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PREFACE 

T h i s  ser ies  of reports resul ts  from a program ini t ia ted i n  1974 
by the Atomic Energy Comnission (AEC)  fo r  determination o f  the condition 
of si tes formerly ut i l ized by the Manhattan Engineer Distr ic t  (NED) and 
the AEC for work involving the handling of radioactive materials. Since 
the early 194O's, the control o f  over 100 s i t e s  that  were no longer 
required for nuclear programs has been returned to  private industry or 
the public for unrestricted use. A search of ?IED and AEC records 
indicated that  for some of these s i t e s ,  documentation was insufficient 
to  determine whether or not the decontamination work done a t  the time 
nuclear ac t iv i t i e s  ceased i s  adequate by current guide1 ines. 

This report contains data and information on the resurvey effor t  
and  the effect  of residual contamination as a resul t  of nuclear weapons 
development programs conducted i n  this area. The report documents the 
present radiological conditions w i t h i n  the realm of todays' sophisticated 
instrumentation and the impact on any future area development. 

T h i s  report was compiled by the following members of the Environmental 
Surveillance Group, Health Research Division, Los Alamos Scient i f ic  
Laboratory: 

Donald L. Mayfield Allan K. Stoker A. John Ahlquis t  

Field work was also performed by: 

Carey G .  Cate Donna M. Lacombe John Purson 
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RADIOLOGICAL SURVEY OF THE 
BAY0 CANYON, LOS ALAMOS, NEW MEXlCO 

A portion of Bay0 Canyon, located in h Alamos County in north-centeral New Mexico, was 
used between 1944 and 1961 as a site for experiments employing conventional high explosives in 
conjunction with research on nuclear weapons development initially under auspices of the US 
&my Manhattan Engineer District and later the Atomic Energy Cornmimion. The explosive test 
assemblies usually included components made from natural or depleted uranium and a radiation 
source for blast diagnostics. The eources contained several hundred to several thousand curies of 
"@La (half-life 40.2 b) and a amall proportion of "SI (half-life 28.1 yr). The explosive detonation 
resulted in the dispersion of radioactive materials-uranium, and OSr-in the form of 
aerosols and debris to the atmosphere and onto the ground around the firing points. 
Radiochemistry operations conducted at  the site resulted in the generation of liquid and solid 
radioactive wastes, which were disposed into subsurface pits and leaching fields. 

The site was decommissioned by 1963 with the removal or demolition of structures, cleanup of 
surface debris, and excavation of contaminated waste disposal facilities. Radiological surveys 
resulted in the conclusion that the site was sufficiently fiee of contamination to permit the land 
to be released from Federal government control. The land was transferred to Los Alamos County 
by Quit Claim Deed on July 1, 1967. 
In 1976 the Energy Research and Development Administration (ERDA) identified the Bayo 

Canyon Site as one of the locations to be reevaluated as part of the Formerly Utilized Sites 
Remedial Action Program using modem instrumentation and analytical methods as a basis for 
determining whether any further ccrrective measures would be desirable. This resurvey was un- 
dertaken by the Los Aiamos Scientific Laboratory (LASL) unde, -t tract to ERDA and subse- 
quently to the Department of Energy. 

The resurvey utilized information from a numhr  of routine and spxial environmental surveil- 
lance studies conducted previously by LASL as well as extensive new instrumental measure- 
ments, soil sampling, and radiochemical analyses. Results showed that residual surface con- 
tamination due to "Sr averaged about 1.4 pCi/g or approximately 3 times the level attributable 
to worldwide fallout. Surface uranium averaged about 4.9 rcB/g or about 1.5 times the amount 
naturally present in the volcanic-derived soils of the area. Subsurface contamination associated 
with the former waste disposal locations is largely confined within a total area of about 10 0oO m' 
and down to depths of about 5 m. Of 378 subsurface samples, fewer than 12% exceeded 13 pCi/g 
of gross beta activity, which is comparable to the upper range of activities for uncontaminated 
local soils. 

Health physics interpretation of the data indicates that the present population of Los Alamos 
living on mesas adjacent to Bay0 Canyon is not receiving any incremental radiation doses due to 
the residual contamination. Potential future land uBes of Bay0 Canyon include development of a 
residential area. 

Theoretical evaluation of such potential uses by means of exposure scenarios (including inhala- 
tion of contamination with dust by construction workers or residents) indicates that increments 
of radiation exposure due to residual contamination attributable to Bay0 test operations would 
be small in comparison with either radiation protection guidelines or natural background. 

1 
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The w m t  cane evaluatioxu for maximum individual exposures under these hypothetical condi- 
tiom were calculated na 50 yr doae commitments, which represent the d w  accumulated over 50 
yr from expure  to radioactive material in the first year. Only =vera1 radionuclides are capable 
of irradiating an individual for years after exposure to that radionuclide. This occurs when these 
long-lived radioactive materials an inhaled or ingested and are incorporated into body tiesues 
where they remain, ouch m incorporation of 93r into bone. These dose commitments are com- 
pared to the amen t  DOE Radiation Protection Standdm for annual doam to individuals in the 
general public and to average annual dowr of radiation received from natural radiation in the 
area. Comparing 50 yr doee commitments to annual exposure guidelines is considered conser- 
vative becauae the actual doae received in any one year from a radioisotope capable of irradiating 
the individual for years after exposure is coneiderably lesb than the 50 yr dose commitment. 

The largeet dooe nn average resident of Bayo Canyon would receive from preaent contamina- 
tion levels would be 0.43 mredyr  due to external penetrating radiation, which is 0.086% of DOE 
Guidelines and 0.24% of the dooe received from natural radiation in Bayo Canyon. For mnximum 
exposure it ia mumed an individual consumes 50 kdyr of vegetables and fruits produced from 
garden plota located in contaminated moil in Bnyo Canyon. This individual could receive a 50 yr 
dose commitment of 45.6 mrem to the bone, which is 3.0% of the guidelines for annual exposure 
and 25% of annual e x p u r e  from natural radiation in the Canyon. Another exposure pathway is 
inhalation of contaminated dust due to construction activity in contaminated eoil. The max- 
imum postulated 50 yr d w  commitment to a construction worker is 23 mrem to the bone from 
installation of underground structures or utilitier. Thib would likely be a one-time exposure and 
would be only 1.5% of the DOE guidelines for annual exposure and 13% of the annual dose due to 
background radiation in the Canyon. 

! 
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RADIOLOGICAL SURVEY OF THE 
BAY0 CANYON, LOS ALAMOS, NEW MEXICO 

I. INTRODUCTION 

Early in 1976 the Energy Reaearch and Development Adminkation (ERDA) identified Bayo 
Canyon ne one of eeveral lwt ionr  once ubcd in, or affected by, operations of the U. S. Army 
Manhattan Engineer District (MED) 01 by early operations of the U. S. Atomic Energy Commis- 
rion (AEC).' Bay0 Canyon WM subreguently m w e y e d  in 1976-77 for possible residual con- 
tamination. 

Facilities in Bayo Canyon were conetructed during 1943 and 1944 by MED. They were operated 
from 1944 until late 1946 by MED and eubwquently by the AEC. Bay0 Site was decommissioned 
under AEC auspices in 1963. At that time the rite WM eurveyed by Loa Alamoa Scientific 
Laboratory (LASL), contractor to AEC for operation of the Bayo Canyon facility. Bay0 Canyon 
was deemed sflicimtly free of ndiological contaminants to be deeded to Los Alamoa County in 
1967 without rsrrrictioa oa public accees.%' Radiation ~~urveye made during operations and the 
decommissiow mmey iadicaud that eome remaining radioactivity in the soil gave radiation 
readings above ~ t ~ d  background. The purpose of this resurvey was, therefore, to thoroughly 
document and ueem radiological conditions within Bayo Canyon, using modem instrumentation 
and analytical metbob u a h i e  for determining whether any corrective measures would be 
desirable. 

B. Summary Site Demcription 

1. Lacation. Bayo Canyon is adjacent to the townsite of La Alamos in north central New 
Mexico about 100 km NNE of Albuquerque and 40 km NW of Santa Fe by air, as shown in Fig. 1. 
Bayo Canyon is one of many canyone cut into the Pajarito Plateau shown in Fig. 2. 

2. Natural Charactereitics. Bay0 Canyon is bounded on the south by Kwage Mesa and on 
the north by Otowi Mesa (see Fig. 3). The mean elevation for both mesas is about 2160 m. The 
floor of Bayo Canyon is about 2040 m at the location of the old site and the snyon slopes 
eoutheastward at  a 3% grade. Bayo Canyon hae a semiarid continental moir-hin climate 
characterized by normally fair weather. "hunderuhowere in late summer provide most of the 47 
cm total annual precipitation. Winter mows provide the rest. Clay soils and frequent tuff out- 
crops on the mew top support a pinon-juniper bushland. Weathering has produced a rocky talus 
slope facing the south from otowi Meea, which supports a piiion-juniper bushland similar to that 
on the mesa tops. A eandy soil has developed on the talue slope facing north from Kwage Mesa 
and in the canyon floor, which rupporte a pine-fu overstory mixed with pifion and scrub oak, 
grading into gram and eagebrush on the canyon floor. 

3. TA-10 Mission. The facility installed in Bay0 Canyon was designated TA-10 site and often 
referred to M Bay0 Site. Its layout is ehown in Fig. 3. It WM conetructed to test assemblies con- 
taining conventional high explaives and including components fashioned from depleted 
uranium or natural uranium. The aeeemblies were loaded with a "%a "murce" of several hundred 
to several thousand curies for blast diagnostics. The lanthanum (half-life 40.1 hr)' was con- 
taminated with a small proportion of 'OSr (half-life 28.1 yr).' p e  '% was separated from its host 
material and prepared as a source in building TA-10-1. The aseemblies were detonated at firing 
sites, which dispersed uranium and source activity to both air and ground. Liquid and solid 
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wantea generated at TA-10-1 were introduced into waste pita near TA-10-1, resulting in mme rub- 
rurface contamination. The fving utea are ahown at the west end of Fig. 3, and TA-10-1 b at the 
mat end of Fig. 3. 

Operating details are dimmed further in Sec. EA., Site Hhtory and Operation. Figuna 4,5, 
6, and 7 give an impremion of the Bay0 Canyon facility prior to decommhioning in 1963. 

4. Slrmmlry of Radiologid Conditionr. From 1949 through 1969 1.355 Ci of "natural 
uranium,'* 1.218 Ci of depleted uranium (me Appendix A), and between 30 and 40 Ci of @@Sr were 
diepened to the surface environment of Bay0 Canyon and beyond by explmive teating (w Ap- 
pendix E). An additional 85 to 120 Ci of 'OSr were d e p i t e d  in wute  handling facilitiea near TA- 
10-1 and some fraction of that amount migrated into the iubsurface environment, Le., below 30 
cm. 

debrh-uranium and other metal fragments-from the bat shots. Most of this debrin wm 
removed, an were buildings and utilitiea, during decommhioning in 1963, leaving a comparative- 
ly small amount of radioactivity at the rurface of the rite and in rubsurface layers of mil. Bags of 
debris gathered during decommhioning read from 1 mrad/h to 12 mrad/h.' 

Since decommissioning, only the 1977 m w e y  ha8 indicated t r a m  of 'OSr, and uranium debris 
in the top 30 cm-particularly amma the 1.367 X 10' m' cwered by the firing site and canyon 
floor grids. Vertical and horizontal dktribution are uneven. With a few notable exceptions, thie is 
in agreement with generally similar concentrationa of '"Sr in the rmall volumes of roil close to the 
alignments of former waste disposal ryrtems and at  appreciable depths below the surface. Table I 
provides a brief summary. 

The 0-5 cm layer appears dightly more burdened with debris than other layers of the 0-30 cm 
rurface, so it is taken as illustrative of them. Of 50 sampler from the 0-5 cm layer that were 
analyzed for "'Sr, 1 exceeded 9 pCi %/g and 17 exceeded 1.0 pCi "Wg. Random selection of 29 
rample locations provided a representative mmple dktribution with a mean of 1.4 pCi ' W g  
which is about 3 timea the level of local 'OSr fallout. The maximum rample contained 132 pCi 
mSr/s. Of the corresponding 50 uranium multa, 1 exceeded 10 rg/g and 21 exceeded 4.00 rg/g. 
?-, Jom selection of 29 samples gave a representative mean of 4.9 rglg, which is 44% greater than 
primordial vranium at  3.4 pp/:. sulta from the 0-10 cm layer and the 0-30 cm layer tend toward 
lv-per me- values and -*: yence h m  the mean. 

Subeurfa. ~ ~ ~ m ~ ~ h - . i o n  in . d l y  low level and within 10 m of TA-10-1 and ita acid waste 
system. The nighest levels of activity were found in one test hole a few meters north of TA-10-42. 
Three hundred eeventy-eight subsurface namplm were screened for gross 19 activity and of these 
68 were analyzed radiochemically for 93. Of the 68 analyzed radiochemically for '"Sr, 12 ex- 
ceeded 20 pCi "Sdg and 8 exceeded 100 pCi/g. These rerulta are higher than a representative 
value of the rubeurface because the baaen for mmple selection were (1) sample location was 

. suspected of contamination and (2) groea beta count wan atypical. One sample containing 4400 
pCi gross 6/g came from a depth of 244 cm in a bat hole drilled in 1974. The maximum sample 
contained 24 OOO pCi gross 6 and came from between 430 cm and 490 cm below the surface in the 
same hole. 

Airborne concentrations of 'OSr and uranium in the Bay0 Canyon vicinity are compared with 
that from other northern New Mexico locations in Table I. The results do not rhow a statistically 
significant difference in either 'OSr or uranium concentratiom. Finally, Table I provides a com- 
parison of external penetrating radiation at Bay0 Site and at adjacent locations and shows no 
statistically rignificant differences. 

a Mmt of the -Sr and uranium re lewd to the nuface enviroas WM mwciatcd with 

'See Gloeeary for a discussion. - '-4 
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6. Pmsnt and P r o w  Ulc. Preecnt uee of the canyon ‘k exclusively recreational, with 
abundant evidence of picnicking, trail riding (homes and motorcycles), hiking, fvearms practice, 
some wood cutting, and wme piilon nut gathering. Projected uses include possible residential 
and light commercial development. 

C. Summuy Evaluation Prom Survey 

oExisting Population 

Air aampling results shown in Section N rhow that exposure of current midents (on mesas 
overlooking the west end of Bay0 Canyon) to airborne ’OSr and uranium is no different than that 
of other north central New Mexico residents exposed to fallout mSr and primordial uranium in 
air. 

oRecrcation81 u w  

Recreational wrs wi l l  not spend M much time in the canyon as either potential residents or 
potential construction workers. Moreover, interaction of recreational users with the soil layers is 
basically the same as that of potential residents, and at worst, the interaction is lees severe than 
the worst case for conatruction workers. Conaquently, 60 yr done commitments for recreational 
users will be lower than for either potential residents or construction workers, discuased in the 
next paragraphs. A f&y year dome commitment represents that dme accumulated over frfty years 
from e x p w  to radioactive material during the fimt year. Only several radionuclides are 
capable of irradiating an individual for years after e x p w  to the nuclide in queation. This oc- 
curs when theae long-lived radioactive materials are inhaled or ingeated and are incorporated into 
body tissues where they remain, e.g., incorporation of ‘@Sr into bone. 

2. Projected Use 

h e  estimates for construction workem-in the event of canyon developmnt-indicaie that 
the critical organs are the lungs and bone. Moreover, the calculated 50 yr commitments, at most, 
would be about 1.5% of DOE annual radiation protection guidelines. 

Once background is accounted for, the total-integrated (internal plua external) 50 yr dose com- 
mitments to pertinent organs of the maximum individual resident hypothesized for a developed 
Bay0 Canyon are, a t  moot, 3% of DOE annual guidelinea and, at most, 25% per cent of the dose 
impoeed on the same organs in one year by the penetrating component of natural background. 

5 
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Fig. 1. 
Location of former Bayo Site. 

LANL 
J 



7 



4 
* CORRESPONDS WITH BUILDING 

NUMBER ON MAP 

Fig. 3. 
Loyout of former Bay0 Site. 
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Fig. 4.  
View to north from Kwage Mesa. Shows t e m i n  in the vicinity of firing points. Control 
buildings TAlO-I3 and TA-15 are on the canyon floor in the foreground. Otowi Mesa and its 
south facing t a b  slope are in the boclrgrowzd. 

Fig. 6. 
View looking east from Point Weather (Kwage Mesa). 
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F'ig. 6. 
Experimental detonation-disposal of rtnrctvol and aasem bly fragments. 
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Fig. 7. 
Expenmental detonation-dispersal of aerosols. 
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TABLE I 

RADIOLOGICAL CONDlTIONS IN BAY0 CANYON' 

Soil Concentratioxu Attributable to Bay0 Debris 
=sr W g ) '  u ( d g I C  

soil Deptb MeanD M e a d  
cm W e '  Bayo Debria Range' Bayo Debrir 

0 - 5  0.0-132 1 .o 0.5-12.0 1.6 
0 - 10 0.1-5.5 0.6 1.4-9.0 0.2 
0 -30 0.1 -23.2 0.5 1.5-50 0.9 

30 -122 0.1 -67.2 10.3 --- 
Below 1226 

Air Concentrations 

Bayo Canyon 0.09-0.13 0.11 0.03 2-134 52 i 9 
North Central 

New Mexico 0.14-0.17 0.15 f 0.02 2- 146 62 12 

External Penetrating Radiation 

Bay0 Site 
Mesa Top 1 Mew Top 2 RJ=ge x (i 4 )  

P W h C  22.9 19.1 17.7-24.8 21.1 f 2.2 

%nee is from all 1977 radiochemical analyees. 
bMean Bay0 debris is difference between mean of all generic radiochemical analyses ("Sr at  0-5 
cm for example) and what has been determined to be background. 
'pCi/g, fCi/g, pdg, rWh, rdg. See Gloseary for definitions. 
OOf 51 samples below 122 cm, which were analyzed for %r, 10 exceeded 20 pCi and 8 exceeded 
100 pCi/g. Maximum =Sr activity detected was 4310 pCi/g, whereas the maximum radioactivity 
noted to date was 24 OOO gross fi  pCi/g from the 1974 resurvey. The latter is believed to represent 
-12 OOO pCi "Sdg in that sample. 

0004914 
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11. SITE HISTORY AND OPERATION 

A. Site Operation 

Facilities for conducting experiments with high explosives were constructed in Bay0 Canyon in 
1943 for Project Y of the Manhattan Engineer District (MED). The facilities were utilized until 
1961 for experiments relating to the development of nuclear weapons at the Los Alamos Scientific 
Laboratory operated by the Univeruty of California under contract to the AEC. In 1963 the Bayo 
Site, alternatively referred to as Technical Area 10 (TA-lo), was decontaminated and 
demolished. The laud WM turned over to h Alamoe County in 1967. 

The principal structures comprising TA-10 (see Figs. 3, 1, and 5) included a radiochemistry 
laboratory (TA-10-1). two aiwembly buildings (TA-10-10 and TA-10-12), an inspection building 
(TA-10-81, a personnel building (TA-10-21) and structures at two detonation control complexes, 
particularly the control buildings (TA10-13 and TA-10-15) and adjacent firing pads. Ancillary 
facilities included sanitary and radioactive liquid wa& sewage lines, man holes, septic tanks and 
seepage pits, and solid radioactive waste &pod pits. 

Radioactivity was released to the environment in Bay0 Canyon primarily by (1) the explosive 
shots, which contained radioactive materials, and by (2) the dispoeal of radioactive wastes from 
radiochemistry operations. Secondary sources included airborne exhausts from laboratory hoods, 
accidental spills, and redistribution during decommhioning operations. 

The explosive test assemblies usually included components made from natural or depleted 
uranium and a radiation source for blast diagnostics. The sources contained several hundred to 
several thousand curies of %a (half-life 40.2 h) and a Bmall proportion of '%r (half-life 28.1 yr). 
The sources were prepared in the radiochemistry lab (TA-10-1) at  Bay0 Site by radiochemically 
Beparating the 'OLa from a wlution containing the radioactive parent lUBa (half-life 12.8 days), 
the stable daughter l'OCe, and other impurities including %r. The separated "La and an un- 
avoidable proportion of OSr were precipitated onto a filter medium and encased in foil to form a 
murce. (Separation, precipitation, and encapsulation were performed at TA-10-1 between 1944 
and 1950. Subsequently, only the precipitation and encapsula+;on operations were performed 
there and the radiochemical separations were done at another laboratory still on DOE land). 
Other components of test devices were assembled in buildings TA-10-13 and TA-10-15; i n s p  i 
in building TA-10-6, and placed on one of the shot pads. Once the source -QS inserted, t b  T-F - 
ment was remotely detonated from one of the control uuiidings-TA-ld-*i 0: "A-'0-15. 

The explosive detonation resulted in the dispersion of radioactive materials-uranium, ''%a, 
and '%-in the form of aerosols and solid debris (we Figs. 6 and 7). Depending on wind condi- 
tions, aerosols were dispersed to varying degms both within Bayo Canyon and beyond the adja- 
cent mesas. Standard procedures required a southwerterly wind at the time of detonation.' But 
routine post-shot ~urveys '~  out to about 5 miles did at times find %a contamination in the 
vicinity of State Road 4 and on O t d  and Kwage Mesne. On one occasion an aircraft was able to 
track airborne "%a activity eastward a c m  the Rio Grande Valley. Solid debris, including frag- 
ments of uranium and other metal components, WM scattered around the firing points, largely 
within 90-125 m. Some large fragments were found 300-600 m away.' Some radioactivity was dis- 
persed around the firing pads by water from poet-shot cleanup. Radiation levels around the pads 
were frequently in the range of a few tenths to a few whr. 

The disposal of liquid and solid radioactive wastes resulted in the deposition of radioactivity 
below the surface. Radioactive liquid wastes from the radiochemistry building (TA-10-1) were 
collected in w-called acid waste lines and flowed to holding tanks, pits,' and a leaching field to the 
north. Liquids placed or flowing into the pita drained through an outlet pipe at  the bottom into 
the earth. Liquid wastes from the storage tanka were periodically discharged directly into the 
Btream channel. The basic components of the waste disposal system are depicted in Fig. 8. 

,, 
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Sanitary rewage lineo, wptic tanka, the TA-10-1 outfall line, and the TA-10-21 diepod pit, also 
rhown in Fig. 8, may have received aome contaminntad liquid W M ~ .  Solid radioactive wastes 
were & p e d  into two of the the rix pita located m a h o m  on Fig. 8. 

Other, rmaller, qunntitico of radioactivity may have been released with the unfiltered exhausts 
from fume h d  used for the routine radiochemicd pmceming carried out in Building TA-10-1. 
On m e  occaaion, aome plutonium was handled in a makeshift hood in Building TA-10-7. This 
resulted in the accidental dbpersal of mme alpha activity evidenced by contamination on the 
roof of the building. Some cleanup WM undertaken and alpha activity remaining on the roof was 
stabilized by mastic.u 

Bay0 Site was decommhioned starting in 1960 with the demolition or burning of several 
buildings. In 1963 the rest of the buildinp were demolished or burned, the ewer systems 
removed, the contaminated W M ~  pits excavated, and surface debris picked up out to a radius of 
about 760 m from the detonation control buildings' (we Figs. 9-15). All debris was removed for 
disposal in the contaminated w ~ t e  burial rite at TA-54, which remains within the present 
Laboratory boundary. A summary of decommissioning is presented in Table II (Ref. 11). It is 
possible that mme contamination was deposited on the rurface soil M a result of the burning and 
excavation operations. However, once decommhioning WM completed in 1963, no surface con- 
tamination could be detected in Bay0 Canyon with portable inetruments then in use.' (Such sur- 
vey meters should have been able to detect ftom roughly 2 nCi at contact to roughly 20 nCi at 1 m 
of "Sr spread uniformly on a smooth, dry, surface of low atomic number. Any departure from 
such ideal conditions, as would be the case in field rituations, would raise the detection limit ap- 
preciably. )" 

During the decommissioning the highest levet of radioactivity were found associated with the 
acid sewer linea and waste &poeal pits while low levela were found around the shot pads and 
some buildings. An attempt was made to remove all materials, including soil, that showed detec- 
table contamination. Radiation levels encountered during excavation of waste pit TA-10-48 and 
the tank farm area ranged as high as 35 mrad/hr.*' Some subsurface contamination was known to 
be left in the excavations of waste pit TA-10-48 (excavated to 7.9 m deep) and the tank farm (ex- 
cavated to 6.01 m deep). The bottom of the TA-10-48 excavation read 1.5 mradm and samples 
from the fmt 1.22 m below the bottom (9.1 m below ground) ranged from 0 to 300 pCi "Sr per 
gram of soil. The bottom of the tank farm excavation also read 1.5 mrad/h. Both excavations were 
bacWilled with uncontaminated dirt from other parta of the canyon. 

Because of the wide dispersal of debris by the tests and continuing natural erosion processes, it 
was recognized at  the time of decommhioning that there was a reasonable probability that some 
high-explosive and mme potentially radioactive materials remained in the canyon. Thus, 
periodic surface surveys and searches were conducted in 1966, '67, '69, '71, '73, '75, and '76.''*" 
During such surveys a number of additional pieces of debris were located, with only a few of them 
being contaminated with "Sr or including norm81 or depleted uranium. 

B. Previous Invertigotiom 

A number of investigations and atudies have been conducted over the years, which contribute 
some data and understanding to the current comprehensive evaluation. They are described brief- 
ly in this fiction to provide historical context; significant data are incorporated in Chapter 4, 
Results, and additional relevant details are in appendixes. 

