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Quality, Lend Quality

Environmental
| fik1d of their In Sit

seal all wells in the Pnase

Hyoming-} ﬂ;;  "; 

- At the request of Mr. Ai:stoickﬂbf ND Resources, Inc....

(formerly Kuglear Dynamics).'Mrg Dpyl Erﬁp; of Western Water
examined the

Consultants, lnc.._Sneridan, Hyoming has examined the
test site to, prov1de an_ .

water quality at the.l
ct1vities

restoration
whether the restoration 3 ;

1ndependentaqp1pjonwas;;p
quirements qj the Wyomin
s and regulations.
onsu]tants. Inc.h

g Environmenta1 Qua1ﬁty

have met the re
Th1s report

Act iand’ accompanying rule
gs of Western, Water C

_presents the findin
d, bx_a sgcgnd

ort has. been rev1ewe
Hulburt, Consulting Hyd
s comments have been,

The rep 1ndependent

contfa;tgr,;HQIgefJ Ayl

of Cheyenne, Myoming. . Ms, HuIbUTL’
nis report. . io. e b

fncorpo rated inko, the, c;:t' qﬁxt' 0 ]f i iS' bod

rogeo1og1st

BACKGROUND . . L
~0n September 1Y, 1979, WO Resources, Inc, shut down
tion operations of Test 1 at thefr Sundance
on mining test site.
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o o ingsn Tour welid oo anhe cesde. . 0ol Lghoiack tonmoare

“na four "petiern wrlisdo g Fowe och baselice od beeo
2risbhyished.

Oﬁhﬁprﬁﬂpﬂai pQSOachecK:pampdﬁngLafaﬁheywaten;quaJmﬂya7

in. pattern el ks gommencelds restis vk enlad Vighen coshoretion

' O September 26, 198U, ND Resources, Inc. submitted

to the Wyoming Department of Environmental Quality (DEQ)
Land Quality Division (LQD} a report entitled “1980 Activity

and Restoration Report“ descr1b1ng the results of restoration

i e i S e tee

monitoring at the site;

Adcompahy g'tpps subm1,

was ‘&' request for perm1ss1on to plug and seal off all the
wells in the Phase [ well field and then reclaim the well

“sites.

On ‘March al, 1y81 LQD responded to that request by
:“ffﬁf?ﬁﬁEfﬁSiféeftéin”parameters ‘remained above the
”p}e-hipfﬁg;déé'éétpbbrf in certa1n wells. Permission
Ttp piﬁé'aﬁd seal off the Phase I we11s was not ngen by LQD.

Since that time additiona] sampiing has been done by

xﬂﬁ Resources. Severa] wel1s have peen included in this
sampling program, with emphasis p]aced on wel1s 19X (iajacent

" to tne recovery we11) 1ﬁject10n we11 20% (also ca11ed 1-2), i-}

Q'and nuffer ‘wells 3% (- 1) ‘and 4 (8-3).  Emphasis was placed :

R

' on these four we115 at the request of LQD s1nce these are
“the four "pattern wells" for which base11ne ‘had been
' estaolished. ’

This report presents the results of this additiorial

sampling and compares the results with estaplwshed ‘restoration

criteris.

P S
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L)

sonp ac itor o owouldprotsday

St

Tqp ogrourd waler G
be ¢Restorationt trdteidiarfor:weldd siatn tice ot Binaquifers

{ dme » zoneismﬁd)mwérefesﬁab11shed dursi,ng Wkpcensdng as thess
;"f';

hignest average concentrat1on for any gtven parameter at’nmvh_

=

any we11 in the Dase]ine study plus 10 percent of that average

;ptus 0.1 mi111gram per . 11ter tmg/l)

il TR Lammg*w’;;'wrpm “‘i’ﬁt‘,"!
(averages were based on five samptes) Except10n5 were

