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This is one in a series of reports resulting from a program initiated in 

1974 by the Atomic Energy Colission ( A E C )  to determine the condition of sites 

formerly utilized by the Planhattan Engineer District (MD) and the AEC for work 

involving the handling of radioactive irterials. Since the early 1940e, the 

control of over 100 sitem that were no lower required for nuclear programs has 

been returned to private i d t r y  or the public for unrestricted use. A mearch 

of HED and ARC record. indicated that for m o w  of tbene rites, docuentation was 

insufficient to deterline whether the decont.rfnation work done at the time 

nuclear activities ceased is adequate by current guidelines. The Albany 

Hetallurgical Rerearch Center operated by the U.S. Bureau of Mines in Albany, 

Oregon, ia one such site. The remults of surveys initiated in 1978 to determine 

the current r&diological coaditions of u j o r  portions of the Albany facility are 

premented in this report. Survey remults of two peripheral areas-- known as the 

3ioHaos Facility and the Back Forty Area--are contained in n colpanion report 

(An-OfIS/liP-83-101). 

During the periods 195& to 1956 and 1960 to 1971, the Albany Hetallurgical 

Research Center (AKRC) wan engaged in metallurgical opermtions that included 

melting, machining, weldiag, and aIloying of thorium. In addition, research on 

alloys of uranillls and thorium started in 1955 and continued until suspended in 

1978. 

Record. indicated that at the time the original AEC contract war terminated, 

building. and surrounding area. were decontaminated to the gcneral guidelines 

provided by the AEC. Those guidelines were not ar specific as current guide- 

lines, and detailed records of the final decontami~tion were not documented. 

Because of that, radiological amsessment of this size was initiated in June 1978. 

During June and July 1978, a radiological survey of the ground. and the buildings 

Was completed. Certain buildings were designated as areas where no survey was 

necessary; howcver, it was decided by the ANL survey team to at least perform 

floor surveys in thome buildings (2. 6 through 16, 18 through 21, and 32 through 

3 4 ) .  Co~plete murveys that included floor and wall surveys, asears, and air 



samples were perforwd in Buildinas 1, 3, 5, 17, 22 through 28, and 31. Radio- 

active material are mtill handled in Buildings 4 and 30, mo except for one room, 

those buildings were not surveyed. (Room 8 in Building 30 war mumeyed since it 

was used ia conjunction with past activities in Bnildiw 31 involving radio- 

active material.) T h  arounds, ualkaym, and dockm on the ALlIlC site were also 

surveyed. 

Durina the murvey in Building 31, floor trenchem were found to be radio- 

actively contaminated. Because of thmt findins, a sludsc sample uaa taken fror 

the aewer at the corner of Qumm A n n m  aud Liberty S t m t  adjacent to the W C .  

Elevated levelm of uranium and thoriw were found in the m w l e .  

Im Augumt a d  S.ptabtr of 1979, 11 mewerr, a- upmtreu and m o r  down- 

stream from the m C ,  were surreyad. Instruant readinp, w a r s ,  air *ampLen, 

water s~rplem, and sludae samples were taken in theme sewers to determine if any 

contamination was prement am a result of the operatioom of the IUWC. Water 

mamples also were collected frol the Albany waste treatment plant. In addition, 

instrument readins. and soil sample. were taken in field. at the Ohling Farm, 

where sludge frca the waste treatment plant wa? wed am fertilizer. In 1979, 

AHRC personnel indicated that contamination right be present in arcas on the 

m C  aite other than these already murveyed. A septic system behind Buildings 

12 and 17 was mentioned as one much area, so that feature wam included in the 

uurvey. 

Submurface investigation of the lUIRC aite was initiated in September 1980; 

that investigation, as well as the radiological survey of the entire grounds, 

was corpleted during September 1982. 

Significant levels of contamination, both loome and fixed, were found in 10 

of the 33 building. murvey.cd. Ia addition, about 60 contaminated areas, 

including 17 with loose contulination, were found outaide the buildings. Surpcys 

of the sanitary s m r s ,  the Albany sewage treatment plant and the Ohling Pam 

shoved no significant contamination. Significant levels of contamination were 

found in the septic system behind Buildings 12 and 17. Air samples taken 

throughout the site revealed no radon concentrations in excess of the limits 

proposed by the U.S. Surgeon General (10 CFR 712). 



The site subsurface investigation co~simted of collecti~ 22 envirootental 

soil snmples (4 in di-ter by 12 in deep) and drill in^ 48 bore holem (10 ft 

deep). Five environmental samples also were taken on the Ohling farm. All soil 

samples and borings were analyzed for u r d u  using uranium flwrometry, and for 

radium and thorium usin8 high resolution s a u  mpectroretric techniques. S o w  

samples were further analyzed for mpecific thorium isotopes using alpha spec- 

troretric techniques. Each bore hole almo was losfcd with a 2 x 2 in HaI(Tfi) 

detector prior to backfilling. The submurface contimirution (detected by these 

analyses) was primarily within the -in mite and meaed to be remtricted to 

depth. of 1 or 2 feet. 

Altbough the level. of contamination at this site do not pose an irediate 

health hazard, it i. our conclumion thnt in keepiw with the rewlatory concept 

of reducing radiation exposure to levels "a8 low as reamonnbly achievable," 

decontamination and cleanup of the facility would be appropriate in order to 

pursue the intent of the ALABA goals. 

This survey was performed u d e r  the auspices of the Health Physics Section 
of the Occupational Health nnd Safety Division of Argome Hational Lnboratory, 
Argonne, Illinois. The following personnel participated: R. A. Vgnvcen, W. B. 
Smith, R. I. Uundis*, C. B. fiyes,* A. L. Justur, X. F. Flynn, J. 6. Ello, 
C. A. ILunckler, J. D. Thereon, R. Rodriguez, D. W. Reilly, and P. C. Gray.- 

*Now at Los Alamos Scientific Laboratory 
W o w  at Exxon Nuclear Idaho Inc. 

-&ired 
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?uDIOLDGICAL SURVEY OF 

TEK ALBhHY M3TALLURGICAL RBSEARCE CgWTBA 

WiITED STATES BUREAU OF MllBS 

AGBAW. OBeGOll 

During the lf8nhatt.n EnfLneer Dimtrict/Atoric Bnerip Colission (WeD/AEC) 

era, s o w  work involviq radioactive materials was perfox-d at the Albany 

Hetallurgical Research Center of the United Staten Bureau of Uines in Albany, 

Oreaon (see F ~ B .  I ) .  During the perids 1954 So 1956 and 1960 to 1971, metal- 

lur~ical operationn involving melting, machining, weldin$, and alloyina thorim 

vert conducted at the mite. Alno, these operatiom included research on alloys 

of both uraniua and thorium mtarted in 1955 with m o w  activities continuing 

until 1978 under Contract Bo, E(04-3)-906. 

When the contract was numpended in 1978, records indicated that mtructures 

of concern were decontuL~ted in accordmce with &enera1 &uidelinea premcribed 

at the time. Thonc guideliaes,,however, were not as mpecific as current guide- 

lines. i w i  details of certain of the final decontamination activities 

were not documented to the extent necesmary, particularly for the case of those 

activitie~ which occurred in the 1950.. Am a conmequcnce, U. S. Jkpartmeat of 

Energy (DOE) ham undertaken a radiological characterization and asmemnlcnt stlady 

to deternine the radiological condition of this site. Thim mtudy was initiated 

as part of a DOE program intended to ensure that residual radioactive material 

from paat HKD/AEC operations do not pose undue present or future rbdiological 

hzards . 
The entire Albany ~tallurgical Research Center (AWIlC) mite ham undergone a 

Cormprehe~ive radiological survey. Survey result. for two peripheral areas 

k a m  as the BioHans Facility and the "Back Forty" are presented in a companion 

report (AKL-OES/HP-83-101). Thir report deals with the murvey for the remainder 

of the site. A rite plan of the AHRC im siuwn in Figure 2. 



General 

This radiological survey, which was performed by the Argome Batiorul 

Laboratory Radiological Survey Group fo r  the U.S. Dcpartvnt  of Energy, en- 

coapasned the Albany Hetallurgical Research Center and some o f f s i t e  features .  

Included were the following s t ructures  and areas: (1) a11 buildinas on the s i t e  

(Pis. 2 ) ,  (2) the lawns, roadways, and docks on tha s i t e ,  (3) a sept ic  s y s t a  

(drain tile f i e ld )  behind Buildinas 12 and 17 (which wan reportedly umcd for 

durping of radioactive mte r i s lm)  F i g .  3 ( 4 )  some of t h e  sani tary seuerm 

cloae t o  the m C  s i t e  (Fig. 4 ) ,  (5) the Alb8ny waste t r e a t w p t  plant  (Fig 51,  

and (6) the Ohling Pam (Fig. 6). 

The methods used i n  the survey on the M R C  s i t e  and i n  the nearby sewers 

included performins i ~ t r u r m t  survey. of radiation levels  and analyzins smear. 

and water, a i r ,  and moil s r rp l e s  (sludse mamples i n  tke casem of the sewers and 

sep t i c  system). In  addition, water samples taken from the Albany waste t r e a t -  

ment plant were analyzed. A t  the  Ob l iw  ?am (where sludgc from the waste 

t r e a t w n t  plant  b d  been used fo r  f e r t i l i z e r ) , ,  i m t r u w n t  surveys were performed 

i n  f i e l d s  and s o i l  s . lples were collected for analysis. 

Certain buildings were designated am areas  where uo survey war necersarg. 

Nevertheless it was decided by ANL t o  a t  l e a s t  perforr  f loor  survey. i n  Buildings 

2 ,  6 through 16, 18 through 21, and 32 through 34. Colplete aurveys, including 

f loor  and wall inst-t nurveys and m a r s  were performed in  Buildings 1, 3,  

5, 17, 22 through 28, and 31. I f  any con tu ina t ion  was found during the f loor  

survey6 of the  former group of buildings, then a corplete inst-t and smear 

survey of f loors  and u a l l s  would be performed in those buildings where contami- 

nation wan found. Because radioactive materials vere still handled i n  Buildings 

4 and 30, they were not surveyed (except Room 8 in  Building 30, which was 

previously lued i n  conjunction with a c t i v i t i e s  i n  Building 31 involving the 

handling of radioactive materials.) 

Within the buildings where complete surveys were conducted, 811 accessible 

f loors  and or iginal  walls ( t o  a height of 7 f t )  were surveyed. Representative 

selections of overhead s t ructures ,  such as  pipes, vents, and l i gh t  f ixtures.  

were a l so  surveyed. In  many areas ,  +be f loors  and walls had been r e t i l e d  o r  

painted. Even though these were not the or iginal  murfaces, these areas were 



surveyed since the survey instrument used could de tec t  b e t a - g a m  a c t i v i t y  on 

the original  s t ructures  underneath. Locations of areas surveyed a re  indicated 

i n  Table 1. [All measuraents were or ig ina l ly  taken uriag the English syst-. 

The Systems International (ST) un i t s  a r e  t o  the nearest approximation. For - 
example, 2 in.  - 5 ol. 

In addition t o  the  i n t e r i o r  surveys, a11 l a m s ,  roadways, and docks were 

surveyed with portable i n s t ruwnt s .  The surfaces of ex te r ior  gronnd areas were 

surveyed i n  t h e i r  en t i r e ty  ( i . e . ,  lorn), obviating the need f o r  any griddin8 

with the concomitant s t a t i s t i c a l  evaluation of potent ia l  for  e r ro r  due t o  

sampl iu  uncertainties.  

Four types of portable survey inst-nts were ured t o  conduct the d i r ec t  

radiological surveys. Gam-flow proportional detector. with window areas of 

51 o1' and 325 cl' (luiw Eberline PAC-4G-3 electronics)  were used t o  monitor 

fo r  alpha and/or beta-&- radiat ion.  Ha1 c rys ta l  detectors ,  2-in diameter by 

2-1 thick (Eberline PC-2 with Eberline PRH-5-3 e lec t ron ics ) ,  were used t o  

monitor f o r  low ener- x-ray amd g- radiat ion.  Ma1 crys ta l  detectors ,  w a s -  

uripg 1-in diameter by 1-in th ick  (Eberline PIM-7 @I meter) and cal ibrated w i t h  

a  ' " ~ a  standard source, were u e d  t o  warnure the ambient external penetrating 

radiat ion f i e l d  i n  un i t s  of @/h. An end-window Geiger-Hueller (On) detector 

(Eberline EP-190 with a 7 m&/cmP window and Eberline 530 e lec t ron ics ) ,  

cal ibrated with a PS6Ra standard source, was w e d  t o  meamure the contact 

exposure r a t e  (rR/h) of contaminated areas .  Integrated waaurcwnt s  of the 

ambient penetrating radiation f i e l d  were taken with a pressurized ionization 

chamber (Reuter-Stokes RSS-111) cal ibrated with an HBS traceable gomma-ray 

source. These instruments and associated cal ibrat ion procedures a r e  detai led i n  

Appendices 1 and 2 .  

When possible,  a contaminmat vas iden t i f ied  by performing g a m  spectral  

analysis on the contaminated i t e m ,  on a sample of material taken frcm the con- 

taminated item, o r  on a *ample of material  taken from a contaminated area.  

Theme analyses wre performed with a s o d i m  iodide o r  HPGe detector coupled t o  a 

multichannel analyzer. This inmt-ntation i s  a l so  described i n  Appendix 1. 



Dry s w a r s  were t a h  a t  representative locations throughout each building 

with 6.25-o-diameter f i l t e r  papern (Ub-n # I ) .  A standard amear i . q l e  i n  

obtained by applying -&rate preaaure with the t i p s  of tke f i r s t  two finger* t o  

the back of the f i l t e r  p4pcr and vipfnl tkm ourface over an area of approxi- 

u t e l y  900 aP. h e a r s  w e r e  taken on o r i a i l u l  mtructures and cmponenta such am 

walls,  floor., piper,  and ventm. A m a r  of 100 ma was taken from any area o r  

object indicated by a portable aurvey instrucnt t o  hare a higher than normal 

radiat ion level .  A smear of 100 cm' was a l so  taken i f  the aurface vas e x t r a e l y  

dusty. 

To expedite the count- of the m r o u s  # w a r  sa lp le r  collected,  two 

countins techoiques were crployed w i t h  two type. of counters. A larse-area,  

t h in  window, #as-flow proport iom1 couater, sens i t ive  t o  alpha and/or beta-8-a 

radiation, war used t o  uh an i n i t i a l  count on sroups of mrtars. For con- 

firmatory couata on individual mwars noted t o  ba above t8c expected backsround 

level  a liuclear Heaaurcunt Corporation, Hodel PC-5 or  U, i n t e m a l  gas-flow 

proportional counter (PC counter) w i t h  a thin a l d n i z e d  -lac window (referred 

t o  a s  Mylar spun top) war umed. 

I n i t i a l  count. were made with the larat-area counter on groups of ten 

smears a t  a tiru. 9 w a r s  f r m  any croup indicatina a reading above the  inntru- 

ment background were then counted individually i n  the  PC counter. In  addition, 

a t  l eaa t  one laear  of each Oroup of t en  was selected a t  randol and counted i n  

the PC counter. A l l  smear* of the area* o r  objects w i t h  elevated d i r e c t  readings 

were counted individually in the PC counter. A wre detailed description of the 

counters wed  and of the count- and cal ibrat ion techniques used i s  presented 

i n  Appendix 1. 

A i r  Samples 

Air-particulate s a w l e s  vere collected using a c-rcisl vacuum cleaner 

(ANL-modified) t o  p u l l  a i r  through f i l t e r  r d i a  (Hollingnworth-Vose HV-70). A 

t o t a l  volume of 26.7 r' of a i r  was a.mpled a t  a flow r a t e  of 40 mS/h. A 10% 

portion (5 a i n  diameter) wan removed frcm the f i l t e r  media a f t e r  col lect ion 

and counted fo r  both alpha and beta-a- a c t i v i t y  i n  the PC counter. Concen- 

t r a t ions  of radon (024Rn), thoron (42%), a d  the presence of any long-lived 



airborne radionuclidea were determined based on the result of several counts of 

each sample at specified intervals. 

Air-particulate saqles were also collected on nillipore Filter pedia for 

40 minutes at a flow rate of approximately 1.5 m9/h. A portion of each filter 

sample was used for alpha spectral analysis to detexmine the actinon (*'%) 

concentration. 

Details of air-sampling techniques and asmociated calculations are given in 

Appendix 3. 

Soil Corings 

Environmental soil aamples (4-in-diameter by 12-in-deep coringr) were taken 

from selected undisturbed locations (Fig. 7). Duplicate coringr vere taken at 

two additional aites, private residence. in Albany (Fil. I), to determine back- 

ground levels of radionuclidea in the soils of the area. Uranium and galma 

spectral analysea were conducted on a11 rmmple.. 

The s.rples were collected using a 4-in-dieter, 6-in-long right-circular- 

cylinder cutting tool, c o w n l y  used ms a golf-preen hole-cutter. Each aoil 

core war 12-in long and was divided into four sepcnts for analysis. Starting 

from the surface, three, 2-10 se8ments were cut, bagged, and marked A, B, and C, 

respectively; the final segment of 6-in was mrked D. 

Tbe segmented coring technique was lued to determine if any contaminant 

migration laad occurred; to reduce the dilution of lower-level soil with the 

upper-level segments with respect to the surface deposition of the contaminants, 

or vice vere.a; and to reveal if any overburden or backfill had been added. 

Soil Borings 

Bore holes were drilled in areas exhibiting elevated radiation levels 

(Fig. 8). Samples were taken frol the hole in sequential 1-ft sections using a 

split-apoon sampler (lb-in inside diameter). l'ke depth of the bore holes ranged 

to 10 ft. The bore holes were identified by a a d e r  (e.g., 7-541). and each 

sample was identified according to depth in feet (e.g. 7441-2.0 equates to bore 

hole 7-541 sample fron 1.0 to 2.0 ft below the surface). Depths were reported 

to the nearest tenth of a foot. 



Soil  Analyses 

Soi l  samples were prepared a t  ANL as  detai led in Appendix 4 and shipped 

e i t h e r  t o  a c o s c r c i a l  laboratory (IFH Enviroumental Analysis Laboratorie*) o r  

t o  the Analytical Chemistry Section of the Chemical Engineering Division a t  

Argonne Natiorul Laboratory fo r  radiochemical and 8--spectral analysis.  

General 

The percentages of the t o t a l  f loor  and wall aream accessible for survey 

within the buildingm are  shorm in  Table 1. The gas-flov proportional-counter 

survey instrument data were converted t o  surface contamination measurements 

according t o  the f o l l o w i q  general procedures (also see Appendix 2 ) .  For gross 

reading. taken in  the beta mde, background and any alpha contribution were 

subtracted t o  determine t h e  ne t  be t a -g .u  count rate.  The n e t  count r a t e  was 

then converted t o  d is in te l ra t ions  per  minute (dis/min) and n o r u l i z e d  t o  a 

surface area of 100 amg. After mubtraction of background, readings i n  the alpha 

mode also were converted t o  di./min-100 a*. These resu l t s  a re  reported in  

Table 1. 

Smear samples were counted fo r  both alpha and beta-gama ac t iv i ty  and the 

n e t  count r a t e r  a re  converted t o  dis/min-100 cd a f t e r  subtracting the 

appropriate background. 

Low-energy x-ray and gamu exposures were measured with the PM-5-3. The 

reaul ts  a re  reported i n  count. per minute (cts/min) and include the instrument 

background of 500 cts/min. The Ql detector  and pF4 meter exposure r a t e  measure- 

ments givea in Table 1 include the instrument backgrounds of 0.03-0.05 mR/h and 

5-7 @/h, respectively. The beta-galrm leve ls  varied soacrrhat, due primarily So 

the construction materials i n  each room. 

An average eqosu re  readinp was determined in  the buiLdings where f loor  and 

wall surveys were performed. This read- i s  recorded i n  Table 1 i n  the 

"Radiation Exposure Level (1 meter)" column. The radiation levels  i n  t h i s  

column, which a re  reported i n  uni t s  of mR/h, were measured with a GY detector o r  

a pR neter .  Additionally, an integrated background measurment of the ambient 

radiat ion f i e l d  a t  s e l ec t  location. w a ~  token with a pressurized ion chamber. 



Instrument measurements Sreater than the inst-t b~ckgroundn are  pre- 

sented i n  Table 1. The  locations where these uanurements were recorded are 

shown in  Figurer 9 through 33. 

The instrument survey data and the smear resu l t s  were reviewed with respect 

t o  both the AASI Standard R13.12, "Control Of Radioactive Surface Contuinst ion 

of Fac i l i t i e s  To Be Released fo r  tincontrolled Use," and the IIRC's "Guidelines 

for  Decontrmination Of F a c i l i t i e s  And Equipment Prior To Releaae For Unre- 

s t r i c t ed  Use Or Termination of Licenmes For By-Product, Source, O r  Special 

Nuclear t k t e r i a l "  (see Appendix 6).  

Since normal t h o r i u  was ident i f ied  in solc buildins., the  acceptable 

surface-contuination i w e l r  fo r  ='*~h have been used fo r  purposes of comparison. 

The MSI Standard allowable '=*Th a c t i v i t y  i s  200 dir/min-100 aP removable; the 

t o t a l  (fixed plum raovab le )  alpha a c t i v i t y  can be 2000 dis/dn-100 cm4, but the 

beta-a- ac t iv i ty  mst be u d e t e c t & b l e  when measured w i t h  an ins tnment  tha t  

sha l l  be cal ibrated t o  r u s u r e  at Leuat 100 pCi with the c o n t u i a r a t  unifowly 

spread over 100 crP. 

