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ABSTRACT 

A radiological survey was performed at Building T029, located at 
Rockwell International's Santa Susana Field Laboratory (SSFL), to clarify 
and identify those areas needing further radiological inspect ion or requi r- 

ing remedial action. Building T029, known previously as the Radiation 

Measurements Facility (RMF), was operated by North American Aviation and its 
successors in support of AEC, ERDA, and DOE nuclear related programs. TO29 
was used for storing and using sealed radioactive sources (Ra-226, Cs-137, 

€90-60, PoBe, and PuBe) to calibrate radiation detection instruments. All 
sources were handled in a totally encapsulated form. One incident occurred 

which resulted in the release of Ra-226 into its storage well. During 
recovery of the source, Ra-226 contamination spread in a limited area just 
around the opening of the well. TO29 is currently used in a small capacity 
for storage of alkali metals. The purpose of this survey was to inspect the 
site for residual radioactive contamination. 

The building interior, surrounding area, and entrance roadway were 
surveyed for gamma-emi tting contamination. Ambient gamma exposure rate 
measurements were performed on a 6-m square lot plan. The Ra-226 source 
wells were surveyed for alpha contamination. An area south of TO29 which 
was used in the early 1960s for storing barrels was also surveyed for 
residual radioactive materi a1 . 

The results of this survey and analysis show'that no residual 
radioactive contamination exists on the TO29 floor or surrounding area. 
Survey of an area south of TO29 which was used for storing barrels and drums 
in the early 60s shows no detectable activity. The Ra-226 source storage 
wells are still contaminated from the source rupture incident which took 
place in 1964. An alpha survey of a thimble raised from the bottom of the 
we1 l showed 2800 a-dpm/100 cm2. This contamination is not a radiological 
hazard in its present configuration, nor is this contamination spreading to 
the surrounding environment. Further investigation, decontamination, and 
disposition is required in these wells. 
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1.0 INTRODUCTION 

Building T029, formerly known as the Radiation Measurements 
Facility, was surveyed and analyzed for residual radioactive material. The 

facility and surrounding area were inspected for radioactive contamination 
to determine whether further investigation is required or remedial action i s  

necessary. This radiological survey was conducted as prescribed in the 

"Radiological Survey Plan for SSFL," (Reference 4, section 5.4.3.1). 

Building TO29 is located in Area IV of Rockwell International's 
Santa Susana Field Laboratories (SSFL) in Ventura County, California. 
Designed and built in the late 1950's to support government nuclear-related 
programs, TO29 was used for storing and using radioactive sources (Ra-226, 
Cs-137, Co-60, PoBe, and PuBe) to calibrate radiation detection instruments. 
These instruments were used at the Sodium Reactor Experiment (SRE), Organic 

Moderated Reactor (OMR) , Urani um Carbide Pi 1 ot Fuel Faci 1 i ty (UCPFF) , and 
other facilities where research was sponsored by the government. Ra-226, 
Cs-137 and Co-60 were used to calibrate gamma-sensitive instruments. PoBe 
and PuBe were used to calibrate neutron-sensitive instruments. These 
sources were always handled and stored in encapsulated form. Leak testing 
was performed every six months. All three Ra-226 sources were encapsulated 
in platinum iridium alloy. Each Ra-226 source was stored inside an in- 
dividual "well" about 9.5 ft deep by 1 in diameter. The sources were raised 

and lowered using nylon string. The two smallest Ra-226 sources were inside 
plastic capsules, connected to nylon string. Each ~a-'226 source could be 
raised about 3 ft above floor level. In March 1964, one of the Ra-226 
sources fell to the we1 1 bottom, cracked, and released contamination. 
Because of this incident, these Ra-226 sources were removed, disposed of, 
and then replaced by two Cs-137 sources. The Co-60 source was used in a 
stationary configuration. A 1 arge concrete block above floor 1 eve1 housed 
the source. A 1-ft thick concrete rolling door on the top was rolled to one 
side to expose the source. The neutron sources (PuBe, PoBe) were stored in 
a pit and transferred to a graphite moderator block for use in calibrating 
instruments. The Co-60, PuBe, and PoBe sources were not used very long. 
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They were probably discontinued and removed in the early to mid 1960s. The 
Cs-137 sources were removed by April 29, 1974. 

One incident occurred at TO29 which resulted in a release of 
contamination to the building, but not to the surrounding environment. In 

1964, the plastic capsule containing the small est Ra-226 source became 
lodged and fractured, allowing the source to fall about 13 ft to the "well" 

bottom. The source capsule cracked on impact and released contamination 

inside the well. It was not real ized that the capsule had ruptured until 
source recovery began the following day. Most contamination from the 
rupture and all recovery operations were concentrated in or around the well. 
Contamination was not spread. Shortly thereafter, the Ra-226 sources were 
replaced by a Cs-137 source. On November 20, 1970, the 4.6 Ci Cs-137 source 
dropped 10 ft to the bottom of the "well." No contamination release 

occurred. When a1 1 sources were removed from TO29 in 1974, a radiation 
survey was performed to show that the facility was radiologically "clean." 
However, because of the one contamination incident and use of radioactive 
material at T029, a radiological survey was performed to document the 
facility's current radiological condition. 

As part of the DOE SSFL Site Survey (Reference 4, section 

5.4.3.1), a radiation survey was performed in the building and surrounding 

area to determine if any residual contamination exists on the site. Ambient 
gamma exposure rates were measured on a 6-m by 6-m grid. These measurements 
are sensitive to radiation emitted from the radioactive materials used at 
T029, except for the PuBe and PoBe sources. No problems were ever ex- 
perienced with these sources. An alpha survey was performed on a source 
thimble raised from the storage we11 where Ra-226 contamination was re- 
leased. Also included in this survey was an area just south of T029, which 
from an old photograph (Figure 2.5), shows that it was used for storing 
drums and barrel s. 

All gamma exposure rate data were input into a Personal Computer 

(PC) graphics program which plots the radiation measurement value against 
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i t s  cumulative probability. This software also calculates a t e s t  s t a t i s t i c  

using inspection by variables techniques. This t e s t  s t a t i s t i c  i s  that  value 

greater than the mean value of the dis t r ibut ion,  which corresponds t o  a 

consumer's r i sk  of acceptance of 10% probability with a Lot Tolerance 

Percent Defective (LTPD) of 0.10. This method assumes the data follow a 

Gaussian probability dis t r ibut ion function. Inspection by variables 

techniques a1 1 ows a thorough, understandable, and concl usive study for  

assess 

act ivi  

FUSRAP 

ng the f a c i l i t y  contamination level.  

Radiation measurements are compared against DOE residual radio- 

y l imits  specified in "Guidelines for  Residual Radioactivity a t  

and Remote SFMP S i tes , "  (Reference 1 ) .  This guide generally agrees 

with previously published guides and standards, including ANSI Standard 

N13.12 (Reference 7 ) ,  Regulatory Guide 1.86, and USNRC License SNM-21 

(Reference 2) .  Limits for  acceptable ambient gamma exposure ra tes  d i f f e r  

between the DOE and NRC. DOE specifies 20 pR/h above background while NRC 

specifies 5 pR/h above background as acceptable gamma exposure r a t e  l imi ts .  

Because of the 1 arge vari abi 1 i ty observed for  natural background a t  SSFL, 

ambient gamma measurements are f i r s t  presented as gross data (without 

"background" subtraction) and compared against three independent "natural" 

background di s t r i  b u t  i ons. Then usi ng an average natural ambient gamma 

exposure ra te  ( i  .e .  "background") based on the three dis t r ibut ions,  the 

measurement data i s  corrected for "background" and tested against the 

acceptance l imi t .  



GEN-ZR-0006 
Page 9 
08/ 19/88 

2.0 IDENTIFICATION OF FACILITY PREMISES 

2.1 Location 

Building TO29 is located within Rockwell International's Santa 

Susana Field Laboratory (SSFL) in the Simi Hills of southeastern Ventura 

County, California, adjacent to the Los Angeles County line and approxi- 
mately 29 miles northwest of downtown Los Angeles. The SSFL location 

relative to the Los Angeles area and surrounding vicinity is shown in Figure 
2.1. Figure 2.2 is an enlarged map of neighboring SSFL communities. Figure 

2.3 is a plot plan of the western portion of SSFL which includes Area IV 
where Building TO29 is located. It is located within the 90.26-acre 
government -optioned area. 

2.2 Buildins Characteristics and Site To~osra~hy 

Building TO29 was constructed in 1959 and was originally desig- 
nated as the Radiation Measurements Facility (RMF). It was used until 1974 
as a facility for calibrating radiation detection instruments. 

Constructed as an open bay, TO29 is a Butler-type building with a .  
steel frame, and corrugated metal siding and roofing. The building is 20 ft 
x 40 ft with a 12-ft eave height. TO29 has no restroom facilities, offices, 
or support laboratories; it is a single room. Ventilation is provided by an 
exhaust blower rated at 1540 ft3/min. Facility air exhausts through two 
absolute filters. Air conditioners were never instal 1 ed. The cei 1 ings and 
walls are insulated with 1-in thick fiberglass mat. The floors were 
originally surfaced with asphalt tile. The floor now is a concrete slab. 

Three calibrator locations were installed: 1) a graphite neutron 
exposure block, with a 3' x 3' x 2'-deep pit for storing a PoBe and PuBe 
source; 2) a concrete block with rolling door for storing Co-60; and 3) a 
9.5-ft deep, 12-in diameter pipe with three 1-in diameter tubes for storing 
three Ra-226 sources, which were eventually replaced with a Cs-137 source, 
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F igure  2.1 Map o f  Los Angeles Area 



GEN-ZR-0006 
Page 11 
08/ 19/88 

Figure 2.2 Map of Neighboring SSFL Communities 
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F igu re  2.4 i s  a p l o t  p l a n  o f  b u i l d i n g  TO29 showing t h e  source s to rage  

l o c a t i o n s  and t h e  c a l i b r a t o r  c o n t r o l  panel .  Table 2.1 below 1 i s t s  t h e  

r a d i o a c t i v e  sources used a t  t h e  f a c i l  i t y .  

Table 2.1 C a l i b r a t i o n  Sources Used a t  TO29 

Source 

( 1 )  Ra-226 
(2 )  Ra-226 
(3)  Ra-226 
(4)  Co-60 
(5)  PoBe 
(6)  PuBe 
(7)  CS-137 
(8)  CS-137 

Source S t r e n s t h  (mCi) 

24.8 
132 
930 

Unknown 
Unknown 
Unknown 

5310 
5260 

Date 

September, 1963 
September, 1963 

A PoBe and a PuBe source were s to red  i n  a smal l  concre te  p i t  i n  

t h e  no r theas t  co rner ,  no more than  3 - f t  x 3 - f t  wide and 2 - f t  deep, Th i s  p i t  

was a l s o  used t o  s t o r e  gamma sources i n  l e a d  p i g s  when n o t  i n  use. A 

g r a p h i t e  neu t ron  exposure b l o c k  was b u i l t  f o r  neu t ron  moderat ion and 

measurement exper iments.  Th i s  neu t ron  i n s t a l l a t i o n  was r a r e l y ,  i f  ever ,  

used. The sources were f u l l y  encapsulated. No problems ever  occurred.  

From a1 1 c u r r e n t  personnel r e c o l l e c t i o n s ,  t h e  neu t ron  f a c i l  i t y  was d i  s -  

mant led i n  e i t h e r  1964 o r  1965. 

A Co-60 c a l i b r a t o r  was i n s t a l l e d  i n  t h e  southeast  co rner .  The 

source was s t o r e d  i n  a 1 2 - i n  d iameter  w e l l  ( p i pe )  which extends 10 f t below 

f l o o r  e l e v a t i o n  and 4 ft above f l o o r  e l e v a t i o n .  Above grade, t h e  p i p e  i s  

enc losed w i t h  l e a d  s h i e l d i n g  and a 7 7 - i n  square concre te  r o l l i n g  door .  The 

concre te  door was r o l l e d  t o  one s i d e  t o  expose t h e  source. The encapsulated 

Co-60 source, was used i n  t h e  e a r l y  1960s. No problems ever  occurred.  

Because i t  was used on a 1 i m i t e d  bas is ,  i t  was removed f rom t h e  f a c i l i t y  i n  

about 1965. The w e l l  and concre te  a re  s t i l l  i n  p lace .  

The p r ima ry  r a d i a t i o n  ins t rument  c a l  i b r a t o r  used a 1 2 - i n  d iameter ,  

schedule 40 ga lvan ized  p i p e  which extends 10 ft below f l o o r  e l e v a t i o n .  



