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TABLE 26 

Sl"l'-!ARY OF SURFACE CO!'."TA."1INATIOI\ MEASUREME!-.'TS 
MVLTIPLE FAILURE BUILDING 

NUCLEAR LAKE SITE 

Total Contamin~tion 
Cd2m/lOO cm ) 

Location8 Alpha Beta-Gamma 

A <25 430 
B <25 (410 
c <25 410 
D 27 <410 
[ 36 430 
F < .... _) 6200 
G ~5 (410 
P. < 5 (410 
I ( s 110000 
J < 5 71000 

8 Refer to figure 27, 

c.. 

r . f '1. 
' ~ ' ' 'C-;~/ ' • :.~ 

"ill ' \ 

Removable Contami~ation 
(dem/100 cm ) 

Alpha Beta 

<3 <6 
<3 <6 
<3 (6 
0 <6 
<3 (6 
<3 7 
<3 (6 
<3 <6 
(3 63 
0 18 

:(J I t > '7 
• 1 1 ,,~ 

' I .-=-. I ~) 



Location 

TABLE 27 

CES H'.~'. 137 co~c::~:TRATIOKS I~ MISCELLA!-."EOUS SOIL SA~PLES 
Ml'LTIPLE FAILURE BUILDING 

~1.1 CLEAR t.AKE SITE 

Cesium 137 Concentrations (pCi/g) 

0.1 ±o.1b 
0.6 :!: 0.1 
0.8 ± 0.2 
1.0 :!: 0.4 

<0.3 

aRefer to figure 28. 
brncertainties represent the q5~ confidence levels, based only on counting 
statistics; additional laboratory uncertainties of ! 6 to 10~ have not been 
propa[ate~ i~to these dat&. 

t I 
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Other Buildings 

Survev Findinl2'5 

Lodge 

Table 28 presents the results of surface contamination measurements in the 

Lodge building. Total alpha beta-gamma levels ranged from <25 to 99 dpm/100 cm
2 

and from (410 to 470 dpm/100 cm 2, respectively. Removable alpha was 

<3 dpm/100 cm 2
. and removable beta was (6 to 7 dpm/100 cm

2• Walkover scans did 

not identify any elevated surface radiation levels inside the building or in the 

surrounding outside area. 

Ecerrency Generator Building 

Scans did not identify any elevated radiation levels in this building or the 

area surroundir.f it. Results of measurements, summarized in Table 29, indicate 

ranfe!:" o: tota: a:r,...a ar-,c beta-gat:11na contamination o~ .-::s to 36 dpr:i.1100 co 2 and 

(410 to 730 dpr.:'lCIC1 c::: 2, respectively. Removable contamination levels were 

<3 alpha dpc'lO~; er::"' and <6 beta dprn'lOO cm"'. 

The So.::u'.'.': :ent n::. 1on~er exists as a building; however, the foundation and 

laq:e s:a::s o: c8ncrete and steel remain near the former location. Gamr.ia and 

beta-farn::ia a:-ic beta-~ao::ia scan~ of the foundation and slabs did not identify any 

area~ c! elevate~ direct surface radiation, 

Sumoa r\' 

Surface contar:iination measurements and scans did not identify any elevated 

areas associated 1.d ti-: the Lodge, Emergency Generator Building, or the 

foundations o~ the Sociu~ Tent. 
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Location8 

A 
B 
c 
D 
E 
F 
G 
H 
I 

TABLE 28 

SL~RY OF SURFACE CONTA.~INATION MEASURE~ENTS 
LODGE BUILDING 

NUCLEAR LAKE SITE 

Total Contamin,tion Removable Contami~ation 
(dl,?m/100 cm ) (dl,?m/100 cm ) 

Alpha Beta-Gamma Alpha Beta 

99 <410 <3 7 
45 470 0 (6 

<25 (410 0 <6 
<25 (4!0 0 <6 

27 (410 0 (6 
;:. 5 (" l C1 (3 (6 

<25 <410 0 <6 
<25 <410 <3 (6 
cs (410 <3 (6 

8 Re!er to Figure 2°, 



Location8 

A 
B 
c 
D 

TABLE 29 

SL~1ARY OF St.:RFACE CONTAMINATION MEASURE~ENTS 
EMERGENCY GE~"ERATOR BUILDING 

NUCI.EAR LAKE SITE 

Total Contamin~tion 
(dpm/100 cm ) 

Alpha Beta-Galllllla 

<25 
<25 

36 
<25 

730 
(410 
(410 
(410 

Removable Contami~ation 
(dpm/100 cm ) 

Alpha Beta 

<3 
0 
<3 
0 

<6 
(6 
(6 
(6 

aRef er to Figure 30. 