In 1956, an investigation by the U. S. Geological Survey concluded that, because of the basical- 
ly dry conditions in Bay0 Canyon, there was little possibility that contaminants from the surface 
or from liquid waste disposal pit seepage would be able to move any significant distance as shal- 
low groundwater (see Appendix A). In 1961, test holes were drilled to further investigate the pos- 
sibility of movement of contarninants by subsurface water. There was no indication of any excess 
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moisture or perched warn in the tuff or alluvium of Bay0 Canyon. Thh confirmed the 
geohydrologic interpretation that insufficient water WN introduced to the rubmuface as a result 
of rite operaticma or from runoff to permit any transport of contaminants downward toward the 
main aquifer. The main aquifer b about 240 m below the surface of the canyon and completely 
iroiated from the rurface by the great thickness of dry rock material. 

In 1961-1962 an aerial gamma-radiation survey known an ARMS-II WM conducted for the AEC 
in the vicinity of nuclear facilitier and included portio- of northern New Mexico out 30 to 50 km 
north and west of Bay0 Canyon.p Thin survey rhowed that the radiation levels above the volcanic 
mam of the Pajarito Plateau generally tended to be higher than other formations in the area. 
Comiderable variation wan noted over relatively rhort distancee. Bayo Canyon generally was in- 
cluded in the highest WM but wm no higher than other large areae on the plateau and no unique 
oboervatiom were noted for Bayo Canyon itaelf. 

In 1965 and in 1970 eedimenta were collected from two locations in the channel downstream 
from the Bay0 Site. Radiochemical analym showed no indication of contamination from the 
abandoned rite. 

In 1972, a rpecial survey of a number of land parcels in the h Alamos area included one tract 
of about 1.9 km' on the mesa just south of Bay0 Canyon. In ritu radiation measurements with 
eensitive portable inetrumenta, and namplee of mil and vegetation analyzed radiochemicaly were 
not stathitically different from umilar measurements made at reference locations in northern 
New Mexico" (analyses did not include 'OSr). 

Beginning in 1973 mme preliminary resurvey work WM undertaken in Bay0 Canyon by the 
LASL Health Divbion at the request of the AEC to develop additional detail on radiological con- 

2OOO m intervals, one upatream from TA-10, one at the TA-10 rite, and two downstream. The 
most important rtsulta were that all d a c e  "Sr a n a l y ~ ~  were within the normal range at- 
tributable to worldwide fallout. Detaih of rampling and results are in Appendix A. 

Subsurface mmpler were obtained M cuttinp from three teat holes augered with a truck- 
mounted drill rig during the 1973 work. One hole was drilled a few metem north of the location of 
the =lid waste disposal pit (TA-10-481 (me Fig. 16). Radiochemical analyses of samples for OSr 
were all less than the analytical detection limit indicating no rubsurface migratian. A second hole 
was drilled a few meters aut of the location of the acid waste leaching field. Radiochemical 
analyses of samples for "Sr indicated some contamination to M much ES about 20 pCi/g (-60 
times average fallout levels) within 1.5 m of the surface. The third hvlr *as drilled in ";- - 'n 
locations of two of the liquid waste dispoaal pita (TA-10-41 and -42). Radiochemical alialyses 
detected "Sr contamination at levels up to 3.3 pCi/g (-10 times average fallout levels) within 1.5 
m of the surface. Additional details of rampling and multa are in Appendix A. 

Because mme subsurface contamination WM indicated by the 1973 eamples, nn additional 11 
auger holes were completed in 1974 (m Fip. 17 and 18). Auger ramplee were analyzed for gross- 
alpha and -beta activity. Sample results from a few metern north and west of pit TA-10-48 sup- 
ported the 1973 finding that no migration had occurred to the north of the pit. Sample msulta 
from the north end of the acid leaching field and the sanitary outfall indicated no migration from 
the leaching field, but elevated 13-20 times background) beta activity occurred in the top 122 cm 
of mil around the sanitary outfall. Sample resulta north of the former TA-10-41 and TA-10-42 
acid waste pita indicated migration through the tuff, but at an appreciable depth. A ringle sam- 
ple had maximum activity of 24 0oO pCUg and occurred between 430 cm and 490 cm. Most sam- 
ples were lese than 10 pCi/g. These multa are dimmed further in Sections 4 and 5, whereas 
detailed information appean, in Appendix A. 

* ditions. Four mil and eediment bampling plots were established along the stream bed centered at - 
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In October 1975 E.G.&G. (ARMS II) performed a mecond aerial nvvcy at the requd of LASL, 
which included m e  flights over Bayo Canyon from the west end of the canyon east acmes TA- 
10-1. The equipment wed WM greatly improved over that UICd in 1961-1962. As in 1962, however, 
the difficult terrain prevented exact mappiug of aircraft paition with radioactivity. These un- 
publbhed rcwultd rhowed no meamrable qwntity of 'oy or depleted uranium in the Bayo Site 
vicinity. Natural uranium activity WM only dightly higher than expected for moet southwestern 
U.S. localities. 

- ACID WASTE LINE 

Flg. 8. 
Waste handling facilitie8 at Bay0 Canyon. 
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Fi#. 9. 
Demolition of shot pad by building TAlO-19. 
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Fig. 10. 
Restoration of t emin  after demolition of shot pad. 

0004919 LANL 



Fif.  11. 

Fig. 12. 
Demolition of TAIO-1. 
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Fig. 13. 
Demolition of waste handling facilities north of building TAlO-1. Acid waste lines a d  hold 
up tanks are in the foreground below the tractor shed TAM-7. The leaching bed was about 
where the earth mmp appears a d  the tank farm was behind the earth ramp. 
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Fig. 14. 
Tan& farm excavation northwe8t from building TAIO-7 in the uicinity of waste pits TAIO-41 
and TA10-42. 
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Fig. 15. 
Restored terrain after decommisrbning TAlO-7 and waste handling facilities north of TAlO- 
1. 
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Fig. 16. 

MSr in wger rampkc; 1973 r e r w v 9  effort. 
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Fig. 27. 
Gross a 4  activity in auger samples; 0-122 cm depth; 1974 resurvey effort. 
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Fig. 18. 
Cross a-8 activity in wger samples; 122-124 cm depth; 1974 resurvey effort. 
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TABLE II 

SIGNIFICANT STRUCTURES DECOMMISSIONED AT BAY0 SITE 

St?UCtUl% 
Number 

structure 
Nomenclature 

D8b 
Ibmoved 

Patsatid 
Contamination 

TA-10-1 

TA-10-2 

TA-10-3 
TA-10-4 
TA-10-5 
TA-10-6 

TA-10-7 

1: 1 

Radiochemiatry 
Laboratory 

Source Storage 

Storage 

Tkactor Shed 
(plutonium, spill) 

PelMlanel Budding 

Acid W ~ t e  Syatem 

Sanitary Waste System 

WaEte Pits 

~~ 

1963 

1963 

1960 

1963 

1963 

1963 

1963 

1963 

"%a,"%a,%, 
uranium 

laBa,laL,a,mSr, 
uranium 

%a ,&%a, Sr , 
uranium, "Pu 

%a, 
uranium 

laBa, **OLa,%r 

l"Ba,l"LA,mSr 

'UBa,%a,'OSr 

Dirpoaition 

Burned, debris to 
Area G disposal 

pit; TA-54 

Burned, debris to 
Area G disposal 

pit; TA-54 

Burned, debris to 
Area G disposal 
pit; TA-54 

Burned, debris to 
Area G disposal 
pit; TA-54 

No record of 
disposal 

Removed to Area G 
pit; TA-54 

II 

II 
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IXI. METHODS AND APPROACH 

The r w e y  of the Bayo Canyon rite was undertaken to provide a complete, up to date 
documentation of the exhting radiological conditions BB part of a nationwide effort to investigate 
facilitiar and lande formerly utilized by Manhattan Engineer District programs in World War II 
or rubscquently by the AEC. The objective was to develop suffkient infomation to permit 
evaluation of the potential for exposure to radioactivity or radiation in excem of normal 
background under c ~ n d i t i o ~  of current or projected likely uees. 

Land use in Bay0 Canyon since July 1,1967, when title wm transferred to Loe Alamos County 
by quit claim deed, has been M open area for recreation. Recreational uses have included hiking, 
picnicking, trail riding (motorcycle and horse), and fveanns practice. Some firewood collecting, 
paon nut picking, and Indian artifact hunting has taken place. 

One option for disposition io a continuation of preaent recreational use. The second option is 
development of a residential area for as many M 400 homes-ntly a tentative consideration 
by Lx>s Alamos County and private developers. 

The resurvey program was designed to provide a baois for estimating potential exposures under 
conditions of continued recreational me, during light construction, and as an occupied residen- 
tial area. The sampling and measurement scheme attempted to account for previous use history 
as a testing area and wm guided to =me extent by data from previous investigations. 

Four basic strata of sampling locations were laid out to assem surface and subsurface soil con- 
tamination: 

1. Firing Sites-A polar coordinate scheme was constructed with nine concentric circles 
centered at a point between the two main firing pads and extending out 404 m with sampling 
points located at intervals of 61 m or less on each circle. 

2. Canyon Floor-Rectangular grids were appended on either ride of the circular pattern to 
provide more complete coverage of the general vicinity potentially influenced by the testing 
operations. Sampling points were located at 61 m intervals. 

3. Structures-Sampling points were located around the perimeter: af former building loca- 
tions, along the alignmenta of industrial and sanitary liquid waste lin-2, and in the vicinity of 
former locations of waste pits, septic tanks, and leaching fidd. 

4. Stream Channel-Sampling points were located in natural drainage channels and the main 
stream channel to assess my redistribution or deposition of activity by runoff. 

The basic patterns of the four strata are depicted in Figs. 19,20, and 21 (detailed location and 
identification maps (Figs. 22,23, and 24) are folded into the back cover of this report]. The pat- 
terns were utilized in different ways to take samples by various techniques, to identify subsets of 
randomly chosen or selected sample types or analyses, and to locate in situ measurements. 

Initial field work consisted of general area surveys with sensitive portable instruments to deter- 
mine any locations of particularly anomalous radiation levels at the surface that might require 
special investigation. The instruments utilized were a "micro-R" meter sensitive to a wide range 
of gamma radiation and a phoewich detector sensitive particularly to low energy x and gamma 
radiation. (Details of the instruments and detection limits are provided in Appendix B.) Either 
instrument would have responded to any major concentrations of uranium. The phoswich would 
have responded to any major concentrations of plutonium. Extra samples would have been taken 
at locations of anomalous (high) activity. Additional in ritu penetrating radiation dose measure- 
ments were made at 78 points in the Firing Point and Canyon Floor Strata during sampling. Soil 
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ramplea were collected by five baric techniques to provide information on potential contamina- 
tion at the rurface (an would relate to muopenoion), in &allow profilea (m would rekte to light 
construction and gardening), and at depth (as would relate to deep foundation or utility con- 
otruction). The techniqu- included: 

.Surface n a m p l d e n  with 12.7 cm dim ring, 0-5 cm depth. 

.Core oamplea-taken with 2.5 cm dim PVC pipe down to maximum depth of 30 cm. 

o h f i l e  onmples--taken with ring or core but sectioned into intervals of 0-5.5-10,lO-20. and 20- 
30 cm. 

.'hen& grab-samples-taken with m p  from w a h  or bottom of backhoe-dug trenches down to 
depths of about 1.2 m. 

)Auger aamples-taken from cuttings of augered holea (drilled by truck-mounted rig) at various 
intervals down to maximum depths of 12.8 m. 

Detailed descriptions of the sampling techniquea are included in Appendix C. 
The soil oamples were analyzed for groos and rpecific radioactivity content according to several 

selection schemes. All samples were analyzed instrumentally at LASL for gms-alphn and -beta 
activity by ZnS and plastic scintillator detectors, respectively. Subseta of the samples were deter- 
mined by random choice (to provide unbiased estimates) or by special selection (such as for con- 
firmation of contaminant or to provide a basis for cornlation with gross activity analyses). These 
subsets were submitted for various radiochemical analyses. The largest number of radiochemical 
analyses were performed for 'OOSr, followed closely by total uranium, then 5, V u ,  and Ts. 
Some radiochemical analyses were performed for '"Re and pl'h to provide supplementary infor- 
mation. Most radiochemical analyues were performed by an independent commercial laboratory 
under contract to LASL. Some radiochemical analyses were performed by the Environmental 
Surveillance Group a t  ASL. Additional detail on the analytical methods and quality control is 
ir,, ! ided in Appendk 

Execution of the survey resulted in many additional samples and analyses to verify or clarify 
preliminary results. Results nre summarized in Chapter 4, and detailed results are compiled in 
Appendix D. 

' 1, .- T sum ah-- e mil sampling plan and analyses grouped by the four principal strata. 

Some limited sampling of vegetation and rmall rodents was undertaken. 
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TABLE III 

RESURVEY SAMPLING AND ANALYSIS SCHEME 

Type 
Numberof 
L O C a t i O l U  

Firing Site 

Canyon Floor 

Natural Drainage 

Structurea 

con (0-30 cm) 

Profile (0-30 cm) 

Surface (0-5 cm) 

Core (0-30 cm) 

Profile (0-30 cm) 

Core (0-30 cm) 

Prof?. (0-30 cm) 

Cores (030 cm) 

Profiles (0-30 cm) 

Trench grab (0-122 cm) 

Auger (>122 cm) 

168 

168 

8 

41 

41 

4 

17 

10 

18 

7 

68 

290 

Radiochemical 

Radiochemical 

Gross a,@ 
Radiochemical 

Radiochemical 

Gross a,B 

Radiochemical 

G- a,@ 
Radiochemical 

aadiochemical 

G - ;s a,B 
F-Iiiochemical 

Gross a,B 
Radiochemical 
Gross a,B 

Fbdiochemical 
Gross a,B 

Radiochemical 
Gross a,B 

Radiochemical 

Numberof 
Samples 

168 

13 
5 

168 

14 
0 

4 X8 
4x8 

41 

0 
6 

41 

0 
5 

4x4 
4 x4 

17 

0 
6 

4x10 
4 x4 
4 X6 

18 
18 

4x7 

4x7 
68 

8 
290 

60 
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Comment 

One mmple at  each 
point of grid 
Random wlection 
Discrete selection 
One sample at  each 
point of grid 
Random selection 
Discrete selection 
Random wlection 
Random selection 

One sample at each 
point of grid 
Random selection 
Discrete selection 
One sample at each 
point of grid 
Random selection 
Discrete selection 
Random selection 
Random selection 

One sample at  each 
point on grid 
Random selection 
Discrete selection 
Sample each grid point 
Random selection 
Discrete selection 

Perimeter of TA-10-1 
Perimeter of TA-10-1 
Composites of building 
comers; 6 buildings 

3.048 m increments of 
sanitary and acid 
waste lines 
Expected contaminatim 
Waste pits and 
leaching field 
Expected contaminatim 
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N. RESULTS 

A. B.dioactivity in Soil 

A m i e w  of Section II.A, Site Hhtory and Operation, indicates three potential con- 
taminants-"Sr, uranium (depleted and natural), and fuel grade plutonium. hai t14  instnunent 
r w e y s  with the micro R meter and the HPIC (ducribed in Appendix B) indicated no anomalous 
increases in gamma activity on either the firing rite pi& or the canyon floor grids. Similar survey 
with the phoswich ( a b  deacribed in Appendix B) indicated DO anomalous incretms in 17 keV x- 
ray activity on the east ride of the fving rite grid nor on the east aide of the canyon floor. A review 
of radiochemical data from 1973 and 1977 rho- no plutonium concentrations as great a8 the 
EPA screening limit of 0.2 &i/ml.* Potentially aipiiicant contaminants are therefore "'Sr and 
uranium. 

Strontium-90 and total uranium would have been expected in Bay0 Canyon even if Bay0 Site 
had never operated because (1) atmospheric weapons teating by many nations has distributed 
"'Sr to both atmosphere and roil OD I worldwide wale, and (2) uranium is one of several natural 
radionuclides thrt ut preaent in dl terrestrial matter. Strontium from weapons testing is called 
"fallout "'Sr" and nrtunllysccuning uranium is referred to as "primordial uranium" to dis- 
tinguish them from Bay0 opcrrtim debris. Site specific measurements of these nuclides were 
not made at Bryo Site prior b their operational introduction ahortly after 1943. Consequently, 
estimates of fallout "9 and primordial uranium were made on the basis of a literature review and 
observations from the ament  resurvey effort. See Appendix E for details. Estimates of Boil con- 
centrations in pertinent roil kytm are provided in Table IV. 

Results from some 1973 data for Bay0 Site indicated that no elevated levels of "Sr were present 
in stream channel alluvium 2 km downstream from the firing sites. The 1973 data showed a 
rather uniform level of gross-beta activity in the 0-5 cm layer at 2 km upstream from the firing 
site and at  the fving sites. However, grw-beta activity below 30 cm from augered samples taken 
in the vicinity of old waste pita averaged an order of magnitude higher than gross-beta activity in 
the 0-5 cm layer at  either the fving sites or 2 km upstream. These results prompted some ad- 
ditional investigation of subsurface activity near the acid waste disposal system and the waste 
pits in 1974. Tha 1974 results are summarized by the statistics presented in Table V. 

Most of the individd Lesults are less than 10 pCi/g. This is presumed to be background beta 
actiaty from primordia. .adionuclides (and in the upper 30 cm from fallout as well). The large 
stanciaru Leviations reflect a small number of samples with a few significant deviations above the 
norm. Most of the deviate values are associated with auger samples from an auger hole located a 
few meters north of former waste pit 42. Locations are diagrammed in Appendix A. Gross beta 
maxima of 24 OOO pCUg and 4400 pCi/g occurred at 430 cm to 500 cm and a t  244 cm, respectively. 

Results from the 1977 resurvey are summarized through the Statistics presented in Tables VI 
and W. The statistics are arranged by strata described in Section 3, Methods. The surface layer, 
including stream channels, bounded by the outride perimeter of the fring site stratum and the 
canyon floor strata, was sampled randomly to provide an unbiased estimate of #Sr and uranium 
concentrations. Resulting statistics are presented, together with the wider range of sample 
results, which occurred when gross beta analysis of non-randomly selected samples were included 
in the data set. Additional statistics are provided from the non-random sampling of the natural 
drainage stratum and the structures stratum. 

'Only one of 106 samples was over 100 fCi/g; most were about 20 fWg-  a distribution that would 
be expected a t  h a  Alamos from worldwide fallout." 
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The mean @OSr concentration in the 0-5 cm layer (1.4 pCi/g) repreeenting an area of approx- 
imately 1.37 X 10' m' around the fving pa& r h m  that the remaining contribution attributable 
to test operations (1.0 pCi/g) Q two or t hee  times the average local value for worldwide fallout 
(0.40 pCi/g). The highert value encountered wm an isolated patch of activity at sampling loca- 
tion EB-3 a few metem muth and c u t  of former ~ ~ t e  pit TA-10-48. This concentration (132 
pCi/g) k about 330 times ao great M the local value for worldwide fallout. However, another por- 
tion of the rame sample, an adjacent core wimple, and several rupplementary ramplcs taken 
within two meten showed only normal levels of activity. 

Reliable estimates of local fallout concentratiom in the 0-10 cm and the 0-30 cm layers are not 
available. The statirtical uncertainty in analym from the random rample profiles and from ad- 
ditional natural drainage profiles mmka the expected decreaw in concentration with depth. Cor- 
responding data from the rtructurea grids ir 1- certain becaure the mila in the cast grid where 
the structures were located were extensively mixed during decommissioning. Moreover, the eelec- 
tion of sampling siten war bartd on former rtructural locations-a selection that undoubtedly 
biased the results toward higher levek of activity. 

Even conaidering the uncertainty in the data, it ia evident that the resulta are coniistent with 
some debria dep i t ion  ruperimpored on the background estimates given in Table N. 

B. Radioactivity in Air 

Atmospheric concentration8 of fallout "Sr and primordial uranium were estimated from 
nrgional and local riamples, respectively, collected from the LASL air surveillance net. These 
background values were wed ea a bmir for comparison of 'OSr and U results from air samplers 
located adjacent to Bay0 Canyon. One sampler Q roughly 3 m above the canyon floor at the con- 
fluence of Pueblo and Bay0 Canyons about 1.2 km t a d  of Bay0 Site. It would indicate any rignifi- 
cant airborne activity reiurpended from Bay0 Canyon. The other two samplers are located 
roughly 6 m above the meem top-one a few hundred meten north of the west end of Bay0 Can- 
yon, the other a few hundred meten eouthwest of the wmt end of Bay0 Canyon. These ramples 
would indicate any rignificant activity in the La Alamon townrite due to airborne activity 
generated in Bay0 Canyon. 

aamplea were collected during the fourth quarter of 1976 from three regional eta- 
tions located between 28 and 44 km east of Bay0 Canyon. The fourth quarter 1976 results from 
both the canyon floor and the mean top compnre well with (1) the regional resulta, and (2) the 
results reported for other North American locationr during the fourth quarter of 1975.. All three 
sets of results are presented in Table MI for comparison. The concentration of %r activity in air 
around Bay0 Canyon is rtatistically indistinguishable from the concentration expected 
regionally from fallout '"sr. 

Primordial uranium in soil varies quite markedly in North Central New Mexico in relation to 
the varied geology of the region. Consequently, background ramples were limited to perimeter 
riamples of the routine LASL air rurveillance net. Eighteen perimeter rtationr are located on the 
volcanic tuff of the Pajarito Plateau and would be expected to be more representative of local 
condition8 than regional resuita taken in the Rio Grande Valley. Three of these perimeter stations 
are those uned to monitor Beyo Canyon during the ament  resurvey, Samples were collected 
quarterly for uranium analyeia and the reeulta were averaged for the year. The results are 
presented in Table IX, which are taken from Table XI of Ref 24. 

The concentration of uranium in air around Bay0 Canyon ia statistically indistinguishable 
from the concentration expected locally from primordial uranium. 

Fallout 

~ 

T h e  DOE Environmental Measurementa Lab (HASL) discontinued aSr analyses after 1975. 
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C. Extcrp.l Penetrating Radiation 

Survey of Bay0 Site were taken with both an RS-111 ion chamber and by a survey van equip- 
ped with a GeLi detector. (The van and its crew were obtained under contract from the Lawrence 
Livermore Laboratory.) Expure r a w  were taken at  1 m above the ground. Contributions to the 
gram expomre rate from Bay0 debris were estimated from the net concentrations of Qy and total 
uranium in the 0-30 cm layer of mil. Strontium-90-a pure beta emitter-contributes no signifi- 
cant penetrating radiation. Ita concentration in the 0-30 cm layer t 0.66 pCi/g. Yttrium-90, the 
decay product of strontium, is in seculnr equilibrium with "Sr and t therefore of equal wn- 
centration. Yttrium-90 docs emit an energetic gamma ray, but the gamma ray abundance is low. 
The difference between estimated 'OSr fallout (0.2 pCi/g) and total observed %r in the 0-30 cm 
layer (0.7 pCi/g) b the amount interpreted to be attributable to Bay0 debris (0.5 pCi/g). The total 
uranium concentration at 0-30 cm ie 4.3 rdg ,  whereas primordial uranium is estimated to be 3.4 
rg/g. The concentration of uranium attributable to Bay0 debris b 0.9 rg/g. Measured exposure 
rates are compared against the calculated contribution from Bay0 debris in Table X. 

TABLE IV 

FALLOUT "Sr AND PRIMORDIAL URANIUM 
IN BAY0 CANYON SOIL' 

Depth 
(cm) 

0 - 5  

0 - 10 

0 - 30 

0 - 122 

122 - 244 
>244 

#ST 
(PCVg) 

0.36 

- 

0.32 

0.24 

<0.1 

<0.1 

<0.1 

~ ~~~~~~~~~~ ~~~ ~~ 

Refs 25,26,27 3.39 
direct measurements 

average of curiznt data and 

t. r.iyolation from CI- ent data 3.39 

3.39 
interpolation from L ?nt data 

extrapolation from current data 5.50 

extrapolation from current data 8.50 

extrapolation from current data 8.50 

Primordial U 
BaIcr 

Refs 22,28 
direct measurements 

average of current data and 
interpolation from current data 

Refs 22,28 
direct measurements 

extrapolation from current data 
and Ref 28 

Ref 28 

Ref 29 

.See Appendix F 

0 0 0 4 4 9 b  
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TABLE V 

GROSS-BETA ACTIVITY IN SUBSURFACE SOIL 
NEAR THE ACID WASTE DISPOSAL FACILITIES 

IN BAY0 CANYON 

Depth Range X * U  Number 
(cm) (pCVg) (pCi /g)  of Samples 

0-122 3 -186 32 f 4 2  20 
122-zer 1-4400 116 f 332 37 
>244 0.2-24000 635 f 1879 76 

TABLE VI 

Strata: Firing Sites, Canyon Floor, and Natural Drainage 

Random Samples All Samples Analyzed Depth 
(cm) No. - Range X f o  No. Range - -  - 

0 - 5  0.0-8.2 1.4 f 1.9 29 0.0 - 132.0 43 
0 * 10 0.1 -5.5 0.9 f 1.4 16 --- --- 
0 -30 0.2 -4.0 0.7 f 0.9 30 0.1 - 23.2 37 

Strata: Natural Drainage 

All Samples Analyzed 

0 - 5  0.0- 8.2 2.2 f 4.0 4 
0 - 10 0.1 -5.5 1.5 f 2.6 4 
0 - 3 0  0.2-4.0 1 . 3 f  1.8 4 

Strata: Structurer 

All Sampler Analyzed 
~~ ~ 

0 - 5  0.5-5.4 2.1 f 1.7 7 
0-10 0.3-4.7 2.2 f 1.5 7 
0 -30 0.3-6.9 2.4 f 1.5 30 
0 - 122 0.1 -67.2 10.3 f 19.3 12 
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TABLE VII 

0004948 

URANIUM IN SOIL 
Wr) 

Strata: Firing Siter, Canyon Floor, and Natural Drainage 

hP& 
Random Sampler All Samples Analyzed 

No. - (a) Range - X f o No. - Range - 
0 - 5  0.5- 12.0 4.9 f 2.5 29 0.5 - 12.0 43 

0 -30 1.6- 12.0 4.3 f 2.1 30 1.5 - 12.0 63 
--- --- 0-10 1.8-9.0 3.6f 1.7 16 

Strata: Natural Drainage 

All Samples Analyzed 
0 - 5  2.1-7.6 4.2 k2.5 4 
0 -10 2.0-5.0 3.3 f 1.4 4 
0 -30 1.6-3.6 2.6 f 1.0 4 

Strata: St:iaztum 
All Samples A n a l y d  

0 - 5  1.3-3.2 2.1 f 0.6 7 
9 -10 1.4-2.9 7.0.0.5 7 
0-30 1.6-50 5. i  1 8 . 7  30 
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TABLE VI11 

COMPARISON OF -Sr IN SURFACE AIR 
(fCUma) 

Moosonee, Ontario 0.09-0.15 0.13&0.03 3' 
Helena, Montana 0.17-0.18 0.18*0.01 3' 
New York, New York 0.19-0.24 0.21f0.03 3' 
Rocky Flats, Colorado 0.14-0.27 0.21fO.04 8 
Richmond, California 0.14-0.22 9.19f0.04 3. 

