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Enclosed are ten copies of the Conoco Sand Rock Uranium Mill project
DES sections prepared by Ott Water Engineers. Onc copy has also been
sent to Dr. Roy Wi fliams as you requested.
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comments feel free to contact me or Dr. Catherine Kraeger-Rovey, also
in our office.
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Mary T. Tervera
Staff Engineer

#
MTC/ms / '

cc: Dr. Roy Williams w/ enc.

. 308 he
: a,a w- c'p-

'#
_ r. ng z m C. g Q:1

^

_

! ,,
-. A h[j3 N h

.
,

.

g j g [, f- 's
.'

O " ** -

,
,

gocKETr3 E{f'

p vee s -- .m,

" " ' " F 7 :*Ou23n81*
'

'
-

[ $d'
'

mes
gru.ssus /0

'

+ /0 /E7Te COClilIM

~

A [h| (/A
8107230301 810619
PDR ADOCK 04008743 Anchorage - Denver - Redding - Reno

_ @._ __- _ _ _ _ _ _- __ _ _ MX_



- .

40 -r 74 ]'

' CONTENTS

Me
Section 3 THE AFFECTED ENVIRONMENT

3.6 Water 3.6-1

3.6.1 Surface Water 3.6-1

3.6.1.1 Drainage Basins - 3.6.1
2 Channel Geometry 3.6.6
3 Surface Water Runoff 3.6-8
4~ Surface Control Structures 3.6-25
5 Surface Water-Quality 3.6-27
6 Radionuclides 3.6-39

3.6.2 Groundwater 3.6-47

3.6.2.1 Geologic Setting 3.6-47
2 Recharge Areas 3.5-51
3 Piezometer and Well Construction 3.6-53
4 Subsoil and Aquifer Properties 3.6-53
5 Water Level 3.6-65
6 Water Movement 3.6-68
7 Groundwater Quality 3.6-69
8 Radionuclides 3.6-79

Appendix 3A Discussion of Permeability Tests
.

Appendix 3B Identification of Conoco Environmental
Report Figures and Tables Used in This Section

.

4

/o/f7
.

. _ - -- .__ _ _ _ - __--_ _ __ _-_ - - - - _ . _ _ . _ _ - _ _



. . _ . _ . . . _. . .

Q

CONTENTS - Continued

Page,.

.

Section 4. ENVIRONMENTAL CONSEQUENCES-
'

!Section 4.2. Monitoring Programs and-Mitigating Measures

4. 2. 2 , WaterEQuality 4.2.2-1. ,,
'

4.2.2.1 Surface Water Monitorin,g
Pre-Operational Monitoring 4.2.2-2-,

Proposed Operational Monitoring Programs 4.2.2-3'

. Surface Drainage Restoration: 4.2.2-3
4.2.2.2 Groundwater Monitoring

, Pre-operational Monitoring
. 4.2.2-6

Proposed Operational-Monitoring Programs 4.2.2-18-
. Post-Mining Groundwater- 4-2-2-19,

~

- Section 4.3 . Direct Effects and Their Significance -

L4.3.3 : Water
. 4.3.3-1

'4.3.3.1 Surface =Wa'.ar
Mire Area . 4.3.3-1
Evaporation Pond Area 4.3.3-2, .

Groundwater (general). 4.3.3.2-
'

.Mine Dewatering Impacts A.3.3~6
Mill Water Supply Impacts- 4.3.3-13
Tailings Seepage

~

4.3.3-18
' '

Section 4.~6 Unavoidable Adverse Impacts

-4.6.3 Water- 4.6.3-1
: .

Identification of Conoco Environmetal ReportAPPENDIX 4A
Figures and Tables Used in Sections 4.2.2;

_

and 4.3.3
3

APPENDIX F Groundwater Impact Analyses

'

''
, .

-.

-f



, . _ _

LIST OF TABLES-

.' Table No. Page

3.6.1.1 Drainage Basin Characteristics 3.6-7for the Sand Rock Project Area

3.6.1.2 Peak Flood Discharges and Flood Volumes 3.6-22
for Selected Recurrence Intervals

3.6.1.3 Precipitation Values for Selected Recurrence 3.6-24-
-Intervals and Durations

3.6.1.4 Surface Water Analyses 3.6-30

3.6.1.5 Pond Sample Results 3.6.41

3.6.1.6 Stream Sampling Results 3.6.-43
3.6.1.7 Sediment Results 3.6-44

3.6.2.1 Basic Completion and Water Level Data 3.6-54
for the Evaporation Pond Area

L 3.6.2.2 Basic Completion and Water Level Data 3.6-56
for the 35N Pit Tailings Disposal Area

3.6.2.3 Basid Well Completion Data for Well.s in the Mine Area 3.6-57

3.6.2.4 Sumary of Subsoil, Hydraulic Conductivities 3.6-59

|
and Aquifer Properties

; 3.6.2.5 Sumary of Subsoil Permeabilities from Packer Tests: 3.6-60
Evaporation Pond Area

3.6.2.6 . Water Level Data for the 70 Sand Wells 3.6-66

3.6.2.7 Groundwater Quality for Private Wells Near 3.6-70
Conoco's Sand Rock Project

3.6.2.8 Groundwater Quality for Conoco's Sand Rock 3.6-73
Monitoring Wells

i- 3.6.2.9 Groundwater Quality for the Evaporation Pond and 3.6-77
|-~ Tailings Site for Conoco's Sand Rock Project

3.6.2.10 Groundwater Sampling Results 3.6-80
.

- , . . - . - . . . - - - -, -.- . . - , .. -



.- - - - - . ._

A

;
,

^

,

Table Pige

- 4.2.2.1 -Operational Surface Water 4.2.2-4
. Monitoring Schedule

4.2.2.2 Operational Groundwater 4.2.2-20
Monitoring Schedule-

4.2.2.3 List A and B of Water Quality Parameters- 4.2.2-22

' 4.3.3.1 Parameters Used to Predict Mine Draining Rates- 4.3.3-6
_

4.3.3-2' Summary of Rock-Sample Information useo for 4.3.3-38
Distribution Coefficient Tests

.4.3.3.3 Distribution Coefficients (kd) for Selected 4.3.3-40L'

Chemical Parameters in Selected Test Hole
Rock Samples

4.3.3.4 Range of-Distribution Coefficients'of Selected 4.3.3-41:

Parameters for Different Rock ~ Types
.

'
- -Chemical Characteristics of Mill Liquid Effluent 4.3.3-424.3.3.5:

4.3.3.6 Tailings - Water Chemical Analyses Before and 4.3.3-43
after Mixing with Selected Test-Hole Rock
Samples

,

J-

#

h

6

1

1

5

.



__ ___- - __ -- --- -

LIST OF FIGURES

Figure No. Page
,

3.1 Drainage Area of Ninemile Creek and Locations of 3.6-2
Offsite Preoperational Monitoring

3.2 Drainage Area and Locations of Preoperational' 3.6-3
Monitoring Sites Near the Sand Rock Project

3.3 Drainage Area of Antelope Creek

3.4 Channel-Cross Section of Upper Wash No. 2 in Vicinity 3.6-9
of Pit 3CN

3.5 Channel-Cross Section of Upper Wash No. 2 -Upstream of 3.6-10
Pit 35N

.

3.6 Channel-Cross Section of Upper Wash No. 4 3.6-11
Downstream from Mill Tailings Evaporation Pond

3.7 Channel-Cross Section of Wash No.1 3.6-12
West of Southern Oven >urden Dump

3.8 Channel-Cross Sections of Lower Wash No. 2' 3.5-13
at Upper and Lower Crest-Stage Gages

3.9 Channel-Cross Sections of Simmons Draw 3.6-14
at Upper and Lower Crest-Stage Gages

3.10 Channel-Cross Sections of Ninemile Creek 3.6-15
at Crest-Stage Gages '

3.11 Channel-Cross Sections of Wash No. 3 3.6-16
at Upper and Lower Crest-Stage Gages

3.12 Channel-Cross Section for Simmons Draw Downstream 3.6-17
from Moore Ranch Project Area

3.13 Grain Size Distribution for Simmons Draw 3.6-18

3.14 Grain Size Distribution Curve for Wash No. 2 3.6-19

3.15 Grain Siz? Distribution for Wash No. 3 3.6-20

3.16 Mean Monthly Discharge for Antelope Creek 3.6-26
Near Teckla, Wyoming

3.17 Suspended Sediment and Discharge for Antelope Creek 3.6-28
Near Teckla, Wyoming for Water Year 1978

3.18 Suspended Sediment and Discharge for Antelope Creek 3.6-29
Near Teckla, Wyoming for Water Year 1979

E

,



.

LIST OF FIGURES - Continued

Figure No. Page

3.19 Schematic of Lithologic Units in Evaporation Pond Area 3.6-50

3.20 -Outcrop Area of 70 Sand and E Coal' 3.6-52

3.21 Preoperational Monitoring Wells 3.6-55

3.22 Location of Packer Test Holes 3.6.64

3.23' Water Level Elevation in the 70 Sand Aquifer for 3.6.67
~ Jm1980

4.2-1 Schematic of Seepage Model Parameters 4.2.2-8

' 4. 3-1. Estimated Mine Drainage for 4.3.3-8
Pits 35N, 34, and 35S

,

4.3-2 Drawdown from Mine Dewatering after seven 4.3.3-9
and one years of pumping. Pits 35N at 34
at 135 and 45 GPM respectively

-4.3-3 Drawdown from Hine Dewatering after three years 4.3.3-11
of-Pumping Pit 35S at 65 GPM.

4.3-4 Drawdown from Mine Dewatering for Fourteen, 4.3.3-12
Eleven, and Nine Years after Pumping Stops
in Pits 35N, 34, and 35S'respectively.

; 4.3-5 Drawdown from Pumping the Mill Supply Wells 4.3.3-16
!

for Twelve Years at an average rate of
2200 1/ min (580 GPM)

^

4.3.3-244.3-6 - Seepage through the Bottom of the Tailings Pit
Without a Compacted Liner and Without Effective

|- Drains-

4.3.3-264.3-7 Seepage through the Bottom of the Tailings Pit with
a Compacted Liner and Without Effective Drains

4.3-8 Seepage Estimates through the Pit Walls Without 4.3.3-27
a Drainage System

4.3-9 ' Variation of Distribution Coefficient 4.3.3-35
with Initial Tailings Solution Concentration
fcr Different Chemical Constituents when Mixed

- with Lower Mudstone #--- . ales P-16 and P-17

4.3-10 Variation of Distribution Coefficient With 4.3.3-37
Equilibrium Tailings Solutio.n pH for Different
Chemical Constituents When Mixed With Lower
Mudstone from Holes P-16 and P-17



- . . -. - . . . .

. .

' Figure _- Page

.

L.3-11. Arsenic. Migration with Time at Distances down 4.3.3-46*

Gradient from Sand Rock Mill Tailings Disposal
Site

4.3-12 Selenium Migration 4.3.3-48

4.3-13 Vanadium Migration 4.3.3-49.

4.3-14- Ammonia Migration 4.3.3-50
^

4.3-15. Lead Migration' 4.3.3-51

4.3-16 Sulfate Migration- 4.3.3-53

4.3-17 Estimated ~ Seepage From the Evaporation Pond 4.3.3-21
. With Cutoff Trenches in the Upper Sandstone

1;
i

;

t:

'

; :--

|

|
4

rm, , --, e - e, - g e,an,e.- ,-n.,+e - - ,-.www--- o m .ws---m- er - ,- ,, ,-,www-, ~. ,, -,, ,,,e ,wa.we,---~~,w,ny m. r-e , ~ + - , , , - - . , , . - - ----w.



-3.6 WATER

This section contains a review of existing hydrologic conditioas

at Conoco's Sand Rock project area as presented in Conoco's Environmentai

Report. It includes a discussion of field tests and their analyses as well

as a description of the area's hydrologic setting.

Surface water conditions are presented in Section 3.6.i. Section

- 3.6.2 describes area groundwater conditions including the geologic setting

and agr:ifer properties. Both sections also contain chemical and radiological

waterquality assessments.

3.6.1 SURFACE WATER

3.6.1.1 DRAINAGE BASINS

The Sard Rock nroject area liu. entirely within the drainage basin.

of Niremile Creek,t - sibutary to Antelope Creek. Antelope Creek

flows into the Souch Cheyenne River (Wyoming nomenclature) which joins the

Belle Fourche River in South Dakota to fono theCheyenne River. The Cheyenne

River subsequently flows into the Missouri River. Ninemile Creek's drainage

.is shown on Figure 3.1 and the Ninemile Creek tributaries which are relevant

to the Sand Rock project are shown on Figures 3.1 and 3.2. The entire Antelope

Creek orainage basin is shown on Figure 3.3.

Antelope Creek has a dre.inage area of 2,500 square kilometers (980

square miles) with an approximcte channel length of 100 kilometers (62 miles),

and an average gradient of 0.006 (ft/ft). The elevatior; at Antelope Creek's

headwaters is approximately 1,900 meters (6,225 feet) above mean sea level (msl),

and 1,340 meters (4,400 feet) at its confluence with the South Cheyenne River.

The U.S. Geological Survey has a stream gaging station on Antelope Creek approxi-

mately ten miles upstream from its mouth. The drainage area is 2,480 square
'

kilometers (959 square miles) at the gage.

3.6-1

_- . . _ _. , . . _ , . _ . . _., _, . .-. . _ . -
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fiinemile Cak has a total drainage area of 160 square kilometers

(63 square miles), a channel length of approximately 32 kilometers (20 miles), *

and an average channel gra/.ient of 0.006 (ft/ft). The elevation difference

from headwaters to mouth is 186 meters (610 feet) with a maximum basin eleva-

tion of approximately 1,680 meters (5,500 f?et) above ms1. Upstream of

monitoring site 1-7 (Figure 3.2) 88 square kilometers (34 square miles) of

.the Ninemile Creek basin drain the Sand Rock project area. The channel length
,

within this area is approximately 17 kilometers (10.5 miles) with an average

gradientof0.007(ft/ft).

Simmons Draw is a Ninemile Creek tributary flowing southeasterly

through the Sand Rock project (Figures 3.1 and 3.2). Its total drainage area

is 21 square kilometers (8.1 square miles). The channel length is 11 kilo-

meters (6.8 miles) with an average gradient of 0.007 (ft/ft). Total basin

elevation difference is 79 meters (260 feet) with a maximum elevation of

approximately 1,670 meters (5,475 feet), above msl.

Pine Tree Draw, with a drainage area of 21 square Km (8.2 square

miles), flows from the north into Ninemile Creek on the eastern edge of the

project area (Figures 3.1 and 3.2). The channel length is approximately 12

kilometers (7.6 miles), and the average gradient is 0.009 (ft/ft). The maximum

basin elevation approaches 1,670 meters (5,470 feet) above msl, and the minimum

-is approximately 1,560 meters (5,110 feet).

Simmons Draw has tributaries which flow in a predominantly southerly

direction in the Sand Rock project area. These tributaries are labeled Washes

1 and 2 on Figures 3.1 and 3.2. Wash 2 is further subdivided into Upper Wash 2

. and Lower Wash 2 based on the channt ' reach being upstream and downstream of

the proposed mining Pit 35N. Wash 4hich is a tributary to Ninemile Creek, is

also further divided into Upper Wash 4 and Lower Wash 4 at the location of the
I

proposed mill tailings evaporation pond dam.

.
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Wash 1 has a ' drainage area of 4.4 square kilometers (1.7 squarc

miles), a channel length of 4.5 kilometers (2.8 miles), and an average channel

gradient of 0.014 (ft/ft). The basin elevation difference is approximately

62 meters (205 feet) with a maximum elevation of 1,670 metars (5,475 feet)

above msl.

Upper Wash 2 and Lower Wash-2 have drainage areas of 4.9 (1.9) and

2.5 square kilometers (0.95 square miles), respectively. Their respective

- channel lengths are 5.0 (3.1) and 3.5 kilometers (2.2 miles) with average

gradients of 0.012 and 0.007 (ft/ft).

The drainage areas of Upper Wash 4 and Lower Wash 4 are 1.8 (0.70)

and 1.4 square kilometers (0.53 square miles), respectively. Channel lengths

are 0.74 (0.46) and 2.1 kilometers (1.3 miles) with respective gradients of

0.017and0.013(ft/ft).
Wash 3 (see Figures 3.1 and 3.2) drains into Pine Tree Draw from the

northwest in Section 36 of T42N-R75W. Its drainage area is 4.7 square kilometers

(1.8 squa're miles), the channel length and average gradient are 5.1 kilometers

(3.2 miles) and 0.014 (ft/ft), respectively, and the basin elevation difference

is approximately 70 meters (230 feet). The maximum basin elevation is approxi-

matey 1,670 meters (5,480 feet) above ms1.

Drainage basin characteristics for Antelope Creek, Ninemile Creek,

-and all of the tributaries relevant to the Moore Ranch project area are

sunmarized in Table 3.6.1.1.

3.6.1.2 CHANNEL GE0 METRY

Representative channel cross sections for Upper Wash 2 in the area

of Pit 35N and upstream from this pit are shownan Figures 3.4 and 3.5,

,

t
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TABLE 3.6.1.1

DRAINAGE BASIN CHARACTERISTICS FOR THE
SAND ROCK PROJECT AREA

O' I" 9' Channel Elevation
A''Drainoge Lei yth Differences Channel Gradient2Bosin (mi ) (mi) (ft) (ft/mi) (ft/ft)

Antelope Creek 980 62 1,825 29.4 0.006
(total)

Antelope Creek 959 52' I,775 34.1 0.006
(at USGS gage)

Ninemile' Creek '63 '.'s) 610 30.5 0.006
~ (total)

Ninemile Creek 34 10.5 390 37.1 0.007
-(@ l-7)

Pine Tree Draw 8.2 7.6 370 48.9 0.009

Simmons Draw 8.1 6.8 260 38.2 0.007

Wash No.-l 1.7 2.8 205 73.2 0.014

Upper Wash No. 2 1.9 3.I 190 61.3 0.012

Lower Wash No. 2 0.95 2.2 80 36.4 0.007

Wash No. 3 1.8 3.2 230 71.9 0.014

Upper Wash No. 4 0.70 0.46 130 90.2 0.017

Lower Wash No. 4 0.53 1.3 90 69.2 0.013

4
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respectively. Figure 3.6 shows a typical channel cross-section of Upper

Wash 4 downstream of the proposed mill evapo' ration pond, and Figure 3.7'

shows a channel cross-section for Wash I west of the backfill storage area.

Channel conveyance characteristics including discharge, cross-sectional area,

velocity, channel gradient, hydraulic radius, Manning's roughness coefficient

the the volumes for the 5-year and 100-year floods are also shown for each

channel cross-section on their respective figures. Locations of each channel

. cross-section site are shown on Figure 3.2. Additional channel cross-sections

for Lower Wash 2, Simmons Draw, Ninemile Creek, and Wash 3 at crest stage

gage locations are shown on Figures 3.8, 3.9, 3.10 and 3.11, respectively.

Figure 3.12 shows a channel cross-section with channel conveyance character-

istics computed of Simmons Draw downstream from the Moore Ranch project area.

These channel cross-section sites are also shmen on Figure 3.12.

Samples of channel bed material from Simmons Draw, Wash 2, and

Wash 3 were collected and subjected to mechanical and radiation analysis.

Typically, only 10 to 15 percent of the samples passed through the 0.1 milli-

meter sieve. Curves of grain size distribution are given in Figure 3.13,

3.14 and 3.15.

Channel bed radionuclides P:e aiscu::9d in Section 3.6 1.6 and test

. results are given in Table 3.6.1.7.

:3.6.1.0 SURFACE WATER RUN0FF

FLOOD ANALYSIS

In Wyoming at least three techniques are available for estimating

flood flows and volumes in ungaged basins for different recurrence intervals.

Lowban(1976) presented a basin characteristics technique whereby peak flow was

related to drainage area with consideration of different regions in the state.

.
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FIGURE 3.8

CPAt4NEL-CROSS SECTIONS OF LOWER
WASH (40. 2 AT UPPER At1D LOWER
CREST-STAGE GAGES (LGCATION E

SHOWN ON FIGURE 3.2).
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FIGURE 3.9
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FICURE 3.11

CHANNEL-CROSS SECTIONS OF WASH
NO. 3 AT UPPER AND LOWER CREST-
STACE CACES (LOCATION H SHOWN

ON FIGURE 3.2 ).

,

, ,, , r ,.,,..-..-,,,-.-.,--.,,,--.,,.--,..e --., -,w,. ,n, _,,_...,,n.-,-.-- .-,.,-n.,-.n ,..-...,,-,.--,,,,-,---_,,---..,,--,-c.--,..,n, , , ,



.

~

'0 n
0o
2l

_~ =
.a .

l1
t
f

} l
at

f 4 tl
na

1 = oc
E zi-
L it

%s
A rr
C oe~
S HV

0*

0

N
1

h

2
i

m
1 c.

8 e t t
d s c( f

* o / e, -
o 3 sg c
l t2 /g ad f ftt t

'r ff7f5
r J 0 13a 5'" 0050,470,e 'M4670 * 0g
Ta

n * = * = _~ l =oi

a 0gVSpVn
r
D

-
c
e g t
s f f
/ f - _

d 3 cg c
o t2 ef a
o fts 7
l f/7g5
f 0 t0 63

0 0 f 0 2,2 0,40r
a 12702*0
e
y * * * = = I =
- O
5 0AVSRYn

_ - - - -

0 0 0 0 9
8 7 6 5 4
2 2 2 2 g

5 5 5 5 S .

i2" 5;Cy% c

oozoao ~20,
G2$?* om b2ypn

oU yiis yE ?!. aa 82

ubf %8X 5r( %bcro4p ~ n
~

oym$rr a024$. $ og 2O- ~

3ymuLN

R = @ mo j [ oz=nd5?go "L9t @or r
Q > R tPo $ y}gg

g*
fsZ S $gm Q Y

I

_

_

fl/| I



-_

)

100 -

[

go -
.

80 -

|
10 -

60 -

%.

yso -

=,

',,, 40 -

2
||

2 30 .

l a

20 -
s

}

10 -

!''''''' I''''''' 'I''' !
' ' ' ' ' ' ' ' ' ' '' '0''''''

10 1 c.1 0.01 0.001 0.0001

| Diameter in num
l

.

l

CONOCO INC.
MINERALS DEPARTMENT

l 555 Seventeenth Street Denver, CC 80202

| SAND ROCK MILL PROJECT
CAMPBELL COUNTY, WYOMING

FIGURE 3.13
4

GRAIN SIZE DISTRIBUTION
FOR SIMMONS DRAW

|

_ . . . _ _ _ . . . ..,_..,_.....____,....?._.._.,_. _ _ _ . . . . _ . _ , . . . _ _ _ . ~ . _ , . _ , . . . , _ . . _ , . . . _ . _ _ . _ . . _ . _ , . . _ . _ . . _ . . - . . _ .



-

.,-

100.

9L,-

80.

70 -

60 -

; 50 -

2
-I

40 -y
*

F
-

g 3 30
-

1 *

20 -

10 -

t,,,,,., J,,,,,, 1,l,,,,,, i i.,,. . . ,
o , , , , , , , ,

10 1 0.1 0.01 0.001 0.0001

Diameter in we

i

|
|

|

|

CONOCO INC.
MINERALS DEPARTMENT

555 Seventeenth Street Denver. CO 80202

SAND ROCK MILL PROJECT
CAMPBELL COUNTY, WYOMING

| ) FIGURE 3.14

GRAIN SIZE DISTRIBUTION
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Lowham's regression equations can be used for basins with drainage areas"

between 13 and 13,727 square kilometers (5 and 5,300 square miles). However,

using a graphical approach, this technique can be used for basins slightly

less than one square mile in area. The results of this analysis should be

used with caution, because it involves extrapolation beyond the range of

validity of the regression equation, and the results are typically non-

conservative.

For small basins (approximately 26 square kiloNters (10 square miles)

and less) Craig and Rankl (1977) developed basin characteristic regression

equations which use other basin parameters in addition to drainage area to

compute peak flows and flood volumes. Also, for small basins, the U.S. Soil

Conservation Service (SCS) has developed a technique to estimate peak flows

and flood volumes. These techniques are published in their Engineering Field

Manual (1969). The SCS technique uses peak rainfall values published by the

U.S. Weather Bureau and then takes into consideration soil and vegetation

characteristics and basin slope and drainage area to make the flood fich and

volume estimates.

Table 3.6.1.2 presents flood flow and volume estimates for the 2-year,

,
5-year,10-year, 25-year, 50-year, and 100-year events. For comparison, values

i obtained by using the three available techniques are tabulated. Mean annual

flows using Lowham's technique are also shown. However, mean annual flow

values are questionable for ephemeral or intermittent streams because manyt

| zero values must be averaged with the relatively infrequent runoff events.
|

Values listed in Table 3.6.1.2 under the SCS method were obtained

using curve number 75 and 24-hour duration precipitation values from Miller

and others (1973). Table 3.6.1.3 shows precipitation for selected recurrence

- intervals for different duration periods.

.
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TABLE 3.6.1.2

PEAK FLOOD DISCHARGES AND FLOOD VOLUMES FOR SELECTED RECURRENCE INTERVALS FOR STREAMS
IN THE SAND ROCK PROJECT AREA

Lowhom's Method Craig arus Rank's Method

3 3
Flood Discharge,Ie /sec Flood Discharge,it /sec Flood Volume, oc-It

Droinage
Arey

Stream (mi ) Oo* 5-yr 10-yr 25-yr 50-yr 100-yr 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 2-yr 5-yr ID-yr 25-yr 50-yr 100-yr

4

Antelope Creek Stl0 20 3,tmo 5,400 9,500 14,000 19,000 - - . - - - - - - - - -

(totol),

Antelope Creek 959 20 3,000 5,400 9,400 14,000'19,000 - - - - - - - - - - - -

;

1
(at USC.5 gage)

Ninemile Creek 63 4.7 1.100 2,(f *J 3,400 5,000 6,900 2,400 4,700 6,900 9,800 14,000 18,0u0 630 l.100 1,500 2,000 2,400 2,000
| (totol)

| Ninemite Creek 34 3.4 900 1,600 2,700 3,900 5,500 2,100 3,800 5,300 7,300 10,000 13,000 580 980 1,200 1.600 1,900 2 ,24 2

|
(permit area)

,

!i Pine f ree Draw 8.2 1.6 540 9'30 1,600 2,300 3,200 560 1,100 1,600 2,200 3,100 3,900 98 170 230 310 380 450

| Simmons Draw 8.1 1.6 540 920 1,600 2,300 3.200 790 1,400 2,000 2,600 3,600 4,500 170 280 360 470 550 640
'

Wash No. I l.1 0.69 310 $20 900 1,300 1,800 220 410 580 770 1.100 1,310 32 55 73 96 110 130

Upper Wash No. 2 1.9 0.73 320 540 940 1,400 1,900 270 400 670 890 1,200 1,500 43 71 92 120 140 160

Lower Wash No. 2 0.95 0.50 250 420 730 1,000 1,500 320 500 640 770 990 1,200 70 100 120 150 170 180
,

Wash No. 3 f.8 0.71 310 530 920 I,300 1,800 210 400 560 760 1,000 1,300 29 51 67 90 110 130

Upper Wash No. 4 0.70 0.43 220 370 650 ,940 1,J00 150 260 360 460 610 740 21 35 44 57 67 78

Lower Wash No. 4 0.53 0.37 200 340 5?O 850 1,200 160 210 350 440 570 670 27 41 51 64 73 83'

i
I

| 80a = mean cmnual flow (II /sec)

I

}

:

:
1

I

i

!

!
i -
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TABLE 3.6.1.2
.

(CONT.)

Soil Conservotion Service Method
,

Flood Diseorge,1:3/sec Flood Volume, oc-It

:|
Droinage

Avey
Stream (mi) Go* 2-yr S-yr 10-yr 25-yr 50-yr 100-yr 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr

.

Antelope Creek 980 20 - - - - - - - - - - - -

(totol),

! Antelope Creek 959 20 - - - - - - - - - - - -

(at USGS rpge)

- - - - - - 940 2,000 2,800 4,100 5,100 6,100Nanemile Creek 63 4.7
(total)

Ninemile Creek 34 3.4 - - - - - - 'js 1,100 1,500 2,200 2,800 3,300
j (permit oreo)

f 120 260 360 .540 660 800Pine Tree Draw 8.2 f.6 ,- - - - - -

h Simmons Draw S.I 1.6 120 250 360 "0 660 790,- - - - - -

Wash No.1 1.7 0.69 63 150 250 350 450 550 25 53 75 110 140 170' .

!

Upper Wash No. 2 1.9 0.73 68 160 260 370 400 580 28 60 84 120 150 180

Lower Wash No. 2 0.95 0.50 43 100 150 240 310 360 14 30 42 62 77 92

! Wash No. 3 1.8 0.71 65 160 260 360 470 570 27 57 80 120 150 170,

;

1 Upper Wash No. 4 0.70 0.43 34 85 140 190 250 300 10 22 3i 46 57 68

Lower Wash No. 4 0.53 0.37 28 70 llo 150 210 250 7.9 17 23 35 43 51

;

4

(

! 3*Oo = mean annual flow (It /sec)

i

!
1

!
,

._
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. TABLE 3.6.1.3
'

PRECIPITATION VALUES FOR SELECTED RECURRENCE INTERVALS AND
DURATIONS IN THE SAND ROCK PROJECT AREA

j

Precipitation, in.
,

.Durat on 2-Yr 5-Yr 10-Yr 25-Yr 50-Yr 100-Yr 500-Yr Duration*

i
a

- 5-Min .25 .35 .42 .52 .59 .66 .83 5-Min

10-Min .38 .54 .65 .80 .92 I.03 I.29 10-Min,

)

: 15-Min .48 .69 .83 1.01 1.16 1.30 1.64 15-Min

30-Min .67 .95 1.14 1.40 1.61 1.81 2.27 30-Min
;

i 'l-Hour .85 1.21 1.45 1.78 2.03 2.29 2.87 |-Hour

2-Hour .95 I.33 I.59 I.94 2.22 2.49 3.I2 2-Hour

! 3-Hour i.03 I.44 |.71 2.09 2.38 2.67 3.33 3-Hour

6-Hour 1.25 1.71 2.01 2.44 2.77 3.10 3.86 6-Hourj

I 12-Hour 1.47 2.00 2.35 2.84 3.22 3.60 4.47 12-Hour

2I -Hour 1.70 2.29 2.69 3.24 3.67 4.10 5.09 24-Hour4

i

!

]

4

:

i

i

; !

4
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FLOW REGIME

At the U.S. Geological Survey stream gaging site on Antelope Creek,

discharge data art available for October 1977 through September 1979. Data

are available from the Survey's annual report entitled Water Resources Data
r

for Wyomino. Maximum flow observed during this period was 6,600 cubic feet /

second, and minimum daily flow was 0.10 cubic feet /second. Mean discharge for

water year 1978 was 0.81 cubic meters /second (28.7 cubic feet /second) and 0.20

cubic meters /second (7.09 cubic feet /second) for water year 1979. Mean monthly

discharges for water years 1978 and 1979 are shown on Figure 3.16. Most of

the annual runoff occurs during the snowmelt and rainstorm events between

March and August

For the smaller tributaries to Ninemile Creek in the Sand Rock

project area, long periods of no flow would be expected. As in the case stated

above, runoff in Ninemile Creek would be observed mainly during snowmelt and

rainstonn events occurring between March and August.

Crest-stage data was not collected at the old surface water gaging

stations (Sites 1 through 4) during this program due to very little runoff and

unreliability of the existing sites. Crest-stage sampling sites and pond staff

gages will be installed in the future to support the operational monitoring

program.

3.6.1.4 - SURFACE CONTROL STRUCTURES

Several small ponds exist downstream of the Sand Rock project. The

first major surface water control structure downstream of the project is the

Angostura Reservoir on the Cheyenne River in South Dakota. This reservoir is

approximately 320 river kilometers (200 river miles) downstream of the Sand Rock

project. Storage capacity of this reservoir for different pool elevat.ons is

given in the U.S. Geological Survay Water Supply Papers on surface water data

of this area.
~

3.6-25
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-3.6.1.5 SURFACE WATER QUALITY

The U.S. Geological Survey has operated a stream gaging and water

quality monitoring site (Antelope Creek near Teckla, Wyoming) since October

1977. Total dissolved solids ranged fre 'ess than 300 to greater than

2,000 mg/l in the first 2 years of operation. The water is extremely hard

with values often exceeding 1,000 , Calcium, magnesium, and sodium are.

all present in significant concentrations with no single cation being over-
t

whelmingly dominant. Sulfate and bicarbonate are the dominant anions.