DISCUSSION 

Appendix D presents guidelines used by two federal agencies, the Nuclear 

Regulatory Commission (~RC) and the Department of Ent>rgy (DOE). in determining 

whether sites a:ay be released from radiological cont.rols for unrestricted use by 

the general public. For residual contamination of building und equipment 

surfaces the two agencies follow identical guidelines; the NRC has established 

lower concentrations for some radionuclides in soil than has the DOE. Both 

agencies have adopted the same guidance levels for radium and thorium in soil, 

based on Environoental Protection Agency (EPA) standards. For these reasons, 

residual contamination levels at the Nuclear Lake site will be compared to NRC 

guidelines which are sho~n belo~. 

Soil 

Alpha (basec on plutoniuo) 

l C11J dpi pe:- 100 2 
er:: ' averaged over l m2 

30(' dpo 100 
2 maxir.iun:: 100 

2 per cm t over ere 

C:;:in per 1 '.'( ;;: 
reoo\·at:e c:: I 

Beta-~an~a ('asec on Cs-137 and uranium) 

t nr1'.\ _/' ... dp::-. per 

J 5 'c; ~: :r d pr: per 

I, 000 dpru per 

Contatr.inat!o:. Guidelines 

-I OC1 crn .. , 

I OCi 2 cm 
' 

100 cm 2 
' 

averaged over l m' 
2 maxirnuo over 100 c~ 

removable 

Radionuclide 
Average Concentration 

Above Background (pCi/g) 

Cs-137 
Pu-: 3 ° 
A:--.-:::.! 
r-:3f (process ura~iu~ -

nat~ra! isotoric abundances) 

15 
25 
30 
l 7 



A summary of the areas surveyed and their current radiological status is 

sho~~ in Table 30. 

The results of rnagnetornetry and ground penetrating radar survey identified 

between SO and ~O metallic anomalies on the bottom of Nuclear Lake. Visual 

inspection and probing of "target" sites were unsuccessful in confirming 

"targets," and in-situ gamma measurements did not identify the presence of 

significant gaor.ia contamination. Sediment samples from "target" locations from 

other areas in the lake contained Cs-137, Pu-239/240, and U-238 concentrations 

above baseline soil levels. These concentrations were, however, within the 

above guidance levels established by the NRC. The elevated radionuclide levels 

in lake sedi oents 1tay be attributable to 

concentrate metal ions, released into 

the affinity of microorganisms to 

lake during facility operation. 

~!icroorga:iisrns 1.·i!l reoove and retain metal ions, !luch as Cs-137, from their 

environr.ient. Over long periods of time, these ions will becoce concentrated in 

sedir.ient. . .\1 thoug'-. inspect ion and measurements did not identify the "targets" 

as containers of radioactive waste, further inspections are considered warranted 

to confirr.: t!-.e nature of anor::alies. 

''.a:i:: ,~: t!-.e :.·.:::~:;-,c"' l;a:l n0 elevated areas nnc typically hac surface and 

soil contar::inatic,n le\•els of less than 10·~ of the applicable guidelines. 

SJrve~s of builc!inr drains, which have a hi~h potential to retain conta~ination, 

did not identifv any residua! conta~ination levels exceeding guideline values, 

7he elevated measurerne~t associated with the Shield ~ock-Vp Building was a 

sin~le soil sar.i;-le collected at the enc of a dowTJspout. 

Sar:ples frnm septic systems at the Plutonium Facility and Remote Assembly 

Building, typicallv contained radionuclide concentrations less than 10~; of the 

soil guidance levels. The sludge sample from the Plutonium Facility septic tank 

had the highest level of plutoniur.i (5,95 pCi/g), but was still well within the 

: 5 pC i 1 g pi c e: i ne. 

