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SAFETY LIGHT c o K PORATI ON 
4150-A OLD BERWlCK ROAD. BLOOMSBURG. PA 17815 

7 17-784-4344 FAX 7 17-784- 1402 

.8 May 1990 

U.S. Nuclear Regulatory Commission 
Region I 
475 Allendale Rd. 
King of Prussia ,  PA 19406 

AWN: M r .  Francis  M. Costello, Sr.  Health Physicis t .  

RE: USNRC License No. 37-00030-08. 

Dear S i r :  

Further t o  information provided during t h e  March 19-20, 1990 
inspection, we submit herewith addi t iona l  da t a  r e l a t i v e  t o  
(a) average HTO concentration of a i r  exhausted f r o m  our Sol id  
Waste Building, (b) estimated HTO concentration a t  t he  nea res t  
r e s t r i c t e d  a rea  fence locat ions,  and (c) estimated maximum dose 
a t  these  fence locat ions.  

All records of measurements and ca l cu ia t ions  used are on f i l e  he re  
and a r e ,  of course,  avai lable  f o r  inspect ion a t  any t h e .  

Please contact  u s  i f  any items requi re  c l a r i f i c a t i o n .  

Yours s incere ly ,  
SAFETY LIGHT CORPORATION 

Norman G. F r i t z  
Radiation Safe ty  Off icer  i 
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PERIOD 

Year 1989 

1st Quarter 1990 

(1) SUMMARY OF DATA FOR A I R  EXHAUSTED FROM SOLID WASTE BUILDING 
1 

Average HTO Concent ra t ion  E s t .  Ave. HTO Conc .  a t  N e a r e s t  Correspondinq E s t .  Max. Dose E t  

itsisr" of Exhaust  A i r  R e s t r i c t e d  Area Fence Locat ion(213)  
(pCi HTO/mL A i r )  ( V C i  HTO/mL A i r )  ( m r e m )  

Nearest R e s t r i c t e d  Area Fence LOC 

0.8 X 

0.3 X 

]..I x 10-9 

4.0 x 1 0 - 1 0  

0.3* 

0.02* 

. .  (1) Bldg, is exhausted normally 8 hours/day, 5 days/week o n l y .  

(2)  Nearest l o c a t i o n s  are: South 33.5 m and E a s t  39.2 m. 

(3)  I n  accordance w i t h  Fig.  1, NUREG-1140, it was assumed t h a t ,  for atmospheric  
stability C l a s s  F,  wind speed 1 m/sec., a non-buoyant ground-level  release, 
at 0 - 100 m downwind from release p o i n t :  

Atmospheric d i s p e r s i o n  f a c t o r  (x/Q) = 3 . 3  X loe3 sec/m3 

(4) P e r  Page 11, NUREG-1140, it. w a s  assumed t h a t :  

Dose ( r e m )  = (DCF) (B) (X/O) (Q) 
where: DCF = Dose Convers t ion  F a c t o r  = 1 /2  X rem/inhaled y C i .  

B = Breath ing  Rate  = 2.66 X m3/SeC.  

X/Q = 3 . 3  x 10-3 sec/m3 

Q = UCi released f o r  p e r i o d  
= 1 0 . 2 . C i  f o r  1989 & 0.94 C i  for 1st Quarter of 1990. 

i .._ ,' 

'1 *NCY$E: Assumption w a s  also made t h a t  t h e  wind was i n  t h e  f e n c e  location d i r e c t i o n  
only 25% of t h e  t i m e .  

SLC 4/30/90 
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RADIOLOGICAL I N V E S T I M T I O N  OF THE 

GROUNDS AND GROUND WATER 

U.S. RADIUM CORPORATION 

BLOOMSBURG, PENNSYLVANIA 

BY 

Radiation Management Corporation 

3356 Commercial Avenue 

Northbrook, I11 inois 

April 23, 1979 

. h i s  report presents a summary of work conducted December, 1978 through 
April, 1979, in  accordance with U.S. Radium Purchase Order Number 120401 
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PREFACE 

The purpose of this study was to provide information on the radiological composition, 

extent of on-site contamination, and possible off-site releases which could have 

resulted from Trior uaste disposal practices at the U.S.  Radium manufacturing 

facility in Bloomsburg, Pennsylvania. 
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This report sunxarizes findings made pursuant to RMC Proposed Course of Action out- 

lines dated December 18, 1978 and January 26, 1979. 

commenced January 3, 1979. 

Initial investigation work 
. .  

RMC personnel contributing to the project were Frazier Bronson, C.H.P., Project 

Manager, Scott blurray, H.P., Mark Roberts, H.P., and David Groff.  

The services of Meiser and Earl, hydrogeologists, provided ground water mevement. , 

information and soil sample borings for analyses. Information contained in their 

investigation report of April 4, 1979 is utilized, in part, in this report. 

Qualitative and quantitative analyses of selected soil and water samples were per- 

formed by RJlC Analytical Labs in Philadelphia, Pennsylvania. 

1 
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I 1.0 1NTRODUCT.I ON 
! -  

I 
1 

This study considered contaminated grounds and p o t e n t i a l  r e l e a s e s  t o  t h e  ground 

t: 
water r e l a t i v e  t o  suspected leakage of two o n - s i t e  low leve l  waste d i s p o s a l  

s i l o s  constructed during the  mid 1950's and sealed during the  1960's. Each is 

I approximately f i f t e e n  f e e t  deep and 190  f e e t  from the  Susquehanna River ' s  edge. 

Pr ior  t o  LMC involvement, th ree  sampling wel ls  were constructed i n  October, 197x1, 

below t h e  b u r i a l  p i t s  on a l i n e  perpendicular t o  the  Susquehanna River. 

and water samples from these wells provided i n i t i a l  contamination l e v e l s  and 

S o i l  

I indicated t h e  need f o r  f u r t h e r  sampling. Additional borings were s e l e c t e d  i n  

l a t e  January, 1979, t o  provide movement information through t h e  lower s i t e  
i 
r 

: 'I 

plateau, with t h r e e  remote locat ions placed t o  ind ica te  background l e v e l s  i n  

s o i l .  A t o t a l  of eighteen permanent monitoring wells were d r i l l e d  to provide 

pe.rtinent information summarized i n . t h i s  repor t  and t o  provide a means for 

fu ture  ground water sampling. 

1 
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2.0 SUX4ARY 
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Flajor s o i l  and ground water contaminants were id ,ent i f ied as  Cs-137, Ra-226, and 

Sr-90. Highest subsurface concentrations o f  these  nuclides was 836 pCi/gm 
A 

for L s o i l  and n ground water, both of which w e r w  v ny1. 

Areas  of  sur face  and near-surface contamination (pr imari lv  Cs-137) were detected 

on t h e  lower pLateau, with a maximum of  750 pCi/gm. 

c e n t r a t i o n s  y , f a c t o r  o f  10) were detected, but  no t  analyzed. 

Other a r e a s  of similar con- , '  bd-.>;& 3, 

Contaminated ground water flow t o  t h e  r i v e r  i s  t h e  most probable mode f- o r  o f f -  

i s i t e  re leazes .  Projected values of  these r e l e a s e  s, based on f i v e  months' 

n t r a t  ions water samples from wells 1, 2,  and 3,, ind ica te  t h a t  around water conce 

- c -  
r Regulatory Com- 

mission 's  allowable concentrations f o r  as (lOCFR 20, Appendix B) .  I -  * 

One a d d i t i o n a l  sampling well  should be considere- conf i d A u m m t  these  

concentrat ions.  River * water samzles, both f o r  t h i s  Droiect and 1974-1978 

I samples from nearby r e a c t o r  environmental monitoring Drojects,  show no de tec t -  

ab le  releases t o  t h e S u s a  uehanna River which m a y  be a t t r i b u t e d  to U.S. 