Observed suspended sediment concentrations of the Antelope Creek

gage ranged from 5 to greater than 1,000 mg/l for the two-year period of record.

The sediment content varies directly with water discharge. Therefore, the

bulk of the sediment load is transported during spring snowmelt runoff and
4

spring and summer thunderstorms. Figures 3.17 and 3.18 show the seasonal

variations and the relationship with stream discharge at the Antelope Creek

gage for water years 1978 and 1979, respectively.

Baseline surface water sampling began in June,1979 and is scheduled

to continue through the Spring of 1981. Samples are collected in accordance

.with Wyoming Department of Environmental Quality guidelines. Frequency of

sampling (subject to the availability of surface water during dry periods) is

guided by recommendations suggested in the NRC's Draft Generic Environmental

-Impact Statement.

Figure 3.1 displays sampling sites and the drainage patterns in and

surrounding the project area. It should be noted that all surface drainage

'from the proposed project area drains past sample location 1-7 at a point

inmediately downstream of the confluence of Ninemile Creek and Pine Tree Draw

-(Section 18, T41N, R74W). Figure 3.2 shows surface runoff and impound ment sites

which are located within or near the project area. Table 3.6.1.4 presents

canalytical data gathered during the program.

3.6-27
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TABLE 3.6.1.4

SURFACE WATER ANALYSES FOR THE SAND ROCK PROJECT

swe
M 3- M Dopie g Careceiwity Teevgwroture DO TSS TurtW,ity No K Co y_g,

41N 74w

I 39 6.3 120 331 7s t.) IS ENW 4/28/77 770 935 (-) (- ) (.) 0.0 -

W
(Okl 54 tit 4) 3/27/78 322 475 (815) Lt.0) (7.4) I<4 14 4 68 20

6/22n? Dry
12/2/78 Dry
2/25/80 (.) 6) (.) - - - - - -

3.0 4i 10 121 363/27/80 612 990 (9M) (10.4 (5.5) -

9.5 48 17 141 446 7A (.) 18 ENw 2/25/uo 867 1.170 (-) (-) (-) -

4tN 75W

l.34 (-) 01 $wNW 3/25/80 32 ' 73 (M) (2) (13.6) 7.2 6 4 6 I

l-2t (4 02 KNw 6/22/79 304 500 (461) (M) 2.9 5 7.2 5 4 60 is
9/28 # 9 Dry-

10/30n? Dry

Site 2s 02 M5w 3/22/'Y'I 54 62 (.) - - 3.1 - 0.3 1 14 0.5

1 22 (-) 02 M5w 6/26/79 60 94 (73) (26) 8.6 37 34.3 2 5 10 3

9/28/79 Dry

1-23: (-) 02 E5w 6/26n? Dry -

12/2n9 Dry
2/2U/80 (-) (-) (-) - - - - - -

I 24 (4 i 02 SENE 6/26nt Dry
2/20/80 (-) (-) (-) - - - - - -

I-5 (-) 03 NwNE 6/26/79 Dry
12/21/79 Dry

41N 75w

l-4s (1631) 03 SE5(. 6/22n9 2.386 2.667 8.2 7 10.4 59 20 $28 74
12/2 int Dry

(-) 4.) (-) -- -. -- - --2/20/80 - --

Id3Site is' 03 NwSE 3/27/78 564 810 (460) (10) (8. 5) 1.25 - 14 4 100 61

1 32 (-) OJ NwSE 6/20n9 1.914 2.130 (1.870) (21) 3.3 + 4.0 2.3 40 13 417 77
9/28n9 638 94) (918) (13) (9.3) 134 172 15 36 131 37

8.lus ( ) 04 MNw 6/20/79 Dry
12/21/79 Dry

I.11 (-) Un itNE 6/22179 1.310 1.650 (1.380) (21) 3.9 20 2.4 56 12 195 83
65 19 106 439/25/79 842 1.120 (l.060) (19) (9.4) - -

10/30/79 Dry

1-14 (-) 04 E E 6/20n? Dry
+ 4.0 3.2 39 8 133 1279/25/79 1.282 'l.700

2/2Uru0 (1.070) (19) (14.0) - - - - - -

+ 4.0 5.0 26 10 96 17. l.15 (-) - OFMNE 6/2in? 430 64 5 (M61 (23) 3.3
(940) (1) (8.25) - - - - - -12/lont - -

8 15As (-) 10 ENW 12/2f n? Ory
2/25/80 (.) () (.)

1 15Ess i-) 10 5wNE 3/25/80 1.164 (1.320) (2) (9.9) 2.7 32 10 225 70

.

9

t
- - , . - - . , - - - _ -. . -. __ _ _



TABLE 3.6.1 4

(CONT.),.

' Surface
Site No. Location & M Crwe;ctivity Temperature DO' T55 Turbidity No K gg

elN 75W

I-33 (9352) ll NwNW 6/20nf 259 437 (144) (181 2.9 * 4.0 3.6 22 5 54 21
9/88/79 434 700 (586) (18) * 4.0 5.7 19 9 83 24

(658) (17) (7.18) - - - - - -?/2709 - -

12/10/79 (653) (2) (4.20) -

3/25/80 156 (258) (2) (5.2) 5.3 6 6 37 9

* 4.0 6.0 9 16 52 13l-335s (-) Il NWNE 9/18/79 314 500 - - -

88 73 9 21 el 2410/10/79 376 580 - - -

- - (497) (3) (13.0) - - - - - -10/30n?

1 31 (-) 12 NWSW 6/26n9 308 500 (400) (25) 6.6 * 4.0 5.0 5 to 58 15
9/18/79 422 690 * 4.0 3.6 26 8 65 31
9/28H9 Dry
3/25/80- 152 (228) (J) (11.4) 6.0 3 9 29 6

1 35 (-) 12 NWNW 3/25/80 96 (171) (0) (ll .6) 9.5 2 7 23 4

42N 74W

l.30 (-) 315WNE 6/2909 1,030 1.450 - (1,1 %) ( 30) 8.6 * 4.0 6.5 31 9 211 54
6.5 29 9 162 508New Tree Spring) 3/25/80 844 1,26.0 (4.133) (t) (8.6) -

42N 75W

1-18 (-) 26 SW5W #2 int Dry
9/2509 144 200 (161) (21) (16.81 j2 5 32 3

1 25 (-) 26 ENW #21/79 88 ,128 (121) (24) 3.6 7 7.9 3 7 21 2

1 26s (-) 26M5E #21n9 Dry
9/28n9 302 322 (265) (12) * 4.0 14.0 26 22 22 6-

10/30/79 Dry
12/21n9 Dry

(-) (-) (-)2/20/80 -- -- -- - -- --- --

1-27 (-) 26 ENE 6/2909 84 110 (79) (22) 7.3 22tl 252 4 6 10 1

9/1809 202 335 (247) (21) - 15 17.8 19 19 27 6

9/28n9 Dry

|
*

10/10n9 276 341 (287) (IB) (12.5) 516 234 32 23 20 7

12/2l09 Dry
4/9/80 85 (99) (3) (11.4) 10.9 11 5 13 2

1 20s (-) 26 SESE #2999 Dry
9/2009 Dry
10/3)/79 Dry
12/2809 Ory

- - (-) (-) (-)2/20/80. - - - - - -

1-14 (-) 27 ENE #2ln9 106 156 (131) (22) 3.3 * 4.0 6.0 3 5 26 3

! l-17s (-) 27 SE5E #2in9 Dry
9/28n9 Dry
10/3Dn9 Dry
12/2in9 Dry

(-) (-) (-) -- -- -- -- - -
2/20/80 -- --

I-2 (-) 20 E E 6/21/79 49 56 (50) (24) 3.3 8 4.3 4 4 5 I

l-4 (J 33 NWNW 6/2f /79 83 112 (102) (21) 2.9 * 4.0 5.0 3 5 17 2

I 9/28/79 94 154 (129) (13) (5.9) * 4.0 12.2 1 8 IB 3

- - - 43 Is 354 781-9 (-) 33 SWE 6/20/79 f,614 2,0uo (l.J80) (18)
(-) (-) (-) - -- -- - - -

2/20/80* - -

!

|t

i
.

+ - - , - .w-. ,_,_,.y-- . , . , . - . + - - - - , - - , -- ,,,,,.,-wy- ,.v.y,,,-..y ,,.-,yi ,.&, , _ . , , . , - .-p
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TABLE 3.6.1.4

(CONT.)

Sm
Site No. . g. g g~ Carexwivy Tea cero'vre DO T55 Turbidity 3 1 g~3

1 13 (-) 33 ENW 6/20/79 583 Br 7 (E l (18) - - - 87 8 53 26

6-l (-) 34 45W 6/22/79 438 SM (464) (24) 3.3 + 4.0 10.0 10 22 78 19
3% 163 6 34 65 J-~9/25/79- 402 410 ~-

- - (538) up (14.3) - - - - - -10/30/79
- - (-) (-) (-) - - - - - -

2/20/80

1-1 As (-) 36 MNE 12/21/79 Dry
- - (-) -(-) (-) - -- -- -- -.

2/2u/80

1-3 (-) 36ESW 6/26/79 74 97 (79) (22) 8.3 to 16.8 1 9 8 2

9/28/79 Dry

1-12 (-) 36 5WE 6/22/79 232 303 (221) (22) 3.3 124 113 9 in 36 6

9/28/79 Dry
10/30/79 Dry

' 12/21/79 " Dry

I-191-) 35 5WNE 6/29/79 76 ' 114 (80) (18) 2.9 32 3 440 2 5 12 2
-- - 5 15 34 69/25/79 220 298 (242) (M (18.6)

1 20 (-) 35 E5W 6/20/79 199 th (144) (18) 3.3 * 4.0 4.0 3 7 22 5

- - (129) (19) (12.2) - - - - - -
9/27/79

(298) (J) (11.70) - - - - - -
12/10/79 - -

3/25/80 32 90 (73) (0) (ll.3) - 13.0 6 6 7 2

1 8 9 (-) 36 ENW 6/28/79 Si 133 (99) (24) 0.0 425 510 3 $ 14 3

(265) (2) (15.5) - 7.9 6 Il 35 103/25/80 204 -

Site 3s 36 MNW 3/22/78 *I 88 96 (-) (-) (-) 0.9I 1 2 16 7-

.

* W.

a 9

P

.

- , ,w s , - - -w,- , - - - -,v-vwr , v. --e,-- ,w--,-,,-,.w-. .y,, e- e-,ew,,-e-- =-.-,..-.,-+v-w -~. w -w--
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TABLE 3.6.1.4

(CONT.)

#
Surfece 3'
Site Nr. jog ,{I, Q3g3 g At los N) As Bo Be B Cd Cr Cu F F,

+ .I - * .05 + .5 .05 . ,01 . .I * .01 0.6 0.258 7s (.) 290 16 0.0 270 8.0 (.) -

(Old Site 4) 116 24 0 156 7.5J (6.8) + .05 0.14 0.02 * .03 0.02 * .002 + .02 * .01 * .I 0.65
Dry
Dry

(.) _ _-

_.002 + .02 * .005 * 8.0 * .005 * .01 .005 .l4 + .05332 13 0 273 7.11 (7.7) * .05 * .05 *

.002 * .02 * .005 + 1.0 0.005 0.02 0.019 0.1. 0.231 7A (-) 466 17 0 271 7.30 (.) * .05 0.37 *

8 36 (.) 20 2 0 24 6.44 (7.6) + .05 * .05 + .002 + .02 * .005 + 1.0 * .005 + .01 + .005 + .05 .11

.002 + .01 + .002. 0.33 0.029.002 * .02 + .005 + I.0 *
1 28 (.) 33 4 0 300 8.24 (8.15) + .05 + .05 *

Dry
Dry

Site Js 5 to 0 44 6.18 (-) 0.15 * .I 0.02 + .03 - 0.03 * .002 + .02 + .06 + .I 0.47

.002 * .01 * .002 0.03 0.0831 2+ 6.) 15 4 0 39 7.00 (6.95) * .005 + .05 + .002 + .02 + .005 * l.0 *

Dry

I- 23s (-) Dry
- Dry

_ _(.). .

1 24 f.) Dry
(.) _ _ - -

_[
I.5 (.) Dry

Dry

.002 * .01 * .002 0.06 0.031.002 * .02 * .005 + 1.0 *
- 1 6s(1631) 1,500 21 0 198 7.79 + .05 0.05 *

Dry
(.) _ . - _ - - -

.

Site is 364 it 0 122 7.52 (6.8) 0.08 + .I 0.03 * .03 - 0.03 * .002 + .02 0.01 + .I 0.97

f.321.) I,315 15 0 269 7.93 (7.85)* .05 + .05 * .002 * .02 + .005 * 1.0 0.006 * .01 * .002 0.09 0.238
74 17 0 527 7.95 (7.35)+ .05 0.16 0.007 * .02 * .005 + 1.0 * .002 * .01 0.004 0.14 0.05

1.10s (.) Dry
Dry

.002 * .01 * .002 0.10 0.016.002 + .02 * .005 * 1.0 ** .05 +1 8 8 (-) 1,00D 9 0 93 7.79 (7.75)+ .05
410 10 0 236 7.44 (7.I5)* .05 - * .002 + .02 * .005 * 1.0 + .002 + .01 0.004 0.16 0.06
Dry

L 1 14 (-) Dry * .002 0.01 0.006 0.25 0.08.002 * .02 + .005 * I.0; 890 17 7 107 8.43 0.08 + .05 *

- - - - - -
(8.00) ._ _

.002 + .01 + .002 0.05 0.0621 85 (.) 195 6 14 166 8.59 (8.85)* .05 * .05 * .0u2 + .02 * .005 * 8.0 *

(7.25) - - - - - -

f 15As (.) Dry
:-

r (.)
.005 .02 .012 .11 + .05

1 15 tis (.) 666 8 0 351 7.68 (7.4) * .05 * .05 * .0u2 * .02 * .005 * 1.0 *

l
,

j- .

'{>

_

.
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TABLE 3.6.1.4

(CONT.)

*JSurface
see No. g 2 gg)C_3 g Al (as N) As Bo Be B Cd_ Cr Cu F Fe

_

* .05 + .002 * .02 + .005 + 1.0 0.024 * .01 + .002 0.16 0.0951 33 (9352) 46 5 0 232 0.03 (9.35) 0.10
.002 * .08 + .002 0.20 *0.0599 6 0 295 7.69 (7.05)* .05 * .05 + .002 * .02 * .005 + 1.0 *

(7.00) - - - - - - - - - - -
- - - -

(7.45)
.005 * .01 + .005 * .05 .11* .05 + .002 + .02 * .005 + 1.0 *

32 3 0 144 7.84 (7.4) * .05
.002 + .01 * .002 0.17 0.081 335e (.) 23 5 ~ 0 266 7.86 * .05 + .05 + .02 * 1.0 *
.002 + .06 + .002 0.19 0.0919 6 0 325 8.14 + .05 .20 + .002 + .02 * .005 * 1.0 *

(7.95) - - - - - - - - - - -
- - - - -

* .05 * .002 * .02 * .005 * 1.0 * .002 * .01 * .002 .16 .055
1 31 (.) 143 6 0 98 8.46 (8.85)+ .05

* 1.0 + .002 + .01 .004 .18 + .05126 9 0 254 8.09 + .05 + .05 * .02
Dry (.)

86 2 0 32 6.61 (8.0) + .05 .06 * .002 * .07 + .005 * I.0 + .005 * .01 .005 + .05 + .05

.005 * .01 + .005 + .05 .07.002 + .02 * .005 + 1.01 35 (.) 47 2 0 51 7.38 (9.8) * .05 * .05 + *

1 30 (.) 467 25 0 376 7.83 (8.05)+ .05 .07 * .002 * .02 + .005 * 1.0 * .002 * .01 + .002 .90 0.038
(Pire Tree 472 21 0 278 7.61 (8.63 * .05 .057 * .002 + .02 * .005 * 1.0 + .005 * .01 .009 .80 .10

5pring)

4 18 (.) Dry
.002 * .01 * .002 .09 .05

17 2 12 105 - 8.80 (8.55)+ .05 + .002 * .02 * .005 + l.0 +

.05 + .002 + .02 + .005 * 1.0 + .002 * .01 .012 .06 .076+ 1.0 4 0 78 ' 7.69 (8.45)* .05 +
1 25 (.)

f.26s (.) Dry
26 6 0 173 7.2 (7.75)+ .05 .08 * .002 + .02 + .005 + 1.0 * .002 * .01 .002 .12 .25

Dry
Dry

(.) - -
- -

.002 * .08 * .002 + .05 .126.002 * .02 * .005 + 1.0 +
1 27 (.) 9 4 0 49 7.03 (6.55) 10 .11 *

.002 + .02 * .005 + 1.0 + .002 + .08 .004 .09 .06
22 6 2 168 8.52 (8.50)* .05 .20 +

Dry
.002 * .02 * .005 + 1.0 + .002 * .01 .003 0.15 .4919 ' 8 17 168 8.76 (8.8) + .05 .12 +

Dry
.002 + .02 * .005 + 1.0 * .005 .02 + .005 * .05 + .0517 8 0 68 7.00 (8.4) + .05 67 *

1 20s(.) Dry
Dry
Dry
Dry

-
- - (.)

* .05 + .002 + .02 * .005 + 1.0 + .002 * .01 + .002 .05 0.137
1 16 (.) 9 4 24 88 9.18 (9.70)+ .05

1.P 7s (.) Dry
Dry
Dry
Dry

-(.) - -- -

1 2 (.) 8 4 0 20 7.45 (9.20)* .05 .15 * .002 * .02 + .005 + 1.0 + .002 * .08 .004 .63 .178

1 8 (.) 8 4 24 63 9.30 (9.6) + .05 .07 + .002 * .02 * .005 * 1.0 + .002 + .08 * .002 .U8 .320

17 4 0 71 7.26 (7.53) + .05 .08 * .002 + .02 + .005 * 8.0 + .002 * .01 + .002 .l0 .38

1 9 (.) 834 15 481 8.20 (8.25)* .05 * .05 + .002 * .02 + .005 * 1.0 .08 3 * .01 + .002 .27 .519
- - - - - -

(.)- -

,

.

%
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TABLE 3.6.1.4

(CONT.)

#
Surface 3

Sde No. g 2 Q g)- g Al (os N) As Bo Be B Cd Cr Cv F Fe
3

.05 * .002 * .02 * .005 * 1.0 .003 * .01 .010 .66 .627I.13 (.) 424 .5 10 44 9.24 (9.40)* .05 *

l.1 (.) 114 19 53 478 9.32 (9.40)* .U5 .05 .005 * .02 * .005 * 1.0 * .002 * .01 * .0U2 .51 .020'

.17 .44 .009 + .04 * .UuS * I.0 * .002 * .01 .012 .13 .2717 -18 84 115 9.67 -

(s.h) - - __ _ .

(.) - _.

1 1 As (.) Dry
- -(.) - _. _ _

* .05 * .002 * .02 * .005 * 1.0 * .002 * .01 .003 .04 .0801.J (-) * - 4.0 2 0 44 6.88 . (6.90)* .05
.

NF

l.12 (.) 68 .15 0 78 7.4e (9.65) .30 .I2 .006 * .02 * .005 * 1.0 .004 * .08 .022 .11 .382
Dry
Dry
Dry

8 194.) * 1.0 4 0 49 7.05 (6.6$1 .05 .09 * .002 * .02 * .005 * 8.0 * .002 * .01 * .002 * .05 .0u0
* .002 * .02 * .005 * l.0 * .002 * .01 .003 * .0) + .0517 8 0 146 7.52 (7.70)* .05 -

~

1204-i ' 19 4 10 81 9.06 9.35 * .05 * .05 * .002 * .02 * .005 * 8.0 .00' * .08 .005 .us .083
(9.40) . _ __- -_ ..

- - (7.208 - - - - - - - - - -
.

.002 * .02 * .005 * 1.0 * .005 * .01 * .0u5 * .05 .1319 2 0 34 6.64 (8.0) .08 * .05 *

.002 * .02 * .005 * 1.0 * .002 *. 01 * .002 .02 4I61 29 (.) II 4 .0 49 6.86 7.05 .70 * .05 *

73 3 0 95 7.21 (9.5) + .05 .07 * .002 * .02 * .005 * 1.0 * .005 * .08 * .005 * .05 .07

* .I 0.55Sde 3s 15 8 0 44 6.05 (.) 0.31 *.I 0.02 * .03 - 0.03 * .002 * .02 * .01
i

f

L

I

!'

!

!
.

,

.
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TABl.E 3.6.1.4

(CONT.)

Surface Charge

M Ph Mn A Mo M NO Sg V Zn 1 Pb.?l0 Po.210 ko.226 Th.230 Bolanc,
3

- - - - 1.71 7s (.) * .I * .05 * .001 * .005 * .I 0.0 * .001 0.007 * .02 32
0.90.05 - - - -load Site 4) * .05 0.06 * .00 8 - * .02 * .I * .01 -

Ury
Dry
.06 .01 * .001 * .05 * .08 .72 * .002 * .05 .005 3.s

' l.7A (.) 0.06 0.74 * .001 * .05 * .01 0.90 * .002 * .05 0.006 3.7

1.h I.) * .05 * .3! * .001 * .05 * .01 .14 * .002 * .05 7.5

1 21 (.) * .05 0.085 * .001 * .02 * .06 10.0 * .002 * .02 0.006 0..$ 3.0. 3 0.07. 02 0 05 7.5. 8 0.9
- - - -

Dry .

Site 2s * .01 * .01 * .008 * .02 * .02 * .I * .08 * 05 0.003 17 - - - -
.

.04 0.38 * .002 * .02 0.007 01 0.94 0.13 04 0 05 0.2 .I 5.51 22 (.) * .05 0.006 * .008 * .02 *

i
1 23s (.) Dry

Dry
- - -

1 24 (-) Dry

4

1 5 8.) . Dry
Dry

8 6s (1631) * .05 0.074 * .001 * .02 * .01 0.61 * .002 * .02 0.27 0.7
Dry

_. -

5.7Site is * .05 0.74 * .001 - * .02 0.19 * .01 - 0.0'4 - - - - -

1 32 (.) + .05 0.054 * .001 * .02 * .08 1.35 0.006 * .02 0.021 61 f.0. 3 0.87. 03 0. 05 0.2..I 4.3
* .05 0.62 * .001 * .02 * .01 4.50 * .002 * .02 0.25

- ~ ~ ~ ~

2.3

1 10s (.) Dry
Dry

1 11 (.) *.65 0.006 * .001 * .02 * .01 0.32 * .002 * .02 0.014 1.9. 4 58 3.2. 4 0.07. 03 13 1 7.8

* .05 0.64 * .008 * .02 * .06 * .002 * .02 0.010
- ~ ~ ~ ~

2.1-

Dry

1 14 (.) Dry
* .05 0.08 * .001 * .02 * .01 0.83 * .002 * .02 0.008 5.0

. - -
-

0 .05 0:.1 1.1* .01 0.22 * .002 * .02 0.005 0:8 0:1 0.89 .051 15 (.) * .0h 0.018 * .001 * .02 3
-

. - -

*

' l.15As (.) Dry

8 150s(.) .05 .26 * .008 * .05 * .01 .17 * .002 * .05 .086 3.8

*.

-- --- - - - - _ _ _ - - _ _ _ _ _ _ . _ _ . _ _ _ _ - .
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TABLE 3.6.1.4

(CONT.)

s ,..e o.,,e-

Site No. Pb Mn Ho Mo Ni 2 h V Zn 1 N210 Pw210 4 226 N 230 Isotwe3

1 33 (9352) * .05 0.042 * .001 * .02 * .01 1.20 * .342 * .02 0.040 01 0.8. 4 0.21. 04 0. 2 0.6..I 5.7
* .05 0.08 * .001 * .02 * .01 0.95 * .002 * .02 0.013

- - ~ ~ ~

1.2
. _

_ _

.005 1.8* .05 .1I * .001 * .05 * .01 .14 * .002 * .05 *

1 335s(.) * .05 0.28 * .001 * .02 * .01 0.5 * .002 * .02 0.008 5.5
* .05 0.50 * .001 * .02 * .01 1.58 * .002 * .02 0.012 4

g. - - _

13f ( ) * .05 0.003 * E l * .02 * .08 .39 * .(X12 * .02 0.022 01 02 0 03 0. 05 5.8+.4 1.6
* .05 U.19 * .008 * .02 * .01 .96 * .002 * .02 0.022

- ~ ' ' ~

1.0
Dry

* .05 .01 * .008 * .05 * .08 .19 * .002 * .05 * .005 1.5

1 35 (.) * .05 * .01 * .001 * .7 * .01 .l3 * .002 * .05 * .005 3.5

1 30 t.) - * .05 0.279 * .001 * .M * .01 1.61 * .002 * .02 .007 21 0. 9 0.2. 04 0.35. 05 137 7 0.1
(Pine Tree .09 .24 * .001 * JS * .01 2.25 * .002 * .05 0.006

~ ~ ~ ~ ~

4.5
Spring)

| 1.In v Dry
* .01 - * .002 * .02 0.006 8.3* .05 * .01 * .001 * .02i

1 25 (.) * .05 .005 * .001 * .02 * .08 .94 * .002 * .02 .000 01 1.9:5 0.28 .06 0. 05 1.6. 3 4.5
.

1 26s (.) Dry#

* .01 1.59 + .002 * .02 .080 3.5* .05 .57 * .00i * .02'*-
i Dry
I Wy

. . . _

1.'27 (.) * .05 078 * .001 * .02 * .01 1.83 * .002 * .02 .009 01 0.5. 3 0.2..I 0. 05 0.. I 9.6
.

* .05 .06 * .001 * .02 * .01 2.54 * .002 * .02 .012
- - - ~ ~

4.5
t

! Ny
* .01 1.94 * .0U2 * .02 .022 5.2* .05 .09 * .001 * .02

i Wy
.005 8.8

| * .05 .10 * .001 * .05 * .01 .17 * .002 * .05 *

l

| 1 20s (.) Dry
'

by
Dry
Dry

-
- _ - .

0 .1 17.00.11 .03 0:.05* .01 .23 * .002 * .02 .0u3 2:1 07116() * .05 .015 * .001 * .02 1 1

1 17s(.) Dry
Dry
Dry
Dry

_
_ -

.

+ .05 .006 * .001 * .02 * .0i 1.J3 * .002 * .02 .017 0.4.I l.2. 3 0.39 .07 0:.05 0:.2 4.Il.2 (.) 2

1 4 (.) * .05 .015 * .001 * .02 * .01 .75 * .002 * .02 .004 01 14 2 0.29. 05 U. 05 175 8 24.8
.005

~ ~ ~ ~ ~ 7.9* .05 .04 * .008 * .02 * .01 .36 * .001 * .02 *

0 .07 38 3 00.19 .0a1 9 (.) * .05 .120 * .001 * .02 * .01 1.00 .0ue * .02 .027 3:2 0 .3 2 2
-

,

a

h .

.
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TABLE 3.6.1.4

(CONT.)

Charge
Surfere
Site No. Pt> Mn ,_Hg,_ Me Ni NO Se V 2n U Pb.210 Po.210 Ro.226 Th.2 *') Balance

3

0 .05 0.2. . I 7.0
1.t 3 4.) * .05 .006 * .001 * .02 * .0t .84 .0tI * .02 .015 5.4 .2 c.I 0.24 .06 22 3

* .05 .06 * .006 * .02 * .01 1.65 * .002 * .02 .027
~

f.4. 2 0.f 5. 03 0. 05 0..I 7.3* .01 .42 * .002 * .02 .009 02 ~ ^ ~ ~1 1 (.) * .05 .020 * .001 * .02
-

- - . -

- -
-

f.1 As (.) Dry
- . .

l.3 4.) * .05 .00 ,* .001 * .02 * .04 .61 * .002 * .02 .010 01 0.73 0.28 04 1.0 .I 0.5+.1 3.6

* .01 1.44 * .002 * .02 .060 21 1.2. 3 0.16 03 0.09 03 0.0..I 1.1
I.12 (.) * .05 .064 * .001 * .02 - - -

Dry
Ury

8 19 f.) * .05 .016 * .001 * .02 * .il .83 * .002 * .02 .012 01 0. 7 0.32. 09 0. 05 0.7..I 2.1

* .002 * .02 .061
~ ~ ~ - -

3.2* .05 * .08 * .001 * .02 * .0t -
,

1 204.) * .05 * .003 * .001 ' .02 * .01 .63 * .002 * .02 .007 0_.t 1.t. 4 0.13 .06 0 05 2.6. 3 8.s
.

- - - -

* .05 .0L * .out * .05 * .01 .20 * .002 * .05 * .005 4.2-

8 29 t.) * .05 .065 * .001 * .02 * .01 2.24 * .002 * .02 * .023 01 0.5. 3 0.13. 03 0.35. 05 0.8. . I 2.5

.00t * .05 * .01 .18 * .002 * .05 + .005
- - - - -

0.8
* .05 .06 *

Site 3s * .02 0.03 * .008 * .02 * .02 * .I * .0t * .05 0.003 10 0.8

NOTES: s Dorotes f to irg stroom, tee remainder samples se from peded water.

Cancentretie les t'en tNs volw.*

() Demetes field mmosurements.

(2345) Behind site nurrear is State Engsteer Portrut Nreer.t.)if re permit.

All concentretiens are in mell. except Conductivity, in bndes/em (p 2$oCl Tenperoture. In oC DO. In dissolved
osyyn units: Turtnety, in NTUs Pb-210. Po.210. Ro.226 and Th-230. in pCl/t and Charge Bolence * Ditforence in
enopar ogavoients divided try sum of mojar ogsivolents times 100

(o) Aelitieret perometers from tNs sev9 e ee Cyanide . *.02. Phenots . 0.007. M.B.A.S. . *.01. Silver . *.5.8

Heposa (CACO ) 440. Silico (5 0 ) .10. C.O.D. 24. Totof Kje(dahl Nitrogen . l.5, Oil ed grease * 0.8. Suitide
(5) . *.001 ed Tbtof CO 130. * 3

3

3

Aelitivet peoneters from tNs serose are: Alkolinity (as COCO,1 128. Harewss (as CACO 1 = 250. PhamphoteIb)
0.04. Air Tenwerature .10*C. (p I.945 hours voter ponded with ici cover, no flow measureme29.

(c) Additieel peoneters froen tNs nevole are: Alkotinity (as CaCOy . 36. Harewss (os CaCOy . 30, wie *
*0.01..

(d) Additienol peometers from tNs sovele ay Alkolinity (os CACO ) 10 Hardness (as CaCOy * 500. Ptwaphote .. 84
0.04. (W I 810 Flow measurement e 1.37 f t /see and aar tenveratur

(s) Addit 6eol peoneters from *Ns seve e are: Athalinity (as CACO ) . 36. Herewss (as COCO ) . 70, ed.s 3 3
Phamphete * +0.01.

.

.
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Total dissolved solids at these sites range from less than 50 to

greater than 2,300 mg/1. Some of the lower values represent samples. taken

during times of . snowmelt runoff. Most samples have calcium as the predominant

cation with sodium and magnesium as less, but still significant cations.

Sodium is not present in ~ quantities large enough to present a hazard for

irrigational use. Sulfate and bicarbonate are the dominant anions at the

project site and are also dominant downstream at the U.S.G.S. Antelope Creek gage.

Total suspended solids (TSS) in creeks draining the Moore Ranch

project area are generally low except during some major runoff events. During

these times, TSS values have exceeded 500 mg/1.
-

Toxic minor elements have not been detected in excessive or poten-

tially dangerous concentrations. Iron has been occasionally observed in levels

that would cause inconvenient sink or laundry staining if used as a domestic

, water supply.

In summary,'high sulfate and hardness concentrations would make the

surface water draining the project area inconvenient or unpleasant, but not

unsuitable for use as a domestic supply. No trace contaminants, including

i:.1r;n, are present in quantities to prevent use as an agricultural water supply.

In general,' the ', the surface water in the Sand Rock project area, when present,

is suitable fL most prospective uses.

3.6.1.6 ' RADIONUCLIDES

Due to the ephemeral nature of streams potentially impacted by

facility operations, measurement of the radionuclide content of the waters is

quite' limited both in sample availability (including seasonal flow variations

. and. physical accessibility problems) and suitability (i.e. stagnant or flowing

waters). Attempts were made to define a number of locations where sampling

.

