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SUBJEC 1 : LAND APPLICATION OF R f S T O R A l I O N  WASTE WATER - FERRET'S CRW 
WTTE ISi .  FACIL ITY  

l N i  AOWCT I ON 

On June 7, 1993, Ferrat  Explorat ion Company Qf Nebraska. Inc. ( f e r re t ) ,  
submitted a l icense amenhent request t o  the NRC addressing land appl icat ion 
o f  cer ta in  waste water a t  t h e i r  Crow Butte I S 1  f a c i l i t y  near Crawford, 
Nebraska. Spec i f l ca l l y ,  the appl icat ion proposes amendlng an approved plan, 
described i n  the l icensee's s u b i t t a l  dated August 3, 1988. The o r i g i n a l  p lan 
involved t rea t i ng  res tora t ion  water i n  a reverse osmosis unit, and dlscharging 
sum o f  i t  on a 60-acre p l o t  o f  land near the plant.  The l icensee's p ro jec t  
has not ye t  proceeded t o  the po in t  that  land appl icat lon i s  necessary. 

Ihe proposed change invalves an addi t ional  40-acre p lo t ,  amended release 
l l m i t s  fo r  a few n f  tha chemfcal ronst l tuents  i n  the water, and tncludes 
addi t ional  water derlved froa wel l  development i n  the discharge plan. 
Addi t iona l l y ,  Ferrc! proposes an ex anded envlronmental monftoring program 
associated w i th  land appl icat ion.  !he o r ig ina l  60-acre area proposed f o r  land 
application, ca l l ed  Area 1 h,Jre, i s  found i n  the NE&, sec. 13, T31W R52H, 
approximately 1.5 mi les northwest o f  the processing plant.  The newly proposed 
land anpl icat ion area, or  Area 2, l i e s  i m d i a t e l y  adjacent and south o f  the 
p i l o t  processing p lant ,  h e r e  restorat ion a c t i v i t i e s  w i l l  be conducted, i n  the 
srb, sec. 19, 131N, RS lY .  

Ferret  proposes t o  discharge up t o  38.5 m i l l i o n  gal lons o f  t reated water 
annually. Compared t o  the previously approved plan, t h i s  includes an annual 
increase o f  1.5 m i l l i o n  gallons, consist ing o f  water purged from wells durlng 
construction ?nd development. He l l  development water i s  na tu ra l l y  occurring 
ground water, not  ye t  a f fected by uranium recovery. lherefore,  i t  does not 
contain l icensed materials, and i t s  discharge dops resu l t  i n  an increase o f  
e f f luent  s t m i n g  frm licensed a c t i v i t i e s .  
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The waste  w a t e r  I s  t o  be processed f o r  uranium and radium removal. and then 
credted I n  reverse osmosis equipment t o  remove dissolved so l ids  from one 
por t ion  o f  the water ,  concentrat ing them i n  another. Land app l ica t ion  o f  the 
t reated w a t e r  would occur la rge ly  dur ing the s u m r  months when evaporation 
dnd evapotranspiration are highest. f e r r e t  proposes t o  apply the water a t  a 
r a t e  up to 7 inches per week. 

BACKGROUND 

Reverse osmosis treatment o f  waste w a t e r  t s  the l a s t  o f  three a c t i v i t i e s  which 
produce a naJor e f f l uen t  from an ISL pro ject .  A reverse osmosis treatment 
system resu l ts  i n  two separate waste  products; a concentrated br ine  and 
decontaminated water known as permeate. The br ine i s  stored f o r  evaporation 
i n  a l i ned  retent ion pond. l he  major i t y  o f  permeate I s  re in jec ted  t o  f l ush  
the aqui fer  during restorat lon,  but there remains excess permeate requ i r i ng  
disposal. I t  i s  the excess clean permeate which Ferret  wishes t o  dispose o f  
through land appl icat lon.  

Land appl icat ion i s  a method o f  b e n e f i c i a l l y  using waste wa te r  and broadcasts 
i t  onto an area o f  land using ordinary i r r i g a t i o n  equipaent. The i r r i g a t e d  
land can be l e f t  as open range land, o r  can be planted w i th  various crops 
which enhance evapotranspiration o f  water from the s o i l .  Fer re t  proposes t o  
dispose o f  the permeate, dnd water purged from wel ls dur ing construct ion and 
development, using t h i s  method. Any crops grown would be plowed i n t o  the 
ground each autumn to  condi t ion the so i l .  