Accordiu t o  the ERC Guidelines, 'the average and u x i m m  radiation levels  

anmociated w i t h  nurface contui tmtion r e s u l t i a  from b e t a - g u a  a i t t e r s  should 

not exceed 0.2 u a d / h  a t  1 an,' and 1.0 mrad/h a t  1 cm, respectively, measured 

through not more th&n 7 -/aa of t o t a l  abrorber. 

Instrument and W a r  Surrreys 

Buildings 

Coatuinat ion was found i n  10 of the 33 b u i l d i w s  murveyed. Host of the 

contamination consisted of small spots (E 1 x 10' cmP). The highest beta-g- 

level  of contamination inside t h e  buildings (1.5 x 10' dia/min-100 cmP) was a 

spot on the f loor  a t  location 217 i n  Rool 1 of Building 27. The highest alpha 

leve l ,  2 . 4  x 10' diu/min-100 o*, was found i n  Building 23 a t  location 225 in  a 

f loor  trench. The highest end window contact exposure reading of 1 mR/h found 

inside a b u i l d i q  wan a spot on the f loor  a t  Location 217 i n  Building 27. 

Smzar surveya indicated the presence of loose contamination (reported as  

n o r m 1  thorium) a t  21 locations i n  5 buildings. Results of the smear sumeys 

are gfven i n  Table 2. 



Areas inside buildings where contnminntion exceeded acceptable surf ace 

contamination leve ls  a s  given i n  the AKSI Standard o r  the NAC Guidelines (see 

Appendix 6). are  ident i f ied  i n  Table 3. Theme areas a re  indicated i n  Figures 9 

through 33. 

Laws,  Roadways. and Dock 

During the surveys of l a m s ,  roedways, and docks, several  areas of c o n t ~ i -  

nation were found, i n c l u d i q  about 60 areas ucmedi- the  acceptable aurface 

contamination l w e l r  an s i r en  in AU81 B113.12 o r  the  NRC Guidelines (ace Appendix 

6) .  These areas a re  i d m t i f i e d  in  Table 3, and the location8 are  shorn i n  

Figures 34 and 35. 

Ia mmt inmtancar, con tu ina t ion  i n  exter ior  concrete murfaces surveyed 

conaimted of m u l l ,  localized spot# (1 x 10" a'). Enunrer, much of the con- 

tamination found i n  the lawn we6 not loca1i8edr and area. of senera1 contami- 

nation were discovered. The la rgea t  such area was a t  location 29; it conmisted 

of a surface area of 1.5 x 10' aP w i t h  a u x i r r u  r e a d i w  of 5.9 x los d i s l r in -  

100 an= pr. 
The h i g h e ~ t  beta-g-. r e a d i w  i n  the  l a m  was 1.2 x 10' dislrin-100 cma a t  

location 1 (3 x 105 a*); the hi-at a l p b  reading on the lawn warn 2.2 x 

lo9 dis/min-100 aP a t  location 3 (3 x lo4 a'). The highemt 81 Hnd Window 

exposure readinp on the l a m  was 1.0 &/h a t  contact a t  location 21. 

The highest beta-g- and alphn readings oa the dockm o r  on the outside of 

buildings were fouad on the m i &  of Building 31 a t  location 28 (1 x 103 cm2). 

The beta-8- r e a d i a  uaa 1.7 x 10' dia/ptin-100 a4, and the alpha reading was 

1 . 7  x lo4 dia/min-100 a*. The highest GH End Window contact exposure reading 

was 3.0 aR/h on an amphalt dock a t  Location 23. 

Seventeen of the smear# -ken on the l a w s ,  roadways, and dock8 indicated 

the presence of loose contamination. Btsu l t s  of the ex ter ior  amear surveys are 

presented i n  Table 2. 

Sanitary Severs 

Since contamination was found i n  the f l o o r  trenches i n  Building 31, it wam 

deemed necessary t o  survey fo r  contamination i n  the comecting sani tary sewers. 



Portable instruments were used to survey sewer. both upstream and donutream 

from the M C  (see Fig. 4 for locationr of there sewers). A g a m  spectrum was 

also taken in the rewerr to see i f  any contamination above natural background 

levels could be detected. No contnmination war noted with tbe inst-nt 

surveys, smars, or the g- spectrum of the sewers. 

Albany Wa~te Treatwnt P l a t  and Ohlinp Farm 

No elevated levels of radioactivity were detected by the instnucut surveys 

of fields at the Ohling Farm. Inst-nt surveyr were not conducted at the 

Albany waste treatwnt plant. 

Septic System 

Contamination was found at the reptic tank inlet (Pig. 3) in the drain tile 

field behind Buildine~ I2 and 17. The PRE-5-3 reading at 15 em above the water 

level in the tank war 2.0 x 10' countm/ria (background of 500 cts/rin). The 

readiw at the grill of the inlet war 1.0 x 10' to 1.5 x lo4 counts/min with the 

PRU-5-3; the dirt along the r,ide of the reptic tank indicated a reading of 

2.5 x lo4 countr/min. No other surface contamination was detected in the drain 

tile field of this septic system. 

Air Samples 

Air saqles were taken in the building8 and in the sewers. The results are 

presented in Table 4. The detailed calculations used in evaluating the samples 

are r h m  in Appendix 3. The radon-222 Working Levels (WL) in the buildings 

ranged from 0.0004 WL to 0.0168 W L .  These values are wH below the limit of 

0.02 WL for average mnnual concentration as specified in the EPA Standard 

(40 CFR 192). 

The air samples collected in the sewers indicated Working Levels ranging 

f r m  0.0018 to 0.1302 UL. Five air samples taken in the mmers were greater 

than the 0.02 U'L lhit. It is the judgacnt of the survey team personnel that 

these elevated levels of radon-222 are due not to contamination, but due to the 

movement of naturally occurring radon through the lround into the sewers where 



there is l i t t l e  o r  no a i r  exchange. No low- l ived  ac t fv i ty  was detected on any 

of the sampler. ' he  locations a t  which each a i r  s-le was taken in the sewer 

a re  shorn i n  Figure 4 (see Table 4). 

A i r  samples were a l so  analyzed to deterrim? i f  any actinon or 

thoron (zg%) was present i n  the seuers; nei ther  was noted in  the r e su l t s  of 

the alpha spec t ra l  analyses of theme s q l e s .  

Soi l  Cori-s 

Rro background s o i l  c o r i w s  were taken a t  each of two o f f s i t e  locations 

(see Fin. 2) t o  ascer ta in  back#rouod levels  of radionuclides i n  moil fo r  the 

Albany area.  These coring. have been ident i f ied  a s  7-8B1 throu* 7 - 9 s .  Soi l  

corinss were taken a t  various locations throu&out the site t o  determine the 

presence of c o n t u i n a t i w .  The r o i l  cor inm taken a t  the s i t e  have been identi- 

f ied as  7-55 throufi 7-S25; corina locariop. a re  shorn i n  F i p r e  7.  Soi l  corinsr 

taken a t  the Ohling Farm (Fia ,  6) have been ident i f ied a s  7-533 thro* 7-538. 

A l l  s o i l  coring. were sectioned and analyzed fo r  uranium (uranium f l w r o l t t r i c )  

am well am radium and t h o r i m  decay chains (5- spec t ra l  analysim). Signif i -  

cant levels  of thorium (decay chain) and uranium (norul) were found in  s fx  of 

the  s o i l  coring. taken on the  AHRC s i t e .  These r e ~ u l t s  a re  included i n  Table 5. 

No elevated leve ls  of radioact ivi ty  were detected i n  t h e  coriagr f r o l  thc Ohling 

Farm. 

Soil  Boring. 

.:. 
Subsurface investigations wily s o i l  boring techniques were conducted 

within a11 the contuinmted areas a t  the a i t e .  A t o t a l  of 0 bore holes were .. 

d r i l l e d  t o  depths up t o  10 f t .  Bore holes ident i f ied  u 7-561 throu* 7-555 :.. 

w e r e  taken i n  the drain t i le  f i e l d  (see Fig. 3 ) .  Bore holes ident i f ied as  7-899 

through 7-5131 were taken from other suspect areas a t  the  s i t e .  The location 

fo r  each of there  bore hole. i s  shorn in Figure 8. Detailed drawings mhowing 

t h e  exact Location of each bore hole a re  presented i n  Figure. 36 t o  39. 

Split-spoon samples were taken from these bore holes a t  continuous I - f t  incre- 

ments. Bore-hole logging warn accomplisked using a 2x2-in NaI(TQ) detector i n  

conjunction w i t h  a HD-100 multichannel analyzer, a teletype p r in t e r  a s  the 



hardcopy readout, rpd punched tape storage. Readings were taken a t  grade level  

and a t  2-ft i n c r c u n t s  thereaf ter .  h l y m e .  of s o i l  samples taken from the bore 

holes and the r o i l  corings revealed s igni f icant  levels  of radioactive materials.  

The level. ranged up t o  6 pCi/g fo r  the radium seriem and up t o  637 pCi/g for  

the thoriur  seriem. Uranium concentrations as  determined by uranim flwrometry 

ranged up t o  36 pCi/g. T h i m  elevated ac t iv i ty  was found p r h a r i l y  i n  the f i r s t  

foot of s o i l .  

The u a y  annlysem conducted on the sample* h v e  indicated sow discrepan- 

c ies  betueen the mpectral remults and tbe uranium fluorooctric r e su l t s .  

Vben the =*%a concentratiora, as  detemined by guu-mpect ra l  analysim, appears 

Breatcr than the uraniw concentration, 4. determined by the uranium f l u o r m e t r i c  

analysis,  t h i s  is indicative of radium enhancacnt mbi ln r  t o  tha t  found i n  rill 

ta i l ings .  llha the  reverme of t h i s  i s  found, it i m  an indication tha t  normal 

uranium i . .  uranium t h a t  has been separated from it. darybters) and not 

- t u r d  u r a n i u  i . .  , uraniur i n  e q u i l i b r i v  with it. daughters) i m  present.  

b t h  ration were found in  several  of &he analyoem conducted for thin survey, 

i n d i c ~ t i q  tha t  buried contaminants m y  be more diverse than ju s t  nntural  

u r a n i u  and natural  t h o r i u  with t h e i r  progeny. 

A l l  80 i l  s ~ p l e s  were prepared a s  outlined i n  Appendix 4. Soi l  sample 

weights a re  tabulated i n  Table 6. Remultm of the urmniur f l u o r m e t r i c  analymes 

and the g a u - r p e c t r a l  analyses fo r  moil .maples a re  given i n  Table 5. 

Radiochemical sepsration of thor iur  followed by a l p h  spectroscopic analysis 

wam performed on se l ec t  m.rples thnt  contained elevated levels  of thoriur .  T h i s  

technique ukem it possible t o  determine the r e l a t ive  abundance. of the '"~h 

and Pa4~h inotopem. On t h i m  basis ,  inference. can be drawn regarding the extent 

of any chemical reparations of the thorium ore.  Tvo of the m.rplem (7-522 and 

7-S23) ahowed an excesn of ' O C T h  over *'*~h indicating t h a t  the contamination 

was primmrily due to the  menothorim ( P P e ~ )  d i n  (i.e.,  separated dawhters  of 

"'Th). The remults of theme amlyses  a re  given in  Table 7.  

Water and Sludge Samples 

A. indicated previously, water and/or rludw mnqle8 were collected from 

the meptic tank and f ~ w  selected bore holes on the mite, and from nearby sewers 

and from the Albany wamtc t r e a t w n t  plant  off  the site. A l l  the  samples were 

analyzed by the uraniuo-fluormetric technique, and some were additionally 



analyzed by the gauma spectrowtric technique. The results are given in Table 

8. Selected samples were also analyzed by the thorium radiochemical technique. 

These results are included in Table 7. 

The sludge ruple (7-582) taken frol the onsite septic tank showed greatly 

elevated level. of ='=Th decay chain as well as norm1 uraniu. The water 

sample (7-W83) taken frol the tank showed elevated level4 of uranium (normal), 

am well as an excess of indicatin~ the presence of the rsothoriu (4P%a) 

chain. Ho abnormal levels of radioactivity were found fn the four water saqles 

(7-U84 throuth 7487) takan from bore holes 7 - S U ,  7-549, 7-552, and 7-555, 

respectively. 

The water samples (7-9841 tbrou* 7-8850) from the sewers did not ahow any 

contamination; h-er, the sludge saqles (7-8851 throufi 7-5559) showed 

elevated levelm of normal uraniu (mee Table 8) and wsothorits tmee Table 7). 

The water rllples (7-5560 throufi 7-5567) taken from the Albany waste 

treatment plant showed background levels except for sllple 7-5867 (100 p C i  U/g). 

However, since this sample was taken from the phosphate Lank, the uranium might 

be expected to concentrate in that vaste-treatunt process .rep. The result. of 

the analyais indicate that thir contamination is normal rather than natural 

uranium. 

Interior surface contamination was found in ten buildings. An estimated 

total surface area of (13 mP)spread over 44 locations was found to be contui- 

nated. The largest area of contuination (10 m2) was in Building 27 (see Table 

3) - 
Outside the buildings, surface contamination was found at 26 locations 

totaling 31 m4 on unpaved areas, and at 33 locations totaling 12 aP on paved 

areas (see Table 3). The largest area. of contamination were 15 r2 at rpot 

number 29 in the unpaved area and 6 ag at spot 37 in the paved area. 

Bore holes were only drilled in the unpaved areas; hence the ertimate of 

the extent of subsurface contamination is based only on these areas and is 

subject to uncertainties. The contamination seemed to be generally restricted 

to the first foot of soil. In three cases (bore hole 7-5116, 7-5121, and 7-9128) 



there was s i g ~ i f i c a n t  contamination a t  the 2-f t  level  and observable c o n t u i -  

nation a t  the 3-ft l eve l .  In  s i x  other  cases, there was observable contamination 

a t  the 2-ft l eve l  (see Table 5). 

For t h i s  evaluation it has been assumed tha t  contamination extends t o  a 

depth of 0 .61 a (2 f t )  i n  both tbe paved areas (12 m2) and the ampaved areas 

(31 mg) found t o  be contamimtd.  On t h i s  basis ,  the  t o t a l  voluae of c o n t u i -  

mted  (exter ior)  material is calculated t o  be 2 6 . 2  mS. The uximua and average 

rtaaured concentration of eacb radionuclide d i n  i n  areas outside the buildinas, 

was as follows ( ree Table 5) :  

-imam Average 
Location IpCi/a) bd ionucl  ide ( ~ C i / d  

Pf4R4  c b i n  2 

~ t u r a l  thorium 67  

ru tura l  uranium 2 

normal uranium 9 

Hence, fo r  these calculation. it can be assumed t h a t  the contamination is 

a t t r ibu tab le  t o  natural  thor i lq  and normal uranium only (2 pCi/g fo r  natural  

uranium and the gS6Ra c h i n  can be considered bacMround levels) .  

On the  basis  of these data and asmump+iozu, it has been estimated that the 

extent of ex ter ior  contamination includes 26.2 ma of material with a mass of 

3.9 x lo4 kg and an a c t i v i t y  of 0.027 C i .  M r e  detailed estimates a re  presented 

in  Table 9 ,  and t h e  methods of calculation a re  sborm i n  Appendix 7 .  

External B.~osure  

To assess the radiological hazard from e r t e n u l  exposure t o  the radiat ion 

sources, a "conservative" (or  wrs t -case)  s i tua t ion  was assumed. Since c m e r -  

c i a l ,  ra ther  than res ident ia l  occupancy is involved. it was assuwd t h a t  an 

individual would be exposed 40 hours per  week t o  tke maximum i n t e r io r  o r  exter ior  

radiation levels .  

The p . x m  in t e r io r  radiation l eve l  observed was 1 mR/h (contact) i n  

Buildins 25, and the uxirrmm exter ior  radiat ion level  observed was 3 mR/h 



(contact) on the dock adjacent to Building 31. Thc annul radiation doses fror 

these sourcer would be: 

Interior: 1 d / h  x 40 h/w i 52 w/y x 1 rm/R = 2.08 ra/y 
Exterior: 3 d / h  x 40 h/w x 52 w/y x 1 rm/R = 6.24 ru/y. 

These doses are bared on the contact ~ d i a L i 0 n  level and hence overestiute 

the dose to a person occupyin# the area. Furthermore, the likelihood of a 

perron'm occupyiw one spot for 40 hours per week is ertrmely r m t e .  Hence, 

it is our judacwnt that the contuimted areas of this mite do not conrtitute 

an m d i a t e  radioloaical hazard in t e m  of external exposure, even though 

these two worst-came domes are significantly above the DOg 5480.1 limit of 

500 millira per year for a peraon non-occupationally expored' (see Appendix 6 ) .  

Internal Exposure 

To assems the potential for radioloaical brard bised on potential internal 

expomure, it was necessary to assume s o w  "con8ervative" but nevertheless 

plaumible scenarios whereby the radioactive centamination was assimilated in- 

ternally. To this end, t w o  camem were considered. The first case was based on 

a situation in which a child wvuld eat 100 8 per year of contaminated moil. FOE 

the second case, a person wam assucd to rototill the contadnated soil (dry) to 

a 1-ft depth for a working day (eiet hours) once a year. For W r  latter care, 

a resuspension facfor of lo-' r-* and a breathing rate of 9.6 mS/uorkiw day (2) 

were used. In both cases it was asmllwd that the average concentration of 

contuinantr in the moil was equal to the maximum measured value (a conservative 

assumption). All calculations are based on acthodm outlined in OML/NUBgG/M-190, 

Vol. 3. (J) These calculatipnn approzimate the ICRP-30 guidelines for hazard 

analyuim . 
The maximum concentrationm of soil contuinantm found were 673 pCi/g thorim 

(232Th decay chain), and 36 pCi/8 normal uranium Ci.e., uranium exclusive of its 

natural daughters). Baaed on these levels of contamination, the following 

hazard levels (50-year dose comiment for one year of intake) were calculated: 



1. Child eating 100 g per year 

(units: rrea/pCi x pCi/g x g = mrem) 

natural thorim: Bone: (0.012) (673) (100) = 808 mrem 
Total body: (0.0019)(673)(100) = 128 mrem 

normal uranium: Bone: (.003)(36)(100) = 11 mrem 

Total body: (.00022)(36)(100) = 0.8 mrem 

2. Adult inhalation of aerosol: 

(units: mru/pCi x p~i/mJ x mS = irer) 

natural thoriua: Bone: (0.200)(307)(9.6) = 589 m r a  

Total body: (0.030)(307)(9.6) = 88 mrem 

Lung: (0.593)(307)(9.6) = 1748 r r m  

norul uraniur: Bone: (.0075)(16)(9.6) = 1.2 mrem 

Total body: (.015)(16)(9.6) = 2.3 mrem 
Lunp: (0.508)(16)(9.6) = 78 r r a  

This radiological hazard is not inmiginificant and should be considered 

when any subsurface work is undertaken or if children are allowed to play in the 

area (see Appendix 8). 

Buildings (Interior Contmination) 

The radiological survey of the interior of t h e  buildings revealed ten 

buildings with surface contnai~tion amounting to about 13 m4. This eontami- 

aation is spread over about 44 locations (see Table 3 and Figures 9 - 33). 
Ilovever, the mjor source of the interior contamination (10 a*) is in Building 

27. The uximm contact rndiation reading was 1 &/h; however, w e t  of the 

contaminated areas were considerably belw this level. Air samples taken inside 

the buildinge indicated level* of radon (4P4Rn) progeny that ranged from 0.0004 

to 0.0168 Working Levels (WL). The highest value (0.0168 UL) was found, as 



expected, i n  the Ore Roam in Building 23. All other values fo r  Vorkhg Level 

vere below the l i m i t  of 0.02 1JL fo r  average 4 ~ ~ 1  concentration aa specified in  

the EPA Standard (40 CPB 192). 

Althougk the i n t e r i o r  contmdnation in these buildings does not pose an 

i-diate hazard, i t  is our rec-ndation at in h e p i n s  with the AURA 

philosophy, the contaminated area. should be dccontadnnted. 

Exterior Contuinat ion 

Exterior surface contamination ram fouPd a t  26 locations to ta l i -  31 ma on 

unpaved areas and a t  33 locationm t o t a l i n s  12 ma on paved areas (see Table 3 md 

F i y r e a  34 and 35). Apporr ivtely h l f  (15 I*) of the contv ina ted  unpaved area 

wau found a t  one location (mpot 29) .Qd about half (6 ma) of the contu ina ted  

paved are. was almo found a t  one location [spot 37). m e  mximm contact radfa- 

t i on  reading was 3 d / h ;  bovevar, most of the contaminated areas were con- 

siderably below t h i n  level .  

The v e r t i c a l  corpomnt of the contamination was generally r e s t r i c t ed  t o  the 

f i r s t  foot of s o i l ,  although i n  sow casem contamination van found a t  the 2-f t  

l eve l  and i n  three cares,  a l imited u o u n t  of '  contamination was found a t  the 

3- f t  level.  

The con tu io . t i on  consisted primarily of natural  thorium with lesuer amounts 

of normal uranium. In feu cases, t& thorim showed an excesu of "% over 

*='Th, indicating t h a t  acme of the c o ~ t u i z u t i o n  vam a t t r ibu tab le  to the memo- 

thorium (P2aRa) c h i n  ( i . e . ,  separated daugjzters of '"Th). 

Each bore hole waa logsed with a 2-in x 2-in NaI(Ta) detector p r io r  t o  

backfi l l ing.  Levels of radiat ion from the s o i l  aurroundinq the bore hble, i f  

l a rger  than those found i n  the bore hole muples, would r e su l t  i n  s ign i f icant ly  

elevated readings from the logged guau-ray mpectrum. Ilo such elevated leve ls  

were observed. Hence, conclumionm regarding the source of the contamination and 

the concentration w e r e  r e s t r i c t ed  t o  the lore sens i t ive  radiochemical uu lyues  

of split-spoon s a q l e u  taken frm t h e  bore holes (Table 5 ) .  

