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Table D.5.15 Chemical analyses of grou(; .cer, Green River, Utah, tailings site (Continued(

FORMATION OF COMPLETTON: SANDSTONE
HYDRAULIE FLOW RELATIONSHIP z UP GRADTEN

PARAMETER
ALKALINITY
ALUMINUN
AMMONTUM
ANT IMONY
ARSENTE
BALANCE
BART.UM
BORON
capriumM
CALCIUNM
CHLORTIDE
CHROM EUM
CoBALT
CONDUCTANCE
COPPER
FLUORIDE
GROSGS ALPHA
GROSY BETA
TRON

LEAD
MAGNEST UM
MANGANESE
MERGURY
MUOLYBOENUN
NICKEL
NITRATE
NITRITE
ORG. CARBON
PH
PHOBPHATE
POTASSIUN
RA-224
RA-228
SELENIUM
SILICA
GILVER
GOOIUNM
STRONT LU
SULFAYE
SULFTDE
TEMPERATURE
TH=730

TIH

TOTAL SIS
URANT UM
VAara L

UNIT OF
MEASURE
MG/l CACOI
MG/

Me /.,
MG/L.,
MG /).
A
MG/
MG /L.
MG /L.
MG/l
IIET4N
Mu /L
MG/,
LI /1
MG/l
MG/t
PCI/L
PCI/L
MG/L.
MG /L.
MG/
M/l
MG /).
ItV
MG/
mnG/l.
MG /1.
[KIEVA
S
Mzl
Mii /1.
PCIL/L
FCI/N.
MG/
MG /).
MG/
Mii/l.
MG/l
MG/A.
M/l
G — DEGRFE
PCL/L
MG/l
MG/
MG /1.
1571,

587-04 03/
PARAMETER
VALUF+/=UNCERT

G464,
1.1
4.0

0.9

7.28
79.4

0.03

3000.

STS
1.
13.
< Q.03
0.03
< 0.04

¢ 0.4

0.8
£4.61

4.09

0.0

( 0.002

703,

1470.
5.0
0.0

2480 .
0.0046

13.
3.

0.2

0.4

7-04  A0/0%/787

UALUF*/MUNCHR{AINTY

4

449,
0.4
0.2

0.0 1
0.8
Jad
P

Q.4

2700,

5.1
0.9
0.0
008

Q.78
0.04

0.03

1.0

4.2/
Oud
2.9
0.00Y

740.
PR

"

16.G

2200,

(LI
0,04

i

Vab Lm+ /-0

2R20.

4

PARAM R

Ly 3.
0.1
0.1

0.006

0.78
A.78
/b,

0.03

138.
?.0
1.29
0.1 0.
0. Y]
0.043

B44.

1473,

YTAINT

Y

0 o

SR04

PARANMI

VALUE+/-URCERTALINTY

K45,
0.3
0.9
0.003
0.04

-2 .87
0.4
Oub
0L 00
R.v6

240,
0.06
0.0%

2350,
0.0
3.2
0,14
0.04
.70
0.02
00002
0.0
0.04
3.
G4
8.64%
0.1
futid
0.0%6
a.
0.04

&77
0.4

LH4Y .

9.

0.0085
2000.

O.CO0

0.22

0¥/ 44786

58804

T LOCATION TN = SAMPLE 1D AND LOG DATE = s o o e e e oeeeee e
04 04/40/88

PARAGMETE

03/ 13/87

PARAMETER

VALUE-/-UNCERTAINTY

b644.
0.3
[

2500.
3.4
1 13.
0.0 Db
0.04

4.30
0.03

0.4

0.4

8.30

.24
0.2

fod
s
N

0.002

7314.

G35,

4.0

0.3 0.5
2470.

0.0040
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)
FORMATION OF COMPLETION: SONDSTONE
HYDRAULIC FLOW RELATIONSHIP: UP GRADIFHT

HH7-04  03/43/87

s LOCATION ID = SAMPLE 1D AND LOG DATE o rmom ommmom  mm mm ommom tm n
GB7-04  40/0%/87 587-04  04/40/86 58804 09/14/86 586-01  03/43/87

UNET OF PARAME TER PARMPIETER PARAMETER
PARAMETER MEASURE VALUE+/~UNCFRTATNTY VALUF+/~UMCERTAINTY VALNE+/~UNCERTATNTY

PARAMETER
+/-UNCERTALNTY

VALL

ZINC MG/L. - 0.00% { 0.00% 0.040 -

TN
P
Yl



¢§t-d

FORMATION OF COMPLETINN:
HYDRAULLIC FLOW RELATIONSHIPz UP GRADIFNT

PARAMETER

ALKALINTTY
ALUMINURM
ARMFONTUM
ANTIMONY
ARGENIC
BALANUE
BARIUM
BORON
CADMTUNM
UALLTUN
CHLORLIDE
CHROMIUM
CoBAlLT
CONDUCTANCE
COPPER
FLUORIDE
GROSE ALPHA
GROYS BETA
TRON

L.EAD
MAGNESTUNM
MANGANESE
MERCURY
MOLYBDENUM
NICKEL,
NYTRATE
NITRITE
ORG. CARBON
Pt
PHOSPHATE
POTASSTUM
RA-226
RA-220
SELENITUM
SILICA
SELLVER
S0nIUM
STRONTIUM
SULFATE
SULFTDE
TEPPFERATURE
TH-230

TIN

TOTAL S0L1DS

URANTUM
VARNASD LM

Tabje D75.15 Chemical analyses of grouJ;, .er

UNIT OF
MEASURE

MG/t CALOs

MG/L.
MG/1.
MG/
MG/
%
MG/
Mu/L.

MG /L.
MG/
MG/
M3/l
MG/L
UrHO/CH
MG/l
MG/l
PCI/L
PCLL
MG/L.
MG/l
MG/
MG/
MG/L.

MG /L.

MG /).
M/
M@E/L.
PG

&l

ML
MG/
PCI/L
PCI/L
MG /L.
MG/L.
MG/
MG/,
MG/L
MG/l
MesL

C - DEGREF

PCLAL
MG /1.
i/l
MG /L.
NIEVAN

A~~~

BSANDETONE

4.
B.45

0.92
0.4
fo4

0.G07

AP0
HH0 .

4640

11380,
Q. Q0
004"

4.8

PFARA
VALUE /U

Hah.

0.4
0.4

Q.01

0.6%

4,43

240,

D02

N4ED.

2ab7
0.
0.
.4

0.6?
004
0?02
0.1

8.2
Q.97
0.3

(LI

(e QO

G

0.027

S8B8-0 4

PORAMETER

VALUK + /=M
534,

0.02

0.4

0.047

0.02
0.4

0.070

6.90

H460.

0.02

3400.

0.04%
3.4
0.

H.

0.01
0.01
4 a4t
0.01

QL0002

0.04

0.1

127.

8.34

1.4
0.2
Ou4

0.024

0.04

P04.

bWiA4.

H.6

16 .5

2330,
0.0003

0.014

VALUE+/7-UNG

-~ N

& o

1500,

A

PARAMETER
VALUE+/~UNCERTATNTY

PARAMETER
HIATNTY

HHG .

0.4
0.2

0.01

0.6

2.7

320,

0.01

1950,

5.6

30. 22.
25. 47 .

0.03

C.74
0.02

0.03

1.0

.

8.2

.44

0.4 0.1
Q.5 0.9
0.005

L50.

134.

17 .G

Q.00
0.0

» Green River, Utah, tailings site (Continued)<

wo LUCATION 1D = SAMELE 1D AND LOG DATE e s im oo oo e e
BA7-04  §0/22/87

B4/-02

&h% .
< 0.1
0.2

< 0.04

0.4

2.7
340.
< 0.014

4950 .
H.4
0.0
0.0
( ¢.03
0.73
0.02

0.04
( 4.0

47.0

1490.

( 0.004
( 0.04
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPLETION: SANDSTONE
HYDRAULIC FLOW RELATIONSGHIP: UP GRABIEMT

e s s e LOCATIOR TD = SAMPLE T1AND LOG DATE s vmimm i o vt m s emmimm o e e
B304 40/07 5AR-04 04/ 40788 wOR-04  O7/24/RY Bi7-04  A0/220/87 QA7-02  A0/22/87
ER PARNAMETER PARAPE FARAMETER
RTATHTY UNLUE+/~UHUEFRTAITNTY VALUE S+ /-UMC VALUF +/=UNCERTAINTY

UNIT OF PARAMETER P AR AME
MEASURL. VALUF+/=UNCFRTATHTY VALUE -+ /=114

( 0L GO { 0.00% < 0.005

PARAMETER

ZING MG/l < 0.00% O, Qa7
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FIRMATION QF COMPLETION: SANDSTONE
HYDRAOVLIC FLOW RELATIONSHIP: UP GRADIFHT
i e et e L s s cied bi0h si BB 4 SR B4b SS8d s son bre wevn 4bee 4Tir e sk ieis bab Bas ses cbre nhs eerk eese l“(‘ (}l 1 ” N Tl'\ - S(\‘I“Il " I I) A”:) | [”"‘ |){’ }l B094 to1 e i gaee i s s s ne s S et et 0 Sme e emd b saak eb4 e SR i e sem emn e3¢ tre stk o cnos +om
B47-03  40/22/87 H7-05  fQs22/87 247-04  04/40/88 B47-02  01/410/88
P AR AN PARAME TR PARAMETER PARAMETER
:F VAL HE+/=UNGCERTATNTY val UE+/-UNCERTAINTY VALDE+/~UNCERTATNTY

UNIT OF
PARAMETER MEASURE

ZINC MG/L. ( (. G0

4 0.00N 0.009 0.044
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Table D.5.15 Chemical analyses of grougi cer, Green River, Utah, tailings site (Continued{i

FORMATTON OF COMPLETION: SANDSTONE
HYDRAULIC FLOW RELATIONSHIP: UP GRADLFRNT

et e e e i i e oo L OCATTOM T = SAMEPLE 11 AMD LG IATIE e oo rm o oo s e o e s s e s om s o o o e i o
34703 04740788 81704 047410788 34705 O/ 10/88 34701 Q7748788 g48-04  10/20/87

UNIT OF PARAMETER PARAIE TER PARAMETER P ARAME TER PARAMETER
PARANE TEF MEASURE VALUE+/=UNCERTATNTY  VALUES/-UNCFRTAINTY  VALUFE+/=UNCERTAINTY  VALUE+/-UNCERTATNTY VAL UE+/-UNCERTALNTY
ALKALTNITY MG/l CACO3 6BH. bR 4nn. bby. 544.
ALLM ENUM MG /L ¢ 0.4 ¢ 0.4 < 0.4 0.04 ¢ 0.4
AMPIONTUN MG, ¢ 0.1 ¢ 0.4 ¢ 0.4 ¢ 0.4 0.7
ANT LRHONY M1/, - - - -
ARSENT( MG/L. ¢ 0.01 ¢ 0.04 ¢ 0.04 0.002 0.04
BALANCE % - - - - -
BARTUM MG /L - - - 0.43 -
BORON MG /L. 0.77 0.79 0.8 0.8 0.7
CADMLUR MG /). - - - 0.002 -
CALC T MG /1. 2.54 2.54 2.51 2,47 b4
CHLOR1DE LEVN 330. 320 250, 360. 450.
CHROM TR M /1 0.03 0.0 0.03 ¢ 0.04 ¢ 0.04
CORALT MG /L - : - - -
CONDUCTANCE  UMHO/CH 1960. 4969 1940. 2000. 2900.
COPPER MG/L. - - - ¢ 0.04 -
FLUORIDE it /1. .08 $.46 5.22 bt 2.
GROSS ALPHA PCI/L b. A4. 4.6 9.3 9. 10. 0. 16. 0.
GROSS BETA  PCI/L 6. 8.6 14. 9. 5.3 9.4 9. A4, 0.
TRON MG/, 0.5 0.18 0.15 : ¢ 0.04 < 0.0%
LEAD MG /1. - - - 0.04 -
MAGNESTUM  MG/L 0.60 0.62 0.64 0.5%3 1.39
MANGANESE  HG/L ¢ 0.0 4 ¢ 0.0 ¢ 0.04 ¢ 0.04 0.03
MFRCURY MG /L. - - - ¢ 0.0002 -
MOLYBDENUM  TG/L 0.04 0.07 0.07 .05 ¢ 0.014
NI CKEL MG /1. - - -
NITRATE eV ¢ 0.4 ¢ 0.4 ¢ 0.4 ¢ 0.4 ¢ 4.0
NITRITE MG /L. - -
ORG. CORBON  MG/L 465, 163 60 165 b.
PH 1) B4 B.4 8.4 B39 8
PHOSPHATE  NG/L - - -
POTASSTUM  MG/L 0.85 0. 46 0.86 2.6 4,44
RA-226 PCIAL 0. 0.4 0. 0.4 0.1 0.4 0.1 0.2 0.3 0.4
RA-226 PGT AL 0.1 0.9 0. 0.8 0. 0.7 0.0 ¢.7 0.6 Ao
BELENTUM MG /1. 0.008 0. 001 0.007 0.008 0.007
ST 1CA MG /1. - - - -
SELVER Mt /1. - - - ¢ D.04 -
SONTUM MG/ H&4. 540 BRE. 589. 840.
STROMT LU MG/1. - - - -
SUL FATE MG A1 135 . 427 . 424 . 495 620.
SULF IDE M1 - - : - ( 0.4 -
TEMPFRATURE € ~ DFORFE 5.5 6.5 15.5 47.0 9.0
TH-230 PO AL - - - - -
TN MG 1 - - - - -
TOTAL SOLINS MG/ 1450. 1490 §450 . 1440, 2170.
URANLUNM ME3 /1. < 0. GO0 ¢ G 000 ¢ 0.0003 ¢ . 6003 G.00%
VANAD [ MG /L < 0.0 ¢ 2.0 4 ¢ 0.04 0.04 ¢ 0.04

-~
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Contirued)
FORMATTON 0OF COMPLETINN: SOMDSTORE
HYDRAULIC FLOW RELATTONSHIP: UP GRADIFNT

S LOCATTON 1D = SAMPLE 1D AND LOG DATE = mmmmmm s i i e
10 /20/87 B48-04  40/20/87 B48-05  40/20/87 84804  04/0%/00

843-02
UMIT OF PARAMETER
PARAMETFR MEEASURE VALUEA+/-UNCFRTYATNTY val UF+/7-UNCETIUTATNTY UALDE+ /=L

PARAMETER PARAMETER PARAMETER PARAMETER
RTAINTY VAL UE+/-UNCERTATNTY UALUE+/-UNCERTALNTY

ZINC M. < 0.005% < G.00% ( 0.00% ( 0.005 4 0.005



A

Table D.5.15 Chemical analyses of groun(ﬁ .er, Green River, Utah, tailings site (Continued)(

FORMATION UF COMPLETEION: SANUDSTOME
HYDRAUL TG FLOW RETATIONSHIPz UP GRADTENT

3402

e L QCATION ID =
04/05/08 BA8-03  01/05/80

UNTT OF PARAMETER
MEASURE  UALUE+/~UNCFRTAINTY

SAMPLF
34804

ID AND LOG DATE

04/704%/88 g13-08%  04/05/88
PARAMETER FARAMETER

VAL U+ /-UNCERTAINTY VAL UE+/~UNCERTAINTY

Big-04  07/46/88

PARAMETER
VALUE+/~-UNCERTAINTY

PARAMETER
VAL UE+/7-UNCERTATNTY

PARAKE TER

091-d

ALKALINITY
ALUMINUM
AMMONTLIN
ANTIMONY
ARSENIC
BALANCE
BARILINM
BORON
CcaprIun
CALCTUNM
CHLORIDE
CHROM U
CoRaLt
CONDUCTANCE
COPPER
FLUBRIDE
GROSH ALPHA
GROSY BETA
TRON

LEAD
MAGNESTUR
MANGANESE
MERCURY
MOLYBDENUN
NICKEL
NITRATE
NTTRITE
ORG. CARBON
PH
PHOSPHATE
POTASS UM
RA-22646
RA-228
GELENTUM
SHLICA

B ILVER
SnnIr
STRONTTUM
SULEFATE
GULFIDE
TEMPERATURE
TH-230

TIN

TOTAL H0LTDY
URANT UM
LARAD LM

MG/L GCACOSR

MG/
MG/l
MG/
MG /1.
A
MG/L.