3.6-39
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could be possible and meet the referenced position paper. The criteria for

- establishment of permanent sampiing locations depend in a large degree to

the success of the pre-operational program.

Data obtained to date fromthe surface water program are given in

Tables 3.6.1.5 and 3.6.1.6. Additional regional data for radionclides in

surface waters are presented in Table 3.6.1.4

Thorium-230 has been detected at unusual levels ( >100 pCi/l in

various samples along the headwaters of Simmons Draw in Section 33 near the-

western side of the permit area. Elevated levels of Thorium also have been

. detected in the discharge of Pine Tree Spring (1-30).

SEDIMENTS

Sediments at surface water sampling sites were samples for radio-

nuclide analyses. Samples were taken during September and October 1979 for

each stream sample; impoundments were sampled only once during the year-long

baseline study. Further sampling of stream sediments will be performed in

the summer of 1980. Sampling locations are shown in Figure 3.1. Data from

the initial sediment sampling is shown in Table 3.6.1.7.

!

'

.
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TABLE 3.6.1.5
.

POND SAMPLE RESULTS
(pCi/l 3 2a)

June '79 Sept. '79 Dec. '79

Dissolved Suspendal Dissolved Suspended Dissolved Suspended

M
P b2l0 0.9 + 0.2 1.2 + 0.3
Po.210 0.24 7 0.03 0.39 + 0.07
Ro.226 0.27 7 0.06 0. 7 0.05 fc) (c)
TN230 0.3 7 0.1 0. ! 0.2

Total U, O. I1. 0.4 j 0.1

M.
N 210 0.7 + 0.3 0. + 0.6
Po.210 - 0.28 7 0.04 0.15 7 0.04
Ro.226 1.0 7 0.1 0. ! 0.05 (b) (b)

T N230- 0.5 + 0.1 0. ! 0.5
Totol U, . - 0. jl. 4.8 10.3

h8. -

2. (a) (a)P b210 14 + 2. O. +

Po.210 0.29 7 0.05 0.4 7 0.4
' O.5 + 0.1 0.4 + 0.1

(a) (o)
Ro.226-- 0. 7 0.05 - O. T 0.05
TN230 175. ! 8. 180. ! 20. 0.6 7 0.2 0.4 ; 0.5 to
Total U, O. jI. l.0 1 0.1 0.0012. I.I i0.1
E9

-

2.Pb210 0 + 0.3 0. +

Po.210 . 0.19 7 0.04 0.7 7 0.4
Re.226 0. T 0.07 0. ! 0.05 id) (4

.

TN230 38. ! 3. 36. ! 3. .
Total U, 3. j2. l.2 3 0.2

h.!).
7. (a) (a)Pb2I0 3.2 + 0.4 0. +

Po.210 0.07 ; 0.03 5. ' 7 ~ 2. (a) fal
-

Ro.226 0. T 0.07 0.2 7 0.1 0.3 + 0.1 0.3 + 0.1 (e)

TN230 13. I 1. 32. 74. 0.00 7 0.2 0.7 7 0.1
Total U, 5. jl. l.9 1 0.4 15. j2. 0.4 i 0.1

h.!1

P b210 0. - + 1. 2. + 1. 0.00 + 1. 0.00 + 2.
Po.210 - 0.19 7 0.05 1.9 7 0.8 0.00 7 0.1 f.3 7 0.2

Ro.226 0. ! 0.05 O. ! 0.05 (b) 0,00 7 0.6 0.8 7 0.8
0.9 0.4 7 0.2 0.3 ! 0.1TN230 0. '! 0.1 3.8 +

Total U, O. il. 1.0 j 0.1 109. j5. l.1 j 0.2

h.!?

Pb210 - O. + 0.7 2.2 + 0.7 (al (a)
Po.210 0.32 7 0.09 I.8 7 0.2 fan foi
Ro.226 0. T 0.05 0.48 7 0.05 O. + 0.05 0.3 . C.:
TA230 0.7 7 0.1 2.3 7 0.3 0.3 7 0.1 0.3 ; 0.1 ff)

. -. Total U, O. jl. l.8 i 0.1 0. j 2, 1.0 10.1

hE
1. (a) fa) 0.00 + 1. 0.00 + -I.Pb210 . ' l .1 + 0.4 ' O. +

Po.210 0.13 ! 0.06 0.3 7 0.1 (a) ini 3.00 7 0.1 0.3 7 0.I

Ro.226 0. T 0.05 0. ! 0.05 1.2 + 0.1 2.2 + 0.1 0.1 ! 0.1 0.3 ! 0.8
TN230 2.( ! 0.3 8.9 7 0.7 0.2 ! 0.1 0.4 I 0.1 0.2 7 0.2 0.00 ! 0.2
Total U, . O. i1. l.8 j 0.2 0.00 j 2. 7.0 j0.3 0.0012. Il.7 j 0.6

.

.-

6
.

i
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TABLE 3.6.1.5

(CONT +) I

.

June '79 Sept. '7? Dec. '79

Dissolved Suspended Dissolved %npended Dissolved %npended

I-22 .
-

PN210 0.9 + 0.4 1.I 0. 5 -+

Po-2t0 0.13 ! 0.04 0.60 ! 0.06
Re.226 0. ! 0.05 0. 7 0.08 (b) (g)
TN230 0.2 ,! 0.1 0.5 7 0.1
Total U, . O. jl. l.7 i 0.2
$

,..

P%210 1.0 + 0.7 . l .9 + 0.5
Po-210 0.28 ! 0.08 0.28 7 0.06
Ro.226 0 ! 0.1 0; 0.05 (h) th)
Th.230 B.8 7 0.3 1.6 7 0.3
Totoi U, 4 I2. O. i 1.

M'
0.3 (a) to)Pb-210 , l.9 + 0.3 0.5 +

Po.210 0.5 + 0.2 0.2 -T 0.I (c) fo)
Re.226 0 7 0.06 0 ! 0.05 1.7 + 0.1 8.8 .'0.1 (h)
TN230 16 71 0 7 0.1 0.5 7 0.8 0.3 1 0.1
Total U, 0.? i0.2 0. 3 I. 4.0 1 0.3 0. 12.
$'

*
Pb-210 : - 5. 3. 0.5 + 0.3
Po-210 ' l.5 ! 0.3 - 0.13 7 0.03
Ro 226 0.41 7 0.07 0.35 7 0.05 (b) (b)
TN230 3.3 + 0.4 0.8 0.1+

Total U, O. i 0.2 ' O. 3 i.
a )
Pb-210 0.4 + 0.2 0. 2.+

Po-210 . O. ! 0.07 0. 7 0.03
R e.221. O. 7 0.05 0. ! 0.05 (b) (e)

!" T N230 0.7 + 0.1 5.8 I 0.4
Total U, . O. i0.2 0. 3 1. .

M
Pb-210 't.I + 0.6 - 0.8 + 0.4 (a) (a) O. + 1.~ 0.2 +
Po-210 . 0.14 7 0.06 0.21 ! 0.04 (a) fa) 0.5 7 0.1 - 0.1
Re.226 10. 7 1. O. T 0.2 0.6 + 0.1 4.1 + 0.2 0. T 0.8 0.2 + 0.1
TN230 2.3 7 0.4 0.6 7 0.1 0.3 7 0.1 0.3 7 0.1 0. ! 0.2 0.2 ! 0.I
Total U, O. i0.2 0. i 1. - 0.9 i0.1 n. I2. 1.5 i0.2 13.6 10.2
M
Pb-210 - (a) (a)
Po.210 (a) fo)
Re 226 (b) 0.1 + 0.1 0.12 + 0.05 (b)

. TN230 0.4 7 0.1 0.5 7 0.1
Total U , II.I i0.6 0. I?.
$
Pb210 (a) (a)
Po-2!0 - fa) so)
Re.226 (b) 3.1 + 0.2 1.2 + 0.1 (b)
TN230 0.7 7 0.3 0.0 7 0.1
Totol U, 1.6 30.2 75. j4.

(a) Analysis not required fe) Site froren
(b) ' Site dry (f) ' Removed from progrcyn

. Analysis in progress fq) Repinced by sampling site I-32' fc)
(d) Replaced by serreling site 1 1 A th) Replaced by wmpling site I-28

)

-
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TABLE 3.6.1.6'-

'

STREAM SAMoLING RE.SULTS
(pCill + 2a )

~ June '79 July '7? Aua. '79 Scot. '7* Oct.N9 Nov. '7? Dec. '79

$
f otal Ro.226 0.* + 0.1
Total Th.230 . (a) (a) (a) (a) 3.9 7 0.4 (a) fan

l50 ! 8.
Total U"
T55 0. j2.

h5

Total Ra.226 2.0 + 0.I
Total TN230 18. 7 1.
Total u 4. ! 1.
Susperwad ab.2IO (a) 0.9 7 0.4 . , (a) fan fa) (a) fa)
Suspended Po.210 0.45 ! 0.06 *
Suspended Tetal U" 'O. ! 8.
Dissolved Pb.2'O 0.6 7 0.4
DisrNved Po.210 0.25 7 0.03
Dissolved Total U, 4 j1.
M fa) fa) (n) fa) fa) (a) fa)

'g' to) fal (a) (a) fa) fa) (an *

g fa) fa) foi fa) (a) (ai fa)

@ fa) fa) (a) foi fa) fl fa)# a

y

HI
- Total Ro.226 - f.2 + 0.1
Total TN230 0.6 7 0.1
Total U O. I 2.
Suspanad Ro.226 . (b) (b) (b) 0.2 7 0.1 fa) (a) (a)
Suspended TN230 0.5 7 0.1

. Suspended U , 0.310.1
TSS

- Dissolved Ro.226 0.8 + 0.1
Dissolvec TN230 0.3 ! 0.1
Dissolved U, . O. I1.

..

Total Re 226 0.2 + 0.1 9.9 + 0.1
Total TN230 0.4 7 0.1 0. T 0.6
Total * ' 4. I 2. O. ! 3.
M Ra.226 . fa) h) (a) 0.2 7 0.1 (c7 (<0 (d)
Suspended TN230 0.4 + 1).I (c)
Suspended U" 0.2 7 0.1 (c)
TSS

~

Dissolved Re.226 0.2 + 0.1 (c)
Dissolved TN230 0.3 7 0.1 (c)
Dissolved U 3. j2. (c)

n.

fo) . Dry site
(b) Site added to program due to emesian of permit area
(c) Analysis in twss
(d) Frow site

. .
.

.
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TABLE 3.6.1.7

SEDIMENT RESULTS
.

Results
Sample Collection pCi/gm dry weight
Number . Date Analysis 21a

Streams

I-I 10/30/79 Ra-226 (a)
Th-230 1.4 + 0.1
Pb-210 (o')
U 3.3 1 0.2n

1-17 10/30/79 Ra-226 1.03 + 0.05
Th-230 1.20 7 0.07
Pb-210 (al
U 2 97 2 0.10n

1-26 9/28/79 Ra-226 1.39 + 0.05
Th-230 2.0 7 0.2
Pb-210 (al,

U 1.08 2 0.05n

l-28 10/30/79 Ra-226 1.83 + 0.09
Th-230 1.4 7 0.1 )

Pb-210 (a-)
U 0.63 1 0.05n

1-33S 10/10/79 Ra-226 0.76 + 0.04
Th-230 0.9 7 0.1
Pb-2!0 (5
U 2.M i 0.12n

Ponds

1-1 Sec. 34 10/30/79 - Ra-226 - 0.59 + 0.03
Th-230 0.75 7 0.10
Pb-210 (al
U 1.04 1 0.05g

l-3 10/30/79 Ra-226 0.82 + 0.04
Th-230 1.2 7 0.1
Pb-210 (al
U 1.56 1 0.08n

(a) Analysis not complete at report preparation

.
.

, , -y - p. %-- w + , - .- . , - . - - .,,-y- -. , - . . ,,-e-n-, , .- .,w.-4,-,,y,,-v,#..-,..--.-.ie.e, -..,,,w,- yw, --w,w,my
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TABLE 3.6.1.7,

(CONT.)
.

Results
- Sample Collection pCi/gm dry weight
Number Date Analysis 21a

W

1-8 ' 9/27/79 Ra-226 0.52 + 0.03
Th-230 1.2 7 0.1

-

Pb-210
U 1.95 1 0.10n

1-11 10/30/79 Ra-226 (a)
Th-230 1.6 + 0.1
Pb-210 (a')
U 2.3 1 0.In

l-12 10/30/79 Ra-226 1.67 + 0.06
Th-230 1.1 7 0.1
Pb-2:9 (o')
U 1.12 1 0.Mn

l-18 9/25/79' Ra-226 1.83 + 0.07
Th-230 1.47 7 0.08
Pb-210 (al

) U 1.68 1 0.08n

l-19- 9/25/79 Ra-226 f.62 + 0.07
Th-230 1.4 7 0.1
Pb-210 (a') -

t U 2.8 1 0.In

l-20 9/27/79 Ra-226 0.84 + 0.04
i Th-230 1.13 7 0.06
l Pb-210 (al

U 1.17 1 0.06n

- |-21 10/30/79 Ra-226 0.74 + 0.04~

Th-230 0.81 7 0.06L
Pb-2.0 (al
U 0.50 1 0.04n

e
_ l-22 10/30/79 Ra-226 0.43 1 0.03

'

.

Th-230
Pb-210
U 1.52 1 0.08n

(a) Analysis not complete at report preparation

)
.

--.

e 8
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TABLE-3.6.i.7

(CONT.)

Results
Sample - Collection pCi/gm dry weight
Number Date - Analysis 2 2a

1-27 10/10/79 Ra-226 2.47 + 0.10
Th-230 1.5 7 0.1
Pb-210 (al
U 2.74 1 0.14n

l-31 .9/28/79 Ra-226 3.51 + 0.16
Th-230 1.6 7 0.1
Pb-210 (al

-

U 4.2 1 0.2n

'l-33 9/27/79 Ra-226 1.01 + 0.04
- Th-230 1.4 7 0.1

Pb-210 (a')
U 4.47 1 0.22-n ,

'

.

O

i-
t

(a) - lysis not complete at report preparation
,

t
!

I

.

|

,
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3.6.2 GROUN0 WATER

The groundwater systems in the project area, including the vicinity

of the evaporation pond (Section 1, T41N-R75W) and the tailings disposal site

-in Pit 35N (Section 35, T42N-R75W), were investigated in detail. The major

topics presented in this discussion are the geologic setting, recharge areas,

aquifer properties, water movement, springs, and groundwater quality.

3.6.2.1 GE0 LOGIC SETTING

The site is situated in the southwestern part of the Powder River

Basin approximately 19 kilometers (12 miles) east-northeast of the Tertiary

Wasatch-Fort Union formation contact. The Wasatch formation is the surface

geologic unit in this area, and is part of the thick Powder River sedimentary

series consisting of interbedded sandstones, siltstones, claystones and coals.

Seeland (1976) 'found that the Wasatch sandstones were deposited in a fluvial

paleodrainage system which flowed generally northward. These channel deposits

are the host rocks for many uranium ore deposits.

The Fort Union fonnation under lies the Wasatch formation and con-

sists of fine grained fluvial silts and clays. These sil..s and clays are
|
'

layered between wedges of arkosic sandstones which were deposited as alluvial

fans and braided stream channels. The relative amount of coarse, permeable

clastics increases near the top of the Fort Union. The contact between the two
!

-formations is gradational and, except in isolated areas of the Powder River

basin, is arbitrarily set at the top of the thicker coals or of some thick

sequence of clays and silts. The top of the Roland coal is assumed to be the
;

boundary in the Sand Rock Mill area.
,

Several sar.dstone lenses, which could be signif: cant aquife: , are

: present below the Roland coal. The hydrologic properties of these sandstones
!
'

are diverse and little is known about them.
'

! -
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The Teapot and Parkman sandstones are approximately 2,590 to 2,740

. meters (8,500 to 9.000 feet) below land surface in this area. These sandstones

are the next hydrologically significant geologic units below the Fort Union

sands. The watar quality of three well samples from the Parkman sandstone in

Johnson County (Whitcomb, Cummings and McCullough,1966) near the outcrop of

this formation contained total dissolved solids from1360 to 3060 mg/1. Water

quality is poorer at greater distances fromthe outcrop area, making the use of

these aquifers questionable.

The Madison limestone and Tensleep sandstone are approximately 4,570

meters (15,000 feet) below the land surface and are expected to produce the

largest discharge rates from wells in this area. The Madison is known to flow

at several thousand gallons per minute to the Midwest area (Crist and Lowry,

1972), and the flows. from the Tensleep sandstone in this area are in the

hundreds of gpm. However, the water quality of the Madison and Tensleep in'

the Midwest area is poor and is anticipated to be worse near the project area.
!-
' 'h6refore, even though the Madison and Tensleep aquifers produce large

quantities of water, the quality makes these aquifers unusable. Only the

Roland coal and the upper Wasatch formation units will be discussed further,
,

because the lower units are not expected to be influenced by this project.

|

The local surface geology consists of the Wasatch formation for

several miles from the proposed mine and mill site. The top of the Roland Coal

is approximately 335 meters (1,100 feet) deep in this area. The dip of the

top of the Roland coal is to the west-northwest at an average rate of one

degree.

.
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_ _ _ .-

'Conoco exploration nomenclature has designated most sands above

the Roland coal using decreasing numbers with depth. Cross-sections from

- exploration logs were developed for this area to evaluate the areal distri-

bution of these sands. - The'40 and 50 sands are nonaally separated only by

a few feet of shale or mudstone and extend areally. These two sands contain
_

some coarse material in most areas and are considered very significant aquifers.

The 60 sand is fairly massive and continuous over most of the area.

The 68 sand, which is above the 60 sand, is normally a significant sand in

this area and is probably connected to the 60 sand at some locations. The

68 sand is the first sand below the 70 sand, which contains the ore deposits

. in the area. The thickness-of the 70 sand is normally in the range of 18 to

-24 meters (60 to 80 feet) in this area and is areally extensive. The dip of

the 70 sand is generally less than one degree toward the northwest.

A thin coal seam exists a few feet above the top of the 70 sand and

in most areas has been labeled by Conoco as the E coal. The average dip of

the E coal'is one-half of one degree.

The remainder of the lithologic section above the 70 sand consists

mainly of mudstones (claystones),' sandstones and thin coal lenses. The thick-

ness.of each of these units varies considerably over this area. Figure 3.19

shows a schematic of the lithologic units in the evaporation pond area. A

claystone, referred to as the Lower mudstone, exists below the E coal in the
,

evaporation pond area and has been labeled the Upper mudstone. A very thin

~ seam of coal exists between this claystone (Upper mudstone) and the sar.dstone

above it. These two units have been termed Upper coal and Upper sandstone in

the evaporation pond area. A mudstone exists above the Upper coal in some

|-
areas, and the Upper coal was not detected in numerous holes.

v-

I'

, s
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UPPER
SANDSTONE

UPPER COAL h
UPPER

~

MUDSTONE
i

! E COAL k
|

LOWER
,

i MU.DSTONE

\ t
UNSATURATED

70 SAND
U
7

|

I SATURATED
70 SAND

,

MUDSTONE

)

CONOCO INC.
MINERALS DEPARTMENT

555, Seventeenth Street 'Jenver, CO 80202

SAND ROCK MILL PROJECT
CAMPBELL COUNTY, WYOMING

FIGURE 3-19

SCHEMATIC OF LITHOLOGIC UNITS IN.

EVAPORATION POND AREA
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The. lithologic units above the E coal in-the tailings disposal area
,

;of Pit 35N do not correlate well. The structure of the top of the E coal

'and 70 sand is similar to the structure in the evaporation pond area (Hydro,-

_

1980). The mudstone between the E coal and the 70 sand is not as thick in

the area of Pit 35N as in the evaporation pond area. Thin, noncontinuous

sandstone units are interbedded in the mudstones (claystones) above the E

coal.

3.6.2.2 RECHARGE AREAS

The outcrop area of the 70 sand is important to the flow in this

groundwater -system. The low penneability materials above the 70 sand should

essentially restrict recharge to the 70 sand except in its outcrop area. The

quality of water fromthe claystone and coal above the 70 sand is normally

poorer than the 70 sand water quality. This also indicates that very little

of the 70 sand water is derived fromthese upper uni's. The upper.(unsaturated)

portion of the 70 sand contains.very low permeabilities, which indicates very

little water has flowed in this portion of the aquifer to dissolve the cementation.

Figure 3.20 presents the outcrop of the 70 sand near the Sand Rock

L project. This outcrop includes areas of the 70 sand which are covered by allu-

vium and topsoil. The outcrop map is derived mainly from the 70 sand structure
|

map and some known exposures. These areas would be susceptible to recharge to

the 70 sand aquifer, also. The 70 sand crops out in a large percentage of

Sections 11 and 12 of T41N-R75W and Sections 6 and 7 of T41N-R74W. Water which

enters the outcrop area flows down-dip in the 70 sand.

..
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An outcrop line is shown on Figure 3.20 for the E coal. This outcrop

line is' inferred from the structure map of the E coal in Figure 3.19. Recharge

to the E coal and the Lower mudstone should occur mainly in the area of the

outcrop'line in' the eastern half of Section 1, T41N-R75W. Recharge to all

units above the 70 sand probably occurs principally in their outcrop areas,

because of alternating low permeability materials.

3.6.2.3 PIEZ0 METER AND WELL CONSTRUCTION

A total of 47 piezometers and/or wells were constructed in the

evaporation pond and tailings disposal site (35N) areas,17 in and around

Pit 35N, and 30 in the area of the evaporation pond. These piezometers and

wells have been used to define the static-water levels, permeabilities and

we.ter quality of the shallow geologic units. Table 3.6.2.1 and Figure 3.21

present basic data for the evaporation pond area, including date drilled,

depth drilled, perforated in.terval, lithologic unit and water level for each

!- piezometer. Table 3.6.2.2 gives the same data for the Pit 35N mine area.

| Twenty-three additional wells have been uwd to define the groundwater hydro-

1.ogy for the 70 sand and deeper units in other than the evaporation pond and

| . tailings disposal sites. The completion details for these wells is given in

Table 3.6.2.3.

t

3.6.2.4 SUBS 0IL AND AQUIFER PROPERTIES

The transmission (transmissivity and hydraulic conductivity) and storage
1

(storage coefficient and specific yield) ability of the aquifers and partially

saturated material ara discussed in this section. Additional material properties,

moisture content, bulk density and grain sizes will also be discussed.
I

i
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i TABLE 3.6.2.1

BASIC COMPLETION AND WATER LEVEL DATA FOR
THE EVAPORATION POND AREA (AREA 10)

Depth Perforated Water Level Elevation M.P. Above
Hole - Date . Dr.lled - Intervo! Lithologic Depth Elev. of M.P. L5D
No. Or,IIed (f t-LSD) - (f t-L50) Unit Date (ft-MP) (f t MSL) (f t MSL) (ft1

Pi 9/79 51 38-48 - LMS - E Cool 4/3/80 dry 5,236.6 5,287.9 f.6

P-2 3/9/80 '50.5 35 50 LMS - E Cool' '4/2/80 43.79 5,250.5 5,294.3 f.8

P-3 3/11/80 39 49 LMS 3/27/80 50.5 5,233.4 5,283.9 2.6

P-4 LMS - E Cool' - 3/24/80 - 23.18 5,266.7 5,289*.9 1.1

P-48 3/3/80 33.2 28-33' UM5 - E Cool 3/27/80 21.80 1.8
'

P 48-I 3/3/80 ' 33 28-33 UM5 - E Cool 3/27/80 20.26 3.1

P-4C 3/3/80 25 12-25 UM5 - U Cool 3/27/80 19.22 2.6

P-4CA 3/25/80 30 25-30 UMS 3/27/80 22.65 3.7

P-5 3/9/80 47 43-45.5 E Cool 3/24/80 28.37 5,271.9 5,300.3 2.3

P-6 .3/4/80 40 28.5-38.5 USS 3/24/80 35.75 5,278.4 5,314.1 1.7

P-7 3/4/80 160 130-160 7055 3/4/80 133 5,175.6 5,308.6 0.5

P-7A 3/4/80 160 75-90 U7055 4/10/80 88.49 - 5,220.4 5,308.9 0.8-

P-8 3/9/80 59.5 32-58 LMS - E Cool 4/2/80 26.09 5,2%.9 5,269.0 2.1

'P-9 3/10/80 35 25-35 LMS - E Cool' 4/2/80 14.60 5,266.1 5,280.7 2.1

P-9A 3/25/8C 18 12-18 UMS 4/9/80 16.04 5,264.3 5,280.3 1.7

P-10 3/10/80 59.5 33-59.5 LMS - E Cool' 3/24/80 28.30 5,268.0 5.296.3 0.5
P-il 3/7/80 20 16.5-19 E Cool 3/27/80 18.60 5,254.0 5,272.6 0.3

P-12 3/9/80 32.5 29-32 E Cool 4/9/80 30.90 5,276.5 5,307.4 1.0

P-13 3/13/80 19.5 9-19 UM5 4/11/80 17.60 5.263.6 5,281.2 0.4

- P-t3A 3/25/80 28 22-28 E Cool 3/27/80 19.% 5.263.9 3.1

P-85 3/11/80 35 27-35 LMS - E Cool' 3/27/80 23.03 5.263.5 5,286.5 2.0

P-ISA 3/25/80 21 17-28 UMS 3/27/80 22.9 5,263.5 1.9

P-16 3/11/80 73 58-73 U 70 55 3/24/80 75.5 5,218.9 5.294.4 2.4

P-17 3/13/80 89.5 79.5-89.5 U 70 55 3/24/80 92.7 5,211.9 5,304.6 2.6

P-38 25 14-18 All 3/27/80 22.25 5.250.8 5,273 0.3

P-19 3/l4/80. 59 30-57 LMS 4/10/80 31.34 5,254.2 5,285.5 3.5

P-20 2/28/80 189.3 107-119 57055 3/27/80 97.54 5.1b4.5 5,282.0 0.7

P-20A 107.2 99 107 57055 3/26/80 98.18 1.8

. P-200 117.5 107-117 57055 3/26/80 98.79 1.6

P-21 3/18/80 120.4 88-118 57055 3/24/80 75.32 5.177.5 5.252.8 2.8

NOTE:

Upper CoolMoosmng Point U Cool =M.P. v
'

Upper SandstoneL50 = Larus Surfoce Datum USS =

Upper (Unsaturated) 70 SandLMS = Lower Mudstone U 70 55 =

UMS = Upper Mudstone 70 55 70 Sedstone=

Soturated 70 SedstoneE Cool 57055E Coat ==

* Cosgletion of well questionable.
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TABLE 3.6.2.2

BASIC COMPLETION AND WATER LEVEL DATA
FOR THE 35N PIT TAILINGS DISPOSAL AREA

Depth Perforated- Water level Elevation M.P.Above
Date Drelled Intervo! Lithologic Depth tlev. of M.P.- LSD

U . DA (Ft MP) (F t-MSL) (F t-MSL) MHele No. - Drilled t F t-LSDI (Ft-L50) g

35N-IC IN.7 ~154-179 U7055 5/15/80 dry - $354.8 1.2

~ 35N.1D 43.2 36-44 55 5/16/80 39.54 5314.9 5354.4 0.8

35N-lE - 29.0 21-29 MS 5/15/80 'to.86 5326.1 3355.0 1.4

.35N-2A - 159.5 145-160 .U7055 5/21/80 147.25 5191.0 5338.3' O.8

35N-2B 136.0 126-131- 55 5/19/80 124.28 5214.1 5338.4 0.9

' 35N-2C 73.3 64-74 M5 5/19/80 69.52 5269.4 5338.9 f.4

35N-3 - 29.5 20-30 .55 - 4/09/80 dry - 5401.9 3.2

-35N4 131.6 112-132 55 M5 4/09/80 dry - 5389.3 1.0

35N-5 79.0 69-79 55 5/19/80 - 78.4* 5219? 5294.7 1.3

35N-6 90.3 80-90 55 5/15/80 66.87 5236.5 5323.4 f.2

-- 35N-7A . 182.9 143-183 7055 5/18/80 132.30 $172.9 5305.2 1.1

35N-78 115.4 101-116 U7055 5/15/80 dry 5305.6 I.5-

35N-7C .83.4 74-84 55 5/15/80 82.09 5229.3 5311.4 4.3

35N-7D 99.0 92-99 E Cool 5/18/80 .97.39 5207.9 5305J I.2

--35N-7E 27.4 22 28 55 5/l5/80 18.90 5289.7 5308.6 1.5

- 35N-7F 17.7 12-18 MS 5/85/80 14.97 5294.5 5309.5 2.4

35N-7G 59.2 51-59 - U Coci 5/18/60 33.14 $272.2 5305.3 1.2

i

NO TEt

Upper CoolMeasuring Point U Cool eM.P. e
Upper SedstoneLSD e Led Surf ee Daturn USS =
Upper (Unsoturated) 70 5ed= Lower Mudstone U 70 55LMS =

Upper Mudstone 70 55 = 70 Sedstone- UM5 =

= E Cool 57055 Saturoved 70 SedstoneE Cool =

* Comp 6etion of well questionable.-

i
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TABLE 3.6.E.3
-

BASIC WELL COMPLETION DATA
FOR WELLS IN THE MINE AREA

Depths Diameters
(F t.) (In.)

- Perforated Grovei Drill casing Type State Date- well - Collar Elevation .

Cos no Interval Pack Bit @ Casing Permit DrilledNo. Assifer (Ft.Abv.msi) - Total

1810 - 7U55 5378 - 265 265 200-260 -X 8-3/4 3" PVC 39650 07/29/77

1808 E SS 5377 275 275 195 275 X 9-7/8 $* - PVC 3%51 07/28/77

' 1809 7055 53 % -230 230 135-225 x 8-3/4 3" PVC 3 % 52 07/28/77

889 7055 5334 240 260 200-260 X 8-3/4 y PVC 39653 07/29/77

890 ' 70-6855 5410 330 330 240-330 X 8-3/4 3" PVC 3 % 54 07/29/77

22 2 '7055. 5287 165 165 85-165 X 8-3/4 3" PVC~ 3 % 55 08/01/77

8-3 ' 70-6855 5308 a.. 175 105-175 X 9-7/8 5" PVC 3 % 54 08/01/77

'VC 39648 07/22/77Pau5 7055 5350 - 240 "a 180-240 X 9-7/8 5"
07/21/77. 886 7055 5349- 240 240 180-240 X 8-3/4 3" PVC -

887 6855 5347- 320 320 - 290-320 x 8 3/4 3* PVC - 07/20/77

888 7055 5352 ' 250 250 180-240 X 8 3/4 3" PVC 07/21/77\-

l, .7055 5333 240 240 200-240 6-1/4 5" PVC J%49 09/17/77

1805 7055 5338~ - 240 240 120-240 X 8-3/4 3" PVC - 07/22/77

07/21/77' 1806 7055 5324 220 220 120-200 X 8-3/4 3" PVC -

07/22/771807 6855 5328 290 290 250-290 X 8-3/4 3" PVC -

II/02/7s' 1814 7055 .5345 207 207 143-207 9-7/8 5" Steel -

11/08/781885 7U55 5348 208 208 142-200 X 5-l/8 3" PVC -

1886 . 7055 5343 207 207 138-207 x 5-1/8 3" PVC - 11/08/78

II/08/781887 ' 7055 5350 233 233 143-233 X 5-l/8 3" PVC -

11/21/78CJ 7055 5348. 240 240 153-240 X 9-0 $* Steel -

10/22/791821i Roled Cool 5355 1200 1200 1120-1200 8-3/4 6" Steel -

1822 50-4055 5355 740. 740 % 0-600

64 4 680
10/26/79700-720 8 3/4 6" Steel -

- 182i . ~ 6855 5345 240 240 210-240 8-3/4 6" Steel - 03/30/80

--

NOTE?

W.P. ' . Moosuring Point . U Cool = Upper Cool -

,

Upper Sedstone
i. LSD e Led Surface Datum USS e

Upper (Uructurated) 70 SandLM5 - e Lower Modstone U 70 55 =

UM5 a . Upper Mudstone 70 55 . 70 5edstone
Saturated 70 Sedstone~ E Coot a 'E Cool 57055 .

* Convietion of well questionable.

4
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TRANSMITTING PROPERTIES

The results of the-constant head injection tests from the low
.

yielding' wells and dry piezometers in the evaporation pond and tailings

disposal areas will be presented first. The permeability and transmissivity

results from the 70 sand wells will follow.

A brief discussion of the aquifer test analysis is given in Appendix A.