Group Summary 0.09-0.27 0.18f0.07 18. 

Espaiiola, New Mexico 0.17 l b  

Pojoaque, New Mexico 0.14 l b  

Santa Fe, New Mexico 
Group Summary 

10 
0.15f0.02 3 
0.14 - 

Bay0 Canyon Floor 0.13 1. 
Mesa Top (townsite) 0.09 - 10 

Group Summary 0.11 f0.03 2 

.EML-339 Department of Energy, Environmental Measurements Laboratory, 4th Quarter 1975. 
OIns Alamos Scientific Laboratory Surveillance Net, 4th Quarter 1976. 
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TABLE I X  

COMPARISON OF TOTAL URANIUM IN SURFACE AIR 
(PdW 

No. of 
12-14 Wk 

Range X h u  Samples - - Station Location 

Perimeter Stations (0-4 km) 
~ ~ 

Arltsnus Avtnut 
C o l f h r s e  
Ournard Drive 
18th Street 
Fuller Mge 
LAAirpOrt 
Gulf Station 
Acorn Street 
Royal Crest 
White Rock S.T.P. 
Pajarito Acres 
Bandelier 

Group Summary 
Bay0 Canyon Stati .:.; 

27 - 105 
40 -64 
50 - 179 
39 -63 
64 -109 
40 -68 
51 - 102 
9 - 134 

-7-35 
47 - 77 
32 -56 

66f4 
54f3 
111 f 6  
53 f 4 
8 0 * 6  
49 f 4  
72 f 4  
75 f 4  
23 i 4 
56f2 
45 *3 

24-55 34 f 4  
7 -179 59 f 14 

4 
4 
3 
4 
4 
4 
3 
4 
2 
1 
4 
4 
44 
- 

Canyon Floor 37-61 45f5 4 
Mesa Top (toT-mite) 1 2 - '34 67 -+ 6 . 3 
Mesa Top (townsite) 2 Xr7 43 + 4 - 

Group Summary 2 -134 52 f9 10 
3 
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TABLE X 

EXTERNAL EXPOSURE 

Measured Total Exposure Rates 
Background Ion Chamber GeLi 

Mesa Top 
(1.61 km SW of Bay0 Site) 22.9 23.9 
Mesa Top 
(3.22 km W of Bay0 Site) 19.1 20.4 

Ion Chamber GeLi 
No. - Bay0 Site Range X * O  No. Range X * U  - 

Canyon Floor 
* Talusslope 

Mesa Top 
Group Summary 

17.7-24.3 20.6f 1.6 45 20.6-26.1 22.6 f 2.5 4 
19.3-26.1 23.2 f 1.6 21 ..-- --- 
17.8-20.3 19.1 f0.9 12 --- .-- 
17.7-26.1 21.0 2.1 3 

Calculated Exposure Rater' 
Attributable to Bay0 Debrir 

Debris Contribution mSr-mY 4.1 X lo-' 
Total Uranium 4.3 x lo-' 

77-24, Tabie B-8. 

LANL 
1 
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V. EVALUATION 

A. Potential For E.porure 

The potential for exposure to rsridual radioactiviw from Bay0 Site operations depends in large 
degree on the uem of the land. Two principal mea mmt be considered: 

2. Development as a residential ana for an many M 400 homes. 

Both of these canes have been evaluated in term of potential expure8  to radioactivity and the 
resulting doees to individuals or to the general public. 

The worst w e  evaluations for maximum individunl expoauns under thebe hypothetical condi- 
tions were calculated aa 50 yr dose commitments, which repreaent the dose accumulated over 50 
yr from exposure to radioactive material in the fmt year. Only several radionuclides are capable 
of irradiating an individual for years after exposure to that radionuclide. This occurs when these 
long-lived radioactive materiale are inhaled or ingested and are incorporated into body tbsues 
where they remain, 8uch M incorporation of '@Sr into bone. Thew d o e  commitments are com- 
pared to the current DOE Radiation Protection Standards for annual doses to individuals in the 
general public and to average annual doses of radiation received from natural radiation in the 
area. Comparing 50 yr dose commitments to annual exposure guidelines is considered conser- 
vative because the actual dose received in any one year from a radioisotope capable of irradiating 
the individual for years after exposure L considerably less than the 50 yr dose commitment. 

1. Undeveloped Land. If Bay0 Canyon remaim in its current undeveloped state, the poten- 
tially exposed groups in the general public are (1) the occsllional recreational users of the canyon 
and (2) the residents in L a  Alamos townsite who live on mesas adjacent to Bay0 Canyon (see Fig. 
Al ,  Appendix A). 

The occasional recreational umrs who venture into Bay0 Canyon for 8uch activities as hiking, 
picnicking, and trail riding could be exposed to incrementa of external penetrating vsdiation or 
to incrementa of airborne contamination above natural backmund becausq of residllal surface 
contamination from strontium and uranium. These users typiccllg Me presert in t b  canyon for 
only a few hours at a time on an infrequent basis. Thus, potential ,XFOSUES to such users would 
be considerably leas than thoae that could be received by permanent residents should Bay0 Can- 
yon be developed. Los Alamoa midents on the mee+as above Bay0 Site could be exposed to any in- 
crements of airborne contamination resuspended from Bayo Canyon floor. Since measurements 
of airborne radioactivity due to 'OSr and U showed no elevation in the vicinity of Bay0 Canyon, 
there b no increment of dwe to present mesa residents attributable to residuals of Bayo opera- 
tions. 

2. Developed Land. If Bay0 Canyon is developed for residential and light commerical use, the 
potentially exposed groups in the general public are (1) residents, (2) construction personnel, and 
(3) pereons employed in the commerical establishments. These exposures are typically chronic 
exposures rather than occmional exposures common to recreational use. Residents and 
employees other than the construction workers will be present in the canyon eight or more hours a 
day for fifty weeks or more per year and possibly for many years. Construction workers will be 
present for perhaps eight years during development. 
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B. External Penetrating Doae 

Most of Bay0 Canyon, including the portion used or affected by experimental operations, has a 
higher natural background of external penetrating radiation than typical in the townsite areas of 
h Alamoa or White Rock, or an mesa top. This ia due in part to higher concentrations of 
naturally occurring radionuclides in the geologic formations surrounding the former operations 
site. It is also due in part to differences in the geometry of the canyon situation whereby radiation 
b received from the canyon walls as well M the floor. The available data, dimmed in Sec. W.C, 
indicate that average penetrating radiation in the canyon bottom is 21 f 2 p W h  with mmewhat 
higher values observed on the t a l u ~  s l o p .  Table X summarizes the penetrating radiation data 
for the canyon and highlights the data from the area likely to have been affected by experimental 

statistically significant, instrumentally mea8urable difference from other parts of the canyon. 
The canyon as a whole exhibits Ieveh about 13% greater than obscrved in the townsite areas (see 
Tables X and D-XXXIII). Theoretical estimates can be made of penetrating radiation caused by 
strontium and uranium debris deposited on roil in the old operational are!a~. Table X shows that 
the increments of exposun rate attributable to the residual contaminants are less than the 
spatial and temporal variation in natural background. The dwimetric consequences of external 
exposure from the experimental debris remaining in Bay0 Canyon are shown in Table XI. 

The largest incremental contribution to penetrating dose attributable to the former Bay0 Site 
is from residual uranium debris. The contribution in about 0.2% of the penetrating dose that 
would be received by residents in the area had Bay0 Site never existed. 

C. Dose From Intend Emittera 

$ 
operations. The level of external penetrating radiation at  the operational area does not rhow a 

: 

Bay0 Canyon mil ie a remvoir that could permit some radioactivity to make its  way through 
various pathways to human tirsues. The difference between the mean roil concentration of either 
OSr or uranium and fallout strontium or primordial uranium, mpectively, gives the expected 
mean concentrations of Bay0 debris used in this evaluation. The values uaed are shown in Table 
YII. The valv :- for debris in the surface layers 0-5 cm, 0-10 cm, and 0-30 cm are representative of 
t'.? area withi,, a IC"  wter radiua of the fving sites' center and of the canyon floor from 900 m 

-:,rzam bc'yon ' &' b g  sites' center to 850 m downstream. The values for debris in the 0-122 
' . . h o v d r ,  ;nly repreaentative for an area 1 X 10' m* surrounding the laboratory 

buiic..,,g, its associated waste dieposal facilities, and its contaminated storage buildings. The 
maximum gross beta value at or above 244 cm b c400 pCi/g at 244 cm. 

These values were used to make exposure evaluations in relation to potential human interac- 
tion with each soil layer. AI1 'OSr values are presumed to be associated with "Y in secular 
equilibrium. The g r o ~  beta value at 244 cm k presumed to be a secular equilibrium mixture of 
*Sr and 'V. No likely exposure scenario was considered to be associated with the single max- 
imum sample showing 24 OOO pCVg gross-@ at a depth of 4.3 to 5 m. 
Dose assessments were obtained by applying appropriate doee factors (tee Table E-IV, Appen- 

dix E) to the uptake quantities indicated by critical pathway analysis. The dose factors used in 
the assessment yield the 50 yr dose commitment. 

1. General Reourpendon; 0-5 cm Layer of Soil. Residents of Bay0 Canyon would be exposed 
to Bayo debris resuspended from the ground surface by air currents. Air activity concentration 
estimates based on a resupension factor of 1 X 10'' m" (Ref. 30) ahd a breathing rate of 8OOO 
mVyr (Ref. 31) are presented in Table XIII for cornparibon with current air concentration stan- 
dards. Fifty year dose commitments are shown in Table XW. 

+, 
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2. Homegrown Produce; 0-10 cm Layer of Soil. 
Eetimatea of internal doee from mnaumption of produce grown in Bay0 Canyon gardens ia based 
on a generous (25%) fraction of U. S. average dietary intake for homegrown produce (from page 
349 of Ref. 31). The 25% fraction ir b a d  on an intewiew with an avid local vegetable gardner 
and on profeasional judgement. The mumption ir in agreement with the maximum individual 
basis of this doee aeaeaament. Doae atimam for the ingertion patbway indicate that the worst 
cam? 50 yr dow commitment (bone) io about 3.1% of the DOE Manual Chapter OS24 guidelines for 
annual doee. 

3. Light Construction-Shallow Excavatianr; 0-30 cm b y =  of Soil. 
General exposure of construction crews to Bay0 debris would be expected during construction, 
which could last *vera1 years. Expoeure would come from a e m l s  generated by excavation work. 
Since surface deposited Bay0 debris is m a t  prevalent in the top 30 cm, it would be disturbed by 
essentially all excavation work. A higher breathing rate from relatively demanding physical work 
(43 llmin) was applied to an annual exporun time of lo00 h (1/2 of 50 wk a t  40 h per week) for 
this estimate. 

The dust loading for construction activitiea was e t  at 10 mg/m', which is the threshold limit 
value for nuisance dusts in workroom air M set by the American Conference of Governmental In- 
dustrial Hygienists (ACGIH)." Dust loadings > 10 mg/m' an possible, but it b doubtful that any 
long term exposure would occur a t  >10 mglm' becauae "exceaaive concentrations of nuisance 
dusts may seriously reduce visibility, may cause unpleasant deposita in the eyes, ears, and nasal 
passages....".m A value for the corresponding radioactivity in air was calculated from concentra- 
tions of radioactivity in Boil from the areas of concern. Calculations indicate that the dose to the 
lung would be the most eignificant and that the 50 yr dose commitment would be less than 0.03% 
of m n t  DOE guidelines for the annual doee. 

4. Light Conatruction-FoundaLionr and Utilltiea; 0-122 cm Layer of Soil. This mode of ex- 
posure was assumed to invoive construction personnel working in excavations 122 cm (-4 ft) 
deep. The concentration of uranium debris ir negligible while concentrztions of ?3r are assumed 
to average 17 pCi/g. The area potentially involved is restricted to that which could have bee;? af- 
fected by subsurface deposition, i.e., within about 10 m of TA-10-1 and its waste handling 
facilities or within an area of about 10' m* (w Fig. 16). The limited area of interest places B cor- 
responding limit on the amount of time epent installing utilities. The exyosure scenario is 
described in Appendix E. Other assumptions are the same as those used for excavation in the 0- 
30 cm layer. Estimates indicate that dose to the bone would be the most significant. The 50 yr 
dose commitment would be about 0.1% of the current DOE guidelines for annual dose. 

5. Light Conrtruction-Sewer Line Inatallation; 122-244 cm Lnyer of Soil. This case was 
assumed to involve construction personnel working in ditches 244 cm (8 ft) deep. The land area of 
potential concern is the same as that described for the 30-122 cm layer of Boil. In this case, the 
concentration of uranium debris is again negligible and the concentration of "Sr debris is as- 
sumed to be 1100 pCi/g. Moreover, the breathing zone is within 60 cm of the contaminated trench 
wall resulting in much less dilution of the aerosols generated in the trench. Aerosols would be 
generated by personnel brushing against the trench wall or bumping joints of sewer pipe against 
the wall. The duration of exposure is 60 h at  a breathing rate of 43 llmin. The 50 yr dose commit- 
ment to the bone is estimated to be about 1.4% of the current DOE guidelines for annual dose. 
Table X N  summarizes the dose estimates and compares them against current DOE guidelines 
and against natural sources of penetrating radiation in Bay0 Canyon. 
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EXTERNAL RADUITXON 
ANNUAL DOSE LIMITS VS ANNUAL EXPOSURE' 

(mremh.r) 
Background Dose Dore Limit for Public3 Bayo Debrin Done 
Public Exporum Above Background Muimum Individual 

Critical MUimum' Generalo Maximum Geneml 9% of Genl Pub % of Genl Pub 
Organ Individual Public Individual Public Done DonefromBkg DosePerdt ted - -  

Whole Body 231 181 f 13.8 m 170 0.43 0.24 0.25 
18lf13.8 --- 170 0.43 0.24 0.25 Gonads 231 

%xpoaure estimated for hypothetical population in continuous residence in Bayo Canyon. 
Wasic Radiation h t e c t w n  Criteria, National Council on Radiation Protection and Measure- 
ments. 
'Based on the average of a group of rock samples taken from cliffe east of Bay0 Site. K in K,O 
was 2.9 wt% of rock, U was 8.4 pg/g of rock, and ' T h  was 28.3 rg/g of rock. Exposure rate in- 
cluding fallout and cosmic contribution was 26.4 rWb. 
dBabed on 20.6k1.5 pFUb from 45 measurements on the canyon floor by HPIC. 

'TABLE Xn 

CONCENTRATIONS OF BAY0 DEBRIS IN SOIL 

0 - 5 c m ' .  1.4 0.4 1 .o 4.9 3.4 1.6 
0 - 10 cm* 0.9 0.3 0.6 3.6 3.4 0.2 
0 - 30 cm' 0.7 0.2 0.5 4.3 3.4 0.9 
O-l22cm0 10.3 <0.1 10.3 

'General Bayo Site. 
3Limited to approximately 90 m quare area around disposal pits. 

LANL 
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TABLEXILI 

ESTIMATES OF AIRBORNE ACTIVITY DUE TO 
RESUSPENSION OF SURFACE AND BAY0 DEBRIS AM) 

RAD1OAC;TnrITY CONCENTRATION 
(rCi/ml) 

Annul  Limits Air ActiVityb 
Continuour Erporurce-PubUc A P  Activity 

Maximum General 

Annual Estimates 

Continuour Expo#& 
Isotope 

Soluble 
"Sr 
"Y 
U 

Insoluble 
"Sr 
'oy 
U 

Individual Populntion Bayo Rerurpenrion 

3 x lo-" 1 x 10-l' 1 x lo-" 
1 x lo-" 4 x lo-' 

3 x 10'" 1 x lo-= 8 X lo-'' 
1 x lo-' 

2 x 10-10 7 x 10'" 1 x lo-'' 
3 x lo-' 1 x lo-' 1 x lo-" 
2 x 10-12 7 x lo-" 8 X lo-'' 

'DOE Manual Chapter 0524. 
O " A i r  activity" as used here means the average annual concentration in air. 
cnContinuous Exposure" as used here means 8766 hours per year. 
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TABLE ItIv 

DOSE EVALUATION 

Type of Dome 

Pcnnrnent Reaidentag 
General Rmupenrioo 
Garden Produce 
External h e e  
Integrated D o d  

Conrtruct ion W orken' 
Excavation,lan&capiq 
Foundations,utilitiea 
Sewer installation 
External Doec' 
Integrated Do& 
(wont case) 

0524 Guidelines 
(year of exposure) 
36 of Guideline 
(worst case) 
X of Background" 
(worst case) 

9 

(cm) Whole Body 

ob 6.9 X lo-' 
0 10 1.14 X 10' 
0.30 4.3 x 10'' 

1.18 X 10' 

0-30 5.7 x lo-' 
0-122 1.2 x lo-' 

0-30 9.8 x lo-' 
122-244 1.3 X 100 

1.5 X 100 

5.0 * 

..4 x 

6.5 X lo" 

Bone L u g  Kidney 

1.1 x 10" 
4.56 x 10' 
4.3 x lo-' 
4.6 X 10' 

9.5 x 10-1 
1.9 x 100 
2.1 x 10' 
9.8 X 10'' 

23.1 x loo 

1.5 X 10' 

3.1 X 100 

2.5 X 10' 

2.2 x lo-' 

4.3 x lo-' 
4.3 x 10-1 

1 x lo-' 
na 2.1 x lo-' 

4.3 x 10'' 
4.3 x lo-' 

4.1 X lo-' 
1.9 x lo-' 0 
2.1 x loo 0 
9.8 x lo-' 

2.0 X lo-' 

9.8 x lo-: 

2.8 x lo" 1.2 x lo-' 

1.5 X 10' 1.5 X 10' 

1.9 X 10" 2.9 X 10" 

1.5 X 100 2.4 X 10" 

T h a t  dose accumulated over fifty years as a result of expoeure to radioactive material during the 
first year of exposure. 
bHypothetical residents of Bayo Canyon assuming development occurs. 
'Based on 8766 h o w  per year exposure (resident). 
"Summation of internal plus external doees. For construction workers this includes total of ex- 
cavation plus either foundation work or sewer work. 
'Hypothetical construction worken in Bay0 Canyon amuming development occurs. 
'Based on 2OOO h o w  per year exposure (construction workers). 
'DOE Manual Chapter 0524, Appendix 0524, Part III, Radiation Ptotection Standards for the an- 
m a l  doee to the maximum individual from chronic exposure for the year of exposure. 
bPenetrating componenta of background radiation based on 181 mrem/yr. 
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APPENDIX A 

GEOHYDROLOGY OF BAY0 SITE, 1956-1974 

by 

William D. Purtymun 

I. INTRODUCLlON 

Bay0 Site was located in the upper-reach of Bayo Canyon. The Canyon heads on the Pajarito 
Plateau and is tributary to the lower reach of Los Alamos Canyon, which in turn drains into the 
Rio Grande (Fig. A-1). The canyon U cut into the Bandelier Tuff at Bayo Site (Figs. A-2 and A- 
3). The tuff is compacd of three members, rhyolitic in composition, which, in ascending order, 
are the Guaje, Otori. and Tahirege Memberu. The lower Guaje Member is a pumice fall con- 
sisting of lump pumim about 9 m thick. It is overlain by the Otowi Member, a massive ashfall 
and asMow of m w e l d d  tucf. Tbc member is about 42 m thick in the area. The upper Tshirege 
Member is compaod of owia duhfalls and ashflows of nonwelded to moderately welded tuff. 
The thickness in tJw a m  is about 80 m. 

Bay0 Site sib on the larrr pm ol the Otowi Member that forms the floor of the canyon and 
slope of the canyon w d l r .  T h e  T h g e  Member forms the near-vertical to vertical wall of the 
canyon. 

Further downstream Bnyo Canyon cuts through the Puye Formation. The Puye Formation 
overlies the Tesuque Formation. The lower member of the Puye is composed of granite debris 
deposited as river channel material. It is a poorly consolidated sand, gravel, cobble, and boulder 
deposit that is about 15 m thick near the mouth of Bay0 Canyon. In this area the gravels are ex- 
cavated and used for construction purposes. 

The upper member of the h y e  Formation is made up of volcanic debris derived and deposited 
from volcanic terrain to the west. The member is a fanglomerate with lenses of ash and pumice. 
The fanglomerate is composed of latite, rhyolite, dacite, and quartzite boulders in a matrix of 
volcanic sand and gravels. The thickness of the unit in upper Bayo Canyon is estimated at  about 
200 m based on a test well (T-2) in the canyon to the south. The Puye Formation in the midreach 
of the canyon is interbedded with the basaltic rocks of Chino Mesa. One of these basalts outcrops 
in the canyon about 4000 m east of the site (Fig. A-3). 

The Tesuque Formation is composed of arkosic siltstones, silty sandstones, and sandstones 
with occasional lenses of clay and pebbly conglomerate (Fig. A-2). The formation dips gently to 
the west near the mouth of Bay0 Canyon."' Ita thickness exceeds 800 m in the area. 

Soil has developed along the canyon floor and south wall of the canyon from weathering of the 
tuff. In general, it is a sandy soil that has poorly developed. The alluvium in the vicinity of the 
site is derived from weathering and erosion of the tuff. The alluvium is mainly sands and gravels 
with few cobbles or boulders. In the reach of the canyon below the site where the channel cuts into 
the Puye Formation, the cobble to boulder size materials increase, forming a large percent of the 
bed sediments. 

The stream flow in the canyon is intermittent, with the largest percentage of runoff occuning 
during the summer from heavy thunderstorms. The runoff ia generally of short duration over a 
period of several hours. There are no gaging stations in the canyon. No measurements have been 
made to determine the maximum discharge of this intermittent runoff. Theoretical maximum 
discharges at  the Department of Energy (DOE) boundary were calculated for various flood- 
frequencies, by a method devised by Scott." The values were derived from nomographs using 
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climatic data approprhte to Lam Alnmoa. The drahgt nrea ir 8.8 luna within the DOE Reserva- 
tion and the channel har an average dope of 0.03. Maximum discharge for a 2-yr recurrence inter- 
val b 2.4 m%; 6-yr intewal k 6.1 m%; 10-yr intend ia 8.5 mah; 25-yr interval iS 17 rn%; and 50- 
yr interval L 19 m%. Recurrence intewah can be interpreted a8 probabilities, e.&, a 2 yr recur- 
rence interval signifies a 1 in 2 chance or probability of 0.6. 

The intermittent runoff is the major transport media for radionuclide contaminants in the can- 
yon area. The radionuclideii are adsorbed or exchanged with iona in channel sediments or mil and 
are tramported u rupended or bed d m e n b  in the run~ff."~' A very minor amount of the 
mdionuclidee in the canyon area may be redholved and tramported in solution."' 

Three test holes were drilled in Bayo Site in 1961 to determine if water occumd in the alluvium 
or in the tuff at the Puye Formation contact. The test holm were dry with no indication of water 
in the alluvium of the channel or perched in the tuff above the fanglomerate of the Puye Forma- 
tion. 

There are no deep test holes penetrating into the top of the main aquifer at Bay0 Site, thus, 
nothing L known of poMible perched water in the Puye Formation and associated basaltic rock6 
of Chino Mesa. However, the data from the shallow holcs hid knowledge of the geology from deep 
test holes in adjacent canyon8 suggests there L no likely Ljdrologic connection with any surface 
water in Bay0 Canyon and the main aquifer. The top of the main aquifer, an aquifer capable of 
municipal and induetrial supply, lies about 240 m below land surface at  Bay0 Site in the aedi- 
ments of the Tesuque Formation. The aquifer slopes gently to the east a t  about 7.6 m h .  The 
recharge to the aquifer is h m  the Vallen Caldera to the east with little recharge contributed from 
canyons cut into the Pajarito Plateau." 

IS. ENVIRONMENTAL STUDIES 

Testa at Bay0 Site were conducted uing high explwives and radioactive materials. The inven- 
tory of radionuclidea expended at the site with the testa included 1.355 Ci of natural uranium and 
1.218 Ci of '"U."' In addition, unknown amount of "%a and OSr (aee Appendix E for estimates) 
was released to the environment with the testa. The Y i  WM a contaminant of the '"'La that was 
used a8 a tracer with the explosives. Some envim ,,ii:l data in the can:ron have been collected 
a6 part of the routine monitoring effort. Sevzial ;>ecial -tudies wore r'zo r- '- in the area to 
determine geohydrologic conditions. The availabl- :der n .,:on is summa : the following 
section. 

A. U.S. Geological Survey, 1956 

The U.S. Geological S w e y ,  in conjunction with IASL, made a reconnaissance of Bayo Site in 
May 1956. The following excerpt describes the findings."' 

"Lanthanum and strontium are known to contaminate the ground and stream bed in the 
area. The half-life of lanthanum L short and will constitute no future danger to water supp- 
ly, but the half-life of strontium is long enough to warrant further investigations of ground 
water and surface water movement. 

