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INTRODUCTION

The U. S. Department of Energy (DOE) Weldon Spring Site (WSS) consists of 

two separate ra d io a c t iv e  waste storage p rop erties  near Weldon Spring, 

Missouri: A 52-acre s ite  which is a remnant of the Weldon Spring Feed Mate­

r ia ls  Plant; and a nine-acre abandoned rock quarry. The larger property has 

four pits which contain settled sludge from uranium and thorium processing 

operations. At the quarry, part of the excavation contains contaminated 

building rubble, scrap and various residues.

During 1979 and 1980 these storage locations  were managed by NLO, In c . ,  

contract operator of the DOE Feed Materials Production Center near Cincinnati, 

Ohio. Air and water samples were collected to provide information about 

the transfer of radionuclides in the o f fs ite  environment. Monitoring results, 

sunmiarized in th is  report, show that uranium and radium concentrations in 

o ffs ite  surface and well water were within DOE Guide values for uncontrolled 

areas. At o f f s i t e  lo c a t io n s , radon-222 concentrations in a i r  were well 

within the Guide value.
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I .  WELDON SPRING SITE PIT AREA

History  o f  Operations

The Weldon Spring Feed Mater ia ls  Plant was b u i l t  by the U. S. Atomic Energy

Commission (AEG) and began operat ions In 1957. I t  occupied 220 acres In

St. Charles County, Missour i ,  approximately 24 miles west o f the c i t y  o f  

S t.  L o u is .  The p la n t  s i t e  Is  on S ta te  Route 94, near the  community o f  

Weldon Spring. The f a c i l i t y  was operated fo r  the AEG by the Uranium Div is ion 

of the Mal l lnckrod t  Chemical Works.

A l l  operat ions o f the Feed Mater ia ls  Plant ceased In 1966 when the AEG decided 

the  p la n t  was excess to  p ro d u c t io n  requ i re m en ts .  In 1967, most o f  the  

Inac t ive  p lant s i t e  was t rans fe r red  to  the U. S. Army because o f  an a n t i c i ­

pated need f o r  the  p ro d u c t io n  b u i l d i n g s .  DOE, as successor to  the  AEG, 

re ta ins  custody of the 52-acre port ion on which the four residue storage p i t s  

are located.

The Weldon Spring Feed Materia ls  Plant produced p u r i f ie d  uranium compounds 

and uranium metal.  Both types of products were shipped fo r  use at other AEG 

s i te s .  The major p lant processes were as fo l low s :

o Uranium ore concentrates were dissolved In n i t r i c  acid

to produce a uranyl n i t r a te  so lu t io n .

o Uranyl n i t r a t e  was extracted In to  an organic so lu t io n .
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° Uranyl n i t r a t e  was back-extracted in to  deionized water.

o The uranyl n i t r a t e  aqueous so lu t ion  was evaporated to

produce o ra n g e -co lo re d  uranium t r i o x i d e ,  UO3 , a lso  

ca l led  "orange ox ide ."

o The UO3  was converted to  green-colored uranium t e t r a -

f l u o r id e  UF4 , also ca l led  green s a l t .

o The UF4  was reacted  w i th  magnesium metal to  form

urani urn m eta l .

An average o f 16,000 tons o f  uranium was processed at th i s  plant per year.  

In a d d i t i o n  to  these p r i n c i p a l  uranium a c t i v i t i e s ,  a le s s e r  q u a n t i t y  o f  

thorium was also processed.

Wastes from these product ion operations were neu t ra l ized ,  i f  required, and 

pumped to  the ons ite  storage p i t s  described on page 4. In these p i t s ,  the 

so l ids  se t t le d  out and the c lear  supernatant l i q u id  was removed via a decant 

l i n e .  This water then mixed with storm sewer water and sewage treatment 

e f f l u e n t  before being discharged via the process sewer o u t f a l l  in to  a small 

stream which flows about one mile  to  the Missouri  River.

The term, " r a f f i n a t e "  is  loosely  appl ied to  waste from the ex t rac t ion  step. 

Solids tha t  re su l t  from the n e u t ra l i z a t io n  o f t h i s  waste are also ca l led  

" r a f f i n a t e s ." Therefore, the Weldon Spring storage p i t s  are often referred
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to  as " r a f f i n a t e  p i t s "  despi te  the admixture o f sludges and residues from 

other processing steps.

P i t  Construct ion

The waste storage p i t s  (See Figure 1) were constructed by excavat ing down in to  

the e x is t in g  clay formation and using the removed c lay fo r  levee cons truc t ion .  

P i ts  1 and 2 were constructed in 1958, side by s ide ,  on ra ther  level  t e r r a in

(1.2 acres each). The levees around both p i t s  are approximately 3 feet above

the e x is t in g  grade. P its  1 and 2 each contain approximately 500,000 cubic 

feet of m a te r ia l ,  a l l  o f  which is  below grade.

The elevations o f  the levees around Pits 3 and 4 are b a s ic a l ly  the same as 

those around P i ts  1 and 2. However, the t e r r a in  slopes downward toward the 

west boundary which means the levees at P i ts  3 and 4 are much higher with  

respect to  the o r ig in a l  grade than are those at P i ts  1 and 2.

Construct ion of P i t  3 took place in 1959 with a design volume of 4.5 m i l l i o n  

cub ic  f e e t  and a su r fa ce  area o f  a p p ro x im a te ly  8 .4  ac res .  A p o r t i o n  o f  

the levee in  the northeast corner o f  the p i t  was constructed on ex is t ing  

t e r r a in  so tha t  the levee is  about 23 feet above o r ig in a l  grade in  tha t  area. 

The i n l e t  to  P i t  3 was in the northeast corner o f  the p i t .  Residue leve ls  

slope from tha t  corner downward approximately 6  feet to  the opposite corner,

and occupy about 78 percent o f  the p i t  volume.

P i t  4 was constructed in 1964 with a design volume o f  12 m i l l i o n  cubic feet 

and a surface area o f  about 15 acres. The east levee o f P i t  4 is  common to
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the west levee o f  P i t  3. The e le v a t io n s o f  the tops o f the levees o f Pits 

3 and 4 are the same. The west levee of P i t  4 extends about 35 feet above 

the e x is t in g  grade at i t s  maximum e leva t ion .  The residue f i l l  in P i t  4 is  

i r r e g u la r  w ith  about 1 0  percent o f  the to ta l  p i t  volume consumed, exclusive 

o f  standing water. I f  P i t  3 f i l l e d ,  i t  was designed to  overf low in to  P i t  4 

through a connecting pipe 7 feet below the top o f  the common levee. I t  is  

bel ieved tha t  the P i t  contents have never reached tha t  l e v e l .

Stored Wastes

Approx im a te ly  70 percen t  o f  the  res idues  d ischa rged  to  P i t s  1, 2, and 3 

were neut ra l ized  r a f f i n a te s  from re f in e ry  operat ions. These were pumped as 

a s lu r r y  to  the p i t s  where the so l ids  s e t t le d  out (stayed in the p i t s )  and 

the supernatant l i q u id  was discharged to  the plant process sewer. The so l ids 

consisted p r im a r i l y  o f :  1 ) acid inso lub le  compounds in the feed mater ia ls

( c h ie f l y  s i l i c a ) ,  and 2 ) hydroxides and p re c ip i ta te s  formed when the r a f f i n ­

ates were neut ra l ized  with l ime.

The remaining 30 percent o f  the contents o f P its 1, 2, and 3 consists  p r i ­

m ar i ly  of washed slag residues from the uranium metal product ion operat ion. 

Magnesium f lu o r id e  slag was produced as a scrap during the reduct ion o f  LIF4  

to  m e t a l l i c  uranium us ing magnesium c h ip s .  This s lag con ta ined  about 5 

percent uranium which was recovered by leaching with  n i t r i c  ac id . A f in a l  

water wash removed the remaining soluble uranyl n i t r a t e .  This washed slag, 

v i r t u a l l y  uranium-free, was then pumped as a s lu r r y  to the p i t s  where the 

so l ids  remain as a se t t led  sludge.
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Pi t  4 contains some o f  the same residues th a t  are present in Pits 1, 2, and 

3 plus the r a f f i n a te  so l ids  generated in the processing o f  thor ium in the 

r e f i  nery.

