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I. INTRODUCTION 

Prior  t o  and durinq the s tar t  - u p  of construction of the FMPC, the AEC requested the  United S t a t e s  
G e o l w i c a l  Survev (USGS) to .rzr!x! 7 S!Y+ ;f "C-.n-li!ior,s Scvernir..; !!?e ~ C Z X : P ~ . Z ~ .  d d r a d  X=ter in 
the  Fernald Area, Ohio, with Reference t o  the Poss ib i l i t i es  d Contamination by Disposal of Chemical  
Wastes." 
Nonis of t h e  USSS. From this  act ion it is apparent that there was  a n  awareness  of t h e  possibi l i ty  of con- 
taminating t h e  ground water' in the vicinity with t h e  was tes  result lng from the FMPC operations.  T h e  s i t e  
for  t h e  FMPC was chosen  by the  AEC af ter  consideration of a total  of 63 possible  locut ions in 7 s t a t e s .  
One of the  major fac tors  affecting their decis ion was  the larqe underground water supply in  the  a rea ,  which 
at that time was  being virtually unused. 

- 
T h i s  s t u d y  was  conducted during May, Auqust and  September, 1951 by G. D. Dove and  S. E. 

Dove and Norris In thelr  repod s t a t e ,  "In view of the potential hazmds  it is not considered odvisablo 
to allow harmful wastes  to  enter the surfax drainage or to b e  dischurqed onto the ground whae it may in- 
filtrate to water beaing gravels and eventually reach surface streams by underground flow." - 

Consideration w a s  given for the proper storage of materials in the original des ign  of t h e  FMPC, but i t  
w a s  assumed that the run-off from t h e  FMPC, both via the  storm sewer and open d i t c h e s  which eventual ly  
discharge into Paddy's Run, would be virtually non-contaminated. T h i s  assumption w a s  proven to be in- 
valid soon after the  s t a r t  of operations inasmuch as  chemical and radioactive contamination**, both liquid 
and sol id ,  h a s  been found repeatedly in  Paddy's Run s i n c e  the s tar t  of FMPC operations.  A storm sewer 
detention s u m p  was provided by the archi tect-engineer  in the vicinity of the main s to rm sewer  outfal l  for 
the purpose of cntching the init ial  run- off of rain water. No means of emptying th i s  sump was  provided, 
therefore, it w a s  very seldom used. 

@ 

T h e  s torage  space originally provided throughout the process  a rea  was inadequate in tha t  t h e  pad area  
was  too small, and a number of the pads  that were provided had no curbs, thus they drained onto t h e  ground 
and eventual ly  into t h e  s t a m  sewers  or  t h e  w t e r  soaked into t h e  ground. 

T h e  above  conditions have resul ted in contaminants in Paddy's Run frequently exceeding des i rab le  
concentrat ions as w e l l  as causing ccncem that the FMPC operat ions might a m t a n i n a t e  the ground 
water. 2,8,15 4 16 

I 

Since  t h e  s t a r t - u p  of plant operations,  appproximately $1,OOO,OOO have been spent  on projects  which 
deal with correct ing t h e s e  faulty conditions (see Appendix I). In a large part these changes  have followed 
the recommendations made by various c m s u l t a n t s  and NLO groups assigned the task of studying various 
p h a s e s  of the  problem of ground contamination. 

T h e s e  included, in addition to the Dove and Norris' study, s tud ies  by: Ross, Williams and Barry i n  
1954,' T h e i s  in 1955,' Cuthbert, DeFazio,  Qigley, and Stewart in 1957,'0 Hartsock in 1960,'s Eye in 
19€0 and 1961, '6#z3* a " and Starkey, Watson, Gates, and Riestenberq in 1961." In a l l  of these reports 0 - 

Ground water i s  de l ined  a8 dl water brlow the  ground surface. 

** Contaminants bring considrrrd in this report a r :  uranium, fluorides, nitrates, chlorides ,  rodiooct iv i ty ,  
oi l  and t o t d  surprndrd  solids. (-5 3 
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In general ,  s t a t emen t s  have  been made to the effect that t h e  potential  contamination of t h e  mound water 
from the  operations a t  t h e  ?%: ex1s:s; i t h o u j n  In no case was an estlnate made as to just  wnen 
might occur. Theis8 atterrpted some ca lcu la t ions  concerning the  r a t e  of flow of t h e  qround water In thIs 
=ea; however, he s t a t e d  "Because of t h e  s m d l  size of tbe controlld m a  it s e e m s  impossible to predict 
f u t w  movements of t h e  p r o d  w a t a  and poss ib l e  movanen t s  of coataminated ground water ou t  of the =ea 
if other industrial  w e l l s  should be cons t ruc ted  nearby." S ince  the  t ime of this report, t h e  Southwest Oh io  
Water Company h a s  cons t ruc ted  a second well on t h e  wst s i d e  of Miami River less than one  mile from t h e  
FMPC. T h e y  now h a v e  a to ta l  pumping capac i ty  of 30 million ga l lons  a day  (mgd); however, a t  thls t ime 
they  are pumping approximately 20 mqd. 

Recently t h e  C i t y  of Cincinnati  announced ten ta t ive  p l ans  for developing wel l s  n e a r  ROSS, Ohio, cupable 
of supplying 40 mgd. Objections to this proposal are being raised by the c i t i e s  of  Fairfield and Hanilton, 
Ohio, as  well as t h e  Southwestern Ohio Water Company. Wells were constructed a n d  pumping t e s t s  w e r e  
mnduc ted  by t h e  O h i o  Water Resources  Division to a t tempt  to determine the ef fec t  of the  pr6posed well  on 
the  present water  leve ls .  Followinq these t e s t s  the Ci ty  of Cincinnati  announced p l ans  to proceed with 
their  o r i q n a l  proposal.  Land  was purchased for this purpose approximately 5 miles  northeast  of the  FW2 
on the east s i d e  of t h e  tdiami River. 

Dove and Norris,' The i s , a  H a r t s o ~ k , ' ~  and E y e , I 6  were  primarily zoncemed with contamination of the  
ground water by  t h e  s to rage  or d isposa l  of chemical w s t e s  a t  the  FWC. In e a c h  report, a s ta tement  is 
made to the  e f f ec t  t ha t  t he  possibil i ty of contaminating the  qround water by t h e  F W C  operations is in- 
c reased  by t h e  quantity of water being withdrawn from t h e  d e e p  aquifer. 

In addition Hartsock" stated: 
"A lonq- term poss ib i l i ty  ex i s t s  tha t  downward- seepinq qround water may pick UP contamination 
from the su r face  in t h e  production area and ult imately car ry  this to the  deep, high- y i e ldaqu i fe r -  
If radioactive o r  chemical contamination of adequa te  proportions should reach t h e  aquifer, a serious 
problem would then exist since the FMPC der ives  its water supply from deep wells. Furthermore, 
numerous dew wmlls in other parts of t h e  va l ley  would face t h e  possibil i ty of contamination." 

Other groups: Ross, Wffl ims and B a n y , I  Eye,z4 Cuthbert ,  Quiqley, DeFazio and Stewart,'O and 
Starkey, Watson, Codes and R i e ~ t e n b e r g ' ~  were primarily concerned with stream pollution. 

Within the  pas t  2 years  extensive s tudy  h a s  been put into both a spec t s  of the  over -a l l  problem, p+ 
tential  qround water contamination and stream pollution. 

In June  1960, J .  D. Eye, Associate  Professor  of Sani ta ry  Enqineerinq, University of Cincinnati ,  w a s  
retained by NLO as a sanitary erqineerinq consul tan t .  H e  h a s  mnduc ted  three studies. The  first was 

concerned so le ly  with the  potential Contamination of t h e  ground water by the  ac t iv i t ies  carried out a t  the  
F W C , I 6  the  second  involved a study of direction of flow of the  ground water in the vicinity of the  FMPCZ3 
and the  third with Paddy's Run contamination.*' {-: 4 
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In January 1961, J. H. Noyes requested that a mmmittee  be organized to study the problem of qround 
contamination at the  FhfPC. A cor;.mittee consLstrnq of 3. H. Starkey of the Heal th  6 3aie ty  Division, C. 
Watson of the Procurement Division, R. C. Coates of the P r d u d l o n  Division, and E. B. Riestenberq of 
the  Engineering Division, was  formed t o  make th i s  study. T h i s  group's s tudy  was limited to  the  FMPC's 
contribution of uranium to F c i i y ' s  z u n  resuitinq from qround contamination. A his committee 's  f indings,  
including recommendations, a r e  included in Reference No. 17. 

- - 

On March 21, 1961, a meeting was  held in the P lan t  Manager's off ice  to d i s c u s s  Eye 's  report" on the 
ground water pollution potential  of t h e  F W C  act ivi t ies .  T h e  CAO Deputy Area Manager, as we11 as the  
appropriate NLO Division Directors,  a t tended this  meeting. At t h i s  meeting assignments  were m a d e l l  to  
implement t h e  s p e c i f i c  recommendations l is ted in Eye 's  report. 