MG/l

MG/L.

MG/

MG/l

MG/L

MG/l
UrlH/CH
MG/l

MG/L

PCI/L.
PCL/L

MG/

MG/

MG /L.

MG/

MG/t

M/l

MG /L.

MG /1.

MG/l

MG /L.

SU

MG/

MG/l

PCLZL
PCI/L

MG/,

MG/

MG /L.

MG/t

MG/

MG/L.

MG/L.

G = DFEGRFF
PGL/L.

MG/

/4.

MG/t

s /1.

<

<

H4a6 .
0.4
0.4
0.04
0.61
B8.54
&00.
0.03

2440,

2.98
9.
7.
G.4%

1.62
0.02
0. 08
0.1
146 .
8.3%

§.47
0.2
(L
0.048

P04

569,
1647

2520,

L0042
O.0

=~ 3
L8]

(

544.
0.4
0.4

0.01

0.59

B.47
640,

0.03

3160,
2?92
2a

0.

0udh
1.64
0.02

0.09

0.

144,
8.3%

1.3%
0.2
Q.
0.044

200.

594,
6.2
2420,

OuG(42
0.0

3.
8.

0.2

0.9

546 .
{ 0.1
0.1
0.01
0.61
$.72
640,
0.03

3460,

2.93
3.
1%.
Q.45
4.65
0.02

0.08

< 0.4

435?
.35

1.564
0.4
0.5
0.017

P04,
604 .

6.7

PERIVS
0.0042

{ 0.01

46,
8.

0.2

0.9

(

Y464 .
Dad
0.z
0.007

0.61

.54

bH40.
0.03

3460.
2.74
19 . 46 .
3. 6.
0. 45
£.6%
0,02

0.09

0.1

147 .
8.35

2.04
0.5
Qub ¢
0.046

P02 .
600.
16.72

2440,

0.0043
0.014

<
(

0.3
.8

<

H43.
0.04
0.

0.454
0.03
0.h?
0.004
2.5
880.
0.01

3a800.
0.04
2.9
0.
0.
0.01
Oud7
2.314
0.02
0.0002
004

6.3

120.
B.4%
2.4
0.2
0.5
0.004

0.01
1040.

538.
i4.
8.0

2800.
¢.Q003
0.014

27 .
.
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION DF COMPLETION: SANDSTONE

HYDRAULAC FLOW RELATIONSHIP: UP GRADIFHT

o s o i e = | QCATTUN LD = GAMPLE D AND LOG DATE = omom o amim oo i i
BAB-03  08/05/88 BA8-04  01/05/88 B48-05  04/05/08 BA-04  07/46/89

34802 0V/0%5/88

R PARAMETER
TALNTY VALUE+/-UNCERTAINT ¢

R PARAMETER P ARAME
RTATNTY VALUE+/-UNCFRTAINTY VAL UE+ /L

PARANME,
VAL UE+/~UNEC

R 1* AR
RYAINTY VAL UE -/ -UNCE

(. 007 { 0.00% 0.005

PARAMETER

ZINC MG/ G.00Y%

{ 0.005

MAPPER DATA FILE NAME: GRMO§xUDPEUO 402493
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FORFMATION OF
HYDRAULLC

PARNFETER
ALKALINTTY
ALLMINUN
AMFIONT UM
ANTIMONY
ARSENLE
BALANCE
BARTIUM
BURON
CADMIUM
CALCIUN
CHLORIDE
CHROMTUM
copaLT
CONDUCTANCE
COPPER
FLUORIDE
GROSS ALPHA
GROSS NETA
1RON

LEAD
MAGNESTUM
MANBANESE
MERCGURY
MOLYBOENUN
MICKFL
HITRATE
NITRITE
ORG. CARBON
PR-240

PH
PHOSPHATE
PO-240
POTASSTUM
RA-226
RA-228
SELENLUM
HTLICA
STILVER
SOLIUM
STRONT UM
SULFATE
BULFIDE
TEMPERATURE
TH-230

TIN

TUTAL SOLIDY

Table D.5.15 Chemical analyses of grouA( -er, Green River, Utah, tailings site (Continued)(

COMPLETEONS SANDSTONE

UNIT
MEAS
MG /L.
MG/l
MG/L.
MG /L.
MG /L.
VA
MG/L.
MG/t
MG/L.
MG /1.
G /L.
MG/l
MG /1.
UrH/
MG /L.
MG/l
PCI/.
PCL/L
MG/,
MG/,
MG/
M/l
MG/l
MG/
MG /L.
MG /L.
MG/
MG/,
PCI/L.
51
MG/).
PCL/L
MG/,
PCL/L.
PCL/IL.
MG/t
MG /.
MG/
MG /1.
NIEVA
MG/
MGzi.
C-Dn
PCL/
ISV
Mzl

OF
RE

Cacos

CH

EGREF

VALUE+/-UN

-~

FLOW RELATIOMSHIP 2 DOWN GRAD 1T

02/ 42/86

PARAMETER
CERTATNTY

530.
0.3
0.7
0.003
0.01
- .86
0.2
0.8
0.001
732
640.
0.014
0.05
2500.
¢.07
4.4
0.03
0.04
1.20
0.02
0.C00%
0.10
0.04
Dadh
0.4
b2,
0.0 4.7
3.534
0.4
0.0 VI
2.04
0.4 Oud
0.0 f.4
0.076
S
0.04
36,
0.6 B
HiR. .

8.
0.3 D
QL0004

2000,

1

UALUF+

<

S40.
0.2

0.

0.5

4.83
307.
0.04

2550 .

4.3
0.0%
.99
0.04
0.4
0.4
.34

0.20

0.002

742

6A%.
16.5%

2430,

03/ 43/87
PORAME TER
Z=UNGERTATNTY

S0P

SAMPLE
V4 40/02/87

PARNAMETER

VALUE+/~UNCFRTAINTY

<

524
0.4
0.4
0.04
0.7
4.4

300,
0.01
2500.

KA

4
¢
4

-

8.

O*GO.‘U

h)

~

03
0.94
0.014

0.04

0.92
0.4 0.2
4.2 4.0
0.005

700.
630,
16.0

1930

D AND LOG DATE
“81

<
{

<

=04 04/710/88

PARAMETER

VAL UL/ ~UNCERTAINTY

H24.
0.4
0.1

Q.04

0.7

300,
0.02

2400,

13.
4.

4.02
0.3 0.1
0. 0.9
0.027

698,

624,

4.7

1930.

SU?~04

07/1H/ﬂ8

PthMFIFR

UﬁLU%*/ UNLFR1AJNI\

(
<

~

‘49.
0.01
0.1

0.022

0.04
0.7
0.004
%.96
6460 .
0.01

2900.

.04

4.3

0. 23.
S 44,
0.04

0.40

4.43

0.04

. 0002

0.014

1.4

0.5 0.3
.0 0.7
0.007

0.04
834.

b7,
P9
16.5

2240,
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPLETLON: SANDSTONE
HYDRAULIC FLOW RELATIONSHIP: DOUN GRADIFNT

1o et e o et et ot e s s wnme o | HIAT IO TR = SOMPLE ID AND LG DATE o im s am s on i o imoos 1o oo s 1 st o o o
B82-04 QV/A7/14 S82-04 03/ 48/897 B32-04 40702787 SH2-04 04/710/80 5682-04  07/48/88
URET OF PFARAMETER PARAMETER PARAMETER PARAMETER PARAMETER
- VALUE+/~UNCERTATHTY VAL UE+/-UNCERTAITNTY Val.ur +/-UMCERTALNTY VAL UF+/-UNCERTAINTY VALUE+/~-UNCERTAINTY

FARAMFTER

URAMNTUM MG/ { 0.0003 L0026 < 0.003 { 0.0003 ( 0.0003
VANAD LN nMG/L 0.19 - { D.04 (

0.04 < 0.04
ZINC MG/L. 0. 008 - < 0.00% 0.014 < 0.005



\ Table D.5.15 Chemical analyses of ground&\ .r, Green River, Utah, tailings site (Continued) <

FORMATION OF COMPLETTON: SANDSTONE
HYDRAULIC FLOWU RELATIONGSHIP 2 DOUN GRADIENT

Veer Svun seme tomp gas G 1ooq o bovn Semm L01s Gape ek £ren S4n0 18 o0k S0 Leme SrPE AU <104 B0 4500 S0 L1RY LES8 4BHE 1od4 4100 S e tue - aen Ae0 L('"’:n' TOM

B349-04  40/246/87 g49-04  04/05/88
PARAM F PARAMETER PARAMETER PARAMETER PARAMETER
VALUE+/-UNCERTATMTY VALUE+/-UNCERTAINTY VAL LIF+/-UNCERTAINTY VALUE+/-DNCERTAINTY VALUE+/-UNCERTAINTY

I = SAMPLE ID AND LOG DATE =--mmm S

UNIT 0OF
HEASURLE

PARAMETER

¥91-a

ALRALINTTY
ALURTNUM
AMMONTUM
ANTTMONY
ARSEMLC
BALANCE
BARTUNM
BORON
CADMI UM
CALCIUM
CHLORIDE
CHROM XU
coBaLy
CONDUCTANCE
COPPER
FLUORIDE
GROSS ALPHA
GROSS BETA
1RON

LEAD
MAGNESTUNM
MANGANESE
MERCURY
MOLYBOENUN
NICKEL.
NITRATE
NITRITE
ORG. CARBON
PB-240

PH
PHOSPHATE
PO-240
POTAGBETUM
R&-226
RA-226
SELENTIUM
SILICA
SILVER
S0DUn
STRONTIURM
SULFATE
SULFIDE
TEMPERATURE
TH-230

TIN

TOTAL SOLTOS

mnG/L

CACO3

NG/l
MG /L.
Mi/L
MG /L.
A
HG/L
MG/l
MG /L
MG/L
MG /L.
MG/l
MG/
UMHO/CR
MG/L.
MG/
PCI/N.
pPLI/L
MG /1.
MG/l
MG/
MG/
MG/
MG/
MG /L.
MG/
MG/
MG/L
PCI L
su

MG /L.
PCI/L
MG/L.
PUI/.
PCI/.
M/l
MG/l
MG/L
MG /1.
Muzi.
MG/L.
MG/l
C - DEGRFE
PCIAL
Mzt
/1.

<

500.

0.4
0.4
0.04
0.5
24.
146 .
0.04

3300.

2.9
0.4
0.0
0.03

10
19 .

14.6
0.01

D.04

6.9

'2?
8.0

2.6

0.3 N.2
0.0 f.4
0.00%

4460
2420.

46,0

Ba20.

<

547 .
0.1
0.3
0.002
0.62
hab3

630 .
0.02

3450.

5.58
(4 ?.
0. i4.
G.14
4.4
0.01

0.04

0.4

108.
B.2
1.3
0.2
b
D.049

o

P04 .
H78.

14,3

24130,
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Concluded)

FORMATION DF COMPLETION: SANDSTONE
HYDRAULIC FLOU RELATIONSHIP: DOUM GRADTENT

e i e s e e | GCATTON 1D = SAMPLE 1D AND LOG DATE o e oo ot meom e e oo e e e
B49-01  40/246/87 BAY-04  01/05/88

UNIT OF PARAMETER PARAMETER
PARAMETER MEASURE VAL UE+/-UNCERTATNTY VALUE+/=UNCERTATNTY

- URANIUM MG/l 0.00% < 0.0003
VANAD LUM M3/ ( 0.01 { 0.014
ZINC mG/L. { 0.00% 0.02

HAPPER DATA FILE NAME: GRNOAxUDPGUR 102492
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Table D.5.16 Background groundwater quality summary for the top hydrostratigraphic unit, Green River,
Utah, tailings site

Standard Statistical Observed
Number of Arithmetic deviation concentration concentration Proposed EPA

Constituent? analysesb mean (X) x2 (2s) range (X+2s) range groundwater MCL
Chromium (mg/1) N 0.04 . 0.07 <0.01-0.11 0.03-0.14 0.05
Molybdenum (mg/1) 11 0.1 0.13 <0.01-0.24 <0.01-0.20 0.10
Nitrate (NO3) (mg/1) 11 45 84 <1-129 9-140 44
Selenium (mg/1) n 0.147 0.272 <0.005-0.419 <0.005-0.380 0.010
Radium-226 6 0.9 1.4 0.0-2.3 0.0-1.7 5.0

and 228 (pci/1)
Uranium-234 1 0.0118 0.0051 0.0067-0.0169 0.0081-0.0167 0.0440

and 238 (mg/1)
Gross alpha (pCi/l1) 5 9.6 31.8 0.0-41.4 0.0-41.0 15

3A11 constituents listed are included in the proposed EPA groundwater standards (40 CFR 142) and have

EPA National and State of Utah Primary Drinking Water Standards, with the exception of molybdenum, which does
Arsenic, barium, cadmium, lead, mercury, and silver are also
included in the proposed EPA groundwater standards, and the EPA National and State of Utah Primary Drinking
Water Standards. However, because these constituents were found to be below detection limits for the first
two rounds of water sampling in June, 1986, and September, 1986, they were excluded from subsequent sampling

not have a maximum concentration limit in Utah.

rounds and are not considered to be present as contamination at the Green Rjver site.
bThe background wells included in the analyses are GRNO1-563 and 707.

from one or more of the following rounds of sampling:

depending on if the well(s) were in existence at the time of sampling.

6/86; 9/86;

The analyses may include the results
3/87; 10/87; 1/88; 5/88; and 7/88;
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Table D.5.17 Background groundwaler quality summary for the upper-middle hydrostratigraphic unit,
Green River, Utah, tailings site

Standard Statistical Observed
Number of Arithmetic deviation concentration concentration Proposed EPA

Constituentd analysesb .mean¢(X) x2€(2s) range®(X+2s) range groundwater McCLY
Chromium (mg/1) 5 0.02 -0.03 <0.01-0.05 <0.01-0.05 0.05
Molybdenum (mg/1) 5 0.02 0.03 <0.01-0.05 <0.01-0.05 0.1
Nitrate (NO3) (mg/1) 5 36 86 <1-122 <1-93 44
Selenium (mg/1) 5 0.66 1.92 <0.005-2.58 <0.005-2.50 0.01
Radium-226 4 ND ND ND 0.1-0.8 5.0

and 228 (pCi/1)
Uranium-234 5 0.0109 0.0274 <0.003-0.0383 <0.003-0.0380 0.044

and 238 (mg/1)
Gross alpha (pCi/1) 4 ND ND ND 0.0-21.0 15

3A11 constituents 1listed are included in the proposed EPA groundwater standards (40 CFR 192) and have
EPA National and State of Utah Primary Drinking Water Standards, with the exception of molybdenum, which
does not have a maximum concentration 1imit in Utah. Arsenic, barium, cadmium, lead, mercury, and silver
are also included in the proposed EPA groundwater standards, and the EPA National and State of Utah Primary
Drinking Water Standards. However, because these constituents were found to be below detection limits for
the first two rounds of water sampling in June, 1986, and September, 1986, they were excluded from subsequent
sampling rounds and are not considered to be present as contamination at the Green River site.

