZIP 

HAZEN RESEARCH INC 

4601 INDIANA STREET 
GOLDEN, CO 80403 

SHIP FROM: 

--:•:; 

CIMARRON CORPORATION 
112 MILE NORTH OF HWY JCT 33 & 74 . !r-: 

P.O. BOX 315 i'? 
!CONTACT PERSON: DENNIS JOHNSON CRESCENT, DK 73028 -~;t 
iPHONE: 303-2.79-4501 PHONE: (405) 282-5680 '.?Kt 
i lfiTili'i' THAT TffE Fll'l:J!'ell f!ElD SAMPL.NO PIIOC!DUIIU WUE U .D 4111NO THE COLLECTION Of THESE FAX: (405) 282-0534 {:if· 
is-LES. c:::; ~ t::": 

;,11r-1PL1,r: ,;1G1;1,T11F!,~ l/C Contact Person: Karen Morgan uf:. 1---------------------------t-------------_;;,------I Z ! SAMPLE TYPE w,, 
SOLID WATER -~~r SAMPLE LOCATION 

t ;- , ;: · f ;. · :: -. 

SAMPLE CONTAINER PRESERV. 
11 

FILTERED :s:· 
NAME I O~TE TIME NO. TYPE SIZE son. OTH!_II YIN .A5" YIN ·m·. 

./l:~ls.b*BD~61"2s200s~1is~1s• 7 / 101(,-::. :.- ·. .-, :ii-h: :§;>filmf· J~£r 
SC-04 01262006_16-17' 1025 ." X / 

QAQC.C.iJ REV. 4 

ANALYSIS Rl:QUESTED 

2 
0 
i== 
:::, 
...J 
LU 

X 

:\tl;,lt 
i1, 

I 
it 

SC-05 01262006 0-0.5' 1520 X ,1 

; =s~~~;~~~~!~o~~~~t'Fi :·;~~ii a J'rl I X 111111 · 1 v -,:-.;~sc:-01~so -.. 012s2oos_:::12-12.s· . . , .' 1305 '··, ~ x· 
1/ SC-02A 01252006_15-18' 1652 1 ' I . '. X 

,.,.,- SC-01_01252006_ 10-15' 1305 .1 
- ' : X 

: I 

X 

Po~ttal Hazardous Characteristics 

D Non-Haz 0 RCRA0001,2&3, or4 □ RCRAUsted 0 Radioapllve 

Sample Disposal 

X Ur.m!h'!!! j X DieFs•! L•b D ~eiurn io Ciien, 
/J 

O Holdt~½! furthe_rkslrucllon5 

THIS SAMPLE MEETS ALL APPROPRIATE RADIOLOGICAL ReautREMENTS: HP l.l)IITIAL I )'J,?'/ I _ 111,prov~I Bv: _ _l _ _l._~~ 

-W 
0 

Ill~ u--1~ 

CUSTODY RECORDS 

Siyn and RETURN 
Oriuinal Chain of 

• DATE: !TIM£ 

"'~~-n A.. ✓✓ ;7}'4pe, ~~~o 
OAT!: IIIE Custody with Data l"'LINOUISHEDBY : IOATE: l™E: r!CEI\IEDBY : • ~ 

~ 
~ 

Results. 
1------------l'REUNOUISlfEDllY: 

RETENTION TIME: T +20 

!OAT!: ltl!Cl!IVED !Y: "ATE: ~! 

PAGE OF 

/ I' I • 

DOCUMENT CONTROL(J!/JJ!JJJf_l) DATE :.Jd.L:..:rJ=.!)Jz 
QA Coordinator 

-◄----+-----➔--+---· 

- -+-- +---+- __,_·--·- + - -- +-- ---+- _ __._ ........ --+--+-----l---+--t--t---• - -+-+-•---i-·----+----1 --- -+-- -+-__,__ _ _,__ _ _ -+--+--+ I I I I 



SAMPLE RECEIVED 

11w form mw1 be 'filled out comoletelv! 

