Environmental Survey
April 3 - April 5, 1979

ANACCNDA COPPER COMPANY
Yerington, Nevada

April 17, 1979



INTRODUCTION AND PURPOSE

The environmental survey of Anaconda's Yerington Operations began on
April 3, 1979 and was conducted for three days. The study included a radiological
survey (gamma emission) of the mine dumps, open pit, stock piles and the tailings

areas. Soil, water and vegetation samples were also collected at select locations
for radiological analysis. :

The purpose of this study is to locate any possible radiological hazards
within the mining and milling areas.

s

PROCEDURE

The gamma survey was condu~nted from a pick-up truck using a PRM-7 Micro
R Meter. All dumps, stockpiles and tailings ponds were surveyed as access and
time permitted. Readings were recorded every 20-40 meters. The instrument was
operating continuously between recording points to check for any anomaly. Any
exposure rates greater than 25 u R/hr were staked and recorded. A fine grid
survey is set up on such anomalies with readings taken every 7-10 meters in all
directions away from the anomaly until background readings are encountered. The
field data sheets and maps with gamme survey routes are included with this report.
The survey route on the maps has a corresponding data sheet page number. Dumps
with gamma readings where the starlard deviation of the group is less than 35%
of the population are deemed as uniform and only require a 9 point composite
soil sample. Dumps that are not uniform are soil sampled on a finer grid.

Soil was sampled on all dumps, stockpiles and tailings sites. Soil was
also sampled at any anomaly. Nine composite sub-samples were taken on sites
that comply with the uniformity criteria. The non-uniform sites were sampled with
two sets of composites. The sample area is 10 meters square and approximately
300 grams of soil material was collected at each of the points. The composites
will be analyzed for Re226, Thorium 230 and Uranium-Nat.

Vegetation was sampled in the same locality as was the soil, when possible.
A composite sample of the vegetative species (2 Kilograms) was collected on
dumps supporting growth. This sampling will reveal uptake of radiological
materials from subsurface soils. Many areas at the mine did not support veg-
etation because of recent disturbance or leach treatments.

Three water samples were collected and will be analyzed radiologically.
A1l soil, vegetation and water sample locations are pin pointed on the mine
maps. ’

Five anomalous readings were located on the Yerington property. All the five
sites are staked, marked and on the maps. Abnormal readings 1 and 2 (marked A-1
and A-2) are not serious but finger ponds 3, 4 and 5 (marked A-3, A-4 and A-5)
display high gamma readings particularly pond 5. Pond solids will be analyzed
and the results will more closely identify the probliem.

Laboratory results of water, soil and vegetation samples will be forwarded
as soon as recieved.



PSR COMPARTY

..+ Operations
ENVIRONMENTAL SURVEY A1l readings in uR/hr
(Gamma)
Standard
Location _Date Mean Reading Deviation *Uniformity
Background
Road to Singatze Peak 4-3-79 144 1.88 0.0k
W-3 Oxide %4-3-79 13.27 1.33 0.03
DW-13%* k-3-79 15.6 3.26 0.08
DW-6 (4O pte) 4-3-79 13.5 2.0 0.05
DW-6 (Lower Deck) 4-3-79 16.2 1.85 0.10
DW-6 (Lower Deck)¥* 4-3-79 17.0 3.62 0.061
DW-6 (Lowest Deck) 4-3-70 12.6 1.05 0.062
DW-11 4-3-79 13.9 1.37 0.02
DW-1 4-4-79 11.8 1.85 0.09
DW-3 South 4-4-79 11.6 2.14 0.08
DW-3 Pit 4-k-79 12.4 1.78 0.0"
DW-3 North of Dw-3 pit h-4-79 12.9 1.3 0.0
DW-3 Nertheast Deck Y-k-79 14.11 1.36 0.15
DW-3 North 4-4-79 1-.8 1.28 0.0€
DW-3 Sulfide 4-4_70 13.44 0.98 0.05
S-23 (Low grade

Stockpile) b-4-79 Il 7 1.93 0.09
Oxide Tails, Lower Deck

(55 pt) 4-4-79 14.8 2.66 0.01
Oxide Tails, Mid Deck h-4-79 13.38 1.57 0.08
Oxide Tails, Top Deck h-4-79 i2.9h4 1.24 0.07
Sulfide Tails, Covered
with Oxide Tails 4-5-79 13.5 1.31 0.02
Sulfide Tails

Uncovered 4-5-79 15.53 1.06 0.07
“ulfide Tails ’

Evaporation Area (P-2) L4-5-79 17.36 1.61 0.07
Evaporation Ponds 4-5-79 14.00 1.61 0.02
Finger Ponds

# k-5-79 15.0 1.50 0.12
#o 4-5-79 15.66 1.43 0.11
#3 4-5-79 26.83 4.19 0.35%%
#u 4-5-79 23.84 3.50 0.26
#5 4-5-79 93.00 15.90 1.06%*

*A group is uniform provided the Standard Deviation is less than 35%
of the population

**Locations that require two composite soil samples



ANOMALOUS READINGS (Ureater than 25 uR/hr)

Additional
Location Date Reading Sggpling

DW-13 South Crest A-1 L-3-79 25 uR/hr Soil - Veg
DW-6 Near center on Road A-2 4-3-79 27 uR/hr Soil - Veg
Finger Evap Pond #3 A-3 4-5-79 30 uR/hr Soil
Finger Evap Pond #4 A-L 4-5-79 32 uR/hr Soil
Finger Evap Fone #5 A-5 L-5-79 120 uR/hr Soil



ANACONDA COPPER COMPANY
Yerington Cperations

ENVIRONMENTAL SURVEY

Soil samples to be analyzed for Uranium-Nat., Radium 226 and Thorium 230.

All semple locations are noted on the maps included with this report.

1. Dump W-13 Oxide 9 point composite
2. Dump W-13 A-1 9 point composite
3. Dump W-6 9 point transect composite
4, Dump W-6 9 point transect composite
5. Dump W-6 (Top deck) A-2 9 point composite
6. Dump W-11 9 point transect composite
7. Dump W-1 9 point composite
8. Dump W-3 (South) 9 point composite
9. Dump W-3 (Pit or slot) 9 point composite

10. DW-3 (North of Pit or slot) 9 point composite

11. DW-3 (NE Deck) 9 point composite

12, DW-3 (North Deck) 9 point composite

13. DW-3 Sulfide 9 point composite

1k, S-23 lLowgrade 9 point composite

15. Oxide Tails (Mid Deck) 9 point composite

16. Oxide Tails (Lower Deck) 9 point composite

17. Uncovered Sulfide Tails 9 point composite

18. Evaporation Tails Ponds 9 point composite

19. Large Evapcration Ponds 9 point composite

20. Finger Pond 3 - A-3 18 point composite

21, Finger Pond 4 - 4-4 9 point composite

22, Finger Pond 5 - A-5 1€ point composite
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Vegetation samples to be analyzed for Uranium-Nat., Radium 226 and Thorium 230.