Twenty-four constant-head injection tests were conducted to determine

the saturated hydraulic conductivity (permeability) of the subsoil materials

in the evaporation pond area. The injection rates necessary to maintain the

water level at the top of the casing were measured. Most of the injection

tests were conducted approximately three to four hours. The constant head used
~

in the permeability _ computation was the staticwater level for unsaturated

rock unit's. These~ two depths were measured fromthe top of the well casing.

Dry piezometers were filled with water for oneor two days prior to the tests

to saturate the unit being tested.

Table 3.6.2.4 summarizes permeabilities obtained from constant-head

and pump tests in the Sand Rock project area. The permeabilities from packer

tests in the evaporation pond area are smanarized in Table 3.6.2.5. Packer

tests were performed inthe areas of the proposed evaporation pond embankments.

.Thr' locations are shown on Figure 3.22. The method of testing, well comple-

tion an~d permeabilities are discussed in detail in the final Hydrologicalt

Report (Hydro, June 1980).

STORAGE PROPERTIES
I

Storage coefficients (the storage ability of a confined aquifer) were

determined at five locations in the 70 sand aquifer. Two 70 sand tests were

conducted to measure the specific yield (the storage ability of an unconfined

caquifer) for the 70 sand. Table 3.6.2.4 presents these storage values.

.
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TABli 3.6.2.4

SURRY OF AQUIFER CHARACTEi<ISTICS FROM CORRECT ANALYSES
-

.

2Well # Formation T ft / day S Comments

P-1 L. Mudstone + E. Coal 0.41 .021

P-3 L. Mudstone 0.21 -

.P-4 L. Mudstone + E. Coal 0.019 .000013

P-9A U. Mudstone 0.041 .001

P-12 E. Coal 0.055 .0088.

P-15A U. Mudstone- 0.60 .0011

P-18 Alluvium 3.34 .000042 Very low S for alluviun

P-20B 70SS 0.23 - recovery test

P-21 70SS 0.31 - recovery test

35N-2A U.70SS 0.35 recovery test-

35N-4 Mudstone 0.15 0.53

35N-7A 70SS 156. recovery test
' -

35N-7E SS 0.16 .032

885(pump)
886(observe)70SS 107. .015/.001 Streltsova type curve

885(pump),

| 888 (observe) 70SS 23. .0029 Streltsova type curve

886 70SS 241. - recovery test

887 6'sSS 0.25 recovery test-

1(pump)
1805(observe)70SS 112. .00052 Streltsova type curve

1(pump)
'

'

1806(observe)70SS 112. .00028 Streltsova type curvei

.
1814(pump)
1816(observe)70SS 508. .0007 .Streltsova type curve

'

t

1823 68SS 25 recovery test-

|

|

I
..
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TABLE 3.6.2.5

SUMMARY OF SUBSOIL PERMEABILITIES FROM PACKER TESTS
: EVAPORATION POND AREA ~

Test
-

Hydraulic Conductivity
Hole -Interval Lithologic (Permeability)

Number (ft-LS) Unit * ft/yr cm/sec

PD-3 30-40 LMS <l.0 <9.7 x 10-7

PD-5 ,'l1.5-16.5 UMS <l.4 <l .4 x 10-6

17-22 UMS- 63 6.1 x 10-5

31-36 LMS <0.8 < 7.7 x 10-7

PD-6 18-23 UMS '< l .5 <l.4 x 10-6 ,

25-30 E Cool 2.3 2.2 x 10-6

29.5-34.5 LMS 1.6 1.5 x 10-6

PD-7 10-15 USS 330 3.2 x 10-4

16-21 UMS 320 3.1 x 10-0

25-30 E Cool 1.5 1.4 x 10-6

PD-8 7-12 US3 5,070 4.9 x 10-3

24-29 UinS <l.0 <9.7 x 10-7

PD-9 18-23 USS 1.5 1.4 x 10-6
|

,
28-33 UMS <0.9 <8.7 x 10-7

I

! 32-37 E Cool < 0.7 <6.8 x 10-7

! PD-10 12-17 UMS 1.4 1.4 x 10-6

17-22 UMS l.1 1.1 x 10-6

24-29 UMS <l.0 <9.7 x 10-7

f 29-34 UMS <0.8 <7.7 x 10-7

| |

|

. . . _ . _, . . _ . . , . . - - _ _ . _ , - . _ _ , , - _ - - . . _ _ - . , . . _ __ _ _ _ _ _ . _ . . _ - _
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.

TABLE 3.6.2.S
,

(CONT.)*

Test Hydraulic Conductivity
Hole Interval Lithologic (Permeability)

Number - (ft-LS) Unit * ft/yr cm/sec

PC-I l 7-12 USS 250 2.4 x 10-4

12-17 USS 1.4 1.4 x 10-6

17-22 UMS <l.3 < l.3 x 10-6

PD-li 24-29 U Cool < 0.9 <8.7 x 10-7

29-34 UMS < 0.8 <7.7 x 10-7

PD-12 17-22 LMS 1.3 1.3 x 10-6

26-31- LMS <l.1 <l.1 x 10-6

4
34-39 U70SS 490 4.7 x 10

4PD-|4 6-1I USS 360 3.5 x 10

27-32- LMS 1.2 1.2 x 10-6

PD-IS 7-12 USS <2.I <2.0 x 10-6
,

14.5-19.5 USS < l .4 <l.4 x 10-6

27-32 LMS <l.1 <l.1 x 10-6

PD-16 - 8-13 UMS <2.3 <2.2 x 10-6

4
17-22 USS 430 4.2 x 10

420-25 USS-U Cool 410 4.0 x 10

30-35 UMS < 0.8 < 7.7 x 10-7

_
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!

TABLE 3.6.2.5

' (CONT.)

Test Hydraulic Conductivity
Hole Interval Lithologic (Permeability)

' Number (ft-LS) Unit * ft/yr cm/sec

PD-17 6-1I USS 6.4 6.2 x 10-6

4
8-13 USS 620 6.0 x 10

.

4
17-22 USS - 240 2.3 x 10

20-25 USS-U Cool 630 6.1 x 10-4

25-30. UMS < 0. 9 <8.7 x 10-7

35-40 E Cool 0.7 6.8 x 10-7

PD-18 11-16 USS 34 3.3 x 10-5

19-24 USS 1.2 1.2 x 10-6
s

- PD-19 12-17 USS I,060 1.0 x 10-3

18-23 U Cool 800 7.7 x 10-4

PD-20 5-10 USS 12 1.2 x 10-5

15-20 USS 140 1.4 x 10-0

22-27 UMS I.0 9.7 x 10-7

PD-21 8-13 USS 2,800 2.7 x 10-3

22-27 USS 17 1.6 x 10-5

4
PD-22 14-19 USS 1.4 1.4 x 10

PD-24 6-1i USS 210 2.0 x 10-4

17-22 UMS 59 5.7 x 10-5

22-27 USS 72 7.0 x 10-5



..

TABLE 3.6.2.5
,

(CONT.)
,

Test Hydraulic Conductivity
Hole Interval Lithologic (Permeability)

,

Number (ft-LS) Unit * ft/yr em/sec '

~ PD-26 . Il-16 USS S.1 4.9 x 10-6

20-25 USS 13 1.3 x 10-5
.

4
'27-32 USS 730 7.1 x 10

,

NOTE:

Upper CoolMeasuring Point . U Cool| M.P. . = =

( LSD ~= Land Surface Datum - USS Upper Sandstone=

Upper (Unsaturated) 70 SandLower Modstone U 70 SS| LMS ==
70 Sonestone; UMS-= Upper Mudstone 70 SS =

Saturated 70 Sandstone .E Cool S 70 SS
| - E Cool ==

t.

|

I

|

!

,

[
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ADDITIONAL MATERIAL PROPERTIES
*

. Additional material properties (Chen 1980) were also used in the hydro-

logical analysis. The porosity of the materials at'the site is in the range.g

of 40 per cent while most non-saturated rock''had moisture contents in the

_ range of 15 per cent. The average bulk-density of the materials is roughly-

32.65.g/cm ,

'

3.6.2.5 ~ WATER LEVEL

Tables 3.6.2.'l and 3.6.2.2 give a static-water level for each piezo-
,

-meter. Several 70-sand wells have been monitored since their installation in,

1977, and this data _is given in Table 3.6.2.6. Figure 3.21 gives the location,

- of the'preoperational grountiwater monitoring sites. A discussion of the water
~

<

- ' level elevations and changes for each geologic unit is presented.

f The water level elevation map for the 70 sand aquifer is presented in

Figure 3.23 for the Sand Rock project area. The outcrop area of the'70 sand,'

;

xwhich is the recharge area for this aquifer, is given in Figure 3.20. This
;

' recharge area and the data points in Table 3.6.2.6 were used to construct the
,

b piezometric surface for.the 70 sand aquifer. The water level elevation-

L contours are closely spaced next to the recharge areas where the saturated

thickness is less. Therefore, steeper gradients'are required to transmit the
' water in this area than further down gradient. The water level elevation is

lower in the center of Section 1 (T41N-R75W) than in the center of Section 2

( because Section 1 is farther from the outcrop area. The water level elevation

f' . varies from.a 'high which is greater than 1,585 meters (5,200 feet) near the*

n
outcrop area to less than .1,573 meters (5,160 feet) north of the permit area.

,

i-

|-
. Table 3.6.2.6 summarizes water-level variations. Water levels in

|

wells 22-2 and 1809 have varied approximately one fcot over this period. Water
.

"

level #1uctuations for wells 1810, 885 and 1 have been in the range of 0.6,

0.9 and 1.2 meters (2,3 and 4 feet), respectively.

. ..

3.6-65

'

. . _ . . . . , . . . _ . _ . _ . _ . _ ._



.

TABLE 3.6.2.6
.

WATER LEVEL DATA FOR THE 70 SAND WELLS

weit
zz-z es) 559' i isov de60g. Depth . ,g Depth E lev. .M E lev. Dep,h E lev. Depth E lev. Deptn g

. 8/17D7 181.3 5.168.7 159.8 5,171.2

8/24n7 159.2 5.171.8

9/15/[7 97.9 5,189.1 180.3 5.169.7 163.3 5,170.7- 187.6 5.168.4 207.2 5,170.8

10/2607- 98.1 5,188.9' 180.3 5,169.7 164.1 5,I6'9.9 158.2 5.172.8 187.5 5.168.5 207.5 5.170.5
*

I/2408 180.2 5.169.8 157 5.174

1/13nB 180.3 5.169.7 157 5.174

3/2in8 179.8 5,170.2 iM .7 5,174.3

9/13n8 97.67 5,189.3 17.5' 5,316.5 187.83 ' 5,168.2 205.17 5.172.8

- 2/15/79 98.50 - 5,188.5 179.58 5,170.4 30.83 5.303.2 205.83 5.172.2

3/ Int 98.33' 5.188.7 179.08 5,170.9 38.33 5,295.7 157.67 5,173.3 188.17 5.167.8 205.58 5,172.4

5/3009 98.17 5.188.8 178.33 5.178.7 42.83 5,291.2 158.17 5.172.8 187.76 5.168.2 205.50 5,172.5

7/19n9 97.87 5,189.2 178.75 5.171.2 49.50 5,284.3 156.17 5,874.8 187.33 5,168.7 205.08 5.172.9

9/4/79 ~ 97.58 5.189.'4 178.33 5,171.7 50.17 5,283.8 IM.42 5,174.6 187.31 5,168.7 205.50 5.I72.5

9/2909 4 H.00 5,875.0

11/30n9 97.67 5.!89.3 179.67 5,170.3 53.62 5,26C.e IM.00 5.175.0 187.71 5.168.3 205.17 5,172.8

12/2in? 156.00 5.175.0

Well
i

! H.2 585 889 6 4609 iEiG
Do*1 .M E lev. Deptm E iew. Depm E sav. Deptm E iew. Deptm E iev. Des m E sev.

I/2/00 97.58 5.189.4 178.5 5,171.2 62.00 5,272.0 156.08 5.174.9 187.67 5,168.3 205.08 5.172.9

4/15/80 M.17 5,277.8 187.33 5,168.7 204.83 5,173.2- -

'4/16/80~ 155.67 5,l75.3

|

Welt
59) e 6 ias 1545 ibis lei 7

g Dep tn E sev. Deptm E sev. Deptn E te7 Dept % E ww. Deptn E iev.

II/I668 161.3 5,183.7 162.6 5,185.4 158.J 5,I84.7 t46.5 5.18J.5

12/in8 - 168.1 5,183.9 142.4 5.185.6 158.2 5,184.8 166.5 5.183.5

6/19n9. 179.0 5.169.0 159.92 5,185.8

9/26nt 179.0 5,169.0 159.0 5.186.0

| -9/2709 178.5 5.169.5

12/209 l'0.0 5,170.0 159.67 5.185.3

'4/l/80 159.67 5.185.3
I 4/9/80 178.08 5,169.9

!

|~
g Depth, in ft below L5

[
Elev,in ff almove MSL

[~ * Fluctuotions in water ievel hint of improper completion of well (see Section 2.7.I.5)

~ *
..

|
,
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' Tables 3.6.2.1.and 3.6.2.2 present the water level elevation for.

E the Upper.mudstone, Upper coal and Upper sandstone in t;he evaporation pond

Earea'and mudstone and sandstones in the tailings disposal area piezameters.

The water level' elevations of the Upper coal and Upper mudstone are fairly

- ,close-.to. the elevations in the Lower mudstone and E coal.

Response of well' 887 (68SS) to pumping in Well 885 (70SS) and response

of well 1807-(68SS)'to pumping in well 1 (70SS) suggest that connections
,

n

exist between the 70 and 68 sandstones'in the vicinity of pits 35N and 34.,

'

-3.6.2.6 WATER MOVEMENT

The hydpulic gradient of the 70 sand aquifer can-be.obtained from

IFigure 2.5. The gradient of the water table in the 70 sand varies from 0.012
*

'to 0.0018 m/m with an average value of 0.006 m/m. An average horizontal rate*

of movement of the groundwater in the 70 sand was-estimated to b '.2 x 10-3

cm/sec (1200 ft/yr) from e.n average horizontal permeability of 1.9 x 10-3 cm/sec

'(2,000 ft/yr), an effective porosity of 0.01 and the above average gradient. In

! general, movement of water in the 70 sand should gradually decrease with dis-

tance from the. recharge area. Flow directions in the 70 sand are shown in
,

-Figure 3.23.
<

Hydraulic gradients in the E coal and lower mudstone vary from 0.004
- to 0.05 m/m with an average gradient in the range of 0.015 m/m. The steeper and

flatter gradients should be an-indication of lower and higher permeabilities,

respectively. An average gradient of 0.015 m/m and a permeability of 4.8 x 10-6

|cm/sec _(5 ft/yr) should yield a velocity fairly representative of both the low

-and high permeability _ areas. A groundwater velocity of 1.4 x 10 cm/ scc

(1.5 ft/yr) was calculated from the above hydraulic gradient and permeability

values 'and an effective porosity of 0.05. This shows that tne groundwater in

, . .
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the E coal and Lower mudstone moves very slowly. The flow directions for the

Lower mudstone and E coal are north and west,which follow the slope of these

units.

Water-levels in the Upper mudstone and Upper coal piezometers are

very close to the water . levels in nearby Lower mudstone and E coal wells

(Hydro,1980). Therefore, gradients in'the Upper mudstone and Upper coal are

_

thought to be very similar to those in the Lower mudstone and E coal. Flow

direction in the Upper mudstone-and Upper coal are probably similar to those of

the Lower mudstone.

Rates of water movement in the tailings disposal area for the mud-

. stones and sa " stones above the 70 sand are estimated to be in the range of

the velocities for E coal and Lower mudstone in the evaporation pond area.

3.6.2.7 GROUNDWATER QUALITY

Although groundwater- quality data were available in Conoco's June,

1979 Mine Permit Application to the State of Wyoming, a specific baseline

program was initi?ted in mid-1979 to satisfy NRC requirements.

Sampling procedures have been consistent with State of Wyoming

guidelines and frequency of sampling was determined by reconnendations in the

! NRC's Draft Generic Environinental Impact Statement.

The groundwater. quality data in the Sand Rock project area has been

collected from three sources: 1) private wells, 2) the Conoco Inc. mine
;.

monitoring wells and 3) the evaporation pond and tailings disposal site wells.

The water quality for the three. sources are tabulated in Tables 3.6.2.7, 3.6.2.8

and 3.6.2.9 respectively. Figure 3.21 gives the location of the Conoco Inc.

wells, while the private wells are shown on Figures 3.1 and 3.2. The ground-

water quality is very hard with total dissolved solids normally greater than

500 mg/l.
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TABLE 3.6.2.7
GROurowATER QUALITY FOR PRIVATE WELL! PEAR CONOCCr5 SAND ROCK PROJECT

)well wen
& M ER'.f. T25 Conductivity Tenwerature g 1 go _Mg jg4 S! gO)g3 pH

41474W

A.I 04 NESE 6/2609 492 820 (705) (17) 39 9 '108 15 187 6 0 234 7.53 (7.15)
17304 12/7/79 606 870 (839) (7) 46 9 107 17 215 8 0 278 7.73 (7.70)

A.2 04SENE 6n6/79(CI 655 1.100 (676) ('t ?) 13 9 156 10 179 25 0 312 7.91 (7.00)
(7.45)- - (647) (15)'17302 8/t4/79 - - - - - - - - -

12/7/79 670 't.130 (1,069) (9) 9 9 169 27 160 el 0 307 7.68 (7.70)

P'.6 ~ 17SwSE 6/2809 831 1.270 (1,083) (16) 107 10 128 19 460 12 0 151 7.66 (7.?O)

9309

P'.7 '17 SwSE 6/28/79 '509 940 (795) (14) 48 8 100 20 212 16 0 239 7.58 (7.05)
12240

Alta75W

P'.9 03 tESW 6/20n9 1,024 1,389 (1.163) (13) 45 13 201 46 550 7 0 312 7.32 (6.85)
9/27D9 1,012 1,365 (1,258) (12) 42 li 186 46 450 6 0 31! 7.57 (6.95)-

3/26/80 964 1.300 (1,249) (11) 42 13 197 47 536 6 0 32/ 7.61 (7.30)

- P' l l - 04 NENW 8/1609 1.048 1,500 (l.306) (12.5) 65 12 165 53 548 8 0 283 -7.74 (7.45)
.

42474W

P'.4 - 30 NWNW 6/28R9 2,339 2,7/0 (2.466) (16) 16 11 512 116 1.270 4 0 366 6.95 (6.60)
14683

1 30 31SWNE 6/29n9 1.030 1.450 '(1,176) (30) 31 9 211 54 467 25 0 376 7.83 (8.85)
- . 3/25/80 844 1,260 (1,131) (1) 29 9 162 50 472 21 0 27b 7.6f (6.6)
(Pine Tree Spring)

.

42N.75W

P'.10 33 SwSE 6/20/79 1.566 1,723 (1,608) (18) 37 5 375 58 940 12 0 359 7.71 (7.45)
-

- T.I 33 5ENW - 6/2609 661 1.100 (924) (15) 87 9 106 17 270 to 0 254 7.49 (7.35)

12299 9/18R9 690 1,060 (896) (int 85 9 106 20 284 7 0 249 7.69 (6.90)
(7.05)1920) (19)9/25#9 - - - - - - - -- -

P'.36 36 ScNW 10/1099 604 92t' (801) (15) 15 6 109 43 154 8 0 390 7.72 (7.30)

12/1069 693 1.070 (1,042) (9.5) 13 5 143 51 251 7 0 398 7.80 (7.70)
-

Notes: Number bel'ow well nwneer is the State Engineer's G.W. Permi' Number.

| All concentrations are in mg/l except Corectivity, in umhos/em @ 21*C: Temperoture, in 'C pH in p>' units, U; Pb.210. Po.210,
Ro.226 and 7h.230 in pCills and Charge Bolonce e difforence in major equivalents divided by sum of enojor equivalents times 100.

( ) Denotes fie?d moosurements. .

Denotes less than the volve.*

(c) Addiliano! parameter for the sample is silver e *0.01.

(b) Additional parameters for th:1 sample are silver e *.01 and oikotinity (os COCO ) = 228.3

(c) Addifianal porameter for this sample is silver a *0.01.

. .
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TABLE 3.6.2.7
(CONTJ

Well
& .fl. , (os ) .& gg je 1 Q Q Q F Fe Pb Mn Hg

A.I * .05 . * .05- * .002 * .02 * 005 * 8.0 * 002 * .01 - * .002 0.13 ' 0.018 * .05 0.007 + .001. .

17304 * .05 * .05 * .002 + .02 * .005 * l.0 * .002 * .01 0.007 0.19 * .05 * 05 0.02 * .001.

A.2 * .05 * .05 * .002 * .02 * .005 * 1.0 .002 * .01 * .002 0.16 0.024 * .05 * 003 * .0u1*
.

17302 - - - - - - - - - - - - -

.002 * .02 * .005 * 1.0 .056 * .01 .022 .22 .17 .17 .02.05 0.10 * + .001*

.05 * .002 * .02 * .005 * 1.0 + .002 * .01 * ..w2 .08 .592P'.4 '* .05 * .05 .072 + .001+

9309

P'.7 * .05 * .05 + .002 + .02 * .005 * 1.0 * .002 + .08 * 002 .l4 .424 * .05 .078 .001*
.

82260

= P'.9 * .05 - * .05 * .002 * .02 * .005 * 1.0 * .002 .05 .068.01 .002 .13 .069 .006* * * +

* .05 * .002 * .02 * .005 * i.0 * .002 * .01 .062 * 05 * .05 * .05 .07 + .001*- - .

* .05 0.10 * .002 .02 * .005 * 1.0 * .005 + .01 0.010 0.12 0.10 0.07 0.08 .001* +

P'.l l * .05 0.06 * .06 * .02 * .005 + 1.0 .008 * .01 .009 .14 .02 + .05 .02 .004
'

+

P'.4 * .05 0.09 * .002 * ' .02 * .005 * l.0 * .002 .01 * 002 .31 5. * *.2 .05 .856 .001* + +
.

14683

1 30 * 05 0.07 ' * .002 .02 -* .005 * 1.0 * .002 * .01 * .002 0.90 0.036 * .05 0.279 + .001*
.

* .05 0.57 + .002 * .02 * .005 + 1.0 * .005 + .01 0.009 0.80 0.10 0.09 0.24 .001*-

(Pine Tree SprinW

IP'.10 * .05 * .05 * .002 * .02 * .005 * 1.0 .013 + .01 * .002 .36 .137
'

.05 .03 + .001+

.01 * .002 .17 .012 + .05 .016 * .001T.I -* .05 * .05 . * .002 .02 * .005 + 1.0 * 002* +
.

.01 .005 .23 .12 + .05 - .06 + 00112299 .* .05 * 05 * 002 * .02 * .005 * 1.0 + .002 * .. .

- -

.

.05 .08P'.36 * .05 2.81 + .002 * .02 * .005 * 8.0 .002 * 01 .002 .27 5.6 .001* + +
.

0.84 - - - - - - - - - - - -- -

.

,

.
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TABLE 3.6.2.7
.

(CONT.)

well Charge

g g Ni t@) Se 1 ,Jn,,, U g Po-210 Ro-226 Th-230 Boicace

" A.I * .02 * .01 1.70 * .002 * .02 1.00 37 + 2 0 + .3 0.03 + 0.1 0.15 + .05 0 + .I 1.9

. 17304 - * .0L * .01 1.06 * .002 * .02 1.83
- ~ ~ ~ ~

1.6

' A.2 * .02 * .01- 24.0 * .002 * .02 - 0.054 202 1 0.3 + .1 0 g .04 0.15g.04 0.4 + .I 0.8
17302 - . - - - - - - - - - - -

* .05 * .06 36.0 * .002 * .05 .135 8.4

P'.6
-

* .02 * .01 .30 * .002 * .02 .054 0 .+ 2 0.+ 1 0 02 0.35.+ .05 0.2.+ .I l.9

P'.7 ' * .02 * .01 .22 + .002 * .02 .045 6+1 0 + .05 0 06 0.76 07 0.3 . 1 0.8
. - 4- - - - -

P'.9 * .02 * .01 1.16 .007 * .02 .024 32 + 2 1.6 + .2 0.4 +.05 2.0 + .I 0.2 + .I t.5
* .002 * .02 .006

- - ~ ~ ~

I.6* .02 * .04 --

* .05 * .01 0.44 * .002 * .05 0.007 8.3

.01 .K * .002 * .02 .050 1.7P'.I l * .02 *

P'.8 * .02. * .0i .34 * .002 * .02 0.945 7+1 0 + .5 0.00 + .02 0.75 + .07 0 .I 5.1

14683
"'- ~ ~ ~ ~

* .05 * .01 2.25 * .002 * .05 0.006
-

0 + .9 0.2 . 04 0.35 + .05 137+ 7 0.1.02 . 0.007 2+1 - - - -

4.51 30 - * .02 * .08 1.61 * 002 *
.

.-

(Pine Tree Spring)

.02 .078 17: I 1.9 : .7 0.10 : .02 0 + .08 0 + .I 0.l' P'.10 ~ * .02 * .01 .39 * .002 *

* .02 * .08 1.43 * .002 * .02 .II3 64 + 2 0 + .4 0.02 + .01 0.4i + .06 0.3 + .I 3.0T.I
. * .02 * .04 3.05 * .002 .02 .070

~ ~ ~ ~ ~

3.212299 *
-

P'.36 * .02 * .01 1.07 * .002 * .02 .720 0.2
- - - .39 - - - 0.3

.

$

.

.
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TABLE 3.6.2.8 *

GRoutowATER QUALITY FOR CONOC&5 5AND ROCK MONITORING WELLS

wel weii
g m ggeg 7,25 Condvetivity Teawerature 3 _K_ 3mg g g3 g3 >H

4t te.75W

22 2 02 NwtE I/3/80 500 725 13 8 96 23 106 5 0 305 6.95

83 03 NE* y 6/28n? 1.40 1.950 (1.610) (8) 8 12 3% 58 980 6 0 MI 7.10 (6.85)
(W.4A) 9/27D9 1.426 1.910 (l.660) (12) 9 12 278 96 750 6 0 3)I 7.30 16.50)

12/6D9 4.M6 1.800 (l.680) (10) 8 13 245 I20 9M 6 0 361 7.23 17.75)
4/9/80 I.398 2.000 (l.750) (10) 10 14 258 115 860 62 0 256 6.75 (7.8)

42N 75w

893 34 PESw 11/30n8 975 I.100 (11.1) 42 10 180 36 470 2 0 235 7.1
(w.8) 6/27/79 820 1.250 (1,000) (15i 47 12 .158 35 427 6 0 264 7.% (7.25)

9/27/79 870 1.250 (1.150) (13) 43 11 158 37 408 6 0 278 7.27 16.95)
10/10n9 914 1.240 (985) (15) 45 12 160 34 418 6 0 266 7.45 (7.70)
12/2in? 874 1.150 (1.120) (II) 44 12 155 40 410 5 0 266 7.13 (7.65)
4/9/80 842 1.350 (1,150; (II) 47 12 159 40 60 to 0 al 7.31 (7.5)

31.5 8.1 208 33.5 426 3.3 0 281 7.53885 - 34 NE5w 4/1208 836 1.113 -

# 46 9.5 228 43 75 4.9 0 851 7.44886 34 MSw 4/12/78 827 1.299 -

887 34 NE5w 4/1208*I 1.170 1.490I % 9.1 265 54 459 11 0 375 7.66-

888 34 PE5w 4/12n8@ 855 1.155 - % 0.s 180 30 424 6.4 0 311 7.97

12 8 79 23 198 5 0 134 6.60889 34NwSW t/3/80 . 42 640 . -

4/15/80 395 630 (570) (11) 8 8 78 21 192 6 0 14 . 7.24 (7.0)

4

42N. 75W

I 35 NwSE 4/l2nB 286 504 - 8.4 7.0 80 14.0 72.5 +2 0 228 7.87
3

(w.2) II/30n8 364 510 (11.4) 14 7.7 88 15 73 1 0 172 6.7
6/27D9 218 440 (%3) (15) 13 8 47 in 85 6 0 195 7.90 (7.75)

(14) 1: 8 % le 64 3 0 217 7.68 (7.20)9/2909 2% 464 (442)
.(10) 14 8 67 16 71 4 0 242 7.15 (7.40)

.

12/2in9 352 515 (473)
7 7 35 9 4 4 0 127 7.45 (7.6)4/16/80 182 295 -

N
1805 35 NwSE 4/12D8 765 996 - 60 7.7 143 29 433 6.4 0 178 8.06

1806 35 SwNE 4/12/78(II 884 1.290 41 9.1 234 46 28 4.9 0 975 7.25-

9 680 1.500 - 35 8.4 187 35 98 +2.0 0 443 7.441807 - 35 SwtE 4/12n8

1808 34 NwNE 6/28n9 $73 950 (800) (15) 69 9 93 19 303 10 0 161 7.45 (7.20)
(w.48) 9/2709 570 930 (789) (14) 69 9 86 17 300 8 0 171 7.48 (6.45)

12/15nt 608 900 (813) (9) 63 8 84 17 280 6 0 159 7.34 (7.65)
4/2/80 684 1.010 (988) (10) 77 to 115 24 405 8 0 173 8.04 (8.2)

1809 34 NESE 4/15/80 877 I.220 (1.160) (14) 59 12 104 34 432 8 0 317 7.61 (7.5)

1810 34 NWSW 4/15/80 824 1.350 (943) (13) 47 12 159 40 40 10 0 281 7.38 (7.6)

1814 34SwSW ll/30n8 *I I,006 1.130 (13.5) 22 8.3 190 38 497 3 0 248 6.5I

(W.3) 6/27B9 987 1.440 (1,230) (13) 42 12 201 45 461 8 0 307 7.29 (7.05)
9/2609 1.068 1.480 (1.290) (13) 45 14 201 4 490 10 0 305 7.19 (6.80)
12/2D9 1.104 1.380 (1.390) (10) 41 12 197 51 508 5 0 285 7.09 (7.85)
4/1/80 1.016 1.370 (l.380) (10) 44 13 203 52 562 6 0 305 7.47 (7.3)

1821 34 NwNw 10/25n9 680 1,020 (620) (15) 131 9 78 6 136 12 0 427 7.93 (7.55)

1822 34 NwNw 10/28n9 M8 740 (464) (13) 90 7 53 8 166 10 0 183 7.77 (7.60)

. .
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TABLE 3.6.2.8
(CONTJ

Well Peis
& Al (as PI) As Bo Be B Q Cr Cu F Fa Pb Ma Ha

.02 * .005 * 1.0 * .002 * .01 0.003 0.27 1.51 * .05 0.68 * .00122 2 * .05 0.13 * .002 *

8-3 * .05 0.11 * .002 * .02 * .005 * l.0 * .002 * .01 * .002 0.03 f.98 * 05 0.33 * .00t.

+ .05 0.81 * .002 * .02 * .005 * 1.0 * .002 0.01 0.004 0.07 2.4 * .05 0.33 * .001(w.4A)
* .05 0.47 * .002 * .02 * .005 * 1.0 * .002 * .01 0.002 0.13 2.65 0.07 0.33 * .001

- * .05 0.11 * .002 * .02 * .005 * 1.0 0.006 1.03 0.010 0.39 3.75 0.08 0.32 * .001

893 0.04 0.15 * .002 0.07 - 0.1 * .005 0.08 * .02 0.1 0.3 0.03 0.03 * .0005
(w.1) * .05 * .05 * .002 * .02 * .005 * 1.0 * .002 * .01 * .002 0.12 4.43 .05 0.13 * .001*

-* .05 0.13 * .02 - * 1.0 * .02 * .01 0.002 0.15 8.7 * .05 0..? * .00i-

* .01 * .002 0.14 7.3 * .05 0.15 * .00.* .05 0.36 * .002 * .02 * .005 * 8.0 * .002
* .02 * .005 * 1.0 * .002 * .01 0.007 0.13 7.55 * .05 0.16 * .001* .05 0.13 * .002

* .05 * .05 * .002 * .02 * .005 * 1.0 * .005 0.03 * .005 0.10 7.25 0.05 0.16 * .001

885 * .I *.I 0.004 0.19 ' .005 0.2 * .005 * .08 * .01 0.1 0.66 - 0.23 0.00003

886 * .I 0.18 0.008 1.5 * .005 0.2 * 005 * .01 * .01 0.4 5.2 - 2.3 .00002*
.