From: L.l.,~ 141, ~ HRINo.: SI/,-:;-
C t/-vid l Project No.: /016.'I 

Date Rec'd: 1/1P/t'I b 
Total No. of Samples: 

, 
J. '" /( ,,._ J .. (1',t/-J 

Via: . t_c rf f;,t, Appro:it Wt. of Sample: 0 <llb D 1-5 lb 

n 5-20Jb 'Rf 20-HlOlb n >IOOlb 

How Shipped: 0 Paper fuJvelopc:s 0 Canvts Bags ~ Poly Bags D Barrels 

0 PolyBottlcs D Other 

Trcatability Study: 0 Yes 0 No Anticipated commencement date: 

Descriplian: JtJ,·/ Jq "'1// J,..,J 
Sample Size: D <IOmesh D -8-lOmcs~ 0 -4-6mesh □ -1/4.½ in 

D -½-1 in D -1-2 in D -2-s in D >5 in 

D Other 

HRINo. SamoleID NctWt lb OTks? OT 2 

- ( JC-CJ/ , ~ -,r I 

[7,1-~ I ).. f-'1 ( 

- l JC -t7 1-;1 /J 
I 

rrµ 1.6 
,, 

11 -u.r I 
-1 JC-rn.lt !S"-1/

1 

hi-<. /1 "'j 'I 
( 

- 'f JC -tl 3 I 9- -t'f.S 
I 

r71~ I ) r '1 I 
-~ f C--pJ-!Jf} I 'I -, 'i. f I h,-f I tJ 1/ // 

- ' J C-C?'f 1G-1:;' 77'/l-< I )- fe! ( 

-+---+--~lij 
- :;. IC-tJ'r'·dtJ 1J..s-1r'. Tr.t-< f't) . 'I " 

-R JC-~S" ~ -() r' 
, 

11 )._ fa.· / /7/J-C 
I 

hJ ~ ;1 /o,f,'c h. , 
,1:: //.d,'c J 

/ 

Project Manager: v1A1/~ 
,, 

111..ANVtl.W/..-looocd I 
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Dennis M. Johnson 

From: Ferguson, Du'Bois [dferguson@ensr.aecom.com] 

Wednesday, February 01, 2006 1 :40 PM Sent: 

To: Dennis M. Johnson; Chartes W Kenney 

Cc: Cao, Xiaoyun; Trail, Erin; Meenan, Michael 

Subject: Kickoff Meeting Teleconference Summary 

Importance: High 

Thanks for taking time out of you schedules to map out the logistics for the Cimarron Project treatability 
testing. 

A summary of the items discussed and agreed to are : 

• February 20, 2006 will be the target start-up date for both the adsorption isotherms and soii"elution 
(dynamic column) studies. 

• James Cao from ENSR will visit the Hazen facilities on February 20, 2006 to observe both the 
startup of the column study and adsorption isotherm testing. 

• Erin Trail will provide Dennis Johnson with a spreadsheet containing the measured field 
parameters so that Hazen can compare this with the groundwater quality they receive for the 
testing. 

• Dennis Johnson will develop a flowchart outlining the specific steps to be followed during the study 
execution, as well as a schematic of the proposed column set-up for review and approval by 
James Cao prior to the commencement of the studies. 

• E-mails will be the primary reporting mechanism that Hazen will use to keep the primary point of 
contact (POC) Joe Ferguson apprised of project milestones, problems, observations, decision 
points, etc. This will not preclude the two technical teams from having direct communications (i.e. 
Trail to Johnson, Johnson to Cao), as long a s I am copied on the communications. 

• The minimum sample volume requirements for analysis is being evaluated by GEL and ENSR. 
This information will be communicated to Hazen within the next few days. 

• ENSR will coordinate the shipment of sample containers from GEL as well as develop sample IDs. 
ENSR will check into the ability to provide pre-printed labels. Hazen stated that they do have the 
capability to do this if required. 

• Hazen will provide a write-up to ENSR on how it will handle sample receipt and shipping tracking. 
• The signed Chain of Custody {COC) for the first sampling event has been provided by Hazen 

under separate cover. 

• Groundwater samples for the treability testing will be collected on -February 15, 2006 and be 
delivered to Hazen on February 17, 2006. 

• The treatability testing will be conducted at ambient temperature at the Hazen facility in Colorado. 

I believe this covers all the items we discussed. If I have missed something or if clarifications are 
required, please don not hesitate to drop me a line with your feedback. 