ANACONDA COPPER COMPANY
Yerington Operations

ENVIRONMENTAL SURVEY

sample locations are noted on the maps included with this report.
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ANACONDA COPPER COMPANY
Yerington Operations

ENVIRONMENTAL SURVEY

Water samples to be analyzed for Uranium-Nat

All sample locations are noted on the maps.

]

Cpen Pit 4-4-79
Sulfide Tailings (Uncovered) h-5-79
Evaporation Pond (S) L5

., Radium 226 and Thorium 230.

Grab sample
Grab sample
Grab sample



WESTERN RADIATION CONSULTANTS, INC. Industrial, Medical, Environmental
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July 17, 1984 HEALTH, SATETY & Efvieniti T

To: Arthur P. 0'Hayre
Project Repraesentative
Health, Safety & Environment Dept.
Anaconda Minerals Company
565 Seventeenth Street
Denver, Colorado 80202

Subject: ODraft report of review of radiological analyses of groundwater
samples: Data submitted to Western Radiation Consultants, Inc.
July 9, 1984.

The data submitted to WRC included analyses for gross alpha, gross
beta and total uranium for eleven samples and gross alpha, gross beta, total
uranium, Ra-226, Th-230, and Pb-210 for four additional samples. The data
were reviewed for conditions of secular equilibrium, comparison with
existing and proposed standards, and radiation risk associated with ingestion
of water from these sources. Recommendations for future work were also
formulated.

The description of services suppijed by Anaconda indicated that only
eight sampies were analyzed for gross alpha, gross beta and total uranium.
HoweJer, our examination of the data showed eleven such samples. These
eleven samples included two domestic wells and a ditch. ‘1n addition, the

re s TAese wpee
data sheets 1ndijpted that some values were in e ,%Iﬁr. /gweqer corrected—
Caus'[ e h/o».. &ﬁfﬂu¢ ST XY vV Coimws c~o.5
values were—not—supplied- . Therefore, the rev1ew was based on Jio g~
data available—~.

James E_ Johnson, Ph.0., Certilied Health Physicist Janst A, Johnsan, M.S.. Caritind Heanth Pnysiiist  Hidding G. Olson, Pn.D., Nuclear Enginesr. P.E.
Eugenc L. Pavtier, Ph.0., Blophysicist  F. Ward Whicker, Ph.D.. nadbumlvnlsl



I. Conditions of Secular Equilibrium

For the four samples on which complete analyses were preformed (W5AA-2,
W4AAB-2, USGS-2B, and USGS-13) the condition of secular equilibrium apparently
was not present. Uranium concentrations were generally much higher than thorium

and radium concentrations. Thorium concentrations were higher than radium

besmrvm>
concentrations. The st&ndard deviations of the Pb-210 values are too Twogiym >
high to allow for interpretation in this regard. Laoum
Since gross alpha and gross beta concentrations are similar in the C

eleven samples analyzed only far gross alpha, gross beta and total uranium,

25 Th-234 and Pa-234 beta emitting daughters, as would be expected, appear to

AV .

" be in_secilar:equiiibéium with:tbe parent U-238. This could be partly due
to the ingrowth of the beta emitting daughters of uranium during the period
between sample collection and analysis. The large error limits preclude any

definitive interpretation with regard to secular equilibrium in these
samples.

JI. Compliance with Standards

A1l Ra-226 samples are within current U.S.E.P.A. drinking water
standards.

Uranium apparently accounts for the gross alpha activity in all
éﬁmples except for W5BB and USGS 1B. The uranium activity calculated from
the mass concentration reported exceeds or is approximately equal to the
-gross alpha in most cases. (Inherent uncertainty in the analysis may
account for the situations in which the uranium activity concentration
exceeds the gross alpha concentration.) The gross alpha concentration standard

(15 pCi/1 excluding radon and uranium) is not exceeded except possibly for



Sample USGS5-18 where the difference between gross alpha concentration and
uranium activity concentration is 24 pCi/1. Gross alpha and gross beta
concentratjons are in generaf agreement indicating approximate secular
equilibrium conditions and lend support to the assumption that the gross alpha
count is almost entirely due to uranium.

The Colorado Water Quality Standard for natural uranium (40 pCi/1)
is exceeded by six of the fifteen samples.. However, this standard is also

a0 4
exceeded in a large number of wells in the Denver area. »&9 E”’??\““n‘

[N

-,

Drinking water standards for uranium have begn(EZE?6§§ﬂ‘as”10w as \a y (o
10 pCi/1. Eleven of the 15 samples would exceed this level.

Although a few of the samples may slightly exceed U.S.E.P.A. drinking
water standards currently in effect, based on gross alpha, the data is

insufficiently precise to make that determination.

III. Risk assessment.

All of the data relating to radiation r1§k assessment are based on
ré\atively high radiation doses. Risk from low-level radiation doses (less
than 100 mSv) cannot be accurately determined. However, based on the linear
dose response assumption, a practical upper limit for risk from low-level
radiation can be estimated from dose response data at higher radiation doses.

“The concentrations of Ra-226, Th-230, and Pb-210 in all water samples
.analyzed are below regulatory limits and radiation risk is minimal. The
estimated risk from natural uranium in the water supplies tested was
calculated from ICRP annual limits of intake (ALI) for radiation workers.

The ICRP ALI results in a radiation dose of 50 mSv/y. The mean ALI for

natural uranium isotopes is about 4.5 x 10s Bg. The estimated annual



intake for ingestion of water containing 0.88 mg U-nat/1 is 1.77 x 104 Bq.
Therefore, the estimated annual weighted commitfed dose equivalent is 2.0 mSv.
Assuming a linear dose response, the risk of fatal cancer is 1x 10'5/m5v.
Therefore, the lifetime risk of ingesting water containiné 0.88 mg U-nat/1

is 0.1%. This can be compared to the normal lifetime risk of fatal cancer
of approximately 20%.

IV. Recommendations

1. The proper error 1imit to be applied to any analytical determination
of radionuclide concentration should not be simply the 1.96 x the std. dev.
due to counting. The total methodological error determined by replicate
analysis should be reported'for any individual sample analysis.

For any critical location, multiple samples should be analyzed. This

would add environmental variation to the methodological variation.

2. Additional samples should be collected and analyzed for those
locations where samples possibly exceeded current U.S.E.P.A. drinking

‘water standards.

3. Future analytical results should indicate whether the sample was
.f11tered before analysis ({.e. whether the results are due to dissolved

or suspended solids or both).