Fol lowing the completion of Eye ' s  third study, a meeting was held In the P l a n t  Manager's office fa 
the  purpose of determining what future  act ion should b e  taken and  It w s  decided t o  r e s s t a b l f s h  t h e  Starkey, 
Watsm, Coates and Riestenberg committee. Because sane quest ions raised at this meeting pertained to 
sampling a n d  ana ly t ica l  procedures,  J. W. Robinson of t h e  Technical  Division w a s  made a merrber d t h e  
commit t e e ,  

T h e  committee,  following the out l ine as proposed by the P lan t  expanded the  s tudy  to include 
a review of previous s tudies  made of stream pollution m d  ground water contamination. T h e  three  reports of 
J. D. E y e  and the previous report of t h i s  committee were reviewed and are largely t h e  basis for t h e  conclu- 
s ions  and recommendations which follow. Included a r e  specific recornrendations for the reduction or elimin- 
ation of the potential  sources  of contamination in the qround water, t h e  lAiarni River and  Paddy's Run. 

0 
Following t h e  issuance of a preliminary report by t h i s  committee, meetings were held in the NLO 

Plant Manaqer's office on August 7 a n d  9, 1962 to d i s c u s s  the report. At that time def ini te  plans for 
making t h e  necessary  revisions of equipment cmd w e r a t i n g  procedures were formulated and a s s i g n m e n t s  
made for fol low-up.  Reference 26 lists the findings, recommendations and assiqnments  resul t inq from 
t h i s  meetinq. 

Capi ta l  a n d  operating cos t  e s t i m a t e s  are included herein for accomplishing each  of the remmrnendations.  
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n. FINDINGS AND CONCLUSIONS 

A. STREAM POLLUTION 

1 -  ,. : ;r ::e past 3% years  :re I 3 2  -e!!lze:: :s :he !.!ix.i 3 i v e r  h s  keg. within concentratic;ns d e -  
sired by the S t a t e  of Ohio Department of Health wlth but two exceptions. These except ions  =e 
total  s u s p n c b d  sollds (TSS) and oiI, for which the State 's  oblectims are "substant ia l ly  complete 
removal." 

2. Paddy ' s  Run is exceeding t h e  des i red  maximum concentrat ions for both radioactive old &emid 
contaminants, and h a s  t e e n  s i n c e  short ly  a f t e r  the s t a t - u p  of the F:@C operations.  T h e s e  
concentrations are above those  desired t o  be "caused in t h e  waters  of t h e  State," which Paddy's 
Run becomes on- it l e a v e s  qovernment property. 

Annual average concentrutions of contaminants  found In Paddy's Run have exceeded the dasired 
conoentmtlons.  Appendix II Is a summary of the  monthly and yecply overage oonoentrations, 
star t ing with May 19S9, found at the Willey Road brldqe where Paddy's Run  l e a v e s  qovernment 
property. "Total radioactivity"* i s  t h e  contaminant most frequently found to be e x e e d l n q  l imits.  
T h e  highest  concentrations of all contaminants are found durinq a light rain followinq a n  extended 
dry period. 

There a r e  three sources  of a n t a m i n a t i o n  of Paddy's  Run. They  are: 
a. Overflow from the storm sewer  sys tem during heavy rains .  
b. Drainage of the western s i d e  of the project,  i n c l u h n q  a pcrtion of the production 

area from "A" Street  t o  the inner secur i ty  fence. 
c. Seepage thmuqh the w a l l s  of the p i t s .  

I 
I. 

0. GROUND WATER CONTAMINATION 

1 

1. There i s  a def ini te  potential  that  the  F W C  ac t iv i t ies  might contaminate the aquifer f rom which the  
FMPC and some Millcreek Val ley industr ies  secure  their  wuter. This i s  a major considemtion 
inasmuch as  ground water i s  a vital  natural resource and if i t  were to  become contmlnuted, ser i -  
ous leqal  and  public relat ions problems would be  created.  

T h i s  possibi l i ty  was realized, even before t h e  s t a r t - u p  of the F I S C  a d  w a s  so pointed out in 
the Dove and Norrfs report of 1951.' Since that time five additional and separate s t u d i e s  have  
been mode of the  qeoloqy and hydroloqy of the  area in the Immediate vicini ty  of the  FWC. E a c h  
of these  included s ta tements  to the effect  that materials should be kept off of the qround so as 
to  eliminate the  possibi l i ty  of their enterinq t h e  ground water .  

Ni t ra tes  and chlorides offer the grea tes t  potent ia ls  for contaminctinq the ground water as  they 
a r e  quite soluble  and are  or  have been used  in large quant i t ies  at t.?e FhlPC. The possibi l i ty  
that the desired concentrutions for these  o r  other  contaminants will ever  be exceeded  in t h e  
aquifer i s  small. However, any  s ignif icant  increase of contaminants would be prohibit ive from 
a public re la t ions standpoint and i s  l ikely to result  in additional msts to NLO and other  water 
treatment faci l i t ies .  

6 "Totd  r d i o 6 c f i v i t y "  i s  :ha s u m  of d p h a  md bet4 octioily. 
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C. GENERAL 

1. Although responsibility for the prevent ion of mound contamination has  been c l ea r ly  dei lned as 
beinq that of the opcratinq departments ,  t h e  respons lb i l i ty  for eva lua thg  ground control measures 
and for followinq up on suspec ted  improper a c t i o n s  leadlnq to ground contamination are not c lear ly  
defined. 

2. Ground oocrtmlnatlon requirements have not dwuys been given adequate cons idera t ion  when 
capital and/or operational changes  have  been proposed. 

3. This Committee aoncludes that t he  specific recommndat lons  included in the  three  reports of J. 
D. Eye a d  the previous report of this commit tee  a re  adequately covered In t h e  D t s m s s i o n  
sec t ion  of thls report. Also the  committee’s r e c o m m e n d d o n s  pertaining t o  t h e  above conclu- 
sions are l l s td ,  along with cost estimates, in the following section of thls report. 

4. It is m c l u d e d  by this  committee that when t h e  s tud le s  have been completed, capital Improve- 
ments made, and the recanmen&d training progmm h m  been amid out that: 

a. T h e  solids and oil being r e l eased  t o  the Miami River will not be a major problem. 
b. Contamination of Paddy‘s Run as a re su l t  of FMPC activiiies will not be a major problem. 
c. The  poss ib i l i ty  that ground contaminat ion at the FWC would result  in the &ntamination 

of the ground water  will be minimized. 
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‘0  111. RECOktHE3DATIONS 

A. T h e  philosophy aoncerning qmund contaminat ion and plant c l d l n e s s  must be f h d y  res ta ted  a n d  
enforced  throughout t he  project. At l e a s t  t h e  following spec i f i c s  should be developed: 

1. This philosophy should i n d u d e  a s t a t emen t  of priority and a p r o d u r e  for ins t i tu t ing  n e c e s s a r y  
measu res  within e o c h  Division. It shou ld  also be an integml pzrt of d Standard Operating 
Procedures  md Construction Proposals. 

2. A training p r o g r m  should b e  s e t  up  for all supervisory and pertinent houdy personnel for t h e  
purpose of periodically emphasizing a n d  expla in ing  t h e  need for controlling ground contamination. 

a. T h i s  camrnittee will deve lop  t h e  training program for which a preliminary out l ine  h a s  been 
prepared (Appendix DI). I t  is expec ted  tha t  four, % hour s e s s i o n s  will  be required to 
complete the  awrse. 

3. Organizational respcnsibil i ty for the control of ground contamination should be defined. 

4. T h e  Internal Auditor’s (Accounting Division) w o k  assignment should include a management 
appra isa l  audit  of the  e f fec t iveness  of compliance with the  ground contamination prwram. 

a. T h e  specific q i t a l  improvements recommended by  th i s  committee m d  an es t ima te  of their respec t ive  
m s t s  are as follows: 

1. To e l imina te  the sources  of contamination of the qround water supply the  following should b e  
accompl ish& 

a. P rov ide  pads  and curbs  for s t o r a g e  of process materials. 
( l ) P l a n t 6 .  . . . . . . . . . . . . . $ 5,400 

b. Dry up and  a w e r  p i t s  No. 1 and  No. 2 . . . . . . . . 10,000 

C. T h e  present  methods of evaluating or monitoring for ground water an tamina t ion  should be continued 
to  determine the presence or extent,  if any, of any  amtamination originating from the  pi t  area. 

D. The Plant 1 Storoge Pad should have  a l l  leaking h m s  re-drummed as  soon as possible.  In 
addition, manpower should be furnished for t h e  continued upkeep of all drums in storage.  I t  i s  
es t imated  that the inltlal re-drumming operution will cos t  -proximately $20,000 and an a d d t i m a 1  
$5,OOO to  %lO,OOO a year will b e  needed t o  maintain this area  in an acceptab le  condition. 

E. An extens ive  s tudy  should be conducted to determine which r ado i so topes  a re  the major contributors 
of radioactivity to the F W C  ef f luents  t o  Paddy’s  Run and the i n i a l  a iver .  T h e  concentratlons of 
t h e s e  can taminants should then be compared with the  maximum permissible concent ra t ions  (MPC’s) 
as  l i s ted  in National Bureau of Standards Handbodc R69 to determine if further corrective action is 
re  Qu i red. 

F. ‘When sufficient evidence has been accumulated with respect to the determination of p m c t i m l  c o n -  
centrations of the  various contaminants, if deemed necessary,  the  S ta te  h a r d  of Health should k 

0 
appraised of these ,  self-imposed limits. 8 
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G. T h e  sump a r e a s ,  such as  the  K-65 area and the cnncrete trench leading to it,  should a i n t i n u e  to be 
inspected frequently and any l iquids a c c x w l a t i n g  therein should te  =.urnpe4 !o P i t  No. 3. Also, tk.e 
three concre te  s to rage  tanks should continue to be routinely inspected and any  necessa ry  repairs 
made Immediately. 