Radium operat ioqs.  

General conclusions of t h i s  repor t  are as follows: 

1. Present  condi t ions of the U.S. Radium s i t e  a t  Bloomsburg do n o t  

represent  a s i g n i f i c a n t  publ ic  hea l th  hazard with regard to r a d i a t i o n  

or r a d i o a c t i v i t y  releases. I n  addi t ion,  t h e r e  has been no s i g n i f i c a n t  

impact t o  t h e  environment and surrounding communities assoc ia ted  with 
8 

condi t ions i d e n t i f i e d  i n  t h e  course of o u r  inves t iga t ion .  
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2 .  Substant ia l  co r rec t ive  measures, such as the  physical removal of a l l  

on-s i te  contaminated s o i l  and waste mater ia l s  f o r  r e loca t ion  a t  a 

i t e ,  a r e  not approDriate o r  j u s t i f i e d  a t  t h i s  

3 .  

time. 

of  t h e  propertv i s  a n t 1 r . W  

These statements,  however, do not  preclude the  need for continued 

monitoring of the  s i t ua t -  or nct-ed in  sec t ion  7 . 2 ,  or 

those which may be deemed necessarv bv ree u la to ry  agencies. 

Further  considerations aav be reauired if a change i n  ownership - - 
. .  

t 

i 
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3.0 LITERATURE SEARCH SUMMARY 

Introduction 

A study of available articles was undertaken to gather information useful to 

develop sound recommendat ions involving Sr-90 migration, preliminary measure- 

ments, and environmental monitoring f o r  this project. A preliminary indicatior 

from the licensee was that Sr-90 was expected to be the major soil contaminant. 

Information sources researched included Health Physics, Nulcear Science 

Abstracts, IAEA & ICRP publications, a keyword computer search by the 

Department of Energy Technical Information Center, and the Environmental 

Information Center at Argonne National Labs. 

Topic 

Six topic areas were identified: 

No. of Articles 

3 I. Sample collection and preparation . .  

11. Rapid methods to measure Sr-90 in environmental 5 

111, Migration characteristics and factors affecting 5 

samp 1 e s 

movement of Sr-90 in soil 

IV. Strontium metabolism in the environment 
and its uptake in plants 

Alternatives and contaminated soil methods 
and procedures 

- 'LL- 

V. 

3 

5 

Conclusion 

1. A rapid method to detect Sr-90 contamination in soil by direct gamma 

measurement could be developed. 

on sodium iodide spectroscopic counting equipment, large numbers of so i l  

samples could be easily counted. 

sample preparation and minimize costs by submitting only selected samples 

By gamma counting bremsstrahlung radiations 

This will eliminate the need for elaborate? 

f o r  further laboratory analysis. 



2 .  Strontium migration i n  t h e  environment i s  cont ro l led  by t h e  ex ten t  t o  which --- 

Sr++ can rep lace  Ca++ i n  calcium S e a r u m a t e r i a l s ,  s v e s .  * I t  - 
i s  r e a d i l y  taken'up by p l a n t s  where it can e n t e r  man's food chain (plant ,  

m i l k ,  man). 

f o r e ,  a h igher  ava i l ab le  calcium content (CaCO,) i n  s o i l s  w i l l  produce a 

- 
I t  w i l l  r e a c t  and behave i n  the  environmeu as calcium; t&e- 

-__c_ # 

c 

f m a t  . e.  

3. Strontium movement i n  s o i l  can be cont ro l led  o r  slowed by producing an . 
underground chemical b a r r i e r  which w i I l  increase  t h e  abso rp t ive  character-  

ed under- i s t ics  of  t h e  contaminated s o i l .  A d i l u t e  a c d  is first i n i e c t  

ground t o  e tch  t h e  s i l ica  sand, followed hv a water so luable  s a l 3  w i t h  a 

- 
. .  . .  

t 

high - absorpt ion caDacitv f o r  stratiunxb ns. Retention p r o p e r t i e s  of t h e  

b a r r i e r  a r e  reported t o  increase by a f a c t o r  of 20 over t h a t  o f  untreated - 

DISCUSSION OF SELECTED ARTICLES 

1. In  an a r t i c l e  published i n  Health Physics (Vol. 14, 1968), Dudley and 

H a i m  descr ibe  monitoring bremsstrahlung photons produced from t h e  

be t a  decay of Sr-90. 

channel analyzer  t o  sum t h e  counts over the energy range of 0.05 t o  1.0 

Mev, which includes t h e  t o t a l  bremsstrahlung production region.  

Their method involved a NaI crystal and multi-  

Like beta 

decay, t h e  energy spectrum of bremsstrahlung photons is continuous from 

zero energy t o  Bmax; therefore ,  no true "peak" w i l l  be recognized. 

avoid in t e r f e rence  caused by other  isotopes appearing i n  t h i s  region, an 

To 

optimum band of 0.06 t o  0.15 MeV was se lec ted .  

be f e a s i b l e  t o  use a similar technique t o  monitor f o r  Sr-90 contained i n  

I t  was thus  determined t o  

6 
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soil samples. For accurate comparisons, each sample would be unformly 

dried 

spectroscopy equipment available on site Xoc a rapid, preliminary screening 

method. 

and a predetermined size and weight- would be counted on the gamma 

Nhen compared to background soil samples, those showing abnormally high 

counts in a selected (Sr-90 bremsstrahlung) energy region would be recome:l, 

for further analysis. 

of each sample to supplement the identification of other gamma emitting 

contaminants which may be present. 

In addition, this method provides a gamma spectrum 

2. Strontium is a member of  group IIA of  the periodic table which includes 

the alkaline earths such as beryllium, magnesium, calcium, and radium. 

Isotopes of these are considered hazardous to man because of bone seeking 

characteristics and long rentention times in the body. 

has a relatively high hazard to man index and relatively long half-life 

Sr-90, f o r  example, 

(Tk-28.8~). The maximum permissable concentration to unrestricted waters 

for soluable Sr-90 permitted by the NRC is 3x10” uCi/ml* ~0.3~Ci/ml~. - 
! -  

Strontium will readily form ions having a charge of +2 and will produce 

ionic bonds with non-metallic elements including oxygen, which encourages 

water migration through an ion exchange process. 

The distribution of strontium in soil is controlled by the extent Sr++ 

can replace Ca++ in calcium bearing materials such as limestones. The 

principal carriers of strontium in igneous rocks are plagioclase feldspar 

and apatite. Natural concentrations of sta5le strontium in rocks vary 

*Title 10 CFR 20, Appendix B. 
100 than other  

This is more restrictive by a factor of 
beta-gama enitters such as Cs-137. 



from 10 t o  500ppm w i t h  the'highest concentrat ions found i n  b a s a l t  and 

t e s t ing )  t y p i c a l l y  range from 0 . 1  t o  0.S pCi/gm. .. _- Subsurface migration 

r a t e s  Kill be la rge ly  dependant upon groundwater flow v e l o c i t i e s  i n  t h e  

aqu i f e r  and the re ten t ion  capaci ty  of t h e  type of  s o i l .  

Ivanov and Shagalova (1972) i n  a paper on s t ront ium metabolism i n  the 

environment descr ibe  f ac to r s  a f f ec t ing  s t ront ium uptake by p l a n t s ,  such 

as pH o f  the  s o i l ,  calcium content and sa tu ra t ion  degree with CaC03. 

Their conclusions were t h a t  a g rea t e r  concentration of calcium i n  s o i l s  

w i l l  produce a f a s t e r  uptake of ava i l ab le  strontium i n  p l an t s ;  while a 

high pH appears t o  have an opposi te  effect. 

tends t o  decrease the  r a d i o s t r c n t i m  content i n  p l an t s .  This i s  due, 

i n  pai-t, by t h e  presence of phosphates which increase  t h e  absorpt ive 

c h a r a c t e r i s t i c s  of s o i l s  and reduces t h e  number of f r e e  ions  ava i l ab le  

f o r  uptake. 