11485 W. 48th Avenue Wheat Ridge, Columdn &0033

Accu-Labs Research, Inc.
(303) 423-2766

July 3, 1984
Page 1 of

Mr. Mike Day

Applied Hydrology Associates

1338 Forest St.
Denver, CO 80220

RE: 904617896422

Date Samples Bec‘d 4416484

CORRECTED REPORT

REPORT OF ANALYSIS

YERl NGTON

YERI NGTON YERI NGTON

ALR Deslignation 15-1 7896-22-1 $6-1/896-22-
Sponsor Designatian YERINGTON YERINGTON :
N4cs-1 W4CB-2 Nell WoAAl Well WSAA-2 Well WSAB-L
) 45484 §+5-84 4-3-84 4-3-84 §-4-84
_Deternination pCi/L _ pie garies paaliden
Gross Alpha, total,
+ counting error? 03 3202 70 2¢2 140 2 30 67+ 9 -
Gross Beta, total,
£ counting error* b4 110 £ 40 5£3 74 £ 22 24 £ 6



July 3, 1984
Page 2 of 5

Mr. Mike Day
Applied Hydrology Associ ates

RE: 9046-17896:22
pate Samples Rec'd 4-16<84

CORRECTED REPORT

Accu-Labs Research, Inc.

REPORT DF ANALYSIS

AR Designation 50 - 5045-[78% 502 i 9045-1789 5 9046-17896
Sponsor Desfgnation YERINGTDN YERINGTON YERXNGTON YERINGTON YERINGTON
¥el) WHAB-2 Well W5BB Yell WSDB - Well W320C Yel1 USGS-1A
§24.484 44484 4-5-84 4-4-B4
~ Deternination pCi/L ‘
Gross Alpha, total,
% counting error* 140 £ 70 310 £ 60 21:6 t2 s
Gross Beta, total, ‘
8040 94 5+ 3 -

t counting error* 230 £ 80



July 3, 1964
Page J of §

Mr. Nike Day
Applied Hydrology Associates

RE: 9046-17896-22
Date Samples Rec'd 4:16-84

CORRECTED REPORT

Accu-Labs Research, Inc.

REPORT OF AKALYSIS

"- - ‘.

ALR Designation 9046 -178%6 X46-1789¢ 46-17896- . 306
Sponsor Designation YERINGTON YERINGTOM YERINGTON YERINGT ON
Well USGS-iB Well USS-2A Well USGS-28 Well USGS-7  Well USGS-13
4 4-6-84 4-6-84 4-4-84 4-4-84
Determination pCi/L '
Gross Alpha, total, .
t counting error* - 490 % 300 - 3314
Gross Beta, total, ’
- 650 £ 300 aa 81 t 14

t counting error*



July 3, 1964
Page 4 of 5§

Mr. Mike Day

Applied Hydrology Associates

RE: 9046-17896-22

Date Samples Rec'd 4-16-84

CORRECTED REPORT

LM”"’ 77

s

4@(/ OF ANALYSIS

04b=1785¢t - YU

o ; .
0J0= -l

Accu-l_,ahs Research, Inc.

'."1 BY0- -]

U430~ :.l «Z(

ALR Desfgnation J04B-Y 7806-22-4b 1:
Sponsor Designation _—YERINGTO! YERINGT OR YERINGTON YERINGTON
Domes tic e Wabuska Drain  Wabusks Drajn  Mabuska Orain
No. 1 Site ! Loc. No, 2 Loc. No. 3
8.3/ 4-6-84 4-6-84
Determination pCi/L
Gross Alpha, total, ,
£ counting errort 19 £ 4 1413 - - -
Gross Bata, total, -
+ counting error* 156 2 4 623 aa ad aa



Accu-Labs Research, Inc.

July 3, 1984
page 5 of 5

Mr. Nike Day

Applied Hydrology Associates
. ba(}'”@!)?
RE: 9046-17896-22 /
Date Samples Rec'd 4-16-84 /
CORRECTED REPORT AEPORT OF AHNALYSIS

T096-TTA0627-27

AR DesTgnation
Sponsor Designation YERINGTON WABUSKA
No. 5 at Campbell LA
4-6-84

Determination pCi/L
Gross Alpha, total, :

t counting error* 21+ 18 -
Gross Beta, total,

918 e

t counting error®

radioactive disintegration process (counting error) at the 95% confidence level, 1.960.
be disposed of 45 days after the date of this report.

By
ud Summers —  ——

Radiochemistry
BS/dh Supervisor

b

*Yarfability of the
These samples are scheduied to




11485 W, 48th Avenue Wheal Ridge, Colorado 806033
(303) 123-2766 :

2 Accu-Labs Research, Inc.

July 3, 1984
Page ! of 3

Mr. Mike Day

Applied Hydrology Associates
1338 Forest S¢t.

Denver, (0 80220

RE: 9046-17896-+22

Date Samples Rec'd 5+29-484
REPORT OF AHALYSIS

¥,

ALR Designation 1046-1 7896422~ 046 -1/896- 30361 /006-22=3 9046-17896- ‘ 390
Sponsor Designation YERIKGTON YERINGTON YERINGT 0N YERINGTON YERINGTON
Well WACB-1 Well WeCB-2 Well WSAA-L Well WSAA<Z Well W5AB<1
4-6-84 4584 43484 4-3-84 4-4-84
Determination pCi/L
Radiun-226, total,
t counting error* %d s wd 0.2 0.8 “e
Thorium=230, total, ‘ .
t counting ervor* =3 <4 as 0.0 £0.1 -
Lead-210, total, '
¢ counting error* - ey ad ‘ 0.6 21.4 -
Uranium (as U), total, '
mg/L - 0.003 0.47 0.003 0.21 0.096

*Variability of the radioactive disintegration process (counting error) at the 95% confidence. level, 1.960.



July 3, 1984
Page 2 of )

Mr. Nike Day
Applied Hydrology Associates

RE: 9046-17896-22
Date Samples Rec'd 5-29-84.

REPORT OF ANALYSIS

Accu-Labs Research, Inc.

ALR Designation 3048-17 - ; - 2= - - <
Sponsor Designation YERINGTOH YERINGTON YERINGTON YERINGTON YERINGT ON
Well WSAB-2 Well W588 Well USD8 Well W3AC Well USGS-1B
4<4-84 4-4-84 4-5-84 .4-4-84

Determination pCi/L
Radium-226, total,

t counting error* 0.4 0.6 dd -t a4 -
Thorium=230, total,

t counting error* 0.2 £ 0.2 -s < “d --
Lead-210, total, '

t counting error* D4t 1.7 - ia - -
Uranium {as U), total,

ng/L 0.048 0.38 0.019 0.003 0.032

*Yariability of the radioactive disintegration process (counting error) at the 952 confidence levei, 1.960.
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July 3, 1984
Page 3 of 3

Mr. Mike Day
Applied Hydrology Associates

RE: 9046-17896-22
Date Samples Rec'd 5-29-84 -

REPORT OF ANALYSIS ‘k

Accu-Labs Research, Inc.

Locn’r/w?

ALK DesTgnation 5045 -1 7896-02- LIl :
Sponsor Designation YERINGTON YERIHGTON ERINGTON
Well USGS-2B Well USGS<13 D1 tcH
4-6484 4.4-84 Site No. ¢
e 4-5-84
Determination pCi/L
Radium-226, total, .-
+ counting error* 2.5 £ 0.6 3.22 0.7 o e -
Thorium-230, total,
1 counting error* 58 £1.4 7.5 £ 1.2 s aa -
Lead-210, total,
+ counting error* 41,2 £ 4.2 7.7 £ 3.4 as - i
Uraniue (as U), total, ,
mg/L 0.8 0.026 0.037 0.015 0.036

*Variability of the radioactive disintegration process (counting error) at the 952 confidence level, 1.960.
These samples are scheduled to be disposed of 45 days after the date of this report.