.00002887 * .I * .1 * .002 0.22 * .005 0.2 * 005 * .01 * .01 0.2 0.18 - 0.34 *
.

1.5 .00002.01 * .05 0.2 0.18.005888 * .I 0.65 0.019 0.22 * 005 0.2 *** -
.

.05 0.21 * .001889 * .05 . 0.05 * .002 * .02 * 005 * 1.0 * .005 * .01 0.003 0.36 * .05 *
.

.005 0.02 * 005 0.34 * .05 * .05 0.23 .001.05 * .005 * 1.0 *
.005 ** .05 0.09 + * .

.000020.021 * .I * .I * .002 0.13 * .005 0.1 * .005 * .01 * .01 0.1 * .005 *
.

-

.0005.005 0.01 * .03 0.1 0.02 0.01 0.01 *0.1.002 0.06(w.2) 0.05 0.08 * *-

* .05 * .05 * .002 * .02 * .005 * 1.0 * .002 * .0t * .002 0.15 * .05 * .05 0.004 .001*
*

.002 0.17 * .05 * .05 0.02 .001*.01* .05 0.21 * .002 * .02 * .005 * I.0 * .002 *
{

*

.05 0.02 * .001.02 * .005 * l.0 * .002 * .01 n.003 0.15 * .05 *.05 0.15 * .002 **
.001.005 * 1.0 * .005 0.02 * .005 0.15 * .05 * .05 * .01 ** .05 0.05 * .002 * .02 *

.005 0.2 * .005 * .01 * .01 0.2 0.11 0.06 * .000021805 * .I * .I 0.006 0.15 ** -

.00002 ,2.2.01 0.2 121806 * .I 0.15 0.029 1.4 * .005 0.2 * .005 * .01 ** -

1.8 * .00002.01 0.2 1.9.005 0.2 * .005 * .08.I 0.1 0.013 0.67 **1807 -*

.001.05 0.09.02 * .005 * l.0 * 002 0.01 * .002 0.21 0.13 +*
.05 0.38 * .002 *1080 * .

.002 * .01 0.003 0.27 0.21 * .05 0.13 * .001(w 48) - * .05 1.02 * .002 * .02 * .005 * 8.0 *

.001.05 0.06.002 * .01 0.005 0.23 0.11 * ** .05 0.10 * .002 * .02 * .005 * 1.0 *

* .02 * .005 * 8.0 * .005 0.02 * .005 0.20 * .05 0.07 0.05 .001*
* .05 ' * 05 * .002.

.005 * 1.0 0.005 0.02 0.019 0.20 2.37 0.07 1.22 .001*
1809 * .05 0.33 0.009 + .02 *

1810 - * .05 0.09 * .002 ( '12 * .005 * 1.0 * .005 0.02 0.010 0.34 '' .05 * .05 1.22 * .00t

.00051.0 * .005 0.01 * .03 0.1 0.4 0.03 0.05 *
1814 0.05 0.11 * .002 0.06 -

.001.05 0.168.02 * .005 * l.0 * .002 * .01 * .002 0.13 5.7 * *
.05 * .05 .002 *(w.3) *

.05 0.21 .001* .005 * 8.0 * .02 * .01 0.003 0.14 11.0 **.002 .* .02.05 * 05 **
.

.05 0.20 .001
,

* .05 0.14 * .002 * .02 .002 * .01 0.006 0.12 12.8 * *
* .005 * I.0 *!'

* .05 * .05 * .002 * .02 * .005 * 1.0 * .005 0.02 0.009 0.09 10.0 0.08 0.28 * .001

18?' * .05 0.80 * .002 0.06 * .005 * 1.0 0.00* * .01 * .002 0.40 * .05 * .05 0.05 * .001

.07 * .005 * 1.0 * .005 * .0i * .002 * .05 * .05 * .05 0.02 * .001
| 1822 * .05 0.07 * .002 *

,

. *
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TABLE 3.6.2.8 .-

.

~
- (CONTJ

Well Chorge
-g Mo Ni NO Ae Se V Za M N 210 4 210 Ro.226 Th.230 Bo w ,

3

22-2 * .05 * .01 0.89 * .01 * .002 * .05 0.035 0.7

8-3 * .02 * .01. 0.58 * .002 * .02 0.047 7i + 4 0 + 0.6 0.12 + .03 0.60 + .07 0 + .4 6.8
.01 0.51 * .01 * .002 * .02 0.021

~ "" ~ ~ '"

8.4(w-4A) ~ * .02 *

* .05 * '.01 0.24 * .01 * .002 * .05 0.00s 5.8
* .05 * .01 0.15 * .08 * .002 * .05 0.015 2.8

302 + 20 1.0893 * .01 . 0.02 0.64 0.0023 * .01 0.3 ' 88 - - -

* .01 0.18 * .002 * .02 0.014 58+3 10 + .5 1.5 + .I 126~+ 6 0.3 + .I l.0(w.1) + .02
.02 0.036

~ ~ ~ ~ ~

0.5* .02 * .08 4.20 * .01 *-

* .02 * .01 2.19 * .01 * .002 * .02 0.025 0.7
* .05 * .01 0.32 * .01 * .002 * .05 0.047 0.8

.002 * .05 0.010 3.2.01 0.12 * .08* .05 **

885 ~0.002 0.02 0.64 0.006 * .005 '.005 0.03 38 163:20 - 4.5'

- - 170:15 - 4.6.005 0.03 6.6886 0.004 0.02 0.11 0.006 * .005 *

I.2 : 1.2 -- d.1.005 0.02 8.8887 - 0.004 0.03 * .05 0.009 + .X5 * - -

0.38.2 + 3.0888 0.003 C.02 0.21 -0.006 * .005 * .005 0.03 4.1 - - -

889 + .05 * .05 0.8 8 * .0 L * 002 * .05 0.077 0.8.

* .01 0.26 * .01 * .002 * .05 0.023 3.0* .05

1 * .002 * .01 0.07 * .005 0.115 * .005 0.02 338 - - 69 + 10 - 3.5
27.6~ 1.7 - 16* .01 0.1 399 - -(w-2) * .01 0.01 0.64 0.36

* .02 * .01 0.23 - 0.04i * .02 0.038 294 + 15 0 + .2 0.2 + .03 8.0 ! .4 0.0 + .I 9.2
* .02 0.051

~ ~ ~ ~ ~

2.8* .02 * .01 0.82 * .01 0.093
.05 0.037 0.8.05 '* .01 0.44 * .01 0.103 **

e

.05 0.008 3.0i * .05 * .01 0.19 * .0I 0.065 *

1.0- - 6.6 + 2.31085 0.002 0.02 * .05 * .005 * .005 * .005 0.01 to -

2.21806 ~ * .005 0.03 0.07 0.009 + .005 * .005 0.03 12 - - 125 + 17 -

6.6 2.3 - 3.6 ,* .005 0.07 3.41807 * .002 0.02 * .05 0.006 * .005 - -

* .02 0.015
~

0 + .6 0. I2 + .03 0.60 + .07 0 + .4 1.0.02 0.016 71 + 4 ~ ~ ~ ~

1.9
* 0021808 * .02 * .01 0.27 *- .

.002.01 0.38 * .01(w-48) + .02 **

.05 0.084 0.4.01 0.35 * .0L * .002 ** .05 *

* .05 * .01 ).86 * .002 * .05 * .005 0.7

.05 0.020 2.0* .01 0.25 * .01 * .0021809 * .05 *

.05 0.012 3.21810 * .05 * .01 0.26 * .01 * .002 *

753 + 45 - -30.012 * .01 0.04 352 - -
1814 * .01 0.02 0.64 -

* .02 * .01 0.86 * .01 * .002 * .02 0.087
~

0.26 + .05 5.8 ! .3 0 + .1 3.3.01 0.33 * .002 * .02 0.035 106 + 5 0 + .I ~ ~ ~

2.1(w-3) * .02 * -
""

* .05 * .01 0.40 * .01 * .002 * .05 0.099 2.3
.05 0.017 0.6.002* .05 * .01 0.18 * *

1821 * .02 * .01 0.35 * .01 * .002 * .02 0.018 1.0

.02 * .005 4.7'l822 * .02 * .01 0.27 * .01 * 002 *..

.
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TABLE 3.6.2.8
.

(CONT.)
.

b

g Concentration L, ng/l escept C&tivity, in mhos/em $ 25'Cl Temperature, in 'Cs pH, in pH unit. 4 U, Pb-210, Po-210, Ro.
s

- 226 ed Th-230. in pCi/l and Chorge Solence e difference in mojar equivoients divided by sum of anojor e vivalents time 100,

() Field asasuremer:ts: (w-3) Conoco monitoring well number.

* Cor'.vntration less than value.

(a) Additianoi parameters for this se,le are Silica (os $ O ). los Alkalinity (os COCO ) = 186: TW. Hardness (as COCO ) =3 3219; Redom Potential e 196; Nitrite (as N) . *.05; Phosp;hdus (os P; e *.02; and Total won s *l.0. 3

(b) Additic 41 parameters for this sompte are Phosphate = 0.04 and Nitrite a *.01.

(c) Additianoi parometers for this sar-ele are Phosphate = 0.025 and Nitrite . *.01.

(d) , Additional parameters for this somple are Silica (os $ 0 ). 9.9 Alkalinity (os COCO 1 232.5; Total Hordness (os
3COCO ) = $60; % Potental = 206: Nurbe (as 4 a 0.13: @s (as P) = *.03 and Tot 6 Iron = 1.3.3

-(e) Additic ? parameters for this sample are Silico(as $;O ',= 19.2 Alkalinity (os CACO ) = 703: Total Maroness (os COCO ) =3 3 3640;.83e a Potential a 208: Nitrite (as N) = *.05:Phosphbrus (as P) = 0.02; and Total Iron = 49.

- (f) Additional parameters f or this sample are Silica (as 5.0 ) = 8.6; Alkolinity (os COCO ) . 310: Total Hardness (as CoCJ ) =
3 3749; Redox Potential a 207 Nitrite (as N) = *.05; P us (os P) e *.02: ed Total tron .1.0.

(g) Additional wometers for this omple are Silica (as S O ) = 17.1: Alkalinity (as COCO ) = 257: Totcl Hordness (os COCO ) =2 3494 Redo, Potent I e 197 Ni rite (as N) '.Ch Phoshhorus (os P) = 0.04: and Totof fron = 23. 3
3

(h) Additional parameters for this soreple are $ilica (as S O,) = 4 Alkalinity (os COCO ) = 147: Total Haro*ss (os COCO ) =
4 88; ReAx Potential e 196; Nitrite (as N) a *.05; f tiosphof us (os: P) = *.02; and Total non = 4.6.3 3

(i) Additional parameters for this sonele are Sisico (as 5,0,) e 19.9 Alkalinity (as COCO,) = 806: Total Mar sness (as COCO ) .
720; Redom Potential e 2273 Nitrite (as N) e *.05: Phosphbrws (as P) = 0.02: and Total Irtn a 54. 3

( (j) Additional parameters for this sample are Silica (as 5.0 ) = 12.3: Alkalinity (as COCO,) = 546 Total Horoness (as COCO) =
538: Redox Potential e 2l0; Nitrite (as N) = *.05: Pho rus (os P) = 0.02 and Total I/6n 8.8. '

.

.

~
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.

. TABLE 3.6.2.9
.

GROUlOWATER QUALITY FOR THE EVAPORATION POND AND TAILINGS SITE FOR CONOCO'S SAND ROCK PROJECT

|

Cell No. Date TD5 Conductivity ' Temperature Na K Co Mg 50 ' Cl CO HCO pH Al As Bo Be .4 3 3
: (

.i
! P-9A & P-4C 452/80 4,028 3,700 (?fd5'i) (7.2 & 8.9) 90 18 532 '336 2,860 38 0 281 7.41 0.06 .0$* 0.003 .02*

P-12 & P-4BI 4/02/80 2,624 2,590 (2,170) ' (9.0 & 8.0) 37 17 517 131 1,635 29 0 415 7.60 .05* 0.09 0.004 .02*
.

P-5 4/02/80 260 550 (420) (8.5) 19 7 61 19 96 4 0 207 7.60 .05* .05* 0.005 .02*
I P-13A & P-15 4/02/80 4,516 4,000 (3,160) (8.5 & B.0) 86 30 655 342 3,070 58 0 122 6.85 0.21 2.10 0.003 .02*

P-2 & P-9 4/02/80 3,052 2,980 (2,385) (8.2 & 8.8) 56 22 493 218 1,940 29 0 293 7.67 .05* 1.04 .002* .02*
; P-10 & P-19 (9.8 & 8.1) - - - - - - - - - - - - -

- - - -

|
P-7 5/23/80 8,743 1,150 (1,462) (11.1) 38 12 329 75 1,165 27 0 176 7.55 0.0$* .08 .002* .02*

I P-20B 5/23/80 1,M6 2,220 (1,467) (11.1) 35 22 349 76 970 27 0 220 7.75 .05* .85 .002* .02*
35N-2A 5/23/80 1,002 1,390 (972) (11.2) 88 15 152 36 614 9 0 176, 7.32 .05* .11 .002*. .02*

'

,

35N.4 5/23/B0 724 1,050 (904) (10.0) 28 10 149 37 374 7 0 220 8.43 .05* .16 .002* .02*
I ''N-7 A 5/23/80 327 599 (463) (12.0) 20 10 61 13 102 2 0 215 7.85 .05* .09 .002* .02*t

j 35N-7C 5/23/80 443 680 (534) '(8.5 ) 24 9 80 24 197 4 0 185 7.78 .05* .21 .002* .02+

35N-7E 5/23/80 288 400 (366) (9.5) 6 5 57 22 73 4 0 215 7.59 .05* .08 .002* .02*
35N-7F 5/23/80 250 410 (379) (8.0) 8 5 59 19 40 7 0 195 7.77 .05* .I3 .002* .02*

| 35N-7G 5/23/80 256 488 (J34) (10.0) 18 7 61 16 28 4 0 239 7.72 .05* .09 .002* .02*j

!

Notes: Concentrations in mg/l, except Carwhetivity which is in umhos/cm @ 25*C, Temperature in C pH in pH units,.

; Pb 210, Po 210, Ra 226 and Th 230 in pCi/l, and Charge Balance = Dilference in major equivalents.

{ () Denotes field meunements.

* Denotes less than value.
,

|

4

04

._.
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-

TABLE 3.6.2.9 -(cont'd) '

,
ChargeB Cd Cr Cu F Fe Pb Mn Hg Mo Ni NO Se V Zn U Pb210 Po2l0 Ro226 Th23C Balance

'

3

1.0* 0.016 0.05 0.039 0.21 .05* 0.13 0.98 .00l* .05* 0.02 0.62 .002* .05* 0.028 ' 5.3- - - - -

1.0* 0.013 0.05 0.029 0.13 .05* 0.14 1.34 .00l= .05* .Ol' l.37 .002' .05* 0.016 3.8- - - - -

1.0* .005* .Ola .05* 0.29 .05* .05* 0.16 .00l* .05* . Ole 0.21 .002* .05* 0.006 - - - - - 4.0
1.0* 1.129 0.05 0.036 0.51 22.9 0.17 2.57 .00l* .05* 0.51 0.46 .002* .05* 0.666 0.12 011 01.1 0.391.04 2.01.4 1.6
1.0* 0.014 0.04 0.031 0.20 3.50 0.17 1.50 .00l* .05* . Ole 0.23 .002* .05* 0.012 0.025 011 01.1 0.661.06 1.51.2 0.6

- - - - - - - - - - - - - - - - - - - - -

1.0* .006 0.0l* .02 0.18 0.05* 0.10 0.12 .00l* .05* .0l* .89 .002* .05* .329 6.6- - - - -,

1.0 .006 .Ol' .03 .08 .05* .10 .61 .00l* .05* .0l* .35 .002* .05* .092 - - - - - 2.4
1.0* .005* .Ol* .02 .16 .05* .0 i* .18 .00l* .05* .0l* .23 .002* .05* .005* - - - - - 3.8
1.0* .005* .0l* .0l* .13 .05* .0!,' .l4 .00l* .05* .Ola .44 .002* .05* .008 1.6- - - - -

! l.0* .005* .Ola .02 .15 .05* .05* .11 .00l= .05* . Ole .06 .002* .05* .008 6.5- - - - -

1.0* .005* .0l' .02 .17 .05* .05* .10 .00l* .05* .0l* .22 .032' .05* .006 - - - - - 0
l.0* .005* .0l* .Ola .19 .05* .05* .07 .00l* .05* .Ol* .11 .002* .05* .101 - - - - -

'

1.1
! 1.0* .005* .0l* .02* .22 .05* .05* . Ole .00l* .05* .0l= .56 .002* .05* .005* - - - - - 8.2

1.0* .005* .01* .Ol* .15 .05* .05* .05 .00l* .05* .0l* .22 .002* .05* .005* - - - - - 7.1

f

.

I

e



_ .- __ .__ .

1

The major cation is calcium, while sulfate is the major anion. The sulfate,

hardness and iron in some of the groundwater would make its use undesirable.

' The nitrate concentrations in well A-2 (see Table 3.6.2.7 and Figure 3.1) are

significantly above the recomnended drinking water,standa'rd.

Selenium at levels in excess of water standards has also been detected.

in'W ll 1-(W-2) in the ore zone.e

3.6.2.8 RADIONUCLIDES

'

' Groundwater monitoring for radionuclide analyses at the Sand Rock mill
' -site began in June 1979. Groundwater monitoring for water quality parameters

had been underway since 1977 at a number of onsite and offsite locations.

' Sampling specifically for radionuclides to meet with NRC requirements was

performed for wells used by local residents for the watering of livestock,

irrigation or direct consumption. The well locations are shown in Figure 3.1
J

- and 3.2.

| Data fran the wells sampled are presented in Table 3.6.2.10. Wells
! -

centered in the three pit areas consistently produce Ra-226 concentrations in
,

I excess of the SpCi/l standard.
.

|

-

,

i

'

:

|

.

.

o
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TABLE 3.6.2.10

GROUNDWATER SAMPLING RESULTS(b)
;

..

June '79 Sept. '79 Dec. '79 ' Mar. '80

LT-l

Pb-210 0.00 + 0.4 (c)
Po-210 0.02 7 0.01 (c) ;'

Ro-226 0.41 7 0.06 0.2 + 0.2 '

Th-230 0.3 7 0.1 0.6 7 0.1 (e) (e)
Total U M. I2. 21. I 2.n

Pfl0

Pb-210 1.9 + 0.7
Po-210- 0.10 7 0.02. .

(f)Ra-226 0.00 7 0.08 (f) (f)
Th-230 0.00 7 0.1
Total U II* 5I*n.

P'-l i

Ph-210
Po-210
Ra-226 (e) (e) (e) (e) ,

Th-230 )
Total Un

PI36
.

Pb-210 (c) 1.0 + 0.3
Po-210 (g) (c) 0.00 7 0.1
Ra-226 1.4 + 0.1 0.07 7 0.02 (e)
Th-230 0.3 7 0.1 0.2 7 0.1
Total U 0.0013. 10. E2.n

PM

Pb-210 ' O.3 + 0.5
Po-210 0.08 7 0.02

| Ro-226 0.75 7 0.07 (g) (g) (g)
| Th-230 0.00 7 0.1

Total U 7* EI*n

)

,

, - - - , . . . . . . _ . . , , . . . c. .-,_,y_., ,,- ,...._,, _. ,r.,, ,,._.,,v.-e.--,-_.y_,., __ _ ._.- _sy.- -.



TABLE 3.6.2.10

(CONT.)

.

June '79 Scot. '79 Dec. '79 Mar. '80

Pb
'

Pb-210 0.00 + 1.
Po-210 0.00 7 0.02
Ra-226 0.35 7 0.05 (c) (c) (c)
Th-230 0.2 7 0.1 .

Total U 0.W i 2.n
A-I

Pb-210 0.00 + 0.3
Po-210 0.03 7 0.01
Ra-226 0.15 7 0.05 (c) (c) (c)
Th-230 0.00 7 0,I

Total U 3. I2.n

_-2A

Pb-210 0.3 + 0.1
Po-210 0.00 7 0.04

'
Ra-226 ' O.15 7 0.04 (c) (c) (c)

-) Th-230 0.4 7 0.1
- Total U 20. -i 1.n

>

P-9

1.6 + 0.2 (d)- Pb-210 -

Po-210 0.40 7 0.05 (d)
Ra-226 2.0 70.I 2.I + 0.I (e) (c)
Th-230 0.2 7 0.1 i.I T 0.1
Total U 32. I2. 22. I2.n

.

(a) Analyses in progress
(b) oCi/! + 25
(c) Removed from program due to distance from permit area

.(d) Analysis not required
-(e) Pump inoperative
(f) Well of insufficient quality for sampling
(g) Added to program upon expansion of permit arco

,

).

. .
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APPENDIX 3 A
!

. DISCUSSION OF

PERMEABILITYs

}
TESTS

,
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DISCUSSION OF' AQUIFER TEST ANALYSES

Our evaluatic", of the aquifer test data analysis indicates that some

of the tests were run for insufficient periods of time to be analyzed by the

straight-line . method used in the report. Applying the straight-line method

to data collected at insufficient time periods will introduce significant error

in the determination of aquifer properties. To avoid these errors, the test

data should be re-enalyzed using the curve matching procedure outlined in

Lohman (1972, Page 23). The curve matching procedure should be used on aquifer

test data for well Nos. P-2, P-6, P-8, P-ll, P-13, P-13A, P-17, 35N-lC, 35N-2C,

35N-3, 35N-5, 35N-6, 35N-7C, 35N-7D, 35N-7F, and 35N-7G.

The remaining aquifer tests were apparently conducted and analyzed

correctly. - A summary of the computed aquifer characteristics is given in Table

2.4. Figures A.1 through A.22 are plots of well test data with calculations of

transmissivity (T), permeability (K), storage coefficient (S) and minimum test

length (tmin).

A detailed description of the aquifer test methods is given in Appendix A

of the report by Hydro-Engineering, Hydrology-of the Evaporation Pond and

Tailings Disposal Areas for the Sand Rock Project,1980.
f

.
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7_

Hole P-1
Sw = 44.5

, ,

'

t
6 _ S=2.25' 9 = 2.25(2.88x10-4) S

*

r '' (.15)2*

=.021
rS. (.15)2(.021)2

-

"
. 264 4(2.88x10~4)(.01)*U " |

5 _
' SWA(l/Q) * NI "1"'

g 264*

,

R 44.5(1.9)
e
E = 3.1 gal / day /f t = 2.88x10-Nft / min2
C

". 4 - 14 m /yr2

cr
> K = T/m = 3.1(48.8)/10 l,

l

= 15-ft/yr

3
- = 1.5 X 10~5 cm/sec

|

g i i i i i i i l i I i

10 100 500

Time Since Injection Started, in Min

FIGURE A.1 CONSTANT HEAD TEST FOR 110LE P-1 (LOWER HUDSTONE AND E C0AL)

.
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190
-

-

Hole P-3
Sw = 46.4 *- ^~

-. ,

. - . . .
_ , ,

180 - -

_

,

264.T=,

! 3,3(jjg)

j 170 264
_. .

(46.4)(3.6)

5 2' 1.6 gal / day /ft =0.21 ft / min=
-y.

2
i E 7.2 m /yr=

C
160 -

K = T/m = (1.6)(48.8)/10j -

cr
> = 7.7 ft/yr

,

! = 7.5 X 10 6 cm/sec
-

: 150 _

..

h

|i e i i i i i i i
140

10 50 100 5CO

Time Since Injection Started, in Min

FIGURE A.2 CONSTANT HEAD TEST FOR H0LE P-3 (LOWER MUDSTONE)

:

.
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> 700 -

<

'

~

Hole P-4
Sw = 23.19

,

600 -
,

:

500 -

:

!
'

I
*

.

4

.

] 400 -

264
i 3 t =.01 min T = 3 ,3gjjg)g

s

h S=2.25T do _ 2.25(1 3x10~E) E 264/(23.19)(79)i

2,

c 2- .15-

.' #w = 0.14 gal / day /ft =.019 ft / day2"

| S=1 3x10~E =1 3x10~E ft / min2
2= 0.65 m fyr

a (.15)2(j,3x3g-5)rs.

: t - .56 OK K = T/m = (48.8)(0.14)/(10)min 4Tu 4(1 3x10-5)(.01)t

200 _
= 0.70 ft/yr

= 6.8 X 10 7 cm/sec
*

.

!

I

| |
I 100 I I i i e i i i e i i

10 50 100 500

i Time Since Injection Started, in Min

FIGURE A.3 CONSTANT HEAD TEST FOR H0LE P-4 (LOWER MUDSTONE AND E COAL)

;
1

i
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'

'S=2.25T =2.25(0.005f) = .081t
r, . 15

Hole P-7 t rS= (.15) (.081)'= 8 min OK'
3 min = lTu 4(.005f)(.01)i t-

*

Q = .23 gpm

2 -

4' '

". T= 264Q , 264(0.23)c

as 1.05.

9 .

5 I - 2= 58 gal / day /f t = 262.2 m /yr, .
; 3

.

K = T/m = (58)(48.8)/(30)s. *

i B
g .t =.15 min = 94 ft/yr = 9.1X10 5 cm/sec

-

g

; O- 2T=0.005ft ft / min

1

2

l | |I i i i i ,e i i | | |

'l 10 50

Time Since Balling Started Divided by Time Since Balling Stopped4

FIGURE A.It REC 0VERY TEST FOR H0LE P-7 (70 SAND)~. ,.

!
4 ,

4

4
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1000 -
~ Hole P-9A
Sw = 16.04

t

= 2.25(2.88x10~5) &S=2.25 T 2 = .001,35
w

"3 (.15) (.001)
t 19 tain OK-
min = 4Tu -4(2.88x10~5)(.01)

=

900 -

.

%
E'. -

5
x

264
T =( t =.35 3,3gjjg)g

~ 264800 -

,

(16.04)(53)

0.31 gal / day /ft = 2.88x10~ Eft / min2=

21.4 m fyr=

X = T/m = (0.31)(48.8)/(6)

= 2.5 ft/yr

= 2.4 X 10 6 cm/sec
I ' ' ' ' ' ' ' ' ' ' '700
10 100 500

Time Since Injection Started, in Min

FIGURE A.5 CONSTANT llEAD TEST FOR H0LE P-9A (UPPER MUDSTONE)



_ _ _ _ _ _ _ - _ _ - _ _ _ _ _ .

4 70 -

Hole P-12
Sw = 30.9 t

0S=2.25T y = 2.25(3.81x107 ) M2 =. 0088
60 - r, .13

" (.1 (.0088)
. t = 4,

4(3.81x10~5)(.01)
= 130 min OK=

*
.

.

,

*

50 -

a

.

| -

{ 40
_

4

T = swa(41/g)
26"

:
x

,

c .

! ", = p'])(20.8) =3 81x10-5
2* ft / min.

R t =2 3 min ,
'

g *
"

; 30 -
*

= 0.41 gal / day /ft
'

! 21.9 m /yr=

K= T/m = (0.41)(48.8)/3- -

!

20 -
. = 6.7 ft/yr

= 6.5 X 10 t cm/sec
;

'| ! }' ' ' ' 8 I I ' 8 I I I I I i10
1 10 100 500

;

j Time Since Injection Started, in Min

i FIGURE A.6 CONSTANT HEAD TEST FOR H0LE P-12 (E C0AL)
:

:

.
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T

9

30 _

Hole P-15A-
Sw = 20.9

2.25(4 2x10-4)(,.02635)2 = 1.09x10-3 ft / min
t'

2S=2.25 T =,

* W

" ? .1 1.9xON = 1 5 min ~ OK
| t"1"= N,N = 4(4 2x10~4)(.01) *

,
*

.
"

25 -
* *

,

i .

264
T = 3 ,3(jjg)-

g t = .026 min
264

y "20.9(2.8)
5 4.5 gal / day /ft = 4 2x10~4rt / min2

=
,

R 2

: 20 -
20 m /yr=

"

i K = T/m = 4.5(48.8)/4
'

55 ft/yr=

-

5.3 X 10 5 cm/sec=
,

!

i

ii| ii| |15 e i i i i i i i i i | i
1 5 10 50 100 500

.

Time Since Injection Started, in Min

; FIGURE A.7 CONSTANT HEAD TEST FOR HOLE P-15A (UPPER MUDSTONE)

i
'

.
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3-

Hole P-18
w = 22.25

S= 2.'25T = 2.25 (2 32x10-3) .00018 = 4 18x10-5
r, (.15)y

7 -

*
tmin" 11 - = 0.01 min OK

4(2 32x10 )(.01) ,

,

6 -
,

's *

R 5 .

[ 264* *

T

t'= 0.00018 min = SWA(1/Q)e

", 264

R ,(22.25)(0.47)

25 gal / day /ft =2 32x10-3ft / min2' ~ = '

2110 m /yr=

T/m = (25)(48.8)/2.6K -

470 ftIyr3 - =
;

4.6 X 10~4 cm/sec* =

.

''| | ''l'| ' ' '' ' ' ' ' ' ' ' ' ' ''

2
5 10 100 1000

Time Since Injection Started, in Min

FIGURE A.8 CONSTANT HEAD TEST FOR H0LE P-18 (ALLUVIOM)

.
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'

; 20r-
,

19 4 "
3 _ _ _ _ _ _ _

Hole P-20B l
,

16 Q = 0.15 gpm |.

3i = .020 ft / min .

I.

|
-

.

1
.

12 - *

2000 = 264(0.15)'T =
as 22.8

= 7.7 m /yr= ' 1 58x10-O ft / min2 2*

g = 1.7 gal / day /ft:

5 K = T/m = (1.7)(48.8)/(10)8 _

g' = 8.5 ft/yr = 8.2X10 6 cm/seci
-

S
30T= aa= 19.4-(-3.6)=23.05 *

, ,
: A

02) 24 ~

'f-- h 3 = 1 59x10~b ft / min OK|

|
.

It

0-
1

4

| |

[ l i

~'
i

i i i i i i i i i i i
: /1 10 50

Time Since Bailing Started Divided by Time Since Bailing Stopped
,

! FIGURE A.9 REC 0VERY TEST FOR HOLE P-20B (70 SAND).
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FIGURE A.10 REC 0VERY TEST FOR 110LE P-21 (70 SAND).

.



..

157.5 -

' *Hole 35N-2A-
,

Q = 0.35 gpm .

155.0 - -
-

i

i
'

_2640 ,264(0.35)T= as' 35.2
! 152.5 -

2g 2.6 gal / day /ft 11.9 m /yr= =

E ~K = T/m = (2.6)(48.8)/(15) = 8.5 ft/yr
.

[* =-8.2X10 6 cm/sec
~

* 150.0 -

u
O .

a,

|

147.5 -

.

!i 145.0 ' '

1 2 3 4

Time Since Bailing Started Divided by Time Since Balling Stopped

FIGURE A.11
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FIGURE A.14 CONSTANT HEAD TEST FOR HOLE 35N-7E (SANDSTONE)
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' APPENDIX 3B

.' IDENTIFICATION OF CONOC0 ENVIRONMENTAL REPORT

FIGURES AND TABLES USED IN SECTION 3.6

REPORT FIGURE CONOC0 FIGURE- REPORT TABLE CONOC0 TABLE-

NUMBER NUMBER NUMBER NUMBER

3.1- 2.7-5 3.6.1.1 2.7-10

3.2- 2.7-6 3.6.1.2 2.7-11
.

3.3 2.7.7 3.6.1.3 2.7-12

'3.4 2.7-8 3.6.1.4 2.7-13

_ 3.5 2.7-9 3.6.1.5 2.10-4

3.6 2.7-10 .3.6.1.6 2.10-5

3.7 2.7-11 3.6.1.7 2.10-6

3.8 2.7-12 3.6.2.1 2.7-1

3.9 '2.7-13 3.6.2.2 2.7-2

3.10 --2.7-14 3.6.2.3 2.7-3

3.11 2.7-15 3.6.2.4 **
,

3.12 2.7-16 3.6.2.5 2.7-5
.

3.13 2.7-17 3.6.2.6 2.7-6

- 3.14 2.7-18 3.6.2.7 2.7-7

3.15 2.7-19 3.6.2.8 2.7-8

3.16 2.7-20 3.6.2.9 2.7-9

3.17 2.7-21 3.6.2.10 2.10-3

3.18 2.7-22

3.19 2.7-1

,
3.20 2.7-2

l

3 21 2.7-3.

i.
L 3.22 *

3.23 2.7-4
* Figure 3.22 is from Chen and Associates, Geotechnical Investigation for the
Proposed Evapoation Pond and Temporary Tailings Disposal Area. Figure 2B.