H. T h e  oil burning inves t iga t ions  cnd recommendations presently being carried out should be expedl ted 
in an at tempt  to d i spose  of d oil as SQI as possible after qcnemtion. 

I 
I .  The  m a h o l e s  south of b e  Pi lo t  P l m t  should be connected into the s t o m  sewer  system. S 1 4 , m  

J. Eff ic iency  t e s t s  should be  conducted on the  P lan t  8 wet scrubbers to determine if additional or la rger  
sc rubbers  would provide adequate  collection efficiency for eliminating this sou rce  of qmund amtani-  
nation originating fm t h i s  p lmt .  If adequate  c f f idency  cunnot be attained by this method,  then t h e  
proposed installation of e lec t ros ta t ic  predpi ta tors  should again be cons ide red  

K. T h e  poss ib i l i ty  of process ing  all  RvtPC Ifquid wastes so a s  to reduce the quantity of chlorides and  
ni t ra tes  being pumped to P i t  No. 3 should be thoroughly inves t igu td .  

I; I 

3r 
i 
I 
I 

9 
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N. DISCUSSION 

ontamination h a s  been realized s i n c e  t h e  very ear ly  d a y s  of operation 
of the F W C .  Although relatively l i t t l e  capital equipment was  provided for t h i s  purpose in the original 
design of the  FMPC, cansiderable  t h e ,  effort, and money have been spent  s i n c e  that time. Approximately 
$1,000,000 (see Appendix I) h a s  been spent  on w p i t a l  improvements which were all, or in part for t b  better 
control of contamination in the  way of s torage  p i t s ,  pads,  sumps, etc. In addition, much emphasis  h a s  been 
placed on the control of ground contamination over the  years. Periodically, renewed effor t  is made, as is 
pointed out in References No. 11, 12, 18, 19, 20 and 21, wherein various direct ives  have reflected t h e  
Company's att l tude toward problems of ground contamination. Following e a c h  le t te r  some improvement 
has  been-realized. E a c h  t ime the improvement diminished as t h e  elapsed until  condi t ions warranted a new 
letter and new emphasis.  

During the past  two years ,  NLO management h a s  taken an even greater interest  in t h e  problem and h a s  
followed the progress qui te  closely. During this period J. D. Eye has  been requested to  conduct th ree  
different s tudies  and this committee is now conducting i t s  second study. In addition, copies  of the Health 
& Safety monthly reports showing ground contamination s t a t u s  have been thoroughly reviewed by all leve ls  
of NLO management. Bi -weekly  surveys have been conducted to detect  ground contamination incidents  In 
the production area. Time and effort  have been s p e n t  in removing contamination from soil, gravel, roadways 
and pads,  and new pads have been constructed where operations warranted. Operating procedures h a v e  been 
revised so as t o  minimize t h e  possibi l i ty  of spil ls  and spread of contamination. References No. 17, 18, 19 
and 20 point out in de ta i l  special precautions prescribed to prevent mound contamination. A def ini te  im- 

provement in  the qround contamination conditions h a s  been realized, however, continuing effort by all con- ' 
cemed must b e  maintained. 

It is therefore conduded by t h i s  committee that t h e  recommended a m i t a l  improvements, along with in - 
creased awareness  of the problem and efforts by all concerned, will e l iminate  or minimize undersirable 
contamination in Paddy's Run, the ground water and the  Miami River. 

T h e  AEC was  requested to furnish a geologist  to review the capi ta l  improvements being recanmended 
in this repart and to  give expert  opinions as to their  merit. 
a geologist from the USGS on  loan to the AEC at Oak Ridge, and R. L. Hervin, a health physicis t  with 
OROO-AEC, visited the  FWC for th i s  purpose. T h i s  committee spent  the  two days  with t h e s e  men and  
E. L. Giebel of t h e  CAO-AEC in reviewing the problems and their proposed solutions. Per t inent  s u p  
porting information was s u h e q J e n t l y  forwarded to  Mr. Richardson for h i s  review. After a rather complete 
review of the &a, Mr. Richardson sugges ted  that S. E. Noms of the USGS Ground Water Brunch, Columbus, 
Ohio, be contacted and his assistane requested. T h i s  was done, and it was  agreed that Mr. Noms would 
perform a survey of t h e  hydrology in t h e  vicinity of the  FMPC. T h e  survey was conducted dudng J u l y  and 
August, 1962 and t h e  findlngs and recommendations reported in Reference 27. 

On January 3 and 4, 1962, R. M. Richardson, 

A definite improvement in  ground contamination conditions has  been real ized as is evidemed by the 
great reduction in the losses of material from t h e  FMPC dus t  collectors. In 1955, a s t a c k  sampling p r o  
gram w a s  instituted and a s t e a d y  reduction in the quantity of material los t  via th i s  route has  been real ized 
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1-1 from dust collector exhaust stacks falls withln the production area a d  is either carried away into the 
Storm Sewers 01 soaKs into the qraund. However, even with this siqnificant reiuction UI the rnaterlal 
rezhlnq the ground and subsequently the stam sewers, the losses of uranium v la  the storm sewer system 
have incre-4 from 1.800 Ibs. of uranium in 1956 to 11,800 Ibs. in 1961. 

Thls committee has attempted to study t b  many aspects of mound antaminatton lneluding the poblems 
and potential problems whlch might result  from it. The known contarninants (uanium, F', Cl', NCrj, radio- 
activity, oil and TSS) have been considered and all aspects of each have been covered. Reports of all 
previous s tudies  were reviewed and pertinent portions of these reports are either abstracted or qmted 
throughout the following discussion. 

A. MIAMI RIVER I 
The Miami River rises in Loqm County, Ohio, and flows in a general southwesterly direction for 

approximately 172 river miles to the confluence with the Ohio River near the Ohio-Indiana State Line. 
The Miami River and its maja tributaries: the Stillwater, Whitewater and Mad Rivers const ihe one of the 
larger water - sheds embodied in the drainaqe area of the Ohio River (5385 square m'iles).' 

Upstream from the FWC are a number of facilities known to handle radimctive materials which from 
time to time miqht contribute siqnificant quantities of radioactive mterials to the Miami River. Known 
facilities include two reactors, one at Piqua, Ohio, and one at Wright-Patterson Air  Force Base just 

outside of Dayton, Ohio: and one AEC facility, the Mound Laboratory, Miamisburg, Ohio. 

I 

Flows in the Miami River, based upon the 20 year Miami Conservancy District reports are: 
January through March - 8,000 to 14,000 cfs (Avq. -10,003 cfs) 
March to September - 600 to 4,000 cfs (Avg. -2,000 cfs) 
September to December - 100 to 6,000 cfs (Avg. -5,330 cfs) 

Maximum: 352,300 ds (March 26, 1913) 
Minimum: 100 cfs (September 26, 1941) 

The followinq extremes of flow have been reported in a 37 year study: 

The Mlaml River is not used fa my municlpal water supplies between the FMPC and the Ohio River. 
One indlrstrial plant, the Gulf Refining Company at Hooven, Ohlo, does obtain well water from a point near  
the Miami Rlver, but the wells do not receive Infiltration from the river. 

The Miami River below the FMPC outfall is, at the present time, cnd has been since April 1958, well 
within the State of Ohio Department of Health specifications for all contaminants except oil and TSS. The 
concentrations of the various contaminants are calculated daily and are rnecsurecl weekly by river sampling. 
Over the years the correlation between t h e  concentrations determined by the two methods has been extremely 
good'(see Appendix IV). 0 

Normal process waste from the prcduction area is collected in  the General Sump, mmitored, pumped to 
Pit No. 3 wbre most of the solids settle, and the clear waste is pumped to the outfall line which  dis- 

-12 
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The two c o n t a n i n a n t s  that are exceedinq the maximum l e v e l s  desired by the  S ta te  are total suspended  
soli& (TSS) ~ n . ?  cil. T h e  ?s i re?  m r c e r : : ~ : : ~ :  5 r  TSS ir. !?e F!.!PC o!!!.:er.! is 25 ;:-. l 3  ".is =::e?- 

tmt ton  i s  e x o e d e d  daily, with the yearly average being 65 ppm in 1960 a d  85 ppm in 1961. (See Appendix 
V.) The two pdwry m n t r l b u t a s  of solids to the eff luent  are Pit No. 3 and the storm sewer system. T h e  
25 ppm TSS MAC is not cons idered  to b e  realistic in the opinion of th is  committee. Durinq 1960, oil occurred 
i n  measurable  quant i t ies  ( 1  ppm or greater) in the FlviPC effluent appmximately 60% of the time and &ring 
1961, a p p r o i m a t e l y  55% of the time. T h e  State  requirements for oil i s  "subs tan t id ly  complete removal," ' 
and this means "no" oil to them. The  rupturing of oil drums on t h e  P l a n t  1 Storage P a d  is a major contr ib-  
utor  of oil to the W C  effluent. T h e  solids a m t e n t  in the FMPC effluent h a s  consis tent ly  been in e x c e s s  
of t h e  25 ppm; however, to d a t e  no w a d  h a s  been received from t h e  s t a t e  that  thls is not acceptable.  The 
solids content  found in the FMPC effluent for the p e d &  of 1957- 1961 is shown in Appendlx V. This s e a s  
to bear out the g e n e m l  opinion that as long as the radioactivity is kept we l l  below t h e  MAC, that the solids 
do mt seem to b e  of qwt concem to the State. T h i s  opinion w a s  derived from the fact that .a monthly n- 
port is i s s u e d  to t h e  S ta te  which includes the FMPC effluent solids content, and no comments have  been  
received s i n c e  the establ ishment  of the 25 ppm limit. 