BS/dh

\

<

7T SumETs

Radiochemistry
Supervisor



until shipment via UPS could be madc from Reno, Nevada. Samplaes were shipped
to Accu—labs for rsdiological analysis (groass alphe and beta), and a savple

split of USGS 2b was senC to Western Radiological Comoeultants of Fort

Collins, Coloxado,

2.2.4 Radiological Water Qualitry

Table & presents the resulcs of radiological analysia performed by Accu-Labs
of Wheatridge, Colorado. These analyses includa the determination of Gross
Alpha and Gross Becta, total aund dissolved Radium-226, and Uranium (as U).

Appendix A lists the original laboratory results as reported by Accu-labs.

3.0 PUMFP TESTS

As part of the field program, AHA conducted puwmp tests on well sites W4-CB,
WS=-AA, WSAB, W5-BB, wS-Dﬁ, and the drive-in movie theater. Multiple well
tests were performed at well sites W4-CB, 5AA and 5AB to obtain values of
transmissivity, horisontal and vertieal hydraulic conductivicy, and stoceg=
coefficient (W5-AB only). Single well tests were performed on the remaining
wells to yield values of transmissivity and horizonral  Thydraulic
énnducclvity. These tests were conducted mainly to determine the range of
aquifer properties for numerical modeling and comparison with sstimates from

lithologic data.



Table & Results ot Radiologlcel Analyses, Fall 1984, Yerington Operations, Weed Heights, Nevada

1 1 1 ]
Well Date Crueeas Cruse Crose Cross Radium— Radium— Uranium Uranium
No. Alpna, Alphas, Bara, Batas, 226, 226, (as U) (as U)
Toc al Diss. Total Dioons Total Diss, Total, ag/l Disvs, mg/1
UsGS-18  09-20-8% 67113 - 5323 - 0,501 - 0.12 -
USGS~-28 09-17-84 980 = 560 - $80 * 290 - 2.2%0.9 - 1.1 —_—
(saaple 1)
usSGs-28 09-18-84 380> 460 — 300 = z80 - 4.4% 0.4 - 1.1 -
(Sample 2)
USGS-28 09-18-84 1000 % 600 — 620 £ 290 - 2.6% 0.3 - 1.1 -
(Sample 3)
vecR-26 00-19-84 950 £ 560 — 590 ¥ 200 - 9.2%0.8 — 1.2 --
(Sampls &)
UsGs-28 09-20-8s 660 2510 — 330 280 - 0.6%0.4 _— 1.1 -
(samplc 5)
USC35-2D 09-20-84 YOOI 330 1702250 490%280 310 270 7.6%0.5 0.1T0.2 0.98 04024
{5ampls §)
WIAA2Z 09-19-84 210L 40 —-— 20219 - Ol b4 2.1 - 2.30 -
uSaml 09-15-84 s8x12 -— 20%) — 0.1 %0.1 - 0.11 -
usanz 09-186-85 300200 290%300 180¢Z70 170 70 0O.1%f0.1 o0.1%0.2 0,063 0.58
w4Ce2 09-19-84 2602 50 _— 130 £ 28 - or1¥o0,2 - 0.31 -
w538 p9-21-84 4202 70 - 170 £ 50 -— 0.0%to.1 -_ 0.78 -
D3ACI 09-11-84 &80T 80 460 % 80 220 =40 150 Ag 1.6 fO.Z =0s1 i'().l 0.25% 0.071
pS5anl 09-14-86 1300 1400 8202280 070300 860 220 2.470.3 -0.2%0.2 1.3 0.12
pRAN2 09-21-84 60T 160 410%120 Sr0fi100 220 90 18Ty 0.026.2 1.0 0.58
oV 09-20-84 1427 - 15%¢ - 0.0%fgt - 0.033 --
Phipps 09-21-84 2726 - 1%3 - 0.0t0.r — 0.029 -

By
Concencrracion fn pCi/l,



APPENDIX A

Regsults of Laboratory Analysis



January 15, 1985
Page 2 of 5

Mr. Mike Day
Applied Hydrology

RE: 9046-18822-22
Date Samples Rec'd 10-9-84
CORRECTED REPORT

REPORT OF ANALYSIS

ACCU-1LAaDSs nesearcn, Inc.

ALR Designation 0046-18822-22-6 9046-18822-22-1 9046-18822-22-8 9046-18822-22-9 9046-18822-22-10

Sponsor Designation Yerington Yerington Yerington Yerington Yerington
USGS Mo. 2B USGS No. 2B USGS No. 2B USES Ho. 2B USGS No. 28
Sample No. 2 Sample No. 3 Sample No. 4 Sample No. § Sample No, 6

9-18-84 9-18-84 9-19-84 9-20-84 9-20-84

Unfiltered Unfiltered Unfiltered Unfiltered Unfiltered

Determination: pCi/L

Gross Alpha, total,

+ counting error® 380 + 460 1000 £ 600 950 £ 560 660 ¢ 510 900 ¢+ 550

Gross Beta, total,

+ counting error* 500 + 280 620 + 290 530 £ 290 330 + 280 490 & 280

Gross Alpha, dissolved,
+ counting error* -~

Gross Beta, dissolved,
+ counting error* -

-

‘noc? 7R/ ROE T SP1ETO0SSY ABOTOJUpAH peTTddy :Ag

n aRo.




Accu-Labs Research, Inc.

January 15, 1985
Page 3 of 5

#r. Wike Day
Applied Hydrology

RE: 9046-18822-22
Date Samples Rec'd 10-9-84

CORRECTED REPORT REPORT OF ANALYSIS
ALR Designation 9045-18822-22-11 9046-18822-22-12 9046-18822-22-13 9046-18822-22-14 9046-18822-22-15
Sponsor Designation Yerington Yerington Yerington Yerington Yerington
- WA CB2 W5 AA2 ¥5 A8l W5 AB2 W5 88
9-19-84 9-19-84 9-15-84 9-16-84 9-21-84
Unfil tered Unfiltered Unfiltered Unfiltered Unfiltered

Determination: pli/L

6ross Alpha, total,
+ counting error* 260 £ 50 210 + 40 58 + 12 200 ¢ 90 420 £ 70

6ross Beta, total,
+ counting error* 130 ¢ 28 20219 28 7 180 + 70 170 + 40

6ross Alpha, dissolved,
+ counting error* --

6ross Beta, dissolved,
2 counting error* --



Accu-Labs Kesearchn, IncC.