**Tuble 3.6.2.4 is a list of aquifer test results selected from Coloco Table '2.7-4.

. .
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4.2.2 ' WATER QUALITY

This section contains a description of work Conoco has done to monitor

surface and groundwater quality in the Sand Rock area. It includes pre-opera-

tional-weter quality assessment, operational monitoring programs, and post-mining

restoration plans.

.Section 4.2.2.2 also includes a presentation of the groundweter flow

Tand ion migration models that are used to estimate the impacts of mine operations

on area groundwater.

4.2.2.1 SURFACE WATER MONITORING

_ PRE-0PERATIONAL MONITORING

Baseline surface water sampling began in June, 1979 and is scheduled

to continue through the Spring of 1981. Samples are collected in accordance

with Wyoming Department of Er.vironmental Quality guidelines. Frequency of

sampling (subject to the availability of surface water during dry periods) is

guided by recomendations suggested in the NRC's Draft Generic Environmental

Impact Statement.

Figure 3.1 displays sampling sites and the drainage patterns in and

L surrounding the project area. It should be noted that all surface drainage from

the proposed project area drains past sample location 1-7 at a point immediately

L downstream of the confluence of Ninemile Creek and Pine Tree Draw (Section 18,

T41N,R74W). Figure 3.2 shows surface runoff and impoundment sites which are
' located within or near the project area. Table 3.6.1.4 presents analytical data

' gathered during this program and results ure discussed in Section 3.6.1.5.
,

L

Crest-stage data was not collected at the old surface water gaging

stations (Sites 1 through 4) during this program due to very little runoff and

i unreliability of the existing sites. Crest-stage sampling sites and pond staff

- gages will be installed in the future to support the operational monitoring program.

4.2.2-1
;

~ . . __. . . _ _ _ _ _ _ . . ._ - , _ - - - _ _
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.

,

. PROPOSED OPERATIONAL MONITORING FROGRAMS

Five sites are proposed for-the monitoring of surface-runoff: 1-7,

1-10, 1-28, 1-33S and 1-1A. In addition, surface flow from site 1-30 (Pine

Tree Spring) will-be monitored by a continuous recorder which will be installed
-

fduring 1980. These locations are shown in Figures 3.1 and 3.2.

Crestistage Land sample stage for the event the sample is collected
'' | from 'will be recorded. 'Self-samplers are proposed for each of these five runoff

sites.to enable the collection of samples from very short duration flows. Ponds

1-7A,1 1-20; 1-31, 1-32, 1-33 and 1-35, which are downstream of the program area

-will be monitored (See Figures 3.1 and 3.2). Site 1-16, which is up-gradient

- of._the project: area, will be monitored for background water quality.

Table 4.2.2.1 lists tha surface water sites. The complete list of

parameters (List A of Table 4.2.2.3) will be analyzed each spring with only the

modified list (List-B~of Table 4.2.2.3) for the other three quarters (if water,

'

- .is available). : Dissolved oxygen, total suspended solids and stage are added to

the groundwater list of parameters for the surface samples sites.
.

A NOTE OF CAUTION: pond samples can be misleading because the amount

of evaporation that-has occurred before collecting the sample.
1

If the surface water monitoring indicates contamination of the runoff,

L steps.will be' taken. innediately to correct the program. The overall program
|

L will be developed according to state and federal requirements and reconmendations.
:

!

a' : SURFACE ' DRAINAGE RESTORATION

( ._ The final surface drainage system plan is shown in Figure 3.7-13.

Ephemeral channels and drainage systems will be reconstructed to approximately

I- -the same dimensions as the premining drainages. The evaporation pond impoundment

~ ill be backfilled and the sedimentation dams and flood control structures. willw

!

!

i-

f4.2 2-2

_. _ _._ _ _ _ _ _ _ _ _ _ _ _.
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.

TABLE 4.2.2.1

OPERATIONAL SURFACE WATER MONITORING
-

SCHEDULE

SAMPLING PARAMETERS TO
. SITE NAME - STREAM FREQUENCY BE SAMPLED *

.

Private Ponds

I-7 A Ninemite Creek Annual (Spring) List A, plus stage

Quarterly List B, plus stage

1-3S Lower Wash No. 4 Annual (Spring) List A, plus stage

Quarterly List B, plus stage

1-31 Lower Wash No. 4 Annual (Spring) List A, plus stage

Quarterly List B, plus stage

) 1-33- Simmons Draw Annual (Spring) List A, plus stage

Quarterly List B, plus stage

j _l-20 -Lower Wash No. 2 Annual (Spring) List A, plus stage
,

Quarterly List B, plus stage

1-16 Upper Wash No. 2 Annual (Spring) List A, plus stage

Quarterly List B, plus stage
.

1-32 Simmons Draw Annual (Spring) List A, plus stage

Quarterly List B, plus stage

Streams

I-7 Ninemile Creek Annual (Spring) List A, plus crest stage

Quarterly List B, plus crest stage
,

1-33S Simmons Draw Annual (Spring) List A, plus crest stage

Quarterly List B, plus crest stage
i

4.2.2-3
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.

.

TABLE 4.2.2.1

. (CONT.)
,

.

'

SAMPLING PARAMETERS TO
SITE. NAME . STREAM FREQUENCY BE SAMPLED

l-10 Simmons Draw Annual (Spring) List A, plus crest stage
,

Quarterly List B, plus crest stage

-I-30 (Pine Pine Tree Annual (Fall) Li:t A
. Tree Spring) . Draw

.

Quarterly List B

Continuous Discharge

1-28 (or Site 3) - Pine Tree Annual (Spring) List A, plus crest
Draw stage

Guarterly List B, plus crest stage

1 1-1 A ' Wash No. I Annual (Spring) List A, plus crest stage*

Quarterly List B, plus crest stage,.

I

~

. .
.

* List A and List B are given in TABLE 4.2.2.3

|

9

,

I

4.2.2-4
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be flattened and graded. Recontouring will be done in a way to promote

deposition rather than erosion and care will be taken to re-establish meander

-frequency in the drainages. Diversion ditches will be filled, covered with

topsoil, and revegetated with an approved mixture of grasses, forbs and shrubs.

All of the reconstructed stream channels and drainage areas will be covered

with topsoil and revegetated. In the reclaimed areas, the surface drainage

will be reconstructed such that itapproximates the premining drainage in area,

slope, and direction of flow.

4.2.2.2 GROUNDWATER

PRE-0PERATIONAL MONITORING

PHYSICAL AND CHEMICAL PARAMETERS

Although groundwater quality data were available in Conoco's June,1979

Mine Permit Application to the State of Wyoming, a specific baseline program was

initiated in mid-1979 to satisfy NRC requirements.

$ampling procedures have been consistent with State of Wyoming guide-
.

lines and frequency of sampling was determined by recommendations in NRC's Draft

Generic Environmental Impact Statement.

Monitoring results are given in Tables 3.6.2.7, 3.6.2.8, and 3.6.2.9

for the private wells, Conoco's monitoring wells, and the tailings management

areas, respectively. Figure 3.21 shows the location of Conoco's monitoring wells,

while the private wells are shown in Figures 3.1. and 3.2. Results of the ground-

water monitoring are discussed in Section 3.6.2.

GROUNDWATER MODEL

The flow model developed by McWhorter and Nelson (1978,1979) was used.

to determine the seepage rate. from the evaporation pond and Pit 35N. The theory

of this model will be presented first with a discussion of the ion migration

model theory following.

4.2.2-6

. . .- . . . . - - - _- .- - - _ . . . - . . - ,. - -. . ..



.-

. . .

FLOW MJDEL THEORY

Seepage from a new tailings disposal site will consist of flow into a

partially saturated zone and eventually -to a saturated zone. Figure 4.2.1 shows

aschematic of two systems which are relevant to the Sand Rock lithologic systems.

The first step in using McWhorter and. Nelson's model is to determine if satura-

tion or partial saturation will govern flow above the wetti.ng front. The

following equation (Equation 14 of McWhorter and Nelson 1979) enables the deter-

mination of whether the flow behind the wet ing front will be saturated.

For Case- A

y + Dt + D1 - Kmv (Dt/Kt + Dl/Kl)

if above is: < hd, partially saturated flow

> hd, saturated flow

- where: y Depth of tailings pond.(fluid) in cm (ft)=

Dt =--Thickness of tailings material, in cm (ft)

D1 = Thickness of liner, in cm (ft)

Kmv = Vertical permeability of mudstone, in cm/sec (ft/yr)
-.

Vertical permeability of' tailings, in cm/sec (ft/yr)Kt =

Vertical permeability of liner, in cm/sec (ft/yr)K1 =

hd = -Displacement pre,sure, in cm (ft)

For Case B

y + Dt + D1 + Dm - Ksv (Dt/Kt + D1/Kl)+ Dm/Kmv
'

if above is: < hd, partially saturated flow

> hd, saturated flow

where: Ksv = Vertical permeability of unsaturated 70 sand, in
cm/sec (ft/yr)

Thickness of mudstone, in cm (ft)Dm =

..

t

4.2.2-7
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T

e

=k -

-The 'displacementLean' be-calculated from the following equation:
p
v

'

*
hd ~ -9.66=v er

.
.

For Case A
"

- where: .n = porosi ty -

er = specific retention' (residual water content)

.hd i=- displacement pressure, in cm

vertical. permeability of mudstone, in cm/secKmv =
;

For Case B, replace Kmv with Ksv

:This relationship was established Dy a least squares fit of measured data

by McWhorter. and Nelson (1978). The smallest value used in this correlation:

4
__ was -240 cm .(-7.87 ft). :.The displacement pressure equation will produce very

small (large negative) ' values for low permeability material, values which are:

I outside the range' of data used in this correlation. It is doubtful that dis-

placement pressures are as small as this equation produces for low permeabilityF :

_

material. :Therefore, we will use a minimum value of -300 cm (-10 ft) for

' displacement pressure in this analysis.

We will present-the theory for saturated and partially saturated flow
;

|- - conditions because the Sand Rock mill area subsoil and rock material properties
~

in'dicate that seepage behind the wetting front should be saturated without!

-liners and partially saturated with liners. McWhorter and Nelson presented flow

- equations for different conditions and labeled them Stages I, II and III. The
i

_

.
-

H . first of.the following two equations is used to compute the seepage rate, while

the second yields the time of seepage.

L

!
'

.-

4.2.2-9
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For Case A (Stage 1)

^ - hc.q = Kmv (saturated)y

1

A - hd g/Kmv)
.q (unsaturated)=

.t ' =;nfei(L+(kmv8-A+hc)Iny A hc

where: q Seepage rate (Dar'cy velocity), in cm/sec (ft/yr)=

.

Distance from the top of the foundation materialL =

to the wetting front, in cm (ft)

Y + Dt = D1A =

Dt/Kt + Dl/K1B =

he' = effective. capillary drive, in cm (ft)

ei = initial moisture content

A = pore size distribution parameter. normally 2

For Case B ( Stage 1)

Replace Kmv with Ksv
!

Y + Dt + D1 + DmA =

Dt/Kt.+ Dl/K1 + Dm/KmvB =

t= Time since Stage 1 started, in sec (yr)

|.

Stage II flow does not exist if Stage 1 flow is saturated. Therefore,

| Stage III saturated flow should govern Sand Rock mill area flow conditions next.

The following equation (Stage III) starts governing the flow as soon as sa!.arated:

!

seepage reaches the water table (groundwater mound reaches the bottom of tailings).

t

.

I

4.2.2-10
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.For Case A

4 Km Hm _t_ ,exp-(w)-exp(wo)-(* }* ~ '''
~

,2 3
Sy R

2(4 Kn Hm Dm)/R q,w. =

2wo = (4 Km Hm Dm)/R qmo-

Aquifer thickness of mudstone, in cm (f t)where: Hm =

Time since Stage III started, in sec (yrs)t =-

Km' = Horizontal permeability, in-cm/sec (ft/yr)

Specific yield of aquiferSy =-

- Equivalent radius of pond, in cm (ft)RL =

qmo = Seepage rate at hnd of Stage II (Stage I for this case),
in cm/sec (ft/yr)

-

-

For Case B

Replace Km wi;h Ks,

Hm with Hs,

Dm with Dm + Ds

Horizontal permeability of saturated 70 sand aquifer,where: Ks =

in cm/sec (ft/yr)
~

|| Hs. = Aquifer thickness of saturated 70 sand aquifer, in
' cm(ft)
i
i-
| Two unknowns exist in the above equation. The equation is' solved by

entering a seepage rate and computing the corresponding time value. McWhorter6

and. Nelson-also stated that Stage III analyses were improved by replacing
!

Hm (Hs) by Hm + (Dm + hd)/2(Hs + (Ds + hd)/2).
1

L
!

|

|

!,

f

L
L 4.2.2-11
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- THEORY 0F PIT WALL SEEPAGE MODEL
'

.

McWhorter and Ortiz developed a flow model forpredicting seepage into-

pit walls' from-the static and the capillarity driving forces. The theoretical
.

development of this 'model is presented in Union Carbide's Source Material

. License -SUA-648 in 1979. .The following equation accounts for a linear changing

head of..the ' static head in the pit and the capillary drive.-

2K .h .hc (t - ti) 1/2RK(t - ti) +.q = (n -e)
n -e n-e

: where: q Seepage rate,-in cm/sec.(ft/yr)=

porosity of seepage layer
-

a- =

=e.
'

Natural water content of layer..=

Linear rate of. rise. in static head, in cm (ft')r- =<

K ~ ' ' Permeability, in cm/sec (ft/yr)=

. Thickness of seepage layer, in cc (ft)D
' =

Capillary driving force,. in cm (ft)hc =

' Project time, in sec (yrs)'

.t ' =-
,

-Time at which saturated level reaches top of layer, ;. m ti =

7- in sec (yrs).
,

Times greater than the, time it took for the saturated level to reach the
i

L. top of the-layer are inputs to this equation with the seepage rate as the
L

L ,
product.

THEORY OF INTERCEPT DRAIN SPACING

The Ellipse equation which was used to space the intercept drains in the

bottom of the pit is as follows:'

i

2
' 4K(m + 2am)''3,

' 9
. .

L

l '.i
.

4.2.2-12-
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Spacing of drains, in feetwhere: S =

.

Permeability of drain material in inches /hrK =

Vertical distance,'after drawdown, of phreatic surfacem =

above drain at midpoint between lines, in feet

Depth of barrier below drain, in feeta =

q = - - Drainage coefficient, in inches /hr

Figure 4.2.2 gives a schematic which shows the parameters of the Ellipse

equation. Pages 163-180 of the USDA, S.C.S. book " Drainage of Agricultural

Land" give a good discussion of the Ellipse equation. The drainage coefficient

is the inches per hour of infiltration. It is obtained in our case by subtracting

out the surface runoff, tailings water etained and evaporated water fromr

total rate of water input to the tailingr. The area to which the water is being

applied must be divided into the infiltration rate to obtain the infiltration

in inches /hr.

ION MIGRATION MODEL

GENERAL THE0RY

Water seeping through subsoil can transport dissolved ions with it. In
i

f addition to-transportat;ca ofions through.the omentumof the seeping water, otherm

mechanisms, such as molecular diffusion, hydrodynamic dispersion, and adsorption
!

can affect ion movement relative to the host water movement.
|
" Diffusion is the mixing process, at a molecular level, which accounts for

tne movement of dissolved ions from areas of higher to lower relative concentrc-
'

tions in' a given solution. Hydrodynamic dispersion is caused by the complexities

!- of the porous medium and is more mechanical in nature. For more detailed infor-

mation on difflusion and dispersion, the reader should refer to Fried (1975),

' Scheidegger (1954), and Scheidegger (1961).

|

.
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When a slug of tracer is injected into a porous madium it is not

~ detected as a slug-at distance down gradient from the injection site. Rather,

it is detected as a gradually increasing concentration to a maximum value and

then as a gradually decreasing concentration. This phenomenon is due to the

combined effects cf molecular diffusion and hydrodynamic dispersion. Quanti-

tatively, hydrodyramic dispersion has the greater effect on solute transport,

but both are accounted for and lumped together in some computational forms as a

single dispersion coefficient. Hoopes and Harleman (1967), Lenau (1972), and

Gelhar and Collins (1971) discuss techniques for determining dispersion and

dispersion coefficient using tracer injection techniques.

Baetsle (1967) relates that much laboratory work has shown that the

dispersion coefficient (D) can be related to interstitial water velocity (v)

by the relationship:

log D - log v -1

Banks and Jeresate (1962) related dispersion coefficient to seepage

velocity and particle diameter (d) by the formula:
,

D=adv

where a is a dimensionless r:onstant shown by Ebach and White (1958) to be 1.92.

Low permeabilities that exist for Fast strata in the area of the project

make extension injection tests impractical. Therefore, dispersion coefficients
~

were estimated by velocity and particle diameter relationships.

Adsorption is a chemical process where ions in solution attach themselves

to unoccupied activation sites or replace other ions already sorbed to solid

particles. In general, clay minerals have high exchange and adsorption capacities

and high valence, high atomic weight cations have greater replacing power. Robinson

(1962) has presented a literature review and summary of the principal of ion

,

4.2.2-15
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exchange processes with respect to the disposal of high level radioactive

wastes. A more theoretical treatment. of adsorption by clays is presented by

Bolt (1954).

One quantitative parameter for defining ion adsorption on soils is the

distribution coefficient (Kd), also called the adsorption coefficient. It is

usually considered that within trace concentration ranges, this coefficient is

constant.(Hajek and Ames,1966). Kd may be calculated using the following
.

formula:

i-C=q ' ml
'

Kd =

. eq [,

where: Cj = initial concentration,

C . equilibrium concentration,=
eq

milliliters of solution,ml =

grams of soil or rockand g =

This computational form is a simplification of the classical Freundlich

isotherm, derived originally from the adsorption of a gas by a solid (Kelley,
,

1948). The Freundlich equation is as follows:

II"L M Kc=

weight of cations adsorbed from a solution at: where: M. =

|. equilibrium with a known weight of exchange material,

constants, andK and n =
.

. cations remaining in solution.| c =

The simplification made in the computational form presented previously is

to assume the constant, n, and thus the exponent, 1/n, equals unity.

! MODEL PRESENTATION

By assuming no effects due to dispersion, diffusion, and convention, Hajek

(1969) developed the following formula to predict ion migration velocity:

.

W
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V

f .V =
4 Bd Kd

3
.n

ion velocity,where: V =j

V = . seepage velocity,

distribution coefficient,Kd =

bulk density,Bd =
,

volumetric moisture content.and n =

Routson (1969) describes a special solution to' a partial differential solute

transport equation developed by Hougen and Marsha11'(1947). This solution takes

the following form:

C/C,= h - erf , ,,

'

1 + Bd Kdwhere a =
.

effluent concentration of solute,C~ =

C = influent concentration of solute,
g

pore fraction of exchanger,n =

Kd = . equilibrium distribution coefficient,

dispersion coefficient,Dm =

!

average. solution velocity,| Vx =

distance from influent site,x =

elapsed time measured from initial disposal,t =

* 2
2 -t

and erf(x) error function of x = e dt,=

o .

This model assumes that diffusion and hydrodynamic dispersion can be

accounted for in a single dispersion coefficient. It also has limitations imposed

! by the assumptions of constant porosity, distribution coefficient, permeability

and flow rate. By making rather detailed field and laboratory tests, good

i

. .
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estimates of Kd, porosity, permeability, and seepage velocity can be obtained,

and good approximations of ion migration can be made.

PROPOSED OPERATIONAL MONITORING PROGRAMS

Conoco has monitored both water levels and quality in the permit area

wells since the fall of 1977. A partial record of verifiable data was present

to the DEQ in Conoco's June,1979 Mine Permit Application. Additionsl informa-

tionis also presented in Section 3.6.2.

PPIVATE WELLS

Pine Tree Spring (1-30) and six private wells will be monitored: P'-9,

P'll, P'-8, P'26, T-1 and P'-36 (Figure 3.2). Pine Tree Spring was included

with these wells because it receives water from groundwater. Continuous dis-

charge of Pine Tree Spring will be measured with a recorder.

PROJECT ~ MONITORING WELLS

The project monitorina wells (Figure 3.21) consist of wells near the

evaporation pond and -tailings disposal area (Pit 35N) along with wells through-

out 'the permit area. Wells 22-2, 889, 893, 1808, 1809, 1810 and 1823 will be

| monitored at the same frequency as the private wells with two exceptions: water
|

levels in Wells 1809 and 1810 will be measured continuously with the water level'

;

; recorders. Annual samples are proposed for the two wells because the recorder
|

will have to be removed for sampling. The mill water supply wells will be

sampled at the pipeline as it enters the mill. If a significant change in water

quality occurs each water supply well will be sampled.

GROUNDWATER MONITORING - TAILINGS AREA

Prior to drilling additional monitor wells adjacent to proposed tailings

! disposal areas i.e., Pit 35N and the evaporation pond, Conoco will determine the

! ' best array for monitoring of any potential seepage from the final project tailings

management plan in accordance with NRC and DEQ guidelines.

'
i

4.2.2-18'

. _ _ _ _ _ . . _.. _ _ _ - . - - - _ - ~ - _ , _ _ _ . _ - - - - - - - - _ . _ - - _ _ _ _ _ _ -



._ _ ._- __ . . _

.

. ,

Some of the existing wells may serve as satisfactory monitors for the

det'ection of any possible seepage.

METHODOLOGY

All water sampling will be done in accordance with appropriate EPA,
~

. yoming DEQ and NRC Guidelines. Whenever possible, water levels will be measuredW

prior to collection of samples. -

Tables 4.2.2.1 and 4.2.2.2 present the schedule for monitoring all surface ,

and groundwater sites respectively. Lists A and B of Table 4.2.2.3 present the

procedures and parameters to be analyzed.

POST-MINING GR0lINDWATER CONDITIONS

Material removad as overburden and interburden will be replaced as described

in Section 3.7. No other special measures will be required to reconstruct or

restore' the aquifer in the mining zone.

After reclamation has been completed, the groundwater will recover and
~

stabilize from the dewatering effects of mining-(see Section 4.3). After the .

t

recovery and stabilization the groundwater quality and quantity and potentio-

i- metric surface will be equivalent to the premining conditions. Although the
-

aquifer that will be disturbed is a confined aquifer, the premining potentio-
|

metric head.is only a few feet higher than the upper limit of the aquifer.
|

|

~

I
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TABLE 4.2.2.2

OPERATIONAL GROUNDWATER MONITORING
SCHEDULE.

SAMPLING PARAMETERS TO
SITE NAME FREQUENCY BE SAMPLED *

.

Private Wells

P'-9 Annual (Fall) List A, plus W.L.
if accessible

Guarterly List B, plus W.L.
if acces.tible

P'-li Annual (Foll) List A, plus W.L.

Guarterly List B, plus W.L.
if accessible

' ') P'-8 Annual (Fall) List A, plus W.L.
if accessible

Guarterly List B, plus W.L.
if accessible

-I-30 Annual (Fall) List A
~

Quarterly List B
Continuous Discharge

T-1 Annual (Foll) List A, plus W.L.
if accessible

Guarterly List B, plus W.L*.
if accessible

P'-26 Annual (Foll) List A, plus W.L.
if accessible

Guarterly List 8, plus W.L.

P'-36 Annual (Fall) List A, plus W.L.
If accessible

Guarterly List B, plus W.L.
4 if accessible

4.2.2-20
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TABLE 4.2.2.2'

(CONT.)

'

LITHOLOGIC SAMPLING PARAMETERS TO

SITE NAME UNIT FREQUENCY BE SAMPLED *

Project Monitoring Well
'

22-2 70SS Annual (Foll) List A, plus W.L.

Quarterly List B, plus W.L.

889 70-68SS Annual (Fall) List A, plus W.L.

Quarterly List 8, plus W.L.

893 will be 7055 Annuct (Fc:i) List A, plus W.L.

replaced by
890, @ Project
yr 5 Quarterly List 8, plus W.L.

1808 '70-6855 Annual (Fall) List A, plus W.L.
-

Guarterly List B, plus W.L.

1809 70SS Annual (Foll) List A, plus W.L.
.

Continuous W.L.

1810 70SS Annual (Foll) List A

Continuous W.L.

1823 will be '68SS Annual (Foll) List A, plus V.L.
'

replaced Project
yr. 7 by a well Quarterly List B, plus W.L.

near 1810)

Mill Water Supply S0-40 Annual (Fall) List A, plus pumping
W.L. for each millRoland

Cool supply well

Guarterly List B, plus pumping
W.L. for each mill
supply well

l- ' * List A and List B are given in Table 6-3.
SS = Sandstone

.
4.9.2-21
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TABLE 4.2.2.3
*

4

i LIST A
COMPLETE LIST

Bottle B Bottie C '

. Bottie A Bottle D
Sample * b "*I'* - S mple' Sompie FieldPreservat.ive H SO Preservat.iveNo preservative 3 2 4 No Preserv9tive ~ Measurement:: s

,

Total Dissolved Solids, TDS Aluminum, Al Ammonio, N (as N) Total Suspended pH,

; Boron,8 Arsenic, As Nitrate, NO as N) Solids, TSS Temperature3|, Fluoride, F Borium, Bo (only for surface Conductivity
Potassium, K Codmium, Cd water) Dissolved Oxygen, DO,

i Calcium, Co Chromium, Cr (only for surfoce'

? Chloride, Cl Copper, Cu water)P Sodium, No iron, Fe Stage,

; '? Magnesium, Mg Leod,Pb (only for surfoce
| U Sulfate, 50 Mongonese, Mn , water)

Carbonate,k0 Mercury, Hg1

; Bicarbonate, HbO Nickel, Ni3
j pH Selenium, Se
! Silver, Ag
; Zinc, Zn
'
: Vonodium, V
j Molybdenum, Mo
:

!- .

i
!

NOTES: *Somples filtered in field, before odding preservative.
.

.: Groundwater samples will be pumped samples, token offer at least two
| volumes of casing have been pumped. For very low producing wells boil dry,

then sample recovery water.
,

.

d

_.
--
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TABLE 4.2.2.3
*

.

-

(CONT.)

.

LIST B -
MODIFIED LIST

B Hie BBottle A Bottle D
Sample * kmPle' field'

HNO 52 otive,

No Preservat.ive 3 No Preservat,ve Measurementsi
:

} Cl Codmium, Cd Total Suspended Solids, TSS pH
- 50 Leod,Pb (only for surfoce water) - Temperature4
. P Bicarbonate, HCO

3' " Corbonate, CO
3

.

: '? Conductivity
| 0 Dissolved Oxygen, DO
! (only for surface water)

Stoge.

(only for surfoce water)

.

|- NOTES: *Somples filtered in field, before adding preservative.

Groundwater samples con be boiled, if conductivity of the water is similar to
pump sample.

!

,

f

'
.

4
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4.3.3 WATER

This section contains an assessment of the direct effects of mine

operations on area surface and groundwaters.

Several retention dams on the project site will reduce the area

draining-to Ninemile Creek. Section 4.3.3.1 discusses the area reduction for

each of the project structures.
.

Groundwater impacts are discussed in Section 4.3.3.2. These include

effects of mine dewatering, mill water supply, and seepage from the evaporation

pond and Pit 35N tailings disposal sites.

4.3.3.1 SURFACE WATER

MINE AREA

The main change in the surface water system from the Sand Rock project

will be the small reduction in the contributing drainage area to Ninemile Creek.

The drainage of Upper Wash No. 2 (see Figures 2.7-5 and 2.7-6 for drainage and
.

' Figure 2.1-2 fordam locations) will be cut off by Dam 2 during the life of the

project. This area is only 4.9 sqvare kilometers (1.9 square miles), which is

only 1.5 per cent of the drainage area of Ninemile Creek. Dam 2 will be removed

during final reclamation with very little change in the drainage of Upper Wash

. No. 2.
|

Dam No. 2 has been designed to contain two 100-year storms and prevent

surface runoff from entering Pit 35N. Surface runoff entering Dam No. 2 can be

j used in project operations but it is anticipated that the reservoir will be dry

for intermittent periods of time.

.A small dam will be constructed in Wash No. 2 just above Pit 35N to
i
' contain any runoff from the area between Dam No. 2 and Pit 35N.

The mining of pit 35S will reduce the drainage area to the Lower Wash

No. 2. The total drainage area to the Lower Wash No'. 2 is 2.5 square kilometers

(0.95 square miles) while the crest area of Pit 35S is 154,000 square meters

-(0.06squaremiles.)
4.3.3-1
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The mining of Pit 34 will reduce the drainage area of Wash No. 1. The

surface area at the crest of pit 34 is 205,000 square meters (50.7 acres) which

is only 4.7 percent of the drainage area to Wash No.l. The disturbance of the

surface, which is mainly caused by the overburden dumps, will increase the sedi-

ment load in surface runoff. Dam 2 will retain runoff from the mill and most of

the northern overburden damp while runoff from the southern overburden damp area
.,

' will flow to Dam 1A or 18 for settling. Dams 1A and 1B will be designed to

retain a 10-year flood. The main impact expected to surface water is from the

small reduction in drainage area to Ninemile Creek. There are currently four dams

constructed in Wash No. 2 and two dams in Wash No.1 which prohibit most of the

runoff from entering Ninemile Creek. These existing dams i;3ve the capacity to

hold all but major runoff events. The water within these impoundments is used

for local stock and wildlife, watering. The maximum reduction of drainage area

to Ninemile Creek will be when all three pits are in operation. A total drainage

of 9.3 square kilometers (3.6 square miles) will be blocked from flowing to Nine-

' mile Creek. This is only 5.7 percent of the total drainage area of Ninemile Creek _

- and approximately 14 percent of the drainage above the only two surface water
t

rights (State Engineer Water Permit Nos. 3308 and 14212) downstream of the mine

on Ninemile Creek (see Figure 2.2-1.)

EVAPORATION POND AREA

The evaporation pond dam has been designed to have a 1.2 meter (4 feet)

freeboard following the runoff from the probable maximum flood series. There-

-fore, the evaporation pond should not discharge any water from any surface runoff

event. The probable maximum thunderstorm for a one-hour duration is 30 centi-

mcters _ . (12 inches), while the six-hour storm is estimated to be 1.36 times this

value. The-100-year, six-hour precipitat' ion event was determined to be 8.1

4.3.3-2
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centirceters (3.2 inches) from the NOAA Atlas 2. The probable maximum precipi-

tation (PMP)' series is 140 percent of the' probable maximum precipitation plus

the 100-year rainfall. This value'is 66 centimeters (26 inches) for the Sand

Rock mill area. The probable maximum flood series was computed from the pre-

cipitation quantities in the order of 40 percent of PMP, the PMP event, and the

100-year precipitatica event. The following equation was used to calculate the

runoff for the PMP series:

R = ( P-02S)2 (P+0.8S)
'

/

where:

R= runoff, ia inches

P= precipitation, in inches

S= 4.28 for the normal antecedent moisture conditions,

in inches (CN = 70)

1.76 for wet antecedent moisture conditions,=

in inches (CN-85)

The calculated runoff into the evaporation pond from the probably maximum flood
_

series is listed in the following table:

Precipitation . SCS Curve Number Runoff

16.5 cm (6.5 in.) 70 8.1 cm (3.2 in.)

41 cm (16.1 in.) 85 36.6 cm (14.4 in.)

8 cm (3.2 in.) 85 4.6 cm (1.8 in.)
| Total.= 49.3 cm (19.4 in. )

The amount of runoff for the probable maximma flood series is 49.3 centi-

meters '(19.4 inches) cr 0.94 million cubic meters (770 AC-FT) for the evaporation

pond drainage area.

Drainage from the Upper Wash No. 4 will be retained within the evaporation

-pond. Therefore, surface water downstream of the evaporation pond should not be

!

4.3.3-3
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' impacted except for the small reduction in drainage area. The drainage area
iof Upper Wash No. 4, which will be blocked by the evaporation pond, is 1.8

square kilometers (0.69 square miles). This drainage is only 1 percent of

the Ninemile drainage area and currently has one dam which retains all but the

- major runoff events. Reclamation of the evaporation pond will restore the

- entire drainage of Upper Wash No. 4 to.the Ninemile Creek drainage.

The disposal of tailings in Pit 35N will not increase the amount of

drainage area lost beyond that blocked during mining.

4 ,

%

ao

- .

l

.