T h e  instal la t ion of Pit No. 3 d id  much for controll ing the quantity of contaminants being discharged t o  
the  Miami River. Since May 20, 1959, when this pit  w a s  put into opera!ion, all process  was tes  have been 
discharged here from the General  Sump. This a l lev ia tes  the  problems encountered previously when the  
raff inate  ca lc iner  became inoperative,  and large quantities of r a d o a c t i v e  so l ids  had to  be released t o  the 
river. It was during this period that Stute representat ives  noticed an appreaable increase in  the rad ie  
ac t iv i ty  beinq found below t h e  FWC outfall in t h e  Miami River and suggested the  meeting mentioned above 
pertaining to TSS. 

6. PADDY'S RUN 

Surface drainaqe at the FMPC flows from the  north, east and south  s i d e s  of t h e  project by means of 
three,  principal wel l -def ined d i tches  discharging into P d d y ' s  Run, which is located at the  extreme west  
s i d e  of the project. Poddy's Run, in turn, flows from north to  s o u t h  and joins the Miami River a t  a point 
2 miles south of t h e  project a m  and 1% miles d w n s t r e a m  of New Baltimore, Ohio. At no point on the 
north, south or east s i d e s  of the  s i t e  dces drainage leave the projezt.  

A flow in P a d d f s  Run e x i s t s  during the period of January to May. This  flow ranqes from 0.2 to 4.0 cfs. q 1 

T h e  balance of the  year it m a y  be mnsidered as a dry bed stream with occasional  f lash flows of a few 
hours duration due to storms. Because of a long dry season ,  Paddy's Run i s  not a usable  supply of 
water for any purpose. A s  far as a m  be determined, there is no u s e  whatsoever made of t h i s  stream other 
than as a ditch for plant  eff luent  drainaqe. Two chemical p lan ts  near  F e m d d ,  and  south of the  FWC, use 
th is  stream to discfiarqe their industrial w s t e s ,  hDwever, no other known use of the stream i s  made. 

1 
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During 1961, it became n e c e s a r y  t o  re locate  this  stream in the vicini ty  of the FMPC scrap p i t s ,  b e c a u s e  
at one location the stream was approaching P i t  No. 3, and it was feared that eventually the  wlls of the 
pit might co l lapse  into t h e  stream, T h i s  would result  in gross contamination of the s t ream and adjoining 
farmland all the way to the Miami River. 

T h e  storm sewer system, consis t ing of numerous ca tch  basins,  manholes and approxirrntely 9 m i l e s  of 
sewer l ines ,  was designed to  f low by gravity to Paddy's Run. It was originally designed to handle all of 
the  storm waters  within the fenced a r e a  (approximately 136 acres). A detention sump had been prov'ded to 
contain the init ial  run-off from rains,  which it was assumed w u l d  contain virtually all contaminat im that 
would be  washed into the system by rain. However, no means of emptying t h i s  sump was furnished: t h e r e  
fore, it  w a s  never used in the manner intended. A l l  rain water was discharged into a ditch which, in turn, 
dlscharged into Paddy's Run. 

f 

It had been assumed in t h e  original des ign  that very I!ttle contamination would be  carried by t h e  storm 
sewer system; however, this assumption was found b be  incorrect as hiqh c o n e n t r a t t o n s  of contaminants 
were measured even after extended periods of rainfall. T h e  same assumption was rrnde with respect  t o  the 

drainage from the west  s i d e  of the  project f tom which it was also assumed that the run-off would h e  non- 
contaminated. 

As a resul t  of a s tudy by Ross, Williams and Barry in 1954,' it  was real ized that  the s tarm sewers  were 
contaminated, and that  Paddy ' s  Run was also being contaminated above acceptab le  levels  from this source.  
T h i s  group recommended that a l i f t  s ta t ion be installed a t  manhole no. 34 for the purpose of pumping dry 
weather flow from the storm sewer  into t h e  process  waste  l ines  and on to the  Miami River. T h i s  w a s  in- 
s ta l led in Auqust,1955 at a c o s t  of $39,500. 

Water in the storm sewer presently e x c e e d s  the  capac i ty  of the l i f t  s ta t ion on the average of s i x  t imes 
a month at which times the overflow enters  Paddy's Run causing it to  exceed leve ls  desired in ''a water 
of the State." 

Whenever t h e  flow is suff ic ient  for doing so, daily grab samples  are taken in P a d d f s  h n  at t h e  W i k '  
Road bridge. Samples for three consecut ive d a y s  a r e  cornposited into one sample which is analyzed for a l l  
contaminants which might b e  originating from the F W C  operations. Average concentrations for uranium 
and radioactivity in e x c e s s  of the desired concentrations a r e  repeatedly measured in these samples. In 
addition, monthly average fluoride concentrations exceed  permissible l e v e l s  mproximately 35% of the  time. 
T h e  highest  m'ncenhat ions in th i s  stream are usually found af ter  a brief rain during t h e  dry season.  T h i s  
Occurs because  t h e  capacity of the l i f t  s ta t ion is exceeded and  s i n c e  the dilution in Paddy's  Run itself  is 
W i t e  sma l l ,  the amtaminant  concentrations a r e  therefore relatively high. T a b l e  1 s h o w s  the m a x i n ~ ~ m  and 
average concentrations for various contarninants for the yea r s  of 1959, 1960 m d  1961, found in Paddy ' s  
Run a t  the  Willey Road bridge. T h i s  i s  the location where t h i s  stream l e a v e s  the government property. 

13  
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Losses of uranium v i a  the storm sewer sys tem have s t e a d i l y  increased.  The losses via  this route were 
relatively small until 1958 when t h e  losses were approximately doubled over those in 1957. Xn 1959 the 
losses s t a y e d  h u t  the same as in 1958; however, in 1960 a larqe intrease in the loss occurred. A smlbr 
increase oocurred in 1961 but the trend was  still upward. Yearly losses of uranium via  t h e  storm sewer  
system for the y e a r s  1956 through 1961 a r e  shown in T a b l e  2. Losses from th is  system to Paddy's Run 
a r e  ava i lab le  only for the years of 1959, 1960 and 1961. T h e s e  are included below. 

TABLE 2 Storm Sewer Losses (Uranium) 

1956 - 1,800 pounds of 

1957 - 2,600 pounds of 

1958 - 5,400 pounds of ~ r d ~ n  

1959 - 6,300 pounds of urcnrlum - 1400 porn& vla Paddy's Run 

1960 - 11,aOO pounds of urcmlum - 2000 pow& v i a  Paddy's Run 

1961 - 11,800 pounds of uranium - 2600 P a m &  v i a  P a d d f s  Run 

T h e  problem of Paddfs Run contamination could be so lved  by purchasinq the right of way to Paddy's 
Run to t h e  M i d  river. Thh canmit tee  considered the  advisabi l i ty  of doing so, but it w a s  agreed h t  to 
pur&ase this stmm at thls time would r a i s e  a quest ion as to what had been occurring in th i s  stream for 
the past 10 y m  cxnd rmcbubtedly would resu l t  in some unfavorable publicity.  In addition, it is doubtful 
that  purchase  of t h i s  stream would be any cheaper  than i so la t ing  it. Isolat ion of the stream also el iminates  
it as a potential soure of ground water contamination which might result from the FMPC operations.  

C. GROUND WATER CONTAhUNATION 

T h e  physical  charac te r i s t ics  of the sand  and gravel  d e p o s i t s  in the Miami  Valley in the Ross, Ohio, mea 
have given rise to ground water resources which a r e  of tremendcus potent la l  economic value. At  the  present 
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T e s t  borinqs for foundation desiqn, wel l  drillinq, and w a s t e  plt excavat ions within tho :?n!ir.es 9 tf.2 

FMPC have demonstrated t h e  e x i s t e n c e  cf ?:r:/ ;rsut.d w x e r  system. Sone of t h e s e  a r e  qu i t e  localized; 
+owever :here a r e  two xa jo r  water bearinq formations, or aquifers,  under t h e  FMPC s i te .  T h e  upper aquifer 
is approximately 60 to 70 fee t  below the ground su r face  and Is  uppmxlnotely 50 feet thick. T h e  deeper,  mj 

much more important aquifer,  is approximately 140 feet below t h e  surface a n d  in  e x c e s s  of 70 fee t  thick. 
When wel l s  are drilled into a water bearing formation and water i s  withdrawn b y  pumping, t he  direction of 
flow in the  vicinity of t h e  we l l s  i s  more o r  l e s s  radial  and i s  qovemed to  a large exten t  by  t h e  elevation of 
t h e  free water sur face  in the w e l l  or wel l s  being pumped. Thus,  while the u n d b t u r t e d  cr normal f low pattern 
is in a given direction, this pattern c a n  change  drastically b y  t h e  introduction of wells,  even mi les  away. 
T h i s  could very well b e  the  case with the  direction of flow of the water underlylnq t h e  FWC. In thc Dove 

and NonIs report2 i t  is s ta ted ,  "There is, therefore,  a ground water divide which corresponda roughly to 
the topographic divide marked approximately by the 600-fod contour at tk e a s t e r n  s i d e  of the new plopt 
site. West of the divide the sha l low ground water f lows  to Paddy's Run and east of the divide it f lows to 
the Miami. River." 