, 

Surface contaminants could be tramported by runoff and floodtlow, although floodflow may 
a h  transport some of the contaminated solid material from the streambed in Bay0 Can- 
yon. Theee contaminants, however, may actually move downstream in either Bayo Canyon 
or Pueblo Canyon, due to a possible hydraulic connection between these two canyons 
somewhere near Hamilton Bend spring or Otowi Seep in Pueblo Canyon. In fact, wastes 
from Bay0 Canyon site have been treated with nitric acid before disposition and water ram- 
ples h m  Hamilton Bend spring are often high in nitrate. 
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There me several pomible wurces of radioactive contamination in Bay0 Canyon, drain 
water from the ahot pad, buried laboratory wmtea, and laboratory wastes that were spilled 
on the ground. Of these murces, the last ie of least importance, as these areas are small and 
isolated. 

The shot pad k washed down with water after each shot, the wanh water draining toward 
the streambed. The pad nnd the ground and drainage ditches near the pad show high 
radioactivity, although the radioactivity drops off rapidly with increased distance from the 
pad. "he path of movement away from the pad has not been determined. 

When the Bay0 Canyon laboratories were in operation, most laboratory wastes were either 
buried in atainleaa stet1 tnnks or poured into concrete disposal pits. The wastes that were 
poured into the concrete pits drained through an outlet pipe in the bottom of the pits and 
out into the ground downgradient from the pits. The wastes stored in the stainless steel 
tanks were periodically blown from the tanks, with high air pressure, and discharged direct- 
ly into the streambed. In addition to standard dinpod methods, laboratory wastes were oc- 
casionally dropped or spilled on the ground in patches near the laboratory buildings. 

Several preliminary inspections of the area were made by the Health Division of the Uni- 
versity of California and the Geological Survey in an effort to determine the movement of 
radioactive material in the canyon and through the soil profile. 

On July 23, 1956, Meclers. Kennedy and Christenmn of the University of California 
laboratory and Messrs. Conover, Waldron, and Abrahams of the Geological Survey in- 
spected the Bay0 Canyon rite. Several concrete diapoeal pita were located but the location 
of the buried stainless steel tanks, believed to contain radioactive material, was not deter- 
mined. A series of soil ramples was taken in the soil profile near the old laboratory. The 
c o u n t s  of t h e  s a m p l e s  n e a r  t h e  s u r f a c e  were  a b o u t  
15,OOO c/m/t (sic), but decreased to about 200 to 300 counts at about the 3 foot depth. 

On July 24,1956. M e k s .  Kennedy and Hutchinson of the University Laboratory, and Mes- 
srs. Waldron and Abrahams attempted to locate the outlets from the concrete disposal pits 
and from the stainless steel pits but no water or moist areas were evident downgradient from 
the pits. About lo00 gallons of water were pumped into the discharge pipe of the stainless 
steel tanks at ,about 250 pounds of pressure, bypassing the tanks, but the outlet near the 
stream wa8 not found. An electrical renistence type pipe finder was used by the utility divi- 
sion of the Zia Company to aid in locating the outlet pipe but the results were indefinite, 
although probable locations of the stainless steel tanks were determined." 

Further studies (1961,1973, and 1974) have indicated that the movement of contaminants into 
Pueblo Canyon by groundwater from Bay0 Canyon is very unlikely as shown by the absence of 
surface water and water in alluvium. The nitrates in water at Hamilton Bend Spring are from the 
sanitary wastes that are released into Pueblo Canyon. 

B. Rndiation Survey Land Pucsl B, 1972 

A radiation survey WM made of the meaa wuth of Bay0 Site in 1972 (Fig. A-4). The survey was 
made to determine the ertent to which the land had been ubcd in LASL activities.*' The area of 
the survey, land parcel B, wm about 1.9 km.' Radiochemical analyses were made for a number of 
different radionuclides in soil and vegetation samples collected from the mesa (Table A-I). T h e  
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measuremenfa of gratu beta, W e ,  '"pu, "Tu, "'Am and total uranium in roil and vegetation 
from the mesa, in general, were eimilar to thow concentrations memured at locations un- 
disturbed by n u c l w  energy inatallatiom.*' The tritium concentrations in wme casea were above 
regional background data. The background data on roil and vegetation as ahown on the tables 
were collected in northern New Mexico. 

C. So11 and Sediments 

Two sediment ampling statiom were eatablbhed in the canyon in 1965 (Fig. 4). They are 
located near the midreach of the canyon (B-1) and the other about Bay0 Canyon above the junc- 
tion with Ins Alamm Canyon (B-2). The Kdimenta are derived from the Bandelier Tuff and Puye 
Formation; particle-size distribution indimtea that ailt and c l ap  made up leas than 3% of the 
bed sediments (Table A-II). 

Radiochemical analym were made of aedimenta from the two statio- in 1965 and 1970."'* The 
activity was low and within the range that would be expected from worldwide fallout. There was 
no indication of contamination from the abandoned site in Bayo Canyon (Table A-III). 

A number of umplos were COW and analyzed for groes-alpha, groas-jeta, V u  and T u  in 
a study in Bay0 Cmym ia 1873. Slmples of bed redimenta and bank mil were collected at four 
rtations (Fig. A 4 ) .  S u t h  A ir locrud 2ooo m west of Bay0 Site, B at Bay0 Site, and C and D 
2ooo and 4600 m eut d the Nu. respectively. 

Five bed sediment urnplea wue collected at 20 and 200 m emt and weat of a center station 
(Table A-W). Grou alpha and plutonium concentrations were about background level in Areas A 
and 8. The plutomum resulu d composite soil and eedimenta are higher than expected and are 
probably the result ob ContazninAtion in collection or analpes. Gm-be ta  concentrations at 
Areas A and B ranged from 19 to 38 pCi/g, which is about twice background for the area. There 
were no gross alphn and beta analyws at Areas C or D. 

Four samples of mil were collected 20 and 20 m north and south of the center a t  Areas A and 
B. Gm-alpha and plutonium were about background for the area, while --beta was about 
twice to three times normal background. Gross-beta concentratiom ,mged from 26 to 41 pCi/g 
(Table A - N ) .  

The high gross-beta activity appem to be surface contaminatic- of 'OS,, wFch dis?sr;--d fro-. 
the lanthanum aource with the explosives. The gross-beta activitp i: b2.l z-a'i-nents collec' -2 
1973 was much higher than collected east of Bay0 Site in I5 and 1970.1. . - :.-.-beblv * xaL:. 
of placement of sample locations. The 1973 locations were in the site itsel. 

D. Test Holes 

Test holes were drilled in the Bay0 Site area in 1961 to determine if water was perched at the 
base of Bandelier Tuff at  the Puye Formation contact (Fig. A-5). The silty sandstones and clays 
of the Puye could form a perching layer for infiltration of water through the alluvium and tuff. 
Three of the holes penetrated into the top of the fanglomerate (Table A-V). There was no indica- 
tion of perched water ar any excessive moisture in the tuff above the fanglomerate.*" The small 
volumes of water used during the life of the site (water was hauled to atorage tanks) and normal 
precipitation and runoff in the drainage area precluded any transport mechanism for contami- 
nants to the top of the conglomerate. The major contaminant, -Sr, in effluent is also readily ad- 
sorbed or exchanged with chemical ions found in the alluvium or tuff.*'* 

During 1963, the waste disposal pit was cleaned out and contaminated wastes, mil, alluvium, 
and tuff removed to a depth of 7.9 m. "he wastes and contaminated materials were hauled to TA- 
54. The concrete and ~ t a i n l e ~ ~  steel tanks were also removed to TA-54. 
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In 1973 three test holes (M-series) were drilled to collect ramples for analyses at select depth 
intervals in the area of the waste pit and outfall from the two tanks (Fig. 5). Test hole M-1 (TA- 
10-48, removed) penetrated the fill and tuff to a depth of 12.2 m a t  the solid waste pit. "he log of 
the hole indicated fill to a depth of 7.9 m (Table V), although a later engineering s w e y  indicated 
the hole was about 6 m north of the pit location. Plutonium and 'OSr analyses of cutting at select 
depths indicated only background concentrations (Table A-VI). A m n d  hole drilled in 1974 to a 
depth of 3.6 m in the pit contained only background gross-alpha and -beta activity. Background 
plutonium concentrations in the area related to "fallout" for "Tu ranged from O.OO0 to 0.004 
pCi/g and for 'Vu ranged from O.OO0 to 0.020 pCi/g in 1970. Strontium 90 ranged from 0.07 to 
0.87 pCi/g.*u*A1r 

Hole M-2 was drilled near the outfall of the stainless steel tank (TA-10-38, removed) to a depth 
of 6.1 m. Analyses of cuttings from the surface to 0.5 m indicated only background concentrations 
of plutonium, while "Sr was high a t  the same depth interval (Table A-VI). A second "Sr analysis 
at  depths from 3.1 to 4.6 m was low but was still above background, showing some contamination 
at  depth. 

The third hole, M-3, was drilled at or new the location of the concrete tank (TA-10-50, 
removed). Three attempts were made in the area as the hole encountered blocks of concrete. The 
drilling only reached a depth of 2.4 m (Table A-VI). Analyres of cuttings from the hole from the 
surface to 1.5 m contained only background concentrations of plutonium, while the same cuttings 
contained "Sr in excess of background (Table A-VI). The location of holes drilled in 1973 may 
have missed the exact location of the tanks; however, %r in the general area was above 
background indicating the presence of contaminants. 

In 1974 12 test holes were drilled in the outfall area of the stainless steel and concrete tank. The 
holes were located around M-2 (stainless steel tank) and M-3 (concrete tank) as shown in Fig. A- 
5. The layout of the holes is shown in Fig. A-6. 

The gross-alpha activity in the test holes around M-2 and M-3 was near background except for 
hole W-6 near test hole M-3 (Table A-VII). The samples from 2.3 to 3.1 m and from 4.6 to 7.6 m 
at test hole W-6 ranged from four to ten times background, indicating some infiltration and 
movement of contamination from the concrete tank. 

Gross-beta activity in holes E-1, E-2, E-3, E-4, and E-5, near test hole M-2 (stainless steel 
tank) was above background from the surface to a depth of 2.3 m (Table A-VIII). Gross beta ac- 
ivity samples from Hole E-5 were above background to a depth of 10.7 m. 

The gross-beta activity near test hole M-3 (concrete tank) at hole W-2 from surface to 1.5 m. at 
hole W-3 from the surface to 6.1 m, hole W-4 from 0.8 to 1.5 m, and hole W-5 from 1.5 to 2.3 m 
were significantly above background to indicate some movement of contaminants into those 
depth intervals. The gross-beta activity in all samples from hole W-6 was above background. The 
highest gross-beta activity occurred in samples from 2.3 to 10.7 m in the area of high gross alpha. 
The gross beta in this interval ranged from 1500 to 24 OOO pCi/g indicating a large amount of con- 
tamination from the concrete tank. 

111. SUMMARY 

The main transport of contaminants in the hydrologic cycle is with storm runoff. The stream 
flow in the canyon is intermittent, The runoff volume is 80 low that there is no apparent water in 
the alluvium. The intermittent runoff is not a source of recharge to the main aquifer. 

The bulk of the contaminants released to the environment in the canyon was natural U, 
and 'OOSr. The surface type of testing has dispersed the contaminants Over a wide area. 

The few soil samples taken in the canyon indicated high beta activity (as much as 10 times 
background), which is indicative of the OSr. Sediment samples in the area of the site also con- 
tained above normal amount of beta activity. Sediment in the channel near the confluence of 
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Bay0 Canyon with Ins Alamor Canyon contained only background concentrations of -alpha, 
growbeta, and plutonium. Plutonium WM not ued at the rite. balm of mil, eediments, and 
cuttings from test holes contained only background plutonium concentrations. 

Drill holes in the area of the aolid waste pit only contained background concentrations of 'OSr. 
Strontium 90 was detected in the arean of the &e60 ateel tank (removed) and concrete tank 
(removed) up to depths of 4.6 m. Groa beta activity WM highest near the former location of the 
concrete tank to a depth of 10.6 m. The drill holm may not have been at  the exact location of the 
tanks, but do indicate contamination at deptha above normal background. 

. 

WYE FORMATION 

BANDELIER TUFF 

Fig. A-2. 
Geologic map of the &jarit0 Plateau adjacent to Bay0 Site. 
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TABLE A-I 

RADlOcHEMICAL ANALYSES OF SOXL AND VEGETATION 
FROM LAND PARCEL B, 1972 

(analy~e, in pCi/g,  except as noted) 

M.tsrW An4rir 

Vegetation (Bkg) 
Vegetation 

Soil (Bkg) 
Soil 
Vegetation (Bkg) 
Vegetation 

Soil (Bkg) 
Soil 
Vegetation (Bkg) 
Vegetation 

Soil (Bkg) 
soil 
Vegetatio.. (3kg) 
Vegetation 

:oil iBkg) 
Ail 
Vegetation (Bkg) 
Vegetation 

Soil IBkg) 
Soil 
Vegetation (Bkg) 
Vegetation 

Soil (Bkg) 
Soil 
Vegetation (Bkg) 
Vegetation 

w e e  

4 . 0  
4 . 0  - 5.8 

16.2 - 31.7 
20.0 - 26.3 
4.2 - 5.1 
4.4 - 6.0 

1.2 - 5.7 
1.9 - 4.0 
0.5 - 2.4 
0.5 - 6.1 

0.01 - 0.50 
<0.01 - 0.20 

0.002 - 0.005 
0.005 - 0.007 
0.02 - 0.11 
0.01 - 0.08 

<0.001- 0.003 
0.005 - 0.006 

0.03 - 0.09 
0.01 - 0.14 
0.003 - 0.012 
0.006 - 0.012 

0.16 - 1.24 
0.71 - 1.13 

c0.02 * 0.05 
0.10 - 0.12 

Average 

<1.0 
~2.13  

22.8 
23.8 

4.6 
5.3 

3.6 
2.9 
1.6 
2.2 

0.13 
<0.11 
0.004 
0.006 

0.05 
0.05 
0.002 
0.005 

0.06 
0.10 
0.007 
0.009 

0.58 
0.92 

<0.03 
0.11 
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TABLE A-XI 

PARTICLE-SIZE DISTRIBUTION OF SEDIMENTS IN BAYO CANYON 

Gmde 

Granules 
&nd 

Very Coane 
Coane 
Medium 
Fine 
Very F i e  

Silt and Clay 

Dirtributjon 
(percent by weight) 

St . t i0~  B-1 Station B-2 

2.0 2.0 

40.5 24.5 
40.0 46.6 
10.6 16.0 
3.6 6.5 
1.6 lb 
2.0 2 6  

TABLE A-I11 

RADIOCHEMICAL ANALYSES OF SEDIMENTS IN BAYO CANYON 
1965 AND 1970 

Detcrmiaation 

Gnwr alpha 
Gross beta 
Grussgamma 
-Pu 
=Tu 

Dettrminntian 

GKWS alpha 
Gram beta 
Gn#s gamma 
1wpu 
-Pu 
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StPtim B-1 
2/5/70 
( P C W  

<1 
<1 
<I 
<0.001 

0.004 

Statim B-2 
2/5/10 
Cpcm 

<1 
<1 
<1 
<0.001 

0.004 
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TABLE A-TV 

RADIOCREMICAL ANALYSES OF SEDIMENTS AND SOTL 
IN BAY0 CANYON, 1973 

in PCVe) 

Bed Sediment8 

h A  
W200 m 
W20m 
Center 
E20m 
E200m 

AreoB 
w200 
W 2 0 m  
Center 
E20m 
E200m 

h 8  c 
W200 m 
W20m 
Center 
E20m 

Soil 
Area A 
S200 m 
S20m 
N20m 
N200m 

ArcaB 
S200 m 
S20m 
N20m 
N300m 

Grow 

1.9 
1.6 
1 .o 
0.8 
2.1 

0.7 
1 .6 
1.6 
1.1 
2.6 

-e. -- 
e 

e. 

2.8 
3.7 
1.8 
2.7 

2.5 
2.2 
1.6 
0.8 

Oror8 
Beta - 
26 
n 
19 
27 
38 

23 
31 
24 
21 
32 

.-. .-- .- -- 

37 
41 
30 
31 

35 
35 
31 
26 

OXMB 0.003 
0.008 0.006 
0.009 0.003 
0.005 0.005 
0.001 0.m 

0.004 0.002 
0.004 0.003 
0.002 0.014 
0.002 0.008 
0.003 0.024 

0.005 0.001 
0.004 0.004 
0.002 0.001 
0.009 0.004 

0.002 0.017 
0.009 0.028 
0.007 0.022 
0.007 0.022 

0.013 0.019 
0.017 O.OO0 
0.009 0.005 
0.003 o.Oo0 
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TABLE A-V 

LOG OF TEST HOLES DRILLED IN BAY0 SITE 
1961 AND 1963 

Hole No. 
~- ~ 

Alluvium Tuir Conglomcra te 

TH-l(l961) - 0 - 25.7 25.7 - n.1 
TH-2 (1961) 0 -1.5 1.5 - 7.6 - 
TH-3 (1961) 0 -3.6 3.6 - 19.8 19.8-21.3 . 

TH-4 (1961) 0 -3.1 3.1 - 23.3 23.0 - 24.1 
M-1(1973) 0 -7.P 7.9 - 12.2 - 
M-2 (1973) 0 -4.6. 4.6 - 6.1 - 
M-3 (1973) 0 -2.4’ e --- 
.Fill or reworked tuff 
Remarh: All holts were dry 

TABLE A-VI 

GROSS ALPHA, GROSS BETA, AND PLUTONIUM ANALYSES 

1973 
FROM HOLES M-1, M-2, AND M-3 

Pcvg 
Depth tm) Grorr Groan 

HoleNo. From To Alpha Bet. T u  “Tu OSr - - - - - - -  
--* -I- _-- M-1 0 1.5 86 163 

1.5 3.1 67 171 
2.1 4.6 60 197 --- -.- 
4 6 6.1 67 187 
6.1 7.6 42 190 -.- --- <0.05 
7.6 9.1 59 204 0.013 0.013 <0.05 
9.1 10.7 66 231 I*- -*- < o s  

--- --- 
--- -.a --- 

-.- --- --- M-2 0. 1.5 43 417 
1.5 3.1 49 234 0.00s 0.210 42.0 
3.1 4.6 67 144 --- -.- 1.9 
4.6 6.1 72 135 --- --. 

M-3 0 1.5 63’ 301 a --- --- --- 
1.5 3.1 67” 317” 0.006 0.014 7.4 

~ 

.Average 3 analy~ea 
bAverage 2 analyw 
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TABLE A-VI I  

GROSS ALPHA ACTIVITY IN CUTIWGS FROM BOLES 
NEAR TEST HOLES M-2 AND M-3, 1974 

balyrer in p c i / g )  

0. 0.6 2.6 3.1 4.1 2.8 3.4 1.8 3.4 1.7 --- 3.1 
0.6 1.2 2.6 --- 4.0 2.1 4.2 1.2 3.3 2.8 --- 
1.2 1.8 1.9 1.2 5.0 1.0 --- 3.8 3.7 2.4 2.1 3.3 
1.8 ' 2.4 1.8 1.6 3.3 1.0 2.7 --- 2.3 1.9 --- 3.9 
2.4 3.0 2.6 --- --- 1.6 --- --- 2.9 1.0 --- 6.9 
3.0 3.7 2.2 1.5 3.0 1.3 2.8 --- --- 1.4 --- 2.5 

--- 12.0 3.7 4.3 3.0 1.4 5.2 1.8 2.4 --- 3.1 --* 

4.3 
4.9 5.5 2.7 1.6 3.6 4.9 1.9 --- 
5.5 6.1 --- *-e *-- 1.6 2.1 --- 
6.1 7.6 3.8 2.1 3.8 3.8 3.7 --- 2.1 4.4 --- 0.5 

--- 3.7 --- 4.9 4.4 --- 5.7 7.6 9.1 --- 2.7 --- 

--- 

4.9 2.4 1.3 43.0 3.0 3.7 --- 3.6 2.1 --- 59 --- --- --- --- 
--- --. --- 

--- 9.1 10.6 --- --- --- --- -.- --- 4.8 4.6 --- 

TABLE A-VI I I  

GROSS BETA A C T "  IN CUTI'INGS FROM HOLES 

(analyses in pCi/g) 
NEAR TEST HOLES M-2 AND M-3, 1974 

Depth (m) Near Teat Hole M-2 Near Teat Hole M-3 
From To E-1 E-2 E 3  E 4  E-5 W-2 W-3 - W-4 - W-5 - - W-6 - - - - - e - -  

0. 0.6 35 10.3 9.2 11.2 166 6.7 47 5.9 --- 34 
0.6 1.2 31 *-- 9.9 3.2 89 10.9 36 16 --- 18 
1.2 1.8 10.7 1.1 15 1.1 --- 7.8 30 2.1 22 21 
1.8 2.4 3.9 1.5 8.1 3.4 39 --- 30 1.6 --- 4400 
2.4 3.0 4.4 --- --- 4.7 --- --- 12 1.0 --- 20 
3.0 3.7 3.1 3.7 3.9 1.4 16 --- _-_ 2.3 _-_ 21 
3.7 4.3 5.6 1.8 10.3 1.0 28 --- 9.9 -*- --- 2300.0 
4.3 4.9 4.1 3.4 5.2 7.5 --- --- 12 5.4 --- 2400.0 
4.9 5.5 4.7 1.7 6.5 3.5 20 *-- 

5.5 6.1 --* -*- --- 2.4 21 --- 
--- --- -I- --- 
--- --- --e --- 

6.1 7.6 42. 5.5 6.1 2.9 16.0 --- 4.6 4.1 --* 6400.0 
7.6 9.1 --- 9.0 --- --- 18 --- 6.5 3.2 --- 
9.1 10.6 --- -e- -*- --- --- --- 5.6 3.6 --- 1510 
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APPENDIXB 

INSTRUMENTATION AND RADIOCHEMICAL ANALYSES 

In Situ Radiation Measurement# 

In ritu radiation memurementa of x and gamma radiation were made by three different instru- 
ment systems: a micro-R meter, a high-preasure ionization chamber (HPIC), and the field 
phoswich (phosphor sandwich). 

The micro-R meter k a Ludlum Model 12s count-rate meter in which a NaI(T1) rcintillation 
crystal is used a~ the detector. This detector hae the advantage of being sensitive enough to read 
rWh directly. A disadvantage k that ita response k quite dependent upon photon energy (Fig. B- 
1). The instrument was calibrated with a known flux of 'YRa (and daughters) gamma rays. 
Measurementa with this instrument in Bay0 Canyon in 1977 w e e d  with previous measurements 
(1973; Bee Appendix A and Ref. B1) with the same model. Experience at LASL indicates that the 
Ludlum 12s readings would be reduced slightly if normalized to agree with thermoluminescent 
dosimeters (TLD), or with the high pressure ion chambers (HPIC). See Appendix A and Ref. B1. 

A Reuter-Stokes Model RSS-111 rpherical, high-pressure ionization chamber filled to 14 atm 
with pure argon was also ued.  Ita factory calibrated response was checked at  various TLD 
measurement locations. In contrast to the micro-R meter, it has a flat energy response over a wide 
range of energies (Fig. B-1) and is thus well suited to make environmental gross-gamma measure- 
menta. 

The modification of the field portable phoswich used in this survey is described in Fief B2. The 
unit was equipped with a timer-scaler to allow timed, integrated response, thereby attaining a 
lower detection limit that would be less dependent on subjective interpretations of the rate 
meter. 

For work in Bay0 Canyon, the phoswich was adjusted to the x-ray energy band from 5 keV to 25 
keV in order to enhance the detection of the 17 keV photon from plutonium while minimizing in- 
terference from VB at 30 keV. 

--e phoswich was taken to the field and tuned to this energy band with the aid of a portable .., --tic! $1 analyzer, an "'Am source, and a W e  source. The detection limit for this tuning 
3 second count in the laboratory at  95% confidence was 2 nCi/g for soil spiked with - -  - c *  

U. 

Sample AI&=# 

oGrorr AIphn and Gross Beta 

All obi1 samples were analyzed far grwe-beta and grocle-alpha activity by exposing an ap- 
propriate scintillator (alpha or beta) ta the gross particle emission of a petri dish full of the dried 
soil sample. This procedure effectively rcreened all samples for concentrations of alpha or beta 
emitting contaminants that would exceed that attributable to naturally occuring radionuclides 
or weapons teeting fallout by a substantial margin. The method wae originated by R. D. Evans 
during the 1940s. and adapted to good effect aa a screening device for alpha contamination by 
LASL during the TA-1 cleanup.u 

The alpha probe was calibrated with a petri dish of dried soil homogenized with enough T u  to 
yield 2000 pCi "Tu per g a m  of soil. Repetitive counts of empty petri dishee gave an instrument 
background of 3.03 f 1.07 c/m which wm equivalent to 20 f 10 a pCUg of soil at  the 67% con- 
fidence interval. The alpha detection limit (instrument background + a) at 67% confidence was 
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therefore 30 pCi/g. G m  alpha activity from Kvcn uncontaminated local moils ranged from 20 
pci/g to (0 pCi/p.* Samples exceeding the higher value were supected of being contaminated. 
Gross alpha mdts with instrument background subtracted are provided in moet tables of A p  
pen& D. These results should be interpreted to the nearest 10 pCi/g. 

The beta probe was calbrated with a petri dish full of dried mil homogenized with enough 
mSrr-"Y to yield 1950 pCi "'Sr-"T per gram of roil. Repetitive counts of empty petri dhhes gave 
an instrument background of 38.11 f 2.53 countdmin, which wm equivalent to 8 f 1 B pCi per 
gram of mil a t  the 67% confidence level. The beta detection limit (instrument background + a) 
at 67% codidence was, therefore, 9 pCi/g. G m  beta activity from eight uncontaminated local 
boils ranged from 2 pCi/g to 6 pCi/g.* Samples exceeding 6 pCi/g were iuepected of being con- 
taminated. Grose beta results with instmment background subtracted are provided k~ most 
tables of Appendix D. These results should be interpreted to the nearest pCi/g. Both detectors 
are shown in Fig. B-2 with their sample holders (which minimize light scatter) and their scaler 
units. 

oRadiochemica1 h l y m  

Soil samples were oven dried, homogenized, and eubmitted to the eubcontractor for 
analysis. Soil samples were submitted in weighed 10 g aliquota and biota in 100 g aliquots. The 
subcontractor dissolved the samples in an acid bath and chemically beparated the species of in- 
terest. The samples were deposited on planchets and ashed to minimize relf absorption. Alpha 
emitters were analyzed by alpha spectrometry; beta emitters by low background proportional 
counters. Table B-I lists the subcontractors analytical capability specifications. 