A l l  p i t  d ra in s  have been sealed and the  res idues  are covered w i th  water  

fo r  most o f  the year.  The amount o f  water in  the p i t s  var ies g re a t ly  depend­

ing on the season o f  the year.  In the hot,  dry summer months, the surface 

water in  p i t s  1 and 2 evaporates, leav ing a dry and cracked surface. The 

level o f  water in P i ts  3 and 4 varies a lso ,  but there always is  some surface 

water present.

Table 1 l i s t s  the  approx imate depths o f  f r e e  water  in  the  p i t s  t h a t  are 

l i k e l y  to  occur over a period o f  t im e . 2  i t  i s  est imated, on the average, 

tha t  there is  a to ta l  o f  2 0 , 0 0 0 , 0 0 0  ga l lons o f  free water atop the sludges in 

the four p i t s .

Table 2 l i s t s  approximate values fo r  var ious parameters o f  the water in  the 

p i t s .

Present Operations

No product ion wastes have been generated at t h i s  f a c i l i t y  since the plant 

closed. Small amounts o f  debr is  from loca l ized  clean-up in the DOE p i t  area 

and Army p lant area have been placed in  p i t  4 on several occasions. Since 

the p lant c losure ,  the only rou t ine  a c t i v i t i e s  in the p i t  area have been fo r  

general grounds caretaking and maintenance.
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When the p i t s  were in use, supernatant l i q u id  was removed from p i t s  1, 2 

and 3 by decant systems. No water has ever been discharged from p i t  4. The 

decanted water flowed via buried pipes in to  the p la n t 's  storm sewer system. 

Sewage treatment e f f l u e n t  added to  th i s  f low and the combined wastewater was 

discharged o f f s i t e  in to  a natural  stream bed. The discharge p o in t ,  ca l led  the 

process sewer o u t f a l l ,  was w i th in  a fenced r igh t -o f -way  on land which is  now 

part  o f the Weldon Spring W i l d l i f e  Area. The fence enclosed the stream a l l  

the way to  the Missouri River.  Present ly ,  the fence is  in ta c t  and kept in 

good cond i t ion  only between the process sewer o u t f a l l  and State Route 94.

Although there are no operat ions in  the storage area or in the Army plant 

area, there is a small but continuous discharge at the process sewer o u t f a l l .  

The f low consists o f sewage treatment e f f l u e n t  and groundwater which co l le c ts  

in the storm sewer l in e s .  A l l  o f  the storm sewer l ines  and the sewage t r e a t ­

ment f a c i l i t y  are located in the p lant area now under Army c o n t ro l .  The 

buried sewer l ines  and manholes are i n ta c t  and in  good cond i t ion .  The sewage 

f a c i l i t y  i s  being u t i l i z e d  fo r  the small volume generated by the Army care­

taker  and guard s ta f f s .

Transfer l ines  from the p i t s  to the storm sewer have been sealed. Despite 

the seals, there is  a s l i g h t  seepage o f water from the l ines  in to  the sewer 

system. Th is  seepage may be superna tan t  p i t  water  or may be i n f i l t r a t e d  

groundwater. The seepage, plus leaching o f so l ids  deposited in the storm sewer 

l ines  when the p lant was a c t i ve ,  produces elevated concentrat ions o f n i t r a te  

and radium-226 at the process sewer o u t f a l l .  Uranium in the o u t fa l l  f low 

is  contr ibuted by the e n t i r e  storm sewer system as i t  co l le c ts  water from

-7-



throughout the former uranium product ion area.

Demography and Cultura l  Factors

The loca t ion  o f  the Weldon Spring Product ion Center and i t s  prox imity  to 

the populat ion centers i s  shown in Figure 2. A v i c i n i t y  map. Figure 3, shows 

tha t  the DOE storage s i t e  is  completely surrounded by Army-control 1 ed areas. 

To the  n o r th  o f  the  s i t e ,  beyond the Army a rea ,  i s  the  August A. Busch 

Memorial W i l d l i f e  Area. This publ ic  park is  operated by the Missouri  Depart­

ment o f  Conservation and is  open to  the pub l ic .  The east side of the DOE s i te  

is  bounded by the major por t ion o f  the former Weldon Spring Feed Materials  

Plant.  On the south and east beyond the plant is  the large Weldon Spring 

W i l d l i f e  Area. To the west is  the U. S. Army Reserve Tra ining Center.

Various a c t i v i t i e s  are conducted in the area o f the plant s i t e .  The Uni­

v e rs i t y  of Missouri  operates an A g r icu l tu ra l  Extension Of f ice  approximately 

one-ha l f  m i le  nor theast o f the s i t e  on State Route 94. The normal occupancy 

fo r  t h i s  operat ion is  about twelve people. Also nor theast o f the s i t e  along 

State Route 94 is  a State o f  Missouri Highway Maintenance f a c i l i t y  which has 

about s ix  people invo lved. Within a mi le  radius o f  the s i t e  is the August A. 

Busch W i l d l i f e  Area Headquarters and the Admin is tra t ion Bui ld ing fo r  the U. S. 

Army Reserve Training Center.

Approximately one mile from the s i t e  on State Route 94 is  the Francis Howell 

High School tha t  has a student population o f  about 2,000.

The neares t  communit ies to  the  s i t e  are Weldon Spr ing and Weldon Spring 

Heights (approximately two miles east of the s i t e ) .  Four mi les northeast



of the plant is  the town o f  C o t t l e v i l l e .  The nearest community tha t  shows 

an ac t ive  growth pattern is  St, Charles, which is  about 12 miles from the s i te  

on State Route 94. The la rges t  metropol i tan area is  St. Louis and i t s  sur­

rounding communities. St. Louis is about 30 miles east o f  the s i t e .  Table 3 

l i s t s  the populat ion and number o f  housing un its  f o r  these communities. At 

the present t ime, there is  v i r t u a l l y  no urban development or any i n d u s t r i a l ­

i z a t io n  in close p rox im i ty  to  the s i t e .

The Weldon Spring W i l d l i f e  Area covers 7,356 acres east and south o f the 

DOE s i t e .  Parking areas have been provided along Highway 94 to  provide access 

fo r  hunt ing, f i s h in g  and h ik ing .  Unt i l  mid-1980 th i s  land was the Univers i ty  

of Missouri Experimental Farm and closed to  the pub l ic .

Physi ography

Topography to the north o f the Weldon Spring plant is gent ly  r o l l i n g .  The 

area adjacent to  the p i t s  has a natural  slope toward the west and north across 

the U. S. Army Reserve Tra in ing area as wel l as the Busch W i l d l i f e  area. 

Runoff from t h i s  area eventua l ly  reaches the Miss iss ipp i  r i v e r  northwest 

o f  St. Louis, Missour i .  The f i r s t  drainage basin i t  enters is  Schote Creek 

and then on to  Dardenne Creek from which i t  enters the Miss iss ipp i  River.

The t e r r a in  to  the south and east is  considerably d i f f e r e n t .  This publ ic  

access land administered by the Missouri  Conservation Department, is a most 

rugged rav ined, heavi ly  wooded area extending to  the Missouri  River.
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Geology

The general surface in the Weldon Spring area is  e n t i r e l y  covered by uncon­

so l idated m a te r ia ls ,  cons is t ing  o f  a l luv ium, g lac ia l  d r i f t  and residium from 

weathering rock. The most conspicuous material  making up the mantle is  the 

zone of weathered l imestone bedrock beneath. The residium is  clayey, contains 

much chert  and, in the lower pa r t ,  contains fragments o f l imestone tha t  have 

not  y e t  been c o m p le te ly  conver ted  to  re s id u a l  s o i l  m a t e r i a l .  The t o t a l  

overburden ranges from 17-60 feet in  th ickness in the general area. The 

uppermost bedrock in  the  area i s  th e  h ig h l y  permeable B u r l i n g to n  Keokuk 

formation o f  the Miss iss ippian age. This formation is reported to  be 150-200 

feet in th ickness. Four other Conformable formations o f  the Mississippian age 

under l ie  the Burl ington Keokuk. They consis t  o f ( in  descending order) the 

Fern Glen l imestone (approximately 75 feet t h i c k ) ,  the Chouteau l imestone 

(approximately 25 feet t h i c k ) ,  the th in  Hannibal shale and the Sul fu r  Spring 

sandstone (8-30 feet t h i c k ) .