T h e  above condition was not found to b e  the case at the time of Eve's s tudy  of January 23, 1961.'6 
He s t a t e s  in that report, "In the  FMPC plant s i t e ,  t h e  water in t he  shallow formation appears to b e  flowing 
in a south-eas te r ly  direction toward t h e  Miami River." 

After t he  above statement w a s  quest ioned in  a l e t te r  from C. L. Karl to 3. H. Noyes?2 a further, more 
comprehensive s tudy  was conducted by J. 0. Eye,  t h e  resu l t s  of which are reported in  Reference No. 23. 
In th i s  report he  s t a t e s ,  "Irrespective of the findings and ussumptionr made in 1951 with r e spec t  to the 
movement of ground water in the FMPC area, it must be recognized that the conditions noted resulted from 
natura l  causes and were not influenced by  the  withdrawal of ground water from the  bas in  for industrial  and  
domest ic  use. When water is withdrawn from an aquifer by pumping, the hydraulic gradient in the  area will 
c h a a q e  in respoase to t h e  free water s ruface  in  the wel l  or wells. Thus,  while under na tura l  conditions,  
the ground water ia the  plant s i t e  may hare b e e n  moving toward Paddy's Run, the  influence of the  wells of 
the Southwestern Ohio Watec  Company and those of t h e  FMPC project eas i ly  could cause a complete reversa l  
in  the directfoci of flow, L i b w i s e  the present pattern of ground water movement c a n  be changed significantly 
if l a rge  amounts =e withdrawn at poin ts  other t han  those now in use." 

T h e i s  s t a t e s  in his repod: "The movement of ground water in the  permeable sands and grave ls  is 
dependent  in Iaqe part upon the pumping at t he  plant s i t e  and a t  the collectors for the Southwestern Ohio 
Water Company. To determine with a s su rance  the exac t  pattern of movement m u l d  require a c l o s e  s tudy  
of water leve ls  in wells in the a n a  between the Miami River and Paddy's Run and ptobably some  pumping 
tests. However, some approximations and probabili t ies of movement can be suggested at t h i s  time. 15 
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Because  of the proximity of the wa te r  co l lec tors  of the Southwestern Ohio Water Company t o  t h e  Miami 
River nearly all the  water pumped from t h e s e  is doub t l e s s  taken from the  river within a f e w  thousand f e e t  
of the collectors and there is probably l i t t l e  movement t o  these collectors from as far west as the Fernold 
Plant  si te.  T h e  pattern of movement within t h e  plant s i t e ,  although probably sanewhat  complex, is mote 
or less toward the  producing wells of the plant. B e c a u s e  of the  small s i z e  of the Fernald area - about 1.7 
square miles - and of the  location of the  producing wells at the  approximate center  of tke area, a n y  'pit 
would be roughly about !4 mile from the  wells.  While the  velocity along various streamlines t o  tbn wells 
must vary, a n  order of magnitude of the  time involved in transit  can  be derived from considering t h e  movement 
of the ground water within the  Fernald a rea  toward t h e  wlls as radial. The t ime involved in p a s s a g e  d t h e  
ground water from any particular point t o  the  wells would be, in this  case, the time necessary t o  remove the 
intervening water. If the thickness of the  aquifer  is taken on an average is 200 feet ,  and the porosi ty  is 
about 25%, a cylinder of water with a radius  of !4 mile would contain about 24,000 acre feet.  If the  ra te  of 
pumpage of the  wells is 2,000,000 gal lons a day in the near future, about 2,000 acre feet of water wi l l  be 
removed per year by t h e  wells. Thus, the  t ime involved for m y  w s t e  t o  move from a dis tance of !4 nile 
would be of the  order of 12 years or something l e s s  than 2 half l ives  of radium 228. 

To t h e  writer the  particular danger in any  ground d i sposa l  of waste at t h e  Fernald s i t e  l i e s  in the  small 
s i z e  of t h e  area. Although, presumably, an intensive investigation of the hydraulic and hydrologic fea tures  
of the s i t e  and of the adsorption character is t ics  of the  underlying sediments with respect t o  t h e  p a i c u l a r  
waste  involved might determine the on- s i t e  r i s k  involved, the movements of water would be ent i re ly  changed 
if large wells were dril led for industrial or other purposes c l o s e  t o  the s i t e  and perhaps close t o  a w a s t e  
disposal pit. Because of the small s i z e  of t h e  area, it does  not seem possible to assume that a t  no t ime in 
the future could waste moving in the  ground water outs ide t h e  area be assured t o  be well below tolerance 
levels .f 

The heterogeneity of the earth u d e r l y i n g  the  F W C  makes a prediction as  to the  possibil i ty of ground 
water contamination as a result  of  the  FMPC a c t i v i t i e s  virtually impossible. T e s t  borings on th? s i t e  re- 
veal that  the  sand, gravel and clay are deposi ted in a very irreqular manner, sometimes appearing as small  
l enses  of a s ingle  material a d  a t  other p l aces  as mixtures of two or more of t h e  consti tuents.  As Dove and 
Norrid s ta te :  "Although the upper 20 or 30 fee t  of t h e  glacial  and alluvial materials underlying t h e  pro- 
posed plant s i t e  are of low permeability, the fac t  that  dug we l l s  are developed in these  materials indicate  
that wastes  discharged on the ground would very probably infil trate to  the water table.  Depending upon 
i t s  relatianship t o  the  ground water divide,  the contaminant either would flow westward t o  Paddy's Run, 
eastward to  t h e  Miami River, or i t  might percolate through the  upper and l e s s  permeable material t o  t h e  more 
permeable s a n d s  and gravels of the lower aquifer. . . . . In view of the potential  hazards it is not considered 
advisable t o  allow harmful wastes  to  enter t h e  su r face  drainage or t o  be discharged onto the ground where 
it may infil trate to water -bearing gravels and  eventual ly  reach surface streams by underground flow." 

At this  writing there  is c o n d u s i v e  evidence that the  FhPC operations have  affected t h e  ground waters  
underlying the  si te.  Appendix V I  l i s t s  the  concentrat ions of t h e  chlorides a n d  ni t ra tes  measured in T e s t  
Well No. 1. The  concentrations of these  two a m t a n i n a n t s  showed an increase during November 1961. 
S b r t l y  af ter  t hese  increases  were detected,  i t  was  thought advisable  to deepen T e s t  Well NO. 1 and to 
install  a larger pump. Th i s  was accompli&ed, m d  extensive pumping of t h i s  well was  s tar ted on April 
23. 1962 Ar that  time t h e  C1' concentration was  approximately 2500 ppm and the  NO-- concentration was  
-Proximately 1900 ppm. The  concentrations of both contaminants decreased s teadi ly  until approximately 

' 



OFFlClAL USE ONLY 524 
-17- 

T h e  water is drawn ftom the upper water  b e d n g  aqulfer ( ~ p r o x l m a t e l y  80' deep) however a W r & n q  to 
the reports of both Dove and Norris2 and Eye" there Is a good possibility that the shal low an6 +e: :y::f2:3 
a r e  connected. The  Dove r~nd N c r E s  :e;or: states: " E a s t  of the divide water levels in sha l low wel l s  QI 

measured or  reported seam to correspond with thoso in d e e p  weus ,  leading to the conclus ion  tha t  t h e  shallow 
aad deep deposits form a single aquifer." 

Eye in his report of January 23, 196116 states, "The s t a t i c  woter level in the produdion  wel ls  and in 
t h e  well at the Old Administration Sui lding a re  approximately the same thereby indicating that  t h e  d e e p  o l d  
shal low aquifers are intecconnected. Chemical  a n a l y s e s  of water sampler from b d h  deep and sha l low web 
indicate t h a t  the  d e e p  a d  shal low ground water  a e  of tb some geneto1 composition, a frrther indication 
of direct interchunge between tbe t w o  systems. It is qui te  possible that the layer of blue c l a y  separatiap 
the two water bearing formations is in p l a c e s  discont inuous,  thereby permitting water  t o  f low f r a n  me 
aquifer to the  otbsr. Since t h e  two aquifers  are undoubtedly interconnected, any  acmmuldion of pollutants 
in tbb shal low ground water c a n  in turn contaminate t h e  plant water supply." 

More recently Norris and Spieker2' m n d u s i v e l y  proved that the F W C  s c r a p  s torage  opera t ions  are 
contaminating the ground water underlyinq the FMPC. They did state, however, that the first w e l l s  to be 
ef fec ted  would be the FMPC production wells. They  s t a t e  that  th i s  could occur  in from 2 to 5 y e a r s  and 
that, in their  opinion, there was ample time to prevent t h i s  from occcrrinq if prompt remedial  s t e p s  are 
taken. 

! 