Several individual alpha measurements in the Plutonium Facility vault were 
~ 2 

at or above ir111 c~r, t'er ir.n ctr..:; however, none exceed the 30') dp~ per 100 cr.i 

2 
~aximu~. The averares of 5 measurements in 2ac~ l m block surveyed were less 

ti-:;:;:-. t'-.e J:i'~' cp:: ;ier l'X Ci..~ anc!, therf!fort:, satisfy the guideline for plutoniur:i 



Area or 
Building 

Nuclear Lake 

Lodge 

Emergenc:· 
Generator Buildin~ 

Sociur:i Tent 

Engineerin~ Buildhf 

Rer.iote Asser.:~> 

Building 

Shield Mock-~·p 
Building 

~lultiple Faihre 

Critical Facility 

Plutonium Facility 

TABLE 30 

CURRE\'T RADIOLOGICAL STATUS OF 
AREAS CO~IPRISlNG THE NUCLEAR LAKE SITE 

PAWLING, NEU YORK 

Elevated 
Radionuclides Levels 

Present 

Yes 

~o 

~o 

... 
,,..,; 

~~ 0 

':c 

Yes 

Yes 

Yes 

Contamination 
Exceeding Typical 

Gttideline Levels 

No 

No 

Yes 

Yes 

~aste Disposal Facilty .. .. o 

Comments 

Elevated radionuclide 
concentrations in 
sediment samples 

Elevated Cs-137 
concentration in a 
soil sample 

Small floor area with 
fixed beta-gaoma 
contamination 

5 rooms have floors 
with fixed beta-gamma 
and alpha 
contamination 

Isolated areas of 
Pu-239 and Cs-137 
soil contamination 
outside Pu and Waste 
disposal facilities 



' 
Samples of paint from building surfaces contained plutonium levels below 

2 
100 dpm per 100 cr:i and this satisfies the guidelines. 

Surveys of other indoor building surfaces identified one small floor area 

in the Multiple Failure Building and 5 rooms in the Plutonium Facility with 

floor contamination above guideline levels. This contamination was almost 

entirely fixed in the surface with removable levels within the 20 dpm per 

100 cm 2 for this category of contaminant; potential for migration and spread is, 

therefore, small under current conditions of building use. It should be noted 

that the 1974 ATCOR report identified residual contamination levels exceeding 

current guidelines (1974 plutoniure guidelines were higher than current values) 

in the same areas of the Plutonium Facility. 

Other surfaces in the Plutonium Facility and Multiple Failure Building were 

~it!"lin g;.iideline levels, as were all other buildings surveyed. \\o item:. of 

equipment or debris witl-:i:. the buildings were identified as having residual 

contaoination exceeci:'lg F'.ddelines. Several of the buildings contained small 

quantities of cher::ical reagents such as concentrated sulfuric acid. Labels on 

~anv o! tl-:e reafe~t container~ are missing or are not legible. 

There are a fe1o: isolated areas of Pu-239 and Cs-137 soil contamination 

around the Pluto~!u~ Facility and the Waste Disposal Building, which exceed the 

~~C guideline levels. Some of the Cs-137 contamination is below the surface and 

is needec! to define the extent: of this contai:ination. Saopling and direct 

measureQe~ts arour.d other buildin~s did not identify surface areas or equipment 

a~d debris ~ith residual conta~ination. 

Water samples fro~ drainage streams and wells contained radionuclide 

concentrations comparable to baseline water and well below EPA drinking water 

standards of 15 pCi'l gross alpha and 50 pCi/l gross beta. One sample from a 

concrete sur.-.1 ..... the Critical Facility contained 99 pCi'l of gross beta 

activity; ho~ever, t~is elevated level is believed to be the result of natural 

activity which has leached froc the concrete. Concrete is composed of materials 

i.·~ic~ cor.tain naturally occurring K-40, ut"aniurt, and thoriui::; \.!hen submersed in 

water for extendec! periods of time, sr:iall amounts of these radionuclices will 

becor::e c~ssc!\'ec i:1 the i,.:ater. 



SUHHARY AND RECOMMENDATIONS 

At the request of the l'nitec States Department of the Interior, the 

Radiological Site Assessment Program of ORAU conducted a survey at the Nuclear 

Lake Site located near Pawling, New York. Radiological information included 

direct raciation levels inside and outside of buildings, contamination levels on 

building surfaces, and concentrations of radionuclides in soil, sediment, and 

water. Magnetometry and ground penetrating radar were also conducted to 

identify the presence of metallic objects on the lake bottom. 

The survey identified multiple (over 50) objects on the lake bottom. 

Although these "targets" could not be confirmed and direct measurements and 

sacpling at their locations did not indicate significantly elevated radiation 

leve:s 0~ ra~io~~clide concentrations, further investigation of these targets is 

considered 1..:arra:ited. 10 reduce the potential for contamination of personnel 

and the lake during such activities - it is suggested that the lake level should 

be lo\.·ered to ext'ose any "targets" being investigated, 

Sar:;-lin/! and r.:easurener.ts in drains and septic systems at the Plutoniuc 

Facilit:: a'."ld Per.iote Asse":lbly Building i:idicates that these systems do not 

contain co~:a~ination levels exceeding typical federal guidelines. 