The subsurface s t ra ta  in  the plant area were invest igated p r io r  to  the AEC 

plant cons t ruc t ion ,  and again, in more loca l ized  d e t a i l ,  before construct ion 

o f  P i t  4. This work showed there is  a minimum of 10 feet o f very impermeable 

c la y  u n d e r l y in g  the  p i t s .  This c l a y ,  i n  t u r n ,  o v e r l i e s  about 3 fe e t  o f  

somewhat more permeable c lay ly ing  above the 150-200 feet o f the permeable 

Bur l ington Keokuk l imestone.

Hydrology

Surface water f low from most o f the DOE storage p i t  area moves northwestwardly 

to the Army Reserve Training Area. A swale and d i tch  border the north side
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o f  th e  p i t s  and c a r r y  water to  the  ash pond on Army p r o p e r t y .  The pond 

discharge forms the "Northwest Stream" which enters the Army Reserve Training 

Area. Here i t  jo in s  with a small t r i b u t a r y  tha t  c o l le c ts  drainage from the 

west side o f  the p i t  area. The combined f low enters the August M. Busch 

Memorial W i l d l i f e  Area and discharges in to  one of the Busch lakes. Lake 

discharge eventua l ly  reaches Dardenne Creek and the Miss iss ippi River.

The Weldon Spring upland or plateau area is c l a s s i f i e d  as an area o f poor 

recharge to  groundwater because o f  the r e l a t i v e l y  th i c k  and impermeable layer 

over ly ing  the bedrock aqu i fe rs .  There are various loca l ized  water tab les 

below the storage p i t s .  There is l im i te d  a v a i l a b i l i t y  in the Bur l ington 

Keokuk l imestone approximately 60 feet below the p i t  bottoms. Because th is  

source of water is  qu i te  hard and in  l im i te d  supply, i t  is  not very desi rab le  

as a water source. At a depth of about 300 feet below the bottom of the p i t s  

i s  the S u l f u r  Spr ing (Bushberg Sandstone) fo rm a t io n  which is  capable  o f  

supplying large volumes. This source is genera l ly  not used in t h i s  area 

because i t  is  n a tu ra l l y  high in n i t ra te s  and ch lo r ides .  To get a reasonably 

so f t  water fo r  large suppl ies, i t  is necessary to  tap the St. Peter Sandstone 

aqu i fe r  which is  ar tes ian and is  located some 700 feet below the p i t  bottoms.

Abundant potable groundwater is  obtained from the al luvium o f  the Missouri 

River va l ley  and lesser q uan t i t ies  from the Dardenne Creek a l luv ium. This 

groundwater is  replenished by p re c ip i ta t io n  in the va l leys  and t r i b u ta r y  

watersheds and from the surface streams.
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Meteorology

Table 4 l i s t s  the U. S. Weather Bureau meteorology data fo r St. Louis, 

Missouri. All averages are from the period of 1951-1970 (1961-1980 data 

not yet ava ilab le ). Almost h a lf  of the annual precipitation occurs in May 

through August (plant growing months). These summer rains frequently appear 

as thunderstorms, sometimes severe with high winds and h a i l .  This area 

also is known for having localized rains in late  spring and summer which are, 

at times, excessive. Ten inches of ra in fa ll  have been recorded in a 24-hour 

period.

An average of 171 tornadoes occur each year in the state of Missouri. These 

disturbances usually have a narrow path and disintegrate a fte r  a few miles. 

The tornado "season" is usually in April and May.l The winds in the area 

of the s ite  are generally from the south during the summer months and from the 

west-northwest during the winter and early spring. The climate of the state  

is subject to much variation - -  the lowest recordable temperature in the state  

was -40°F. in 1905 and the highest was 118°F. in 1936.

I I .  WELDON SPRING SITE QUARRY

Description

The DOE Quarry storage s i t e  is  an abandoned rock quarry located about 4 

miles from the Weldon Spring plant and 20 miles west of St. Louis (Figure 2).  

I t  is situated on an 8.6 acre s ite  lying between Missouri State Route 94 and 

the L i t t le  Femme Osage Creek. The quarry I t s e l f  was dug In a high outcropping 

of limestone, the upper elevations being well above the surrounding
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t e r r a i n .  The upper r im o f  the  quarry  i s  at e le v a t i o n  550-570' mean sea 

leve l (MSL), whi le  the bottom of the o r ig in a l  quarry was at 446' MSL. Water 

present ly  f i l l s  the quarry to an e levat ion o f  457' MSL, covering approximately 

o n e - h a l f  ac re .  The main q uar ry  ho le  below e le v a t i o n  480' MSL covers an 

area close to two acres (see Figures 4 and 5). O r ig in a l l y  i t  was used as a 

dump s i t e  by the U. S. Army fo r  d is p o s i t io n  o f  t r i n i t r o t o l  uol contaminated 

rubble from the Army Ordnance Works which preceded the Weldon Spring Feed 

Materia ls  Plant .

The f i r s t  usage fo r  disposal o f  rad ioact ive  waste occurred in 1958 when the 

AEC acquired t i t l e  and took possession. In 1959, the AEC used the quarry to  

dispose o f  drummed thorium residues, which were dumped at an e leva t ion  which 

is  below the present quarry water le v e l .  In 1963 and 1964 the Mal l inckrodt 

Destrehan Street Feed Plant in St. Louis was demolished and, as a re s u l t ,  

about 1 ,350,000 cu b ic  fe e t  o f  uranium-and rad ium-contam ina ted  b u i l d i n g  

rubble, process equipment and contaminated so i l  was deposited in  the quarry. 

The Destrehan Street Plant had been used as a product ion f a c i l i t y  fo r  UO3 , 

UF4 , and uranium metal. This buried rubble covers s l i g h t l y  over one acre 

o f  the quarry f l o o r  and is  about 30 feet deep.

In 1966, add i t iona l  drummed and uncontained thorium residues from the cleanout 

of process equipment at the Weldon Spring p lant were deposited in  the quarry. 

However, the Army a lso  disposed o f  TNT-contaminated stone and e a r th  the 

same year,  which covered the thorium residues. F in a l l y ,  in 1968-69, the 

Army deposited the la s t  wastes in the quarry. This waste was uranium-and 

thorium-contaminated process equipment and bu i ld ing  rubble which resu lted from 

the Army's decontamination o f port ions o f the Weldon Spring p lan t .  Since
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then, no chemical or radioactive wastes have been disposed of at the quarry.

Table 5 l i s t s  average values fo r  various parameters of the water in the  

quarry pond.

Geology

The geology of the quarry area has been well documented as a result of the 

data a v a i la b le  from several studies and from U. S. Geological Survey

r e p o r ts .3.4 a t e s t  d r i l l i n g  program was s ta rted  in October, 1976. An

overall plan view showing the location of the test wells is  given in Figure 6. 

Core samples taken from the 12 test wells d r i l le d  around the lower elevations 

of the quarry area indicate that a top layer of s i l t y  clay extends from the 

ground surface in varying depths down to 3 feet.

Beneath this layer of s i l ty  clay is a layer of Kimmswick limestone (16-25

feet th ic k ) ,  which is typ ica lly  a coarsely c ry s ta ll in e , white to l ig h t gray, 

medium bedded to massive limestone. A 14-20 feet layer of Decorrah shale 

underlies the Kimmswick formation. I t  consists of green and brown shales with 

numerous, th in , interbedded limestone layers in its  lowest part that grade 

upward into a medium to th in ly  bedded, fossiliferous limestone which contains 

th in , shale partings.^

Hydrology

Groundwater in the quarry area is found in various strata - -  in the solution 

channels and fractures in the limestone of Mississippian age, in the alluvium 

of the stream valleys, and in some of the older deeper rocks of Ordovician

-1 4 -



age. The water in the limestones and the alluvium has i ts  origin in the 

ra in fa l l  from the surface of the immediate area. All surface runoff around 

the quarry is away from i t  because o f the high rim around the quarry. 