At the t ime the FMPC WCE oriqinally planned there  were no majcx quantit ies of water being withdrawn 
from t h e  d e e p  aquifer which underlies the  FMF'C. In June,  1952, the Southwestern Ohio W a t e r  Company 
s tar ted pumping fran their Ranney Collector  o n  the e a s t  s i d e  of the Miami, approxirmtely o n e  mile from the 
FMPC. In May,  1952, NLO s ta r ted  pumping from their th ree  production wells and as of today a r e  pumpinq 
upproxfmately 1.2 milllon gal lons per d a y  (wd) from t h e  three  wells. In 1954 the  Southwestern Ohio  Water 
Company constructed a Ranney Type Collector on t h e  west s i d e  of the Miami River also only approximately 
one mile from the FMPC. Frau t h e s e  two wells they  are pumping approximately 20 mad, from rated capac i ty  
of 30 mgd. In the  fall of 1961 the C i t y  of Cincinnat i ,  which suppl ies  water throuqhout Hamilton County,  
announced a plan to develop a well field n e m  ROSS, Ohio. Spokesmen for the City  of Cincinnat i  s t a t e  that 
a well capable  of 40 m9d is desired to  serve t h e  northwest portion of Hariilton County. T h e y  further s t a t e  
that  it would only b e  used as a temporary o l te r rn te  supply so that the c i t y  would not have to s p e c u l a t e  on 
a n  immediate investment to  serve th i s  a rea  of Hamilton County, with which the c i t y  h a s  a 33 -year  contract  
to supply water. T h e  spokesman added  th3t a water source north of the city would enable  it to s e r v e  the 
area,  delayinq an investment in la rge-s ized  trunk l ines  from t h e  Ohio River until such  time as the  needs  
of the area were better es tabl ished.  T h e  wel l  would a l s o  s e r v e  as a n  errerqency supply in t h e  event  t h e  
Ohio River were to become contaminated as a result of an industrial  accident or by radioact ive materials.  
Daily pumpinq rates me to be only 19 mjd with the possibi l i ty  that 40 mqd would be  n e d e d  during the dry 
w e d h e r  when the w a t e r  table a l ready i s  at its lowest point. 

1 
i 
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T h e  r i t i e s  of Hamilt2:n 9r.d Fgirfield,  Ohio,  a lona  with t h e  Southwestern Ohio Water Company a r e  ra i s inq  
. .  s;ronq ~ G J e c t l o ~  ; j  tr.+se pccpcsai reris  JG: j ,A.i; T~G: .Z< .V;S . i z? .~: - .+:  ::; :;:.-::,, .::A :.:c 

them to v o i c e  the i r  Objectloru. At t he  l a s t  minute, t h e  meetlnq was canceled and to d a t e  no new d a t e  se t .  
T h i s  h a s  not deterred the c i t y  of t m a n n a t i  wno w,naunced thelr plans to i i q  tes: n e h  as s m n  JS weather 
p e m t t e d  in t h e  Sprinq of 1962. T h e s e  we l l s  were u s e d  t o  attempt to determine the draw-down of the 
water  t ab le  in t h e  vicinity of the  wells. The southwestern Ohio Water Comwny es t ima tes  that t h e  proposed 
we l l s  WA effect a 25% draw-down in  UleAr two we l l s .  .iecer.Liy tne  c i t y  Oi cincm;..ai ;urc;ased i 72  acres 
of lrnd in Butler County -proximately 5 miles  northeast  of the FMPC and a n r u u n d  plans to proceed with 
their planned well  constnrct im.  Norris and Spleke?' state qulte condusively that i f  the C l t y  of Clndnnatl 
w e l l s  are c c n s t r u d e d  on  the  recently procurred land that there i s  no danger of the  F!@C operu t ions  affect- 
i n9  t h e  water from t h e s e  w e l l s  I t  i s  further stated that t h e  C inanna t i  wel l s  will not a f fec t  the  FWC pro- 
duct ion  w e l l s  from a productivity or draw-down standpoint. 

0 

T h e r e  was  considerable a m c e r n  du ing  t h e  ear ly  d a w  of operation of t h e  FMPC t t n t  t h e  activities 
would contaminate  t h e  Southwestern Ohio Water Company wells. So much so that a meeting was held wlth 
representa t ives  of W O O - A E C ,  Procter rnd Gamble, NLO, and  the  Southwestern Ohio W a t e r  Company on 
August 4, 1952. Refe rence  No. 4 is a report on  tha t  meeting. I t m s  pointed out that P roc te r  and  Gamble 
had been  t e s t ing  well  water samples  for  radioactivity since the  s t a r t -up  of the f i rs t  w e l l  of the-Southwestern 
Ohio Water Company. They had de tec ted  s a n e  radioactivity in this water in early J u n e  of 1952.but subsequen t  
to  tha t  had not de tec ted  any. Althouqh no  conclusions were reached a t  this meeting i t  w a s  agreed tha t  
routine samples  would be  co l lec ted  by N L C  and t h e s e  would be analyzed in faur different laborataries;  
( I )  NYOO-AEC, ( 2 )  P rc r t e r  and Gamble, (3) N L O - T e c h .  Div. and (4) N L 3  H S S Div. T h i s  procedure 
whereby all  four laboratories were analyzL>g t h e  samples  has  since been discontinued, however, routine 
samples  from the wel l s  a r e  taken b y  the  Southwestern 9 h i o  Water Company a n i  t!ese a r e  analyzed by t h e  
Kettering Laboratory of the  University of Cincinnati. S ince  that original sample, no known Occurrence of 
radioactivity h a s  been  detected in the wel l s .  

@ 

T h e r e  a r e  three  potential sou rces  of poss ib l e  ground water contamination a r i s ing  from t h e  opera t ions  
car r ied  out at t h e  FMPC. These are: 

u. The four p i t s  t h r o u a  which a m t a m h a t e d  l iquids wil l  always seep  to  some deqree,  and more so if 
a leak deve lops  in any of them. I t  is q e n e r d l y  agreed that this is the largest  single s o u r c e  of 
potentid ground water amtamination. High concentrations of dl contuminants are maintained in 
these pits but they b e m e  di lu ted  to  acceptuble  leve ls  when discharqed into the river; however 
the  sane would not b e  true in t h e  ground water where any s i m i f i a m t  increase  of a n y  contaminant 
is intolerable. T h i s  h a s  been borne ou t  in the recent pumpinq t e s t s  mentioned above. 

b. P a d d y s  Run I s  a definite potential  sou rce  of ground water contamination. The porous bottom 
of thus stream, which in some loca t ions  h a s  completely collapsed, permits water  to pass through 
it and subsequent ly  into the  upper aquifer. Water from the plant s i t e  enters Paddy's  Run by  three 
paths: (1) Run-o f f  from the en t i re  a r e a  bordered by "A" Street on the eas t  and Paddy's Run on 
the  west. T h i s  emcompasses  t h e  four pi ts ,  t h e  four concrete storage tanks, t h e  roa iway  con- 
necting these  a reas  with t h e  production a r e a ,  and a portion of the  storage areas of P l a n t  1, 
Experimental Machine Shop and t h e  P i lo t  P l an t ,  (2)  from the storm sewer system when the flow 
e x c e e d s  the capac i ty  of the  pumps in the  lift station and (3) the  p i t s  !ran a n y  leakaqe that may 
occur in the s i d e s  above t h e  normal ground level. 
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- _. tfatertat  h ~ - ? ! ! ~ q  j!!!icu!'i~s C=T! :Intribute !a yrqun4 m t e t  Sntz- ina t ian  Sv ! h a c  qvsnIle8. 
(11 :Jateriar spii ied on m e  grouna wnicn passes rnrouqn tne soli a n 3  into t n e  upper awtier. 
(2) Material w h k h  is washed in to  thz s t a m  sewer system when heavy rains  c a u s e  a n  overflow 
into Paddy's Run and then into t h e  ground water. (3) Spil ls  on the area d e s a l b e d  in (b. - 1) 
above which cxe washed Into Poddy's Run a d  then Into the ground water. 

Probable  R e s u l t s  of Pollution of the  Ground 'Nater: 

1. If pollution of the  ground water by  chemicals  f rom t h e  plan! should occur,  t h e  c o s t  and difficulty 
of treating the  water to make i t  su i tab le  for u s e  wil1 be increased even  thowh t h e  degree of 
pollution may te small. 

2. If t h e  concentration of contaminants  should become excess ive  it i s  poss ib le  that  the water from 
the production wells could not be treated to  render i t  sui table  for plant use .  

3. Wells other than those owned by t h e  Government could be rendered unfit for use, thereby creating 
serious legal and public relations problems. 

4. T h e  ground water in  the ent i re  area could be rendered unusable for a very long period of t ime 
becase the contaminants c a n  only be eliminated by removing t h e  s o w c e  and &en  removing 
all of the polluted water from the aquifers.  T h i s  w u l d  be a giqantic t a s k  if pollution accumu- 
la ted  for a lonq period of t ime before i t  is discovered. Norris and Spieke?' explain that  th i s  could 
only occur  if a "catastrophic break" were to occur  in the lininq of the  disposal pits. 

It i s  obvious that constant vigil should b e  maintained in order that m y  contamination in the ground 
water can  be detected before any of the ser ious  consequences l is ted above occur. T e s t  Well No. 1 h a s  
been deepened and a 2CXl gpm pump ins ta l led  in i t  to permit routine pumping from th is  well. As w a s  e x -  
pected, a contamination, appeared in T e s t  Well No. 1. As y e t  no contamination h a s  been detected in the  
NLO production w e l l s ,  however, Norris and Spieke?' s ta ted  that  this will probably o c a r  within 2 to 5 
years. T e s t  Well No. 1, along wi th  f ive other  wells, w e r e  constructed around the scmp pit area as a re-  
s u l t  of a recommendation by T h e i s  in 1955 who stated: "Construct xxne shallow auqar holes in the vicinity 
of t h  'clay-lined' pit from which samples could be taken fa monitoring to determine if there  is seepaqe of 
fluoride cx radioactive components into the ground water." 