Regards 

2/1/2006 
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D. J. (Joe) Ferguson 
Integrated Site Closure Dept. Manager 
Direct Dial Tel 713-807-6517 

ENSR 
4888 Loop Central Drive, Suite 600 
Houston Texas 77081 
Tel 713-520-9900 Fax 713-520-6802 
www.ensr.aecom.com 

2/1/2006 
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Dennis M. Johnson 

From: Cao, Xiaoyun [xcao@ensr.aecom.com) 

Sent: Thursday, February 02, 2006 1 :57 PM 

To: Dennis M. Johnson 

Cc: Ferguson, Du'Bois (Joe); Meenan, Michael; Trail, Erin 

Subject: Bench Scale Testing 

Dennis, 

As we are in full swing preparing for the bench scale tests, there are several items that need immediate 
action or attention since some involve deviation from or addition to the original test specs: 

1. Along with the soil samples you _ received this week, there are three samples labeled SC-01 BO, SC-
03BO, and SC-04BO that are for bulk density determination. These tests need to be done ASAP 
because we don't want to lose moisture content from these samples and we need the data to pack the 
soil columns. 

2. The sandstone column (#5, SC-04) was originally designed for rock core. Since no competent core 
was obtained, this column needs to be packed corresponding to its bulk density. Consequently, the 
sandstone sample (very soft!) will be prepared and the column packed using the same procedures 
as for columns #1 thru. #4. The size of the column shall also be changed to be in line with the soil 
columns. 

3. With the addition of DOWEX 21 K XL T, there are now three sorbents, instead of two, to be evaluated 
during the isotherm tests. As communicated previously, the specs for isotherm tests were developed for­
in field, on-site testing. The procedures may change slightly if the tests are carried out in a off-site 
laboratory. As such, the batch test bottles will be placed on a mechanic shaker and shake for 30 
minutes. 

4. Prior to starting the soil elution tests, make sure CO2 tank(s) and accessory tubings/pressure 
gage are available and ready for use. CO2 will be used to maintain the feed pH throughout the test to 
its field conditions. 

5. Obtain one 40-gallon clean container for blending groundwater as the water will be delivered in one­
gallon cubits. 

Looking forward to working together and making this project a success. 

Regards, 

James Cao 

2/2/2006 
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ENSR 
4888 Loop Central Dr., Suite 600, Houston, Texas, 77061 

T 713.520.9900 F 713.520 .6802 www.ensr.aecom.com 

Letter of Transmittal 

Attention: Dennis Johnson 

4601 Indiana Street 

Golden, CO 80403 

Project Reference: Cimarron Treatability 
Studies 

We are sending you the following: 

Adsorbent Material: Quantity: 

DOWEX 21K XLT 1 KG 

AMBERJET ™4400 CL 

HUMASORB-CS 

Remarks 

4 LBS 

2 LBS 

Date: January 3, 2006 

Project number: 04020044 

Description: 

Anion exchange resin ,. cine bucket 

Anion exchange resin , one bottle 

Two bottles, soaked in DI water 

ENSR I AECOM 

Each product is accompanied with manufacturer's MSDS or other pertinent info regarding the product. 
Please prepare the materials for isotherm and breakthrough tests per manufacturer's specifications. 

James Cao 
Signature 

C:ICima,ron\RemediahonlHazf!n Shipping 
Lener.doc 

A Trusted Global Environmental, Heallh and Safety Partner 

3 
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Soils Received 
on 1/30/06 

1. SC-01 
2. SC-01-BD 
3 .. SC-02A 
4. SC-03 
5. SC-03-8O 
6. SC-04 
7. SC-04-8O 
8. SC-:-05 

Note: Sample SC-04 was to 
be sealed in a column as 
Column Test 5. As of 2/2/06, 
the sample will be prepared 
and tested the same as the 
samples for Column Tests 1, 
2, 3, and 4. The size of 
Column 5 will be the same as 
for the rest of the columns. 

Soil Sample Preparation 

Determine Bulk Density 
. on Each of the 

Following Samples 

Procedure: 

SC'-01-8D 
SC-03-BD 
SC-04-8O 

1. Unseal each sample. 
2. Measure its weight. 
3. Measure its dimensions. 
4. Dry at 110°C. 
5. Reweigh and determine BO. 

Procedure: 

Prepare Each of the 
Following Samples 
for Column Testing 

SC-01 
SC-02 
SC-03 
SC-04 
SC-05 

1. Unseal each sample. 
2. Measure its weight. 
3. Drying at 60"C may be necessary 

(Do under an N2 cover, record before and 
after weights, minimize exposure to air). 