The water .ample. taken from tke bore holes did not show abnormal leve ls  of 

radioactivity.  However, the uludpc aample (7-582) taken from the sept ic  tank 

i ud  elevated leve ls  of P3PTh &cay chain a s  w e l l  a s  normal uranium, and the 

water saplple (7-583) taken from th sept ic  tank had elevated levels  of normal 



u r m i u  as  well as  the mesothorium 135%) chain. &nee, the entire sept ic  

f i e l d  i n  p resuud contaoinated, and subsurface l a t e r a l  migration of the contami- 

nation r u s t  be considered possible. 

I t  should be noted tha t  hydrostatic head was encountered i n  a11 bore hole 

operations throughout tb~? Albany Bureau of Hines survey. Water w u l d  generally 

be encountered a t  the 8- t o  9 - f t  depth during the d r i l l i n g  operation. After 1 

t o  2 hours, water would rime t o  the 4 - f t  l w e l ,  and i n  one care ,  t o  the 1-ft 

level.  The source of the hydromtatic h a d  h s  not been ident i f ied by investi-  

gations conducted d u r i w  these operations. I t  mhould also be noted tha t  since 

mubsurface water i s  d i rec t ly  involved with the conmhan tm,  it is possible tha t  

the contaminants a re  subject t o  mubsurface l a t e r a l  milration, thus potent ia l ly  

expandins the area of contamination from tha t  praaently depicted. 

Offs i te  Properties 

The Ohling Farm is judled t o  be f r ee  from contamination. 

The Albany rwaae treatment plant  s e l u  t o  be free  from contamination;, 

hovever, the phosphate tank showed elevated levels  of uranium ( n o r u l ) .  The 

mource of t h i s  uranim should b e , d e t e d n e d .  

The water suples from the  sever l ine8 were f r ee  f r o r  contamination; 

however, meveral of the sludse s. lples ( p r t i c u l a r l y  7-8553 and 7-5556; see 

Table 8 m d  Figure 4) had elevated leve ls  of normal uranium as  well as meuo- 

thorium i ' g6~a) .  Hence, the sewer lines a r c  judatd t o  be contaminated. 



1. U.S .  hpartmznt of Enerff. 1981. "Requirements for Uadiation Protection.'' 
MIE 5480.1, Chapter XI.  

2 .  U.S. Department of Health, Education and Weliar*. 1970. " R ~ d i o l o ~ i c ~ l  
Htalth H.ndbook." Bureau of It.diolo#ical Haalth, Rockvilla, BD. 

3. U.S. nuclear Re#ulatory m i r s i o n .  1981, "Eatirate8 of Internal Dose 
Equivalent t o  22 Tarlet Orwns for Radionuclidei Occurria# in Routine 
Release8 f r a  Huclaar hul Cycle F a c i l i t i ~ s . "  Vol. 111. OfliL/HWlEG/nl-190 V3. 
Prepared by Oak Ridge I a t i o ~ l  Laboratory. 



Fig. 1. Albany Metropolitan Area with 
Background Soil Coring Locations 
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Fig. 2.  Albany Metallurgical Research Center Site 
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Fig. 8. SoiL Boring# 



Fig. 9 .  Building 1, Ground Floor 
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Fig. 14. Building 5 
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Fig. 22. Building 24 
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Fig. 36. Working Drawing for Bore Hole Locatione 



Fig .  37. Working Drawing for Bore Hole Locations 



Fig. 38. Working Drawing for Bore Hole Locations 





Room No. 
' or hroa 

J..arme 
Ftmdways 
& Dock# 
BY ~ ~ d g s  
2 & 4  

By B l d ~ .  31 

Percent of 
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Accwmiblm 
ior Sumw 

noon 

1m 

Direct Reading* I dI~/rnla-100 cm 

k t .  &urn. 
trpo~nrm kvml. 

mR/h Smear*. 
dl./=lm- 
1 M )  0-8 

N S T ~  

NST 
NST 
NST 
NST 

NST 

NST 

NST 
NST 
NST 
NST 

NST 

Wallr 

1w 

Bota 

1.2~ie 

8.2x10s 
6.6x10a 
2.2~10' 
1.6~10' 
2.2~10' 

6.7x10a 

9.WP 
3.0~10' 

3.0xlOs 
1.9~10' 

1.5x1OS 

Contmat 

BKGD 

BKGD 
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1.2 ' 

5.0 

0.1 
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0.2 
0.2 
BKGD 

0.5 

Corromta 

~matbn 1 Lawn. base of 
Bldp. 3 
h t i o n  2 North side, lawn 
h t k t n  3 W e a t  dde, lawn 
Lautbn I W t 8 t  .Ids, Lawn 
~~5~ 
L o a t h  6 Due to thorium 
ltorrpo Ill Bldg. 4 

b . f l o n 7 L . w n  

Lou- 8 Lawn at fence 
Lautba 9 LaWn 
Loutbn 10 L s n  

h t k n  11 Oanaral area on 
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Loution 12 Lawn area along 
dock 
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Roadways 
(cont'd) 
By Bldg.31 
Doek 

Psrwnt of 
Arma 

Accemmiblm 
for Survey 

Plmn Wall* 

- 

Dlrmct Rmadinqm a 
i dimlmin- 100 cm 

Bmta Alpha 

3.5x1OS BKGD' 

1 .6x104 

3.5~10' 

5.4~104 

3.5x10a 

4 . 0 ~  10' 

Beta Gamma 
E x p ~ u r e  LmveI, 

mRlh 

Contact 1 Ymtmr 

Smear., 
dim/mlm- 
100 cma 

a =16' 

P r B K w  

BKGD 3.0 0.07 BKGD Loution 23 Asphalt on dock 
BKGD BKGD BKGD k t b n  24 Asphalt on dock 

9.4x10P 1.5 BKGD 
Loutbn 25 Edge of dock 

BKGD 0.5 BKGD BKGD toution 26 On concrete b y  

7.4x10P BKGD BKGD a =16 Location 27 On vertical 

BKGD 

C0llll.ntm 

Locatbn 22 Amphalt BKGD 
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Lawns, 
Roadways 
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By Bldg.31 
(cont'd) 

By Bldgs 
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Area 

A c e s n l b l ~  
for Survey 
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Expoworm Lmwml, 

m l l h  

Contact 1 ile1.r 

S m ~ r m .  
diwlrlm- 
100 em' 

a =l9' 
WBKGD 

a =16 
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0.5 

0 .3  
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BKGD 
0 . W  

BKGD 

BKGD 
BKGD 
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Location 28 Side of Bldg. 31 
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B K G D ~  

BKGD 

BKGD 

BKGD 
BKGD 
BKGD 
BKGD 

BKGD 
BKGD 

by=BKG extending 1 m into parking lot 
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NST Location 33 Lawn 
a =18 Location 34 Concrete 

NST Location 35 Lawn 
BKGD Location 36 Spot on concrete 
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R o ~ m  No. 
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Lawna, 

Rcadways 
& Docks 
By Bldgs 
21,22,23 
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By Bldgs 
5.17 & 34 

mrcsnt of 
Area 

Accw#lbla 
for Survey 

Flwn Wallm 

Direct Readlnga a I dim/mln-100 cm 

Beta 

1.2~10' 

1.3~10~ 

4.4x104 

N R R ~  

8.2~10' 

7.1x10P 
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6.5x103 

1.5x10a 

2.1~10' 

1.1~10~ 
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B K G D ~  
1.2~10~ 

1.9~10" 

NRR 

BKGD 

BKQD 
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1.4~102 

BKGD 

BKGD 

BKGD 
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Room No. 
a t h  

Bldg. 1 
(cont'd. ) 

Bldg. 2 

Bldg. 3 

Bldg. 5 

Bldg. 6 

Percent of 
Area 

Accemmibk 
for Sumsj. - 

nmn Wall. 

85 

90 

80 

80 

- 

No 
survey 
80 

75 

No 
Survey 

Dlrect Reading. ' 
dis/min*100 c m  I 
Beta Alpha 

l . lxlOa 

NRR 

BKGD 

B K G D ~  
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2.3x104 

4.8x102 

B K G D ~  

BKGD 

Commentm 

Location 83 Room 306, high 
reading due to thorium 
Location 95 R m  215, thorium 
standard 

~ e s t  of Survey was BKGD 

Floor survey only 

Mold Shop 
Location 307 Metel storage 
ro~m floor 

Location 320 Overhead beam 

Rest of Survey was BKGD 

Floor survey only 

BKGD 

NRR 

N A ~  

N A ~  

N A 

1.2x101 

BKGD 

N A ~  

NA 

Smear*. 
dlrlmin- 
100 cm' 

BKGD 

NST 

BIGD 

BKGD 

BKGD 

a =21e 

8- 

a =21 
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BKGD 

N S T ~  

Bota (3.nma 
Expomure Levml, 

mRlh 

Contact 1 Motor 

BKGD 

10 

N A 

N A 

N A 

0.1 

BKGD 

N A 

N A 

15 pR 

BKGD 

.m 

BKGD 

.010 

BKGD 

.005 

.M)6 

BKGD 
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TABLE 1 

pBTRUMEHT SURVEY RESULTS 

Room No. 
or Arm 

Bldg .l4 

Bldg.15 

Bldg .16 

Bldg.17 

hraont of 
Area 

Accwmlblo 
for Survey 

Flwn Wall. 

80 

80 

80 

75 

Dlroct Aeadlagr a t dlslmln-100 cm 

No 

Survey 

No 

Survey 

No 
Survey 

70 

Beta 

BKGD 

BKGD 

BKGD 

1.3~10' 

7. lx103 

4.5x10a 

1.7x103 

3 . 2 ~ 1 0 '  

Alpbe 

N A 

N A 

NA 

3.0x10a 

4.5x10a 

BKGD 

1 . 5 ~ 1 0  

2. 6x103 

Bota O.mmr 
Expoours Lorel. 

mRlh 

Contact 1 Motor 

Snearr, 
dlelmln- 
100 c a t  

NST 

NST 

NST 

BKGD 

BKGD 

BKGD 

B K O  

BKGD 

NA 

NA 

N A 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

Commontm 

f l m r  .survey only 

Floor survey only 

Flwr survey only 

Location 297 West Lab 1, 
spot on floor 
Location 298 West Lab 1 ,  
spot on floor 

Location 299 West Lab 1, 

area on flmr 
Location 300 Weat end Lab 2 ,  
spot on floor 
Location 301 West End Lab 2,  

spot on floor 

BKGD 

BKGD 

BKGD 

BKGO 

BKGD 

30 PR 

BKGD 

BKGD 



Bldg .17 
(cont'd) 

Bldg .18 

Bldg .19 

Bldg .20 

Bldg. 21 

Pomont of 
Arma 

~ c k l b l m  
tor survmy 

noom Wml* 

r 
Dlroot 
di8lmI - 
Bmta - 

1. 4x1Oa 

1.6xlO' 

BKGO 
BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

10 

30 

20 

40 

BKGD 

BKGD 

N A ~  
N A 

N A 

N A 

NA 

N A 

NO 

( w e y  

No 
iurvey 

NO 
iurvey 
No 

iurvey 

BKGD 

BKGD 

nsTf 
BKQ) 

N S T  

NST 

NST 

NST 

Contact 1 M.1.r 

Iaueipn 289 b ~ l b l y  due to 
rur amph m m  In loft above 
Lou- 290 Floor of corridor 
next fo mmplss m 

OD 

R u t  of 8umy w u  BKGD 
R u t  of Survey *NI BKGD 

BKGD 

BKGO 

N A 

N A 

N A 

NA 

N A 

N A 

Fbw aurvey only 

m 

.060 

.060 

.m7 
BKGD 

BKGD 

BKCiD 

BKGD 

BKGD 

Flmr survey only 

floor survey only 

Flow ~urvey only 



TABLE 1 

Reom No. 
pr h a a  

Sldq .22 

Bldg. 23 

m a t  of 
Area 

Aormibls 
for Sunat  

Floon Walh 

Smaara. 
dtmlmln- 
100 cm' 

BKGD 

Direct Aeadlnqm i= dlelmln. 100 cm 

BKGD 

0 =20e 
~FBKGI 

Bate 

N R R ~  

B K G D ~  

4.6x104 

9.4~10' 

6.9x108 

7 .Oxlo' 

l.OxlOa 

1 . 2 ~ 1 0 ~  

2.Zx10S 

BKGD 

Bmtr Oarma 
txporuro Lovol. 

mRlh 

BKGD 

Alpha 

NRR 

N A ~  

BKGD' 
4.7x102 

1. 1x102 

2.4~10' 

74 

2.9~102 

3.7x102 

N A ~  

Contact 

15 

N A 

0.2 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD' 

BKGD 

N A  

BKGD 

1 M-tor 

.OX0 

.oo7 

BKGD 
BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

.008 

BKGD 

BKGD 

Location 323 Uranium stored 
in Specimen Storage Roan 
Rest of Survey was BKGD 

Location 222 Spot on wall 
Location 223 Trench In floor 01 

rD 

Location 224 Trench in flmr 

toeation 225 Trench in floor 

Location 226 Ore Bin R m m  
Spot on first floor 
Location 238 Spot on floor 
in basement 

Location 239 Spot on flwr 
in basement 
Rest of Survey was BKGD 



TABtt 1 

JNSTRUUENT SURVEY RHULTB 

Room No. 
or Arm 

Bldg .24 

Bldg .25 

Bldg. 26 

Bldg .27 

Percent of  
Arm. 

A-lblm 
for SUNW 

Floom WaL* 

65 

50 

60 

80 

50 

30 

60 

60 

Direct Roadlnom ' 
dirlmia-100 em I 

Bota Alpha 

BKGD 

2.0x104 

3.0~10~ 

1.2x10' 

4.7x10a 

4.2~10' 

4.7x10a 

BKGD 

2.6r10a 

1.2~10' 

BKGD 

1.5x10S 

N A 

2.1x104 

1.2~10~ 

1.2~10' 

4.7x10a 

1.9x1OS 

7.1x1OX 

N A  

BKGD' 
BKGD 
N A* 

3.7x101 

Beta Grumr 
I(=poeuro Lovml. 

mRlh Sm-are, 
dlmlmln- 
100 c r t  

BKGD 

BKGD 
BKGO 
BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD 
BKGD 
BKGD 

a =25e 
~FBKGD 

Contact 

NA 

0.6 

BKGD 
0.05 

N R R ~  

NRR 
- 

NRR 

N A 

BKGD 
0.3 

NA 

1.0 

Commontm 

AU o£ Survey was BKGD 

Lcatlon 252 S p t  on flmr 
Locrrlon 257 Spot on floor 
LoutlM 258 Spot on 
-9 flmr 
Lou- 259. Nwfhwwt 
wrrhead bnml 
Loutbn 260, N o r t h c e n t r a l  
ovsrhsd kam 
Iautbn 261, N o r t h  overhead 
baMl 
Rest of Survey watt BKGD 

Loeation 195 Spot on floor 
Location 196 Spot on flmr 
Rwt of Survey was BKGD 

Location 217 R w n  1, area 
on floor 

1 Ymtor 

7 VR 

BKGO 
BKGD 
BKGD 

NRR 

NRR 

NRR 

.010 

BKGD 
BKGD 
.MI7 

.01Z 



TABtg 1 

INSTRUMENT SURVEY llESULT8 

Bldg .28 

Room No. 
or Area 

Bldg. 27 
(mnt'd. ) 

Beta Gammm 
Expomara Lord. 

mR/h 

Contact 1 Water 

9rna.n. 
dim/aia- 
100 cm' 

a =I4 

p y B K G D  

a =29 
py=BKEO 

mrcant of 
Area 

Acc&lble 
for Survey 

~ O O N  Wallm 

0.1 

BKGD 

BKGD 

N A 

BKGD' 

N A ~  

BKGD 

Commantr 

Locath 218 Room 1,  area . 
on floor 

Locarion 219 in Room 3, 
general flmr contamination- 

Direct Readinvm ' i dla/min-100 em 

Beta Alpha 

M) 

.012 

BKGD 

-007 

.007 

BKGD 

NRR! 

BKGD 

a =12 Locatlon 221 in Room 2, 
spot on floor 
Rest of Survey was BKGD 

Location 171 2nd floor fan 
platform 

LocaUon 172 Overhead beam, 
east side of fan platform 

u =16 Location 176 Spot on floor 

2.9x104 

l.hrlOs 

1.7x104 

BKGD 

5.2x10a 

BKGD 

8.9x10a 

40 

9.8x102 

BKED 

BKGD 

N A 

9.4x1OZ 

BKGD 

2. lxlOa 



TllsLg 1 

INSTRUMENT SURVEY RESULTS 

Bldg.30 
(Room 8 

only) 

Rmm No. 
or Area 

Bldg. 28 

Porwnt of 
Aroa 

A c a o ~ l b l e  
for Survey 

Floon Walh 

Dlroct Roadingm a 
dirlmin-100 emf 

Beta Alpha 

40 

60 

Beta Gamma 
Expomuro Lovol, 

mRlh 

Contact 1 Motor 

Smoarm, 
dimlmim- 
1 0 0  cat 

a 116 

PFBKGD 

BKGD 

BKGD 

BKGO 

m =14' 

BFBKGD 

a =BKGD 

CyrllO 

u =5 
By=BKGD 

7. 7x108 

BKGD 

9.4x1OS 

BKGD 

6.7x102 

3.2x109 

3.1x1O8 

40 

55 

BKGD 

N A 

NRR 

N A 

0.5 

0.1 

0.1 

Commontm 

~ o c a t h  189 Scale platform 

R e s t  of S w e y  was BKGD 

W t b n  134 Rwrn 8, Spot on 
W r .  This was the only rn 
suweyed in Bldg. 30. 
The reat of the aurvey 

Location 136 Spot on floor 

Location 137 Spot on floor 

~ocation 138 Spot on floor 

4. 5x104 

NA 

BKGD 

NA 

BKGD 

BKGD 

1.5x10a 

BKGD 

.007 

.010 

.008 

BKGD 

BKGD 

BKGD 



Room No. 
or Area 

Bldg. 31 
(contad. ) 

Pameat of 
Are. 

A&lble 
for Surrey 

Fbm W a l t  

Dlrmct ~ e a d l n g o ?  
dio/mln- 1 0 0  cmJ 

Bmt. Qamma 
E~pomnra Lmrml, 

mR/h Smear., 
dla/rin- 
100 cm' 

BKGD 

a =14 

BFBKGD 

Bmta 

B.7x10n 

5.4x10s 

2.3x1OZ 

1.6x104 

9 .4x102 

1.4x10a 

4.2x10a 

2 .4x102 

Contact 

0.3 

BKGD 

BKGD 

BKGD' 

BKGD 

BKGD 
0.5 

BKGD 

Commmnt~ 

Location 142 In R w m  15 
Spot on floor 

Location 143 On grate 

Locatkm 144 Spot on over- 

Alpha 

BKGD 

1.2x1e 

1.2x10a 

2.4x10a 

BKGD 

BKGD 
BKGD 

4.7~10' 

1 Metmr 

BKGD 

B K m  

BKGD 

BKGD 

BKGD 

BKGD 
BKGD 

BKGD 

a ~ 1 6 ~  Location I: 145 Spot on over- 

BKGD Locatlon 151 R w m  13, Spot in 
sewer pipe 

BKGD Location 152 Spot on wall 
a =31 Location 157 Spat in cup 

a =82 Location 161 2nd floor loft 
~IFBKG cross beam 



Room No. 
or Area 

Bldg. 31 
(cont'd . ) 

Bldg .32 

Bldg. 33 

Bldg .34 

Sewer 1371 
Sewer 1376 

Percent of 
Area 

Accmamibl. 
for 8umw 

h n  wall. 

60 

80 

80 

NO 

Survey 

No 
survey 

No 
Survey 

Dlrect Reading* ' 
di*/mln-100 cyj 

Beta Alphm 

4.7xlOS 

4.7x10s 

BKGD 

BKGD 

BKGD 

BKGD 

1.6x10a 

4.7x102 

N A ~  

N A ~  

NA 

NA 

Bota Oarma 
Expmurm Lerol, 

mRlb 

Contact 1 Yotor 

- 

8mern. 
dim/mln- 
100 crt 

a 4 7  

By=BKGU 

BKGD 

B U M  

NST(~) 

NST 

NST 

NRRb 

BKGD 

N A 

N A 

N A 

NA 

0.0785 
0.0393 

Commontm 

LDution 188, Spot on wall 
of the fImr tmnch 

h t b n  162 2nd floor loft 
c n m s h  

Rut of Survey was BKGD 

~ k o r  survey only 

Floor survey only 

Flmr survey only 

NRR 

BKGD 

.WB 

BKGD 

BKGD 

BKGD 



TABLE 1 

INSTRUMENT SURVEY RESULTS 

Room No. 
or Area 

Sewer 1380 
Sewer 1385 
Sewer 1387 
Sewer 1388 

Percent of 
Area 

A m n d b b  
for SUXV~T 

floon Walls 

Direct ~eadinqm.' 
dlr/mln-100 cm' 

Beta Alpha 

Beta Gamma 
Expamure Lorel, 

mRlh 

Contact 1 M e t o r  

0.0096 

0.0035 

0.0018 

0.0582 

Smear., 
dlmlmln- 
1 0 0 c m t  

Commentm 



FOORlOTES FOB TABLE 1 

These results are to be compared with the pertinent guidelines identified in 
Appendix 6. 

a 
The Beta node Direct R e s d i ~ s  and Alpha Hode Direct Bradinas are +.ken with 
PAC-4G-3 inst-ts. The bet8 w d e  detects both electrou~etic and particu- 
late radiation. If an area indicated a higher count rate than the instrument 
background, a beta-rode readi- waa obtained. The instrument vam then svitched 
to the alpha mode, and a readiq of the alpha contamination was obtained. In 
the alpha DO& the inat-nt only respondr to particles with higb specific 
ionization, such 8s alpha particles. 