Spieker and Noms2' reoommended that addtional test wel l s  be constructed at various places through - 
out  t h e  W C .  These would be pumped routinely to determine t h e  extent a n d  degree of contamination re- 
sul t ing from the storage pi t s  and to  minimize the  chances of even greater contamination in the future. 

It should b e  remembered that Theis '  v is i t  preceded the ccnstruction of P i t s  No. 2 ,  3 and 4 ,  and that 
only residues being stored in pi ts  at that time were trailer coke (Iurqely M9F2) and contaminated qraphite. 

D, NEGOTIATIONS WITH THE STATE 

T h e  State  does  not publish a l i s t  of MAC'S for contaminants in public waters.  T h e  limits under which 
the F!GC operates  were establ ished by: (1) le t ters  of agreement, (2)  verbal agreercent, (3) tarnal n e g e  
t iation, (4) unilateral  proposals and (5) suggest ions l is ted in Reference No. 1. S e e  Appendix VI11 for 
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details .  For e x a n p l e ,  Reference NO. 1 s ta tes :  "Adequate protection will probobly b e  provided the waters  

Lne ,?..,e; J A ~  I C S  t t i au t i r i e s  if, a i te r  rnitia; i i i u t ion  at times oi crrtrcai  i i ow,  tne follownq values 
are maintained." 

F a  oils, Refe rence  No. 1 s t a t e s :  "Substantially complete removal." 

in  v e r c d  c m v e r s a t l o n s  wi tn  SCzte Eeopie, i t  is e v i i e n t  that  tney interpret vlls to mean tnat "no" oil 
should be released t o  the  river. 

T h e  preceding s ta tement  concerninq o i l  is j u s t  an example of t h e  difficulty encountered in trying to 
obta in  firm numbers from the S t a t e  pertaining to the concentration of various contaminants  accep tab le  in 
"waters of t h e  State." T h e  S ta t e  representa t ives  have  always been extremely coopera t ive ,  cmd helpful,  
however, t hey  h a v e  never s e e n  f i t  to publ i sh  a n  o f f i c i a l  l i s t  of MAC'S for public waters.  T h e y  prefer to 
handle  s u c h  mat te rs  on a n  individual basis and  t h i s  is t h e  way that virtually all of t h e  FMPC's l imits have 
been  es tab l i shed .  

A a s e  in poin t  is the establ ishment  of an a c c e p t a b l e  amcentrat ion for "total suspended  solids" In the 
FMPC effluent. In a meeting held with representa t ives  of the Ohio Department of Health on  'November 1, 1957, 3 

qenera l  d i s c u s s i o n  of t h e  problem of se t t l eab le  s o l i d s  w a s  held. At that time, i t  w a s  explained to them 
that the  F!dPC effluent generally r an  from 103 to 200 ppm of se t t l eab le  so l ids .  S t a t e  representa t ives ,  
thought that t h i s  concentration was fairly high so in  a n  attempt to qet a specific number from them, 53 ppm 
w a s  sugges ted .  T h e y  s a i d ,  "You ought to b e  a b l e  t o  d o  better than that." T h e y  then  recornmenled further 
tes t inq  on  t h e  FMPC effluents to determine t h e  deg ree  of so l id s  removable with t h e  a i d  d coaqulants.  T h e  
State a ~ r e e d  to send an engineer to the  F!PC to w r k  with N L 3  pe r smne l  in eva lua t ing  the  NLO effluent. 
T h i s  w a s  done,  a n d  a report was i s sued  by t h e  Heal th  and Safety Division Analytical  Labora to ry f3  on  
February 10, 1958. Th i s  report suqqested tha t  25 ppm would b e  a su i t ab le  standard for t o t a l  su jpended  
s o l i d s  in t h e  FtviPC was te s  being discharged to t h e  Miami River. Copies of th i s  report were  forwarded t o  
the  S ta t e  a n d  unofficially i t  is understood tha t  NLO proposal was  acrep ted .  No written confirmation h a s  
eve r  been rece ived ,  even to t h e  effect  that t h e  report w a s  received in their  office; however,  i t  is understoad 
tha t  t hey  are sa t i s f i ed  with this figure. 

In a number of conversations with t h e  S ta t e  people  they  remarked that ,  "oh, but your s o l i d s  a r e  r a d i e  
active," when solid a n t e n t  in  t h e  FMPC effluent w a s  being d iscussed .  T h i s  w a s  true prior to April 1958, 
at which t ime r d f h a t e  neutralization and  s to raqe  in  P i t  No. 2 was  begun. From tha t  t i m e  until  t he  present,  
all s o l i d s  from the General Sump have  &en s e n t  to P i t  No. 3 for se t t l inq  and t h e  liquor pumped to t h e  River 
v i a  Manhole No. 175. 

Over t h e  yea r s ,  similar meetinqs have  been  held with S ta t e  people, however, aqreements  which have  
been confirmed in writing by the S ta t e  representa t ives  have been reached for only th ree  contaixinants. The 
f i r s t  agreement w a s  concerninq uranium, which w a s  reached between F. H. Warinq, then  Chief Sanitary 
Enqineer of t h e  Oh io  S ta te  Department of Health,  a n d  M. Eisenbud, then Director of t h e  Health and Safety 
Division of the  NYOO-AEC. A letter from F. H. Waring to M. Eisenbud, dated D e c e h e r  11, 1951 
approved a MAC of .35 ppm for uranium in  t h e  river below the  FMPC outfall. T h e  S ta t e  had proposed a 
fiqure '/. th of t h i s  or .035 ppm, however M i .  Eisenbud presented information and da ta  which influenced 
agreement with the higher firpure. 

so 
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T h e  second oqreement concerned t h e  concentration of fluorides which would b e  permitted in the Miami 
- - ... - .._ . . . -... . . . . 0.- :e.:..\. f - .? 

2ri;inaIly 3 !e!to:, C. H. 'Nzi:; ! C  J .  A. =I';i;!ey, !A. Z., j a t e d  . A ~ T G s :  ;:, : 3 ~ !  3pprove.i Gi i l t lon  of 
fluorides to  t h e  river so as not t o  exceed 1.3 ppm in t h e  river. However, l a te r  during a meeting a t  Columbus 
on  January 26, 1955, between Mr. Wain9 and J. D. Yoder of t h e  NLO Health a n d  S d e t y  Division, Mr. W a i n 9  
jC:eej != : h:;her f:;ure s! :.2 ;FZ. 

-. . :is :;;her fi;ure, hodever ,  was r.e.;e: z s n i i r r d  in Nritinq. 

T h e  MAC for to ta l  radioactlvlty of 10" p d m l  (a .22d/m/ml a lpha  + beta) is the  one l i s ted  in t h e  NBS 
Handbook 69'' for water in t h e  neighborhood of an Atomic Energy plant where R a 2 l 0  and  R a 2 l o  a r e  not 
present. At t h e  t ime of s t a r t  u p  of the  F!@C, NBS Handbook 52' w a s  in  e f fec t  and  t h e  IO" pc/ml level 
w a s  for water containing unknown mixtures of rad io iso topes  beyond the  a r e a s  that a r e  under t h e  control of 
t h e  installation respons ib le  for t he  contamination. 

Although nothing written has ever  been received f r a n  t h e  S ta t e  which s t a t ed  t h e  leve ls  of radioactivity 
which would be accep tab le  in  t h e  Miami River below t h e  FMPC outfall,  t h e  lo" P d m l  level h a s  been 
s t a t ed  by W .  W a r i n g  a nwnber of times,  t h e  l a s t  during a meeting held with J. A. Quigley, M. D. md R. C. 
Heatherton of t h e  NLO Health a n d  Safety Division o n  Februury 5, 1957. At that t ime,  Mr. Warin9 s t a t ed  
that an agreement among t h e  Ohio Department of Health,  t h e  U. S. Pub l i c  Health Se rv ice  andlthe AEC Dt- 
vision of Reactoc Development on t h e  lo-' p d m l  limit had been reached for s t reams s u c h  as  the Yiami 
River which empty into t h e  3 h i o  3 iver .  

From the  above, i t  is apparent  tha t  i t  isn't def in i te  just  what is required to s a t i s f y  t h e  conditions of 
the  permit which au thor izes  "the discharqinq of industrial  w a s t e s  and sanitary sewage in Waters of the  
S ta te ,  Miami River." S ince  1954, NLO h a s  requested and received mi annual permit to  d o  so under authority 
of the  Ohio Water Pollution Control Act, Sec t ions  61 11.31 to 61 11.38 of the  3 e v i s e d  Code  of Ohio. 