The background wells included in the analyses are GRNO1-816 and 806. The analyses may include the results
from one or more of the following rounds of sampling: 6/86; 9/86; 3/87; 10/87; 1/88; 5/88; and 7/88;
depending on if the well(s) were in existence at the time of sampling. If less than five analyses were
available, a statistical analysis was not performed

CND = not determlned because number of analyses is less than five.

dMCLs are the same for EPA National and State of Utah Primary Drinking Water Standards.
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Table D.5.18 Background groundwater quality summary for the lower-middle hydrostratigraphic unit,
Green River, Utah, tailings site

- Standard Statistical Observed
Number of ‘' Arithmetic deviation concentration concentration Proposed EPA

Constituentd analysesb mean (X) x2 (2s) range (X+2s) range groundwater MCLC
Chromium (mg/1) 12 0.03 0.06 <0.01-0.09 <0.01-0.09 0.05
Molybdenum (mg/1) 12 0.10 0.14 <0.01-0.24 <0.01-0.22 0.1
Nitrate (NO3) (mg/1) 12 68 116 <1-184 1-173 44
Selenium (mg/1) 12 0.088 0.196 <0.005-0.284 <0.005-0.320 0.0
Radium-226 1 1.7 2.6 0.0-4.3 0.1-3.9 5.0

and 228 (pCi/1)
Uranium-234 12 0.046 0.080 <0.003-0.126 <0.003-0.146 0.044

and 238 (mg/1)
Gross alpha (pCi/l) 7 70 110 0-180 4-150 15

A1) constituents listed are included in the proposed EPA groundwater standards (CFR 40 192) and have EPA
National and State of Utah Primary Drinking Water Standards, with the exception of molybdenum, which does
not have a maximum concentration 1imit in Utah. Arsenic, barium, cadmium, lead, mercury, and silver are also
included in the proposed EPA groundwater standards, and the EPA National and State of Utah Primary Drinking
Water Standards. However, because these constituents were found to be below detection limits for the first
two rounds of water sampling in June, 1986, and September, 1986, they were excluded from subsequent sampling
rounds and are not considered to be present as contamination at the Green River site.

bThe background wells included in the analyses are GRNO1-562, 811, and 813. The analyses may include the
results from one or more of the following rounds of sampling: 6/86; 9/86; 3/87; 10/87; 1/88; 5/88; and
1/88; depending on if the well(s) were in existence at the time of sampling.

CMCLs are the same for EPA National and State of Utah Primary Drinking Water Standards.
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Table D.5.19 Background groundwater:quality summary ifor the bottom hydrostratigraphic unit,
Green River, Utah, tailings site

Standard Statistical Observed
Number of Arithmetic deviation concentration concentration Proposed EPA

Constituentd ana]ysesb mean (X) x2 (2s) range (X+2s) range groundwater MCLC
Chromium (mg/1) 19 0.03 0.04 <0.01-0.07 <0.01-0.07 0.05
Molybdenum (mg/1) 19 0.05 0.08 <0.01-0.13 <0.01-0.14 0.1
Nitrate (NO3) (mg/1) 19 1 2 <1-3 <1-6 44
Selenium (mg/1) 19 0.022 0.060 <0.005-0.082 <0.005-0.106 ' 0.01
Radium-226 16 0.7 1.5 0.0-2.2 0.0-3.0 5.0

and 228 (pCi/1)
Uranium-234 19 0.0019 0.0032 <0.003-0.0051 <0.003-0.0049 0.044

and 238 (mg/1)
Gross alpha (pCi/1) 16 3.7 16.8 0.0-20.5 0.0-30.0 15

a8A11 constituents listed are included in the proposed EPA groundwater standards (UMTRA, 52 FR36000) and
have EPA National and State of Utah Primary Drinking Water Standards, with the exception of molybdenum,
which does not have a maximum concentration limit in Utah. Arsenic, barium, cadmium, lead, mercury, and
silver are also inciuded in the proposed EPA groundwater standards, and the EPA National and State of Utah
Primary Drinking Water Standards. However, because these constituents were found to be below detection
limits for the first two rounds of water sampling in June, 1986, and September, 1986, they were excluded
from subsequent sampling rounds and are not considered to be present as contamination at the Green River
site. :

bThe background wells included in the analyses are GRN0O1-586, 587, 588, 817, and 818. The analyses may
include the results from one or more of the following rounds of sampling: 6/86; 9/86; 3/87; 10/87; 1/88;
5/88; and 7/88; depending on if the well(s) were in existence at the time of sampling.

CMCLs are the same for EPA National and State of Utah Primary Orinking Water Standards.



Table D.5.20 Summary of maximum and minimum observed concentrations
in the top hydrostratigraphic unit from tailings
seepage, Green River, Utah, tailings site

Number of Observed Observed Proposed EPA
Constituent analyses@ max imum minimum standard
Chromium (mg/1) 12 0.040 0.005 0.050
Molybdenum (mg/1) 17 0.270 0.005 0.100
Nitrate (NO3) (mg/1) 17 440 1 44
Selenium {(mg/1) 17 0.410 0.001 0.010
Radium-226 and 228 (pCi/1) 11 3.8 0.0 5.0
Uranium-234 and 238 (mg/1) 17 2.23 0.0419 0.0440
Gross alpha (pCi/1) 5 950 l 20 15

4Includes analyses from on-site monitor wells 702, 704, 705, and 808.

Table 0.5.21 Summary of maximum and minimum observed concentrations
in the upper-middle hydrostratigraphic unit from
tailings seepage, Green River, Utah, tailings site

Number of Observed Observed Proposed EPA

Constituent analysesd max imum minimum standard
Chromium (mg/1) 5 01050 0.005 0.050
Molybdenum (mg/1) 8 0.260 0.010 0.100
Nitrate (NO3) (mg/1) 8 2480 2 44
Selenium (mg/1) 8 0.370 0.0025 0.010
Radium-226 and 228 (pCi/1) 7 2.0 0.9 5.0
Uranium-234 and 238 (mg/1) 8 3.110 0.437 0.044
Gross alpha (pCi/1) 1 980 980 15

4Includes analyses from on site monitor well 701.
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Table D.5.22 Permeability test results and physical properties from
tailings samples, Green River, Utah, tailings site?

Test pit In situ Saturated

or Sample moisture Ory hydraulic Type
borehole interval uscs Tailings content density conductivity of
number (feet) classb type (percent) (pcf)c {cm/s) test
542 0.5-1.5  SP-SM Sand - - 5.8 x 1074 cd
572 3.5-4.5 SP-SC Sand 1.6 - _ —
6.5-7.5 SP-SC Sand 4.0 - —_ _

9.5-10.5 SP-SM Sand 5.6 —_ _— _

12.8-13.5 SP-SM Sand 15.5 - - —_—

574 2.5-3.5 SP-SM Sand 1.2 103.6 - -
7.0-7.5 SP-SM Sand 4.1 86.7 - -

575 2.5-3.0 SP-SM Sand 1.3 97.6 - -
7.0-8.0 SM Sand 4.1 —_ _ —_—

13.0-14.0  SP-SM Sand 5.0 - - _—

578 2.5-3.0 SP-SM Sand 2.2 90.1 - -
5.5-6.5 SP-SM Sand 3.4 - - -

7.0-8.0 SM Sand 6.1 - - —_

10.0-11.0 SC Sand 5.3 - - _—

T-01 - SP-SM Sand - - 2.7 x 1073 T®

T-02 - SP-SM sand - — 2.8 x 1074 T

T-03 — SP-SH Sand - _— 1.3 x 1074 T

agorehole locations are shown on Figure D.5.1. Blanks indicate the properties
were not determined.

bynified Soil Classification System; SP is poorly graded sands, gravelly sands;
SM is silty sands, sand-silt mixtures; SC is clayey sands, sand-clay mixtures.

Cpcf = pounds per cubic foot.

C = constant-head test; the sample was remolded to average 92 percent of standard
Proctor density.

eT = triaxial permeability tests; samplie was remolded to 95 percent of standard
Proctor density.
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Table D.5.23 Chemical analyses for lysimeter GRNO1-7148

Parameter 9/11/86 3/12/817
Aluminum 6300 1840
Ammon i um 14 11
Antimony - 0.003
Arsenic - 0.03
Barium - 0.1
Boron 0.5 0.1
Cadmium - 0.032
Calcium 457 385
Chloride 113 2900
Chromium 2.61 1.14
Cobalt - 30.9
Copper - 45.8
Fluoride 0.1 0.2
Iron 2200 267
Lead - 0.02
Magnesium 2640 1090
Manganese 360 122
Mercury - 0.
Molybdenum 0.2 0.10
Nickel - 25.3
Nitrate 4500 2
Nitrite - 0.1
Phosphate - 0.1
Potassium 0.19 16.0
Selenium 0.092 0.208
Silica - 60
Silver - 0.01
Sodium 89.2 111
Strontium - 0.1
Sulfate 56200 16000
Tin - 0.005
Total dissolved

solids 80800 26100
Uranium 675 221
Vanadium - 178
Zinc - 259

aA11 values in mg/1.
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See Figure D.5.1 for the location of lysimeter 714.



Table D.5.24 Analyses of Cedar Mountain Formation groundwater,
Green River, Utahd

Species and Monitor Monitor Monitor Monitor Monitor
parameter well 562 well 581 well 584 well 701 well 813
Magnesium 124 883 134 197 114
Calcium 328 221 467 520 253
Sodium 1870 1680 1680 1115 1910
Potassium 7.39 2.51 3.27 20.50 7.24
Sulfate 4330 2460 3160 2870 4200
Chlorine 150 180 130 94 130
Alkalinity

(as calcium

carbonate) 660 979 266 407 671
Silica 9.70 8.8 9.2 18.0 9.2
Sulphur <0.10 45.4 <0.1 <0.1 <0.1
Iron2+ <0.03 <0.03 <0.03 <0.03 <0.03
Irond+ 0.045 <0.01 0.045 0.045 0.040
Nitrate 103 0.2 0.2 1570 22.1
Ammon i um <0.1 0.8 0.6 45.2 <0.1
Nitrite 0.66 <0.03 <0.03 0.07 1.48
Molybdenum 0.07 0.02 0.01 0.09 0.13
Selenium 0.16 0.09 0.11 0.55 0.13
Arsenic 0.01 0.02 0.01 0.02 0.02
Total dissolved

solids 7190 4630 4930 6680 6920
Temperature(°C) 16.5 15.7 15.9 16.5 17.5
pH 6.88 7.25 7.96 6.68 6.88
Eh (field, V) +0.274 -0.133 -0.080 +0.272 +0.274
aA11  concentrations are in mg/1 unless noted otherwise. °C = degrees
Celsius; V = volts.
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Table D.5.25 Field measured and theoretical redox potentials (Eh)
controlling uraninite precipitation within the Cedar
Mountain Formation, Green River, Utah

Monitor Field Eh Uraninite Calculated Uraninite Log

well pH (volts) S.I.a Eh (volts) S.1.a PCO»
581 1.25 -0.133 2.19 -0.107 0 -2.0
584 7.96 -0.080 0.02 -0.106 0 -2.0

Speciation of dissolved uranium (mg/1)

Total U  U(OH)5- U0,C030 U0, (C03) 22~ U0,(C03) 3%
581  0.007 0.0007 6.14 x 10-7 0.0001 0.0001
584  0.001 0.001 2.04 x 10-6 0.003 0.0005
as.1. refers to saturation index. S.I. = Log 10 _activity product
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Table D.5.26 Field pH, field Eh, total uranium, and

saturation indices

for Cedar Mountain Formation, Green River, Utah?3

Total Saturation index
Well Field Field uranium Amorphous
number pH Eh (volts) (mg/1) Dominant form Uraninite Coffinite Calcite Gypsum Pyrite Fe(OH)3 €0y
584 71.96 -0.080 <0.001 Uoz(c03)34‘ +0.02 -0.89 -0.02 ~-0.85 +0.01 -0.68 -2.0
v U(OH)5_
581 1.25 -0.133 <0.001 U(OH)S' +1.83 +1.34 -0.42 -4.63 +0.01 -3.82 -2.0
700 6.68 +0.272 2.690 uoz(co3)22— -5.75 -6.08 +0.03 +0.28 -94.60 +2.71 -2.0
562 6.88 +0.274 0.076 U02(C03)34‘ -8.8% -9.43 +0.06 1+0.35 -98.20 +3/69% -2.0
813 6.88 +0.274 0.079 002(003)34‘ -8.76 -9.26 +0.06 +0.13 -98.50 +3/62 -2.0

aCalculated by PHREEQE Model (Parkhurst et al., 1980). Saturation indices = log (IAP/KY).
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D.5.2 Chen1ca1 analysis of batch leucn and column extraction solutions
Tab]e ! ta1f1ngs,obuffer material, and windblown soil samples, Green River, Utah

——————————————————————————————————— LOCATION ID - SAMPLE ID AND LOG DATE ==-mm=m——mmeoooo
825-01 04/10/89 (@) = 826-01 04/10/89 (a) 827-04 04/10/89 (a)

UNIT OF PARAMETER PARAMETER
PARAMETER MEASURE VALUE +/- UNCERTAINTY VALUE +/- UNCERTAINTY

PARAMETER PARAMETER
VALUE +/- UNCERTAINTY VALUE +/~ UNCERTAINTY

9L1-a

ALUMINUM

- 0.064 < 0.05 < 0.05
AMMONT UM nG/L 0.258 0.22 0.09 0.47
ANTIMONY nG/L 0.009 0.004 0.002 0.040
ARSENIC nG/L 0.033 0.043 0.040 0.032
BARIUM nG/L 0.06 0.07 0.08 0.04
BERYLLIUN MG/L ( 0.005 0.008 { 0.005 < 0.005
CADMIUM MG/L 0.0030 0.00014 < 0.0004 { 0.0001
CALCTIUNM MG/L 74, 57. 59. 460.
CHLORIDE MG/L 8. 7. 7. 6.
CHROMIUN MG/L < 0.01 0.014 < 0.01 < 0.04
COBALT MG/L { 0.02 0.02 < 0.02 < 0.02
COPPER MG/L 0.04 0.02 0.04 0.06
FLUORIDE MG/L 0.4 0.3 0.3 0.4
IRON MG/L 0.02 0.03 < 0.02 < 0.02
LEAD MG/L 0.003 0.0014 < 0.004 { 0.0014
MAGHESTUN MG/L 9. 8. 8. 8.
HANGANESE nNG/L < 0.04 0.01 < 0.01 < 0.01
MERCURY MG/L 4 0.00014 0.0004 { 0.0001 ¢ 0.0004
MOLYBDENUM MG/L 0.007 0.004 0.003 0.002
RICKEL MG/L ( 0.02 0.02 ( 0.02 4 0.02
NITRATE MG/L 1.8 0.2 0.3 2.0
POTASSIUM MG/L 8. 7 8. 7.