W-*:-%T mpdrrr SRS N ‘i\ ff’*a"{m"

which was established.as, the highest average. pH.at any well

plus 0.2 stanaard pH’ units, and urantum,'whtch was estab]tshed "':'”ﬁ

as tne highest average concentratton ‘of uranium at any we11
The restoratton cr1ter1a estab11shed for wet]s in the i -
B aquifer are presented T” Table 1) " Table 1 also shows,f;g
for purposes of comparisonJ wyoming'szwater quatity standards
for Class I (domestic), Class 11 (i rrtgat1on) and C1ass 111

(livestock) ground waters. It is 1mportant to note that

assuming all restoration, cr1ter1a were met the water would & oustl

still not meet estab]isted standards as a Class I, II, or * -

'1\ Bl

141 water.y The restoration criteria exceed eight Class I .

4'3;1%?‘ X PO

standards ‘L, TDS, Cd, Pb, S04, NHI-N, Ra225, and gross -
alpha), 1ve Class 11l standards (pH. cd, S04, Ra226, andjit
gross alpha), and four Class 111 standards (pH, Cd, Ra22b,
and gross anha} | ;E'

The ground water tn‘the B zone aautfer would:pronabty

be classed as a Class 1V (A) ground water according to Water

, uality Division Rules and Regulations, Chapter vIIl. Class
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Gross ¢ S10) 21000 . 1480 iy
ﬁri:-;s § (;-h PR o .
Table 1. Established Restoration Criteria for B Aquifer
in Comparison to Hyoming Ground Water Standards
(A11 units in mg/1 unless otherwise noted.) ;e -
L N ;;
Restoration Class ! Class 11 Class 111~
pParameter Value standard Standard Standard
?‘-"Msllvh-ﬂ ey s %J
ond. . {whos/am N 2698, 03“‘“
Ha 7 733,
105 . 1940 0 . 500. . .
As 0.015 - 0,05 0.1
s _ 0.008 0.01 . 0.02
INOZ-N 0.088 s
Ba 0.01 1.0
B - 0.638 0.75 0.7%
cd 0.061 ¢.0} 0.01
cr 0,026 0.05 0.1
Cu 0.01 ° 1.0 0.2 (
Fe 0,146 : 0.3 5.0 -
Pb . 0.083 « .. 0.05¢ 5.0 0.1
¥n 0.017 0.05 0.2 ——-
H 0.00005 0.002 - 0.00005
N 0.024 - 0.2 .-
In - 0.024 5.0 2.0 o 25.0
" Mo S 0.005 - ——— T N
Ca 8.91 o mme - .-
M 3'41 R . Yo S —— Vo - . , PR
C 14.3 250.0 . . 100.0 2000 0
. K B9 s et T - W e
504 £91.0 s 260.0 B 200.0 - CPo3000,0
B o PO a0 I - et
- Hcag C 660.0 Lt e e T e B eme
NHa—N 1.089 0.5 .- ---
- V it : PRV Q 01 . B . . o ! 0,1 .o ;o 0_:-1
A9 - 0,005 0.0% - -—-
: U . . 0 219 Y - Lo 5.0" .. - 5-0 Pk . 5-0 ’
~ Ra226 (pCi/1) 93.5 5.0 5.0 B0
.. Bross a 901/1} 230.0 ., e 1800 , 15.0 . - 15.0
- Gross 8 (pCi/] 267.0 ' T =eel 7 N T S A
g
LG B9




linioath&rwatem Afe it aW il renderictie . watercunsuitable foE

_pertr.u;stzc fon oassay we ot Lo hoe wotabi 1S

wued o Dtags 4 Tovheyitaowno s Gand Cor oo arisen

;™
T

IV{A):criteria: simpdyirequire .that a watemuhaverd Jps ¢

concentvatﬁpmyhotian:emcemslof 10;000: mg/l,wandrad IV (A

. c]assifioation also: requ1res'that?n@.matefdadeheedmsﬁhaﬁgegse

its intended use.