Graphite  Neutron 
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Figure 2.4 Plot Plan of the Radiation Measurements Facility, Building TO29 
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Within the 12-in pipe there was three, 1-in diameter pyrex tubes evenly 
spaced in a 1 inear configuration and extending to a depth of 9 ft, 6 in. 
Three Ra-226 sources were each connected to nylon strings and placed at the 
bottom of the tubes. The void space between these tubes and the 12-in pipe 
was filled with concrete. To calibrate an instrument, a nylon string was 
pulled from the control panel, thus raising a source about 3 ft above floor 
elevation. This cal i brator was a system of pulleys and cables. Ra-226 was 
used until the contamination incident occurred in 1964. Cs-137 was then 
used without a single contamination incident until the facility was closed 
in 1974. The control panel was removed but the 12-in diameter pipe with 
three 1-in tubes is still intact. 

Access to TO29 is from 10th Street, which intersects "G" Street 
just southwest of building 1064. An asphalt concrete roadway (10th Street) 
runs right up to the facility. A portion of this roadway is fenced-in as 
part of the facility. A large outcropping of the Chatsworth sandstone 
formation is located adjacent to the east and north sides of the road, and 
north of the building. Figure 2.5 is an old photograph of TO29 and the 
surrounding area looking south-southwest. This photo shows a small area in 
the field just south of TO29 which was used for storing drums and barrels. 
The origin and contents of these containers is unknown. We doubt that 
radioactive material was ever placed there, but as part of this investiga- 
tion, this area was surveyed for residual radioactive material. Figure 2,6 

shows the facility from the south, including the fenced-in area and large 
sandstone outcropping. Figure 2.7 is a close-up of ~ 0 2 9  from the south. 
Figure 2.8 shows the entrance gate on 10th Street and the west wall of T029. 

2.3 Buildina Utilization and Present Radioloaical Condition 

TO29 was used as a radiation detection instrument calibration 
facility from 1956 to 1974. Primarily gamma-sensitive detectors were 
exposed to known radiation fields for determining instrument response. 
Neutron detectors were used for a short time period. All radioactive 
sources stored and handled here were fully encapsulated. A1 1 sources were 
leak tested at least every 6 months in compliance with California State 
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Rad ia t i on  Cont ro l  Regulat ions t o  ensure no leakage o f  r a d i o a c t i v e  m a t e r i a l  

i n t o  t h e  b u i l d i n g .  

The PoBe and PuBe neu t ron  sources were s t o r e d  and used on a 

l i m i t e d  bas is ,  i f  a t  a l l .  These sources were s t o r e d  i n  l a r g e  con ta ine rs  

f i l l e d  w i t h  p a r a f f i n  i n s i d e  t h e  p i t .  Source hand l i ng  was n o t  performed w i t h  

p u l l e y s  and cables.  Most 1 i ke l y ,  sources were handled by a l o n g  po le .  The 

neu t ron  exper imenta l  appara tus  was never comple te ly  i n s t a l  1 ed and used, I t  

was d ismant led  i n  about 1965. The sources were removed f rom t h e  f a c i l i t y .  

No problems ever  occurred.  There i s  no reason t o  b e l i e v e  t h a t  l oose  a lpha-  

e m i t t i n g  Pu i s  con tamina t ing  t h e  f a c i l i t y .  Po-210, even i f  i t  had leaked,  

w i t h  a 138 day h a l f - l i f e ,  has decayed away by now. 

The Co-60 gamma source was a l s o  used ve ry  l i t t l e .  Th i s  c a l i b r a t o r  

was ve ry  awkward t o  use. An ins t rument  would be p laced  on a t r i p o d  ar range-  

ment above t h e  1 2 - i n  p ipe .  The heavy concre te  r o l l i n g  door was then  r o l l e d  

t o  expose t h e  source t o  t h e  d e t e c t o r .  A m i r r o r  was i n s t a l l e d  t o  read  t h e  

meter.  Th i s  procedure was cumbersome and p robab ly  r e s u l t e d  i n  e x t r a  

r a d i a t i o n  exposure. The Co-60 source, f u l l y  encapsulated, was removed f rom 

TO29 sometime a f t e r  1964. ' N o  problems ever  occur red  w i t h  t h i s  source. 

TO29 was equipped w i t h  t h r e e  Ra-226 sources i n  a bromide s a l t  

form. The mass o f  each source was 24.78 mg, 132 mg and 930 mg. Each source 

was encapsulated i n  p l a t i n u m - i r i d i u m  a l l o y ,  1 mm w a l l  th i ckness ,  except  f o r  

t h e  930 mg source which had a w a l l  t h i ckness  o f  1.5 mm. The two sma l l es t  

sources were p laced  i n s i d e  p l a s t i c  capsules and a t tached t o  a n y l o n  s t r i n g .  

The l a r g e  source was p laced  i n s i d e  a metal  source ho lde r .  Each source was 

r a i s e d  and lowered i n  i t s  1 - i n  pyrex tube, (10 f t l o n g )  f rom t h e  c o n t r o l  

panel .  The sources were r a i s e d  d u r i n g  c a l i b r a t i o n  about 3 ft above f l o o r  

e l  eva t  i on. 

I n  September 1961, t h e  132 mg Ra-226 source was dropped f rom t h e  

t o p  o f  i t s  source w e l l .  No r a d i o a c t i v e  m a t e r i a l  was re leased,  (Reference 

19, p. 4);  see Appendix D. 
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On March 23, 1964, the p las t ic  capsule which contained the 24.76 

mg source, became lodged and fractured. The source and capsule f e l l  about 

13 f t  t o  the well bottom. Not until the following day, when source recovery 

was attempted, was i t  realized that  the source had leaked. Apparently, the 

source cracked on impact and released some loose Ra-226 into the well. High 

volume a i r  samples were se t  up and smears were collected. Air sample 

resu l t s  were a t  background levels .  Contamination released was confined t o  

the well and a t  f loor  level very near the penetration opening. Smears near 

the we1 1 showed 90 dpm/l00 cm2 (beta) and 120 dpm/100 cm2 (alpha) - t h i s  was 

before source recovery. Once the source was recovered, i t  was sealed in a 

3" long, 1/2" diameter s ta inless  steel pipe to  minimize Rn-222 emanation t o  
the surrounding area. The area was decontaminated t o  background levels and 

a rubber stopper was placed in the 1-in pyrex tube, (Reference 19, p p ,  1 

through 4) ; see Appendix D. A1 though the area was deconned, contamination 

i s  s t i l l  suspect in the wells. 

Shortly a f t e r  t h i s  contamination incident, the Ra-226 sources were 

dispositioned and replaced by two Cs-137 sources, rated a t  5.31 curies and 

5.26 curies (10/2/63). Each source consisted of a double-walled s ta in less  

steel inner capsule, encased in a heavy-walled 416 s ta in less  s teel  outer 

capsule which was closed by brazing. These sources were raised and lowered 

within the pyrex tubes in a manner similar to  that  of the Ra-226 sources. 

On November 20, 1970, the 4.6 Ci Cs-137 source capsule in storage well 2 
fai led.  The fa i lure  occurred a t  the brazed joint  a t  the outer capsule 

bottom plate ,  releasing the double-walled inner source capsule into the 10- 

f t  deep well. A smear survey of the outer container and an area adjacent t o  
the wells indicated no release of radioactive contamination in excess of 50 

dpm/100 cm2, (Reference 20, pp .  1-2);  see Appendix E. Once the source was 

recovered, a leak t e s t  was performed, indicating less  than 0.005 pCi of 

removable contamination. Smears of the surrounding area showed removable 

contamination levels less  than 50 dpm/100 cm2. No contamination was 

released. The source was never used again. I t  i s  believed that  the other 

Cs-137 source was used on a limited basis until the f a c i l i t y  was closed on 



GEN-ZR-0006 
Page 22 
O8/ 19/88 

April  29, 1974, a t  which time a l l  r a d i o a c t i v e  sea led  sources  were removed 

and t r a n s f e r r e d  t o  another  f a c i l i t y .  

When t h e  sources were removed, a l l  r a d i a t i o n  and r a d i o a c t i v e  

mater ia l  warning s i g n s  were removed. The f a c i l i t y  was surveyed and r e l eased  

f o r  use by o t h e r  programs. Subsequently,  TO29 was redes igna ted  a s  a 

Hazardous Waste S torage  F a c i l i t y ,  and has been used f o r  s t o r a g e  of excess  

a1 kal i meta ls  inc luding  Na, NaK, Li,  and LiH2. A1 kal i metal contaminated 

components have a l s o  been s to red  a t  t h i s  f a c i l i t y .  The o ld  Ra-226 s to rage  

wel l s  cont inue  t o  be a known contaminated a r e a ;  however, t h e  l eve l  i s  

thought t o  be f a i r l y  low. A complete account of t h e  contamination p re sen t  

1 0 - f t  down i s  not  achievable  u n t i l  t h e  source we l l s  a r e  completely removed 

and an examination of surrounding s o i l  can be made. 
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3.0 SURVEY SCOPE 

Interior bui 
inspected by measuring 

lding areas and surrounding land were radio 
ambient gamma exposure rates 1 meter above 

1 ogi ca 
the 

surface. Further investigation would have commenced if this gamma measure- 
ment indicated contamination. Forty ambient gamma exposure rate measure- 
ments were made in the area. A survey "for indication only" was performed 

in a small area south of TO29 where drums and barrels were once stored. The 
ambient gamma exposure rate data were analyzed statistically by sampling in- 
spection by variables techniques against appropriate residual contamination 
acceptance limits. 

3.1 Unrestricted-use Acce~table Contamination Limits 

A sampl ing inspection plan using variables, discussed in Section 
4.2, was used to compare radiological contamination quantities against 
unrestricted-use acceptable contamination limits prescribed in DOE guide- 
lines (Reference l), Regulatory Guide 1.86, NRC license SNM-21, and other 
references. The limits shown in Table 3.1 below have been adopted by 
Rocketdyne. Measurements of average surface alpha/beta contamination are 
averaged over an area of not more than 1 m2. The maximum a1 lowable alpha/- 
beta contamination level applies for a single area of not more than 100 cm2 
in that 1 m2. Allowable removable alpha/beta contamination is based on a 
surface wipe with area equal to 100 cm2. 

Limits for soil and water radioactivity concentrations are also 
applicable on an as-required basis. Current guidance for acceptable soil 
radioactivity is nearly non-existent. The limits used here for alpha 
contamination are based on Ra-226 (Reference 1). No effort was made to sum 
the concentrations of individual radionuclides and calculate the dose for 
the mixture so as to show that it does not exceed the basic dose limit. 
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Tab le  3 .1  Bui ld ing  TO29 Maximum Accep tab le  Contaminat ion L imi t s  

C r i t e r i a  A1 pha Bet a 
(dpm/lOO cm2) (dpm/100 cm2) 

Tot  1 S u r f a c e ,  averaged o v e r  d 100 
1 m 

Maximum S u r f a c e ,  i n  1 m2 300 15000 

Remova l e  S u r f a c e ,  o v e r  P 20 
100 cm 

Ambient Gamma Exposure Rate* 5 pR/h above background 

Soi 1 A c t i v i t y  Concentration** 21 pCi/g 100 pCi/g 
31 pCi/g 

Water A c t i v i t y  Concentration*** 1 x 1 0 - ~  pCi/ml 1 x 1 0 - ~  y ~ i / m l  

* A1 though DOE Guide (Refe rence  1 )  recommends a v a l u e  o f  20 yR/h 

above background f o r  ambient gamma exposure  r a t e ,  NRC has  r e q u i r e d  

5 $/h. For c o n s e r v a t i s m ,  we use  5 pR/h above background t o  

compare su rvey  r e s u l t s .  

** Alpha a c t i v i t y  c o n c e n t r a t i o n  l i m i t s  f o r  Ra-226 i s  5 pCi/g ( R e f e r -  

ence 1 )  p l u s  t h a t  c o n t r i b u t i o n  from n a t u r a l l y  o c c u r r i n g  r a d i o -  

a c t i v i t y ,  ( abou t  16 pCi/g from Reference 17, '  p. 93)  averaged over  

t h e  f i r s t  15 cm o f  s o i l  below t h e  s u r f a c e .  A t  a dep th  g r e a t e r  

t h a n  15 cm below t h e  s u r f a c e ,  1 5  pCi/g averaged o v e r  15-cm-thick 

l a y e r s  o f  s o i l  p l u s  "background" ' i s  t h e  l i m i t .  The t o t a l  b e t a  

a c t i v i t y  c o n c e n t r a t i o n  l i m i t  i s  100 pCi/g, i n c l u d i n g  background 

which i s  about  24 pCi/g. 

*** The most r e s t r i c t i v e  a l p h a / b e t a  w a t e r  r a d i o a c t i v i t y  c o n c e n t r a t i o n s  

f o r  a r e s t r i c t e d  a r e a  t aken  from DOE Order  5480.1 Chap te r  X I ,  

Tab le  1,  Column 2 .  Alpha cor responds  t o  Pu-239, b e t a  t o  Sr -90 .  
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Three specific action levels were established during the survey. 
These are proactive action levels initiated when the surveyor detects 
radiation according to the following criteria: 

Characterization Level - that level of radioactivity which is 
below 50% of the maximum acceptable limit. This level is 
typical of natural background levels, or slightly above, and 
requires no further action. 

