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INTRODUCT ION

(e 5 # 5.- 1 - T o e b . - -
On sepherbelr b y i la . Wi resOurics, £ ghul Gown

r eNuc/lrear! Dynamics;:asaoper&tow foroNubeth JointguVentuneance
hasfmequested: permisigionnfrom the: .Myoming. Department °ff )

- TFIF
Environmental Quality, Lend Quality Division to plug and

seal all wells in the Pnase I field of their In Situ Solution

Hyoming.._i;J_....

- At the request of Mr. Al Stoick of ND Resources, Inc.

(formerly Hluclear bynamics), Mr. Doyl Fritz of Western Water

Consultents, Inc., Sngrigan,_ﬁyomjng has examined the
restoration yaten,qu;ltty ittﬁhﬁatﬁﬁﬁ site tqlp}pv%ge §ﬁ_J
1ndependent.qpﬁpjon,ashgq.whg;ngr tné;;és;or;;ipnlac;ﬁyifiésEi
e requirements of the Hyoming.En§1ronmenta1 5

nd regulations. This report

have met th Quality
Act and accompanying rules 2
s the findings of Western Water Con5u1tants, Inc.

The report hpglbgqnlqeviewed.by,j second 1ndependent

Consul;ing_Hygrogeo}ogx;t

present

contragtor, Margery A, Hulburt,.

of Cheyenne, Wyoming. . Ms, Hulburt's comments nave been

fncorporated into the text of this report.

o
BACKGROUND

-On September 19, A¥7y, ND Resources, Inc. shut aown

restoration operations on Test Site No. L at their Sundance

Project in sttu solution mining test site.
LE #19
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el obhese fOur well8 el ihe requeci of LGB &ince
.'nﬁ fout "pétiern wells" [of wr'th baselire dd be
esteblished,
OrtApradp2d;, uY980ccheck !'sampdinglof sthe.water ;qualidiys’
in pagitiern sed ks commenceds rciuits w oth :zzm:Pshc:’f;ﬁ:*ft‘:*
“{On September 26, 198U, ND Resources, Inc. submitted
to the Wyoming Department of Environmental Quality (DEQ) = :ﬂé?f
Land Quality Division (LQD) a report entitled "1480 Activity |
and Restoration Report" descr1b1ng the results of restoration

o L' '-"'-;v."'W!{h Qﬁ!»i Do i b
monitoring at the site. Accompany1ng tnws submn

E5 i N LT i

wasfa'féquest“for'permission to plug . and seal off all the  ?§
wells in the Phase I well field and then reclaim fhe well

‘sﬁtes;

"On March 51, 1981 LQD responded to that request by

"stating that certdin ‘parameters remained above the

.,. SR
ey = T Tt

"pre-mining use category" in certain wells. Permission ih

"to plug and seal off the Phase I wells was not given by LQD.

"Since that time additional sampling has been done by

ND Resources. Several wells have peen included in this

e

s'auﬁpling’bro'g'ram, with emphasis p]aéed on wells 19X (adjacent
““'to the recovery well), injection well 20X (also called 1-2),
'“dﬁdwﬁﬁffir'uellk 3X (B-1) and 4% (8-3). Emphasis was placed
Llfﬁ'tﬁééé"fbur-ﬁelfﬁﬁat the EEQJEEf:Bf LQD since these are ;'

"“the four "pattern wells" for wnich baseline had been

estaplished. |

This Féport presents the results of this additional E

sampling ano compares the results with established restoration

criteria.
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CERABBEEY ey TOSEoLdy: P, B804, WHE-H. RaZid, 2nc g=2835
siphet, Tive Class il-stdnderds (pH, T, 308, Razeb, 2fid
grosd slphéd), and Tour Clsss Til.sténdevds (pH, Cc; Rad?b,

and ¢-o5% alphal. RESTORATION CRITERIA

The grovre pater ir e B zope sguifer would propably
be cRestorationCeriterias/for wellszin theotB'~aquifers:

(62!»'e -2z bﬂe[' isvalnd }‘u".wé recestabl i's hed. dursing "ticenst I'Ig as Thess
g
fa "/

in the baseline study plus 10 percent of that average

any well

oA oy ok I_,‘:."