A high pH value (basic) 

3. 

Other papers repor ted  similar f ind ings .  The ex ten t  o f  accumulation and 

concentrat ion i n  p l an t s  is l a r g e l y  dependent upon: 1) concentrat ions i n  

t h e  so i l  and t h e  extent  available as ions,  2) metabolic requirements of 

t h e  organism, and 3) physiochemical f a c t o r s  i n  t h e  s o i l .  

The adsopt ion of strontium from s o l u t i o n  by a given s o i l  is a func t ion  of 

severa l  f ac to r s :  

1) 

2) 

3) pH of t h e  system, 

4) 

5 )  Tota l  s a l t  concentrat ions.  

Mineral composition o f  t h e  s o i l ,  

I so tope  concentration i n  t h e  solution, 

Other c a t i o n s  present competing for binding sites, and 

8 
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Total s t ront ium removal v a r i e s  markedly with pH as i l l u s t r a t e d  i n  Figure 

1. Highest r e t en t ion  by s o i l  is  obtained with a pH of ten.  

The r a t e  o f  migration can be considerably influenced by introducing a highly 

so rp t ive  mater ia l  into the  s o i l  and t h u s  delaying t h e  contamination of 

ground water. Straub (1964) r epor t s  t h a t  the  addi t ion  if  Pod3- i n  the  

presence o f  3.3M NaNO, increases  t h e  absorpt ive c h a r a c t e r i s t i c s  o f  c l ay  soil 

- 

cc- 

_c1 

- - 

I n  another  paper on i n s t a l l a t i o n  of  chemical b a r r i e r s  i n  aqu i f e r s ,  Baets le  

and Souff r iau  (1967) descr ibe  i n j e c t i n g  chemical reagents  which r e a c t  w i t l i  

the  s o i l  t o  form an absorpt ive b a r r i e r  t o  underground migrat ions.  

I t  involves t r e a t i n g  t h e  quar tz  sand with 10-0 f l u o r i c  a c i d  (HF) 

which e tches  and preapres t h e  a rea  for i n j ec t ion  of an absorpt ive salt 

s p e c i f i c  I for strontium. 

showed t h e  b e s t  r e s u l t s  at a concentrat ion of 0.05M. 

c 

O f  t h e  var ious  salts inves t iga ted ,  K,H,Sb,07 

Three i n j e c t i o n  wells about one meter apar t  were placed on the down- 

gradient  s i d e  t o  a depth where t h e  chemical b a r r i e r  was t o  be i n s t a l l e d  

(6M). The first chemical was 1320 ga l lons  of  10% HF prepared from 365 

pounds of commercially ava i l ab le  70% HF. 

under pressure  with an ac id  r e s i s t a n t  pump and allowed t o  e t ch  t h e  sand 

f o r  45 hours.  

pyroantimonate) so lu t ion  was introduced using t h e  same method. 

chemical b a r r i e r  was reported t o  have increased the  r e t e n t i o n  p r o p e r t i e s  

The so lu t ion  was slowly injectec 

kext, 1475 gal lons  of a O.OSM KzH2SbzO7 sa l t  (potassium 

The 

of t he  s o i l  by a f ac to r  of 20. 

320 f t . 3 .  

The t o t a l  volume of s o i l  t r e a t e d  was almi 

would c o s t  a p p r w  A t  current  c o s t s  for mater ia l s  t h i s  prQcess & 

$10,000. Labor c o s t s . a r e  expected t o  be comparable. 
9 
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4.0  RiUIIONUCLIDE htONITORIXG .;tUD SAYPLING - METHODS, PROCEDURES AND RESULTS 

4 .1  S o i l  samples were co l l ec t ed  throughout t he  d r i l l i n g  process from a l l  

eighteen t e s t  borings. 

ava i l ab le  U.S. Radium NaI gamma spectrometer and sppplemented by RMC's f i e l d  

monitoring k i t .  

ipa ted  (200) could be quickly screened with reduced cos ts  and recommenda- 

t i o n s  made for f u r t h e r  quant i ta t ive  ana lys i s  only on se l ec t ed  sanples .  

Each was prepared a d  counted on - s i t e  using t h e  

In  t h i s  manner, t h e  la rge  number o f  s o i l  samples an t i c -  

S o i l  samples were gathered a t  two feet  i n t e r v a l s  from most bor ings  and 

r e t a ined  i n  p l a s t i c  bags marked with t h e  w e l l  number, depth and d a t e  of 

t h e  sample. 

overnight .  

\ 

Each sample was t h i n l y  spread on absorbent paper t o  a i r  dry  

The samples taken from below t h e  water t a b l e  were usual ly  

water s a t u r a t e d  so t h a t  a heat lamp was used t o  speed t h e  drying process.  

Large s tones were 'removed and. clods broken up. as much as .poss ib le .  . 

When completely dry, a l l  samples were s i f t e d  through a course (3 /16")  

screen and t h e  rocks discarded. 

3" aluminum sample cans and canned with a master sealer t o  p re se rve  

Fines were weighed (250 gms net) i n t o  

each sample. 

Fines from each sample were a l s o  placed i n  k" 

producing an i n f i n i t e l y  th ick  sample (11 gms) 

and be ta  counting. 

deep counting p lanchets  

f o r  on-site g ross  a lpha  

A Packard 400 channel. analyzer and 3" x 3'' NaI c r y s t a l  was u t i l i z e d  by 

modifying t h e  d e t e c t o r  sh i e ld  to accommodate aluminum 

provide background shielding.  Analyzer s e t t i n g s  were 

11 

sample cans and 

ad jus ted  t o  produce 



10 Sev/channel, and each sarnple was counted f o r  10 minutes.  Counts p e r  

c'nzznel were to t a l ed  according t o  preselected regions o f  i n t e r e s t ,  t hen  

posTed on count ing  da ta  shee t s .  

X-Y g l o t t e r  was used t o  record a gama  spectrum of each sample f o r  f u r t ' ; i  

r e fe rence .  Selected spec t ra  are contained i n  Appendix A. 

A t  t h e  completion of  each count, an 

Due t o  l imi ted  data  reduction c a p z b i l i t i e s  on the  ana lyzer ,  and l a c k  of  

c a l i b r a t e d  s o i l  standards,  q u a n t i t a t i v e  ana ly t i ca l  r e s u l t s  were n o t  

obtained. However, sample t o  sample comparisons were made and s p e c i f i c  

is0;opi.c information was i n fe r r ed  from t h e  se lec ted  r eg ions  

A s o i l  contanination p r o f i l e  showing gmma counts vs .  depth , w a s  preparell 

for each well; s e l ec t ed  p r o f i l e s  a r e  i n  Appendix B. 

o f  in te res ' t . .  

S o i l  planchets  were gross a lpha and be ta  counted t o  help confirm gamma 

i s o t o p i c  i d e n t i f i c a t i o n .  

a windowless gas flow (Ar-Me) p ropor t iona l  counter. 

counted f o r  one minute each with t h e  t o t a l  counts per minute recorded a n  

the counting d a t a  sheet .  

s e l e c t e d  samples where t h e  presence of Ra-226 was suspec ted  b u t  could  no4 

be confirmed from the gamma spec t r a .  A two inch diameter  a l p h a  scint i l  I C  

and scaler was used with counts  taken f o r  10 minutes ,  This informatiori 1 

. .  

Beta counting was performed on a l l  samples U S i l ;  - 
Samples were beta 

Gross alpha counting was performed only  on 

also recorded on t h e  counting da ta  shee t  f o r  each sample counted. 