Ces~u: 13~ and plutoniu: 239/240 surface contamination levels in five rooms 

of the Plutoniu~ Facility exceed current guidelines for unrestricted use. 

Further radi0!ogica: surveys .,..c.,u:d be necessary to define the extent of this 

conta~ina~ion and develop appropriate remedial action plans. One small area of 

Cs-137 co:itar:;inat ion \.'as also detected on the floor of the Multiple Failure 

Building, Contar.iination levels in all other buildings satisfy guidelines for 

unrestricted use. 

Severa: sr.;all areas of Cs-137 and Pu-239/240 soil contamination were also 

identified outside the Plutoniuc Facility and ~astP Disposal Building. Some of 

the Cs-13".' conta~ir.ation \.'as subsurface and further sampling i.:ould be required 

to define the extent of this contamination, 



At the present time, the areas of concern identified in this report are not 

open to the public and access is restricted by security fences, locked doors, 

and caretaker service provided by the National Park Service. In the event that 

these physical barriers are breached, the risk of harm very slight because the 

radioactive material is fixed in the building structures and therefore has a 

very low potential for migration. Fixed material is not an inhalation or 

ingestion hazard. With several exceptions exposure rates throughout the 

facility were in the range of background; no external hazard is associated with 

those areas of elevated gamma radiation, based on the limited extent of the 

radiation, relatively low levels, and low potential occupancy time. 

Although raciolo~ical conditions at the Nuclear Lake site, as determined 

froc: this stuc,, co not, in ORA~''s opinion, constitute a hazard to personnel and 

the environment, there are unkno'..'r. objects in the lake and the suggestion of 

possible subsurface contamination at several locations. Further activities to 

characterize and subsequently remove or resolve these issues are recommended. 
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I. Introduction 

PROPOSED SURVEY PL.AN 
FOR PORTIONS OF THE 

NUCLEAR LAKE SITE 
PAW'l.ING, NEiJ YORK 

Beginning in 19~8, nuclear fuels proc~••ing and re1earch vere conducted 

at an area near Pawling, New York, k.novn as Nuclear Lake. Initial 

operations were perf onaed by Nuclear Developaent Corporationj 

aubsequently the lite was also owned and operated by United Nuclear 

Corporation and Gulf-United Nuclear Corporation. Oxide fuel&, 

fabr1 cated and tested at the Ii te, were prhurily uranium of variou& 

r-235 enrichments; however, thorium and plutonium were aleo used. 

Testing facilities included several sm.all experimental reactors, and 

irradiated fuel elements and other ructor materials contained a wide 

variety of fission and activation products. In 1972, activities at the 

site were discontinued. The site was decontam.inated and surveyed, and 

a repor~, indicating that the facilities satisfied the criteria for 

decommissioning, was preparec by ATCOR. The Nuclear 

Commis&ion license for the site was tenninated in 1975. 

Regulatory 

In 1979 the 

property was acquirt:d by the National Park Service for the purpose of 

relocation of the Appalachia~ National Scenic Trail. 

A~~ition~: surve~s of portions of the proper~y were conducted by 

~Jc:ear Energy Services, under contract with the t\ationa: Park 

Service. Results of that survey, presented in a Ju:y 198 .. report, 

ider.tifie~ a sir.al: area of res~dua: co:;tam1oatio!1 1!1 the fonne:- Waste 

Disposal Bu~lding. ~o other evidence of contamination in excess of the 

l1tt1ts for unrestricted use was noted, although a storage vault in the 

Plutoniu~ Facility was locked and could not be accessed for survey. 

Prepare.:: by the Manpower Education, Research, and Training Division of Oak 
Ridge Ass:>ciated Universities, Oak Ridge, Tennessee, under lnteragency 
Agreemen~ 0"1E S:>. 40-859-8€:, ?.'PS t;o. 0631-0001-100, between the t:.s. 
Depar:mer.t cf bterior 's t\atiocal Parit. Service an~ the r.s. Department of 
Energ\, 

Ju:oe 9, l 9e• 



In addition to the 1torage vault, 1tudit1 and review• by the Nuclear 

Lake Management Committee have rai1ed concero1 regarding re11dua. 

contamination in building drains, 1eptic tank and drain field 1y1tea1, 

sedime~ts in Nuclear Lake, and building ioterior paint. The 

possibility that containers of radioactive or other hazardoue vastea 

were discarded into Nuclear Lake ha' alto been indicated by the 

Manage~ent Committee. At the request of the National Park Service, the 

Radiological Site Assessment Program of Oak IU.dge Aa1oc1ated 

Universities will conduct invt1tigat1on1 and radiological survey& at 

Nuclear Lake site, concentrating on resolution of theae areas of 

concern. 