January 15, 198%
Page 4 of §

Mr. Mike Day
Applied Hydrology

RE: 9046-18822-22
Date Samples Rec'd 10-9-84

CORRECTED REPORT : REPORT OF AMALYSIS
ALR Designation 9046-18822-22-16 9046-18822-22-17 9046-18822-22-18 9046-18822-22-19 9045-18822-22-20
Sponsor Designation Yerington Yerington Yeringtan Yerington Yerington
Domestic Well Phipp's Wel) DS ACl D5 AD-1 08 AB-2
9-20-84 9-21-84 9-21-84 9-14-84 9-21-84
Unfiltered Unfiltered Filtered Filtered Filtered

Deternipation: pCi/L

Gross Alpha, total,
£ counting errar* 1417 27 2 6 - - -

Gross Beta, total,
+ counting error* 1526 7%3

gross Alpha, dissolved,
+ counting error* - -- 460 + 80 820 ¢+ 280 410 = 120
Gross Beta, dissolved,

+ counting error* -- - 150 + 40 860 + 220 220 ¢ 80

cnac> 7as ene T *$918TJ0SSy ABOTOJPAH patTddy 1Ag



Accu-Labs Research, Inc.

January L5, 1985
Page 5 of 5

Mr, Mike Day
Applied Hydrology

RE: 9046-18822-22
Date Samples Rec'd 10-9-84

ADOITIONAL ANALYSIS REPORT OF ARALYSIS
ALR Designation 9046-18822-22-21 9046-18822-22-22
Sponsor Designation Yerington Yerington
UGS - 2B W5 AB2
Sample No. 6 . 9-16-84
9-20-84 Filtered
Filtered ’

Determination: pCi/L

Radfum-226, total,
+ counting error* --

Radium-226, dissolved,
+ counting error* 0.1+ 0.2 0.11 0,2

Uranium (as U),
total, mg/L

Uranfum (as U),
dissolved, mg/L 0.024 0.58

xVariabflity of the radioactive di sintegration process (counting error) at the 95% confidence level,
Thesa samples are scheduled to be disposed of 45 days after the date of this report.

' “S f\
}Uw-/b
ummers
8S/dh AQ-‘ Radiochemi stry

cc:  Art 0'Hayre Supervisor

1.960.

tAnnes 201 one ‘T fealrpTancaw ABOTOUDAM pDeTTddyY :Af 2
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January 15, 1985
Page 5 of 5

Br. Mike Day
Applied Hydrology

RE: 9046-18822-22
Date Samples Rec'd 10-9-84
CORRECTED REPORT

ALR Designation
Sponsor Designation

Determination: pCi/L

Gross Alpha, total,
+ counting error®

Gross Beta, total,
+ counting error*

Gross Alpha, dissolved,
+ counting error*

Gross Beta, dissolved,
¢ counting error*

*Yar{ability of the radioactive disintegratio
These samples are scheduled to be disposed of

BS/dh éﬂl

REPORT OF ANALYSIS

9046-18822-22-21
Yerington
uses - 28
Sample No. 6
9-20-84
Filtered

L)

170 + 250

310 £ 270

ACCU-LAaDsS nesearcn, mc.

9046-18822-22-22
Yerington
W5 ABZ
9-16-84
Filtered

‘nocz 7aJ eoe ‘1 S931BTo0ssy ABOTOJPAH peTTddy tAg

290 ¢ 100

170 £ 70

n process (counting error) at the 953 confidence level, 1.%60,
45 days after the date of this report.

[\
Rd A~
Bud Summers

Radiochemistry .
Supervi sor



Accu-Labs Research, Inc.
11485 W. 4Bth Avenue Wheal Ridge, Colurado 80013

(303) 423-2766

January 15, 1985
Page L of 5

Mr. Mike Day
Applied Hydrology
1338 Forest St.
Denver, CO 80220

RE: 9046-18822-22
Date Samples Rec'd 10-9-84 .
ADOITIONAL ANALYSIS

REPORT OF ANALYSIS

ALR Designation 9046-18822-22-1 9046-18822-22-2  9046-18822-22-3 9046-18822-22-4 9046-18822-22-5
Sponsor Designation Yerington Yerington Yerington Yerington Yerington
: 05AC-1 05AD-1 DBAB-2 USGS No. 1B UsGS No. 2B
9-21-84 9-14-84 9-21-84 9-20-84 Sample Mo. !
Unfiltered Unfiltered Unfiltered Unfiltered No date
Unfiltered
Determination: pli/L
Radfum-226, total,
+ counting error* 1.6 £ 0.2 2.4 0.3 18 21 0.5 2 0.1 2.212 0.3
Radium-226, dissolved,
+ counting error® - -- -- -- --
Uraniun (as U),
total, mg/L 0.25 1.3 1.0 0.12 1.1

Uraniun (as U),
dissolved, mg/L

thmea mn1 non St feaipTanacwy ABDTOUDAW DeTTAdY’ :AR 1



ACCU-L.a0s nesearcn, inc.

January 15, 1985
Page 2 of §

Mr. Mike Day
Applied Hydrology

RE: 9046-18822-22 .
Date Samples Rec'd 10-9-84

ADDITIONAL ANALYSIS REPORT OF ANALYSIS
ALR Designation 9046-18822-22-6 9046-18822-22-7  9046-18822-22-8  9046-18822-22-9 9046-18822-22-10
Sponsor Designation Yerington Yerington Yerington Terington Yerington
USGS No. 2B - USGS No. 2B UseS No. 28 UsGS Mo. 28 USGS Mo. 28
Sample No. 2 Sample No, 3 Saple No. & Sample Mo, 5 Sample No. 6
9-18-84 9-18-84 9-19-84 9-20-84 9-20-84
Unf{ltered Unfiltered UnfiTtered Unfiltered Unfiltered

Determination: pCi/L

Radium-226, total,
1 counting error? 4.4 £ 0.4 2.6 £0.3 5.2 £ 0,5 0.6 £ 0.4 7.6 £ 0.5

Radium-226, dissalved,
3 counting error* -- - -

Uranium (as V),
total, ng/L 1.1 1.1 1.2 1.1 0.98

Uranium (as U),
dissolved, mg/L -- -- -

‘nac? 2as B0 1 ‘S93IRTO0SSY ABDTOJPAH peT1ddy :Ag




Accu-Labs Research, Inc. -

January L5, 1985
page 3 of S

Mr. Mike Day
Applied Hydrology

RE: 9046-18822-22
Date Samples Rec'd 10-9-84

ADDITIONAL ANALYSIS REPQRT OF AXALYSIS
ALR Oesignation 9045-18822-22-11 9046-18822-22-12 9046-18822-22-13 9046-18822-22-14 9046-18822-22~15
Sponsor Designation Yerington Yerington Yerington Yerington Yerington
W4 CB2 W5 AAZ ¥5 ABL W5 AB2 W5 BB
9-19-84 9-19-84 9-15-84 9-16-84 9-21-84
Unfiltered Unfiltered Unfiltered Unfi]tered Unfiltered

Determination: pCt/L

Radium-226, total,
t counting errork 0.1 £0.2 0.12 0.1 0.1 £ 0.1 0.1 £0.1 0.0 £ 0.1

Rad{um-226, dissolved,
+ counting errork --

Uranium (as U),
total, mg/lL 0.51 .30 0.11 0.063 0.78

Uranfum (as V),
dissolved, mg/L -- -- - -

A

»
narvrrrdw
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January 15, 1985
Page 4 of §

Wr. Hike Day
Applied Hydrology

RE: 9046-18822-22

Date Samples Rec'd 10-9-84

ADDITIONAL ANALYSIS

ALR Designation
Sponsor Designation

Determination: pCi/L

Raddum-226, total,
t counting errort

Rad(w—ZZG. dissolved,
+ counting error*

Uranium (as U},
total, mg/L

Uranfum (as U},
dissolved, mg/L

REPORT OF ANALYSIS

Accu-Labs Research, lac.