Reins~ection Level - that level of radioactivity which is 
above 50% of the maximum acceptable limit. A general resurvey 
of the area and a few additional samples are required in this 
case. 

Investisation Level - that level of radioactivity which 
exceeds 90% of the maximum acceptable limit. Specific 
investigation of the occurrence is required in this case. 

Sam~le Lots 

For purposes of the TO29 radiological survey, the building and 
surrounding area was treated as a single sample lot for characterization and 
interpretation. Figure 3.1 shows the survey sampling lot plan. This figure 
shows that the roadway (10th Street), fence1 ine, and interior areas of TO29 
were inspected. 

Because TO29 is currently a storage building for alkali meta 
about 50% of the floor space was occupied by pal letized 55-gal drums. 
measurements were made in easily accessible locations. Outside the bu 

1 s, 
Six 
ild- 

ing, a 6-meter square grid was superimposed over the terrain and one ambient 
gamma exposure rate measurement made in each 36-m2 area. Location (1,l) was 

the northwestern most grid on the site (near "G" Street). The barrel 
storage area south of TO29 was surveyed for "indication only." 
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The survey scope was set forth by the "Radiological Survey Plan 
for SSFL," (Reference 4, Section 5.4.3.1): 

1. "Survey floor of building - Ra-226 (investigate old records 
for disposition of storage holes in building); 

2. Roadway and sl ope, surface around bui 1 ding (Ra-226) . " 

Ambient Gamma Exoosure Rate Measurements 

In each 36-m2 cell, a gamma exposure rate measurement was made 1 m 
from the surface. The particular location in each cell was chosen randomly, 
and identified on a map. A tripod was used to support a 1" x 1" NaI crystal 
coupled to a photomultiplier tube and fed to a Ludlum 2220-ESG scaler, at 
1 m from the ground. In each cell, a 1-min. count was coll ected and 
converted to M/h. The measurement location and exposure rate were recorded 
in tabular form. About 40 1-min. measurements were acquired. 

3.4 Surface Soi 1 Samol es 

No gamma exposure rate measurements indicated a 1 evel exceeding 
the 50% characterization level ; therefore, no soil samples were coll ected 
and analyzed. 

3.5 A1  ha and Beta Contamination Measurements 

No gamma exposure rate measurement indicated a 1 evel exceeding 
50% characterization 1 evel ; therefore, no further investigation was requ 
based on that criteria. Because of the contamination incident which 
occurred in 1964, the Ra-226 source wells were surveyed for alpha contam 
tion. 

the 
i red 

i na- 

Measurements of alpha activity were made by use of a Ludlum model 
43-5 rectangular alpha scintillation probe (active area = 50 cm2) coupled to 
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a Ludlum model 12 count rate meter. This detector was calibrated using a 
Th-230 source. The energy of Th-230 alpha particles (4.6 MeV) is similar to 
that of Ra-226 (4.78 MeV) and several of its daughters. A slight over- 
estimate of activity will result due to the higher energy alpha particles 
from some of the daughters. 

Measurements of beta activity were not necessary and were not 
performed. 
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4.0 STATISTICS 

4 . 1  Countinq Statistics 

The emission of atomic and nuclear radiation obeys the rules of 
quantum theory. As a result of this, only the probability that an emission 

will occur is determined. The absolute number of particles emitted by a 

radioactive source in a unit of time, is not constant in time; it has a 

statistical variabil i ty because of the probabil istic nature of the pheno- 

menon under study. The number of particles emitted per unit time is 
different for successive units of time. Therefore, only the average number 
of particles emitted per unit time and per unit area or mass can be deter- 
mined. The number of particles, x, emitted by a radiation source in time, 
P, obeys the Poisson distribution: 

where m is the average number of emissions in that time. x is what we 
measure each time an area or sample is surveyed. The standard deviation is 
the square root of the average squared deviation of x from its mean, m. For 

the Poisson distribution, the standard deviation is given by: 

- 
the square root of the counts observed, (x = x = m). Since background 
radiation is always inherent in a given sample measurement, propagation of 

errors tells us that the total standard deviation is: 

s = Jm (Eq. 4 - 3 )  
T 

where C = the number of counts recorded in time, T, of the 
sampl e 

B = the number of counts recorded in time, T, of the 
background radiation environment 
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Equal values of the time, T, must be used for the sample and background 
counts for equation 4-3 to apply. This Poisson distribution and standard 
deviation applies for single radiation measurements, of the discrete random 
variable, x, and is applicable only when the observation times are short 
compared with the half-life. This is the case for the site survey. 

Because of the probabilistic nature of particles emitted by radio- 
active elements, repeated measurements of the average number of emissions 
per unit time shows a distribution approximated by the Gaussian (or normal ) 
probability density function (pdf); this is known as the central limit 
theorem. This theorem holds for any random sample with finite standard 
deviation. If measurements are made at many similar locations, these 
measurements will show a greater variability, but the distribution wi 11 
remain adequately represented by a Gaussian function. This Gaussian 
approximation is good when the number of samples collected is at least 30. 
Thus the number of occurrences of particular mean radiological contamination 
values, g(x), shows a Gaussian pdf relative to the contamination value, and 
the data can be plotted accordingly. Subsequently, based on the results of 
the data analysis, a conclusion can be made regarding the amount of radio- 
active material in an area, and any anomalous values can be identified. 

The Gaussian probability density function, g(x), is given by: 

g(x)dx= 1 exp -IX-ml2 dx 
( m a  2 02 (Eq. 4-4) 

where g(x)dx = probability that the value of x, lies between x and 
x+dx 

m = average, or mean of the population distribution 
a = standard deviation of the popul at i on di stri buti on. 

A graph of x vs. g(x) gives the following bell -shaped curve: 
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X 

Figure  4.1 The Gaussian P r o b a b i l i t y  Densi ty  Funct ion 

The cumulat ive d i s t r i b u t i o n  f u n c t i o n  ( c d f ) ,  G ( x ) ,  i s  equal t o  t h e  i n t e g r a l  

o f  t he  pdf ,  f o r  a  cont inuous random va r iab le ,  hence: 

(Eq. 4 -5 )  

Th is  f u n c t i o n  i s  commonly r e f e r r e d  t o  as t h e  e r r o r  f unc t i on ,  ( e r f ) .  The 

graph o f  t he  Gaussian c d f  i s :  

F igure  4 .2  The Gaussian Cumulative D i s t r i b u t i o n  Funct ion 
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By plotting multi ple m surem ents we make in the field; i.e. the 
average contamination values approximated by the Poisson distribution, as a 
cdf of the Gaussian distribution, we can identify whether the entire area is 
unacceptably contaminated, part of the area is contaminated more than the 
rest, or further radiological measurements are necessary. Furthermore, by 
making use of the Gaussian approximation, we can easily calculate the mean 
contamination value with its associated standard deviation, and apply 
inspection by variables techniques to either accept the area as clean or 
reject the area as contaminated. 

This statistical summary presents fundamental principles used to 
reduce and analyze radiological measurement data from the site survey. 

4.2.1 Bv Variables 

Acceptance inspection by variables is a method of judging whether 
a lot of items is of acceptable qua1 ity by examining a sample from the lot, 
or population. In the case of determining the extent of contamination in an 
area, it would be unacceptably time consuming and not cost effective to 
measure 100% of the population. However, by applying sampling inspection by 
variables methods, the accuracy of the conclusion made about the level of 
contamination is not sacrificed because of a decrease in number of sampling 
locations. We estimate the level of contamination in an area by making at 
least 30 measurements. This allows us to approximate a Gaussian distribu- 
tion through the Central Limit Theorem. The entire area must have similar 
radiological characteristics and physical attributes, In acceptance inspec- 
tion by variables, the result is recorded numerically and is not treated as 
a Boolean statistic, so fewer areas need to be inspected for a given degree 
of accuracy in judging a lot's acceptability. 
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4.2.2 BY Attributes 

By contrast, in acceptance inspection by attributes, the radiation 
measurement in a given area is recorded and classified as either being 
defective or nondefective, according to the acceptance criteria. A defect 
means an instance of a failure to meet a requirement imposed on a unit w i t h  

respect to a single quality characteristic. Second, a decision is made from 

the number of defective areas in the sample whether the percentage of 
defective areas in the lot is small enough for the lot to be considered 

acceptable. More areas need to be inspected to obtain the same level of 
accuracy using this method. Consequently, we use inspection by variables. 

4 . 3  Sam~l i nq Ins~ect i on by Variables 

4 . 3 . 1  Calculated Statistics of the Gaussian Distribution 

- 
The test statistic for each sample area, x + ks, is compared to 

the acceptance limit U, where: 

- 
x = average (arithmetic mean of measured values) of sample 
s = observed sample distribution standard deviation 

k = tolerance factor calculated from the number of samples to 
achieve the desired sensitivity for the test 

U = acceptance limit. 

The sample mean is given by: 
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where: xi = individual measurement values 
n = number of measurement values 

The standard deviation, s is given by: 

(Eq. 4-7) 

The sample mean, standard deviation, and acceptance 1 imit are 
easily calculable quantities; the value of k, the tolerance factor, bears 
further discussion. Of the various criteria for selecting plans for 

acceptance sampling by variables, the most appropriate is the method of Lot 
Tolerance Percent Defective (LTPD), also referred to as the Rejectable 
Quality Level (RQL). The LTPD is some chosen limiting value of percent 
defective in a lot. Associated with the LTPD is a parameter referred to as 

consumer's risk (P), the risk or probability of accepting a lot with a 
percentage of defective items equal to the LTPD. It has been standard 
practice to assign a value of 0.10 for consumer's risk ( p ) .  Conventionally, 
the value assigned to the LTPD has been 10%. These a priori determinations 

are consistent with the literature and regulatory position, and are the same 
values used by the state of California (Reference 2). Thus, based on 
sampling inspection, we are willing to accept the hypothesis that the 
probability of accepting a lot as not being contaminated which is in fact 10 
percent defective (i.e. above the test limit, U) is 0.10. The value of k ,  

which is a function of the a priori determinations made for P and LTPD i s  

given by equation 4-8. 

Figure 4.3 demonstrates this principle. The operating character- 
istics curve of a Gaussian sample distribution shows the principles of 
consumer's and producer's risk, LTPD (or RQL) , and acceptable qua1 i ty 1 eve1 , 
(AQL). The criteria for acceptance of a lot are presented in section 4 . 3 . 3 .  
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RISK 

p= LOT FRACTION DEFECTIVE 

F igu re  4.3 Opera t ing  C h a r a c t e r i s t i c s  Curve 

The va lue  o f  k, and thus  t h e  va lue  o f  T+ ks, on which u l t i m a t e l y  

a d e c i s i o n  i s  made whether t h e  area i s  acceptably  c lean,  i s  based on t h e  

c o n d i t i o n s  chosen f o r  t h e  t e s t .  k i s  c a l c u l a t e d  i n  .accordance w i t h  t h e  

f o l  1 owing equat ions,  (Reference 8) : 
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where: 

k = tolerance factor 

K2 = the normal deviate exceeded with probabil ity of p, 0.10 
(from tables, K2 = 1.282) 

Kp = 
The normal deviate exceeded with probability equal to the 
LTPD. 0.10 (from tables, Kp = 1.282) 

n = number of samples 

As mentioned previously, the State of California has stated that the 
consumer's risk of acceptance (p) at 10% defective (LTPD) must be 0.1. For 
these choices of p and LTPD, Kp = K2 = 1.282. 

The coefficients Kp and K2 are equal because of the choice for the 
values of both j3 and LTPD as 0.10. Refer to statistics handbooks listed in 
the reference section for additional description of this sampling principle. 
The values chosen for the sampling coefficients are consistent with in- 
dustrial sampling practice and regulatory guidance. 

4.3.2 Gra~hical Di st11 av of Gaussian Distribution 

When the cdf G(x), the integral of the Gaussian pdf, (Eq.  4-4), i s  

plotted against x, the measurement value, a graph of the error function is 
generated (Fig. 5.2) on a 1 inear-grade scale. For convenience of this 
survey and for readability, G(x) is plotted as the abscissa (x-axis) and the 
measurement value, x ,  is plotted as the ordinate (y-axis) on a probability- 
grade scale for the abscissa. G(x) values arranged in order of magnitude 
from left to right form a straight line on probability-grade paper, when the 
sample lot contamination is normally distributed. Figure 4.4 shows this 
output. 
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Figure 4.4 Gaussian cdf Plotted on Probability-Grade Paper 

The power of this graphical display is that it permits identifi- 

cation of values with significantly greater contamination than expected for 

that 1 ot. Calculated statistics numerically indicate 'the average and 
dispersion of the distribution, but are not effective for identifying trends 
or anomalies. For instance, identification of an isolated area in a sample 
lot which is contaminated at levels significantly greater than the fitted 
Gaussian line are easily observable in the plot, but Kt ks may still show 
acceptability. Upon further inspection and analysis, these graphical 
displays are used to show contamination level differences between areas or 
structures in a sample lot. The power of the fitted Gaussian graphical 
display is important in assessing significant variations in the contamina- 

tion levels within sample lots. 
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4 . 3 . 3  Acceptance Criteria for an Uncontaminated Area 

Once the test statistic, -ii- + ks, is calculated and the Gaussian 
cdf probability plot is generated, a decision is made as to the extent of 
contamination in the area. Is the area clean? Is part of the area con- 
taminated? Is the entire area contaminated? Are additional measurements 
necessary to make a determination? 