The quarry only receives direct r a in fa l l ,  which seeps or runs o f f  into the 

quarry pool.

The characteristics of the quarry have been studied prior to and concurrent 

with the AEC use of the s i t e  fo r  waste storage. These studies in d ica te

that water in the quarry is in slow but continuous communication with local

groundwater. Depending on the r e la t iv e  head developed by r a in f a l l  and 

water table conditions, water flows into or out of the quarry through hori­

zontal bedding planes and vertical jo in ts  in the limestone. In July, 1960, 

tests indicated a head pressure of almost 3 feet of water would produce a flow 

rate of approximately 3 gallons per minute. Since th is  head pressure would 

hardly ever occur na tu ra lly , routine exchange rates in th is  region would be 

expected to be much lower than the test values.

An investigation of the exposed rocks as well as the topography in the v ic i ­

nity  of the quarry indicated the probability  that the quarry was hydraulically  

connected with the surface bodies of water that bound the quarry ridge on 

three sides -  the Femme Osage Slough, L i t t le  Femme Osage Creek, and an unnamed 

t r ib u ta r y  o f  the L i t t l e  Femme Osage Creek. A natura l extension of th is

hypothesis is that water leaving the quarry would not have to travel over

1000 feet underground before reaching points of discharge at these surface 

bodies.
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In October, 1960, the U.S. Geological Survey conducted a ser ies of pressure

tes ts  on two core holes tha t  were d r i l l e d  at a distance o f  300 feet to  the

north and 50 feet to  the south of the quarry sump, respec t ive ly .  These w e l ls ,  

shown on Figure 6  ( i d e n t i f i e d  as "N" and "S" lo c a t io n s ) ,  were d r i l l e d  to 

depths o f  427 feet and 430 fee t  MSL (mean sea l e v e l ) ,  respec t ive ly .  The 

resu l ts  o f these d r i l l i n g s  ind icated a layer o f  rock between e leva t ion  470 

feet and 430 fee t  MSL, which is  r e l a t i v e l y  incapable o f  t ra n sm i t t in g  large 

q u an t i t ie s  o f water. Tests conducted under an in je c t i o n  pressure o f  50 pounds 

per square inch (ps i )  resu lted in a f low o f  1.5 gal lons per minute (gpm), 

maximum.

Geologists f a m i l i a r  with  the area are o f  the opinion tha t  the groundwater

under the quarry moves toward the south in the d i re c t io n  of the Femme Osage

Slough. This opinion is  supported by the presence o f  uranium in the slough 

water and the absence of quarry contaminants in the L i t t l e  Femme Osage Creek.

I I I .  ENVIRONMENTAL MONITORING

Surface Streams

Since the  p i t s  and quar ry  c o n ta in  r a d io a c t i v e  res idues  and contaminated 

so i l  and rubble , and because there is  a po ten t ia l  fo r  these contaminants to 

be transported o f f s i t e  by means o f a water route , a program of water sampling 

was i n s t i t u t e d .  The program involves the semi-annual c o l le c t io n  o f grab 

samples from the  l o c a t i o n s  l i s t e d  in  Table 6  and shown in  F igures  7, 8 , 

and 9. A l l  samples were analyzed by NLO, In c .  In a d d i t i o n  to  a n a ly s is
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for radionuclides, the samples were analyzed for pH, chloride and n itra te  

concentrations.

Water monitoring results for 1979 and 1980 are reported in Tables 7 to 12. 

These results show that uranium and radium concentrations in a l l  samples were 

below the DOE Concentration Guide for water in uncontrolled a r e a s . 5 The 

maximum uranium and radium concentrations were found in samples collected from 

the process sewer ou tfa ll and process sewer ou tfa l l stream.

In a ll  other samples collected, the average uranium concentration did not 

exceed 0.11 milligrams per l i t e r  (mg/L), or 0.2% of the DOE Guide for water in 

uncontrolled areas. The average radium-226 concentrations were e ither 0.001 

d/m/mL or less (1.5% or less of the DOE Guide) for a l l  other samples col­

lected. The sample for radium-228 from the St. Charles County Water Treatment 

Plant (incoming flow) had an average concentration of 0.002 d/m/mL (3% of the 

DOE Guide) whereas the remaining samples had average concentrations at or 

below 0.001 d/m/mL which is 1.5% or less of the DOE Guide.

River and Treated Water

Water samples were collected at various locations from the Mississippi and 

the Missouri Rivers (three at the in le ts  of three water treatment plants) on 

May 14-15, 1980. Samples were also collected of the finished water at these 

water treatment plants (see Figure 10). All samples were sent to a commercial 

laboratory for uranium and thorium analyses. Other analyses were made by 

NLO. Results of these analyses are given in Table 13.
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F1 sh

For many years, the land along State Route 94 was a Un ive rs i ty  o f Missouri 

experimental area and access was re s t r i c te d .  On June 12, 1980, the land 

was opened to  the publ ic  as the Weldon Spring W i l d l i f e  Area, administered by 

the Missouri  Department o f Conservation (MDC). Because the new land-use 

included f i s h in g ,  arrangements were made with the MDC to  c o l le c t  f i s h  speci ­

mens from the Femme Osage Slough fo r  analys is .

On June 9, 1980, MDC personnel,  using an e lect ro-shocking technique, co l lec ted  

several species o f Slough f i s h .  The specimens were sent to  a commercial 

laborato ry  where they were segregated according to  species and disected. 

Samples o f edib le  f lesh  and bone were taken fo r  ana lys is .  A l l  samples were 

analyzed fo r  t o ta l  uranium, radium-226, lead-210, and thorium-232. Table 14 

l i s t s  the resu l ts  o f  these analyses.

Radon-222

On June 9, 1980, passive radon monitors were placed at 14 locat ions at and 

near the p i t  area and quarry and at 3 o f f s i t e  loca t ions  (see Figures 11, 12 

and 13). These monitors cons is t  o f  a special  d i e l e c t r i c  detector which is 

sens i t ive  only to  alpha ra d ia t io n ,  such as tha t  emitted by radon and i t s  

daughter  p ro d u c ts .  The d e te c to r  i s  mounted i n s i d e  th e  bottom o f  a l i g h t  

p la s t i c  cup, about 3.75 inches high and 2.9 inches at the widest diameter (at 

the to p ) .  A special  f i l t e r ,  suppl ied with  the cup and in s ta l le d  over the 

mouth o f  the cup when the sampler is i n s t a l l e d ,  prevents the entry  o f  dust.
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Radon gas passes through the f i l t e r  and decays through alpha p a r t i c le  emis­

s ion. Each alpha p a r t i c le  reaching the detector  produces a t i n y  ra d ia t io n -  

damage t rack  tha t  i s  retained by the de tec tor .  An etching technique makes the 

tracks v i s ib l e  so tha t  they can be counted au tomat ica l ly .  The number o f 

t racks per u n i t  area is  d i r e c t l y  proport ional  to  the in tegra ted alpha exposure 

from the radon and i t s  daughters to which the detecto r  was exposed. A com­

parison with a standard and knowledge o f the to ta l  exposure time gives the 

average radon concentrat ions fo r  the exposure period. A f te r  i t  i s  processed, 

the detector  cons t i tu tes  a permanent record of the exposure. I t  can be reread 

at any time fo r  v e r i f i c a t i o n  or a la rge r  area o f the detecto r  can be read to 

increase s e n s i t i v i t y .

Pro tect ive  can is ters  fo r  these detectors were fabr ica ted  from f i v e -q u a r t  

metal pa in t buckets. The handles were changed so tha t  the buckets would hang 

upside down with  the mouth o f  the bucket downward. A wooden pla te  was used to  

hold the samplers in the desired con f igu ra t ion .  Each bucket was designed to 

hold two samplers but only one was used as part  o f  t h i s  sampling program.