Ten per cent of the samples sent to the subcontractor were either rpikes** or blanks"' sub- 
mitted to evaluate the quality of analytical results reported. The quality control samples were 
prepared from silt from the bottom of a deep water well known to be free from any man-made 
radionuclides, particularly V B ,  %, and Table B-II presents analyses of blank con- 
trol samples submitted to the subcontractor. The accuracy of the analymi can be summarized 
by the ratio of the amount of activity reported for a spike sample to the amount actually added. 
Table B-III summarizes the quantity of each nuclide spiked into emh control sample as well as 
the reported analytical result and the quality control ratio. Reported an&;r'.'cal results are not 
background corrected. Table B-IV su.urnarize the II xns, the s t . t d l i r ,  Aations, and the 
ranges of blanks and quality control ratios. 

' 

c 

*Instrument background subtracted. 

**A spike is a quantity of standard sample matrix to which a known quantity of test material 
has been added. 

"'A blank is a quantity of standard sample matrix that has not been treated with test 
materials. 
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It must be noted that most rpikes were of low concentration in an attempt to simulate low level 
environmental contamination with the attendant difficulty in attaining complete homogeneity. 
This contributed to spread in analytical results, especially in the case of naturally occurring 
radionuclides becawe they have a variable distribution in soils, including our control soil. 

Seventeen uranium values reported for blank samples are presented in Table B-II. Fourteen of 
these were normally distributed about a mean of 1.23 uranium per gram of soil. The remaining 
blanks were 11.0, 5.7, and 2.5 pglg. Since these concentrations were well above the analytical 
detection limit (see Table B-I), they can be r e ~ l v e d  to the nearest 1.0 pg/g and readily dis- 
tinguished from background. Thew three results are then considered outliers and deleted from 
data reduction. The value 1.23 pg/g is considered representative of natural uranium in the silt 
control soil, and it is subtracted from each of the spike results. Nineteen uranium values were 
reported for spike samples in Table B-Ill. Eighteen of these produced quality control ratios which 
averaged 0.89 as shown in Table B-N. The 19th result (0.38 pg/g) was less than two standard 
deviations different h m  either the detection limit or the wnsitivity of analysis. The uncertainty 
in these numbers produces meaningless results in the calculation of a QC ratio 80 the value was 
deleted f b m  the data set. 

Blanks analyzed for '"Cs, '%r, and -*"Tu were generally at  the detection limit of the 
analytical procedure. Moreover, the source of control soil precludes all but the remote prospect 
that fallout radioactivity will contaminate control soil so no background corrections were made 
for these nuclides. The mean quality control ratio for 2 6 5 r  spikes was 0.93, and that for 11 "'CS 
spikes was 0.81. The mean quality control ratio for five ur*uoPu spikes was 1.16. Four additional 
spikes were deleted from the data set. Three of these were 0.0065 pCi/g (less than the detection 
limit of 0.01 f 0.01 pCi/g) which produced a meaningless quality control ratio. The fourth ad- 
ditional spike (0.032 pCi/g) was analyzed in a sequence of test samples that contained sufficient 
activity (-100 pCi/g max) to be analyzed in a segregated laboratory. The analytical result of 0.14 
pCi/g is believed to contain cross contamination from the adjacent samples, and was deleted. 
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TABLE B-I 

RADfOCHEMICAL SPECIFICATIONS' 

-Sr Soil 0.1 pcug f 100% 1.0 pCi/gf30% 
Biota 0.01 pCi/g*lOoX 0.1 pCi/gf 30% 

Ud Soil 0.5 pg/g&loOX 2 rg/gf20% 
Biota 0.05&*100% 0.2 rglgf203C 

Soil 0.01 pCilgf100.X 0.1 pci/g*trsx 
0.001 p C i / g i l r n  0.01 pCi/gf 15% Biota 

soil 0.1 pCilgi100X 1.0 pCilgf30X 
Biota 0.01 pCi/g*loo% 0.1 pCi/g*30% 

'mC8 

'Error in counting error at 20 or 95% confrdence and includes error of tracer yield. 

"Blanks will agree within the detection limit error listed. 

Spikes will agree within the sensitivity error listed. 

Wranium result includea all isotopes of uranium presmt in the aaq: :  whether primoliii ., .or- 

mal, depleted, of enriched uranium k pment. 

-F'u error corresponda to that obtained when ' T u  specifications are met. 
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TABLE B-II 

RESULTS OF 

OF BLANK (UNSPIELED) 
QUALITY CONTROL SOIL SAMPLES 

INDIVIDUAL RADIOCHEMICAL ANALYSES 

1.9 f 0.0038 

5.7 f 0.0342 
1.7 f 0.0034 
4.2 f 0.0168 
1.7 f 0.0034 
2.5 f 0.0075 
1.2 f 0.0024 
1.0 f o.oO20 
0.8 f 0.0016 
1.0 f 0.0020 
1.0 f 0.0020 
1.1 f 0.0022 
0.9 f 0.0027 
1.0 f 0.0030 
0.5 f O.OOO5 
0.9 f 0.0027 

11.0 f 11.0 
0.0 f 0.32 
0.32 f 0.11 
0.0 f 0.82 
0.0 f 0.77 
0.0 f 0.23 
0.0 f 0.23 
0.13 f 0.04 
0.12 0.05 
0.17 f 0.03 
0.0 f 0.05 

0.0 f 0.019 
0.0 f 0.17 

0.026 f 0.007 
0.0 f 0.005 
0.0 0.005 
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TABLE B-m 

RESULTS OF INDrvIDUAL 
RADIOCHEMICAL ANALYSIS 

OF SPIKED QUALITY CONTROL SOIL SAMPLES 
U d -  =Sr 

h l v r i r  Spike Spike 
bdg) 

48.8 f 2.51 
34.8 f 1.39 
61. f 0.05 
309 f 46.35 
34.8 f 0.69 
3.7 f 0.03 
0.07 f 0.00 
2.3 f 0.01 
2.8 f 0.02 
7.0 f 0.01 

40.8 f 1.63 
2.2 f 0.01 
3.0 f 0.02 

17.8 f 0.18 
10.3 f 0.06 
20.8 f 0.21 
10.8 f 0.11 
1.7 f 0.01 
7.2 f 0.06 

Analyrir . 
( P C W  

0.0 f 0.005 
0.0 f 0.005 
0.03 f 0.017 
0.012 0.007 
0.14 f 0.027 
0.039 f 0.011 
0.078 f 0.013 
0.048 f 0.016 
0.012 0.004 
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Gdg) 

37.8 
37.8 
3.78 

454 
37.8 
3.8 
0.38 
2.3 
3.8 
7.6 

37.8 
3.8 
3.8 

15.1 
15.1 
37.8 
15.1 
3.8 
7.6 

QC b t i o  

1.29 
0.92 
1.61 
0.68 
0.92 
0.97 
0.18 
1.00 
0.74 
0.92 
1 .os 
0.58 
0.79 
1.18 
0.68 
O S 5  
0.72 
0.45 
0.95 

514 f 51.40 
50.9 f 0.51 
45.5 * 0.23 

10.4 f 0.21 
96.2 f 1.92 

0.50 f 0.00 

0.14 f 0.01 
1.07 f 0.04 
0.16 f 0.07 
1.30 f 0.09 

21.03 f 21.20 
39.5 f 0.79 
19.63 f 0.39 
41.35 f 0.03 
1.23 f 0.09 

29.37 f 0.58 
46.1 f 0.92 
43.9 f 1.32 
9.72 f 0.49 
2.07 f 0.10 

46.2 f 2.31 
27.0 f 1.35 

10.3 f 0.52 
2.16 0.11 

1.03 f 0.06 
0.142 f 0.96 

620 
49 
52 

10.6 
0.52 

106 
0.11 
1.06 
0.21 
2.1 

21.2 
212 
21.2 
53 

31.8 
53 
53 
10.6 
2.1 

53 
21.2 
2.1 

10.6 
1.06 
0.11 

1.06 

Spike 
(PWQ) 

0.0065 
0.0065 
0.0065 
0.013 
0.032 
0.032 
0.064 
0.032 
0.013 

QC Ratio 

0.00 
0.00 
4.62 
0.92 
4.38 
1.22 
1.22 
1.50 
0.92 

QC Ratio 

0.99 
1.04 
0.88 
0.96 
0.98 
0.91 
1.27 
1.01 
0.76 
0.62 
0.99 
0.19 
0.93 
0.78 
1.16 
0.92 
0.87 
0.83 
0.92 
0.99 
0.87 
1.27 
1.03 
0.97 
0.97 
1.29 

Analyrir Spike 
( P C W  (pCi/g) QC Ratio 

17.5 f 0.18 
41.0 f 0.41 

38.8 f 0.39 

16.6 f 0.83 
16.1 f 0.81 
40.9 f 2.05 
16.6 f 0.83 
8.5 f 0.43 
1.38 f 0.12 

1.76 f 0.09 

8.67 f 0.43 

21.6 
43.2 
2.2 

43.2 
10.8 
21.6 
21.6 
43.2 
21.6 
10.8 
2.2 

0.81 
0.95 
0.80 
0.90 
0.80 
0.77 
0.75 
0.95 
0.77 
0.79 
0.63 

1 
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TABLE B-IV 

INTERPRETATION OF QUALITY CONTROL RESULTS 

Quality Control Ratio No, - No.of - Blankr - Anal* Range .io Sampler Range x f u Samples - - 
Total 
Uranium ( f ig /g )  0.5-2.5 1.23 f 0.53 14 0.45-1.61 0.89 f 0.28 18 
=Sr (pCi/g) 0.0-0.17 0.05 f 0.07 9 0.19-1.29 0.93 f 0.22 25 
u''c6 ( p c i / g )  0.0-0.0 0.0 2 0.63-0.95 0.81 * 0.09 11 
m ' * ~ ~  (pCi/g)  0.0-0.026 0.007 f 0.013 4 0.92-1.50 1.16 f 0.24 5 

0005030 
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m. B-I.  
Respome of an RSS-Ill monitor as a function of incident gamma-ray c w g y  and compared 
to the responde of the p R  meter. Continuous line on the HPZC cwve represents theoretical 
response. Circled points on the HPIC curue represent actual values measured with "'Am, 
'''Ce. and NBS-traceable sowces L"CO and 'To.  

4 

Fig. B-2. 
Cross alpha and beta probes with r c a h .  Left to right: alpha probe, rcakr, rcakr, beta 
probe. 

68 
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APPENDIXC 

SAMPLE COLLECTION AND PREPARATION METHODOLOGY 

Sail aamplea from the circular and rectangular grida were taken within 2 m of the aurvey point. 
Once the location WM chosen, a 9 cm diam by 10 cm deep ring WM driven 5 cm into the ground 
and the wil around the ring WM removed with a trowel. The trowel waa slid under the aample, 
which WM then placed in a plastic bag. Next, a 2.5 cm dim by 60 cm deep PVC tube was driven 
30 cm into the ground. When the tube wm extracted from the wil, the core aample remained in 
tho tube until it  was ahaken into a plastic bag. Profile mmplea divided the 0-30 cm wil column 
into 0-5,6-10,10-20, and 20-30 cm intervals. The 0-5 cm and 5-10 cm intervale were taken by the 
ring method. The 10-20 cm and 20-30 cm intervale were taken by the core method where cores 
were driven by 10 cm incrementa. The aample in each profile interval was put in a reparete 
plastic bag. 

Bed wdiment wimples from the natural drainage system were taken at the r w e y  point, 2 m 
upstream and 2 m downstream. Only the 30 cm core technique and a few profiles were taken in 
bed wdimente. The three ramplea were identified wparately for analysis. 

Subsurface ramples from former foundation locations and industrial or sanitary waste align- 
ments were taken by trenching acme  the location of interert to a depth of 122 cm with a backhoe. 
A grab sample was obtained at the 122 cm level with a stainless rteel scoop and placed in a plastic 
bag. 

Subsurface migration under waste pita, leaching fields, and outfalls were sampled from greater 
than 122 cm to as deep as ZOO0 cm by a truck mounted auger drill. The drill was stopped at 152 
cm intervals and a suitable grab aample of the cuttings was obtained with the stainless steel 
SCOOP. 

Samples were immediately placed in 30 cm by 30 cm plastic bags for transfer to the laboratory 
and the bags were marked as they were obtained with aample point identity (by stratum, grid 
point, depth, sample technique, and date). Each sampling device was cleaned before taking the 
next sample. 

Once the samples were in the laboratory, 75-100 g of roil was ,,sferrzd into a sterile plastic 
petri dish and leveled to the rim with a wooden tongue dep:;ssor. In ordx to rninimi?e crr-2- 
contamination, the transfer was done within the plastic bee *-d ' 
wrs and surgeon's gloves used in transfers were diecardeu u s e r  each tranb: 
mil samples were dried under an infrared light for about 4 min. Samples p+&ed in this way 
were analyzed for gross-alpha and gross-beta activity according to the method described in Ap- 
pendix B. 

An additional 10 g portion of soil from ramples chosen for radiochemistry was homogenized 
with stainless steel mortar and pestle, placed in a plastic vial, dried 15 min in an oven at 75°C. 
sealed, marked, packed, and rhipped to the subcontracted analytical laboratory. Radiochemical 
methods are also described in Appendix B. 

f~ ) *  mi. Tong\? i 'ui 
Yer +,rpn::er, t? 
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APPENDMD 

BURVEY DATA 

The data in this appendix conrirt of the 1977 survey results organized into 32 tables of which 
the first 30 deal with radioactivity in mil. Tables XXXI and XXxIl deal with radioactivity in 
grasses. Corresponding data for rodentr were omitted aa unreliable becaw of insufficient 
biomass. 

G r o ~  alpha and groee beta results for roib (wile and bedrock) were obtained by scintillation 
counting described in Appendix B, Inrtrumentation. Avnilablc radiochemical analyses of eome 
anmples are presented with scintillator counter reaulta to allow comparisons. Tables of results are 
arranged according to depth in the roil, and depth in turn h related to the sampling method ns 
described in Section III, M e t h d .  Tables D-I and D-II include ring ~amples and the 0-5 cm depth 
of profile snmples. Tables D-III through D-V span the pmfde intervals from 5 cm to 30 cm. Tables 
D-VI through D-X relate to the 0-30 cm depth of roil. Samples from the latter were taken by core 
anmpling. Table D-XI and D-XII are from the enmplm rcooped from trenches dug by backhoe. 
The latter samples were used to evaluate the interval from 60 to 120 cm. Tables D-Xm through 
D-XXX were taken in 150 cm increments to M deep na 2OOO cm by auger drill to evaluate depth 
intervals below 120 cm. Tables D-XXXIII and D-XXXN contain data on penetrating radiation 
measurements. An index of tables precedes the actual data tables. 

INDEX OF APPENDIX D TABLES 

Table D-I. Grow-Alpha and -Beta Activity in 0-5 cm Layer. 
Table D-II. Gross-Alpha and -Beta Activity w Selected Radiochemical Analyses in the 0-5 cm 

Table D-IXI. Gross-Alpha and -Beta Activity M Selected Radiochemical Analyses in the 5-10 cm 

Table D-IV. Gross-Alpha and -Beta Activity w Selected Radiochemical Analyses in the 10-20 

Table D-V. Grolls-Alpha and -Beta Activity w Selected Radiochemical Analyjes in the 20-30 L I 

Table D-VI. Gross-Alpha and -Beta Activity in 0-30 cm Layer. 
Table D-W. Gross-Alpha and -Beta Activity w Selected Radiochemical Analyses in the 0-30 cm 

Table D-WI. Gross-Alpha and -Beta Activity w Penetrating Dose from the 0.30 cm Layer. 
Table D-IX. Naturally Occurring Uranium and Thorium in Surface Soil. 
Table D-X. In Situ Measurement of Naturally Occurring Radionuclides M Penetrating Dose 

Table D-XI. Gross-Alpha and -Beta Activity in 60-120 cm Layer. 
Table D-XII. Gross-Alpha and -Beta Activity vs Selected Radiochemical Analyses in the 60-120 

Table D-XDI. Gross-Alpha and -Beta Activity in the 0-150 cm Layer. 
Table D-XIV. Gross-Alpha and -Beta Activity vs "Sr Activity in the 0-150 cm Layer. 
Table D-XV. Gross-Alpha and -Beta Activity in 150-300 cm Layer. 
Table D-XVI. Gross-Alpha and -Beta Actvity vs %r Activity in the 150-300 cm Layer. 

Layer. 

Layer. 

cm Layer. 

Layer. 

Layer . 

Estimates. 

cm Layer. 

Table D-XW. Gross-ipha and -Beta Activity in 300-460 cm Layer. 
Table D - X W .  Gross-Alpha and -Beta Activity vs '@Sr and Uranium 
Table D-XIX. Gross-Alpha and -Beta Activity in 460-600 cm Layer. 

in 300-460 cm Layer. 
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Table D-XX. Gram-Alpha and -Beta Activity M Selected Radiochemical Analyim in 460-600 cm 

Table D-2UU. Gross-Alpha and -Beta Activity in 600-760 cm Layer. 
Table D-XXII. Gross-Alpha and -Beta Activity v8 Selected Radiochemical Analyses in 600-760 

Table D-Xxm. Grose-Alpha and -Beta Activity in 760-920 cm Layer. 
Table D-XXW. Gms-Alpha and -Beta Activity M '@Sr and Uranium in the 760-920 cm Layer. 
Table D-XXV. Groas-Alpha and -Beta Activity in 920-1070 cm Layer. 
Table D-XXVI. Groscl-Alpha and -Beta Activity M %r in 920-1020 cm Layer. 
Table D-XXW. Gross-Alpha and -Beta Activity in 1070-1220 cm Layer. 
Table D-XXVIII. Gross-Alpha and -Beta Activity in 1220-1370 cm Layer. 
Table D-XXIX. Gross-Alpha and -Beta Activity in 1370-1530 cm Layer. 
Table D-XXX. Gross-Alpha and -Beta Activity in 1530-2oOo cm Layer. 
Table D-XXXI. Background Radioactivity in Gram-. 
Table D-XXXII. Radioactivity in Bay0 Site Graeses. 
Table D-XXXIII. External Penetrating Radiation in the Townsite. 
Table D-XXXXV. External Penetrating Radiation at the Former Bayo Site. 

Layer. 

cm Layer. 
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Loa tian 

m 
CTR-5 
CTR-5b 
Cl-1 
c1-2 
C1-3 
c2-1 
c2-2 
C2-3 
c2-4 
C2-5 
C2-6 
C3-1 
C3-2 
c3-3 
c3-4 
c3-5 
C3-6 
c3-7 
C3-8 
C4-1 
C4-2 
c4-3 
c4-4 
c4-5 
C4-6 
c4-7 
C4-8 
C4-9 
C4- 10 
C5-1 
C5-2 
c5-3 
c5-4 
c5-5 
C5-6 
c5-7 
C5-8 
c5-9 
C5-10 
C5- 11 
C5-12 
C5-13 
C5-14 

72 

TABLE D-I 

GROSS-ALPHA AND -BETA ACI lVITY IN 0-6 CM LAYER 
(PCW 

Grorr B 

1 
0 
0 
3 
2 
4 
3 
3 
2 
4 
4 
3 
3 
2 
4 
2 
6 
2 
4 
2 
4 
1 

' 6  
3 
3 
8 
3 
3 
3 
3 
1 
6 
3 
4 
3 
a 
3 
4 
4 
3 
4 
3 
3 
4 

- Grorr a - 
25 
32 
32 
44 
40 
27 
bo 
n 
8Q 
36 
U 
29 
12 
36 
23 
41 
U 
31 
30 
16 
47 
5 

30 
20 
20 
25 
12 
23 
18 
30 
26 
14 
36 
20 
74 
27 
23 
16 
41 
29 
29 
29 
26 
45 

Location 

C5-15 
C6-1 
C6-2 
C6-3 
c6-4 
C6-5 
c6-6 
a - 7  
C6-8 
Cb.9 
c6 10 
C e l l  
C612 
C613 
C6 14 
C6-15 
C6-16 
C6-17 
(26-18 
(26-19 
C6-20 
C7-1 
C7-2 
c7-3 
c7-4 
c7-5 
C7-6 
427-7 
C7-8 
c7-9 
C7-10 
C7-11 
C7-12 
C7-13 
C7-14 
C7-15 
C7-16 
C7-17 
C7-18 
C7-19 
c7-20 
C7-21 
c7-22 
c7-23 

Gross 13 

2 
3 
2 
2 
4 
3 
0 
2 
2 
2 
1 
5 
2 
2 
2 
2 
2 
3 
3 
1 
2 
2 
2 
1 
3 
3 
3 
1 
2 
2 
2 
1 
4 
4 
3 
3 
2 
3 
3 
2 
2 
1 
4 
3 

- Gross a 

35 
13 
32 
25 
14 
12 
23 
13 
0 

27 
19 
5 

19-- 
30 
14 
30 
36 
11 
22 
24 
30 
20 
45 
29 
22 
8 

16 
17 
2 

16 
7 

29 
2 

13 
10 
13 
25 
11 
13 
27 
25 
18 
22 
23 

- 

- 

Location 

C7-24 
c7-25 
c7-26 
C7-27 
c7-28 
c7-29 
c7-30 
C8- 1 
c8-2 
c8-3 
(28-4 

C8-6 
ca5 
C8-7 
C8-8 
C8-9 
(28-10 
C8-11 
C8-12 
C8-13 
C8-14 
C8-15 
C8-16 
C8-17 
C8-18 
C8-19 
C8-20 
C8-21 
C8-22 
C8-23 
C8:24 
C8-25 
(28-26 
C8-27 
C8-28 
C8-29 
C8-30 
C9-1 
C9-2 
c9-3 
c9-4 
c9-5 
C9-6 
c9-7 

Gross LJ 

3 
3 
2 
2 
3 
2 
3 
6 
5 
6 
6 
5 
6 
4 
5 
3 
3 
5 
7 
5 
6 
5 
5 
6 
4 
4 
4 
3 
2 
3 
3 
3 
1 
4 
1 
2 
3 
4 
3 
5 
4 
4 
5 
1 

- Gross a 

8 
19 
17 
10 
10 
14 
35 
8 

10 
11 
19 
25 
8 

27 
35 
37 
7 

10 
30 
21 
1 

25 
10 
10 
9 

29 
4 

25 
20 
5 
0 

16 
0 

16 
7 
0 

32 
12 
18 
26 
15 
18 
22 
60 
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TABLE D-I (oont) 

Locrtion 

c9-8 
c9-9 
c9-10 
c9-11 
C9-12 
C9-13 
C9-14 
C9-15 
C9-16 
c9-17 
C9-18 
c9-19 
C9-20 
C9-21 
c9-22 
C9-23 
c9-24 
c9-25 
C9-26 
C9-27 
C9-28 
c9-29 
c9-30 
C9-31 
C9-32 
c9-33 
c9-34 
c9-35 
c9-36 
c9-37 
c9-38 
c9-39 
c9-40 
C9-41 
C9-42 
c9-43 
c9-44 
c9-45 
WA-1 
WA-2 
WA-3 
WA-4 
WA-5 
WB-1 
WB-2 
WB-3 
wB-4 
WB-5 
wc-1 
wc-2  
wc-3 

4 67 sol 
7 32 
4 53 
5 38 
5 36 
4 24 
7 18 
3 44 
4 23 
4 34 
3 33 
3 54 
2 38 
1 14 
5 24 
5 10 
3 18 
3 10 
4 5 
4 16 

- 3T- 
5 
5 
5 
4 
4 
3 
3 
5 
8 
6 
4 
5 
5 
7 
4 
3 
5 
5 
2 
1 
1 
5 
3 
1 
3 
2 
2 
4 
3 
7 

10 
2 

22 
2 &  

17 
27 
14 
16 
10 
13 
20 
12 
7 

15 
10 
9 

15 
44 
14 
12 
16 
14 
23 
10 
8 

11 
24 
8 

17 
11 

Location Gross6 

wc-4 
WG5 
WD-5 
WD-6 
EA-1 
EA-2 
EA-3 
EA-4 
EA-5 
EA-6 
EB-1 
EB-2 
EB-3 
EB-4 
EB-5 
EB-6 
EC- 1 
EC-2 
EC-3 
EC-4 
EC-5 
EC-6 
ED-1 
ED-2 
ED-3 
ED-4 
ED-5 
ED-6 
c2-1P 
c3-5P 
C6-17P 
C7-18P 
C8-2P 
C8-14P 
c9-3P 
c9-45P 
WB-5P 
wc-3P 
EB-2P 
EC-1P 
SC-2BP 
sc-4CP 
SC-6CP 
sc-7CP 
TA10-1#1 
TAlO-1#2 
TA10-3 
TA10-4 
TA10-5 
TA10-7 
TA10-21 

- 
1 
3 
2 
7 
1 
1 
1 
5 
3 
2 
3 
2 

36 
3 
2 
2 
6 
2 
2 
1 
0 
4 
1 
6 
1 
3 
1 
2 
4 
7 
6 
5 
5 
5 
5 
3 
5 
5 
6 
6 
4 
2 
1 
3 
2 
2 
4 
3 
3 
2 
3 

Gross a 

7 
6 
8 
6 
4 

24 
20 
24 
10 
30 
14 
23 
2 
8 
6 

18 
22 
7 

17 
8 

22 
17 
6 

14 
22 
10 
11 
18 
38 
32 
22 

- 

J 

10 
1 

26 
23 
39 
2 

24 
22 
17 
14 
0 
4 

18 
14 
19 
19 
4 
7 

26 
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TABLE D-II 

GROSS-ALPHA AND -BETA VS SELECTED 
RADIOCHEMICAL ANALYSES IN THE 0-5 CM LAYER 

(pci/g except .I noted) 