First, the Gaussian distribution will identify significant 
vzriations in the radiological measurements. The sample output, if it 
represents the entire area well, should approximate a straight line. 
Measurements made which represent radiological conditions in a separate 
population from the one assumed, are easily observable as severe deviations 
in the straight line. The location of these anomalous measurements can be 
determined and subsequent foll ow-up is appl ied. 

Second, the test statistic, Y t ks, is calculated for the dis- 
tribution. The criteria for acceptance are presented as a plan of action. 
The plan of action is: 

1) Acceptance: If the test statistic (Y+ks) is less than or 
equal to the limit ( U ) ,  accept the region as clean. (Any 
single value, x, less than 50% of the limit is considered the 
Characterization Level, which requires no further action. If 
any single measured value, x, exceeds 50% of the limit, rein- 
spect that location and take a few additional samples in the 
immediate area for the analysis. This is the Reinspection 
Level. If any single measured value, x, exceeds 90% of the 
limit, investigate the source of occurrence. This is the 
Investisation Level. This was presented in section 3 . 1 .  

2) Coll ect additional measurements: If the test statistic (gtks) 

is greater than the limit (U), but Titself i s  less than U, 
independently resampl e and combine a1 1 measured val ues to 
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determine i f  T t k s  <= U  f o r  t he  combined set ;  i f  so, accept the  

reg ion  as clean. I f  no t  r e j e c t  t he  reg ion .  

3 )  Re jec t ion :  I f  the  t e s t  s t a t i s t i c  (T tks)  i s  g rea te r  than the  

l i m i t  (U) and T>= U, r e j e c t  t he  region.  I n v e s t i g a t e  the  

source o f  occurrence. 
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5.0 ANALYTICAL TECHNIQUES 

Statistical methods presented in Section 4.0 were used to judge 
whether a sampling area is slightly contaminated, contaminated above accep- 
tance limits, or whether additional investigation is required. That 
decision is based on one type of radiological measurement: gamma exposure 

rate. This type of measurement is sensitive to Ra-226 radiations and is 
suitable for achieving the objectives specifie in the Site Survey Plan, 
(Reference 4). If these gamma measurements were to show elevated areas of 
contamination, follow-up investigation commenced. At T029, further inves- 
tigation was not required. Alpha and beta radioactivity measurements were 
made in the Ra-226 we1 1 and old barrel yard for "indication only," respec- 
tively. 

Analytical techniques used to acquire, evaluate, and interpret 
these radiological measurements are presented in detail in this section. 
This includes instrument calibration, background radiation determinations, 
and computerized data analysis through inspection by variables. 

Data Acauisition 

In each designated 6-m square grid, ambient gamma exposure rate 
was measured. Areas not easily accessible because of rock outcroppings and 
other objects were surveyed as best as possible. 

5.2 Data Reduction Software Proqram 

Each radio1 ogical measurement characteristic data value was input 
into SMART SPREADSHEET. This is an off-the-shelf computer software package 
which allows multiple computations to be performed on raw data values. 
Col umns were establ i shed to calculate the surface ambient gamma exposure 
rate in @/h. The standard deviation of each measurement was also calcu- 
1 ated. Software was developed in a program language called Quick Basic to 
read data from a SMART file into a graphics program which plots radiological 
measurements against a Gaussian cdf. For convenience, the distribution 
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function, G(x) is plotted as the abscissa (probability grades), and x, the 
measurement value, is plotted as the ordinate (1 inear grades), see Figure 
4.4. 

Input for data reduction of these measurements was: 

1. Ambient gamma exposure rate (counts in 1 min.; cpm); 

2. Gamma survey instrument background (1 min.), and effi- 
ci ency factor (pR/h/cpm) . 

Output for Gaussian plots of these measurements: 

1. Ambient gamma exposure rate and standard deviation (pR/h). 

Data Anal vsi s 

An arithmetic mean and standard deviation of the radiological 
measurement values is calculated for each data set. The test statistic, K + 
ks, based on a consumer's risk of acceptance of 0.10 at 10% defective, is 
also calculated for each distribution. The acceptance criteria presented in 
Section 4.3.3 is applied to each sampling distribution. 

From the plot of measurement values vs. cumulative probabil i ty, 
the mean radiological value of the lot is the point on' the ordinate axis 
where the distribution intersects the 50% cumulative probability. In test 
cases where an acceptance limit has been established for acceptably clean, a 
vertical 1 ine is plotted corresponding to the test statistic 'jT + ks. The 
figures display the results on an expanded scale so that the variations in 
the data can be seen in detail. 
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5.4 Direct Al~ha/Beta Contamination Measurements 

Direct alpha/beta contamination measurements were made for 

"indication only" on an as-needed basis. Ludl um model 12 count-ratemeters 

were connected to Ludlum 43-5 alpha probes and 44-9 beta probes. 

5.4-1 Instrument Cal i brat i on 

Each detector was calibrated before use. The alpha detector was 

calibrated with Th-230; the beta detector with Tc-99. Background levels 
were determined in an area of similar characteristics, known to be uncon- 
taminated. 

5.4,2 Data Acaui si ti on and Reduction 

The gross number of alpha and b .a count .s recorded by the 

ratemeter were converted to dpm/100 cm2 by equation 5-1 : 

count - 

where: SA = surface activity 

C = gross count rate as displayed on analog meter (cpm) 
B = background count rate as displayed on analog meter 

(generally 0-5 cpm for alpha and about 50-75 cpm for 
beta) 

EF = Efficiency factor, dpm/cpm (averages between 6,5-7-0 
for alpha and about 5.0-6.0 for beta) 

100 = 100 cm2 standard area 
A = probe sensitive area (50 cm2 for Ludlum model 43-5 

rectangular alpha scintill ator; 20 cm2 for Ludl um 

model 44-9 pancake G-M) 

The standard deviation of the measurement in dpm/100 cm2 i s given 

by : 
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s = ./= (100) (EF) (Eq. 5-2) 
(A) 

C and B are both measured in units of counts per minute (cpm). 

Data Anal vsi s 

Data analysis is not applicable to measurements made for "indica- 
II tion only 

5.5 Removable Al~ha/Beta Contamination Measurements 

Removable contamination measurements were not required and were 
not performed. 

5.6 Ambient Gamma Exposure Rate 

Measurements of ambient gamma exposure rate were made by use o f  a 

1" x 1" NaI scintillation crystal coupled to a Ludlum Model 2220-ESG 
portable scaler, (Appendix A). This device was mounted on a tripod so that 
the sensitive crystal was 1 meter from the ground. The detector is nearly 
equally sensitive in all directions, i.e. 4 T geometry, and can detect 
variations in exposure rate down to one-half of a j&/h, using the digital 
scaler for a 1-min count time. 

5.6.1 Instrument Calibration 

This detector is calibrated quarterly by the calibration labora- 
tory using Cs-137 as the calibration source. A voltage plateau is plotted 
and the voltage is set at a nominal 800 V .  The detector is placed on a 
calibration range and readings taken at 5, 2, 1, 0.9, 0.5, 0.4, 0.3, and 0.2 
mR/hr. A detector efficiency plot as a function of exposure rate is 

generated in this regard, (pR/h/cpm) . 
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Because of an exposure rate-dependent effect and because our 
calibration range does not read less than 200 pR/h, this instrument was 
cross-calibrated against a Reuter Stokes High Pressure Ion Chamber (HPIC). 
Count rates were converted to exposure rates by the relationship that about 
215 cpm = 1 pR/h, at background exposure rates. This calibration was 
performed several times. 

Instrument response was checked three times a day using a Ra-226 
source. The source was placed 1 ft from the detector and counted for 1 rnin. 
If the scaler reading fell within t 5% of the nominal value, then the 
instrument was qualified as operable for the day, under the calibration 
conditions previously described. Recalibration was never necessary. 

5.6.2 Data Acauisition and Reduction 

Each location where a gamma measurement was made was identified on 
a map and in matrix notation. The gross number of counts recorded in 1 rnin. 
along with the matrix notation location was input into SMART SPREADSHEET. 
Columns were established to calculate the total exposure rate (pR/h) and its 
standard deviation according to the equations 5-3 and 5-4. Gamma scintilla- 
tions produced by a NaI detector were converted from gross counts to 
exposure rate (jA?/h) by: 

R = (C) * (EF) (Eq. 5-3) 
1 min. 

where R = exposure rate (pR/h) 
C = gross counts in 1 min. (cpm) 
EF = efficiency factor (0.0047 pR/h/cpm) based on cross 

calibration with HPIC. 

The standard deviation, s, of a single measurement then becomes by 
Eq. 4-3: 

s = *(EF)  (Eq.  5-4) 
1 min. 
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5.6.3 Data Analysis 

Total gross exposure rates in fi/h were plotted, in order of 
magnitude from left to right, against the cumulative probability, as in 
Figure 4.4. 

Both the NRC and DOE criteria for acceptance as unrestricted use 
are given in fi/h above background, 5 and 20, respectively. During the 
survey we observed significant deviations in natural background radiation as 
a function of landscape geometry. For example, when the detector is placed 
near a large sandstone outcropping, the exposure rate may increase by almost 
4 $/h. This increase is due to primordial radionuclides in the sandstone, 
and because the source geometry has changed from 2 a to maybe, 3 a stera- 
di ans. ... 

The best solution for evaluating the potential or existence of 
residual contamination in an area where the radiation field varies naturally 
by a range as large as the acceptance 1 imit, is to compare total exposure 
rates in different areas. 

The TO29 distribution of ambient exposure rate measurements is 
compared against three independent sampling areas of similar geologic 
characteristics. In these other areas, no radioactive materials were ever 
used, hand1 ed, stored, or disposed. These di stri butio'ns represent natural 
ambient gamma radiation levels in this location. Measurements were taken on 

flat and rugged terrain, with Chico Formation sandstone, similar to condi- 
tions surrounding T029. 

These distributions make no corrections for "background" ; the 
total-gross gamma exposure rate is considered. Then, the average of the 
"true background" areas is used as our best estimate for background radia- 
tion at SSFL. Using this value, we correct the TO29 data and compare the 
resulting distribution against acceptance 1 imi ts. 
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5.7 Surface Soi 1 S a m ~ l  es 

If radioactive contamination was detected from performance of 
ambient gamma exposure rate measurements, soi 1 sampl es were col 1 ected from 

the general area to qualify and quantify the radioactivity. At T029, soil 

sample analysis was not necessary and was not performed. 
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6.0 PROCEDURES 

The following radiological procedures were used in performing this 
survey. 

6.1 Sam~le Selection Griddinq 

Superimpose 6-meter square grids on each surface to be radiologi- 
cally characterized. Designate each square meter in matrix notation with 
location (1,l) being the northwestern most square in a sample lot. For 
T029, (1,l) is the western-most location on 10th Street, adjacent to "G" 
Street. Measurement locations should be marked off every 6 meters down 
(east) 10th Street to T029. Mark grids inside TO29 and in the area im- 
mediately surrounding it. 

6,2 Calibration and Instrument Checks 

Instruments are calibrated and checked every morning, noon, and 
evening for the duration of the project as follows. 

Portable Ludlum 2220-ESG Survey Instruments: 

1) Turn the instrument 'ON' and allow to warm up for 5 min. 

2) Check high voltage (800V gamma). 

3) Check threshold (400 gamma). 

4 )  Window in/out switch is set to out. 

5) Check battery (greater than 500). 

6) Set range selector to 1, response to fast, and count time 
for ambient gamma exposure rate measurements to 1 min. 
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Take and record  a 1 min. background count i n  an uncon- 

taminated area which t y p i f i e s  the  area t o  be surveyed. 

V e r i f y  t h a t  ambient background f a l l s  w i t h i n  + 20% o f  

da i  ly-averaged background measurements. 

Use a Ra-226 check source l oca ted  1 ft from the  NaI 

de tec to r  t o  check o p e r a b i l i t y  o f  t h e  gamma inst rument .  