- SELENTUM MG/L 0.044 0.010 0.00¢% 0.044
SILICA MG/L 43.3 14.4 14.7 4.1
S0DIUN MG/L 29. 24, 23. . 22.
STRONTIUM MG/L 0.714 0.60 0.62 0.43
SULFATE MG/L 187. 4162. 156. 1469,
THALLIUN MG/L { 0.0014 0.0014 4 0.004 4 0.004
TIN MG/L { 0.004 0.0014 < 0.001 0.0014
TOTAL SOLIDS MG/L 388. 302. 29S. 315.
URANTIUM MG/L 0.182 0.477 0.4148 0.472
VAHADIUN nG/L 0.24 0.25 0.24 0.22
ZINC MG/L 0.02 0.02 < 0.04 0.02
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PARAMETER

Table D.5.27 Chemical analysis of batch leach and column extraction so1utioqs from
tailings, buffer material, and windblown soil samples. Green River, Utah

UNIT OF
MEASURE

PARAMETER
VALUE +/~ UNCERTAINTY

ALUMTHNUM
AMMONIUR
ANTINMONY
ARSENIC
BARIUM
BERYLLIUM
CADMIUM
CALCTIUN
CHLORIDE
CHROMIUN
COBALT
COPPER
FLUORIDE
IRON

LEAD
MAGHESIUNM
MANGANESE
MERCURY
MOL YBDENUM
NICKEL
NITRATE
POTASSIUN
SELENIUN
SILICA
SODIUN
STRONTIUN
SULFATE
THALL TUN
TIN

TOTAL SOLIDS
URANIUM
VANADIUN
ZINC

————————— LOCATION ID - SAMPLE ID AND LOG DATE

830-01 04/28/89 (c)

PARAMETER
VALUE +/~ UNCERTAINTY

831-04 04/28/89 ij;l

PARAMETER
VALUE +/- UNCERTAINTY

PARAMETER
VALUE +/- UNCERTAINTY
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PARAMETER

ALUMINUM
AMMONTIUM
ANTIMONY
ARSENIC
BARIUNM
BERYLLIUNM
CADMIUM
CALCIUN
CHLORIDE
CHROMIUNM
COBALT
COPPER
FLUORIDE
IRON

LEAD
MAGNESTIUN
MANGANESE
MERCURY
MOLYBDERUM
HICKEL
HITRATE
POTASSTIUN
SELENIUN
SILICA
SGoIUNM
STRONTIUN
SULFATE
THALLTIUNM
TIN

TOTAL SOLIDS
URANTUM
VANADIUR
TINC

. Table D.5.27 Chemical analysis of batch gg,,n and column extraction solutions from <

UNIT OF
MEASURE

tailings, buffer material, and windblown soil samples, Green River, Utah

——————————————————————————————————— LOCATION ID - SAMPLE ID AND LOG DATE ==w==———mmmmomm e

833-01 05/08/89 (d) 834-04 05708789 (d) 835-01 05/08/89 (d) 836-01  05/08/89 ()
PARAMETER PARAMETER PARAMETER PARAMETER
VALUE +/- UNCERTAINTY VALUE +/- UNCERTAINTY VALUE +/- UNCERTAINTY VALUE +/- UNCERTAINTY
¢ 0.05 ¢ 0.05 ¢ 0.05 ¢ 0.05
0.57 0.22 0.62 0.30
0.008 0.002 0.009 0.008
0.042 0.02 0.008 0.002
0.02 0.02 0.02 0.04
¢ 0.00S ¢ 0.008S ¢ 0.00S ¢ 0.005
0.0031 0.0033 0.0028 ¢ 0.0004
607. 456. 655. 13S.
S. 5. 5. 6.
¢ 0.04 ¢ 0.04 ¢ 0.014 ¢ 0.014
¢ 0.02 ¢ 0.02 < 0.02 ¢ 0.02
0.03 0.02 0.03 0.03
0.6 0.6 0.7 1.0
¢ 0.02 ¢ 0.02 ¢ 0.02 < 0.02
¢ 0.004 ¢ 0.004 < 0.004 ¢ 0.004
32. . 32. 26. 22.
0.02 0.04 0.04 ¢ 0.04
¢ 0.0004 ¢ 0.0004 < 0.0001 ( 0.00014
0.083 0.088 0.094 0.006
< 0.02 ¢ 0.02 < 0.02 ¢ 0.02
14.7 16.2 16.5 0.4
4. 4. 4. 1.
0.467 0.483 0.187 0.008
7.0 6.9 5.5 8.9
20. 22. 21. 4.
0.99 1.00 1.09 1.97
1655. 1742. 1742. 524.
¢ 0.004 < 0.001 ¢ 0.001 ¢ 0.004
0.047 0.045 0.048 0.007
2325. 2305. 2350. 7s0.
0.296 0.306 0.316 0.040
0.07 0.07 0.07 0.01
0.04

0.02 0.02 0.01
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Tab]e D.5.27 Chemical analysis of batch leach and column extraction solutions from

tailings, buffer material,

837-01 05/08/89 (b) 838-01
. UNIT OF PARAMETER PARAMETER
PARAMETER  MEASURE VALUE +/- UNCERTAINTY VALUE +/~ UNCERTAINTY
ALUMTNUN MG/L. 0.26 ¢ 0.05
AMMONIUN MG/L 0.39 0.21
ANT IFMONY MG /L 0.004 0.007
ARSENIC MG/L 0.002 0.003
BARIUM MG/L 0.06 0.04
BERYLLIUM  HMG/L < 0.005 ¢ 0.005
CADMIUN MG/ 0.0004 ¢ 0.0001
CALCIUNM MG/L 139. 527,
CHLORIDE MG/L 9. 6.
CHROMIUM MG/L ¢ 0.01 ¢ 0.04
COBALT MG/L ¢ 0.02 ¢ 0.02
COPPER MG /L 0.04 0.02
FLUORIDE MG/L 1.4 1.4
IRON nG/L 0.18 ¢ 0.02
LEAD MG/L < 0.004 ¢ 0.004
MAGNESIUM  MG/L 2s. 22.
MANGANESE  MG/L ¢ 0.04 ¢ 0.04
MERCHRY MG/L ¢ 0.0004 ¢ 0.0001
MOLYBDENUM  MG/L 0.003 0.005
NICKEL MG/L ¢ 0.02 ¢ 0.02
NITRATE MG/L 0.4 0.3
POTASSIUM  MG/L 1. ¢ 1.
SELENTUM nG/L 0.004 0.004
SILICA MG/L 9.4 9.5
SODIUM MG/L 38. 31.
STRONTIUM  MG/L 2.40 £.94
SULFATE MG/L 542. 480.
THALLIUN MG/L ¢ 0.004 < 0.004
TIN MG/L © 0.006 0.007
TOTAL SOLIDS MG/L 70S. 675.
URANTUH MG /L 0.060 0.010
YANADIUN MG/L 0.04 0.04
ZING NMG/L 0.02 ¢ 0.04

. MAPPER DATA FILE NAME: GRNO1*UDPSWR{00236

3825-828: batch leach solution, windblown soils
b:

829, 836-838: batch leach sclution, tailings

Cg30-832:
N

833-838: batch Tleach so]utibn, buffer material

and windblown soil samples,

LOCATION ID - SAMPLE ID AND LOG DATE
05/08/89 (b)

column extract so]ution, buffer material;

Green River, Utah

PARAMETER PARAMETER
VALUE +/- UNCERTAINTY VALUE +/- UNCERTAINTY

feed solution frcm 829
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E.1 WATER RESOURCES PROTECTION STRATEGY SUMMARY

The U.S. Department of Energy (DOE) must demonstrate compliance with th._

U.S. Environmental Protection Agency (EPA) standards for groundwater protec-
tion at inactive uranium mill tailings sites. These standards are contained
in proposed revisions to Subparts A through C of 40 CFR 192 under Title I of
the Uranium Mill Tailings Radiation Control Act of 1978 (UMTRCA), as amended.
Remedial action taken by the DOE must comply with the proposed standards until
EPA promulgates them in final form (UMTRCA, Section 108). This section
summarizes the water resources protection strategy for the Uranium Mill
Tailings Remedial Action (UMTRA) Project site in Green River, Utah, and the
elements of the strategy that demonstrate compliance with the proposed
groundwater protection standards. Details of the water resources protection
strategy are presented in Sections E.2 and E.3. Characterization of
groundwater and hydrogeology at the Green River site is presented in detail in
Section D.5 of Appendix D, and is summarized in Section 3.5 of the text of
this remedial action plan.

The DOE will comply with the disposal standard (40 CFR 192.02(a)(3)) by
constructing a disposal cell that will prevent any tailings leachate from
mixing with groundwater within the required 1000-year design tife of the
cell. Specifically, either designated maximum concentration limits (MCLs) or
background concentrations (whichever is greater) will not be exceeded in the
uppermost aquifer (the upper- and lower-middle hydrostratigraphic units of the
Cedar Mountain Formation) at the point of compliance (POC). The POC is the
downgradient edges of the engineered disposal unit.

The following sections summarize the major elements of the groundwate
protection strategy.

£.1.17 DESIGN CONSIDERATIONS

The tailings will be placed in a mostly below-grade cell. The
base of the excavation will be at an elevation of about 4098 feet,
which is nearly 40 feet below existing grade. Groundwater is 10 to 12
feet below the base of the excavation. The bottom six feet of the cell
will be filled with a compacted, select clean fill soil to retard the
movement of contaminants to groundwater from the overlying contaminated
materials. Above the buffer will be a layer of compacted windblown
tailings (which will be mixed with clean soils) and a layer of
compacted tailings.

A cover system will be constructed over the tailings. From bottom
to top, the cover system will consist of three feet of compacted radon
barrier, six inches of clean, compacted filter bedding, and one foot of
rock for erosion protection. Collectively, the cover layers will limit
infiltration of precipitation to 2 x 10-8 cubic centimeters per
square centimeters per second (cm3/cm2s) or less, will protect from
catastrophic erosion by the Probable Maximum Flood (PMF), and will con-
trol the release of radon from the cell. Degradation of the infiltra-
tion/radon barrier from freezing (via reduced density) will not occur
because it is expected that the barrier will never be saturated.
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However, approximately 15 inches of the infiltration/radon barrier will
lie beneath the calculated frost depth of 39 inches.

The disposal cell components (buffer, windblown materials, and
tailings) will be placed at a moisture content that will result in an
unsatuated hydraulic conductivity of 8 x 10-9 centimeters per second
(em2/s), which is less than the calculated saturated hydraulic conduc-
tivity (2 x 10-8 cm2/s) of the infiltration/radon barrier. By mini-
mizing the amount of water used for compaction and dust control during
construction, drainage of excess water from the cell will not be a
concern (see Section E.2.1.2).

In terms of groundwater protection, the proposed disposal cell and
protection strategy at the Green River site make maximum use of the
following favorable natural conditions:

o An arid climate (average annual precipitation is six inches per
vear; estimated ratio of yearly precipitation to actual evapo-
transpiration is one).

o Consistent, uniform fracturing of the foundation bedrock to
prevent any perching of water in the cell and to promote drain-
age of runoff from the toe of the cell.

o Abundant, desirable secondary minerals on the fracture faces to
attenuate any tailings seepage (although tailings seepage into
the bedrock is not expected).

o Strong, upward vertical hydraulic gradients in the saturated
bedrock downgradient of the disposal site to minimize the down-
ward migration of contamination (although contamination of the
groundwater by tailings seepage is not expected).

o A flow direction of groundwater beneath the disposal site
toward the existing contamination from the old tailings pile.

In addition, the mostly below-grade disposal will maximize surface
runoff and minimize infiltration into the disposal cell.

GROUNDWATER PROTECTION STANDARDS FOR DISPOSAL

There are three basic requirements for complying with the ground-
water protection standard (40 CFR 192.02): (1) identification of the
hazardous constituents within the disposal cell; (2) proposal of a con-
centration 1imit for each hazardous constituent; and (3) specification
of the point of compliance.

Ten hazardous constituents (from Appendix IX of 40 CFR 264) within
the tailings at the Green River site were identified from analyses of
tailings pore water. These are cadmium, chromium, molybdenum, nickel,
nitrate, selenium, uranium, vanadium, radium-226 and -228, and gross
alpha activity. The proposed concentration limits for the ten hazardous
constituents are 1listed in Table E.1.1, along with the U.S. Nuclear
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Table E.1.1 Hazardous constituents and concentration limits for
disposal at the Green River UMTRAP site?
S’
Constituent DOE proposed limits Interim concentration Timits

Arsenic - 0.05 (MCL)

Cadmium 0.01 (MCL) 0.01 (MCL)

Chromium 0.09 (Background) 0.05 (MCL)

Lead - 0.05 (MCL)

Methylene chloride - 0.005 (Background)
Molybdenum 0.24 (Background) 0.1 (MCL)

Nickel 0.09 (Background) 0.06 (Background)
Nitrate 180 (Background) 60 (Background)
Selenium 2.50 (Background) 0.66 (Background)
Uranium-234/238 0.146 (Background) 0.044 (MCL)

Vanadium pentoxide 0.38 (Background) 0.09 (Background)
Radium-226/228 5.0 pCi/1 (MCL) 5.0 pCi/1 (MCL)

Gross alpha

(excluding uranium

and radon) 195 pCi/1 (Background) 24.5 pCi/1 (Background)
aynits are in milligrams per 1liter unless noted otherwise; pCi/1 = pico-

curies per liter.

Regulatory Commission's (NRC) proposed interim concentration limits fo.

hazardous constituents at the disposal site.

Also, three additional

hazardous constituents were included in the DOE's and NRC's list of con-

stituents for the disposal unit.

and methylene chloride.

These constituents are arsenic, Jlead,

The concentration 1imits proposed by the DOE reflect the natural

variability of the contaminant concentrations in background water qual-
jty samples from beneath the new disposal site. They are equal to one
of the following: (1) the MCL for that constituent (established by the
EPA); or (2) the maximum observed or statistical maximum background con-
centration for that constituent. The NRC's proposed interim concentra-
tion limits (see Table E.1.1) are statistical mean values rather than
maximum values. The proposed interim concentration 1limits do not
account for natural variability of the constituents as they presently
occur in groundwater.

Natural variability in groundwater must be accounted for when
sampling and analyzing for construction and performance monitoring, and
in an assessment of what threshold concentration constitutes an excur-
sion and subsequent corrective action. Therefore, the DOE will collect
and analyze representative samples of groundwater from all monitor wells
on a quarterly basis during construction of the disposal unit and col-
lect and analyze representative samples of groundwater from the monitor
wells and new wells at the point of compliiance and background locations
on a quarterly basis for two years after completion of the disposal.
unit. An excursion will therefore not be considered until the two years
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of quarterly monitoring have been completed. The details of the moni-
toring program will be presented in the surveillance and maintenance
(S&M) plan or another appropriate document upon NRC concurrence with

the S&M plan or other document.

The point of compliance at the Green River site will be the entire
northwest and northeast edges of the engineered cell. Approximately 60
feet of rock riprap and select fill material will lie between the com-
pacted tailings and the point of compliance.

PERFORMANCE ASSESSMENT

The proposed disposal cell design is intended to prevent the intro-
duction of contaminants into groundwater by providing for leachate
travel times from the base of the contaminated soil to groundwater in
excess of the design life (1000 years) of the cell.

The NRC UNSAT2 computer model (NRC, 1983) was used to estimate the
redistribution of moisture within the disposal cell with time. Examina-
tion of the moisture distribution with time allows conclusions to be
drawn regarding the steady state moisture conditions within the disposal
cell, the travel time of contaminants through the disposal cell, and the
flux at the bottom of the disposal cell. Based on the modeling, the
travel time for contaminants exiting the bottom of the disposal cell is
over 1100 years. (A more detailed discussion of the disposal cell per-
formance is presented in Section E.3.2.) Because leachate percolating
from the disposal cell is not expected to reach groundwater within the
design life of the cell, no degradation of groundwater quality as a
result of the remedial action is anticipated.