4. Thoroughly homogenize the sample. 
5. Take an aliquot for residual moisture 

determination. 
6. Take an aliquot for Uranium analysis. 
7. Seal dried solids under N

2 
until used. 

8. SC-01 will be used for Column Test No. 1. 
9. SC-02 will be equally split and used for 

Column Tests No. 2 and 3. 
1 O. SC-03 will be used for Column Test No. 4. 
11. SC-04 will be used for Column Test No. 5. 
12. SC-05 will be used for Column Test No. 6. 
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Solids: 
SC-01 
Fine/ 
Silty 

Sand 

Column 1 

Solution: 
TMW-02 

Sandstone 
B Water 

Feed: 
Upflow@ 

2 Pore 
Volume per 

Day 
16 Days 
Minimum 

Est. Soln. 
Required 

22 L 

Solids: 
SC-02. 
Coarse 
Sand 

Column 2 

Solution: 
TMW-02 

Sandstone 
B Water 

Feed: 
Upflow@_ 

2 Pore 
Volume per 

Day 
16 Days 

Minimum 

Est. Soln. 
Required 

22 L 

Elution Column Operating Parameters 

Solids: 
SC-02 
Coarse 
Sand 

Column 3 

Solution: 
02W33 

Sandstone 
C Water 

Feed: 
Upflow@ 

2 Pore 
Volume per 

Day 
16 Days 
Minimum 

Est. Soln. 
Required 

22 l 

Solids: 
SC-03 
Clay 

Column 4 

Solution: 
TMW-02 

Sandstone 
B Water 

Feed: 
Upflow@ · 

1 Pore 
Volume per 

Day 
16 Days 
Minimum 

Est. Soln. 
Required 

11 L 

Solids: 
SC-04 
Sand-

stone B 
Core 

Column 5 

Solution: 
TMW-02 

Sandstone 
B Water 

Feed: 
Upflow@ 

1 Pore 
Volume per 

Day 
16 Days 

Minimum 

Est. Soln. 
Required 

11 L 

Solids: 
Mix of 
01 or 
02 or 

03 and 
SC-05 

Top Soil _ 

Column 6 

Solution: 
Synthetic Rain 

Water 

Feed: 
Downflow@ 

1 Pore 
Volume per 

Day 
16 Days 

Minimum 

Est. Soln. 
Required 

11 L 
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Dennis M. Johnson 

From: Ferguson, Du'Bois [dferguson@ensr.aecom.com] 

Sent: Wednesday, February 01 , 2006 1 :40 PM 

To: Dennis M. Johnson; Charles W Kenney 

Cc: 

Subject: 

Cao, Xiaoyun; Trail, Erin; Meenan. Michael 

Kickoff Meeting Teleconference Summary 

Importance: High 

Thanks for taking time out of you schedules to map out the logistics for the Cimarron Project treatability 
testing. 

A summary of the items discussed and agreed to are : 

• February 20, 2006 will be the target start-up date for both the adsorption isotherms and soil elution 

(dynamic column) studies. 
• James Cao from ENSR will visit the Hazen facilities on February 20, 2006 to observe both the 

startup of the column study and adsorption isotherm testing. 
• Erin Trail will provide Dennis Johnson with a spreadsheet containing the measured field 

parameters so that Hazen can compare this with the groundwater quality they receive for the 
testing. · 

• Dennis Johnson will develop a flowchart outlining the specific steps to be followed during the study 
execution, as well as a schematic of the proposed column set-up for review and approval by 
James Cao prior to the commencement of the studies. 

• E-mails will be the primary reporting mechanism that Hazen will use to keep the primary point of 
contact (POC} Joe Ferguson apprised of project milestones, problems, observations, decision 
points, etc. This will not preclude the two technical teams from having direct communications (i.e. 
Trail to Johnson, Johnson to Cao), as long as I am copied on the communications . 

• The minimum sample volume requirements for analysis is being evaluated by GEL and ENSR. 
This information will be communicated to Hazen within the next few days. 

• ENSR will coordinate the shipment of sample containers from GEL as well as develop sample IDs. 
ENSR will check into the ability to provide pre-printed labels. Hazen stated that they do have the 
capability to do this if required. 

• Hazen will provide a write-up to ENSR on how it will handle sample receipt and shipping tracking . 
• The signed Chain of Custody (COC) for the first sampling event has been provided by Hazen 

under separate cover. 
• Groundwater samples for the treability testing will be collected on February 15, 2006 and be 

delivered to Hazen on February 17, 2006. 
• The treatability testing will be conducted at ambient tempere:ture at the Hazen facility in Colorado. 