The count r a t e  should no t  vary by more than + 5% from the  

i n i t i a l l y  es tab l ished standard. The gamma c a l i b r a t i o n  

e f f i c i e n c y  f a c t o r  i s  determined by comparison aga ins t  a 

Reuter Stokes High Pressure I o n  Chamber (HPIC). 

6,3 Radio1 oq i ca l  Measurements 

6.3.1 Ambient Gamma Exposure Rate Measurements 

1) Mount t he  de tec to r  on a t r i p o d  which supports t he  de tec to r  1 

meter from the  ground. 

2) Set t he  count t ime t o  1 min. and take  a measurement a t  each 

se lec ted  l o c a t i o n  f o r  t h a t  l eng th  o f  t ime. 

3) Record t h e  l oca t i on ,  t o t a l  counts, background, and e f f i c i e n c y  

f a c t o r  (pR/h/cpm) . 

4 )  Enter  t h e  data i n t o  SMART spreadsheet. 

6.3.2 Surveys o f  S ~ e c i  a1 S t r u c t u r a l  Features and Components 

1) Using a Ludlum Model 12 count r a t e  meter i n  connect ion w i t h  a 

Ludl um Model 43-5 rec tangu lar  alpha s c i n t i l l  a t i o n  probe, 

survey var ious  b u i l d i n g  fea tures  and components which are 
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suspect of containing residual alpha contamination. The only 
suspect area is the Ra-226 source well. 

2) Perform an instrument calibration check using a Th-230 source. 

3 )  If necessary, do the same for beta contamination using a 
Ludl um model 43-1 beta probe. 

4 )  Record the gross count rate i n  a generalized manner as NDA (No 
Detectable Activity) or less than 20 cpm, 30 cpm, 100 cpm, 
etc., as applicable. 
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7.0 SURVEY RESULTS 

The Building TO29 radiological survey was performed using the 
survey plan previously described. A single sample lot was established to 
survey, analyze, and interpret radiological data. Uniform 6-m square grids 
were set up inside and around TO29 to measure ambient gamma exposure rates. 
Radiological data for this lot was statistically analyzed. Analytical 
interpretation of this data set shows an uncontaminated facility and 
grounds. The Ra-226 storage wells are known, previous to this survey, to be 
contaminated. 

7.1 Statistical Results Format 

Gamma exposure rate data collected during this survey of TO29 are 
displayed as a Gaussian cumulative distribution function in Figure 7.1. 
Figures 7.2 through 7.4 are distributions of gamma exposure rate measure- 
ments made at 3 independent SSFL locations to demonstrate the variability of 
"natural" background. Figure 7.5 is a distribution of TO29 data corrected 
for "natural" background based on the average of the results presented in 
Figures 7.2 through 7.4. These figures show each measurement value, 
arranged in order of magnitude from left to right, and a straight line 
representing the derived fitted-Gaussian distribution. 

The mean of each distribution is approximately that value on the 
ordinate which corresponds to a 50% cumulative probability on the abscissa. 
One, two, and three standard deviations above the mean corresponds to 84%, 
97.7%, and 99.8% cumulative probabil i ty for a one-sided test, respectively. 
The value of k used in the inspection test is very nearly 1.5 for each case; 
thus, the Test Statistic (TS) line (xi- ks) will run perpendicular to the 
abscissa corresponding to about a 93.3% cumulative probabil i ty. The 
Gaussian distribution line must pass below the intersection of the "TS" line 
(about 93%) and the horizontal line showing the acceptance limit at that 
point in order to accept the lot as being noncontaminated. "k" and thus the 
"TS" line increase as the number of samples in a lot decrease. 
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At the top left hand corner of the output is the file name of the 
data file for the sample lot. 30 pR/h is normally used for convenience, as 
the maximum ordinate value. If measurements exceed 30 pR/h, then the 
greatest measurement forms the upper bound of the ordinate axis. In cases 

where the measurements have been corrected for "background," 5 pR/h (the NRC 
acceptance limit) is used as the maximum ordinate value. The lower bound of 

the ordinate is either the smallest measured value (minus background, if 
appl icable) or the smallest value calculated for a Gaussian fit. Negative 

numbers result when the measured value is less than background. Cumulative 

probabil i ty (abscissa) is plotted in probabil i ty grades, i .e .  the distance 
between any two successive points increases as the distance from the 50% 
cumulative probability line increases. If an acceptance limit is ap- 
plicable, four horizontal lines extending across each plot show from top to 
..bottom, 100% of the test limit, 90% of the test limit (Investigation), 50% 
of the test limit (Reinspection), and zero. 

In cases where an acceptance limit is not appropriate, for 
example, gamma exposure rate measurements not corrected for background, the 
four horizontal lines are not shown. Furthermore, a test statistic is not 
calculated because we were not testing the data against an acceptance 1 imi t ,  
Since the variability in naturally-occurring ambient gamma exposure rates at 
SSFL is wide, background was not subtracted at first. In these cases, the 
mean is calculated and the shape of the distribution is observed to identify 
any areas of increased radioactivity. Then the shape of the curve is 
compared against three "background" distributions. Finally, "background" is 
subtracted and inspection by variables techniques are applied to prove or 
disprove the hypothesis that the area is not contaminated. 

Ambient Gamma Ex~osure Rates 

Forty ambient gamma exposure rate measurements were made in and 
near building T029. Six measurements were made inside, which exceeded our 
criteria that a minimum 5.5% survey be performed (i .e. 1 m2 surveyed per 36 
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m2). Appendix C shows the data set sorted in order of decreasing exposure 
rate. Notice that the smallest exposure rates were measured inside. Table 

7.1 shows the statistics for the TO29 data set compared against data from 
three independent areas where no radioactive material was ever handled, 
used, or stored. This type of comparison is necessary for two reasons: 1) 
the "background" gamma-radiation environment is quite variable at SSFL; and 

2) the limits for unrestricted use by which we use to demonstrate an 
"acceptable" area are based on above "background" criteria. So, unless we 

confidently know what "background" is, the area under study may be found 
incorrectly acceptable if the background used was too high, or incorrectly 
unacceptable if the background used was too low. Because of the difference 
observed between indoor and outdoor measurements, these indoor/outdoor 
statistics were also calculated independently. They appear as the last two 
rows in Table 7.1. It would have been more appropriate to compare the 
indoor measurements against a "clean" facility, but a facility of similar 
construction was not avai 1 able. 

Figure 7.1 shows the statistical distribution of gamma measure- 
ments plotted against cumulative probability. The distribution of points 
deviates from a model Gaussian distribution and shows clearly the difference 
between indoor and outdoor measurements. The smallest 6 points correspond 
to indoor measurements. The slight deviations observed on the high end of 
the distribution are attributed to changes in topography and the presence of 
Chico sandstone formation, which we have observed to produce a greater 
"naturaln exposure rate. 

Figures 7.2 through 7.4 are probability plots of the three 
independent "background" areas surveyed. A1 1 three areas are located on the 
eastern side of SSFL: (1) Area surrounding building 309 on Area I Road; (2) 
well #13 Road; and (3) Incinerator Road. At least 30 measurements were made 
in each area on the same day. In the plots, a uniform background rate would 
appear as a straight line with slope equal to zero. All three distributions 
show Gaussian functions; however, the variability is greatest in the area 
near building 309 (slope is greatest). 
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Table 7 .1  Ambient Gamma Rad ia t i on  a t  SSFL Compared t o  TO29 Measurements 

Loca t i on  
No. o f  Average Exposure Standard Range 

Measurements Rate (&/h) D e v i a t i o n u R / h  uR/h 

TO29 E n t i r e  Data Set 4 0 14.4 1.55 6.05 

TO29 Indoor  Data Set 6 11.4 0.94 1.32 

TO29 Outdoor Data Set 34 14.9 0.87 3.35 

Bldg.  309 Area 36 15.6 0.82 3.4 
(1/19/88) 

Well #13 Road ( D i r t )  4 3 16.2 
(4/29/88) 

I n c i n e r a t o r  Road ( D i r t )  35 14.0 
(4/29/88) 

Measurements f rom t h e  area surrounding b u i l d i n g  309 show t h e  most 

v a r i a b i l i t y  of  a l l  t h r e e  background areas. Th i s  i s  a t t r i b u t e d  t o  l a r g e  

sandstone ou tc ropp ings  i n  t h e  area; t h e  s p a t i a l  dependency o f  t h e  measure- 

ments i s  observable i n  t h i s  case. Otherwise, t h e  topography o f  each l o c a -  

t i o n  i s  s i m i l a r .  The v a r i a b i l i t y  o f  each d i s t r i b u t i o n  depends on t h e  number 

o f  measurements made d i r e c t l y  aga ins t  t h e  r o c k  versus t h e  number made many 

f ee t  f rom t h e  rock .  A1 so o f  importance here i s  t h e  range o f  measurement 

va lues w i t h  a maximum o f  3.4 $/h. The background v a r i a b i l i t y  approaches 

t h e  NRC l i m i t  o f  5 $/h. 

T h i s  a n a l y s i s  shows t h e  g r e a t  d i f f i c u l t y  i n  assess ing whether an 

area i s  contaminated based on t h e  NRC l i m i t  o f  5 pR/h above background. The 

DOE l i m i t  o f  20 pR/h i s  more reasonable.  The d e v i a t i o n s  observed i n  t h e  

TO29 da ta  a re  a t t r i b u t e d  t o  n a t u r a l  l y - o c c u r r i n g  causes. The b u i  1 d i n g  

s h i e l d s  aga ins t  ambient r a d i a t i o n ,  and sandstone produces a g r e a t e r  exposure 

r a t e .  I f  t h e  da ta  p o i n t s  a re  c o r r e c t e d  f o r  background based on an average 

o f  t h e  t h r e e  "background" areas, and p l o t t e d  aga ins t  cumula t i ve  p r o b a b i l i t y  

w i t h  t h e  maximum o r d i n a t e  va lue  equal t o  t h e  NRC acceptance 1 i m i  t ( 5  pR/h), 

F i gu re  7.5 i s  produced. Again, t h e  i ndoo r  measurements a f f e c t  t h e  Gaussian 
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Figure 7.1 Ambient Gamma Radiation at Building TO29 and Surrounding Area 

CLMMR EXPOSURE RITE 
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Figure 7.2 Ambient Gamma Radiation at Area Surrounding Building 309 

(Background D i  stri bution) 
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Figure 7.3 Ambient Gamma Radiation at Area Well #13 Road 
(Background Distribution) 

WELL Ill3 RORD CRMMR BRCKCROUND DISTRIBUTION 
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GEN-ZR-0006 
Page 57 
O8/ 19/88 

Figure 7.4 Ambient Gamma Radiation at Incinerator Road 

(Background Distribution) 

INCINERRTOR RORD GAMMA BAGKCROUND DISTRIBUTION 
CMIBCKP CRMML EXPOSURE RITE 
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Figure 7.5 Ambient Gamma Radiation at Building TO29 

(Corrected for Background) 

Ti29 BRGKGROUND GO 
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fit. Deviations in the plotted points are enlarged in this "corrected for 
background" distribution because of variations observed in "natural" 

background. A1 l data points were treated equivocal 1 y ; "background" was 
treated uniformly. Fortunately, the test statistic accounts for this 

observed dispersion. The average value of this "background" corrected 
distribution is -0.84 + 1.55 fl/h. The Test Statistic ( f t  ks) is 1.628, 
which is less than our 50% characterization level. The area is found 
acceptably "clean" by this inspection measurement. 

7.3 Radiation Measurements of Ra-226 Storaae Wells 

The 12-in diameter pipe with three 1-in diameter tubes are still 

in place. The tubes produce no measurable gamma exposure rate. A thimble 
was raised from a tube and surveyed with an alpha probe. 200 cpm was 
registered by the meter. This corresponds to about 2800 a-dpm/100 cm2. A t  

the discretion of the health physicist, the thimble was lowered back in 
position and the survey terminated. It i s  known that the source wells are 
still contaminated. An adequate, thorough investigation will be possible 
when the wells are removed and dispositioned. This work will require 
supervision by a health physicist and controls to minimize spread of 
contamination during this operation. 

7.4 Radiation Measurements of Old Barrel Storaqe Area (F iqure 2.5) 

Gamma exposure rate measurements and beta countrate measurements 
were made "for indication only" in a small area where barrels were once 
stored temporarily in the early 1960s (see Figure 2.5). We do not know what 
was stored in them; we suspect non-radioactive material. All measurements - 
show no detectable activity. 
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8.0 CONCLUSIONS 

Building TO29 and its surrounding area were inspected for radio- 
active contaminants. Gamma exposure rate measurements show that no residual 
contamination exists on the facility floor or in the surrounding area. The 
Gaussian plots of TO29 data and of "background" areas show the great 
difficulty in assessing the radiological condition of a facility based on a 
government acceptance requirement above background. Variability of gamma 
exposure rates is quite large and depends on whether the measurement was 
made indoors, outdoors, or near a large sandstone outcropping. Accounting 
for these variations, and subtracting a value best representing natural 
ambient gamma radiation in this area, we conclude through inspection by 
variables, that the area is clean of any residual radioactive contamination. 