S$a-hy and Ground Water 

The uranium producing s t ra ta  associated w i th  t h i s  mining p ro jec t  i s  the 
Chadron Formation. Tho Chadron i s  conformably over la in  by the Brule 
formation, which i s  found a t  the surface i n  the mining and irri a t i o n  areas. 
The Brule has been subdivided i n t o  the lower Ore l la  and upper u! i t ney  Members. 
The approximate contact w i th  the Chadron can be detected i n  d r i l l  cut t ings,  
but not usual ly i n  geophysical logs. The Ore l la  Heenber i s  composed o f  b u f f  t o  
b r o w  si l tstones, w i th  c o m n  spotty green nodules as i t  grades i n t o  the green 
clays o f  the Chadron. The Yhitney Member o f  the Brule i s  composed o f  f a i r l y  
massive bu f f  to brown s i l ts tones,  which are probably eo l ian i n  o r ig in .  
Several volcanic ash layers have been reported i n  outcrops. The Whitncy 
Member t yp i ca l l y  becomes coarser grained t w a r d  the upper contact. Some 
moderate t o  w e l l  defined channel sands can be observed i n  d r i l l  holes and i n  
outcrops. ihe upper Brule sandstones are l i m i t e d  i n  l a t e r a l  extent and 
cont inu i ty ,  but some are saturated w l th  water i n  the otherwise general ly 
impermeable Brule. Within the p ro jec t  area, there sand ui;!’s are encountered 
i n  t h r  upper 250 feet o f  the d r j  

Regionally and loca l l y ,  the Rrblc 
prr  .acing su f f i c i en t  quant i t ies  I .!.,ter su i tab le f o r  domestic and 
ag r i cu l tu ra l  purposes. l o c a l l y ,  the d i rec t i on  o f  f low i n  the Brule aqui fers  
i s  to the north-northwest. 

b l e s .  

,.itone un i t s  are important aqui fers,  
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solls 
A v a r i e t y  o f  c o i l  types are found In each o f  the proposed i r r l g a t i o n  areas. 
U. S. So i l  Conservation S e r v i c e  (SCS) data summarized by Ferret  ind icate tha t  
s o i l  types a t  each s i t e  arc moderately ws l l  to  we l l  drained, deep to  
moderdtely deep, and we1 1 sui ted for dgr icu l  t u r a l  i r r i g a t i o n .  The SCS repor ts  
i nd i ca te  that  round water i n  these areas i s  t y p i c a l l y  found a t  depths greater 
than 3 meters 910 feet ) .  

OISCUSSION 

BPcr&.t.i!E 
Haste water to  be released to  unres t r i c ted  areas using land ap I i c a t i o n  would 
be ;.mated i n  several phases. f i r s t ,  a l l  water removed from t 1 e mine u n i t s  
dur lng  res to ra t i on  w i l l  have had uranium removed f o r  conmerclal purposes using 
i on  exchange columns. Restoration w i l l  no t  conwwence u n t i l  uranium 
concentrat ions i n  the c i r c u l a t i n g  mine water have been diminished below 
commercially recoverable levels.  Then, a c e r t a i n  amount o f  degraded water 
w i l l  be removed from the mine u n i t  using g r o u n d r a t e r  sweep, and stored i n  
evaporation ponds. Ground wa te r  i n  the z f fec ted  mine u n i t  w i l l  thus be 
p a r t i a l l y  replaced by clean water from the surrounding aqui fer .  

As res to ra t i on  proceeds to  the reverse osmosis phase, Ferret  proposes t o  
monitor uranium levels  i n  the res tora t ion  stream, and conduct secondary i on  
exchange t o  remove uranium i f  necessary. Radium found i n  ground water i s  a lso 
removed by treatment with barium chlor ide (BaCI). EaC1 i s  added t o  the water 
i n  a re ten t i on  pond, and forms insoluble barium/radiunr su l fa te  s a l t  which i s  
al lowed t o  s e t t l e  t o  the bottom o f  the pond. F ina l l y ,  the waste water i s  
t rea ted  t o  adjust  pH f o r  optimal performance o f  the reverse osmusis equipment. 

F e r r e t  d?monstrated reverse osmosis technology dur ing 1 t s  research and 
development phass o f  the Crow Butte mining pro jec t .  Speci f icat ions provided 
by the r e v m e  osmosis equipment manufacturer Ihd ica te  reverse osmsis  
membranes provide 94 t o  99 percent e f f i c i e n c y  i n  r e j e c t i n g  various metals I n  
contaminated water. Addi t ional ly,  c o m n  ions found i n  contaminated water are 
t y p i c a l l y  re jec ted  a t  e f f i c i enc ies  ranging from 80 t o  99 percent. The only 
major exception t o  these high e f f i c i ency  values i s  the borate i on  which i s  
on ly  removed a t  a ra te  of 35 to  70 percent, depending upon the pH o f  the 
so lu t ion .  Added e f f i c iency  fo r  removing a l l  d issolved const i tuents i s  
a t ta ined  by mu l t i p le  c i rcu la t ions  o f  waste water through the system. 