II. 51te DeFcri~:ic~ 

The Nuclear La'r:.e site occupies approximately 460 hectares, between the 

to-.rnc; of Pa•l 1:-,~ a:-i.:! Beeman, in eastern ~ew York. There are nine 

bu!ldinp: o~ t~e site; four of these - the Plutoniutt facility, Waste 

Disposal Builcin,:, Critical Facility, and Shield Hock-up Building -

have a t!story of use for processing or storage of radioactive 

materials. The are.a around the buildings includes access roads, paths, 

uti l:i ties a~.:: service areas, and parking lots. There is a 20 hectare 

:na::-?I.a:!e la\l.e, k::iow-:-. as ~uclear Lake, anc other small streams and 

wetla:-.~ areas. T'r'.r reoai:ider of the site consists of small, steep 

hil:s a:-.~ va::e::s; ir.:is~ of the area is thick:v woode.: an.: access is 

II I. Purro!'e 

The pur;:iose of the ORAt' survey 1s to determine the extent and levels of 

radioactive ~ater~al contamination, if any. that may remain on the land 

anc fac1:1t1es a~ the Suclear t.ke property. F1ncings will be compared 

wit~ ~uidelines and criteria currently being used by the Department of 

Ener~y (D0£>, Nuclear Regulatory Comission (1''RC), and Environmental 

Proo:e::ti(':-. Age:-ic~· CE?A) for sites being release.: fer unrestricted use 



IV. le1pon1iblllty 

Work described in this 1urvey plan vill be perfonaed under the 

supervision of Hr. J.o. Berger, CHP, Program Manager or the 

Radiological Site Aa1ea1ment Program of the Manpower Education, 

kesearch, and Training Divi1ion of Oak Ridge AJ11oci1ted Univer1itie1. 

v. Procedures -
A. Document Review 

ORA!.' will review documentation in the NR.C licenling files and any 

additonal documents or information that may be available from the 

former 11 censee and agencies 1uch as the Nuclear Lake management 

Comtt!ttet, for guidance concerning site design and operating 

his torv. 

B. Griddng 

1. Reference grids will be established in areas of the two septic 

tar;i<.s and drain fields for the Plutonium Facility. Grid 

interval~ will be 5 m. 

A reference gric •il be established on Nuclear Lake. Grid 

i .. tE~vals 1o'i:l ~e !0) tt; the grid vill be subcivided into 10 m 

1:-.~~rva:!' over a 5~ tt x SC• m area in the area of the Plutonium 

Facility outfall pipe. 

3. At other locations, where direct measurements indicate residual 

cor.tnination, grids will be established to enable referencing 

of sa::~le!!' a~d measurements. Grid sizes will be deterninec in 

the f ielc, based on findings as the aurvey progresses. 

... ~ther sai::?les an~ measureme:1ts vill be referenced to ed&ting 



c. Magnetometer Survey• 

1. Grounc!-penet rating radar 1urvey1 will be perfonaed to identify 

the locations of 1eptic tank and drain field• aervicing the 

Plutonium Paci 11 ty. Sillilar 1urny1 vtll be perfonaed for the 

aeptic tanks and drain f1~ld aervicing other building1, if 

preliminary monitoring of drain piping and trap1 lndicatu a 

potential for contamination of the1e 1y1tem1. 

2. Metal detection 1c1ns will be perfonaed throughout Nuclear Lake 

to identify the prueoce of containers on the lake bottom. 

Sca'1 intervals vi 11 be about 20 m. 

t. Direc: ~ea&urements 

1. Ga::.=.a scans v111 be performed inside buildings and out to 10 m 

ar:iun:: t!'le outside of buildings. Scans of drain openings, 

outfalls, retention tanks, drainage streatnS and ditches, roads, 

rarY.:i"\f areas, equipment, containers, and det-ris vill also be 

performed. All areas of elevated direct radiation will be 

notec !0r further investigations. 