The Ra-226 storage wells inside the facility are still conta- 
minated. An alpha survey of a thimble raised from the bottom of a well 
showed 2800 a-dpm/100 cm2 total contamination. Further investigation, 
decontamination, and disposition is required in these wells. Controls 
should be applied to minimize contamination spread during this procedure. 

An area south of TO29 where, from an old photo, was shown to be 
used as some type of barrel storage yard, was also surveyed. All measure- 
ments show No Detectable Activity. 
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for Radiologic Measurements," IL from R. J. Tuttle to Radiation 
and Nuclear Safety, RI, June 24, 1986. 
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International, August, 1988. 

IL from D. D. Busick and W. D. Hanson to R. M. Hill, "Report of 
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tion, Inc., April 10, 1964 

IL from R. K. Owen and J. D. Moore to W. F. Heine, "Incident 
Report - Sealed Source Capsule Failure at T029", North American 
Rockwell, December 2, 1970 

IL from J. D. Moore to W. F. Heine, "Transfer of Radioactive 
Sources from T029", Rockwell International, May 1, 1974 
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APPENDIX A. DESCRIPTION OF NUCLEAR INSTRUMENTATION 

During the radiological survey, direct radiation measurements were 
made by using portable instruments. Because sample collection was not 

necessary, analytical laboratory equipment was not required. 

A Ludlum model 2220-ESG portable scaler/ratemeter was coupled to a 
Ludl um model 44-10 NaI gamma scinti 11 ator for detecting gamma radiation. 
The NaI (TI) crystal is extremely sensitive to changes in gamma flux. The 

probe efficiency varies with exposure rate. At background ambient gamma 

exposure rates, the efficiency is about 215 cpm/pR/h. This determination 
was made by calibrating the 2220-ESG against a Reuter Stokes High-pressure 
Ion Chamber (HPIC). The HPIC displays a digital readout every 3 to 4 
seconds in @/h.  

A Ludl um model 12 count-ratemeter was coupled to a Ludl um model 

43-5 a1 pha scintill ation probe to measure alpha contamination. The probe 

active area is 50 cm2. Instrument calibration is performed using Th-230. 

This instrument is best suited for "indication only" determinations. 

A Ludlum model 12 count-ratemeter was coupled to a Ludlum model 

44-9 pancake G-M beta probe to measure beta contamination. The probe active 

area is 20 cm2. Instrument calibration is performed using Tc-99. This 

instrument is best suited for "indication only" determinations. 
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APPENDIX B. COPY OF DOE REPORT, 

"GUIDELINES FOR RESIDUAL RADIOACTIVITY AT 

FUSRAP AND REMOTE SFMP SITES," March, 1985 
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Addressees 

GUIDELINES FOR RESIDUAL RADIOACTIVITY AT FUSRAP AND REMOTE SFMP SITES 

The attached guidelines, "U.S. Department of Energy Guidelines for Residual 
Radioactivity at Formerly Utilized Sites Remedial Action Program and Remote 
Surplus Faci 1 it ies Management Program Sites," (January 1985) have been issued 
by the Division of Remedial Action Projects for implementation by FUSRAP and 
SFCIP in order to establish authorized limits for remedial actions. While 
these Guide1 ines are specif ical ly intended for "remote" SFMP sites (those 
located outside a major DOE R&D or production site), they should be taken into 
consideration when developing authorized limits for remedial actions on 
major DOE reservatfons, The guide1 ines provide specif lc authorlzed 1 imi ts 
for residual radium and thorium radlofsotopes In soil, for airborne radon 
decay products, for external ganuna radiation, and for residual surface con- 
tamination levels on materials to be released for unrestrlcted use. These 
guidelines will be supplemented in the near future by a document providing 
the methodology and guidance to establish authorized limits for residual 
radioisotopes other than radium and thorium in soil at sites to be certified 

\ for unrestricted use. The supplement will provide further guidance on the 
 hi losophies, scenarios, and pathways to derive appropriate author lzed 1 lml ts 
for residual radionuclides and mixtures in soi 1 ,  These uldelfnes are based 
on the International Commission on Radiation Protection 9 ICRP) ph.llosophies 
and dose limits in ICRP reports 26 and 30 as interpreted in the draft revised 
DOE Order 548O.lA. These dose 1 imits are 500 mrem/yr for an lndlvldual 
member of the public over a short period of time and an average of 100 
mremlyr over a lifetime. 

The approval of authorized limits differing from the guidelines is described 
in Section D, last sentence of the attached document. If the urgency of field 
activity makes DRAP concurrence not cost effective, a copy of the approval 
and backup analysis should be furnjshed to DRAP as soon as possible, although 
not necessarily prior to beginning field activities. This does not remove 
the requirement for approval by SFMPO. 

As a result ' of a recent court decision, the Env ironmenta 1 Protect ion Agency 
(EPA) has issued airborne radiation standards appl icable to DOE faci 1 it ies. 
These final standards, issued as revisions to 4 0  CFR 61, are: 
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- Addressees MAR 0 5 1235 

25 mremlyr-whole body 

@ 75 mremlyr-organ 
- 

a waiver of these standards will be granted if DOE demonstrates that no 
individual would receive 100 mremlyr continuous exposure whole body 
dose equivalent from all sources within 10 km radius, excluding 
natural background and medical procedures 

a radon and radon daughters are excluded (these standards are covered 
in 40 CFR 192) 

The attached gufdelines were written to be consistent with the revision o f  the 
DOE Order 5480.1A now in draft at Headquarters and have received the concurrence 
of the Public Safety Dlvlsion, Office o f  Operational Safety. The guldellnes 
will be included in the SFMP Program Plan beginning with the next revislon 
(for FY 1986-1990). 

Please refer any questions to Paul F, X ,  Dunlgan, Jr, (FTS 444-6667), of my 
staff, 

Attachment: 
As stated 

CC: R e  N. COY, UNC 
. E, G. DeLaney, NE-24, HQ 

Clarence E. Miller, Jr., Director 
Surplus Facl 1 it ies Management 

Program Office 
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U.S. DEPARTMENT OF ENERGY GUIDELINES 
FOR RESIDUAL RADIOACTIVITY AT 

FORMERLY UTILIZED SITES REMEDIAL ACTION PROGRAM 
AND 

REMOTE SURPLUS FACILITIES MANAGEMENT PROGRAM SITES 

(February 1985) 

INTRODUCTION 

T h i s  document p resen ts  U. S. Department o f  Energy (DOE) r a d i o l o g i c a l  
p r o t e c t i o n  g u i d e l i n e s  f o r  c leanup o f  r e s i d u a l  r a d i o a c t i v e  m a t e r i a l  s  and 
management o f  t h e  r e s u l t i n g  wastes and res idues,  It i s  a p p l i c a b l e  t o  s i t e s  
i d e n t i f  l e d  by t h e  Former ly  U t i  1  i zed S i t e s  Remedial A c t i o n  Program (FUSRAP) and 
remote s i t e s  i d e n t i f i e d  by t h e  Surp lus F a c i l  i t l e s  Management Program (SFMP) . *  
The t o p l c s  covered a re  bas i c  dose l i m i t s ,  g u i d e l i n e s  and a u t h o r i z e d  I i m l t s  f o r  
a1 lowable l e v e l s  o f  r e s i d u a l  r a d l o a c t i v i  t y ,  and requi rements f o r  c o n t r o l  o f  

CJ 
t h e  r a d i o a c t i v e  wastes and res idues.  

P ro toco l s  f o r  i d e n t i f i c a t f  on, c h a r a c t e r i z a t i o n ,  d e s i g n a t i o n  o f  FUSRAP 
f o r  remedia l  a c t i o n ;  f o r  implementat ton o f  t h e  e d l a l  a c t i o n ;  and f o r  

c e r t i f i c a t i o n  o f  a  FUSRAP s i t e  f o r  r e l e s s e  f o r  u n r e s t r i c t e d  use a r e  g- iven I n  a 
I 
: sepavate document (U.S. Dept, Energy 1984), More d e t a i l e d  i n f o r m a t i o n  on 

a p p l i c a t i o n s  o f  t h e  g u i d e l i n e s  p resen ted  he re ln ,  i n c l u d i n g  procedures f o r  
d e r i v i n g  s i  te -spec i f  t c  g u i d e l i n e s  f o r  a1 lowab le  l e v e l s  o f  r e s i d u a l  r a d i o -  
a c t i v i t y  f rom b a s i c  dose l i m i t s ,  i s  con ta ined  i n  a  supplementary document- 
r e f e r r e d  t o  h e r e i n  as t h e  "supplement" (U. S. Dept. Energy 1985). 

"Residual  r a d i o a c t i v i  tyfl i n c l  ud.es: (1) r e s i d u a l  concen t ra t i ons  o f  r a d i o -  
n u c l  i des  i n  s o i l  m a t e r i a l  ,** (2) concen t ra t i ons  o f  a i r b o r n e  radon decay 
products ,  (3) e x t e r n a l  gamma r a d i a t i o n  l e v e l ,  and (4) s u r f a c e  con tamina t ion .  
A "bas i c  dose l i m i t u  I s  a  p r e s c r i b e d  s tandard  f rom wh ich  l i m i t s  f o r  q u a n t i t i e s  
t h a t  can be mon i to red  and c o n t r o l l e d  a r e  der i ved ;  It i s  s p e c i f i e d  i n  terms o f  
t h e  e f f e c t i v e  dose e q u i v a l e n t  as d e f i n e d  by  t h e  I n t e r n a t i o n a l  Commission on  
Radiological P r o t e c t i o n  ( ICRP 1977, 1978). Bas ic  dose 1 i m i  t s  a r e  used 

' e x p l i c i t l y  f o r  d e r i v i n g  gu ide1 i nes  f o r  r e s i d u a l  concen t ra t i ons  o f  r a d i o -  
n u c l i d e s  i n  s o i l  m a t e r i a l ,  excep t  f o r  t h o r i u m  and radlum. Guidelines f o r  

-- 

*A remote SFMP s i t e  i s  one t h a t  i s  excess t o  DOE programmatic needs and i s  . 
l o c a t e d  o u t s i d e  a  ma jo r  o p e r a t i n g  DOE research  and development o r  p r o d u c t i o n  
area. 

R*The t e rm  " s o i l  m a t e r i a l "  r e f e r s  t o  a l l  m a t e r j a l  below grade l e v e l  a f t e r  
L remedia l  a c t i o n  i s  completed. 
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r es i dua l  concen t ra t ions  o f  t ho r i um and radium and f o r  t h e  o t h e r  t h r e e  quan t i -  
t i e s  ( a i  rborne radon decay p roduc ts ,  e x t e r n a l  gamma r a d i a t i o n  l e v e l ,  and 
sur face  contaminat ion)  a r e  based on e x i s t i n g  r a d i o l o g i c a l  p r o t e c t i o n  standards 
(U.S. Environ. Bro t .  Agency 1983; U. S. Nuc l .  Reg. Comm. 1982). These standards 
a re  assumed t o  be c o n s i s t e n t  w i t h  b a s i c  dose l i m i t s  w i t h i n  t h e  u n c e r t a i n t y  o f  
d e r i v a t i o n s  o f  l e v e l s  of r e s i d u a l  r a d i o a c t i v i t y  f rom b a s i c  1 i m i  t s .  

A "guide1 Ine"  f o r  r e s i d u a l  r a d l o a c t l v i  t y  i s  l e v e l  o f  r e s l d u a l  r a d i o -  
a c t i v i t y  t h a t  i s  acceptable if t h e  use o f  t h e  s i t e  i s  t o  b e . u n r e s t r i c t e d ,  
Guide1 i n e s  f o r  r e s i d u a l  r a d i o a c t i v i t y  p resen ted  h e r e i n  a r e  o f  two k inds :  
(1) gener lc ,  s l te - independent  g u i d e l  i nes  t aken  f rom e x l s t i n g  r a d i a t i o n  p ro tec -  
t i o n  standards, and (2) s i t e - s p e c i f i c  g u i d e l i n e s  d e r i v e d  f rom b a s i c  dose 
1 i m i t s  u s i n g  s i t e - s p e c i f i c  models and data.  Gener ic  g u i d e l  i n e  va lues  a r e  
p resen ted  i n  t h i s  document. Procedures and da ta  f o r  d e r i v i  ng s i  t e - spec i  f i c  
guideline values a re  g i ven  i n  t h e  supplement. 

