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Dave Freudenthal, Governor 

October 29, 2010 

Mr. Tony Simpson 
Strata Energy Inc. 
406 W . 4th Street 
Gillette, WY 82716 

Department of Environmental Quality 

To protect, conserve and enhance the quality of Wyoming's 
environment for the benefit of current and future generations. 

RE: Strata Energy, Inc. - Ross Disposal Injection Wells 
Draft Permit 10-263, Class I Non-hazardous Injection Wells 
Crook County, Wyoming 

Dear Mr. Simpson: 

John Corra, Director 

Attached, please find comments developed by the Wyoming Department of Environmental Quality (WDEQ) with respect 
to the content and adequacy of the Wyoming Water Quality Rules and Regulations, Chapter 13, Class I permit 
application. 

The WDEQ received this application on June 23, 2010 and has until August 23, 2010 to make an initial determination of 
completeness . . Please note that recent work load has increased our response times. Re-submittal of information by an 
applicant on an incomplete application will begin a new 60. day review process. Pursuant to Chapter 13, Section 6 during 
any 60 day review period where an application is determined complete; a draft permit for issuance or denial shall be 
prepared and a public notice provided pursuant to Chapter 13, Section 19. 

Attachments: WDEQ Comments 

cc: Petrotek Engineering Corponition, Attn: Hal Demuth, 10288 West Chatfield Avenue, Suite 201, Littletoil, CO 
.. 80127 

Kevin Frederick, WDEQ . ..... , 
Wyoming Oil and Gas Conservation Commission, Attn: Ms. Janie Nelson, P.O. Box 2640, Casper, WY 82602 

. WDEQ VIC file . 

ADMIN/OUTREACH 
(307) 777-7937 
FAX 777-3610 

Herschler Building • 122 West 25th Street • Cheyenne, WY 82002 • http://deq.state.wy.us 
ABANDONED MINES AIR QUALITY INDUSTRIAL~G of ilND QUALITY SOUD & HAZ. WASTE WATER QUALITY 

(307) 777-6145 (307) 777-7391 (307) 777-7369 (307) 777-7756 (307) 777-7752 (307) 777-7781 
FAX 777-6462 FAX 777-5616 FAX 777-5973 FAX 777-5864 FAX 777-5973 FAX 777-5973 
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UNDERGROUND INJECTION CONTROL PROGRAM 
REVIEW COMMENTS: 

PLANS/SPECIFICATIONSIPROPOSALSIREPORTS 

WYOMING DEPARTMENT OF ENVIRONMENTAL QUALITY 
WATER QUALITY DIVISION 

PROJECT: 

LOCATION: 

APPLICANT: 

OWNER: 

CONSULT ANTS: 

GEOLOGIST 

ENGINEER 

TITLE: 

Herschler Bldg., 4 West 
Cheyenne, Wyoming 82002 

307-777-7781 

Application 10-263 
Strata Energy, Inc: Ross Disposal Injection Wells 

Crook County 

Strata Energy, Inc. 
406 W. 4th Street 
Gillette, WY 82716 

Tony Simpson 

Petrotek Engineering Corporation 
Hal Demuth, P.G. 

Petrotek Engineering Corporation 
Ken Cooper, P.E. 

"VIC Permit Application Class IInjection Wells Ross Disposal Wells, Crook County, 
Wyoming Strata Energy, Inc. " 

X PLANS X SPECS -.X PROPOSAL REPORT 

DATE ON PROPOSALIPLANSIREPORT: June 2010 

DATE RECEIVED BY WDEQ: 

WDEQ REVIEWER: 

DATE OF THIS REVIEW: 

June 23 , 2010 

John A. Passehl, P.G. 
GEOLOGIST 

October 19, 2010 

ACTION: Application Incomplete; See Attached Comments 
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I. WDEQ Comments: 

Specific Comments - Additional Infonnation Required (John Passehl: 777-5623) 

1. Please explain why the Depth to Water in USDW in Table 7 of your report is 0 feet. Also, please 
explain why you used Head in USDWfrom base o/Flathead (W) of8,755. 

2. Please provide an Area of Review calculation using the 9lb mud method as described in previous ISR 
pennit applications. 

3. Please explain why a BHT of 154 F was used for calculating K, when Table 5 of the report indicates a 
BHT of 121 F-128 F is more appropriate for the injected fonnations . Please revise K and AOR 
calculations accordingly. 

4. Please explain the final disposition of the Madison test well (API 4901109528). Also, please provide 
all water quality analysis from this well for all fonnations that were sampled. 

5. Please explain the potential for the Madison fonnation (up dip from the Ross injection site) to be either 
impacted by pressure fronts or contaminated by injectate from this project (now and in the future). 

6. Please explain the potential for each of the following well fields to be either impacted by pressure 
fronts or contaminated by injectate from this project: City of Gillette well field located in T51N, 
R66W; Town of Pine Haven/Moorcroft well field located in T50N; R66W; Town of Hulett well field 
located in T54N, R65W, WWDC wells located in T54N, R61 W, and City of Sundance well field 
located in T51-52N, R63W. 

7. The financial assurance amounts for the proposed wells are deemed sufficient. Please contact Jessica 
Wales of this Department when you are ready to finalize financial assurance requirements of the 
pennit (307-777-7082). Financial assurance requirements must be met for each well prior to 
commercial injection. 
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Petrotek Engineering Corporation 10288 West Chatfield Avenue, Suite 201 Littleton, Colorado 80127 (303) 290-9414 (303) 290-9580 Fax 

November 16,2010 

John Passehl 
Wyoming Department of Environmental Quality 
Water Quality Division 
Herschler Building, 4 West 
Cheyenne,VVY 82002 
(307) 777-7781 

Re: Ross Disposal Wells, Class I UIC Permit Application, 
Response to WDEQ Comments 

Dear Mr. Passehl: 

This letter presents the responses to the WDEQ letter dated October 29, 2010 
pertaining to the proposed Ross Class I wells. In that letter, you presented comments 
and questions related to the application of the Class I UIC Draft Permit 10-263 
submitted by Strata Energy, Inc. on June 23, 2010. Strata has addressed all of the 
referenced comments and questions in the attached responses. Please contact the 
undersigned at (303) 290-9414 with any questions. 

Pe rotek Engineering Corporation 
Ken Cooper, PE 

Cc: Tony Simpson - Strata Energy, Inc. 
Ben Schiffer - WWC Engineering 
Hal Demuth, Aaron Payne, Wes Janes - Petrotek Engineering 
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Ross ISR Project Page 1 PETROTEK
Class I Application
Response to WDEQ Comments  
November 2010 

I. WDEQ Comments: 

1. Please explain why the Depth to Water in USDW in Table 7 of your report 
is 0 feet. Also, please explain why you used Head in USDW from base 
a/Flathead (W) of 8,755. 

Strata Energy, Inc. Response

The ‘Depth to Water in USDW’ in Table 7 refers to the distance from ground 
surface to the estimated top of native formation water in the Madison Formation.  
The Madison had been assigned as the lowermost USDW. The value of 0 feet is 
used, placing Madison water at surface. Strata considers this estimate to be 
conservative because the Madison is known to be artesian in the region. 
Probable artesian conditions would yield a "depth" above ground level. In the 
event that formation testing of the Madison Formation conducted during the 
drilling process indicates that a different value is appropriate, calculations will be 
modified accordingly.  

As noted in the third full paragraph on Page 19 of the Permit Application,  

Based on an estimated water level at ground surface for the Madison, which 
is known to be artesian in the region, it is calculated that the head (W) in the 
overlying lowermost USDW (Madison) is approximately 8,755 feet per 
Chapter XIII, Section 5, of the WDEQ Water Quality Regulations.  The head 
was calculated from the base of the Flathead Sandstone (estimated at 8,755 
ft bgs from log correlations). 

Projected formation tops for the Ross Disposal Wells are based on log 
correlations and are noted in Table 6 of the permit application.

2. Please provide an Area of Review calculation using the 9lb mud method 
as described in previous ISR permit applications. 

Strata Energy, Inc. Response

AOR calculations conducted in accordance with WDEQ WQD Regulations 
Chapter XIII, indicate that the AOR for the Ross Disposal wells is ¼ mile. There 
are no penetrations to the proposed injection zone within that AOR. The nearest 
known penetration to the Deadwood Formation is located approximately 14 miles 
from the project.

Table 1 (attached) shows the additional calculation of the COI using the 9 lb. 
mud method per WDEQ request. This calculation assumes a 9 lb. mud to surface 
in an abandoned bore hole. Other input parameters are as listed on Table 1. The 
calculation results in 902 feet of excess head at the top of the injection zone due 
to mud weight. In order for fluid to migrate vertically and potentially impact 

Ross ISR Project 5 TR Addendum 4.2-B
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Ross ISR Project Page 2 PETROTEK
Class I Application
Response to WDEQ Comments  
November 2010 

overlying USDWs, fluid in the injection zone must overcome the hydrostatic 
pressure of the mud column to enter the borehole and move vertically. 

3. Please explain why a BHT of 154 F was used for calculating K, when 
Table 5 of the report indicates a BHT of 121 F-128 F is more appropriate for 
the injected formations. Please revise K and AOR calculations accordingly. 

Strata Energy, Inc. Response

Table 5 in the application includes information from four different wells with 
depths ranging from 4,111 to 11,000 feet and measured bottom hole 
temperatures (BHT) ranging from 119 F to 166 F. The temperature range of 121 
F to 128 F referenced in the comment for the proposed injection zone refers only 
to the extrapolated conditions in the Madison Test Well #1 in Table 5 of the 
application.  

These temperatures are a result of a calculated temperature gradient based on 
total depth and the measured BHT of each well. It is the gradient that must be 
used to estimate BHT at depth; the injection formation temperature at a much 
different depth, either measured or calculated, in a well located 29 miles away is 
not necessarily applicable. If the temperature gradient for the Madison Test Well 
# 1 (0.021125 deg/ft) had been used when calculating K, the result would have 
been 185 F at a depth of 8,163 feet, thereby generating a smaller cone of 
influence than that which was calculated in Table 7 (1 foot) in the application. 
The 154 F temperature was calculated using a more moderate gradient (0.01325 
deg/ft) comparable to other wells in the region.  

Attachment 1 of this document is a revised Table 5. Strata requests that it 
replace the original in the application as typographical errors were noted while 
reviewing the original Table 5 for this response. Note that these typographical 
errors were the result of misplaced data but had no effect on the calculations 
presented for the proposed injection zone.

4. Please explain the final disposition of the Madison test well (API 
4901109528). Also, please provide all water quality analysis from this well 
for all formations that were sampled. 

Strata Energy, Inc. Response

According to the WOGCC, the current status of the Madison test well (API 
4901109528) is plugged and abandoned (PA). It is noted that the specified well is 
located approximately 29 miles from the project area. As discussed in the second 
paragraph of page 24 of the permit application (provided below), the water quality 
in the injection zone in the Madison test well is not likely to be representative of 
the injection zone below the Ross Project.

Ross ISR Project 6 TR Addendum 4.2-B
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Ross ISR Project Page 3 PETROTEK
Class I Application
Response to WDEQ Comments  
November 2010 

The primary sources for recharge in the region are the upland areas of the 
Black Hills uplift (Figure 26). Generalized TDS concentration maps in the 
upper and lower Paleozoic section are presented as Figures 27 and 28, 
respectively. These maps indicate that the location of the Madison Test 
Well No. 1 (northern Crook County, Wyoming) is more directly influenced by 
recharge from the Black Hills than intervals below the Ross Project and a 
marked variance in water quality should be expected moving westward 
toward the Powder River Basin. Further, there is major structural change 
due to the Black Hills monocline and a reverse/thrust fault between the two 
locations. Figure 17 presents a map of the structure on top of the 
Precambrian basement. It indicates a structural change of nearly 4,000 feet 
at the base of the proposed injection zone between the Ross Project and 
the Madison Test Well No. 1 (T57N, R67W). This structural change is in 
agreement with the projected formation top of the Precambrian for the Ross 
Disposal Wells (Table 6) which is approximately 3,860 feet deeper than in 
the Madison Test Well No. 1.  As such, it is unlikely that the water quality at 
the Madison Test Well No. 1 is representative of the Deadwood/Flathead 
below the Ross Project. Proposed injection interval water quality on site will 
be assessed during the drilling and completion process of the Ross 
Disposal Wells. 

As requested, available water quality analyses from the well are provided in the 
well report included as Attachment 2. 

5. Please explain the potential for the Madison formation (updip from the 
Ross injection site) to be either impacted by pressure fronts or 
contaminated by injectate from this project (now and in the future). 

Strata Energy, Inc. Response

Please refer to Strata’s response to question six below.  

6. Please explain the potential for each of the following well fields to be 
either impacted by pressure fronts or contaminated by injectate from this 
project: City of Gillette well field located in T51N, R66W; Town of Pine 
Haven/Moorcroft well field located in T50N; R66W; Town of Hulett well field 
located in T54N, R65W, WWDC wells located in T54N, R61 W, and City of 
Sundance well field located in T51-52N, R63W. 

Strata Energy, Inc. Response

It is noted that the proposed injection zone does not include the Madison and is 
hydraulically isolated from it. The base of the Madison occurs approximately 476 
feet above the injection zone below the Ross Project.  The closest known 
artificial penetration (according to the WOGCC and noted in the fourth full 
paragraph on page 16 of the application) that penetrates the receiver and the 
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Ross ISR Project Page 4 PETROTEK
Class I Application
Response to WDEQ Comments  
November 2010 

Madison is approximately 14 miles from the project area. Referenced well fields 
are structurally updip, hydraulically upgradient, and in closer proximity to 
recharge than the proposed Ross Class I wells (Table 2).

As defined in Chapter XIII, Section 5(b)(iv), the cone of influence (COI) and 
ultimate limit of emplaced waste (ULEW) of 1 foot and 1,037 feet, respectively, 
were calculated for the individual wells.  Outside the COI, insufficient pressure is 
projected to allow injectate to migrate vertically into the USDW, even if 
hypothetical pathways were assumed to exist. The distance from the Ross 
Project to each of the specified well fields is shown on the attached figure (Figure 
1). The closest of the municipal water supply well fields (City of Gillette) is 
approximately 10.1 miles (53,328 feet) away from the nearest 1,037’ ULEW at 
Ross. As such, based on pressures, distance, and stratigraphic separation, no 
scenarios have been projected that result in the specified well fields being 
negatively impacted by pressure fronts or contaminated by injectate from the 
Ross project Class I wells.

7. The financial assurance amounts for the proposed wells are deemed 
sufficient. Please contact Jessica Wales of this Department when you are 
ready to finalize financial assurance requirements of the permit (307-777-
7082). Financial assurance requirements must be met for each well prior to 
commercial injection. 

Strata Energy, Inc. Response

Strata acknowledges the instructions. 
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Table 1
  Calculation of 9lb. Mud Method

Ross Disposal Wells

Calculations to Overcome Mud Weight in Borehole Value Unit Basis
Top of Deadwood Dt 8163 feet; bgs Permit Application, Table 6
Depth to Top of Mud in Borehole Dd 0 feet; bgs Assumed
Pressure Gradient of Deadwood/Flathead Gradest 0.42 psi/ft Estimated (pg 19, ¶ 2)
Pressure, Top of IZ Pt (Gradest*Dt) 3428.5 psi Calculated
Density of Mud (lb/gal) �mud1 9.0 lb/gal WDEQ
Specific Gravity of Mud �mud2/�water (�mud1 / 8.33lb/gal) 1.08 Calculated
Gradient of IZ Fluid GradIZ 0.433 psi/ft Estimated
Gradient of Mud Fluid Gradmud (�mud2 * GradIZ) 0.468 psi/ft Calculated
Excess Press. of Mud at Top of IZ (Gradmud(Dt - Dd) - Pt) 390 psi Calculated
Excess Head of Mud at Top of IZ (Excess Press. of Mud / GradIZ) 902 feet Calculated
Note: IZ refers to injection Zone

Ross ISR Project
Class I Application
Reponse to WDEQ Comments
November 2010 Page 1 of 1 PETROTEK

R
oss IS

R
 P

roject
9

TR
 A

ddendum
 4.2-B

- 10 -



Table 2
Specified Madison Water Supply Well Fields

Well Field
Distace from ULEW 

(mi)
Top of Madison 

(ft bgs)
City of Gillette 10.1 2,250
Pine Haven/Moorcroft 15.8 2700
Town of Hulett 17.5 1,425
City of Sundance 29.0 640
WWDC 37.3 1,810
Ross Disposal Wells n/a 7,049

Notes: 'Distance from ULEW' is the distace from the Ultimate Limit 
of Emplaced Waste of the eastern most Ross DW to the nearest 
section line bordering the specified well field.
Top of Madison is approximate and is based on USGS topo and 
Swenson, et al., 1976. In addition, exact formation depth may vary 
from well to well in the referenced well field.

Ross ISR Project
Class I Application
Reponse to WDEQ Comments
November 2010 Page 1 of 1 PETROTEK
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Table 5
Calculated NaCl Concentrations in Select Zones of the Minnelusa to Flathead Formation

Temp ground surface (deg F) 38
Temp at bottom hole (deg F) 166 API 4900525366
Calculated gradient (deg/ft) 0.01164 T, R, S 52N, 71W, 22
Log TD (ft) 11,000 Dist. to Ross ~22 miles

Fieldgrove No. A-1

Top
Depth

(ft; RKB)

Bottom
Depth

(ft; RKB)
Rt deep
(Ohm-M)

R shallow 
(Ri)

(Ohm-M)

Neutron
Porosity

%

Density
Porosity

%

Assumed
(Avg)

Porosity

Calculated Rw 
Resistivity
(Ohm-M)

Gen-9
NaCl
(ppm)

Temp
(deg F)

Formation
Minnelusa (8,627' KB) 8,660 8,660 8 2.3 26 18 18.0 0.26 12,500 138.8

8,694 8,694 4 1.6 19 14 14.0 0.08 45,000 139.2
8,800 8,800 3.3 1 24 22 22.0 0.16 21,000 140.4

Madison (9,488' KB) 9,718 9,718 80 8.5 35 22 22.0 3.87 650 151.1
9,868 9,868 60 15 29 18 18.0 1.94 1,300 152.8
9,967 9,967 80 18 29 15.5 15.5 1.92 1,350 154.0

Englewood (10,012' KB) 10,012 10,033 105 60 30 19 19.0 3.79 650 154.6
Red River (10,033' KB) 10,074 10,074 90 28 22 9 9.0 0.73 5,000 155.2

10,112 10,112 15 2.3 28 16 16.0 0.38 7,500 155.7
10,220 10,220 75 15 21.5 11 11.0 0.91 2,800 156.9

Winnipeg Group (10,351' KB) 10,361 10,361 35 35 4 9.5 9.5 0.32 9,000 158.6
10,370 10,370 10 10 10 19.5 19.5 0.38 7,500 158.7

Deadwood (10,420' KB) 10,480 10,480 45 55 4.5 5 5.0 0.11 30,000 159.9
10,613 10,613 5.5 6.5 27 16 16.0 0.14 21,000 161.5
10,735 10,735 3 3.5 30 28.5 28.5 0.24 11,500 162.9
10,420 10,820 20 20 30 13 13.0 0.34 11,500 161.6

Flathead (10,820' KB) 10,858 10,858 5 5.5 22 25 25.0 0.31 8,500 164.3
10,931 10,931 2.5 2.5 16.5 22.5 22.5 0.13 22,000 165.2
10,978 10,978 2.7 2.7 10 17 17.0 0.08 37,000 165.7
10,832 11,000 5 5 13 13 13.0 0.08 37,000 165.0

Temp ground surface (deg F) 38
Temp at bottom hole (deg F) 119 API 4901120332
Calculated gradient (deg/ft) 0.01256 T, R, S 53N, 67W, 19
Log TD (ft) 6,449 Dist. to Ross On site

No. 22-19 Reynolds

Top
Depth

(ft; RKB)

Bottom
Depth

(ft; RKB)
Rt deep
(Ohm-M)

R shallow 
(Ri)

(Ohm-M)

Neutron
Porosity

%

Density
Porosity

%

Assumed
(Avg)

Porosity

Calculated Rw 
Resistivity
(Ohm-M)

Gen-9
NaCl
(ppm)

Temp
(deg F)

Formation
Minnelusa (6,290' KB) 6,346 6,346 35 15 17 8 17.0 1.01 3,500 117.7

6,389 6,389 25 20 20 9 20.0 1.00 3,500 118.2
6,432 6,432 25 20 24 14 24.0 1.44 2,500 118.8

Temp ground surface (deg F) 38
Temp at bottom hole (deg F) 130 API 4901106100
Calculated gradient (deg/ft) 0.02238 T, R, S 55N, 67W, 9
Log TD (ft) 4,111 Dist. to Ross ~14 Miles

Little Missouri Federal #1

Top
Depth

(ft; RKB)

Bottom
Depth

(ft; RKB)
Rt deep
(Ohm-M)

R shallow 
(Ri)

(Ohm-M)

Neutron
Porosity

%

Density
Porosity

%

Assumed
(Avg)

Porosity

Calculated Rw 
Resistivity
(Ohm-M)

Gen-9
NaCl
(ppm)

Temp
(deg F)

Formation
Minnelusa (2,072' KB) 2,100 2,100 7 7 26 18 18.0 0.23 25,000 85.0

2,282 2,282 6 6 19 18 18.0 0.19 28,000 89.1
Madison (2,750' KB) 2,800 2,800 25 25 35 18.5 18.5 0.86 5,000 100.7

3,118 3,118 18 18 29 18.5 18.5 0.62 6,500 107.8
3,448 3,448 15 15 29 18.5 18.5 0.51 7,300 115.2

Englewood (3,503' KB) 3,520 3,520 15 15 30 19 19.0 0.54 7,000 116.8
Red River (3,530' KB) 3,590 3,590 14 14 22 12 12.0 0.20 20,000 118.3

3,875 3,875 17 17 28 12 12.0 0.24 15,500 124.7
3,912 3,912 16 16 21.5 12 12.0 0.23 16,000 125.5

Winnipeg Group (3,940' KB) 3,952 3,952 10 10 4 14.5 14.5 0.21 17,500 126.4
3,968 3,968 12 12 10 14.5 14.5 0.25 15,000 126.8

Deadwood (4,047' KB) 4,053 4,053 20 20 4.5 5 5.0 0.05 85,000 128.7
4,082 4,082 18 18 27 5 5.0 0.05 85,000 129.4

Ross ISR Project
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Table 5
Calculated NaCl Concentrations in Select Zones of the Minnelusa to Flathead Formation

Temp ground surface (deg F) 38
Temp at bottom hole (deg F) 130 API 4901109528
Calculated gradient (deg/ft) 0.021125 T, R, S 57N, 65W, 15
Log TD (ft) 4,355 Dist. to Ross ~29 Miles

Madison Test Well #1

Top
Depth

(ft; RKB)

Bottom
Depth

(ft; RKB)
Rt deep
(Ohm-M)

R shallow 
(Ri)

(Ohm-M)

Neutron
Porosity

%

Density
Porosity

%

Assumed
(Avg)

Porosity

Calculated Rw 
Resistivity
(Ohm-M)

Gen-9
NaCl
(ppm)

Temp
(deg F)

Formation
Minnelusa (1,570' KB) 1,610 1,610 5 5 26 18 18.0 0.16 42,000 72.0

1,800 1,800 9 9 19 18 18.0 0.29 21,000 76.0
2,010 2,010 28 28 24 18 18.0 0.91 5,200 80.5

Madison (2,292' KB) 2,480 2,480 40 40 35 18.5 18.5 1.37 3,400 90.4
2,670 2,670 28 28 29 18.5 18.5 0.96 4,500 94.4
3,000 3,000 18 18 29 18.5 18.5 0.62 7,200 101.4

Englewood (3,030' KB) 3,050 3,050 25 25 30 19 19.0 0.90 4,600 102.4
Red River (3,070' KB) 3,100 3,100 65 65 22 12 12.0 0.94 4,300 103.5

3,200 3,200 60 60 28 12 12.0 0.86 4,800 105.6
3,400 3,400 50 50 21.5 12 11.0 0.61 6,300 109.8

Winnipeg Group (3,530' KB) 3,620 3,620 17 17 4 14.5 14.5 0.36 10,500 114.5
Deadwood (3,692' KB) 3,780 3,780 19 19 4.5 16.5 16.5 0.52 7,000 117.9

3,950 3,950 10 10 27 16.5 16.5 0.27 14,000 121.4
4,050 4,050 6.5 6.5 30 16.5 16.5 0.18 21,000 123.6

Flathead (4,096' KB) 4,150 4,150 40 40 22 21.5 21.5 1.85 1,800 125.7
4,215 4,215 47 47 16.5 21.5 21.5 2.17 1,450 127.0
4,280 4,280 28 28 10 21.5 21.5 1.29 2,700 128.4

Notes: Equations adapted from Archie (SW^2 = FRw/RT; F = 1/porosity^2 ; Rw = Rt*porosity^2)
This table is meant to replace the original Table 5 submitted with the permit aplication.
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REPORT ON PRELIMINARY DATA FOR MADISON LIMESTONE TEST WELL NO. I, 
NEl;SEl; SEC. 15, T. 57 N. R. 65 W. CROOK COUNTY WYOMING 

by 

R. K. Blankennagel, W. R. Miller, D. L. Brown, and E. M. Cushing 

Abstract 

"u ... ~ ""PU"" ~ -_ I:ne preL1m1nary aal:a Ior tne l'laa1S0n 
Limestone test well no. 1 including test-well history, geology of the 
test well, hydrologic testing, and geochemistry. It also discusses the 
nrplimin"rv rpo"lt-o "n~ ~ ..... ~ . .1 

The test well was drilled as nart of the study to ~. t-ho 

water-resource potential of the Madison Limestone and associated rocks 
to meet future water needs in a l88,OOO-mi 2 region that includes the 
coal-rich area of the Northern Great Plains. Drilling and testing were 
uesJ.gnea 1:0 Y1eLQ a maX1mum ot stratigraphic, 
and hydrologic information. 

structural, geophysical, 

'I'h ,. ,11 '" ~ . .. -, , < <~ , . . , . u . , 
Crook County, Wyo., to a depth of 4,341 ft below land surface. 
The well is r"Sf'n ",it-h P-;/Q_< "< ,. .< ~ 1 • A •• 
about 1,490 ft, and 9-5/8-in casing from about 1,390 to 2,320 ft. It 
is 7-7/8-in diameter open hole from about 2,320 ft to its total depth of 
4,341 ft. The well is sO,constructed that additIonal hydrologic 
tests and geophysical logs can be made at a later date. 

TWenty-two cores were taken from selected intervals 
'n~ ~ ,~ 

totaling 650 ft; 
,~v,~ • -== "UL"''' W"'''", P ''"5.~~11''U, , 

plugged, and selected parts were tested for density, porosity, and 
vprt-.fr"l "n<i hnri7nnhl ,J..<1<.,.., .A A: 1. • •• c 

cores were made, and thin sections are being prepared i;r detailed 
examination. 

Sixteen conventional drill-stem tests and packer-swabbing tests were 
attempted. Ten of these tests give clues to the pressure heads of water 
1n the intervals tested; flowing water was obtained during seven of the 

. ,.:.". :. :~~u. w. -U"'''1:1.111;; U"J.L~ ,~~ -'." Ll1'" L"~L weLL, 
except the Hulett Sandstone Nember of the Sundance Formation, have 
o" •• iriont- ho"no t-n r .J.. •• • ... .., •• 1.~ .~ . 

Water from the open-hole part of the well has a shut-in pressure of 
48 lb/in2, and flowed about 250 gal/min through a 2-in valve with a 
head loss of 16 lb/in2• If the well could flow freely at the land 
surface, the yield would probably be 650 to 700 gal/min. This quantity 
would be the minimum flow from the well under free-flow conditions. 

1 
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All significant water-bearing units 
fless than 2.000 mfl/r. di"e~1 ,,' ~1''',) 

contain relatively freshwater 

Three water-bearing units, which are now cased off, may be potential 
sources of ground water in the area of the test well. These are the 
Hulett Sandstone Member of the Sundance Formation, the Minnekahta 
Limestone, and the upper sandy part of the Minnelusa Formation. 

Additional geophysical logs and tests will be made in the test well 
this spring. The logs will include televiewer, gamma spectrometer, trace 
.. 1 ",;;n - P,,~kpr" ",;11 >-.0 e'; •• ~ <e~1o.0 .~"oe "~r 
individual development (removal of drilling fluid) and testing. The 
individual zones will be tested for head, temperature, water quality, and 
quantity. After development, flow and discharge tests will be made 
to determine the quantity of water that the well would yield under various 
conditions of flow and pumping. 

Introduction 

" -, •• -, , . "h ~. n" • . " 
p 

heavy demand on the region's available water resources. Surface water is 
n~~r;" "<e.rH,,,.o,, <" H· '0" T .. -, ~ -, 
parts of the region would require storage reservoirs and distribution 
systems; in the rest of the region, surface water is fully appropriated 
and its use would deprive present users of their supply. Many people 
contend that the Paleozoic rocks which underlie most of the region 
contain water-bearing zones that might supply, at least on a temporary 
basis, a significant percentage of the total water requirements for coal 
uey '". ..,e UU~" '"u~" . .,. --as- -,,;-pusSl. D J. e ~'UL ~e 0 I 

water is the Madison Limestone and associated rocks. 

In 1975 the U.S. Geological Survey, in cooperation with the Old West 
Regional Commission, prepared a plan of study (U. S. Geological Survey, 
1975) for evaluating the water-supply potential of the Madison Limestone 
and associated rocks. This report not only presents a plan of study for 
the Madison, but also gives references relating to the regional geology 
and hydrology, cites the current geohydrologic studies being made by . . 
~UCL~~ ~uu Y"~"C ~5C"~~C~ "uu uy pLn~"C , ana SU"""~L ~~e~ Lne 

available data and the deficiencies of these data. 

? 
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During the development of the study plan, a liaison committee 
was formed. The members were drawn from a~encies of State ~overnments 
that have an active interest in or responsibility for control or develop-
ment of water from the Madison aquifer. These agencies include Montana 
Bureau of Mines and Geology, Montana Department of Natural Resources and 
Conservation, North Dakota State Water Commission, South Dakota Division 
of Geological Survey, and Wyoming State Engineer. The purpose of the 

,< < • .. c • 
"5' "5 UJ J~U5 

and State officials relative to all aspects of the U.S. Geological 
Survey's studies of the Madison aquifer. 

During the 1976 fiscal year, the U.S. Geological Survey, in 
cooperation with the States of Montana, North Dakota, South Dakota, and 
Wyoming, began a study to determine the water-resource potential of the 
l"JaQ1S0n LlmeStone ana assoclatea rOCKS to meet the future water needs 
in a l88,OOO-mi2 region that includes the coal-rich area of the Northern 
~ n,' " . , ,,~ JU ",!UH~L} ,,'" " 
source of water for industrial, agricultural, public, and domestic 
supplies. The study area includes eastern Montana, western North and 
South Dakota a small Dart of Nebraska and nn~'ko"~"p"n t.Tvnmina (ff" n 
The area of greatest interest, however, is the Powder River Basin of 
Montana and Wyoming, and the area surrounding the Black Hills in Wyoming, 
Montana, the Dakotas, and Nebraska. 

Within the scope of available funds and manpower, the objectives and 
"I'I'LU""" "1:t! c"u~t! UUC~"'''t!U i" C"t! 1'",,,,,-uL.-"Luul~' --me 00] ect:lves 
include: ' 

1 Thp "".nt-;." nF ,.,.t-.,r t-h~t- ,. h " ok' &. •• M. A<, 

aquifer. 

2. The chemical and physical properties of the water. 

3. The effects of existing developments on the potentiometric 
UC"'", ~wLa5c, Lccua"5c au," ,"i~CU"L5' , springs, S1:ca, ,~, , 
and the pattern of ground-water flow • 

& Thp • L .u" hvornlnai~ "FF,,~t-c nf n~nnnop" .,.4.L', "0 nF 

water for large-scale developments at selected rates and 
locations. 

5. The locations of wells and the type of construction and 
development of deep wells that would obtain optimum yields. 

Many oil tests have been drilled to the Madison aquifer in the study 
area. Most did not completely penetrate the aquifer, but were drilled to 
"""p 1 nn nil ff" 1 "0 nr ..,,,rp pvn 1 nr. H nn t-pot-c nn l.nn •. _ ~p,' n~i o.~.n h.~po 

Few data from these tests were collected for hydrologic purposes, but 
they are useful in defining the geologic framework and some of the aquifer 
characteristics such as water quality, temperature Dorositv and 
potentiometric head. 

3 
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To obtain better subsurface hydrologic and geologic information, 
it was recognized that test wells would have to be drilled. Drilling 
ana testlng were designed to yield a maximum of stratigraphic, structural, 
geophysical, and hydrologic information. Stratigraphic and structural 
information, obtained from drill cuttings, cores, and geophysical logs, 
is critical for reconstructing the paleogeologic history of the region 
as well as defining the present day architecture. Careful analysis 
of ~"HinoQ ~n~ ~n~ ~nrr~'~" ,;.. ." •• 

istics will have transfer value with 
o' 'r 'J '0 

data obtained from oil-well tests 
and surface geophysical surveys. 

Hydraulic tests are designed to yield pressure data and subsurface 
water samples from discrete intervals. These data are used to determine 
the isolation and (or) interconnection of aquifers, the water yield of 
• , , 

, Lue ~UWl'U~iL" yi" ... u v.c LUe weJ.J., ana I:ne quaJ.Hy or water, 

~IsiruLIb~ o"oi 1 0'" ,.. ,14 ., _, r . 
prepared. ' ~' 0 '" These showed the area along the eastern part of the Montana-
Wyoming border to have a high percentage of dolomite in the Madison and 
associated rocks, thus indicating possible high Drimarv Dorositv Al= 
because this area was apparently structurally active, good potential for 
secondary fracture porosity was indicated. Most of the oil tests in this 
area were not drilled deep enough to reach the Madison, and of those 

, __ ~~ .v ... vn ... y a .cew comp ... ece ... y penetrate tne aqu1Ier. tor 
these reasons the area was considered favorable for the initial hydrologic 
• , . ., 1 

The U.S. Geological Survey assigned geologists and hydrologists 
with knowledge of the area from its district office in Chevenn~ Wva 
to review available data and select several potential drilling sites in 
northeastern Wyoming near the State boundaries of Montana and South 
Dakota. Prime considerations in site selection were (1) depth to 

" ,-~ .. Lv~"~ aoour: J,uuu rl:, ~L! aaequate pressures to be reasonably 
certain that the well would flow at land surface, (3) location on State-

.. ,,~ ,11 _ .~,.~ n.,.~ "_' , . 
availability of water f~r d~illing and an are~l for 

~ " __ '-':'" ~_.~, • ,JJ 

disposal of water from 
the well, and (6) nearness to source of electrical power. Seven sites 
were considered and the site selected best met the above reauirements. 

Madison test well no. 1 was drilled in the N~S~ sec. 15, T. 57 N., 
R . 65 W., Crook County, Wyo. (fig. 2 and 3). It is about half a 
... .i. ... " uvnu VL I:ne J..:I:l:cJ.e l'I1.Sso Url .• nver ana along an all-weatner 
gravel-surfaced road used by trucks hauling bentonitic shale. The <." ~n' .c u .. ' u. ~':' 

well 
, 'OJ ., 

U" __ ' 

.-"~ .. , , 
S. Dak. 

The well was sDudded in the Fall River Fnrm~ Han of F.~rl v r.,.~tacaous 
age on July 16, 1976, and bottomed 60 ft below the top of Precambrian 
rocks at 4,341 ft below land surface on October 13, 1976. It is cased 
with l3-3/8-in diameter casing from land surface to about 1,490 ft, and 
~-J/O-1.n casJ.ng trom aOout l,j~U to 2,320 ft. It is 7-7/8-in diameter 
open hole from about 2,320 ft to its total depth of 4,341 ft (fig. 4). 

5 
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. 
The well is so constructed that additional hydrologic tests and 

.L ,<.1 1 ... "" '"._~ ".,_ '(Ho" " ~nn F;) 

Sixteen drill-stem and packer-swabbing tests were attempted; only 10 
yielded head information for the interval tested. Based on the test 
data, all water-bearing units in the Paleozoic rocks have sufficient 
heads to cause the water in them to flow at land surface. Water from 
the uncasea part ot the well, 
48 lb/in2 above land surface. 

about ;!, j;!U to ", ~'U. H, nas a neaa OJ: 

~ . '- ~ . ., . , ••• 14 • ,;<" i't- • 
"J 

607 ft of core was recovered. The cores were photographed, slabbed, 
plugged, and selected parts were tested for density, porosity, and 
vertical and horizontal oermeabilitv. Gamma and density scans 
of the cores were made, and thin sections are being prepared for detailed 
examination. 

This report provides the preliminary data for Madison Limestone 
test well no. 1 including test-well history, geology of the test well, . ., ',:. ." .H •• 
'7 '5'.5' . 7, • ., 
results and future testing plans. 

Selected references of ~eolo~ical and hydrological publications on 
the Northern Great Plains area are listed in the plan of study of the 
hydrology of the Madison Limestone and associated rocks in parts of 
Montana, Nebraska, North Dakota, South Dakota, and Wyoming, U.S. Geological 
Survey Open-File Report 75-631, December 1975. 

... any 'u~~o J:rom --.:rrEC-U;-:). 'eo: ,,~~ "UL VC" ULUCL L 

agencies, State agencies, and industry contributed to the successful 
completion of the Madison test well no. 1. No attempt will be made to 
1< •• ,,, ,. ," TT C /", " '.' ,~1 inun1u",,J in r"", • nn' 

however, special recognition must be given to James A. Peterson, Thad W. 
Custis William J. Head James R. Marie, Robert B. Brekke, Bruce B. 
Hanshaw, John F. Busby, Roger W. Lee, Lewis W. Howells, and J. E. Weir, 
Jr. 

.en1X ana :;c1sson, .Lnc., ot TU.LSa, uKla., pC.l.m" LU"L'''''~U'' l.UL e,,,, 
Energy and Research Development Administration (ERDA) at Las Vegas, Nev., 
assisted with preparation of the drilling specifications and provided a 
" .. "14. '." n.·" ••• " ":.,,, dr. "~niv onrl ~~iQQnn 

prepared ~he well history included in this report. 

J. R. Kerns and J. D. Traut of Hegna, Kerns, and Traut, consulting 
geologists, Casper, Wyo., were employed by the drilling contractor 
during drilling operations. They assisted with selection of cored 
l.ntervalS ana 1aent1tl.ea tormat10n tops. J.ne~r aescr1pnons or cU{;{;l.ng,; 
and cores are included in this report. 
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Figure 5. Well-head equipment of Madison test well no. 1. 
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Ladder bolted to 
It%" cas ina. 

12" to 10" Serie 7 l 
900, double $pOO~ I 

<lround level/ ~ 

__ :....-_ 7,'~2¥. 8n1 SWed\lfl 

il 7·' Hamner union 

~LubriC8ting barrel 

~O' of 80/0" 8rd 
24 J-55 Casing 

! /'%" 8n1 Coupling 
L-"'elded into flange 

l . 

10" Series 600 flange 

y10" Full opening 
) series 900, valve 

.-" 

~900flange 

13~" Cesing-
b 

.... slng .. eau 

", ... gure u. ·we.l..I.-neaa equipment of Madison test well no, 1, with 
~ubricating barre~ attached. 

. 

11 

Ross ISR Project 28 TR Addendum 4.2-B
- 29 -



., , , n' .~. ., 
-:'~.~ VJ .... >".~pu 

Service Corp., and Dresser Atlas. Packer tests were run by Lynes, Inc. , 
with interpretation by Roger L. Hoeger. Other companies, too numerous 
to mention, were involved in the drilling. coring, fishing. and cemen t ing 
operations. 

I.oore preparatl.on, photographs, and gamma ray-attenuated porosity 
evaluator (GRAPE) logs were provided by Marathon Oil Research Center, 
Denver, Colo. Analysis of core and hydrologic parameters was by Core T _~ 

n "0' , , . 

Test-well history 

The following historical data on the test well including time 
breakdown, hole history, core record, bit record, deviation surveys, and 
log index sheet are taken from the Fenix and Scisson reJ1.ort f ,rn; oh~~ to 
the U.S. Geological Survey at the completion of the drilling, coring, 
and preliminary logging and testing of Nadison Limestone test well no. 
1. The mud report is from the Hegna, Kerns, and Traut report. 
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'ENIX & $CI$$OH, INC. 

HOLE HISTORY OATA 

, , 

HOL! NO., Madison 01 Wvomin. ., O. NO •• I t. D. NO.1 

USERI USGS TYPO! HOLl, En1oratorv 

LOCATION Wyoming COUNTY, Crook "-IU. Hulett 

, , ec. , ',N, Rb'" 

CROUNO ElEVATION, 3604' PAD ELEV4TION: TOP CASINC EL.EVATION: 

RIG ON LOCATION: 7-7-76 SPUDDED' 7-1~-76 COMPLETEDI 10-25-76 

CIRCULATING MEOlA, Mud 

..... IN RIC & CONTRACTOR Emsco GB500. Thc~son Drilllr.7. r~c . I NO. OF COMPRESSORS & CAPACITY: 

lORE HOLE RECORD 

• ROM TO SIZE I. C. "T.IFT. WALL CRADE i CPLoG. FROM I TO I CU. FT. eMT, 

u 4> ;0' 29.25'* I 118.65# 3/8" 0' 49' 135 

49' 335' 26" I 19.124" I 
, 

94.0011 I 1<-55 0' 331 ' 513 
335' 1505 ' 17~n 12.615" I 54.50r. 1<-55 ST&C n' "n?' 'o-~** 

1505' 2353' 12~" 8.835" I 40.00Q 1<-55 ST&C 1393' 2333' I 960*** 

2353' 4355' I 
I 

TOTAL DEPTH! 4355' I AVERACE ..... HORn. DE PTNI FROM REFERENCE ELEVATION ~ 

'JUNK" PLues LEF:T IN HOLE, . 

SURVEYS PACE, 13 .1 CORING PA.GEI 11 l .t cu. FT .. eMT. TOTAL IN PLUGS, ETCI 

, LOCGING DATA; Pa!i!:e 14. 

BOTTOM HOLE COORDINATES: , RE'ERfNCE: I 

ales USED (Site Prep Ri~s oJ , , 
N'. "_0, .... TYPE CLASS OPEA"TING W CREW W/O CREW 01'1 LOC. 

20 Thomson DrilUn« Inc. E!!I.sC!o GB500 _100.50 - - 100.50 

REM4RU, J,te t'r~p Ittm.s 

** 200 ft 3 circulated to surface. 

*** Liner perforated at 1572' and squeeze cemented out perforations and around 

liner top with a total of 1631 ft 3 of cement in 4 stalZeS. 

NOTE: All depths shown are from k.llv bushing 14' above IZround level. 

'REPAR!D BY, WDS:siw TIM! BREAKDowN ON H!':a:T PAGE 

. 
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. 
Madison II, Wyoming 

TIME BREAKDOWN 

SITE PREPARATION 

DRILLING OPERATION TIME (DOT) OTHER SCHEOULED TIME (OST) OP£I"TIOH;'L DELAY TIME (DDT) 

DRILL MOVE IIC RE'AIRS 

TIIPS RUM CASING Y. O. DRILLIHG SUPPLIES -
SURVEYS CUtEMT CASING CLEAH OUT FILL -

-
SITE DOT DJ.Y~ SITE OST DAYS SITE ODT 

TOTAL SITE FREP TIME O ... ."S I REMARKS. 

M.A.IN HOLE COHSTRUC:~IOH 

DRILLINC OPERATIOH TIME (DOT) OTHER SCHEOULED TIME (OST) OPEllA,TIONAl DELAY TIME (OOT) i 
DRILL 10.88 Moal Liz ... TION &. OEMDaILIU, TIOH RrG REPAIRS ~ -
TRIPS 5.~9 CORE . •• u •• uu,,"'" ~ 

DRESS DRILLINC A.SSEwBLY LOG 5.75 FISH !.Q.,2L i 
SINClE SHOT DEY. SURVEYS 0.15 CASED HOLE OIR. SURVEyS CLEAN OUT FILL 2.07 - ! 
OPEN HOLE DIRECTION SURVEYS UNLOAO CASED HOLE UNLOAD WATeR INFLOW ! --- , 
'" 

u_, ,. ,~ .n •• " ,., RE ... " CROOKED HOLE , 
~< . 

[ HYDROLOGICAL TESTS 14.61 PLUG lACK 

Nipple Up 1.19 DR1LL OUT PLUGS -
MAl,.. HOLE DOT D ~ucu~aLe .amp~e. . '.,'" .... , 

CUING OPERATION TIME (COT) Ream Out of Gauge ---
RUM 20" CASING 0.50 Hole 0.34 -
RUM 13-3/8" CASING 0.53 Mix & Condition Mud 3.06 

• 
~,.... 2n" ~"'MO O~'R Recement Liner 10.31 

CEMENT 13-3/S"CJ.SING 0.90 

DRILL OUT SHOE 0.32 

~ 

MAIN HOLE COT 4.54 DAYS IUIN HOLE OST 34.88 DAYS MAIN HOLE DOT 30.40 DAYS 

TOTAL MAIN HOLE COHST. TIME 100.50 DAYS REMARKS. 

TOTAL ELAP.seD TIME 

Tn ........ ". IUY' RE.lU,RKS. 

TOTAL MAIN HOLE CON ST. TIME 100.50 CAYS * Run 9-5/8" Liner 0.79 Days 

SEc.../O CREW SITE PREP DAYS Cement 9-5/8" Liner 1.12 Days 

SEC •• /O CREYMAIM HOLE COHST. DAYS 

TOTAL SUSPENDED (NO RIG) DAYS 

Tar AL 1!:LAPSED TIME 100.50 DAYS 

. . 
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JlaG:I.8on fl, Wyom1ng 
BOLE HISTORY 

Prior to starting drilling operations 30" O.D., 3/S" vall casing vas 
~:t ~~33S: ground level in a 36" hole and the annulus filled vith 

-, . 
Thomson Drilling Inc •• rig 120, vaa IIIOved in on 7-7-76 and vas 
rigged up at 1900 hours on 7-16-76. 

~: All depths reported are from kelly bushing 14' above ground 
level (GL) unless otherwise shown. 

'-.. ..-'0 . IUUl .. ~~. DU = .ne nou ann nrU.i.en nC1ll ~~ to " UBl.Ug conven-
tional circulation vith vater. 

7-17-76 . Drilled 17~" hole from 97' to 330' and opened to 26" from 49' to 72' 
using 17~" bit and a 26" reamer. 

7-18-76 171." hot ... " 26" from 72' '0 282' udno .. ud AO • d,-i'H"~ T1dd 

7-19-76 Opened 17~" hole to 26" from 282' to 330' and drilled 26" hole to 335'. - Ran 8 jOints (330.76') of 20" O.D., 941, It-55 casing in the hole vith 
,.." , ••• ~_". F1, ••• ~ 

7-20-76 Continued running casing and landed at 331' (317' GL) vith centralizers 
at JZ~', 24,' an" 4J. !!.an a l.atcn-1n too~ on...,' <1rl.U p1pe an" 
latched into shoe. Cemented annulus to surface using BJ vith 40 barrels 
of vater ahead of 450 sacks (513 ft 3 ) of type "G" cement + 21 calciUl:l 
chloride. Cement in place at 0430 hours. Full returns during eecent1ng. 
Pulled drill pipe. Cut off 20"· O.D. casing and velded on a caainghead 
Inatalled a 20" J!ydril blowout preventer. 

7-21-76 Ran in hole and ta~2ed cement at 322'. Tested blow out ~reventer to 1000 
pai. Drilled out cement and shoe from 322' to 331' using 7-7/8" bit. 
121a;:fl reamer and a 17~" reamer. Drilled l7~" hole to 340'. Laid down 
~ .• ~ "0" ~ , .. '_"0" .• <. 

340' to 650' • Circulated samplea at 630' and 650'. Made trip for core 
barrel. 

" . 
15 t to b.ottom. 

~ . 
recovered 29'. . washed Cut core #1 from 650' to 680', 

lteamed core hole and drilled 7-7/8" bole from 680' to 1293' • 

," " 
.-~.-.~ ._u~ ~ •• " .~'. ~ "_, Q"' ~u •• ~ .. • 

of hole from 1293' to 1502'. Ran core bit in the hole, cleaned cut 15' 
fill and cut core 12 from 1502' to 1528', recovered 26'. Ran 7-7/8" bit 
in the hole. 

7--24-76 llashed 30' to bottom, reamed core hole and drilled 7-7/8" hole from 1528' 
to 1568'. Measured .out of hole and corrected depth to 1572'. Ran Bird-
well density, neutron, gamma-induction, eleetric. acoustic log, and 3-D 
velocity logs to 1560' • 

• J 
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Madison 'I, Wyoming 
Bole Historv 
Fage 2 

7-25-76 

7-2&="76 

7-29-76 

7-30-76 

7-31-76 

8-1-76 

8-2-76 

8-4-76 

8-5-76 

8-6-76 

Continued running 3-D, guard, caliper and temperature logs to 1560'. 
Made trip .nth 7-7/8" bit and conditioned bole for .. drill stem test. 
Ran Lynes drill stem test tool .nth a 7" packer in the hole on 2-7/8" 
u.u. <uo>ng ana set pac"er at _ ~,u~WJ.tn J.o.,u A. <oo~ DUOW tne 
packer to test zone from 1500' to 1575'. Opened tool at 1415 hours 
and ran hydrologic test 91 as directed. 