(averages were-based'on Five Samo1es)”*3 xoéotﬁoné'wer
which was established,ashthe highest average pH at any well
plus 0.2 stanaard pH units, and uranaum, wh1ch was estab11shed

as tne highest average concentrat1on of uranium’ at any we11 .

»

plus 0.1 milllgram per . 11ter ng/])

The nestoration cr1ter1a estab]1shed for we1ls in thed
8 aquifer are presented {n Table l.' Tab]e i also shows,
for purposes of comparison, Wyoming's water quality standards

for Class 1 (domestic), C1ass I1 (1rrigatxon) and C]ass 111 ;-}

"_ ]

(livestocgj ground watere. It is 1mportant to note that

sti11 not meet estao]ished standards as a Class I, II, or

qﬁﬁi water._ The restorao%{;Acr1terre exceed e1ght Class ;f;i
standards (pﬂ, T0S, Cd, Pb, 504, NH3-N, Ra226, and gross, s
slpha), fioe Class I1I stondards (pH, Cd, S04, Ra226, andje
gross alpha), and four (lass IIl standards (pH, Cd, Ra22b,
and gross alpha). ;

The ground water 1n'the B zone aquifer woold:prooably
be classed as a Class 1V (A) ground water according to Water

Qualfty Division Rules and Regulations, Chapter VIII. Class
LE 71
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hignest average concentrat1on for any ngen parameter aio.uwn.

e et e I bl s St it P A a1,

o i

assuming ail restorat1on'dr1teria were met the water would o oo
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Table 1.

Established Restoration Criteria for B Aquifer
in Comparison to HWyoming Ground Water Standards

(A11 units in mg/1 unless otherwise noted.)

Restoration

Parameter Yalue

1
Ra226 (pCi/1)

93 5
. Gross e (PCi/1)  230.0
Gross g (pCi/1) 267.0

Class I

Standard

e *

_ 500.0

@F “f_‘ "* a! }p-..

© 006

0.01

Class II
Standard

15.0

Class 111

Standard

0.00005

25.0

2000 0

3000.0
0.1
5.0 °
5.0

15.0




IVi(A):criteria ssimpdy require .that a- watemchaveca dPS! ¢
concentration.cnot incexcess of 105000:mg/1,wandradi¥(A)oe
cLassiftcattohﬂaﬂso;raquﬁres*that‘nn.mﬂt@r@aﬁgpe;¢mschargqug
into «&the rwater ife it swill-renderncthe watercunsuitable for

jts intended use.

o ‘ W‘n"‘ﬂ m I‘_:.féi.r_‘l_,. iy 2, -,_.;;_‘__:__"'j TR e rmw‘}mmwp—:mmﬁ o
' RESTORATION ASSAYS o "

e . - N e L = PP %

Tables 2 through 5 présent restoration assay summaries
for wells 3X, 4X, 19X and 20X, the four Pattern I wells for

3 N B B I A 150 A | peel sl
which extensive baseline and restorat1on data are available.

e s gt B

The tab]éé present for‘purposes of compar1sonl(1)”the
1nd1v1dua] weilf'oase11ne va]ues, (2 restorat1on cr1£er1a
estao]1shed fof th1s project dur1ng the process1ng of L1cense
to Exp]ore No. 19, (J} Class II water qua11ty cr1ter1a,_and
(4) the post restorat1on assay val:es as determ1ned Sy COM
Laboratories of Wheat Rydge, Co]orado and by Chem1ca1 and
Geo?dgiéa] L?Dofatories of C&sper, wyom1ng. The 1ast,two
_ coiumns in Tab]e 2 through 5 present compar1sons of, the
post-restoration assay values to the estab11shed restoratuon
criteria (item 2 above) and to Wyoming Class II criteria
(item 3 above). Class 1{ criteria were used for comparﬁson
since that is the highest use to_which the water cou]d
conceivably be put, even though tne natural water does not

meet al) Class 11 criteria. TDS alone would prohibit use

of water from the B aquifer for domestic uses.