Locrrtian Gross B 

0 
0 
Q 
vl 
0 
W 
J 

74 

CTR 
c m - 5  
CTR-5b 
C1-3 
c2-1 
C2-4 
(25-2 
(25-5 
(25-11 
c6-11 
c7-9 
C7-21 
C8- 1 
C8-16 
C8-17 
C9-8 
c9-10 
C9- 14 
c9-19 
c9-33 
WA- I 
WA-5 
WD-6 
EA-4 
EB-3 - 
EC-6- 
ED-2- 
c2-1P- 
c3-5P 
C6-17P 
C7-18P 
C8-2P 
C8-14P 
c9-3P 
c9-45P 
WB-5P 
WC-3P 
EB-2P 
EC-1P 
sc-2BP 
sc-4CP 
SC-6CP 
sc-7CP 
TA10-1#1 
TALO- 1U2 
TA10-3 
TA10-4 
TA10-5 
TA10-7 
TA10-21 

1 
0 
0 
4 
3 
4 
6 
3 
4 
5 
2 
1 
6 
5 
6 
4 
.4 
7 
3 
4 
5 
5 
7 
5 

36 
4 
6 
4 
7 
6 
5 
5 
5 
5 
3 

11 
5 
6 
6 
4 
2 
1 
3 
2 
2 
4 
3 
3 
2 
3 

mSr 

0.75 
0.78 
0.46 
3.45 

(3.40)'' 
4.13 
3.27 
0.60 
1.95 
0.41 
0.61 
0.23 
0.89 
0.79 
2.5 
0.45 
0.49 
0.69 
1 .00 
3.7 
0.87 
0.48 
0.97 
0.30 

0.221 
0.29 
3.4 
3.8 
0.218 
0.62 
0.55 
0.207 
0.63 
0.34 
0.191 
0.73 
0.09 
0.98 
8.20 
0.0 
0.078 
0.36 
5.40 
2.81 
1.54 
1.92 
1.87 
0.69 
0.47 

- 

132.0 

Grosra U-'I" P'Pu mPu - 
0.12 
0.21 
0.0 --- --- 

-e- 

0.15 --- 
e-- --- 
--- 
--- 

1.49 

2.13 
0.579 
0.688 

1.85 

-..- 

--- 

--- 
--- 
--- 

0.33 
1.14 
0.16 
0.20 

--- 
--e 

0.20 

0.73 
0.30 

--- 

--- --- 
0.50 
1.51 --- --- 
0.0 
0.49 
0.25 
0.38 
0.47 
0.18 
0.38 
0.18 
0.31 

25 
32 
32 
27 
80 
36 
14 
74 
29 
5 

16 
18 
8 

10 
10 
58 
53 
18 
54 
17 
44 
14 
6 

24 
2 

17 
14 
38 
32 
22 
5 

10 
2 

26 
23 
39 
2 

24 
22 
17 
14 
0 
4 

18 
14 
19 
19 
4 
7 

26 

4.2 
4.1 
4.4 
9.5 
(0.54)b 
7.8 
4.3 
4.0 
8.9 
4.6 
4.7 
7 .O 
3.6 
4.5 
3.7 
3.5 
3.3 
4.5 
3.2 
5.9 
3.6 
3.4 
5.6 
3.7 
2.4 
2.6 
4.6 
0.54 

12.0 
2.9 
4.1 
2.5 
3.0 
3.9 
6.8 
3.9 
4.8 
3.4 
2.9 
7.6 
4.7 
2.1 
2.5 
3.2 
2.3 
1.7 
1.3 
1.5 
2.1 
2.4 

'Total uranium in rg/g. 
bSee C2-1P LANL 

0.0 0.014 
0.0 0.014 
0.0 0.027 

--- 0.058 
I-- --- 
--e -.- 

0.0 0.0 --- --- --- -.- 
e-- --- 
--- --- --- -I- 

0.027 0.03 
0.14 8.76 
0.0 0.079 
0.0 0.032 
0.0 0.066 

0.0 0.166 
--- --- 
--- --I 

I-- --. 
-*- --- 
--- --- 

0.0 0.022 
0.009 0.076 
0.0 0.0 
0.0 0.03 --- --- 
_-- -a- 

--. --- 
--- --- 

0.0 0.0 

0.0 0.013 
0.0 0.20 

--- .-- 

--- --- --- --- 
0.0 0.020 
0.0 0.052 --- .-- --- .-- 
0.003 0.0 
0.0 0.013 
0.004 0.098 
0.015 0.030 
0.0 0.029 
0.0 0.019 
0.006 0.02 
0.005 0.008 
0.001 0.0113 



TABLE D-III 

GROSS-ALPHA AND -BETA ACTIVITY VS SELECI'ED . 
RADIOCHEMICAL ANALYSES IN "HE 6-10 CM LAYER 

(pCi/g except as noted) 

Locstirn 

c2-1P 
C34P 
W17P 
c7-18P 
a - P P  
C8- 14P 
c9-3P 
C 9 4 P  
WB-5P 
wc-3P 
EB-2P 
EC-1P 
sc-2BP 
SC-ICP 
sc-6cP 
sc-7CP 
TA10-1#1 
TA10-1 W2 
TA10-3 
TA10-4 

TA10-7 
TA10-5 

TA10-21 

Grorr B - 
4 
6 
6 
4 
4 
4 
6 
4 
4 
6 
5 
4 
6 
3 
3 
3 
4 
4 
2 
3 
3 
3 
3 

'@Sr 

0.31 
1.73 
0.08 
0.43 
0.40 
0.55 
0.a 
0.30 
0.289 
0.173 
1.03 
0.10 
2.77 
0.28 
0.26 
0.20 
3.99 
3.85 
2.64 
1.41 
2.93 
0.48 
0.15 

- '"CB - 
--- 
I-- --- 
--- 

0.0 

0.48 
0.19 

--- 

.-- 
--- 
0.0 
0.0 - 

L --- 
0.0 
0.0 
0.11 
0.071 
0.17 
0.12 
0.24 
0.09 
0.042 

~~ 

Total uranium in pg/g. 

22 3 .O 
21 5.9 
2 2.7 

25 4.1 
34 2.2 
18 3.1 
36 3.6 
26 1.6 
22 3.1 

2 4.4 
23 3.4 
15 2.1 
41 2.3 
18 3.1 
8 1.9 
5 2.1 
30 2.6 
17 1.4 
14 2.5 
4 1.4 

23 1.4 
29 2.0 
37 2.0 

-.- --- --- --- --- --- 
--- --- 

0.0 0.0 

0.0 0.018 
0.0047 0.018 

--- --- 

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

0.0 0 .o 
0.0 0.0 --. --- 

a_- --- 
0.0017 0.004 
0.0 0.0076 
0.014 0.007 
0.0 0.054 
0.034 0.076 
0 .o 0 .o 
0.004 0.030 
0.0 0.0101 
0.0 0.007 

0005038 
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TABLE D-IV 

GROSS-ALPHA AND -BETA ACTIVITY VS SELECI'ED 

(Sug ampt a8 DOttd) 
RADIOCHEMICAL ANALYSES IN TEE 10-20 CM LAYER 

Lacation 

c2-1P 
c3-5P 
C6-17P 
C7-18P 
C8-2P 
C8-14P 
c9-3P 
c9-45P 
WBdP 
wc-3P 
EB-2P 
EC-1P 
SC-2BP 
SC-4CP 
sc-6cP 
sc-7CP 
TA10- I# 1 
TA10-1#2 
TA10-3 
TA10-4 
TA10-5 
TA10-7 
TA10-21 

&oar /3 

4 
3 
5 
4 
5 
7 
4 
3 
6 
5 
5 
4 
4 
2 
1 
3 
4 
3 
3 
1 
3 
3 
4 

=Sr 

0.211 
0.025 
0.07 
0.07 
0.177 
0.34 
0.52 
0.38 
0.193 
0.172 
0.212 
0.110 
2.62 
0.61 
0.23 
0.32 
3.30 
3.56 
5.17 
0.70 
2.91 
0.23 
0.18 

- ' m a  - 
--- 
--e 

-*- --- 
0.0 

0.0 
0.14 

--- 

--- --- 
0.0 
0.0 
I-- --- 

0.08 
0.47 
0.0 
0.071 
0.22 
0.0 
0.02 
0.035 
0.0 

'Total uranium in rg/g. 

37 3.4 
23 3.1 
8 2.8 

26 3.2 
30 2.2 
16 3.1 
2 3.7 
5 2.9 

10 3.4 
10 4.8 
9 3.1 

14 2.4 
37 3 .O 
26 3.1 
2 1.2 
7 1.6 

23 2.2 
23 1.9 
18 2.3 
8 1.9 

20 1.4 
23 2.9 
22 2.0 

LANL 

--- *.I --- --- --- --- 
--- --. 

0.0 0.015 

0.0 0.013 
0.0077 0.013 

--- --- 

--- --* 

--- --- 
0.0 0.013 
0.0 0.021 --- --- --- --- 
0.0 0.01 1 
0.0039 0.0087 
0.0 0.011 
0.0076 0.019 
0.0 0.122 
0.0 0.0 
0.005 0.036 
0.014 0.011 
0.0 0.0 
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TABLE D-V 

GROSS-ALPHA AND -BETA A C I l V I T Y  VS SELECI'ED 
RADIOCHEMICAL ANALYSES IN "HE 20-30 CM LAYER 

(pCi /g  a a p t  as noted) 

Looatian 

c2-1P 
c3-5P 
C6-17P 
C7-18P 
C8-2P 
C8-14P 
c9-3P 
C9-45P 
WB-5P 
w c-3P 
EB-2P 
EC-1P 
SC-2BP 
sc-4CP 
SC-6CP 
sc-7CP 
TAlO-1#1 
TA10-1#2 
TA10-3 
TA10-4 
TAIO-5 
TA10-7 
TA10-21 

Gross4 Wr 

6 0.05 
4 0.189 
3 0.243 
4 0.0 
5 0.222 
4 0.19 
2 0.215 
3 0.17 
4 0.141 
6 0.06 
4 0.254 
4 0.114 
5 3.81 
4 1 .oo 
1 0.29 
3 0.27 
2 2.23 
4 4.16 
2 0.57 
3 0.54 
4 1.04 
3 0.16 
2 0.27 

- -  18rCa - 
--- --- --- 
e-- 

0.0 

0.0 
0.10 

--- 

--* 

I-- 

0.0 
0.0 --- --- 
0.12 
0.50 
0.034 
0.057 
0.07 
0.051 
0.0 
0.042 
0.058 

G m s B  u-P 

1 2.9 
24 2.9 
6 2.8 
8 3.9 

22 2.6 
5 3.5 
2 3.3 

13 3.1 
15 3.1 
2 4.4 

20 3.2 
12 2.4 
38 2.8 
11 3.2 
6 1.5 
5 1.8 

10 1.6 
25 1.1 
32 1.9 
10 2.5 
10 3.3 
17 2.5 
13 3.6 

- -  -Pu -Pu -- 
--- --* 

--- _..I 

--- --e --- --- 
0.0 0.011 

0 .o 0.0 
0.0088 0.019 

--- --- 

--- --- 
I-- --- 

0 .o 0.016 
0.0 0.0 --- --- .-- *-e 

0.0 0.003 
0.0 0.020 
0.0 0.012 
0.010 0.019 
0.004 0.031 
0.0 0.002 
0.0 0.005 
0.0022 0.0045 
0.0 0.005 

'Total uranium in rg/g. 
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h t i m  

CTR 
c1-1 
c1-2 
C1-3 
c2-1 
c2-2 
C2-3 
c24 
C2-5 
c2-6 
C3-1 
c3-2 
c3-3 
a4 
c34 
c3-6 
c3-7 
C3-8 
C41 
C4-2 
04-3 
c4-4 
c4-5 
C4-6 
c4-7 
c4-8 
c4-9 
34-10 
C5-1 
75-2 
c5-3 
c5-4 
c5-5 
C5-6 
c5-7 
c5-8 
c5-9 
C5-10 
c5-11 
C5- 12 
(25-13 
C5-14 
C5-15 
C6-1 

C6-3 
(26-4 

C6-2 

TABLE D-VI 
GROSS-ALPHA AND -BETA ACX'TVTN IN 0-30 CM LAYER 

2 
2 
3 
2 
1 
2 
2 
2 
3 
1 
1 
3 
2 
1 
3 
4 
4 
4 
3 
2 
3 
4 
3 
2 
2 
2 
2 
4 
2 
2 
4 
1 
4 
3 
3 
3 
4 
7 
4 
3 
3 
3 
0 
2 
6 
3 
1 

35 
52 
51 
32 
29 
62 
29 
39 
23 
39 
20 
2s 
24 
47 
25 
16 
90 
32 
61 
12 
38 
25 
26 
45 
47 
30 
35 
48 
30 
27 
26 
29 

* 3 8  
23 
26 
12 
19 
42 
32 
12 
23 
24 
35 
36 
10 
24 
16 

'Not sampled; bedrock < 30 cm. 
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C6-5 
C6-6 
C6-7, 
C6-8 
C6-9 
c6- 10 
C6-11 
C6-12 
C6-13 
C6-14 
C6-15 
cb.16 
-17 
cb.18 
a 1 9  
cb.30 
0 - 1  
0 - 2  
0 - 3  
04 
0-5 
0-6' 
c7-7 
C7-8 
0.9 '  
C7-10 
C7-11 
C7-12 
0-13 
C7-14 
C7-15 
C7-16 
C7-17 
C7-18 
C7-19 
C7-20 
C7-21 
C7-22 
c7-23 
C7-24 
c7-25 
C7-26 
C7-27 
C7-28 
c7-29 
C7-30 
C8-1 

Gromr 19 

1 
5 

1 
2 
3 
3 
3 
2 
3 
2 
2 
1 
1 
2 
2 
2 
5 
5 
4 
1 

2 
2 

2 
1 
3 
2 
5 
2 
6 
3 
2 
3 
4 
4 
2 
2 
3 
2 
4 
2 
1 
2 
2 
2 

22 
26 

19 
44 
22 
17 
23 
32 
37 
19 
22 
29 
23 
29 
26 
41 
14 
27 
27 
17 

29 
19 

22 
18 
13 
13 
0 
17 
9 
30 
41 
12 
23 
23 
22 
7 
11 
10 
20 
14 
0 
30 
23 
36 

C8-2 
C8-3 
c8-4 
c8-5 
C8-6 
ca-7 
c8-8 
C8-9 
C8-10 
C8-11 
C8-12. 
(3-13 
C8-14 
C8-15 
C8-16 
C8-17 
C8-18 
c8-19 
C8-20 
c8-21 
C8-22 
C8-23 
C8-24 
C8-25 
C8-26 
C8-27 
C8-28 
C8-29 
C8-30 
c9-1 
C9-2 
c9-3 
c9-4 
c9-5 
C9-6 
c9-7' 
C9-8 
c9-9 
(29-10 
c9-11 
C9-12, 
C9-13 
C9-14 
C9-15 
C9-16 
C9-17 
C9-18, 

Grorr B 

6 
6 
3 
5 
6 
5 
4 
4 
5 
5 

5 
4 
5 
4 
4 
6 
5 
5 
4 
3 
3 
3 
3 
3 
4 
2 
2 
2 
7 
2 
4 
4 
4 
3 

4 
3 
3 
5 

4 
3 
4 
3 
3 

- Groan a 

25 
20 
15 
10 
26 
8 
46 
42 
26 
17 

4 
15 
11 
20 
35 
25 
19 
11 
20 
5 
5 
2 
14 
1 

11 
4 
22 
32 
15 
15 
21 
24 
45 
12 

53 
45 
73 
50 

16 
23 
21 
54 
36 

: 



TABLE D-VI (mnt) 

Location 

C9-19' 
c9-2cr 
a - 2 1  
C9-22 
C9-23 
m.24 
C9.25 
C9-26 
CY-27 
C9-28 
c9-29 
C9-30' 
C9-31' 
C9-32 
c9-33' 
c9-34 
c9-35 
C9-36 
(3-37 
C9-38 
a - 3 9  
C9-40' 
C9-41 
C9-42 
c9-43 
co-44 
c9-45 
WA-1 
WA-2 
WA-3 
WA-4 
WA-5 
WB-1 
WB-2 
WB-3 
H'B-4 
wB.5 
wc-1 
w c - 2  
N'C-3 
wc-4 
wc-5 
WD-5 
WD-6 
EA- 1 
EA -2 
EA-3 
E A 4  
EA-5 
EA-6 
EB-1 
EB-2 
EB-3 
EB-4 
EB-5 

Gross 6 Gross a -- 
4 25 
4 14 
9 A 
6 21 
4 24 
5 4 
4 10 
5 10 
5 9 

4 I O  

3 19 
2 30 
4 15 
5 24 
6 10 
5 36 

6 28 
5 23 
6 6 
4 7 
5 12 
2 38 
1 23 
1 18 
1 12 
3 25 
3 13 
1 12 
5 10 
1 19 
2 22 
5 13 
2 12 
2 14 
3 0 
1 10 
2 20 
2 6 
2 47 
2 7 
1 29 
3 22 
4 24 
2 41 
4 24 
2 35 
4 1 [J 
3 22 
1 13 

Location 
EB-G 
EC- 1 
EC-2 
EC-3 
EC-4 
EC-5 
EC-6 
ED-1 
ED-2 
ED-3 
ED-4 
ED-5 
ED-6 
c2-1P 
c3-5P 
CG- I 7P 
CY-18P 
C8*2P 
C8-14P 
C9.3P 
c9-45P 
wB-5P 
wc-3P 
ER-2P 
EC-1P 
SC-IAI 
SClXIl 
SC-lA3 
SC-2A1 
sc-2A2 
SC-2A3 
SC-1Bl 
SC-lB2 
SC-IB3 
SC-2BI 
sc-2u2 
sc -283  

SC-3R2 
SC-3M 
sc -1c1  
sc-IC2 
sc-ICB 
sc-?C1 
sc -2c2  
s c - 2 c 3  
s c - 3 c 1  
sc -3c2  
sc -3c3  
sc41 
sc-4c2  
sc -4c3  
sc -5c1  
sc -5c2  
sc-5c3 

S C - ~ B I  

Gross6 Grossa Location Gross8 Grossa 
6 22 SC-GCI 5 11 
1 6 SC-6C2 3 50 
1 0 SC-GC3 1 4 
1 13 SC-fC1 2 17 
5 1 sc.7c2 2 2 
3 10 sc -7c3  I 12 
2 16 SC-8C1 1 45 
? 20 SC-8C2 2 50 
2 0 SC-RC3 3 37 
2 17 sc-lnl 2; 
2 10 SC- 1 D2 .3 21 
2 12 SC-ID3 2 36 
5 26 SC-2Dl 2 .i 
4 24 SC-2D2 4 no 
5 3 i  SC-2D3 47 
5 10 SC-3Dl 3 33 
5 16 SC-3D2 2 23 
5 25 SC-3D3 2 27 
5 10 SC-4DI 3 15 
4 17 SC-4D2 2 2; 
3 17 SC-4D3 1 1G 
5 22 SC-2BP 5 33 
6 4 sc-4CP 3 17 
5 19 SC-6CP 2 4 
5 16 sc-7CP 3 5 
4 17 10-:9 4 33 
4 1 i  10-1E 4 29 
6 23 10-2E 3 22 
7 11 10-3E 2 35 
3 30 10-4E 2 24 
2 42 10-5E 3 37 
5 35 10-6E 2 12 
4 19 10-7E 4 IG 
6 18 10-8E 0 30 
4 37 10-1w 2 30 
4 37 10-2w 1 33 
3 39 10-3w 2 18 

12 14 10-4W 3 25 
5 25 10-5w 4 27 

35 10-6W 3 12 
2 12 10-iW 2 33 
1 19 1001 I 17 
2 17 loo;! 4 1 
2 42 1003 3 19 
2 8 1001 3 33 
3 18 1005 3 25 
2 19 1006 2 19 
3 31 1008 5 27 
1 &? TA10-ltll' 3 2;) 
1 22 TAlO-1921' 3 20 
2 14 lA10-3P 3 21 
1 17 TAlO-4 P 3 10 
1 ' 3 5  TAlO-SF 3 14 
2 36 TA10-iP 3 19 
2 31 T.410.21P 3 24 

-- -- 

1 - 

.I - 
3 - 

- 
1 

'Not sampled; bedrock <30 cm. 

00050112 LANL 
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TABLE D-VII 

GROSS-ALPHA AND -BETA ACI'NITY VS SELECI'ED 
RADIOCHEMICAL ANALYSES IN THE 0-30 CM LAYER 

(pCi/g except as nohi) 

CTR 
c3-3 
c3-7 
C4-2 
c5-9 
c6-2 
C6-6 
C6-15 
C7-2 
C7-16 
C8-9 
C8-21 
C9-1 
C9-24 
WB-3 
wc-1 
EB-6 
EC-4 
ED-6 
c2-1P 
c3-5P 
C6-17P 
C7-18P 
c; "? c -  '1 

C9-45P 
WB-5P 
wc-3P 
EB-2P 
EC-1P 
SC-3Bl 
SC-3B2 

SC-8C1 
SC-8C2 
SC-8C3 
SC-2BP 
SC-4CP 
SC-6CP 
sc-7CP 
10-1N 
10-1E 
10-2E 
10-3E 

r c9-3 

SC-3B3 

80 
0 0 0 5 0 4 3  

2 
2 
4 
2 
4 
6 
5 
2 
5 
6 
4 
4 
7 
6 
5 
5 
6 
5 
5 
4 
5 
5 
5 
5 
5 
4 
3 
5 
6 
5 
5 

12 
5 
7 
2 
2 
3 
5 
3 
2 
3 
4 
4 
3 
2 

0.34 
0.41 
4.05 
0.36 
0.61 
1.23 
0.49 
0.23 
0.54 
0.79 
0.27 
0.23 
0.43 
0.45 
0.237 
0.223 
0.267 
0.60 
0.144 
0.70 
0.99 
0.15 
0.20 
0.29 
0.30 
0.49 
0.29 
0.19 
0.23 
0.34 
0.26 
4.27 
8.77 

0.17 
0.59 
0.28 
3.97 
0.58 
0.23 
0.29 
0.95 
3.5 
1.86 
2.18 

23.2 

--- 
0.05 

0.30 
0.18 

.-- 

--- 

--- 

35 
24 
30 
12 
18 
10 
26 
19 
14 
9 

42 
20 
15 
21 
10 
13 
22 
1 

26 
24 
37 
10 
16 
24 
10 
17 
17 
22 

4 
19 
16 
14 
25 
35 
48 
50 
37 
33 
17 
4 
5 

33 
29 
22 
35 

3.6 0.0 
7 .O --- 

12.0 --- 
6.9 --- 
4.6 --- 
4.9 0.0 
3.8 --- 
4.9 --- 
4.4 0.0 
5.5 --- 
3.4 --- 
7.8 --I 

3.3 0.0 
4.5 --- 
2.9 I -- 
3.8 --- 
3.3 0.0 
1.6 0.0 
4.1 0.0 
2.69 --- 
4.98 --- 
2.80 --- 
3.70 --- 
2.38 0.0 
3.18 --* 

3.63 0.0 
3.40 0.01 
3.3 
4.60 --- 
3.2 0.0 
2.4 0.0 
7.2 --- 
5.9 --- 

19.0 --- 
1.5 0.0 
2.5 0.004 
1.6 0.0 
3.97 --- 
3.53 --- 
1.68 0.0 
2.00 0.0 
4.2 --- 
6.6 --- 
3.6 *-- 

3.8 --- 

LANL 

--a 

--- 
0 .o 

--- 
0.026 
0.08 
0.026 
I-- --- --- 
--a 

0.01 

0.01 
0.02 

--- 

--- --- 
0.01 
0.0 --- 
--I 

-I* 

0.007 
0.022 
0.024 --- --- 
0.0 
0.01 



TABLE D-VII (ant) 

0 0 0 5 0 4 4  

Loation 

lO-4E 
10-5E 
10-6E 
10-7E 
10-8E 
10-1%' 
10-2w 
103w 
1 M W  
1 M W  
104w 
10-fu' 
1001 
1002 
1003 
1004 
1005 
1006 
1008 
TAl 0- 1 # 1 P 
TAlO-l#2P 
TA10-3P 
TA10-4P 
"A10-5P 
TA10-7P 
TAlO-21P 

OrorrB Osr 

2 1.64 
3 4.23 
2 3.95 
4 3.64 
0 2.18 
2 1.55 
1 2.59 
2 2.86 
a 1.55 
4 4.09 
9 3.00 
2 0.62 
1 2.36 
4 1.14 
9 0.41 
3 2.91 
3 3.86 
2 2.00 
5 6.91 
3 3.73 
3 3.60 
3 2.48 
3 1.17 
3 2.19 
3 0.39 
3 0.27 

- 
24 
37 
12 
16 
30 
30 
33 
18 
25 
27 
12 
33 
17 
1 

19 
33 
25 
19 
27 
20 
20 
21 
10 
14 
19 
24 

3.4 --- 
3 .O --- 
3.1 --- 
5.4 --- 

11.1 --- 
3.4 --- 

50.0 --- 
10.0 --- 
3.3 --- 
3.4 --- 
3.1 --- 
3.5 --- 
1.7 --- 
8.4 --- 
7.4 --- 
6.5 --- 
3.3 --- 
5.7 --- 
3.3 *-- 

2.40 0.0 
1.68 0.01 
2.10 0.01 
1.78 0.0 
1.90 0.0 
2.38 0.01 
2.50 0.0 

~~ ~ 

'Total uranium in rg/g. 
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Loation 

TABLE D-VIII 
GROSS-ALPHA AND -BETA ACTIVITY VS PENETRATING DOSE 

FROM THE 0-30 CM LAYER 
(Pcvg rwh) 

CTR 
Cl-1 
c2-1 
c2-4 
C3-1 
c4-5 
C4-8 
CS-1 
c5-5 
C5-10 
C6- 1 
C6-2 
C6-3 
C6-4 
C6-7 
03-10 
C6-13 
C6-16 
C6-19 
C7-1 
c7-3 
(27-4 
c7-5 
c7-7 
C7-10 
C7-15 
C7-16 
C7-17 
C7-18 
C7-19 
C7-20 
C7-21 
C7-22 
C7-23 
C7-24 
C7-25 
C7-26 
C7-27 
C7-28 
C8-1 
C8-2 
C8-3 

Groar B - 
2 
2 
1 
2 
1 
3 
2 
2 
4 
7 
2 
6 
3 
1 

3 
2 
2 
2 
2 
5 
4 
1 
2 
2 
2 

3 
2 
3 
4 
4 
2 
2 
3 
2 
4 
2 
1 
2 
6 
6 

--- 

2 

Groar a Pen. Doat '  - 
35 
52 
29 
39 
20 
26 
30 
30 
38 
42 
36 
10 
24 
16 

22 
32 
22 
29 
41 
27 
27 
17 
29 
22 
17 
9 

30 
41 
12 
23 
23 
22 
7 

11 
10 
20 
14 
0 

36 
25 
20 

--- 

20.00 
20.00 
20.80 
21 .00 
21.18 
20.00 
20.00 
21 .00 
20.00 
18.00 
18.00 

.21.00 
21 .00 
21 .OO 
23.00 
23.00 
20.00 
20.00 
18.00 
20.50 
19.43 
21 .OO 
22.00 
22.00 
23.00 
22.00 
24.26 
21.34 
20.50 
20.54 
20.04 
20.92 
21.84 
22.30 
24.14 
22.60 
23.12 
20.29 
18.83 
20.00 
19.18 
19.67 

Loution 
~ 

C8-4 
C8-13 
C8-14 

C8-16 
C8-15 

C8-17 
C8-18 
c8-19 
C8-20 
C8-22 
C8-23 
C8-24 
C8-25 
C8-26 
C8-27 
C8-28 
c9-1 
C9-2 
c9-3 
c9-4 
c9-7 
C9-8 
c9-9 
c9- 10 
c9-11 
C9-12 
C9-16 
C9-17 
C9-18 
c9-19 
C9-20 
C9-22 
C9-23 
C9-24 
C9-25 
C9-26 
C9-27 
C9-28 
c9-29 
C9-30 
c9-33 
c9-40 

Groar B 

3 
5 
4 
5 
4 
4 
6 
5 
5 
3 
3 
3 
3 
3 
4 
2 
7 
2 
4 
4 

4 
3 
3 
5 

3 
3 

- 

--- 

--- 

--- 
-e- 

--.. 
4 
9 
6 
4 
5 
4 
5 
5 --- --- 
--- 

'Total penetrating photon dose from all sources in rWh. 