The beta-mde re8dings are compenmated for any alpha contribution by subtract- 
ing the alpha-eode readins from the beta-wde readiw. 

bHRR No Readin8 Recorded. 

c 
BKGD (Background) The followina are the inst-nt background readinas: 

Beta-node Alpha node 

Floor Monitor 1500-2000 ctr/dn-325 u' 0-50 ctm/min-325 clS 

PAC-46-3 150-200 cts/rin-51 a* 0-50 ctm/min-51 cmP 

PC-5 Counter 40.0 f 1.4 cts/min* 0.2 f 0.1 cts/min* 

PC-3A Counter 40.0 f 1.7 ctr/min* 0.3 fi 0.1 cts/min* 

10-Wire 443.0 f 4.7 ctslmin* 5.2 f 0.5 cts/mia* 

GCI End Window Detector read 0.03 to 0.05 mR/h at 1 m above floor. 

pR Meter read 5-7 @/h at I r above floor. 

'NA (Nompplicable) No contamination was detected above background in the beta 
w d e ;  therefore, no alpha mode or contact GH End Window survey was necessary. 

a = Alpha 
By = Beta-Gauma 
(The beta-g-a readings are comcpnsated for any alpha contamination by sub- 
tracting the alpha reading from the beta-g- reading.) 

f~~~ No Smear Taken. 

*One standard deviation due to counting statistics. 



TABLE 2 

Location 
Number 

Floor 

Orrcrhead beam 

Floor trench 

Floor trench 

Floor trench 

Floor 

Floor 

Floor 

Floor 

Fan platform 

Dverhead beam east  mide 
of fan platform 

Floor 

Scale platform in baraent 

Floor 

Floor 

BKGD 

Grate 

Overhead duct 

Cup drain 

Floor l o f t  on croms beam 

Floor trench 

44 

42 

B K G D ~  

MOD 

28 

BKOD 

BKGD 

BKGD 

BHGD 

BKGD 

BKGD 

BKGD 

BKGn 

XGD 

110 

BKGD 

BKGD 

BKGD 

mGD 
426 

BKGD 



Location 
Mumber 

I t a  
Smeared 

Amphalt 

Dock 

Dock 

Buildiq 

Buildiiq 

Lam 

Concrete 

Concrete 

Concrete 

Concrete pad by pipe hole 

Dock 

Dock 

Concrete 

Concrete 

Concrete 

Smear Results 
dis/rin-100 aP 

16 BKGD~ 

20 BXGD 

14 BKGD 

16 BKW 

19 BKCD 

16 BIGD 

8 BlCD 

18 BlGD 

16 BKGD 

20 15 

27 BKGD 

27 73 

18 BKGD 

14 BKGD 

5 BKGD 

' S c c n p p e n d i . 6  guidelines. 

b ~ h e  count v r ~  not greater than the instrument background. 



TABLE 3 

CONTMINATED AREAS - INTERIOR AND EXTERIOR 

E l t i m a t e d  Ares Maximum PAC R e a d i n g  C o n t a c t  GM S m e a r  R e e u l t ~  
Room L o c a t i o n  of C o a t a m i o a t i o a  (dis/min-100 cmP) R e a d i n g  [di~/min-100 cm) 
Number Number (ca2) B e t a - G a v a  A l p h a  ( d / h )  B e t a - G a l s  A l p h a  

INTBRf OR 

Bldg. 1 71 BKGD BKGD 

1.2~10~ 
BKGD 

B l d g .  5 307 
320 

0. X 
BKGD 

BKGD 
BKGD 
BKGD 
BUW 
BKm 

BKGD 
BKGD 
BKGD 
BKGD 
BKQ) 

BKGD 
BKGD 
BKGD Y 

BKGD w 

BKGD 

B l d g .  23 206 
222 
223 
224 
225 
238 
239 

BKGD 
0.2 
BKGD 
BXGO 
BKCD 
BKGD 
BKGD 

BKGD 
BKGD 
20 
17 
16 
BKGD 
B K 0  

BKGD 
BKGD 
BKGD 
BRGn 
BKGD 
BKGD 
BKGD 

7& 
BKGD 
4.7x10P 
110 
2.4~10' 
2.9x1OZ 
3.7~10' 

B l d g .  25 252 
257 
258 
259 
260 
261 

2 .  lxf 0' 
4.7x102 
1.2x10a 
4. 7x1OZ 
1.9~10 
7 .  lrloP 

BKGD 
B K W  
men 
B K O  
BKGD 
BKGD 

BKGD 
BKGD 
BKGD 
BKGD 
B K a  
BKQD 

Bldg. 26 195 
196 

BKGD 
BKGD 

BKGD 
BKGD 

BKGD 
BKGD 



TABLE 3 .  (Cont'd.) 

Estimated Area Meximum PAC Reading Contact GH Smear Results 
Room location of Contamination (din/min-100 cmP) Re8dins (dia/min-100 cm) 
Number N M e r  (cmP) , Bota-G- Alpha ( d / h )  Eleta-Gua Alpha 

Bldg. 27 217 7.5~10' 1 .5x1oS 370 1.0 25 BKGD 
218 2.5~10' 2.7110' 980 0.1 BwGD 14 
219 1. 2x30a EKGD BKGD BKGD 29 
221 1x10~ l.7x1O4 BKCO BKGU BTGD 12 

Bldg. 28 171 lxloa 
176 1x10' 
189 2x10' 

Bldg. 30 134 

Bldg. 31 136 
137 
138 
142 
143 
144 
145 
15 1 
152 
157 
161 
188 
162 

Lawn 1 
2 
3 
4 
5 
7 
8 
9 

BKGD 0.5 
BKGD 0.1 
1.5~10' 0.1 
BKriD 0.3 
1.2~10~ BKQI 
1.2%10a BUiD 
2.4~10' W 
RKGD BIrP 
BKGD urn 
n W O  0.5 
4.7~10' BKGD 
1 .6x10s 
4.6~10~ BKGD 

BKGD BKGD 
BKGD BIGn 
2.2~10' 0.4 
BrQ] 0.2 
1.2x10a 1.2 
BKGD 0.1 
I. 6xiOa 0.4 
BKGD 0.2 

BwGD 

BPa 
w 
DKm 
Bwm 
BKGD 
BKCD 
BKGD 
BTOD 
BwGD 
BKGD 
BKOD 
BKGD 
BKcD 

BKGD 

14 
110 
3 
EKGU 
14 
llwm 
18 
BKGD 
Bum 
31 
82 
17 
BKGD 



TABLE 3 .  (Cont'd.) 

Estimated Area Maximum PAC Reading Contact GM Smear Results 
Room Location of Contamination (di#/rin-100 cnP) Reading Cdislmln-100 a) 
Number Number (CmL) Bets-Garra Alpha (IR/h) Beta-Gnraa Alpha 

Lawn 10 3.0~10' 1.7x1OS 0.2 
(cont'd.) 11 1.9~10' 0.4x1OZ BKGD 

12 1.5~10' 1.2~10~ 0.5 
13 2~104 2.2~104 1.4~10~ 0.8 
14 1.4~10~ BKGD 0.1 
15 2.6x1OS BKGD BKGD 
16 5x10' 2.3x104 BKGD 0.3 
17 5x10" 2, 3x104 BI((iD 0.3 
18 5x10a 1.0~10' BKGD 0.1 
19 1.4~10' BKOD M G D  
20 4.&10a E4KW BKGD 
2 1 1x104 5.  axlo* BICD 1.0 
22 3.5~10~ BKGn BAGD BKOD 16 

Site of 28 1 x 1 0 ~  
Bldg. 31 

1.6~10~ BKGD 
3.5~10' B R O  
5.4~10' 940 
3.5~10' BKlXl 
4.0~10' 740 
1 .5x1OS BKGD 
3 .ax1oa B*GD 
1.4xlos BKCD 
1 .Sx10S BKGD 

3.0 
BKGD 
1.5 
0.5 
BKGD 
BKm 
0.1 
0.7 
BKGD 

B K m  20 
BIGD 14 
BKGU 
BKGD 16 
BKGD 
BKGD 14 
mED BKGD 
BICO BKGD 

1.7~10~ 1.7~10' BKGD BKGD 19 

Lawn 29 1.5~10~ 5.9~10' BKCD 0.5 EXGD 16 

Concrete 30 lxlOz 
3 1 1x10~ 

Lawn 32 2x10' 
33 

2.3x104 BKGD 0.3 BKGD 8 
7.1x10a 1.2~10' BltGD BKGD 

5.9210' BKCD BKGD 
2.3x103 BKGD 0.09 



TABLE 3 - (cont 'd. )  

. . .. . . . 
Estimated Area Uaxieur PAC Reading Contact Gn Smear Results 
of Contomination (din/min-100 erg) Reading (din/min-100 cm) 

(cmZ) k t a - G a u  Alpha ( d / h )  &t.-G8u Alpha 
Room Location 
Number Number 

Concrete 34 

Concrete 36 
37 
38 
39 
40 
41 
42 
43 

=Cia 
BKGD 
BKCD 
BKGJI 
BKOD 
EKa 
B*OD 
nKGD 

BKGD 
22 
BKGD 
16 
18 
20 
BwCD 
10 

Sewer 44 
Grate 45 

Concrete 46 BKGD 

BKGD 
1.2~10' 

1.1 
BKGD 

Bldg. 22 47 
Dock 48 

Concrete 49 

Black 5 1 
Residue 

Concrete 53 
54 
56 
57 

1.6~10'  
140 
BKCD 
BKGD 

BICGD 
BKGD 
18 
BKGD 

BICW 
BKGD 
EKCD 
BKGD 

Dirt 60 BKGD 

Concrete 62 BKGD 



Location - WL' 

Bldg. 1 by Boom 11 
Bldg. 1 2nd Floor  
Bldp. 1 by Roam 306 
Bldp. 30 Ram 8 
Bldg. 31 Rool 15 
Bldg. 31 Room IS 
Bldg. 31 Loft  
Bldg. 28 Serv ice  F loor  
Bldg. 28 Rooa 15 
Bldg. 28 2nd Floor  
Bldg. 23 h i n  Floor  Trenches 
Bldg. 23 S t o r e r o o l  
Bldg. 23 Ore Room 
Bldg. 23 Basement 
Bldg. 27 Room 1 
Bldg. 26 Room 103 
Bldg. 26 2nd Floor Corr idor  
Bldg. 25 2nd Floor 
Bldg. 5 Metal S torage  Area 
Bldg. 17 West Epd Lab 1 
Bldg. 24 l r t  F loor  
Bldg. 22 Warehouse 
Bldg. 3 R o a  1 
S a n i t a r y  Sawer 1393 
S a n i t a r y  Sewer 1392 
S a n i t a r y  Sewer 1393 
S a n i t a r y  Scwer 1391 
S a n i t a r y  Sewer 1385 
S a n i t a r y  Sewer 1541 
S a n i t a r y  Sewer 1387 
S a n i t a r y  Sewer 1388 
S a n i t a r y  Sewer 1380 
S a n i t a r y  Sewer 1376 
S a n i t a r y  S e e r  1371 
S a n i t a r y  Sewer 1540 

Radon 
(s=Rn) 
pCi/e 

0.67 
0.42 
0.17 
0.42 
0.82 
0.04 
0.36 
0.25 
0.23 
0.04 
0.28 
0.21 
1.68 
1.22 
0.30 
0.13 
0 .16  
0.13 
0.31 
0.31 
0.55 
0.26 
0.45 
0.32 
8.82 
0.45 
13.02 
0.35 
0.32 
0.18 
5.82 
0.96 
3.93 
7.85 
0.60 

8 
A Workia Lwel (WL) i s  def ined  i n  10 CFR 712 a s  any c o l b i m t i o n  of shor t - l ived  
radon-daughter products  i n  1 l i t e r  of a i r  that w i l l  result i n  the u l t i n t e  
emission o f  1.3 x lo5 HeV of p o t e n t i a l  a l p h .  energy. The numerical va lue  of 
t h e  UL is der ived  from the alpha enerm relearned by t h e  total decay through 
RaC' of t h e  shor t - l ived  radon-daughter products ,  IWL, RnB, and RAC a t  
r ad ioac t ive  equi l ibr ium wi th  100 p C i  of szzRn p e r  l iter of a i r .  Theme value. 
a r e  t o  be compared wi th  t h e  lhit of 0.02 WL f o r  average a w a l  concent ra t ion  
a s  s p e c i f i e d  i n  +he EPA Standard (see  Appendix 6).  



Ge(Li)  SPBCTBAL MID UIIMlIUn FLWROWTIIIC 
AIlALYSBS OF SOIL M L P S  

Gc(Li)  S p e c t r a .  p C i / a i a  U r a n i ~ n  F I u o r o r c t r i c  

la7C? "tm ==*a 
Sample I k c a p  Dtcsy 
Ho . Chain Chin  dl f 0 pCi/g f u 

BACKGmum SOIL WRI1108 

SOIL CORHGS 



G e ( L i )  SPECTRAL AllD U%ANIUH FLUORCIKETRIC 
ANALYSES OF SOIL MHPIBS 

G e ( L i )  Spectra, pCi/& Uranium Fluorometric 

Sample lS7cm n a s ~ ~  PP%a 
No. Decay Decay 

Chain Chain PS/& 2 0 pCi/g f o 

SOIL CORIHGS - (contad.) 
0.52 f 0 . 0 6  0.68 f 0 . 1 4  0.63 f 0.08 



G e ( L i )  8PBCrBAL AMD URAwIIJn m l m m m ' R I C  
MlALYSIll o? SOIL S M P m S  

Ge(Li) Spectra, pCi/-  Uranium F l w r w t r i c  

S u p L e  "'Cs *a% at% 
No. Ikcay Decay 

chain c h . h  v d s  f a pCi/s f o 



Sample 
Ho . 

G e ( L i )  SPECTRAL AND URA1IIVCI PLUORMETRIC 
ANALYSES OF SOIL SAIIPLES 

Ge(Li) Spectra, pCi/pfu Uranium Fluorcmetric 

ls7c8 Z S ~ T ~  a**. 
Decay Decay 
Chain Chain p s / t  f 0 pCi/g f 0 

SOIL CORIHGS - {cont'd.) 
1 . 1 7  f 0 . 0 8  1.44 f 0.14 0.88 f 0.08 



TABLE 5 
(cont'd.) 

o e ( L i )  SPECTRAL m URMlIlW F L ~ T R I C  
A#ALY!BS OF SOIL SAWm 

G e ( L i )  Spectra, pCi/.fQ Uranium F l w r o r t r i c  

sample 1 j 7 ~ ~  naam zzsb 
NO. Decay Decay 

W i n  C h i n  pr l r  * 0 pCi/c f 0 

S O I L  







TABLE 5 
(cont'd. 1 

GeILi) SPECTRAL AND W I M  FLWBOfieTRIC 
AHALYSES OF SOIL SMIPLES 

Ge( l i )  Spectra, pCi/gio Uranium Fluorowtric  

Sample 1s7Cs n a s ~ h  zP8Ra 
N o .  Decay Decay 

C h i n  Chain pg/g f o pCi/g f o 
- - - 

SOIL BDRIMGS - (cont'd.). 



TABLE 5 
(cont'd.) 

Ge(Li )  SPBCTBAL M1D DlUAIUn FLIXRCWXTRIC 
MlALYSKS OF SOIL SAMPUS 

G e ( L i )  Spectra. pCi/lfo Uranium FIwrom?trlc 

Sample la7cm n s e m  "% 
No. Decay Dacay 

C h i n  C h i n  v d f  f a ~ C i / a  f 

SOIL BORING5 - (coat'd.) 



TABLE 5 
(cont'd.) 

Ge(Li) SPECmM, Am URllWlUll FI.mRmETRIC 
AllALPSES OF SOIL SlrlBLBS 

G e ( L i )  Spectra, pCi/gfa Uranium F luorowtr ic  

Sample la7crn gasn =%a 
)lo. &cay Decay 

Chain chain v d 8  f 0 pCi/g f 0 
- - - 

SOIL W I N G S  - (cont'd.) 
3.10 f 0.31 0.99 f 0.10 
1.03 i 0.10 1.21 f 0.12 
0.97 i 0.10 1.09 f 0.11 
1.36 i 0.14 0.93 f 0.09 
1.50 f 0.15 0 .86 f 0.09 
1.07 f 0.11 0.78 f 0.08 
1.35 i 0.14 0.78 f 0.08 
0.92 f 0.09 0.84 f 0.08 
1.06 f 0.11 0.87 f 0.09 

0.18 f 0.05 
0.07 f 0.04 

<0.03 
0.04 f 0.02 

<O. 03 
<0.03 
<O. 03 
<0.?3 
BDL 
BDL 

0.16 f 0.13 1.32 f 0.13 0.88 f 0.09 
BDL 1.21 f 0.11 0.86 f 0.09 
BDL 1.39 f 0.14 0.92 f 0.09 

0.11 f 0.03 1.21 f 0.12 0.93 f 0.09 
BDL 1.51 f 0.15 0.83 f 0.08 
BDL 1.49 f 0.15 1.05 f 0.10 
<O .03 1.17 f 0.12 1.03 f 0.10 
<O. 03 0.94 f 0.09 0.86 f 0.09 
<O. 03 0.94 t 0.09 0.83 f 0.08 
<O .03 1.13 f 0.11 0.68 & 0.07 



94  

TABLE 5 
(cont'd.) 

Sample 
No. 

Ge(Li) SPBCTML Mm URlUlIULI PLWRWETRIC 
AlUtPSKS OF SOIL SAMPLES 

G e ( L i )  Spectra, pCi/.fo Uran . fuhuoroutr i c  

la7ca nsnm a*% 
k c . 9  &cay 
Chain ch. in 

SOIL BORIHGS - (cont'd.)  

0 . 1 9  f 0 
<O .03 
<O -03  
<O .03 
BDL 
BDL 
BDL 
BDL 
BDL 
<0.03 



T A U S  5 
(cont'd. ) 

Ge(Li)  SPECTIUL MID W I M  PLUOROM3TRIC 
ANALYSES OF SOIL W L E S  

Ge(Li)  Spectra,  pCi/&o Uranium Fluorometric 

18'Cr P ~ P T ~  PPS 

Decay Decay 
C h i n  Chain pe/s * pCi/g f a 

Sample 
No. 

SOIL BORING9 - (cont'd. 1 

0.22 f 0.04 1.01 f 0.10 0.89 f 0.09 
0.23 f 0.04 1.05 f 0.10 0.92 f 0.09 

<O .03 0.68 f 0.07 0.82 f 0.08 
<0.03 0.94 f 0.09 1.12 f 0.11 
BDL 1.18 f 0.12 0.87 f 0.09 
BDL 1 . 1  f 0 . 1  0.77 f 0.08 
BDL 1.34 f 0.13 0.73 f 0.07 
%DL 1.37 f 0.14 1.08 f 0.11 
BDL 1.30 f 0.13 1.04 f 0.10 
BDL 1.06 f 0.11 0.78 f 0 . 0 8  

0.33 f 0.05 
0.07 1 0.04 
0.06 f 0.03 

<0.03 
<0.03 
BDL 
3DL 
BDL 
BnL 
<O. 03 



TABLE 5 
(cont'd.) 

Ge(Li )  SP%clmL Also UlIMlIUn F L 1 K I ~ T I I I C  
MUPSIS OF SOIL SA1IPL89 

Ge(Li )  Spectra, vCi/Cfo Uranium Pluorowtrie 

lgTC. "% ' 0  .R. 
Decay Decay 
Chin  Chain 

SMple 
No. 

SOIL BOUIlfGS - (cont'd.) 

0.14 f 0.04 6.18 f 0.62 1.00 f 0.10 
0.06 f 0.03 2.71 f 0.27 0.70 f 0.07 

<0.03 1.10 f 0.11 1.09 f 0.~11 
<0.03 0.89 f 0.09 0.88 f 0.09 
<0.03 1.05 f 0.10 0.96 f 0.10 
(0.03 1.36 f 0.14 0.82 f 0.08 
BDL 0.73 f 0.07 1.02 f 0.10 
<0.03 1.15 f 0.12 1.22 f 0.12 
<0.03 0;95 f' 0.10 0.95 f 0.09 
<O. 03 1.28 f 0.13 0.9G f 0.06 





TABLE 5 
(cont'd.) 

G e ( L i )  SPBClRU AAD URAMILM FLmRomlBIC 
MALYSES OI SOIL SAMPLES 

Oc(Li) Spectra. Si/.to Uraniu F l w r o v t r i c  



TABLE 5 
(eont 'd.  ) 

S a o p l e  
N o .  

G e ( L i )  SWCfRILL URMIUn FLUOMMETRIC 
AWALYSES OP SOIL SAuPus 

G e ( L i )  Spectra, pCi/&a U r a n i u m  Fluorometric 

ia7Cs as+b *%a 
Decay %cay 
C h i n  C h i n  V d l *  0 p C i / g  f o 

0.10 f0.04 
0.12 f0.04 
0.09 f0.04 
c0.03 
<0.03 
BDL 
BDL 
BDL 
e0.03 
BDL 

0.OQ M . 0 4  
BDL 
BDL 
RDL 
CO. 03 
c0.03 
<O. 03 
<0.03 
<0.03 
c0.03 



TABLE 5 
(cont'd.) 