Table 15 presents the resu l ts  o f  the samples co l lec ted  from June 9, 1980, 

to November 11, 1980, and from November 11, 1980, to  March 20, 1981. Figures 

11, 12, and 13 show the monitor ing loca t ions  fo r  the p i t  area, quarry, and 

o f f s i t e  l o c a t i o n s ,  r e s p e c t i v e l y .  At a l l  o n s i t e  sampling l o c a t i o n s ,  the 

radon-222 concentrat ions were below the DOE Guide^ fo r  con t ro l led  areas, 100 

picocuries per l i t e r  (pC i /L ) .  At one loca t ion  (R3), along the fence east of 

p i t s  1 and 2 , the concentrat ion was s l i g h t l y  above the guide fo r  uncontrol led
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areas, 3 pCi/L (see Figure 11). However, t h i s  loca t ion  is  adjacent to  the U.

S. Army property where there i s  l im i te d  access and only occasional occupancy 

by personnel using the patro l  road which p a ra l le ls  the fence. The f i l t e r  on 

t h i s  monitor was frayed in spots and may not have funct ioned properly fo r  the 

e n t i r e  exposure period. A l l  other p i t  and quarry resu l ts  were below the guide 

value fo r  uncontro l led areas.

O f fs i te  sampling was done at the fo l low ing  locat ions (see Figure 13):

1. Busch Memorial  W i l d l i f e  Area, 0.84 m i le  n o r th e a s t  o f

p i t s  1 / 2  (on fence at weather s ta t i o n ) .

2. U n ivers i ty  o f  Missouri  Research Center, 0.84 mile  northeast 

of p i t s  1 / 2  (on wood post at garden area).

3. U. S. Army Reserve S i t e ,  0.35 m i le  south sou theas t  o f

p i t s  1 / 2  (on fence behind guard o f f i c e ) .

A l l  o f f s i t e  r e s u l t s  were low (<0.24 p C i /L )  and are s i m i l a r  t o  n a tu ra l  

background concentrat ions found in parts o f  the United States.

IV. RADIATION DOSE ASSESSMENTS

Surface Streams

There is  no known human consumption o f  water from the two surface streams 

which leave the p lant s i t e  and which might contain contaminants from the 

stored residues. While any use is  u n l i k e l y ,  bone dose estimates were made
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based on the assumption tha t  a person occasional ly  using the nearby publ ic  

land would consume 0.12 l i t e r s  (4 oz.)  o f stream water once each week fo r  50 

weeks per year.  The streams considered were the process sewer o u t f a l l  stream 

at State Route 94 (sampling po int No. 2) and the Northwest stream at County 

Road D (sampling point No. 6 ) .  For an annual intake o f 6  l i t e r s  from sampling 

point No. 2, the 50-year bone dose commitment would be 8.1 mrem from uranium, 

7.3 mrem from radium-226 and less than 0.3 mrem from radium-228. For an 

annual ingest ion o f  6  l i t e r s  from sampling point No. 6 , the 50-year bone dose 

commitment would be 2.4 mrem from uranium, less than 0.8 mrem from radium-226 

and less than 0.3 mrem from radium-228. These doses were ca lcu la ted using the 

average concentrat ions reported in  Tables 10, 11 and 12 and ra d ia t ion  dose 

fac to rs  given in Table B.5 o f  reference 8 .

The to ta l  50-year bone dose commitments fo r  t h i s  assumed ingest ion o f  water 

from points  2 and 6  are <15.7 mrem and <3.5 mrem, respec t ive ly .  These doses 

are <3% and <1% of the DOE standard fo r  ind iv idua ls  at points o f maximum 

probable exposure.^

Treated Water

Uranium and radium concentrat ions were at or near the a na ly t ica l  detect ion 

l i m i t s  in samples o f raw water from the St. Charles County water plant (sam­

p l ing  loca t ion  No. 7).  These low concentrat ions could be due e n t i r e l y  to  

natural  condi t ions and would probably be reduced by the standard treatment 

plant processes o f  pH adjustments and so l ids  removal. Dose estimates were 

made using the average concentrat ions found in the raw water. For an intake
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of 2.2 l i t e r s  per day throughout the year,  the 50-year bone dose commitment 

would be 1.5 mrem from uran ium, 98.7 mrem from rad ium-226 and 72.7 mrem 

from rad ium-228.  By compar ison,  f o r  a radium-226 c o n c e n t ra t io n  a t the  

U. S. EPA l i m i t  fo r  d r ink ing  water,  0.011 d/m/mL^, the ca lcu la ted bone dose 

is  1095 mrem.

River Mater

No dose e s t im a te s  were made f o r  the  i n t a k e  o f  water c o l l e c t e d  from the  

Missouri  and Miss iss ipp i  Rivers (Table 13). I t  i s  obvious the rad ionucl ide 

concentrat ions are a l l  low and are at natural  background leve ls .  Storage of 

DOE residues has no d iscernable e f fe c t  on the q u a l i t y  of water in  the two 

r i  ve rs .

Fi sh

Because o f  the ever-present t u r b i d i t y ,  i t  is not l i k e l y  th a t  Slough water 

would be used d i r e c t l y  by humans. Taking o f  f i s h  from the Slough is more 

l i k e l y  because o f  publ ic  access to  the W i l d l i f e  Area. However, the occasional 

consumption o f  Slough f i s h  w i l l  not cause a s i g n i f i c a n t  ra d ia t ion  dose. Table 

16 shows c a l c u la te d  doses d e r ive d  from pub l ishe d  in ta k e -d o s e  va lues^  

and the an a ly t ica l  data in Table 14. For the ingest ion  of one ki logram (2.2 

pounds) o f ed ib le  f i s h  t i s s u e ,  the 50-year dose commitment is  2.4 m i l l i rem s to 

the bone. This quan t i ty  i s  less than 0.2% o f  the DOE annual ra d ia t ion  pro tec­

t io n  guide fo r  persons at points o f  maximum exposure; i t  is  less than 0 . 6 % o f  

the guide fo r  the general p o pu la t ion .5
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Most of the estimated radiation dose is due to radium-226, as shown in Table

16. In Slough water, however, the radium concentration has been at a back­

ground level ever since the s ta rt  of the NLO semi-annual sampling in 1974. 

The average radium-226 concentration has been less than 0.001 disintegrations  

per minute per m i l l i l i t e r  (d/m/mL). This level is exceeded in many U. S. 

surface waters.^

Many elements are concentrated in fish  tissue and a bio-accumulation factor 

of 50 has been reported for radium.^ This means that the radium content of 

fish could be 50 times greater than the radium content of the water in which 

the fish lived . Therefore, the calculated radiation dose shown in Table 16 is  

ch ie fly  due to naturally-occurring radionuclides.

Radon-222

The six o f fs i te  radon-222 results reported in Table 15 are in the range of

0.08 to 0.24 pCi/L. All are well within the DOE Guide for uncontrolled areas, 

3 pCi/L,5 and are within the reported range for background concentrations in 

outdoor a i r ,  0.1 to 0.5 pCi/L.^ To estimate the possible contribution from 

the DOE s i te ,  a concentration of 0.1 pCi/L was assumed as the natural back­

ground level in the Weldon Spring area. I f  so, the maximum contribution from 

the DOE s ite  at any o f fs ite  sampling location was 0.14 pCi/L at location R14 

(0.24 pCi/L minus the assumed background of 0.1 pCi/L). Year-long intake 

of radon-222 at a concentration of 0.14 pCi/L would produce a radiation dose 

to the bronchial epithelium of 0.07 rem. This dose is 4.7% of the DOE stan­

dard for individuals at points of maximum probable exposure.
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Table 1. Maximum Depths o f Free water in the Pi ts

P i t  No.
Maximum

Depth,
Feet

Remarks

1 1.5 Occasionally e n t i r e  p i t  is dry

2 1.5 Occasionally e n t i r e  p i t  is  dry

3 3 Port ion o f p i t  bottom may be 
exposed and dry in summer

4 3 "Shore" width increases in dry 
weather but deep water per­
s is ts  year round
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Table 2. Weldon Spring Pits  - Water Qua l i ty  Data 
(Typical Values)