CLOSURE PERFORMANCE ASSESSMENT

The DOE must demonstrate compliance with the closure performance
standard (40 CFR 192.02(a)(4)) by showing that the need for further
maintenance of the disposal site and cell has been minimized and that
the disposal unit minimizes or eliminates releases of hazardous con-
stituents to groundwater.

Natural, durable materials will be used to construct the cell so
that long-term performance is ensured. Safety factors and conservative
design assumptions have been considered in the design so that the cell
should operate for longer than the required 1000-year design life.

The previous section (E.1.3) discussed how the disposal cell will
prevent the release of hazardous constituents from affecting ground-
water at the Green River site.

GROUNDWATER PERFORMANCE MONITORING PROGRAM

The DOE is required to describe an integrated monitoring program
to be conducted before, during, and after completion of the remedial
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action to demonstrate that the initial performance of the cell complies
with the groundwater protection standard and the closure performance
standards.

The DOE will present a detailed groundwater monitoring program in
the S&M plan for the Green River site. The main features of the
monitoring program will include moisture monitoring in the tailings,
windblown material and buffer layers, and saturated zone monitoring at
the point of compliance. There is nothing that would physically
preclude this program from being implemented.

An array of four neutron access holes for neutron logging will be
used to monitor moisture within the tailings at different depths. The
time-integrated moisture versus depth data will be used to estimate the
unsaturated hydraulic conductivity of the tailings and the operative
flux of moisture through the cell. The neutron access holes will also
penetrate the windblown material and buffer layers. The schedule for
neutron logging will be included in the Green River Surveillance and
Maintenance Plan.

The compliance monitoring wells will be sampled quarterly during
the first year following completion of the remedial action, semiannual-
ly for years two through six, and annually thereafter until the end of
the performance monitoring period. Monitoring during the remedial
action will take place semi-annually using wells placed during site
characterization. The constituents to be analyzed from monitor well
samples shall in:lude all of the hazardous constituents presented in
Section E.1.2, major anions and cations, and the standard suite of field
parameters (alkalinity, pH, temperature, and specific conductance).

CORRECTIVE ACTION PLAN

The DOE is required to evaluate alternative corrective actions that
could be implemented if the disposal monitoring program indicates that
the disposal cell is not performing adequately (40 CFR 192.02(c)). The
DOE should consider reasonable failure scenarios of the disposal cell
and demonstrate that corrective actions could be implemented no later
than 18 months after finding an exceedance of the groundwater protection
standards.

The DOE has demonstrated that the disposal cell at Green River has
been designed (and will be constructed) to perform for the mandated de-
sign 1ife of 1000 years (see Section E.2.2.2). The design has incorpo-
rated standard safety factors and should therefore perform for at least
1000 years with minimal maintenance. There is therefore no "reason-
able" failure scenario that would be related to catastrophic structural
failure.

A potential "failure" of the cover system, in terms of groundwater
protection, would be if the infiltration/radon barrier was not limiting
infiltration to the design flux rate of 2 x 10-8 cm3/cm?s. The
best-case corrective action for this condition at Green River would be
first to assess the potential impacts to groundwater at the flux rate,
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and then to assess the risks to human health and the environment should
there be a potential impact. A preliminary risk assessment conducted
for the Green River site (DOE, 198%a) indicated minimal pathways for
human exposure to the potentially affected aquifers because of already
poor quality groundwater within the aquifers. It is unlikely that any
corrective action would be required at the Green River site such as
reconstructing the cover system or active restoration of the affected
aquifer(s) because of the minimal risk to human health or the environ-
ment. To finalize the preliminary risk assessment to include a specific
failure scenario would take only a few months; this plus any other
necessary corrective action (applying for alternate concentration limits
(ACLs) for any hazardous constituents predicted to exceed the proposed
concentrations 1imits) could be done within the 18-month action time
frame. The worst-case corrective action scenario would require removal
and replacement of the cover and possible groundwater cleanup.

An exceedance of the proposed concentration limit for any hazard-
ous constituent at the point of compliance (as determined from saturated
zone monitoring during the early stages of performance monitoring) would
Jikely be a result of drainage of construction water. This would be
verified by examining the moisture monitoring system in the tailings to
be sure that excess moisture is not passing through the cell barrier.
Since every effort will be made during construction of the cell to limit
the amount of water added for compaction (per specific construction
specifications) and dust suppression, an excursion at the point of com-
pliance is considered highly unlikely, particularly when travel time of
any contaminants through the bottom six feet of buffer (and foundation
bedrock) is considered. Any excursion at the point of compliance de-
tected by saturated zone monitoring would result in resampling and
analysis at least once to verify the excursion. Details of these
procedures will be presented in the S& plan for Green River.

CLEANUP AND CONTROL OF EXISTING CONTAMINATION

The DOE and NRC consider that evaluation of groundwater cleanup of
existing contamination (Subpart B of 40 CFR 192) at the Green River
processing site should be deferred until after the EPA promulgates
final groundwater protection standards, provided the DOE demonstrates
that disposal may proceed independently of cleanup (Subpart B of the
standards can be "decoupled” from Subpart A).

By defining existing and background water quality at both the pro-
cessing and disposal sites, the DOE has demonstrated that the present
water quality is distinguishable and any adverse impacts from the reme-
dial action can be identified. In addition, construction of the dispo-
sal cell in no way precludes any future aquifer restoration activities
from taking place, should active restoration be deemed necessary.
Finally, because the period of construction is relatively short at
Green River and the extent of existing contamination is almost entirely
within the site boundaries (land owned by the State of Utah), there is
very little or no risk that human health or the environment could be
jmpacted by leaving the contamination in place during the interim
period between remedial action and evaluation of groundwater cleanup.
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There are several methods of restoring the affected aquifers at
the Green River processing site if it ever becomes necessary to do sc¢
Because the source of contamination will be removed when the tailin
are placed and stabilized at the disposal site, and background qualit
of groundwater in the affected aquifers is poor, the most appropriate
method of restoring the aquifers is probably to allow the contamination
to flush naturally and disperse downgradient from the site. Natural
flushing may be used as the sole method for restoration, or it may be
used in conjunction with any of a number of active restoration methods.
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E.2 DISPOSAL CELL FEATURES TO PROTECT WATER RESOURCES

important in the performance of a disposal cell for protecting water resources
at Green River. Details of the proposed disposal cell cover are presented in
Section E.2.2. Design details and specifications are presented in Appendix F.

£.2.1

DESIGN CONSIDERATIONS

The disposal site is in a topographically high area 600 to 1200
feet south of the present tailings pile (see Figure D.5.1 of Appendix
D). The present tailings surface is in the floodplain of Brown's Wash
(elevation 4080 feet) and the proposed disposal site is 4140 feet in
elevation at the existing grade. The tailings will be placed in a
mostly below-grade disposal cell; the base of the excavation will be at
an elevation of about 4098 feet. The disposal cell foundation
(unsaturated bedrock) consists of moderately to highly fractured shale,
mudstone, and limestone of the upper Cedar Mountain Formation to a
depth of about 15 feet below the base of the excavation. Below this
depth, the Cedar Mountain Formation is saturated and it consists of an
additional 10 to 40 feet of moderately to highly fractured silty
sandstone and sandstone conglomerate. A diagrammatlc cross section of
the proposed disposal cell and foundation 1is shown on Figure E.2.1.
Figure £.2.2 shows the components of the cover system.

In terms of groundwater protection, the cell design makes maximum
use of favorable natural conditions at the site. Some of the desigi

This section discusses natural site features and design considerations—"

and disposal site features and considerations include the following: —

0 Mostly below-grade disposal of the tailings to 1limit the
exposed area of the pile, and thereby minimize percolation of
precipitation through the tailings.

o Consistent, uniform, vertical fracturing of the foundation
bedrock to prevent ponding ("bathtubbing") in the tailings, and
promote drainage of runoff water from the toe of the cell.

o Abundant, desirable, secondary minerals on the foundation
fracture surfaces to attenuate tailings seepage in the un]wke]y
event that seepage leaves the cell.

o Strong, upward, vertical hydraulic gradients in the saturated
bedrock downgradient of the disposal site to inhibit downward

migration of contamination.

o Flow direction in the shallow groundwater beneath the disposal
site that is toward the present tailings pile and existing
contamination.

o Inclusion of a buffer layer to absorb contamination exiting the
contaminated material and to separate contaminants further from
groundwater.
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Limitjng .the placement moisture content of the contaminated
materials in order to prevent drainage of construction water.

Placement of a tight clay cap and surface drainage layers that
promote runoff and limit infiltration.

The following sections describe in more detail the site-specific

natural

features and design considerations important in the optimum

performance of the proposed cell design to protect groundwater.

£.2.1.1

Climate

Climate is an important design consideration because of
its effects on the quantity of water available to percolate
through the tailings and potentially move contaminants to
groundwater. The Green River site is semiarid and is there-
fore well-suited for tailings disposal.

Climate at the Green River site is discussed in detail in
the environmental assessment (DOE, 1988c). The average annual
precipitation at Green River was six inches for the period
1951 through 1980. Other climatological data as excerpted
from the environmental assessment are: the average annual pan
evaporation (60 inches per year); the average annual tempera-
ture (52°F); and the average snowfall (10 inches per year).

C. W. Thornthwaite Associates (1964) and the DOE (1983)
have calculated the net infiltration of annual precipitation
to groundwater (deep percolation) for Green River, Utah. Both
studies independently calculated the ratio of yearly precipi-
tation to vearly actual evapotranspiration to be unity; that
is, no water percolates to the groundwater from precipita-
tion. In reality, there is some very small discrete gquantity
of water that reaches the groundwater system when climate
conditions allow deep percolation (i.e., sustained rainfalls
or melting snow cover; Walton, 1970). This natural recharge
occurs in topographically 1low areas where soils remain
saturated for long periods (Freeze and Cherry, 1979).

Rush et al. (1982) estimated that one percent or less of
the average annual precipitation in the Green River, Utah,
area recharges the upper groundwater system. Rush et al.
(1982) note that the recharge estimate is conservatively high
because all of the soils within the study area were assumed to
be coarse-textured and, therefore, to have a high potential
for deep percolation. In addition, this nominal recharge was
estimated to occur in low-lying areas within the basin,
principally 1in drainages. One percent of the average annual
precipitation at Green River is equal to 1.4 x 10-9 inch
per second (4.8 x 109 centimeters per second, or cm/s).

The consumptive use of precipitation by vegetation is
nominal in the Green River area because of the lack of rain-



fall and consequent lack of vegetation. For this reason, the
rock cover proposed for the Green River disposal cell i-
appropriate. It is reasonable to believe that the dispos:
cell will 1limit infiltration through the tailings to a rate—
that is equal to or less than the conservative estimate of
basin recharge by Rush et al. (1982). Additional discussion
regarding cover infiltration and performance is presented in
Section E.3.2.

E.2.1.2 Drainage of surface runoff and tailings water

Drainage of surface runoff

Precipitation that falls directly on the disposal cell
will either evaporate, infiltrate into the tailings, or run
off the cell through the rock riprap or filter bedding. The
disposal cell and foundation must act to prevent leachate
generation by the runoff water that could potentially accumu-
late: at the contact of the disposal cell cover with the
foundation embankment.

A conservative estimate of the gquantity of runoff from
the disposal cell cover system is 15.2 centimeters per year
(cm/yr) (equal to the average annual precipitation) multiplied
by the total area of the cell (4.4 acres; 1.8 X 108 cm2).
Theoretically, this runoff could create a ring of ponding
(below-grade) around the toe of the pile (see Figure E.2.1).
Should ponding occur, the minimum infiltration (drainage) rat
will be proportional to the vertical hydraulic conductivity of—
the bedrock, under a gradient of unity. For drainage con-
siderations, a value of 0.2 foot/day (7.1 x 105 cm/s) was
chosen to be a conservative value of the bulk (fractured)
vertical hydraulic conductivity of the fractured foundation
bedrock beneath the disposal site. This value is equal to the
lowest calculated bulk horizontal hydraulic conductivity of
the upper-middle hydrostratigraphic unit (see Table D.5.8 of
Appendix D). Therefore, the minimum drainage rate would equal
7.1 x 1072 cm/s. Making allowances for the geometry of the
cell and the porosity of the bedding layer (assumed to be
0.25), the maximum potential ponding depth around the
periphery of the cell would equal 74 cm (29 inches), or about
23 inches (maximum) ponding into the Type A riprap. The width
of this ponding ring around the perimeter of the cell is very
small (approximately one percent of the area of the tailings)
and thus the ponding would have no affect on infiltration or
leachate generation.

This estimate of maximum potential ponding 1is very
conservative because it assumes (1) the buffer layer beneath
the tailings is non-existent, when in reality the buffer layer
will help drain any runoff from the toe of the cell and
prevent preferential flow paths from developing; (2) a minimum
calculated bedrock hydraulic conductivity; (3) no evaporation;
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and (4) no infiltration. A more likely condition is that a
significant portion of the precipitation that falls on the
cell will evaporate back to the atmosphere or infiltrate into
the foundation rock and/or surrounding soil.

Drainage of tailings construction water

Tailings materials and windblown and other contaminated
materials will be placed in the disposal cell in as dry of a
moisture condition as practicable in order to minimize the po-
tential impact of drainage of construction water. The discus-
sion of analyses presented in Section E.3.2 shows that the
actual placement moisture content of these materials will com-
pare to the residual moisture contents determined from labora-
tory capillary retention data. Therefore, the drainage of
tailings construction water has been considered in the overall
groundwater compliance strategy.

£.2.2 DISPOSAL CELL DESIGN

The Green River disposal cell cover will consist of a series of
layers on top of the compacted contaminated materials. Prior to place-
ment of contaminated material, a layer of uncontaminated silty to clayey
sand will be placed to cover the fractured bedrock surface of the exca-
vation. The various lavers, including the windblown and other contami-
nated materials and the unsaturated bedrock below the disposal cell,
will act as a system that prevents contamination of the uppermost aqui-
fer. The system is designed to limit the movement of moisture through
the disposal embankment to less than the saturated hydraulic conductivi-
ty of the infiltration/radon barrier operating under a unit gradient.

In addition, the cover components prevent erosion of the disposal
cell by stormwater runoff,:1limit the radon emanation into the atmos-
phere, and prevent ponding of water on the disposal cell surface by
promoting rapid runoff of precipitation.

Figure E.2.1 shows a cross section of the tailings disposal cell.
Details of the cover are shown in Figure E.2.2. The reasons for incor-
porating the individual components of the disposal cell and the design
specification for each are discussed in this section. The performance
of each component and the system are described in Section E.2.2.2.

£.2.2.1 Cell components

Cell geometrv

The disposal cell surface area has been minimized by
providing the deepest burial depth (below-grade) without
compromising the depth from contaminated material to
groundwater. Also, the steepest sideslope geometry that
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optimizes rock sizes for erosion control has been used. The
topslope area has been minimized to the extent allowed b
conventional construction equipment. A1l of this results ,
an optimized pile geometry that will minimize the amount or—"
time that precipitation remains on the cell.