Gr(Li1  Spectra, p C i / m  Uraniu Flwrolctr ic  

Ia7cs rsrm "Crt. 
Suple  lkcay hcay 
NO. chain Chin Pa/# f a pCi/c * 



TABLE 5 
(cont'd. ) 

G e ( L i )  SPBCTRAL AND URhIUM FLUOROI(ETRIC 
ARALYSBS OF SOlL SAPPLES 

Ge (Li) Spectra, pCi /do  Uranium Fluorometric 

l a 7 c s  t s n ~ h  Lz% 
Decay Decay 
Chain &in Vg/g f 0 pCi/g f o 

0.28 20.04 
<0.03 
c0.03 
CO. 03 
C0.03 
C0.03 
<0.03 
C0.03 
C0.03 
BDL 

0.20 M . 0 6  
0.10 iO.04 

BDL 
BDL 
BDL 
BDL 
<0.03 
<0.03 
<0.03 
<O .03 



TABLE 5 
(coat'  d. ) 

Ge(Li) SPECrBAL Allb m T S I C  
MALYSES OF son SWLBS 

ls7cs r r t m  Sa% 

Sample Ikcar kc.y 
No. ch. in Chain IJdl f p C i / l  * 0 

a BDL - Below Detectable Limits 
b~ - ~ o t  detectable in this aas1y.i.. 

NOTE: Theme rcmults are to be empared with the pertinent guidelines identified 
in Appendix 6. 



TABU3 6 

SOIL m I E  WgIOIPTS 

Rocks 
and 
Dross, 
grams 

Wet 

Weight, 
prams 

Drp Sieved 
Weight, Weight, 
L r u o  grams 

BACKGROUND SOIL CORINGS 



SOIL SAlIPZB UgIaim 

Sample 
Mo . 

7-5-9A 
7-5-9B 
7-5-9C 
7-5-933 

7-5- 10A 
7-S-10B 
7-S-1OC 
7-S-10D 

7-5-11A 
7-5-116 
7-5-llC 
7-S-llD 

7-S-1U 
7-S-12B 
7-S-12C 
7-S-12D 

7-S-13A 
7-S-13B 
7-S-13C 
7-S-13D 

7-S- 14A 
7-S-14B 
7-S-14C 
7-5-141) 

7-S-15A 
7-5-15B 
7-S- 15C 
7-5-15D 

7-5-166 
7-5-16B 
7-5-16C 
7-S-16D 

Wet 
Weight, 
er.u 

Dry Sieved 
Weight, Weight, 
#ram .fUI 

R o c k  
and 
Dromr , 



Rocks 
and 
Drosa , 
.r.lu 

D r~ Sieved 
Weight, Weight, 

&ram pr-. 
Sample 
No. 

wet 
*Wt, 
pr-s 



TABLE 6 
(cont'd. ) 

Rocks 
and 
Dross, 
g r U s  

S u p l e  
No. 

Sieved 
*iZht* 
I r a  



SOIL SAMPLE UgIGIiTS 

Suple 
No. 

uet 
Weight, 
gru .  

Dry Sieved 
Weiat, Weight, 
gr8m grams 

Rocka 
and 
Droms , 



SOIL S M I S  W I m  

S&aple 
no. 

7-545-1 
7-545-2 
7-545-3 
7-945-4 
7-845-5 
7-545-6 
7-545-7 
7-545-8  
7-945-9 
7-545-10 

7-546-1 
7-546-2 
7-546-3 
7-546-4 
7-546-5 
7-546-6 
7-546-7 
7-546-8 
7-546-9 
7-546-10 

7 -547- 1 
7-547-2 
7-547-3 
7-547-4 
7-547-5 
7-547-6 
7-547-7 
7-547-8 
7-647-9 
7-547-10 

7-548-1 
7-548-2 
7-548-3 
7-548-4 
7 -548-5 
7-548-6 
7-548-7 
7-S48-8 
7-548-9 
7-548-10 



Sample 
No. 

wet 
Weight, 
gram. 

383 
3 4 7  
459 
478 
670 
663 
670 
754 
659 
775 

SOIL ~~ UeIGBTS 

Dry 
Weight, 
Brams 

332 
295 
393 
382 
508 
512 
500 
555 
456 
597 

Sieved 
Weight, 
Brama 

303 
238 
317 
338 
464 
407 
357 
34 1 
324 
397 

Rocks 
and 
Dross, 
grUP 

16 
13 
67 
35 
36 

102 
130 
206 
124 
191 



TABLE 6 
( c o n t ' d . )  

S u p l e  
No. 

Wet 
weiaht, 
#rum 

306 
42 1 
483 
6 6  1 
687 
470 
923 
455 
654 

1191 

Dry Sieved 
Yeight, Mirat, 
gram s r 4 u  

Rock 
and 
Droa~ , 
#Cam 

8 
27 
3 

109 
45 
58 
89 
78 

107 
227 



TABLE 6 
(cont'd.) 

Sample 
No. 

wet 
Wei&t, 
grams 

SOIL GAWPLE VBIGETS 

Sieved 
Weight, 
gru. 

Bocks 
.ad 
Dross, 



TABLE 6 
(cont' a. ] 

SOIL mLB WIGBrS 

Yct 
Y c i l h t ,  
p r u s  

Rocks 
and 
Drosm , 

62 
17 
113 
83 
58 

174 
43 

100 
207 
269 



TABLE 6 
(cont ' d. ) 

Sample 
No. 

Wet 
Weight, 
gram6 

SOIL smIE VBIGIITS 

Dry 
Weight, 
grams 

Sieved 
Weight, 
sr&ms 

Rocks 
and 
Dross ,  
pT.ls 

33 
66 

122 
113 
100 
204 

89 
128 
120 
165 



TABLE 6 
(cont'd. ) 

SOIL SAtlPLg YBIQlTS 

Sample 
No. 

7-5112-1 
7-5112-3 
7-51 12-4 
7-5112-5 
7 -S112-6 
7-5112-7 
7-5112-8 
7-5112-9 
7-5112-10 

7-5113-1 
7-5113-2 
7-5113-3 
7-5113-4 
7-5113-5 
7-5113-6 
7-S113-7 
7-5113-8 
7-S113-9 
7-51 13-10 

7-S114-1 
7-S114-2 
7-S114-3 
7-S114-4 
7-5114-5 
7-S114-6 
7-5114-7 
7-SlI4-8 
7-S114-9 
7-5114-10 

7-S115-1 
7-5115-2 
7-S115-3 
7-S115-4 
7-5115-5 
7-S115-6 
7-S115-7 
7-S115-8 
7-5115-9 
7-S115-10 

wet 
Weight, 
g r 4 u  

S i w e d  
Weight, 
g r a u  

Rocks 
and 
Dross, 



Rocks 
and 
Dross, 
.ramr 

Sample 
No. 

Wet 
Weight, 
gr4m 

Dm Sieved 
Weifit, Weight, 
gram' #'am' 



TMLB 6 
(conti d . )  

SOIL SAnPU W B I m  

Sample 
No. 

wet 
Weitht, 
pru .  

Sieved 
Weight, 
# r .u  

14 
21 
146 
229 
309 
286 
407 
288 
240 
168 

Rocks 
and 
Dross, 
p r u s  

50 
50 
I6 
109 
123 
106 
105 
40 

233 
98 



TABLE 6 
(cont'd.) 

Sample 
No. 

Wet 
Weight, 
8". 

424 
311 
45 1 
507 
409 
448 
446 
467 
515 
497 

SOIL smlg UeIGETs 

Dry 
Weight, 
grams 

362 
262 
369 
386 
311 
341 
33 1 
359 
42 1 
405 

Sieved 
Weight, 
srams 

Rocks 
and 
Dross, 
gT1lB 

9 5 
47 
119 
9 4  
79 
4 9  
44 
6 4  

247 
275 



lrlPlU SPECTRAL RESULTS FOR THIIOIW-228 AI1D 'Il3ORIUIi-232 

Slnple Ro. 

SOIL smLEs 



ALPlU SPECTRAL BESIlLlS FOR THORIIRI-228 AND THORIM-232 

S 8 ~ l e  Ho. ='% P I I P T ~  





ALPHA SPECTRAL RESULTS POR TEORIIM-228 AND THORIIM-232 



Ge(Li) Spectra pCi/niO Uranium Fluorolctric 
o=*Th ==*a 

Sample Decay -cay 
Ho. 1 u 7 ~ s  C h i n  Chain 

- 

a 
Only A few of the s l d g e  samples were armLy+cd by 8- spectroscopy s ince the sal.ples 
were sull m d  hence sensi t iv i t iem poor. 

 DL = Below Detectable L i m i t  

*Sample 51 was taken before a f lush  by the sewer department and Sa.ple 52 was taien 
i m e d i a t e l y  a f t e r  the f lush.  

4 



Table 9 

ESTfHATED VOLWIB. MASS AND ACTIVITY OF HATERIAL 
THAT COULD BE GENERAT~D BY REKEDIAL A C T I ~  

Eatiuted Activity (Curies) 
b 

Area and Haterial Emtimated Volume Eatiuted Maan 
Inwolved ma fta kl! lbs. (avoir) Nmturrl Thorium Aormsl Uranium 
- 

Bide. Interior* (c) 

bterior 26.2 925 3.9~10'  8 .6~10'  0.026 0.0014 
(p = 1.5) 

a 
Sectext for asaumptionr upon which emtimatea are baned. 

u 
b~ Curie im 3.7 r 101° dimintsgr*tiona per mecond. N 

W 
C 
Ammuwd 1 cm thickaam r-ed (13 mE surface area). 

%ot Applicable (MA) nine= the material was  not analyzed for specific activity (pCi/g). 



I. PORTABLE RADIATION SURVEY WBTERS 

A. Gas-Flow Proporti.0~1 Survey ntttrs 

The Bbcrlinc PAC-40-3 was the priaary inat-t used for survyinp. This 
instrwcnt is a gas-flow proportional counter uhich utilixes a gas-proportional 
detector, 51 cmf (PAC-4G-3) or 325 af (RI-4G) in area, witb a thin double- 
aluminized Ifylar window (- 0.85 m S / c l a ) .  

Since thia instrument baa rultiple hi*-voltale positions, it can be used 
to distinyish between slph. and beta-s- contamination. This instrurcnt was 
initially used in the beta rode. I n  the beta mode, the detector responds to 
alpb and beta paticlea a d  x -  and gru-ray.. When areas indicated a higher 
count rate than the averale instrwnt backlround, the beta-mode readin5 was 
recorded, and tbe inat-t war then switched to the alpha m d e  to determine 
any alpha contribution. I n  the alpha mode, the inmt-nt responds only to 
particles with high apecific ionization. This instrwat is calibrated in the 
alpha w d e  with a flat-plats infinitely-thin NRS traceable "*Pu standard, and 
in the beta mode with a flat-plate infinitely-thin ElBS traceable sO~r-*bp stan- 
dard. The PAC-46-3 inst-nta are calibrated to an apparent 50X detection 
efficiency. 

B. Beta-G- Kad Window Survey Heter 

m e n  an area of contamination is found with a PAC instrument, a reading is 
taken with an Eberline Beta-gr~. Geiger-IJucller Counter, Model E-530 with a 
HP-190 probe. Thia probe has a thin mica end window and is, therefore, sensi- 
tive to alpba and beta particles and x- and 8--rays. A thin piece of alurinum 
is added to the mica, -king the windor density approxiutely 7 mg/a2. At this 
density, the instrument is not sensitive to the majority of alpha emissions. A 
maximum reading is obtained with the probe placed in contact w i t h  the area of 
contamination. Another reading is obtained with the probe almo held 1 m from the 
conrami~ated area, and a reading is obtained. This inst-t ia calibrated 
with an HBS traceable lS7Ca mource. 

< 

C. Low gnergy Gamna Scintillation Survey Heter 

An Kberline Hodel PRH-5-3 with a PG-2 g- scintillation detector is used 
to determine low energy x and g- radiation. The PO-2 detector consists of a 
thin HaI(TP.) scintillation crystal 5 a in diurter by 2 m thick. This instru- 
ment is calibrated on three meparate di~criainators for three energy regions 
using *'*Pu (17 Lev), ="Am (59.5 k V )  and (185.7 Lev) sources. This 
instrument can be operated in either a differential (to discriminate between 
different energy regions) or integral mode. 



AQPKNDIX 1 
(cont'd.) 

D. High Energy Micro "R" Scintillation Survey b t e r  

An Eberline Uicro "R" meter w d e l  PRH-7 is used to detect high energy 
g-a radiation. This instrument contains an internally mouoted NaI(TL) scin- 
tillation crystal 2.5 cm in diameter by 2.5 cr thick and can be used for 
rasuring fields of low-level radiation between 10 pR/h and 5000 @/h. This 
instrument is also calibrated with aa KBS traceable 426Ra source. 

E. Intearating Radiation Heter 

In addition to the PBA-7, a pressurized ion ~ch.rber (Reuter Stokes Hodel 
RSS-Ill) is used at selected locations to determine the d i e n t  radiation field. 
The RSS-111 has three output modes; 1) instantaneous expomure rate, 2 )  strip 
chart differential readout, and 3) integrated erpomure. This instnment is 
mounted on a tripod, three feet (- 1 meter) above the surface and has a uniform 
energy response from about 0.2 HeV to mbout 4 t i e V .  A tbree hour period of 
operation is usually sufficient to obtain significant data. 

1 1  SHEAR COUNTING IASTR-ATION 

An AWL designed   as-flow proportionnl detector comected to an Eberline 
Mini Scaler Model HS-2 is used to count multiple e a r s  simultaneously. This 
detector has a double-aluminized Mylar window (400 cm2) and uses P-10 (90% argon 
and 10% metbane) as the counting gas. The met41 sample holder for this detector 
has been machined to hold ten smear paperu. This particular system consists of 
two Mini Scalers and two detectors. One is used for counting in the alpha mode; 
the other is used in the beta mode. Up to ten ~amples can be counted si-ul- 
tnneously. 

b y  smear taken from a contaminated area is counted individually in a 
Nuclear Neasurmnts Corporation PC-5 gas-flow proportional counter. This 
inst-mt has been wdified to contain a double-aluminized Hylar spun top. 
This fop is placed over non-conducting media (e.8. paper snars) to negate the 
dielectric effect on the counter. This counter also uses P-10 counting gas. 
hears are counted in both the alpha and beta modes. This instrument is cali- 
brated by determining the input senmitivity using an alpha source. 

111. AIR S W L I A G  DEVICE 

Air suplem are collected using a c-rcially available (ANL-modified 
filter queen) vacuum cleaner identified as a "Princes8 Hodel." The air was 
dram through a filter media at a flow rate of 40 ms/h. The filter media consist 
of 200 em2 sheets of Hollingsrrorth-Vose (HV-70 or LB5211-9 mil) filter paper. 
The collection efficiency at theme flow rates for 0.3-micron particles is about 
99.9%. 

A separate air sample can be taken with a positive displacement pump 
drawing about 20 liters/min through a millipore (0.5 to 0.8 micron) filter paper 



for about one hour. An alpha spectru can be measured frol a ~ection of this 
filter paper. The ratio of actinon - 6.62 MeV a AcC) to radon ( 2 P 2 ~  - 
7.69 MeV RaC') c m  be determined frol this mpectrum. 

I V .  GAtmA SPECnM I H s T R m A T I o I i  

A Nuclear Data llultichanuel Analyzer Hodel IID-100, utilitin@ a 7.6 cm 
d i m t e r  by 7.6 a thick BaI(TL) scintillation crystal is c-nly used for 
determining glra spectrur. Tbim imt-at im calibrated with NBS traceable 
g a u  sources. Samples f r a  contaminated areas are amlys8d ruing this s y t u  
and the contamination radionuclidcr are identified. 

Hyperpure Ccrunilpl detector. ( O m C  - 17% efficiency ri~ht-circular 
cylinders) art used when lore mophisticated #--ray alulyrem are required. 
These detector. are coupled to Nuclear Data ~ l t i c h a ~ e l  Analyzer. (Models 
ND-60, WD-66 or WD-100). 



COWERSION FACTORS 

The comermion  factor^ lued to obtain the readings in units of dirintelra- 
tions per minute per 100 mP (dis/min-100 cmf) and the derivation of those 
factors are listed below. 

A. Conversion Factor8 

Floor 

cts/rin to dia/min for gasPu 

cts/ain to dis/min for 
nornl U 

cts/min to dir/min 
plus dau~hters 

B. Derivation of Conversion Factors 

Floor Monitor 

Windov Area: - 325 a* 
Conversion to 100 oP = 0.31 t i w s  Floor Monitor readings 

Window Area : - 51 mP 
Conversion to 100 mg = 1.96 t i w s  PAC reading 

. 2n Internal Gam-Flm Counter. PC Countcr 

Geetry: Solid Steel Spun Top - 0.50 
Ge-try: Mylar Spun Top - 0.43 

Hyl6r spun t o p  count* {double-allminized Iiylar window 
(- 0.85 mg/ag)]  utilizes the well of tke PC counter and 
im a wthod developed and used by the Argonne ilational 
Laboratory Health Phymicm Section for negating the dielec- 
tric effect in counting maqles on nonconducting media. 



Uaing a flat-plate, iafinitely thin plum short-lived daughters stm- 
dard am a source of alpha emissionm, th plate was c o w e d  in the well of a 23t 
Internal Gas-Flow Counter (PC counter) with the source leveled to an apparent Zn 
geometry. Thia inst-t was calibrated wing Os*Pu MBS traceable alpha mourccn. 
The alpha counts per minute (cts/min) readin# was found to be 1.8 x 10' ctm/mln, 
or 1.8 x 10' i 0.51* = 3.5 x 10' disintesrationn per minute (dis/min) alpha. 
Since the source was infinitely-thin, the alpha cogonent wam used as the total 
alpha dislmin of the source. 

The s u c  g2*Ra plus dawterm source, when counted with the PAC i~trumcnt 
in the alpha wde, was foud to be 2.2 x lo4 cts/min at contact. The cortvermiou 
factor for cts/min to dis/min for the PAC instruwnt is 3.5 x 10' + 2.2 x lo4 = 
1.6 disfmin alpha to cta/min alpha. 

The e a r  source was covered with two layers of conducting paper, each 6.65 
mg/cr2, to absorb the alpha emimsions. With the PAC-46-3 in the beta mode and 
in contact with the covered source in the center of the probe, the count was 
found to be 7.5 x lo5 cts/min. This indicates a conversion factor of 3.5 x 10' + 
7.5 x lo3 = 4.7 disfmin alpha to ctm/min beta-pa-. 

A similar wthod was rued to determine the conversion factors for nolul 
uranium. 

The conversion factors for cts/min-100 cm4 to dis/min-100 cm2 are given 
below: 

A. Conversion Equation (Alpha) 

cts/min - (Bkgdl = dis,lin 
g x bf x sa x waf 

A georctry (g) of 0.43 is standard for a11 flat-plate counting using 
the Mylar spun top. 

A backscatter factor (bf) of 1.0 is used when determining alpha acti- 
vity on a filter udia. 

The self-absorption factor (sa) was asswcd to be 1, unless othervise 
determined. 

%e valw of 0.51 includes the following factors: g e m t r y  (g) = 0.50; back- 
scatter factor (bf) = 1.02; sample absorption factor (sa) = 1.0; window air 
factor (waf) = 1.0. The product of g x bf x ra x waf is 0.51. 



If the energies of the isotope a re  known, the appropriate window a i r  
factor  (waf) i s  used; if the  energies of the isotopes a re  mknown, the 
(waf) of 2a0Pu (0.713) i. used. 

The (waf) fo r  alpha from P20h p i w  daughters i s  0.55. 

3. Conversion Equation (Beta) 

c t s / r i n  - (6 Bkgd (cts/min) + a cts/minl = 
g I bf x .a x Waf 

A ~ e o l e t r y  {I) of 0.43 i s  standard fo r  a11 f l a t -p l s t c  counting using 
the Hylar spun top. 

A backscatter factor  (bf)  of 1.1 is umed when determining beta r c t i v i -  
t y  on a f i l t e r  r d i a .  

A self-absorption fac tor  (.a) ram asmwed to be 1, unless otherwise 
determined. 

I f  tbe energies of the isotopes were Lnovn, the appropriate window a i r  
factor  (waf) wam umed; if the energies of the imotopes were unhova,  
the (waf) of sOSr-sO~ (0.85) i m  umed. 

The (waf) fo r  bet.. f rod p l lu  daughters i s  0.85. 



Calculation6 for air r q l e s  collected with an Argonue National Laboratory- 
designed air sampler using EV-70 or LB5Zll filter wdia are ruurized ill this 
appendix. The appendix also include. the basic assumption6 and calculations 
used to derive the air concentrations. 

The follortiq postulate6 are assucd in derivia the radon (*"~n) concen- 
trations a6 based on the RaC' alpha count results. 

A. RaA, RaB, RaC, and RaC' are in equilibrium. 

B .  RaA ia present only in the first count and not the 100-minute decay 
count. 

C. One-half of the radon progeny im not adhered to airborne particulates 
(i.e., unattached fraction) and, therefore, is not collected on the 
filter eedia. 

D. The geometry factor ( 8 )  is 0.43 for both the alpha and beta activity. 

E. The backscatter factor (bf) of 1.0 is used for the alpha activity. 

F. The sample absorption factor (61) for hC' is 0.77. 

G. The window air factor (waf) for RaC' i u  0.8. 

H. RaB and RaC, being beta emitters, are not counted in the alpha mode. 

I. The half-life of the radon progeny is approximately 36 minutes, based 
on-the combined RaB and R.C half-liver. 

J. Thoron and long-lived alpha emitters are accounted for using the 360 
count and the seven-day count, respectively. 

K. For all practical purpoaea, RaC' decays at the rate of the corposite 
of RaB and RaC, which in about 36 minutes. 

The following pontulates are assllrd in deriving the thoron (2P%) con- 
centrations. 