%g

. . -

-4.3.3-4

. _.- ,..,-.. . - - . _ - . .-. - _ - - , - . . . - , , . -. . . , - . - - - _ _ . . - - . . - - . - . ,



,
__

4.3.3.2 GROUNDWATER

MINE DEWATERING INPACTS

Mine dewatering is estimated to last seven, four and three years

respectively for Pits 35N, 34 and 35S. Dewatering of Pit 35N will begin during

year 1 when overburden stripping reaches the top of the ore zone in Cut 35N-1

(seeSection3.7). Water in the 70 sand aquifer is espected to be encountered

in Pit 34 six years after dewatering starts in Pit 35N. Pumpage from both Pits

35N and 34 should overlap for one year. Groundwater is expected to be encoun-

tered in Pit 35S nine years after dewatering starts in Pit 35N. Dewatering in

Pits 34 and 35S should also overlap for one year.

,
The aquifer properties in the area of each pit presented in Section 3.6

were used to predict the mine inflow. Table 4;3.3.1 shows the parameters used for

the mine dewatering calculations for each pit.

Streltsova type curves best define the drawdown curves from the pump

tests of the 70 sand aquifer and .,nould govern the flow of water into the pits.

All of the Streltsova type curves converge on the Thef s curve with time,and for

- large inflow radii as the p'it they converge within a few days. Therefore, Theis'
.

flow equation will yield the same values as Streltsova's after a few days when the

specific yield is used as the storage value in Theis' equation. The constant head

form of Theis' equation was used to estimate the inflow rate to the open pits. The

constant head was varied in steps of 1.5 meters / month (5 feet / month) to approxi-

mate the lowering of the pit bottomwith time. Maximum constant heads of 24 meters

(80 feet), 9.1 meters (30 feet) and 3.0 meters (10 feet) were used for Pits 35N,

34 and 35S, respectively. The original saturated thickness of the 70 sand aquifer

in the areas of Pits 35N, 34 and 34S are 24 (80),18 (60) and 12 meters (40 feet)

respectively. The maximum constant. head in Pits 34 ano 35S are considerably less

than the original saturated thickness because the pit dewatering of Pit 35N reduces
't

the saturation thickness significantly before mining these two pits.
.-

4.3.3-5
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TABLE 4.3.3.1

PARAMETERS USED TO PREDICT MINE DRAINAGE RATES

Pit
_

Parameter 35N B 355
,

Project Ymr Dewatering Starts -l 6 9

Length of Dewatering, Years 7 4 3

Transmissivity, / year (gol/ day /ft) 4,100 (900) 2,300 (500) 17,000 (3,800). square meters

Specific Yield 0.010 0.0'3 0.010

Maximum Constant Head
meters (feet) 24 (80) 9.1 (30) 3.0 (10)

Rote of Fenetration of Mining
meters / month (f t/ month) 1.5 (5) 1.5 (5) 1.5 (5)

Pit Radius, meters (feet) 150 (500) 150 (500) 150 (500)

)

I

~

|

.

.

.

.

'

) .
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|
r
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The aquifer properties presented above were used to obtain the

estimated inflow rates with time sinct. pumpage starts in Pit 35N. Figure 4.3-1

presents the cumulative mine drainage from all three pits with time.

The inflow rate to Pit 35N will start at a low rate and build to a

maximum inflow ram 6001/m (160 gpm) after approximately 500 days. A gradual

drop in the~ inflow rate should then be observed until pumpage starts in Pit 34

The inflow rate will increase to a maximum of 7201/m (190 gpm) (bottom of pit)

when Pit 34 reaches full penetration. A gradual decrease in the inflow rate

will then occur until pumpage stops in Pit 35N. An average inflow rate of 150

.1/m (40 gpm) should occur during the two years when Pit 34 is the only pit being

dewatered. A maximum of 5001/m (130 gpm) is expected after the start of mine

dewatering in Pit 35S. Inflow shouid be in the range of 2001/m (50 gpm) at

the end of mining. This analysis produced average inflow rates of 510, 170, and

2501/m .(135, 45, and 65 gpm) for Pits 35N, 34 and 35S respectively. The

average inflow rates for each pit were used to estimate the di wdown which will

occur from the dewatering. The drawdowns were cumulated for periods when more
: ~
'

than one pit is in operation. The recovery form of Theis' equation was used

to simulate the recharge after dewatering stopped at the end of mining. A
|

| drawdown plot was developed for project year 7, the point in time where Pit 35N

has been pumped for seven years ard Pit 34 has been pumped for one year (Figure
!

4.7-2.

. The largest impact on the 70 sand aquifer should occur at this time,

which is roughly at the end of the ninth year of the project. Figure 4.34 gi-ves

the estimated drawdown in the 70 sand aquafer after seven and one years of
'

pumping Pits 35N and 34 at 5101/ min (135 gpm) and 1701/ min (45,gpm) respec-

ti vely. A significant drawdown cone has developed around Pits 35N and 34 for
!-

this period of' pumping. Most of section 35 and approximately one-half of

.
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section 24 42N-75W have drawdown greater than 12 meters (40 feet). The 0.30
,

meter (1.0 foot) contour extends approximately 3,660 meters (12,000 feet) from

the edge of the pit. This map presents the largest drawdowns in the 70 sands

which will occur during the project life, the time at the end of pumping Pit 35N.

The drawdown cone will extend farther with continued pumping. Figure

4.3-3 presents theestimated drawdowns for the 70 sand aquifer at the end of mine

dewatering for the project. Drawdowns inside sections 34 and 35 are predicted

to be greater than 6 meters (20 feet) at the end of mining. A significant

recovery will have occurred in this area due to the lower discharge rates during

the last four years of pumping. The 0.3 meter (1.0 foot) drawdown contour

extends to approximately 5,180 meters (17,000 feet) from the edges of the pits.
v--

The drawdown in the 70 aquifer is shown in Figure 4.3-4 'for'nine years'artbr

pumpage stops. A significant cone will exist in sections 34 and 35 with an area

of several sections inside the 1.5 meters (5 feet) contour. Wells inside the 1.5

meters (5 feet) cor.cour would probably observe some decline in the maximum

potential yield while the maximum potential yield of the aquifer should not be
.

influenced outside this contour.

Pine Tree Spring is the only known spring in the cone of drawdown.

! The spring is located at an elevation of 1598 meters (5244 feet). The top of the

| -70 sand near the spring is estimated to be at an elevation of 1,591 meters

- (5,220 feet) (see Figure 4-1 in the report by Hydro-Engineering,1980), and

the piezometric surface of the 70 sand is estimated to be 1,579 meters (5,180

( feet) (Figure 4-7, Hydro) above mean sea level. This information indicates that

Pine Tree Spring is probably being derived from a stratigraphically higher sand.

The head difference in the 70 sand aquifer and the sand which yields the water

to the spring indicates that these two systems are not readily connecte,d

i hydrologically.
|

,.

e
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The impact on the 68 sand from mine dewatering is expected to be

small. Observation of Well 887 (a 68 sand well) during the 70 sand pump test

of Well 1 indicated connection between the two rands. Water-level measurements

made in Well 1816 (a 70 sand well) during the pumping of Well 1823 (a 68 sand

well) indicated no significant hydrologic connection between these two sands in

this area. It is likely that the seal between the two sands in Well 887 is not

adequate.

A difference in the water-level elevations of Wells 1823 and 1816 is

approximately 14 meters (45 feet), but very little head difference exists between

' Wells 887 and 1. Even if the 68 and 70 sands are hydrologically connected,

pumping the 70 sand aquifer should cause only small drawdowns in the 68 sand

aquifer because of low transmissivities found in the 68 sand.
.

5.1.2 MILL WATER SUPPLY IMPACTS

A groundwater supply of 3,8001/m (1,000 gpm) for the initial two years

and 1,9001/ min (500 gpm) for the remaining 10 years for the mill is needed. The

50-40 sands (see Section 3.6) and the Roland coal are proposed to be the source
.

for this water supply.

| Two wells were drilled to test potential groundwater supplies (Figure

3.21). Well 1821 was perforated in the Roland coal, and Well 1822 was cnpleted1

in the 50-40 sands. A pump test was conducted on each of these wells to determine
!-

the quantity and quality of water these aquifers will yield. The water qualit

from both-groundwater sources is generall, tood. Well 1821 (Roland coal) should

be able to be pumped at 275 gpm continuously for 13 years if there is no well

interference, while Weli 1822 would produce 120 gpm under these conditions.

.

|

.

;
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A combination of the Roland coal aquifer and all sand aquifers above

the coal,' excluding the 70 sands, is recommended as the source of supply. The

water quality from the sands and coal is compatible. Piezometri'. heads in the

sands and coal are nearly equal with greater heads in the upper stratigraphic

units. Wells completed in both units should produce approximately 5701/ min

(150 gpm) with consideration of well interference. Eight potential well locations

are shown in Figure 2.F2for the mill work supply wells. At least four of these

wells will be needed to supply the desired quantity of water.

Predictions of the impact on the R0-40 sands and Roland coal aquifers

were made using the four northern wells at an average rate of 500 1/ min (145 gpm).

Figure 4.3-5 shows the drawdown at the end of 12 years of continuous pumping these

four wells at a total discharge of 2,2001/ min (580 gpm). Transmissivities in
2 2the range of 6800 m / year (1500 gal / day /ft) a'nd 3,650 m /yr (800 gl/ day /ft) were

determined for the Roland coal and 50-40 sands respectively. A combined trans-
2missivity of 11,000 m /yr (2,500 gal / day /ft) was used to simulate the impacts

from the water supply pumping. Predicted impacts would be less by separating _

the-pumpage rates between the two aquiter systems and determining impacts

separately. A storage value of 0.01 was used for the simulation of the drawdown.

The storage coefficient of these two aquifers is probably in the range of 10-3 to
-4

10 but drawdown in the 50-40' sands will quickly change this system to

unconfined conditions. The storage value will then probably be in the range of

0.05 to 0.1. The predicted drawdown using a 0.01 storage value after 12 years of

pumping at an average rate of 580 gpm indicates that the cone extends to 12,000

meters (40,000 feet). . Considerable drawdown will have to occur in these two

aquifers to impact their transmissivity because each aquifer is under an artesian

head of several hundred feet. The 50 sands have approximately 85 meters (280 feet)

.
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of head-ai,0ve the top of these sands. A drawdown in the range of 15 meters
(

(50 feet) will be required to reduce transmissivity of a well in the 50 sand.

Greater drawdowns would be required to reduce the production of water from the4

- Roland coal aquifer. Wells two miles beyond the center of the well field
,

should not be greatly impacted. There are currently no wells in these aquifers

in the 2-mile radius (see Figure 3.1).
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TAILINGS SEEPAGE;

The models presented in Section 4.2.2 were used to estimate seepage

.and ion migration from.the evaporation pond and Pit 35N tailings disposal

sites. This section discusses the:resulting seepage estimates for the unlined

. pond and for the lined and drained tailings pit.

SEEPAGE ESTIMATES FOR THE EVAPORATION POND

The ' evaporation pond area surface is 75 per cent exposed mudstone. In the

western 25 per cent of the area the mudstone is covered by a layer of sandstone.

(See Figure 2.7-1 for a schematic of the lithologic units.) Seepage predictions

were conducted for 'the evaporation pond with a cutoff trench around the edge of

the Upper sandstone. This trench would be filled with a bentonite clay or very

low permeability material. Seepage estimates were obtained by applying the
,

entire surface area to the mudstone seepage estimates. This was done because

the cutoff trench will force seepage which enters the sandstone to enter the

mudstone before it can continue.

Average properties for the materials in the tailings pond area were used
~

to predict the seepage rate through the bottom of the pond. The following

properties were used in the equations for Case A (see Section 4.2.2.2) for the

seepage into Upper mudstone.
|

|- y = 6.1 m (20 ft)

~0
D1 = 3x10 m (10-8ft)

l' D't = 3x10-8m (10-8ft)

- Dm = 4.6 m (15ft)

Kt = 9.6x10-8cm/sec (0.1 ft/yr)

X1 = 9.6x 10-8cm/sec( 0.1 ft/yr)

Km ='9.6x10-6cm/sec (10 ft/yr)

.
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kmv = 9.6x10-6cm/sep .(10 ft/yr)

hd ~= -4.0m (-13 ft)

Hm O 6.1 m (20 ft)
5 6 23.5'x-10 ,2(3.8x10 ft )R2=

L 5 6 22 = -1.5 x 10 ,2(1.6x10 ft ). Pond R

n-ei =0.15
.

m-05 =0.15

The following table summarizes resukts of the Stage I and Stage II

seepage calculations:

Stage I: 0 L = 15 ft (distance front below tailings).
J

q = 33 ft/yr (seepage at end_of Stage I)'

t'= 0.038 yr (time at end of Stage I) (goes
directly to Stage III)

.

SEEPAGE STAGE III TIME SIf4CE SEEPAGE

RATE 71ME START OF SEEPAGE RATE *
~

(ft/yr) (yrs) (yrs) (gpm)

0.5 0.018- 0.056 36
.

0.3 0.050 0.088 4

0.2 0.11 0.15 14

0.1 0.46 0.50 7.1

0.08 0.72 0.76 5.7

0.06. 1.31 1.34 4.3

0.05- 1.90 1.94 3.6

0.04 3.03 3.07 2.8

0.03 5.54 5.58 2.1

0.02 13.2 13.3 1.4

2 3Seepage rate (ft/yr) Pond Area (fq 1 '7.43 gal /ft )
SEEPAGE RATE (gpm) = (365 day /yr) (1440 e ilyf}*

,

4.3.3-19

- . _ . - _ _ . _ . - _ . . . _ _ . . _ _ _ _ . . _ _ _ . _ . _ _ . . _ _ . _ _ _



.. .. -

As shown in Figre 4.3-5, the. seepage rate from the evaporation pond

would be expected to be less~ than 231/ min (6 gpm) after one year for the

cutoff trench option. Plans call for mine or well water to be stored in the

evaporation pond before the start-up of the mill. This practice will enable

the early, higher rate of seeMb to be mine or well water.

The average seepage rate in the mudstone for the life of the project is

predicted to be 0.015 m/yr (0.05 ft/yr). The velocity of the seepage water*

can be obtained by dividing the effective porosity into the seepage rate. A

specific y1e'd of 0.15 has been used for the seepage calculations. This value

indicates that the seepage water will move approximately 0.1 m/yr (0.3 ft/yr).

A value of 0.05 for the effective porosity will be used for the water velocity

and ion migration estimates because it will yield conservative, high movement

values. This produces an estimate of 0.3 m/yr (1 ft/yr) for the mudstone in -

the evaporation pond area. An average of 14 meters (45 feet) of mudstone

. exists between the evaporation pond and the top of the 70 sand. Approximately

14 meters (45 feet) of unsaturated 70 sand exist in the evaporation pond area

also. The permeability of the unsaturated 70 sand is similar to the mudstone, -

and seepage rates in the unsaturated 70 sand should be close to the rates in

the mudstone. A seepage velocity of 0.3 m/yr (1 ft/yr) and 27 meters (90 feet)

of material between the pond and saturated 70 sand indicate that it should take

90 years of seepage from the evaporation pond before it reaches this aquifer.

Seepage water from the evaporation pond will carry with it some chemical

constituents which may be hazardous to subsequent uses of the 70 sand 3quifer.

The ~ migration of these contaminants is discussed later in this section.
.

SEEPAGE ESTIMATES FROM TAILINGS DISPOSAL SITE (PIT 35N)

Seepage can occur through the bottom and pit walls in the tailings

disposal site. The model developed by McWhorter and Nelson (1978 and 1979),

-
,.
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-which was used.to predict.the seepage from the evaporation pond, is also

used to. estimate the~ seepage through!the bottom of pit 35N. Calculations with
.

and without a compacted liner were conducted to determine the difference in

seepage rates. A seepage model developed by McWhorter and Ortiz (see Theory

of Pit Wall Seepage Model, Section 4.2.2.2 for a discussion) for seepage into

.the pit walls was-used to predict. seepage in the side walls of pit 35N.

The laboratory permeabilities of the recompacted material which will be

used to backfill the pit .cied from 1.6 x 10-4 for sandstone and 2 x 10 cm/sec
-6

for the siltstone. An average penneability of 10-5 cm/sec was used for the

Tbackfill material because the sandstone and siltstone materials will be mixed

-before backfi.111ng.
'

-Vertical permeabilities of_ tailings material were determined froa laboratory

tests which indicated that the average vertical permeability wil'1 be in the range

of: 2 x _10-4 cm/sec (200 ft/yr) (Chen and Associates, 1980). The height of the

water ' surface in_ the tailings will vary with time as tailings and water are

added_to the pit. The following equation was used to equate the water balance
,

.,

'of thespit 'and predict the height of the phreatic surface in the tailings.-

,

~

AHSy = Qi T - Qs T - Qr T - AET - Kt H W i T

where:

Average _ height of water in tailings, in m (ft)H =

' 2 2A' = Area which tailings is being placed on, in m (ft )

Sy: =: Specific yield of the tailings
3 3Qi = Rate of water input to disposal area, in m /yr(ft jyp)

3 3Rate of water seepage from disposal area, in m /yr(ft /yr)-Qs =

Rate of surface water runoff of water from tailingr, in m /yrQr. =
.

3
(ft /yr)

T. = Time-since start of disposal of tailings in area, in yrs

'

.
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.E' Effective annual evaporation.in m (ft)=

-

K = . Horizontal permeability of -tailings in m/yr (ft/yr)
t

'W.= Width of tailings in pit, in m (ft)

1; = ' Gradient'of phreatic surface of tailings groundwater, in m/m
'

The' surface area'and width of the tailings were varied according to thef

(disposal plan. -Values'of 0.2, 0.76 m (2.5 ft), 9.7 x 10-4 cm/sec (1000 ft/yr)

.and 0.04 m/m were used for the. specific yield, annual effective evaporation

horizontal permeability of the tailings and gradient of the tailings groundwater
0 3- respectively.. A total . of.9.9 x 10 m /yr (500 gpm) of water will be added with

the tailings of which 2.5Lx 105 ,3/yr (125 gpm) is expected to be retained in
.

5the tailings. The - rate of water available to flow in the tailings is 7.5 x '10

m /yrT(375 gpm). - Approximately 9.9 x 10 m /yr (50 gpm,) is -expected to runoff43'

43the tai _ lings surface while less than 2.0 x 10 m /yr (10 gpm) is expected to seep

. from'the pit. - The.use of tne above equation indicates that the phreatic surface

in the tailings-should stay near the top of the tailings without drains. . The

head in the . tailings was therefore varied as the top of the tailings. Values -

~

* '

of -300 cm (-10 ft) and 2~were~ used for the displacement presture and the pore-

size distribution index, respectively.

_

These parameters indicated that the material will be saturated behind the.

|- : wetting front for seepage without a liner. Figure 4.3-6 presents the predicted

seepage through the bottom of pit 35N without a liner and without effective drains.

; These calculations indicate that the seepage rate will be in the range of 300

1/ min ((80 gpm) shortly after the start of tailings injection. This rate decreases

Lrapidly after the material becomes saturated to less than 401/ min (10 gpm) after

0.4 years of discharging to pit 35N or at project year 3.4. This rate continues
r

to decrease to below 201/ min (5'gpm) with only slight increase.s as the three

additional-areas of pit 35N are added.

.
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Figurs 4.3-7 prestnts the se:paga through the bottom of tha tailings

.with a three -foot layer of compacted material .which has permeability of 1.4 x-
-710 cm/sec (0.14 ft/yr). This permeability was obtained from laboratory tests

on recompacted site material to 95 percent maximum density. The head in the

tailings was varied with the top of the tailings as in the previous analysis

without a compacted liner. A maximum seepage rate of approximately 75 1/ min

(20 gpm) would be expected as the tailings head builds to a maximum. Seepage

-estimates decrease. fairly rapidly after the groundwater increases the resistance
~

to seepage at year 4.7. A slight increase in the seepage rate is shown as

additional area is used for tailings disposal.

Seepage estimates through the pit bottom for a compacted liner with

effective drains will be close to seepage without the drains because the

seepage estimates are not very sensitive to the head changes.

Seepage through the pit walls was simulated for heat without effective

drains in the bottom of pit. The section of " Theory of Pit Wall Seepage Model"

'(Section 4.2.2.2 should be reviewed for the model used to predict pit wall seepage.

Seepage into the sar.dstone and coal units which crop out in the pit walls were
-5

.

simulated for heads at the top of the tailings. Permeabilities of 4 x 10 cm/sec

(40 ft/yr) and less were determined for the sandstones and E coal which were

tested-in pit 35N (see Section 3.6 for a discussion of these tests). This value

was used for all the. sandstones and E coal which would product a conservatively

high seepage estimate. A 5-foot thickness was used for the entire perimeter of
2the pit for the E coal. exposed area while exposed surface areas of 200 m

2 2(2,200 ft ) to 3,900 m2 (42,000 ft 1 were used for the ten sandstone outcrops.

Figure 4.3-8 presents the seepage estimates for the pit walls without effective

drains'in the pit bottom. Seepage rates increase as the head increases and as

additional units are covered by the tailings water. An estimate of over 400'

1/ min (100 gpm) is indicated toward tFe end of disposal in pit 35N. This pre-

diction seems high but shows that excessive seepage would occur if the heads are

al'10wed to build in the tailings sand.

4.3.3-25
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Drain pipes have been des.igned to convey.the water from the tailings

. sand. ,These drains should maintain-the head in the bottom of the pit to less

than 1.5 meters (5 feet) for an average. A maximum level of approximately

2 meters (6 feet) should occur half-way between two lateral drains. This

head is bel w any of the sandstones.

The average vertical permeability of the tailings material was deter-.

mined to be 2 x 10-4 cm/sec (200 ft/yr) from laboratory tests (Chen and'

Associates,1980). The hydraulic gradient which should govern vertical flow

with an effective drain in the bottom of the tailings pit would be near one.
2 2The vertical conveyance capacity of the Phase II area (28,000 m or 300,000 ft )

is 3,200 1/ min-(850 gpm). This' _is- greater than two and one-half times the *

quantity:of water?which should be available to seep-into the tailings sand. The
,

; capability of the tailings sands to convey .more water than available should

result in partially _ saturated flow in the tailings with effective bottom drains.

Heads .of only one or two meters should occur in the tallings where pockets of

saturated flow is occurring.. These heads would be present at one point only .

for a portion of the time.-
~

The' capillary drive should be the major driving force for the partially

-saturated tailings next to the pit walls. The capillary force of the pit wall;

|

[: units will try to pull water into the pit wall while the capillary force of the
.

. tailings will try to retain the water .in the tailings. These two forces will

tend to offset each other. Seepage into the pit wall with effective drains

should be insignificant.
(-
I

- DESIGli 0F LATERAL DRAIN SPACING

The drain' pipes are proposed to be installed in the base of pit 35N to

' maintain low phreatic heads in the tailings. The drain pipes are sized to

4.3.3-28
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to conyty the total rate of. water.which will be available for seeping through

the' tailings. A total rate of 1,8931/ min (500 gpm) of water will be added to

the pit. Specific retention of.the~ tailingr sand.should trap 4731/ min (125 gpm)

of the' water while 1891/ min (50 gpm) of the tailings water is expected to runoff

the surface. A total rate of 1,2301/ min (325 gpm) was therefore used to

select the size of the drain pipes.

The spacing of the intercept drains can be computed from the Ellipse

equation which uses the permeability of the drain material, depth of barrier

below drain, and vertical distance, after drawdown, of the water table above the

drains at the midpoint between the drains. A drainage coefficient, which is

based on the application of water, is also used to compute the spacing of drains.

The theory of the Ellipse equation is presented in section 4.2.2.2. The following

parameters were used in computing the drain spacings.

Permeability drain material 2.9 x 10-3cm/sec (3,000 ft/yr)=

Water table height between drains = 3.0 m (10 ft)

0.5 m (1.5 ft) .Depth of barrier below drain =

0.25 cm/hr (0.1 inches /hr)Drainage coefficient =
,

A spacing of 45 meters (146 feet) was computed from these parameters.

' Drain spacings of 30 meters (100 feet) are proposed for the Phase II disposal

area in pit 35N to insure maximum heads below 3 meters (10 feet) in the bottom

of the pit.
|-

'The maximum head between the drain for 30 meters (100 feet) spacing wouldi

|
be 1.8 m (6.5 ft). Therefore, the average head on the bottom of the pit should

L be less than 1.5 meters (5 feet). The drain pipes are propored to be placed in

| the middle at 0.9 meters (3 feet) of graded sand which will cover the entire

bottom surface of the pit. Drains are proposed along the edge of the pit bottom

|

|
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to maintain.the lowest heads in this area of the pit. The effectiveness of

the. drains in Phase-II will be observed to. determine if drains will be used

in the remainder ~~of'the pit. The five drains at the dam of the Phase II area
_

can ~be extended without additional lines for-Phase III because the increased

area will decreaseithelinfiltration. rate proportionally to the area.
..

. Mannings equation was used with the following parameters to compute the
g-~.

diameter of pipe required to convey the 1,230 1/ min (325 gpm).

Discharg'e _ = 1,190 1/ min (314 gpm)

Slora of-pipes = 0.01 m/m
~

'Roughne s coefficient = 0.01-

'

A minimum piv,e diameter of 8.6 cm (3.4 in) is needed to convey the total

- discharge using '.'our pipes. Perforated PVC pipe of 10 cm (4 in) diameter will

-be used for the drains.

CONCLUSION OF SEEPAGE ESTIMATES-

The seepage rate from the evaporation pond is expected to be less than
.

231/ min :(6. gpm) after one year of operation. Higher rates are expected during
.

-the first year of operation, but the pond will store mine and well water during

this period and any seepage occurring will be with the fresh water. It should
,

require at least 90 years of seeping at the predicted rate before the solutions

- reach the 70 sand aquifer. The mill solutions will be stored in the evaporation

pond for approximately 15 years.'

'High seepage rates would be expected into the pit 35N walls if the piezo-<

i metric' head:in the tailings is allowed to build up. Lateral drain pipes with a

- continuous drainage blanket have been designed to aid the tailings drainaae
->

available to prevent the buildup of a high piezometric head. Seepage from

,
_ pit 35N should reach a maximum of approximately 801/ min (20 gpm) during the

,

L
-

'
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first two years with a fairly rapid decrease to less.than 401/ min (10 gpm)

after the t.econd year of operation.

Seepage fecm the evaporation pond and pit disposal area should not

exceed 100 1/ min (25 gpm) at any time of the operations. The average total

seepage should be slightly less than 401/ min (10 gpm).

GROUNDWATER QUALITY IMPACTS

Seepage from the tailings sites has the potential to carry chemical

cont.2minants into the underlying aquifers. This section contains an assessment

of 1.he ext 0nt of contaminant movement in the project area. Discussions of the

determination of distribution coefficients and simulation of un migration are

included.

DISTRIBUTION COEFFICIENTS

The major factors that control the rate of migration of ions in aquifers

are the type and concentration of the ion, the velocity of the water, other

ionic species and their. concentration in the water, the sorptive characteristics -

of the media, and the porosity of the aquifer. The media will tend to. sorb. ions

from the water. They will be displaced by other ions in the groundwater that

are competing for the spaces occupied by the ions. Thus, the higher the ion

concentration, the faster a specific ion will move *>y successive displacements.

The distribution coefficient is a variable that is uniquely determined

.for only a single set of physical and chemical conditions. physically, it can

be thought of as a measure of the distribution of an ion between the water, or

liquid phase, and the solid phase which tends to sorb the ion. A high distri-

bution coefficient indicates a strong tendency for sorption.

..
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D
Distribution coefficients.were determined in a laboratory using a batch

techhique. Soil |and rock samples.were collected using a California type-

sampler. from representative strata in several test holes. These samples were

; oven dried and then broken'up. A measured amount of sample was then combined
~

with a~20:1 dilution of tailings water similar in makeup to that expected from

theLSand~ Rock mill. Rock samples and water were combined at a ratio 20:1 (m1

water _to grams of rock sample) for.24 hours on a rotation type mixer. The mixing

[ - apparatus revolved at a rate of 3 rpm. Disso19ed chemical parameters of the

tailings ; water solution were measured before and after mixing with the rock

. samples.

A column t'echnique, whereby tailings water would be allowed to percolate

through a~ column of rock sar.ple, was considered for distribution coefficient

tests. However, low permeabilities of the rock' material precluded this type

.of. test on relatively undisturbed samples. - A simple initial te.~t was conducted'

'wherebyCalifornia type sampler cores were subjected to approximat y three faet-

L of waterhead. It was' estimated that a time period of several weeks would be
.

required to obtain the necessary volume of water (2 gallons) through relatively

permeable sandstones. The time to collect the volume of water through less <

pehueable mudstones was much longer. Repacked columns have a tendency to form
:

short circuit flow paths through or down the sides of the column. In addition,

the process of grinding and repacking the rock sample makes it as far re. moved

(from nature as a batch type test, but less reliable. Hajek and Ames (1966)
,

conducted simultaneous batch and column tests for which they reported that the

final column Kd fell between those determined at solution to soil ratios of
* '-10:1 and 50:1 'by the batch method. The solution to. rock ratio of 20: 1 used for

these-tests falls well within that range.
,

f

5
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In a background study on the' development of a standard leaching test

by, Ham and others (1979) for.the' EPA, column tests were discounted in favor
.

of batch tests for reasons including the following:

1. Problems arising from channeling and nonuniform column
packing,

2. Potential unnatural clogging,

3. Edge effects,

4. Long time requirements, and

5. Difficult in obtaining reproducible results even if done,

by experienced lab personnel.

A leaching test is, of course, different in scope from a test to deter-

mine distribution coefficC nts. However, the principles and problems of thef

column tests are quite similar.

The mixing device used consisted of a circular sheet of plywood mounted

in a vertical position. Containers of rock water mixture were attached to the

vertical sheet at an angle of approximately 45 from horizontal. The plywood

sheet was then rotated at approxirr.tely 3 rpm for 24 hours.
,

Choice of a length of mi>ing time is scmewhat arbitrary because equili-

brium conditions are reached at different times depending on the exchanging or

adsorbing ion and exchange or adsorption medium. Robinson (1962) discusses

several studies which have indicated that ion exchange or adsorption equilibrium

for many ions on different soils and rock types is achieved quite rapidly,

generally less than two hours. Hajek and Ames (1966) mixed their soil water

samples for 16 hours to allow calculation of equilibrium distribution coeffi-

cients. Twenty-four hours was selected as the mixing time for the tests con-

ducted during this study to provide a measure of safety for occurrence of

equilibrium conditions.

. .
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One reason for diluting.the tailings water to 20:1 was to facilitate

. laboratory analysis. Some of.the constituents measured were present in such ..

high concentrations th'at dilution was necessary to bring the levels within

the analytical range. Small errors in analysis would then be magnified into

' larger errors when multiplying analytical results to take into account the

dilution factor. It was thought better to dilute the tailings water prior to

mixing with rock samples and measure concentrations directly both before and

after mixing.

-A laboratory test was conduct'' to determine the effects on distribution

coefficient of diluting the tailings water solution prior to mixing with a

soil sample. Five dilutions of tailings water ranging from full strength to
;

'20:1 were mixed with-identical soil samples. Arsenic, selenium, and vanadium

were determined before and after mixing. The results.of this test, shown on

Figure 4.3-9 indicate that the distribution coefficient increases with decreaing

initial constituent concentration. Also, as a part of this test, pH was

measured on each tailings water dilution before and after mixing with the soil -

sample. A plot of distribution coefficient versus pH after mixing is shown on

Figure 4.3-10. As might be expected, distribution coefficient increases with

increasing pH.

Upon cursory examination of these results, it might be assumed that dilut-

ing .the tailings water solution prior to mixing with soil would bias the calcu-

lated distribution coefficient in a positive manner. Under natural field

conditions, if-seepini tailings water were to remain at full strength, this would

be true. . However, as the water seeps, it will constantly be contacting water

retaired in_the soil or rock formation through which it is seeping. Additionally,

adsorption .of many ions will be occurring. Therefore, the seeping water will be

continually undergoing dilution.

4.3.3-24

_ _ - - - - - --



_ - _ _

.
--

-

-.

.

5.(
-

.

a Venodless
~

R a Selentism
F * Arsente e - 100g,g. ,

5
- : ;i'
-

-
.

,..

%e Nt
8 3

3 -

%1
E*

e - 6*

5 %
e a -

*U .le_ a -
10

5 :

i(. 1 i *

: - 1,

v -
.

8
.

Q| ,
% -

-
.