Erosion barrier (riprap)

The rock riprap will protect the disposal cell from
erosion up to Probable Maximum Precipitation (PMP) surface
water flows. No other design feature except possibly
vegetated earthen covers can perform this task. At Green
River the amount of rainfall is insufficient to support a
vegetated cover (see Section E.2.1.1). The riprap will also
serve the following functions:

o To prevent deep drying of the underlying infiltration/
radon barrier and thus potential cracking.

o To limit the amount of vegetation that can establish
itself on the pile.

o To provide frost protection to the underlying layers.

The quality of rock specified will meet NUREG/CR-4620
(Nelson et al., 1986) for durability and the layer will be
sufficiently thick (12 1inches) to provide adequate erosion
protection (DOE, 1988b). Specifications for rock qualit:
placement criteria and placement details are contained in—
Section 2278 of the Final Design, Appendix F.

Bedding laver

The bedding layer will consist of six inches of clean
sand and gravel. It will perform in three ways: (1) by
acting as a separator between the infiltration/radon barrier
and the rock riprap during construction; (2) by allowing rapid
runoff of surface water from rainfall over the radon barrier;
and (3) by providing frost protection for the underlying
layers. The material will have a design hydraulic conduc-
tivity of greater than one c¢m/s and be specified to meet
NUREG/CR-4620 (Nelson, et al., 1986) durability criteria.
Specifications for grading and placement are contained in
Section 2278 of the Final Design in Appendix F.

Infiltration/radon barrier

The infiltration/radon barrier will consist of three feet
of bentonite-amended, compacted clay soil obtained from the
Elgin borrow source. The soils will be modified with six
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percent sodium bentonite and placed so that a minimum labora-
tory saturated hydraulic conductivity of 2 X 10-8 cm/s will
be obtained. The wupper portion of the infiltration/radon
barrier along with the riprap and bedding material will act as
frost protection to the lower portion. At least one foot of
the infiltration/radon barrier will be maintained below the
design frost depth. Specifications and details of the radon
barrier processing, placement, and compaction are presented in
Section 2200 of the Final Design, Appendix F.

TJailings

Tailings placed in the disposal cell will be compacted at
a moisture content that is near the specific retention moisture
content of the material. Compaction and environmental (dust
control) water will be controlled so that the final in-place
moisture content of the tailings is as near or below this value
as practicable. The Final Design, Appendix F, provides speci-
fications in Section 2200 for placement, compaction, and mois-
ture control of contaminated materials.

Windblown and other contaminated material

The windblown and other contaminated material will be
placed and compacted at a moisture content as near to the spe-
cific retention moisture content as practicable. These mater-
ials contain minor radioactive contamination but, as indicated
by the laboratory batch and column leach tests, they do not
provide significant contamination to the percolating water.

Buffer laver

Particle gradation of the buffer laver will be finer (as
measured by the percent passsing the No. 200 sieve) than the
tailings. The upper eight to ten feet of disposal cell exca-
vation is considered a suitable source for this buffer laver.
The moisture content at placement for this layer is 11 to 17
percent, which is also the predicted long-term steady state
moisture content. Placement and compaction specifications are
contained in Section 2200 of the Final Design, Appendix F.

Disposal cell longevity

The EPA standards (40 CFR 192) require that the disposal
cell be designed for 1000 years where reasonably achievable,
and in any case for at least 200 vears. Natural, stable mater-
ials will be used in construction so that the long-term per-
formance is ensured. Design techniques will be used that are
suitable for periods much longer than the 1000 years required.
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Rock erosion protection has been sized and suitable.
durable material selected that will perform adequately ove
the design life of the disposal cell. Bedding material has—
been selected using the same durability criteria as that of
the rock. The material is sized to drain water rapidly, and
oversizing is employed to provide a margin of safety from
plugging by wind-blown silts. Also, the bedding is bounded on
top by larger diameter riprap; should some plugging occur, it
will enhance runoff in the rock riprap layer.

The radon barrier clays will be protected from erosion by
the rock erosion protection and the bedding layer. Uniformity
of hydraulic conductivity will be ensured by the addition of a
small percentage of sodium montmorilionite (bentonite). Al
material placement and compaction has been specified to ensure
that the disposal cell will be constructed as designed.

The final Remedial Action Plan (RAP), construction docu-
ments, and associated calculations are all prepared as docu-
mentation of the disposal cell performance. The effect of
freezing and thawing was not documented in these supporting
calculations. The following discussion demonstrates that the
disposal cell cover will provide adequate protection from
freezing and thawing cycles. A separate calculation has been
performed to support this discussion and is retained at the
DOE UMTRA Project Office, Albuguerque Operations Office,
Albuquerque, New Mexico.

In order to determine the effect of frost penetration._ -

upon the cover design, it is necessary to determine the depth
of frost penetration for the site and cover materials. Data
necessary to determine depth of freezing include the minimum
and maximum temperatures at the site, the geometry of the
cover (specifically the thickness of each component), the dry
density of each component, and the moisture content(s) at
which the cover is performing.

Weather data

Historical weather data are available for Green River,
Utah, from the National Oceanographic and Atmospheric Adminis-
tration (NOAA). The Green River weather station is 1.5 miles
west-northwest of the disposal site and at 4070 feet above mean
sea level. The original grade at the site is 4154 feet above
mean sea level. Based on the topography of the area, it is
reasonable to assume that the site and the weather reporting
station are in similar climatic areas and are not influenced
by microclimatic (topographic) effects. Thirty-eight years of
temperature data are available, of which 20 years provide
sufficient annual data to be usable for analysis.
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Cover geometry and material properties

The cover geometry analyzed was presented in Section
£.2.2.1. The 12-inch-thick erosion protection layer has a dry
density of 140 pounds per cubic foot, and being free-draining,
will have a low moisture content estimated at five percent.
The sand and gravel bedding material is also free-draining.
The estimated dry density is 130 pounds per cubic foot and the
moisture content is five percent. Since these are estimates
based on typical values for soil and rock, sensitivity analy-
ses are performed to observe the effect of cover geometry and
material properties on frost depth. The infiltration/radon
barrier will be placed at a dry density of not less than 110
pounds per cubic foot and will operate unsaturated near the
optimum moisture content of 15 percent. Since some variation
in the long-term moisture content of this material is antici-
pated, sensitivity analyses are performed varying the moisture
content of the radon barrier material. Since the cover will
be designed to maintain at least one foot of radon barrier
below the calculated frost depth, no other soil properties are
required for the analysis.

Analvtical techniques

Published 1literature on frost depth provides various
regional frost depth maps of the United States. One such map
shows a frost depth of 32 inches for the Green River vicinity
(U.S. Navy, 1982). Discussions with the Green River city
engineer indicate that foundations and pipes are typically
buried 36 inches below ground. For detailed analyses of the
disposal cell cover design, a computer program developed by
the U.S. Army Corps of Engineers Cold Regions Research and
Engineering Laboratory was used. The program 1listing, along
with the methodology employed in performing the analyses, is
presented in "The Effect of Freezing and Thawing on UMTRA
Covers" (DOE, 1988b). Results of the analyses are on file at
the UMTRA Project office in Albuguerque, New Mexico.

Statistical curve-fitting techniques were used to
extrapolate the historic recorded temperatures to obtain a
' ¢00-year return interval for the required weather data. The
Jeast squares linear regression was used because it provides a
good "fit" for the data. This resulted in a predicted
nonexceedance freezing index value of 1080 degree days, a
47.5°F mean annual temperature, and a 137-day duration of
freeze.

Additional conservatism was added to the analyses by
assuming that the coldest and longest freezing period occurs
simultaneously with a dry period. Thus, insulating factors
such as snow and ice accumulations in riprap were ignored.



Results

Based upon the information and data presented in ti g
previous sections, a frost depth of 38.7 inches was calculates—
for the Green River site. Variations of material properties
for the rock riprap, bedding, and infiltration/radon barrier
layers resulted in less than seven percent variance in the
depth of freezing. Variations in climatic conditions as input
parameters also resulted in less than seven percent variance

in the depth of freezing.

The value selected for the depth of freezing is deeper
than that used by local building officials and is considered a
reasonable and conservative value for use at the Green River
site. Although weather data are extrapolated for only 200
vears, the calculated frost depth will have a longer return
interval than 200 years since the insulating effect of snow
was conservatively ignored.
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£.3 DISPOSAL AND CONTROL OF RADIOACTIVE MATERIALS AND NONRADIOACTIVE
CONTAMINANTS

£.3.7 GROUNDWATER PROTECTION STANDARD FOR DISPOSAL

For the Green River disposal site, three basic factors for
complying with the groundwater protection standards are required (40
CFR 192.02). These are (1) determipation of hazardous constituents
within the disposal cell, (2) proposal of a concentration limit for
each hazardous constituent, and (3) specification of the point of
compliance. The following sections discuss these requirements.

£.3.1.1 Hazardous constituents

Appendix IX of 40 CFR 264 1is a list of hazardous
compounds and elements used in screening suspected contami-
nation at land-based hazardous waste treatment, storage, and
disposal facilities under the EPA's Resource Conservation and
Recovery Act (RCRA) Program. The 1list in Appendix IX is also
used to screen for contamination due to uranium mill tailings
and ore processing. However, most of the hazardous compounds
in Appendix IX are not normally associated with uranium mill
tailings because they were intended primarily for screening
RCRA hazardous waste sites. The proposed EPA groundwater
standards for uranium mill tailings disposal at inactive sites
(40 CFR 192) incorporate Appendix VIII of 40 CFR 264 by
reference; Appendix VIII has been superseded by Appendix IX.
In addition to the Appendix IX suite, molybdenum, nitrate,~—"
radium 226 and 228, uranium 234 and 238, and gross alpha
activity are potentially hazardous constituents within uranium
mill tailings, and should be considered during characterization
(40 CFR 192.02(3)(i,11)).

The hazardous constitusnts within the Green River tail-
ings are related to both the uranium ore and the chemicals
used in the milling process. Section D.5.2.8 of Appendix D,
Site Characterization, discusses the milling process at Green
River and the physical and chemical characteristics of the
tailings. The following discussion of hazardous constituents
within the Green River tailings is subdivided into inorganic
and organic components. Table £.3.1 is a summary of the
hazardous constituents identified within the Green River
tailings.

Inorganic constituents

The inorganic constituents within the tailings at Green
River are mostly metal and metalloid elements associated with
the uranium ore. Those elements that should be considered
include antimony, arsenic, barium, beryliium, cadmium,
chromium, lead, mercury, selenium, silver, thallium, tin, and )
vanadium (40 CFR 264, Appendix IX). Of these elements, only
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Table £.3.1 Summary of hazardous constituents within uranium mill
tailings at Green River, Utaha

Concentration Concentration Detection EPA

Constituent pore waterb subpileC 1imitd McLe Standardf
Cadmium 0.032 <0.001 0.001 0.010 Title I
Chromium 1.88 0.03 0.01 0.05 Title 1
Molybdenum 0.15 0.27 0.01 0.1 Title I
Nickel 25.3 0.05 0.04 none Title I
Nitrate 2251 440 1 44 Title I
Selenium 0.15 0.76 0.005 0.01 Title I
Uranium 448.0 2.23 0.003 0.044 Title I
Vanadium 178.0 0.24 0.01 none Title 1
Radium-226

and -228 NM 7.5 pCi/l 2.0 pCiN 5.0 pCi/y Title I
Gross alpha NM 1200.0 pCi/l 0.2 pCi/1 15.0 pCi/1 Title I

4A11 concentrations are in mg/1 unless noted otherwise.

bpata from lysimeter 714 (see Figure D.5.1 and Table D.5.22 of Appendix D).
Values are arithmetic mean where two analyses are reported in Table D.5.22.
"NM" means not measured.

CMaximum reported value from Table D.5.14 of Appendix D for on-site alluvial
monitor wells 702 and 808.

diaboratory method detection limit.

€"None" means there is no MCL for that constituent.

frritle I" refers to EPA proposed standards for remedial action at inactive
(Title I) uranium processing sites (40 CFR 192). The MCLs established by 40
CFR 143 are the same as those in the State of Utah Drinking Water Standards
for community water systems.
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arsenic (0.05 milligrams per liter, or mg/1), barium (1.0
mg/1), cadmium (0.01 mg/1), chromium (0.05 mg/1), lead (0.0°
mg/1), mercury (0.002 mg/1), and selenium (0.01 mg/1) hav

associated MCLs (see Table D.5.1). Other inorganic element

and associated MCLs include: (from 40 CFR 192.02(3)(i,i1))
molybdenum (0.10 mg/1); nitrate as NO3 (44 mg/1); radium-226
and -228 activity (5.0 picocuries per liter, or pCi/1);
granium-234 and -238 (30 pCi/1 activity or 0.044 mg/1); and
gross alpha activity (15 pCi/1). Based on acidic (low pH)
pore water samples of the Green River tailings (see Table
D.5.22 of Appendix D), values of the following inorganic
hazardous constituents are higher than the proposed MCLs (see
Table E.3.1):

o Cadmium.

o Chromium.

0o Molybdenum.
o Nitrate.

o Selenium.

o Uranium.

Concentrations for the following inorganic hazardous
constituents without MCLs are higher than laboratory method
detection 1imits (see Table E.3.1):

o Nickel.
o Vanadium.

Originally, beryllium and thallium were not analyzed fo:
in groundwater, tailings, windblown sojls, or buffer materials
at the Green River site. Both of these elements exist in
trace quantities in nature. However, recently the DOE has
evaluated whether beryllium and thallium are hazardous
constituents in the contaminated materials (see Table D.5.27
of Appendix D). Representative samples of tailings, windblown
soils, and buffer materials were collected and analyzed for
these constituents. Laboratory analyses indicate that neither
beryllium nor thallium is present in the contaminated
materials. Consequently, these two constituents will not be
included in the 1ist of hazardous constituents at the disposal
site.

Ammonium contamination was identified in the top hydro-
stratigraphic unit beneath the present tailings pile (see
section D.5.2.7 of Appendix D). Ammonium was used in the
milling process (see Section D.5.2.8 of Appendix D) and may be
present in the groundwater beneath the tailings by the chemi-
cal reduction of nitrate within the tailings to ammonium.
Ammonium is present in much lower concentrations within the
tailings pore fluid (see Table D.5.22 of Appendix D) than in
concentrations presently in groundwater beneath the tailings
(see Figure D.5.19 of Appendix D). Ammonium is not considered
a hazardous constituent per Appendix IX of 40 CFR 264 or 40
CFR 143 and it has no associated MCL.

—
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£.3.1.2

Organic constituents

Any organic compounds within the tailings would be present
from processing activities. As discussed in Section D0.5.2.8
of Appendix D, the sand tailings at Green River were leached
with acid, and excess acid was neutralized with ammonia.

As discussed in detail in Section D.5.2.7 of Appendix O,
a priority organic pollutant scan and analyses specifically
for volatile and semi-volatile organic compounds were con-
ducted on a sample from a lysimeter and several monitor wells
at the tailings site. The analytical results showed no com-
pounds to be present in confirmable concentrations (TAC,
1988). However, methylene chloride will be included in the
hazardous constituents 1list because it is the breakdown
product of several organic compounds, and has the potential to
exist at the disposal site. Therefore, the DOE has added
methylene chloride to the hazardous constituents 1ist. The
priority pollutant scan results and the other organic analyses
are on file in the DOE UMTRA Project Office in Albugquerque,
New Mexico.

Proposed concentration limits

The DOE intends to comply with the proposed EPA ground-
water standards by meeting MCLs or background concentrations
for those constituents identified in Section E.3.1.1 and
summarized in Table E.3.1. Specifically, the proposed
concentrations are as shown in Table E.1.1. Section E.3.2
will demonstrate that the disposal cell will perform
adequately to prevent any long-term adverse impacts to
groundwater beneath, or peripheral to, the disposal site.