P i t  No. 1 P i t  No. 2

N0 3 - 26,40U mg/L NO3 - 26,300 mg/L

u - 0.031 mg/L U - 0.046 mg/L

Ra-226 - 2 . 8 6 d/m/mL Ra-226 - 3.62 d/m/mL

P i t  No. 3 P i t  No. 4

pH - 7.9 pH - 9.7
Chi or ide - 29.3 mg/L Chi or i  de - 1 2 mg/L

NO3 - 13,300 mg/L NO3 - 55 mg/L

F - 7.4 mg/L F - 8.7 mg/L
Total Sol ids - 15,930 mg/L Cu - < 1 mg/L

Cu - < 1 mg/L U - 4.0 mg/L
Ca - 1,400 mg/L Ra-226 - 0 . 0 2 d/m/mL

Na - 1,460 mg/L Ra-228 - 0.06 d/m/mL
Mg - 440 mg/L

Ammonia Nitrogen - <5 mg/L

Th - 0.016 mg/L

U - 0.15 mg/L

Ra-226 - 0.74 d/m/mL

Ra-228 <0 . 1 d/m/mL
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ro

•
Table 3. Local Demographics

•

Community

1980

Populat ionl

% Change

No. o f  Housing U n i ts l

% Change1970 1980 1970

St. Louis (C i ty ) 453,085 622,236 -27.2 202,113 238,485 -15.3

St. Louis (SMA) 2,344,912 2,410,884 - 2.7 ___2 ___2 ___2

St, Charles (C i ty ) 35,865 31,834 +12.7 13,648 1 0 , 1 2 2 +34.8

St. Charles (County) 143,455 92,954 +54.3 49,841 28,119 +77.3

C o t t l e v i l l e  (Town) 184 230 - 2 0 . 0 51 ___2 ___2

Weldon Spring Heights (Town) 144 1353 + 6.7^ 35 ___2 ___2

Weldon Spring ___2 703 — _ 2 ___2 ___2 ___2

1. Al l  data shown is taken from: U. S. Department o f Commerce, Bureau of Census, "1980 Census o f 
Population & Housing," Pub l ica t ion No. PHC80-V-27, except as otherwise noted.

2. Not a va i la b le .

3. National Lead Company o f  Ohio p u b l i ca t io n ,  "Study o f  Radioactive Waste Storage Areas at ERDA-Weldon 
Spring S i te , "  Pub l ica t ion No. NLCO-1144, Apr i l  25, 1977.

4. Calculated value.



Table 4. Meteorology Data For St. Louis, Missouri

Average Annual P re c ip i ta t io n 35.89 inches

Average Days o f Measurable P re c ip i ta t io n 1 1 0

Average Wind Speed 9.5 mph from South

Average Temperature 55.9°F

Average High Temperature 65.6°F

Average Low Temperature 46.2°F

Record High Temperature 106°F, July  1966

Record Low Temperature -11°F, January 1963

Average Number o f  Days Below Freezing 106
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Table 5. Weldon Spring Quarry - Water Qual i ty  Data

(Typical Values)

pH - 7.6

Chi or ide - 16.8 mg/L

NO3 - 1 . 2 mg/L

Th - 0 . 0 1 1 mg/L

U - 5.3

Ra-226 - 0.004 d/m/mL

Ra-228 - <0 . 0 0 1 d/m/mL
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Table 6. Weldon Spring Si te  P i t  Area Water Sampling Locations

1. Process Sewer Out fa l l

2. Process Sewer Out fa l l  Stream at St. Rt. No. 94

3. Process Sewer Out fa l l  Stream near power l in e  crossing

4. Process Sewer Out fa l l  Stream near MK&T Rai lroad

5. Northwest Stream Onsite

6 . Northwest Stream O f fs i te  at County Road "D"

7. St. Charles County Water Treatment Plant (Incoming f low - groundwater)

8 . L i t t l e  Femme Osage Creek at Highway 94 (Upstream from quarry)

9. L i t t l e  Femme Osage Creek at MK&T RR Bridge (Downstream from quarry)

10. L i t t l e  Femme Osage Slough (670 feet southwest o f quarry pool)

11. Femme Osage Slough (920 feet southeast o f quarry pool)

12. Femme Osage Slough (2680 fee t  east o f quarry pool at d i r t  road crossing)

13. Background Sample from Spring at Junction o f  Highway 94 and U. S. 40/61
94 and U. S. 40/61
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Table 7. Weldon Spring Si te P i t  Area Water Sampling Results

1979-1980

pH

Sample No.
& No. o f

Descri p t i  on Samples

1. Process sewer o u t f a l l  4

2. Process sewer o u t f a l l
stream at St. Rt. No. 94 3

3. Process sewer o u t f a l l  stream-
near power l i n e  crossing 1

4. Process sewer o u t f a l l  stream-
nea r MK&T r a i 1 road 1

5. Northwest stream-onsite 4

6 . Northwest s t re a m -o f fs i te
at County Road "D" 4

7. St. Charles Co. Water
Treatment Plant- incoming f low 4

8 . L i t t l e  Femme Osage Creek- 
at St. Rt. No. 94, upstream
from quarry 4

9. L i t t l e  Femme Osage Creek-
at MK&T RR Bridge, down­
stream from quarry 4

10. L i t t l e  Femme Osage Slough-
670 feet southwest o f quarry pool 3

11. Femme Osage Slough-
920 feet southeast of quarry
pool 4

12. Femme Osage Slough- 
2680 feet east o f quarry
pool at d i r t  road crossing 4

13. Background sample from 
spr ing-a t  jun c t io n  of 
St. Rt. No. 94 & U.S.
Rt. No. 40/61 4

RANGE

8 . 0  to  8 . 2

7.6 to  7.9 

7.8 

8.0

8.3 to 9.1

8.0 to  9.0

7.0 to  7.1

7.8 to  8.1

7.7 to  8.4

7.5 to 7.9

7.5 to  8.3

7.7 to  8.3

6.2 to  7.0
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Table 8. Weldon Spring Site  P i t  Area Water Sampling Results

1979-1980 

Chior ide

Sample No.
& No. of

Descr ip t ion Samples

1. Process sewer o u t f a l l  4

2. Process sewer o u t f a l l
stream at St. Rt. No. 94 3

3. Process sewer o u t f a l l  stream-
near power l in e  crossing 1

4. Process sewer o u t f a l l  stream-
near MK&T r a i 1 road 1

5. Northwest stream-onsite 4

6 . Northwest s t ream -o f fs i te
at County Road "D" 4

7. St. Charles Co. Water
Treatment Plant- incoming f low 4

8 . L i t t l e  Femme Osage Creek- 
at St. Rt. No. 94, upstream
from quarry 4

9. L i t t l e  Femme Osage Creek-
at MK&T RR Bridge, down­
stream from quarry 4

10. L i t t l e  Femme Osage Slough-
670 feet southwest o f quarry pool 3

11. Femme Osage Slough-
920 feet southeast o f quarry
pool 4

12. Femme Osage Slough- 
2680 feet east o f quarry
pool at d i r t  road crossing 4

13. Background sample from 
spr ing -a t  jun c t io n  o f 
St. Rt. No. 94 & U.S.
Rt. No. 40/61 4

Concentration Found, mg/L 
Maximum Mi nimum Average

19

18

14

14

12

12

10

14

12

15

16

11

12

17

17

14

3

13

13.3

10.8

7.5

7.5

7.5

10.3

17 12
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Table 9. Weldon Spring S i te  P i t  Area Water Sampling Results
1979-1980