~

i 1
, , , ,,,,,e , , ,,,,,8 1.0E. 01 , , ,,,,3 , , ,,,,| ,, , , ,

.1 1 10 100 1000

Distribution Coefffctent (Ed), al/g

CONOCO INC.
MINERALS DEPARTMENT

555 Seventeenth Street Denver, CO 80202

SAND ROCK MILL PROJECT
CAMPBELL COUNTY, WYOMING

FIGURE 4.3-9-

VARIATION OF DISTRIBUTION COEFFICIENT (Kd)
WITH INITIAL TAILt4C5 SOLUTION CONCENTR ATION
FOR D'FFERENT CHEMICAL CONSTITUENTS WHEN

MIXED WITH LOWER MUDSTONE FROM HOLES P.16 AND P-l7

4.3.3-35
. . _ . . - _ . _ . _ - . _ - . . _ _ . _ - _ _ _ - . . . _ _ _.._- . . _ . . _ _ _ _ _ _ _ - _ _ _ _ . _ . . _ _ . _ _ - _ - _ . . - . _ _ - - _ _ __ _



Neutralizing agents such as calcium carbonate (CaC 3) are present in

Sand Rock project area rock and soil formations in concentrations generally
.

,. greater _ than 1 per' cent.

A~ sample of unsaturated 70 sandstone taken in the pit 35N area and a

- sample of upper mudstone taken in the tailings evaporation pond area each were

measured in the 1aboratory and contained approximately 4.5 percent CACO . Tail-~

3

-ings water with a pH of 1.5 contains 0.032 equivalents per liter of hydrogen

ions. The soil and rock formations in the Moore Ranch area contain approxi-

mately 0.7 equivalents per liter of CACO , assuming 2 percent CACO . and a soil
3 3

3dry density of 1.75 g/cm . The ratio of equivalents per liter of hydrogen ions

to CACO is 0.045 or approximately 1:20. Assuming an effective porosity of 0.1,
3

each cubic meter of soil or rock would be invaded by 0.1 cubic meter of seepage

water. The soil or rock formations in the Moore Ranch area should, therefore,

easily neutralize the tailings water.

Considering the fact that seeping tailings water will be continuously

undergoing dilution and neutralization, it would be unrealistic to use distri-

bution coefficients based only on mixture of full strength tailings water with
~

soil or rock samples. However, in the interest of providing margins of safety,

conservative estimates of distribution coefficients are used in the simulation
'

of ion migrat'on.

Distribution coefficient tests were conducted on 12 separate rock samples

collected from 14 different test holes. Selection of the test holes and strata

to be tested was based on obtaining representative samples from major strati-

graphic units encountered in the Sand Rock mill evaporation pond and 35-N pit

areas. For some tests, samples from more than one depth within the same rock

type in the same test hole were composited. Compositing was accomplished by

staking equal weights of each rock sample and thoroughly mixing them. Table 4.3.3.2

presents a sumary of test holes and strata tested. Figure shows locations.

4.3.3-36
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TABLE 4.3.3.2

SUMMARY OF ROCK-SAMPLE INFORMATION USED FOR
DISTRIBUTION COEFFICIENT TESTS

Test Sample Depth
Hole - -(Depth-Meters) Rock Type.

P-3 4.6 (15) and 6.1 (20) Upper mudstone.

P-20 30.2 (99) and 31.7 (104) Saturated 70 sandstone

P-8- 5.8 (19), 7.3 (24) and 8.8 (29) Sandstone

P-9 . 2.7 (9), 4.3 (l4) and 5.8 (19) Upper mudstone

PD-8 10.4 (34)
and- E-cool

'P-9 7.3 (24)

P-10' 5.8 (19) and 8.8 (29) Upper mudstone

P-16 | 1.9 (39) and 14.9 (49)
and Lower mudstone
P-17 14.9 (49) and 21.0 (69)

35N-1 48.8 (160) and 50.3 (165) Unsaturated 70 sandstone ,

- 35N-2 19.5 (64) and 24.1 (79) Mudstone

-35N-6 24.1 (79) Sandstone -

35N-7 31.7 (104), 36.3 (I 19) ond 42.4 (139) ' Unsaturated 70 sandstone
.

.

35N-7_ . 45.4 (149) Saturated 70 sandstone

:

|

r
|

|
t

(N)i

SAsso mocu estL PeoJECT
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Table 4.3.3.3 presents distribution coefficients for selected chenical

parameters for each test' conducted. Table 4.3.3.4 gives ranges of distribution

coefficients for different rock types for different parameters. The enemical
~

constituents selected for-distribution coefficient testing were taken from a

list given in a generic impact statement prepared by the U.S. Nuclear Regulatory

- Comission. Values for these constituents determined from the tailings water

? solution are given on Table 4.3.3.5. - Also, for comparison. purposes, maximum

. permissible concentrations established by the'U.S. Public Health Service and

modified by the U.S. Environmental Protection Agency in 1975 are shown in thisc

'

- table. Distribution coefficients for mercury, molybdenum, and fluoride were

- not determined in this study because they were present in undiluted tailings

water in concentrations too low to be detected. Some of the laboratory results

are not~available at the time of this writing, but they will be presented and

discussed when received.

Results of the laboratory chemical aralyses both before and after exposure

to rock samples are presented in Table 4.3.3.6.
,

ION MIGRATION. SIMULATION

Ion mgration will be simulated utilizing the model discussed in Section

4.2.P. 2. For review purposes, !t takes the form of the following equation:
,

'l-erf * #''
C/Co = 13

,2 Dm't/a,,
,

1 + Bd KdWhere: a =

Effluent concentration of solute,C =

Influent concentration of solute,Co =

Pore fraction of exchanger,n =

Equilibrium distribution coefficient,Kd =

4.3.3-39
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TABLE 4.3.3.3
.

DISTRIBUTION COEFFICIENTS (Kd) FOR SELECTED CHEMICAL PARAMETERS
IN SELECTED TEST-HOLE ROCK SAMPLES

Distribution Coefficient, in ml/a

Hole P-20 Holes PD-8
Hole P-3 Saturoted Hole P-8 Hole P-9 and P-9 Hole P-10

Parameter Upper Mudstone 70 Sandstone Sedstone Upper Mudstone E-Coal Upper Mudstone

Alumirwm . 1,200 40 13 1.5 39 381,000

Ammonia 1.8 =0 =0 1.I =0 3.6

Arsenic =550 85 270 *560 11 >560

Cadmium =0 =0 =0 =0 =0 =0

Calcium *0 =0 =0 =0 =0 =0

~ CNoride *0 <0 *0 =0 *0 =0

Copper =0 <0 =0 <0 1.8 29

lean . 120 21 32 69 28 9,700

Lead 7.5 go lo =0 =0 0

Mangenese 3.6 0.45 *0 =0 =0 =0

Seisnium *140 6200 P200 >200 ml30 >200

Sodium =0 =0 =0 =0 =0 *0

Sulfate =0 0.46 =0 =0 <0 =0

Total dissolved sol;ds =0 4.9 5.8 =0 =0 3.1

yeadaen *l,300 2.1 6.2 58 400 >l,400

Zinc =0 =0 =0 =0 =0 =0

-

Distribution Coef ficient, in ml/o

Holes P-16 Hole 35N.1 Hole 35N-7 Hole 35N-7
and P-17 Unsaturated Hole 35N-2 Hole 35N-6 Unsaturated Saturated

Parameter Lower Mudstone 70 Sandstone Mudstone Sandstone 70 Sandstone 70 Sandstone
~

Alumirnsm 73 5,900 =ll 000 *l1,000 39 25

Ammonia 0.9 5.2 3.6 =0 0 <0

Arsenic >560 *550 $560 > 560 370 57

! Cadmium =0 *0 =0 =0 =0 =0

Calcium =0 <0 *0 <0 <0 =0

CNoride =0 =0 *0 =0 =0 =0

*0 26 28 13 *0 =0
| Copper

| Iron 63 t,300 33,000 260 34 21

Lead 0 4.4 0 0 =0 =0

Meganese 2.1 =0 0 0 =0 *0

Selenium 130 >l40 130 >200 *200 *200

Sodium =0 =0 0 =0 =0 *0

Sulfate =0 =0 0 1.5 0.46 0.95

Total dissolved solids 4.5 =0 1.9 4.2 4.3 4.3

Veodium >1,400 *l,300 1.400 *l 400 38,400 1.6

Zke =0 =0 0 =0 =0 =0

NOTES: (l) Distribution coef ficients determined by mixing 20:1 dilution of tailings water with dried rock sample at a ratio of 20:1 (mi water
to gm rock) f or 24 hours.

(2) Values less than zero indicate leaching of the parameter from the rock sample.

I '(3) Values greater than number ore repa ..s., .wcause rock sample stripped out porometer below analytical detection limit. Number
wofue is calculoted from lower detection limit.

I

~

I
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TABLE 4.3.3.4

RANGE OF DISTRIBUTION COEFFICIENTS OF SELECTED PARAMETERS
FOR DIFFERENT ROCK TYPES

Distribution Coefficient Ronce, in ml/q

Unsaturated Saturated
_ Parameter Mudstone Sandstone Sandstone

Aluminum I.5 >I1,000 .13 - 5,900 25 - 40

-Ammonia 0.9 3.6 <0 - 5.2 <0-

Arsenic - >550 - > 560 270 > 560 57 85-

Copper <0 29 <0 - 26 <0-

> 33,000 32 - 1,300 2:Iron 63 -

Lead ' <0 7.5 <0 - 10 <0-

Mongonese <0 3.6 <0 <0 0.45- -

Selenium 130 > 200 >l40 > 200 >200-

Sulfate <0 <0 - 1.5 <0 0.95-

(

Vonodium - 58 71,400 6.2 >I,400 1.6 2.1--

.

t

. -

.

i

|

. .
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TABLE 4.3.3.5
~

CHEMICAL CHARACTERISTICS OF MILL LIQU!D EFFLUENT

[
Mill Liquid USPHS-USEPA
Effluent Maximum Permissible

Concentration Concentration
Constitur.t (ma/l except as noted) (ma/l except as noted)

Aluminum 560' No limit
-Arsenic l.16 0.05

Calcium 420 200

Cadmium 0.16 0.01

Chloride 260 250

- Copper 1.96 i

Fluoride *0.05 1.4-2.4
Iron _1,660 0.3

Mercury *0.001 0.005

Molybdenum *0.05 No limit
Mongonese . 49 0.05

Sodium 350 200

Ammonio (as N) 190 0.5
Leud 1.8 0.05 (

i. Selenium 0.44 0.01

- Sulfate 17,700 250 _

| Vonodium 72 0.1

Zinc. 7.2 5

Total dissolved
| solids 35,440 fX)

i pH (units) 1.48 6-9
0 0U-not (pCi/l)~ I.24 x 10 1 06 x 10 5500

| - Radium-226 (pCi/l) 580 1 30 ,

Thorium-230
5 5(pCi/l) 1.34 x 10 0.04 x 10 2,3

NLeod-210 (pCi/l) 2.6 x 10" 0.2 x IO ''

i-
i

s

*
Actual value less than reported value

.

.
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TABLE 4.3.3.6

-(1 TAILINGS-WATER CHEMICAL ANALYSES BEFORE AND AFTER MIXING
WITH SELECTED TEST-HOLE ROCK SAMPLES

Concentration. in ma/l (except as noted)

Hole P-3 Hole P.20 Hole P4

Upper Mudstone - Saturated 70 Sedstone Sandstone
Parameter Before Mim:no Af ter Mining Before Minina Atter Mixine 13efore Minina Af ter Minina

Alurrutnam 29.43 0.10 27.80 9.20 27.80 16.80

Ammonia, as N 9.7 7.7 9.2 10.1 9.2 10.4

Arsenic 0.057 to (0.002) 0.058 0.011 0.058 0.004

Cadmium 0.009 0.014 0.008 0.011 0.000 0.011

Calcium 28 240 21 95 28 120

Chloride 15 21 13 15 13 15

Conductivity + 3,100 1,800 5,400 2,550 5,400 2,550

Copper 0.095 0.041 0.098 2.125 0.098 0.668

Iran 88.0 1.29 83.0 40.5 83.0 32.0

Lead 0.11 0.09 0.09 0.11 0.09 0.06

Manganese 2.02 4.71 2.28 2.23 2.28 4.90

pH, mits 2.36 6.43 2.01 2.48 2.01 2.55

Seleniwn 0.016 to (0.002) 0.022 to (0.002) 0.022 ND (0.002)
Sodium 16 22 13.0 19.0 13.0 32.7

Sulfate 885 925 885 865 885 930

Total dissolved
solids 1,0f '3 1,540 1,772 1,424 i,772 1.372

Vanadium 3.23 PO (0.05) 3.58 3.24 3.58 2.73
- Zine 0.361 2.11 0.362 7.380' O.342 2.940

Concentration, in mo/l (except as noted)
,

Hole P.9 Holes PD.8 and P.9 Hole P lG

Upper Mudstone E. Cool Upper Mudstone
Parameter Before Mixino Af ter Mixina Before Minina Atter Minino Before Min no Af ter Minino

Alumirmam 27.t10 25.90 27.80 9.39 27.80 to (0.05)
Ammonia, as N 9.2 4.7 9.2 9.7 9.2 7.8

Arsenic 0.058 to (0.002) 0.058 0.038 0.058 to (0.002)
Cadmium 0.000 0.028 0.008 0.051 0.008 0.012

Calcium 21 510 21 198 21 323

Chloride 13 15 13 29 13 87

Conductivier 5,400 3,300 5,400 2,350 5,400 1,/50a

Copper 0.098 0.338 0.098 0.090 0.098 0.040
Iron 83.0 18.6 83.0 34.5 83.0 0.17
Lead 0.09 0.I6 0.09 0.Ii 0.09 0.09
Meganese 2.28 5.60 2.28 2.35 2.28 2.72
pH, mits 2.01 2.91 2.04 3.78 2.01 6.82

Selenium 0.022 to (0.002) 0.022 0.003 0.022 PO (0.002)
Sodium i1.0 25.2 l 3. ? 42.2 13.0 20.0
Sulfate 885 2,120 P I,405 885 980

Total dissolved
solids 1, 772 3,304 1,772 2,200 1,772 1,536

Vanadiurn 3.58 0.92 3.58 0.11 3.58 ND ( ).05)
2inc 0.362 2. 110 0.362 7.000 0.362 1,560

(:
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TABLE 4.3.3.6
.

(CONT.) (
.

Concentration, in mg/l (except as noted)

Holes P 16 and P-l7 Hole 35N-1 Hole 35N.2

Lower Mudstone Unsaturoted 70 Sandstone Mudstone

Parameter Before Minino Af ter Minina Before Mixina Af ter Mixino t3efore Mixing Af ter Mining

Alumirmam 27.80 5.95 29.43 0.49 27.80 to (0.05)

Ammonia, as N 9.2 8.8 9.7 8.9 9.2 7.8

Arsenic 0.058 PO (0.002) 0.057 FO (0.002) 0.058 ND (0.002)

Cadmium 0.00s 0.026 0.009 0.027 0.006 0.012

Calcium . 21 232 28 220 28 410

Chloride 13 15 15 17 13 17

Conductivity * 5,400 1,500 3.100 1,600 5,400 1,850

Copper. 0.098 0.358 0.095 0.904 0.098 0.04l

tron 83.0 20.0 88 12.70 83.0 ND (0.J5)

Lead. 0.09 0.09 0.18 0.08 0.09 0.10

Manganese 2.28 2.06 2.02 2.15 2.28 2.M

pH, mits 2.01 4.07 2.36 5.95 2.01 7.79

Selenium 0.022 0.003 0.016 to (0.002) 0.022 0.003

Sodium 13.0 20.4 16 21 13.0 22.6

Sulfote 885 910 885 960. 885 950

Total dissolved
solids 1,772 1,%8 1,048 1,438 1,772 1,616

Vanadium .3.58 to (0.05) 3.23 to (0.05) 3.58 ND (0.05)

Zinc 0.362 1.550 0.361 16.40 0.362 0.569

(

Concentration. in ma/l (except as noted)

Hole 35tM Hole 35N-7 Hole 35N.7

Sedstone Saturated 70 Sedstone Urisoturated 70 Sandstone .

Parameter Before Mixino Af ter Mixina Before Mixino Af ter Minino Before Mixina Af ter Mixing

Alumirann 27.80 to (0.05) 27.80 12.40 27.80 9.50

Ammonia, as N 9.2 9.7 9.2 10.8 9.2 9.1

Arsenic 0.058 to (0.002) 0.058 0.015 0.058 0.003

Cadmium 0.008 0.013 0.008 0.009 0.008 0.022

Calcium 21 288 21 112 21 81

CNeride 13 19 13 15 13 15

Conductivity * 5,400 1,750 5,400 2,350 5,400 1,700

. Copper 0.098 0.059 0.098 6.930 0.098 0.660

Iron 83.0 5.85 83.0 40.5 83.0 30.5

Led 0.09 0.09 0.09 0.83 0.09 0.10

Manganese 2.28 2.45 2.28 2.29 2.28 2.35

pH, mits 2.08 6.53 2.08 2.55 2.01 4.07

Selenium 0.022 to (0.002) \ 0.022 to (0.002) 0.022 ND (0.002)

Sodium 13.0 29.8 13.0 18.8 13.0 19.8

Suifate 885 825 885 845 885 865

Total dissolved
solids 1,772 1,464 1,772 1,460 1,772 1,460

vanadium 3.58 to (0.05) 3.58 3.32 3.58 N D (0.05)

Zinc 0.362 0.377 0.342 1.840 0.342 1.250

*
Conductivity analyses reperted in umhos/em at 25'C.

All analyses mode on 201 dilution of toilings water solution.
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_ _ _- .- _ . _ - _ .

f

1

..

Dm; - = . Dispersion coefficient,'

Vx -= - Average solution' velocity,

Bd : = - Bulk" density of media,

_

Distances from influent-site,x- =- :.

'

Elapsed time measured from initial; disposal,:t - -=

'

-and ,x
,

2
= - Error function of x_ = 2

t-'

'crf(x) , dt.
o*

,

A seepage velocity of 1 meter / year (3 ft/yr) was used for all ion

migration.-analyses in this study. This value is considered to be conservative

as most' mudstones and unseturated sandstones in the Moore Ranch project area

exhibit lower seepage rates. The pore fraction of the exchanger was estimated:

3. to be'0.05, and a' bulk' density of 2.65 g/cm was used'in all ion migration

analyses. A ' dispersion coefficient-of 0.1 square meters / year was estimated
+

using-the velocity relationship described earlier. As a measure of conserva-/

-tism, mill operation was assumed to be approximately 15 years with a present

operating : life of under 12 years. Migration of major contaminants are described -

- below.

Arsenic - Arsenic is expected to be in the liquid effluent of the Sand

1 Rock mill at a concentration of 1.16 mg/l. This is approximately 20 to 25

times greater than the maximum permissible concentration (mpc) established by

. the U.S. Public: Health Service (PHS) and modified by the U.S. Environmen'.a1

ProtectionAgency-(EPA). However, arsenic adsorbs relatively strongly, parti-
~

" cularly.as solution acidity decreases. Figure 4.3-11 shows the migration of

arsenic'with time at'several distances down gradient of the disposal site.
1

Because of adsorption,-dilution and dispersion, arsenic should not migrate in

. quantities .in excess of the drinking water standard beyond 0.3 meters.

.

- 4.3.3-45'

h

. - - . - - , ., . . - ..m. , ,-,..-4. ,,-....,..e-r e y. y ,.-,-,7, .w. pm,.,.~- ,wm- ,,rm,m--c .,-o- e-. ,.,,+.y,we,-g .--w %.-,,,.e,-,, g-.



- - . - _ - _ _ _ _ _ _ _

.

)

(

4

.06 -

0. h (1 ft)
*g. Arsenic Migration

Kd = 15 ml/g
vs = 1m/yr
Co = 1.16 mg/l

.04.

A
E
= .03-

2
U
C != (3.3 ft)

$.02 .

E
("

r-

l .01 . 5m (16.4 ft)

!

I
l

'''!''i'''! ' ' ' ' ' ' ' - ' '''

0 '

10 100 1000 10000

Time since Tatlings Disposal Began in yrs

i
'

,

CONOCO INC.
- MINERALS DEPARTMENT'

555 Seventeenth Street Denver, CO 80202

SAND ROCK MILL PROJECT

|
CAMPBELL COUNTY, WYOMING

FIGURE 4.3-11
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Selenium and Vanadium - LSelenium and vanadium, like-arsenic, adsorb

relatively strongly, particularly in.the mudstones and unsaturated sandstones

-ir the Moore Ranch area. Distribution coefficients (Kd) of 10 and 20 ml/g,

respectively, were. selected for'.these constituents and are considered relatively

conservative. Figures 4.3-12 and 4.3-13 show fon migration with time for

selenium and vanadium, respectt wly, down gradient from the disposal sites.
!

Like arsenic, concentration", of selenium above drinking water standards are
' fot prdicted to move farther down gradioct than approximately 1 meter (3 feet)

P

in significant concentrations. The drinking water standard for vanadium is

'O.1 mg/1. Concentrations of vanadium above the standard should not migrate

~ bevond 1 meter (3 ' feet). .The high adsorption rates of the soils at the Sand

Rock site will quickly remove the excess of the vanadium.

Ammonia - Anunonia will be present in the mill liquid effluent in con-
'

.centrations near 190 mg/1. - Tests during this study indicate that ammonia

-is moderately adsorptive in mudstones and unsaturated sandstones. Additionally,

I
ansnonia' will.be expected to escape the seepage solution by volatilization or

~

chemical oxidation. Predicted ammonia migration is shown on Figure 4.3-14.
,

e

Lead - Lead at a concentration of 1.8 mg/l will be in the tailings

! effluent in an amount approximately 30 to 40 times the mpc established by the

PHS and EPA. Lead appears to be only weakly adsorbed by the mudstones and
e

unsaturated sandstones in the Moore Ranch area. Using a Kd of 3 ml/g, FigureI

.4.3-15 shows the predicted migration of lead down gradient from the disposalF

L -

This analysis indicates that lead will continue to be in the seepage
.

b site.

. water in significact concentrations for distances to 5 meters (16 feet).

t

L-

I

[ .4.3.3-47
:

, . . . . . _ . . - _ - . _ . _ _ - . _ . . _ , _ , ~ . - . , _ , ....-,-.m _ . , _ . _ . , _ , _ _ . . . , _ . - . . . . _ , _ - _ _ . _ , - .-



- -- .

|
-

,

|

(

,

.03 . 0.3stl ft.)

SELEMIUM MIGRAf!ON
Kd " 10 al/g
Vs = 1 m/yr
to = 0.44 og/l

.02
,

c'
I Im(3.3 ft.)

$

( ! .01' .
'

a

De(16.6 ft.) .

...I ......I .....I. . .0 . .

10 100 1000 10000

Time since Tallings Disposal Began, in yrs.
f

CONOCO INC.
MINERALS DEPARTMENT

555 Seventeenth Street Denver. CO 80202

SAND ROCK MILL PROJECT
CAMPBELL COUNTY, WYOMING

I FIGURE 4.3-12

SELENIUM MIGRATION WITH TIME AT
DISTANCES DOWN GRADIENT FROM SAND

ROCK MILL TAILINGS DISPOSAL SITE

4.3.3-48
_ _ . _ _ _ - _ _ . _ _ _ . ._ _ __. . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . . _ _ . . _ _ - _ _ _ _ . _ - - - - _ _ _ _ _ _ . . . _ . -



.-

.

$

10
,

0.19(0.3 ft.) Kd 20 e
8

.

Vs = 1 m/yr
Co a 72 ag/l

.

6
.

d
if

I' .

:

I 0.3s(1 ft.) (g
'' 2

I Is(3.3 ft.)
| -

, , ,1 , i . il ,,1
0 . . , , , , . ._ ..

3 '10 100 1000 5000

Time since Tallings Olsposal Began, in yrs.

1

CONOCO INC.
MINERALS DEPARTMENT

555 Seventeenth Street Denver, CO 80202

SAND ROLc; MILL PROJECT
CAMPBELL COUNTY, WYOMING

FIGURE 4.3-13

VANADIUM MICRATION WITH TIME AT
<

DISTANCE DOWN GRADIENT FROM SAND
! ROCK MILL TAILINGS DISPOSAL SITE
|

>

_ 4.3.3-49
,

. . - - - . . . . - _ .-- . - . - . - - _ - . - . _ _ _ . . - . - . . . - _ _ . . , . . - - . _ - _ _ . - - _ . -.



.. - ..

I

12 .

Se(16 f t.) Appianta nisaattoes

S Kd a 2 st/g
10 .

y, ,j,fy,
to = 190 mg/l

s .

6 ,,

d
I J0e(96 f t.)
.

*

E I
E
13

5
"

2
t ,,

!
.

. e nil | . n i m ilO i i e . . iinei i

10 100 1000 10000

Time since Tallings 01sposal Began. in yrs.

|

CONOCO INC.
MINERALS DEPARTMENT

|
555 Seventeenth Street Denver, CO 80202

SAND ROCK MILL PROJECT
I

CAMPBELL COUNTY, WYOMING

FIGURE 4.3-14'

AMMONIA MICRATION WITH TIME AT
DIST ANCES DOWN GRADIENT FROM SAND

ROCK MILL TAILINGS DISPOSAL SITE

* '

4.3.3-50
_ . . _ . _ _ _ _ - . _ _ _ _ _ . _ _ _ _ _ _ _ - . _ _ . . - _ . _ _ _ _ . . - . _ _ . _ _ _ _ _ _ _ . . _ , _ _ _ _ _ _ _ . _ _ _ _ .



.

0.3 .

0.5e(1.6 ft.) LEAe n!GaATIon
Ed = 3 et/g
vs e Im/p
Co = 1.8 og/l

0.2 .

Im(3.3 ft.)

c'
I

d
.

5
{ 0.1 ,

x
" Se(16 ft.)

.

....l ....I ...l0 . . . . . . .

10 100 1000 10G30

Time since Tallings Disposal Segan, in v s.

CONOCO INC.
MINERALS DEPARTMENT

555 Seventeenth Street Denver. CO 80202

SAND ROCK MILL PROJECT
CAMPBELL COUNTY, '#YOMING

( FIGURE 4.3-15

LEAD MIGRATION WITH TIME AT
O! STANCES DOWN GRADIENT FP,OM

SAND ROCK MILL TAILINGS DISPOSAL SITE

4_.3.3-51
- --. . . _ . - - . - - _ - . - - - _ - _ - . _ _ - . _ _ _ - _ - _ _ - - - _ ._



.

Sulfate - Although not a potential health hazard, sulfate migration is

analyzed because of its potential use as an indicator in monitoring and due to

its high initial concentration. Assuming no adsorption or leaching, sulfate

is predicted to migrate as shown on Figure 4.3-16. Sulfate, however, cannot

be entirely reliably used as a tracer because many of its compounds are
t

;nsoluble and may precipitate as chemical changes within the seeping solution

occur. The seepage rate used in the simulations is approximately three times

the value predicted for the evaporation pond. The ion migration model assumes

the seepage rate will continue at the same rate after input of conteninants

stop. It is therefore unlikely the sulfate concentrations will reach the

predicted levels at the 30 meter (98 feet) distance.

Iron and Manganese - The initial concentration of iron (Table 4.3.3.5)

is expected to be more than 5,000 times greater than the PHS-EPA mpc. However,

as neutralization of the seeping water occurs, most of the iron is expected to

precipitate out in the form of oxides. Adsorption and iron exchange could

further reduce the iron content of the seeping water.
-

The geochemistry of manganese is similar to that of iron, with oxide

precipitation expected as neutralization of the tailings effluent occurs. Iron

and manganese are not considered particularly toxic, but are undesirable 1,5i-

water supplies due to the unpleasant taste they impart and their propensity

| for staining laundry and procelain fixtures.

i

j Radionuclides - Currently no laboratory data are available from radion-
,

uclide distribution coefficient determinations made on Moore Ranch project area

j soil and rock samples. However,10 ml/g is considered to be a relatively

conservative Kd for radium -226. For this case, radium -226 would move a'

considerably shorter distance down gradient than previous analyses have indicated

,
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for arsenic, selenium, and vanadium. . Thorium -230 also is though to have a high
' Kd value and, thus, would be fixed within the first meter or so down gradient

from the evaporation pond and tailings disposal site.

Other potential contaminants - Other constituents of the mill liquid

effluent present in excessive quantities include aluminum, cadmium and copper.

Aluminum appears to be strongly adsorbed or precipitated as solution

acidity decreases. Therefore, as the seeping solution neutralizes as a result

of encountering calcium carbonate, aluminum concentrations should decrease

significantly.

Copper is in the liquid effluent from the mill in approximately twice the

mpc. This is not highly significant except for the relatively anomalous behavior

exhibited. Copper appears to be strongly adsorbed by some rock samples, yet

leached by others. Most~of the rock samples which strongly adsorbed copper

also neutralized the tailings solution to a pH near 6 or above. Therefore,

copper compounds are either precipitating out of these lower acidities or are

better able to compete for adsorption or exchange sites.

LONG-TERM SEEPAGE

After the life of the mill is complete (approximately 15 years), the

. solid tailings residue in the tailings evapoation pond will be scraped and

redeposited in the in-pit disposal area of pit 35N. At this time a clay

sealer will be place (' over the tailings in pit 35N to prevent further seepage

through and leaching from the deposited material.

In the evaporation pond area recharge tn the subscil and rock formations

will be enhanced by the scraping and removal process. Even so, assuming little

surface water inflow, recharge volumes will be small because precipitation is

in the range of 20 to 30 centimeters (8 to 12 inches) per year, whereas evapora-

tion is in the range of 100 centimeters (40 inches) per year.
4

4.3.3-54c
g

, _ . . . , _ . . . . . . , - - . , , , , . _ , - . . . . , _ . . _ _ _ . , ,.,..v._,-



_ . _ _ .__ .

The preceding ion migration analyses were made on the assumption that

recharge without concentration will' continue after cessation of mill tailings

disposal. However, since actual recharge will be much less after-the removal,

of the evaporition pond, the' seepage rate will be much lower. Therefore,
.

the time for a concentration' of a constituent to reach a certain distance will

be greater than the actual ion migration curves predicted (Figures 4.3-11

. through_4.3-16).
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APPENDIX 4A

IDENTIFICATION OF CONOC0 ENVIRONMENTAL REPORT FIGURES AND TABLES USED IN SECTIONS

4.2.2 AND 4.3.3

FIGURE CONOC0 TABLE CONOC0

~ NUMBER ' FIG. NO. NUMBER TABLE N0.

4.2-1 6.1-1 4.2.2.1 6.2-3

4.2-2 6.1-2 4.2.2.2 6.2-4

4.3-1 5.7-1 4.2.2.3 6.2-5

4.3-2 15.7-2 - 4.3.3.1 5.7-1

4.3-3 5.7-3 4.3.3.2 5.7-2

4.3-4- 5.7-4 4.3.3.3 5-7- 3

4.3-5 5.7-5 4.3.3.4 5.7-4

.4.3-6 5.7-8- 4.3.3.5 5.7-5

4.3-7 5.7-9 4.3.3.6 5.7-6

4.3-8 5.7-10

4.3-9 5.7-11 -

4.3-10 5.7-12

4.3-11 5.7-13

4.3-12 5.7-14
.

4.3-13 5.7-15

4.3-14- 5.7-16

4.3-15 5.7-17
P

-4.3-16 5.7-18
*

4.3-17' ***

***-Figure 4.3-17 is' the June,1981 revision of Hydro-Engineering Figure 5.9.
;.
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- APPENDIX F: GROUNDWATER IMPACT ANALYSES
'

Potential groundwater | impacts were assessed using the flow and ion |

migration models described in Section 4.2.2.2. Conservative model parameter
.

values were selected based on the aquifer data presented in-Section 3.6.2.

The-resulting quantified impacts on groundwater flows and quality are discussed

in Section~4.3.3.2.
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4.6.3 WATER

Major impacts on surface waters will be 1) a temporary reduction
'

in the Antelope Creek drainage area and 2) an increase in stream sediment

load caused by surface disturbance. .The extent of these impacts and Conoco's.

plans to minimize them are described in Section 4.2.2.

Groundwater' impacts will be 1) 70 sand aquifer drawdown from mine

' dewatering, 2) 50-40 sand aquifer drawdowns from water supply pumping and 3)

physical seepage and contaminant migration into the 70 sand from tailings

storage. These effects are described and quantitled in Section 4.3.3. The

models used to predict seepage and ion migration are describeu in Section 4.2.2.
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