LE #19
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i
e | 1
Taole 2 RESIGEATICH §.'3r #L1L %C. Ju (B-1). !
(210 values ar w301 unlens atherwise noted.) }
fus2y Valurs ard Tatey |
Mean Restoration] Class 11 (i Ley £ib Gleb
Parareter Baseline Criteria Criteria 5-12-81 1-22-8B1 10-14-8)
ot (s.0.) 8.13 932 f45-9.0 8.1 8.2 :
Cond. (.mhojcm) | 2511 ZR99 i3 ;
Ha 637 733 = il %) 568
103 _1624 1939 0.0 1420 i
As 0.011 0.015) - 0.1 0. -0.00% i -0.01
Se 0.003 0.0Ja | 0.02 . -0, -G.005 i -0.01
' NO3/NOz-H 0.06 0.083 = 6.05 0,05
Ba -0.01 0.00 4. -~ -0.2 -0.01 Pl
B 0.55 0630 ] - 0.75 0.5 | ]
Cd 0.G031} 0.07%. 091 .01 1.
Cr -0.01 0.026- 0.1 002 A
Cu -0.01 0.61 : 6.2 - - ~0.08 . =
Te 0.079 0.195:f=. - 8.0 <005 o 0.03
Pb 0.0 0.051 53 -0.005 e
o _ 0.012 0.017 0.2 n.05 i
Ha 0.207F 0.00L | -0.0001)
Ni 0.021 0.0:4 0.2 -0.05
In 0.013 0.021) 2.0 -0.05 .t 0.0
Ho -0.005 0.005 Sen 0:010 0.005 4 -0.1
Ca 2 T T 5.9 =
Mg 2.8 3.8 | -- Sl
Cl 13 14.3 100.0 1 i 67 1
X R - 4.3
_50q 721 891 0.0 752 { 640
10y ) 3 o okl 0 0 -
HEO3 576 660 594 537
HHp-N 0.737 | 1.089 9.2 3
v -0.065 0.01 0.1 0.008 -0.005 4 -0.05
Ag -0.005 0.025 -0.02
[y 0.071 0.219 50 0.64 0.51 0.25
[ Ra226 1 93.5 | 5 pCi/l 9.5 4 16
_Gross u(eCizl} 209 210 15 pC1/1 ¢co 310 4
Gross 8(pCi/1) 218 267 .- 222 196
*Blank space indicales no assay for given date, *--- indicales no Wyoning Standard. ingicates less than muj shown,
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Takle 21

121) gl

BEGTISATILN SISy RILL WD, Ax (8.3)

o= /) unlery otteraise raled.)