NO3

Sample No.
&

Descript ion Samples

1. Process sewer o u t f a l l  4

2. Process sewer o u t f a l l
stream at St. Rt. No. 94 3

3. Process sewer o u t f a l l  stream-
near power l in e  crossing 1

4. Process sewer o u t f a l l  stream-
near MK&T r a i 1 road 1

5. Northwest stream-onsite 4

6 . Northwest s t ream -o f fs i te
at County Road "D" 4

7. St. Charles Co. Water
Treatment Plant- incoming f low 4

8 . L i t t l e  Femme Osage Creek- 
at St. Rt. No. 94, upstream
from quarry 4

9. L i t t l e  Femme Osage Creek-
at MK&T RR Bridge, down­
stream from quarry 4

10. L i t t l e  Femme Osage Slough-
670 feet southwest o f quarry pool 3

11. Femme Osage Slough-
920 fee t  southeast o f  quarry
pool 4

12. Femme Osage Slough- 
2680 feet east of quarry
pool at d i r t  road crossing 4

13. Background sample from 
sp r ing -a t  j u n c t io n  o f  
St. Rt. No. 94 & U.S.
Rt. No. 40/61 4

Concentration Found,mg/L 
Maximum Mi nimum Average

680

620

3.1

2 . 6

1.6

1.7

2.8

23

17

3.7

220

220

1.3

0.8

1.0

1.0

0.7

0 . 6

0.4

0.4

393

370

160

16

2.3

1.9

1.3

1.4

1.8 

8.1

4.9

1.8

5.7 1.8 4.0
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Table 10. Weldon Spring S i te  P i t  Area Water Sampling Results

1979-1980 

Urani urn

-

Sample No. 
&

Descri p t i  on
No. o f 

Samples

Maximum
Cone.
Found
mg/L

Mi nimum 
Cone. 
Found 
mg/L

Avg. Cone. Found 
mg/L % o f  Std .*

1 . Process sewer o u t fa l l 4 2.5 1.4 1 . 8 3.0

2 . Process sewer o u t fa l l  
stream at St. Rt. No. 94 3 2.4 1.3 2 . 0 . 3.3

3. Process sewer o u t fa l l  stream- 
near power l in e  crossing 1 - - 1 . 2 2 . 0

4. Process sewer o u t f a l l  stream- 
near MK&T ra i l ro a d 1 - - 0.4 0.7

5. Northwest stream-onsite 4 0.13 0.04 0.09 0 . 2

6 . Northwest s t re a m -o f fs i te  
at County Road "D" 4 2 . 2 0.027 0.60 1 . 0

7. St. Charles Co. Water 
Treatment Plant- incoming f low 4 0.004 <0.003 <0.003 <0.005

8 . L i t t l e  Femme Osage Creek- 
at St. Rt. No. 94, upstream 
from quarry 4 0.005 0 . 0 0 2 <0.003 <0.005

9. L i t t l e  Femme Osage Creek- 
at MK&T RR Bridge, down­
stream from quarry 4 0.004 <0.003 <0.004 <0.007

1 0 . L i t t l e  Femme Osage Slough- 
670 fee t  southwest o f quarry pool 3 0.30 0 . 1 0 0.18 0.3

1 1 . Femme Osage Slough-
920 feet southeast o f quarry
pool 4 0.16 0.06 0 . 1 1 0 . 2

1 2 . Femme Osage Slough- 
2680 feet east o f quarry 
pool at d i r t  road crossing 4 0 . 0 2 0.05 0.03 0.05

13. Background sample from 
sp r ing -a t  jun c t io n  of 
St. Rt. No. 94 & U.S. 
Rt. No. 40/61 4 0.009 <0.003 <0.005 <0.008

*DOE Standard = 60 mg/L(U)
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Table 11. Weldon Spring Si te  P i t  Area Water Sampling Results

1979-1980

Ra-226

Sample No. 
&

Descri p t i  on
No. o f  

Sampl es

Maximum
Cone.
Found

d/m/mL

Mi nimum 
Cone.
Found Avg. 

d/m/mL d/m/mL
Cone. Found 

% o f  Std.*

1 . Process sewer o u t f a l l 4 0.049 0 . 0 1 2 0.027 40.7

2 . Process sewer o u t f a l l  
stream at St. Rt. No. 94 3 0.016 0.008 0.009. 13.6

3. Process sewer o u t fa l l  stream- 
near power l i n e  crossing 1 - - 0.007 1 0 . 6

4. Process sewer o u t f a l l  stream- 
near MK&T ra i l ro a d 1 - - - - 0.006 9.1

5. Northwest stream-onsite 4 <0 . 0 0 1 <0 . 0 0 1 <0 . 0 0 1 < 1.5

6 . Northwest s t re a m -o f fs i te  
at County Road "D" 4 <0 . 0 0 1 <0 . 0 0 1 <0 . 0 0 1 < 1.5

7. St. Charles Co. Water 
Treatment Plant- incoming f low 4 0 . 0 0 2 0 . 0 0 1 0 . 0 0 1 1.5

8 . L i t t l e  Femme Osage Creek- 
at St. Rt. No. 94, upstream 
from quarry 4 <0 . 0 0 1 <0 . 0 0 1 <0 . 0 0 1 < 1.5

9. L i t t l e  Femme Osage Creek- 
at MK&T RR Bridge, down­
stream from quarry 4 <0 . 0 0 1 <0 . 0 0 1 <0 . 0 0 1 < 1.5

1 0 . L i t t l e  Femme Osage Slough- 
670 feet southwest o f quarry pool 3 0 . 0 0 1 <0 . 0 0 1 <0 . 0 0 1 < 1.5

1 1 . Femme Osage Slough-
920 feet southeast of quarry
pool 4 0 . 0 0 1 <0 . 0 0 1 <0 . 0 0 1 < 1.5

1 2 . Femme Osage Slough- 
2680 feet east o f  quarry 
pool at d i r t  road crossing 4 0 . 0 0 2 <0 . 0 0 1 <0 . 0 0 1 < 1.5

13. Background sample from 
spr ing-a t  j un c t io n  o f 
St. Rt. No. 94 & U.S. 
Rt. No. 40/61 4 <0 . 0 0 1 <0 . 0 0 1 <0 . 0 0 1 < 1.5

DOE Standard fo r  uncontro l led  areas is  0.066 d/m/mL.
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Table 12. Weldon Spring Site  P i t  Area Water Sampling Results

1979-1980

Ra-228

Sample No. 
&

Descri p t i  on
No. o f 

Sampl es

Maximum
Cone.
Found

d/m/mL

Mi nimum 
Cone.
Found Avg. 

d/m/mL d/m/mL
Cone. Found 

% o f  Std.*

1 . Process sewer o u t fa l l 4 0.004 <0 . 0 0 1 <0 . 0 0 2 < 3.0

2 . Process sewer o u t fa l l  
stream at St. Rt. No. 94 3 0 . 0 0 1 <0 . 0 0 1 <0 . 0 0 1 . < 1.5

3. Process sewer o u t f a l l  stream- 
near power l in e  crossing 1 — <0 . 0 0 1 < 1.5

4. Process sewer o u t f a l l  stream- 
near MK&T ra i l ro a d 1 — - - <0 . 0 0 1 < 1.5

5. Northwest stream-onsite 4 0 . 0 0 1 <0 . 0 0 1 <0 . 0 0 1 < 1.5

6 . Northwest s t ream -o f fs i te  
at County Road "D" 4 <0 . 0 0 1 <0 . 0 0 1 <0 . 0 0 1 < 1.5

7. St. Charles Co. Water 
Treatment Plant- incoming f low 4 0.003 0 . 0 0 1 0 . 0 0 2 3.0

8 . L i t t l e  Femme Osage Creek- 
at St. Rt. No. 94, upstream 
from quarry 4 0 . 0 0 2 <0 . 0 0 1 <0 . 0 0 1 < 1.5

9. L i t t l e  Femme Osage Creek- 
at MK&T RR Bridge, down­
stream from quarry 4 0 . 0 0 2 <0 . 0 0 1 <0 . 0 0 1 < 1.5

1 0 . L i t t l e  Femme Osage Slough-
670 feet southwest o f quarry pool 3 0 . 0 0 1 0 . 0 0 1 0 . 0 0 1 1.5

1 1 . Femme Osage Slough-
920 fee t  southeast o f quarry
pool 4 0 . 0 0 1 0 . 0 0 1 0 . 0 0 1 1.5