A t o t a l  of eleven s o i l  samples were submitted t o  RMC a n a l y t i c a l  labs i n  

Phi lade lphia  f o r  q u a n t i t a t i v e  a n a l y s i s  of Sr-90 by chemical s e p a r a t i o n  

and/or h igh  r e so lu t ion  GeLi gamma spectroscopic  a n a l y s i s .  

analyses  are shom i n  Table 4-1. 

Resul ts  of t-h 

1 2  
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Table 4-1 

GUAWTITATIVE LAB AYALYSIS OF SELECTED SOIL SMG'LES 

Bore-Sample # 

1- 4 

1-- 9 

2- 6 

3- 1 

3- 5 

3-10 

3-11 

4- 8. . 

5- 2 

5- 7 

6-. 7 

Depth ( f t )  
To - From 
6- 8 

16-18 

10-12 

0- 2 

8-10 

15-20 

20-22 

14-16 

2-4 

12-14 

12-14 

Chemical Separation 
Sr-90 (pCi/gm) 

26.4 f 2.6 .-_ 
*' 

836. f 83. 

.A 264. f 26. 

5.1 f 0.5 

3.3 t 0 . 3  

d' 83.4 t 8.3 
- 

<. 2 

233.. f 23.. 
t- 

58.5 k 5 .9  

38.3 k 3 . 8  
-.. 

1.8 f Q.2 

G e L i  y Spectroscopy(pCi/gm) 
Ra-226 CS-137 

58 

<MDL* 

-<MDL l /  

1.1 

1.0 

< MDL 

< MDL 

< MDL 

17 

59 

7.3 

# 

*MDL - Minimum Detectable Level (Approx. 1 pCi/gm) 

12 ' 
<MDL 

<MDL 

0.84 

1.30 

<MDL 

<MDL 

<MDL . 

250 

25 

2.4 

c 

13  
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Ten r i v e r  s i l t  samples were co l lec ted  from f i v e  loca t ions  along the r iver1 : ;  

edge betxeen the  p - q e r t y  l i n e s .  

th ree  t o  twenty f e e t .  

t he  procedure described above f o r  boring samples. 

de tec tab le  l eve l s  above background, (Cs-137). 

h i g h  a t  t h e  time o f  measurenent, it i s , specu la t ed  t h a t  t h i s  is  simply an 

extension of the surface contamination found on the  lower p la teaus ,  r a t h e r  

than r i v e r  sedimentation. . .  

Distances i n t o  the  r i v e r  sampled were f rc lm 

A l l  were dr ied  and N a I  counted on - s i t e ,  similar t o  

Only one sample showed 

Since t h e  r i v e r  w a s  abnorina . I. 

4 . 2  Ground water samples f ron  borings were co l lec ted  using two methods: 

drawing l i q u i d  i n t o  an evacuated container  through Y' tygon tubing 

and by 1owerir.g a r i g i d  "dip tube" designed f o r  t h i s  purpose i n t o  t h e  

water table. 

Samples were drawn from wells 1, 2 and 3 about monthly s t a r t i n g  October 

18, 1978. 

ph ia  for drying,  gross  a lpha  and be ta  counting, and ana lys i s  f o r  Sr-90. 

Subsequent samples from t h e s e  wells were also submitted f o r  q u a n t i t a t i v e  

ana lys i s  t o  compare mon t̂h t o  month f luc tua t ions .  

I n i t i a l  samples were sen t  t o  RMC Analyt ical  Labs i n  Phi lade l -  

- 

The concent ra t ions  

of ground water from wells 1, 2, and 3 are shown i n  Table 4-2. 

data  

This 

i s  graphica l ly  shown as Figure 2, which shows an apparent d i l u t i o n  

e f f e c t  of t h e  ground water concentrat ion as it moves towards t h e  r i v e r .  

Ten add i t iona l  samples wells were completed and sampled by Meiser E Earl 

on February 21, 1979. 

"dip tubet1 b a i l e r  and allowed t o  s tand overnight so suspended s o l i d s  cou1:I 

Half ga l lon  water samples were c o l l e c t e d  us ing  a 

14 
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Table 4-2 

I Date 
1 

10/18/78 

I 121 18/ 78 

1/18/79 

2/23/79 

3/ 15/ 79 

GROUNDKATER CONCENTRATION (pCi/ml)' 

I1 I No. 111 

Sr-90 - Gross B 

3.5 (5.8) 

6 . 3  (5 .6 )  

3 . 2  ( 5 . 2 )  

(4) ' - 
- (4.4) 

1 

15 
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s e t t l e  o u t .  

planchet us ing  a hot  plate .  

(beta) and ten minutes (alpha) using t h e  equipaent mentioned previously.  

Tfiese restlits provided rapid sample 

deternine the  need f o r  f u r t h e r  q u a n t i t a t i v e  m a l y s i s .  

.4 50 m l  al iquot  was slowly evaporated i n  an aluminum counting 

Dried samples were counted f o r  one minute 

t o  s a a p l e  comparisons and a b a s i s  t o  

Water from a l l  wells (19) was col lec ted  on March 14, 1979. 0n.e ga l lon  

samples were submitted t o  Phi ladelphia  f o r  gross alpha and b e t a  a n a l y s i s  

and a second 50 m l  sample.was dr ied  and counted on-s i te  as above. These 

r e s u l t s  a r e  shown i n  Table 4-3. 
1 I 

I n  addi t ion t o  these  spec ia l ly  d r i l l e d  well  samples, water was c o l l e c t e d  r 
and analyzed from the  Susquehanna River between t h e  property l i n e s ,  main 

bui lding feed l i n e s ,  and o l d  process . .  w e l l  near  the  p i t s ,  and t h e  Susquehanna 

i River a t  t h e  Mif f l in  Bridge t o  document t h e  absence of de tec tab le  o f f  site 
i[ 

I] 
releases. All samples were a t  o r  near  minimum detec tab le  l e v e l s  (MDL) as 

shown i n  Table 4-4. 

Other accessable on-s i te  surface water measured included samples from 

the east and west lagoons, water from a sinal1 surface run off stream a t  

t h r e e  loca t ions ,  and f ive back hoe water samples which were obtained 1 
when p i t s  1, 2, 4 ,  6 2nd 7 were dug below t h e  water tab le .  Resul ts  of 

these  samples are a l s o  shown i n  Table 4-4. 

4 . 3  Surface gama measurements were taken throughout an area bounded by t h e  

abzndoned canal  fence, t h e  r iver ,  and t h e  property l i n e s ,  t o  document 

the ex ten t  of detectable  surface and n e a r  sur face  contamination. 

17 



Table 4-3 

GROUND WATER SAMPLES COLLECTED MARCH 14, 1979 

- 
Fie ld  Determinations 
(SO ml Dried Sample) 

Sample No. Gross u Gross B 
b e t  cpm) (net  cpm)’ 

Ph i l ade lph ia  Counting 
Analy t ica l  Resul t s  (pCi/m 1: 

Gros!; f Gross a .- ._ 

Bore 1 

2 

3 

4 

5 

<MDL2 

<MDL 

<>DL 

2 1.4 

4. 0.67 

4 0.96 

& 0.71 

0.18 

0.005 

y 0.242 

0..0043 

< M I L  

<MDL 

0.0063 

0.005’ 

0.008j 

0.0013 

)c 0.345 

1.23 

0.0023 

- 

57. 

8.9 

’ 4.4 

y 2.4 

’ 0.83 

‘ J ,  1.1 

.*.< 0.42 

-< 0.15 

0.05 

:f 0.19 

0.04 

)c 0 .6  

0.04 

0.OOEl 

0.01:’ 

0.016 

0.0091 

Y 0.45 

.L. 2. 

o.0162 

- 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17’ 

18 

19 

East Lagoon k t e r  

West Lagoon Water 

‘Units a r e  counts per minute p e r  50ml. No self  absorption co r rec t ion  appl ied .  
Samples were not f i l t e r e d  and are, therefore ,  not  exact dup l i ca t e s .  