Completed test U1 at 0120 hours. Pulled out of hole. Ran hydrologic 
test #2 ~ith straddle packers Bet at 650 1 and 725 1

• Opened tool at 
1000 hours and ran test as directed to 1715 hours. Pulled out of hole 
with test tool. Made up hole opener .nth 7-7/8" bit 121,:" re""'er and 
a 17~" reamer. Ran in bole. 

. 
~~ed 17~" reamer. Opened 7-7/8" hole to 121,:" from 391' to 814'. 

Opened 7-7/8" hole to 121,:" from 814' to 1000'. 

Opened 7-7/8" hole to 121,:" from 1000' to 1236'. 

Opened 7-7/8" hole to 121,:" from 1236' to 1355' • Made trip at 1302' 
VV" , 'QO"~V Q"V .' . 

Ooened 7-7/8" hole to 121,;" from 1355' to 1510'. 

Made trip, removed 7-7/an bit and added 17~" reamer .to hole opener. 
Opened 121,;" hole to 17~" from 391' to 781'. 

Opened 121,;" hole to 17~" from 781' to 978'. Made trip at 854' and 
changed out 17~" reamer • 

•• "),,, ",1, ., 17"" from Q7R' rn 1271' 

to 

Opened 121,;" hole to 17~" from 1273' to 1392'. Made trip at 1345' and 

Opened 121,;" hole to l7~" from 1392' to 1505'. Pulled out of bole and 
started running 13-3/8" D.D. easing. 

Ran 49 joints (1502.77') of 13-3/8" O.D., 54.50n, K-55. ST&C casing with 
a B&W latch-in type float shoe on bottom. Landed caSing at 1~88.27' GL 
(1502.27 KB) .nth a centralizer at 1478' CL, metal petal basket at 
J .. ,j <;L aM centranzers at H<O • ~jO' ana UU, <OL. ""n u<Cn-,n 
tool on 4~1I drill pipe and latched into shoe. Cemented annulus usin~ 
B.J .nth 1500,11 of cud s.,een ahead of 1240 sacks (1748 ft 3) of Lite 
cement with 1/20 per sack of Cello-Flake and 2% calcium chloride follo~ed 
by 200 sacks (228 ft3) of type "G" cement with 1/20 per sack of Cello­
Flake. Cement in place at 0940 hours. 200 ft 3 of cement circulated to 

PHn." .;,,,, nino nHr nf .h. hn1~ and .,.,1.' UD, 
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Madison '1, Wyoming 
Bole History 
PAU 3 

8-7-76 Welded a casinghead on the 13-3/8" O.D. easing and installed blow 
out preventer. Tested blind rams to 1000 psi. Ran 7-7/8" bit and 
121(" reamer in the hole and tened drill pipe rams to 1000 psi. Drilled 
out eement and shoe from 1499' to 1502' and oleaned out to 1510'. 
~U.uea ou, 0, "o.e ana removea reamer. ""0 1-" 0 o~t ana Junl< suo ~n 
the bole and washed to 1520'. Circulated and built up mud viscosity. 

8-8-76 Continued building up mud viscosity. Washed and reamed to 1572' and 
GnHed I-I/~' _ no!e to !5~2. Pulled out ot hole and recovered several 
emal1 pieces of iron in junk sub. Ran back in hole and built up mud 
viscosity and volume. Made second trip and recovered small pieces of 
iron. Drilled 7-7/8" hole from 1582' to 1738' and lost circulation. 
Lost 153 barrels of mud. Pulled drill pipe to 1609' and had full re-
turns. Built up mud volume and viscosity. Ran 1n hole to 1735' with 
'F,," 0, , "" '" " .,.,." , "n .< . 
mud. 

8-9-76 Pulled bit to 1706' pumped in lost circulation materials ~th no returns, 

Pulled drill pipe into caSing and pumped mud in the hole, fluid level 20' 
down in casing. Pulled out of hole. Ran Dresser Atlas caliper and in-
duction logs, tool stopped at 1579'. Ran in hole to 1389', pumped 270 
ua. .... e ... s 0 .. mu", .LU \.ue uo""e \I.l.I.U no rel.urtls. .a,· ...... xeu. up t:lUQ anU. rega.r.oeu. 
full circulation at 1389'. Ran in hole~ washed and reaeed 124' to li3S' 
with full returns. Circulated to condition mud lost lOa barrels while 
c:irculating. Pulled out of hole. 

8-10-76 Ran Dresser Atlas induction and caliper logs, tool stopped at 1600'. 
Made tdo in hole and did not hH anY brid.es. Artecnt.d.o 10' a.ain 
and tool stopped at 1600'. Ran Lynes inflatable packer on 4~" drill 
pipe in the hole for hydrologic test 83 and set at 1540'. Ran test fro:!. 
0756 to 0920 hours. Picked up Lynes 7" produc:tion packer and ran in 
,"" . ,_,I." n " •• ~< " . Ilk < •• "." 
and ran test as directed. 

g-U-/V L.OL OL v~vv uvu,o. VUL V, "v ••• ~" ,-" 0 V.L." L". 

hole. washed 150' to boctOUl and drilled 7-7/8" hole from 1738' to 1768' 
and lost returns. Lost 210 barrels of mud. Pulled 3 stands of drill 
pipe. Mixed mud and lost circulation materials. Lost 200 barrels of 
mua ana regunea I U4 recums. uu.uea 1-1/ 0 nou nom ./00 <0 ... ><~ , 
regained 100% returns at 1821'. 

8-12-76 Drilled 7-7/8" hole from 1924' to 2084'. Pulled out of hole and ran 
I-/f~' d1amond core b1t 1n the ho!e. -ragged UU at !~j~ and c:uanea 
out to 1984'. 

8-13-76 Cleaned out fill from 1984' to 2062' and pulled out of hole. Ran 7-7/8" 
bit in the hole and vashed 60' to bottom. Made short trip to check for 
fill and cleaned out 10' of fill. Pulled out of hole and cade up 7-7/8" 
hi. ~ nni, •• , • .,hi1i " • • "A • ., " hnl. and ., 
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Madiaon '1, Wyoming 
Hole Hiatory 
'_6S ~ 

8-14-76 Ileamed out of gauge hole from 1870' to 2084' and drilled 7-7/S" hole 
from 20S4' to 20S7', Hade short trip to check for fill and cleaned 
out S' of fill. Pulled out of hole and made up 7-7/S" core bit and .. .. r, ,A out 6' of fill and cut cor .. '3 from 20R7' .n 'M" 

8-15-76 Completed core #3 from 2093' to 2117', recovered 30 1
• Washed acd reaced 

core bole and drilled 7-7/S" hole from 2117' to 2195', 

8-16-76 Drill .. d 7-7/S" hole fro", 2195' to 22S0', Pulled out of hole, Hade up 
care barrel and cut 7-7/S" core #4 from 22S0' to 2301', 

0_"_'< . , ., ... , , ... , , 
2335' to 2370' . 

. 

1!-.10-1. Completed core #5 fro", 2370 to 23SS , recovered 53 • Ran Birdwell 
t!lectric log, tool stopped at 1605', Pulled tool and recovered a 2' x 
6" piece of the drill pipe stripper rubber. Ran tool back in the hole 
and stopped at 1627', ~.ade trip .nth bit to clean out hole. Attempted 
to "run guard log, tool not working. 

8-19-76 Ran Bird~ell electric, induction, denSity, guard, 3-D9 ealiper, sonic 
and telll1lerature 102s. 

S-20-76 Ran Birdwell neutron log. Hade trip .nth 7-7/S" bit to C!o~d!tion hole 
ow •• ~.::::.'!': ._~~:'~ .~}"~. 

set at 2299'. Ran hydrologic 
• ....... u.c uu ':. ~ ..... p .. po A"~ 

test 05 as directed at 1830· bours, 

8-21-76 Completed test at 0230 hours. Hade trip .nth 7-7/S" bit to condition 
uu .... 'u< L.S";'Ug• ..au Lynes. " ... n Lne no .... on." ca .... 
pipe, set packers from 2218' to 2298' and ran hydrologic test #6 froo 
0935 hours to 1530 hours. Made trip with 7-7/S" bit to condition hole 
and cleaned out 15' of fill. Pioked up test tools and 2-7/S" 0.0. tubing. 

8-22-76 Ran Lynes straddle packers in the hole on 2_7/8" O.D. tubing, set packers 
from 2217' to 2305' and ran hvdrolodo test #7. Started swabb1n2 at 
0415 hours and completed test at 1800 hours. Could. not release packers. 
Worked stuck packers up the hole 20' and could not move any further. 
Circulated thru ports in top packer to free. 

8-23-76 Continued cireulating and working tubing. could not free. Ran MeCullough 
free point indicator inside the 2-7/8 11 O.D. tubing to fill at 2240', 
tubing free above this pOint . Ran 103' of 1-3/4" 0.0. wash out pipe in-
.... , ... '_"." n n ,,_r .. " ." ' H, ," 

wash out sand inside the tubing with no results. Pulled pipe. repaired 
aame and welded a seal ring On the outside of the pipe. 

8-24-76 Ran the wash out pipe back inside the tubing and vashed out sand to 2274' 
by circulating down the tubing lovering the vash out pipe. Ran McCullough 
free point indicator and set down on fill at 2267', tubing free above 
tnu po,nt. ..engtnenec wasn out p'pe to !~~ anc ran oaCl< .. ns .. "e .ue 
tubing, circulated and \lashed to 2287'. Ran free point indicator, 
tubing free above 2280'. Perforated bottom packer and vorked loose. 
Bottom packer had been worked up to 2284 1

• Pulled out of hole. 
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Had1s"n 11, Wyoming 
Bole Hb tory 
""lie ~ 

8-25-76 Laid down test tools. Hade trip with 7-7/8" bit to 1590' and oondi-
tioned hole for test. Hade up Lynes straddle packers On 2-7/8" 0.0. 
·tu~!~~: !:~ in hole and set paokers from 1482' to 1525'. Started 
-a Ino hvdrol02io test U8 and oaokers would not hold. Pulled 
cut of hole and left bottom packer, 1 joint of tubing and 2 recorders 
ill the hole. Rail s 6;';" overshot ill the hole on 4lj" drill pipe. Worked 
over fish and deflated paoker. Stsrted out of hole. 

8-26-76 Pulled out of hole and reoovered all of fish. Made up 12;';" hole opener 
with a 7-7/8" pilot bit and opened 7-7/8" hole to 12~1I from 1505' to 
1910' • 

8-27-76 Opened 7-7/8" hole to 12;';" from 1910' to 2061'. 

8-28-70 Opened 7-7/0· nole to U"'· Irom "UbL tOlLOI • rUJ,..Lea ou 0.. no~e ana 
left 7-7/8" bit, 2' of guide belo,", the 12;';" cones and all cones and 
bearings in the hole. Measured out of the hole and corrected depth to 
2159' • Waited on fis~ng tools. 

8-29-76 Ran 101i1t magnet in the'hole, cleaned out 20' of f111 and \lorked magnet 
to bottom at 2l59', recovered 8 bearings. Ran 7-5/8" mill in the hole 
and cleaned out 10' of fill. Attemtlted to push iunk to bottom vith no 
success. Lost 100 barrels of mud. Pulled mill and ran 11-3/4" x 3' 
Bowen junk basket. Drilled over junk frotl 2159' to 2162', no recovery. 
~.<." .. . ---back ill hole and worked over fish. 

8-30-76 Pulled out of hole, no recovery. Ran 7-5/8" flat bottom mill in the 
~ uu ~~ .. ~ u ~~u~. ~u •• , 
circulation materials. Milled on junk at 2162' and pushed to 2285' • 
Pulled out of hole and ran 7-5/8" wash over shoe. Washed over junk and 
pushed to 2289' • 

8-31-76 Continued milling and washing over junk at 2289'. Pulled out of hole 
and ran 7-3/S" overshot to 2289 1 and attempted to work over fish, no 
recovery. Ran in hole.vith a magnet to 2289', recovered part of a 12~ 
reamer cone. 

Q-'-'~ ».~ '-<IS" flat bottom mill in the hole and milled on junk to 2290'. 
Pulled out of hole and ran McCullough junk shot to 2290'. Ran 7-5/8 
magnet to 2290'. no recovery. ~lixed mud and lost circulation materials. 
Ran ~;~" hole opener and 7-7/8" ,~!~ot bit in,;~~ hole, reamed 100' of 

.0_ _ ._ h,;,.r MO' ." 1_1 "hn'e >0 2" from 2159' to 2164'. 

9-2-76 Opened 7-7/8" hole to 12;';" from 2164' to 2284'. 

9-3-76 Laid down hole opener and ran 121:;" bit. Opened 7-7/S" hole to 12;';" frot:! 
2284' to 2290' and hit junk. Pulled out of hole and made up 11-3/'11 
Bowen junk basket without fingers. Washed to bottom and worked over 
JunK, no recuve.y. ~n .. .u .u~ uu.c , 
recovery. 
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, 

Madison 11, I/yoming 
Bole History ... ~ 

9-4-76 ian Bowen junk basket back in the hole and vashed over junk from 2290' 
to 2294', no recovery. Added fingers to junk basket and worked over 
junk, no recovery. Made 3 runs with McCullough junk shot to 2294' 
and cleaned out fill after each .hor hIL2" •• ." --'" >1 
recovery. 

, 

9-5-76 ian 11-3/4" flat bottom mill vith junk sub in the hole and milled on 
iunk from 2294' to~' -'L < 'a" __ • dUU 

attempted to push junk down the hole with no Buccess. Picked up 11-3/4" 
Boven junk hasket and washed over junk at 2294' • 

9-6-76 --'=<>nti .A "" , "" .. "~_ yar. o. '-I/ti 
- bit, 2 cones and shanks: Top 1/3 of body had been milled off. Ran 

11-3/4" mill in the hole and milled 'from 2296' to 2305'. 

9-7-76 Milled on junk from 2305' to 2309'. Pulled out of hole and ran 7~" mill. Circulated mill to 2380' and milled on junk freta. 2380' to 2385'. 
ru-,u nU~eQ on junk from 2385' to 2387'. Pulled out of hole and ran 7-5/8" 

Bowen junk basket. Washed over junk from 2387' to 2389' t no recovery. 
Rail 12~" reamer in the hole, washed and reamed 27' to 2289'. 

~-~-/o Washed And reamed froQ. 2289' to 2296'. Opened 7-7/8" hole fro::: 2296' 
to 2353'. Pulled out of hole and ran Dresser Atlas caliper log. Made ,i ~., , .. "-~. '" run canng • 

9-10-76 Ran 9-5/8" O.D. caSing in the hole on 4~1t drill pipe, could not set liner banger. Laid dove caSing and sent hanger to be modified. 

.9-11-76 ian 31 joints (940.05') of 9-5/8" O.D., 406, K-55 , ST&C caSing for a 
liner. Set liner hanger at 1393' (1379' GL) vith the bottom of the 
liner at 2333' (2319' GL). Liner had a float shoe on bottom and a 

-- "U .~~ "_ ,ue DO«OQ J Olnt. . ~entralize.rs at 2328' and 2399', 
cement basket at 2147', centralizers at 2060' and 1724', cement basket at 
1694', centralizers at 1547' 1457' and 1401' ,,1.' 
BJ vith 560 sacks (789 ft-) of Lite cement with 1/4# per sack of Cello-
Flake followed by 150 sacks (171 ft 3) of type "G" cement with 1/4# per 
sack of Cello-Flake. Cement in place at 0600 hours. Released liner 
running tool and ~ulled drill nino lJ.t •• d ·n , OM . 
Ban Dresser-Atlas temperature and bond logs. Bonding indicated from 
1572' to 2284'. 

9-12-76 Waited on cement until ORnn hn,,~. .A "_<10" n n 1< -, 
Dresser Atlas with 4 holes per foot at 1572'. Ran Johnson vire line 
squeeze packer and set at 1530 1 • Ran ~" drill pipe in the hole and 

...1 -, • ons u5:lng D.J ">tn ~'u sac~s 
(268 ft 3) of Lite cement. Cement in place at 1645 hours. Reversed 
out approximately 40 sacks (56 ft 3) of cement. Pulled drill pipe out 
of hole. 

-'l. 
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MadiaoD 81, Wyoming 
IIn1_ 1It.."rv 
Page 1 

9-13-16 laD Dresser Atlas bond and temperature log, top of cement in casing 
at 1438'. Washed and drilled cement from 1438' to packer at 1530'. 
Pressured up on squeeze packer no pressure. Started drill1n2 out 
packer. 

9-14-16 Drilled out packer and cement to 1571'. Ian Dresser Atlas bond log. 
Set Baker cement retainer at 1440' u .. < •.• nn ".J.. 1. 
packer. 

9-15-16 Waited O~~?aCker to 0600 hours. Ian 13-3/8" retrievable packer in the 
hole on 4 " drill oioe and Bet A" 1270' ., 

150 psi for 15 minutes, packer held. 
470 sacks 

Cemented squeeze 02 using BJ Yith 
(536 ft 3) of type "G" cecent + 2:' calci= chloride and 1/4!1 

r -, ..... ~. ",.sp.l.aceu. cet:leOt: W:l.t:.n water. I...ex::r.ent 1n place 
at 0930 hours. Held pressure for 30 cinutes. Released packer and 
reversed out excess c~ent. Waited on cecent to 1800 hours. Reseated 
packer and c~ented squeeze 43 with 575 sacks (656 ft 3) of type "G" 
cemene ... ~h cuc,= cn~onae and 1",. per sack ot Cello-Flake. Cement 
in place at 2100 hours. Released packer and reversed out excess cement. 
Reseated packer and pressured up to 1400 psi for 30 minutes. Released 
packer and vaited on cement. 

9-16-76 Waited ou cement to 1030 hours. R.a.n 12"'" bit in the hole and tagged ,." ' r<. .. , •• .• .~. . -out cemen~ from 1347' to .1378' • 

9-17-16 Drilled out cement from 1378' to 
r 1011 • 

liner top at 1393'. Pressured up on 
< . . .u~ .U~ .u."? "U AUU 

drilled out cement froQ 1393' to 1401'. Pressured up on liner to 1240 
psi for 30 minutes. Reamed and washed to Baker cement retainer at 1440'. 
Pulled bit and ran Baker sub in the hole. Screwed into retainer and 

1200 psi a~:; 1400 
.~_ ... &, ~J'.. _, ~nt;O P n. De."een 

pSi, pressure would hold at 800 psi. Released sub and 
circulated hole. 

9-18-16 Rigged up to squeeze. Sub would not lateh into retainer. Pressured up 
to 1400 psi using BJ pump truck, pressure held. Pulled out of hole and 
ran ~"bit, drilled out cecent retainer at 1440' and ran bit to 2271'. 
Pumped 10 barrels of fluid at 600 psi in perforations at 1572'. Stopped 
pump and pressure dropped to a psi. Pulled out of hole and ran Dresser 
Atlas cement bond log. 

~-19-16 Ian Halliburton 9-5/8" RTTS packer in the h"le on 4lstt drill pipe and set 
a~,~~30" pressured up to 950 psi and pressure held. Reset packer at 
1<'... .~ <nn , , . 
packer at 1473' and pumped 30 barrels of fluid into perforations at 1572' 
vith 950 psi at a rate of 3 bpm. Cemented squeeze 04 in stages using 
~ft~ith 150 sacks (l7l ft3) of type "G" cement, maximLCl squeeze pressure 

< • -' .' .. .. ~. &"u_.~.~._~u 

out excess cement. Reset packer and pressured up to 1500 psi for 15 
minutes. Pulled Out of hole. 
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Madiaon II, Wyoming 

Pase 8 

9-20-76 

9-21-76 

9-22-76 

n 

9-24-76 

9-25-76 

9-26-76 

9-27-76 

9-29-76 

Waited On cement to 0945 hours. Ran 81j" bit in the hole and drilled 
out cement from 1511' to 1588'. Pressured up on casing to 800 psi 
.n~ .., .v 44// anQ Qr1Uec on junk and cement 
to float collar at 2290'. 

Pulled out of hole and cleaned out junk sub 7 recovered 20# of irOn. 
v. ., ••• B I magnet and junk sub, recovered 20U of iron both 
times. Roan 7-7/8" bit and junk sub in the hole and drilled on junk 
and cement froQ 2290' to 23011. Pressured up on casing to 800 psi for 
15 minutes, pressure held. Drilled on junk and ce~nt ~,~"~ "ni, 
.......... rressure tested casing to 800 psi, pressure held. Pulled out 
of hole and recovered 20U of iron. Ran 7" t:.agnet and junk sub in the 
hole to 2321' •. oJ ••• 

... ~v J:U.uutes. 
pressure held. Pulled Out of hole and recovered 20U of iron. PAde 
trip vith magnet and junk sub. 

Recover~d 2au oL • ~ ,,,II 
au.c any Cr:LHea out ce-

ment and shoe fro~ 2321' to 2333'. Cleaned out to 2388' and drilled 
7~7/8t1 hole froe 2388 1 to 2449'. Circulated out s~ples and pulled 
out of hole. Cleaned out junk sub and recovered IOU of iron. Hade 2 
.~in< "hh .~ ,... a <otu o. 15U of iron. 
Ran 71j" Globe basket and cored from 2449' to 2450'. 

w.' "'un Junk basket from 2450' to 2451', recovered 6" of core and 1 
piece of iron. Ran 7-7/8" bit in the hole, reamed 60' of ~hole to 
bottom and reamed 71j" hole from 2449' to 2450 '. Made 2 trips vith a 
magnet and junk sub and recovered annroxi~"." All ••• 

..... n/-7/8 . bit in the hole and worked by iron. Drilled 7-7/8" hole 
from 2450' to 2452'. 

Drilled 7-7/8" hole from 2452' to ,.,,' .~ .".~ ~ _, "-=n.c 

'b nom 2455' to 2474'. recovered 19'. Ra" 7-7/8" bit in the hole and 
washed from 2413' to 2455'. Reamed core hole from 2455' to 2463'. 

Reamed core hole from 2463' to 2474' and pulled bit. Cut 6-1/8" core 
#7 from 2474' to 2500', recovered 23.5'. !\an 7-7/8" bit in the hole 
and reamed core hole to 2500'. 

Cut 7-7/8" c:ore D8 and #9 from 2500' to 2525', cored 25', reeovered 24'. 

Ran 7-7/8" bit in the hole and drilled .. 
2632' • 

:~ .J-'~ • ~ neasured out 
Cut 7-7/8" core '10 from 2632' 

from 2525' to 2635'. 
ot hole and corrected 
to 2646'. 

lost 400 
depth to 

Aecovered 13.5 on core 110. Cut 7-7/8" core '11 froc 2646' to 2676', 
recovered 28.5 ' • Ran 7-7/8" bit in the hole, washed and reamed 30' to 
bottom and drilled 7-7/8" hole from 2676' to 2760'. Circulated aacples 
out of the hole. 

Pulled out of hole. Cut 7-7/8" core 112 from 2760' .to 2820', recovered 
60' • 
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Kadison '1, Wyoming 
Bole Historv 
rage 9 

9-30-76 Cut 7-7/8" core 113 from 2820' to 2845', recovered 25'. Ran 7-7/8" 
bit in tbe bole, reamed froQ 2785' to 2S45' and drilled to 2958'. 

~. -/0 Ur.LLea I-/~O bole from 2958' to 3015'. Circulated samples out of 
the bole and pulled bit. Cleaned out 17' of fill and cut 7-7/S" core. 
#14 from 3015' to 3070'. 

.. v-~-IO Recovered 54' on core 114. Ran 7-7/8" bit ill the hole, vasbed and 
reamed 35' to bottom. Drilled 7-7/S" bole fro1:1 3070' to 310Z' and 
pulled bit. Cut 7-7/S" core Dl5 from 310Z' to 3132', recovered 30r~ 
Ran 7-7/S" bit in the hole and . . ., 

10-3-76 Drilled 7-7/8" hole frotl 313Z' to 3185' aod pulled bit. Cut 7-7/8" 
--U£-L :; 

,.:_o:~. u. ~ '-uo OLt "" the 
bole aod drilled from 3191' to 3272'. Circulated sa:ples to surface. 

10-4-76 Pul~d out of hole. Cut 7-7/S" core #17 fro1:1 3272' to 330Z', recovered 
• • -: -II 0 u .. LU LUe nOLe ana wasned to bottoD. 

bole from 330Z' to 3390'. 
Drilled 7-7/S" 

10-5-76 Drilled 7-7/S" hole fr= 3390' to 3491', lost 450 barrels of mud. 
~-~~ up mu~ ana .ost cucuution materials. Pulled out of hole. Ran 
7-7/8" core bit in the hole a.ud reamed 6' to bottoc. Cut core 01S 
from 3491' to ,,,q,' 

10-6-76 Completed core 018 from 3497' to 3521', recovered 29.5' • Ran 7-7/S" 
bit 1n tbe bole and drilled from 3521' to 3610'. Circulated samples 
out nf d ~ >1 .. ." .. , 

10-7-76 Cut 7-7/S" core 019 from 3610' to 3643' and lost 80 barrels of mud, re-
c:overed 2' • Ran.~-718" bit 1n the hole and drilled from 3643' to " .. ' , . 

10-8-76 Drilled 7-7/8" bole from 3796' to 3964'. 

10-9-76 Drilled 7-7/S" bole from 3964' to 4064' • Made trip at 4053' to lay down 
and load out 2-7/S" 0.0. tubing. 

-- JJrU.l.ea I-I! 0 hole from 4064' to 4145'. Circulated samples to surfa~e 
and pulled bit. .Washed and reamed 33 1 to bottom and cut 7-7/8" core 
#20 from 4145' to 4175', recovered 30'. Ran 7-7/S" bit in t~; bole, 
washed and reamed 60' to bottom. Drilled 7-7/S" bole from 417,' to "200' 

10-11-76 Drilled 7-7/S" bole from 4Z00' to 4292' • Circulated sacples to surface 
and •• 11 '"--hlL n .' ., ., I II 

to 4326'. . 
10-12-76 R.ecovered 34' on core #21. Ran 7-7/8" bit in the bole and reamed 3" to ~ .,,, .• ,-"." ~ . , .. ~ . 

pl.. to surface and pulled bit. Cut core 7-7/8" core #ZZ from 4346' to 
4350' • 
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Hadiaon II, \/yoming 
Bole History 
rage lU 

10-13-76 Completed core 122 from 4350' to 4355', recovered 7~'. Laid down 
core barrel. Ran Birdwell logs. 

~"-,.-" n . 
10-15-76 Ran Birdwell logs. Itan 7-7/8" bit in the bole and conditioned mud • 
~ .- . ~\" 

:-- ... ~ an" puueo. D,t. <.an 1 Lynes packer 1n the hole on 
~" drill pipe and set at 4094'. Itan hydrologic test #9 from 4094' 
to 4355' from 0915 to 1445 hours. Pulled out of hole. Picked up 
7" Lynes production. packer and 2-7/8" O.D. tubing. 

10-17-76 Ran Lynes production packer in the hole and set packer at 4092' after 
the --".hi.ui <ri: Swab b.d --<llh.bz ul- -'llA 

floving at 55 gpm. Started test at 1900 hours. 
, 

10-18-76 Completed test at 1130 hours. Pulled out of hole. Itan Lynes 7 11 in-., .J., < . 
." _'" • ..1. -L" 

~~ .l.rOl:l 3579 ' to 3694' 
. _ r:r . 

and ran hydrolog1c test Ull fro~ 2015 to 2315 hours. 
Picked up packers and Get iraQ 3329' to 3440'. 

'1\...'0_7< l>, ~ ." "0_ •• , ,va. p.uggeu.. <uueQ out 
of hole and cleaned up tool. P~n back in hole and set packers free 
3579 ' to 3694'. Itan hydrologic test 013, tool ooen froe 0600 .n 07'0 
.nours a~a could nOt close. Pull tool and dressed packers. '. Ran back in 
hole and set packers from 3300' to 3480'. Itan hydrologic test Gl4 
from 1545 to 1930 hours, Pulled out of bole and picked up tools for 
test #15. 

10-20-76 Ran in hole and set packers from 2S30' to 2570'. Ran hydrologic test 
'15 from 0415 to 1515 hours, hole flowing 18 gpm. Pulled tool and 
dressed packers. Itan back in hole on~ ••• T' n,., .. ,'" 
Started hydrologic test U16 at 2230 hours, hole flawing 20 gpQ • 

'''-''-'' r. " , . ' 
in the hole to 4355' and 

_n '-I/O au _ .. ~ '4'" uvwu 'W ••• 
conditioned mud. 

10-22-76 Laid down drill pipe and removed blowout preventers. Waited On "ell . 
10-23-76 Installed well head and connected up. Itan 2-7/8" O.D. tubing in the 

hole to 3600' • Swabbed tubing and flowed hole. Raised tubing to 2100·, 
AU" no ... e. "" ... sed tUDlng to HUU anQ swabbed. 

10-24-76 Itaised tubing to 1200' swabbed and flowed hole. Raised <0 880' 
swabbed and flowed hole. Laid down tubing. Hole flowed 250 SpQ at 29 
pd. Temperature of water was 1240 F. Shut in from 1430 to 1600 hours. 
Opened up an~ flowed at 250 gpm at 32 psi. Temperature was 1240 F. Shut 
in at 1800 hours. Shut in Dr va< 48 coi 

10-25-76 Hole shut in. Released rig for demobilization at 0700 hours. 
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Hadlson , I, Wyoming 
Hole History 

-D 

CORE RECORD 

Weight Circulating 
~. Core On R .. ft F, 

.!!2:... Interval 1!:n! 10008 psi Cored Recovered -Recovery 

1 650' - 680' 52 8-12 - 30 29 97 2 Hno' - 1 "R' " A_1 Hn 
<u 

i~~ 3 2087' - 2117' 52 6-16 800 30 30 
4 2280' - 2335' 52 8-16 1050 55 53 96 
~ :~;;: - 2388' 52 10-18 1000 53 53 100 "" , , 

825 26 ~. 
L~~ 7 2474 ' - 2500' 44 8-16 23.5 

8 2500' - 2513' 44-48 8-16 825 13 12.5 ~ 

io Z}1.3 - 2525 48 .10-14 750-850 12 11.5 96 
2632' - 2646' 48 8-16 850 14 13.5 96 

11 2646' - 2676' 48 8-16 900 30 28.5 95 .12 2760' - 2820' 48 8-18 850-950 ~ ~n ~ 

tt 2820 - 2845' 48 8-18 850-900 25 25 100 
3015' - 3070' 48 8-18 800-950 55 54 98 

15 3102' - 3132' 48 8-18 80~~50 30 3~ 100 
16 3185' - 3191' 48 10-18 J, --'-"it 
17 3272' - 3302' 56-48 8-18 850 30 29.5 98 
18 3491' - 3521' 48 8-18 900-1000 30 29.5 98 , , , 

2 

10~ - 4175' 8-12 
I 

~~ 20 4145' 48-40 900-1000 ·30 
21 4292' - 4326' 48 10-18 llOo-1200 34 34 100 
22 4346' - 4355' 48 14-20 1000 9 7.5 83 

TOTAL 650 607 93 
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Hadison II, Wyoming 
~le ~;story 

BIT RECORD 

Bit Depth Feet Ratating 
110. Hake Size Type Out nr1l1p~ "n"~. 

1 Security 17~" S3ST 335' 286' 16-3/4 
2 Reed 26" Bole Opener 335' 286' 33 & Bit #l 
3 Reed 7-7/S" Yll ~Ln' 

- ., 
< 

4 Reed 7-7/8" TIl 650' 310' 4-1/4 
5 Christensen 7-7/S" 1!C20 680' 30' 2-1/2 
4 Rerun ~~~~: ~:~: 14-1/4 
F. l>_ •• ,_"." TI? 

'5 Rerun 7-7/S" 152S' 26' 4=3/4 
6 Rerun 7-7/S" 1572' 44' 2-1/4 
I ""eo 

~~~" 
"o~e ~ener 3H 56 9-3/4 & Bit 86 

8 Reed Bole Opener 1302' 967' 61 & Bit 06 
9 Reed 121z;" Bole Opener 1510' 20S' 31-1/4 & Bit 86 
7, Rerun 17~" 854' 463' 30-1/2 
.LV ~ecur1ty 

~~~:, S3J Pilot Bit 
11 Reed Hole Opener 1345' 491' 43 & Bit no 
12 Reed 17~" Bole Opener 1505' 160' 20-~~~ & Bit no 

'13 Reed 7-7/S" Yl3 1738' 166' 3-1 4 
14 Smith 7-7/8" F2 20S4' 346' 24-1/4 
15 Security 7-7/S" B]SGJ 208]' 3' 1/4 
• G. "'7 "" "II 11 , , 
15 Rerun 7-7/S" ", 22S0' 

I -~I 

163' 27-1/4 
5 Rerun 7-7/S" 2388' 108' 30-3/4 
~~ Reed 121z;" Bole Opener 2159' 649' 51-1/2 

" 
i2~" ;4;; ""'" -=or "'. 18 Security 2290' 6' 2-1/2 

19 Reed 121z;" Hole Opener 2353' 63' 6 
20 Security S~" H4NGJ (Drilled cement & retainer) .... -, 

;:~Iz;" 
n ........ 

~~rilled cement) 
1;1rcuUte 

18 Rerun 
21 Rerun ~" Drilled cement & retainer) 
22 Security S~" H4NGJ (Drilled cement & retainer) 
23 Security S~" B77SG (Drilled cement & junk) 
24 Reed 7-7/S" Y21G " ~~~llled ceme~~ & junk) 7_1/. 25 Reed 7-7/S" Y21G 44 ' 12 ' - 4 ".m.& ~hn. 
26 Reed 7-7/S" B7SG 2450' I' 2 Junk 
27 Reed 7-7/S" Y31G 2455' 5' 2 Junk 
2S Christensen 6-1/S" He23 2474' 19' 9-1/4 
26 Rerun 7-718" ?L7A' , Q' '_"/L " •• mi"" 
28 Rerun 6-1/8" 2500' 26' 10-1/4 
~7 Rerun 7-7/S" ,.,. " 2500' 26' 3 Reaming .. ~ .. ~ .. , .. u-., • 
29 Reed 7-7/S" Y31GJ 2632' 107' 11-3/4 
5 Rerun 7-7/S" 2676' 44' 11-1/2 
30 Smith 7-7/S" F4 , 2760' 84' 9-1/4 

. 

''0 . 
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Kadison 11, Wyoming 
Bole History 
l'age 13 

lIIT RECORD (Cont 'd.) 

lIit Depth Feet Rotating 
". v ... « •• .,."". ,,;,. ndlled Hours -
5 Rerun 7-7/8" 2845' 85' 24 
30 Rerun 7-7~:~ 3015' 170' 12-1~; 

'7_'7j If :;':':;", ' .. , U_1, 

30 Rerun 7-7/8" 3102' 32' 3--3/4 
5 Rerun 7-7/8" 3132' 30' 7-1/2 
30 Rerun 7-7/8" 3185' 53' t!~~ '."0" .,M' -~ , 
J 

30 Rerun 7-7/8" 3272' 81' 3-1/4 
5 Rerun 7-7/8" 3302' 30' 9-1/4 
30 Rerun 7-/f~' J4n ~~~ ii:i/4 31 Christensen He23 3521' 30' 
30 Rerun 7-7/8" 3610' 89' 9-1/4 
31 Rerun 7-7/8" 3643' 33' 3-3/4 
30 Rerun 7-7/8" 4145 502 ~~-1/4 31 Rerun 7-7/8" 4175' 30' 

;~ !:~~ 
7-7/8" 4292' 117' 6-1/2 
7-7/8" 4326' 34' 10-3/4 

32 Security 7-7/8" 4346' 20' 3-1/2 
31 Rerun 7-7/8" 4355' 9' 11-1/4 

DEVIATION SURVEYS (TOTCO) 

l?!!!. Del!th-Ft. Inclination-Degrees 

-r-ro-7O ou -v 
7-17-76 112 0 

237 1/8 
330 1~2 

7-21-76 650 3(4 
7-23-76 1293 1 
R_"_7~ 2084 3/4 
8-18-76 2380 1-1/2 
9-2-76 2154 1-1/2 

~:;~~~< 2284 1 
'~nn 1 

9-29-76 2760 1-1/2 
10-1-76 3015 ~-~~; ., 
10-7-76 3610 2 
10-8-76 380S 1-3/4 
10-11-76 4292 2 

" J.U-U-IO 'J~Q -, 
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Madison 11, Wyoming 
Bole History 
Page 14 

LOG INDEX SHEE'l' 

Run Depth Depth Lossed 
II:!!e LoS pate No. Driller Losser From To 

BIRDIIELL LOGS 

Acoustic Borehole 7-24-76 1 1572' 1560' 331' 1555' 

Acoustic Borehole 8-19-76 2 2387' 2381' 1503' 2368' 
Compensated 

Acoustic Borehole 10-14-76 3 4355' 4351' 2150' 4336' 
\;ompensated 

Cal1Der 7-25-76 1 , ~", H60' .M' 1<~n' 
Caliper 8-19-76 2 2387' 2382' 1503' 2380' 
Caliper 10-14-76 3 4355' 4348' 2330' 4347' 

~. -,. - ..... '_H_'6 , 1<,,' "~n' .", "'0' 
Compensated 

Density Borehole 8-19-76 2 2387' 2384' 50' 2382' 

,,:~~~~~s~te~C"" ,n_lI._'. • I ..... 1 .• 1.0' • '.M' ,. ,,~, 
Compensated 

,"'Z'FTIf -r -=rz: ~~bU 

1;~~' i~~~, Electric 8-19-76 2 2387' 2384' 
Electric 10-13-76 3 4355' 4353' 2337' 4351' 

-niQuCU-on Lre=c <FT!I~ L --z387 2384 1503 2379 

Gamma Ray-Induction 7-24-76 1 1572' 1560' 331' 1554' 
Gamma Ray-Induction 10-13-76 3 4355' 4348.5' 2336' 4343' 

~~rd _""._A 7-25-76 ; ;;!~: ;;:~: 334' ;;~;,: '-'- .. 0_'0_'. ..no' 
G=-Guard 10-13-76 3 4355' 4348' 2340' 4344' 

Micro-Contact 10-13-76 3 4355' 4353' 2333' 4351' 

Neutron Borehole 7-24-76 1 1572' 1560' 331' 1559' 
Compensated 

Neutron Borehole 8-19-76 2 2387' 2381' 1503' 2378' 

Neutron Borehole 10-14-76 3 4355' 4348' 2250' 4347' 
Compensated 

NCTL 10-15-76 3 4355' N/a 300' 2400' 

Temperature 7-25-76 1 1572' 1560' 0' 1560' 
Temperature H-~9-/b Z 2381 2382 0 ;~:~, Temperature 10-15-76 3 4355' 4348' 200' 
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Madison 11, Wyoming 
Bole History 
11. .. 

LOG INDEX SHEET (Cont'd.) 

lun Depth Depth LoSl!ed 
!l:2e LoS Date No. Driller Losser From To 

BIRDWELL LOGS (Cont'd.) 

3-D Velocity - 3' 7-24-76 1 1572' 1560' 100' 1550' 
3-D Velocity - 6' 7-24-76 1 1572' 1560' 100' 1550' 
3-D Velocity - 3' 8-19-76 2 2387' 2382' 1400' 2377' 
3-D Velocity - 6' 8-19-76 2 2387' 2382' 100' 2378' 
3-D Velocity - 3' 10-15-76 3 4355' 4348' 2300' 4350' 
3-D Velocity - 6' 10-15-76 3 4355' 4348' 430' 4344' 

!!!!li: Finished prints of the above logs furnished by USGS. 

Acoustic Cement 9-11-76 1 2289' 2282' 1370' 2379' 
Bond VDL 

. w<Ill':" ,-.~-.u • •• UJ •• uu JW •• UJ 

Bond VDL 

Induction Electr010g 8-9-76 1 1738' 1600' 1503' 1595' 

Diff~rential Temp- 9-11-76 1 2389' 2383' 0' 2382' 
erature 

Differential Temp- 9-13-76 2 2389' 1438' O· 1437' 
erature 

.!!Qli: Field prints of the above logs furnished by USCS • 
. . 

29 

Ross ISR Project 46 TR Addendum 4.2-B
- 47 -



26 

HUD REPORT 

., .. . 
~ Depth \It. Vis. Yld. £!!. Loss PPM So 1 ids 

7-17-76 200 , 8.4 28 
'w .v~ "~8':8"" 28 
19 325 (reaming) 

8.8 50 
". 65~ 22 
23 1395 9.2 37 10 10.5 . 6.4 300 6.0% 
24 1586 9.6 59 IS 11.0 5.6 300 9.0% 
25 1572 9.5 60 22 11.0 5.2 300 8.5't 
26 ~~~ 49 27 9.2 12 12.0 5.2 100 6.~!l: 
2S 866 9.2 45 13 11 .0 6.0 300 6.0% 
29 1071 9.4 44 13 9.5 6.S 300 7 3/4% 

~~ :~~~ 9.3 ~~ ~ 11.0 6.0 300 l:~; q.2 q.~ ~., '00 

8- 1-76 443 9. I 34 8 9.5 5.2 300 5.0% 

. 3 l~f4 9:9 49 is . i~:5 7:~ 3~~ If:~% 
4 1305 10.2 38 18 10.0 8.0 350 13.0% 
5 1460 9.9 36 4 10.5 7.0 200 11.0% 

8 ~~:'~ \runnlng caSing} 
1574 8.9 37 4 12.0 6.0 300 4.0% 

9 1738 9.2 52 II 12.0 8.8 300 6.0% 
12 1991 9.0 37 8 10.5 6.8 300 5.0% 

:~ ~~~; ~. i ;~ ~~ II.~ ~.b ~~g 5.5; 
9. I 11.5 6.0 ~:~; i~ 2117 q., 7' 27 10.~ 6.0 ~~o 

16 2230 9.1 46 10 10.5 6.0 400 5.0% 
17 2280 9. I 53 II 10.0 6.0 400 5.0% 
IS ~~~~ 9. I 60 :~ I~.~ ~.~ 400 5.0% 
on ".n ~~ ~nn ~.ol: 

25 1550 9.3 47 10 12.0 6.S 350 7.0% 
26 1554 8.9 42 6 11.0 6.0 350 4.0% 

:~ 1948 9.1 ;~ 12 ~~.5 5.6 350 5.5% 
.in Q 1 c In c ~ n >en i: ;''l-

29 1259 9. I 39 4 10.0 6.0 350 5.0% 

,,- "-I" ""uu ".u 
~3 8 .u.u o.u 

35~ 
~.w. 

5 2294 9.3 11.0 7.2 6.5% 
6 2296 9.2 S3 14 II .0 6.4 350 6.5% 
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Mud Report - 2 

Wtr. Chlorides 
~ Depth ~ Vis. -- Yld. .£t!. ~ PPM Sol ids 

9- 7-76 2~Oq 9.2 50 II 10.5 5.6 350 6.5% 
8 2387 9.3 66 20 11.0 6.8 300 7.0% 
9 2306 9.3 60 15 11.0 7.2 300 7.0% 

14 2326 8.3 ~~ 10 10.0 5.0 ~OO 7.0% 
17 q.O 6 10.; 8.0 l;O 6.0% 
20 2284 9.0 45 6 II. 5 9.2 400 6.0% 
22 2398 9. I ~~ ~ 11.0 7.6 ~~o 6.5% 

i4 . " 
9:2 

. . '.M 
2455 45 8 11.0 5.8 400 7.0% 

25 2~76 9.2 45 9 10.0 5.2 500 7.0% 
26 2513 9.2 47 9 10.5 5.0 500 7.0% 
L{ <~ou ~ .. ;5 'v , .v . 
28 2676 9.2 9 10.5 5.0 500 7.0% 
29 2767 9· I 43 II 11.0 4.4 400 6.0% 
30 2840 9. I 43 6 11.0 5.0 400 6.0% 

10- 1-76 ~~!~ 9· I 4~ 8 10.0 5.0 400 6.0% 
• Q.l 4Q 12 10.0 ~.O 400 6.0% 
3 3185 9·2 56 22 11.0 5.5 400 7.0% 
4 3278 9· I 44 8 10.5 5.5 400 6.0% 

~ ~~?~ 9.2 44 4 ~~.~ 6.0 400 7.0% 
Q ? ~n ?? ~n 400 7.0% 

7 3610 9.2 52 16 10.0 5.0 400 7.0% 
8 3858 . 9.2 52 14 10.0 5.4 400 7.0% 

. 9 ~~~~ 9.2 51 10 ~?o ~.~ ~~~ 7.0% . : " , 'n , n n 7.n~ 

II 4292 9· I 48 8 10.0 5.0 400 6.0% 
12 4339 9.4 58 22 10.5 5.2 400 8.0% 

IO-I}-7b q355 ,.~ ") 
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Geology of test well 

The following log tops and lithology are from the report from Hegna, 
Kerns, and Traut. The stratigraphic nomenclature from their report and 
that on table 1 have not been checked for conformance with the 
nomenclature presently used by the u.s. Geological Survey. 

The core-analysis results are from the report furnished by the Core 
Laboratories, Inc., Denver, Colo. 
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Table 1.--Core l.ntervals 

(Depths are from kelly bushing (3,618 ft above sea 
level), which is 14 ft above land surface) 

Core Interval Cored Recovered 
No. (dej2th in ft) (ft) (ft) Formation 

1 650-680 30 29 Sundance (Hulett S5 Mbr.) 
2 1502-1528 26 26 Minnekahta Ls. 
3 2087-2117 30 30 Amsden 
4 2280-2335 55 53 Amsden and Madison 
:> ;ljj)-L.5tHS )j )j Madl.SOn 
6 2455-2474 19 19 Madison 

~ ~~~~-~~~~ 26 23.5 Madison (Mission Canyon) 
, 0 '0 < "_,~J tv.-' ~, ., 

"J 

9 2513-2525 12 11.5 Madison (Hission Canyon) 
10 2632-2646 14 13.5 Madison (Mission Canyon) 
11 2646-2676 30 28.5 Madison (Mission Canyon) 
12 2760-2820 60 60 Madison (Lodgepole) 
13 2820-2845 25 25 Madison (Lodgepole) 

-v;- ~.::}U7U --s5 --s1I Madison, Devonian, and 
Stony Mountain 

15 3102-3132 3? 3? Red River .,- .,." .,., 
~~ ,~ 

17 3272-3302 30 29.5 Red River 
18 3491-3521 30 29.5 Red River (Hecla Mbr.) 
19 3610-3643 33 2 Winnine" S5 
20 4145-4175 30 30 Flathead 55 
21 4292-4326 34 34 Flathead 55 and Precambrian 

--zz- '131+5-4355 9 7.5 Precambrian 
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8. 
LOG TOPS 

BIRDWElL ATLAS 

SUNDANCE 444' 
HULETT SANDSTONE 616' 

GYPSUM SPRING 808' 

GOOSE EGG 1294' 

IIINNEKAHTA 1500' 1506' 
OPECHE 1530' 1534' 
IIINNELUSA-AMSDEN 1570' 
BELL SANDSTONE 2280' 

IlADISON 2292' 

no~'"UN UlNYuN 2482' . 
LODGEPOLE 2754' 

D 3030' 

DEVONIAN (1) 3042' 

STONY IIOUNTAIN 3060' 
~lIr. 

~ .. 
IIINNIPEG 

,",' uo 
UJ-

ICEBOX SHALE 3542' 

" ." ..... -- ."". ,vn_ .>nu 

DEADWOOD ~692' 

FLATHEAD 4096' 

PRECAMBRIAN (ELLISON 7i hq~' 
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12 

LITHOLOGY 

IU' samples Degln e ~u 

50- 80 Sandstone, light gray. very fine grained/fine grained, subangular, 
clean, quartzose, mostly unconsolidated grains w/some dark gray/ 
black and orange chert grains, noncalcareous 

80- 110 Sandstone as above w/decreasing chert grains, very clean 
110- 120 Sandstone a5 above w/some dark gray and tan claystone 
120- I~O Sandstone tan fine grained subanqular unconso I i dated very 

clean. quartzose 
1~0- 150 Sandstone, light gray/tan, very fine grained, subangular, abundant 

~" " 

150- 190 Claystone, light gray, soft. noncalcareous 
190- 200 Claystone a5 above w/some mottled red, yellow and purple 
200- 210 Sandstone. light gray. very fine grained/medium grained. sub round/ 

, " ., 
210- 260 Claystone, greenish gray. red I tan I green and dark gray 
260- 270 Sandstone. clear. medium grained/coarse, well rounded, unconsoli-

dated w/varicolored claystone as above 
'/V- ~w IwlaYStone, Ilgli. green, so, " 5 u,"waxy WI some Lan, reu GnU gray, 

trace pyrite 
~OO- ~IO Sandstone clear fine arained well rounded verY friable 
310- 330 Claystone. light green/greenish gray, soft, subwaxy. SLM 335 1 

330- 340 Hos t Iy cav i ngs sandstone and claystone as above 
340- 370 Claystone, brick red and light gray, silty, subwaxy 
'nn- 'Rn r I ... ~, I" ,h n .~v .,.,.. nr __ , <~h 

380- 470 Siltstone, light yellowish gray. noncalcareous. argillaceous w/ 
green and red claystone w/few coarse, 5ubangular, free chert 

h"_ <M 
grains in red claystone matrix 

.11 • r. 
500- 630 Claystone as above w/some gray glauconitic siltstone and thin 

lenses sandstone, light gray, very fine grained, friable, glau-
conlt:IC, calcareous 

HULEn SANDSTONE 

. b.lU ~IrCUlatlng 

Sandstone. light brownish gray, very fine grained, 50ft. subround. 
friable, some clay infill, ab~ndant bentonite 

1>30- 650 Sandstone, whltefllght gray, very fine graIned, well sortea, rnaDI e, 
soft 

650- 680 Core #1 (Hu let tl - recovered 29' 

Sandstone. white/greenish white, very fine grained, subangular, 
• 11 ,I f, •• "" ,I, ·1:' "lll~d motd • 

loca1ly glauconitic, some thin greenish gray claystone partings 
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13 

Lithology - l 

baD- 750 Sandstone, whIte, very fine grained, friable, clay Infilled, , 
fair/good porosity 

750- 770 Sandstone, white/light gray, very fine grained, glauconitic, 
soft ili'Llnfi 1·1 

nO- 820 Claystone, greenish gray. soft, bentonitic w/pyrite, traee 
sandstone, white, very soft, very fine grained, glauconitic 

GYPSUM SPR1NG-SPEA.B.E1..S.lL 

~~O- 850 Shale, brick red, silty w/white/clear anhydrite 

880- 900 
':'''' I ,:,,,,1 .. :'"' .... an. cense, ella I ~y 

clear, and dolomite, Inter'" Shale, brick red, anhydritic, tan. 
bedded 

900- 9~0 Limestone, tan, chalky w/gypsum and anhydrite w/few Un chert 
InClUSions 

9~0- 960 green and yellow shale Anhydrite, white w/maroon, 
960-1010 Shale and siltstone, brick red w/white anhydrite 

1010-1110 Siltstone, brj ck red decreas i r:'!.9.- anhvdd te ~·I;nn 
! I I v-II 50 Siltstone, brick red 
1150-1200 Shale, brick red, occasionally silty '?nn_ 1>"" <. I , ... 
GOOSE EGG 

'?M_"On <" 

·1380-1410 limestone, light 
_ :."~,, ft."y ,,,.,e . 

and red gray/pinkish white, hard, dense w/green 
s II Utene 

1~IO-1500 Si Itstone, brick red w/some green, waxy claystone, traCe white 
~ .. ,~. , .. 