1 2 . Femme Osage Slough- 
2680 fee t  east o f quarry 
pool at d i r t  road crossing 4 0 . 0 0 2 <0 . 0 0 1 <0 . 0 0 1 < 1.5

13. Background sample from 
spr ing-a t  j un c t io n  o f 
St. Rt. No. 94 & U.S. 
Rt. No. 40/61 4 0 . 0 0 1 <0 . 0 0 1 <0 . 0 0 1 < 1.5

'DOE Standard fo r  uncontro l led areas is 0.066 d/m/mL.
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T a b l e  1 3 .  R i v e r  Sampl ing Data

Location
pH Cl

mg/L(1) 
NO3 U

d/m/rnL(2)
Ra-226 Ra-228 Th-228

d/m/L(3) 
Th-230 Th-232

Missouri River, near Matson, Mo. 8.6 24 2.3 0.004 0.001 <0.001 (4) (4) (4)

Missouri River, at Howard Bend Water Plant 8.6 24 5.8 <0.002 <0.001 <0.001 <0.4 0.7 <0.4

Howard Bend Water Plant, finished water 9.8 28 3.1 <0.002 <0.001 <0.001 <0.4 <0.4 <0.4

Missouri River, at St. Charles City Water Plant 8.6 25 5.6 <0.002 <0.001 <0.001 <0.4 <0.4 <0.4

St. Charles City Water Plant, finished water1 8.0 29 3.9 <0.002 <0.001 0.001 <0.4 <0.4 <0.4
CO

'T' Mississippi River, E l l is  Island, Mo. 8.3 25 14 <0.002 <0.001 <0.001 <0.4 <0.4 <0.4

Mississippi River, intake water at Chain of 
Rocks Water Plant 8.4 24 5.2 <0.002 0.001 0.002 <0.4 2.0 <0.4

Chain of Rocks Water Plant, finished water 9.4 27 3.4 <0.002 <0.001 <0.001 <0.4 <0.4 <0.4

(1) Milligrams per l i t e r ,  mg/L.
(2) Disintegrations per minute per m i l l i l i t e r ,  d/m/mL.
(3) Disintegrations per minute per l i t e r ,  d/mA.
(4) Insuffic ient sample for thorium analyses.



T a b l e  1 4 .  A n a l y s i s  o f  Slough F i s h

Sample
Description Analysis

Results 
±2 stnd. dev,

2.

3.

Four Bullhead Gross Weight 339 gm
Four Big Mouth Buffalo Gross Weight 916 gm 

1255 gm

Edible Portion Wet Wt. for Analysis
Total Uranium
Ra-226
Pb-210
Th-232

534 gm
<2 ug/Kg wet wt.
0.8 + 0 . 2  pCi/Kg wet wt 
6 ± 1 pCi/Kg wet wt. 
4 7 + 9  ug/Kg wet wt.

Bone Portion Wet Wt. for Analysis
Total Uranium
Ra-226
Pb-210
Th-232

102 gm
84 + 15 ug/Kg wet wt. 
8 ± 1 pCi/Kg wet wt. 
29 ± 5 pCi/Kg wet wt. 
<100 ug/Kg wet wt.

Four Carp Gross Weight 1859 gm

Edible Portion Wet Wt. for Analysis
Total Uranium
Ra-226
Pb-210
Th-232

834 gm
<1 ug/Kg wet wt.
7.6 ± 0.4 pCi/Kg wet wt 
2 + 1  pCi/Kg wet wt.
55 ± 15 ug/Kg wet wt.

Bone Portion Wet Wt. for Analysis
Total Uranium
Ra-226
Pb-210
Th-232

158 gm
108 ± 15 ug/Kg wet wt. 
7.7 + 0.7 pCi/Kg wet wt 
26 ± 6 pCi/Kg wet wt. 
150 ± 1 1 0  ug/Kg wet wt.

One Large Mouth Bass Gross Weight 420 gm
Three Bluegill Gross Weight 218 gm
Six Sunfish Gross Weight 318 gm
Five White Crappie Gross Weight 230 gm 

1186 gm

Edible Portion Wet Wt. for Analysis
Total Uranium
Ra-226
Pb-210
Th-232

-38-

434 gm
3 ± 2 ug/Kg wet wt.
8.8 + 0 . 7  pCi/Kg wet wt
4 ± 2 pCi/Kg wet wt.
<20 ug/Kg wet wt.



T a b l e  1 4 .  A n a l y s i s  o f  S lough F i s h  ( C o n t ' d . )

Sampl e 
Description Analysis

Results 
±2 stnd. dev.

Bone Portion Wet Wt. for Analysis
Total Uranium
Ra-226
Pb-210
Th-232

91 gm
<20 ug/Kg wet wt. 
1 7 + 2  pCi/Kg wet wt. 
<20 pCi/Kg wet wt.
<90 ug/Kg wet wt.

4. One Carp Gross Weight 2392 gm

Edible Portion Wet Wt. for Analysis
Total Uranium
Ra-226
Pb-210
Th-232

1178 gm
3 9 + 4  ug/Kg wet wt.
11.2 ± 0.6 pCi/Kg wet wt 
8 0 + 8  pCi/Kg wet wt.
72 + 19 ug/Kg wet wt.

Bone Portion Wet Wt. for Analysis
Total Uranium
Ra-226
Pb-210
Th-232

166 gm
290 + 20 ug/Kg wet wt. 
23 ± 2 pCi/Kg wet wt. 
2 6 + 6  pCi/Kg wet wt. 
<100 ug/Kg wet wt.
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Table 15. Radon-222 Concentrations

Radon -222 Concentrations, pCi/L^

Peri od o f Period o f
Locati on 6/9/80 - 11/11/80 11/11/80 - 3/20/81

% of % of
Average Standard^ Average Standard^

P i t Area

Rl. DOE fence, north of P i t  4 0 . 7 4 3 24.7 1.29 43
R2. DOE fence, east o f P i t  3 l . l l 3 37 1.26 42
R3. DOE fence, east o f P i ts  1&2 3.4o3 113.3 4.70 156.7
R4. DOE fence, south o f P i t  4 0.59 19.7 0.35 11.7
R5. DOE fence, west o f P i t  4 0.56 18.7 0.50 16.7

Quarry

R6. Tree near fence, St. Rt.
No. 94 side,west end .23 7.7 0.42 14

R7. Fence, St. Rt. No. 94,
east end 0.90 30 0.39 13

R8. Fence, near upper gate 0.87 29 1.15 38.3
R9. Fence, near Wei 1 #8 0.813 27 0.53 17.7
RIO. Fence, near wel l "South" 0.783 26 0.28 9.3
R l l . Fence, a t Tower quarry gate 0.50 16.7 __4 - -

O f fs i te

R12. Army Reserve S i te ,  fence
behind guard o f f i c e 0.20 6.7 0.13 4.3

R13. Univers i ty  o f  Missouri
Research Center, post

near garden area 0.08 2.7 0.10 3.3
R14. Busch Memorial W i l d l i f e

Area, fence at weather
s ta t ion 0.23 7.7 0.24 8

1 Picocuries per l i t e r  (pCi /L)
2 DOE Standard fo r  ind iv idu a ls  in uncontro l led areas is 3
3 F i l t e r s  were damaged
^  Detector and housing destroyed by shotgun p e l le ts

pCi/L
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Table 16. Calculated Bone Dose From Fish Ingestion

Isotope
Intake (1) 

uCi/Kg

50-Year 
Bone Dose 
Commi tment,
mrem(2 )

Uranium-234 &

Uranium-238 3.7 X 1 0 - 6 0.006

Radi um-226 7.1 X 10-6 2 . 1

Lead-210 23 X 10-6 0.3

Thori um-232 5.4 X 10-6 0 . 0 1 2

Total 2.4

(1) Intake is based on the average concentrat ions in the edib le
port ion  o f a l l  four  samples l i s t e d  in Table 14.

(2) Doses are ca lcu la ted fo r  the ingest ion o f  one ki logram
(2.2 lbs)  o f  f i s h  from the Weldon Spring Femme Osage Slough.
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