Each  application for a permit, filed annually,  in accordance with AEC policy, is accompanied with a 
copy of a let ter ,  K a r l  to  Dwork, da ted  Match 22, 1956.9 T h i s  le t te r  s t a t e s  in part: "as was explained 
t o  Mr. Waring at the meeting, however, the  AEC f e e l s  it necessa ry  tha t  t h e  Board c lear ly  understands tha t  
NLO's obtaining and/or renewing the pecmit in question s h a l l  in  no wise be construed as an acknowledq- 
ment of the applicabili ty of t h e  State 's  Water Pol lu t ion  control Law, or of r q u l a t i o n s  promulgated and 
i ssued  pursuant there to  t o  the Government's operations at F e r n d d .  It is our posit ion in accordance with 
well-defined legal p i n c i p l e s  tha t  Federal  activities at Ferna ld ,  whether performed by  the  AEC di rec t  or 
through its contractors,  =e not subject to regulation a n d  control by S t d e  and loca l  qencies where th i s  
would impede, burden Q otherwise interfere with the discharge of t h e  AEC's functions and responsibil i t ies 
under the Atomic Enecgy Act of 1954. H o w e v a ,  w b r e  cmformity with S t d e  and loca l  laws a i d  regulations 
appears  to b e  of mutual advantage to the AEC and to the agencies concerned and where s u c h  conformity c a n  
b e  achieved without burden on Federa l  f u d s  or ac t iv i t i e s ,  we are agreeable to  voluntary conformance os a 
matter of comity. It should be clecltly understood t h d  w e  d o  not agree  t o  be bound as a matter of legal 
right, by any recommendatioru oc sugges t ions  resu l t ing  from inspections by t h e  Board, but w e  s h a l l  where 
we deem advisable endeavor t o  follow them." 

To d a t e  there have been no ins tances  wherein t h e  above mentioned authority h a s  Seen exercised so as 
to  permit the r e l ease  of excess ive  quantit ies of contaminants  t o  t h e  river. All dea l ings  with the S ta t e  have 
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'6J.  0. E y e .  Report on the Ground Water Pollutlon Potenual in the Feed Materia:, ?reduction Center Operated 

"R. H. S t d e y ,  C. Watmn, R. C. Coatoa and E. B. Riesten&.rp. Pe-nd C o m m d c a t l o n  to J. A. Q d q l e y ,  

"W. A. W t h ,  J r .  peraond C e w u n i c a t l o n  to C. R C h w a n .  Ground Contao.inat:on. F e b r u q  9, 1961. 

"C. R. Chwman. Persond Communication to J. H. Noyos. Storm S e w r  L o s s e s .  February 10, 1961. 

mC. A. C h w m m .  P o r m n d  Cocnmunicatlon to Production D i n s l o n  S~pacIntonasr.ts. Ground Contamnation. 

I'M. S. Nelson. P a m n d  Gmmunlcation to J .  H. Noyea. Ground Watu Contml. March 23, 1961. 

"C. L. K d .  P a a n d  Cornmudcatlon to J .  H. Noyes. Report on Glound W a t a  ?ollution Potential by J. D. Eyo, 

23j .  D. Ey.. sp.dd R.p& on tho Occunonce and Movement of Gmund Water Ln the F W C  koa Juno 18, 196 1. 
"J. D. E y e .  Contanballon of  Paddfa Run by PloCCSS Chemicals Used in the Feed M a t e n d s  Productlon Conter. 

2sJ. H. Noyes.  Porsond Gmmunication to 1. A. a i q l e y ,  M.D. FMPC Ground &n:uninution Study Comrmttea 

'dM. S Nelson. P s r s o n d  Gmmunlcatlon to J. H. Noyos.  Ground Contamnation G n t r o l .  

Max& 15, 1957. 

%war System. AprLl 2, 1957. 

P r o c e s s  Wastes. February 10, 1958. 

Radionuclides in AIr and Ln Water for Occupatlond Exposure, H a n c h o k  69. June 5, 1359. 

O h  Februury 15, 1960. 

by the N a t l o n d  Load G m p m y  of Ohio. J m u a y  23, 1961. 

M.D. N P C  Ground Contamination. F a b r u a y  L 196 1 .  

February 10, 1961. 

datod J m u a y  23, 1 9 8 L  AprU 14, 196L 

Auquat 28, 196 1. 

October 17, 1961. 

Auqust 14, 1962. 

''A. U Spiokar and S. E. Norris. Ground-Wator Movement and Contammation i n  t . y  Viur.ity o f  the U. S. Atomic 
Energy Commission Feed Matends Production Center L o c a t e d  Near Ferndd, O h o .  S:tember, 1962. 
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4PPEYDIX I 

Control of  Ground Cootamioatioo 

- 2 4  - 
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~ 

TOT XL 11,016,100 
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Padd>'s Aun (Xi l ley  Road Bridge) Contaminant Coocentratlone 

Ooly m e  omple poesiblc dona8 enthe moo& became of l o w  stream flow. 

25 
OFFICIAL USE ONLY 



524 
APPENDiX 111 

GROUND CONTAMINATION TD.4I:;::;S P33GUM: 

Four, SS hour dasses will b e  given to supervision to acquaint 'Le- w i t h  :he ;roclem and to give them 
the proper philosophy !n =.revcr:!izr. :.? control. Following the supervisory t ra ining a shorter  training pro- 
gram will be given to those  hourly employees h o s e  performance could cause wound  contamlnailm. The 
cost of such a program would be neql iqible  from an ' 'out-of-pocket" s tandpoint .  

THE SUPERVISORY PROGRAM 

First Class: The Problems 

M l d  River 

Paddy's Run 

Ground Water 

Second Class :  Our Storm Sewer System 

Purpose 

Construct ion 

Proper Use 

Maintenance 

Third Class: Pads and Sumps 

Their Purpose 

Proper  Use 

Mis - Use Examples 

Fourth Class :  Ground Contamination Priority 

SOP Considerations 

New Installations 

Unusual Operations 

Reportinq Incidents 

Summary 
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524’ 
APPENDIX IV  

‘Jiami River  Contaminant Coocentrations 

*Measured - Samples taken opstream and downstream from F W C  ontfdl .  Fignres shown above me FMPC con- 
tribntions to tbe river. This is determined by subtracting the opstream conceotrations from the downstream 
concentrations. 

**Calculated - Samples taken of the Fl lPC effluent.  Figures sbown above are calcnlated by assumiog fall 
dilntion in the r i v a .  

N A  - Not Analyzed. 
( ) - Upstream concentrations greater than downstream concentrations. 
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Janumy 

APPEND1X V 

1957 1958 1959 1960 196 1 

1011 140 141 79 110 

%lids Content :ppm) F W C  Effluent 

February 

March 
I ~ _ _ _ _  

744 145 105 74 106 

43 1 98 63 93 72 

April 

M=Y 

Juno 

July 

492 183 66 55 s 5  

404 18 1 167 58 8 3  

2#) 167 138 4s 64 

28 8 192 93  72  65 

September 

October 

112 76 57 44 57 

288 59 60 54 6 3  

-28 -  

524 

November 

December 

A v a a q e  

28 

~~ ~ ~~ 

230 152 91 60 139 

175 189 72 98  153 

405 158 92 65 85 
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Aw. - S o t . ,  1959 

8 . 

CN0rid.s Nltrates 

(PPd ( P P d  

19 7 

APPENDIX V I  

7/60 

S I 6  1 

Teet Kdl So. 1 

Nieate m d  Chloride Coneeatration. 

P .2 

80 12 

IVlW81 91 107 

1Y5/6 I 

2/8/62 

60 13 

24 13 

2/9/62 

2/15/62 

36 14 

s 1  28 

S / W 8 2  I 1000 I 900 

2/ 16/62 

4/23/62 

Y20/62 I 850 I 900 

53 27 

2500 1900 

5/27/62 I 700 I 7 50 

U24/62 

4/30/62 

5/7/6 2 

6 1  11/62 I 700 I 8 50 

2200 1600 

1700 1400 

1300 IOOd 

6 / 2 Y 6 2  

7/9/6 2 

7/23/62 

W W 8 2  

8/20/62 

813 1/62 
~ 

9/ 16/62 1 800 I 1350 

~~ 

800 800 

750 800 

70 0 900 

700 900 

700 1000 

700 1000 

5-52. 
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~ ~~ 

1961 

1962 

Production Wells - Chloride and Nitrate Concentrations (ppm) 

36 6 20 2 13 1 

36 6 20 3 13 1 

-30-  

524 

OFFICIAL USE ONLY 



. , 9 .  

. . 
OFFICIAL USE ONLY 

Standards for Liquid Effluents 

Fluorides 

Nitrates 

as measured in the 

To be non - offensive 

deleterious combination with 
substances and other substances 
hiqh temperature in sufficient amount: 

to impair water 
usaqe 

w 

-31-  
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Authority for Use 

Letter, F. H. Waring to Eisenbud, 12/11/54.3 

Verbal communfcation from W a r h  to Yoder. Trip report of 
visit to Department of Health, Columbus, Ohio, 1/26/55, 
Letter, F. H. Wuring to J. A. Wgley, M. D., 8/20/52 
authorizes 1.0 ppm as F' in the river. 

Report of the Water Pollution Study of Miami Rive ,  Ohio 
Department of Health, 1951.' 
Same as above. 

Same as above. 

Same as above. 

Same as above. 

Report, M. W. Boback and R. Heatherton, 2/10/58, "Lab- 
oratory Tests for Flocculation and Removul of Suspended 
Solids in Process Wastes." '3  

Aqreement among the USPHS, AEC, and State of Ohio. 
National Bureau of Standards Handbook No. 69. " 

Report of the Water Pollution Study of Miami River, Ohio 
Department of Health, 1951.' 
Same as above. 
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