HINNEKAHTA 

1502 Circulating 
Dolomite. white/tan, dense, hard 

502-1525 Core #2 - recovered 26 1 

Dolomite, light gray/cream, dense, micritic, hard, vug9Y at top, 
lavender aroillaceous ~ base I -,II • . .1 
fractures @ 1504', 1507-1510', and 15241, shattered rubble zones 
@ 15 18- 1519',. !521-1523', and 1526-1528', vugs @ 1504', 1507-
i"~1 -.L.' ' .. 'u """e" ,.y,o",e • 
1505', bleedin~'water @ 1514-i517' 

OPECHE 

1530-1550 Shale, green, soft. subwaxy w/some brownish red s i I ts tone 
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1'1 

Lithology - 3 

1550-1568 Siltstone, purple, soft, calcareous 

or, 'H .. ' "". 

1568 Circulating 

1568-1596 

1596-1710 

1710-1730 

1910-1960 

20~O-2070 

2070-2084 

20810 

2084-2087 

Sandstone, white/light gray, very fine grained, friable, dolomitic, 
ulr porosIty 

No samples 

Sandstone, 1i9ht gray, very fine grained/coarse, poor sorting, 
well rounded, coarse frosted grains, some spotty light greasy 

" ... : 'I' 'W 

porosity. do ami tic 
, " 

Sandstone as above, becoming weak, very light stain, light 
fluorescence, slow cut. good porosity 
Sanastone, wn I te, mea I urn g ra I neafcoa rse, we" rounaea, r ros tea 
grains, calcareous, unconsolidated grains, clean 
Dolomite, white/pink w/sandstone, white. very fine grained/medium 
Qrained well rounded frosted unconsolidated/friable 
Dolomite, white/cream/pink, dense/sucresic, locally limestone. 
trace pyrite 
~"a,e, .,ee""" .,~y, ''''y, ,e" a,," ma,w", 
Dolomite, white, pink and tan, dense, micritic w/some tIe"ar 
anhydrite.inclusions, locally sandy, very fine grained, white, 
friable, white clay infill 
5andstone, very tine/tine grained/White ClaY-dOlomitIC cement, 
clean -and porous in part w/some dolomite as above 
Dolomite, light tan to pink, dense, micritic w/some sandstone 
as above 

Circulating - It hr •• 

Dolomite as above 

",UO{-Z I { core HJ - cut an recoverea ,U 

2087-2088 

,aa. 

(field description - from unchipped core on catwalk) 

Oolomite, gray-tan, micrite w/good fine vuggy porosity from 
foss i I mold 

• <. ., ,,-, ' '''., 

finely 5~cro~ic, mat;ix w/good vU99Y porosity: vugs enhanced by 
plucking from coring, but range 1-20 ~m., vertical to near verti­
cal fractures 1-2 mm. in width w/partial fi Iling by clear calcite 
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IS 
LIthology - 4 

2093-2099 DolomIte, mudstone as above, mostly dense w/mlnor areas of vuggy . , 
:, " .. g~.u,~u \'~"" 'J w,calclte Tilling , 

as above 
2099-2102 Dolomite, dense, gray, mudstone w/an occasional VU9, very stylo-

II tic 
.. 'W vv,_ . <e, rragmen.eo as above @ 20~~ wlsorne clasts, 2" x 4" 

ZOnes of excellent vuggy porosity @ 2105', @ 2106' some vugs to 
12", stylolitic 

2110-2117 Dolomite as above reddish in cart ~n .hal" DMtln= .<-
clay, highly fractured and brecciated 

2117-2140 Dolomite, tan-gray wit races of lavender. traces of fine, vug9Y 

2140-2150 ' . • '<.IClIH. cavlngs - .. rip 
(1) Do lomi te as above w/traces of red, silty-sandy dolomite, caving 

2150-2190 Dolomi te as above w/fair, fine vU99Y porosity, slightly more cream 
than above, some white chert and clear calcite, probab~vejn 
.... Ing. sorne pln~ cnert 21bO-2170' 

2190-2200 No sample 

",",UO-2210 Dolomite, mudstone, tan-brawn-darker w/some cream as above, in-
creaSe in pink-reddish dolomite, fair, vuggy porosity as above '>?'n_," 

..• ' g. gwu.~ 'L pinK, •• noy, argillaceous dOI.omite, 
and sandstone, white to pink,'dolomitic cement, traces of pyrite 

.2220-2230 . Sandstone as above, cream to red w/abundant loose quartz grains, 
subrounded, fine to medium, probably porous w/dolomite as above 
.races or red, Silty Shale, some fine vug9Y porosity as above 

2230-2250 Sandstone, pink to white, mostly loose grains wIthin interbeds of 
pink to cream, very sandy do1omite 

;,~ '"n hrlr~ n " 2250-2260 As above w/increase in cream to Dink dol 
shale 

2260-2280 Sandstone, fine to medium as above, abundant loose grains, probably 
. .1 . . ' .. -~ ,: '" ,,,~,~ g, g"Uve wlsome pln~, lavenoer 

and eream sandy dolomite, some w/fine vU99y porosity 

BElL SANDSTONE 

2280 Circulating - I hr. 
As above 

Z"DU-Zjj~ ~ore #~ - recovered 53' 

.1J. •• . 
.~ .. . \ 

"' 
2280-2282 Dolomitic silt and sandstone w/swirl and wavy bedding, red, tan 

and ye I low 
.0. .0 _w .. ","u"c, uv,um~ .. c w, I,-"UU erossDeds 

2284-2292 Sandstone, red, fine to medium grained, mostly porous and fri ab Ie 
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16 
LIthology - S 

2292 -2292.8 Doloml te pun> I Ish \Ie rv --'U"illl 

IlADISON 

22Q2.8-??aa ~ l I • ~ >-1 d' .. . 
- -,., .. y 

shale and sand, red stylolites and fractures II 2297-2298'. 
vuggy solution porosity @ 2298-2299' 

2299.~-2305.6 Shale, red w/some clasts of limestone as above 
,~" ... ;,., 

• , ~'~." '.", '''""'Wne. HY'Olltlc wtSome Slightly 
dipping red shale laminations 

2311 -2320.6 Limestone tan cream .l!lUlis.t.""" verv d .. n ..... -'" -d. .1.1f • 
• red shale break @ 2314-2314.6', highly vertical fractured @ 

2316-2318' 
2320.6-2)27.8 Limestone and shale as above, excellent large vuggy porosity 

~'???' ~II , , 
2327.8-2330 Limestone as above, very stylolitic w/fine micro laminations 

of red shale, large vugs @ 2329.6' w/!" calcite crystals 
2330 -2331.6 Red shale as above, dolomitic 

-"-;,;, •• L ---- : .~, g'd1. ed' '''Y. very urOKen W/aDuneant red shale as 
above 

2335-2388 Core 85 - cut and recovered 53 1 . 

2335-2345 Dolomite, very earthy, dirty, very argillaceous. red to yellow, 

" ., .;~., ... ~.u,~. ,,~.,~, WI 
calcite 

.. ~ ., 

2345-2349 Limestone. very dense, hard. mudstone w/crenulate shale parting, .. gray-tan to purple 

-- ~;, .. ~ • .w,,~, ",>lomi.i" a> .aove WITa,r TOSSII mOldlC poroSIty. more 
tan 

2350-2357 Dolomite brown rustv mudstonew/m;,"~V"M' n, . 1 

than 1 mm., poor penneability (1). vertical fractures, mostly 
cal cl te he. I ed 

~~~~~2367 Dolomite, very argillaceous w/horizontal to swirl laminations 
? -'170 A. ,h " 

2370-2372 Do lomi te, tan, gray. mudstone w/streaks of vuggy porosity, 1-2 
nrn. 

2372-2388 Limestone, gray, tan, mudstone w/abundant vertical fractures, 

2388-2410 
., -" ... ~,~" ~~."_~ .. ~~'-' -")0" . 

limestone, white/tan, micrite, dense, hard. low porosity 
2410-2430 Limestone. tan/pink dolomitic mudstone wlsome faW ,d inter-

granular porosity, locally earthy 
2430-2449 Dolomite, white/tan, sucrosic, good in te r9 ranu ) a r poros i ty, few 

pinpoint vugs 
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'I 
LIthology - 6 

2449-2450 Core 16A - recovea from Bowen !unkbasket 

1I'!lomite, pink, argillaceous w/vugs up to !" x t", mostly fi lIed 
wlelear calcite, large brown resinous chert nodules, breccia 
texture 

2~SO-2455 Dolomite, pink, dense, mudstone w/clear/whlte/tan chert 

2455-2474 Core #6 - recovered 19' 

24SS-2460 Dolomite, pink, breccia, argillaceous around clasts of 1 imestone. some chert I solution v~ I" y '" 'J. .w,. , fractured @ 2457-2458.5', fair/good porosity 2460-2463 Dolomite, pink/lavender, ve ry arg j II aceou5, dense I low porosity 2463-2464 Dolomite, pink, breccia, vugs to 111 x l". fractured, good poros i ty 2464-2466 1loJ..m;t.n·nJd." , 
~,asts w,red shale around 

clasts, very fractured @ 2465', clear calcite crystals in smaJ I vugs, fair porosity 
2466-2471 Dolomite, tan/pink, argillaceous, breccia, abundant clear calcite 

.; , .0, X I , Intense fracturing @ 2468.5' to 
2470' and 247i~, some light brown chert, good porosity 

2471-2474 Dolomite, tan brecci. '"'.1 .. , ,U ~'G~'.' vugs 
nearly completely filled w/clear calcite crystals, vertical 
fracture @ 2472', III i r poros i ty 

, 2474-2~OO r"., ,; - ~ , 

2474-2478 Dolomite. pink, breccia w/limestone clasts, argillaceous, nearly 
unconsol idated @ 2474.8', vugs up to I" x 3" (2476.7') fract'r.rl 
~, . . 

2478-2479 
:' ~vvu >'V, V> "y . , 

Harlstone, pink/lavender, mottled, greenish gray, dolomitiC, 
fractured 

KISSION CANYON 

2479-2481 Dol,~'" ' " -, 
, •• '<w ~.''"'' .w 1, ra"/9OOo porosity, 

very argillaceous, pink, mottled, light gray 
2481-2485 Dolomite, white, chalky, limy, earthy. dense, low poros i ty 2485-2488 Limestone, tan, fragmental, pelletoidal (possibly algal) w/sorne 

2488-2491 ., .'" ,; '" _"G y, Dleeo,ng water, low/fair porosity 
Dolomite, tan/pink breccia. argillaceous. fractu~ed @ 2489', 
poorly consol idated @ 2491' v@" "' ' ., 
pinpoint vugs, good poros i ty 

2491-2497i Dolomite, pink, breccia w/l imestone "clasts, locally argi l1aceous. 
YU99Y (It" x;"@ 2492.5'; 2492-2494'), partially fi lied w/large 
dogtooth calc',. "., .. ,1~" . , ,G'"._ 

~V, u. ; ." r ew 
dark gray/black inclusions (i - I mm.). hard 
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LIthology - 7 

2500-2513 

2500-2504 

2504-2510 

2510-2512; 

2513-2516 

2516-2520 

:t520-252I 
2521-2524; 

2525-2555 

2555-2575 
2575-2630 

2632-2646 
.. . ... 

2640-264~l 

2646-2647 

2647-2651 
2651-2656 

Core #8 - recovered 12!' 

Dolom.te. tan/pink, breccia w/limestone clasts, fractured @ 2501' 
and 2502', dense, hard matrix 
Dolomite, pink/tan, breccia texture decreasing, hard, dense, mud­
stone ma.rjy wllow no.",;.v -f.~ ... t" •• ~ Q '~Oh' hI •• ;';"" w" •• 
00loml te, pink, breccia, fractured @ 25111 r hard, dense matrix, 
stylolite @ 2512' 

"" 
Dolomite, pink, very argillaceous, maroon, dense, hard w/large 
clear calcite crystals nearly plugging all porosity 
Dolomite. pink. breccia w/vertical vugs (I x 3 mm.) w/calcite 
Infill (poss ibly syrinaoDora coral). intensely fractured @ 2518:', 
"n~ '" ci).-",o' 
Dolomite, pink, argillaceous. hard, vertical fracture 
Dolomite. pink, breccia, intensely fractured e 2522:'. 2524' and 
2524;' 

Dolomite. white/pink/tan. locally limestone. sucrosic w/vuggy 
porosity. partialiy plugged w/clear calcite crystals, fair/cood 
porosity 
Dolomite. tan, dense, hard, low intercrystalline porosity 
Dolomite_ tan, suc:rosic, good intergranuJar porosity, some calcite ."#, •• 

Core #10 - recovered '3,' 

.. " ... , ,"". a~"" 
connections w/large calcite crystals partially infilling, vertical 
fracture @ 2634' 
Dolomite, tan/pink/white, crystalline, very fine grained, hard, 
low matrix porosity. few small vugs @ 2636-2637,', fractured e 
2639-2640' 
Dolomite linht brnwn/tan har" den<p mud<tnnp abundant vertical 
fractures w/small clear calcite crystals in fractures, breccia 
texture e 2644-2645t' 

." - .0' , 

Dolomite, tan, limy. chalky. earthy, breccia texture, few small 
d.sconnected vugs w/calc.te crystalS along marg.ns 
limestone, tan, dolomitic, chalky, poor porosity 
Limestone as a~ove w/some breccia texture, pink shale partings 
local Iv to I" thick 
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LIthology - 8 

2656-26571 LImestone, tan/light gray wIred shale, breccia texture, stylo-
litic, algal, low matrix porosity, fractured @ 25572' 

w.,,, uo,um,<e, un, musnYlcna'KY, some brecc,a, tew vugs I!! Zbb31 , 
partially infilled w/clear calcite crystals 

2664-2671 Limestone, tan, very dolomitic, (~halkY, thin red shale partings; 
locally internal sedimentation burrows 7) fractured ~ 266.-

2671-2675% 
2666', secondary calcite completely infilling matrix porosity 
limestone as above w/isoiated vugs to i" X ,11 

,f!; 7f\-,f\Rn nnlnm; •• I •.•• ; • . . _ . , . & •• , . , 
porosity 

2680-2700 Limestone, white, oollteslpisolites, some algal, low porosity 
"/VV-.t.IJV Limestone. wnlte/tan, muastone, chalky w/secondary calcite, few 

oolites, low poros i ty 
2730-2740 Dolomi te, I ight brown, 

low/fair porosity 
sucrosic, yellow fluorescence, no cut, 

27~0-2750 Limestone, white/tan. chalky, oolites/pisolites, fair poros i ty 

2760 CI rculat ing 
& •• nnl"",;.. j ;nh. h.n~ '" .. n< • ,~ , 

dead 011 stain, yellow/blue mineral fluorescence, no cut 

L DLE 

2760-2820 Core f12 -. recovered 60 1 

2760-2768 Oolomite, light gray/brownish gray, argillaceous, stylol ite 
@ 2762', bleeding water (2764-2768'), pinpoint vugs, fai r 

~~~R_~~~'" 
poros lty ... ., -, . i· ,. . . 
"nhyd ri te nodes (2769% ') wlswirl bedding, red/greenish gray 
5hale (2772' ) 

2113"-2/~2 UOlomlte, tan, sucroslC Wlsome gray shale, some fosSIl shells, 
bleeding water (2780-2782'), burrows (2781'), poor/fair porosity 

2782-2784 Shale, greenish gray, calcareous 
2784-2787 Dolomi te, gray, anhydritic argi llacecus verY stvlol itic 
278]-2788 Limestone. gray, anhydritic, stylol it ie, bleeding water, low 

porosity 

~~~~:~;~~ Anhydrite, graylwhite, calcareous, ar9:~~aceous 
1 ;m~ •• nn~ j;nh. n .. v ;.'-' ~ ... . ... ~-
litic, low porosity, few white anhydrite nodes, brachiopod casts 
and molds loca lly 

~/~~-~/~I LIOlanl~e, gray, oense, DUrrOtolS, 100( I'oroslty 
stylol itic wI 2797-2801 Limestone. I ight gray, an'hydritic:, argi J laceous. 

few thin U,,) gray shale interbeds 

42 
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LIthology - 9 I 

,Rnl-,Rn, . ~ , - I ,Af ,111_, . 
Ish gray dolomite 

., . ~, , 'W~W WI w,_" 

2802-2805 Limestone, I ight gray, argillaceous, 
burrCMS (2804-2805' ) 

dense, very stylolitic, 
.ft. 

uu,u",;,e, p,nK"" gray, sucros,c, rarr/gooc Intergranular porosity, 
bleeding water 

2808-2811 limestone, light gray, anhydritic, stylolitic, dense, low porosity 
2811-2820 Dolomite, light brownish gray, aroillaceous w/few thin ii") crav 

shale interbeds, bleeding water, fai r/good intergranuJar porosity 

'R~ r ." . ~ . '"-'-

2820-2826t Oolomi te, light gray w/few white anhydrite nodes, bleeding water 
(2820-2821' , and 2824-2826t'), fa i r/good intergranular porosity, 

2826!-2829 
''''d' "drr.,ne ,rac.ures,."eo WIred sna'e \~O~3-202q:) 

Limestone, light gray wIthin gray shale interbeds, stylolitic, 
anhydri te, dense, low poros i ty 

2829-2831 Dolomite, I ight brownish.JLr~ arai 11aceous bleedino wat~.~ 
poros i ty 

2831-2845 Limestone, light gray/tan, and shale, red/gray/tan, dolomitic, 
~, . 'w, ''1.w,;.:w, wo ... o, .""porc,iLY, lew • mm. vugs 

(2836-2837'), oolite w/calcite infill @ base 

28~5-2880 Limestone. tan/cream, chalky. micritic, low porosity 
L' .. ,eHUne, tan/cream, moStlY m.cro te, Some 001. te and Plsollte, 
low porosity w/some interbeds dolomite, tan, sucrosic, yel10w 
f1uorescence. no cut, good intergranular porosity 

2930-3015 Dolomite, light brown/tan, crystal line sucrosic strona vel low 
fluorescence, no cut, good intergranular porosity 

.n. - .... -, . 

3015-3026 Do lomi te t tan/l ight brown, medium crystalline, bleeding water. 
falr/good porosity, no fluorescence, vertical fracture (301]i-

3026-3028 
.1UIO~ /, Tew ISOlateC vugs <0 I Xl 

low porosity ~imestone, gray, anhydritic, dense, stylolitic, 

ENGLEWOOD (?) 

3028-3036~ Dolomite, pinkish tan/red, burrows w/calcite and dolomite inf; II, 
• It, • ,~ . 

bleeding water, possibie'disconfo~~ity @ ba;e 
., _ J'J' _- __ , 

3036~-30~0! Dolomi te, red, argillaceous w/few burrows filled w/crystalline 
dolomite and calcite, low porosity, possible disconformity @ 
•• ,e 

".1 
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Lithology - 10 

30~Oi-30S9 Doloml te, pink, and shale, red, Interbedded w/some burrows dense 
anhydrl te node 0047'), low porosity 

STONY IIOUNTAIN 

30S9-30~~ Doloml te, pink w/yellow and red clay, unconformity @ surface 
J J , > .. s'a1, ,"ua<>c ~'Y>La":,,c ""ome reo and yellow 

shale monl ing 
3066-3067i Shale, red and yellow mottled, subwaxy. dolomitic, unconfonmity 

@ base 

REO RIVER 

30671-3069 Oolomite, gray t rubble lone, some large solution vugs partially 
filled w/crystalline dolomite and calcite, good porosity 

'~ '" ,a", ,:"e'1 ~.y>,a Ine, yeo OW "uorescence, no J" J ,,, cut, 
fair porosity, few pieces limestone, tan, pisolite 

3090-3102 Dolomite, white/tan/pink, fine/coarse crystal J ine. fa i rlgood 
porosity, no fluorescence 

~102-3132 Core #15 - recovered 3D' 

3102-3104 Colomi te, t", thin bedding, hard, possible' chert, low poro. i ty. 
3104-3110 Dolomite. tan/cream, 5ucrosic/earthy w/some red shale in breccia 

texture, vuggy w/vugs to 3" x 3", good porosity 
;I"U-;l''') uu,omi,e,~, Cd''''1, vuggy, numerous small vugsrrom 

solution of shell and coral material t some breccia texture, good 
porosity 

3123-3126 Oolomi te, light gray/tan wIred, argillaceous clasts in breccia 
texture, poorTfalr porosity, small pinpoint vugs 

3126-3130 Do1omite, .~.ight gray/tan, Some pink, argi llaceous. medium crystal-
11, ~.' J • • .,., • 

~. 

(3127-3129') 
. , , . , , 

vertical fracture 
3130-3132 Oolomi tel I ight gray/tan, dense/coarse crystalline, low/fai r 

porosity, speckled blue fluorescence 
'>"". J'U'> "u.u,,,:.~, wni<el 'tar, mon,y muaHone WI ew oo",es ana 

pellets, low/fair porosity, trace white chert 

~185-3191 Core #16 - recovered 6' (7) 

Dolomite, tan/cream, sucrosic, finely crystal1 ine, intense 
'Id~' <, ._. ... <.' ~" 

below, breccia texture 

3191-3210 Do lomi te, pink/tan, mudstone, trace tan chert, low porosity 

44 
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LIthology - 11 

3210-3272 Dolomite, tan/cream, sucrosie fine/medium crvstailine w/some 
white/clear chert, fair/good porosity, no fluorescence, water 
flow on connection @ 3211' 

H,._"M r~._ .,., ___ ,n' 

Doloml te, tan/light gray, earthy, mudstone, breccia w/dolomite 
and red shale clasts, mottled, vugs to 1" x 2", mostly isolated, . .. 

NI "1, 'Cd' '9 rco. ay w'"en, 1)<0,-

{i~~~l' Pos~;ble dolomitized shells (3291 :l' possible burrows 
28 ~3i9J' tubular coral debris (1288' very ancular clasts 

decreasing in size (3297-3302' ) 

3302-3400 Dolomite, tan/pink/cream. medium/finely crystalline, fair/good 
I~, __ ~ ... I _ .. " 

3400-3460 Oolomi te, pink/tan, mudstone, finely crystal I ine, low matrix 
porosity 

~~60-34?0 Dolomite, pi nk/sa lmon I argi l1aceous, low porosity 
~ 'I -, , • 1.d' ~d' cou. 
3480-3491 Limestone, white, mottled. pink, cha I ky, low poros i ty 

3491 Circulating 
Limestone as above w/trace shale, grayish green, soft, silty 

~I.~,_,.., -- •• c _ 
. J ..... , I . 

3491-3514 limestone, light gray and red mottled, hard, very low porosity, 
argillaceous, vertical fracture (3498~-3502'l healed w/crystal-
~.--'~tS I,,"-j 

3514-3520~ Shale and limestone, red/maroon. some matt 1 ing (burrows 7), very 
low Dorositv hard 

3521-3540 Shale, red, and 1 imestone. gray. mottled, red 

D~''"U' MV • 

3540-3560 Sandstone, white. very fine grained, subround. very calcareous, 
hard w/some sandstone, fine grained, maroon, argillaceous, soft, 

3560-3570 
,_ 'LY, "d<" .dpp,e Srccn "dAY ,'d.C 

Sandstone, white, fine grained. subangular, very ca 1 careous, white 
clay infill, low porosity w/shale greenish gray, spl intery 

ICEBOX SHALE 

,c~n_'~ln <h,l~ "r.~"'.h ,"" .o"" •• h ~.,v vo~ .,,11,' .1lnh<lv cal-
careous, subwaxy 

45 
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LIthology - 12 

WINNIPEG-ALLADIN SANDSTONE 

3610 CI rculatln; 
Sandstone, clear, medium/coarse, we II rounded, frosted, fair! 
good sort t unconsol idated, excellent porosity 

3610-36~3 Core 119 - recove red 2 t 

3610-3612 Sandstone, white, medium/coarse, well rounded, unconsolidated, 
very Clean, talr/wel I sorted, slight Iy calcareous w/trace cal-
ea reous cemen t t frosted grains, excel lent porosity 

3643-3650 Sandstone as above 
3650-3680 Sandstone as above wlshale, greenish gray, splintery 
3680-3700 :~ale, g~ay, waxy, mottled, green and red w/sandstone. white, 

"' , , 'e , ,"",e, v.<y ~d'-
careous, fai r/low poros i ty 

DEADIIOOD SANDSTONE 

3705 ;!rc~lat~n~" .• • ••• ., . . , 
sandstone. white, fine gra i ned Ivery fine grained, glauconitic, 
calcareous w/white clay inflll , law porosity 
60 min. - sands tone, light gray/clear as above 

3705-3750 Sandstone, white, fine grained, $ubangular. fair/well sorted, 
slightly dolomitic, glauconitic, lowlfair intergranular porosity 

3750-3770 Sandstone as above w/shale. green ~nd reddish gray. spl intery, 
waxy 

3770-3790 Shale, red and greenish gray, spl i ntery w/) i-mestone, cream, 
._. :.' ~ .J. • .~ •• -" 

3790-3810 Sandstone, white, subround, very fine grained/fine grained. 
glauconitic. calcareous, low porosity 

. . - . _ .. . . . 
JVT .; •• , , ~,cc', .... y WfplnK ou'om"c, "my, na.o, ucn.c, .nu •• ,u 

stone as above, low porosity 
3880-3910 Sandstone, light gray, very fine grained/coarse, poor sort. glau-

conitic, clay infi11, low porosity w/pink dolomite, hard, low 
porOSity 

3910-3930 O~!Omitet pink, hard, dense. low poros i ty w/green Shale and 
<i1'''MO 

3930-3960 Sandstone, very fine grained/siltstone, light gray, glauconitic, 
calcareous, low porosity, trace pyrite w/so~e green, purple and 

--'--'._-- ~~~, shale 
~ , . .' " . ,. , . -':I :r • '" bedded, silty w/some chert 

46 
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Lithology - 13 

~000-~0.50 Shale, green, yellow and purple w/slltstone, white, very calcareous, 
chalky . . "-.. u;>u 'Ug' ~"",c,"~,"y-~rcc" rca ana , '''''Y WI """",.'''"C, w,i<c, CTalKY, 

and dolomite, pink, dense, low porosity 
4080-4100 Shale a~ above w/increasing limestone and dolomite as above 

FLATHEAD 

~100-4120 Siltstone, light gray, very glauconitic, calcareous wig ray-green 
and m"rnon <h~lp >r'CP whi.~ ch"lkv li~<>,,"p 

4120-4145 Sandstone, light graylclear, fine grained/medium grained, sub-
round/weI I rounded, calcareous, friable, slightly glauconitic, 
90<>01 fa: r poco> i <y, WI w i <0, aense "meHone I!' tOP or sana un I t 

4145-4175 Core #20 - recovered 30 1 

lt145-4147 Sandstone, light brown/brownish red, calcareous, medium/coarse, 
subangu I ar Iwe I I rounded, very friable, planar crOSSbedding 10-

~1~7-~17< 
20°, few frosted grains, good porosity, water wet 
~.n~ .. nnp 1 i nh. ;pAA i <k ;:;r~n f i np M. i npMcn"r<. co t cor.n ,. 
subangular/well rounded, locally abundant clay inf ill, friable, 
some frosted grains, 99% quartz grains wlrare dark rock fragments, 

"'aI 17go= poros..-y, wa,er wet. 2-. Shale. greenISh gray, cal-
careous wlfree quartz grains (4163±' and 4165'), smal I vertical 
fractures (4151-4151:', 4154-5154t', 4157-4157:', 4166±-4167', 
and 4171-4172') 

4175-4190 Sandstone, fine 9rained/~oarse, cl ear, subangul arlwe I I rounded t 

day Infill, slightly calcareous, lowlfair porosity 

4190-4210 No samples 

0JZTU'"lIZJ\T ~anastone. Clear, loose grains, meal urn/coarse , suorouno/we.11 
rounded, some frosted grains. good porosity 

~230-~240 Shale, gray green/green. splintery 
4240-4250 Sandstone. medium/coarse, clear. unconsolidated, subangularl 

round, frosted grains, good porosity 

~2S0-q260 No sample 

~260-4270 Shale, green w/coarse, well rounded ~uartz grains 
4270-q292 Sandstone. clear, unconsolidated, medium/coarse, round/we I I 

, W,"CW ~d'~"'COU' ano 9.ccn .nd'C , ~~ n., 9VUU 

poros i ty 
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Core 121 - recovered 34' 

Sandstone, light reddish brown, angular/well rounded, fine grained/ 
very coarse, clay infill, calcareous, fair porosity. becoming. 
coarSe grained @ basal unconformity w/3 11 cobbles, water wet 

PRECAMBRIAN ELLISON FORHATION (7) 

"299-~310 

431H326 

"326-~3~6 

~3~6-4355 

Greenschist, near vertical foliations, green, pink and purple, 
orthoc1ase altering to kolin, chlorite and talc, biotite and 
quartz common, vertical fracture (4301-4302' and 4306-4308') 
.; .. , ., .. , . ,- .... 
Gneiss (gr~~odi~;ite composition), banded, pink, or~nge and 
gray, vertical fractures (4318-4319' and 4324-4326'), premata­
morphism mini faulting with displacement up to I" (4320-4321') 

Gneiss (1), mostly quartz. pY.roxenes and orthoclase 

Core #22 - recovered at 
Gabbroic gneiss, dark gray/greenish gray. fOliated, more than 50% 
~G'w'w y,g.'~w,g. , "'"," , ,,~ 

than gneiss described above 
,,'W' , 

'!' '.' 
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CORE LABORATORIES. INC. 
P,IrtIJ,um RtUfllOi, En,in",i"l 

CALLAS. TEXAS 

Comp>ny 1r.lI'lED S'llTES GZOI.OOICAL SlHV!.l FOmu.,lOft AS 1:tlTZD P~gc 1 or 8 

Well M.!.IlISO!! NO. 1 CoteS l!IJ.g)](j2 !.r." Fil. P.P-2-$20a 

Fi.1cI wrmCA'l' Drillin, FI.id \/.1. n:!! 1llS! :ron Due R.eport D-21-16 

Coun COO03: State wrmm;G Etcv;uion )616' leB Anaiyus Bt:RG ,.-
·location h"Elj S£..':! SEC. 1~-'l'2111-R621~ Rem2rlu 

CORE ANALYSIS RESULTS 
(1';f.'" i .. t..-r .. ,J".,. ,,1fT til ffJ"/rUllI' " •• ,u) 

~f:I""I:AB1LITY s:~U~"'TlON m:ou: CO:Z ID:!S. 
.... "'"I: D'''''' 

.. lI.I.IOARCY$ ,-o_OSI'M' GRCI • 
"" ... IUI 

, . .,. 
Moal%OM'T""'1 'VIlJIITIC ...... 

II'I:-cUtT 
011.. II n:ls. 90°. ". VOLIJ"&~. ,.0111 o~"' .. T::r. MAX. 't~"'E.P..T. 

u: ) 

1 650.0 14 3.9 20~6 RtJt:.-rT 2.61 
2 6Sl.0 0.31 0.06 li.U 
3 ·655.0 1.9 0.34 16.8 

~ ~~~:~ 191 107 26.7 
240 184 27.6 2.62 

6 660.5 503 390 29.8 
7 663.6 199 136 24.7 
~ ., ~~.~ ,?~ :;.26 ~.~ 

10 669.3 32 15 19.3 
II 671.3 19 29 18.4 

if ~~t~ ~.o .O;J5' 'J:!).O -z;oo 

333 381 26.7 

~ 676.4 52 9.5 20.6 
1503.3 <0.01 <0.01 4.8 llIIrn:xJJiTA 

16 1504.6 <0.01 <0.01 3.7 T.52' 
17 1506.6 0.22 4.7 

~~ ~~~:~ <0.01 
n n? 7,'; nn~ 2·?1 

20 lSll.6 0.01 <0.01 1.5 
2l 1513.2 <0.01 <0.01 1.2 2.71 
zz 

m4:~ 
v.",:" 0 • .1. 

23 2.6 13.1 
24 lSl5.0 50F 10.2 2.79 
25 lSl5.3 109F 26.9 
26 1516:-17 'l.0 ~.u. 44.U z.oz .... ..: .... .1. .. 
27 1518.7 2.1 3.9 15.0 

~ ~~0.5 1.6 0.40 15.5 2. In. 
1 22.6 <0.01 <0.01 4.1 2.70 

30 1525.5 <0.01 <O.m 1.5 2.69 

F-FRACT:JR:m ?ER:eA3III'l'! ?tro 
*tJNSUITABLE FOR PEP;ruBII.ITY M8J\StlRE<IE!lT 

I 

'" JIIE,..(III TO ATTAeMEC leTT"". 
... OFF LOCATION ANALYSE"........, g, 

II. INCOMPLET£ CO"F. RlCOVERY-INTt"PlitETAT10N "ESE"VI:D. "I 
Ttl.- ~IY--' optnloru 0ri.,I,ntlrrprPlatiON .re"'~I=' O::;.....:!!.o~:I::t~ •• ~ .. ~IJ~~~..::,,:b:rf:~:! Io~~~~~ t;;:'~~~:i' ::!!~~~:"!,~~~:n;t:~ 
"~): Ill" C",U. Labor:;otclrlrs., Lnc., ."4 II~ otUc .. ,., ~l'nJ ."'pL.". .... I. &~. no ' .. ""....,. .. IIIU'ry an m.l • no W."";w'l y Of' " . 
proprr operaUon. ... proUloItlL.,.... 01 an7 OIl. ,~ 01' ot:.,., trunenl .... " ot' MM 1ft CINIMCUOft Wi'" wtlkh _" "~ Ia w..ed _ .CUed ,,~, 
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CORE UlBORATORIES. INC. 
PlillOl'IIM R,U',,"/1 £ng,,,,,,ing 

'DALLAS. TEXAS 

Comp"ny UXlTED ST.!l.TZ!l G':oI.CGICAL SU;(V~.r Formuion AS 1:O~ Pag~ 2 of 8 

Well H.u)I5.J~; no. 1 Coc .. nn.'il!rn It" FiI~ ?i'-2-52·J8 
F .. ld WILDCJ..T Drilling Fluid IlATZl\ BAS:: XU!) D:ate Report N-27-76 

Couney C!1Ocr;: SUtl: wyc~mlG Elcvuion 36l8!...XB An:alvus BL:ro ,.-

LocuioB lrz!:.; S!% S:;:C. 12-T5P-R62:'1 RcmukJ. 

CORE ANALYSIS RESULTS 
(IJ~"'" 'ff ~.""'h",,, "ft' I,. /txU .. ot~ ., ... .1 ... ,) 

P£""" £,I.,,'r.. I'TY "'[SIOV"'!. 
.... M" ... t cl!:,.nt JoIJLI..IOJt.A;CYS 

"OMOS,TV S ... TURATION 
GElI. ~'r-l·~r.: C<'JP.Z P~S. 

"'UN ••• .. ET 
MO.,ZONT ...... ! VI: ... TIC ...... 

"'M'tNT O,\. ! ...... 
". vo\.u", % ~M', ~: .... :;:! D~ISo J~U. 9JO ~ .:...:0:7. 

V·,) 

~ 2088.1 0.29 20~.05 5.5 lilloo:r. 'JS.\ 2.83 
20890 17 1'_< 

33 2091.8 452 2.2 8.5 
34 2092.7 17 9.1 4.0 
~~ . ~~f'I 59~ L. 

3J.6 ~.o 
, . ~~ . OJ 

37 2096.0 ::".4 0.22 6.0 
38 2096.8 0.56 0.73 6.9 
39 2098.2 3.7 0.32 4.8 
!lU ~uu.!> u.~J 21 

t~ ~ 27~~·3 ~.~,. ~.~~ ,", ;, 
L '" 

h3 210S.0 53 191.·~ 4:6 ~.79 
44 210S.9 <0.01 O.ll 2.1 2.83 
16 2107.1 25 9.2 7.5 

47 
","V", , v .... v v.v" ~.v 

2110.4 0.01 3lF 2.1. 
48 2110.8 0.01 <0.01 0.8 2.84 
h9 2280.0 0.03 o.h? 0.9 

~ 
uou.? u.~ 

<0:01 t~ ~;~.4 ~:~~ ;:; ,: _Q ';:,,' 11',0 

53 2282.7 9.0 1.2 18.5 
54 2234.0 18 0.47 18.3 2.64 
~~ ''>~~~~;~'' p9 34 ~.~ n n • ~ .. .. . . . 2:69 "'" --57 2289.0 0.41 0.82 10.0 
58 2292.5 0.01 <0,01 3.8 
~9 22~?~ <o.~l <0.01. 1.8 

2295:5 
. -0:59 6:3 <t;. (::> 

61. 0.02 
62 2296.1 <0.01 2.0 2.81. 
63 2296.6 210 43 8.3 
64 2297.2 <0.01 O.lSI' 3.4 
65 2298.9 10 1.9 

F-FRACTll:ED PER:!E:AEILITY PLllG 

.~.. ~ 
(.J ,,[rEA TO Jt.T'T .... CMI!:O \"ET"Trl't. '2' 0,.,. LOCATION ANALYSES-NO INTERPRETATION 0 .... ItESULT 
... INCO",,"'!.ETr. COl'll! ItE";:OVE""'-INTE"~I'tI!:TJt.TION RE5£I'tYI:D. 

~~1'I~~;::; :,~~~::r.~ O~,':tl~~r~:~:~~1~,~~ obooIorvattnn.." o1Illd. n~I~I~I~:IIPf.ll,l~ by U'I!/Ii.M! tn ..... hom. and fPr 'W~ "c1ust_!lnd c:Nttl':f'1\tLa.l 

c.pt ... U~ b .. , C .. r. IAI>ora".rl ..... hc:~ ""~ th o:fl«rs 1",,1 C'molrry_" """W'fl" n~ '''':W>l'ISIbll:,y 3nl1 nuicl!' no .... 31T.~nl)' f't> f.r>r_n~:i(fu • .u 10 1..'\" pro.:lw:.Irtl)" • 
.,c.prr c.prraUon. or prolll.1tlllrw-u ot .n:t 0.11, .: ... or OUlet mlA,rai •• U c.t unci in ron"ft"on wl:J1 wruCh ~cn. f"pOl'\ b l.LIoe.:1 «n'IIN u~. 
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ca.-." .• 
CORE LABORATuKI"-"" IN"-

PtITo/,um Rturvoi, Eng;n",ilfg 
DALLAS~ TEXAS 

Comp,ny IDlrl'Ell STATES GEOLCGICAL gr& ..... Formnion ~ liUT,;:;:) P:lge of 

Well llADISO:1 NO. 1 Cor .. DIl!!JN:!l II" File R?-2-2208 

F'..:ld lm.DC!J.; Drilling Fluid W.\TZ!l I!lS!: l!!m Da,c R.cporc 10-27-76 

County cmo;: State \!IQl !!:!IIi Elevati.on 1616' KB AnalystS B!.:P!l 

Loc:atloll JW,; 59' SEC 1'>-T57;·.-26:;-h Ilcrrurks 

CORE ANALYSIS RESULTS 
(1'1.'" ,. t_Pf>.ti""r .,1", 'f) 1001"01 • ... ~.,J 

• 
...... ~I: O!:"H 

MILI..IC4RC'tS 
"OIllOS'''''' 

SA.TU"A.TION GR!r. h;-:. ... ~ .- -.- . 
. NV ..... 111 ,EET MOJl':tOtoJTA~ I .. un,eAI. 

,,'JlClKT 0>1. !.~~~';, :C:IS. ,.yo }" - v="".J:' _ ,» vo'"u .... ~ -",II: I c-~ ,"o .. t: "'-"". 

(K, ) 

~ ~;~:? :::; .. ~ ~:~ 2.60 
2.7l 

68 2302.7 <0.01 3.5 2.50 
69 2304.3 <0.01 2.6 2.72 
70 23~~.8 <0.01 ?~ 2.82 

1'.70 

72 2310:6 .::CO .01 0.6 2.70 
73 23ll.7 <0.0]. 1.3 2.70 
74 2315.7 <0. a:!. 1.2 ~.~ 
7~ ~3n:J 

.;;v.v ... ....,.-
<J.Ol 

~7 '~28 6 <0.0]. 1.1 2.71. 
76 2330.3 <.Q.0l <0.01 1.3.7 
79 23ll.9 n ~? --1- 0.59 2.63 
~ ~~~H ~.~ 
62 2337.1 nS 2.63 
8) 2337.5 15.4 2.62 
64 2~?9·Z 0.04 0.04 ~t.~ 

n n" , 

86 2340:9 
. ". 

16.4 0.05 0.07 
87 2342.4 0.14 0.13 18.6 
88 2341.'11 0.1l6 0.?7 ZJ..~ ,,~, 

89 23L5.3 4.1 0.80 21.5 

~~ ~;~~.~ <0.01 <0.01 1.7 
-nm 1.2 

92 ~3!IS.2 0.02 6.1 
93 2348.6-49.3 5.7 0.0 86.7 2.67 21 0.1) 17 
9~ 2350.8 ~.~4 ~.~) ~.~ 
96 .~~~~: . " 2353.6-54.1 n.8 1.9 49.6 2.84 .. .. * 
97 2355.6-56.2 27.4 0.5 72.4 2.84 7.8 6.2 8.4 
98 23~8.0 <0.01 1:5 99 2359.4 <0.01 

100 2364.0 8.9 2.75 

*U1rstJIUELE FOrt p",,::.~ItIT'! 1!E!.5U1<k.!E!1T 

NO ... " .. , ALysa"......o INTI[R~A!:T'''TION cpt "'SULT c· J "c,,!:1It TO ATTACH!:D L.C"n"ER. 

'" INCO:.t,. ... t:TI:: C.bR!: RECCYERV-INT'''''RETATIOI't RESERVEO. 
'thew .,.,.11-' Clplnlt)fl, "" tn~",ro",l~tI""" :ore b:.wd on .bY-.... ;atinou M,d rn.aU·rl;r,1s 5UPPU,CS by ~ C'II,,"& t.n w!'l-. .nd (tlr wl'l~ t''CC'ludv,," af\.d cNllI"pnu..1 

ft ttal r"P"'!'t It m.'!f'. p .. "1!' lnlll'rgr.lO.hfJIU tit opInIon' c'r,'tr .. '1.~ tll'f>fll!')fl\t lhf' b"\1 Jmlr:tT\l'f\t of C«. ~~OI'.'lon". h.e. l.~~l .. ,ron ;In.! om.H""'" p,. 
"pttodJ; ...!.':" :r:.,r. _,:",:Ii . .• . ~ . • 1 , n n'W\o.. no w;>r"l"::r.n!y CIt r.t ... _n!"h<~" ~ 10 \l\1t prw~uYn,. .. 
ptoprr oprratlon., or proht..bl.~ of .n,. foIU. £I0I0 or gUt., m,,_,,:a~ w.U Dr Mud In COlJ,ntoCU,-", WIUI wNCft SUCf\ I.PO ,~' . 

51 

Ross ISR Project 68 TR Addendum 4.2-B
- 69 -



a... .... 

CORE LABORATORIES. INC. 

Prt'O/IIll1l R,u, .. o" EIlGi"",;,,: 
DALLAS. TEXAS 

~~.-~ ,!1' .lS 110= L II 

Well~'! UQ. 1 Cores DL\l!OlID h' File RP-2-,20B 

Field Int];lCAT Drilling Fluid' W.\~'t :aASZ MUD D,Hc R~rc 10-21-15 

Cou.cy CROC:~ Stut: ~my.m~ Elcvnion 3618' KB AnJ.lysts !lI.lr.!l 
Lo<::tion }~ ~ S:;;C. lS-TS71!-IlSS',./ Rcmuks 

CORE ANALYSIS RESULTS 
(f'r_"f ;" , ... , .. 11."" ul" 10 fttlf/ .. ...r, " .... ,." 

L"[RMI!A81\..!'T''I' R!SIOU.a.\.. 
lffiOr.::: co?:: PZ?C§. MII.LIOA,.CVS SATURATION ~n' 

NUM.11I fEET 
HOIU20HT"" I V,ltTIC"" 

,.,,,:, .. , 011.. tj .... . 
I' I'" ..... Tt: .. D!iS. HAX .. 90° vz.?..l' • ,. VO,,\I'" ,. ,.0 £ e" ~","e 

(K
A

) 

101 2366.3 <0.01 9.6 2.79 
;~ ,,~~a ~~ f. 

<0.01 12:Z 
'.f. "".' ~:~ I. <' I. " . . 

103 237,.7 0.77F 2.3 2.76 
104 2)8,.0 0.02 1.3 2.70 
10, }~5;5 <0.01 0.9 2.68 

108 2h6j:9~·· 0.95 0.15 
:',V v.v ...,.v ,.w. .;>." .... .;> .1.. I 
4.9 

109 2466-67.3 5.6 0.0 59.6 2.03 1.5 0.91 -II-
llO 2476.5-77.8 8.3 0.0 62.0 2.e2 -II- ... * .1..J..J. ?,I~-:.:, <V.v.!. <V.v.!. 7'l! 2.7;, .. 
ll2 .,~~3.2 0.01 <t:l.01 ~.~ HISSI~n Cl..,.-r;,o"2 " • ,. o_qf. ., ""0. . " , " ... 
114 2487.8 5.6 1.8 23.9 2.83 - ., ~ 

ll5 24e8.4 4.6 1.8 20.7 
ll6 2490.3 1.7 2.6 19.1 2.83 

us 2494:7' ~:~7 ~:38 8.2 
ll9 2497.2 2.6 12 8.B 2.82 
120 2503.5 5.6 1.3 9.0 2.B2 

i~ ~~g7:; 2~i~ i~:~ , '" ;i:";'., ·n An ., ., ., .,,, 
124 2513.9 35 21 15.2 2.82 
12, 2517.5 315 LB1 17.7 
126 ~~~~.~ !~? 2'4 23.~ , "., ~~;; ft. 

2632:2 2$5 ~26 
. 

2:62 128 25.8 
129 2634.3 99 338, 22.2 
1.30 2636.8 5.0 3.2 13.7 

U2 2643:0 it: r6 L.J.."! 

13'3 26~0 2 1.1 ~:k 2.97 

134 2653.2 0.37 18.7 
135 2655.0 0.37 20.0 

"'-",,, ., ~;'''''.'''' ".,.,..,..,..,. ~~.T'" 

*mISUI!!3U: FOR PZP.:BA3U:iTI Il!USUE:':l!E:1T 

NOTE: 
::, fllP-tft TO ATT~~:::O UTT.!:"',_ 

,., Ol"P'l.OCATION ANAL,YStS-NO INTr"'~''II!:T'''TION OF IICSUL. 

"" .. anOllI)'""". o,lnlon, or Into-~r.ll.tlOfU ::It. ~."" !!In cot)o.oon;ltIOft, an:t m.llf'rbh \uppU,d b, !tlr'rlt.nt 10 w~om. Ind rror wh_ f'ulu.sl't. olnd C'I'W\!;C:","U~ 
un. lhl, r~'~ IJ mOlldr-. The Inl"I";>",U(Io')f\, fir "I'lnl ..... ' .~r .. .....-.t Nrtrue'f'\l Ill. ~" .. ,uoil";!nf'nl ut Core J...luur.Hon..,. Inc. ,-,11 IrtTO" J;n.J ,'I''''''.''''' • • ~_ 
CCpl.,rf): \lu' Cafe '-lnr:.wrln. I"e .• .;In<.1 a:~ oUlnfS .. ",J 1I'"'plvy .... " iI~u,:n. n ... rf'~"""=»LLLt,. .and ",,,,,!t. no w:tIT~I" <>1' r"f'T_nt.'~I""' •. .u 10 \:,. rrp,:~~"Il,.. 
,rftpH' o;.rrraUon. ot profILablrn",s of an,. oU. C.u or oth.r ""nlr". weU or ",nd in COlUtt1:UGn wlib wlncA lI\>Cb """"' Is !oWP'd or U'U.,;,1 "CIOn. 
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, 
c~-ttl.a 

'".-
P'''D/~u", I\rur.",r f."gillu,ing 

CALL-AS. TEXAS 

- '" '''''''''''' 0:: B 
CompJny .:. .... .. '" .rormJtlon 

Well !!o\!)ISJil !fa. 1 Co, .. DIAl~Nll L" File R?-2-;l208 

F",ld HIJXC}.T 0'11' FI 'J WATER BASZ MOD 0 n Ing UI ____________ ,-tC R..~port 10-27-76 

County CllOOK Stne WYOlm:G Elcntion ;1618' ICB AnalystS IlL:llG 

,~L ~!; ~ , <!~ "'~7'T ."e·, 
1.QCatlOO 

CORE ANALYSIS RESULTS 
(Flx.~" in ,~,,"'htl~J ,,1,. '0 1(>01"01# ,,,, .. ,tf) 

P[RM["'I9IL.ITY AI!.SIOU"'- HUQU; COm: PZ!':!S. 
...... ~I.I: 0'''''' 

_ ... 05ITY ;;;ls: . MU .... 'III ,tn 
HOIII.ZO,,"T"''- I ",ItTIC"''-

.. l ... Ct .... T Olr... E! .!.~·T~";. .ru. 90° VE?.!. ,.. "OLU'" '! ... Olt£ ~:. .. 0.[ 

(K
A

) 

i~ 2657.9 9.2 5.4 ~:~ 
2.60 

26~9:9-60." oS 83.9 2.81 * * * 13B 266205 8.1 6.B 22.8 
139 2666.4 129 44 13.4 2.66 

~~~ ~¥.,,9.~ 2~~ ,,~.4 ~.~ 2.73 

142 2673.3 96 107 )0.2 
143 2674.3 320 213 34.0 
144 2761.) 12 6.8 13.7 tOI:CZP0I3 2.84 
.1.lD «O.).~ V.~f V.V/ ",-,:.~ 

~~~ ~;~~.~ 4.8 3.9 ~.~ n.m 2.71 
148 2769.1 0.01 3.2 2.81 
149 2770.2 0.01 1.7 2.77 

~~? ~Z~·~ <0.01 ~.! ~.~~ ...... ", 

152 2776.5 0.15 13.1 
153 2779.2 0.43 
154 2730.7 i).80 2.0 15.5 2.~ 

15~ 
< roT 07 ....... 707 ... ;> .... . 

~7 
2793.9 <0.01 2.76 
2794.2 <:,{j.01 2.79 

158 2795.2 0.01. 2.tl3 
159 2797.2 <:,{j,0l. 2.82 

~~~ ;k;H <:,{j.0l. 
n.Q 

2.71 
dl.m 

162 2e01.0 0.02 10.2 
163 2805.2-07 lOS 0.0 34.8 2.81 0.48 0.1.0 0.3 

~~~ ~~~.~ ~ I. 
18.4 

n 1.0 ';-1., 
166 2815.6 2.2 ll.4 
167 2820-21.1 15.7 0.6 51.1 2.81 4.3 3.1 l.1 

~6~ 
2022.4 v.v..: .u..o .... w. 

2·321..9 0.23 ll.O 
170 2830.1 0.13 0.09 12.4 

*n:lSUI'llB!.~ FOR nR:CABILITr liEASum::n:::1T 
NOTr, 
"1 ..... TO ATTACH.O<<TTt.. '" 0 .. <oa."ON .N&<T ........ O INTt: .... TATION O' 'ESII~ 
II J INCOM"I.CT£ CQln: AaCOYI: Y-, • 

n-tt'W analr_ Of'lln1_ Of' lJoItpfTl't~l .. t.f'fU ate b .. M'd ..... obooo-""aUCIII\S .ncI rrutl'tl .. 1s '''J1,;.I1 ... b,. \he ~1I""t '" _1\_. 1I1\C1 rot' wh_ •• dud_ 1M l'onIl~nlW 
us.. th •• t"'f.'''' It m.1Od •• The Inlf'l"p, .. '.:tUutUI (It oponl..", co.flr • .....s ""p'l'wn' U,,,, b"'n jcu::rn"'U "C C('f'l' t-bo#.lletrl .... Inc. l.,LI f'ft'On lind ""nntolA'"" ., .. 
cepl..cll; but Cgnp w~:tl.lJrl"'. Inc .• and ItJ "ULC"I'I lIIIH:! C'mpluy .... '. ~~. no r • .-pwI .. ,tI!lHy and "\:.:lit,," "It .. ,Itt'!:!:.!, t!.I.,-..~tl"'''' !:.::. In. prod",c~~t,.. 
.... w.-d or .clWd u • 
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c".en.a • 
--~~ .. ~-~ '" IN"~ 

,,1'0/,11111 Rru'J',i~ F.1I~in,,,in, 
OALLAS. TEXAS 

~. ...,.~ """'T "'''T,...' T .e ~W ..... , I, . 8 
Company 

,".11 :!A.DISOU 110. 1 C"m DIAl!c:m 4" File RP-2-520S 

F~ld~CAT Dtillin~ Fluid W,\TZ."t!!.',$ I!llD Date Report 10-21-16 

County croCi Sute IlYo:~m:G Elev.uion 3618' KB An",lys" EL:1lG 

''''~, ='" ..;:C. 'lc;_,;,r:7"_116~1 . 
CORE ANALYSIS RESULTS 

('i'JI"'" jll ,01"""ti:nn ""1,.,, 10 !O"IlrttH" , .......... 1/ 

,.r:I't~~6"B!~~T: c=~~~O .. ~~~N , I ~rnor.: co;u p':"'::"J~ 
---~. 

.AMP'LIE ~"l£T 
~ .. 

NU".U 
"O'tlZONl' .... ! "" •• TICAL 

II'[.CU,T on.. tl ~T~';. I 900 ~ .... 0 ...... ""[ ,-. 11'01111. ~~ II'O_I!: 1!~S. w.:c • vz...~. 

(KA) 

171 2S32.6 0.01 2.~ 

~E 2~~ ;5:36•6, I.e 
"" 

.,~.~ 0.0 60.7 2.82 O.ll 0.02 <0.01 

i74 
. 

3017.2 52 73 20.9 2.81 
175 JJ1S.7 81 40 22.S 
176 .3020.2 130 214 26·9 

178 .lU"-L.o 
30) 168 

.L; .~ 

3023.6 26.4 
179 3025.2 6.0 13.0 
180 30)0.2-.31.3 13.4 O.S 50.S 2.71 O.lS 0.13 0.2 
J.C)J. JQJo.;, ts J.:>.o L:"' .... '''''IJ 
~~~ ~~?~.~ ~.~ ~~·A rm 

2.81 
n ;n . 