I. T M ,  ThB, ThC and ThC' are in equilibrim. 

H. T M  and RaC' have have decayed by the 360-minute decay count. 
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N. The geo#try factor  (g) ,  backscatter factor  (bf ) ,  sample absorption 
factor  (sa)  and window a i r  factor  (waf) are a l l  the ..re for  thoron 
as  for radon. 

0 .  ThB and 64% of ThC, being beta emitters,  a re  not counted i n  the alpha 
mode. 

P. Thc b l f - l i f e  of the rhoron progeny i s  10.64 hours (638.4 s i n )  based 
on the ThB h l f - l i f e .  

Q .  For a11 prac t ica l  purposes 36% of the ThC'(a1ph. branch) and the ThC' 
decay a t  the decay r a t e  of ThB which i s  636.4 r i n .  

R.  The counter does not d i f fe ren t ia te  betveen the ThC alphas and the 
ThC' alphas. 

The followin8 po8tulates are assumed i n  d e r i v i q  the actinon ("%I) 
conccntrationm . 
S .  AcA, AcB and AcC are  i n  equilibrium. 

T. AcA has decayed by the 100 minute decay courrt. 

U. The georctry (11, backscatter (bf) ,  rmmple absorption (na)  and windov 
a i r  factor  (waf) factors a r e  a l l  the sue for  actinon as  fo r  radon. 

V. AcB beiag a beta emitter i s  not counted in  the alpha mode. 

W. The h a l f - l i f e  of the actinon proBeny is 36.1 minutes based on the AcB 
half - l i f e .  

X. For a l l  p rac t ica l  purposes, tbt AcC decays a t  the  decay r a t e  of AcB 
which i s  36.1 minutes. 

Y. 84% of the AcC decays by 6.62 n t V  a cr iss ions and 16% decays by 
6.28 n t V  a emissions. 

The following portulated is assumed i n  d e r i v i ~  the long-lived concentra- 
t ion.  The long-lived ac t iv i ty ,  a6 determined from the seven-day count, i s  
asslacd to be constant dnriw the e n t i r e  countily periods. This assumption 
i s  val id  fo r  isotopes with half- l ives  longer t h  a few years. 

11. JiQUATIW USED TO DERIVE AIR COIJUWTR4TICWS 

a r e :  a = &cti.bitY (dis/min) present a t  the end of the 
sampling period (usually 40 minutes) 
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A = Activity (dis/min) at roK t h e ,  t, after end of 
the s u p l i q  period 

t = Time interval (min) f r m  end of s m p l i q  period 
, to c o u t i r ~  interval (usually = 100 minutes) 

t = Half-life of isotope (min) b 

Concentration is detedned by the equation: 

Where : C = Concentration (disimin-ma> 

A = Activity on Filter w d i a  at end of salplinp 
0 

period (dis/min) 

f = Samplinp rate (ms/lin = ms/h x Ih/bO minuter) 

\ = Half-life of isotope or controlling parent (rin) 

Since the actinon (*'%hi) propeny (AcA, AcB & AcC) decay8 rt the AcB 
half-life of 36 min. it cannot be distinguished frca the radon ( S P 2 ~ n )  progeny 
using standard air sampling with EV-70 or LB5211 filter media and standard alpha 
counting techniques. A positive displacaent pump is used to collect a sample 
on millipore (0.5 to 0.8 micron) filter wdia. The sample rate is approxhstely 
20 litershin for a sampling t h e  of at least ninety minutes. The center portion 
of tke sample is removed and counted in an alphs spectroseter which exhibits the 
6.62 UeV AcC alpha emissions and the 7.69 &V RaC' alpha emissfom. If these 
two peaks are observed in the spectrum, t b n  the following calculatioarr are 
performed. 



A F ' r n I X  3 
(cont'd. ) 

m 
B. = I b.. 
J i=I 13 

Where : b. = the umber of counts in channel i of peak j. 
1 

B. = S-tion of n channels under peak j. 
J 

j = 1 for the 6.62 &V peak of actinon. 

j = 2 for the 7.69 h V  peak of radon. 

n = total nuder of channels in the s u t i o n .  

The fractioo of the activity with a 36-minute half-life due to actinon and radon 
are then: 

Radon = B2 
B 1 /.84+B2 

Where 1 refers to actinon progeny and 2 refers to radon progeny. 

IV. EXAMPLE CALCULATION 

Data has been created to correspond to values likely to occur if all 
possible types of contamination are present in the air of a room where the 
sample is taken. The application of the equations for determining all types of 
activity and their concentrations are given below. 

Data f = 40 ms/60  min. 
at t = 100 min. 
at t = 360 min. 
at t = 7 days 

For lonplived activity: 



For thoroa: 

For radom (PP4Rn) and actinon (*I%); activity due to thoron at t = 100 -in. 

Activity due to the i.otopes with a 36 minute lulf-life: 

When an actinon peak is seen at 6.62 HeV, then the counts under the two peaks 
are 8-d. For exarple, if 10 channel. are * w e d ,  the following counts are 
found . 

For 6.62 MeV peak: Forty-four counts in 10 chinnels, where the 6.62 alpha 
aissiona are 84% of the total. 

For 7.69 ntV peak: 601 count. in 10 channels, where the 7.69 MeV 
alpha efni.siona are 100% of the total. 
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B1 = 44 

B1/. 84 = 52 coumts 

B2 = 601 count. 

Actinon = 52/653 = 0.08 

Since we assume tha t  on the  averaw half of the promny is not adhered t o  the 
airborne par t icu la te r ,  the above con cent ratio^ are  then multiplied by a factor  
of (2) t o  determine actual  concentrationu. We amsurc tha t  there i s  no unattached 
fract ion fo r  the lons-lived ac t iv i ty .  

C actual = C vasu red  x projeny correction factor 

C(L) = 0.19 dislrin-ms 

These would then be the resu l tan t  concentrations i n  dialmin-ma. To convert to 
pCi/P, divide the con cent ratio^ by 2.2 x loa .  



S W L E  PREPARATION NTD MALYSES GBKERlC PROTPCOL 

I. SOIL s m L E  PREPARATIOII 

Soil samples are acquired as previously described. These marples are 
basged and identified at the collection site and returned to An. If there is 
an indication of radioactive contuination, the m 4 l e  ir sealed in a nalgene 
jar. At An, the soil samples are Loued into the soil sample book and weighed. 
Each moil sample is weighed (on a tared balance scale) and the weight is marked 
on the container. This weight is recorded in t h e  soil book as a "net weight." 

After a11 muples are urked, u e i m  and recorded, they are dried. Each 
sample is placed in a pyre. beaker urked with the sample identification nuder. 
If more than one beaker is necessary, additioml umbers (e.g. 1-3, 2-3, 3-3) 
are used. The original containers are raved for repackaging the dried sampler. 
The beaker is set in an 80°C oven until the soil im dry (approriutley 48 
hours). Virul inspection of the soil ia sufficient to determine when the soil 
is dry. The sample is returned to the original container and reweighed using a 
tared balance acale. This weight is almo marked on the container and in the 
soil sample book where it ia referred to as a "dry weifit." 

After a11 the samples are returned to their original containers, the 
milling proceas ia started. Each dried saqle is transferred to a 2.3 gallon 
ceramic mill jar containing mill balls (1%" x 15" Burundum cylinders). The mill 
jar number is marlred on the original container. The jar. are sealed and the 
samples are milled for two hours or until sufficient mterial is produced to 
obtain 100 g and 5 g samples for analyses. The samples are milled six at a 
time. A second set of mix jars are prepared while the milling of ttte first set 
is proceeding. After each sample is milled, the mill balls are r m v e d  with 
tongs and placed in a tray. A large plastic bag is inverted over the mill jar. 
Both are inverted and rhaken until all the soil is transferred to the bag. If 
the soil platem the inride of the mill jar, a small paint bruah is used to 
loosen the soil before the jar is inverted. A separate brush is used for each 
jar to prevent cross-contamination of the soil samples. 

After milling, each sansple in sieved through a number 30 standard testing 
aieve (600 p mesh) and transferred to a 12" x 12" ziplock bag. Rocks and dross 
are bagged separately. The bags are urked with tke sample number, the sieve 
number and R(rocks) or S(soi1). The balance is tared and t k e  weightr of the 
soil (or rocks) are peasured and recorded in thc Soil Sample Book. A 100 g 
sample of the sieved mterial is transferred to a G oz. Nalgenc bottle. These 
samples are analyzed by suitable analytical techniques including, am a minimu, 
g- apectromcopy (GeLi) as well as radiochmical analyses for plutonium, 
americium and thorium. A five gram sample of the sieved material is tranmferred 
to a 1-02 Nalgene bottle. 
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This sample i s  used f o r  the  determinntion of uranium by laser  f luormet ry .  The 
bot t les  containing these weighed samples a r e  marked v i t h  sample number and date 
and t h i s  i n f o ~ t i o n  is recorded i n  the Soi l  Sample Book. The rocks (and dross) 
and remaining s o i l  a r e  placed i n  mtorage. 

The sieves,  m i l l  j a r s  and Burundum milling b a l l s  used i n  t h i s  work are 
c lass i f ied  i n  two se t s .  One set i s  used for  back~round samples exclusively. 
The other s e t  i s  used fo r  a11 samples from suupect areas. So i l  uamples, with 
elevated levels  of radioact ivi ty  based on inst-nt measurements, a r e  milled i n  
one gallon Nalgene bo t t l e s  usinB Burundum b a l l s  from the met used fo r  suilpect 
samples. After use, these ball.  a r e  e i t he r  decontaminated (see below) o r  
disposed of as  radioactive waste. These llalgene bottle. a r e  always disposed of 
as  radioactive wmmte. Tbe sieves used fo r  theme s u p l e s  a r e  aluo from the s e t  
used for  suspect snmplem and are decontamimted a f t e r  u i n g .  

The care of the milling apparatus i s  as  important as  the actual  sample 
preparation. Proper care prevents croms-contamination of ~ucce8s ive  samples. 
The beakers used t o  dry the  s a q l e s  a r e  washed thorou&ly by placina a small 
amount of Ham-Sol  i n  each beaker and f i l l i n g  with warm water. The beaker i s  
then scrubbed thoroughly on the inside and scoured on the outside with scouring 
powder. The beakers a r e  then rinsed with tap  water ( three t i r e s )  followed by 
demineralized water ( three time.) and f ina l ly  dried thoroughly before reuse. 

The mill ing apparatus (ton&, brushes, milling j a r s ,  l i d s  and milling 
b a l l s )  a r e  rinsed. The tongs and brushes a r e  washed thoroughly v i th  Hacur-Sol. 
Eight Burmdum b a l l s  a r e  returned t o  each mill ing j a r  along with about one p in t  
of clean road gravel,  one spoon of heme-Sol, one apoon of scouring powder with 
bleach, and one quart  of water. The l i d  i s  tightened on the j a r  and the j a r  is 
placed on the ro l l ing  m i l l  and rol led f o r  approximately two hours or u n t i l  the 
b a l l s  and the inaide of the j a r  appear t o  be physically clean. After t h i s  time, 
the  m i l l  j a r  is removed from the ro l l ing  m i l l  and i t 6  contents are  dumped into  a 
screen o r  basket. The l i d  mnd balls a re  then rinsed thoroughly three times with 
t a p  water followed by three times with demineralized water. The inside of the 
j a r  is rinsed u n t i l  it i s  absolutely clean.  Tfie milling apparatus is a i r  dried 
using warm a i r  u n t i l  absolutely dry. A i r  i s  blown t h r o w  a hose from the oven 
t o  the  inside of the ceramic j a r  t o  dry the j a r .  

The sieves a r e  rinsed,  washed i n  %--Sol, thoroughly rinsed ( three times 
with tap water, followed by three r inses  v i t h  demineralized water) and then a i r  
d r ied  am above before reuse. 

I I I. WATER AND SLUDGE 

Water sa lp les  a r e  collected i n  0.1 liter, 0.5 l i t e r  and/or 1 liter quanti- 
t i e s  as  deemed appropriate. These samples a r e  forwarded d i r ec t ly  t o  a ce r t i f i ed  
rad iocht r i s t ry  laboratory for  preparation and analysis.  The customarg analysis  
procedure consis ts  of f i l t r a t i o n  t o  obtain  the suspended so l id s  followed by 
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evaporation to obrain the dissolved solids. Both suspended and dissolved solids 
are analyzed by appropriate radiochemical analytical techniques. 

Sludge samples are collected in 0.1 liter bottles and are processed as 
delineated above for water sasples. 

IV. VEGETATIOH, TRASH Am RUBBLE 

Samples of potentially contadnated ve&etation, trash (e.8. piping, ducts, 
conduit, etc.) and rubble are collected, bagged and labeled at the mite and 
returned to An for analymis. 

Vegetation samples are initially weighed and transferred to Harinelli 
beakers for g a ~ u  spectr-tric analysis. Then they are ashed, reweighed and 
analyzed by appropriate analytical techniques. 

Trash and rubble samples are forwarded to 4 certified radiochcristry 
laboratory for analysis. 

V. TRITIUH EXOH SOLID M ~ I A L S  

Samples of solid uterials (e.g. concrete) suspected of containing tritium 
are collected, broken into s u l l  pieces and submitted to a certified radio- 
chemistry Laboratory for analysis. The st8ndaid annlytical procedure consists 
of transferring a 20-40 8 sa.ple to a ceramic boat followed by heating in a tube 
furnace at 42S°C for a period of t w  hours (- 40 min to reach temperature and - 
80 min heating at temperature). Eelium is used as a flow gas through the tube 
during heating, and the tritium is colelcted in two traps on the domatream side 
of the furance. The first trap is imtrred in an ordinary ice bath ( O ° C ) ;  the 
second trap is i w r s e d  in a Cop-Freon bath (-57'43. The collected tritiated 
water from both traps is combined, made up to a how volume, and an aliquot 
taken for liquid scintillation counting of the tritium. 

VI . ANALYSIS PROCEDURBS 

A 100 gram fraction from each soil sample is analyzed by high resolution 
gamau-ray spectroscopy using. & germanium crystal detector coupled to a mlti- 
chamel analyzer. This analysis aIlorr8 for a quantitative determination of the 
2 P 6 ~ a  decay chain (via the 609 keV p r a y  of *14Bi) and the 232Th decay chain 
(via the 908 keV y-ray of 2 P a A ~  as well as any other g- emitting radionuclide 
(e.8. '37C11) present in the soil. 

The total uranium (elemental) present in the soil is determined by an acid 
leach of the soil sample followed by laser flwrometry of the leached sarple. 

Thorium analysis consists of an acid leach of the soil (using 4 23'Th spike 
for yield deterrimtion) followed by plating a thin source of the radioch-i- 
cally separated thorium and determining the thorium isotopes (22'Th and 232Th) 
by alpha spectroscopy. 



The result. of the above uanurcocntm allow for quantitative deterripltion 
of the relat ive  .wrunts of n o r v l  uranium, wtural  uranium, ta i l ings  ( i . e . ,  
P2% decay c h i n ) ,  thorium ("?b), mesothorium decay chain) and thorium 
tazaTb) decay ch in  prement in the cont.rixu+ed material. 

A mass apectrcmetric amlyuia of the uranium fraction i m  conducted when it 
i s  known or i m  is surmised that depleted or enriched uranium might be prelent. 



C A L C W T I M  OF ISORMI.-URAUIUf SPECIFIC ACTIVITf 

The mpecific activity for no-1 urani- was obtained by a w i n g  the 
waaured specific activities for the individual isotopes weighted according to 
their norul abundances. Best valuem for these mpecffic activitiem were taken 
f r m  A. 8 .  Jaffey, et a1. Phys. Rev. 4 1889 (1971). The percent abundance and 
half-lLfe for each isotope were taken from the "Table of Isotopem," 7th Edition 
by C .  U. Lederer and V. 5 .  Shirley (1978). Atomic weight6 were taken frol the 
Handbook of Ckemimtry and Physic., 52nd Edition (1971). 

Atomic 
Specific Wlf-life Abundance Weifit Abundance 

Isotope Activity (years) (at= X) bra-.) (rrt %) 

&ere ( w t  %)* = 
- 
(atom %Ii (atomic weight). (atom %Ii (atcmic weight) 

1 - - i 
$(atom XIj (atomic vciat) 238.02985 

j 

Note that tbe abundance total6 I00.0003X. Since it cannot be determined 
which iaotope(8) are in error, the calculation# are made with the 0.0003X error 
unaccounted for. 

Specific activity for normal uranium: 

0.746 x 0.99284 x 2 = 1.481 dis/min-yg from Pa4 & 29aU 
4.798 r 0.00711= 0.0341 dim/min-pg from 

1.515 dis/min-pgfocnomalu 

where PS4U is asmumed to be in secular equilibrium with the 23aU parent. 

Note that 2.25% of the total activity is due to 2 3 s ~  and 48.8n each is due to 
"34U and 43aU. 



PEUTINEUT BADIOLOGICAL ItEGWATIONS. 
ST-, AND GUIDELIllES 

Control of Radioactive Surface Cont.lination 

on I t t e r i a l s ,  I q u i m n t ,  and Facilitiem to be 

Ralaased fo r  Uncontrolled Use 

there  pot*ntially contu ina ted  surfaces arm not accemmible fo r  w a s u r m a t  
(am i n  m a *  pipea, drainm, md ductwrk) ,  auch pr-rty a h 1 1  not be n l a a r e d  
purmlunt t o  thim standard, but m h . 1 1  be ud. the rubject of came-by-care w a l u -  
t i oa .  

Property ahal l  not ba ralaarad fo r  uacontrollad lua unlamr waaur-nts 
mhow the to t41  and r..ovabla c o n + . l i ~ t i o n  lava11 t o  k no s n a t a r  t h a i  +he 
v a l w r  i n  Tabla 1 o r  Table 2. (The value8 i n  Tabla 2 a re  eas ie r  to apply whan 
the  con tu inan t r  cannot be i n d i v i b l l y  idant i f i8d.J  

Coatiwm umad t o  comr  tha contamination m b l l  not bm eonmidormd a aolution 
t o  tha c o n t u i n b t i a  p r o b l r .  T b t  i n ,  tha m n i t o r i r q  taEMquan s h a l l  be 
mufficieat t o  d r t e rn im,  and aucb &tarminetion mbll ba u d e ,  t ha t  tba t o t a l  
amount of contamination p n s a n t  on and undo; any c o a t i u  doas not ezcaed the 
Table 1 o r  Table 2 valuam bafore r8l*are. 



t (Actiri ty) + 

Contuimntn Idi./ri.-lW dl 
1-1 

liuclidu. Wirca PIP. 
Group Description (Irota 1) Ale -able) 

1 Uuclides for  which tho mom- + z 7 k  20 k r l c t c c t r b l c  
o c c u p a t i o ~ l  MPC (Mote 2) t r 1 s n r t l . r . ~ ~  

*40.t~O.+Ll.SC2,.. 
m- 3) 

i a  2 r 10-1s ~i/:" or  lean 
o r  fo r  which the aonoccupa- t 4 s * t ~ ~ r t ~ ~ ~ x ~ m ~ t . 7 ~ + * ~  

tional-LIPC (Note 4) im ~ t s r l t e ~  
2 x 10 ' cf/ma o r  laam za7rp 

*-pa 
=l%l 
48*rxa**z*p.~4tmt*4p,, 
f l a * i f a ~  
s r a * r a ~  

Thoae nuclides not i n  Group 
1 f o r  which the nonoccupa- 
t iona l  IlPC (Note 2) is 
1 = 10-1* t!i/ma o r  lea* 
fo r  which the nonoccupa- 
t iona l  lIPC (Noto 4) i n  
1 x 10-6 cY/rS or 1es. 

Those nuclides s o t  i n  Group 
1 or Group 2 



S W A C B  CONTAMINATION LIMITS 

* 
The levels  m y  be averaged over one square w t e r  provided the maximum ac t iv i ty  
in  any area of 100 cm4 is l e s s  than three tfKs the lirit value. For purposes 
of averaging with regard t o  isolated spots of ac t iv i ty ,  any square u t e r  of 
~ u r f a c e  sha l l  be considered t o  be contaminated above the lipit L, applicable t o  
100 a', i f  (1) f roa  easurmemtm of a representative number n of sections it 
is determined t h a t  l / n  Z S L I, where S i s  the dis/min-100 a2 determined 

i from e a s u r a c n t  of mectitn t; or ( 2 )  it is determined tha t  the ac t iv i ty  of a11 
inolated  spot^ o r  pa r t i c l e s  i n  any area l a s s  than 100 am3 exceeds 3 1. 

+ 
Disintegrations per  minute per square decimeter. 

NOTES: 

(1) Values presented here a re  obtained fror the Codc of Federal  regulation^, 
T i t l e  10, Part  20, April 30, 1975. The most l u i t iw  of a11 given WC 
values ( for  exaqrle,  ~ o l u b l e  versus insoluble) a re  t o  be rued. In  the 
event of the occurrence of mixture. of radionucliden, the fract ion contr i -  
buted by each consti tuent of i t s  o m  l i m i t  sha l l  be determined and the sum 
of the f rac t ion  sha l l  be l e s s  than I. 

(2) Maximum perrismible concentration i n  a i r  applicable t o  continuourn exposure 
of -berg of tbe public as  published by o r  derived from an authori ta t ive 
source such a. the National d o l i t t e e  on Radiation Protection and Measure- 
ments (MCRP), the  International Comission on Radiological Protection 
(ICRP), o r  the Nuclear Regulatory Comrission (IIRC). From the Code of 
Federal Regulations, T i t l e  10, Par t  20, Appendix B, Table 2, C o l m  1. 

(3) The ins tmaent  u t i l i zed  fo r  t h i s  measurement .hall be calibrated t o  =.sure 
a t  l ea s t  100 pCi of any Group 1 contaminants unifozmly spread over 100 cm2. 

( 4 )  Haximum permissible concentration i n  water applicable t o  members of the 
public. 