9046-18822-22-16 9046-18822-22-17 9046-18822-22-18 9046-18822-22-19

9046-18822-22-20

Yerington Yeringtan Yerington Yerington Yerington
Domestic Nell Phipp's Well 0§ ACL 05 AD-1 D8 AB-2

9-20-84 9-21-84 9-21-84 9-14-84 9-21-84
Unfiltered Unfiltered Filtered Filtered F{iltered
0.0 £ 0.1 0.0 £ 0.1 -- -- --

-- - -0.l £ 0.1 -0.2 £ 0.2 0.0 2 0.2

0,033 0.029 -- -- -

- -- 0.071 0.12 0.58

o ———

I SN TN
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GEOCHEMICAL INVESTIGATION
ABANDONED MINE TAILINGS SITE
YERINGTON, NEVADA

1.0 INTRODUCTION

This Geochemical Investigation for the Abandoned Mine Tailings site in
Yerington, Nevada was conducted to evaluate the chemical characteristics of
the ground water affected by tailings seepage and to identify and quantify
geochemical mechanisms that control the migration of constituents in tail-
ing seepage. The ground water quality was compared to newly promulgated
Nevada standards to determine whether exceedances exist and where they
occur. The characterization was also made to determine whether radionu-
clides pose a problem in site ground waters.

Investigative efforts for this study were prompted by a clearly defined,
increasing trend of iron and sulfate in ground water from Well W5AB-1
downgradient from the tailings impoundment. Iron concentrations in water
from this well increased two times within the last three years from ap-
proximately 0.4 milligrams per liter (mg/1) in 1987 to 0.8 mg/1 in 1990.
In the same time period and the same location, sulfate increased from 1400
mg/1 to 2000 mg/1.

Despite the increasing trend of iron and sulfate concentration in Well
W5AB-1, sulfate concentrations dropped six times and most metals concentra-
tions dropped to nondetectable levels within a short distance (Tess than
1,300 feet) from the tailings impoundments (e.g., Well D4BC-1 on Figure 1).
This decrease in constituent concentrations indicates the presence of a
natural geochemical barrier at the site that reduces the rate of constit-
uent migration downgradient from the tailings impoundments. The geochemi-

cal evaluation presented in this report confirms the existence of such a
barrier for sulfate and metals.

1.1 Geochemical lnyg;;jgg;ign Program

The geochemical program included collection and analysis of ground water

and soil samples from the site. The ground water samples were analyzed for
the major ions, metals, and radionuclides (listed in Table 1) to assess the
potential exceedances with the Nevada Water Quality Standards (NWQS). The
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so1l samples were analyzed for soil pH and total iron 10 assess the geo-
chemical mechanisms controlling the migration of these chemical constit-

uents. Figure 1 shows the water and soll sampling locations.

Ground water samples were collected from six wells that are distributed
throughout the site. Water samples from Well USES-2B, downgradient from
the tailings impoundment, and Wells WS5AB-1 and W5AB-2, downgradient from
the evaporation ponds, were collected to characterize the water quality
under these potential sources of contamination. Water samples from Wells
D4BC-1 and USGS-13 were collected to assess the ground water quality down-
gradient from the tailings and evaporation ponds, respectively. In order
to characterize the water quality outside the apparent influence of the
tailings seepage, a temporary well was installed at the northeastern corner
of the property.

As shown on Figure 1, soil samples GC-1, GC-2, GC-3A, GC-3B, and GC-4 were
collected from auger holes installed adjacent to the wells. The soil
samples were collected from the same depth as the screened interval of each
well. so that both the soil and water samples represent approximately the
same geochemical conditions at each location.

1.2 Summary of Findings

Results of the investigation showed that ground water quality at the site
is similar to that of the previous characterizations as documented in
annual reports submitted between 1986 and the present. As in the past,
metals and sulfate concentrations are elevated in ground water under the
tailings area and decrease several orders of magnitude reaching nondetec-
table levels within a short distance from the tailings area (approximately
1,300 feet). Radionuclides were reported in concentrations below the water
quality standards or were nondetectable. In addition, gross alpha particle
activities, which appear to be elevated in previous analyses, were shown to
be present below the gross alpha standard.

CanonteFrvironmental



1.2.1 conceptual Geochemical Model

The results of the chemical analyses for water and soils samples were used
to develop a conceptual geochemical model that characterizes the evolution
of tailings seepage. This model defines a geochemical barrier that causes
ratardation of metals and sulfate by precipitation and/or adsorption mech-

anisms.

The model consists of three 2ones in which different geochemical

processes dominate. Figure 2 shows the extent of the three geochemical
zonas includad in the model.

Acidic Zone - This zone tnciudes the area underneath the tailings
impoundment and the former evaporation ponds. In this zone sotl

and water pH {s acidic (approximately 3.5 pH unit) and., as a re-

sult, sulfate and metals (éadmium, copper, iron, lead, manganese,
silver, and zinc) remain in solution.

Neutralizing Zong - This zone is located immediately downgradient
from the Acidic Zone. In this zone, the neutralization process
occurs when the acidic ground water (pH of 3.5) from the Acidic’
Zaone contacts neutral soil (pH of 7). This process results in
ground water with neutral pH and in retardation of metals and
sulfate due to precipitation/adsorption.

Elevated concentrations of cadmium, copper, lead, silver, and zinc
drop to nondetectable levels. Iron and manganese concentrations
were reduced by several orders of magnitude compared to the Acidic
Zone water. Sulfate concentrations in the Acidic Zone water were
reducad up to several orders of magnitude due to sulfate precipi-
tation as gypsum (CaSO4 °* 2H20).

Neutral Zone - This zone 1s located downgradient from the Neutral-
{zing Zone and is characterized by neutral soil and water pH. low
concentrations of sulfate, and laow to nondetectable levels of
metais. Only iron, manganese, and sulfate migrate into this zone
from the Neutralizing Zone in concentrations exceeding the

CanonielFrvironmental



standards. In the Neutral Zone, iron and manganese gradually drop
out of solution by adsorption. However, the remaining sulfate
migrating from the Neutralizing Zone continues to migrate in the
water with little change in concentration.

The conceptual geochemical model indicated that the Neutralizing Zone is a
naturally occurring geochemical barrier for metals and sulfate. However,
not all sulfate, iron, and manganese concentrations can be retarded by this
geochemica) barrier, mostly because thesa constituents have high infttal
concentrations within the upgradient Acidic Zone (17,400 mg/1, 2,690 mg/1,
and 162 mg/1, respectively).