An "au tho r l zed  l i m i t u  i s  a l e v e l  of  r e s l d u a l  r a d l o a c t i v l t y  t h a t  must n o t  
exceeded if t h e  remedia l  a c t i o n  i s  t o  be cons idered  completed. Under 

normal c i rcumstances, expected t o  occur  a t  most s i t e s ,  a u t h o r i z e d  l l m l t s  a re  
s e t  equal t o  g u l d e l  i n e  va lues f o r  r e s l d u a l  r a d i o a c t i v i t y  t h a t  a r e  accep tab le  
If use o f  t h e  s l t e  i s  n o t  be r e s t r i c t e d .  I f  t h e  a u t h o r l z e d  l i m i t  i s  s e t  
h i g h e r  t h a n  t h e  g u i d e l i n e ,  r e s t r i c t i o n s  and c o n t r o l s  must be e s t a b l i s h e d  f o r  
use o f  t h e  s l t e .  Excep t iona l  c i rcumstances f o r  wh ich  a u t h o r i z e d  1 i m l  t s  m lgh t  

i f f e r  f rom g u i d e l i n e  va lues  a r e  s p e c i f l e d  i n  Sec t ions  D and F ,  The r e s t r i c -  
i ons  and c o n t r o l s  t h a t  must be p l aced  on t h e  r l t e  I f  a u t h o r i z e d  l l m l t s  a r e  

s e t  h l g h e r  t h a n  g u i d e l i n e s  a r e  desc r i bed  i n  Sec t i on  E ,  

DOE p o l i c y  r e q u i r e s  t h a t  a l l  exposures t o  r a d i a t i o n  be l i m i t e d  t o  l e v e l s  
t h a t  a r e  as low as reasonably  ach ievab le  (ALARA), Imp lementa t ion  o f  ALARA 
p o l i c y  i s  s p e c i f l e d  a6 procedures t o  be a p p l f e d  a f t e r  r u t h o r l z e d  l i m i t s  have 
been set .  For  s l t e s  t o  be re l eased  f o r  unrestricted use, t h e  i n t e n t  i s  t o  , 

reduce r e s l d u a l  r a d i o a c t i v i t y  t o  l e v e l s  t h a t  a r e  as f a r  below a u t h o r i z e d  
1 tm i  t s  as reasonable cons1 d e r l  ng t e c h n i  ca1 , economic, and soc i  a1 f a c t o r s ,  A t  
s l t e s  where t h e  r e s i d u a l  r a d l o a c t i v l t y  i s  n o t  reduced t o  l e v e l s  t h a t  p e r m i t  
r e l ease  f o r  u n r e s t r i c t e d  use, ALARA p o l  i c y  i s  implemented b y  e s t a b l l  sh i ng  
c o n t r o l  s t o  reduce exposure t o  ALARA 1 eve1 s. Procedures f o r  imp1 ement i ng 
ALARA p o l  Icy a re  d e s c r l  bed I n  t h e  supplement, ALARA p o l  l c i  es , procedures,  and 
a c t i o n s  must be documented and f i l e d  as a permanent r e c o r d  upon comp le t i on  o f  
remedia l  a c t i o n  a t  a s f t e ,  

. BASIC  DOSE L I M I T S  

The b a s i c  l i m i t  f o r  t h e  annual r a d i a t i o n  dose r e c e i v e d  b y  an I n d i v i d u a l  
member o f  t h e  genera l  p u b l i c  i s  500 mrem/yr f o r  a p e r i o d  o f  exposure n o t  t o  
exceed 5 years  and an average o f  100 mrem/yr ove r  a I f  fe t ime.  The committed 
e f f e c t i v e  dose equ i va len t ,  as d e f i n e d  i n  I C R P  P u b l i c a t i o n  26 (ICRP 1977) and 
c a l c u l a t e d  b y  dos imet ry  models d e s c r l  bed i n  ICRP Pub1 i c a t i o n  30 ( I C R P  19781, 
s h a l l  be used f o r  de te rm in ing  t h e  dose. 
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C.1 Residual Radionuclides in Soil Material 

Residual concentratlons of radionucl ides in soi 1 material shall be 
specified as above-background concentrations averaged over an area of 100 m2. 
If the concentration in any area is found to exceed the average by a factor 
greater than 3, guide1 ines for local concentratfons shall also be appl {cable. 
These "hot spot" guidelines depend on the extent of the elevated local concen- 
trations and are given in the supplement. 

The generic guidel ines specified below are for concentrations of individual 
radionucl ides occurring alone. If mixtures of radionucl ides are present, the 
concentrations of individual radionucl ides shall be reduced so that the dose 
for the mixture yould not exceed the baslc dose llmit. Explicit formulas for 
calculating residual concentration guidel ines for mixtures are given in the 
supplement. 

The generic guidel ines for resl dual concentrations of Th-232, Th-230, 
Ra-228, and Ra-226 are: 

- 5 pCi/g, averaged over the first 15 cm of soil below the surface 

- 15 pCi/g, averaged over 15-cm-thick layers of soll more than 
15 cm below the surface 

L 
The guldellnes for residual concentratlons In soll materlal of all other 

radionuclides shall be derlved from baslc dose limits by means of an envlron- 
mental pathway analysi s uri ng c l  te-speci f lc data. Procrdurrs for drrlvl ng 
these guidelines are given In the supplement. 

C.2 Airborne Radon Decay Products 

Generic guldellnes for concentrations of airborne radon decay products 
shall apply to existing occupied or habi tab1 e structures on private property 
that are Intended for unrestricted use; structures that will be demolished or 
buried are excluded. The applicable generic guidel ine (40 CFR 192) is: In 
any occupied or habitable building, the objective of remedial action shall be, 
and reasonable effort she1 1 be made to achieve, an annual average (or equivalent) 
radon decay product concentration (including background) not to exceed 0.02 WL.* 
In any case, the radon decay product concentration (I nc1 udl ng background) 
shall not exceed 0.03 WL, Remedial actions are not required in order to 
comply with thls guideline when there is reasonable assurance that residual 
radioactive materials are not the cause. 

C. 3. External Gamma ~ a d i  aiion 

The level of gamma radiation at any location on a site to be released for 
unrestricted use, whether 3nside an occupied building or habitable structure 
or outdoors, shall not exceed the background level by more than 20 pR/h. 

Ld 
*A working level (WL) is any combination of short-lived radon decay products 
in one liter of air that will result in the ultimate emission of 1.3 x lo6 MeV 
of potential alpha energy. 7 
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Surface Contamination 

The following generic guidelines, adapted from standards of the U.S.  Nuclear 
Regulatory Commission (1982), are appl.icable only to existing structures and 
equipment that will not be demolished and buried. They apply to both interior 
and exterior surfaces. If a building is. demolished and buried, the guidelines 
in Section C . 1  are applicable to the resulting contamination in the ground. 

I 

Radi onucl i dest2 

Allowable Total Residual Surface 
Contam4 nation (dpm/100 em2 )t 

Averaget3, t4 Maximumt4, t Removabl et6 

Transurani cs , Ra-226, Ra-228, 
Th-230, Th-228, Pa-231, Ac-227, 
Im125, 1-129 100 300 20 

Th-Natural , Th-232, Sr-90, Ra-223, 
Ra-224, U-232, 1-126, 1-131, 1-133 1,000 3,000 200 

&=Natural, U-235, U-238, and 
associated decay products 5, OOOa 15, OOOa 1, OOOa 

Beta-gamma emf tters (radi onucl ldes 
wlth decay modes other than alpha 
em1 s s i on or spontaneous f i ss 1 on) 
except Sr-90 and others noted above 5,000f3-y 15,OOOp-y 1,OOOg-y 

- - - - - -  - -  -- - - -  -- - 

t-s used In this table, dpm (disintegratfons per mlnute) means the rate of 
em! ssion by radioactive materlal as determined by correcting the counts 
per minute measured by an approprlate detector for background, ,efficiency, 
and geometric factors associated with the instrumentation. 

t2 Where surface contamlnatlon by both alpha- and beta-gamma-emittlng radio- 
nuclides exists, the l lmlts established for alpha- and beta-gamma-em1 tting 
radionucl ldes should apply Independently. 

t3 Measurements of average contamlnatlon should not be averaged over an area 
of more than 1 m2, For objects of less surface area, the sverage should 
be derived for each such object. 

The average and.maximurn dose rates associated with surface contaminatlon 
resulting from' beta-gamma em1 tters should not exceed 0.2 mrad/h and 
1.0 mrad/h, respectively, at 1 cm. 

ts The maximum contaminatlon level appl les to an area of not more than 
100 em2. 

tB The amount of removable radioactive material per 100 cm2 of surface area 
'should be determined by wiping that area with dry filter or soft absorbent 
paper, applying moderate pressure, and measuring the amount of radioactive 
material on the wipe wlth an appropriate instrument of known efficiency. 
When removable contamination on objects of surface area less than 100 cm2 
Is determined, the activity per unit area should be based on the actual 
area and the entire surface should be wiped. The numbers In this column 
are maximum amounts. 
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complete un less  t h e  r e s i d u a l  
r a d i o a c t i v i t y  i s  below au tho r i zed  l i m i t s .  ~ u t h o r i z e d  1 i m i  t s  s h a l l  be s e t  equal 
t o  g u i d e l i n e s  f o r  r e s i d u a l  r a d i o a c t i v i t y  un less:  (1) except ions  .specf f i e d  i n  
Sec t i on  F o f  t h i s  document a r e  a p p l i c a b l e ,  i n  which case an a u t h o r i z e d  1 i m i t  
may be s e t  above t h e  g u i d e l i n e  va lue  f o r  t h e  s p e c i f i c  l o c a t i o n  o r  c o n d i t i o n  t o  
which t h e  excep t i on  i s  app l i cab le ;  o r  (2) on t h e  b a s i s  o f  s i t e - s p e c i f i c  da ta  
n o t  used I n  e s t a b l i s h i n g  t h e  g u i d e l i n e s ,  I t  can be c l e a r l y  e s t a b l i s h e d  t h a t  
l i m i t s  below t h e  g u i d e l i n e s  a r e  reasonable and can be achieved w i t h o u t  app rec i -  
a b l e  inc rease  i n  c o s t  of  t h e  remedia l  a c t i o n .  Au tho r i zed  l i m i t s  t h a t  d i f f e r  
f rom g u i d e l i n e s  must be j u s t i f i e d  and e s t a b l i s h e d  on a s i t e - s p e c i f i c  b a s i s ,  
w i t h  documentat ion t h a t  must be f i l e d  as a permanent r e c o r d  upon comple t ion  of  
remedia l  a c t i o n  a t  a  s f t e .  Au tho r i zed  l i m i t s  d i f f e r i n g  f rom t h e  g u i d e l i n e s  
must be approved by  t h e  D i r e c t o r ,  Oak Ridge Techn ica l  Serv ices  D i v i s i o n ,  f o r  
FUSRAP and by  t h e  D l  r e c t o r ,  R i  ch land  Surp lus Fac i  11 t i e s  Management Program 
O f f  f ce ,  f o r  remote SFMP-wl t h  concurrence by t h e  D I  r e c t o r  of' Remedl a1 A c t i o n  
P r o j e c t s  f o r  b o t h  programs. 

. CONTROL OF RESIDUAL RADIOACTIVITY AT FUSRAP AND REMOTE SFMP SITES 

Residual  r a d l o a c t l v i t y  above t h e  g u i d e l i n e s  a t  FUSRAP and remote SFMP 
s l t e s  must be managed i n  accordance w j t h  a p p l i c a b l e  DOE Orders. The DOE 
Order 548O.lA requf  r e s  compl l ance  w i t h  appl  i c a b l e  f ede ra l  , s t a t e ,  and l o c a l  
env i ronmenta l  p r o t e c t i o n  standards. 

The ope ra t i ona l  and c o n t r o l  requi rements spec i  f i e d  i n  t h e  f o l  l o w i n g  DOE 
Orders s h a l l  app ly  t o  b o t h  i n t e r i m  s to rage  and long- te rm management. 

a. 5440.16, Implementat ion o f  t h e  N a t i o n a l  Env i ronmenta l  P o l l  c y  A c t  

b, 5480, l A ,  Environmental  P r o t e c t l o n ,  Sa fe ty ,  and H e a l t h  P r o t e c t 1  on 
Program f o r  DOE Operat lons 

c. 5480.2, Hazardous and Rad loac t i ve  Mixed Waste Management 

d, 5480.4, Environmental  P r o t e c t i o n ,  Sa fe t y ,  and H e a l t h  P r o t e c t l o n  
Standards 

e. 5482, lA, Environmental  , Safe ty ,  and H e a l t h  Appra i  sa1 Program 

f. 5483,l, Occupat ional  Sa fe t y  and H e a l t h  Pragram f o r  Government- 
Owned Contractor -Operated Fac l  1 i t l e s  

g. 5484.1, ~ n v i  r o imen ta l  P r o t e c t i o n ,  Sa fe ty ,  and H e a l t h  
I n f o r m a t i o n  Repo r t i ng  Requirements 

h. 5484.2, Unusual Occurrence Repo r t i  ng System 

i . 5820.2, Rad loac t i ve  Waste Management 

E.l I n t e r i m  Storage 

' a. Con t ro l  and s t a b i l i z a t i o n  fea tu res  s h b l l  be des igned 
t o  t h e  e x t e n t  reasonably  ach ievab le ,  an e f f e c t i v e  
50 years  and, I n  any case, a t  l e a s t  25 years,  

P r o t e c t i o n  

to. ensure, 
l i f e  o f  
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b. Above-background Rn-222 concentrations in the atmosphere above 
facility surfaces or openings shall not exceed: (1) 100 pCf/L 
at any given point, (2) an annual average concentratlon of 
30 pCi/L over the facility site, and (3) an annual average 
concentration of 3 pCi/L at or above any location outside the 
facility site (DOE Order 5480.1A, Attachment XI-1). 

c, Concentrations of radionucl ides in the groundwater or quantities 
of residual radioactive materials shall not exceed existing 
federal, state, or local standards. 

d, Access to a site should be controlled and misuse of onsite 
, material contaminrted by resldual radioactivity should be 

prevented through appropriate administrative control s and 
physical barriers--active and passive controls as described by 
the U. S. Envi ronmental Protection Agency (1983--p. 595). These 
control features should be designed to ensure, to the extent 
reasonable, an effective life of at least 25 years. The federal 
government shall have title to the property. 