I believe this covers all the items we discussed. If I have missed something or if clarifications are 
required, please don not hesitate to drop me a line with your feedback. 

Regards 

2/16/2006 

D. ,I. (Joe) Ferguson 
Integrated Site Closure Dept. Manager 
Direct Dial Tel 713-807-6517 

ENSR 
4888 Loop Central Drive, Suite 600 
Houston Texas 77081 
Tel 713-520-9900 Fax 71 ~-520-6302 
www.ensr.aecom.com 
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Dennis M. Johnson 

From: Ferguson, Du'Bois [dferguson@ensr.aecom.com] 

Sent:· Wednesday, February 15, 2006 3:02 PM 

To: Dennis M. Johnson; Cao, Xiaoyun; Trail, Erin 

Cc: Meenan, Michael; McGrath, Debbie 

Subject: Status of Cimarron Treatability Study Work 

Importance: High 

Here are the summary highlights from our call today. 

• The columns for the elution column testing are currently being assembled. They should be 
completed by the close of business Thursday, if not. Friday 2-17-06. 

• The solids were dried in a nitrogen purged oven. 

• The soil samples are being stored under nitrogen environment & the samples for analysis are 
ready for submittal. The blended samples have been placed in bags and are awaiting total 
uranium analysis. 

• James Cao will check with the lab to determine the amount of sample required for the total 
uranium analyses. He will get a back with Dennis Johnson on this ASAP. 

• Joe Ferguson to confirm shipment dates of the groundwater samples to Hazen this week. 
• James and Dennis are still working on an approach to control the breakthrough column studies. 
• Dennis has compiled data on the bulk density and moisture content for the soil samples, and this 

information will be provided shortly. 

• James Cao is scheduled to visit the Hazen facility on 2/20/06 or 2/21/06. 

If there are any clarifications required or questions regarding this summary, please do not hesitate to 
contact me. 

Regards 

D. J. (Joe) Ferguson 
Integrated Site Closure Dept. Manager 
Direct Dial Tel 713-807-6517 

ENSR 
4888 Loop Central Drive, Suite 600 
Houston Texas 77081 
Tel 713-520-9900 Fax 713-520-6802 
www.ensr.aecom.com 

·· -- ~-._, OIIU 

1 {) - , r- , C. 1 !& ~ J J ,. a 1~ ,,,. ,.,, £ 
Solutions are unbuffered and exact pH may not be attained. 

5.4.2 Extraction fluid //2: This fluid is made by adding the 
60/40 weight percent mixture of sulfuric and nitric acids (or a suitable 
dilution) to reagent water (Step 5.2) until the pH is 5.00 ± 0.05. The 
fluid is used to determine the 1·eachability of soil from a site that is 
wei~ of the Mississippi River: 
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CHAfN OF CUSTODY RECORD AND ANALYSIS REQUEST CF- ·189'/ 
SHIP TO: I I SHIP FROM: I 

t
ompany Name: 

DORESS 

ITY,STATE, ZIP 

~NTACT PERSON: 

~HOt,IE: 

HAZEN RESEARCH INC. 

4601 INDIANA STREET 

GOLDEN, CO 80403 

DENNIS JOHNSON 

303-!17!1-4~1 

ATTESTT~TTH!'rRDl'ERFIELD . -----~ LLE'CTJQff0P'TM&S!'UM,iL£!1 

CIMARRON CORPORA TJON 
112 MILE NORTH OF HWY JCT 33 & 74 

P.O.BOX315 

CRESCENT, OK 73028 

PHONE: (405) 282-5680 

FAX: (405) 282-0534 

·f ;._ 

&:' 
,_' ;,, ~ 

~ 
Contact Person: Karen Morgan f::.>; !I! 

1-. 

SAMPLE TYffE 'i I s 
. ::.' SOLID __ _,__ _______ _. .l i 

ii] ' § 
,1. : --SAMPJ.e CQNTA.INl;_R 

s - ~ l,.oc111lo!! ~ Dalt NO. TYPE $iiE 

02W3J=021523006 2 PL 5 al 

TMW-02_ 02152006 6 PL 5gal 

TMW-09 _ 02152006 11 PL 5 al 

02WD4-02152006 11 PL 5gal 

SOIi, 

7 . : ::- .. 
. . ■ .:: : ... ·; .. 