184 3042.9 0.09 15.4 
185 3-047.8 0.04 <0.01 12.S 2.79 
186 3053.7 <o.~ 10.9 " .,,, .. 
~68 3060:9 0:11 8:3 ".~.~ .. 2.60 
189 3062.9 0.15 0.06 8.0 2.79 
190 3064.9 0.S8 12,4 
J.l/l -;jUo,-;'T 

1% 
".0 .L,.~ ... u,} 

~~ ~~r..~ ~J.ori 19~_2 ig~f. RED RIVZR 

194 3106.7 4890 25 24.8 
195 .3107-07., 15.3 0.0 66.!. 2.81 56 6.7 * 
196 3110., .~., ,~~.1 ,~.~ ., .,Q 

. J,.7! "" .~ . 
176 19:1 198 3115.0 8.1 

199 3119~19.6 23.2 ·0.0 88.5 2.79 17 2.9 * 
200 3121.5 140 170 15.3 
,U.I. ~"j.4 603 _:,.u .1.U.~ 

~~~ ~;~:i 6~.8 ~:~ 17 
204 3273.9 12 12 ll.) 2.81 
205 3276.2 9.5 13.S 

. -." ".,,, ,,,,no . ' ...... 1"=;'1·"''''''' 

NOTE~ 
t.} I'tCI'"Cl't TO ATTACt-!€O LETTCR. COl 0 .... LOCATION AHAI."YSC$-NO IHTC"'~"IETATION or ,U::SULT 

'!'h"" .".alr-~. ~Jlltllont "" lntf"r"':Iftt.""lUoru Ir. b.lSo:'d on o~rv:1t!""'s :and m"trtl .. I, suppll.d by th, cllf'ftt to whom. lII:"1;d t04" .... hOM rxc:-ius1v •• -mll t""f\Cu:!,nU,u 
w •• 'hl$ rf:?OM. i ... mad •. Th. UH":"1"""'L1tl<W\.ll er t>v1n,on, rlrfl'''~ n·:tr ... .n~ UI, Lo ..... ' jurtJ:n"'" of CQf" L:I~or:l'on". 1:1 •. 1:.:1 rrn:on :lnd '":on:·" ...... • ... -
c,"pW'd,: but C'J'" ~loor:l,,",rl"", Inc •• and 1:!II~tlc.r.J :I:~ fmp!;:~:~. ~~-~W:~ .. :::':I'~'ns.:'H.tv and ~lc.. n" w;urNlty IH """, ..... n1,.1I,,,",, A;S It> till! pruoJutt.lvlty. 

• W I cOnl,.cLlun wlUl wl1k" 1II1oKh f.:pot\ 1$ UU'd or ftUI'd UpcN\. 
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ca. ........ 

CORE LABORATORIES. INC •. 
P~JrDl,.", R,stfrtQ;, ElIgm",ing 

DALLAS. TEXAS 

Comp,ny mlITED STA'rES GZOLCG ICAL S'JRVEY Fomu.tion ~m.'ml .P2ge Z of II 

Well !'.ADlSON lIO. 1 Corel DL\.'iJ!ID h" File RP-2-:!20B 

FJeld lIILDCA':' Drillinr Fluid WATER EASE MUD D~tc R.~POt'( 10-27-76 

County CHJ(J'I: Suet WYO){[!IG Elcvadon 361.6' l':B Anal)"Su 
BL:P.G . 

LKation }IE';< SE;.t SEC 1 ;-T;T,I-R55,; Rem:arks 

CORE ANALYSIS RESULTS 
(Fit_ .... ;,. IJ ..... 'b" .. , .,f .. , '0 'o"'h'~U ., .... ' •• , 

..... ~'"K OEPTH 
MII,.LICA"CYS 

~O.Os,T'Y 
SATURATION 

GP~I. 
n •• .) .~ . 

JlU"'.U: ,.EET 
lofo.nZCINT.t.L I ~,"c::u.T • i o· "1"TleA .. . 0". , ....... 1'1. .. n:;s. Hll. 90° VE?T. ~ "o .. u .. " a... POllOI" ~iJ ~Q""t 

(KA.) 

~~ ~~.~ ,,~.6 21 12S 2.63 
-

208 3281.9 2.82 
209 3262.6 53 7.4 17.7 
210 3285.6 46 lS.4 
"-L '''''7.J. IU J.I .... ::: 
212 3291-92 13.8 0.0 90.9 2.80 11 7.9 20 

~~ 3295:~ 49 0.62 15.3 2.82 
3297. 91 0.09 12.4 

215 3300.6 55 4.1 11.6 2.82 
216 34~.9 <0.01 1.9 HE:CI.\ 2.75 

i1e 
.>!'7;;>.V . '':: " , . 
31197.9 <0.01 1.6 

219 3502.6 <0.01 2.4 2.74 
220 3505.9 <0.01 1.6 
221 ~~if:~ 

<I:I.Cr ~.~ 2.0« 
222 <0.01 3.2 

~~f. ~~~.~ 2.;~ 2.7 
225 3610.5-11 IJ (I # 2.62 Jl IJ # IT 

226 4145.4-46.4 20.2 0.0 85~6 2.§2 329 266 5.5 

226 !'J.~"U '" 1.1. ~6f 18:6 
. ,.v,) 

4155.6 521 
229 4157.7-58.4 16.0 0.0 84.6 2.1:2 177 lS8 3.9 
230 4160.0 93 1.4 13.3 

~~ ti~~:~ 274 17 :s.r:t 2.85 
233 4166.0 523 907 17.2 
234 4170.0 103 2.4 12.9 2.64 
23.> ki72.3 3ID. 19.~ 
236 la.;I~·~ ~~ ~~ 14S .,." .,;., , "." 
238 4293,7 0.01 <0.01 3.h 2.70 
239 4295.7 16 2.4 6 .• 7 PR::CAliBRIAll 
240 4296.5 204 217 12.8 

*mlSUIT,\BLE FOR PEm"'.-"DII.I1'Y l\EAS:m:::!E!IT 
UmlSllITABI.=: lOR IJiAI,YSIS 

HOTE, 

• t At,.r._ TO ATTACMItO LETTIE" 
n. INCO"'~LtTt COilU; A[CO"'[A'I'-INTr~~p.ItTATrON RESt-AVEC 

'nww alUl,,.. .... plnlvns 0" lnt.el';'tl!'l"Unns ate b"Hd on Oh_,....MJon.J a.."'d mlltl!'tlals £uPPUfd by lI'w eli"" to whom .• nd tor wh_ e1lldu.$h~ Mui COftru!mt:;oJ 
UR. thl: nof>(lrt b rnlld •. Th. ~t"~n:'t,"h),ru (It O(UnIOIUI e'C:'t''''~-c, ",~ff~nt \he b",t t\lrI:~f'nt ct ,Core ~'I')"':I:ort", InC'. jllU 1!'f'N'" t~~:~~''':,~~ ...... 
ptOpH ~rabon. or ptotu .. ol<!irwn of ~,,. IIId •• .u or en ... , rnUl. .. r.ll w<l'll eN' ,.nlll 'n cunn«t.on. W.U'I .bld, _fa rcpor\ b wlf'Od ., trilN "PO"· 
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CORE LABORATORIES. INC::. 
',lto/,.", R .. unoi, £III"ufflng 

DA.LLAS. TEXAS 

Comp.20ny 1IHI'l'ED STA.TZS G::OWGlCA.L S~ Form.uion rate 8 of 8 

w.ll_ HADIro:1 1:0. 1 Cores File RP-2-5203 

h.ld ~lILDC:'T Drillin, Fluid Date Report 10-27-76 

..-".,. l-T!O:mrri An21yst! BL:P!i 
-"" 

\"'oUl'lcy 

Location J~ ~ s:;:c. 12-T:ZZ!i-P.52;i Rem:lrks 

CORE ANAL 'iSIS RESULTS 
IIi ."1 ill t"r,.IM," ,,/t. Iff ;".."t • .,rr , ...... ~bJ 

PERMEAalL.ITY R[SIOUA:" Wrl'J!.E COPE P~_"'_!S e 

....... I.e. DEPTH 
MILL.IDAACYS ,",O"OSITY 

SATUAATlO"i GEl. 
kUM.11t fEET 

.,O'tlZOHTAI.! 
"'"C:l~T ." 'i :~,'" Vllt,,":"'!. I!-~ "O~U"l~. ,,0.' C;''',.T~:!: WS. HAX. 90° Vr..~:.T • 

~KA) 

~ '" 
~ !l300.C> ~ • .;> • 

43ll.7 h.3 2.6) 

~r. ~2'; 
h.O 2.62 
1.5 2.61 

216 4)16.5 2.3 ~:6~ 216 4320.9 1.2 

~~Z ~~~~.~ loOT AV.AIIJ,:sIZ FOR J\1;ALYSIS 
2.71 

249 4352.4 l.h 3.06 

NOT'(! 10' OF' LOCATION ANALYSES-HO INT~I'tP .. e:TAT'ON OF RESUL , .. ",E"[III' TO ATTACMEO LETTeR. 

I" INCOMifI'LtTE COME ACGOVrRY-INTERPRETATION ",tSt:RVEO. 

\lP. 'hll r~~ is m"'d"li 

' to .... , .. , .. b..-rvaUons .nd lI't:1terl,l1s suppllrd by 'hI' (II_ttl ta whom •• n. for wh~ f>wdu,al" ... nd ronllc! .. t\t.&.al 
Th"li Inl.·rprll!'l.~hons Dr c>V'nlC'ft. C"JOl)U'~ rvr>f' ... ~t\. .. ~ "10. • ' ~ ..,. f' • 

C.pled': b",t ChI. ~1.o<,r:1~r ...... Ine ..... nd Ih o!hC"f'n 3tvl rm..,I"),,,', iI ....... m. no rf'0>0"I~.:""17 Moll "" ... 1>.. no w:lff .. nI7 ... r r"r"rf'_nl.~I"'u", il. I~ I.."IIP prOOoJ ... .::;V'.:,.. 
PIOIM" opcntlon. or "roU~.tlL .. ,,1"!4 oC an,. OIL £.u, " olhet rht.nlrral w.1I 0' .I.In" In CGnnn.tu,,, WUA WhlC'h ~el\ «' ...... nlll. t,YotoQ or fCUed. upom. 
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Hydrologic testing 

N ••••• _ .•• __ ., ~ .. n'_ •• ...... ~ - ,.' .. 
were attempted. Ten of these tests gave clues to pressure heads of water 
in the intervals tested and flowing water was obtained during seven of 
the tests (table 2). The discharge or flow obtained from these tests 
of short duration is not a valid indication of the water-yielding 
potential of the intervals because of probable deep invasion of the 
formations by drilling mud, chemicals, and loss-of-circulation materials. 
Failure to obtain data from six of the tests was due to packer malfunction, 
plugging of ports by poorly consolidated sandstone and shale, or failure 
or pacKer seats l.n l.ncompetent rocKs. 

Intervals for testing with packers were selected after preliminary 
J , .. 

'1' 5' "1'" '5' '" ,"~u" u. ~u.e~. , 

considerations were the presence of interstitial and (or) fracture 
__ ~.~< •.• _,,< ".l.., _ l.._' _ ~<.." -' . .• ., .• 
the major rock types and formations penetrated in the hole. The intervals 
tested covered approximately 40 percent of the Paleozoic section below 
the l3-3/8-in casin2 (1488-4341 ft). 

Inflatable packers were used in testing the intervals. These 
packers can be run with significantly greater hole clearance than the 
hard rubber packers often used on standard drill-stem testing tools; 
timewise they also provide a seal more than twice as long as the hard 
ruooer paCKers. ~o toOT assemDrl.es were used durl.ng the testl.ng. 
Inflatable straddle packer assemblies (fig. 7) similar to those used by 
the oil industry were run'on 4-l/2-in drill pipe. A single packer, when . . 

-p , "" =~~~, w,,~ u~eu ~u u~ cue 

straddle packers which have a tendency to slip down the hole when they 
are being inflated. The data from these tests are important for comparison 
....... -<.;,. • ,-, - " ., .~ .. ,., 

" 
When the wei~ht of the mud and mud<1v water in the <1rill nine was 

too great to permit the well to flow from a test interval, the 
conventional packers were deflated and removed from the hole. Single 
or straddle inflatable production injection packers (fig. 8) were then 

-roweredinto the hole on 2-7/8-in EUE 8-round tubing and hydraulically 
set over the interval previously tested with the conventional equipment. 
After the ports were opened, the drilling mud and muddy water were 
.cUIU ,cu--.ronr cne nOJ.e oy swaool.ng. J.n most l.nstances, water rrom tne 
isolated interval flowed to the surface after 1,000 to 1,500 gallons of 
-< . . .. ., , . 

"' . 
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'" 00 

Te. Fonaat1on 

*11 Hl~ekahta ~lmeston 

21 SU~dance ("Ilett 
S ndstone Member) 

31 Up er part f 
innelusa 

*41 t Do. S Up er part bf 
dison 

*61 Am den 
7 Do. 

81 Hl.jnekahta Um.ston, 

9 r1 thead sa

t
d8tone 

10 Fl thead Sa dstone 

11 Wl nlpeg S. datono 

12 Ite River 

13 Vi nipeg Sahdstone 

*14 Re River 

*15 H1 sian can~on 

*1 Ch,rles andl Hlsslon 
anyon 

Tab lei 2.--Sum+ary of" ~rill-tteM-teB~ data 
(*olly bu~lns (KB) 10 ~4 ft aboye land Jurfec and 3,618 ft abhvo o~a level, 

nterva1 
eft I below K.) 

1,$00-1,57 

50-725 

1,$40-1,73 

1,~42-1,73 

2,b9-2,38 

2,~18-2,29 

2,h7-2,30 

1,~82-l,52 

4, 94-4,35 

4, 92-4,35 

3, 79-3,69 

3, 29-3,44 

3,579-3,69 

3, 00-3,48 

2,530-2,57 

2,1434,2,53 

S~ut-ln 
pressure 
(l /in2 ) 

682 

203 

694 

39 

1,1015 

985 J __ _ 

-4---

~e~ 
---
----
J:~~ 
~1126 
11092 

~ePth to 
pres ure r corder 

(f belo KB) 

1,480 

6a5 

1,5~5 

o 
2,2~8 

2,2P3 

4,1 4 

3,~14 

20540 

2,~44 

D1sC~3rge 
or 10\1 

(gal 11Ii.) 

2 

+-
~-

l~: 

f~ 
+-

E~ 

18 

20 

RCllUlrka I. 

Began lowi.g fter 8wabbing! Shut-l~ 
pres ure at B 44 Ib/tn2• 

esetona le--packer dell. ted p~lor 
final s ut in. 

Rccover~d 750 t mud, 690 ft 811&htl~ water 
cut ud. 30 t sand and 10 t-circullatlon 
material. 

Ran packer on ~-7/8-1n tublnt and sw~bed. 

Tool ~lugged--~O ft of sand ~n top oe bot to. 
pac:~er. 

Test ~aUed--m~ndrel broke Oll top pa~ker. Had 
to ~ish out $traddle pipe ~nd bottqm packer. 

Began Iflowing rfter swabbingl. 

Tool dlugced w~th sand. 

Do. 

Packei seat failed after 2 min. 

Shut-(. pressure at KB 33 1b~in2 after 9 hra 
of flow. 

* Orlgln,1 dri1118tem-te8~ dat~ iDclude~ in report. 
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[ !=nNGSUB. 

, 

I!YDRAL\.X: 
MlA.m.£ SHlIT-IN 
VALvt 

INSlCE RECORDER 
CARRIER 

JARS 

ru l W£IY JOOO 
iii 
):( PN:l<ER 

INR.AnON PUMP 

m SCREEN SUB. 

f?, 
jp . ,j .. . 

TOP PICKER 
~; 

Irq ~ ltSTPORlS 
:-

.t: OUTSIDE RECORDER 
• I ~"""" 
I ) 

:-

SPICING 

0..: 

J~ 
;:. BOTIC\'.1 PN:l<ER 
:l ., 

it:, 
, 

\ / BEll. Y SPRING 

R; 
~ 

., _ T.--"1 ..J-1 . ,,, ...L n .... ona ... url . .l..l.-scem -~ 
. , ._ ___ " __ 4 .Lv • 

tests. (Courtesy Lynes, Inc., Houston, Texas) 
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------------~~~----~--~ 

UPptR PORT IlIX,",'-~OU"IT" S"'LI ·:=m.-l 

u"E' 

YARlAl!lI.[ 

~ 
Ir 

._"'''-iF­UHlER PORT aLOCK.QUT "'I. 

1 'I i"i 

II~ 
I 

------~~II~~~~~~I 
}::! 

..J ""'[' ",.T BlCX:K-001T SLI,m·-I 

h 

D'UI£TWUI DPl.lun 

c"" I ~ 
Ir 

IClUAUIl 

n • ., 0 no~t ,~ used in nn"n hole or 
(Courtesy Lynes, Inc., Houston, Texas) 

60 

~ 
I 

HI 

o ( 
DuutlIC' PAeIP 

~. 
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Arter completing all packer testing, a well head (figs. 5 and 6) 
was installed. The mud was removed from the hole and the well began to 
flow. It flowed about 250 gal/min through a 2-in valve in the well 
"",au w ... ~u .0<' J.C/Lll caCK pressure. neasured at the weLL head, the 
shut-in pressure was 48 lb/in and the temperature of the water was about 
50·C. 

Table 2 summarizes the drill-stem and packer-swabbing tests run in 
Madison test <.1,,11 nn 1 "n,! in'!; ,.,,~"" ~h.. ,. ~ ,. ., .... 

this report. 
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t 
: 

.... ; 
"' -, 
'! 

o. 71? 
.non. 

~22·17.0G Arca 303 Sterling, Colo. 80751 

20 Min. 
_~3~7~ ___ IM;n. 

__ -'612 ____ M;Jl. 

__ ~1"'2!!.0 __ -.lM;'·,. 
__ ......;-:.:-=--___ IMin. 

Min. 

9.5 
Formation I~innek!"la,-,t",'a,----__ 

60 
Type of Test __ ~~~!& ___ ~ 

;.; 8..5... ' i. 
13 12 ", I 10 s: 8 7 G :> 4 3 2: (' 0 

PRO M.,. Kuster :\:<-1 
No. 5978 Cap. 120u @~~ 

Press Corrected 

lnatl3 yClrostatlc 1)/ 

Final Hvdrostatic K 7;~ 
Initial Flow B 
Final Initial FIO\'" C H 

Initial Shut-in 0 6:~ __ 
Second Initial Flow E 

--.... --'-1 -C:l~'-"'" fr.')'-:, = ..... "'I!' "1. 
..Il:2..'L t . -._·--1\:.1 I.:{ i 

,-, . --., 

Second Shut-in G 682 
~~ird Initial Flow Ii 

Third Final Flow I 
~-~.~- ... -f-- ~ -.----.. ·~I-·----- .~:, '-1-

.•. ,. ..... - ~ •.. ~ -- _. - - -.1; -- -- --
, I nlra ~llut'ln ""T 

6: 
!l-
=: 

Ul .. .. 
~ -In ... 
'1 -g-
.... 
0 
::> 

..... 
n' 
'" ~ 
z 
? 

N 

'" '" 

o 
:!: 
" 

++>'I Q><-~, -1/ .. 1 I'1'+t----"'T------.-- . ___ __ .-';' _ ~~ .. _ ---t -+-it ..... ~ vur I eSlCf. ...... 
________ ~( _________ ~ __ ~.~.~~~~ __ ~ .. ~~,,=___1~W~;~l~~~d~B~v~:===R=U=d~Y==O=I=I=i=l=a==~~ 

O;d Well Flow - Gas 
RECOVERY IN PIPE: 

REMAIIKS: 

NO Oil riO Water flO 

1000' IVa t er 
--------
,o~ 1" _ T, " .• ,.Hh > ". hln" fn"rcased to 3" underwater 

blow and remained thru flow period. 
2nd Flo" - Tool opened lYi th a stron9 blow, to bottom of bucket 

lInmeOl,nelY. 1001 S lu 0 • ""- ... 'r Y' 

blow (tied in 30 minutes. Il"",ain"d dr.ad whUe h""kinl) 
up swabbinl) unit. Started to swab at 7:33 PH. Started 
flowing at 8:17 PH. Shut tool in at 1:27 AI1. 

'" , 

z 
." , 
"-
n 

Well flowed about 10-12 gallons per minute after pulling ~ 
10 swabs. Tool was shut in after 5 hours. Pressure at 
"K.B." (kelly bushing) was 44 psi (pounds per square inch) '" 

62 
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liT ""A~I_7~1 I JI\IITr=n SERVICES .. . , 
DIVISION Of LYNES. INC. 

Fhlid Sample RepQrt 

Oat. _. _____ .7.::~!i.;.7.9.. __ .. _____ ... __ .Tlcket No ••...•.. _ .. _ ...•.. ??~L_ .. _. ____ _ 

Company •.•.••. _. ___ .\! .•. :;.,~,.:!.'-._ .. _ .. _ .... _______ ._ .. :... _______ .. _._ .. _____ .. ___ . __ . __ 
... H .·.L III •• .. 

YY.II~ •• _ .•.•...•.••..••••..•..•.•.•..•.•••••.•.••• _ •• 1 

County •.• _ ... ___ .~r.Q!?L.::. __ .. _._ .. __ _ Stal •........... _. __ .. ___ .~y.9.~A!lq_ ...... _ ...... _._. __ .. . 

"",,_ 1 ~ ~< 0 S.mpr., No ........ _ .. _ .. :~ ........ _. ___ . Te .. Intorv. • •• _ .............................................. _ •• __ •• n ___ _ 

Pr."ur. in Samol., ... 1.5 ............ _ .. _.. ._ .. _ .. ___ .. _ ... PSIG BHT .............. . . .102 ..... _ ...•.• _ .............. _ ... _ .... _ OF 

CC. 

Tol.1 Volum. 01 S.mpl., ....... .2.5.QQ. .. _._ .. _ •. _ .• _ •. ______ • __ . ____ .. _ ••••.• _._ •• ____ .. _ ••••• _ .• _ •.• cc. 

v"._ .... ",,"', ... _.. .._ ........ . co. 

W.lorL._.2.5.00 .. ____ ._._. _____ ._. _____ ._. __ ... _. __ .... _____ . ce. 

Mud:. ..I:l.o.ne... _. 

>JMa _ ca. It. 

Oth.r:.. ..... llooe __ ............ ___ .. _____ .. ___ .. __ ..... __ ... ____ .. _-_.-

Resistivity 

Wat.r: ....... _2..,11... ....... _ @ •..•..• _ • .1.~~f... .. _ 01 Chlorid. Conlenl ......... .l.§~.Q .................... _ ... ppm. 

Mud Pil S.mpl .................... _ ....... @ •.......•.• _._ ..... _._ of Chloride Conlenl ......... :t~y ............ _.......... . ppm. 

Gas/Oil R.lio ...... _ ...... _ ..•.•• __ .......... Gravity _ •......... _ .. _._ .. ___ ._ .. _ ...... 0API @ ........... _ ............ _ ...... OF 

Where was semple drained ... QD .. J2g.c:t.~!QD .•. _._. ____ •• _ •. ____ ._ •• ___ ... _ •. _ •• _ ......... _._ ..• ______ ._. ___ .. 

Remarks: 

- _._-_ .. _ .. __ .. _---_ ...... __ ._--_. __ .. _._ .. _-_. __ ...... __ ..... -._--._ ...... _ •...•••... _._. __ ._---_ .... _ .. __ .. . 

. _-_._ .. _-_ .. _ .................... _ ........... _ .. _ .. _ .......•.. _._-.... -.-... _-_ .... _._-_._ .....•...• -•..•. _-._.-.. _ ........ _ .. _ .. _ ... . 
.. _ .. _-------_ ..... _ ........... _ .. _ ...... _ ... _ ...... _._ ... __ ...... _ ..... _-_ .... _---_ ...... _._-.... _.-_ ...... _ ... _.-............. . 
.. _._ ....... __ ... __ ................. _ .................. _ .......•... _._ ...... _----_._ ......... _ ... _._ ....... _ .. -._ ........ _ ........ _ ... -_ ...•.•. -... . 
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.;~ . . ' " r r r" II "'I:""~I""'\ CO,.-!""> \., J,... ~CO 

, tit':::.,:: j J:~!.)). Il'~l?l~E~ I \oJ. , .. • >-~ ......-," V , .......... oJ 

ClVlSiON Of' L ''''S. INC. 

, ·';.:·:··i· ·{I·.:I::~"·; .;{7.l \ 

~~i~~#~f!f:.Wl 
BOX 712 

STERLING, COLORADO 80751 
'HONE 303·522·1206 

'4 .. - -
Comments relative to the analysis of the pressure chart from DST C 1 
lnt .. p,,~'. gnn_,<;7<;' ;n th .. IT 0:: r: 0:: ~,""Hcnn T;rn"c+n, HI NF. o::~ 
Section IS, T57N-R65W, Crook County, Wyoming: 

For purposes of this analysis, thc following reservoir and fluid proper-
ties, and test parameters have been used: 

BHT= 102'F, f1 = 1. 0 cp., t = 'iU mlJ1Utes ,esumateo}, 
h= 10 feet (estimated), m = 2.8 psi/cyclc. 

1. The conditions which were applied to this formation test differ 
significantly from the normal procedures which are used in a 

• '0" "~m_ct~,.,., t"d A 610-" ',,,t Final Flow "~~;n" 
was used during which swabbing of the fluid in the tubing was 
'done' however the volume of swabbed fluid was not reoorted. 

For purposes of this analysis, an estimated effective flowing timc 
oC 40 minutes has been used to determine the prod'uction rate of 
312.7 BPD, The pressure record obtamcd m this test mdlcatcs 
that an essentially full fill-up of fluid occurred during the csti-
mated 40 minutcs of flowing time. The production rate of 312.7 . ... ~ . 
~ • .." u .. ""'u~ .~ , .~~ ,~ 

equation to calculate a numerical value for the transmissibility 
or., .• .... ' _, 

Although it is indicated that a maximum reservoir pressure of 
683 osi was recorded mechanically durin" the last 60 minutes of 
the Final Shut-in period, extrapolation of the pressure build-up 
curve has been made using 9 points on the extrapolation plot. 
This has been done in order to provide an "rn '.' value which is a 
key factor used in the baslc equ:ltlon to calCUlate a numertCiLl 
value Cor transmissibility. Because of the questionable reliability 

. ' 
IU~I: tne In VaJ.UC ... ~ .,' ~.~" ~ • • , 

numerical results which were obtained in this an:llysis should be 
considered as indicators rather than quantitative values. 

,. 
U' 
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.. ~ ~ ~ T • 111 . . . • 
Interval: 1500-1575' (DST Cll 

Comments - Page 2 

2. The Initial Shut-in pressure record which was obtained in this test 
is poorly legible, but indicates that a maximum reservoir pressure 

• • • '.1 ~ _1' 
01 bVU pSI wa" ,,,,",v. u~u u '''" ,.. . 
of the Final Shut-in pressure build-up curve indicates a maximum 
reservoir pressure of 632 psi at the recorder depth of 1480 feet. 
.... ..,.. ,~~ ,... '~n llop nvh >Dolated Initial and Final Shut-in 
pressures (8 psi) is considered insignificant. The indicated ma...:-
Unum reservoir pressure is reasonably consistent with original 
reservoir pressures which were found in the Minnekahta and Min-
nelusa formations at earlier dates and comparable depths in the 
general area of this formation test. 

3. The calculated Damage Ratio of 2.62 indicates that significant well-
bore damage was present at the time of this formation test. Because 

•• , L".L _, ., n·.. .. .• ,,~_ •.. 'lirh ,,1 

~~;~ng 'thiS te~';' i;bis suggested that the indicated well-bore damage 
• .... _, _" ~,... 'n"l "~lhp" "lan formation dama,,"e. 

4. The calculated Effective Transmissibility of 18158.9 md. -ft. 'cp. 
indicates an Averal!e Permeability to the produced fluid of 1815.9 
md. for the estimated 10 feet of effective porosity \"llthm the total 
75 feet of interval tested. The indicated Average Permeability of 
the formation within the total 75 feet of tested interval is 242.1 md. 

5. The radius~nvestigation of this test is indicated by the relation-
. ~ .~ ".L • '01. _~ ;,,~ 

5mp. 0- .MO WV d 

zone of porosity is 10 feet. 

L ... , _. O"ooH"n r,.Hp,,;~ ,,~pn ;n thc DST AnalYsis Svstem indicate 
that the tools and recorder functioned properly; however, because 

of the deviation from normal drill-stem-test procedures, the nu-
merical results obtained in this analysis should be considered as 
indicators rather than quantitative values. 

4~C/-
-\!:),b • 

Consultant for Lynes, Inc. 
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mS.L~~ UNITED SERVICES 
DI\I'510~ o~ LYf'£S.INC. 

Operater --.U.s..!: S Lease & No. Hadlsofl-llmestonc ill OST No 1 

FTR~I ""OJ I I N "Hr:. . . ," .. 
TlMEC MIN) (T"PHI) PSIG 

PHI /PHI 

~.~ A.AAIlI'I 656 
e" enn~ 1'.71'. 

P.4.1'1 ~7 • 2 SAA 680 
36.1'1 11I.5~A'" 6!!1 
413.1'1 14.125'" 15112 
fl". !1 I I • ,,','1\ ""~ 

7?"1 9.7501<'1 61'13 
1'111.0 1'1.5('1"0 ('113 

96.11 7.51\25 61'13 
I,.,~.A 6.~333 6$;, 
lP(I.1I 6.251'1'" 683 

EXTRAPLN OF" F"TRST SHIlT IN : 690·0 M. : 2.~ 

RESERVOIR PARA!'ETER~: 

COLLAR REr:OV 1 • AIlCl PIPE RECOll 1 50". A0Cl BIT FLO TIM 20·I1'lfl 

.INL FLO Tt~1 610. t'l0n !mD EXPANS 1 • ('lnt'! BTM HOL n,!p l(1p.nn~ 

API GRAl!ITY I "l.I'If't'I !'PEr: GRAVTY 1.1'1(.111 VlSCOS lTY 1.A~n 

PAY THICKNES 11'1.0('1(.\ SlJ5~ LP DPTH 21,3fl.r'<llO'ilP"111 ~, '~." U'''''''' 

,.n~'" .. u ..... YO . 
E'l(TRt'? PRE~5(P~tG) ••••• ••••••• 6135.2 

NO O. PT~ E~TEREO ••••••• • •• 11 • Cl 

~u u: '""T~ ·J"'~U ••••• •••••••• 

RM~ DEITI AT! ONC?S I) ••••••••• 1'1.198 

TOTL FLO TIM(Ml~) •••••• •••• 40.11 

1I'IE PROD RATECBBLS/DAY) •••••• • ;)H.I 

TRA~~~T~~(~O-~T/~?) ••••••• •••• 18153.9 
.~. ~.~. ~An. Mn_",., 18158.9 

AVE EF'F'E':T PER~(~D) .•••..•• ••• 1815·9 
PROD T~DV(B~L~/DAY-P~t) ••••••• 10.71 ' 
I)"\'1PGE n.r· OfT o ................•. 2.62 .. .~ ,. n, 
""VU ,,,"'. - - .. 
MD OF" tNVEST( F'T) ••• " •••••••••• 270·0 
DRA\o1DOH~H ?t:Rr: ENT) ••••••••••••• 11.1'1 

POTENMETllr: SiJBF( FT) ••••••••••• 3720.4 
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1I.S. GeD1og1ca1 Survey 
DST No. 4 (Swab Test) 

Date 8/10-8/11/1976 

Spot NE-SE Csg. Size " Grade 13 3/8" From surface to 1502' 

Sec. 15 Tubing S:l.Ze, . 
'!\Ip. 57 N Tool Depth 1542'-1738' 

Rng. 65 I.' On Location @ 4:00 pm. 8/10176 

Field I.'ildcat Off Location @ 

County Crook' Lynes Rep. Ho1lis I'.auuder 
. 

State lIyoming l.'el1 Owners Rep. ROller er 

... ,~, nes 7 'fA" Y z lIz" X 66" Production Iniection Packer 

Fm Minnelusa 

: 

Ran 73/8" Lynes packer in hole 00'2 7/S" OD tubing and set packer at 154Z' 

.... , ~u .. ,~ ".,~ n"" ... ~~ and be-an swabbin~ at 9:45 n.m • 

Swabbed about 1650 gallons of 1IlUd and LCM with 12 swabs. I.'ell began to flow 

-" .. ,. ~, . 
muu .. uu~ ~4'J ~. . 

to 60 ",nm at 1:50 a.m., and co 75 gpm at 2:30 a.m. Temperature of water 

",hUe flowing was 100.4·F. Tes~ was stopped at 3:13 a.m • Final shut in 

.•. ,_ .n ,.,.,." ~q nd 

Hoce: All depths and pressure from KB. 
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:0;:-\ I • . • .. , 
, Phono LVN ES, aNC. Box 712 

522,1206 As •• 303 Sterling. Colo. 80751 

> 0 
Co " ;; ~ 

ConlliICtor _Tho!"R§9n...!Ltig....J&_._ Top Choke 1" Flow No.1 ~Q Min. = Q 
RigNo._~O Bottom Choke_21..If," Shut·in No. I--..6.Q Min. Spot ___ N(::..S,E Size Hole 7 7/S" Flow No.2 60 Min: '" c: 

0 
Sec. 15 Sile Rat Hole -- Shut·in No.2 -l20 Min. t> '" 
Twp. 57 t! Size & Wt. O. P. 41. 11 16.60 Flow No.3 61 Min." a ~ • '"" ~" .... I w"w'" nu. -- lIn. rt . 
Fi~id Wildcat I. D. of D. C. 2.111 .., .... County __ C_1290k Length of D. C. 464' Bottom 

a- . e . 
State . Wyoning Total ~Pth 2359 ' Ho(~ Temp. -- <> .... 
.~ ... u, . . In'erval 1."e<1 "£'<"<2.- , "-,,ud ",«got :> 
Formation....li.n s den Type of Test--.-lJltl.ate Gravity --

Straddle Viscosity 20 

.' , ' 

,. J® r 
" 'a L® "\ Tool opened @ 9:53 A11. 

I :I. , 
t l' ..-, r2\ ~ 

, 

" 
,I r, 

'\ """" j'= .r @ ~ -III' ; 0- Ins'"'' 'pp,..nr"~r !-"-" ." - I \ ~- f; / 1 PAD lh\.::e-.l\u..s.t.e:r AK-l .. ' t, , .I-j> ' '" 597-9 1200 220.3· .: . - I~ r---"I :% No, C.;p, :;,> I,' , '. " - " 

" r "\ 
\ N . 

.. rf'C, I: • , - ~ • Initial Hydrostatic' A 1065 '" " r " 
, g, , 
) , , Final Hydrostatic K 105.5_ I ©" ©"\ !~ -< 2 

( Initial' Flo'N 8 52,S n°. ~ , , 
~, 0 

- -I 
, 

".' \i! 
, i i\i 0'.'/ 

j - , -' Q , 
! , 

InitiQI Shut·i~l D 96~_ 2 ~ 

l. • -;;-~, ? Q. 
, . r I Second Initial Flow E 

, " f: " + Second Fin.:! Flow F 960 t ~;.~ -
, 

I ®- I SecQ:nd Shut·in G 985 N ' 1': 
~ r N ; . 

i \ Third Ini-:ial Flow H 978 N co i' '~p .... ,.. , -,I,; , - ....... 
" \ Third Shut·in J -- !' , 

/j' I 
: , , 

r ~:-' ..... , i: ,:-" .. ,~ . . ' . .. ~ . -." ...... . 
" 

, , '. - - . 1 ' , i ". !" , , " , ' .. , , I ~ 0 ' ~ - .. I ~ 

" 
, 

1 ',James O'Conner Q 

~ '~" Our Tester: .. , L. '" Q) .-. . .. , - , '*i _. .-...... ! , "i "/ Witnessed By:-- IV ...... .... 
'- , 

" 

Did Wen Flow - Gas HQ Oil-Ho_Water '" YeS" .. 
RECOVERY IN PIPE: 2218' Total Fluid . 

160' Huddy water = 2.56 Bbl. 
, 

.. v .. u ~J."a, water - "".n tlDl • 
10' Sand, ' 

" ------------
1st Flow Tool opened with strong blow and remained thru 2 

~ - very !' 
flow period. ::!! 

~ REMARKS: ' 2nd Flow - Tool opened with v;;y strong blow, decreased slightly , 
_. .. ... "'-

r . 
c 3rd Flow - Tool opened with strong blow, water to surface in 20 " minutes. Floued • gallon per minute. ~ . 

• 
------------ '" , 
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. _ Operator U.5.C.5. 

. 

j •• 

.. , 
I· 

i .../ 

LYNES, INC . 

Lease & No. Madison Limestone III DST No._....Jb>--__ 

'. 

.. 

\ 
I -

69 

Outside Recorder 
If, <.A~ It-' 

...2U 'iZ768 (" 3COO '" 2228' -." .. 
Inilial i A lib 

Final Initial Flow 

Secone 
second Final Flow 

;< 

-Third Initial Flow 
Third Final Flow 

, .onom 

B 
( . Be, 
D 

H 531 
I , 9)8-

J ! --

Outside Recorder 
PRO M,. Kuster K- 'l 
... ~ 7097 (", 4000 .. " 2228 

Initial 
~I 

Inilial Flow 
"FliiaiInilial Flow c i i39 

Inilial Shut-irl, D 872 

;econd Final Flow F 
5eConcfShul·in G 34 
Third Initi,l Flow H 

Third Shul·in J --
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. .....~~ ....... 
11b):;Li"E~q UNITED SERVICES ~ • .-:o:~. ~~ 

f!:t::;::·~:.: ;L)~~· . "'- ~. DIVISION 0" LYNES, INC. 

t.~i""~·'{.~<:I:~"'" ~ii,! 
;.'~~~~2:~f.~~··it·~·~~):~·;!~~7 BOX 712 

STERLING. COLORADO 80751 
'<,:.~C'-::-""'. ~ ~: .. :~ PHONE 303·522.1'206 .~~~ . t~1<I'i,tJ ' • 

. ~~-

Comments relative to the analysis of the pressure chart from DST #6. 
Interval: 2218-2293', in the U.S.C.S., Madison Limestone 1/1, NE SE 
Section 15 T57N-R65W Crook County, Wyoming: 

For purposes of this analysis, the following reservoir and fluid proper-
ties have been us ed: 

BHT: 85· F (estimated), p.= 1. 0 cp., t= 90 minutes, 
.. = 'V'~~'\' , ... = ~ •• ~ ~~"~J~'~' 

1 F.vt"onnbHnn nf ih" rniti"l Shllt-in huild-un rurvp indi-
cates a maximum reservoir pressure of 993.4 psi at the recorder 
depth of 2203 feet. Extrapolation of the Final Shut-in pressure 
build-up curve indicates a maximum reservoir pressure oi 994.1 
psi. The difference between the extrapolated Initial and Final 
Shut-in pressures (0.7 psi) is considered insignificant. 

The indicated maximum reservoir pressure is reasonably consis-
tent with original reservoir pressures which were found in the 

~ .. ~ -' .. , ,- . 
depths and earlie;"dates in the general area of this formation test. 

--
2. The calculated Averal7e Production Rate which was used in this 

analysis, 434.0 BPD, is based upon the total fluid recovery of 
27. 11 barrels and 90 minutes of flowing time (flow period 1/1 
plus flow period 112). 

3. The calculated Damage Ratio of 0.2 indicates that no significant . . . 
wru-uu,,, 

g W4~ " ...... " ""'r u, .... ~ 

4. The calculated Effective Transmissibility of 1889.8 md. -ft. rcp. 
inr1i<,~i,,~ "" Avpr~rH' 'IHv tn ihp nrnnl1<,,,,d fluid of 189 md. 
for the estimated 10 feet of effective porosity within the total in-
terval of 80 feet. The average effective permeability for the forma-
tion within the total interval of the test is 23.6 md. 

'u 

Ross ISR Project 87 TR Addendum 4.2-B
- 88 -



U.S.G.S., Madison Limestone #1 
Interval: 2218-2298' (DST 116) 

Comments - Page 2 

5. The RaU1US or ~nvestlgatlon or tms test 1S mOlcateO uy .ue rela-
tionship, b "''' kto to be about 130' feet. 

6. The evaluation criteria used in the Drill-Stern-Test Analysis 
System indicate that the results obtained in this analysis should 
"-6 _61bhlp . - ,h1 l;mH" '01"" •• 6 tn th" ~~. Hnn~ 

which have been made • 

• 

~~d.~~ 
u. 'V 

Consultant for Lynes, Inc. 

7l 
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~J~8] UNITED SERVICES 
OIVISION OF LYNES,INC:. 

Operator U.S.C.S. L .. ", & No. Madison Limestone 01 OST No 6 

Recorder 110. 5978 @ 2203' 

FIRST SHTJT HI PRESSURE: 

TlMECMtN) C T"PH! ) PSIG 
PHI /PHI 

0.1'1 A.Al'll'la 794 
6.<1 ·6."'ClAA 924 

12.0 3.5ACl'l 93 I'! 
Pl.fl 2.li6e,/ ~ .. ., 
24."1 ~.?'5A"l 95a 
31'1.0 ~.flA"'O 954 
36.'" ·1.1'!333 951'! 
42.01 1.7143 961 
48.0 1 • 625~ 964 
., ... , . '"' "" 969 60.1l 1 .51101'1 

EXTRI\?LN OF FIRST SHTJT IN : 993.4 

SECOND SHUT IN PRESS'JRE: 

·TIMECM!N) <T"PHI) PSJG 
PH! IPHI 

~.~ ~ ~nn~ n,,,, 
12.1') 8.5A00 971 

. 24.!! 4.75(1(1 974 
36.A 3.51'1"'''' 977 

" .. " "'.0'.,,, 
98~ 6(!Io'l .2. SA"''' 

72.", 2.25",,,, 9'l1 
84.'" 2.1'1714 982 
96.1'1 1.937 :> ,ttl" 

Ill'!.!! 1.1'1333 9114 
t ",LA •• "7 "I>,. Q"" 

EXTRAPLN OF SEr:OND SHUT IN : 994.1 M : 37.3 

72 
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h~L~I§1~ SERVICES UNITED 
DIVISION Of LYNES. INC. 

Operator U.S.C.S. Lease & No. f.ladison limes tone III OST No 6 

;, tlo 5978 ~ 2203' 

RESERVOIR PARA!-lETERS: 

.. lU:'C;UV """'.,,"" >'11-'1:. "1:.COV 1754. flfl"l HIT FLO TIt-! 3~.1'l1'l(l 

FINL FLO TIM 1>1'1.(1(110 t-(lJO EX?ANS 1.1l1'l1'l BUl HOL TX? 85.fl0'1 
I>-PI GRAVITY Ifl.fl(l(l SPEC GRAVTY 1.0<1fl VISCOSITY 1.1'103 
PAY THICI{NES IO.fl00 SU3SEA D?TH 1315.~<lfl '-ATR GRAmlT 0.433 

CALCULATIONS, SEr:OND SHUT IN 

EXTRAP PRESS(PSTGl COl> • 1 

NO OF' PTS ENTERED •••••••••• 11.0 
NO OF' PTS USED ••••••••••• ~. 6.0 
n~~ U~V1~11U~<.'~1) ••••••••• ~.;orrr 

TOTL F'LO TTM(MIN) •••••••••• 90.0 

AVE PROD RATECB3LS/DAYl ••••••• 434.0 
TRANSY:I SS ("'i D-FT /r.:?) ............. " ....... 18'19.8 
IN SITU r.~?(MD-FT) •••••••••••• 1 ~S~. S 
AVE EF'F'Er: T PERM(~D) ••••••••••• :CS.9R 
PROD t~lDXC EELS/DAY-PSI l ••••••• • <> • .,..,,, 
D~MAGE P~TIO •••••••••••••••••• 0.2 

. PROD tNDX-DAMAGECBBLS/DAY-PSll 2.127 
.r: u vt" J. tV' .... ~ 4 \ .I.'" ........................ ,., ... q 

DRA~DO~N(PERCENT) ••••••••••••• 0.e 
POTENMETRC SURFCFT) ••••••••••• ·3:7H •. 4 
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Phone I ~ Pl.1 C' C IN~ ~ 
Bo~. 712 , 

Contractor ThQmson Drlg" Inc. Top rh.". I" Flow No.1 30 Min. 
Rig N~ Bottom '0- Shut·in No.1 60 Min . 
.,,,, .C;. Size Hole 7 7/8" Flow No.' 30 H:, 

~. Size Rat t..I .. -- Shut·in No.2 60 M'n 
5; 11 Size &- Wt. D. P. 4t' 16.60 Flow No.3 -- Min. 

Rn~ 6~ IV Size WL .:." Shut-in No.3 -- Min. 
F,.I~ Wildcat , ;.; .; .... -;. ,1 
(", Crnnl Length of O. r ?77' Bottom 
Stale IV, Total DePth -4~~S' Hole Temp. lS00 F 

361S' "ICR." Interval Tested 111 Mud Weight 9.5 
~ •. A ~ ". w 

Straddle .i 46 

ToOl opened 

'. : .. ,: "' ..•..... - . 

Initial A 1653 
Final K 1646 

; Initial Flow a. 1335 

. f";~' ~\ 
.1 ';':=:";'~:':""'.,-"';:.......j--!'=-=:!---ll? "z 'l~ r Initial Shut·in 0 1470 

i Second Initial Flow E 1470 z 
i second Final Flow F 1470 ?-

: \ I 
I 

; Second Shut·in G 1470 
~Tgh~ird~~ In~'it~i'a ~llt FI~OW;:::tH:t:~-~-~~:~ t: 

\ 
\ 

• ~ Final Flow I -- '" 
----------------t---~----------+_--------------------------~. ~Shut.in J 

! 

- .. - .. --- . _ .. 

Our Tester:. Paul 

________________ ~ ______________________________ ~W~it~n~~~By~:=D=av=e==Ho=p=p=e=s====~~ ~ 

n,., .... " ~,. ". "" .... " IJ~ tJ.... f 
RECOVERY IN PIPE: 3300' Total Fluid '" 

REMARKS: 

360' Drilling mud = 5.11 Bbl, 
4)0' Water cut dluu,,~ mud = 0 .~~ "01. 

2440' Water = 32.07 Bbl. 

;:;-;;:w _ Tool nn .. n",d with blow, ,. ... to dead in 22 
minutes and remained thru flolY ~ • 

2nd FlolY - Tool opened with no blow and remained dead thru flow 
period. 

Shut-in pressures were static, therefore breakdown of shut-in 
pressures not practical for Horner Extrapolations • 

." 

~. 
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i 

, 
I -.......:~, ...;. _' .• ~ 0"':\' ..... !~, ItT~/A~II=61 UNITED SERVICES ," 'f 'i ... . ;. ,.'~, ..... : .. .'/':l<~, ~'--' ,"",_10M 0' ,,'Mf.S,INC. 

f • ~,' ,- 't.;; s:. ~ ... ." .. :-1 
I .'. " --., ~ >. 

i ~ .:', ) • .!'",,:.xl=~·· , .. I. 
,/ 1 ~.~~.?"~.j~~~!:;f~~C} .OX 712 

/ ~' .. '''.' ,.,,~ .. ... ~" ... . ...... ,....... ~-

"'~2/A 'HONE 303·522·1206 
"'''l'. ;.~:,.: .•.. ;., ;~: •. , 

Comments relative to the analysis of the pressure chart from DST #14 
T_' ., ~~~~ 0 <OM ,. tho TI c:: r: c:: ,;..~, T • H NF. ~F. 

, , 
Section IS, T57N-R65W, Crook County, Wyoming: 

For DurDoses of this analysis the followinl( reservoir and fluid proper-
ties and test parameters have been used: 

BHT= 150"F '. f<= 1.0 cp., t= 60 minutes, h= 10 feet (esti-

mated), m = 1. 3 PSll cycle. 

t. The character of the pressure record which was obtained in 
this test indicates that the maximum reservoir pressure of 
1 ""n .0' ",.0 ,,., Tn ->- _;~_11" ciurin" both shut-in 
periods. A slope of 1.3 psi/log cycle has been applied to 
the extrapolation plot of the Final Shut-in pressure build-up 
curve to provide a value for limit for use in the basic Horner 
equation to permit the calculation of numerical values for the 
various reserVOir properties shown below and on the sum-
mary page. Because of the question:ilITe reUaOlllty 01 tnis 
"mil value, these numerical results should be considered as 
indicators rather than quantitative values. 

The potentiometric surface elevation of the formation within 
this test interval, based upon the static reservoir pressure 
.r , ,.,n ' .~ .Io~th nf ~~14 feet and the use of 
the gradient constant of 2.33 ft. / psi, is 3729 feet above sea 
level. This value of potentiometric surface is in close agree-
ment with that which was determined for the Flat Head sand-
stone in DST #10 in this same well. It is therefore suggested 
that hydraulic continuity may exist between these two forma-
tions. 

2. The calculated Average Production Rate which was used in this 
• • J .L n. '" ,p", ~; 

, ........ l O • Q • • , 

43.6 barrels cnd 22 minutes of the Initial flow period, at which 
+'~A H ... '0 • I th"t th.. . hlnw died. 
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U.S.G.S., Madison Limestone B1 
Interval: 3300-3480' (DST Bl4) 

Comments - Page 2 

3. The calculated Damage Ratio 01 ~'--". mClCateS tnat no slgnulcam 
well-bore damage was present at the time of this formation test. 

.. _, •••• n. 0 ~. ". I ... u." ... u"".., • . 
indicates an A verage Permeability to the produced fluid of 
35139.8 md. for the estimated 10 feet of effective porosity with-

I Qn rDD> nr ;~>D~",1 tested 

5. The radius of investil!ation of this test is indicated by the rela-
tionship. b" oJ kto' to be about 1452 feet. 

6. The evaluation criteria used in the Drill-Stern-Test Analysis 
System indicate that the tows ana recoraer luncuonea proper y; 
however. because of the questionable reliability concerning the 
measured slope of the ext~apolation plot, as noted above, the 

'.' .• ., +>. ,,'., ,,'~ hD ~n_.;~D_"" 

as indic ators only • 

. ~~~ 
~7r L. Hoeger C( 

onsultant for Lynes, lne. 

10 
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LVN ES , INC. 

Oper.tor U.S.C.S. te ... & No. Madison-Limestone (/1 DST No. 14 

: .... ., - PRDl'~O~Js- I<",,<h~ ~K~j~'" 
No'1 r~, 2900 '" 3313 

" , p"" '-
" .. i , 

' ' 
. 

Final ' K· ,621 : '. " 
. ' 

" , ' . , . ' , . ' , 'niti,' Flo'N 3 1347 
~: , 

.:. Fin,' 'n;ti,' Flow C ,4< ;4 

"', .. 1\(" ,' .. ' ' niti" Shut·in D .4< ,"-.. . ." , I :'., .' . 1\ " , ,., Second Initia! Flow E l "6" 

~: \ 
, • Second Sout,in G 1464 t . , 

' . I 
," . " " 

.. Third Initi" Flow H I --
\ , Third Fin,i Fiow I I --
'. 

, , 
. , ., 

, 
1 \ 

P, .. uur. e~low 6oftom 
rick" SI.d To 

" .. 

I" , : , • ' , 

'. , . . ' 
. . .. Inside Recorder .' It, AK-1~ . PRD M· 

". .. 
" . P .... 

" .. Ini,ial A 1636 
" . 

Final, <: 1626 
~ " '. ., 

,Initial Flo.w 9 412 
" 

,,~, ® 
.. 

Final Ini'ial Flow C l~i±-" =-= .. 
, . 

/1' ~\¥ )9)(/-\ ' Second 'niti" Flow E ·64-
, -

Second Final Flo,-, F ,64 

:1. S.cond Shut·in G .64 

! , - I. \ Third Fin,' Flo.-, . I --
- t [hird S'u'-in J --

, '. j f , 
-\ ' .. 
/-

""" 
, 

/ - .181 P ...... ,.aTo 

.. . ..., 

r , 
-.-

n .. 

~ - ' 
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LVNES' INC. 

n. . . 
,~ ~ 

Recorder tlo. 13137 @ 3314' 

RESERI70H! PARA~ETEJ~S : 

r:Ol.!.AR REr.ou '277. "!!JIll ?!PE: REr: 01] 31123.<'I'l1'l 1l\,lT ;"LO T!~ 3'1.'1'l"l 
,,"I" ' .. <1 , ,,,,. "'" "''''' "',,..,,,,, ,.'0'", "''', MU" le" 1 "" .', '" 

1'1"1 GRAll! TY 1",.t:\(1"" C;~E~ GRI'VTY I "I."I!l!'l VISC05 TTY 1. !V11i1 

PAY THyr.,{'JE:~ II'J.rl"l"l 5'1:35E'" D?TH 3A4.'l'l"! ~lATR GRIID:oJT "1.433 

r:ALr;'JLATT 0\)5: C;Er.O'JD SHOT 1'1 

~~.~ 
'C __ . 

"'J I \l ••••••••• • 
11/0 '0" ?T~ ENTERED •••••••••• 1I.~ 

NO OF' DTS rT5E:D ••••••••••••• 9.1'1 
R!'!C; DE"JTAT·tl)'lCPSJ) ••••••••• 0.137 
TDTL FLO TY':C'II'J) •••••••••• 6'1 • ., 

AVE PROD RATECB3Lc;/DAY) ••••••• 2'151.2 
TRA~S~!~~(~D-~T/~O) ••••••••••• 351397.R 
IN <;1 Ttl ~~P(~D-~T) .••.•••••••• 351397.8 
AVE E<'F'Er:T P=:R~1( ~D) ••••••••••• 35139.7'3 
~ ...... "... . ,",. ............ .. , .. . . . .. 
D~~AGE RPTTO •••••••••••••••••• ".3 
PROD l'IO"-D""'''(;:;:( SELC;/DAY-oC;Y) 395.4'15 
RAD 0<' l~~~~Tr~T) •••.••••••••• 1452.!l 
U~" ~.t:. •• #~-"'~ ••••••••••••• ... 11 

POTElI."'!ETRr: ~rTRF'( F'T) ••••••••••• 3';99.11 

" 
i . .. 
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LYNES, INC. 

·Ope"IOr---1/..s..c..~. lease & N - .1 NO 

Recorder No. 13137 @ 3314' 

FIRST . Sl{T1T TN PRESSURE, 

.... ~,~ .... ,T"OUT' nCTt: 
PHI /PHI 

DJ~A "1''''''1'1 1.111\'1 ., . ., ". • 
1 P..I'I 3.5'1"1"1 1.1169 
i R .. " 2.6667 1.1169 
P.II."I 2.25'"'1 1 .117'" 
3<\.'1 2 ..... "''1 147"1 
36.'1 1.'!333 1 .117!l 
.~ • ~'A~ ; A~'" 

iI~." 1.625'1 1 L:7 'I 
5.11.'1 1.5556 147'1 
6'1.1'1 1 .5'1"0 14713 

E>:TRAoLN OF' "'IRST SHIIT 1"1 , 1.1170.3 

SEr.O"1D SHTIT TN ORESSI)RE, 

Tl!o:EO!T"I) CT"PIlI) ?!'>IG 

.r= 

".C'I '1.1'1'1'1'1 146'! 

6." 11.111<1'1A 1.116'1 
12.1'1 to ."1""" ..,.."..,.-

I"'.'" 4.3333 1469 'u n ~ ... "'''''' • 47'1 
3"'.1'1 3.'1"'1'1 1.1171'1 
31j.A 2.66117 147'1 
42.1'1 2.42'16 1471'1 

; ,-.... 
54.", 2.1111 . 147'1 
61'1.1'1 2.A"I"'''' 147'" 

J:.~. OF' """.U"l" " .,. ,. PI • 1"1' .~ ... . 

" 1 .. 
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• 
""- . " .. -- ..... - Box 712 

m2·1206 Ar •• 303 L- T .~ ~.;j, .. ~-. Stirling, Colo. 80751 

6: o· .., 
~ • ;: 

Contractor 'nomson or1g. I nco Top o.ok. .1' Flow No.1 1$1/ Min. ~ ~ 
Rig No. 20 Bottom 0I0k8 .1' Shut-in No. 1 60 Min. 
Spot l:r-SE Size Hole I II~' Flow No.2 -- Min. 

I5 
ra>C: 

Sec. Size Rat Hole -- Shut-in No, 2 -- Min. '" 0 • 

5' R "",,<I> 
Twp. Size & Wr. D. P. 4tll 16.60 Flow No, 3 -- Min. " 65 W 

::;;:NC) 

Rng. Size Wt. Pipe -- Shut·in No.3 -- Min. o ",. 
CO(l> 

r'" Crook 
I. u. O. U. <... • -~ County longth of D. C. 437' . Bonom 

Sua Wl':omIng Total Depth 4355' Hole Temp. 106
0 r ~o 

36IS' "K.S.II ... " 
Elevation Interval Tested 2530-2570' Mud Weight 9.5 o~ 
Formation l': Tvpe of Test a e Gravity -- "'''' 0.'1 

Straddle Viscosity 46 0 
." "' .. 

Tool oooned '" 4:50 At~. 
00. 
Nt> 

V,," ... 
n. .••• , o. t') 

Kuster K-3 
::: 

PRO Make ~ 

DOO5c.p. 2900 '" 2540' " --"-.' - ... - ~ - No. ., .. ' .-.. - \ -- .. ' Prns Correct~ 

i i 
(f> . 0 ,.,. -

') final Hydrostatic K 1254 
o n , 

.... "0 

Initial Flow 8 834 
_. z 

~:. ~ "" ~ , 
final Initial Flow C 1103 ~ ...... 3 _ N Q 

, Initial Shut·in D lUb Z Q 

" .. . 
Second Initial Flow E 

;> c. .. .' --. z 
.. 

.lI · , I't. '. Second Shut·in G --, .. y' \ Third Initial Flow H "" z 
. -- ... '" .... a. , Third Final Flow I -- .... .... . . -- 0 . '" .... 0" • , .. , r ; ,.. . 3 , .... <> 

• . .. .z . . .. -
"" . 0 0 

~ '" .. Q 
_w •• _~ ••. 

"" 
Witnessed By: Dave HOEEes ... ... 

0 
• 
~ 

u,a ..... ",ow " .. " Water , .... 
RECOVERY IN PIPE: 2530' formation water & drilling mud = 31.86 Bbl. '" ------

1st flow - Tool opened with a stronQ blow. fluid to surface in 
15 minutes. 

------ :z c 
!' '" -; ... 

~ REMARKS: , s· 
ec 
to 

" ~ n' 
M 

'" 

· 
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~ .. 
~,,::'<':""",~:~ 11b'\.'(~~§' I UN I ~.~"~ SERVICES 
r:~~"~'.i;''''\'; ; r.;':.: ')\~Ji"':~'" 1 . . ~:! ~\.~~:~ :':--"P~. ~ 

4' , ..... ~I" ... .' •· .. 4:1 BOX 712 • •• ,.. <0;" • 

\t""~"'" ,"/" ,,"1 ~'1 ~ .... .:-~.;:tt.-::; ... :.. ;.it~.·~~"~ ; STERLING. COLORADO 80751 
~,'~~ :·':.~·~r~-~' ~~~l"~~ 

'HONE 303-522·1206 

Comments relative to the analysis of the pressure chart from DST #15, 
. ~~?n _~.~n' ,_ +,,~ T1 " r." 1I.1~d;son Limestone #1 NE SE 

Section IS, T57N-R65W, Crook County, Wyoming: 

For nurnoses of this analvsis, the following reservoir and fluid proper-
ties and test parameters have been used: 

. 
BHT = lO6"F, flo = 1. 0 cp., t = 1::> mInute", u = "V """ \' -
mated), m = 0.4 psi! cycle. 

1. The character of the pressure record which was obtained in 
this test indicates that the maximum reservoir pressure of 
11~n ,e; ""e _~~n_"ed ~.~"o~;callv during the 60-minute 
shut-in period. An estimated slope of 0.4 psi/log cycle has 
~ een annlied to the extrapolation plot of the shut-in pressure 
build-up curve in order to make it possible to calculate numer-
ical values for the effective transmissibility and average perm-
eability. The application of this estimated "m" value places 
some queshon ontlle re11aOlllty ~ GVV'~ ~G 
sults. These numerical values should therefore be considered 
as indicators rather than quantitative results. 

The indicated maximum reservoir pressure of 1130 psi at the 
",._+h nr ~."n rppt 1"'1078,i indicates a potentiometric 

surface elevation of 3711 feet above sea level. A conversion 
constant of 2.33 ft. /psi has been used to convert the indicated 
static reservoir pressure to its equivalent potentiometric sur-
face elevation. This value of potentiometric surlace 1S In Close 
agreement with that which was determined for the Flat Head 
sandstone in DST 1110 and the Red River formation in DST #14 

~,' . 
in tnlS same well. n 1S merelore S.!;S;"'''~~ >.,4> UJ 

tinuity may exist between these three formations. 

2. The calculated Average Production Rate which was used in this 
analysis, 3052. a BPD, is based upon a total fluid recovery of 
'n ,8~' ~.;- (a total fill-uo of fluid in the pipe from the re-
corder depth to the rig floor) and a total flowing time of 15 mln-
utes (the amount of flowing time at which fluid reached the surface). 

", 
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U.S.G.S., Madison Limestone 1/1 
Interval: 2530-2570' (DST U5) 

Comments - Page 2 

3. The calculatea JJama~" na,iv U1 • ft, " .... ~,- ,U1 ~~n+ 
weU-bore damage was present at the time of this formation test; 
however, because of the magnitude of the production rate which 

,~,' . , + ... ~ ;n::i; ~"+ ." wpll-bore damalte is probably 
due to the choke effect of the test tool rather than actual forma-

" .. --- 'rhp norna<!e ratio L'!lplies that the average produc-
tion rate should have been 7.9 times greater than that Wnlcn oc-
curred if well-bore damage had not been present. 

" 
, .. / 

4. The calculated Effective TransmlsslDllny v+ , , , , , , 

indicates an Average Permeability to the produced fluid of 
116,067,5 md. for the estimated 10 feet of effective porosity with-

in tne total '1.U lee, U1 ;,."' .. . 
.. ' ., n~1"_"tem_Test Analvsis Sys-

:.. ·,ne ~ '" 
tem indicate that the tools and recorder functioned properly; how-

ever, because of the questionable reliability of the estimated "m" 
, , u<O 0 noed to calculate the above numerical results, 

these results should be considered as indicators oruy. 

~ ~ ;/ :77 .. 
• -" 'C' 

fc(onsultant for Lynes, Inc. 

"" 
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LYNES, INC. 

Operator IJ. s.c. S. lease & No. Madi~Qo-LiDe~tQOC III OST NO---U __ 

- , T ~"7' '" ></,,,. -

. FlRST SHTIT I'J PRESS'JRE: 

Tt !'lEOH!II l C T"DHY ) PStG 
PHI /PHI 

"'.A A.0"'''J3 1112 
Ii.", 147.16,\7 1I2~ 
~ .. , , ... ".,., , "'''' 

1".13 49.7222 1I3A 
24.1'1 37.5417 1131'l 
31'1.1'1 31'1.2333 113'" 
"" •• ? 25.31'11 113'" 
42.'" 21.R'lICl 113'" 
4"1.'" I 9. 27"J~ 113"J 
54." 17.24'17 113'" 
1i"J.'1 15.';1057 1131'1 

"" v. .' f1<''T ""TTl IN • I I "'1. " t'I : ., • ., 

RESERVOIR "ARI':1ETER<;: 

t:OLLAR REr. 0" 437.1)('1"1 ?t?E REr:OIT 21193.",,,,,,, INT FLO TI:-! "'77.1'11'10 
FnlL FLO TT:1 R77.I'I0I'l ~rJD E~A"IC; 

1 • "''''!'I ST~ HOL T!1? Itl6.Afm 
API GRI'ITTTY 1"1.",,,,'1 S?=:r. GRf.lITTY 11'1.1'1"'''' ITISCOSI~: •• _ ~~~~~ PAY Tlitr:'(IIiE5 10.('1'11'1 STl3"""A n!>T" , ..... <- .. "'" Y"TR 

t:ALr:'JLA T! ONS: FIRST SHY)T IN 

EXTRAP PRE~5(D5r~) •••••••••••• I 131.'J. 5 
NO 01'" "T5 ENTERED •••••••••• 11 • ." 
!liD OF PTe; 'J5 ED ................. 10.1'1 
R!'!S DE11TATTO~(?s:t) ........... "'.213 
TOTL FLO TtM(~I~) •••••••••• "177." 

A'IE PROD P.AT£C93L~/DAY) ••••••• 3"'5~~" 
TRAt.JS'1'T S5C !-fo-~T Ir.?) • ................. 116eJli7S.3 
IN S 1,.,1 r.A?(~D-FT) •••••••••••• 116"'675.3 .... ~."'-" -..0.')\ 'JUl •• ••••••••• '1 ''''D/. ".., 
"ROD IND~C3gL~/DAY-o'r) ••••••• 164.923 
D~"'AGE R~rTO •••••••••••••••••• 7.9 
"ROD I~'D'<:- D'''''I'I; =:( 93L<; /DAY-P'i I) 13016.295 
Hal) uF I~tJ~()TC F'T) ................. 1111189.2 
DRA~OOw~C?ERr.E~T) ••••••••••••• II.A 
POTEN"'ETRr, ~fJRF(J;'"T) ••••••••••• 3688.9 

E , 
• 

84 

Ross ISR Project 101 TR Addendum 4.2-B
- 102 -



..... ~'? 

522·f206 Iva 303 LV Nt::.~, IN'"'. Sterling, Colo. 80751 

> ~ a. 
a. ~ 

;j ;: 

Contractor IhQm~QO Orlg, • Inc. Too o.oke 1" Flow NO.1 677 Min. 
M ~ 

Rig No. ZO Bottom Cloke 1" Shut-in No.1 6Q Min. 

Spot lE-SE $ize Hole 7 718" Flow No.2 -- Min. r-"'C: 
0.0" 

Sec. l~ Size Rat Hole -- Shut·in NO.2 -- Min. 
,..,. 

57 N 4<" 16.60 '" ~ " Twp. S;ze & Wt. O. P. Flow No.3 -- Min. "N o ";,, 
II ~~ lY Size Wt. Pipe -- Shut·in NO.3 -- Min. I g S! .. 
Field ~lldcat I. O. of O. C. ' ., '" 
County CrQQls: Length of 0, C, 4~7' Bottom ~o 
Stat. JyQming Total Oeoth 4355' Hole Temp. 1090 F .... .. 

'l'(1 Q. I IIV " Interval Tested ?4'4_?~,n' Mud We;oht 9,~ 
0::> 
... < 

Formation lladi sao Tvoe of Test Tnfl,.p Gravity -- 0. ... 

Straddle 46 
0 

Viscosity ." 

"H' 
iT, 0; 00. 

..... '" 10:21 
Nt> 
N'" 

"':::' 
n 
" .-. ;:. 

" . 
PRO Make K~Lster Ihl " 
No.l~QQ2 c.p. ,9QQ @-,~~a . ... 

P'r!'u wn!!'ct!~ '" nltla " rastatlC 0 

Final HydrostatiC K 1200 -0 . ~.po . 
60 

Initial Ffow 8 50S ~>-
Final Initial Flow C 1067 ;? N 

.fo> ~Z 
Initi.21 Shut·in 0 1092 z 
Second Ini~iaJ Flow E ? 

!"l. ---

IT c6 Second ShIJt·jn G --. [ 1 Third Initial Flow H .". -- .... 
Third Final Flow I -- '" vo 

l® I 
IffifCfSKU t·ln --

C 
~ , g 

. uur lester, 

Witnessed By: --
... 
0 , 
N 
0 

Did Well FI"," - G •• t!:l Oil t!:l Water Yes ~ 
RECOVERY IN PIPE: 2434' Formation water = 30.50 Bbl. 

;~---:--T .. , ," ,Hh .hnM "'n~ 'nnp ...... >n "nH of 

bucket in 3 secor,ds. Water to surface in 18 minutes. 
flowed 14 hours 39 minutes at 20 gallons per minute. :z 
'>nU"<-Ul a"< surrace for ~ nour. ~/.I! pug surr a"c ~ .w. ? 

------- ." 

REMARKS: 
;;-
!!. - n 

~' 

\A 
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-.v,,- .. _.~, Ilb~(L~~S~1 ~N!TSD c:::t='Q\1II':!='!=; 
~~~"' .. , ' .... ~-~~~ 
~ .. ~ .. "'~"~"'" ,." :.;'.~.::. ;,~ 