F e r r e t ' s  operational experience w i th  using the reverse osmosis treatment 
technology i s  sumar l red i n  Table 1. Data r e s u l t i n g  from the RLD pro jec t  
Ind ica te  the combining ion exchange, BaCl treatment, and reverse osmosis 
treatment suciessfi i l  l y  reduces the concent r i t lon  o f  most t race metals below 
detec t ion  !eve's. Conon ions are a lso removed so concentrations are below 
d r i n k i n g  water standards, 
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Tablo 1: Comparison o f  nominal t reated water q u a l i t y  f o r  the  Crow But te  RbO 
pro jec t ,  and F e r r e t ' s  proposed release l i m i t s  f o r  waste water i r r i g a t i o n ,  
based upon discharge e f f l u e n t  l i m i t a t i o n s  spec i f ied  i n  EPA's T i t l e  40, Code o f  
Federal Regulations, Par t  440 (40 CFR Part 440), NRC's cons t i t uen t  l i m i t s  f o r  
rad ionucl ides released t o  unres t r i c ted  areas found i n  10 CFR Par t  20. and 
State o f  Nebraska T i t l e  118 ground-water standards. ( A l l  u n i t s  a re  mi l l igrams 
per l i t e r  uvless noted otherwise.) 
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ferret designed its proposed land application procedures to  efficiently 
dispose o f  wasrh water, while minimiling potential environmental impacts. 
Host importantly, the application rate was chosen to prevent soil saturation 
beyond 2 feet in depth. 
impacts upon ground-water resources, while accomnodating a representative 
monitoring program. Additionally, the combination of land application rate 
and soil characteristics should successfully prevent surface runoff, Ferret 
proposes to further prevent runoff into surface water, in arcordance with 
recomnendations provided by the U.  S. Soil Conservation Service, by providing 
earthen berms where the irrigation areas are ad:acent to streams. 

Kc1 _ea3 eL inits 
Ferret proposes release limits for various ionic species, metals, and 
radionuclides found in the waste water to be land applied (Table 1). 
case, Ferret cites an EPA, NRC or State of Nebraska standard as its proposed 
relcase limit. For ilRC licensing purpxes, the limits proposed for radium-276 
and -228 and natural uranium are of greatest interest and applicability. 
NHC's release limit for radium-226/228 in a liquid effluent is 30 picocuries 
pur liter (pCi/l). Ferret proposes to utilize this standard as its maximum 
daily release limtt. Addttionally, Ferret proposes to limit its release of  
radium-226/228 to a monthly average of 10 pCi/l, in accordance with EPA 
standards for release o f  mine drainage found in 40 CFR Part 440, Meanwhile, 
Ferret proposes t o  limit natural uranium releases to 4 pCi/l. This value is 
four orders of magnitude lower than NRC release lii,tits cited in 10 CFR 
Part 20. 

Rore importantly, Ferret will be subject to cleanup criteria for radium i n  
soil during decontamination and deconmissioning of the 1SL facility. NRC's 
criteria require that any area released for unrestriLted use contain a 
concentration of radium in land, averaged over areas o f  100 square meters, 
which, as a result byproduct material does not exceed background levels by 
more than: (1) 5 picocuries per gram (pCi/g) of radium-226 averaged over the 
first 15 cm below the surface, and (2) 15 pCi/g of radium-226 averaged cver 
15 cm thick layers more than 15 cm below the surface. 

NRC analyred -adium concentrations likely to result in sol I s  affected by 
irrigating with reverse osmosis permeate. The analysis included the following 
conservative assumptioti\: (1) Ferret releases the roposed maximum volume, 
38.5 million gallons, of waste water each year, (2 P the waste water released 
contains the maximum allowable average radium content of 10 pCi/l, and 
(3) 100 percent of the radium attaches itself to soil particles in the top 
15 cm of soil. The resulting radium-226 concentration in the top 15 rm o f  
soil following 20 years o f  restoration and irrigation would be 0.258 pCi/g. 
Foreseeing that nominal radium values will be lower, !,oil radium loading will 
prohahly b; less than one-half of this conservative calculation. 

&!!a!rin.!I 
ferret proposes to augment i t s  current environiental monitoring program with 
additional monitorins for potwtial eniironmc.ita1 impacts stcming from 1ar.d 
dpplication. 