Mﬁamt e aw 3

frrae yaleet and Dates Feels Feets
Hean Restoratfon| Class 11 v Ly C8 G Lab |Pestoration| Class 11
Parameler Raveline Criteria Criteria 3- 1001 3-11.81 5-12-21 7-23-81 10-14-8). 10-14-81 Criterio!ﬁ Criteria?
feH (s,u,) 8.92 9 4,5 - 9.0 8.9 8.1 8.2 e.4 8.3 - ves | LS
Cond. (ymhojem) | 2496 2808 2510 L4y 2700 k] YES 14[ \
s b3l 73] S 5y 503 570 3] YIS T thodek ~rard
_10s 1660 189 ¥ coe90  [1630 69 IR 1510 3 YES I MES
As 0.010 2.615 0.1 -0.005 0.0:5 -0.025 -C.005 -0.605° | 7-0.01 YES L ES
Se 0.02; 0.0)3 .02 -0.705 0.003 -0.045 -0.095 -0.64% 1-0.01 I8 VS
503/N02 N 0.05 0.0% = ORI NS X 005 s £ -
[ -0.01 0.01 - -0.2 R 55 -0.2 [§)) Ta. Tre
B 0.55 0.638 0.75 0.6 0.4 ; 0.6 i YES e
Cd o.mesl 0,076 0.01 F¢ -0.01 -0.01 __-0.095 YEs o vis
Cr -0.01 0.936 0.1 . ! -0.02 |_ -0.02 0.G16! YES | i)e YES
Cu -0.01 0.01 [ -0.65 -0.05 -0.00% Yis Yi5
fe 0.073 0.146 5.0 0.05 0.18 -0.05 0.13; 0.03 (153 Y5
b 0.043 0.05) 5.0 -0.005 -0.005 -0.00% ES A
Fin 0.010 0.017 0.2 -0.G5 <0.0¢ 0.0:8 (o) [ fis
Hy 0.0t c.2uL --- -0.0551 -0.0501 -0.0u01 R
i 0.022 0.023 0.2 | 005 | -0.05 0.02 YES |- YES
[ In 0.008 0.024 2.0 . o002 | 0,05 - 0.01 0.0i] 3 C.01 | yes - -ves
¥o -0.005 0.095 0.014 . 0.007 0.0u6 0.008 0.010 -0.1 {%0) =
Ca 8.1 8,91 | --- [ 6.2 5.5 3 Sils
| Mg 2.1 1.4 --- SN 2.9 2.4 2.6 - i YES
4] 10 14.3 120.0 13 11 22 21/ YES -YES
X 7.1 B.69% : 3.6 4.5 1.9 g~ 1Es |- YES
504 753 €91 @0.0 |- =t | e i 718 715 Yis 19
(Cy 1 - n By 0 0 12 0 5 Yis ---
HCYy 570 660 633 568 _ 619 | se2 588 YES s -
ity-ti 0.8 1.039 -0.2 0.3 T YEs -l oee-
v -0.005 9.01 0.1 -0.60S -0.005 0.014 -0.005 0.094 -0.05 (0" IYES
Aq -0.005 0.035 0.62 | _-0.02 -0.005 f Vi
U 0.089 0.219 5.0 0.21 0.12 0.16 0.16 0.22 '0.250 o/~ I YLS
Ra226 16 93.5 5 pCi/l 16 14 26 11 YES |- 10
i/1) 145 230 15 pCi/l 118 160 130 180 ' YES i
"jcif:ﬂ_:m{}:im 95 267 -=- 57 35 60 43 VES

*Blank space indicates no assay for given date. g

§ 1

-4

indicates ro Wyoming Standard.

. * - jingicates less than value Snown.
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9l
éﬁ they rece1ved only format1on water

11 writeria in ihe Az PR

.:From Table 2 it may be seen that well 3% (or B-1) 1s

fully restored to establisned criteria for.nal) rpavametersonc

with tneaexceptipns;ofJnitrate/nitrite.nitrogen.fm01ybd€num3~:-

the‘nestqred-uatgr meets: -

\'\
t

vana@qu:gﬂgauranium;; However, .

a11;qumingetiass:LLcstandards_mhjch were met oy;t@e;&aiura1-=

-

0. critier aan

fu]ly restored to estab11sned'restorat1o

exceptions of manganese, molybdenum, vanadwum and uranwum

i . g e MR

all Wyoming Class ‘11 criteria

Again, the restored water meets

which were met DY the natural water.

Wells 3X and 4X were used as buffer wells, meaning that

and not solution m1n1ng T
/

cnemicals. Thus, it 1is probaD]e that the restoration values //

which are exceeded are the result «of ana]yt1ca1 errors or

natural water quality fluctuatic 5.

From Table 4 it may be seen that well 20X (or injeﬁtidﬁ"

well 1-2) has oeen fully restored to establwshed restoration

criteria with the single exception of vanadium. Again, the

restored water meets all Class Il criteria, including
" vanadium, witn the exceptions of sulfate, radium 226 and
criteria in the natural

gross alpha, which were above Class 1l

water.