( 5 )  The instrument u t i l i zed  fo r  t h i s  measurement sha l l  be calibrated t o  reasure 
a t  l e a s t  1 nCi of m y  Group 2 beta o r  g- contaminants uniformly epread 
over an area equivalent to t h e  sens i t ive  area of the detector. Direct 
survey fo r  unconditional re lease should be performed in  areas where the 
background is 5 100 counts per minute. Yhcn the survey rmut be performed 
in  a background exceeding 100 counts per minute, it aay be necessary to use 
the ind i rec t  survey method to provide the additional memit ivi ty  required. 



(All Alpha h i t t e r s .  except 11 
M t 

and Thmt, Considered a s  r Group)* 

L i m i t  (Activity) + 

Idia/rin-100 m a )  
Total 
(Fixed Plus 

Contamination Coatiruenciea Removable Removable 

I f  the  contaminant cannot be ident i f ied;  20 Uondetectable 
o r  i f  alpha m i t t e r s  other than Un. (Note 2) 
(Note 1) and Th a re  preaent; o r  t f  
the beta mit te?t tc tmprise  ~ " A C  o r  
2-Ra . 

I f  it i r  kaown t ha t  a11 alpha emit ters  
a r e  generated from U (Ilote 1) and 
Thrut; and i f  beta a r e  
prement t h a t ,  while not ident i f ied,  
do not include 2 2 7 ~ ~ ,  lssI, 94%, 
and 'PsRa, 

If it i r  known t ha t  alpha uitterm a re  
generated only from U (Note 1) 

t 
and Thnat i n  equi1ibrf.u w i t h  i t s  
decry productm; rad i f  the  beta 
a i t t e r s ,  while not iden t i f ied ,  do 
not include 4 2 7 A ~ ,  lZ6I, 1391, **Sr, 
2 9 3 b  , n2%. lss1, laiI Uld lSaI. 

2000 a 
Hondetectable 
B,r 
(Note 3) 
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* 
The levels may be averaged over one square Ktcr provided the maximam a c t i v i t y  
i n  any area of 100 a 2  i s  l e s s  than three t i u s  the  l i m i t  value. For purposes 
of averagins with repard t o  i so la ted  mpotr of ac t iv i ty ,  any square meter of 
surface sh.11 be considered t o  be c o n t l ~ h t e d  above the l i m i t  I, applicable t o  
100 cm*, i f  ( 1 )  from w a s u r e r n t s  of a representative rider n of sections it 
is determined tha t  I /n Z 5. I I, where Si i s  the dis/min-100 aZ determined 
from measurement of sect ign 1; or  (2)  it is deterained t h a t  the  ac t iv i ty  of a l l  
i solated spots o r  pa r t i c l e s  i n  any area lens than 100 cm2 exceeds 3 L.  

+ 
Dinintegrations per minute per square d e c h e t e r .  

NOTES : 

( 1 )  Unat snd decay products. 

(2) The ins t ruera t  u t i l i zed  f o r  t h i s  measurement sha l l  be calibrated t o  measure 
a t  l e a s t  100 pCi of any Group 1 contaminants uniformly npread over 100 cr'. 

( 3 )  The instrument u t i l i z e d  f o r  t h i s  reasurement sha l l  be calibrated t o  peasure 
a t  l e a s t  1 nCi of any Group 2 beta o r  g- contaminants u i f o r r l y  spread 
over an area equivalent t o  the  sens i t ive  area of the  detector.  Direct 
survey of unconditiolul release should be performed i n  a n a s  where the 
background i m  5 100 count. p&r minute. *en tbe survey muat be performed 
i n  a background exceeding 100 couats per minute, it may be necessary to use 
the ind i rec t  survey method t o  provide the additional s e n s i t i v i t y  required. 
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GUIDELIMES FOR DECOFPAHINATIOII OF FACILITIES AND 
EQuIPLIEIiT PRIOR TO R m m S E  FOR l.ImlE?TRICTHD 

USE OR TEBnlXATIOR OF LICEHSES FOR BY-PRODUCT 
SOma3, OW SPECIAL m m  ?MTKBIAL 

(Theme have been retyped for 
purposes of thim report) 

The instructions in thim auide, in conjunction with Table 1, specify the radio- 
activity and radiation erpomure rate limits uhich should be umed in accomplish- 
ing the decontamination and survey of murfaces or praises and equipment prior 
to abandownt or release for unrestricted use. The limit. in Table 1 do not 
apply to premises, equiprcnt, or scrap containing induced radioactivity for 
which the radiological considerations pertinent to their use may be different. 
The release of such facilities or itas from reaulatory control will be 
considered on a came-by-case bamis. 

1. The licenmee shall make a reasonable effort to eliiinate residual contali- 
nation. 

2. Radioactivity on equipacnt or surfaces shall not be covered by paint, plat- 
ing, or other covering material unless contamination levels, as determined 
by a survey and documented, are below the limit. mpecified in Table 1 prior 
to applying the covering. A reasonable effbrt w t  be m d e  to rin+ize the 
contamination prior to ume of any covering. 

3. The radioactivity on tbe interior murfsces of pipem, drain line., or duct 
work shall be determined by making meaaurtlcnts at a11 traps, and other 
appropriate access points, provided that contarination at these locations 
is likely to be repreaent.tive of contamination on the interior of the 
pipes, drain lines, or duct uork. Surfaces of praises, equipment, or 
scrap which are likely to be contaminated but are of such size, construc- 
tion, or location as to make the surface inaccessible for purposes of 
measurement shall be presumed to be contaminated in excess of the limits. 

4. Upon requcst, the Corpission my authorize a licensee to relinquish posses- 
sion or coutrol of premises, equipment, or scrap having surfacer contarina- 
ted with materials in excess of the limits specified. This may include, 
but would not be limited to, special circummtances much as razing of buiLd- 
ings, transfer of premises to another organization continuing work with 
radioactive uterials, or conversion of facilities to a long-term atorage 
or atandby mtatlu. Such requemt must: 

a. Provide detailed, specific information demcribing the premisem, equip- 
ment or scrap, radioactive contaminants, and the nature, extent, and 
degree of residual surface contamination. 



b. Provide a detailed health m d  safety analysiu which reflects that the 
residual amounts of materials on surface areas, together with other 
considerations such as pronpective use of the prmises, equi-nt or 
scrap, are ualikely to result in an unreasonable risk to the health 
and safety of the public. 

5. Prior to releane of p m i a e s  for unrestricted uue, the licensee shall make 
a comprehensive radiation survey which establishes that contamination is 
within the limits specified in Table 1. A copy of the survey report shall 
be filed with the Division of Fuel Cycle snd Haterial Safety, USNRC, 
Washington, D.C. 20555, and also the Directdr of the Reaional Office of 
the Office of Inspection and Enforccunt, USNRC, having jurisdiction. The 
report should be filed at least 30 &ys prior to the planned date of sban- 
d o w n t .  The survey report sbll: 

a. Identify the prmiues. 

b. Show that rearonable effort has been made to eliminate residual con- 
tamination. 

c. Describe the scope of the survey and senera1 procedures followed. 

d. State the findings of the survey in units specified in the inutruc- 
tion. 

Following review of the report, the NRC vill consider visiting the facilities to 
confim the survey. 
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TABLE 1 

ACCEPTABLE SURFACE CONTAMINATION LIHfTS 

U-nm t , 2ss~, 5000 didrin-100 cm2 a 15.000 dis/min-100 erz a 1000 dis/min-100 cm2 a 
and aaaociatcd 
decay producta 

Beta-gmra 
emitter. (nu- 
clides with 
decay modes 
other than 
alpha emission 
or apontaneoua 
fission) except 

and others 
noted above. 
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TABLE 1 

ACCEPTABLE SUBPACE COWCMINATION LEVELS 

a 
Whcre surface c o a t a r i ~ t i o n  by both alpha and beta-8-1 emitting nuclides 
e x i s t s ,  the  l imi t s  established f o r  alpha and beta-8- emitting nuclides 
should apply independently. 

b ~ i  used i n  t h i s  t ab le ,  d i r / r i n  (d i s in tes ra t io ru  per minute) means the ra te  of 
emisrion by rmdiosctive u t e r i a l  ma determined by correctin8 the counts per 
minute obuerved by an appropriate detector f o r  background, eff ic iency,  and 
geometric factors  arsociated with the instrumentation. 

C 
Heasu rmnt s  of average cont.rinant ihould not be averaged over more than I 
square meter. For object. of l e s s  surface area,  the averase 8hould be derived 
f o r  each such object .  

d ~ b e  maximum c o n t u i r u t i o n  leve l  applieu t o  an area of not more than 100 cm2. 

C 
The amount of removable radioactive u t e r i a l  per 100 cmP of surface area nhould 
be determined by viping t h a t  area with dry f i l t e r  or .oft abmorbent paper, 
applying moderate pressure,  and aesesuing the amount of radioactive u t e r i a l  on 
the wipe with an appropriate inst-nt of L n m  efficiency. When removable 
contamination on object. of l e r s  surface area i r  determined, the  per t inent  
l eve ls  should be reduced proportionally and the e n t i r e  surface should be wiped. 

f 
The average and maximum radiat ion leve ls  associated with surface contamination 
resu l t ing  from be ta -gmu  emit ters  should not exceed 0.2 mrad/h a t  1 cm and 1.0 
mrad/h a t  1 em, respectively, leasured through not more than 7 milligrams per 
square centimeter of t o t a l  absorber. 



SURGEOH GENEIUL' S GUIDELINl%S 
am included i n  10 CFR Part  712 

Grand Junction R a c d i a l  Action Cr i t e r i a  

712.1 Purpose 

( a )  deternination by of the  need fo r ,  p r io r i ty  of and select ion of 
appropriafc r-di.1 action t o  l i m i t  the erpomure of individuals i n  the 
area of Grand Junction, Colorado, to radiat ion emanatins from uranium 
m i l l  t a i l i n l a  which have been umed am construction-related material. 

(b) The re#ulatioru i n  t h i s  p a r t  a re  issued p u r s u a a t t o  Pub. L. 92-314 
(86 Sta t .  222) of June 16, 1972. 

712.2 Scope 

The repulationm i n  t h i s  par t  apply t o  a11 s t ructures  in  the area of 
Grand Junction, Colorado, under o r  adjacent t o  which uraniua m i l l  t a i l i ngs  have 
been umed t o  a conntruction-related material  between January 1, 1951, and 
June 16, 1972, inclusive.  

712.3 Definition. 

As used i n  thim part:  

(a) "Administrator" n a n s  the Administrator of Xrlergy Research and 
Dwelopscnt or h i s  duly authorized representative. 

(b) "Area of Grand Junction, Colorado ," wan. Mesa County, Colorado. 

(c) "Back&round" means radiat ion a r i s ing  from cosmic rays and radio- 
ac t ive  material  other  than uranium m i l l  t a i l inps .  

(d) "MIB" means the U.S .  Departrent of Energy o r  any duly authorixed 
represenbt ive  thereof. 

(e) l ' ~ ~ n s t n a c t i o n - r e ~ a t e d  materialH means any material used in  the 
conatructlon of a s t ructure .  

(f) "External 8- radiat ion level" warm the average g a m  radiation 
expoBurt r a t e  fo r  the habitable area of a mtructure as  meamred near 
f loo r  level .  
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(g) "Indoor radon daughter concentration level" aeans tha t  conccntra- 
t i on  of radon daughters determined by: (1) averaging the re su l t s  of s i x  
a i r  samples each of a t  l ea s t  100 hours duration, and taken a t  a minima 
of 4-week intervalm throughout the year in a habitable area of a struc- 
t u re ,  o r  (2) u t i l i z ing  some other  procedure approved hy the Co~r i s s ion .  

(h) ' W i l l i r o e n t ~ n "  (18) wan. a un i t  e q u l  t o  one-thousandth (1/1000) 
of a roentgen which roentgen i~ defined am an exposure dose of 11 or  
g.rpa radiation sucb t ha t  the associated corpuscular c r i ss ion  per 0.001293 
& r u  of a i r  produces, i n  a i r ,  ions carrying one e lec t ros t . t i c  u n i t  of 
quantity of e l e c t r i c i t y  of e i ther  aign. 

( 1  "Radiation" memm the electromagnetic energy (gama) and the par- 
t i c u l a t e  radiation (alpha m d  beta)  which c u n a t c  from the radioactive 
decay of radium and its da.ulhter products. 

j "hdon dauebterm'' meam the consecutive decay products of 
radon-222. Generally, theme include Radium A (polonium-216), Fadim B 
(lead-214), Radium C (bimruth-2141, and Radium C '  (polonium-214). 

k "Rea?dial action" r a m s  any action taken with a reasonable expec- 
t a t ion  of reducing the radiation expomure resul t ing f r m  uranium m i l l  
t a i l i n g s  which have been used as  construction-related material  i n  and 
around atructurem i~ the area of Grand Junction, Colorado. 

(1) "Surgeon General's Gnidelines" meam radiation guidelines rcLatcd 
t o  uranium m i l l  t a i l i n g s  prepared and released by the Office of the U.S. 
Surgeon General, DepartwPt of Health, Education and Welfare on July 2 7 ,  
1970. 

m "Uranium sill ta i l ings"  means ta i l ing.  from a uranium mill ing oper- 
a t ion involved in  the Federal uranium procurement program. 

(n) 'Working Level" (WL) means any combination of short-lived radon 
daughter product. i n  I l i t e r  of a i r  that w i l l  r e s u l t  i n  the  u l t i u t e  
emission of 1.3 x 10' MeV of potent ia l  alpha energy. 

Except am spec i f ica l ly  authorized by the Muin i s t r a to r  i n  writ ing,  no 
interpretat ion of the meaning of the regulations i n  this pa r t  by an of f i ce r  o r  
c~p loyee  of DOE other than a writ ten in te rpre ta t ion  by the General Counsel w i l l  
be recogaiKd t o  be binding upon DOE. 

Except where otherwise specified i n  this pa r t ,  a11 c-ications con- 
cerning the regulationm i n  this p a r t  mhould be addressed to the Director,  
Division of Safety, Standards, and Compliance, U.S. Department of Energy, 
Washington, D. C. 205bS. 
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712.6 General radiation exposure level criteria for rc~edfal action. 

The basis for undertaking rcrdi.1 action .ha11 be the applicable guide- 
lines publiaked by t k e  Surgeon General of the United States. These guidelines 
rec-nded the follovina 8raded action levels for racdial action in termn of 
extenul g- radiation level (La) and indoor radon daughter concentration 
level (RDC) above back8round found within durllin8m constructed on or with 
uranium rill tailing.. 

EGR BM: Recolendation 

Gceater than 0.1 oB/h Grmater th8n 0.05 YL Ratdial action indi- 
cated. 

From 0.05 to 0.1 d / h  F r m  0.01 to 0.05 WL Remedial action u y  be 
suggested. 

Leas than 0.05 d / h  Less than 0.01 WL No remedial action in- 
dicated 

712.7 Criteria for dcterrinrtion of possible need for ratdial action 

h c e  it is determined that a possible &ed for remedial action exists, 
the record owner of a structure shall be notified of that structure's eligibili- 
ty for an engineering assessment to confirm the need for remedial action and to 
ascertain the most appropriate remedial masure, if any. A deterrimtion of 
possible need will be made if as a result of thc presence of uranium mill tail- 
ings under or adjacent to the structure, one of the following criteria is met: 

a Where DOE approved data on indoor radon daughter concentration 
levels are available 

(1) For dwellings and achoolroorn: An indoor radon daughter concen- 
tration level of 0.01 WL or greater above background. 

(2) For other structures: An indoor radon daughter concentration 
level of 0.03 WL or greater above background. 

(b) Where DOE approved data on indoor radon daughter concentration 
level. are not available: 

(1) For dwellings and schoolrooms: 

(i) An external g- radiation level of 0.05 rR/h or greater above 
backaround. 
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(ii) An indoor radon daughter concentration level of 0.01 WC or greater 
above background (presumed). 

A It l a y  be presumed that if the external g a l u  radiation level is 
equal to or exceed 0.02 d / h  above background, the indoor radon daughter 
conce~tration level equals or exceeds 0.01 UL above background. 

(B) It rhould be presumed that if the external gales radiation level 
is less than 0.001 mR/h above backsround, the indoor radon daughter con- 
centration level is less t h o  0.01 UL above background, and no possible 
need for remedial actions existr. 

(C) If the external g a m  radiation level in equal to or greater than 
0.001 mR/h above background but is leg. than 0.02 mR/h above background, 
rearurements will be required to ascertain the indoor radon daughter 
concentration level. 

(2) For other structurer: 

(i) An external glraa radiation level of 0.15 mR/h above background 
averaged on a rool-by-room basis. 

(ii) No presuaptioo. shall be u d e  on the external g- radiation 
level/iadoor radon daughter concentration level relationship. Dcci- 
sions will be made in ind4vidual cases based upon the results of actual 
measurements. 

712.8 Determination of porsible need for remedial action where criteria have 
not been met. 

The possible need for ratdial action may be determined where the cri- 
teria in 712.7 have not beem met if various other factors are present. Such 
factors include, but are not necessarily limited to, size of the affected area, 
distribution of radiation levels in the affected area, amount of tailings, age 
of individuals occupying affected area, occupancy time, and use of the affected 
area. 

712.9 Factors to be co~idered in determination of order of priority for 
remedial action. 

In determining the order or priority for execution of remrdial action, 
conrideration .hall be givem, but not pecers8rily limited to, the following 
factors: 

(a) Classification of structure. Drsellings and schoolr shall be con- 
sidered first. 

(b) Availability of data. Those structures for which data on indoor 
radon daughter concentration levels and/or external g- radiation 
levels are available when the program starts and which meet the criteria 
in 712.7 will be considered first. 



(g) Climatic conditions. C l h t i c  conditionm o r  other reasonable con- 
s iderat ions  may a f f e c t  the mcheduliq of ce r t a in  remedial measures. 

712.10  Select ion of appropriate remedial act ion.  

(a)  Tailinan w i l l  be remved f r o l  those s t ructures  where the  appropri- 
a t e ly  averaaed external  8- radiat ion leve l  i m  equal t o  o r  g rea te r  
than 0.05 rR/h above backaround i n  the  case of dwellina. and schools and 
0.15 mR/h above background i n  t he  case of other s t ruc tures .  

(b) Where the c r i t e r i o n  i n  parasraph (a)  of t h i s  sect ion i s  not met, 
other r e w d i a l  act ion techniques, i n c l u d i n ~  but not l imited t o  sea lan ts ,  
ven t i l a t i on ,  and sh ie ld ins  may be considered i n  addi t ion t o  tha t  of 
t a i l i n s *  removal. DOE s h a l l  s e l e c t  the  remedial action technique o r  
combination of techniques, which it deterrinem t o  be the  most appropri- 
a t e  under the  c i r cuu tances .  

IV.  EXCERPTS FROn W E  5k80.1 Chp. 6, Chapter X I  

"Requirements f o r  Radiation Protection" 

Erposure of Individuals and Povulstion Groubm i n  Uncontrolled Aream. 
Exposures t o  members of the  public sha l l  be a s  low a s  reasonably achievable 
leve ls  within the  ataadardr prescribed below. 

Radiation Protection Standards 
for  Internal and External Exposure 

of t4mbers of the  Public 

hnnual Dose Equivalent 
o r  Dome Comitment 

Based on Dose t o  Based on Average Done 
Ind iv idGl s  a t  t o  a Sui table  Sample 
Points of Haximum of the Exposed 

a e  of Exposure Probable Exposure Population 

Whole body, 0.5 rem 
gonads, o r  (or 500 a r m )  
bone marrow 

Other organs 1.5 rem 
(or 1500 m r a )  

0 . 1 7  rea 
(or  170 m r m )  

0.5 rm 
(or 500 r r a )  



V .  60 CFCFR 192 - HEALTH AND ENVIRONtBINTAL PBCrreCTTON STMDARDS FOR W I W  
HILL TAILINGS 

Authority: Section 275 of the Atomic Energy Act of 1954, 42 U.S.C. 
2022, at added by the Uranium Mill Tailings Radiation Control 
Act of 1978, PL 95-604. 

Subpart B -- Standards for Cleanup of h n d  and Build-. Contaminated with 
Residual Radioactive Hmterials froll Inactive Uramim Processing 
Site. 

192.10 Applicability 

This subpart applies to land and buildiqs that are part of any processing 
site designated by the Secretary of E D ~ ~ N  under Section 102 of the Act. 
Section 101 of the Act, states, in part, that "processing site" ~ a n s  - 

(a) any site, including thc rill, containing residual radioactive materials 
at which a11 or substantially a11 of the uranium was produced for sale to any 
Federal agency prior to January I ,  1971, under a contract with any Federal 
agency, except in the case of a site at or near Slick Rock, Colorado, unless -- 

(1) such site was owned or controlled as of January 1, 1978, or is 
thereafter o m e d  or controled, by any Federal agency, or 

(2) a license (issued by the (Nuclear Regulatory) Corission or its 
predecensor agency under the Atomic Energy Act of 1954 or by a Stste as permit- 
ted under Section 274 of such Act) for the production at mite of any uranium or 
thorium product dervied from ores is in effect on January 1, 1978, or is issued 
or renewed after such date; and 

(bl any other real property or improvement thereon which -- 
(1) is im the vicinity of auch rite, and 

( 2 )  is determined by the Secretary, in consultation with the Cormission, 
to be contaminated with residual radioactive materials dervied from such site. 

192.11 Definition. 

a Unless otherwise indicated in this subpart. a11 terms shall have the 
same meaning as defined in Title I of the Act or in Subpart A. 

(b) &a& means my surface or subsurface land that is not part of a dis- 
posal site and is not covered by an occupiable build*. 