Long-Term Management 

. Control and stabilization features shall be designed to ensure, 
to the extent reasonably achievable, an effective life o f  
1,000 years and, in any case, at least 200 years. 

b. Control and stabilization features shall be designed to ensure 
that Rn-222 emanation to the atmosphere from the waste shall 
not: (1) exceed an annual average release rate of 20 pCl/m2/r, 
and (2) Increase the annual average Rn-222 concentration at or 
above any location outside the boundary of the contaminated 
area by more than 0.5 pCi/L, Field veriflcatlon of emanation 
rates is not required. 

c, Prior to placement of any potent i a1 ly biodegradable contami- 
nated wastes in a long-term management facility, such wastes 
shall be properly conditioned to ensure that (1) the generation 
and escape of biogenic gases wi 11 not cause the requirement in 
paragraph b o f  this section (E.2) to be exceeded, and (2) bio- 
degradation within the facility will not result in premature 
structural failure in violation of the requirements in para- 
graph a of this section (E.2). 

d, Groundwater shall be ' protected i n accordance with 40 CFR 
1%. 20(a)(2) and l92.2O(a)(3), as appl icable to FUSRAP and 
remote SFMP sf tes. 

e. Access to a site should be controlled and misuse of onsite 
material contaminated by residual radioactivity should be 
prevented through appropriate admi ni strative controls and 
physical barriers--active and passive controls as described by 
the U. S. Environmental Protectlon Agency (1983--p. 595). These 

j G~ 1 controls should be designed to be effective t o  the extent 
reasonable for at least 200 years. The federal government 

I shall have tftle to the property. 
id 
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Exceptions to the requirement that authorized limits be set equal to the 
guidelines may be made on the basis of an analysis of site-specifjc aspects of 
a designated site that were not taken into account in deriving the guidelines. 
Exceptions require approva\s as stated in Section D. Specific situations that 
warrant exceptions are: 

'a. Where remedial actions would pose a clear and present risk of 
injury to workers or members o f  the general public, notwith- 
standing reasonable measures to avoid or reduce rjsk. 

b. Where remedi al act1 ons--even after 11 reasonable mitigative 
measures have been taken--woul d produce environmental harm that 
is clearly excesst've compared to the health benefits to persons 
living on or near affected sites, now or in the future. A 
clear excess of environmental harm is harm that is long-term, 
manifest, and grossly disproportionate to health benefits that 
may reasonably be anticipated, 

c. Where the cost of remedial actions for contamfnated roll Is 
unreasonably high relative to long-term benefits and where the 
residual radioactive materials do not pose a clear present or 
future risk after taking necessary control measures. The 
14 kelihood that bui ldings will be erected or that people wll l 
spend long periods of time at such site should be considered 
in evaluating this risk. Remedial actions will generally not 
be necessary where only minor quantities of residual radio- 
active materials are involved or where residual radiosctive 
materials occur in an inaccessible location at which sjte- 
specific factors limit their hazard and from which they are 
costly or dffficult to remove. Examples are residual radlo- 
active materials under hard-surface pub1 ic roads and sidewal ks , 
around public sewer lines, or in fence-post foundations. In 
order to invoke this exception, a site-specific analysis must 
be provided to.establish that it would not cause an individual 
to receive a radiation dose in excess of the basic dose ltmits 
stated in Section 0,  and a statement spec.ifying the residual 
radioactfvlty must be included in the appropriate state and 
1 ocal records. 

d. Where the cost of cleanup of a contaminated building is clearly 
unreasonably high relative to the benefits. Factors that shall 
be included in this judgment are the anticipated period of 
occupancy, the incremental radiation level that would be effected 
by remedial actipn, the residual useful lifetime of the building, 
the potential for future construction at the sf te, and the 
applicability of remedial actions that would be less costly 
than removal of the residual radioactive materials. A state- 
ment specifying the residual radioactivi ty must be included In 
the approprfate state and local records. 

e. Where there Is no feasible remedial action. 
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Limit or Guideline - - Source 

Basic Dose Limits 

Dosimetry Model and Dose International Commission on Radiological 
Limits + Protection (1977, 1978) 

Guide1 ines for Residual ~adloactivit~ 

Residual Radionucl ides in 40 CFR 192 
Soi 1 Materi a1 

Airborne Radon Decay 40 CFR 192 
Products 

External Gamma Radiation 4 0  CFR 192 

Surf ace Contamination U. 5 .  Nuclear Regulatory Comml ss'ion (1982) 

Control of Radioactive Wastes and Residues 

I nterim Storage DOE Order 5480.1A 

f Long-Term Management DOE Order 5480.1A; 40 CFR 192 

.. 3 
H. REFERENCES 

International Commission on Radiological Protection. 1977. Recommendations 
of the,lnternational Commfssion on Radiological Protection (Adopted 
January 17, 1977). ICRP Publication 26, Pergamon Press, Oxford, [ A s  

. modified by "Statement from the 1978 Stockholm Meeting of the ICRP." 
Annals of the ICRP, Vol , 2, No. 1, 1978.1 

International Commi ssion on Radiological Protection. 1978. Limi ts for Intakes 
of Radionuclides by Workers, A Report of Committee 2 of the International 
Commission on Radiological Protection, Adopted by the Commission in 
July 1978. ICRP Publication 30. Part 1 (and Supplement), Part 2 (and 
Supplement), Part 3 (and Supplements A and B ) ,  and Index. Pergamon 
Press, Oxford, 

. ~nvlronmental Protection Agency. 1983. Standards for Remedial Act1 ons 
at Inactive Uranium Processing Sites; Final Rule (40 CFR Part 192). Fed. 
Regi st. 48(3); 590-604 (January 5, 1983). 

. Department of Energy.' 1984. Formerly Utilized Sites Remedial Action 
Program, Summary Protocol : Identification - Characterization - 
Designation - Remedial Action - Certification. Off ice of Nuclear Energy, 
Office of Terminal Waste Disposal and Remedial Action, Division of Remedial 
Action Projects. April 1984. 

( 8 1 
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L 
' ! U.'S. Department o f  Energy. 1985. Supplement t o  U.S. Department o f  Energy 

Gu ide l ines  f o r  Residual  R a d i o a c t i v i t y  a t  Former ly  U t i l i z e d  S i t e s  Remedial 
A c t i o n  Program and Remote Surp lus Fac i  1 i t i e s  Management Program S i t e s .  A 
Manual f o r  Imp1 ementi ng Residual  Radi o a c t i  v i  t y  Gui d e l  I nes. Prepared by 
Argonne Na t i ona l  Laboratory ,  Los Alamos N a t i o n a l  Labora to ry ,  Oak Ridge 
Na t i ona l  Laboratory ,  and Pacl  f f c  Nor thwest  Labora to ry  f o r  t h e  U, 5, Depar t -  
ment of Energy, ( I n  p repa ra t i on , )  

. Nuc lear  .Regulatory Commission. 1982, Guide1 i n e s  f o r  Decontaminat ion o f  
F a c i l i t i e s  and Equipment P r i o r  t o  Release f o r  U n r e s t r i c t e d  Use o r  Termi-  
nation o f  Licenses f o r  Byproduct,  Source, ow Spec ia l  Nuc lear  M a t e r i a l .  
D i v i s i o n  o f  Fuel  Cyc le  and M a t e r i a l  Sa fe t y ,  Washington, DC. J u l y  1982. 
[See a1 so: U. S. Atomic Energy Commission. 1974, Regu la to ry  Guide 1.86, 
Termina t ion  o f  Ope ra t i ng  Licenses f o r  Nuc lear  Reactors.  Tab le  I. ] 
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APPENDIX C, BUILDING TO29 RADIOLOGICAL SURVEY DATA 
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Data Sor ted  by Loca t i on  

T029-1. WS 
ROOM 
NUMBER 

I N S I D E  
I N S I D E  
I N S I D E  
I N S I D E  
I N S I D E  
I N S I D E  

G R I D  
NAME 
2-1 
2-1 
3-1 
3-2 
4-3 
5-3 
5-4 
6-5 
6-6 
6-7 
5-8 
5-9 
5-10 
5-11 
5-11 
5-12 
5-13 
5-13 
4-15 
5-15 
6-15 
7-14 
7-12 
7-12 
7-11 
7-10 
7-9 
7-8 
7-7 
7-6 
7-5 
6-11 
6-12 
6-13 
5-11 
5-12 
5-12 
5-12 
5-12 
5-11 

TOTAL 
14.48 
13.85 
14.30 
14.14 
l4,54 
13-89 
14.20 
14-78 
14-83 
14-79 
14.50 
14.70 
l4,37 
13-39 
15.21 
14.19 
15.23 
16.50 
16.00 
15.71 
15.50 
15-60 
15.61 
15-59 
15-50 
15.85 
15.60 
15.84 
16.32 
15.80 
16.02 
13.15 
13.68 
14.81 
12.17 
10.51 
10.95 
12.77 
10.45 
11.52 
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Data Sorted by E x ~ o s u r e  Rate 

T029-1. WS 
ROOM 
NUMBER 

I N S I D E  
I N S I D E  
I N S I D E  
I N S I D E  
I N S I D E  
I N S I D E  

G R I D  
NAME 
5-13 
7-7 
7-5 
4-15 
7-10 
7-8 
7-6 
5-15 
7-12 
7-9 
7-14 
7-12 
7-11 
6-15 
5-13 
5-11 
6-6 
6-13 
6-7 
6-5 
5-9 
4-3 
5-8 
2-1 
5-10 
3-1 
5-4 
5-12 
3-2 
5-3 
2-1 
6-12 
5-11 
6-11 
5-12 
5-11 
5-11 
5-12 
5-12 
5-12 

I u R /  h I 
T O T A L  S T D  DEV 
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APPENDIX D COPY OF INTERNAL LETTER 

"Report o f  Radioactive Contamination Incident 

o f  the Radiation Measurements Fac i l i t y  

Building 029 - March 24, 1964" 
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APPENDIX E COPY OF INTERNAL LETTER 

"Incident Report - Sealed Source Capsule Fai lure a t  T029, November 20, 1970" 



.. . 
the adhesive side of green tape outward on a length of copper tube :,:'.I: 2,d - 

i.. 

I a .  and inserting the tube into the storage w e l l .  A  smear survey of - - % . I - .  
the t e r t i a r y  cmtalner, which remained attached t o  the source with- . .- .:" f; 

. - 
drawalmechanism, andtheareaadjacenttothesbragewellsindicated l - . .  
no radioac.tive contamination in excess of 50 d/m/100 d. 

2 - - .  - 4 ,  * ; . , 

'he source, which was f&m Western k d i a i o n  Laboratory, 
was delivered to A 1  on October 23, 1963. A source description and 
calibration cer t i f ica te  deuvered therewith s t a t e s  WC the source 
consists of an ORNL, doubleivalled stainless s t ee l  inner capsule, 
encased in a h e a v y d e d  436 stainless s tee l  outer capsule which 
is closed by brazing. The l a t t e r  containment and brazing were 
performed a t  Western Radiation Lalbwakories. The vendor source 
leak t e s t  cert if icate and the subsequent seai-~pulual leak tests ... 
performed a t  A 1  have a l l  shown l e s s  than 0.005 uCi of removable 
contanination. It should benoted tihat a secocd cs137 source, -- - .. 
identical t o  the subject source, and received on the same date,  _ , I s  

is currently in storage in HQ-131 and is  available fo r  use a t  

Y 

- -- 
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R. V. lhman 
B. I, Johnson 
J. P. KLostermann 
Q. W e  &>on 
M. E. Reinley 
V. J, Schaubert 
J. F, Trevillyan 

Operational Saflety bit 