Concentrations of iron and manganese remaining in water migrating from the
Neutralizing zone (7.3 mg/1 and 14 mg/1, respectively) continue to migrate
downgradient into the Neutral Zone. These constituents progressively
dacrease up to two orders of magnitude in the Neutral Zone due to adsorp-
tion of these metals onto the soil particles. Although Neutral Zone soils
act as a geochemical barrier for iron and manganese migration, they do not
have the capacity tu reduce sulfate concentrations. Therefore, sulfate
{(greater than 500 wg/1) will continue tu migrate in water.

CanomieFvironmental



2.0 GROUND WATER QUALITY CHARACTERIZATION

The ground water quality was characterized to determine the nature and

extent of seepage from the tatlings impoundment and the evaporation ponds.
The evaluation utilized the data developed from the ground water sampling
program conducted in June 1980. Figure 1 shows the ground water sampling
locations. The water samples collected from these locations were analyzed

for the inorganics (major ions and metals) and radionuclides listed in
Table 1.

Ground water quality was compared with NWQS established in Nevada Water
Pollution Control Regulation Rule 455.117. These standards are similar to
the primary and secondary Maximum Contaminant Levels (MCLs) established by
the Environmental Protection Agency (EPA). Since the NWQS have no standard
for radionuclides, for this investigation, primary MCLs established by the
EPA for gross alpha and total radium were applied. As for uranium, stan-
dards established by the states of New Mexico and Wyoming were gsed in this
investigation.

2.1 Inorganic Chemicals

Table 2 provides the results of the analyses of major ions and metals and
compares these constituents with the primary and secondary MCLs. As shown
in the table, sulfate and metals concentrations are elevated in the acidic
water (pH of 3.4) under the tailings area (a.g., Well USGS-2B on Figure 1).
Water from Well USGS-2B exceeds the primary MCLs for lead, cadmium, and

silver. The secondary MCLs for total dissolved solids (TDS), sulfate,
copper, 1ron, manganese, and zinc are also exceeded.

At approximately 1,300 feet from the tailings impoundment and the evapora-
tion ponds, sulfate and metals concentrations are reduced or dropped to
nondetectable levels. For example, sulfate concentrations dropped ap-
proximately six times from 17,400 mg/1 in water from Well USGS-2B to 2,750
mg/1 in water from downgradient wWell DABC-1. Also, lead, cadmium, silver,

Canoniefbwvironmental



copper, and zinc concentrations dropped to nondetecable levels. Iron
reduced 17 times and manganese reduced 2.6 times in water between Wells
USGS-2B and D4BC-1.

At a greater distance from the tailings impoundment, ground water quality
is improved further. Water from Well USGS-13 is located directly down-
gradient from the evaporation ponds and had exceedances of secondary MCLs
for sulfate, TDS, and manganese. In contrast, the Temporary Well, which is
located outstide the apparent influence of the tailings saepage, shows only
exceedances for TDS. This elevated TDS concentration may represent the
natural water quality in the area.

2.2 Radionuclides

Table 3 provides the results of the radionuclide analyses. These analyses
included gross alpha particle activities, natural uranium, radium-226,
radium-228. and thorium-230. The results of radionuclide analyses ware
compared to the primary MCLs listed in Table 3.

The results of the corrected gross alpha activities showed no exceedances
of the gross alpha standard with an apparent exception in water from Well
WS5AB-1. This well had higher alpha activity [16.1 picoCuries per liter
(pC1/1)] compared to the standard of 15 pCi/1. This exceedance is believed
to be dua to an analytical error rather than a representation of actual
ground water quality.

The following reasons justify the exceedance of gross alpha activity 1n
water from Well WS5AB-1 as an analytical error:

1. Water from the adjacent shallower Well WS5AB-2, which shows a
relatively higher impact from the tailings seepage, does not show
such elevated corrected gross alpha activities; and

2. None of the water samples collected from the other wells showed
elevated gross alpha activities.

CanomieFnvironmental



Since a standard of § pCi/1 for total radium (radium-226 + radium-228) was
established, radium-226 and radium-228 were evaluated together. The re-
sults of analyses showed that total radium throughout the site is always
1.4 to 5 times less than the standard of 5 pCi/l.

A standard for thorium-230 has not been established. Thorium-230 results,
as shown in Table 3, are generally nondetectable.

Uranium does not have an established standard in Nevada nor an established
EPA MCL. The states of New Mexico and Wyoming established a standard of

5 mg/1 for uranium. At the site, uranium concentrations range from 0.04
mg/l in water from Well USGS-2B to 0.76 mg/1 in water from Well W5AB-1,
which are 6.5 to 120 times less than the standard of 5 mg/1.

CanonielFnvironmental



3.0 CONCEPTUAL GEOCHEMICAL MODEL

A conceptual geochemical model was developed based on the characterization
of ground water and soils. Tables 2 and & show the results of the water
and so0il analyses, respectively, that were used for the development of the
model. The primary geochemical mechanism in the model is the neutraliza-
tion of the acidic seepage by the site soils. The neutralization causes

metals and sulfate to drop out of solution and to be retained in the soil
by precipitation and/or adsorption.

The conceptual geochemical model consists of three zones in which different
geochemical processes dominate. Figure 2 shows the approximate extent of
these zones.

1. Acidic Zone, which includes the area under the tailings impound-
mont (e.g., Well USGS-2B) and the evaporation ponds, is charac-
terized by low raetention of metals and sulfate due to acidic
conditions;

2. Neutralizing Zone, which includes the area in the vicinity of
Wells D4BC-1, W5AB-1, and W5AB-2, is characterized by high sulfate
and metal retardation due to the neutralization process; and

3. Neutral Zone, which includes the outlying area downgradient from
the Neutralizing Zone, is characterized by metals retardation due
to adsorption. Suilfate stays in solution under Neutral Zone
conditions.

In order to verify and quantify the geochemical mechanisms identified in
the model, the distribution coefficient (Kd) for iron was calculated for
each geochemical zone by utilizing iron concentrations in ground water and
soils as presented in Tables 2 and 4, respectively. Iron was selected in
this investigation to represent the geochemical conditions for pH-dependent
metals because it is present in detectable concentrations in ground water
throughout the site. Estimated Ky values for iron, shown on Figure 2,
indicate a measure of the mobility of fron in ground water moving through
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site soils. A large K, vaiue [(greater than 10 milliliters per gram
(m1/gm)] indicates high retention by the soils, and low Kd values (less
than 1) indicate minimal retention of the iron by sofls.

3.1 Acidic Zone

The Acidic Zone is characterized by acidic soil and water pH. As shown on
Figure 2, ground water and soil pH are acidic (approximately 3.5 pH units)
in water from USGS-2B and soil from the adjacent auger hole GC-1. The most
notable characteristics of this zone are the elevataed concentrations of
sulfate (17,400 mg/1) and metals (e.g., iron, manganese, silver, cadmium,
copper, lead, and zinc). Under the acidic conditions in this zone, sulfate
and metals remain in solution.