2.+zroxiinntely 0.001 p C i / m l  

’ 3 ~ 1 , ~  pr.-:cz; WCII sx- .?le 
18 



Table 4-4 

Sam1 e 

Susquehanna 2 i v e r  
Sample 8 1  

Sample # 2  

Sample Z j  

blain Building Ii'ater 

On-S i t e 
Process Well Water 

River Xater A t  
i-liffl i n  Bridge 

Run O f f  $1 

n"2 

$ 3  

Back Hole n"1 

#2 

n"4 

n"6 

87 

. .  

MI S C E L LAX E OUS \GAT E R S X P  LE S 

Collect ion 
Date 

12/ 19/ 79 

12/19/79 

12/19/79 

12/ 19/ 79 

1/24/79 

2/2/ 79 

3/15/ 79 

3,' 1,5/ 79 

3/15/79 

3/ 15/ 79. 

3/ 15/ 79 

3/15/79 

3/ 15/ 79 

3/ 15/ 79 

Gross cy, 
(pC i /ml ) 

<1.6s:O- 

a .  1x10- 

<I. iX10- 

~ 7 . 9 ~ 1 0 -  

2 . 5 ~ 1 0 - ~  

<9.4x10- 

-1 

.12 

.8 

< -06 

< .06 

< .06 

< .06 

< .06 

19 

Gross B 
(pCi/nl) 

2. 3x10-2 

1.1x10-* 

1. 7x10e2 

9 . 7 ~ 1 0 - ~  

1.2x10-2 

4.4~10- 

<o. 2 (blDL) 

<0.2 

c0.2 

5 . 8  

0.29 

0.28 

1.6 

3.4 

kihere 
,Analy=ecl - 

Phi la .  

Phi la .  

Phi la .  

Phi la .  

Phi la .  

Phila I 

US Rad LI: 

US Radir. 

US Rad iu 

US Radiu 

US Radiu 

US Rzdic  

US Radii1 

US Radii. 
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Using a hand held 2" x 2" Ma1 c r y s t a l  and a po r t ab le  ratemeter, l e v e l s  

were neasured i n  counts per  minute (cpm) and A 

recorded on a s i t e  map as mul t ip les  of background. Typical 

background readings were 1,000 t o  1,500 cpm. From t h i s  information, a 

rough sketch of contaminated areas  w a s  constructed of areas g r e z t e r  thm 

twice background. In some locz t ions ,  severa l  "hot spotstT were reading 

25 t i m e s  background t hcwn . 
__cI 

In f i v e  higher  reading areas, marked A throu.qh E 0-e ,3, l e v e l s  were. 

me'sured a t  6" and 1211 below the  surface by digging a 2 f o o t  diameter  hole.  

Location "B" was chosen i n  an a rea  o f f - s i t e  on neighboring proper ty .  Three 

s o i l  samples were co l lec ted  a t  each loca t ion  and counted i n  t h e  sane 

fashion as mentioned i n  Sect ion 4.1 t o  i d e n t i f y  the radionucl ide(s)  

p re sen t .  The major sur face  containinants were Ra-226 and Cs-137. Gamma 

spectra Three samples, l o -  
. . .  

of these  sanples  are shown i n  Appendix A. 

catior.  "A':' a t  6IT, llC" -at sur face  and a t  12", were submitted f o r  G e L i  

gamma spectroscopic  ana lys i s .  These r e s u l t s  are shown i n  Table 4-5. 

h ighes t  soil concentration w a s  750 pCi/gm of  Cs'-137 a t  "A". 

The - -  
e 

' To b e t t e r  def ine sur face  and near-surface contamination, seven back-hoe 

t renches were constructed i n  t h e  lower p l a t eau  a t  various l o c a t i o n s  as shovn 

(Figure 3). Gama readings were taken along t h e  exposed wall into t h e  trerrcf 

and a r e  sumar i zed  i n  Table 4-5. 

which was dug i n t o  the  abandoned canal .  

Highest readings were found i n  Back Hoe 81. 
I 

There w a s  evidence of contaminated 

t r a sh ,  bti i lding rubble  and o the r  deb r i s  a t  a depth of 6 f e e t .  

Selected spectra of back-hoe s o i l  samples are contained i n  Appendix A. 

20 



r 
i 

f 
r- 

... 

I 

i 
Is 

f 

i 
t 

Table 4-5 

SDecial  S a i p l e s  

A - 6" 

C - Surface 

E - 12" 

GeLi Spectroscopy (pCi/gm) 
?la-226 CS-137 

< :4DL 

64 

480 

750 

550 

250 

Back Hoe P i t  Obs er:ratj. ons 

Back Roe #1 

Located about 50 f t .  south of  Lacquer Storage Building. 

Surface reading was 40,000 cpm. 

6 f e e t ,  t r a s h ,  boards, t r e e s ,  and other  debris  were uncovered ind ica t ing  t h a t  

waste may have been used as f i l l  n a t e r i a l  i n  t h e  o l d  canal.  

Four foot  depths showed same l e v e l s .  A t  

Readings increased t o  

g r e a t e r  than 60,000 c ~ n  ( f u l l  sca le )  Selow 6 ' .  A water sample was taken. 
. .  

Back Roe #2 

Located below a.ny contaminated areas about 100 feet  d i r e c t l y  below p i t  #1 

(towards r i v e r ) .  

No readings were observed above background. Water sample taken. 

' ... 

: !  

Back Hoe #3 

Located d i r e c t l y  south of t h e  waste building f i v e  fee t  from the  abandoned canal  

r /  fence. Should have been located i n t o  t h e  o ld  canal .  I 

No readings above background t o  a depth of 7 f e e t .  

d i c a t e  o t h e r  than e a r t h  fill. 

i 
I 

No trash or d e b r i s  t o  in-  

Water d i d  not accumulate i n  p i t  before  back 

f ill ing . 

21 
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Table 4-5 ,  Con't. 

I- 
i- 

!- 

Location xas se l ec t ed  i n  a contaminated a rea  by well #18 about 20 fee t  from 

t he  S.E. corner proper ty  l i n e .  

Surface readings were 10 t i n e s  background (10,000 cpm). 

Le-.rels dropped considerably t o  2,000 cpm a t  t h ree  f e e t ,  and t o  background a t  

6 f e e t ,  i nd ica t ing  surface contamination only.  

Back Hoe #S 

Located d i r e c t l y  south of Evaporator House, f i v e  f e e t  below t h e  abandoned 
I 

r 
canal fence. 

Readings were trcice backgr0ur.d a t  t h e  su r face  only. There was no d e b r i s  o r  

water dom t o  6 f e e t  . 

Back Hoe #6 

In a contaminated area near well #19. 

Highest readings (3 times background) were a t  3 f e e t .  

Appeared t o  be g rave l  and sand f i l l  down t o  6 feet ,  then black c l ay .  

dropped t o  background below 6 feet .  

* c  
Readings 

r. 
i 

\ _. 

I 

Bzck Hoe #7 

Located s l i g h t l y  n o r t h  of P i t  # f .  
i 

As the  t rench was being dug towards +l, a rock wall was encountered,apparently 

that  of  t he  abandoned canal.  

Readings north of t h e  wall (towards Lacquer Storage) were background. 

south of t h e  wall  [towards t h e  r i v e r )  increased t o  well above 60,000 cpm. 