-~ DNISIOH 01' UNlS. JHC. 

~ F:; ·::i:; ~i,;~ t;;:;.;~) 
'·'l.~~...,.;..;:~ 

~}f-~.o; ~t ~l~;-"~~\" t'r 's ~:.f 
lOX 712 

_ .......... ,.- ~- ........ ~ . STERLING. COLORADO 80751 
\.::-t '~-"·"~~-'''·-C'.~t .~;"":;,,,,.:,,.:-~_,,,,._I'l : lA 

~ ...... '. .:;~~." 
PHONI 303-522.t206 

'. ' .. " -q< -- -~ 

Comments relative to the analysis of the pressure chart from DST #16, 
Interval: 2434-~~Ju', ill "'" u.", .~., .~.~, T', #1. NE SE 

Section IS, T57N-R65W, Crook County, Wyoming: 

ru •. pU'>"'~~~ .' -c:,a'a +hp follow in" reservoir and fluid proper-
nes and test parameters have been used: 

BHT = 109·F, f1 = 1.0 cp., t = 18 minutes, n = LU lee. \.""i-
mated), m = 2.6 psi! cycle. 

1. The character of the pressure record which was obtained in 
this test indicates that the maximum reservoir pressure of 
lUll:': PS1 was -' -.~ ~, ?444 (pp' Extrapolation 
of the shut-in pressure build~~P curve has been made by pro-
.i~~.; '!;"-~'_G:!;' ' .~ .h .hp last 7 ooints on the ext rap-

. olation plot and results in an extrapolated pressure of 1095 pS1. 
The slope of this extrapolation curve has been determined to 
~ ., l. -~'Iln" cvcle. This estimated "m" value has been used 
in the basic Horner equation to calculate numer1ca:r "'-
the various reservoir properties shown below and on the sum-
mary page. Because 01 the questionable reliability of this esti-
mated "m" value, these num' n'~= .U ;. .~'''p d 
as indicators rather than quantitative values. 

The indicated static reservoir pressure of 1092 psi at the recorder 
depth of 2444 feet indicates a potentiometric surface elevation of 
••• ' lp"pl A conversion constant of 2.33 ft.! psi 

has been used to convert the indicated static reserV01r pressure 
to its equivalent potentiometric surface elevation. This value of 
~,+, '+iometric surface is in close agreement with that which was 
determined for the Flat Head sandstone m J.J'" fT. U

, ~ ~ ,,;. ~ 
formation in DST 1114, and the Mission Canyon formation in DST #15 
in this same well. 1t 15 me ~ "f'''' ., " .. -,. ,"~ continuity 
may exist between these four formations. 
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u.S.G.S., Madison Limestone 1/1 
Interval: 2434-2530' (DST n6) 

Comments - Pa!!e 2 

2. The calculated Average Production Rate which was used in this 
analysis, 2439.9 BPD, is based upon the total fluid recovery of 

., _. -, m ·,1 in .h~ nin~ f,..om tho 
"v. . ... 
depth to the rig floor) and a total flowing time of 18 minutes (the 
n . H~. "-t .. mo+~_ reached the surface). 

3. The calculated Damage Ratio of 2.0 indicates that significant 
well-bore damage was present at the tL'Ile of this formation test; 
however. because of the magnituae 01 tne prooucuon ra.e wnic .. 
occurred in this test, it is suggested that the indicated well-bore 
damage is probably due to the choke effect of the test tool rather 
Ulan ac.UaL J.ormaLivu • o· . -,. .L 
the average production rate should have been 2.0 times greater 
", ... , Lmu .:~ .. ,~ ~ " -' " ._a h.n nnt h~"n nresent. 

4. The calculated Effective Transmissibility of 153,290.4 md. -ft. I CD. 

. .. , ",,~ on A vpra"e Permeabilitv to the produced fluid of 
15.329.0 md. for the estimated 10 feet of effective porosity with-
in the total 96 feet of interval tested. 

5. The radius of investigation of tnlS test lS m<rlca.eo oy .ne re=-
tionship, b" "kto. to be about 3667 feet. . 

6. The evaluation criteria used in the Drill-Stern-Test Analysis Sys-
tem indicate that the tools and recorder functioned properly; how-

L ••• h '''~.,.hlp rpH .... n ... of the estimated "rn" , 
value which was used to c:alculate the above numerical results, 
these results should be considered as indicators only. 

/7 ~ 

.. V _~L_~ 
I,Wr L. H~{g~? "'-.v. ~J , . 
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LYNES, INC. 

Opentcr u.s.c.s. L .... & No. Madison-Limestone Dl CST No 16 

. Recorder 110. 13005 @ 2444' 

. . 

FIR'>T SH'JT IN PRE:SS'JRE:: 

TtMECMlN) C T"PHt) P5IG 
PHI J'pHI 

1'1.11 I'I.II!l1'l1'l 11'167 
6.1J 147.11;57 1""<7 

.. , !" ~. ~n~" ,,,,o0 
I'J."I 49.7222 I!Hl9 
24.1'1 37.5417 11'1911 
3",.1'1 3'1.2333 HI91 
.;;10.'."1 .,"' . .,,,,, , 
42.'1 21.ll"!HI 1 'l92 
liS.!! r9.270'3 1092 
54.!! 17.24'17 1.'l92 
61'l.'l 15.6167 1092 

. 'no~' M • ,,'" . . .. 

RE5ERl70tR PARMIETERS: 

",nA , n,,-" U\I "."."'" .'TF_ .... _ .vv • 7, 
FI"JL FLO TT'I "!77.I'I'I!J r-rolD E'<'?ANS 1."1'1" I3T:-I HOL T:-IP 1 tl9.('Iet] 

API GRl'l1lTY 111.1'1(1('1 SP:::~ GR!WTY I."'!!'" VISCOSITY 1. ""0 
PAY TIl! r.,{l'JE<; li'l.I'l!l!l <;TJ!lSEA D'?TH 1171l.00Cl WATE GRADNT ".433 

t:ALr.rJLA TT ONS : FIRST SHTIT I!J 
.. 

!:'CTRlIP PR~~5(D~tG) •••••••• •••• 1 "95.1 
NO 0'" PTS ENTERED •••••••••• 11.0 
)/0 OF PTe:; 'T~ED ••••••••••••• 7.1'1 
""" !J::'V 1 H' l U'v, .:,. J ......... .,. . 
TOTL FLO Tt~(MIN} •••••••••• 1377.1'1 

AUE PROD R~TE(3EL~/DAY) ••••••• 2439.9 
TRA~~~l~~(~D-FT/~?) ••••••••••• Ivv~' .'1 

1111 SIT" ~A?(:':D-FT} •••••••••• ~. 153291'1.1l 
~. .~ n~DM'v."' , "'''?Q.'''LI . - . . ... 
PROD tND~(9SL~/DAY-?S!} ••••••• '11;.1\63 

DA~AG~ F.~TIO •••••••• •••••• •• •• 2." 
"ROD INDX-D0"l"Gi:C 3!lLSJ'DAY-;>S!) 172.522 - ~ '" ~ • ~ v' • . ..... . . 
DR~VDO~~(?ERCENT) ••••••••••••• lI.n 
POTE"""lETR~ 5'JRF( FT) ••••••••••• 37"3.1 

.. 
! • .. 
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1 • 

LVNES, nNe. 

()pefalor U.S.C.s. Lea •• & No. ffadlson-Umestone 111 CST No .. -,l~G~ __ 

Outside Recorder 
..• ___ ._ .. ________________ . PRC.M.~e K-; , 

-..... .r. 1;.~:7r~" 2950 '" 2444' I 

.. 
.. .. 

, .. 
•. ,fF; -

•• I -

) :ID , 
., " , 

. . . . 

, 

3: ,-.. : 
[T 

;- . ' 
...... 

, ., 
.~. " /P 

.. ~ ~. ,t 
1- ,. L 

~' . ~( 
~. . ',' @'" 

.. 

89 

.. 

. . 

Initial A) 2 
Final ,K [9, 
Initiaf Flow S ; 2: 
Final Initial Flow 106 

Second Inilial Flow _= , --
Second Final Flow F --
Seconc Shut·in 
Third Ini!ial' Flow H --
Third Final Flow . I --
Third Shut:;(1 J --

;.~.;; .'.d T. 

Inside Recorder 
PRq.""'.' I(::<l" .... AK-1 

, .... 
Inilial i 

Final 
Inili.,FIC,\y 
Final Initial Flow 

Second Initial Flow 

Second ;hul·in 

Third Final Flow 

A I 1050 , --
8 635 

---, 
.,--
--

G --

I --

J --
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• 

Geochemistry 

The water chemistry from selected intervals in Madison test well 
no. 1 and subsequent tests will be used as control points for interpreting 
regional geologic, geophysical, isotopic, and chemical data. Water 
samples were collected from drill-stem test zones that were selected to 

, t m,,; nr ,.0,. kit; on ",,,, "nri of no,.o~; .. v 

After the inflatable packers were set above and below the zone to 
be sampled, if the interval flowed, measurements were made of the pH and 
conductivity of the fluid until both a stability of these values and 
clearing of the water were obtained, indicating formation water was 
being monitored. If the interval did not flow, swabbing was begun to 
remove surr~c~ent neavy ar~l.L1ng mua rrom tne water COlumn ana rormat~on 
to develop the zone. If possible, water samples were collected for . . 

,o~o v"~y aH.C" ~e wao "ceCL uy ~u au" .e~'~ey C 

ments that the water would represent the formational fluid in the 
interval tested. Characteristics subject to variation in time such as 
,U ~ ,H," • ~~.,~ ,0 'o~o ~ ,"o,,~a~ 4n ~ho f40'~ 

• h' . f 11 . ' at t e t~me 0 co ect10n. Alkalinity was determined in a potentio-
metric titration using sulfuric acid and preparing a titration curve. 
The field data are included with the laboratorv data in the analyses 
tables. 

The analysis of water samples from the Flathead Sandstone (Cambrian), 
Charles and Mission Canyon Formations (Mississippian) , and a composite 
water sample from Madison into Precambrian are shown in tables 3, 
4, and :>. 
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.Table 3.--Water-quality analysis--Flathead Sandstone 

UNITEO STAT~;n~~~!~:~ENr OF THE INTERIOR 

CENTRAL LABOHATORY. D~NVER. COLORADO 

WATER QUALITY ANALYSIS 
~"D 1" W "'U."."U1 " w ~~ 

SA~PLE LOCATION: 57N 065W 150A 
STATION 101 445546104382700 LAT.LONG.SEQ.I 445546 1043821 00 
DATE OF COLLECTION: 8E.GIN--7610l!:! ENU-- 11M~--lUUU 
STATE CODE: 56 COUNTY CODEI Oil PROJECT IDENTIFICATIONI 46560033 
;.., ••• un~ ~ "'""",.., r.on""m ,A~"" t;F"llLOGlr: UNTT I "710" Tn 

COMMENTS I FLATHEAD SANDSTONE (CAMBRIAN) 

ALK.TOT lAS CAC03l MG/L 184 MERCURY DISSOLVED UG/L 0.0 
ALUMINUM DISSOLVED UG/L 20 MOLYBDENUM DISSOLVED UG/L 1 
ARS~NIC DISSuLVED vu/L I NI "V" ... " 'v,,,,,,, .. " .' 'W L. 

6:9 
~!~~~~n~~~~OLVED UG/L ~~~ PH FIELD 

.or. " " ... , ;,A 7.1 
BORON DISSOLVED UG/L 340 PHOSPHORUS DIS AS P 'MG/L 0.00 
BROMIDE MG/L 0.2 POTASSIUM DISS MG/L 23 
CADMIUM DISSOLVED UG/L .0 ~OTASSIUM 40,D.PCI/L ~! cv c. O~; " 
" ....... v' ......,-;:r 

MG/L -" 
CARBONATE 0 RESIDUE VIS CALC SUM MG/L e02 
CHLORIOE DISS MG/L 290 RESIDUE DIS TON/AFT 1.0e 
CH~OMIUM DISSOLVED UG/L· 10 RESIDUE DIS 180C MG/L .~~~ 
.. u ... ' ~L.Y,,:v UUJ'L 

~.999 
:.,~vu .. • v, , .. 4'J ~ 

~f~~~;~/~,~~ C 
RESIDUE TOTNONFILI05 MG/L 218 

MG/L 4.5 SAR 501 
GROS-B,D.CSI31 PCI/L 19 SELENIUM DISSOLVED UG/L , 
GROS-8.D,SR-90-PCI/L 12 SILICA DISSOLVED MG/L 31-

GI<OS-B'~'~~1~1 ~~!~~ ~;!:. ~;~~!;~ ~~~lUM DISS MG/L 180 
)IIIM PFI 100 

GROSS ALPHA DIS.U-NA UG/L 25 SP. CONDUCTANCE fLO 1320 
GROSS ALPHA SUS.U-NA OETR. DELETED SP. CONDUCTANCE LAB 13eO 
HA~DNESS NONCARB MGIL 56 STRONTIUM DISSOLVED UG/L 24~? 

" ...... n,~~ uro " 
IODIDE"> IV.," MG/L 0.00 SUL,UR 34/32 RATIO DETR. DELETED 
IRON DISSOLVED UG/L 80 TUR8IDITY IJTUl 85 
LEAD DISSOLVED UGIL 0 U.DIS.UI ... ~LUO~-UG.rL uu.r~ < ':"" 
LITHIUM DISSOLVED UG/L 400 VANADIUM DISSOLVED UG/L 1.5 

M~~~~~!~~ ~~~~ MG/L 15 wATER TEMP (DEG Cl 42.0 
UA ", ;50, VEO UG.rL 50 ZINC DISSOLVED UG/L 10 

CONTINUEO ON NEXT PAGE 
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Table 3.--Water-quality analysis--Flathead Sandstone--Continued 

~!!E~nQ~A~~~!n~N~~~~!~ ~O~~~~~ED 

SA~PLE LOCATIONI 57N 065W 15DA 
STATION 10: 445546104382700 LAT.LONG.SEO.I 445546 1043827 00 ..... ~ .. " ' "y,,, c .... ,"- ,,,,.,,,0 . 

CATIONS ANIONS 

rAt rll'M nT C;C; 
(~~ILI (MEQ/LI . (MG/LI (MEO/LI 

~.4Q, R1CARBONATE 224 3.672 
MAGNESIUM DISS IS 1.234 CARBONATE 0 0.000 
POTASSIUM DISS 23 0.589 CHLORIDE DISS 290 8.181 
SODIUM DI55 180 7.830 ~~UORIDE DISS 

"',,T' nyc" 7~'S ~'~n 
TOTAL 13.145 TOTAL 13.630 

PERCENT DIffERENCE ~ -1.81 
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Table 4.--Water-quality analysis--Charles and Mission Canyon Formations 

UNITED STATES DEPARTMENT or THE INTERIOR 
~~n' n'" ~ c. 00 .~, 

CENTRAL LABOHATORY. DENVER. COLORADO 

WATER OUALITY 4NALYSIS 
.... e .u ~ JV""vc; 'U W .~ ,~~ 

SA~PLE LOCATIONI 57N 065W 15DA 
STATION IDI 445546104382700 LAT.LONG.SEO.I 445546 1043827 00 
DATt or COLLECTIONI BEGIN--161021 END-- TIME--IOOO 
STATE CODEI 56 COUNTy CODEI Oil PROJECT IDENTIfICATION: 46560033 
nA T A TV".'::> e,,, ,,,,.., r.on"",,, IA T .. " r. .. ", "'" ~ " .. T. .,." ue",,. 
COMMENTS I UPPER MADISON (CHARLES AIID HISS ION 

CANYON) 

ALI(.TOT (4S CAC03) MG/L 176 MANGANESE DISSOLVED UG/L 100 
ALUMINUM DISSOLvED UG/L 30 MERCURY DISSOLVED UG/L 0.0 
A"~t."'l" U D=\J'-:~tU ~~~t 

>1 ~~~~~~~~\J~O~~~~U;;t~ ~~~t 1~.2 BARIUM DISSOLVED 100 
RH'A"""""T" . ,,'" ,>t D •• ,.," J .... 
BORON DISSOLVED UG/L 210 PH LAB 701 
BROMIDE MG/L 0.2 PHOSPHORUS DIS AS P MG/L 0.01 
CAO~!UM DISSOLVED ' UG/L 0 POTASSIUM DISS MG/L ?~ 
CARdON TOT ORGANIC MG/L 15 RA-226 BY RN 'pci/L 0.70 
CARBONATE MG/L 0 RESIDUE DIS CALC SUM MG/L 973 
CHL.ORIDE DISS MG/L 66 RESIDUE DIS TONI AFT 1.44 

COpp~~u~I~~OLVED_v ~G~t c;~ ~~~i~~~ ~~~ ~~~\OSC ~G~t f2~~ 
DENSITY AT 20 C o 999 RESIDUE TOTNONfIl 105 MG/L 41 
FLUORIDE OISS MG/L 1.9 SAR 1.2 
GROS-B.D.CSl37 PCI/L 15 SELENIUM DISSOLVED UG/L 8 
GROS-B.D,SR-90-PCI/L 1~ .. SILICA ~~SSOLVED MG/L ~~ ""n"_,, ,C ,r",.,7 ",.,,, "n"T"~ 'n 'cc .. r." 
GROS-B.S.SR-90 PCI/L 1.9 SODIUM PERCENT 20 
GROSS ALPHA DIS.U-NA UG/L 1" SP. CONOUCTANCE fLO 1345 
GR2~S ALPHA SUS.U-NA UG/L 3.0 SP. ~~NOUCTANCE LAB 1380 

HARDNESS TOTAL ,~ MG/L 620 SULFATE OISS~~Y- .-~ MG/L 470 
IODIDE MG/L 0.00 TURBIDITY (JTUl 10 
IRON OISSOLVED UG/L 310 U.DIS.DIR.fLUOR-UG/L UG/L 6.3 
LEAD DISSOLVED UG/L 0 VANADIUM DISSOLVED UG/L 8.7 
LITHIUM DISSOLVED UG/L 40 ~ATER TEMP (DEG Cl 35.5 
MAGNESIUM DISS MG/L 40 ZINC DlSSOI v.n UG/l 40 

CONTINUED ON NEXT PAGE 
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Table 4.--Water-quality analysis--Charles and Mission Canyon Formations 
--Continued 

WATER QUALITY ANALYSIS CO~~~~~ED 
I.o.R Tn .. ~n"on" ~F"r(lIm .. 

SA~PLE LOCATIONI 57N 065W 150A 
STA!ION 101 ;45546104382700 LAT.LONG.SEQ.I 445546 1043827 00 
w. •• w .•. . . . . ,--

CATIONS ANIONS 

(MG/\.) (MEQ/Ll (MG/Ll (HEQ/L) 
CALCIUM 0155 180 8.9112 8ICARBONATE" 214 3.508 
MAGNESIUM DISS 40 3.291 CARBONATE 0 0.000 
POTASSIUM 0155 9.2 0.236 CHLORIDE 0155 66 1.862 
SODIUM DISS 70 3.045 fLUORIDE 0155 

,7
1• 9 ~';~! C::OI. "AT .. nTC::C:: .. 'n 

---TOTAL 15.553 TOTAL 15.255 

PERCENT DiffERENCE = 0.97 

• J~ 
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Table 5.--Water-quality analysis--Composite of waters from Madison 
4,.~ D. .'-' 

UNITED STATES DEPARTMENT OF THE INTERIOR 
GEOLOGICAL SURVEY 

CENTRAL LABORATORY, DENVER, COLORADO 
• 

WATER QUALITY ANALYSIS 
,.D HI ~ ~ni.on' ,.. .. ;>4070:; 

SAMPLE LOCATION I 57N 065W 15DA 
STATION 10; 445546104382700 LAT.LONG.SEa.: 445546 1~43827 00 
UA I t. vr \..UL.L .. 1 v,,. O,-V l 

o 11 PllO~ECT tOENT I Fl CA TI ON I 033 STATE CODEI 56 COUNTy CODE: 
DATA TYPE: 2 SOURCE: GROUND WATER GEOLOGIC UNITI MADISON TO PRE-
COMMENTS; CAMBRIAN COMPOSITE SAMPLE 

ALK,TOT lAS CAC03l MG/L 206 NITROGEN NH4 ASN TOT MG/L 0.46 
ALUMINUM OISSOLVED UG/L 0 NITROGEN TOT AS N MG/L 1.7 

.,;.;., "',, ~,,~ .c ,,"~ ... " " 7 .. ~ 
AI''' ,,,uN' U,,,, .v ' .. 
ARSENIC DISSOLVED UG/L 13 NITROGEN TOT ORG N MG/L 1.0 
BA~IUM DISSOLVED UGIl 100 NITROGEN TOTKJO AS N MG/L 1.5 
BICARBONATE MG/L 251 N02 • N03 AS N TOT MG/L 0.~2 
BORON DISSOLVED UI"L .. .>u .-n rl'-'-V • 
BROMIDE '.;~~~, MG/L ~.l PHOSPHORUS TOT AS P ~~~~ 

0.05 

'" "'''' on'",,<;1 LJ"'- 11T<:<: 4.8 
CALCIUM DISS MG/L 95 RESIDUE DIS CALC SUM MG/L 688 
CARtlONATE MG/L 0 RESIDUE DIS TONI AFT 0.94 

, CHL.DR IDE 0 I SS MG/L 37 RESIDUE TOTNONFILIOS MG/L 220 
'" . ~ ~ ~~ 

\..n"UM! UJ'CLIT=>U .. v .. v VVl'-

COPPER OISSOLVEO UG/L 6 SAR 1.B 
DE,.,SITY AT 20 C 0.998 SELENIUM DISSOLVEO UG/L a 
FLUORIDE 0155 MG/L 1.7 SILICA DISSOLVED MG/L 26 
HARDNESS N-o-Nl:1il<B :~~t 

lllU "uu 1 u~ ... ~ ,.:, ...... n:- 32 HARDNESS TO~~~ 380 SOD IUM PERCENT 
.nn.. n. ~~~ ... OI'''' .. .. n cO' CONDUCTANCE FI11 1000 
LEAD DISSOLVED UG/L 13 SP. CONDUCTANCE LAB 997 
LITHIUM DISSOLVED UG/L 20 STRONTIUM DISSOLVED UGIL 1900 
MA"NESIUM 0155 MG/L ~~ ~~~:ATE 0155 MG/L 2~~ 

,oTt"yv "TOO' 
v' 'v'- _~ 

MOLY8DENUM DISSOLVED UG/L 17 ZINC DISSOLVED UG/L 80 

..... lVI'<" ~". 

IMG/Ll IHEQ/Ll IMG/Ll (MEQ/Ll 
CALCIUM DISS 9S 4.741 BICARBONATE 251 ".11' 
MAGNES lUM 0 I 55 35 2.880 CARBONATE 0 O. 001 

P~!~SSI~~~~ISS ' 4 8 ~.!~; ;~~ORIDE 0155 3~.7 1.04' 
A.,' oonqlOF 11'C:C: o .09( 

SULfATE 0155 2BO S.B3! 

TOTAL 11.309 TOTAL 11. 0 7~ 

PERCENT DIFfERENCE ~ 1.04 
i 

- - ~-- .- -

Q<; 
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Preliminary results and future testing plans 

- 0 . " 
,~ ""u,~ '.L" V.L OUWC V~ ~UC .LU~VL VV UUL .LUI> ~nc 

drilling, coring, and testing of Madison Limestone test hole no. 1 
follows: 

Based on the ~rill-stem and packer-swabbing tests, all Significant 
water-bearin~ units encountered in the test well exceut the Hulett 
Sandstone, have sufficient heads to cause the water in them to flow at 
the land surface, 3,604 ft above sea level. 

The chemical quality tests indicate that all significant water-
bearing units contain relatively freshwater (less than 2,000 mg/L 
dissolved solids). 