As shown on Figure 2, an iron K value of approximately 0.6 ml/gm was
calculated for the Acidic Zone. This low Kd value confirms that under
acidic conditions iron and the other pH-dependent metals (e.g., manganese,
cadmium, copper, lead, and zinc) remain mobile in ground water.

3.2 Neutralizing Zone

The neutralization process occurs when the acidic ground water from the
Acidic Zone comes in contact with neutral soil. This process results in
ground water with neutral pH conditions. The neutralizing zone conditions
are represented by the soil samples GC-2, GC-3A, and GC-3B and water sam-
ples from Wells D4BC-1, W5AB-1, and W5AB-2. As shown on Figure 2, both
ground water and soil pH are neutral in these locations.

Two major geochemical processes affecting constituent migration occur in
the Neutralizing Zone. These are:

1. Precipitation of sulfate as gypsum (Ca504.2H20) that begins in the
early stages of the neutralization; and
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2. Precipitation and adsorption of fron and other metals in ground
water that begins in the early stages of neutralization and con-
tinues throughout the process.

.1 8 ipi

Acidic water from the Acidic Zone migrating into the Neutralizing Zone
soils dissolves the naturally occurring calcium carbonate and frees calcium
cations into the solution. The nawly freed calcium cations react with
sulfate anions in solution and both precipitata out as gypsum (CasSO,°2H,0).
This precipitation process reduces the sulfate concentration in ground
water.

Once the acidic water 1is neutralized, calcium carbonate in the soils can no
longer be dissolved so that free calcium cations are no longer available to
precipitate out sulfate. Therefore, in later stages of the neutralization
process where gypsum precipitation no longer occurs, the remaining sulfate
ions migrate with the ground water.

As shown on Figure 2, sulfate concentrations of 17,400 mg/1 in the Acidic
Zone (e.g., Well USGS5-2B) decreased to 2,750 mg/) during the nautralization
process (e.g., water from Well D4ABC-1). However, subsequent to gypsum
precipitation during the initial stages of the neutralization process,

sulfate concentrations (greater than 2,500 mg/1) do not show significant
retardation in downgradient wells.

i tio

The Neutralizing Zone attenuates pH-dependent metals such as iron, man-
ganese, cadmium, copper, lead, and zinc. The attenuation of these metals
is accomplished by both precipitation and adsorption mechanisms. In this
zone, silver, cadmium, copper, and lead drop out of solution and have
nondetectable levels. In contrast, iron and manganese concentrations,
present in higher inittal concentrations, decreased from 2,690 mg/1 and 162
mg/]1 in the Acidic Zone water from Well USGS-2B to 7.3 mg/1 and 14 mg/l1 in
water from Well W5AB-2, respectively.
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The high attenuation capacity of soils for iron is also confirmed by a
calculated Kd value for iron of up to 2,240 mi/gm. This high Kd value
indicates that fron and other pH-dependent metals precipitate out from
solution and are adsorbed by the soil particles.

3.3 Neutral Zona

The Neutral Zone has the same geochemical characteristics as the Neutraliz-
ing Zone. The only difference fs that the acidic water migrating downgra-

dient was neutralized in the Neutralizing Zone before reaching the Neutral

Zone. Therefore, the Neutral Zone still retains its intact neutralization

potential to provide an infinite geochemical buffer.

Only iron, manganese, and sulfate concentrations migrate into the Neutral
Zone. In the Neutral Zone, the migration of constituents is controlled
mainly by the adsorption mechanism. The adsorption potential for metals in
this zone is as high as that of the Neutralizing Zone (e.g., iron Kd as
high as 2,240 ml/gm). However, sulfate, a conservative constituent which
has minimal adsorption capacity, will migrate downgradient in the Neutra)l
Zone with the ground water.

Canomnielnvironmental
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4.0 CLOSING REMARKS

Results of the geochemical investigation showed that ground water quality
at the site 1s similar to the results of the previous characterizations
where metals and sulfate are elevated under the tall1ings area and drop
within a short distance from the tailings area. No exceedances of primary
MCLs were observed outside the property boundary. The only exceedances
outside the property boundary were secondary MCLs for TDS and manganese.

Elevated gross alpha activities reported in water from the monitoring wells
are due to uranium activities, and the corrected gross alpha results do not
exceed the gross alpha standard of 15 pCif1. The remaining radionuclides
were reported in concentrations below the standards or were nondetectable.

The conceptual geochemical model shown on Figure 2 illustrates that the
neutralization process provides a geochemical barrier for migration of
metals and sulfate. This barrier reduces iron and sulfate concentrations
up to 370 and 6 times, respectively. However, high initial concentrations
of iron (2,690 mg/1) and sulfate (17,400 mg/1) cannot be attenuated to
nondetectable levels by this barrier. Iron concentrations were attenuated
to low levels by the adsorption mechanism in the areas remote from the
tailings. Sulfate is a conservative constituent and will not be dropped
out of solution in the Neutral Zone and, consequently, will continue to
migrate downgradient and beyond the property boundary with time.

#Respectfully submitted,

GE;;eéén Savci, Ph.D.

Project Scientist
GS/hla
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Tt mescenra..

Aluminum
Arsenic
Bartum
Boran
Cadmium
Chromium
Cobalt
Copper
Iron

Load
Manganese
Mercury
Molybdenum
Nickel
Selenium
Silver

Zinc

TABLE 1

-----------------------

it

Bicarbonate
Calcium
Carbonate
Chloride
Fluoride
Magnesium
Nitrate as N
pH

Phosphate
Potassium
Sodium
Sulfate
Total Dissolved Solids

ANALYTES FOR WATER QUALITY SAMPLES

Radionuclides
Gross Alpha
Radium-226
Radium-228
Thorium-230
Uranium Isotopes

(U-234, u-235,

U-238)
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SUFMMARY OF EXCEEDANCES .
YERINGION, NEVADA

Within Taitings Site Percent Within Plume, Shatlow Percent miﬁoleo:'u‘:%:ep Percent Umffe;ted Arse, Percent prinking W*G"c
(DBAB-1, USG5-2B, PN-4) Exceedance (DABC-1, W5A8-2, WW-1) Exceedance (USGS-13, \5AB-1) Exceedance (\&A-t?gm'pps) Exceedance Standard
Phtaide; 2507400
fluoride 2,000 ~ Fluoride 100 1.4 - 2.4

b
Mitrate 100 10
5.0 - 9.0
831 R T CHE 250/500
e L RO [ H R 500/1,000
5.0
0.05
0.75
Cadmium 1,600  Cadmium 240 0.01
0.05
1.0
0.3/6.6
0.05
0.05/0.1
Nicket 2,500  Nickel 95 0.2
Seleniun 0 Selenium 5,200 0.0%
Silver 1 0.65
Zinc 309 5.0
b
Sross Algha 4,700 15.0 pCi/t
a

phte for nater seaples snalyied in Novenber 1985.
CNN Nexico, Wyoming, or Federal stsnderds used for compsrison. HNevade Standards nut currently established.

Concentrations in mg/l except shere noted.
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