(c) Working Level (UL) means any combination of short-lived radon decay 
products in one liter of air that will re~ult in the ultiute emission of alpha 
particles with a total energy of 130 billion electron volts. 



(dl  Soil means a11 unconsolidated mater ia ls  n o r u l l y  found on o r  pear the  
surface of the ear th  including, but not l imited t o ,  s i l t s ,  clay., sands, gravel,  
and .lull rock.. 

192.12 Standards 

Remedial actionm shall be conducted r o  as  t o  provide r e a n o ~ b l e  asmucance 
t h a t ,  am a r e su l t  of residual radioactive u t e r i a l s  f r m  any desipnated proces- 
nim s i t e :  

a the concentration of radium-226 i n  land averasad over any area of 100 
square miters sha l l  not exceed the backround level  by more than -- 

(1) 5 pCi/a, averawd over thc f i m t  15 a of s o i l  below the rurface,  
and 

(2)  15 i ,  averaged over 15 a t h i c k  layer. of moil l o r e  than 
15 cm below the rurface. 

{b) i n  any occupied o r  habitable building -- 
(1) the objective of r c u d i a l  ac t ion  ~ h a l l  be, and reasonable e f f o r t  

ahal l  be u d e  t o  achieve, an annual average (or  equivalent) radon decay product 
concentration ( i n c l u d i a  bacbrouud) not t o  exceed 0.02 WL. Ia  any case, the 
radon decay product concentratton (including background) sha l l  not exceed 0.03 WL, 
and 

(2) the level  of g- radiat ion 6h.H not exceed the background 
l eve l  by more thaa 20 picrorocatgen8 per  hour. 



Est i ra tes  of the extent of the c o n t u i t u t i o n  a t  the assessed mite a re  based 
on the t o t a l  volupe, mams, and quantity of radioactive - re r ia l  i n  the contami- 
mted  area. The volume is the product of the surface area and the depth of the 
contamination. The mass i s  the product of the v o l m  and the density of the 
material .  A density of 1.5 i s  sued fo r  .oil.  he concentration (pbi/g> 
of the spec i f ic  radioimotope i s  determined by radiochemical roalysim of the 
s o i l .  The t o t a l  quantity of radioactive u t e r i a l  is the product of the con- 
centration of the specif ic  radioisotope and the t o t a l  -8s of u t e r i a l .  

Often there is more than one contaminant in the moil (or ~ O l l t a ~ i l l l t e d  
material)  and t h e  contaminrnts are not uniformly dimtributed throughout the 
material .  I n  these caaes, i t  i s  necessary t o  e s t i u t e  the fract ion of the 
material  containing each contaminant i n  order t o  assems the t o t a l  quantity of 
the radioactive u t e r i a l .  This estimate of the fract ion of the u t e r i a l  con- 
taining each contrminant i s  based on the radiochemical alulymis of randomly 
selected muples . 

Estimates of the extent of contamination a re  u s u ~ l l y  determined for 
averaged (Option 1) and maximn or  wormt-case (Option 2 )  conditions. Sample 
calculations fo r  the extent of contamination -in the "Back Forty" area af the 
Albany, Oregon Bureau of nines S i t e  a re  am follows: 

Volume (Average) = 34,800 ft2 (area) x 3.6 f t  (avg. deplh) = 125,000 f t a  
= 3,550 ms 

V o l e  (fiaxiaum) = 34,800 f t 2  (area) x 9 f t  (max. depth) = 314,000 f t 3  
= 8,880 ma 

K ~ S B  (Average) = 3,550 ma x 1,500 kg/ms = 5.33 x 10' kg 
Ilass (Haximum) = 8,880 md x 1,500 kg/mS = 1.33 x lo7 kg 

Estimated Total Activity fo r  220R. ( c h i n )  

Average: 5.33 x lo6 kg x 16 I lo-'* Ci/g x g/Lg r .05 (fraction)* = 0.004 C i  

-is repremento the estimate of the f rac t ion  of the t o t a l  mass contaminated 
with the 24%a chain. 
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APPENDIX a 

EVALUATION OF BADIATTON EXKISURES 

INTRODUCTIOll 

A. Types of Radiation 

Radiation is the mission or tranumimsion of enerpy io the form of waves or 
particles. Examples are acourtic wares (i.e., sound), electromaglletic waves 
(such as radio, light, x- and #am-rays), and particulmte radiations (much as 
alpha particles, beta particles, neutrons, protons, and other elementary par- 
ticles). 

The class of radiation of igortance to thim report is known as ionizin# 
radiation. Ionizing radiations are thome, either electrou8rtetic or particu- 
late, with sufficient energy to ionize utter, i.e., to r m v e  or displace 
electrons frol atoms and molecules. The most c-n type. of ionizi- radiation 
are x- and ga-a-rays, alpha particles, beta particles, and neutronn. 

X- and gama-rays are electrougnetic waves of pure energy, havi~p no 
charge and no mass or existence at rest. C.l1-rays and x-raym are identical 
except that x-raym originate in the at= and pau-rays originate in the nucleus 
of an ator. X- and 8--rays are highly penetrating and can pass through 
relatively thick materials before interactin#. Upon interaction, some or a11 of 
the energy is transferred to electrons which, in turn, produce additional 
ionizations while coli~g to rest. 

Alpha particles are positively chrged particulates composed of two neutrons 
and two protons, identical to the nucleun of a helium atom. Due to its cor- 
paratively large mass and double charge, an alpha particle interacts readily 
with matter and penetrates only a very short distance before coming to rest, 
causing intense ionization along its path. 

Beta particles are negatively charged free electrons moving at high speeds. 
Due to its colpararively small maus and single charge, a beta particle's pene- 
tration through matter ia intermediate between th8t of th~? alpha particle and 
the gama-ray, causing fewer ionizatio~ per unit path length than an alpha 
particle. 

8. Sources of Radiation 

Ionizing radiations arise from terrestrial radioactive materials (both 
naturally occurring and man-lude), extra-terrestrial (cosmic) sources, and 
radiation-producing machinen. The sources of ionizing radiation important to 
this report are radioactive materials and cosmic source.. 

Host atoms of the elements in our environment remain structurally stable. 
With time, an atop of potassium, for instance, may change its association with 
other atoms in chemical reaction8 and b e c m  part of other corpounds, but it 
will always remain a potassium at-. Radioactive atoms, on the other hand, are 
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not stable and will spontaneously emit radiation in order to achieve a more 
stable state. Because of this spontaneous transformation, the ratio of protons 
and lleutrons in the nucleus of an atom is sltered toward a m r e  stable condi- 
tion. Radiation may be emitted from the nucleus as alpha particles, beta par- 
ticles, neutronm, or gma-rays, depending uniquely upon each particular radio- 
nuclide. Radionuclides decay at characteristic rates dependent upon the degree 
of ~tability and characterized by a period of t h e  called the half-life. In one 
half-life, the number of radioactive at- and, therefore, the amunt of radis- 
tion aitted, decrease by one half. 

The exposure of man to terrestrial radiatioa is due to naturally occuring 
radionuclides and also to "man-made" or technologically enhanced radioactive 
materials. Several dozen radionuclidem occur naturally, xo l c  having half -lives 
of at least the m u c  order of magnitude as Lhe estimated age of the earth. The 
majority of theme naturally occurring radionuclides are isotopes of the heavy 
elcrcnts and belong to three distinct radioactive meriem headed by uranium-23B, 
uramilu-235, and thoriue-232. Each of these decay. to stable isotopes of lead 
(Pb) through a sequence of radionuclides of widely varying half-lives. Other 
naturally occurring radionuclides, which decay directly to a stable nuclide, are 
potammium-40 and rubidiw-87. It should be noted that even thoush the isotopic 
abundance of potassi~m-40 is less than O.Ol*, potassium is mo widespread that 
potasaium-40 contributes about one-third of the radiation dose received by man 
from natural background radiation. h u j o r  portion of the exposure (dose) of 
men from external terrestrial radiation is due to the radionuclides in the soil, 
prharily potasaim-40 and the radioactive decay-cbin products of thorium-232 
and uranium-238. The naturally okcurripg radion~clides deposited internally in 
man through uptake by inhalation/ingestion of air, food, and drinking water 
containiw the natural radioactive material also contribute significantly to his 
Lotal dose. Hany other radionuclides are referred to as "man made" in the sense 
that they can be produced in large quantities by such means as nuclear reactors, 
accelerators, or nuclear weapons tests. 

The tern "cosiic radiation" refers both to the prima- energetic particles 
of extra-terrestrial orisin that are incident on the earth's amsphere and to 
the secondary particles that are generated by the interaction of these primary 
particles with the atmomphere, and reach ground level. Primary cosmic radiation 
consists of '*g&lactic1' particles externally incident on the solar system, and 
"solar" particles emitted by the sun. This radiation is corposed primarily of 
energetic protons and alpha particles. The first garation of secondary 
particlea (secondary comic radiation), produced by nuclear interactions of the 
primary particles with the afwaphere, consists preddnantly of neutrons, 
protons, and pions. Pion decay, in turn, results in the production of elec- 
trons, photons, and muom. At the lower elevations, the highly penetrating 
muons and tbeir associated decay and collision electrons are the dominant 
components of the cosmic-ray particle flux density. These particles, together 
w i t h  photons from tbe glu-emitting, naturally occurring radionuclides in tfie 
local enviroruent. form the extemal penetrating component of the backgrollnd 
environmental radiation field which provides a significant portion of the whole- 
body radiation dose to man. 



In addition to the direct cosmic radiation, cosmic sources include cosmic- 
ray-produced radioactivity, i.e., cormgenic radionuclide.. Tht major produc- 
tion of cosmgenic radionuclides is through interaction of thr cosmic rays with 
the atrospheric gases through a variety of spallation or neutron-capture reac- 
tions. The four cosm~enic radiomclides that contribute a ~ ~ a s u r a b l e  radiation 
dose to man are carbon-14, sodium-22, beryllium-7. and tritiu (hydrosen-3)) a11 
produced in the atmosphere. 

BACKGROUND RADIATION DOSES 

Background radiation doses are comprised of an external colponent of radia- 
tion impinging on man from outside the body and an internal c o ~ o n e n t  due to 
radioactive materials taken into the body by inhalation or ingestion. 

Radiation dose may be expressed in units of rads or rems, dependins upon 
whether the reference in to the eneriy deposited or to the biolo~ical effect. A 
rad is the amount of radiation that deposits a certain amount of energy in each 
gram of material. It applies to a11 radiations and to all luterials which 
absorb that radiation. 

Since different types of radiation produce ionizatiom at different rates 
as they pass through tissue, differences in damage to tissues (and hence the 
biological effectiveness of different radiatio~) has been noticed. A r u  is 
defined as the amount of energy absorbed (in rads) from a given type of radia- 
tion multiplied by the factor appropriate for the particular type of radiation 
in order to approxirate the biolosical dauge that it causes relative to a rad 
of x or gatma radiation. The concept behind the unit "rem" permits evaluation 
of potential effects from radiation exposure without regard to the type of 
radiation or its source. O n e  r u  received from comic radiation results in the 
same biological effects as one rem from medical x-rays or one r a  from the 
radiations aitted by naturally occurring or man-lude radioactive materiaLs. 

The external penetratiag radiation dose to man derives from both terrea- 
trial radioactivity and conmic radiation. The terrestrial component is due 
primarily to the g a m  dome from potassium-40 and tke radioactive decay products 
of thorium-232 and uranium-238 in soil as well as from the beta-gamu dose from 
radon daughters in the atmosphere. Radon i. a gaseous merber of tke uranium-238 
chain. The population-weighted external dose to an individual*a whole body from 
terrestrial sources in the United States has been estimated a* 15 mrem per year 
for the Atlantic and Gulf Coastal Plain, 57 mrem per year for an indeterminate 
area along the Rocky Mountains, and 29 mrw per year for the mjority of the 
rest of the United States. The overall population-weighted external dome for 
the U.S. population as a whole has been estimated to be 26 m r a  per year. 

The cosmic radiation dose, due to the charped particles and neutrons from 
secondary comic rays, is typically about 30% to 50% of the total from a11 
external environmental radiation. The cosmic-rcy done to the population is 
estimated to be 26 mrem per year for those Living at sea level, and increases 
with increasing altitude. Consideriq the altitude distribution of the U.S. 
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population, the population-weighted external cosmic-ray dose is 28 mrem per 
year. The population-weighted total external dose from terrestrial plus cosmic 
sources is thus 54 m r a  per year for the U.S. population as a whole. 

The internal radiation doses derive from terrestrial and cosmogenic radio- 
nuclides deposited within the body *rough uptake by inhalation/ingestion of 
air, food, and drinking water. Once deposited in the body, many radioactive 
materials can be incorporated into tissues because the chemical properties of 
the radioisotopes are identical or skilar to stable isotopes in the tissues. 
Potassium-40, for inutnnce, is incorporated into tissues in the Bare manner as 
stable potassium at- because the chemical properties are identical; radio- 
active radium and strontium can be incorporated into tiusucs in the s a w  manner 
as calcium because their chemical properties are similar. Once deposited in 
tissue, these rrdionuclide~ emit radiation that remults in the internal dose to 
individual organs and/or the whole body as long as it is in the body. 

The internal dose to the luns is due primarily to the inhalation of 
polonium-218 and -214 (radon daughters), lead-212 and bisrmtb-212 (tboron daugh- 
ters) and polonium-210 (one of t h e  longer-lived radon decay products). The dose 
to the lung is about 100 mrem per year from inhaled natural radioactivity. The 
internal dose from subsequent incorporatiom of inhaled or ingested radioactivity 
is due to a beta-gnuma dose from incorporation of potassiur-40, rubidiua-87, and 
cosmogenic nuclides, and an alpha dose from incorporation of primrily 
polonium-210, radium-226 and -228, and uranim-238 and -234. The dose to man 
from internally incorporated radionuclides is about 28 mrem per year to the 
gonads, about 25 mrem per year to the bone u r r w ,  lung, and other soft tissues, 
and about 117 mren per year to the bone (osteocytes). The bone dose arises 
prinsrily from the alpha-uitting members of the naturally occurring series, 
vitb polonium-210 being the largest contributor. The gonadal and soft tissue 
doses arime primarily from the beta and ga..ra ~ i s s i o n s  from potassium-40. The 
total internal dose from i d l e d  plus incorporated radioactivity is about 
28 mrem per year to the gonads (or whole-body dose), about 125 mrem per year to 
the lug, about 25 mrem per year to the bone marrou, and about 117 mrem per year 
to the bone (osteocytes). 

The total natural background radiation dose is the sum of the external and 
internal components. The population-weighted dose for the U . S .  population as a 
whole is about 82 mrem per year to the gonads or whole body, about 179 mrem per 
year to the lung, about 79 m r u  per year to the bone mnrrou, and about 171 mrem 
per year to the bone (osteocytes). 

Besides the natural background radiation, background radiation doses 
include contributions from u n - u d e  or technologically enhanced sources of 
radiation. By far, the most significant are x-ray and radiopharmaceutical 
~ d i c a l  examinations. Theme contribute a population-averaged dose estimated to 
be 70 mrem per year for the U.S.  population as a whole. Fallout from nuclear 
weapons testing through 1370 has contributed 50-year dose comitments estimated 
as 80 mrem external, and 30, 20, and 45 mrem internal to the gonads, lung, and 
bone marrow, respectively. Contributions frol the use of fossil fuels (natural 
gas and coal) and nuclear reactors; mining, milling, and tailings piles; tele- 
vision sets. 
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", 
smoke detectors, and watch dials could be responsible for an additional 5 mrtr 
per year, averaged over the U.S. population as a whole. Ln addition, the use of 
radiation or radioactivity for scientific, industrial, or medical purposes may 
cause workers in the industry and, to a lesser extent, wrbers of the general 
public, to receive s o u  radiation exposure above natural background. 

EVAtUATIOH OF RADIATION OOBB AUD eOTEKTlAL HAZARD 

Radiation, regardlesm of its sources, is considered to be a hazard becaume 
of its potential for producini adverse effects on h m a n  life. Very larae 
amounts of radiation received over a brief period, i.e., hundreds of rm 
delivered within a few hours, can produce severe injury or death within days or 
weeks. Distributed over longer intervals, however, these r u e  doses would not 
cause early illnesm or fatality. At dose* m d  rates too low to produce these 
imediate symptou, chronic or repeated exposure to radiation can bring about 
biological dlm~ge which does not appear until year8 or decades later. These 
low-level effects are stochastic in nature; their probability rather than their 
severity increases with dose. Primary among these latent or delayed effects are 
s-atic effects, where insults such as cancers occur directly to the individual 
exposed, and genetic defects, where, through duege  to the reproductive cells of 
the exposed individual, disability and disease ranging frol subtle to severe are 
transmitted to his off mpring. 

Clinical or observed evidence of a relatioluhip between radiation and human 
cancers arise from several sources. The D O S ~  important data c o w  from the 
victims of H i r o s h S  and Nagasaki, patients exposed during medical therapy, 
radium dial painters, and uranium miners. Data exist only for relatively large 
doses; there have been no direct measurements of increased incidence of cancer 
for low-lwei radiation exposures. Evaluation of the available data has lead to 
estimates of the risk of radiation-induced cancer; estimated risks for the lower 
doses have been derived by linear extrapolation frol the higher doses. All 
radiation exposures then, no matter how small, are assumed to be capable of 
increasing an individual'e risk of contracting cancer. 

Data on genetic defects resulting fror radiation expoallre of humans is not 
available to the extent necessary to allow an e s t i ~ t e  of the risk of radiation- 
induced effects. Data from animals, along with general knowledge of genetics, 
have been used to derive an estimate of the risks of genetic effects. 

Eatiaates of health effects from radiation doses are unually based on risk 
factors as provided in International Cwissiou on Radiological Protection 
(ICRP), National Research Council Advisory Comittee on the Biological Effects 
of Ionizing Radiation (BEIR), or United Nations Scientific Cornittee on the 
Effects of Atomic Radiation (WSCKAR) reports. thrltiplying the estimated dose by 
the appropriate risk factor provides an e s t i ~ t e  of the risk or probability of 
induction of health effects to an individual or his descendants as a result of 
that exposure. The evaluation of these risk factors is presently subject to 
large uncertaiaties and, therefore, potential continual revision. The risk 
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factors rec-nded by the ICRP fo r  cancer mortali ty and hereditary ill health 
t o  the- f i r s t  and second generations a re  lor4 per rem of whole body dose and 
4 x 10 ' per r a  of gonadal dose, rempectively. Ar an example, a wbole-body 
dose of 1 rem would be estimated t o  add a r i sk  of cancer mortality t o  the 
exposed invididual of 1 0  i . e . ,  1 chance i n  10,000. Hmnvcr, a precise 
nmer ica l  value cannot be assigned with any cer ta inty t o  a par t icular  individ- 
u a l ' s  increase i n  rink a t t r ibu tab le  to radiation exposure. The reasons for t h i s  
a re  numerous and include the following: (1) ancertaint ies  over the influence of 
the individual'. age, mtate of health, personal habi ts ,  family w d i c a l  his tory,  
and previou. o r  concurrent exposure t o  other cancer-causing agents, (2) the 
var iab i l i ty  in  the la ten t  period ( t h e  between expompre and physical evidence of 
dimease), and (3) the  uncertainty i n  +he r ink factor i tmelf.  

To be loeaniuful, an a t t a p t  should be u d e  t o  view such r imk  estimates in  
the appropriate context. h e  useful comparison i u  with rimkm encountered in  
normal l i f e .  Another coqar iaon ,  po ten t ia l ly  l o r e  u e f u l ,  i u  with an emtimation 
of the risk a t t r ibu tab le  t o  natural  bactjround radiation. Radiation from 
natural  external and in te rna l  radioact ivi ty  resu l t s  i n  the same types of in te r -  
action. w i t h  body tismucm a s  tha t  from "un-made" radioactivity.  Hence, tbe 
rinks from a specified doae are the same regardlera of the source. Rather than 
aoing through an fn t e rwd ia t e  mtep involvinl r i s k  fac tors ,  doses can also be 
compared d i r ec t ly  t o  natural  background r&diat ion domes. 

Besides e s t i u t i o n  of risks and corparironm t o  natural  background, doses 
may be corpared t o  ~tandardm and, resul6t iolu.  The appropriate standards, the 
Deparbtnt  of Energy'u "kequirewnts fox Radiation Protection," give l i l i t u  for 
external and internal  exposures fo r  the whole body and specified organa which 
a re  expressed as  the perminmible dose or done c m i t m e n t  annually i n  addition t o  
natural  background and medical exposures. There are ,  i n  general, two se t s  of 
l i m i t . ,  one applicable t o  occupationally exposed perroas and the  second appli- 
cmble t o  individual. and population groups of the general public. The l imi t s  
for  individuals of the public a re  one-tenth of those per r i t t ed  for occupation- 
a l l y  exposed individuals. 'Ihe set of limits important t o  t h i s  report  a r e  those 
applicable t o  individuals and population groups of the public. The l i m i t s  f o r  
individuals of the public a r e  500 mrem per  year t o  the whole body, gonads, o r  
bone marrow and 1500 u r n  per year t o  other  organs. The limits fo r  population 
groups of the public are 170 m r a  t o  the whole body, gonads, o r  bone marrow and 
500 m r a m  per year t o  other organs, averaged over the group. I n  e i t h e r  case, 
exposures a n  t o  be l imited to the lowest leve ls  reasonably achievable with+n 
the given l imi t s .  
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Corrections as follows: 

Page 15: 

natural thorium: Bone: 
Total body: (0.001)(673)(100) = 67 nrcm 

normal uranium: Bone: (0.0003) (36) (100) = 1 . 1  mrem 
Total body: (0.000022) (36) (100) = 0 . 0 8  mrem 

Page 120: 

Delete the entry labelled 7-W88 fron this table. 
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