A s o i l  and water sanp le  was taken. 

i, 
:I 
; !  
i 

Readings 
1 

22 
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FIGURE 3 

CONTAMINATED AREAS AND LOCATIONS - SITE MAP 
. .  
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SECTION 5 

INTERPRETATION OF DATA 

I- 
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5.0 I n t e r p r e t a t i o n  o f  Data 

5 .1  S o i l  sample ana lys i s  ind ica tes  tha t  Sr-90, Cs-137 and Ra-226 - -  
primary contaninants .  This iias i n i t i a l l y  determined by high 

a r e  t h e  

count r a t  e s 

i n  s e l e c t e d  regions o f  i n t e r e s t  and reviewing t h e  corresponding contamina- 

t i o n  p r o f i l e s  (Appendix B ) .  

Gamma s p e c t r a  provided more information t o  confirm the  presence of t hese  

isotopes'. Sr-90 was indicated by the  presence of  low energy bremsstrahlung 

photons i n  Bore 1-7 and 1-8 

energy peaks (180, 240, 290, and 350 Kev) a s  shown i n  Bore 4-1 

o thers .  

Appendix A. Ra-226 was indica ted  by four "med.ii - -' 
5-1 and -' 

The presence of Cs-137 bes t  was indicated by t h e  presence of a 662 
* 

Kev photon as shown i n  the  spectrum of poin t  ltA" a t  t h e  surface.  

amounts o f  each isotope o r  t h e  absence of a s i n g l e  nucl ide can be seen by 

making spectrum to  spectrum comparisons. 

Relative 

Quant i ta t ive  ana lys i s  w a s  recom- 

mended when a combination of  isotopes could not  be i d e n t i f i e d  o r  a con- 

c e n t r a t i o n  l e v e l  was useful .  

Subsurface s o i l  concentrations 

ranging from background t o  836 

a re  highest  i n  wel.ls 1, 2, 3, 4, and 5, 

pCi/gm of Sr-90 i n  well 1-9 (18 ft). Well - 
CS-137 with 59 - number 5 showed t h e  highest  concentrat- of Ra 276 and 

and 750 pCi/gm respec t ive ly .  These amounts represent  f a i r l y  h igh  levels 

i n  s o i l ,  al though unless  it i s  leached i n t o  ground water no g r e a t  hazard 

e x i s t s .  

taminated s o i l .  

The l icensee  can maintain adequate con t ro l  over  o n - s i t e  con- 

Contamination l eve l s  may have t o  be re-evaluated i f  a 

sale of the property is  planned. 

24 



Other wells ( 6 ,  8 ,  10, 11, 12, 18, and 19) showed measurable amounts of 

ground contamination, but within a f a c t o r  of 10 t o  t h a t  o f  normal back- 

ground concentrations (l-SpCilgm) . 

5.2 As s t a t e d  e a r l i e r ,  ground water flow i n t o  the  r i v e r  i s  t h e  most probable 

mode f o r  re lease  t o  an u n r e s t r i c t e d  a rea  ( r i v e r ) .  

Samples from wells 1, 2, and 3 have been supr i s ingly  c o n s i s t e n t  over a six 

month period, considering the varying conditions and ground water flows dL1r.j 

t h e  same time. I n  addition, a l l  tend t o  b'e consis tent  enough. to  suggest 

a near  l i n e a r  d i l u t i o n  effect (Figure 2) as t h e  a c t i v i t y  inoves towards 

t h e  r i v e r .  In r e a l i t y ,  t h e  curves should be more exponential than suggestec 

However, e i t h e r  method shows a projected r e l e a s e  concentration of less than 

maxinuii permissable (0.3 pCi/ml) for Sr-90. Other radionucl ides  which ma? 

be present  i n  ground water would a l s o  be below t h e  maximum permissable a t  

t h e  r i v e r ' s  edge. 

wells $4 and 19 are not  confirmed by addi t ional  r e s u l t s .  

water are reported a s  1.4 

of these  water samples appears warranted. 

Two high gross  alpha readings shown i n  Table 4-3 from 

These l e v e l s  i n  

pCi/ml and 1.23 pCi/ml. A radium determination 
.a 

k 

Assuming a t o t a l  water flow o f  320 gallons/day through a one f o o t  *'window" 

as t h e  hydrologist  suggests, no more than 160 m C i  o f  Sr-90 could be re -  

l e a s e 3  t o  t h e  r i v e r  i n  a s i n g l e  year. This i s  less  than the one c u r i e  

' l i m i t  s e t  by the  NRC for discharges t o  a sewer system. I t  assumes a 

worst possible  case of continuously re leas ing  a t  the  bPC ( 0 . 3  p C i / m l  f o r  

Sr-902 along the e n t i r e  r i v e r ' s  edge between the  property l i n e s  (approxi- 

mately 1200 f e e t ) .  Information f r o n  wel ls  7, 8, and 18 and from back-hoe 

p i t  $ 2  do not ind ica te  s ign ig icant  gross  b e t a  levels ,  so  t h e  a c t u a l  *lwidtli'' 

of discharge i s  probbaly less than 100 f e e t .  
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Houever, t o  confirm and document these r e l eases ,  one add i t iona l  sampling 

well  should be constructed along the expected rnaximum concentrat ion l i n e  

shown by t h e  hydrgeologist ,  somewhere be tmen  wells 3 and 6 .  I n  t h i s  

concentrat ions of r e l eases  moving through t h i s  point  could be accura te ly  

conpared t o  t h e  BPC's on a rout ine >asis. 
t 

Other environmental water sampled ind ica tes  t h a t  po ten t i a l  yeleases  cannot b e  

d i s t inguished  from the  na tura l  background concentrat ions a l ready  present .  

This is  due i n  p a r t  t o  t he  small re leases  expected and t h e  huge r i v e r  

d i l u t i o n  of  3300 gal/min. (9 
5.3 The ex ten t  and p a t t e r n  of surface or near  surface ground contamination do 

not  appear t o  be r e l a t e d  t o  the below ground waste s torage  s i l o s .  mjor con-. 

taminants a r e  Cs-137 and Ra-226 and usua l ly  a p e a r  i n  t h e  f i r s t  t h  ree feet  - s 
of s o i l .  

suggest  s t i r face run o f f  from t h e  lagoons o r  from sur face  dumps during 

f looding r a t h e r  than leaching from the  s i l o s .  

The l a rge  contaminated area below t h e  e a s t  lagoon tends to 

Exposures t o  ind iv idua ls  in these  areas are estimated t o  be  in s ign i f i can t .  

Sodium iodide  probe readings cannot be d i r e c t l y  converted t o  mR/hr 

exposure rates; however, HASL-300 lists a conversion f a c t o r  of  0.38 uR/hr/ 

pCi/g o f  Cs-137, assuming a typica l  surface l e v e l  d i s t r i b u t i o n  i n  soil. 

The maximum 750 pCi/g sample would cause an exposure rate o f  0.3 mR/hr. 

Continuous exposure (40 hrs/wk) i n  t h i s  l oca t ion  would produce a ca lcu la ted  

dose of 1.2mR/40hrs. or about 1% o f  the  occupational exposure l i m i t .  
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-4s shown on Figure 3, t h e r e  was one sur face  area of s o i l  contaminated with 

Cs-137 which was o f f - s i t e .  The exposure r a t e  i n  t h i s  area does not exceed 

NRC u n r e s t r i c t e d  l i m i t s ,  and expected r e s u l t a n t  exposures should have been 

s l i g h t .  This =rea of s o i l  should be removed, however, as soon as poss ib le  

(s recommended. 

. _.  _. . 

? 
L 
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6 . 0  License Review Summary 

U.S. Radium F i l e  

XRC Publ ic  Document Roon, S i l v e r  Springs , Maryland - 
The purpose of t h i s  task was t o  gather  and document information which 

may be contained as a p a r t  of the  p b l i c  record r e l a t i v e  t o  p r i o r  f a c i l i t y  

ope ra t ions .  

view and coyy se lec ted  l icenses ,  appl icat ions,  inspec t ion  r epor t s ,  i n t e r n a l  

memoranda, waste disposal records , material t r a n s f e r  r epor t s  and d i s  t r i b u -  

t i o n s ,  submit ted t o  the  Nuclear Regulatory Commission. 