Arsenic and lead have not been identified as hazardous
constituents of concern at the Green River site, but they can
be derived from the uranium milling process and have been
evident at other UMTRA Project sites in excess of their
respective MCLs. Consequently, the DOE will include these
elements on the hazardous constituents 1ist.

The proposed concentrations listed in Table E.1.1 were
selected with consideration of the distribution of constit-
uents in the upper-middle and lower-middle hydrostratigraphic
units, both of which subcrop beneath the proposed disposal site
(see Sections D0.5.2.3 and D.5.2.5 of Appendix D). The quality
of water in these two units beneath the disposal area is simi-
lar (see Section D.5.2.6 of Appendix D). Table E.3.2 is a
summary of the descriptive statistical parameters for the back-
ground water quality at the disposal site. Monitor wells used
to define the background water quality beneath the disposal
site include 816 in the upper-middle unit and 562 and 813 in
the lower-middle unit (see Figure D.5.1 of Appendix D for
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Table E£.3.2 Descriptive statistical parameters for background water
guality at the Green River UMTRA Project disposal site,
Green River, Utaha

Number Arithmetic _ b Observed
Constituent of samples, n mean, X X + 2s max imum Skewness
Cadmium 4 0.003 0.007 0.005 0
Chromium 1 0.03 0.09 0.09 1.057
Molybdenum 11 0.1 0.24 0.22 0.290
Nickel 4 0.06 0.09 0.09 1.155
Nitrate 11 90 180 173 0.161
Selenium 11 0.383 1.779 2.50 2.478
Uranium 11 0.0538 0.1252 0.1460 1.303
Vanadium 10 0.08 0.30 0.38 2.326
Radium-226 5 2.1 pCil 4.5 pCi/l 3.9 pCi/1 0.438
and -228
Gross alpha 5 89 pCi/ 195 pCi/l 150 pCi/1 0.041

aA11 concentrations are in mg/1 unless noted otherwise. See Table E.1.1 for
proposed concentration limits. Samples include water quality analyses from
monitor wells 562, 813, and 8i6 from sample rounds 6/86; 9/86; 2/87; 10/87;
1/88; 5/88; and 7/88. See Figure D.5.1 of Appendix D for location of wells.
bMean value plus two standard deviations from the mean.

locations of the monitor wells). The following are detailed
explanations of how the proposed concentration limits were
determined.

Arsenic

The DOE does not propose a concentration 1limit for
arsenic. Instead, the NRC's proposed interim concentration
1imit of 0.05 mg/1 (MCL) will be utilized. This interim Jimit
may be revised based on new monitoring data to be collected
during and following construction of the disposal unit.

Cadmium
The DOE proposes an MCL of 0.01 mg/1 for cadmium. Cadmium

has been measured three times in monitor well 562, and once in
well 813. The concentrations ranged from <0.001 to 0.005 mg/1.

Chromium

The DOE proposes a concentration of 0.09 mg/1 for chro-

mium. Chromium has been measured twice in the upper-middle __-
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unit and nine times in the lower-middie unit. The observed
concentration range was <0.01 to 0.09 mg/1.The mean was 0.03
mg/1. The value of the mean plus two standard deviations from

the mean was 0.09 mg/1.

Lead

The DOE does not propose a concentration limit for lead.
Instead, the NRC's proposed interim concentration 1limit of
0.05 mg/1 (MCL) will be utilized. This interim 1imit may be
revised based on new monitoring data to be collected during
and following construction of the disposal unit.

Methvlene chloride

The DOE does not propose a concentration 1limit for
methylene chloride. Instead, the NRC's proposed interim
concentration 1limit of 0.005 mg/1 (background) will be
utilized. This interim 1imit may be revised based on new
monitoring data to be <collected during and following
construction of the disposal unit.

Molybdenum

The DOE proposes a concentration of 0.24 mg/1 for molybde-
num, which is the mean concentration of 11 analyses plus two
standard deviations from the mean. Molybdenum has been mea-
sured twice in the upper-middle unit and nine times in the
lower-middle unit. The observed concentration range for these
was 0.02 to 0.22 mg/1.

Nickel

Nickel has neither a proposed MCL (per 40 CFR 192), an
EPA secondary drinking water 1limit, nor a state of Utah

"drinking water maximum concentration 1imit. Nickel has been

measured three times in monitor well 562 and once in well
813. The arithmetic mean of the four values was 0.06 mg/1.
The observed values ranged from 0.05 to 0.09 mg/1. The DOt
proposes a concentration of 0.09 mg/1 for nickel, which is the
mean value plus two standard deviations from the mean; it is
also the maximum observed value from the four analyses.

Nitrate

Nitrate has been measured twice in the upper-middle unit
and nine times in the lower-middle unit. The observed con-
centration range for these analyses was 12 to 173 mg/1. The
arithmetic mean of the eleven analyses was 90 mg/1. The DOt
proposes a concentration of 180 mg/1 for nitrate, which is the
mean value plus two standard deviations from the mean.
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Selenium

Selenium has been measured twice in the upper-middle uni

and nine times in the lower-middle unit. Selenium concentra=—"

tions have been highly variable in both of the units; the
observed concentration range for the available analyses was
<0.005 to 2.5 mg/1. The arithmetic mean of the eleven analyses
was 0.383 mg/1. The DOE proposes a concentration of 2.5 mg/]
for selenium, which is the maximum observed value from the 11
analyses.

Uranium

Uranium has been measured twice in the upper-middle unit
and nine times in the lower-middle unit. The observed concen-
tration range for the available analyses was 0.0074 to 0.146
mg/1. The arithmetic mean of the eleven analyses was 0.0538
mg/1. The mean value plus two standard deviations from the
mean was equal to 0.125 mg/1. The DOt proposes a
concentration for uranium of 0.1460 mg/1, which is the maximum
observed concentration for wuranium 1in the 11 background
analyses.

Vanadium

Vanadium has been measured twice in the upper-middle unit
and eight times in the lower-middle unit. The range of tht

available analyses was <0.01 to 0.38 mg/1. The arithmetic-

mean of the analyses was 0.08 mg/1. The mean value plus two
standard deviations from the mean was equal to 0.30 mg/1. The
DOE proposes a concentration for vanadium of 0.38 mg/1, which
is the maximum observed concentration of the 10 background
analyses.

Radium-226 and -228

The DOE proposes an MCL of 5.0 pCi/1 for radium -226 and
-228. Radium activity has been measured once in the upper-
middle unit and four times in the lower-middle unit. The
observed activity range for radium was 0.8 to 3.9 pCi/l1 for
the five analyses.

Gross alpha

Gross alpha activity has been measured once in the upper-
middle unit and four times in the lower-middle unit. Gross
alpha activity ranged from 21.0 to 150.0 pCi/1 for the five
analyses. The arithmetic mean value of the analyses was 89.0
pCi/1. The DOE proposes an activity of 195 pCi/1 for gross

alpha, which is the mean value plus two standard deviations

from the mean.

E-27



Natural variation

The DOE-proposed concentration 1imits and NRC-proposed
interim concentration limits discussed in this section will be
reviewed and updated following the two-year interim monitoring
period following completion of the remedial action as necessary
to reflect the additional background data. The measured
concentrations have a natural variability associated with them
and must be adequately assessed for planning purposes.
Construction and performance monitoring will be discussed in
more detail in Section E€.3.4. A corrective action plan for
the disposal site will be discussed briefly in Section E.3.5.
Final details of performance monitoring and corrective action
plans will be presented in a separate document (surveillance
and maintenance plan) for the Green River site.

£.3.1.3 Point of compliance

The point of compliiance at the Green River disposal site
will be the entire northwest and northeast edges of the
engineered cell as shown in Figures E€.3.1 (plan view) and
£.3.2 (cross section). Details of the number of monitor wells
at this location and the frequency of sampling will be
discussed briefly in Section E.3.4 and in detail in the
forthcoming surveillance and maintenance plan for the Green
River disposal site.

E.3.2 PERFORMANCE ASSESSMENT

The proposed disposal cell design as described in Section E£.2 will
prevent the introduction of contaminants into the groundwater by
providing for leachate travel times from the base of tailings to the
bottom of the disposal cell of between 450 to in excess of 1100 years.
Due to the lack of understanding of the behavior of seepage in the
vadose zone below rock-covered areas, as well as Tlimitations of
currently available groundwater (infiltration) models, a conservative
approach to evaluating the pile performance was taken.

Travel time was e-~timated from the base of the tailings through
the windblown and other contaminated material, and through the buffer
layer. Credit for travel through the windblown and other contaminated
material was taken because laboratory batch and column leaching tests
on these materials indicate that they contain no significant leachable
contamination (see the set of calculations accompanying this RAP).
Travel time through the foundation bedrock cannot be accurately esti-
mated due to fracturing. Because any leachate percolating through the
tailings is not expected to reach groundwater within the design 1ife of
this cell, no degradation of groundwater quality as a result of

remedial action is anticipated.
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This section describes the analyses performed to evaluate seepage
through the disposal cell and summarizes the impacts on disposal cel’
performance. The calculations performed for these analyses ai -
retained in the DOE UMTRA Project Office, in Albuquerque, New Mexico. ~—~

£.3.2.1 Conceptual model assessment

In order to estimate the travel time of contaminated
water to the groundwater and to evzluate the sensitivity of
these analyses and associated assumptions, several approaches
were used to predict the cell performance. Analyses of the
redistribution of moisture through the cell were performed
using UNSAT2 computer code (NRC, 1983). In addition, simpli-
fying assumptions were made by assuming that the steady state
travel time will be controlled by the least permeable layer
(in this case the cover) and that the materials will operate
at a flux equivalent to this saturated hydraulic conductivity
under a unit gradient.

System geometry and boundary conditions

Figures E.2.1 and E.2.2 are diagrammatic cross sections
depicting the cell cover, tailings, windblown, and other
contaminated material, buffer layer, and foundation soils and
bedrock. Detailed information about each of those components
is provided in Section E.2.2 and D.4 of Appendix D.

It is assumed that moisture redistribution occurs in a—~
vertical direction or one dimensional flow, due to the rela-
tive homogeneity of the materials and the large lateral extent
of the cell in relation to its thickness. The cover layering
consists of three feet of compacted infiltration/radon barrier,
over 25 feet of compacted tailings, which in turn overlies 25
feet of compacted windblown and other contaminated material.
Under this materizl is a six-foot-thick compacted buffer layer
overlying 14 feet of bedrock between the base of the cell and
the uppermost aquifer. Other aspects of the cover system and
cell geometry are discussed in detail in Appendix B.

Other boundary corditions used for the UNSAT2 modeling
include the presence of continuously available free water to
the top of the infiltration/radon barrier. This is conserva-
tive, since historical meteorological data indicate that water
from precipitation is only available four percent of the the
time. This includes time for water to run off the cell fol-
lowing a rainfall event. Therefore, the upper boundary assump-
tion is conservative. A lower boundary suction equivalent to
14 feet of suction was applied to the bottom of the cell,
representing maximum capillary forces as influenced by the
saturated condition in the uppermost aquifer. Since the
bedrock is fractured between the cell base and the water table
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it is doubtful that full capillary forces will be developed.
Varying this lower boundary between zero and minus 21 feet
pressure head resulted in no significant change in the cell
performance. The use of full capillary force due to the
proximity of the uppermost aquifer 1is a conservative
assumption.

For the simplified analysis it was assumed that water is
continuously available to the top of the infiltration/radon
barrier, that the infiltration/radon barrier operates in a
fully saturated condition, and that the flux below the radon
barrier is equivalent to the saturated hydraulic conductivity
of the infiltration/radon barrier operating at a unit gradient.

Material properties

The results of capillary retention tests, saturated
hydraulic conducitivity tests, and mechanical properties tests
for the compacted infiltration/radon barrier, compacted
tailings, compacted windblown and other contaminated material,
and buffer are presented 1in Appendix D and Appendix G.
Material properties were selected that are considered
representative of the materials used to construct the disposal
cell. Variations of material properties were assessed 1in
selecting values wused in the analyses. These material
assessment calculations are retained in the DOE UMTRA Project
Office, Albuquerque, New Mexico.

The measured retention data for each soil were used to
estimate coefficients for van Genuchten's retention function
using the RETC program (van Genuchten, 1984). The fitted
retention function was then used to predict the unsaturated
hydraulic conductivity as a function of moisture content.
Results of the application of the RETC program to the
retention data discussed above are on file at the DOE UMTRA
Project Office, in Albuquerque, New Mexico. The parameters
used to describe each soil are presented in Table E.3.3.

Part of this travel-time-related compliance strategy
involves use of the windblown and other contaminated materials
as part of the storage capacity of the percolating contami-
nated water. Therefore, this material should not be capable
of producing contaminants when leached. In order to verify
that this is indeed the condition of the windblown and other
contaminated material, a series of batch and column leach
tests were performed on samples considered representative of
this material (see Appendix H). The results and interpreta-
tion of these tests are on file at the DOE UMTRA Project
Office, Albuguerque, New Mexico. These tests confirm that the
windblown and other contaminated material are not capable of
producing significant amounts of contaminated leachate.
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Table £.3.3 Hydrologic properties and parameters of the van Genuchten
retention function used to describe the disposal cell soil
Green River UMTRA Project site

S’
Parameter Soil description
Windblown
Infiltration/ Tailings and other Buffer
radon barrier contaminated
material
Compaction density, pcf
(% of optimum) 100 90 95 96
Saturated water
content (%) 32.0 45.0 33.0 33.0
Residual water
content (Vol. %) 26.9 3.0 2.5 2.5
« (fitted parameter)
(1/cm) 0.0060 0.0050 0.0034 0.0034
N (fitted parameter) 2.313 2.326 2.250 2.250
Saturated hydraulic 8 4 4 4
conductivity (cms) 2 x 10 6 x 10 1 x 10 1 x 10
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Analvtical procedures

Immediately after construction, <capillary gradients
created by contrasts in pore size and differences in initial
moisture content between the foundation, buffer, and tailings
would produce flux between these soils, and redistribution of
moisture within each soil type. At some time after cell
closure, moisture contents within the tailings, buffer layer,
and foundation soils will be in equilibrium with the average
flux through the infiltration/radon barrier. A combination of
capillary and gravitational forces would produce a constant
flux throughout the disposal cell profile. By placing the
tailings at or near the steady state moisture content of the
material, the drainage of contaminated water added due to
construction will be minimized. However, it is not practical
to specify the exact moisture content of the material as the
residual moisture content is a low value (three percent) for
the tailings and some water may be required for control of
fugitive dust or other health concerns during construction.

One method of analyzing the cell performance that
accounts for such transient seepage is the use of the UNSAT2
computer code (NRC, 1983). Boundary conditions and material
properties used for the analysis are discussed in the previous
two subsections. Analyses were peformed setting the initial
suctions of the tailings at values equivalent to volumetric
moisture content of five percent (residual moisture content)
and 7.1 percent (that obtained during construction). For the
buffer and windblown and other contaminated material, the ini-
tial suction was set at an equivalent volumetric moisture con-
tent equal to 10.6 percent (that obtained during construction).
The radon barrier initial suction was set equal to a moisture
content equivalent to that of optimum plus three percent. The
results of these analyses indicate that the flux from the bot-
tom of the cell reaches steady state at 8 X 10~9 cm3/cm?s after
100 years for the tailings placed at a higher higher moisture
content. Equilibrium was not reached for the lower moisture
content material. However, there is little difference in flux
rate between the two placement moisture contents for flux
rates greater than 8 X 10-9 cm3/cm?s.