This proposal has the combined benefit of preventing 

Ir, each 

lhe monitoring program will require an,jlyiing water quality 
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p r i o r  t o  release t o  assure compliance w i t h  approveJ release l i m i t s .  
Envlronmental s o i l  sampling w i l l  a l so  be requi red t o  establ ish background 
concentrations o f  radium, uranium, and several other metals i n  the s o i l  
(Table 2). 

f u r t h e r  sampling locations w i l  I be establ ished t o  monitor po ten t ia l  impacts 
upon s o i l ,  surface water. and ground water (Table 2). f e r r e t  proposes t o  
expand the number o f  non i to r i ng  loca t ions  with respect t o  the e a r l i e r  approved 
plar.. S o i l  sampling fo r  radium-226 w i l l  be conducted fo l lowing each 
i r r i g a t i o n  season. Ground-water sarnpl i n g  w i  1 1  be increased from one 
o r i g i n a l l y  approved Brule formation we l l ,  t o  three we l ls  near each o f  the 
i r r i g a t i o n  areas. Surface water sampling and analysis w i l l  be increased from 
one surface impoundment o r i g i n a l l y  approved, t o  include an addi t ional  stream 
sampllrtg locat ion near the added i r r i g a t i o n  area. 

CONCI.USlON 

Fer re t ' s  proposed changes t o  i t s  water land app l ica t ion  program are  minor, and 
la rge ly  administrat ive. The proposed changes w i l l  no t  a f f e c t  the average 
operating condit ions o f  the land app l i ca t i on  system. The amount o f  waste 
water t o  be released i s  increased on ly  by we l l  development water not subject 
t o  NRC l icensing. Changes i n  proposed release l i m i t s  are i n  accordance with 
various State and Federal environmental standards. Addit ional ly, Fer re t  has 
enbanced i t s  proposed moni tor ing program t o  detect  po ten t ia l  environmental 
e f fec ts  o f  waste water land app l ica t ion .  

I n  accordance with the categor ica l  exc lus ion contained i n  paragraph ( c ) ( l l )  o f  
19 CfR 51.22, an environmental assessment i s  no t  requi red f o r  th is  licensing 
action. That paragraph s tates t h a t  the  categor ica l  exclusion appl ies t o  the 
issuance o f  amendments t o  l icenses f o r  uranium m i l l s  provided that (1) there 
i s  no s ign i f i can t  change i n  the types o r  s i g n i f i c a n t  increase i n  the  w u n t s  
o f  any e f f l uen ts  that  may be released o f f s i t e ,  (2) there i s  no s ign i f icant  
increase i n  ind iv idua l  o r  cumulative occupat!onal rad ia t ion  exposure, (3)  
there i s  no s ign i r i can t  cons t ruc t ion  impact, anti (4) there i s  no s i g n i f i c a n t  
increase i n  the po ten t ia l  f o r  o r  consequences from radio log ica l  accidents. 

The l icens ing ac t ion  discussed i n  t h i s  memorandun meets these c r i t e r i a  because 
I t  provider minor changes t o  an approved program. Neither the vo lwm nor the 
expected nominal water q i r a l i t j  o f  the e f f l u e n t  w l l l  change. Further, t h i s  
amendment requires an expanded envirocmental m n i  t o r i ng  program f o r  de tec t ing  
po ten t ia l  impacts associated w i t h  land appl icat ion.  Cleanup standards 
associated with decomissioning i r r i g a t i o p  areas i r e  not  a f fected by t h i s  
amendaent. An e,w:ronmentaI repo r t  i s  no t  requi red from the l icensee since 
the amendment docs not meot the c r i t e r i a  o f  10 CFR 51.60 (b)(2). 

4 
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lherefore, pursuant to 10 CFR Part 40, License Condition No. 10 of Source 
Material Licensr SIJA-1534 should be amended to read as follows: 

10. for use in accordance with statements, descriptions, and representations 
contained in Sections 3.0, 4.0, 5.0, and 6.0 of the licensee’s 
Environmental Report submitted by cover letter dated October 7, 1987; as 
revised by paae changes submitted on December 14, 1987; January 22,  
March 28, and May 18, 1988; November 20, 1991; and November 30, 1992. 
In addition, the licensee shall conduct its activi?ies in accordance 
with the provisions in the fullowiny: 

---I-_ Siibmittal Date Q&LrrlpJj%n 

May 23, 1988 Lnclosed errata sheet, replacement pages, and 

May 1 1 ,  1992 

rngiiieerinr, design report 3ited April 27, 1988. 

Cover letter submittiny FJpplement Nr,, 2 tr, “T 
Evaporation Pond Engineering Design Repcrt 
addressing synthetic liners. 

June 7, 1993 

Notwithstanding the above, the following conditions shall override any 
conflicting statements contained in the licensee’s application and 
supplements. 

[Applicable Pmendments: 

Cover 1 ?tter and enclosed waste water irrigation 
proposal. 

1 ,  2 ,  3, 4,  6, 10, 11, 15, 17, 20, 213 

/?Joel P.  G r i m  
Prnjec t Manager 

Care Closed: 01008943490t 
X61097 

CBR-042



bcc : 

-9- 

ROChambcrl a i  n, P I V  
LIUR Branch, LLWH, SC2 
JPGrimn 
0: \JPC\8943A-Z 1 .HEM 

CBR-042