Under the  Freedom of  Information A c t ,  RNC had arranged t o  

*e- =- 
; A  
w 

! .  

L 

On March 16, 1979, t he  complete U.S. Radium f i l e  had been assembled, ex- 

cept f o r  i n f o m a t i o n  designated as propr ie ta ry .  It cons is ted  of a l l  re- 

t a ined  correspondence and submi t ta l s  made t o  the  NRC/AEC s ince  about 1954. 

P r i o r  t o  t h a t ,  users of mater ia l  were required t o  ob ta in  s p e c i f i c  authQri- 

zat ions t o  possess ,  use and t r a n s f e r  ac t ive ,mater ia l ;  and thcse  records are 

n o t  r e t a ined  and have been destroyed. 

A l a r g e  p o r t i o n  of the  f o r t y  t o  f i f t y  f i l e  fo lde r s  made ava i l ab le  contained 

product l i t e r a t u r e  information required by the NRC f o r  d i s t r i b u t i o n s  under 

genera l  d i s t r i b u t i o n  license provis ions.  

l i c e n s e  of U.S. Radium under which some 14 various isotopes were possessed 

The broad scope manufacturing 

( including Sr-90, T1-204,.Cs-137, Co-60, Kr-85 and Po-210) w a s  t h e  37-30-02 

l i c e n s e  app l i ed  f o r  on June 6, 1956 and issued on June 20, 1956 under t h e  

new 1 icens ing  program. 

We were reviewing early f i l e s  t o  sqplement  incomplete information on 

a c t i v i t i e s  r e l a t i v e  t o  on - s i t e  bu r i a l s  of mater ia l  made i n  two d isposa l  
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s i l o s ,  supposedly dar ing the  1950's. 

:\'zste d i sposa l  procedures were mentioned severa l  times i n  various e a r l y  

correspoidence butween t!e Conmission and U.S. Radium: 

In an  e a r l y  inspect ion r epor t  dated 11/7/55, NRC inspector  

Robert Barker, r e f e r r ed  t o  waste d isposa l  as "being made i n  

two o ld  silos which have been buried i n  t h e  ground, some 15 

feet  i n  diameter.  They have concrgte f l o o r s  and manholes i n  

t h e  top  f o r  introduct ing contaminated s o l i d s .  

$150 t h r e e  years  p r i o r  t o  f i l l i n g  t h e  first one. 

t h e  f u l l  one w a s  covered with concrete .  

pemanent  type of disposal  system. 

f i l l e d " .  

These cos t  about 

The top of 

This, they th ink ,  i s  (sic) 

The o the r  i s  only p a r t i a l l y  

--- .. 
u. Seven months l a t e r ,  i n  an . app l i ca t ion  l e t t e r  dated June 6, 1956, a t  t h e  . .. 

request  o f  t h e  AEC f o r  more information on waste d isposa l  procedures, 
:. 
I 
L I C.C.  C a r r o l l ,  General Nanager o f  t he  BloomsSurg Division, r e p l i e s :  

" A l l  dry wastes a r e  encased i n  g l a s s  b o t t l e s  o r  metal cans and -. 

enclosed i n  a secondary metal conta iner  .... These wastes are 

shipped, upon approval of M r .  J. H. Gi l le t te ,  t o  O W L  f o r  d i s -  

posa l .  For disposal  of  low l e v e l  contaminated equipment, a 

locked concrete  b u r i a l  s i t e  has  been constructed on t h e  premises." 

F ina l ly ,  i n  a f i l e  memo dated December 18, 1957, about discussions of  a 

r ecen t  i n spec t ion  of t h e  Bloomsburg f a c i l i t y  by New York opera t ions  on 

October 2 ,  1957, J.W. Hitch of t h e  AEc, writes: 

T e m i s s i b l e  l eve l s  of r ad ia t ion  i n  un res t r i c t ed  a reas  a t  t h e  

waste d i sposa l  s i l o  i s  ( s i c )  being surrounded by a 6 f t .  fence which 
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Mr. Dooley states 

t h i s  area". 

w i l l  be e f f e c t i v e  i n  cont ro l l ing  en t ry  i n t o  

These t h r e e  mentions are t h e  only refcrences about the on - s i t e  waste d i s -  

posa l  p r a c t i c e s  contained i n  the publ ic  record f i les .  

t h e  XRC was aware of U.S. Radium's i n t e n t  t o  bury contaminated waste on 

s i t e  as a "Fernanent type of disposal", as one inspector  r e f e r r e d  t o  it. 

Since there was no evidence t h a t  t h e  i n t e n t  or manner of t hese  d isposa ls  

w a s  defined o r  t h a t  t h e  AEC/h?RC objected t o  the  process due t o  ex i s t ing  

regula t ions ,  the l icensee  has a7parently no t  v io la ted  any l i c e n s e  condi- 

t i ons  by burying these  materials on s i t e .  

I t  i a d i c a t e s  t h a t  

2 

- 

Subsequent inspec t ion  r epor t s  contained no information about the d isposa ls ,  

probably due to t h e  fact t h a t  on-s i te  b u r i a l s  ceased when t h e  second s i l o  
. .  . .  was f i l l e d .  

In  add i t ion  t o  these  f indings,  t he re  was considerable ccrrespondence be- 

ginning about 1S67 questioning the boundaries cif t h e  p l an t  r e s t r i c t e d  areas .  

I n  a l e t t e r  t o  t h e  AEC of April 24, 1969, O.L. Olson s t a t e d  t h a t  "the t o t a l  

p l a n t  site w i l l  be  used as a r e s t r i c t e d  a rea  f o r  t h e  purposes o f  ca l cu la t -  

i ng  atmospheric dispersion".  However, t h e  AEC, i n  correspondence dated 

September 10, 1973, and again on Apri l  20, 1976, apparently questioned t h e  

v a l i d i t y  of t h e  t o t a l  p l an t  s i t e  as a r e s t r i c t e d  area and requested addi- 

t i o n a l  in forna t ion .  

Again, on Apri l  28, 1977, Jack Bell  of t he  NRC s t a t ed  "....if t h e  t o t a l  

p l a n t  s i t e  i s  used as a r e s t r i c t e d  a rea  ..., as you have s t a t e d  i t  i s ,  you 

30 



nus t  cont ro l  access . . .  If you do not  cont ro l  access to t h i s  area, it may 

not be considered a r e s t r i c t e d  area f o r  any purpose". 

This c l a r i f i c a t i o n ,  def ining t o  the  Commission t h e  boundaries of t he  

elease limits t o  an un- 

r e s t r i c t e d  area apply 2nd will have t o  be def ined with t h e  NRC as pe r  our  

recomnczded ac t ions  i n  Sect ion 7.0.  

L. - 

31 



c 
. .  

\ 

. .  0- ..... , . 
.~.... .* 

. .  . . .- ... 
.?;.. 

. .  . .  . .. . .. - . .  - - . .  . .  
.:. . 

r .  . 
,: 
. . .  

- 

CONCLUSIONS 

SECT I ON 7 .  

AND RECOMMENDATIONS 

.. .. . . . .  . _  
~. ... . - _  

, .' , ...- 
.,, , _.  ..... . .... 

A:,.. 

: . I  , 

. .  ... . 

: .  . .  
I :  

. .  

. .  

. -  
. . .. 

.. . 
, .  

: . .. . .. . . 

. .  
7- ..I 

i. 



- .  
4 , 

7.0 Conclusions and Recommendations \ 

7.1 General conclusions are as follows: 

0-=- 

c 
a 

1) I t  is our opinion t h a t  t he re  i s  no immdia te  r i s k  t o  the  pub l i c  

h e a l t h  and s a f e t y  f r o  
c - 

onditions encountered a t  the Bloomsburg 
c 

f a c i l i t v .  