Table 5 shows that well L9X (within the production zone)

has been fully restored to established restoration criteria

s of nitrate/nitrite nitrogen, boron,

with the exception
L E #17

manganese, molybdenum, yanadium, uranium and gross alpha.

ITYT\ J‘T(-- P ‘f"“"‘-"‘)"v

e e




However;mit .meets all:Class Il criteria:(-and-even Classy
I.criterta, seecTablé 1) which were met by.thecnatural waters

- R I

4 % - 1 . " - o - -4 -
g 5 s ! Ao g . PORTE A ] F g . A \ ] -
¥ S Ji “ak v d H - i v o i = - sk &L & L O B e -

LONCLUSEONS were met by the =ature’

o I e | & 2 2 e d L

Pattern wells. exh1b1r-mJnoreye£JJileﬂjﬁfrom establ1shed SAS—

restoration criteria. However, the restoration meets criteria
which would be established under modern regulations. The
1y81 LQD ru1e$'enu'fe§e1ation§ EChapter XXI, Section 3.d)
require that "... through the employment of the best
practicable:teehnoTer (WS 35-11-103(fjl(i)..." tee "
condition and quality of all affected ground wnker Wwiti ke
returned to background or better, or if net possible, then
ol quality of use, equal to and consistent with uses
for which the water was su1tab1e prwor to commencement of
the operaticn..."

“Data presented in this reborf GO tEaLE BN Bhe
restoration’ procedures empioyed by ND Resources have within
pract1ca1 11m1ts, met estab]1shed restoratwon criteria.
Further, it is clearly demonstrated that the restored water
does in fact exhibit a quality of use equal to and consistent
with uses for which the water was suitable prior to
commencement of the operation. This was demonstrated by
comparing assays of water from the restored well pattern
with Class Il water quality criteria. The restoration values

meet all Class Il criteria which were met by the natural

LE =1y
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'1s~r0neompam@wAm&Lng&ﬂ,wﬁtgr_gpality with

ey N TSR

water qualily trer Jyring the slavi zatiol
water. ;Jhﬁfnﬂtumai.w@t&n:GOES'novaeet'qual@ﬁyx&tandamdﬁpa
fon-domesagm,.ﬁrrdgamjom or Iiyesiock:w@tersﬁaanﬂ comparisoniiz’
of restor@tian-waiues:wtth-C1ass 1J.Cfi£erja:were.d@ﬂ@imere1ya-;

for. ilustrative purposes.
: w0 25
Another method of evaluating restoratiqn;ﬁchegs)_rathevarr

[ - L

than comparing the restored watér to an entire use category,

paféméter—by—parameter Jee . categories. That is, the
restdratioh is considered a success if each individual
parameter in the restoration assay 1is within the baseline
use category for that particular parameter. Thus, if arsenic
meets Class 1 ctandards in the baseline sample, it<would
have to meet Class I standards in the restoration assay even
though the ater itselt is mot a Class | water. This method
of examining restoration success can be readily applied using
data presented in this report DY comparing information
contained in Tables 1 through 5. Each individual parameter
in the final restoration assays meets the same Uuse category
suitability that is met by that parameter in the baseline
sample. Therefore, the conclusion that the water 1is restored
is confirmed.

Water quality trends during the stabilization period
may be determined DYy examining the yarious restoration 3assays
ppgggnted in Tables 2 through 5. These trends indicate that

the restoration assays demonstrate ctability over the 1nng

term.

L2 19

= Y 5 2
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Therefore, it is concluded that restoration -has been

achieved and has evidenced stability over a substant1a1 per1od

a‘ L

of time. This restoration meets the. regujtementj ai_the

{
I T B 0 T o N S e e

Hyoming.Env1ronmenta1 Qua]1ty Act and the 1981 LQD Ru1es

and Regulations. \%

i

It is therefore our op1n1on that ND Resources Ing.

o e e g e e e e

is justified in requesting permission from DEQ/LDD to plug

and sea) off all Phase I wells. ' xvaptien haz been

L= #19
ERMIT HO: savimmess