Three water-bearing units, now cased and cemented in the well, warrant 
" . '" .e ~, .. r , 

• 0' 

in the vicinity of the well. These are the Hulett Sandstone Member of 
the Sundance Formation, the Minnekahta Limestone, and the upper sandy 
ao~Hnn nF rhA M.' >1,,0~ ". ;nn "P~~"'o~ rooro "'A~O ~rro~nrorl nn ~11 

three of these units, but only the two on the Minnekahta and Minnelusa 
were successful; the packer deflated prior to obtaining a test on the 
Hulett. The packer tests give clues to the pressure heads of water in 
the interval tested, and in some instances an indication of the water 
quality and temperature. Both the Minnekahta and the sandy section in 
the Minnelusa yielded water that was contaminated with drilling fluid 
and the discharge from both did not clear in the short time of the 
tests. However, the Minnekahta Limestone test resulted in a flow of 

--rz-garrmnr, ~-val:lrrcorurucl:Tvrcy was aoout ""wu m~cromnos, water 
temperature at the well head was 34.4°c, and the head was 110 to 115 ft 
above land surface. The Minnekahta is only 28 to 30 ft thick. 

The test in the upper part of the Minnelusa Formation resulted in a 
4'ln ... nF 7< ~., Imin. rho .~ .... :'~ nnnrl •• n .. < .. < ..... ~'"~ .hn ... ? I.nn _< .no 

water temperature at the well head was about 37°C, and the head 
was about 90 to 105 ft above land surface. 

Units in the open-hole part of the test well, which are water-
bearing, include the Madison, Red River, Winnipeg, and Flathead. 
Preliminary results of the test in the Madison Group (Charles and Mission 
~anyon-YormaErons) show a y~eld of about 20 gal/m~n, water conduct~v~ty 
of about 1,350 micromhos, water temperature at the well head of 3S.S·C, 
ana a ileac o~ aooue I:> "0 LUU :U: Lana SUI"~ac::e. \""" "aOL" " LV. 

complete chemical analysis of water.) One packer test in the Red River 
was unsuccessful because the tool plugged with sand; the other test 

• L.~.C oL 0<.. no r' _~ .,~ or. e L .C , 
the heavy mud in the drill stem, there was no flow. The two packer 
tests in the Winnipeg were unsuccessful due to the tool plugging and the 
nat'ker-s"ar F,,; lin., 1>"'01 imin~~u ~Aa .. 1 ro nF rho roor -In rhA "1._' ,~ 

show a yield'of 55 gal/min, water conductivity about 1,220 micromhos, 
water temperature at the well head of 42·C and a head~of~' 60 to 
115 ft above land surface. (See table 3 for complete chemical analysis 
of water.) 

at; 
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. 
Water from the open-hole part of the well, which begins about 40 ft 

below the top of the Madison and ends about 60 ft below the top of 
Precambrian, has a head of 48 lb/in2 or about 110 ft above land surface. 
Decause o. tone weJ.J.-neaQ equ~pmento, tone WQ~"'4 ,~ .J.ow •• "''''~] .rom tont: 
l3-3/8-in casing at the land surface. However, one of the 2-in valves in 
the well head was opened and the well flowed about 250 gal/min with a head 
loss of about 16 lb/in2• Using these values the specific capacity of the 
well is about 6.8 (gal/min)/ft of drawdown. If the well could· flow 
f,. .... lv "r ,.h" l"nn ... "nn "qqnmino " q';ohr rt,,~1in .. in .. n .. ~ifi" 

capacity due to increased flow, the yield would probably be 650 to 700 
gal/min. This quantity is the minimum flow that the well would yield 
under free-flow conditions. No attempt has been made to develop the 
well and there are two zones, one in the Madison and one in the Red 
River, where drilling fluid was lost during the drilling in the amounts 
of 400 and 300 barrels respectively. When these zones are straddle 
pacKea ana aevelopea, an 1ncrease 1n Y1ela 1S expectea. AlSO no attempt 
has been made to pump the well. However, assuming a specific capacity 
UJ. .. \l>~J./_mJ.n)14~ U4 U1.a , ~"" 'iU""~J.~y 01. ~ll"~ <,;UUJ.U uo: 
obtained from the well, if the pumping level were 300 ft below land 
surface, is 1,640 gal/min. This figure is speculative. If the head in 
>~ _11 . , >~ .,.~ ... .~. . ~ .. _11 

< -J 0" 

probably would cause a considerable decrease in the yield per foot of 
drawdown. 

Additional geophysical logs and tests will be run in the test well 
this sorinll:. The 10ll:s will include televiewer ll:amma soectrometer, 
trace ejector, and spinner-surveys. Packers will be ·set to isolate 
zones for individual development (removal of drilling fluid) and testing. 
The individual zones will be tested for head, temperature, water quality 
and quantity. In addition a vertical seisml.c profile and gravl.ty profile 
will be run • 

.. no: wt:J.J. ~uuo';I:U''''.l.un ano wt:J..l.-m,,,u '0 art: :,;uc;n ~ll"~ ",,0: we.LJ. 
can be used for several years as an observation point, a test laboratory, 

~ ". ,.,., ."L 
o' " 'J . 

R"f"r"n ... " 

U.S. Geological Survey, 1975, Plan of. study of the hydrology of the 
Madison Limestone and associated rocks in parts of Montana, 
Nebraska, North Dakota, South Dakota, and Wyoming: U.S. Geol. Survey 
Open-File Report 75-631, 35 p. 

;II 
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PREAMBLE 
 

This preamble is intended to provide NRC staff with a brief legal and 

regulatory discussion of the contents of the attached restoration action plan 

(RAP) for Strata Energy, Ltd.’s (Strata) proposed Ross in-situ leach uranium 

recovery (ISR) project near Oshoto in the State of Wyoming.  Strata is 

submitting this RAP as a stand-alone document so that NRC staff reviewing 

Strata’s license application will be able to address relevant decommissioning 

and decontamination (D&D) requirements and related financial assurance cost 

estimates associated with aquifer restoration and surface reclamation at the 

proposed Ross ISR Project in one document rather than having to search the 

entirety of the license application for all relevant D&D and financial assurance 

information. In addition, preparation of the attached RAP is in accordance with 

the NRC’s requirements for ISR licensing as defined in 10 CFR Part 40, 

Appendix A, Criterion 9 and all regulations deemed to apply to ISR site D&D. 

Given that as discussed below previous RAPs were submitted as stand-alone 

documents, Strata has determined that submission of a stand-alone RAP is 

appropriate. 

Under the Commission’s regulations, RAPs find their origin in the 

Commission’s interpretation of 10 CFR Part 40, Appendix A, Criterion 9 in the 

Hydro Resources, Inc. (HRI) administrative litigation regarding HRI’s proposed 

ISR project at Church Rock and Crownpoint, New Mexico (hereinafter the 

Crownpoint Uranium Project or “CUP”).  Beginning in 1997, HRI and several 

interveners entered into administrative litigation before NRC’s Atomic Safety 

and Licensing Board (Licensing Board) to determine whether several aspects of 

HRI’s CUP license application and NRC Staff review of that application satisfied 

the Atomic Energy Act of 1954 as amended (AEA) and the NRC’s implementing 

regulations pursuant thereto. During this litigation, in 1998, NRC staff issued 

HRI License SUA-1508 to construct and operate the proposed CUP.  After 

concluding the initial litigation regarding the Licensing Board’s determination 

that the proposed CUP adequately addressed groundwater restoration and 
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financial assurance, in 2000, the NRC considered an appeal to that decision. In 

2000, the NRC determined that a license applicant for an ISR project must 

have an NRC-approved RAP, including a detailed financial assurance 

calculation methodology and preliminary cost estimates, prior to being issued a 

license to operate any proposed ISR project. Importantly, while it determined 

that a license applicant must have the aforementioned RAP in place prior to 

being issued a license, the NRC also determined that the actual financial 

assurance mechanism (e.g., surety bond, letter of credit, cash deposit, etc.) 

need not be in place until the licensee is prepared to commence licensed 

operations. Accordingly, when submitting a license application for a new ISR 

project, a license applicant is required to prepare and submit a detailed 

financial assurance calculation methodology and preliminary cost estimates 

based solely on the information permitted to be obtained pre-license issuance 

by the applicant under NRC regulations; however, a license applicant is not 

required to have a final financial assurance cost estimate and a financial 

assurance mechanism in place until right before it is ready to commence 

licensed operations and after issuance of an NRC license.      

The HRI litigation also provided ISR license applicants with additional 

guidance on the methodology for preparing RAPs and for calculating 

preliminary financial assurance cost estimates for such RAPs.  For example, 

the Licensing Board, the NRC, and the United States Court of Appeals for the 

Tenth Circuit all have agreed that 10 CFR Part 40, Appendix A, Criterion 9 

permits ISR license applicants to account for and rely upon the use of existing 

site equipment such as the central processing plant (CPP), existing wellfields, 

wellfield equipment, and other already-available site equipment when 

calculating financial assurance cost estimates for groundwater restoration.  

The NRC’s interpretation logically implements the provisions of Criterion 9 as 

independent contractors likely will rely on the availability of existing wellfields, 

the CPP, and other site facilities to initiate and/or continue and complete 

groundwater restoration at an ISR site. In addition, existing 11e.(2) byproduct 

material storage areas and site equipment such as front-end loaders will be 
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required to complete site D&D, including surface reclamation tasks such as 

soil cleanup in accordance with 10 CFR Part 40, Appendix A, Criterion 6(6).   

The HRI decision also permits licensees to utilize qualified site employees 

for the performance of multiple, unrelated site tasks during the course of 

groundwater restoration and site D&D in developing financial assurance cost 

estimates. ISR sites are highly automated, and standard industry practices 

dictate that a single site employee can perform multiple tasks based on the 

training they receive and expertise they possess.   

In addition to the aforementioned requirements, NRC regulations at 10 

CFR Part 40, Appendix A, Criterion 9 also require that a licensee submit 

updates to its financial assurance cost estimates on an annual basis and that 

such estimates must account for a variety of economic and site-specific factors 

such as inflation (Consumer Price Index), changes in costs of materials and for 

personnel, changes in costs of 11e.(2) byproduct material or other waste 

disposal, changes in costs of required site processes such as well plugging, and 

changes in site-specific factors such as the level of effort and duration required 

for groundwater restoration (e.g., pore volumes). This requirement is intended 

to ensure that all financial assurance mechanisms posted by a licensee remain 

current and sufficient to perform required groundwater restoration and site 

D&D as required and in a timely fashion. Based on this requirement, ISR 

license applicants also are only required to present financial assurance cost 

estimates in license applications that account for the first year of proposed 

activities or the first stage of licensed operations, including construction of the 

CPP and the initial wellfield(s).  To require otherwise would be unnecessary as 

an ISR license applicant will not proceed beyond certain initial site activities in 

the first year and given the aforementioned NRC interpretation that a financial 

assurance mechanism need not be in place until the commencement of 

operations and that an ISR licensee will be required to update its initial 

financial assurance cost estimates from its license application prior to posting 

its financial assurance mechanism and commencing licensed operations. 

Accordingly, ISR licensees will continue to post adequate financial assurance 
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cost estimates in accordance with NRC’s mission of protecting public health 

and safety and the environment. 

 To comply with the NRC’s directive above in the HRI litigation, HRI 

proposed four (4) RAPs, one for each of its proposed CUP ISR sites and each of 

which was approved by NRC staff subject to minor adjustments by the 

Licensing Board. Each of these RAPs, with the Licensing Board’s adjustments, 

was approved by the NRC and the Tenth Circuit over the full course of that 

litigation. 

Using these RAPs as guidance and considering that NRC staff does not 

currently have guidance for the composition of stand-alone RAPs, Strata is 

proposing a RAP for its proposed Ross ISR Project that closely follows the HRI 

RAPs’ format. However, Strata has used updated assumptions reflecting 

current standard industry practices and included the work required and 

associated costs to reclaim all facilities associated with the CPP and the first 

five (5) wellfield modules, rather than just the first year’s estimated 

construction.  This is conservative in that uranium recovery operations are 

unlikely to occur in five modules during the first year of licensed activities. In 

the attached RAP, Strata is including a comprehensive site D&D plan, 

including aquifer restoration for the first five wellfield modules and D&D of the 

CPP and all other site activities required to be completed to return the Ross site 

to unrestricted use. These activities include D&D of site equipment, demolition 

of the CPP, reclamation of the initial wellfield modules, and off-site disposal of 

all wastes, including 11e.(2) byproduct material. The RAP also includes 

preliminary financial assurance cost estimates for all site D&D activities. 

As can be seen from the RAP, Strata has accounted for all NRC 

interpretations offered in the HRI case to reflect the most current NRC 

practices for financial assurance.  Strata believes that this RAP provides NRC 

staff with a user-friendly, stand-alone guide to Strata’s approach to site D&D 

and financial assurance.     
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RESTORATION ACTION PLAN 

A. INTRODUCTION 

The following summarizes the Restoration Action Plan for the CPP, first 

five (5) wellfield modules and all related facilities anticipated to be constructed 

during the first year of licensed activities of the Ross ISR Project near Oshoto, 

Wyoming. The estimate puts the costs of restoration to be performed by an 

independent contractor at $9,822,600.63 over an approximately 3-year period 

during which the CPP, the initial five (5) wellfield modules, and associated 

infrastructure would be reclaimed to a condition agreed upon by NRC that 

would return the site to unrestricted use. The RAP encompasses the full cycle 

of activities necessary for: 

• Facility decommissioning, 
• Aquifer restoration and well plugging, 
• Radiological survey and environmental monitoring, 
• Project management and miscellaneous costs, and 
• Labor and equipment overhead and contractor profit. 

 

Strata's submittal presented herein employs assumptions that are based 

on best professional judgment given the data currently available. Annual 

reviews would provide the iterative format by which NRC can continually 

update the financial assurance amount based on work completed at the site 

and newly available information. 

B. FINANCIAL ASSURANCE MECHANISM 

The financial assurance mechanism to be used by Strata is shown in 

Attachment RAP-1. 

C. CONSOLIDATION OF STATE, EPA AND NRC FINANCIAL ASSURANCE 

INSTRUMENTS 

In addition to being crafted to comply with NRC criteria, Strata's 

proposed financial assurance estimate is designed to address the U.S. 

Environmental Protection Agency (EPA) Underground Injection Control criteria 

and the Wyoming Environmental Quality Act requirements for a reclamation 
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performance bond. These multi-compliant sureties will require multi-agency 

concurrence as to amounts and surety forms. The bond examples shown in 

Attachment RAP-1 are designed to be consistent with 10 CFR Part 40, 

Appendix A, Criterion 9 (Financial Criteria) which allows for consolidation of 

State and Federal financial or surety arrangements established to meet 

restoration, reclamation, and decommissioning costs provided that "the portion 

of the surety which covers the decommissioning and reclamation of the mill, 

mill tailings site and associated areas is clearly identified and committed for 

use in accomplishing these activities." Absent a mill or tailings, essentially all 

of the process facility, wellfield, and ancillary components of the operations 

would be subject to the decommissioning requirements of the Wyoming 

Department of Environmental Quality, U.S. Environmental Protection Agency 

and the NRC. 

D. COST DETAILS FOR RESTORATION AND RECLAMATION ACTIVITIES 

1. Introduction 

Attachment RAP-2 contains details concerning cost basis figures and 

assumptions, calculations and methodologies used in deriving cost estimates 

for the full cycle of groundwater restoration, well plugging and abandonment, 

surface decommissioning and reclamation, closure and ultimate license 

termination. Cost references are provided in Attachment RAP-3. This 

information is designed to be descriptive enough for the NRC staff to determine 

the acceptability of Strata's proposed cost figures and is based on the 

estimated costs for an independent contractor to perform the decommissioning 

and reclamation work in accordance with 10 CFR Part 40, Appendix A, 

Criterion 9 and the Wyoming Environmental Quality Act and its accompanying 

rules and regulations and guidelines. Strata has developed its cost estimates to 

address all items in Appendix C of the NRC's "Standard Review Plan for In Situ 

Leach Uranium Extraction License Applications" (NUREG-1569, dated June 

2003). 
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The following tabulation summarizes the costs necessary to hire an 

independent contractor to assume all decommissioning and reclamation 

activities required after full development of the CPP, first five (5) wellfield 

modules and associated facilities. Descriptions of the work are provided below, 

and detailed costs estimates for each major item of work are provided in 

attachments RAP-2(A) through (G). 

 Item       Cost 
Aquifer restoration   $  2,940,923.42 
Facilities area reclamation  $  2,344,689.50 
Wellfield equipment & disposal $  1,653,423.27 
Well abandonment   $  1,030,261.08 
Radiological surveys   $       37,857.50 
Revegetation    $       66,000.00 
Misc. reclamation activities  $     268,082.14 

Subtotal    $  8,395,385.15 
Project management @ 2%  $     167,907.70 
Contingency @ 15%   $  1,259,307.77 

Total     $  9,822,600.63 
 
 

1. Aquifer Restoration 

1.1. Introduction 

Aquifer restoration costs for the first five wellfield modules are presented 

in Attachment RAP-2(A).  The costs are broken down into separate phases of 

work: 

• Groundwater sweep, 
• Reverse osmosis (RO) with permeate injection, 
• Groundwater recirculation, 
• Monitoring, 
• Labor, and 
• Miscellaneous. 

 
For each phase of work, the estimated number of pore volume 

displacements (PVDs) required to complete that phase is provided in the 

attachment. The tables also provide the assumptions and unit prices for all the 

work necessary to complete each phase of work for the first five wellfield 
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modules.  A summary sheet is provided showing the total costs for each phase, 

followed by detailed calculation sheets to show how the total costs were 

derived. For the first five wellfield modules, the PVDs of water to be handled 

and the aquifer restoration costs are estimated to be as follows: 

Item     PVDs    Cost 

Groundwater sweep   0.5   $     52,669.28 
RO with permeate injection  8.0   $   596,091.13 
Groundwater recirculation  1.0   $     12,613.01 
Monitoring     ---   $     94,500.00 
Labor      ---   $1,943,550.00 
Miscellaneous    ---   $   241,500.00 
Total for groundwater restoration 9.5   $2,940,923.42 
 

Restoration progress is typically measured on the basis of the number of 

PVDs processed during each phase of groundwater restoration. A pore volume 

is a term used by the ISR industry to define an indirect measurement of a unit 

volume of aquifer affected by ISR recovery or restoration (ISR GEIS, NRC 2009). 

This report distinguishes between the in-situ pore volume (PV) and the pore 

volume displacement (PVD), which is used to describe the volume of water 

displaced during ISR uranium recovery and aquifer restoration. Following 

industry standard, Strata proposes to calculate a PVD as follows: 

PVD = thickness x wellfield area x porosity x flare x conversion factor 

The thickness is the average completion thickness for the recovery and 

injection wells. Based on exploration drilling, the ore zone thickness ranges 

from 5 to 30 feet and averages approximately 9 feet across the proposed project 

area. The average completion thickness is typically about 20% greater than the 

average ore zone thickness and is expected to average approximately 11 feet. 

This method of calculation is consistent with currently permitted and operating 

ISR production facilities (COGEMA 2008, CBR 2000). 

The wellfield area is the surficial area of the injection and recovery well 

patterns for each wellfield module. Based on the delineation of recoverable 
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resources within the proposed project area, the average area per wellfield 

module is estimated to be 248,000 square feet.  

The porosity or pore space is defined as the collective open spaces of the 

formation or a measure of the amount of liquid or gas that may be absorbed or 

produced by a particular formation (ISR GEIS). The porosity of the ore zone 

within the proposed project area was determined by laboratory analysis of core 

samples collected during exploration drilling. The porosity is estimated to 

average 34% across the proposed project area.  

The flare is a proportionality factor that estimates the amount of aquifer 

water outside of the pore volume that has been affected by lixiviant flow during 

the recovery phase (GEIS). Flare estimates usually include a horizontal and 

vertical flare factor. The horizontal flare is the volume of water affected by 

lixiviant outside the edge of the wellfield pattern. The vertical flare is the 

volume of water affected by lixiviant above and below the completion interval. 

Strata estimates the horizontal flare at 35% and the vertical flare at 20%. This 

is consistent with other ISRs as described in TR Section 6.1.6. The horizontal 

flare estimate is also supported by the results and simulations presented in the 

groundwater model report as described in TR Addendum 2.7-H. 

An estimate of the PVD of a typical wellfield module is calculated as 

follows, where 7.48 is the conversion factor for cubic feet to gallons of water: 

PVD = 11.0 feet x 248,000 ft2 x 0.34 x 1.62 x 7.48 = 11.2 million gallons 

The duration of the aquifer restoration phase was based on the 

processing and circulation of 9.5 pore volumes of groundwater at the liquid 

processing rates specified in the calculation work sheets for each phase in 

Attachment RAP-2(A). The financial assurance will be maintained at this level 

until the number of pore volumes required to satisfactorily complete each 

phase has been demonstrated. 

Strata will adjust the financial assurance budget for aquifer restoration 

during each annual update review to reflect experience gained from actual 
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operation. Because the restoration equipment such as wellfield pumps, lined 

retention ponds, the deep disposal wells, the RO units, laboratory equipment, 

trucks, and field equipment will have been incurred for production process 

operations, they are considered operational capital and are not included as 

capital requirements in any of the RAP budget items. NRC will be able to verify 

the availability of the restoration equipment during routine inspections. 

2.2 Description of Work 

The first stage of aquifer restoration is groundwater sweep, in which 

groundwater is pumped from the wellfield module with no reinjection. This 

causes water from the formation surrounding the wellfield module to sweep 

through the wellfield toward the recovery wells. Based on the anticipated 

aquifer restoration schedule (refer to S-1 in Attachment RAP-3), during most 

aquifer restoration normal operations, when some wellfield modules are 

undergoing groundwater sweep while others are in RO treatment with permeate 

injection, the water removed from the groundwater sweep is taken to the RO 

units (see below) and the purified water (RO permeate) is reinjected into the 

wellfield module(s) undergoing RO treatment with permeate injection. The brine 

from the RO units is taken to the lined retention ponds and then to a deep 

disposal well. For the first wellfield module undergoing groundwater sweep, it is 

assumed there are no wells concurrently in RO treatment with permeate 

injection. Thus, the groundwater from the groundwater sweep will be taken to 

the RO units, the high-quality permeate will be discharged (assuming a 

temporary WYPDES permit can be obtained) and the brine will be taken to the 

deep disposal wells. It is estimated that the groundwater sweep will remove 

about 0.5 PVD from the wellfield at a rate of 75 gpm per wellfield module. Only 

one wellfield will typically be in this phase of restoration at one time. The 

duration of the sweep will be about two months per module.  

RO is a water treatment process whereby the majority of dissolved ions, 

which are too large to pass through a filter that passes pure water molecules, 

are concentrated into brine. The product water that passes through the filter 
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typically meets drinking water standards and during most restoration activities 

is reinjected back into the wellfield. This reinjection of relatively pure water 

mixes with formation water and helps bring the quality of the underground 

solutions toward baseline quality.  During restoration the brine is pumped to a 

surge tank or lined retention pond to level out flow rates and then pumped to 

one of the disposal wells. Groundwater recovered from a depleted portion of the 

ore zone will be treated with an antiscalant and/or sulfuric acid to prevent 

fouling; these are the only pretreatment chemicals budgeted. The water will 

also pass through a pre-filtration system for particulate removal. To achieve RO 

purification, the pretreated solution is pressurized and directed to the first step 

of a two-stage RO process. Approximately 70 percent of the total feed volume 

will be converted to product water in the first stage. The brine water of the first 

stage will then act as the feed for the second stage, which yields an overall 

permeate recovery rate of approximately 85 percent. The RO equipment is sized 

to operate at a nominal capacity of 1,100 gpm. This is sufficient to treat the 

approximately 515 gpm from each of two modules typically in the RO treatment 

with permeate injection phase and one module in the groundwater sweep 

phase. It is estimated that each module will require RO treatment with 

permeate injection for about 4 months. With two modules at a time undergoing 

RO treatment with permeate injection for a 4-month period, the time to 

sequentially complete this process for the five initial wellfield modules will be 

about 12 months. The total time for groundwater sweep plus RO treatment 

with permeate injection is anticipated to be 14 months (refer to reference S-1 in 

Attachment RAP-3). 

The third phase of aquifer restoration is groundwater recirculation, 

which begins after completion of the RO treatment with permeate injection 

phase. In this phase, water from the production zone will be pumped from 

recovery wells and recirculated into injection wells in the same module. This 

recirculation will homogenize the groundwater and help reduce the risk of “hot 

spots,” or areas of unusually high concentrations of dissolved constituents. The 

only treatment that will occur during recirculation will be filtration and/or 
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uranium/vanadium removal. It is expected that one PVD will be removed from 

the wellfield during this phase, at a rate of 300 gpm per module. The total 

duration of active aquifer restoration (groundwater sweep, RO treatment with 

permeate injection, and groundwater recirculation) is estimated to be 15 

months for the first five wellfield modules. 

There will be up to five deep disposal wells at the Ross ISR Project used 

for disposal of brine and any other waste water that does not meet criteria for 

discharge. However, only three deep disposal wells are anticipated to be 

installed during the first year of licensed activities. The capital costs will have 

been borne by Strata during construction of the plant facilities, but there will 

be operating and maintenance costs and costs for antiscalant and corrosion 

inhibitors. The lined retention ponds will be used to store the water until it is 

ready for deep well disposal. Ponds will have excess capacity to handle 

variations in water production, since the capacity of each deep disposal well 

will be relatively fixed by formation characteristics. 

The final step in aquifer restoration will be the stability monitoring 

phase, which will be used to ensure that chemical species of concern do not 

increase in concentration subsequent to restoration. The stability monitoring 

phase is described in Section 6.1.2.5 of the TR and includes well sampling, 

data analysis and reporting. If the stability monitoring indicates that one or 

more dissolved parameters in the restored wellfield is trending above the target 

restoration value (TRV) for that parameter, it may be necessary to repeat one or 

more of the active restoration phases (groundwater sweep, RO with reinjection, 

or recirculation). 

3. Facilities Area Decommissioning and Reclamation 

Following wellfield restoration and stability monitoring, when it is certain 

that the water treatment equipment is no longer needed, reclamation can begin 

on the surface facilities. Procedures are fully described in Sections 6.2 and 6.3 

of the TR. Detailed cost estimates for the facilities area decommissioning and 
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reclamation are provided in Attachment RAP-2(B). The following tabulation 
shows a summary of the major cost items for this phase of work. 

 

 Item        
Buildings      $   411,373.56 

Cost 

Equipment      $   516,538.25 
Concrete      $   860,964.28 
Ponds       $    243,288.99 
Earthwork      
Total Facilities Reclamation Cost  $ 2,398,837.74 

$   366,672.66 

 

3.1 Buildings 

Structures and equipment will be decontaminated or deposited at an 
NRC or agreement state approved waste facility site. Details regarding disposal 
of structures and equipment are discussed in Section 6.3 of the TR. Buildings 
to be removed include the CPP, chemical storage building, 
warehouse/maintenance building, administration building, and security 
building. Decontamination of salvageable building materials, equipment, pipe, 
and other materials to be released for unrestricted use will be accomplished by 
completing a preliminary radiological survey to determine the location and 
extent of the contamination and to identify any hazards as described in 
Section 6.3.3 of the TR. Processing and water treatment equipment, including 
tanks, filters, IX columns, pipes, and pumps, will be prepared, including 
decontamination if necessary, for use at another location or dismantled and 
disposed of in accordance with applicable regulations. Materials contaminated 
with other industrial constituents will be disposed of at an appropriately 
licensed facility. Decontaminated and non-contaminated materials will be 
removed for salvage or disposed of at an appropriately licensed solid waste 
facility. Structures will be decontaminated, if necessary, and moved to a new 
location and salvaged or disposed at an appropriately licensed solid waste 
facility. Concrete flooring, foundations, and foundation materials will be 
decontaminated, if necessary, broken up, and disposed of at an appropriately 
licensed facility.  
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3.2 Ponds 

Work required to reclaim the ponds will include brine disposal in the 

deep disposal wells, removal of the liner and brine residue to a licensed 11.e(2) 

disposal site, disposal of all non-11.e(2) solid waste from the leak detection 

piping to an approved landfill, regrading to restore original topography, topsoil 

replacement and revegetation. This work is described in Section 6.2 of the TR 

and the detailed quantities and unit prices used to estimate the reclamation 

costs are provided in Attachment RAP-2(B). 

3.2 Earthwork 

After the buildings and ponds are demolished and removed, the entire 

site will be regraded to restore the original topography, topsoil will be replaced 

to approximate its original depth, and the area will be regraded. Earthwork 

costs to complete the regrading of the CPP, parking areas, and access roads are 

provided in Attachment RAP-2(B). The work is described in detail in Section 6.2 

of the TR. 

3.3 Containment Barrier Wall 

The containment barrier wall (CBW) at the CPP will be reclaimed to the 

extent necessary to restore the flow pattern of shallow groundwater. 

Reclamation of this wall will be accomplished by creating a series of breaches, 

also known as finger drains, along the CBW. Each finger drain will consist of a 

1.5 ft wide by ~25 ft long trench that is cut through the CBW at a right angle 

and to a depth that is ~2 ft below the lowest historical ground water level. 

Gravel will be placed in the trench from the bottom to a point ~2 ft above the 

highest recorded ground water level such that a highly permeable flow path is 

created through the CBW. The remaining trench will be backfilled with topsoil 

and seeded. 
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This method of CBW reclamation was selected as a means of effectively 

restoring the ground water flow system in the CPP area, while minimizing 

surface and environmental disturbance. The cost estimate for this phase of 

work is included in Attachment RAP-2(B). 

4. Wellfield Equipment Removal and Disposal 

Decommissioning and reclamation of the wellfields will include removal 

of the module buildings and all pipes and utilities connecting the wells to the 

module buildings and the CPP, shredding or chipping the solid materials to 

reduce the volume, and disposing of these materials in an approved municipal 

landfill or licensed 11e.(2) waste site as appropriate, and reclaiming the surface 

as described for the other surface facilities. The unit quantities and prices for 

each item of work in this task are included in Attachment RAP-2(C). The costs 

for this phase of work are summarized as follows: 

 Item        
Wellfield piping     $1,480,069.23 

Cost 

Module buildings     $     80,643.90 
Valve manholes     $     53,560.40 
Wellheads      $     14,910.00 
Access roads     
Total wellfield reclamation cost  $1,653,423.27 

$     24,239.74 

 

5. Well Abandonment 

All injection, recovery and monitor wells will be cemented from total 

depth to the surface as described in TR Addenda 2.6-E and 4.2-A. This work 

includes reclamation and abandonment of the 450 wellfield wells, 162 monitor 

wells and the 3 deep disposal wells that will be constructed during 

development of the initial five wellfield modules. The unit quantities and prices 

for each item of work in this task are included in Attachment RAP-2(D). The 

costs for this phase of work are summarized as follows: 

 Item       
Recovery, injection and monitor wells $   717,931.08 

Cost 

Deep disposal wells    
Total well abandonment cost   $1,030,261.08 

$   312,330.00 
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6. Radiological Surveys 

During equipment decontamination, smear samples of building and 

equipment surfaces will be collected and analyzed for radiological 

contamination. The results of these samples will drive decontamination efforts. 

Following removal of all structures and regrading of the site to approximate 

original contours, and before topsoil is spread on the regraded area, a gamma 

survey and soil sampling will be conducted as described in Section 6.4 of the 

TR. Soils will be cleaned up in accordance with the requirements of 10 CFR 

Part 40, Appendix A, including consideration of ALARA goals and the chemical 

toxicity of uranium. The proposed limits and ALARA goals for cleanup of soils 

are summarized in section 6.4-3 of the TR. Any areas which do not meet these 

limits will be remediated by removing contaminated soils to an appropriately 

licensed site and regraded. This process will be repeated until all sites meet the 

ALARA goals for cleanup. The unit costs and areas subject to these surveys are 

provided in Attachment RAP-2(E). The total cost for this item of work is 

estimated to be $37,857.50. 

7. Revegetation 

At the completion of the previous tasks, and after topsoil has been 

spread across all regraded areas, all of the disturbed lands will be seeded with 

vegetation species that will return the lands to their pre-project conditions. The 

surface reclamation plan goals will be to return the land to equal or better 

condition than existed prior to uranium recovery, thus making it available for 

“unrestricted use.” The reclaimed land will be capable of supporting livestock 

grazing, dry land farming and wildlife habitat. Baseline soils, vegetation, and 

radiological data will be used to guide the reclamation activities. Unit prices 

and the area to be revegetated are provided in Attachment RAP-2(F). The 

estimated cost to revegetate the area is $66,000. 
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8. Miscellaneous Reclamation Activities 

Costs for miscellaneous reclamation activities not covered in the 

preceding sections are provided in Attachment RAP-2(G) and are summarized 

as follows: 

 Item        
Fence removal     $  36,361.62 

Cost 

Overhead power line removal   $           0.00 
Buried electrical line removal   $  89,100.00 
Buried gas line removal    $  49,686.00 
Transformer removal and disposal  $  14,080.00 
Surface water monitoring sta. removal $    7,035.60 
Air quality/met. sta. removal   $    6,205.36 
Culvert removal     $    5,613.56 
Chipper/shredder rental/operation  

 Total miscellaneous costs   $268,082.14 
$  60,000.00 

 

9. References 

CBR (Crow Butte Resources, Inc.), 2000, Mine Unit 1 Restoration Report, Crow 
Butte Uranium Project, January 10, 2000, NRC ADAMS Accession No. 
ML003677938. 

COGEMA Mining, Inc., 2008, Irigaray and Christensen Ranch Projects U.S. 
NRC License Renewal Application, Source Material License SUA-1341, 
May 2008, NRC ADAMS Accession No. ML081890414. 

NRC (U.S. Nuclear Regulatory Commission), 2009, NUREG-1910, Generic 
Environmental Impact Statement for In-Situ Leach Uranium Milling 
Facilities, Final Report, May 2009. 
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ATTACHMENT RAP-1 
FORM OF FINANCIAL ASSURANCE 
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The financial assurance funding mechanism is currently unknown; 
however, Strata will provide a mechanism for the approved financial assurance 
estimate in accordance with the conditions as set forth in 10 CFR Part 40, 
Appendix A, Criterion 9, prior to beginning active uranium recovery operations. 
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ATTACHMENT RAP-2  
DETAILED COST ESTIMATES 
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Item Attachment Worksheets Cost
I. Aquifer Restoration RAP-2(a) AR-1 through AR-8 2,940,923.42$       
II. Facilities Area RAP-2(b) FAC-1 through FAC-12 2,398,837.74$       
III. Wellfield Equipment RAP-2(c) WF-1 through WF-12 1,653,423.27$       
IV. Well Abandonment RAP-2(d) WA-1 1,030,261.08$       
V. Radiological Survey RAP-2(e) RAD-1 37,857.50$            
VI. Revegetation RAP-2(f) VEG-1 66,000.00$            
VII. Miscellaneous RAP-2(g) MISC-1 through MISC-2 268,082.14$          

Subtotal 8,395,385.15$       

VIII. Project Management @ 2% 167,907.70$          
IX. Contingency @ 15% 1,259,307.77$       

Total Reclamation Cost 9,822,600.63$       

RECLAMATION SUMMARY
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Attachment RAP-2(A) 
Costs for Aquifer Restoration 
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I. AQUIFER RESTORATION SUMMARY AR-1

Item Cost
I. Groundwater Sweep 52,669.28$                     
II. Reverse Osmosis with Permeate Injection 596,091.13$                   
III. Groundwater Recirculation 12,613.01$                     
IV. Monitoring 94,500.00$                     
V. Labor 1,943,550.00$                

VII. Miscellaneous 241,500.00$                   
Total Aquifer Restoration Cost 2,940,923.42$                
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I. AQUIFER RESTORATION 
  

AR-2 

    TECHNICAL ASSUMPTIONS       
Item   Unit Notes 
Average wellfield module area 248,000 sq-ft Refer to RAP text 
Average wellfield module area 5.7 ac Calculated 
Average completed thickness 11 ft Refer to RAP text 
Affected volume       

Vertical flare factor 20%   Refer to RAP text 
Horizontal flare factor 35%   Refer to RAP text 
Porosity 34%   Refer to RAP text 
Gallons per cubic foot 7.48   Conversion factor 

Gallons per pore volume displacement (PVD) 11,239,316 gal Calculated 
Total number of wellfield modules  5   Refer to RAP text 
Number of injection, recovery, and monitor 
wells       

Average recovery wells per module 36   Preliminary wellfield design 
Average injection wells per module 54   1.5 injection wells: 1 recovery well 
Average recovery/injection wells per 

module 90   Calculated 
Total recovery/injection wells per 5 

modules 450   Calculated 

Monitor wells (total all modules) 162   

Assumes all monitor wells will be installed for 
both mine units (114 perimeter, 24 overlying, 
24 underlying) 

Total recovery/injection/monitor wells 612   Calculated 

Average well depth 500 ft 
TR Table 6.1-7 
(OZ depth = 410-700 ft) 
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I. AQUIFER RESTORATION - GROUNDWATER SWEEP AR-3

Operating Assumptions References
Flow rate 75 gpm TR Table 6.1-4
PVDs required 0.5 PVD Refer to RAP text
Total groundwater sweep volume 5,619,658 gal Calculated
Total groundwater sweep volume 5,620 kgal Calculated

Minutes 74,929 min Calculated
Days 52 days Calculated

Recovery Well Pumping Costs

Average flow rate per pump 17 gpm
Estimated average recovery rate based on 
aquifer tests

Number of pumps required 5 Calculated
Power input per pump 4.0 kW Reference P-1
Electrical requirement 20.0 kW Calculated
Electrical consumption 24,976 kWh Calculated
Power cost 0.04$                /kWh Tiered rate is $0.03 to $0.04 per PRECorp

Total Recovery Well Pumping Cost 999.05$            

Recovery Booster Pumps
Average flow 75 gpm

Electrical requirement 5.0 kW
Reference P-2; reduced by 75% due to much 
lower flow rate

Electrical consumption 6,244 kWh Calculated
Power cost 0.04$                /kWh Tiered rate is $0.03 to $0.04 per PRECorp

Total Recovery Booster Pumping Cost 249.76$            

Reverse Osmosis Treatment
2-Stage RO treatment cost 0.88$                /kgal Reference RO-1

Total RO Treatment Cost 4,945.60$         

Permeate Disposal
Permeate volume after Stage 1 RO 3,934 kgal 70% recovery (TR Fig. 3.1-13)
Permeate volume after Stage 2 RO 4,777 kgal 50% recovery (TR Fig. 3.1-13)
Excess permeate Module 1* 100%
Excess permeate Modules 2-5* 0%
Average excess permeate 20% Calculated
Average excess permeate 955 kgal Calculated

Cost of permeate disposal 0.15$                /bbl
Estimated disposal cost (land application, 
WYPDES discharge, etc.)

Cost of permeate disposal 3.57$                /kgal Calculated
Total Permeate Disposal Cost 3,412.14$         

Brine Disposal
Brine volume after Stage 1 RO 1,686 kgal 30% of influent (TR Fig. 3.1-13)
Brine volume after Stage 2 RO 843 kgal 50% of influent (TR Fig. 3.1-13)
Deep disposal well cost 1.10$                /kgal See DDW-1 worksheet

Total Brine Disposal Cost 927.30$            

TOTAL COST PER MODULE 10,533.86$       
TOTAL COST FOR 5 MODULES 52,669.28$       

GROUNDWATER SWEEP COST ESTIMATE PER MODULE

Duration of Groundwater Sweep

*Excess permeate will only be generated when the first module undergoes groundwater sweep. After that all permeate will 
be reinjected into modules undergoing RO treatment with permeate injection. Therefore, the volume has been divided by 5 
to in order to find the total cost per module.
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I. AQUIFER RESTORATION - RO TREATMENT AR-4
   WITH PERMEATE INJECTION

Average flow rate 515 gpm TR Table 6.1-4
PVDs required 8 PVDs Refer to RAP text
Total RO/permeate injection volume 89,914,528 gal Calculated
Total RO/permeate injection volume 89,915 kgal Calculated

Minutes 174,591 min Calculated
Days 121 days Calculated

Average flow rate per pump 17 gpm
Estimated average recovery rate based on aquifer 
tests

Number of pumps required 31 Calculated
Power input per pump 4.0 kW Reference P-1
Electrical requirement 124.0 kW Calculated
Electrical consumption 360,822 kWh Calculated
Power cost 0.04$             /kWh Tiered rate is $0.03 to $0.04 per PRECorp

Total Recovery Well Pumping Cost 14,432.88$    

Average flow rate 515 gpm
Electrical requirement 20.0 kW Reference P-2
Electrical consumption 58,197 kWh Calculated
Power cost 0.04$             /kWh Tiered rate is $0.03 to $0.04 per PRECorp

Total Recovery Booster Pumping Cost 2,327.88$      

2-Stage RO treatment cost 0.88$             /kgal Reference RO-1
Total RO Treatment Cost 79,124.78$    

Brine volume after Stage 1 RO 26,974 kgal 30% of influent (TR Fig. 3.1-13)
Brine volume after Stage 2 RO 13,487 kgal 50% of influent (TR Fig. 3.1-13)
Cost per kgal 1.10$             /kgal Reference DDW-1

Total Brine Disposal Cost 14,835.90$    

Average flow rate per pump 467.5 gpm
TR Figure 3.1-13 (935 gpm/2 - 2 modules in RO 
treatment/permeate injection at once)

Electrical requirement 15 kW Reference P-4
Electrical consumption 43,648 kWh Calculated
Power cost 0.04$             /kWh Tiered rate is $0.03 to $0.04 per PRECorp

Total CPP Permeate Pump Cost 1,745.91$      

Average flow rate per pump 467.5 gpm See above
Electrical requirement 58 kW Reference P-3
Electrical consumption 168,772 kWh Calculated
Power cost 0.04$             /kWh Tiered rate is $0.03 to $0.04 per PRECorp

Total Injection Booster Pump Cost 6,750.86$      

TOTAL COST PER MODULE 119,218.23$  
TOTAL COST FOR 5 MODULES 596,091.13$  

Brine Disposal

REVERSE OSMOSIS TREATMENT WITH PERMEATE INJECTION COST PER MODULE
Operating Assumptions

Duration of RO treatment with permeate injection

Recovery Well Pumping Costs

Recovery Booster Pumps

Reverse Osmosis Treatment

CPP Permeate Pumps

Injection Booster Pump
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I. AQUIFER RESTORATION - RECIRCULATION AR-5

Average flow rate 300 gpm TR Table 6.1-4
PVDs required 1 PVD TR Table 6.1-3
Total recirculation volume 11,239,316 gal Calculated
Total recirculation volume 11,239 kgal Calculated

Minutes 37,464 min Calculated
Days 26 day Calculated

Average flow rate per pump 17 gpm Estimated average recovery rate based on aquifer tests
Number of pumps required 18 Calculated
Power input per pump 4.0 kW Reference P-1
Electrical requirement 72.0 kW Calculated
Electrical consumption 44,957 kWh Calculated
Power cost 0.04$           /kWh Tiered rate is $0.03 to $0.04 per PRECorp

Total Recovery Well Pumping Cost 1,798.29$    

Average flow rate per pump 300 gpm

Electrical requirement 29.0 kW Reference P-2; reduced by 50% due to lower flow rate
Electrical consumption 18,108 kWh Calculated
Power cost 0.04$           /kWh Tiered rate is $0.03 to $0.04 per PRECorp

Total Injection Booster Pump Cost 724.31$       

TOTAL COST PER MODULE 2,522.60$    
TOTAL COST FOR 5 MODULES 12,613.01$  

Injection Booster Pump

RECIRCULATION COST PER MODULE
Operating Assumptions

Duration of recirculation

Recovery Well Pumping Costs
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I. AQUIFER RESTORATION - MONITORING AR-6

Monitoring period 7 months

Reference S-1; 2 months groundwater 
sweep plus 4 months RO/permeate 
injection plus 1 month recirculation

Number of wells to sample 10 wells Estimated monitor wells per module
Number of samples per month per well 2 Based on sampling every 2 weeks

Price per sample 50.00$             
Approximate 2011 contract laboratory 
cost

Excursion monitoring cost 7,000.00$        Calculated

Monitoring period 7 months

Reference S-1; 2 months groundwater 
sweep plus 4 months RO/permeate 
injection plus 1 month recirculation

Number of wells to sample 2 wells Based on 1 per 3-4 acres (5.7 acres/4)
Number of samples per month per well 1 Based on sampling every month

Price per sample 330.00$           
Approximate 2011 contract laboratory 
cost

Verification monitoring cost 4,620.00$        Calculated
Total Active Restoration Monitoring Cost 11,620.00$      

Monitoring period 12 months Reference S-1
Number of wells to sample 10 wells Estimated monitor wells per module
Number of samples per month per well 0.33 Based on sampling quarterly

Price per sample 50.00$             
Approximate 2011 contract laboratory 
cost

Excursion monitoring cost 2,000.00$        

Monitoring period 12 months Reference S-1

Number of wells to sample 2 wells Based on 1 per 3-4 acres (5.7 acres/4)
Number of samples per well 8 TR Section 6.1.2.5

Price per sample 330.00$           
Approximate 2011 contract laboratory 
cost

Verification monitoring cost 5,280.00$        Calculated
Total Stability Monitoring Cost 7,280.00$        

TOTAL MONITORING COST PER MODULE 18,900.00$      
TOTAL COST FOR 5 MODULES 94,500.00$      

Excursion Monitoring

Stability Verification Monitoring

MONITORING

Monitoring during Active Restoration
Excursion Monitoring

Restoration Verification Monitoring

Stability Monitoring
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I. AQUIFER RESTORATION - LABOR AR-7

Time of active aquifer restoration 15 months Reference S-1
Time of stability 
monitoring/decommissioning without active 
restoration 21 months Reference S-1

Number of employees 20 Reference ER Table 4.2-1
Annual salary 50,000.00$          Reference ER Section 4.10.1.2

Overhead multiplier 1.0 Benefits and payroll taxes included in salary
Profit multiplier 1.12 Estimate
Total employee annual cost 56,000.00$          Calculated

Total Employee Cost during Active 
Restoration 1,400,000.00$     

Number of employees 5
Annual salary 50,000.00$          Reference ER Section 4.10.1.2

Overhead multiplier 1.0 Benefits and payroll taxes included in salary
Profit multiplier 1.12 Estimate
Total employee annual cost 56,000.00$          Calculated

Total Employee Cost During Stability 
Monitoring/Decommissioning 490,000.00$        

Total Employee Cost 1,890,000.00$     

Number of vehicles 10 From emissions spreadsheet
Miles per day per vehicle 10 miles Estimate (within licensed area)
Cost per mile 0.51$                   /mile Based on IRS mileage rate for 2011

Number of days per year 350 days
Based on vehicles running 50 weeks out of 
the year

Number of years 3.0 years Calculated
Total Vehicle Cost 53,550.00$          

TOTAL LABOR COST $1,943,550.00

Stability Monitoring/Decommissioning

Vehicles

Active Aquifer Restoration

LABOR
Operating Assumptions

Employees
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I. AQUIFER RESTORATION - MISCELLANEOUS AR-8

Time of active aquifer 
restoration 15 months Reference S-1
Time of stability 
monitoring/decommissioning 
without active restoration 21 months Reference S-1

Monthly electricity cost 8,000.00$          
From preliminary plant design (excludes process-
related electrical consumption)

Monthly gas cost 6,000.00$          
From preliminary plant design (excludes process-
related gas consumption)

Active restoration utilities 210,000.00$      During 15 months of aquifer restoration

Monthly electricity cost 1,000.00$          Estimate for administration building, warehouse, etc.

Monthly gas cost 500.00$             Estimate for administration building, warehouse, etc.