,:,1, ._:·,, . 1 • !." 
: ::, -.:.;_ 

,."..'_"· ,: ,., :' -: t 

N 

N 

N 

N 

!Sample Disposal 

,J r 5 
N X 
N x-
N X 
N X 

QAQC-063 REV. 4 

ANAL~~TEO 

,_! 

ii 

~otentlal Hazardous CharacterisUcs 

D Non-Haz □ RCRA 0001,2&3. or 4 0 RCRAListed 0 Radioactive X · Unknown I X Disposal Lab □ Relu.m lo Client · □ Heidi~~~ fudtter insttuaiQos 

l;rH1$ SAMPLE f;11;1:TS ~L aPPROPRI.UE 8A.01QI.OGICAI,. REgUIREMJ;.IIII S: nr- ,MU'IA.l.. I ~ I ,1, j_'llf.,;w""' Bv: I { l.A...U...~c---

· CUSTODY RECORDS a,..:.Ji:@Jl..etiii~~;;;-- /} 
Sign and RETURN .... ,'.:.i' -~ / ..,'i' W,2l? 
Original Chain of r" 

i,, .. e, 
110D 

"""E: ~ tf7i1YJ71e:,o I ~ I 
jiwE 

Custody with Data 1Jin1t1aU1SNED•Y: 
lo-e, i,w,s, "'1C£M!DaY: it>AT!: 

Results. 
laNTION TIME: f +20 jEUIIIIUISHEO BY: 

11,ATE: !nvr£: ,-.!CEIIIEDaY: ~ATE: Ir-

PAGE OF DOCUMENT COtJTROL;;a'~ 
CA Coordinator 

DATE:_,J._/.llil_Q!Q_ 

11 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 Tr I I I I I I I I 
,:.. : .. L..; ....... ..J... •- ·' 

I".:) 
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SAMPLE RECEIVED 
This form must be filled out conmlr:tclv! 

From: f /V J1f. HRINo.: !) I {pr-
1L~11 -/1,{~A- Projcct No.: / /} '3 (p '/ 

Date Rec'd: .1 / ! 9-/~ 

Via: r✓ ✓ 13 x 
Total No. of Samples: ___ ;,.,.__/ _______ ,--~ 

Approx Wt. of Sample: 0 <l lb 

n 5-20lb n 20-lOO]b 

How Shipped: 0 Paper Envelopes O Canva.s Bags O Poly Bags 

0 1-Slb 

lx'I' >IOOlb 

D Bmcls 
0 PolyBottlcs O Other _._/'·.,_,r,.-_..r_1...:../_..,_r_J __________ __ 

Trcatability Study: D Y Cll O No Anticipated commcncemcnl date: 

Description: W Ci f -r J,- . 

Sample Size: 0 <10 mesh O -8-10 mesh 

0 ..11,i.1 in O -1-2 in 

D Other 

HRINo. SamoltID 

-I T/vlw .. Oti/ -O& 
- I T fa w -0~ - 10 l 

- I TJV, \.)I- oq- o·f 
- I TM w - (J.q - D I ~ 

- I 1 Mf.A.J • r!)q-t)t./., 
r, 

-; TMW- tJO, ... 1'17 
I - z. TM!,,v-Ol-0( 

- L 
,. 

T J\1 l).J- 0 l.· 0 Z, 

- '] 02.-~ol.f-08 
l 

- J O'l-- \))()L{ -nq 

- I ,Mw-oq-oi,.. ~ 

- '1, oi-wrhn.-

- .J 
I" ,n. - 1)/1)1../ .. o" ., 

- I i"M uJ- nq' - fil 
- I ,M w ... oq-n· '0 

- 3 0 2-'w&'-{- I\ 
. -3 ~ 

O2-WPL/-t0 

-3 tn .. - ~ot.(- ~l/ 
....:3 02.- Luo4- ~~ 

I . 

Projcct'Mmager: 

I 

0 --4-6mcsh 

0 -2-5 in 

D -l,'-11.ziJ, 

D >5 in 

Net Wt lb.orb ortv 

s 
s 
s 
s 
s 
s 
'3 

s 
c; 
s 
s 
~ 
<; 
s 
s 
5 
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t± z 
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5 q~J' 
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s~. 0 cp-
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