Tab]es 2 through b present restorat1on assay sohmeries
for we]]s 3X QX 19X and ZOX the four Pattern I we11s for
which extensmve base11ne and restoratlon data are ava11ab\e.
The tab1ee'hresent for purposes of compar1son-fif the
1n01v1dua1 well Foase11ne va1ues, (2) restoratwon crwteraa
estaol1shed for th1s proJect durlng the process1ng of L1cense
to Explore No. 19, (J) C1ass II water qua11ty cr1ter1a,:and
t4} the post restorat1on assay va}ues as determ1ned by CDM
Laboratories of wheat R1dge,‘Co1orado and by Chemwca] and

Geo]og1ca] Laoorator1es of CaSper,:wyom1ng The 1ast two

' co]umns in Tab]e 2 through . present compar1sons of the

post- restorat1on assay va]ues to the estab11shed restoratuon

criterja (1tem 2 above) and to Hyommng C1ass 11 cr1ter1a
{item 3 above). Class 11 cr1ter1a were used for compar1son
since that is the_highest use to which the_woter could
concefvably be put, even though tne netura1 water ooes hot
meet all Class 11 criteria. TDS alone would prohibit use

of water from the o aquifer for domestic uses.

L= =9
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“iana, whien owWere A sve Giwns 11 criteria in LnE SR

~.From Table 2 it may De seen that well 3X (or B-1) 1is i

lisned eriteria fonrh

fully restored £o:es tab al}panamedersoos)

‘trate[nitritewdttreeee;

withatheeexcepﬁtgnseef@mt, 5Mﬁlﬁbdenum5r‘3

wowever;;thennestered"wateh«meetsae}

yathe natura1 1\,j”“

,.]..n.—‘ T N
' ’. F— P
.-I.. : : w o - T N

vanadium: andsuraniuma s,

all -Wyoming=G1ass; LLostandards: which werse: me¢ B

criterta-wat;

fully restored to estab11shed restorat1dn

anese, mo]ybdenum, vanadtum and urantum.

————— e At T

exceptions of mang
ed water meetc a11 wyom

"

ing C]ass ‘11 criteria

T

Again, the restor

-~

y the natural water.

Wells 3X and 4% were used as buffer we]Ws, meaning that

r and not solut1on mwnwng /

which were met b

“|l

e
& they received only format1on wate

e that the restorat1on va]ues ’//

exceeded are the resultaof analytmcal erroré or

chemicals. Thus,_1t is probabl

which are

ater qua11ty f1uctuat1( 5.

natural W
n that wel] ZOX (or 1n3ect1on:

From Table 4 it may be see

d to establmshed restorat1on

well 1-2) has opeen fu11y restore

n of vanadwum Agawn, the

ith the s1ngle exceptwo
all Class 1T cr1ter1a
radwum d26 and

criteria w
1nc\ud1ng

restored water meets
f sulfate,

vanadium, with the exceptions ©

ss 11 criteria in the natura]

gross alpha, which were above Cla

water.
‘ Table ° shows that well LBX (wwth1n the productton zone)

.has been fully restored to estab1wshed restoration cr1ter1a

ate/nitrite nitrogen, boron,
-2

Granijum and gross alpha, L E ?

\l\IIT I C "f-r-"rr-lr-'-n.

with the exceptions of nitr

manganese, molybdenum, vanadium,



Scocdce o damits, el saridévinshed cestoranlon ertlertae.
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i cher, i S Ladaviy comgrstrated Thatl o whe vresterel wall
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B el priviait o3 grEaiUY G ousg IHUES Lo and cans steny
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e faeowrdohote o owaLer o wenoosucbanon prooagrs DI

However it imedts allsClass: T ciiterias{ “and ~even Classy
I.criterita, seesfablé LJ,whﬁcﬁ{were?metwbthheena&ura1nweter;

rostoraetior vaiues

L T I - P T - N I SR
W TN Ciass 11 owater guad Ly LyilaErias

oatt Slass 0 il LONELUSEONS wovre met by ihe talural
/ [25 .T‘T ;e
. '__, B N

; .

t

o

_Pattern”ﬁe]1s.exntoitwmidorpyardjtjﬂnspieogﬁe%%a LL&QEd_iwg

. PR N . . it .
‘i' restoration criteria. However, the restoration meets criteria