Stability monitoring/
decommissioning utilities 31,500.00$        

During 21 months of stability 
monitoring/decommissioning without active 
restoration

Total Utilities Cost 241,500.00$      

Pumping systems -$                   Pumping systems in place during operation phase
RO systems -$                   RO units in place during operation phase

Deep disposal wells Deep disposal wells in place during operation phase

Excursion cleanup cost -$                   
Cost estimates will be updated in the event an 
excursion occurs

Total Capital Cost -$                   

TOTAL MISCELLANEOUS COST 241,500.00$      

MISCELLANEOUS

Utilities

Capital

Operating Assumptions

Active Aquifer Restoration

Stability Monitoring/Decommissioning
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Attachment RAP-2(B) 
Costs for Facilities Area Decommissioning and Reclamation 
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II. FACILITIES AREA - SUMMARY FAC-1

Item Cost
I. Buildings 411,373.56$                                             
II. Equipment 516,538.25$                                             
III. Concrete 860,964.28$                                             
IV. Lined Retention Ponds 243,288.99$                                             
V. Earthwork 366,672.66$                                             

Total Facilities Cost 2,398,837.74$                                          

Ross ISR Project 33   TR Addendum 6.1-A 
                 April 2012 
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II. FACILITIES - BUILDINGS FAC-2

Length 370 ft TR Fig. 3.2-1
Width 200 ft TR Fig. 3.2-1
Height 30 ft Preliminary CPP design
Volume 2,220,000 ft3 Calculated

Demolition unit cost 0.125$             /ft3

WDEQ/LQD Guideline 12, Appendix K (Ref. LQD-
K), less 50% for lack of interior building walls per 
RSMeans 02 41 16.13.5000

Demolition cost 277,500.00$    

Unit building weight 15 lb/ft2 ASCE 7-05
Building weight 555 tons Calculated
Salvage % 60% Conservatively assumes zero net salvage value
Weight of material to dispose 222 tons Calculated
Density of construction debris 2,000 lb/yd3 Typical of construction debris
Volume of material for disposal 222 yd3 Calculated
Volume per truck 20 yd3 ER Section 4.13.1.1.2.1
Number of trucks 12 trucks Calculated
Distance to landfill 23 miles Moorcroft landfill

Cost per mile 3.00$               /mile
Actual 2010 costs from northeast Wyoming 
contract waste hauler

Total Transportation Cost 828.00$           

Disposal fee 56.80$             /ton Reference L-1
Disposal cost 12,609.60$      Calculated

Total CPP Cost 290,937.60$    

Length 98 ft TR Fig. 3.2-8
Width 50 ft TR Fig. 3.2-8
Height 30 ft Preliminary design
Volume 147,000 ft3 Calculated

Demolition unit cost 0.125$             /ft3

WDEQ/LQD Guideline 12, Appendix K (Ref. LQD-
K), less 50% for lack of interior building walls per 
RSMeans 02 41 16.13.5000

Demolition cost 18,375.00$      

Unit building weight 15 lb/ft2 ASCE 7-05
Building weight 37 tons Calculated
Salvage % 60% Conservatively assumes zero net salvage value
Weight of material to dispose 15 tons Calculated
Density of construction debris 2,000 lb/yd3 Typical of construction debris
Volume of material for disposal 15 yd3 Calculated
Volume per truck 20 yd3 ER Section 4.13.1.1.2.1
Number of trucks 1 trucks Calculated
Distance to landfill 23 miles Moorcroft landfill

Cost per mile 3.00$               /mile
Actual 2010 costs from northeast Wyoming 
contract waste hauler

Total Transportation Cost 69.00$             

Disposal fee 56.80$             /ton Reference L-1
Disposal cost 834.96$           Calculated

Total Chemical Storage Building Cost 19,278.96$      

Disposal

I. Buildings (Excludes Concrete)

Disposal

Transportation

Demolition

Dimensions
CPP

Transportation

Demolition

Chemical Storage Building
Dimensions
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II. FACILITIES - BUILDINGS FAC-3

Length 150 ft TR Fig. 3.1-16
Width 100 ft TR Fig. 3.1-16
Height 30 ft Estimate
Volume 450,000 ft3 Calculated

Demolition unit cost 0.125$             $/ft3

WDEQ/LQD Guideline 12, Appendix K (Ref. LQD-
K), less 50% for lack of interior building walls per 
RSMeans 02 41 16.13.5000

Demolition cost 56,250.00$      

Unit building weight 15 lb/ft2 ASCE 7-05
Building weight 113 tons Calculated
Salvage % 60% Conservatively assumes zero net salvage value
Weight of material to dispose 45 tons Calculated
Density of construction debris 2,000 lb/yd3 Typical of construction debris
Volume of material for disposal 45 yd3 Calculated
Volume per truck 20 yd3 ER Section 4.13.1.1.2.1
Number of trucks 3 trucks Calculated
Distance to landfill 23 miles Moorcroft landfill

Cost per mile 3.00$               /mile
Actual 2010 costs from northeast Wyoming 
contract waste hauler

Total Transportation Cost 207.00$           

Disposal fee 56.80$             /ton Reference L-1
Disposal cost 2,556.00$        Calculated

Total Warehouse/Maint. Bldg. Cost 59,013.00$      

Length 100 ft TR Fig. 3.1-16
Width 100 ft TR Fig. 3.1-16
Height 15 ft Estimate
Volume 150,000 ft3 Calculated

Demolition Unit Cost 0.25$               $/ft3
From WDEQ/LQD Guideline 12, Appendix K (Ref. 
LQD-K)

Demolition Cost 37,350.00$      

Unit building weight 15 lb/ft2 ASCE 7-05
Building weight 75 tons Calculated
Salvage % 25% Conservatively assumes zero net salvage value
Weight of material to dispose 56 tons Calculated
Density of construction debris 2,000 lb/yd3 Typical of construction debris
Volume of material for disposal 56 yd3 Calculated
Volume per truck 20 yd3 ER Section 4.13.1.1.2.1
Number of trucks 3 trucks Calculated
Distance to landfill 23 miles Moorcroft landfill

Cost per mile 3.00$               /mile
Actual 2010 costs from northeast Wyoming 
contract waste hauler

Total Transportation Cost 207.00$           

Disposal fee 56.80$             /ton Reference L-1
Disposal cost 3,195.00$        Calculated

Total Administration Building Cost 40,752.00$      

Transportation

Administration Building
Dimensions

Dimensions

Demolition

Transportation

Disposal

Disposal

Demolition

Warehouse/Maintenance Building
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II. FACILITIES - BUILDINGS FAC-4

Length 20 ft Preliminary design
Width 20 ft Preliminary design
Height 12 ft Estimate
Volume 4,800 ft3 Calculated

Demolition Unit Cost 0.25$               $/ft3 Reference LQD-K
Demolition Cost 1,195.20$        

Unit building weight 15 lb/ft2 ASCE 7-05
Building weight 3 tons Calculated
Salvage % 25% Conservatively assumes zero net salvage value
Weight of material to dispose 2 tons Calculated
Density of construction debris 2,000 lb/yd3 Typical of construction debris
Volume of material for disposal 2 yd3 Calculated
Volume per truck 20 yd3 ER Section 4.13.1.1.2.1
Number of trucks 1 trucks Calculated
Distance to landfill 23 miles Moorcroft landfill

Cost per mile 3.00$               /mile
Actual 2010 costs from northeast Wyoming 
contract waste hauler

Total Transportation Cost 69.00$             

Disposal fee 56.80$             /ton Reference L-1
Disposal cost 127.80$           Calculated

Total Security Building Cost 1,392.00$        

TOTAL BUILDING 
DEMOLITION/DISPOSAL COST 411,373.56$    

Demolition

Dimensions

Disposal

Security Building

Transportation
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II. FACILITIES - EQUIPMENT FAC-5

CPP Quantity Unit Volume Volume
Equipment List (ft3/unit) (ft3)

Lab equipment 1 75 75 Estimate
Caustic soda tank 4 2,271 9,082 TR Figure 3.2-1
RO unit 4 1,389 5,556 TR Table 3.2-2
Restoration guard column 1 1,350 1,350 TR Table 3.2-2
Waste water (brine) tank 1 10,857 10,857 TR Table 3.2-2
Pumps 12 4 48 Estimate
Backwash tank 2 1,696 3,393 TR Table 3.2-2
De-sanding tank 3 1,696 5,089 TR Table 3.2-2
Thickener tank 2 26,179 52,358 TR Table 3.2-2
Uranium precipitation tank 10 942 9,425 TR Table 3.2-2
Vanadium precipitation tank 5 226 1,131 TR Table 3.2-2
Elution tank 6 2,375 14,250 TR Table 3.2-2
IX column 15 1,350 20,250 TR Table 3.2-2
Resin conditioning/resin
water tank 2 2,036 4,072 TR Table 3.2-2
Resin screen 6 128 768 Preliminary CPP design from Lyntek
Yellowcake dryer 1 15,000 15,000 Estimate
Filter press 1 288 288 Preliminary CPP design from Lyntek
Wet scrubber 1 300 300 Preliminary CPP design from Lyntek
Vanadium dryer 1 15,000 15,000 Preliminary CPP design from Lyntek
Vanadium filter 1 300 300 Preliminary CPP design from Lyntek

168,593 ft3

6,244 yd3

Dismantling/demolition duration 90 days

Daily dismantling/demolition cost 1,525.00$      /day
Dismantling/demolition cost 137,250.00$  
Dismantled/demolished volume 3,122 yd3

Decontamination unit cost 31.00$           /yd3

Total Decontamination Cost 96,782.00$    
Total Cost 234,032.00$  

Salvage percentage 50%
Salvage volume 1,561 yd3

Volume to landfill 1,171 yd3

Volume to 11e.(2) disposal site 390 yd3

Volume per truckload 20 yd3

Number of trucks to landfill 59 trucks
Distance to landfill 23 miles
Number of trucks to 11e.(2) 
disposal site 20 trucks
Distance to 11e.(2) disposal site 235 miles

Transportation cost 3.00$             /mile
Total transportation cost 18,171.00$    

Landfill disposal fee 56.80$           /ton
Equipment debris bulk density 2,000 lb/yd3

Equipment weight 1,171 tons
Landfill cost 66,498.60$    
11e.(2) disposal fee 405.00$         /yd3

11e.(2) disposal cost 158,051.25$  
Total disposal cost 224,549.85$  

Total CPP Equipment Cost 476,752.85$  

Total volume =
Total volume =

II. Equipment Removal/Disposal

Dismantling/Demolition/Decontamination

Calculated
Calculated

Reference L-1

Industry comparison, $15/ft3
Calculated

Disposal

Actual 2010 costs from northeast Wyoming 
contract waste hauler

Typical of construction debris
Calculated

To Pathfinder Shirley Basin Facility

Calculated

75% of demolished, non-salvaged volume, estimate

25% of demolished, non-salvaged volume, estimate
ER Section 4.13.1.1.2.1

Calculated

To Moorcroft

Estimate

RSMeans 2011, 02 42 10.20.9000, cost for 
hydraulic crane and crew

Estimate
Assume no net salvage value

Transportation

50% of total volume, estimate
From industry comparison
Calculated
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II. FACILITIES - EQUIPMENT FAC-6

Chemical Storage Quantity Unit Volume Volume
Equipment List (ft3/unit) (ft3)

Sulfuric Acid 1 1,357 1,357 TR Table 3.2-2
Hydrogen Peroxide 1 1,357 1,357 TR Table 3.2-2
Ammonium Sulfate Mix 2 2,232 4,464 TR Table 3.2-2
Bicarbonate Mix 3 2,232 6,696 TR Table 3.2-2
Ammonia 1 419 419 TR Table 3.2-2
Carbon Dioxide 1 419 419 TR Table 3.2-2
Oxygen 2 419 838 Preliminary design from Lyntek

Total Volume = 15,551 ft3

Total Volume = 576 yd3

Dismantling/demolition duration 15 days

Daily dismantling/demolition cost 1,525.00$      /day
Dismantling/demolition cost 22,875.00$    
Dismantled/demolished volume 288 yd3

Decontamination unit cost 31.00$           /yd3

Total decontamination cost 8,928.00$      
Total Demolition Cost 31,803.00$    

Salvage percentage 50%
Salvage volume 144 yd3

Volume to landfill 144 yd3

Volume per truckload 20 yd3

Number of trucks to landfill 8 trucks
Distance to landfill 23 miles

Cost per mile 3.00$             /mile
Total Transportation Cost 552.00$         

Landfill disposal fee 56.80$           /ton
Equipment debris bulk density 2,000 lb/yd3

Equipment weight 144 tons
Landfill cost 8,179.20$      
Landfill disposal fee 56.80$           /yd3

Total Disposal Cost 16,358.40$    
Total Chemical Storage Cost 39,785.40$    

Warehouse/Maintenance -$               
Administration Building -$               
Security -$               

TOTAL EQUIPMENT 
REMOVAL/DISPOSAL COST 516,538.25$  

Dismantling/Demolition

Reference L-1

Equipment costs included in building cost
Equipment costs included in building cost
Equipment costs included in building cost

Estimate

Industry comparison
Calculated

Estimate
Transportation

RSMeans 2011, 02 42 10.20.9000, cost for 
hydraulic crane and crew

50% of total volume, estimate

Calculated

Assume no net salvage value
100% of demolished, non-salvaged volume, 
estimate

Reference L-1
Typical of construction debris
Calculated

Disposal

Actual 2010 costs from northeast Wyoming 
contract waste hauler

ER Section 4.13.1.1.2.1
Calculated
To Moorcroft
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II. FACILITIES - CONCRETE FAC-7

Length 370 ft Refer to TR Fig. 3.2-1
Width 200 ft Refer to TR Fig. 3.2-1
Thickness 0.5 ft Estimate

Length 1,140 ft Building perimeter
Width 2 ft Estimate
Thickness 3 ft Estimate

Floor slab area 74,000 ft2 Calculated

Floor slab demolition unit cost 5.05$              /ft2
WDEQ/LQD Guideline 12 Appendix K
(Ref. LQD-K)

Floor slab milling unit cost 0.20$              /ft2 From RSMeans 2011, 32 01 16.71.5200
Floor slab demolition cost 373,700.00$   Calculated
Floor slab milling cost 14,504.00$     Calculated

Footer demolition unit cost 18.14$            /ft 
WDEQ/LQD Guideline 12 Appendix K
(Ref. LQD-K)

Footer demolition cost 20,679.60$     
Total demolition cost 408,883.60$   

Volume to landfill 1,933 yd3
Volume of footer plus 90% of floor slab, estimate; 
includes 30% swell factor for void space

Volume to 11e.(2) disposal site 178 yd3
10% of floor slab volume, estimate; includes 30% swell 
factor for void space

Volume per truckload 20 yd3 ER Section 4.13.1.1.2.1
Number of trucks to landfill 97 trucks Calculated
Distance to landfill 23 miles Moorcroft
Number of trucks to 11e.(2) 
disposal site 9 trucks Calculated
Distance to 11e.(2) disposal site 235 miles Pathfinder Shirley Basin Facility

Transportation cost 3.00$              /mile
Actual 2010 costs from northeast Wyoming contract 
waste hauler

Total transportation cost 13,038.00$     

Landfill disposal fee 56.80$            /ton Reference L-1
Density of concrete 100 lb/ft3 Estimate for demolished concrete
Landfill cost 148,222.44$   
11e.(2) disposal  fee 405.00$          /yd3 Industry comparison, $15/ft3

11e.(2) disposal  cost 72,150.00$     
Total Disposal Cost 220,372.44$   
Total CPP Concrete Cost 642,294.04$   

Disposal

III. Concrete Removal/Disposal

Transportation

Demolition

Footers

Floor slab

CPP
Dimensions
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II. FACILITIES - CONCRETE FAC-8

Length 98 ft TR Figure 3.2-8
Width 50 ft TR Figure 3.2-8
Thickness 0.5 ft Estimate

Length 296 ft TR Figure 3.2-8
Height 4 ft TR Figure 3.2-8
Thickness 1 ft TR Figure 3.2-8
Curb area 1,184 ft2 Calculated

Floor slab/curb area 6,084 ft2 Calculated
Floor slab/curb demolition unit 
cost 5.05$              /ft2

WDEQ/LQD Guideline 12 Appendix K
(Ref. LQD-K)

Floor slab milling unit cost -$                /ft2 No radiological contamination
Floor slab demolition cost 30,724.20$     
Floor slab milling cost -$                No radiological contamination
Total Demolition Cost 30,724.20$     

Volume to landfill 175 yd3
Volume of slab/curb; includes 30% swell factor for void 
space

Volume to 11e.(2) disposal site 0.0 yd3 No contamination
Volume per truckload 20 yd3 ER Section 4.13.1.1.2.1
Number of trucks to landfill 9 trucks Calculated
Distance to Landfill 0 trucks Calculated
Number of trucks to 11e.(2) 
disposal site 23 miles Moorcroft

Distance to 11e.(2) Disposal Site 235 miles Pathfinder Shirley Basin Facility

Transportation cost 3.00$              /mile
Actual 2010 costs from northeast Wyoming contract 
waste hauler

Total transportation cost 621.00$          

Landfill disposal fee 56.80$            /ton Reference L-1
Density of concrete 100 lb/ft3 Estimate for demolished concrete
Landfill cost 13,416.73$     
11e.(2) disposal  fee 405.00$          /yd3 Industry comparison, $15/ft3

11e.(2) disposal  cost -$                
Total Chemical Storage Concrete 
Cost 31,345.20$     

Demolition

Curb

Dimensions
Floor slab

Chemical Storage Area

Disposal

Transportation
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II. FACILITIES - CONCRETE FAC-9

Length 250 ft TR Figure 3.1-16
Width 100 ft TR Figure 3.1-16
Thickness 0.33 ft Estimate 4" slab

Length 700 ft Perimeter length
Width 2 ft Estimate
Thickness 3 ft Estimate

Floor slab area 25,000 ft2 Calculated

Floor slab demolition unit cost 5.05$              /ft2
WDEQ/LQD Guideline 12 Appendix K
(Ref. LQD-K)

Floor slab milling unit cost -$                /ft2 No radiological contamination
Floor slab demolition cost 126,250.00$   Calculated
Floor slab milling cost -$                Calculated

Footer demolition unit cost 18.14$            /ft 
WDEQ/LQD Guideline 12 Appendix K
(Ref. LQD-K)

Footer demolition cost 12,698.00$     
Total demolition cost 138,948.00$   

Volume to landfill 603 yd3
Volume of footer plus floor slab; includes 30% swell 
factor for void space

Volume to 11e.(2) disposal site 0 yd3
10% of floor slab volume, estimate; includes 30% swell 
factor for void space

Volume per truckload 20 yd3 ER Section 4.13.1.1.2.1
Number of trucks to landfill 31 trucks Calculated
Distance to landfill 23 miles Moorcroft
Number of trucks to 11e.(2) 
disposal site 0 trucks No radiological contamination
Distance to 11e.(2) disposal site 235 miles Pathfinder Shirley Basin Facility

Transportation cost 3.00$              /mile
Actual 2010 costs from northeast Wyoming contract 
waste hauler

Total transportation cost 2,139.00$       

Landfill disposal fee 56.80$            /ton Reference L-1
Density of concrete 100 lb/ft3 Estimate for demolished concrete
Landfill cost 46,238.04$     
11e.(2) disposal  fee 405.00$          /yd3 Industry comparison, $15/ft3

11e.(2) disposal  cost -$                
Total Disposal Cost 46,238.04$     
Total Warehouse/Maintenance/
Admin. Building Concrete Cost 187,325.04$   

TOTAL CONCRETE COST 860,964.28$   

Transportation

Disposal

Floor slab

Demolition

Footers

Dimensions
Warehouse/Maintenance/Admin Building
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II. FACILITIES - LINED RETENTION PONDS FAC-10

Surface area 640,407 ft2 Preliminary lined retention pond design

Liner demolition unit cost 0.11$               $/ft2
10% of the installation cost of HDPE liner; RSMeans 
2011 33 47 13.53.1100

Total Liner Demolition Cost 70,444.77$      Calculated
Thickness 220 mil Mfr. Specifications
Volume 435 yd3 Calculated
Liner swell factor 50% Estimate
Liner disposal volume 652 yd3 Calculated

Volume of material 652 yd3

Volume per truck 20 yd3 ER Section 4.13.1.1.2.1
Number of trucks 33 trucks Calculated

Distance to landfill 23 miles
To Moorcroft; no radiological contamination since 
this is a secondary liner

Transportation cost 3.00$               $/mile
Actual 2010 costs from northeast Wyoming contract 
waste hauler

Total Transportation Cost 2,277.00$        

Landfill disposal fee 56.80$             /ton Reference L-1

Density of demolished liner 9 lb/ft3
Calculated from mass per unit area of 0.162 lb/ft2 

and volume
Total Disposal Cost 3,000.95$        
Total Geocomposite Liner Cost 75,722.72$      

Surface area 640,407 ft2 Preliminary lined retention pond design

Liner demolition unit cost 0.11$               $/ft2
10% of the installation cost of HDPE liner; RSMeans 
2011 33 47 13.53.1100

Total Liner Demolition Cost 70,444.77$      Calculated
Thickness 36 mil Preliminary lined retention pond design
Volume 71 yd3 Calculated
Liner swell factor 50% Estimate
Liner disposal volume 107 yd3 Calculated

Volume of material 107 yd3

Volume per truck 20 yd3 ER Section 4.13.1.1.2.1
Number of trucks 6 trucks Calculated
Distance to 11e.(2) disposal site 235 miles Pathfinder Shirley Basin Facility

Transportation cost 3.00$               $/mile
Actual 2010 costs from northeast Wyoming contract 
waste hauler

Total Transportation Cost 4,230.00$        

11e.(2) disposal fee 405.00$           $/yd3 Industry comparison, $15/ft3

Disposal cost 43,227.47$      
Total Primary Liner Cost 117,902.24$    

Disposal

Transportation

IV. Pond Removal/Disposal
Liner Demolition/Disposal

Demolition

Disposal

Transportation

Demolition
GSE Fabrinet Geocomposite Liner (used for leak detection)

HDPE Liner (primary liner)
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II. FACILITIES - LINED RETENTION PONDS FAC-10a

Surface area 640,407 ft2 Preliminary lined retention pond design

Liner demolition unit cost 0.055$             $/ft2

10% of the installation cost of HDPE liner; RSMeans 
2011 33 47 13.53.1100; halved due to demolition 
concurrent with geocomposite liner

Total Liner Demolition Cost 35,222.39$      Calculated
Thickness 36 mil Preliminary lined retention pond design
Volume 71 yd3 Calculated
Liner swell factor 50% Estimate
Liner disposal volume 107 yd3 Calculated

Volume of material 107 yd3

Volume per truck 20 yd3 ER Section 4.13.1.1.2.1
Number of trucks 6 trucks Calculated

Distance to landfill 23 miles
To Moorcroft; no radiological contamination since 
this is a secondary liner

Transportation cost 3.00$               $/mile
Actual 2010 costs from northeast Wyoming contract 
waste hauler

Total Transportation Cost 414.00$           

Landfill disposal fee 56.80$             /ton Reference L-1

Density of demolished liner 59 lb/ft3
Calculated from mass per unit area of 0.176 lb/ft2 

and volume
Total Disposal Cost 3,219.20$        
Total Secondary Liner Cost 38,855.58$      

Total Liner Demolition/Disposal Cost 232,480.54$    

HDPE Liner (secondary liner)
Demolition

Transportation

Disposal

Ross ISR Project 42a   TR Addendum 6.1-A 
                 April 2012 
        

- 159 -



II. FACILITIES - LINED RETENTION PONDS FAC-11

Pipe length 5,172 ft Preliminary lined retention pond design
Pipe size 4 in Preliminary lined retention pond design
Outside diameter 4.5 in Assume SCH 40 PVC
Demolition unit cost 2.02$               /ft RSMeans 2011, 02 41 13.38.1600

Total Demolition Cost 10,447.44$      Calculated
Volume 571 ft3 Calculated
Chipped volume reduction 50 % Estimate based on use of chipper/shredder
Chipped volume 286 ft3 Calculated

Volume of material 11 yd3

Volume per truck 20 yd3 ER Section 4.13.1.1.2.1
Number of trucks 1 truck Calculated
Distance to landfill 23 miles To Moorcroft

Cost per mile 3.00$               $/mile
Actual 2010 costs from northeast Wyoming contract 
waste hauler

Total Transportation Cost 69.00$             

Landfill disposal fee 56.80$             /ton Reference L-1

Density of chipped pipe 36 lb/ft3
Calculated from mass per unit length of
2 lb/ft and disposal volume

Total Disposal Cost 292.01$           

Total Leak Detection Pipe 
Demolition/Disposal Cost 10,808.45$      

Leak Detection Sand -$                Accounted for in earthwork cost
Clay Liner -$                Accounted for in earthwork cost

TOTAL POND COST 243,288.99$    

Disposal

Transportation

Demolition
Leak Detection Pipes
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II. FACILITIES - EARTHWORK FAC-12

Parking lot 1.03 ac TR Figure 3.1-16
Central plant area 3.93 ac Preliminary site design
Primary access road 0.00 ac Gravel surface

Area 5.0 ac Calculated

Asphalt ripping cost 702.87$         /ac
WDEQ/LQD Guideline 12, Appendix I
(Ref. LQD-I)

Asphalt ripping cost 3,514.35$      
Pulverizing; prep for recycling 3.83$             /yd2 RSMeans 2011, 32 01 16.73.5040
Pulverizing; prep for recycling 92,686.00$    

Total Asphalt Demolition/Recycling Cost 96,200.35$    
Assumes pulverized asphalt will be made 
available to county at no net cost or salvage value

Total Asphalt Cost 96,200.35$    

Volume 148,088 yd3
Volume is 50% of total cut/fill difference calculated 
between pre and post mine modeled surfaces

Unit cost 0.913$           /yd3

WDEQ/LQD Guideline 12, Appendix C, level 
ground,
500 ft distance (Ref. LQD-C)

Total cost 135,204.34$  

Volume 133,455 yd3
Volume is from facilities disturbed area x 2' of 
topsoil

Unit Cost 0.913$           /yd3

WDEQ/LQD Guideline 12, Appendix C, level 
ground,
500 ft distance (Ref. LQD-C)

Total Cost 121,844.42$  

Area 55 ac ER Table 4.1-1

Unit Cost 68.61$           /ac
WDEQ/LQD Guideline 12, Appendix G (Ref. LQD-
G)

Total Cost 3,773.55$      
Total Regrading Cost 260,822.31$  

Reclamation cost 7,650.00$      
RSMeans 2011, 31 23 16.13.6392; 4 day 
reclamation period

Gravel for finger drains 2,000.00$      Estimate
Total CBW Reclamation Cost 9,650.00$      

TOTAL EARTHWORK COST 366,672.66$  

Demolition

V. Earthwork
Asphalt

Area

Containment Barrier Wall Reclamation

Final Regrading

Topsoil

Backfill
Regrading

Ross ISR Project 44   TR Addendum 6.1-A 
                 April 2012 
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Attachment RAP-2(C) 
Costs for ISR Wellfield 

Equipment Removal and Disposal 
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WF-1

Item Cost
I. Wellfield Piping 1,480,069.23$                                                    
II. Module Buildings 80,643.90$                                                         
III. Valve Manholes 53,560.40$                                                         
IV. Wellheads 14,910.00$                                                         
V. Access Roads 24,239.74$                                                         

Total Wellfield Cost 1,653,423.27$                                                    

III. WELLFIELD EQUIPMENT REMOVAL AND DISPOSAL 
SUMMARY

Ross ISR Project 46 TR Addendum 6.1-A
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III. WELLFIELD EQUIPMENT WF-2

Pipe Data
Total length of recovery trunklines 5,400 ft From preliminary site layout
Total length of injection trunklines 5,400 ft From preliminary site layout
Total production trunkline length 10,800 ft Calculated
Outside diameter 24 in 24" SDR 11 HDPE
Wall thickness 2.18 in PPI Design Handbook for PE Pipe
Unit weight 65.2 lb/ft PPI Design Handbook for PE Pipe
Pipe material volume 11,207.9 ft3 Calculated
Chipped/shredded volume 16,811.8 ft3 Estimated as 1.5 x pipe material volume
Bulk weight 42.0 lb/ft3 Calculated
Volume per truck load 540 ft3 ER Section 4.13.1.1.2.1
Total number of truck loads 32 Calculated

Removal

Unit cost of removal 9.33$                /ft

RSMeans 2011; 02 41 13.38.1900, 31 23 
16.13.0120 and 31 23 16.13.3080; excavation 
and backfill cost reduced by 50% to account for 
common trenches

Total cost of removal 100,764.00$     
Transport and Disposal

Percent to be shipped 50%
0% of recovery trunklines; 100% of injection 
trunklines

Loads to landfill 16 Calculated
Distance to landfill 23 miles Distance to Moorcroft

Transportation cost per mile 3.00$                /mile
Actual 2010 costs from northeast Wyoming 
contract waste hauler

Transportation cost  1,104.00$         Calculated
Landfill - Disposal

Landfill disposal fee 56.80$              /ton Reference L-1
Chipped pipe bulk density 42 lb/ft3 See calculation above
Chipped pipe weight 176.5 tons Calculated
Landfill disposal cost 10,026.54$       Calculated

Total Landfill Cost 11,130.54$       

Percent to be shipped 50%
100% of recovery trunklines; 0% of injection 
trunklines

Loads to 11e.(2) disposal site 16 Calculated
Distance to 11e.(2) disposal site 235 miles Pathfinder Shirley Basin Facility

Transportation cost per mile 3.00$                /mile
Actual 2010 costs from northeast Wyoming 
contract waste hauler

Transportation cost  11,280.00$       Calculated
11e.(2) - Disposal

11e.(2) disposal fee 405.00$            /yd3 Industry comparison, $15/ft3

11e.(2) disposal cost 126,088.33$     See calculation above
Total 11e.(2) Disposal Cost 137,368.33$     

Total Transportation and Disposal Cost 148,498.88$     
Total Production Trunkline Cost 249,262.88$     

I. Wellfield Piping
Production Trunklines

11e.(2) Disposal Site

Landfill - Transportation

11e.(2) - Transportation

Ross ISR Project 47 TR Addendum 6.1-A
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III. WELLFIELD EQUIPMENT WF-3

Pipe Data
Total length of recovery trunklines 5,400 ft From preliminary site layout
Total length of injection trunklines 5,400 ft From preliminary site layout
Total restoration trunkline length 10,800 ft Calculated
Outside diameter 12.75 in 12" SDR 11 HDPE
Wall thickness 1.16 in PPI Design Handbook for PE Pipe
Unit weight 18.4 lb/ft PPI Design Handbook for PE Pipe
Pipe material volume 3,167.8 ft3 Calculated
Chipped/shredded volume 4,751.6 ft3 Estimated as 1.5 x pipe material volume
Bulk weight 42.0 lb/ft3 Calculated
Volume per truck load 540 ft3 ER Section 4.13.1.1.2.1
Total number of truck loads 9 Calculated

Removal

Unit cost of removal 6.99$                /ft

RSMeans 2011; 02 41 13.38.1800, 31 23 
16.13.0120 and 31 23 16.13.3080;  excavation 
and backfill cost  reduced by 50% to account for 
common trenches

Total cost of removal 75,492.00$       
Transport and Disposal

Percent to be shipped 50%
0% of recovery trunklines; 100% of injection 
trunklines

Loads to landfill 5 Calculated
Distance to landfill 23 miles Distance to Moorcroft

Transportation cost per mile 3.00$                /mile
Actual 2010 costs from northeast Wyoming 
contract waste hauler

Transportation cost  310.50$            Calculated
Landfill - Disposal

Landfill disposal fee 56.80$              /ton Reference L-1
Chipped pipe bulk density 42 lb/ft3 See calculation above
Chipped pipe weight 49.9 tons Calculated
Landfill disposal cost 2,833.88$         Calculated

Total Landfill Cost 3,144.38$         

Percent to be shipped 50%
100% of recovery trunklines; 0% of injection 
trunklines

Loads to 11e.(2) disposal site 5 Calculated
Distance to 11e.(2) disposal site 235 miles Pathfinder Shirley Basin Facility

Transportation cost per mile 3.00$                /mile
Actual 2010 costs from northeast Wyoming 
contract waste hauler

Transportation cost  3,172.50$         Calculated
11e.(2) - Disposal

11e.(2) disposal fee 405.00$            /yd3 Industry comparison, $15/ft3

11e.(2) disposal cost 35,637.32$       See calculation above
Total 11e.(2) Disposal Cost 38,809.82$       

Total Transportation and Disposal Cost 41,954.20$       
Total Restoration Trunkline Cost 117,446.20$     

Restoration Trunklines

Landfill - Transportation

11e.(2) Disposal Site
11e.(2) - Transportation

Ross ISR Project 48 TR Addendum 6.1-A
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III. WELLFIELD EQUIPMENT WF-4

Pipe Data
Total length of recovery feeder lines 4,500 ft Estimate 900' per module
Total length of injection feeder lines 4,500 ft Estimate 900' per module
Total feeder line length 9,000 ft Calculated
Outside diameter 8.625 in 8" SDR 11 HDPE
Wall thickness 0.78 in PPI Design Handbook for PE Pipe
Unit weight 8.43 lb/ft PPI Design Handbook for PE Pipe
Pipe material volume 1,201.5 ft3 Calculated
Chipped/shredded volume 1,802.2 ft3 Estimated as 1.5 x pipe material volume
Bulk weight 42.0 lb/ft3 Calculated
Volume per truck load 540 ft3 ER Section 4.13.1.1.2.1
Total number of truck loads 4 Calculated

Removal

Unit cost of removal 5.10$                /ft

RSMeans 2011; 02 41 13.38.1700, 31 23 
16.13.0120 and 31 23 16.13.3080;  excavation 
and backfill cost reduced by 50% to account for 
common trenches

Total cost of removal 45,900.00$       
Transport and Disposal

Percent to be shipped 50%
0% of recovery feeder lines; 100% of injection 
feeder lines

Loads to landfill 2 Calculated
Distance to landfill 23 miles Distance to Moorcroft

Transportation cost per mile 3.00$                /mile
Actual 2010 costs from northeast Wyoming 
contract waste hauler

Transportation cost  138.00$            Calculated
Landfill - Disposal

Landfill disposal fee 56.80$              /ton Reference L-1
Chipped pipe bulk density 42 lb/ft3 See calculation above
Chipped pipe weight 18.9 tons Calculated
Landfill disposal cost 1,074.85$         Calculated

Total Landfill Cost 1,212.85$         

Percent to be shipped 50%
100% of recovery feeder; 0% of injection feeder 
lines

Loads to 11e.(2) disposal site 2 Calculated
Distance to 11e.(2) disposal site 235 miles Pathfinder Shirley Basin Facility

Transportation cost per mile 3.00$                /mile
Actual 2010 costs from northeast Wyoming 
contract waste hauler

Transportation cost  1,410.00$         Calculated
11e.(2) - Disposal

11e.(2) disposal fee 405.00$            /yd3 Industry comparison, $15/ft3

11e.(2) disposal cost 13,516.68$       See calculation above
Total 11e.(2) Disposal Cost 14,926.68$       

Total Transportation and Disposal Cost 16,139.52$       
Total Feeder Line Cost 62,039.52$       

11e.(2) - Transportation

Module Feeder Lines

Landfill - Transportation

11e.(2) Disposal Site
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III. WELLFIELD EQUIPMENT WF-5

Pipe Data
Total length of recovery flow lines 90,000 feet 36 recovery wells x 500' per well
Total length of injection flow lines 135,000 feet 54 injection wells x 500' per well
Total well flow line length 225,000 feet Calculated
Outside diameter 2.375 inches 2" SDR 11 HDPE
Wall thickness 0.216 inches PPI Design Handbook for PE Pipe
Unit weight 0.64 lb/ft PPI Design Handbook for PE Pipe
Pipe material volume 2,289.2 ft3 Calculated
Chipped/shredded volume 3,433.7 ft3 Estimated as 1.5 x pipe material volume
Bulk weight 42.0 lb/ft3 Calculated
Volume per truck load 540 ft3 ER Section 4.13.1.1.2.1
Total number of truck loads 7 Calculated

Removal

Unit cost of removal 3.16$                /ft

RSMeans 2011; 02 41 13.38.1600, 31 23 
16.13.0120 and 31 23 16.13.3080; excavation 
and backfill cost reduced by 75% to account for 
common trenches

Total cost of removal 711,000.00$     
Transport and Disposal

Percent to be shipped 50%
0% of recovery flow lines; 100% of injection flow 
lines

Loads to landfill 4 Calculated
Distance to landfill 23 miles Distance to Moorcroft

Transportation cost per mile 3.00$                /mile
Actual 2010 costs from northeast Wyoming 
contract waste hauler

Transportation cost  241.50$            Calculated
Landfill - Disposal

Landfill disposal fee 56.80$              /ton Reference L-1
Chipped pipe bulk density 42 lb/ft3 See calculation above
Chipped pipe weight 36.1 tons Calculated
Landfill disposal cost 2,047.88$         Calculated

Total Landfill Cost 2,289.38$         

Percent to be shipped 50%
100% of recovery flow lines; 0% of injection flow 
lines

Loads to 11e.(2) disposal site 4 Calculated
Distance to 11e.(2) disposal site 235 miles Pathfinder Shirley Basin Facility

Transportation cost per mile 3.00$                /mile
Actual 2010 costs from northeast Wyoming 
contract waste hauler

Transportation cost  2,467.50$         Calculated
11e.(2) - Disposal

11e.(2) disposal fee 405.00$            /yd3 Industry comparison, $15/ft3

11e.(2) disposal cost 25,753.06$       See calculation above
Total 11e.(2) Disposal Cost 28,220.56$       

Total Transportation and Disposal Cost 30,509.94$       
Total Individual Well Flow Line Cost 741,509.94$     

11e.(2) - Transportation
11e.(2) Disposal Site

Landfill - Transportation

Individual Well Flow Lines
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III. WELLFIELD EQUIPMENT WF-6

Pipe Data
Total length of recovery pipes 90,000 ft 36 recovery wells x 500' per well x 5 modules
Total length of injection pipes 135,000 ft 54 injection wells x 500' per well x 5 modules
Total downhole pipe length 225,000 ft Calculated
Outside diameter 2.375 in 2" SDR 11 HDPE
Wall thickness 0.216 in PPI Design Handbook for PE Pipe
Unit weight 0.64 lb/ft PPI Design Handbook for PE Pipe
Pipe material volume 2,289.2 ft3 Calculated
Chipped/shredded volume 3,433.7 ft3 Estimated as 1.5 x pipe material volume
Bulk weight 42.0 lb/ft3 Calculated
Volume per truck load 540 ft3 ER Section 4.13.1.1.2.1
Total number of truck loads 7 Calculated

Electrical Wire and Pump Data
Length of downhole wire 90,000 ft Same as recovery well downhole pipe
Unit volume 0.002 ft3/ft Estimate
Volume of downhole wire 180 ft3

Number of pumps 180 pumps36 recovery wells x 5 modules
Unit volume 0.5 ft3/ea Estimate
Volume of pumps 90 ft3

Volume per truck load 540 ft3 ER Section 4.13.1.1.2.1
Total number of truck loads 1 Calculated

Downhole Pipe and Pump Removal

Unit cost of removal 1.01$                /ft
RSMeans 2011; 02 41 13.38.1600; reduced by 
50% due to ease of removal

Total cost of removal 227,250.00$     
Transport and Disposal

Percent to be shipped 50% 0% of recovery pipes; 100% of injection pipes
Loads to landfill 4 Calculated
Distance to landfill 23 miles Distance to Moorcroft

Transportation cost per mile 3.00$                /mile
Actual 2010 costs from northeast Wyoming 
contract waste hauler

Transportation cost  276.00$            Calculated
Landfill - Disposal

Landfill disposal fee 56.80$              /ton Reference L-1
Chipped pipe bulk density 42 lb/ft3 See calculation above
Chipped pipe weight 36.1 tons Calculated
Pump and wire bulk density 2,000 lb/ft3 Typical for construction debris
Pump and wire weight 10.0 tons Calculated
Landfill disposal cost 4,095.77$         Calculated

Total Landfill Cost 4,371.77$         

Percent to be shipped 50% 100% of recovery pipes; 0% of injection pipes
Loads to 11e.(2) disposal site 4 Calculated
Distance to 11e.(2) disposal site 235 miles Pathfinder Shirley Basin Facility

Transportation cost per mile 3.00$                /mile
Actual 2010 costs from northeast Wyoming 
contract waste hauler

Transportation cost  2,820.00$         Calculated
11e.(2) - Disposal

11e.(2) disposal fee 405.00$            /yd3 Industry comparison, $15/ft3

11e.(2) disposal cost 27,778.06$       
Total 11e.(2) Disposal Cost 30,598.06$       

Total Transportation and Disposal Cost 34,969.82$       
Total Downhole Well Pipe Cost 262,219.82$     

Landfill - Transportation

11e.(2) Disposal Site
11e.(2) - Transportation

Downhole Well Pipe, Pumps and Electrical Wire
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III. WELLFIELD EQUIPMENT WF-7

Pipe Data
Total length of pipeline 9,155 ft From preliminary site layout
Outside diameter 4.50 in 4" SDR 11 HDPE
Wall thickness 0.409 in PPI Design Handbook for PE Pipe
Unit weight 2.29 lb/ft PPI Design Handbook for PE Pipe
Pipe material volume 334.2 ft3 Calculated
Chipped/shredded volume 501.3 ft3 Estimated as 1.5 x pipe material volume
Bulk weight 42.0 lb/ft3 Calculated
Volume per truck load 540 ft3 ER Section 4.13.1.1.2.1
Total number of truck loads 1 Calculated

Removal

Unit cost of removal 4.30$                /ft

RSMeans 2011; 02 41 13.38.1600, 31 23 
16.13.0120 and 31 23 16.13.3080; excavation 
and backfill cost reduced by 50% to account for 
common trenches

Total cost of removal 39,366.50$       
Transport and Disposal

Percent to be shipped 0% 100% 11e.(2) byproduct material
Loads to landfill 0 Calculated
Distance to landfill 23 miles Distance to Moorcroft

Transportation cost per mile 3.00$                /mile
Actual 2010 costs from northeast Wyoming 
contract waste hauler

Transportation cost  -$                  Calculated
Landfill - Disposal

Landfill disposal fee 56.80$              /ton Reference L-1
Chipped pipe bulk density 42 lb/ft3 See calculation above
Chipped pipe weight 0.0 tons Calculated
Landfill disposal cost -$                  Calculated

Total Landfill Cost -$                  

Percent to be shipped 100% 100% 11e.(2) byproduct material
Loads to 11e.(2) disposal site 1 Calculated
Distance to 11e.(2) disposal site 235 miles Pathfinder Shirley Basin Facility

Transportation cost per mile 3.00$                /mile
Actual 2010 costs from northeast Wyoming 
contract waste hauler

Transportation cost  705.00$            Calculated
11e.(2) - Disposal

11e.(2) disposal fee 405.00$            /yd3 Industry comparison, $15/ft3

11e.(2) disposal cost 7,519.36$         See calculation above
Total 11e.(2) Disposal Cost 8,224.36$         

Total Transportation and Disposal Cost 8,224.36$         
Total Deep Disposal Well Pipeline Cost 47,590.86$       

TOTAL WELLFIELD PIPING COST 1,480,069.23$  

Landfill - Transportation

11e.(2) Disposal Site
11e.(2) - Transportation

Deep Disposal Well Pipe
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III. WELLFIELD EQUIPMENT WF-8

Length 40 ft TR Section 3.1.4
Width 15 ft TR Section 3.1.4
Height 9 ft TR Section 3.1.4
Volume 5,400 ft3 Calculated

Demolition Unit Cost 0.125$              /ft3

From WDEQ/LQD Guideline 12, Appendix K (Ref. 
LQD-K), less 50% for lack of interior building 
walls per RSMeans 02 41 16.13.5000

Demolition Cost 675.00$            

Unit building weight 15 lb/ft2 ASCE 7-05
Building weight 5 tons Calculated

Salvage % 50% Conservatively assumes zero net salvage value
Weight of material to dispose 2 tons Calculated
Density of construction debris 2,000 lb/yd3 Typical of construction debris
Volume of material for disposal 2 yd3 Calculated
Volume per truck 20 yd3 ER Section 4.13.1.1.2.1
Number of trucks 1 trucks Calculated
Distance to landfill 23 miles Moorcroft landfill

Cost per mile 3.00$                /mile
Actual 2010 costs from northeast Wyoming 
contract waste hauler

Total Transportation Cost 69.00$              

Disposal fee 56.80$              /ton Reference L-1
Disposal cost 127.80$            Calculated

Total Building Demolition Cost 871.80$            

Length 40 ft TR Section 3.1.4
Width 15 ft TR Section 3.1.4
Thickness 0.5 ft Estimate

Length 110 ft Perimeter length
Height 6 ft TR Figure 3.1-9
Thickness 0.5 ft Estimate

Base/wall area 1,260 ft2 Calculated

Concrete demolition unit cost 5.05$                /ft2
WDEQ/LQD Guideline 12 Appendix K
(Ref. LQD-K)

Concrete demolition cost 6,363.00$         

Volume to landfill 15.2 yd3
50% of volume of slab/walls; includes 30% swell 
factor for void space

Volume to 11e.(2) disposal site 15.2 yd3
50% of volume of slab/walls; includes 30% swell 
factor for void space

Volume per truckload 20 yd3 ER Section 4.13.1.1.2.1
Number of trucks to landfill 1 trucks Calculated
Distance to landfill 23 miles Moorcroft

Number of trucks to 11e.(2) disposal site 1 trucks Calculated
Distance to 11e.(2) disposal site 235 miles Pathfinder Shirley Basin Facility

Transportation cost 3.00$                /mile
Actual 2010 costs from northeast Wyoming 
contract waste hauler

Total Transportation Cost $708.00

Demolition

Dimensions

Transportation

Disposal

Base

Walls

Concrete Demolition and Disposal

Transportation

II. Module Buildings
Building Demolition - Excludes Foundation

Demolition

Ross ISR Project 53 TR Addendum 6.1-A
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III. WELLFIELD EQUIPMENT WF-9

Landfill disposal fee 56.80$              /ton Reference L-1
Density of concrete 100 lb/ft3 Estimate for demolished concrete
Landfill cost 1,162.98$         
11e.(2) disposal  fee 405.00$            /yd3 Industry comparison, $15/ft3

11e.(2) disposal  cost 6,142.50$         
Total Disposal Cost 7,305.48$         
Total Concrete Cost 14,376.48$       

Volume 2 yd3 Conservatively high estimate

Unit cost -$                  /ft3 Included in building demolition cost

Volume to landfill 0.0 yd3 100% disposed as 11e.(2) byproduct material
Volume to 11e.(2) disposal site 2.0 yd3 100% disposed as 11e.(2) byproduct material
Volume per truckload 20 yd3 ER Section 4.13.1.1.2.1
Number of trucks to landfill 0.0 trucks Calculated
Distance to landfill 23 miles Moorcroft

Number of trucks to 11e.(2) disposal site 0.10 trucks Calculated
Distance to 11e.(2) disposal site 235 miles Pathfinder Shirley Basin Facility

Transportation cost 3.00$                /mile
Actual 2010 costs from northeast Wyoming 
contract waste hauler

Total Transportation Cost 70.50$              

Landfill disposal fee 56.80$              /ton Reference L-1
Density of equipment 2,000 lb/ft3 Estimate
Landfill cost -$                  
11e.(2) disposal  fee 405.00$            /yd3 Industry comparison, $15/ft3

11e.(2) disposal  cost 810.00$            
Total Disposal Cost 810.00$            
Total Piping and Equipment Cost 880.50$            
Total Cost per Module 16,128.78$       
Number of Modules 5
Total Module Building Cost 80,643.90$       

Length 12 ft Preliminary design
Width 8 ft Preliminary design
Thickness 0.5 ft Preliminary design

Length 12 ft Preliminary design
Width 8 ft Preliminary design
Thickness 0.67 ft Preliminary design

Length 40 ft Perimeter length
Height 6 ft TR Figure 3.1-10
Thickness 0.5 ft Estimate

Base/top/wall area 432 ft2 Calculated

Concrete demolition unit cost 5.05$                /ft2
WDEQ/LQD Guideline 12 Appendix K
(Ref. LQD-K)

Concrete demolition cost 2,181.60$         

Disposal

Piping and Equipment Disposal
Quantity

Demolition

Transportation

Demolition

Top

III. Valve Manholes

Walls

Disposal

Concrete Demolition and Disposal
Dimensions

Base
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III. WELLFIELD EQUIPMENT WF-10

Volume to landfill 4.4 yd3
50% of volume of slab/walls; includes 30% swell 
factor for void space

Volume to 11e.(2) disposal site 4.4 yd3
50% of volume of slab/walls; includes 30% swell 
factor for void space

Volume per truckload 20 yd3 ER Section 4.13.1.1.2.1
Number of trucks to landfill 0.22 trucks Calculated
Distance to landfill 23 miles Moorcroft

Number of trucks to 11e.(2) disposal site 0.22 trucks Calculated
Distance to 11e.(2) disposal site 235 miles Pathfinder Shirley Basin Facility

Transportation cost 3.00$                /mile
Actual 2010 costs from northeast Wyoming 
contract waste hauler

Total Transportation Cost $156.56

Landfill disposal fee 56.80$              /ton Reference L-1
Density of concrete 100 lb/ft3 Estimate for demolished concrete
Landfill cost 340.25$            
11e.(2) disposal  fee 405.00$            /yd3 Industry comparison, $15/ft3

11e.(2) disposal  cost 1,797.12$         
Total Disposal Cost 2,137.37$         
Total Concrete Cost 4,475.54$         

Volume 2 yd3 Conservatively high estimate

Unit cost -$                  /ft3 Included in valve manhole demolition cost

Volume to landfill 0.0 yd3 100% disposed as 11e.(2) byproduct material
Volume to 11e.(2) disposal site 2.0 yd3 100% disposed as 11e.(2) byproduct material
Volume per truckload 20 yd3 ER Section 4.13.1.1.2.1
Number of trucks to landfill 0.0 trucks Calculated
Distance to landfill 23 miles Moorcroft

Number of trucks to 11e.(2) disposal site 0.10 trucks Calculated
Distance to 11e.(2) disposal site 235 miles Pathfinder Shirley Basin Facility

Transportation cost 3.00$                /mile
Actual 2010 costs from northeast Wyoming 
contract waste hauler

Total Transportation Cost $70.50

Landfill disposal fee 56.80$              /ton Reference L-1
Density of equipment 2,000 lb/ft3 Estimate
Landfill cost -$                  
11e.(2) disposal  fee 405.00$            /yd3 Industry comparison, $15/ft3

11e.(2) disposal  cost 810.00$            
Total Disposal Cost 810.00$            
Total Piping and Equipment Cost 880.50$            
Total Cost per Valve Manhole 5,356.04$         
Number of Valve Manholes 10
Total Valve Manhole Cost 53,560.40$       

Transportation

Disposal

Demolition

Transportation

Disposal

Piping and Equipment Disposal
Quantity
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III. WELLFIELD EQUIPMENT WF-11

Number of injection/recovery wellheads 450
36 recovery wells and 54 injection wells per 
module, 5 modules

Weight of equipment per wellhead 200 lb Estimate
Bulk density of wellhead equipment 100 lb/ft3 Estimate
Weight of equipment for disposal 45 tons
Volume of equipment for disposal 33 yd3

Volume to landfill 0.0 yd3 100% disposed as 11e.(2) byproduct material
Volume to 11e.(2) disposal site 33.3 yd3 100% disposed as 11e.(2) byproduct material
Volume per truckload 20 yd3 ER Section 4.13.1.1.2.1
Number of trucks to landfill 0.0 trucks Calculated
Distance to landfill 23 miles Moorcroft