82 

0 0 0 5 0 4 5  
LANL 

Crooaa Pen.Doae' - 
15 
4 

15 
11 
20 
35 
25 
19 
11 
5 
5 
2 

14 
1 

11 
4 

15 
15 
21 
24 

53 
45 
73 
50 

54 
36 

-*- 

--- 

--- 
--e 

--- 
14 
8 

21 
24 
4 

10 
10 
9 --- 
--- --- 

22.00 
21.70 
26.12 
22.77 
21.70 
20.85 
21 .oo 
22.23 
22.61 
22.75 
24.83 
24.70 
22.75 
23.03 
23.73 
21.66 
21.18 
18.96 
23.73 
22.00 
19.52 
18.70 
19.55 
19.08 
18.97 
18.48 
20.19 
18.20 
19.36 
19.21 
19.08 
23.72 
21.00 
21.22 
21.03 
17.66 
21.60 
23.38 
24.35 
24.35 
22 .00 
20.00 

-. 



NATURALLY OCCURRING URANIUM AND THORTUM IN 
SURFACE SOIL 

W S )  

C8-17 
c9-8 
c9-10 
c9-19 
EB-3 
SC8Cl 
SC8C2 
SC8C3 

3.70 16.8 
3.60 20.1 
3.30 16.6 
3.20 15.7 
2.40 11.9 
1.60 12.3 
2.60 11.5 
1.60 9.2 

'Total uranium 

TABLE D-X 

INSITU MEASUREMENT' OF NATURALLY OCCURRING RADIONUCLIDES 
VS PENETRATING DOSE ESTIMATESb 

'OK U-T P.rh 
(Pci/l) ( d l )  bdg) - r- - - -  Location 

' '0. A 35.5 6.09 19.5 23.89 
{CLOi-  hark) 
No.Mesa 29.5 3.98 15.1 20.44 

32.7 5.09 16.4 21.54 
33.9 5.33 16.9 22.16 

(Stables) 
WB-3 
Bay0 Floor 
(Pit under Bay0 Point) 
C9-27 37.3 8.09 22.7 26.14 
EB-3 35 .O 3.91 13.8 20.55 
Otowi Mesa 32.8 0.51 16.1 18.95 
(Survey Landmark) 

'GeLi y spectral analpes. 
OEstimate includes 0.45 rFUh for fallout and -7 p R  for cosmic influence. 

0 0 0 5 0 4 b  
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BDH-1 ' 

BDH-2 
BDH-3 
BDH-4 
BDH-5 
BDH-6 
BDH-7 
BDH-8&9 
BDH- 10 
BDH-11 
BDH-12 
BDH-13 
BDH-14 
BDH-15 
BDH-16 
BDH-17 
BDH-18 
BDH-19 
BDH-20&21 
BDH-22 
BDH-23 
BDH-24 
BDH-24&25 

Gram 0 

4 
2 
1 
4 
2 
4 
4 
3 
5 
2 
2 
2 
2 
1 
2 
2 
2 
4 
5 
2 
1 
2 
3 

TABLE D-XI 
GROSS-ALPHA AND -BGTA A m  IN 

60-120 CM LAYER 

G m r  a 

47 
26 
24 
20 
18 
44 
27 
47 
23 
49 
48 
47 
39 
25 
43 
33 
37 
26 
42 
27 
30 
12 
20 

BDH-26 
BDH-27 
BDH-28 
BDH-29 
BDH-30 
BDH-31 
BDH-32 
BDH-33 
BDH-34 
BDH-33&34 
BDH-35 
BDH-36 
BDH-35&36 
BDH-38 
BDH-39 
BDH-40 
BDH-39&40 
BDH-41 
BDH-42 
BDH-41&42 
BDH-43 
BDH-44 
BDH-45 

Grorr 0 - 
4 
8 
7 
2 

13 
3 
3 
2 
4 
2 
3 
4 
4 
2 
2 
3 
3 
3 
3 
2 
3 
1 
3 

Gnnr a - 
49 
42 
36 
37 
41 
29 
39 
41 
22 
32 
36 
25 
38 
27 
29 
49 
12 
36 
22 
24 
30 
37 
26 

Locotian 

BDH-46 
BDH-47 
BDH-48 
BDH-49&50 
BDH-51 
BDH-52 
BDH-53 
BDH-54 
BDH-55 
BDH-56 
BDH-57 
BDH-58 
BDH-59 
BDH-60 
BDH-61 
BDH-62 
BDH-63 
BDH-64 
BDH-65 
BDH-66 
BDH-67 
BDH-69 

TABLE D-XI1 

.X?3GL J L I A  AN2 -3- . . ACI'TVITY VS SELECTED ' 
RADIOCH! '"2!.L AiALYS3S IN THE 60-120 CM LAYER 

(pcug except .a noted) 

BDH- 1 
BDH-8&9 
BDH-20&21 
BDH-24&25 
BDHdO 
BDH-49&50 
BDH-60 
BDH-69 

4 5.08 
3 0.11 
5 5.81 
3 9.46 

4 0.37 

3 0.06 

13 26.2 

48 67.2 

*-- 47 --- 47 
--- 42 
--- 20 
--I 41 --- 26 
0.0 0 

4 

'Total uranium in &. 
LAN1 

Grorr 6 

3 
2 
2 
4 
3 
4 
2 
9 
2 
2 
3 
2 

12 
48 
4 
2 
2 
3 
4 
2 
3 
3 

Gross a - 
49 
39 
62 
26 
35 
56 
20 
44 
23 
36 
51 
8 
6 
0 

27 
23 
18 
32 
44 
14 
17 
4 

84 
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TABLE D-Xm 

GROSS-ALPHA AND -BETA ACTIVITY IN THE 0-150 CM LAYER 
( f l e e )  

48A-1 
48B- 1 
48AA-1 
48BB- 1 
48c-1 
5OAL.l 
MBL-1 
50CL1 
SODL1 
WEL-1 
50FL- 1 
5OGL1 
2168A-1 
2168B-1 
41NW-1 
41SE-1 
41NE-1 

2 
2 
2 
2 
0 
8 
1 
4 
2 
3 
2 

10 
1 
2 
4 
4 
3 

29 
17 
46 
33 
36 
30 
14 
10 
32 
27 
23 
33 
22 
17 
20 
15 
11 

0 0 0 5 0 4 8  

4SW-I 
41C-1 
42N-1 
42s- 1 
4 2 E  1 
42W-1 
42C-1 
43N-1 
435- I 
43E-1 
43W-1 
43G1 
(4N-1 
44s-1 
ME-1 
44W-1 
44c- 1 

GROSS-ALPHA AND -BETA ACTNITY VS 
'?3r ACTIVITY IN THE 0-150 CM LAYER 

( P C W  

3 
6 
6 
4 
8 
5 
6 
3 
4 
7 
5 
5 
3 
4 
4 
3 
2 

41SE-1 4 2.46 15 
42s-1 4 0.21 22 
43N-1 3 1.13 8 
43s-1 4 0.31 46 

LANL 

32 
20 
. 8  
22 
8 

22 
8 
8 

46 
22 
15 
24 
6 
8 
29 
20 
20 
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TABLE D-XV 

GROSSALPHA AND -BETA ACIWI ' IY  IN 1!b900 CM LAYER 
(PCW 

40A-2 
488-2 
40M-2 
48BB-2 
48c-2 
50AL2 
MBLP 
5ocL2 
50DL2 
w E L 2  

50GL2 
5 0 n 2  

2168A-2 
2168B-2 
41NW-2 
41SE-2 
41NE-2 

3 
2 
4 
5 
4 
4 
1 
3 
3 
3 
2 
2 
2 
2 
4 
3 
3 

42 
61 
17 
39 
20 
5 

16 
14 
12 
33 
22 
10 
24 
24 
13 
0 
0 

41SW-2 
4lC-2 
42N-2 
428-2 

42W-2 
42C-2 
43N-2 
438-2 
43E2 
43w-2 
43c-2 
44N-2 
44s-2 
443-2 
44w-2 
44c-2 

423-2 

3 
35 
3 
5 
4 
8 

17 
3 
4 
5 
2 
5 
2 
4 
3 
2 
2 

TABLE D-XVI 

41NW-2 4 0.23 13 
4 l S E 2  3 1.04 0 
4lNE-2 3 1.90 0 
42N-2 3 2.90 17 
43N-2 3 0.04 5 
438-2 4 0.15 25 
443-2 3 0.10 20 

LANL 

39 
32 
17 
22 
22 
29 
6 
5 

25 
10 
17 
51 
11 
20 
20 
24 
22 



TABLE D-XMI 

GROSS-ALPHA AND -BETA A C I W I T Y  IN 300-460 CM LAYER 
(PCW 

Locrtiaa 

40A-3 
48B-3 
4 a u - 3  
48BB-3 
48C-3 
M I L 3  
50BL3 
mcL3 
SODL3 
5oEL-3 
SOn-3 
50GL3 
2168A-3 
2168B-3 
41NW-3 
41SE-3 
42NE-3 

3 
15 
7 

91 
3 
2 
2 
1 
2 
1 
3 
2 
2 
1 
4 
3 
4 

23 
12 
41 
22 
38 
10 
13 
12 
16 
17 
13 
36 
24 
26 
13 
1 
3 

4lSW-3 
4lC-3 
42N-3 
42s-3 
423-3 
42w-3 
42G3 
43N-3 
43s-3 
433-3 
43w -3 
43G3 
MN-3 
448-3 
ME-3 
44w-3 
44c-3 

TABLE D-XMII 

GnnrB G m r ~  

4 6 
501 32 

3 11 
4 . 13 
3 22 

169 25 
4 27 
2 22 
3 24 

905 24 
4 15 

69 18 
4 29 
2 17 
3 1 
4 LR 
3 43 

- -  

'Total uranium in pg/g. 

0 0 0 5 0 5 0  LANL 
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TABLE D-XM 

. 

GROSS-ALPHA AND -BETA ACI lV ITY  IN 460..800 CM LAYER 
W g )  

48A-4 
48B-4 
48AA-4 
48BB-4 
48C-4 
50AL4 
50BL4 
sOcL-4 
50DL4 
50EL4 
5 0 R 4  
50GL4 
2168A-4 
2168B-4 
41NW-4 
41SE-4 
4lNE-4 

5 
5 
4 

291 
2 

3 
3 
2 
0 
3 
2 
0 
2 
4 

10 
4 

--* 

24 
25 
17 
24 
n 
29 
54 
35 
29 
18 
18 
22 
25 
6 

32 
11 

-. 

4lSW-4 3 
4lC-4 639 
42N-4 48 
428-4 4 
42E-4 3 
42W-4 206 
(2C-4 185 
43N-4 3 
435-4 3 
433-4 2214 
43W-4 4 
43C-4 33 
44N-4 4 
44s-4 5 
44E-4 3 
44W-4 4 
44C-4 3 

11 
20 
30 
22 

'22 
24 
17 
13 
29 
n 
n 
30 
8 

15 
13 
25 
49 

TABLE XX 

GROSS-ALPHA AND -BETA ACTIVITY VS 
SELECTED RADIOCHEMICAL ANALYSES IN 460-600 CM LAYER 

(pCUg except .a noted) 

48BB-4 
41NW-4 

41SW-4 
41NE-4 

41 C-4 
43N-4 
435-4 
43E4 
43W-4 

291 
4 
4 
3 

539 
3 
3 

2214 
4 

810.0 
0.30 
2.60 
0.10 

0.20 
0.00 

0.00 

1060.0 

4310.0 

0.025 --- 
--- 

24 
6 

11 
11 
20 
13 
29 
27 
27 

'Total uranium in rg/g. 

LANL 
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TABLE D-XXI 

GROSS-ALPHA AND -BETA A C I W X W  IN 600-760 CM LAYER 

48A-5 
48B-5 
48AA-5 
48BB-5 
48c-5 
50AL-5 
5OBL-5 
5OcL-5 
50DL5 
5 0 u 5  
5oFL-5 
50GG5 
2168A-5 
2168B-5 
41NW-5 
41SE-5 
41NE-5 

O m s  B 

2 
3 
3 

46 
3 

2 
1 
1 
2 
2 
1 
3 
4 
4 
5 

105 

- 

--I 

Grosr a 

32 
25 
6 

17 
22 

61 
31 
44 
25 
41 
45 
26 
29 
24 
20 
46 

--- 

TABLE D-XXII 

41SW-5 
41C-5 
42N-5 
42s-5 
423-5 
42W-5 
42G5 
43N-5 
43s-5 
433-5 
43w-5 
43c-5 
44N-5 
44s-5 
ME-5 
44w-5 
44G5 

G r o s s @  GrOasa 

4 18 
355 18 
109 25 

3 32 
4 10 

839 29 
47 22 
3 13 
4 24 

389 8 
3 36 

12 22 
3 8 
4 15 
2 20 
1 20 
3 41 

- -  

GROSS-ALPHA AND -BETA ACTIVITY VS 
SELECTED RADIOCHEMICAL ANALYSES IN 600-760 CM LAYER 

pCi/p - .?pt as noted) 

48BB-5 
2 168A-5 
2168B-5 
41NE-5 
41SW-5 
42N-5 
43N-5 
43s-5 
43w-5 

46 
3 
4 

105 
4 

109 
3 
4 
3 

109.00 
1.59 
0.15 

90.00 
0.50 

0.09 
0.09 
0.22 

176.0 

'Total uranium in pglg. 

0 0 0 5 0 5 2  



TABLE D-xXm 

GROSS-ALPHA AND -BETA ACI lV ITY  IN 760-920 CM LAYER 
W e )  

#A-6 
48B-6 
48AA-6 
48BB-6 
48G6 
50AL6 
50BL6 
5ocG6 
50DL6 
50EL-6 
50-6 
WL6 
41NW-6 
4lSE-6 
41NE-6 
41SW-6 

3 
3 
2 

23 
2 
2 
2 
3 
2 
3 
4 
4 
4 
4 

22 
3 

31 
25 
36 
25 
29 
42 
74 
51 
68 
49 
14 
60 
51 
32 
41 
17 

41C-6 
42N-6 
425-6 
42E6 

42G6 
42W-6 

43N-6 
435-6 
43E6 

43G6 
43W-6 

44N-6 
44s-6 
443-6 

44C6 
44W-6 

TABLE D-XXIV 

208 
49 
4 
5 

227 
52 
4 
4 

224 
4 

20 
4 
5 
4 
2 
3 

GROSS-ALPHA AND -BETA ACITVTTY VS 
m s r  AND U R ~ U M  IN THE 760-926 'LAYER 

(pCi/g except u noted) 

48BB-6 23 --- 25 5.00 
41NW-6 4 0.32 51 -1- 

41SW-6 3 0.61 17 --- 
43N-6 4 0.20 15 --- 
435-6 4 0.0 32 --- 
43W-6 4 0.10 39 --- 

'Total uranium in pg/g. 

LANL 

65 
30 
32 
29 
18. 
32 
15 
32 
43 
39 
20 
18 
25 
13 
20 
36 
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48A-7 
48B-7 
48AA-7 
48BB-7 
48C-7 
5OAL-7 
50BL7 
50Ct7  
50DL7 
50EL 7 
50-7 
50GL7 
41NW-7 
41SE-7 
41NE-7 
41SW-7 

Grorr B - Grorr a - 
5 22 
5 18 
5 14 

20 13 
3 10 
4 58 
5 38 
4 61 
4 77 
6 57 
4 38 
4 41 
5 55 
5 66 

14 39 
4 55 

Location GrorrB Grorra --- 
41C-7 
42N-7 
428-7 
423-7 
42W-7 
42G7 
43N-7 
438-7 
43E7 
!3‘?7-7 
43c-7 
44N-7 
448-7 
443-7 
44w-7 
44c-7 

140 
4 
4 
5 

108 
39 
4 
3 

318 
6 

30 
3 
3 
4 
3 
3 

TABLE D-XXVI 

GROSS-ALPHA AND -BETA A(=TIVITY VS 
IN 920-1070 CM TR 

48A-7 
48B-7 
48AA-7 
48BB-7 
48G7 
50AL-7 
50BL7 
5ocL7 
50DL7 
50EL7 
50FL-7 
50GL7 
41SW-7 
41C-7 
43N-7 

5 
5 
5 

20 
3 
4 
5 
4 
4 
6 
4 
4 
4 

140 
4 

0.50 
0.77 
0.71 

0.16 
0.31 
0.07 
0.12 
0.16 
0.18 
0.22 
0.12 
0.0 

335.0 
0.0 

37.2 

22 
18 
14 
13 
10 
58 
38 
61 
77 
57 
38 
41 
55 
24 
20 

24 
43 
36 
15 
36 
8 

20 
18 
18 
15 
15 
8 

29 
29 
39 
48 

91 
z 
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TABLE D-XXVII 

GROSS-ALPHA AND -BETA ACTIVITY IN 1070-1220 CM LAYER 
Wi/r) 

48A-8 
48B-8 
48AA-8 
48BB-8 
5OAL-8 
5OBL-8 
50CL8 
MDL8 
SOEL-8 
50FL8 
50GL8 
41NW-8 
4lSE-8 
41NE-8 
41SW-8 
41C-8 

3 
3 
4 
5 
4 
4 
3 
3 
4 
3 
4 
6 
6 

19 
4 
85 

16 
12 
6 

10 
52 
54 
83 
62 
33 

107 
38 
55 
56 
34 
74 
63 

42N-8 
42s-8 
42E8 
42 W -8 
42C-8 
43N-8 
43s-8 
43E8 
43W-8 
43C-8 
44N-8 
44s-8 
M E 8  
44w-8 
44C-8 

8 
6 
7 

138 
20 
5 
5 

148 
6 

11 
5 
5 
3 
4 
6 

110 
44 
17 
22 
27 
55 
36 
25 
25 
13 
24 
37 
49 
56 
46 

TABLE D-XXVIII 

GROSS-ALPHA AND -BETA ACTIVITY IN 1220-1370 CM LAYER 
(pcilg) 

Location GrorrB Grorra - -  
48A-9 3 23 
48B-9 3 22 
48AA-9 2 4 
48BB-9 8 14 
5oAL-9 4 43 
5OBL9 3 42 

5ocL9 4 25 
50DL9 4 39 
m u 9  5 49 
50FL-9 3 64 
MGL9 5 M 

LANL 
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GROSS-ALPHA AND -BETA ACTIVITY 1370-1530 CM LAYER 
W g )  

~ ~ A - I O  
ME10 
48AA-10 
48BB-10 
5oALr10 
50BL10 
5OCL10 
50DL 10 
5OEtlO 
50FL10 
5OGL70 

4 
3 
3 
8 
2 
2 
4 
4 
5 
6 
4 

16 
14 
10 
4 

42 
51 
56 
39 
35 
77 
43 

TABLE D-XLM 

CROSS-ALPHA AND -BETA ACTIVITY IN 1530-2C’: 1 I LAYER 
(PCVU) 

5OAL-11 4 37 
50AL- 12 4 37 
50AL 13 1 36 
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TABLE D-XXXI 

BACKGROUND RADIOACTIVITY IN GRASSES 
(pCi /g  except u noted) 

2NE 
4 N w  
4sw 
8SE 
G.G. 
7Nw 
8NE 
7SE 
8SW 

0.205 
0.205 
0.236 
0.208 
0.263 
2.81 
0.179 
0.505 
0.789 

0.181 
0.210 
0.221 
0.150 
0.307 
0.192 
0.217 
0.285 
0.256 

0.07 
0.10 
0.09 
0.06 
0.06 
0.06 
0.08 
0.07 
0.06 

O.OOO75 
0.0 
0.0 
0.00107 
o.Ooo39 
0.00042 
0.00137 
0.0 
0 . m  

0.0022'7 
0.00280 
0.00489 
0.00208 
0.00071 
0.0035 
0.0036 
0.00453 
0.0041 

Total uranium in LLglg. 
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RADIOACTIVITY IN BAY0 SITE GRASSES 
(PCUg exapt u noted) 

EG 
EA-2 
EC-2&3 
E C U  
WB-2 
WB-3 
C2-5 
c6-10 
c6-20 
C7-28 
C7-30 
ce-1 
cs-20 
C9-2 
C9-25 

0.491 
0.791 
0.852 
0.505 
0.408 
0.572 
0.594 
0.185 
0.0365 
0.246 
0.446 
0.375 
0.326 
0.341 
0.198 

0.061 
0.109 
0.046 
0.178 
0.105 
0.032 
0.062 
0.081 
0.037 
0.067 
0.071 
0.111 
0.045 
0.168 
0.109 

0.05 
0.05 
0.14 
0.05 
0.06 
0.04 
0.05 
0.07 
0.06 
0.03 
0.06 
o.Ooo1 
0.06 
0.10 
0.07 

o.Ooo69 
0.0 
0.0 
0.0 
O.OOO28 
0.0 
0.0 
0.0 
0.0 
0.00015 
0.00020 
0.00039 
0.00016 
0.0 
O.OOO78 

0.00128 
0.00209 
0.00222 
0.00241 
0.00207 
0.00127 
0.00195 
0.00152 
0.00131 
0.00557 
0.00178 
0.00239 
0.00124 
0.00287 
0.00261 

'Total uranium in rug. 

TABLE D-XXXIII 

EXTERNAL PENETRATING 
RADIATION IN THE TOWNSITE 

TLD st8tim F&¶ults PI#' 

1. BurancrSchool 17.3 
2. CumbmSchool 17.6 
3. Golfcourse 18.5 
4. Arkan~a~ Avenue 18.8 
5. DiamondDrive 18.8 
6. 48thStreet 19.0 
7. FullerLodp 21.2 
8. AcomStreet 17.9 
10. LoeAlamosAirport 19.i 
28. PajaritoAcrea 15.9 
29. White Rock Sewer Treatment Plant 17.4 - 

I( f I - 18.4 f 1.4 

.4tb Quarter 1976 measurements by high-pressure ion chamber. 

0 0 0 5 0 5 8  
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TABLE D-XXMV 

EXTERNAL PENETRATING RADIATION' 
AT THE FORMER BAY0 SITE 

Canyon Floor 

c2-1 
1 C3-1 - C'i-2 
3 c7-3 

0 - 1 3  
C7-16 
cr.17 
Cy-18 
c7.19 

20.8 Ci-21 
21.2 E-22 
19.1 c7-23 
19.4 0 - 2 4  
20.0 0-25 
24.3 C7-26 
21.3 C7-27 

20.5 C7-29 
20.5 c'i-28 

20.9 C7-30 

22.3 c0-3 
24.1 C8-16 
22.6 C8-17 
23.1 C8-18 

21.8 ~ 8 - 2  

20.3 c a r 9  
18.8 ca-20 
19.3 c a 3 o  

19.0 c9-1 
19.2 C9-2 
19.7 C9-25 
21.7 C9-26 
20.9 cs-27 
21.0 C9-28 
22.2 c9-44 
22.6 C9-45 
20.7 EB-2 

21.2 EB-3 
19.0 EB-4 
21.0 EB-5 
17.7 EB-6 
21.6 EC-2 
23.1 EC-3 

19.7 EC-5 
21.0 EC-6 

20.2 EC-4 

(27-20 20.1 

Locrtian rWhr 

CY-15 
ca-13 
ca-ii 
ca-15 

ca-23 
ca-24 
ca-2s 

c8-28 

ca-211 

C8-26 
C8-27 

22.0 
21.7 
26.1 
22.8 
22.7 

24.7 
22.7 
23.0 
23.7 
21.7 

24.8 

Mesa Tow 

c9-3 
c9-22 
c9-23 
C9-24 
C9-29 
C9-30 
C9-31 
c9-37 
C94l 
C942 
c 9 4  

23.7 
23.7 
21.0 
21.2 
19.3 
24.4 
23.5 
24.6 
24.2 
23.3 
23.8 

Location rWhr - 
c9-7 19.2 
C98  19.0 
c9-9 17.8 
c9-10 19.2 
c9-11 19.1 
C9-12 18.5 
C9-13 3 . 2  

'Measurements by High Remure Ion Chamber. 