2) Sub-surface water cantamination was detected i n  t h e  water t a b l e  

below t h e  lower p la teau .  Sr-90 analyses of t h e  w e l l  water 

samples surrounding t h e  disposal  silos i n d i c a t e  t h a t  a) t h e  s i l o s  

are t h e  source of Sr-90, and b) re lease  concentrat ions are pro- 

j e c t e d  t o  be below those  allowable by t h e  KRC. This  i s  assuming 

that t h e  r i v e r ' s  edge i s  t h e  south property boundary, is loca ted  

as shown i n  Figure 3, and t h e  lower p la teau  is designated as a 

* .  

c 

r e s t r i c t e d  a rea .  Recent gross  alpha and gross b e t a  counts o f  
. _ .  . 

wells 18, 19, 4, 6, 5, 7,  8, 10, and 1 2  show de tec tab le  a c t i v i t y ,  

i n  excess of t h a t  i n  t h e  three  background wells (14, 15, and 16) .  

These r e s u l t s  are not  supported by preliminary f i e l d  analyses,  

co l l ec t ed  on February 23, 1979, and may represent  sample c ross -  

contamination, o r  varying concentrations with time. These r e s u l t s  

should be.confirmed by re-samplinE and re-count. f o l  lowed by 

- 
I 

s p e c i f i c  q u a n t i t a t i v e  and qua l i t a t ive  analyses.  

S o i l  contamination amears t o  have th ree  or- s: a) The subsurface 

area south of t h e  d i s p o s l  D i ts  lSr-90) appears t o  have leaked 

from t h e  n i t s ;  b) bur ied  debr i s  i n  t h e  abandon cana l  as ind ica ted  

- 
3) - 

- 
by back-hoe t renches,  and c)  non-uniform surface or near-surface 

contamination i n  random areas  throughout t he  l o w x l a t e a u  _---.---. from 

e i t h e r  sur face  depos i t ion  o r  runoff/overflow from t h e  lagoons. 

-- 

L - 
--..-==*.r:- . - 

H 
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These concentrations represent a s l i g h t  hazard due t o  t h e  low exposure 
d d 

r a t e  a d  leaching rate. Of f - s i t e  contamination (mostly Cs-1371 is . 
de tec t ed  across  the  southeast  property l i n e .  

4 

s l i g h t  hazard. 
Y 

4 )  k x o v a l  of on-s i te  contaminated s o i l  o r  t h e  r e loca t ion  of the  waste 

d i sposa l  s i t e s  do not appear t o  be warranted o r  j u s t i f i e d  at  t h i s  t i n e .  

C s p t  i n u  e d v i n e _ i s % a  _ _  ry  . 

m * 

/ r - 

\: * -  - c- * fl; .. *?- t ** -<-?/  
-, - 7--: 7.2 Reconxiendat ions  . -  *LA. :.? &d, 7 c / - - - . - - c .  ..&.> 

3) 

I 
. d  .. . 

- q ?  &;p. s. + 'n-?!,? +A &-c" e-77 
C l e a r l y  ind ica t e  t o  the  NRC t h a t  t h e  area below the abandoned canal 

fence  t o  t h e  r i v e r  is  a r e s t r i c t e d  area. Control access t o  t h i s  area 
L 

1- I, .. I' r '  
by post ing 'kerp out,  'no t r emass inh ,  and r e s t r i c t e d  area s igns  .along 
4 

b y  es. 

Al t e rna te ly ,  remove the contaminated s o i l  t o  t h e  r e s t r i c t e d  area. 

Kenove contmina ted  s o i l  from t h e  o f f - s i t e  neighboring property and 

Physical b a r r i e r s ,  i .e .  a fence,may be necessary. 

c 

r e l o c a t e  i n  t h e  r e s t r i c t e d  area.  Monitor t o  insure  removal is complete. 
+ c 

4. 

D r i l l  one addi t ional  monitoring w e l l  C3A'I alnno e&p ect ed 

ground water t ab le  f l o w  between the  ai ts .  
w .. . 

t h i s  t o  be s l i g h t l y  west of Bore #3.  This w i l l  confirm tha t jp ro jec t ed  ( 
7 -  

concentrat ions ,based on samples from. wells 1, 2, 3,. and.3A represent  .. 
c - ... . --. - .. .. .- . .. . . . . . . - . .. . . 

I maximum concentrations being released. If the pro jec t ion  of t h e  
b 

concentrat ion i s  i n  excess of . l i m i t s , t h r e e  opt ions would be ava i lab le :  
e 

f , ?  I) Exczvate and re loca te  contaminated ma te r i a l s  and s o i l  now 

located on-si te  t o  an authorized b u r i a l  s i te .  

2)  Design and implement techniques t o  contain o r  slow the  migration 

of t h e  contaminated ground uater ,  such a s  a erout  cur  t a in ,  

i n j ec t ion  o f  a chemical b a r r i e r ,  o r  pH adjustment. 
-.._. 
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3) Apply f o r  a l i cense  condi t ion t o  allow t h e  r e l ease  of e f f l u e n t s  

g r e a t e r  than MPC as pe r  10 CFR 20.106 o r  obtain approval f o r  

pi ? 

a l t e r n a t e  disposal  methods provided f o r  i n  10 CFR 20.302. 

9esign and implement an ongoing monitoring program t o  document 

t h e  s t a t u s  and changes i n  t h e  cur ren t  s i t u a t i o n .  

\--- 4) 

Rout ine 'ua t e r  

samples should be taken nonthly from wells 1, 2, 3, an? 3A 

€% ta, w-s 

analyzed for Sr-90, These values can be used t o  p r o j e c t  t h e  
b 

r e l e a s e  concentrat ion a t  t h e  r i v e r ' s  edge. ++ Water from a l l  t h e  

wells should be sampled q u a r t e r l y  and analyzed by gross  alpha 

and gross  b e t a  counting of t h e  soluble  f r ac t ion .  

-- - . 

Selec ted  
t - -. - 

samples should be i s o t o p i c a l l y  analyzed as ind ica ted  by t h e  -- -_ .___ , 

alpha/beta  r e s u l t s .  
.. -. .- . . - 

. .  , . .  . . .  

uar  t e r  1 y , (4- gross - 
alpha/beta)  vege ta t ion  (seasonally,  gxmma spec.) ,  s q u i r r e l s  

(annually, gamma spec.) , and f i s h  (semi-annually, Sr-90 bone, 

gamma spec. flesh) should be co l lec ted  t o  docunent t h e  absence 

of environmental r e l eases .  

i <- 5 )  Consideration should be given t o  flooding condi t ions  of  the 

Susquehanna River. 

discharge t o  the  environment as the  r i v e r  f loods over  contaminated 

areas of t he  lower p la teau .  

It i s  d i f f i c u l t  t o  determine t h e  r a t e  of 
/ 

This  may have cont r ibu ted  t o  t h e  

widespread su r face  contamination locat ions.  A proper ly  con- 

s t r u c t e d  dike along the  south and eas t  property l i n e  could 

prevent water from f looding over t h e  contaminated a r e a s  and 

34 



reduce the  chance f o r  contamination spread. Alternately,  the 

contz i ina ted  ;ii-+?as o f  t h e  lower p la teau  could be removed and 

placed i n  a protec t ive  area ( i . e .  uest  lagoon) for later 

d isposa l .  

F i n a l  d is?osal  technicpes before resa le  o r  l i c c x e  termination may involve 

a d d i t i o n a l  zeasures  t o  be considered. The scope of  these w i l l  also be 

inf luenced by t h e  regulatory agencies involved and f u t u r e  intended use 

of the property.  
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