Number of trucks to 11e.(2) disposal site 2 trucks Calculated
Distance to 11e.(2) disposal site 235 miles Pathfinder Shirley Basin Facility

Transportation cost 3.00$                /mile
Actual 2010 costs from northeast Wyoming 
contract waste hauler

Total Transportation Cost $1,410.00

Landfill disposal fee 56.80$              /ton Reference L-1
Density of equipment 100 lb/ft3 Estimate
Landfill cost -$                  
11e.(2) disposal  fee 405.00$            /yd3 Industry comparison, $15/ft3

11e.(2) disposal  cost 13,500.00$       
Total Disposal Cost 13,500.00$       
Total Wellhead Cost 14,910.00$       

Disposal

Recovery and Injection Wellheads
Wellhead Data

Transportation

IV. Wellheads
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III. WELLFIELD EQUIPMENT WF-12

Length of primary access road 1,320 ft Preliminary site layout
Width of primary access road 32 ft ER Section 4.2.1.1
Area of primary access road 1.0 ac Calculated
Length of secondary access roads 10,000 ft Preliminary site layout
Width of secondary access roads 16 ft ER Section 4.1.1.1.1
Area of secondary access roads 3.7 ac Calculated
Gravel thickness 1.0 ft Estimate
Gravel volume 7,490 yd3 Calculated

Blade grading unit cost 68.61$              /ac
WDEQ/LQD Guideline 12, Appendix G
(Ref. LQD-G)

Blade grading cost 320.62$            

Scraper hauling unit cost 1.41$                /cy
WDEQ/LQD Guideline 12, Appendix C, level 
grade, 2,000 ft haul (Ref. LQD-C)

Scraper hauling cost 10,561.42$       

Gravel disposal -$                  
Assumes gravel will be made available to county 
at no net cost or salvage value

Gravel Removal Cost 10,882.04$       

Area Required 0.0 ac Cost included in Earthwork Costs
Revegetation Cost -$                  

Area of graveled access roads 3.7 ac See above

Scarification unit cost 62.93$              /ac
WDEQ/LQD Guideline 12, Appendix P
(Ref. LQD-P)

Scarification Cost 231.15$            

Topsoil volume 11,851.9 yd3 Assumes 2' thickness

Topsoil replacement unit cost 1.09$                /yd3
WDEQ/LQD Guideline 12, Appendix C, level 
grade, 1,000 ft haul (Ref. LQD-C)

Topsoil Replacement Cost 12,918.52$       

Area Required 0.0 ac Cost included in Revegetation Costs
Revegetation Cost -$                  

Total Graveled Road Reclamation Cost 24,031.71$       

Length of tertiary access roads 18,000 ft Preliminary site layout
Width of tertiary access roads 8 ft ER Section 4.1.1.1.1
Area of tertiary access roads 3.3 ac Calculated

Scarification unit cost 62.93$              /ac
WDEQ/LQD Guideline 12, Appendix P
(Ref. LQD-P)

Scarification Cost 208.03$            

Area Required 0.0 ac Cost included in Revegetation Costs
Revegetation Cost -$                  
Total Tertiary Road Reclamation Cost 208.03$            

Total Access Road Reclamation Cost 24,239.74$       

TOTAL WELLFIELD EQUIPMENT REMOVAL 
AND DISPOSAL 1,653,423.27$  

Scarification

Revegetation

Tertiary Roads

Revegetation

Topsoil Replacement

V. Roads
Access Roads

Scarification

Gravel Removal

Earthwork
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Attachment RAP-2(D) 
Costs for Well Abandonment 
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IV. WELL ABANDONMENT WA-1

Number of wells 612 wells Refer to AR-2
Average depth 500 ft Refer to AR-2
Diameter 5 in Refer to TR Section 3.1.2.1

Volume of cement required 68.2 ft3/well Calculated

Cement Sacks Required per Well 58.2
Based on actual quantities used during 
exploration drill hole plugging

Cement Sack Cost 11.65$              
Based on actual prices during exploration drill 
hole plugging

Cement Cost per Well 678.03$            Calculated

Bentonite Sacks Required per Well 4.4
Based on actual quantities used during 
exploration drill hole plugging

Bentonite Bag Cost 7.40$                
Based on actual prices during exploration drill 
hole plugging

Bentonite Cost per Well 32.56$              Calculated
Total Materials Cost Per Well 710.59$            

Hours required per well 2.5 hours
Based on actual quantities used during 
exploration drill hole plugging

Backhoe cost per hour 85.00$              
Based on actual prices during exploration drill 
hole plugging

Cementer cost per hole 250.00$            
Based on actual prices during exploration drill 
hole plugging

Total Equipment Cost Per Well 462.50$            

Total Cost to Plug & Abandon Recovery, 
Injection & Monitor Wells 717,931.08$     

Number of wells 3 wells 3 wells planned for first 5 modules
Cost per well 104,110.00$     /well TR Addendum 4.2-A Table 15

Total Deep Disposal Well Cost 312,330.00$     

TOTAL WELL ABANDONMENT COST 1,030,261.08$  
Notes: 
1. These values assume that all wells have passed the most recent MIT 
2. Screens will be left in place

Assumptions

Recovery, Injection and Monitor Wells

Deep Disposal Wells

Assumptions

Materials per Well

Equipment Rental
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Attachment RAP-2(E) 
Costs for Radiological Surveys 
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V. RADIOLOGICAL SURVEYS RAD-1

Area required 71.5 ac
Based on anticipated disturbed wellfield area 
(28.5 acres) and CPP area (43 acres) 

Survey cost per acre 205.00$               /ac Based on pre-application baseline survey
Total Gamma Survey Cost 14,657.50$          

Number of samples required 20 samples Assume 8 in central plant area and 12 in wellfield
Cost per sample 660.00$               /sample Based on pre-application soil sampling
Total Soil Sampling Cost 13,200.00$          

Number of samples required 100 samples Estimate
Cost per sample 100.00$               /sample Estimate
Total Smear Sample Cost 10,000.00$          

TOTAL RADIOLOGICAL SURVEY COST 37,857.50$          

Gamma Survey

Soil Samples

Equipment & Building Smear Samples
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Attachment RAP-2(F) 
Costs for Revegetation 
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VI. REVEGETATION VEG-1

Area Require 110 ac ER Table 4.1-1

Cost per Acre 600.00$             
Based on previous experience on an industrial ash landfill in 
northeastern Wyoming

Total Revegetation Cost 66,000.00$        
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Attachment RAP-2(G) 
Costs for Miscellaneous Reclamation Activities 
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VII. MISCELLANEOUS RECLAMATION ACTIVITIES MISC-1

Length around central plant area 6,117 ft From preliminary site layout
Length around 11e.(2) Byproduct Storage Ar 2,500 ft From preliminary site layout
Total chainlink security fence 8,617 Calculated
Unit cost for removal 3.86$             RSMeans 2011 02 41 13.60.1700
Chainlink fence removal 33,261.62$    

Length 10,000 ft Based on 5 modules at 5.7 acres each

Unit cost for removal 0.31$             
WDEQ/LQD Guideline 12, Appendix H
(Ref. LQD-H)

Barbed wire fence removal 3,100.00$      
Total Fence Removal Cost 36,361.62$    

Length 5,400 ft Based on trunkline length

Unit cost for removal -$              

WDEQ/LQD Guideline 12, Appendix H
(Ref. LQD-H); distribution lines would 
typically be owned by power company and 
removed at no cost for their salvage value

Total Overhead Power Line Removal Cost -$              

Length 90,000 ft Based on recovery well flow line length
Unit cost for removal 0.99$             /ft RSMeans 2011; 02 41 13.54.100
Unit cost for excavation/backfill -$              /ft Included in cost of individual flow lines

Total Buried Electrical Line Removal Cost 89,100.00$    

Length 9,100 ft Preliminary site layout
Unit removal cost 2.26$             /ft RSMeans 2011; 02 41 13.50.100

Unit excavation cost 3.20$             /ft
RSMeans 2011; 31 23 16.13.0120 and
31 23 16.13.3080 (assume 0.5 cuyd/ft)

Unit disposal cost -$              /ft
Assumes salvaged with no net salvage value 
or disposal cost

Total Gas Line Removal Cost 49,686.00$    

Number of transformers 32
Based on 3 per module (15), 3 per ddw (9), 
and 8 for the facilities

Unit removal/disposal cost 440.00$         RSMeans 2011, 26 05 05.10.1520
Total Transformer Removal and Disposal Cost 14,080.00$    

Number of surface water monitoring stations 3 From ER Section 6.2.1.1

Unit removal/disposal cost 2,345.20$      
WDEQ/LQD Guideline 12, Appendix N
(Ref. LQD-N)

Total Surface Water Monitoring Station Cost 7,035.60$      

Number of monitoring stations 7
Includes 6 air quality stations and 1 MET 
station

Unit removal/disposal cost 886.48$         
WDEQ/LQD Guideline 12, Appendix N
(Ref. LQD-N)

Total Monitoring Removal Cost 6,205.36$      

VI. Surface Water Monitoring Station Removal

IV. Buried Gas Line Removal 

I. Fence Removal
Chainlink Security Fence

Barbed Wire Fence

II. Overhead Power Line Removal 

III. Buried Electrical Line Removal 

V. Transformer Removal & Disposal

VII. Air Quality/Meteorological Monitoring Station Removal
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VII. MISCELLANEOUS RECLAMATION ACTIVITIES MISC-2

Primary Access Road Culvert
Length 80 ft 5' tall x 10' wide concrete box culvert
Unit removal cost 15.35$           Based on RSMeans 02 41 13.43.0100

Volume of concrete for disposal 57.8 yd3
Calculated; includes 30% swell factor for 
void space

Volume per truckload 20 yd3 ER Section 4.13.1.1.2.1
Number of trucks to landfill 3 trucks Calculated
Distance to landfill 23 miles Moorcroft

Unit transportation cost 3.00$             /mile
Actual 2010 costs from northeast Wyoming 
contract waste hauler

Transportation cost 207.00$         
Landfill disposal fee 56.80$           /ton Reference L-1
Density of concrete 100 lb/ft3 Estimate for demolished concrete
Landfill cost 4,430.40$      

Total Primary Access Road Culvert Cost 4,637.40$      
Wellfield Access Road Culverts

Total length 160 Based on four 40' culverts 

Unit cost 6.10$             
WDEQ/LQD Guideline 12, Appendix J
(Ref. LQD-J)

Total Wellfield Access Road Cost 976.16$         
Total Culvert Removal Cost 5,613.56$      

Number of days of operation 30 days Estimate
Unit cost for rental/operation 2,000.00$      /day Estimate

Total Chipper/Shredder Cost 60,000.00$    

TOTAL MISCELLANEOUS RECLAMATION 
ACTIVITIES COST 268,082.14$  

IX. Chipper/Shredder 

VIII. Culvert Removal 
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ATTACHMENT RAP-3  
COST REFERENCES 

 
 

  C-1  Sulfuric acid cost 
DDW-1 Deep well disposal 
L1  Moorcroft landfill disposal costs 
LQD-C Material moving* 
LQD-G Final grading* 
LQD-H Fence and power line removal* 
LQD-I  Ripping asphalt* 
LQD-J Culvert removal* 
LQD-K Building demolition* 
LQD-N Surface, air quality, and met station removal* 
LQD-P Scarification of compacted surfaces* 
P1 - P9 Pumping system operation calculations 
RO-1  RO operation costs 

  S1  Schedule 
 
 

 

  *From WDEQ/LQD Guideline 12, Standardized Reclamation 
  Performance Bond Format and Cost Calculation Methods, 
  November 2010 
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SULFURIC AND ANTI-SCALENT mailbox:lllqlUsers/userlAppDataIRoaming/Thunderbird/Profiles/xa2z Iu... 

C-1Subject: SULFURIC AND ANTI-SCALENT 
From: JRaffelson@brenntag.com 
Date: Thu, 30 Dec 201015:10:46 -0700 
To: jfritz@wwcengineering.com 
CC: bfjelstad@brenntag.com, JSTALEY@brenntag.com 

Jack,
 
I was able to get a price for the sulfuric acid. We will quote $327.50fTon delivered to the mine site. I wasn't able
 
to get a price for the anti-scalent as we don't have enough information to quote that yet.
 

If you have any questions, please give me a callI.
 

Jo Raffelson
 
Customer Service/Purchasing
 
Brenntag Pacific/Billings, MT
 
(406) 628-3640 
(406) 628-2072 Fax 

DISCLAIMER AND NOTICE OF CONFIDENTIAL MATERIAL PLEASE READ This message and any 
attachments or other files transmitted with it are CONFIDENTIAL and intended solely for the use of the 
individual or entity to whom or to which they are addressed. If you are not the intended recipient, or believe 
you have received this email in error, please do not read, copy, use or disclose this communication to others; 
also please 
notify the sender by replying to this message, and then delete it and all accompanying files from your system. 
Please verify that you will delete the e-mail in your reply. Please note that any views or opinions presented in 
this email are solely those of the author and do not necessarily represent those of Brenntag or its affiliated 
companies. Neither Brenntag nor any of its affiliated companies accepts any liability for any damage caused 
by any virus transmitted by this email or its attachments. 

I of I 12/30/20104:32 PM 
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DDW-1 

Total brine volume from groundwater 
sweep 4,215 kgal

15% of total volume of groundwater 
sweep

Total brine volume from RO treatment with 
permeate injection 59,006 kgal 15% of total volume of RO treatment

Brine and other 11e.(2) liquid waste in 
ponds* 26,100 kgal

Based on 80 acre-ft normal operating 
pond capacity (see Figure 4.2-1 of the 
TR)

Total volume for disposal 89,321 kgal Calculated
Time for operation

Months for disposal 24 months

Based on 15 months of active aquifer 
restoration and 9 months of 
decommissioning

Average days per month 30.4
Days for operation 730 days Calculated

Average flow rate 85 gpm Calculated
Electrical requirement 11 kW Reference P-8
Electrical consumption 192,614 kWh Calculated

Power cost 0.04$             /kWh
Tiered rate is $0.03 to $0.04 per 
PRECorp

Brine Pumping Cost 7,704.58$      
Brine Pumping Cost 0.09$             /kgal

Average total flow 85 gpm Calculated

Number of wells/pumps required 2

Flow range is 35 to 80 gpm per well 
per TR Section 4.2.3.2.1. Although 3 
wells will be constructed, only 2 will 
typically be required at one time.

Electrical requirement per pump 55 kW Reference P-9
Electrical consumption 1,926,144 kWh Calculated

Power Cost 0.04$             /kWh
Tiered rate is $0.03 to $0.04 per 
PRECorp

High Pressure Disposal Well Pumping Cost 77,045.76$    
High Pressure Disposal Well Pumping Cost 0.86$             /kgal

Antiscalant 0.10$             /kgal Reference RO-1; 4.4 ppm dose
Disinfectant/corrosion inhibitor 0.05$             /kgal Estimate

Total Chemical Cost 0.15$             /kgal
Total Chemical Cost 13,398.15$    

Total Brine Disposal Cost 98,148.49$    
Total Brine Disposal Cost per Kilogallon 1.10$             

High Pressure Disposal Well Pumps

Chemicals

*Includes decontamination water, plant washdown water, and minor amounts of prodution eluate.  Brine is 
accounted for in quantities calculated for groundwater sweep and RO treatment with permeate injection.

Deep Well Disposal Cost Estimate

Operating Assumptions

Brine Pumps to Deep Disposal Well

Ross ISR Project 69 TR Addendum 6.1-A
- 186 -



Landfill http://townofmooreroft.eom/PublieWorks/landfill.htm 

L-1
Moorcroft Landfill 

MOORCROFT LANDFILL: 

The Moorcroft Landfill is located approximately 5 miles east of Moorcroft off Interstate 90
 
on the Wind Creek exit, tllIen 1 mile north. The Summer hours are:
 

TUESDAY, WEDNESDAY & FRIDAY: 1:00 pm -7:00 pm
 
SATURDAY: 11:00 am -7:00 pm
 

LANDFILL RATES:
 

ALL GARBAGE HAULED TO THIC MOORCROFT LANDFILL WILL BE CHARGED
 
$2.84 PER 100 POUNDS WITH A MINIMUM $5.00 FEE.
 

All vehicles entering the landfill must stop at the landfill scale building to receive dumping
 
instructions. All vehicles leaving thle landfill must stop at the office to pay for the load.
 

ALL VEHICLES MUST WEIGH IN AND OUT EVERY TRIP.
 

All loads must be secured during transport. An additional fee of $15.00 will be assessed for
 
dumping of loads which arrive unsecured.
 

,Close Window I 

lof1 1212912010 7:31 AM 
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LQD-C
 

Appendix C
 
Calculations for Moving Materials With a Caterpillar 637G Push-Pull Scraper Fleet
 

NOTE:	 DRILLING AND BLASTING COSTS ARE NOT INCLUDED IN THESE CALCULATIONS. THE LQD DOES NOT CONSIDER DRILLING AND BLASTING COSTS NECESSARY 
WHEN USING APPENDIX C. 

Material Movement By Scrapers 

I) Caterpillar 637E Push-Pull Scraper 
2) Material Density 2,850. LBfBCY CPH40 
3) Payload 75,000. LB CPH40 

25.0 BCY 
4) Maximum Vehicle Speed Loaded 33.0 MPH CPH40 
5) Operating Efficiency Factor (50 Min./Hr.) 0.83 % CPH40 
6) 637G PP Operating Costs $276.22 Per Hour 100%E-W 
7) Labor Costs $40.92 Per Hour WYDOT-WDD 
8) Supervision Labor Costs $5.74 Per Hour 1/80fWYDOT-WDD 

9) Supervisor Transportation $2.84 Per Hour 1/8 of 100% E-W 
10) 1/8 of I - 14,000 Gal. Water Trucks + I Operator $29.23 Per Hour 1/8 of 100% E-W 
II) 118 of I - 16M Blade for Road Work + I Operator $21.74 Per Hour 118 of 100% E-W 
12) • - D9R for Ripping Ovb. and Misc. Work + I Operator $100.79Per Hour _of 100% E-W 

13) Total Hourly Costs	 $477.48 

TO USE TABLE: Locate your approximate grade by reference to case number. Determine cost per BCY by using distance colunm that approximates your distance. No calculations are necessary. 

Case #1: Level Ground Loaded (0% grade + 4% rolling ~ 4% total)	 Eurpty (0% grade + 4% rolling ~ 4% total) 

Travel Maneuver Travel Total 
One-Way Load Time & Spread Time Cycle Trips Efficiency Adjusted Operating 
Distance Time Loaded Time Eurpty Time Per Payload Factor Productivity Costs 

(Ft.) (Min.) (Min.) (Min.) (Min.) (Min.) Hour (BCY) (50mill/lrr) (BCY/Hr) ($/BCY) 

500 1.0 0.42 0.60 0.36 2.38 25.2 25.0 0.83 523 $0.913 

1000 1.0 0.68 0.60 0.57 2.85 21.1 25.0 0.83 438 $1.090 

1500 1.0 0.92 0.60 0.75 3.27 18.4 25.0 0.83 382 $1.250 

2000 1.0 1.15 0.60 0.92 3.67 16.3 25.0 0.83 338 $1.413 

2500 1.0 1.37 0.60 1.09 4.06 14.8 25.0 0.83 307 $1.555 

3000 1.0 1.59 0.60 1.26 4.45 13.5 25.0 0.83 280 $1.705 

3500 1.0 1.81 0.60 1.44 4.85 12.4 25.0 0.83 257 $1.858 

4000 1.0 2.02 0.60 1.61 5.23 11.5 25.0 0.83 239 $1.999 

4500 1.0 2.22 0.60 1.78 5.60 10.7 25.0 0.83 222 $2.151 

5000 1.0 2.43 0.60 1.95 5.98 10.0 25.0 0.83 208 $2.296 

5500 1.0 2.64 0.60 2.13 6.37 9.4 25.0 0.83 195 $2.449 

6000 1.0 2.85 0.60 2.30 6.75 8.9 25.0 0.83 185 $2.581 

6500 1.0 3.05 0.60 2.47 7.12 8.4 25.0 0.83 174 $2.744 

7000 1.0 3.26 0.60 2.64 7.50 8.0 25.0 0.83 166 $2.876 
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LQD-G
 

Appendix G
 
Calculations for Final Grading With a Caterpillar 16M Motor Grader
 

F" 1G d'ma ra mg 

INPUT, UNIT AS COMMENT/ 
INDICATED SOURCE 

Caterpillar 16M Motor Grader 

Speed in Miles Per Hour (Second Gear) 3.3 Miles/Hour CPH40 

Width of Grading Per Pass 8 Feet CPH40 

Feet Per Mile 5,280 Feet 

Square Feet Per Acre 43,560 Sq. Ft. 

Operating Efficiency Factor 50 Min./Hr. 0.83 % CPH40 

Operating Costs $132.99 Per Hour 100% ofE-W 

Labor Costs $40.92 Per Hour WYDOT-WDD 

Supervision Labor Costs $5.74 Per Hour 1/8 ofWYDOT-WDD 

Supervisor Transportation $2.84 Per Hour 1/8 of 100% ofE-W 

Total Hourly Costs $182.49 

Grading Rate 

(3.3 Miles/Hour)x(5,280 Ft.lMile)x(8 Ft.lPass) 139,392 Ft2/Hour 

(139,392 Fe/Hour)/(43,560 Ft2/Acre) 3.2 Acres/Hour 

(3.2 AcreslHour)x(O.83 Efficiency Factor) 2.66 Acres/Hour 

Operating Costs 

($ 182.49/Hour)/(2.66 Acres/Hour) $68.61 Per Acre 
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LQD-H
 

Appendix H
 
Cost Estimates for Handling Wire Fencing and Electrical Power Lines
 

FENCING SOURCES 

Construction 4-Strand Barbed Wyoming Highway Department 
Weighted Average Bid Prices, 2009 

Overall Average ­
$1.87/LF 

Removal	 Wyoming Highway Department, 
Average Bid Prices, 2009 

Overall Average ­
$0.31/LF 

Power Line Removal 

Distribution Lines: No Charge	 From: Tri-County Electric 
Transmission Lines: No Charge	 From: Tri-County Electric 

Note:	 Cost estimates for power line removal are based on phone contact with Tri-County Electric. Distribution 
lines are owned by Tri-County Electric and would be removed upon request at no charge by Tri-County 
Electric. Transmission lines (lines which go from the main metering point to various electrical 
substations and are not owned by Tri-County Electric) would be removed by Tri-County Electric at no 
cost for their salvage value. 
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LQD-I
 

Appendix I
 
Cost Estimate for Ripping Asphalt Using a Caterpillar D9R Dozer
 

Asphalt Ripping (3"-4" Mat)
 

INPUT, UNIT AS COMMENT/ 
INDICATED SOURCE 

Caterpillar D9R Dozer With 3 Shank Ripper 

Speed in Miles Per Hour 1 Mile/Hour CPH40 

Width of Ripping Pass 3 Feet CPH40 

Feet Per Mile 5,280 Feet 

Square Feet Per Acre 43,560 Sq. Ft. 

Operating Efficiency Factor 50 Min./Hr. 0.83 % CPH40 

Operating Costs $160.66 Per Hour 100% ofE-W 

Labor Costs $40.92 Per Hour WYDOT-WDD 

Supervision Labor Costs $5.74 Per Hour 1/8ofWYDOT-WDD 

Supervisor Transportation $2.84 Per Hour 1/8 of 100% ofE-W 

Total Hourly Costs $210.16 

Ripper Productivity 

(1.0 Mile/Hour)x(5,280 Ft.lMile)x(3 Ft.lPass) 15,840 Ft2/Hour 

(15,840 Ft2/Hour)/(43,560 Ft2/Acre) 0.36 Acres/Hour 

(0.36 Acres/Hour)x(0.83 Efficiency Factor) 0.299 Acres/Hour 

Operating Costs 

($210. 16/Hour)/(0.299 Acres/Hour) $702.87 Per Acre 
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LQD-J
 

Appendix J
 
Cost Estimate for Culvert Removal
 

Culvert Removal 

INPUT, UNIT AS COMMENT/ 
INDICATED SOURCE 

Average Length of CMP Section 20 Feet 

Assumed Culvert Diameter 48 Inches 

Time to Cut One Band 10 Minutes 

Time to Load One 20' Section (2 People) 20 Minutes 

Average Haul, Dump and Return Time 30 Minutes 

Number of Sections of CMP Per Load 2 

Operating Efficiency Factor 50 Min.lHr. 0.83 % 

Labor $40.92 Per Hour WYDOT-WDD 

Dump Truck (10-12 yd3
) $64.33 Per Hour 100% ofE-W 

Caterpillar 980G Front-End Loader $106.06 Per Hour 100% ofE-W 

Cost to Remove One 20' Section ofCMP 

Labor Cost x Time to Cut One Band $6.82 

+ ((Labor Cost x 2) + FEL Cost) x Time to Load 1 Section $62.57 

+ (Labor Cost + Truck Cost) x Haul Time $52.63 

Cost to Remove One 20' Section ofCMP $122.02 
(not including dirt removal) 

Note: Culverts may be smashed and buried in pIace when feasible. 
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LQD-K
 

Appendix K
 
Cost Estimates for Demolition and Removal of Railroad Spurs and Facilities Buildings
 

REGIONAL ADJUSTED 
TASK COST PER UNIT COST COST PER UNIT 

($) ADJUSTMENT! ($) 

Track Removal 8.57/1in. ft. 95.7% 8.20/1in. ft. 

Ballast Removal 4. 12/cy 95.7% 3.94/cy 

Building Demolition and Disposal l 
, 2, 3 

Mixture ofTypes 0.26/ft3 95.7% 0.249/fe 

Explosive Demolition, Concrete or Steel O.24/ft3 95.7% 0.230/ft3 

Disposal (Average) 8.48/cy 95.7% 8.12/cy 

City Landfill Dump Charges $100.00/ton 95.7% $95.70/ton 

Concrete Footings and Foundations 

6" Thick With Rebar 5.28sq. ft. 95.7% S.OS/sq. ft. 

Footings - 2' Thick, 3' Wide 18.95/lin. ft. 95.7% 18.14/lin. ft. 

Concrete Disposal On-Site 7.28/cy 95.7% 6.97/cy 

Note:	 Operators may also provide a verifiable cost estimate from a qualified contractor for these demolition 
tasks. This estimate may be used for om~ to three consecutive years, assuming few substantial changes 
in mine facilities. 

Costs From: 2011 Means Heavy Construction Cost Data & Building Construction Cost Data 
2 Based on Total Volume of Building, does not include disposal cost 

Based on Concrete Structures Volume Only, does not include disposal cost 
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LQD-N
 

Appendix N
 
Cost Estimates for Demolition and Removal ofOne "Standard" Surface Water Monitoring Station
 

INPUT, UNIT AS COMMENTI 
INDICATED SOURCE 

Assumed Time to Remove One Station 8 Hours 

Labor $40.92 Per Hour WYDOT-WDD 

Dump Truck (10-12 yd3
) $64.33 Per Hour 100% ofE-W 

Caterpillar 980G Front-End Loader $106.06 Per Hour 100% ofE-W 

Cost to Remove One Surface Water Station = 

(Labor Cost x Time to Remove Station) $327.36 
+ (Labor Cost + Truck Cost) x Time to Remove Station $842.00 
+ (Labor Cost + Loader Cost) x Time to Remove Station $1,175.84 

Cost to Remove One Surface Water Station = $2,345.20 

Appendix 0 
Cost Estimates for Demolition and Removal of One 

"Standard" Meteorological or Air Quality Monitoring Site 

INPUT, UNIT AS COMMENTI 
INDICATED SOURCE 

Assumed Time to Remove One Station 4 Hours 

Labor $40.92 Per Hour WYDOT-WDD 

Dump Truck (10-12 yd3 
) $64.33 Per Hour 100% ofE-W 

Caterpillar 430D (4WD) Backhoe Loader $31.53 Per Hour 100% ofE-W 

Cost to Remove One Meteorological or Air Quality Station = 

(Labor Cost x Time to Remove Station) $163.68 
+ (Labor Cost + Truck Cost) x Time to Remove Station $421.00 
+ (Labor Cost + Loader Cost) x Time to Remove Station $301.80 

Cost to Remove One Meteorological or Air Quality Station = $886.48 
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LQD-P
 

Appendix P
 
Cost Estimate for Scarification of Compacted Surfaces
 

INPUT, UNIT AS COMMENT/ 
INDICATED SOURCE 

CATERPILLAR 16M MOTOR GRADER 

Speed in Miles Per Hour (First Gear) 2.4 Miles/Hour CPH40 

Width of ScarifYing Pass 12 Feet CPH40 

Feet Per Mile 5,280 Feet 

Square Feet Per Acre 43,560 Sq. Ft. 

Operating Efficiency Factor 50 Min./Hr. 0.83% CPH40 

Operating Costs $132.99 Per Hour 100% ofE-W 

Labor Costs $40.92 Per Hour WYDOT-WDD 

Supervision Labor Costs $5.74 Per Hour 1/8ofWYDOT-WDD 

Supervisor Transportation $2.84 Per Hour 1/8 of 100% ofE-W 

Total Hourly Costs $182.49 

SCARlFICAnON RATE 

(2.4 Miles/Hour)x(5,280 Ft.lMile)x(12 Ft.lPass) 152,064 Ft2/Hour 

(152,064 Ft2/Hour)/(43,560 Ft2/Acre) 3.49 Acres/Hour 

(3.49 Acres/Hour)x(0.83 Efficiency Factor) 2.90 Acres/Hour 

OPERATING COSTS 

($182.49/Hour)/(2.90 Acres/Hour) $62.93 

Per Acre 
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P-1
Pumping System Description:

Name: Well Pumps

Location: Inside recovery wells

Purpose: Deliver recovery solution to the module buildings

Input Data: Source

Flow rate: 20 gpm High estimate per well

Inlet pressure: 4 psi Assumes 10 feet min. water column above pump

Delivery pressure: 10 psi Estimate of pressure required at delivery point

Maximum lift: 500 ft Based on average 500 foot well depth

Friction head loss: 85 ft Calculated as 83.6 ft from recovery well pump to module 
building

Pump efficiency: 85% Estimate

Motor efficiency: 85% Estimate

Specific weight: 62.4 lb/ft3 Typical of water

Calculations:

Where:
hp = Pump power input (hp)
Q = Flow rate (cfs)

γ = Specific weight of fluid (lb/ft3)
ep = Pump efficiency

P = Motor power input
em = Motor efficiency

Pressure head: 14 ft
Friction losses: 85 ft
Elevation head: 500 ft
Total dynamic head: 599 ft
Pump power input: 3.6 hp
Motor power input: 4.2 hp

3.1 kW
For estimate 4.0 kW
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P-2
Pumping System Description:

Name: Recovery Solution Booster Pumps

Location: Inside module buildings

Purpose: Deliver recovery solution from the recovery wells to the CPP

Input Data: Source

Flow rate: 800 gpm High estimate per module based on production

Inlet pressure: 10 psi Residual pressure from recovery well pumps

Delivery pressure: 50 psi High estimate of pressure required at delivery point

Pump elevation: 4200 ft Typical module building elevation

Delivery elevation: 4150 ft High estimate of final CPP elevation

Friction head loss: 50 ft Calculated as 43 ft from Module 1 to CPP

Pump efficiency: 85% Estimate

Motor efficiency: 85% Estimate

Specific weight: 62.4 lb/ft3 Typical of water

Calculations:

Where:
hp = Pump power input (hp)
Q = Flow rate (cfs)

γ = Specific weight of fluid (lb/ft3)
ep = Pump efficiency

P = Motor power input
em = Motor efficiency

Pressure head: 92 ft
Friction losses: 50 ft
Elevation head: -50 ft
Total dynamic head: 92 ft
Pump power input: 21.9 hp
Motor power input: 25.8 hp

19.2 kW
For estimate 20.0 kW

pe
HQhp

550
γ

=
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P-3
Pumping System Description:

Name: Injection Booster Pumps

Location: Inside module buildings

Purpose:

Input Data: Source

Flow rate: 800 gpm High estimate per module based on production

Inlet pressure: 20 psi Residual pressure from CPP booster pumps

Delivery pressure: 140 psi Max. injection pressure at module building                               
(TR Section 3.1.2.3)

Pump efficiency: 85% Estimate

Motor efficiency: 85% Estimate

Specific weight: 62.4 lb/ft3 Typical of water

Calculations:

Where:
hp = Pump power input (hp)
Q = Flow rate (cfs)

γ = Specific weight of fluid (lb/ft3)
ep = Pump efficiency

P = Motor power input
em = Motor efficiency

Pressure head: 277 ft
Total dynamic head: 277 ft
Pump power input: 65.9 hp
Motor power input: 77.5 hp

57.8 kW
For estimate 58.0 kW

Deliver barren lixiviant to the injection wells during production or permeate 
during aquifer restoration
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P-4
Pumping System Description:

Name: CPP Permeate Pumps

Location: Inside CPP

Purpose: Deliver permeate to the module buildings

Input Data: Source

Flow rate: 467.5 gpm
High estimate per module (see TR Figure 3.1-13 and assume 
2 modules in RO treatment with permeate injection)

Inlet pressure: 10 psi Low estimate of residual pressure after RO

Delivery pressure: 20 psi High estimate of pressure required at delivery point

Pump elevation: 4150 ft High estimate of final CPP elevation

Delivery elevation: 4200 ft Typical module building elevation

Friction head loss: 50 ft Calculated as 43 ft from Module 1 to CPP

Pump efficiency: 85% Estimate

Motor efficiency: 85% Estimate

Specific weight: 62.4 lb/ft3 Typical of water

Calculations:

Where:
hp = Pump power input (hp)
Q = Flow rate (cfs)

γ = Specific weight of fluid (lb/ft3)
ep = Pump efficiency

P = Motor power input
em = Motor efficiency

Pressure head: 23.1 ft
Friction losses: 50 ft
Elevation head: 50 ft
Total dynamic head: 123.1 ft
Pump power input: 17.1 hp
Motor power input: 20.1 hp

15.0 kW
For estimate 15.0 kW
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P-5
Pumping System Description:

Name: Restoration RO Prefiltration Pumps

Location: Inside CPP

Purpose: Deliver recovery solution to guard column and RO prefiltration

Input Data: Source

Flow rate: 1100 gpm Typical restoration flow from restoration recovery wells (see 
TR Figure 3.1-13)

Inlet pressure: 50 psi Delivery pressure from module buildings

Delivery pressure: 130 psi From preliminary RO design by Lyntek

Pump efficiency: 85% Estimate

Motor efficiency: 85% Estimate

Specific weight: 62.4 lb/ft3 Typical of water

Calculations:

Where:
hp = Pump power input (hp)
Q = Flow rate (cfs)

γ = Specific weight of fluid (lb/ft3)
ep = Pump efficiency

P = Motor power input
em = Motor efficiency

Pressure head: 184.6 ft
Total dynamic head: 184.6 ft
Pump power input: 60.4 hp
Motor power input: 71.0 hp

53.0 kW
For estimate 53.0 kW
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P-6
Pumping System Description:

Name: Restoration RO Stage 1 Feed Pump

Location: Inside CPP

Purpose: Deliver filtered recovery solution to Stage 1 RO

Input Data: Source

Flow rate: 1100 gpm Restoration flow from restoration recovery wells                
(see Figure 3.1-13)

Inlet pressure: 100 psi Estimated delivery pressure from guard column and 
prefiltration

Delivery pressure: 385 psi From preliminary RO design by Lyntek

Pump efficiency: 85% Estimate

Motor efficiency: 85% Estimate

Specific weight: 62.4 lb/ft3 Typical of water

Calculations:

Where:
hp = Pump power input (hp)
Q = Flow rate (cfs)

γ = Specific weight of fluid (lb/ft3)
ep = Pump efficiency

P = Motor power input
em = Motor efficiency

Pressure head: 657.7 ft
Total dynamic head: 657.7 ft
Pump power input: 215.1 hp
Motor power input: 253.1 hp

188.8 kW
For estimate 189.0 kW

pe
HQhp

550
γ

=
me

hpP =

Ross ISR Project 84 TR Addendum 6.1-A
- 201 -



P-7
Pumping System Description:

Name: Restoration RO Stage 2 Feed Pump

Location: Inside CPP

Purpose: Deliver brine from Stage 1 RO to Stage 2 RO

Input Data: Source

Flow rate: 330 gpm Brine from Stage 1 RO (see TR Figure 3.1-13)

Inlet pressure: 10 psi Delivery pressure from holding tank and prefiltration

Delivery pressure: 760 psi From preliminary RO design by Lyntek

Pump efficiency: 85% Estimate

Motor efficiency: 85% Estimate

Specific weight: 62.4 lb/ft3 Typical of water

Calculations:

Where:
hp = Pump power input (hp)
Q = Flow rate (cfs)

γ = Specific weight of fluid (lb/ft3)
ep = Pump efficiency

P = Motor power input
em = Motor efficiency

Pressure head: 1730.8 ft
Total dynamic head: 1730.8 ft
Pump power input: 169.9 hp
Motor power input: 199.8 hp

149.1 kW
For estimate 150.0 kW

pe
HQhp

550
γ

=
me

hpP =

Ross ISR Project 85 TR Addendum 6.1-A
- 202 -



P-8
Pumping System Description:

Name: Brine Pump to Deep Disposal Wells

Location: Inside CPP

Purpose: Deliver brine from storage tank to disposal well pumps

Input Data: Source

Flow rate: 190 gpm Brine from Stage 2 RO and other liquid waste                            
(see TR Figure 3.1-13)

Inlet pressure: 5 psi Delivery pressure from storage tank

Delivery pressure: 50 psi
High estimate of pressure required at disposal surge pumps

Pump elevation: 4150 ft High estimate of final CPP elevation

Delivery elevation: 4190 ft Typical deep disposal well elevation

Friction head loss: 70 ft Calculated as 66 ft based on typical deep disposal well 
distance from CPP

Pump efficiency: 85% Estimate

Motor efficiency: 85% Estimate

Specific weight: 62.4 lb/ft3 Typical of water

Calculations:

Where:
hp = Pump power input (hp)
Q = Flow rate (cfs)

γ = Specific weight of fluid (lb/ft3)
ep = Pump efficiency

P = Motor power input
em = Motor efficiency

Pressure head: 103.8 ft
Friction losses: 70 ft
Elevation head: 40 ft
Total dynamic head: 213.8 ft
Pump power input: 12.1 hp
Motor power input: 14.2 hp

10.6 kW
For estimate 11.0 kW
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P-9
Pumping System Description:

Name: High Pressure Disposal Well Pumps

Location: Adjacent to deep disposal wells

Purpose: Deliver concentrated brine to deep disposal well

Input Data: Source

Flow rate: 50 gpm Typical disposal rate per well (range is 35-80 gpm per TR 
Section 4.2.3.2.1)

Inlet pressure: 50 psi Delivery pressure from brine pump

Delivery pressure: 1846 psi Limiting surface injection pressure per Table 14 in TR 
Addendum 4.2-A

Pump efficiency: 85% Estimate

Motor efficiency: 85% Estimate

Specific weight: 62.4 lb/ft3 Typical of water

Calculations:

Where:
hp = Pump power input (hp)
Q = Flow rate (cfs)

γ = Specific weight of fluid (lb/ft3)
ep = Pump efficiency

P = Motor power input
em = Motor efficiency

Pressure head: 4144.6 ft
Total dynamic head: 4144.6 ft
Pump power input: 61.6 hp
Motor power input: 72.5 hp

54.1 kW
For estimate 55.0 kW
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RO-1
RO Operation Costs

Name: 2-Stage Restoration RO
Location: Inside CPP
Purpose:

Input Data: Source
Stage 1 RO design feed rate 1100 gpm See TR Figure 3.1-13

Stage 2 RO design feed rate 330 gpm See TR Figure 3.1-14

Total groundwater  sweep volume 28,098 kgal 0.5 PVD x 5 modules

Total RO with permeate injection volume 393,376 kgal 7.0 PVD x 5 modules

Total volume treated 421,474 kgal 7.5 PVD x 5 modules

Months of operation 14 months
See reference S-1; 14 months total groundwater 
sweep plus RO treatment with permeate 
injection

Average monthly Stage 1 feed rate 30,105 kgal/mo

Average monthly Stage 2 feed rate 9,032 kgal/mo

Sulfuric Acid (H2SO4):

H2SO4 concentration for Stage 1 RO 147 ppm
Modeled using Visual MINTEQ: reduce pH from 
8.0 to 7.0

H2SO4 concentration for Stage 2 RO 343 ppm
Modeled using Visual MINTEQ: reduce pH from 
8.2 to 7.5

H2SO4 grade 93% Concentrated sulfuric acid
H2SO4  required for Stage 1 RO 2.59 kgal/mo
H2SO4  required for Stage 2 RO 1.81 kgal/mo
Total H2SO4  required 4.40 kgal/mo

Unit H2SO4 cost 327.50$       /ton
Quote delivered from Brenntag chemical
(see reference C-1)

Monthly H2SO4 cost 11,048$       /month
Monthly H2SO4 cost per kgal feed 0.37$           /kgal

Antiscalant:

Antiscalant concentration for Stage 1 RO 3 ppm Per recommendation from Avista Technologies

Anti-scalant concentration for Stage 2 RO 4.4 ppm Per recommendation from Avista Technologies

Cost for Stage 1 RO antiscalant per kgal feed 0.07$           /kgal
Cost estimate for Vitek 3000 from Avista 
Technologies

Cost for Stage 2 RO antiscalant per kgal feed 0.10$           /kgal
Cost estimate for Vitek 3000 from Avista 
Technologies

Monthly Stage 1 RO antiscalant cost 2,047$         /month

Monthly Stage 2 RO antiscalant cost 903$            /month

Monthly antiscalant cost 2,950$         /month

Monthly antiscalant cost per kgal feed 0.10$           /kgal

Treat recovery solution from wellfields during groundwater sweep 
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RO-1
RO Operation Costs (Continued)

Pre-Filtration Pumping System:

Average power requirement 53 kW Reference P-5

Electrical consumption per month 38,669 kWh Calculated

Power cost 0.04$           /kWh From PRECorp

Monthly pre-filtration pumping system cost 1,546.75$   

Monthly cost per kgal feed 0.05$           /kgal

Pre-Filtration System Operating Costs:

Monthly cost per kgal feed 0.01$           /kgal Estimate

Stage 1 RO Feed Pump

Average power requirement 189 kW Reference P-6

Electrical consumption per month 137,894 kWh

Power cost 0.04$           /kWh From PRECorp

Monthly pre-filtration pumping system cost 5,515.78$   

Monthly cost per kgal feed 0.18$           /kgal

Stage 2 RO Feed Pump

Average power requirement 150 kW Reference P-7

Electrical consumption per month 109,440 kWh

Power cost 0.04$           /kWh From PRECorp

Monthly pre-filtration pumping system cost 4,377.60$   

Monthly cost per kgal feed 0.15$           /kgal

Membranes:

Monthly membrane cost 0.02$           /kgal Based on preliminary RO design by Lyntek

Total RO operation cost per month 0.88$       /kgal
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S-1

Groundwater Sweep (2 months) 2
RO/Permeate Injection (4 months) 4
Recirculation (1 month) 1
Stability Monitoring (12 months) 12

1-1 1-2 1-3 1-4 1-5
Pause 0 2 4 6 8
Groundwater Sweep 2 2 2 2 2
RO/Permeate Injection 4 4 4 4 4
Recirculation 1 1 1 1 1
Stability Monitoring 12 12 12 12 12
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Planned Aquifer Restoration Schedule -
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Groundwater Sweep (2 months) RO/Permeate Injection (4 months)

Recirculation (1 month) Stability Monitoring (12 months)
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RESRAD Input Parameters 
This addendum identifies site-specific parameters that were employed 

instead of RESRAD defaults.  These site-specific parameters were used in all 

RESRAD calculations.  All parameters not specifically identified in this 

addendum or in the definition of the critical group should be assumed as 

RESRAD defaults. 

Pathways 

Pathways for external gamma, inhalation and ingestion of  plants , meat, 

aquatic foods, drinking water and soil were included in the calculations.  Milk 

ingestion was not included as the area is not suitable for dairy farming.   

Contaminated Zone 

The surface soil was characterized and is summarized in Table 3.3-1 of 

the Environmental Report for the Ross ISR site.  The contamination was 

considered to be in the surface soil and was modeled as a “sandy loam” based 

on the majority of the soil types provided by the soil survey.  The contaminated 

zone hydraulic conductivity and zone b parameter (soil specific exponential 

parameter) were altered to match the values provided in Table E-2 of the 

RESRAD manual for “Sandy Loam.” The total porosity was also altered, 

however the porosity value chosen was for fine sand, as there was no option in 

the manual (Table E8) for loam or sandy loam.  In addition the runoff 

coefficient of the soils found for “open sandy loam” in Table E-1 of the RESRAD 

manual was used (ANL, 2001).   

The contaminated zone section also allows for some site specific general 

meteorological data.  The average wind speed was raised to 4.5 m/s to better 

match onsite meteorological data collected.  The annual precipitation was 

lowered to 0.3175 m/yr (12.5 in/yr) per local meteorological data provided in 

2.5.1 of the Technical Report.   
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Saturated and Unsaturated Zones 

The unsaturated and saturated zones were assumed to be sandstones 

per information on the rock formations provided in Section 2.6.1.2 of the 

Technical Report.  For both zones, porosity values for sandstone were used per 

Table E8 of the RESRAD manual and a density of 2.1 g/cm3 was used per site 

specific data.  The unsaturated zone thickness was set to 39 m (~128 ft), the 

depth of the shallowest well used for stock water in the permit area.  This is the 

recommended method in Appendix E of NUREG 1569.   

Occupancy 

It is likely that the resident rancher would spend significantly more time 

outdoors than a typical person.  The indoor time fraction was lowered from 

0.50 to 0.25 and the outdoor fraction was raised from 0.25 to 0.50.  The 

remaining time is assumed to be offsite.   

Ingestion 

As some local residents have reported having had or currently having 

home vegetable gardens, it is reasonable to assume that a local rancher might 

have a personal garden for home use.  The value for the fraction of the “plant 

food” coming from the contaminated zone was thus raised to 0.25 from 0.10.  

Despite the Oshoto Reservoir not serving as a major pathway for ingestion at 

this time, the pathway was not eliminated completely for conservatism, 

however it was lowered from 0.50 to 0.10 (i.e., 10% of ingested fish).  Because 

the scenario was set for a resident who produces livestock full time, the 

contaminated fraction of meat was set to 1.   

 

Sensitivity Analysis 

Uranium Inhalation Class 

The RESRAD default calculation applies the Class Y inhalation 

classification to natural uranium. However, since no process specific data to 
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indicate the solubility class of the uranium at this site was available, the 

Radium Benchmark Dose was applied to all three solubility classes of uranium. 

Inhalation class based Dose Conversation Factors were applied from Federal 

Guidance Report 11. The appropriate uranium soil standard limit, provided in 

Table 6.4-A-1, will be applied as a result of process specific inhalation class 

studies that will be completed during operations of the Ross facility.   

 
Table 6.4-A-1 Uranium Soil Standard Limits  

Inhalation Class 
Dose resulting from 
[U-nat]=100 pCi/g  

Uranium Soil 
Standard Limit 

Class Y 7.409 mrem 451 pCi/g 
Class W 6.978 mrem 479 pCi/g 
Class D 6.960 mrem 480 pCi/g 

 

In general, the uranium soil standard limits were very similar for all 

inhalation classes particularly the Class W and D limits.  This is a likely a 

result of the fact that the inhalation pathway results in a small (less than 10%) 

fraction of the total dose.  The contribution of pathways to total dose is 

provided in Table 6.4-A-2. 

 
Table 6.4-A-2 Pathway Contribution to Total Dose as a Result of Natural 

Uranium Contamination in Surface Soil 
Inhalation 

Class 
Fraction of Total Dose by Pathway 

Ground Inhalation 
Plant 
(water 

independent) 

Meat  
(water 

independent) 

Soil 
(ingestion) 

Class Y 0.7290 0.0619 0.0668 0.0417 0.1006 
Class W 0.7741 0.0039 0.0709 0.3088 0.1069 
Class D 0.7761 0.0014 0.0711 0.0444 0.1071 

 

Figures 6.4-A-1 through 6.4-A-5 present the dose as a function of time 

for each of the additional dose sensitivity parameters analyzed which included 

the fraction of time spent outdoors, fraction of ingested plant food, average 

wind speed, mass loading in air and the size of the contaminated area. 
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Figure 6.4-A-1 Dose Sensitivity to Fraction of Time Spent Outdoors for 
Surface Contamination Scenario 
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Figure 6.4-A-2 Dose Sensitivity to Contaminated Fraction of Plant Food 
Ingested 

0

5

10

15

20

25

30

35

40

1 10 100 1000

D
os

e 
(m

re
m

)

Year Post-Decommissioning 

Upper:  .5

Mid:  .25

Lower:  .125

 

Ross ISR Project 5 TR Addendum 6.4-A
- 213 -



Figure 6.4-A-3 Dose Sensitivity to Average Wind Speed 

0

5

10

15

20

25

30

35

1 10 100 1000

Do
se

 (m
re

m
)

Years Post-Decommissioning

Upper:  6.75

Mid:  4.5

Lower:  3

 
 

Ross ISR Project 6 TR Addendum 6.4-A
- 214 -



Figure 6.4-A-4 Dose Sensitivity to Mass Loading for Inhalation 
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Figure 6.4-A-5 Dose Sensitivity to Contaminated Area in Surface 
Contamination Scenario  
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