Loation 

C9-16 
C9-17 
c9-18 
c9- 19 
C9-20 
c940 

L A N L  

20.2 
18.2 
19.4 
19.2 
18.0 
20.3 

18.1 
20.5 
19.4 
20.2 
18.7 
18.4 
19.0 
19.2 
19.9 
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APPEN'DME 

INTERPRETATION OF DATA 

The data presented here are intended to clarify the baees and methods of evaluation behind 
many of the numbers appearing in the text, particularly Section IV, Results, and Section V, 
Evaluation. 

St~tirtica of Sampling Scheme and Rerulta 

The accuracy of radiochemical analyea was expressed by the mean of quality control ratios for 
each nuclide as presented in Table EN, Appendix B. Estimates of uranium and OSr concentra- 
tions in soil were based on surface mil semples for each of the three layere of surface soil (0-5 cm, 
0-10 cm, and 0-30 cm). Uranium and OSr estimates for these layers appear to underestimate the 
true population mean, but the difference in each ame is well within the uncertainty of the es- 
timate. The precision of sampling results is expressed as the percent error in the estimate of the 
population mean. 

Since (1) the random selection of surface soil samples from the sampling grid resulted in a 
known sample size, N, for each of the three layers of surface soil (0-5 cm, 0-10 cm, and 0-30 cm), 
and (2) the sample standard deviation, S, can be used as an estimate of the population standard 
deviation, u, in the expression X f & u / f l  for each mil layer, it in possible to specify the per 
cent error in the estimate of each population mean, X, based on the corresponding sample mean, 
X, and an acceptable confidence interval.E1.Ez In each case the per cent error in the estimate was 
acceptable as shown in Table E-I. Samples obtained in the structures strata were selected to 
show whether significant contamination existed in suspect locations. The numbers of samples 
selected for this purpose were very large relative to the number of radiochemical analyses that 
could be performed. Consequently, no random sampling strategy was employed and the sample 
means, including the layem from 0-122 cm and deeper than 122 cm, are likely to be biased to 
reflect higher levels of activity than the true population mean. Doee estimates based on the 
biased averages used result in more restrictive radiological assessment than would be the case 
with an unbiased estimate. 

The frequency dietributiom shown in Fig. E-1 indicate a two population distribution in the 0-5 
cm layer. The lower concentration population of each distribution, respectively, is probaury 
representative of local fallout '@Sr (0.49 pCi/g) and primordial uranium (3.88 pglg). The statistics 
of these apparently different populations were obtained by fitting the data to a cumulative dis- 
tribution of a mix of two gaimians.' Other estimates are given in Table E-Il. Since the more 
radiologically restrictive interpretation with regard to Bay0 debris occurs with a smaller 
background, and since the mean of the lower concentration population, background, may be 
raised somewhat by overlapping contributions from Bay0 debris, we have adopted 0.40 pCi/g as 
representative of "Sr background and 3.40 rg/g as representative of primordial uranium. 

No reported data have been found regarding fallout "Sr and primordial uranium in the 0-10 cm 
layer of local soils. Values for each sample in the 0-10 cm layer are the average of the 0-5 cm 
profile and its corresponding 5-10 cm profile. For 'OSr the ratio of the 0-5 cm layer mean (known) 
to the 0-10 cm layer mean (known) was set equal to the ratio of the 0-5 cm estimate (known) and 
the 0-10 cm estimate (unknown). The result was 0.30 pCi/g. For uranium a uniform vertical dis- 
tribution was assumed so the concentration was 3.40 rg/g m in the 0-5 cm layer. 

00050b0 
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The fnquency di8tributiom shown in Fig. E 2  indicate that fallout might be 0.33 pCi/g, 
whereae primordial uranium cannot be resolved. In the absence of supporting data, 0.20 pCi/g 
WM chwen ata repreaentative of fdlout Sr in the 0-30 cm layer. The frequency diatribution of 
uranium in Fig. E-2 cannot be resolved into two populations. The value 3.40 rg/g, based on the 
arrumption of uniform distribution, WM retained for the 0-30 cm layer of soil. 

Inventory of Bayo Debria 

A. Estimate Based on the Historical Record (1944-1961) 

1. Uranium (me Appendix A, Geohydrology of Bay0 Canyon by W. D. Purtymun) 

natural (normal),uranium - 2OOO kg 
depleted uranium = 3380 kg 
total expended in tei3ta - 5380 kg 

2. "'Sr 

Bay0 Operating 
Reatrb 

0254 experimenbm*m 
.First shot 9/22/44 
.First shot 20-25 Ci lO/?/44 
.First tuballoy + 
.Total of muce  strengths from the fint 27 hots  = 7837 Ci. 

shot 600 Ci #l8/45 
.First 27 Bhob 9/22/44-6/16/45 

Evidently each rhot did not contain a uzlr source asl for example, the first shot. The minimum 
average source etrength, 301 Ci, follows from the assumption that 26 of the first 27 shots did con- 
tain '%. Lfl on the other hand, the fmt tuballoy + "Oh rhot at 600 Ci was a representative 
average, then 14 of the fmt 27 shots contained a eource. 

."O~sourcerfrom 6/16/45-9/?/50 wenlessthan 1OOOOCi (probablysameaeprior to6/16/45) 
~ B a y o  Site shut down 9/?/50-3/?/52 to prepare for larger '% murce operation 
.estimated '@Sr content: 

-T. N. White estimate dated 2/21501'@ 
upper limit = 100 mCi mSr/source 
average - 10 mCi "Sdaource 
experiment rate = 10 eourdyear  

(If the average '5 rtrength per wurce WM 300 Ci, then the activity per cent of '9% would be 
0.003%.) 

-other estimates of %r content: 

WtkRemainiUgin 
"%a "Soup. 

wt% in Source Irotope Solubility 

10 or lesa 
0.01 
o.ooo1 

LANL 99%+ 
99% + 
99%+ 
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.High Ibtimate of Bay0 Debria Inventory 

humpt iom:  -13 &ob during 9/!22/444l6/45 at 300 Ci ea 
-65 shots during 6/16/45-9/'!/60 at 300 Ci ea 
-130 rhote during 3/?/51-?/?/62 at 10 OOO Ci ea 
-the ratio of wme-strength used to the shipment rtrength received for the fvst 
tuballoy %a shot is typical. 
-100 timen M much 'OSr remains with the extractant IIB that which g a s  into the 
source. 

Source preparation in TA-10-1 was terminated during the bet half of 1950 so it is presumed that 
no significant discharges were made to the waste pita after that time. Discharges to the waste pita 
would have been: 

lo00 Cihhipment (7'~) 
600 ci/source flu) 

78 shots X 300 Ci/eource X 

@OSr 
"La "soup" X 0.3% 

Discharges to the atmosphere would have been: 

78 shots X 300 CUwurce = 23 400 Ci '5 "Soup" 
130 shots X 10 OOO Ci/source = 1 300 O00 Ci '5 "Soup" 
Total = 1 323 400 Ci "La "Soup" 
or 39.6 Ci 'OSr 

.Low Estimate of Beyo Inventory Debris 

Assumptions are the same for the low eatimate except for a lower number of "%a source shots; 
Le., 8 during 9/22/44-6/16/45,50 during 6/16/45-9/?/50, and 100 during 3/?/52-?/?/62. The quantity 
in the waste pita would have been 87 Ci OSr and the quantity released to the atmosphere would 
have been 30.6 Ci 'OSr. 

During decommissioning, all waste handling systems and their contenta and all surface debris 
were removed from the canyon. In addition, rurface and subsurface rocks and Boils showing 
positive radioactivity in excess of background were excavated and disposed of. This effort most 
certainly must have removed all but a small fraction of the radioactivity deposited by Bayo 
operations. 

B. Estimotar of Bay0 Inventory B o d  on Current Mearurementr 

The surface area of the firing site grid and both canyon floor grid8 totale 1.367 X 10' m*. Assum- 
ing the demity of local wile is typically 1.4 g/cc, the maw of soil in the 0-5 cm layer is 9.56 X 10" 
g. This soil mass would contain 0.1 Ci of 'OSr if contaminated to 0.1 pCi/g by Bay0 debris com- 
pared to a content of 0.03 Ci of "Sr from fallout. In the same way estimates of the current inven- 
tory of Bay0 debris and background have been made for pertinent layers of soil. These results ap- 
pear in Table E-ID. 
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According to these estimates "Sr deposited as Bayo debris reprmenta a 10 fold increase over 
that due to fallout background, but it is only 1% of the low estimate of "Sr released to the en- 
virons. Uranium deposited as Bay0 debris ir 25% of primordial uranium, and 10% of that released 
to the environs. Evidently the 1963 decornmhioning efforta were quite effective in removing ' S r  
and uranium from the site. 

Dose estimates are based on human interaction with pertinent layern of soil. Dose estimates for 
significant pathways are based on 50 yr dme commitments due to 1 yr exposure of an adult whose 
habits maximize exposure. The term 50 yr doee commitment na used here m e w  the dose ac- 
cumulated through 50 yr after one year's chronic exposure. Dose factors used in this evaluation 
are presented in Table E-IV (Refs. E-11, E-12, E-13). 

A. 0-5 cm roil layer 

Inhalation of murpendd debria is the significant pathway for this layer and the maximum in- 
dividual is the full time midrnt  rdult. A resuspension factor of 1 X lo-' m-' (Ref. El41 was used 
to calculate air- coamtrationr d %r and total uranium. The uranium value was adjusted 
to natural and depleted wnium components from information given in Appendix A and further 
divided into isotopea through Refr. E15 and E16. Isotopic concentrations wen converted to units 
of activity to agree with the "Sr concentration units (Refs. E17 and EM). The quantity of 
material inhaled (vu estimated by spplying a breathing rate of 8ooo m'lyr (Ref. E19) to the air- 
borne concentration and none of the inhaled material was presumed to be exhaled. Dose factors 
(Refs. El l ,  E12) were applied to the inhaled quantities of radionuclides to obtain doses to critical 
organs. The dose to the bone wan calculated shown in Table E-V. b e s  to other critical organs 
were calculated in the same way for Table XN. 

B. 0-10 cm layer 

Ingestion of garden produce is the significant pathway for this layer of soil. The mass con- 
centration of uranium was converted to activity concentration as described for the 0-5 cm layer. 
Estimates for the quantity of debris ingested with garden produce were based on an assumed 
total produce intake of 550 g/day'" and conaideration of the following: 

o h  Alamos has a limited growing seasson (May-October). 

oBayo Canyon lots would be of limited size to accommodate gardens. 

.Cultural preference is to buy food rather than raise it. 

We estimate that the maximum individual would not consume Over 25% of the snnual dietary in- 
take of 200 kg of produce from garden plot8 in Bay0 Canyon. The transfer factors from soil to 
produce used in this evaluation, in units of rCi/kg veg per rCi/kg soil were 2.0 X lo-' for %r, 2.5 
X 10'' for 7, and 2.5 X 10" for U (Rcf. Ell). As in the cane of the 0-5 cm layer, 0-10 cm soil con- 
centrations were reduced to units of radioactivity per isotope. Doses to the bone were calculated 
as shown in Table E-VI. Doses for other critical organs were calculated in the same way for Table 
XIV. 

LkWL . 
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Inhalation of ammob generated by mechanical diaturbance of the roil during excavation for 
light construction k the rignificnnt pathway for thio layer of soil. This case was evaluated by ns- 
nuning the dust loading of air inhaled by a construction worker to be 10 mg/m'. "hie value is the 
threshold limit value for n u h c e  dusta as aet by the American Conference of Governmental Jn- 
dwtrial Hygienists (ACCM).- Dust loadings > 10 mg/m' nre powible but it is doubtful that any 
long term exposure would occur a t  > 10 mg/m' becauee "esceuive concentrations of nuisance dust 
may seriously reduce visibility, may caue unpleasant depoeite in the eyes, ears, and nasal pas- 
sages...or cause injury to the skin or mucous membrana..."m A value for the corresponding 
radioactivity in air was calculated from concentration8 of radioactivity in soil from the areas of 
concern. Then, a breathing rate of 43 llmin wnn adopted from page 347 of Ref E19. The dirt from 
which the aeroeolr were generated wns mumed contaminated to 0.5 pCi/g =Sr and 0.9 wg/g 
uranium. The receptor in this cnse io a construction worker employed during the constnrction 
wason from April through October. Since some time would be devoted to tasks other than ex- 
cavation, an exposure time of lo00 h wm conridered rewnable. Anide from these different as- 
sumptions, doses were calculated in the same manner M for the 0-5 cm layer. 

D. &A22 cm soil layer 

Inhalation of aerosols generated by mechanical disturbance of the soil during trenching opera- 
tions for foundations and utility lines is the significant pathway for this lsyer of soil. The degree 
of contamination appropriate to this scenario (17 pCi/g %r and 0 pg/g uranium) is restricted to 
the area within 10 m of TA-10-1 and ite waste handling systems, which should be sufficient for six 
small tract homes. Estimates of exposure time for the maximum individual were 360 h for the sir 
houses. Other wumptions were the Mme as for the 0-30 m layer, and doses were calculated in 
the same manner. 

E. 122-244 crn roil layer 

Inhalation of aerosols generated by mechanical disturbance of roil during the installation of 
sewer lines or manholes is the significant pathway for this layer of soil. The average contamina- 
tion assumed for this scenario ir 1100 pCUg %r and no uranium. Since the area containing this 
degree of contamination is even more limited thnn the preceding case, an exposure time of 60 h 
for a construction worker was considered reasonable with a breathing rate of 43 llmin. Other as- 
sumptions are the Mme aa for the 0-122 cm layer and dwer were calculated in the same manner. 

F. Deeper than 244 cm 

Although higher levels of activity (20 OOO pCUg gross 19) occur at  greater depths, there is no 
plausible reason for human activity at such depth because proposed zoning is residential and 
light commercial. Moreover, the exieting sewer main from Barrancas Mesa through Bay0 Can- 
yon to the Bay0 Treatment Plant is already less than 244 cm deep. The 20 OOO pCi/g occurs at  
about 430 cm. Mechanisms that could conceivably release these materials to the environment 
(erosion or volcanism) nre unlikely to occur during the next ten half lives of the -Sr (280 yr) a t  
which time the activity concentration would be about 20 d p d g .  Consequently, no dose estimates 
have been made for this layer. 
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TABLEEI 

SPECIFICATION OF PRECISION (% CONFIDENCE) 
AND ACCURACY (Sa ERROR) 

IN POPULATION MEAN ESTIMATES 

SoilIayer N %&confidence %Error - - 
0-6 cm 29 90 21.5 
0-10 cm 15 90 30 
emcm 30 90 21 

TABLE E-II 

ESTIMATES OF BACKGROUND 
OSr AND URANIUM 

"Sr 
RcfE3 
RefE4  

RefE5 

0.32 pCi/g (local roil) 
0.55 pCi/g (local roil) 
0.37 pCi/g (local sediment) 
0.34 pCi/g (routh central to 
central New Mexico) 

Uranium 
Ref E6 
Ref E7 
Present Resurvey 

8 pglg Bayo Canyon rock 
8 pg/g Bay0 Canyon rock 
3.91 pg/g East canyon floor grid 
soil and rock. 
8.09 pg/g Went canyon floor grid 
roil and rock. 
5.09 gg/g Went canyon floor grid 
roil and rock' 
3.42 pg/g Four roil aamples . Three from 
firing rite station; m e  from east canyon 
floor gridb 

'These resulta were from in ritu memurementa by a GeLi detector. Consequently, they are 
representative of the 0-30 cm layer-both wil and rocks. Generally primordial uranium is 
presumed to have a uniform vertical distribution which would mean that these measurements are 
valid for the 0-5 cm layer. 
bo-5 cm mil samples. 

0 0 0 S O b b  
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TABLE E-III 

COMPARISON OF INVENTORY ESTIMATES 

Inventory Estimate from 1977 
Field Survey Data 

Estimated ReClemup Inventory 
Based on Records Search 

Debris Background High Estimate Low Estimate 
Layer Totalb Totalb Totalb Totalb 

"Sr' Uranium 'OSp Uranium 'OW Uranium "Si - Uranium - - - cm 

0 - 5' 0.1 153 0.03 354 39.6 5380 30.6 5380 
0 - 1oc 0.1 38 0.06 651 
0 - 3Oe 0.3 517 0.12 1950 .-- --- --- --- 
30 -1226 0.2 --- --- --- -.a --- --- --- 

122 -244d 0.0 --- --. --- 117 --- 87. --- 
>244 0.9 --I --- --- 

0->244 1.4 517 0.12 1950 156.6 5380 117.6 5380 

- 
'Ci 
v 

Samples from firing sites, canyon floor, and stream channel strata. 
dSamples from structures stratum. 

LANL 
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TABLE EN 

DOSE F A O M  

Dore Commitment Factor 
(mnm/50 yr per pCi ingested or inhaled in firit year) 

Mode I~otope Solubility WholeBody Bane Lune Kidney 

Inhalation wSr + D 
"Y 

=U+D 

P'U 

LUU+D 

"U 

Ingestion "Sr+D 

'DY 
-U+D 
-U 
"U+D 
'MU 

7.62 X 10' 

7.01 x lo-' 

5.67 x 1P 

6.20 X 1P 

6.07 X 10' 

6.46 X 10' 

1.86 X 10' 

2.58 x lo-' 
4.54 x 1v 
4.69 X 10' 
4.86 x 10' 
5.17 X 10' 

--- 

--- 
--. 
--* 

--- 
--- 

1.24 X 10' 

2.61 x 10-' --- 
9.58 X 1P 

1.00 x l(r 
--. 
--- 

1.00 x 104 --.. 
1.04 x l(r --- 
7.58 x 1P 

9.62 X lo-' 
7.67 X 10' 
8.10 X 10' 
8.01 X 10' 
8.36 X 10' 

--- 

0 

0 

2.18 X 10' 

2.39 X 10' 

2.34 X 10' 

2.49 X 10' 

0 

0 
1.75 X 1W 
1.91 x 1W 
1.87 X 10' 
1.99 x 10' 

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

--- 

--- . 
-.. - dl cg .;butions to dose from daughter products are included. 

Note: Ref Ell provides factors for the inhalation pathway to all critical organs except kidneys 
end for every radionuclide except "'Y. 
Ref E12 provides factors for the inhalation pathway to the whole body, bone, and lung for 

Ref E13 provides factors for the ingestion pathway for all critical organs and for either 
pathway to the kidney. 
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TABLE E V  

DOSE TO BONE FROM INHALATION 

"Sr + D 6.6 X lo-' 
+ D' 3.0 x 10-l 

-U 1.3 x lo-' 
' y U + P  7.5 x lo-' 
"U 1.3 x lo-' 
T o t a l h e  

1.2 x lcr 
9.6 X ltY 
1.0 x lcr 
1.0 x lcr 
1.0 x 1v 

'+D meam all convibutiona to dow from daughter products are included. 

TABLE &VI 

r. xz TO BONE FROM INGESTION 

. .  
ht8b X 

Nuclide (rCi per year) 

%r + IT 6.0 x lo-' 
'"U + IT 8.3 x IO-' 

3.6 X lo-' 
TJ+P 2.1 x lo-' 
-U 3.6 X lo-' 
Total Done 

Doae Factor 
(mrem/pQ peryear) 

7.6 X 1V 
7.7 x 1P 
8.0 x 10.' 
8.0 x 1cy 
8.4 x 1v 

6.7 x lo-' 
2.9 x lo-' 
1.3 x lo-' 
7.5 x 10-6 
1.3 x lo-' 
1.1 x lo-' 

60 Year 
Dose 

(mrem) 
.I Commitment 

45.6 
negligible 
negligible 
negligible 
negligible 

45.6 
~ ~~ ~ _ _ _ _ ~  _ _ _ _ ~  ~~~~~~~ ~~ 

'+D means all contributions to dose fromdaughter products are considered. 
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* 100% 
1.44 i 1.85 I 

I 257. 
3.X f 0.46 I 

P C i  %r/g soil 

Fig. E-1. 
Frequency Distr ibut ionaSr in 0-5 cm. 

t 1OOZ 
4.80 i 2.50 4 

I 80% 
3.88 f 1.20 4 

1 20% 
0.87 f 1.29 I 

v g  t o t a l  U/g soil 

Fig. E-2. 
Frequency Distribution-Total U in 0-5 cm. 
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P C i  '%r/g soil 

Fig. E-3. 
Frequency Di s t t i bu t ionaSr  in 0-30 cm. 

0 I 2 t 4 8 7 8 10 I2 

p g  t o t a l  u/g soil 

Fig. E-4. 
Frequency Distribution-Total U in 0-30 cm. 
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GLOSSARY 

Alpha particle 

Beta particle 

Curie 

Ga.mmcr ray 

Gram 

Grorr alpha 

Gross beta 

Maximum 
Permissible 
Concentration 

Meter 

A m e r  nystem designed to receive wastes from laboratory-related ac- 
tivity, including liquids contaminated with hazardous chemicals and 
radioactivity, for trammiesion to industrial waste treatment facilities or 
other di~charg points. Often refened to as industrial waste line. 

A charged particle emitted from the nucleus of certain radioactive 
atoms. It has a charge and mum equal in magnitude to  those of a helium 
nuclew, i.e., two protons and two neutrons. 

A charged particle emitted from the nucleus of certain radioactive 
atoms. It has a charge and mass equal to those of the electron. 

' h e  special unit of radioactivity. One curie equals 3.70 X 10'" nuclear 
trurdarmations per second (abbreviated Ci). 

Sb~-wavelength electromagnetic ionizing radiation of nuclear origin 
(bu no mass or charge). 

"he basic unit of meus in the metric system (abbreviated g). It is 0.03937 
times as big as an ounce. 

T h e  total amount of measured alpha activity including natural alpha 
activity levels. 

The total amount of measured beta activity including natural beta ac- 
tivity levels. 

The cwc lion of radioactivity in the environment that is deter- 
mi.-.:d co re' ' in whole-body or oran doses equal to the Radiation 
'.otection Siandarde for external and internal exposure (abbreviated 

MPC). 

The basic unit of length in the metric system (abbreviated m). It is 3.048 
times as big as one foot. 
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Metric Unitr 

Rad 

Rem 

Roentgen 

sanitary mewer 

Tuif 

Uranium 

Primordial uranium 

Normal uranium 

Measurements in the metric system are usually modified in factors of 
lo-' by adding Roman prefues as below: 

Factor Re51 Symbol Example --- 
lo-' centi C 1 cm - 1 X 10-*m = 0.01 m 

lo-' milli m 1 mrem = 1 X lo-' rem = 0.001 rem 

la = 1 x 1o-og = 0 . m 1 g  10-8 micro cc 

10-0 L l M O  n 1 nCi - 1 X 10-o Ci = etc 

1 pCi = 1 x Ci = etc lo-" pic0 P 

lo-= femto f 1 fCi = 1 X lO-"  Ci = etc 

The unit of absorbed radiation dose. It applies to the fraction of energy 
deposited by ionizing radiation in a unit volume of material exposed. 1 
Rad = 1 X lo-* Joules per kilogram. 

The unit of dose equivalence used for radiation protection applications. 
It is the product of the absorbed radiation dose (D), the quality factor Q 
(which accounts for differences in biological effect between various types 
of ionizing radiation), and N the product of any other modifying factors 
(such as dose distribution in organs), rem = DQN. 

The unit of radiation exposure (abbreviated R). It applies only to the 
amou .t of charge produced by x or gamma radiaton in air. 1R = 2.58 X 
lo-' coulombs per ki1ogra.q. 

A c c r e r  s v f + - ~  designed :3 .. _ _  3 wastes from normal human ac- 
tivities, exc1uE;v nf '3borc;tory-g. :-crated wastes, for example, wastes 
from rest rooms, lavatories, showers, and food-halding activities, for 
transmission to septic tanks, treatment facilities, or other discharge 
points. 

A compacted, extrusive, igneous rock comprising volcanic ash and dust. 

Uranium which was incorporated into earth's lithosphere at  the time of 
creation. This uranium is universally distributed in the lithosphere in 
varying concentrations, but i t  ie normally in equilibrium with its decay 
products. It contains 99.27% of =U and 0.72% of T J .  It ie usually called 
natural uranium. 

Uranium which has been refined from primordial uranium by removing 
its decay products. It contains 99.27% of YJ and 0.72% of -U. It is fre- 
quently called natural uranium. 

0005013 



Natural uranium 

Enriched uruaiUm 

Depleted u r d u m  

AEC 
ALO 

CPm 
dis 
ERDA 
HPIC 
LAAO 
LASL 
NCRP 
RCG 
rem 
TLD 
ZnS 

C 

See primordial uranium and normal uranium. 

Uranium which has been enriched to more than 0.72% -U. 

Uranium which has been depleted to less than 0.72% VJ. 

ACRONYMS AND ABBREVIATIONS 

Atomic Energy Commimion 
Albuquerque Operations Office 
counts 
counts per minute 
disintegrations 
Energy Rerearch and Development Administration 
high-pressure ionization chamber 
Loa Alamos Area Office 
Los Alamoe Scientific Laboratory 
National Council on Radiation Protection 
Radioactivity Concentration Guide 
roentgen equivalent man 
thermoluminescent dosimeter 
zinc sulfide 
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