A closer examination of the modeling indicates that the
higher flux rate exiting the bottom of the cell, which occurs
during the first 30 to 40 years, is a result of drainage of
excess moisture from the buffer. The tailings do not show a
change in moisture content from placement conditions until
long after the equilibrium flux from the bottom of the cell
has been established. Therefore, the rate of contaminant
movement prior to equilibrium can be considered equal to the
unsaturated hydraulic conductivity of the Jowermost tailings
material operating at a head equal to the suction imposed in
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£.3.2.2

the material. For the Green River tailings placed at 7.1
percent volumetric moisture content this corresponds to 5 °
10-9 cm/s at a gradient of near unity. Thus, the placemer

of tailings materials at or slightly above the long-term—

moisture content will result in no significant movement of
contaminants from the +tailings above those predicted for
steady state conditions.

Based on the steady state flux rate predicted by UNSAT2
(8 X 10-9 cm3/cmds) and the flux rate equivalent to the
saturated hydraulic conductivity of the radon barrier acting
under a unit gradient (2 X 1078 cm3/cm?s), the travel
time through the windblown material and buffer is calculated
to be 1130 and 450 years, respectively. The details and
analyses described above are retained in the DOE UMTRA Project
Office, Albuquerque, New Mexico.

Discussion

The steady state groundwater travel time through the
buffer is estimated to exceed 1000 years and in any case more
than 450 years. Because this estimate assumes that the bed-
rock foundation drains freely, it is considered to be a con-
servative lower bound. As discussed above, lack of data on
the unsaturazed hydraulic properties of the bedrock precludes
a better estimate of lower boundary pressure, or an accurate
estimate of travel time through the four meters of bedrock
separating ihe buffer from the water table. However, assuming
an effective porosity of five percent, transport of any
hazardous constituents from the base of the buffer to the
water table under a flux of 2 X 10-8 cm/s will require an
additional 120 years.

Because the placement moisture contents for each soil
will be equal to or less than those used in the analyses,
transient redistribution of water within the cell will not
create downward flow of contaminants which exceed the steady
state rate. Steady state velocities will therefore provide a
conservative estimate of travel time. Furthermore, tre con-
servative upper boundary assumptions made for the analyses
cause the predicted travel times to be greatly overestimated.
If no downward flow is assumed during periods when water is
not present atop the pile, the travel time can be extended by
a factor of 25.

Impacts summary

No degradation of groundwater quality will occur as a
result of the proposed remedial action for at least 450 years
and probably in excess of 1000 vears at the Green River UMTRA
Project site.
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£.3.3

£.3.4

CLOSURE PERFORMANCE ASSESSMENT

The DOE must demonstrate compliance with the closure performance
standard (40 CFR 192.02(a)(4)) by showing that the need for further
maintenance of the disposal site and cell has been minimized and that
the disposal wunit minimizes or eliminates releases of hazardous
constituents to the groundwater.

The durability and Tongevity of the cell has been demonstrated and
discussed in Section E.2.2.2. Section E.3.2 demonstrates and discusses
the adequacy of the disposal cell design to protect groundwater re-
sources at the Green River site.

GROUNDWATER PERFORMANCE MONITORING PROGRAM

The DOE will present a detailed groundwater monitoring program in
the S&M plan for the Green River site. This section briefly describes
the program and demonstrates that implementing such a program is
feasible at the Green River site. The main features of a performance
monitoring program include tailings moisture monitoring and saturated
zone monitoring. These features are described as follows.

E£.3.4.1 Disposal cell moisture monitoring

A disposal cell moisture monitoring program will be
implemented to demonstrate that the net flux of moisture
through the tailings, windblown materials, and buffer is near
2 x 108 cm/s, as described in detail in Section E.3.2.
Details of such a system will be presented in the S&M plan.

A higher cell moisture flux at the Green River site would
pose a Jow relative risk to humans or the environment. Four
neutron access holes for neutron moisture logging will be used
to monitor moisture within the tailings, windblown materials,
and buffer layer at different depths. The time-integrated
moisture versus depth data will be used to estimate the
unsaturated hydraulic conductivity of the materials. This
type of monitoring equipment has been used successfully at the
Shiprock UMTRA Project site (DOE, 1989a; Section £.3.2) to
relate moisture content (percent saturation) of the
infiltration/radon barrier to unsaturated hydraulic
conductivity of the radon barrier.

£.3.4.2 Saturated zone monitoring

The upper- and lower-middle hydrostratigraphic units of
the Cedar Mountain Formation will be monitored using standard
monitor wells at the designated point of compliance (see
Section E.3.1.3). There is nothing at the Green River site

- that would physically preclude wells from being installed at
the designated point of compliance.
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The pattern of monitor wells (or well pairs) will be
presented in the S&M plan. Because of the fractured nature of
the Cedar Mountain Formation, wells or well pairs shall |
spaced closer together than if the aquifer was homogeneous ane—"
isotropic. Well or well pair spacing likely will be on the
order of 80 to 100 feet apart at the point of compliance.
This relatively greater density of wells is consistent with
the procedures outlined in the "Guidance for UMTRA Project
surveillance and Maintenance" (DOE, 1986).

Performance monitoring frequency is also outlined in the
guidance document (DOE, 1986). Compliance wells shall be
sampled quarterly the first year following completion of
remedial action activities, semi-annually for years two
through six, and annually thereafter until the end of the
performance monitoring period.

Monitoring during remedial action activities shall take
place semi-annually. Samples shall be taken from the wells
shown in Figure E.3.3. The wells shown in Figure E.3.3 will
be retained for post-closure monitoring, but they will not be
sampled as frequently as the proposed performance monitoring
wells at the point of compliance. Figure E.3.3 also shows
surface water sites to be sampled.

The constituents to be analyzed shall include all of the
hazardous constituents listed in Table E.3.1 and E.1.1. In
addition to:these, major anions and cations will be analyzed
together with the standard suite of field parameters. A de-
tailed 1ist of constituents will be presented in the S&M plan.

As discussed in Section E.%.1.2, a natural variability is
associated with the proposed concentration limits for the
hazardous constituents at the Green River site. This natural
variability must be considered when defining excursions, and
should be updated as more background water quality data become
available. This approach is consistent with the S&M guidance
document (DOE, 1986). Details on the variability of concen-
trations for each hazardous constituent will be presented in
the S&M plan. Also, more background water guality data will
be available at that time, and will be considered in the
analysis of variability. nn

E.3.5 CORRECTIVE ACTION PLAN

The DOE s required by 40 CFR 192.02(c) to provide an
evaluation of alternative corrective actions that could be implemented
if the disposal monitoring program indicates that the disposal unit is
not performing adequately. The DOE should consider reasonable failure
scenarios of the disposal unit and demonstrate that corrective actions
could be implemented no later than 18 months after finding an exceed-
ence of the groundwater protection standard.
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As discussed previously in Section E.2.2, the Green River disposa!?
cell has been designed and will be constructed to perform for the man

dated design 1ife of 1000 years. The design of the cell has incorpora-~—"

ted standard safety factors, and should therefore perform for a period
of greater than 1000 years with minimal maintenance. With this in
mind, there is no "reasonable" failure scenario for the Green River
cell that would be related to structural instability or failure. It is
conceivable, however very unlikely, that the net flux of moisture
through the cell could exceed the anticipated steady state flux of 2 x
1078 cm/s (see Section £.3.2). The disposal cell moisture monitoring
program planned at Green River (see Section E.3.4.1) is designed to
provide early warning of this condition. If it is determined that the
moisture profile within the tailings is wetter than anticipated (within
some reasonable bounds to be specified in the S&M plan), an assessment
of the projected flux rate through the cell at that higher moisture
content will be made to determine the potential effects on groundwater,
if any.

If it is determined that there are potential adverse effects to
groundwater quality, a risk assessment will be performed to determine
the potential threat to human health and the environment, if any. A
prziiminary risk assessment has already been done for the Green River
stz (DOE, 1989b). The risk assessment could be finalized to include
any specific constituents or pathways into the analysis in two to three
months. Based on the findings of the preliminary risk assessment, the
ambient water quality upgradient and peripheral to the disposal site is
not wusable. Therefore it 1is 1likely that any exceedences of the
proposed concentration 1imits (see Section E.3.1.2) will not constitute
an additional threat to human health and the environment. In addition, ~
the disposal site lies immediately upgradie. : of the present tailings
pile and existing contamination. Institutional control of existing
contamination from uranium milling processes at Green River, or active
restoration of the contaminated aquifers, would necessarily include any
potential contamination releases from the disposal cell. The need for
aquifer restoration at the Green River site will be addressed in a
separate process to comply with Subpart B of the final EPA groundwater
standards. Section E.3.6 addresses this subject in greater detail.

Finally, geochemical conditions 1in the potentially affected
aquifers at the Green River site immediately downgradient of the
disposal cell are favorable for attenuating redox-sensitive
contaminants. This condition is presently reducing uranium and nitrate
concentrations in the upper-middle unit beneath the existing tailings
pile. Geochemical conditions are discussed 1in detajil in Section
D.5.2.9 of Appendix D.

In summary, a corrective action plan for the Green River disposal
site contains the following main elements:

(1) Monitor moisture flux through disposal cell.

(2) If moisture content exceeds the acceptable value (to be
specified in the S&M plan), assess the potential impacts of
the higher cell moisture flux.
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£.3.6

(3) Request ACLs for any constituents predicted to exceed the
proposed concentration 1imits (based on a risk assessment) or
provide for corrective actions such as cover redesign and
construction (e.g., with a CLAYMAX infiltration barrier) if a

positive health risk is assessed.

Any exceedence of the proposed concentration Timits at the point of
compliance, as determined from saturated zone monitoring during the
early stages of performance monitoring, would likely be a result of the
drainage of water applied to the tailings during construction. Since
every effort is being made to minimize this condition (see Section
£.2.1.2), an excursion at the point of compliance 1is considered
unlikely, especially when the travel time through the buffer material
and foundation bedrock are considered (see Section E.3.2). If there is
an excursion at the point of compliance, the corrective action plan
would be the same as that for the unsaturated zone monitoring system.

The corrective action plan for the Green River disposal site will
also be presented in the S&M plan.

CLEANUP AND CONTROL OF EXISTING CONTAMINATION

Subpart B of 40 CFR 192 requires that the DOE perform a ground-
water cleanup evaluation of existing contamination at the Green River
processing site. The DOE and NRC consider that evaluation of ground-
water cleanup should be deferred until after the EPA promulgates final
groundwater protection standards, provided that disposal may proceed
independently of cleanup. This section addresses two issues: (1) de-
monstration that the DOE may proceed with disposal independently of
cleanup ("decoupling"); and (2) potential restoration methods that
could be employed at the Green River site should restoration be deemed
necessary.

£.3.6.1 Decoupling

Section D.5.2.7 of Appendix D addresses the extent of
existing groundwater contamination from uranium milling acti-
vities at the Green River processing site. Sections E.3.1.3
and E.3.4 address the programs to monitor groundwater quality
peripheral to the disposal cell during and after remedial
actions. Given that the water quality has been established at
both the old tailings site and at the disposal site, the DOE
has demonstrated that existing contamination and any future
contamination resulting from disposal activities can be dis-
tinguished and appropriate corrective actions can be taken to
control any contamination resulting from disposal activities
(see Section E.3.5).

Finally, because the period of construction activities is
relatively short at the Green River site, and the extent of
existing contamination is mostly within the site boundaries,
there is 1ittle chance that human health or the environment
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could be affected by leaving the contamination as is during
the interim period between remedial action activities and th-

evaluation of groundwater cleanup. ¥
.

£.3.6.2 Potential restoration methods

Active restoration methods fall into two general cate-
gories: (1) above-ground removal methods, wherein the
contaminated water is removed from the aquifer, treated, and
either disposed of, used, or reinjected into the aquifer; and
(2) in situ methods, such as the addition of chemical 1lixivi-
ants to mobilize the contamination in the subsurface aquifer
system. An aquifer restoration program at the Green River
site may involve one or more of the restoration methods
discussed below.

Extraction

Contaminated groundwater can be extracted with wells or
trenches. The use of trenches 1is 1limited to relatively
shallow contamination (generally less than 50 feet deep) and
is most useful in materials with low permeability. For most
cases where the contamination is in permeable materials and in
cases of Jow permeability but deep contamination, wells are
the preferred extraction method.

Treatment —

The need for treatment prior to discharge or reinjection
into an aquifer depends upon the concentrations of contaminants
in the extracted groundwater and the regulations regarding dis-
charge of effluent to surface and groundwater. Various methods
for treating the contaminated water are available. Most of the
treatment methods are chemical. These include chemical preci-
pitation, coagulation, ion exchange, flocculation, neutraliza-
tion, sorption, and reverse osmosis. Contamination can be
separated physically from water using evaporation ponds. Bio-
logical treatment can be used to transform nitrate to nitrogen
gas and oxygen ga:. The preferred treatment methods depend on
the specific mix of contaminants, the concentration of the
contaminants, the general water quality, the volumetric flow
of the treatment stream, and the available area for treatment
facilities.

In situ treatment

In addition to above-ground treatment, two in situ treat-
ment methods may be applied. These are lixiviant injection and
permeable treatment beds or walls. Both methods can be used to
cause reducing geochemical conditions, which would cause the.
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trace metal contaminants to precipitate or absorb out of solu-
tion into the solid phase. Although chemical reduction could
reduce solute concentrations to less than the appropriate con-
centration limits, dissolution or desorption could occur as the
geochemical environment reequilibrates. Therefore, chemical
reduction does not provide long-term assurances that adequate
water quality could be maintained. The preferred in situ
treatment would result in mobilizing contaminants by causing
oxidizing conditions so that contaminants can be removed
expeditiously from the subsurface. Permeable treatment beds
or walls cannot be used effectively for this purpose.

A lixiviant is a solution of complexing species (either
ions or molecules) that enhance the solubility of species
(metals) to be removed from the aquifer during restoration.
Injection of oxidizing lixiviants containing hydrogen peroxide
or oxygen to oxidize the system and sodjum bicarbonate to
increase the pH may be useful for removing contaminants that
may leach from the solid phase. Although this technology is
unproven, it may be the only practicable method to remove
trace metal contamination, primarily in the solid phase, that
leaches to the groundwater at concentrations above the
. acceptable concentration limits.

Lixiviants would be introduced by injection or infiltra-
tion upgradient of the contamination. The 1lixiviant would
move through the contaminated zone, interact with the liquid

and solid phases, become impregnated with contaminants, and be
extracted at the leading edge of the contaminant plume.

Discharge

Following the extraction, or extraction and treatment, of
contaminated water, the water would be discharged. Options
for discharge include:

o Discharge to surface water.

o Infiltration.

o Injection in shallow wells.

o Injection in deep wells.

Natural flushing

Natural flushing is a passive restoration method whereby
dissolved or precipitated contaminants in groundwater are
dispersed or removed over time by the natural flow of ground-
water. Under Subpart B of the proposed EPA standards, passive
restoration may be permitted if it can be demonstrated that
natural flushing can occur within a period of 100 years or
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less and that the groundwater is not now and is not projected
to be used for a community water supply (or other substantia’
use) within this period. Natural flushing may be employ:

as the sole method for aquifer restoration, or it may be usew—"
in conjunction with any of the active restoration methods
described above. Natural flushing may be the most logical way
to approach groundwater restoration at the Green River site.
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