‘which would be ‘established under modern regu]at1ons. The

1981 LQD rules and regu1ations {Chapter XXI Sect1on 3. d)
requiFé'tnat:“ through the emp]oyment of the best
practicable technoTogy (WS 35-11- 103(f) ktt..;“ the.fg-- i
7cond1t10n and qua11ty of al] affected ground water w1t] be
returned to backgrOund “or better or 1f not posswb%e, then
to a qua11ty of use, equal to and cons1stent w1th uses

for which the water was su1tab1e pr1or to c0mmencement of

the operat1on... s ' h
Data presented {n th1s report demonstrate that the
”restorat1on procedures emp]oyed by ND Resources have, w1th1n

. r._ ! g! 3 i, j T DR
practica] 11m1ts, met estab]1shed restorat1on crnter1a.

,Fdrther, it is clearly demonstrated that the restored water
ddes‘in>fact exhibit a quality of use equal to and consistent
‘with uses for which the water was suitable prior to
cdmmencement of the operation; Thds was demonstrated by

comparing assays of water from the restored well pattern

with Class II water quality criteria. The restoration values

meet a]] Class 11 criteria wh1ch were met by the, natura1

LF ff/"(
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Cyter quyglily teenos Aarag Soabiloianion cae g

water.thﬂ”nﬂtumaiiM@t&n'does~pdrﬁmeet'quahtimfshandamd§mw

for; domestde€,, qrrdigation or livestocky waters:;cand comparisonihat

of restoratien values.V fth -Class L criiferdas WEre, done- merglynnc

for.-illustrative purposes. ~

e f:;“' J/‘i‘“ ’,‘. ) ;

Another method of evaluating ?estoratiqnjqchggsj'ﬁatmETWTWﬁ

S

than comparing the restored watér to an entire use category,

s to ¢ ompare . re gwtwgﬁpwgwde"uwéuﬁwgwﬁmﬂﬁgmqygmlyj ty with

pa?dmétér>by4parametér~use”categorﬂes. That is, the
restdkation is considered a success if each individual

pafaméfer in the restoration assay is within the baseline

usé'taiégbryﬁfbkﬂthat particular parameter. Thus, if arsenic
meets Ciéss liéiandafas'in the'base1inq sample, it-would .

have to meet Class I ctandards in the restoration assay gven

though the water itselt s ot a Class | water. This method
of examining restoration success ﬁan be readily applied using
data presented in this report Dy comparing information
contained 1in Tables 1 through 5. Each individual parameter
in the final restoration assays meets the same USE category
cujtability that is met by thnat parameter in the baseline

sample. Therefore, the conclusion that the water 1S restored

is confirmed.
water quality trends during the ctabilization period

may be determined by examining the yarious restoration assays

presented in Tables 2 through 5. These trends indicate that
the restoration assays demonstrate stability OVer the 1ang

term.




Therefore, it is concluded that restoration -has been
achieved and has oyidenced stability over 2 substant1/a1 perLod
of tirﬁe. This restoration meets the,“reg_l,urementes ejj‘,w;he—
. . PRI T oo ovme i
Wyoming Environmental Quality Act and the 1981 LQD Rules
and Regulations. 13
It is therefore our op1n1on that ND Resources, Inc.
is justified in: requesting perrn*rssmn from DEQ/LQD towa.iqjglw A
and seal off all Phase I wells, - »v.0 7 omnaof N T 1
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Therefore, it 1is concluded that restoration -has been
achieved and has evidenced stability over a substant1a] per1od”

of time. This restoration meets the requir ments of theg
R ST A W

-

wyoming.Environmenta1 Qua]1ty Act and the 198L3LQD Ru]es
and Regulations. >

1t is therefore our opinion that ND REbOUVCES, Inc.
ié’jdstified in requesting permission. from DEQ/LQD to.pludi

and seal off all Phase I wells.

L #/C{__;;
CTRMIT O, T

13