~ -. A:;t·.a a~.:: beta contacinatior. levels (:otal ar.d smearahle) will 

~t perf:r~e: o~ draio ope~ings, equipment, containers, and 

l. cc.a sa::"'les will be obtained from the septic tank and drain 

fie:.: areas, using split spoo!'\ samplers with a hollow-stem 

aug-er drilling rig. Coring v!ll be performed to the depth of 

natura! soil. Althoug'1 the numbers and locations of coring 

\o""!.:l be detennined by findings as the survey progresses, a 

:i::.:-.i~J:" o! t-8 loca~ions is anticipated for each site. 



2. Sedi•ent aamplt1 will be obtained at each of the arid interval• 

ettablilhec! on Nuclear Lake. Supling vill be performed by 

driving piping into the 1ediment to obtain corn repreaenting 

depths of at least 30 cs. 

3. Sediment core aamples vill be obtained from the drainage at.ream 

below the dam and from other 1urface drainage pathvaya. Water 

11mples will be obtained from each of the1e location1. 

4. Samples of paint will be obtained from inte.rior aurfaces of 

buildings used for radioactive aaterial1 vork. Fro~ 6-8 

samples will be take'.'\ in each of the1e buildings. 

5. Residues will be collected from liquid collection pits, tanks, 

a'.'\c dra1~ systems b buildings with a history of radioactive 

material use. Water samples vill al10 be obtained from theae 

locations, if available. 

6. Sat:i;:iles of soil, secimen:, construction material, debris, etc. 

will be collectec at locatione, identified by direct 

measurements as having elevated radiation levels. 

F. Othe~ Activities 

~e Pl"Jto:-.:::."J::: fa:::ility vault will be accessec. Tne vault floor 

a'.'l.: lower wal: areas will be gridded in 1 m intervals. Alpha, 

beta anc gama scans. will be performed and all surf aces W'ill be 

surve~ed for total and smearable contamination. 

2. Visual inspections of areas in Nuclear Lake, identified by the 

metal detecting scans, 'W'ill be perfonaed by divers. Suples of 

conta1ne~ contents and aediments in the container vicinity will 

be obta1nec. 

_,, Res:dual conta::.inatior. 1n the Waste Dispoul Building will be 



G. Background and la11line Deterain1tion1 

Samples of 1011 and aediment, and vat er vill be obtained at 6-8 

loc1tion1 around the Nuclear Lake 11te for the purpo1e of 

e1t1bli1hing baaeline radionuclide coocentrationa. Direct 

mea1urement1 of expoaure rate• will be perf onaed at each of the 

sampling locat1001. 

H. Sample Analysis 

Samples vill be returned to OttAU laboratories in Oak Ridge, 

Tennessee for analysis. Sediment, soil, paint, and residue 1ample1 

V:ll be analyzed by g11ma spectrometry. Analysis for plutonium 

239'24S will al&o be performed on these 1amples. Additional 

analyses 1or"ill be conducted, 1! appropriate, based on these initial 

analytical findings. 

Smears an: water samples vill be analyzed for gross alpha and gross 

beta contair.1nation. Water eamplu exceeding 15 pCi/l groas alpha 

or 5:: pCi 11 gross beta will be analyzed for 1pecific radionuclide 

concentrations. 

"' :iuc:1ty A£st;rance and Control 

1..ati·ra~cirv an~ field survey procedures are consistent vith DOE, 

~"f.:, an: EPA procedures for low-lev~ls of rad1onucl1des in 

env1 ronmental media. firoc~dures are documentec in manualc; 

deve!oped specifically for the Oak Ridge Associatec Universities' 

Ra~iological Site Assessment Prograc. 

lii:.t:. the ucept1on of the measurements conductec vith portable 

ga:n:r.a scintillation aurvey meters, instruments are calibrated with 

~e~-traceable standards. The calibration procedures for the 

p::rta::e gai:::r.a instruments are performed by comparison with a!'I NBS 

ca:i~rate~ ionization cha~ber. 



Quality control procedure• on all 101tna .. nt1 include deil• 

background and check-1ource aea1ureaeot1 to conf ira equipaen. 

ope rat ion v1 thin acceptable 1tathtical fluctuation1. The OlAC 

laboratory participate& in the !PA .and !Kl. Quality A11urance 

Program&. 

Vl. Tentative Schedule 

Onaite work vill co•ence within 4-6 wekll after the 1urvey plan 11 

reviewed and co•ents re1olved. The aurvey 11 expected to require 

about 3 wieek& of on&ite work. Analysis of 1aaplu and tabulation of 

data will be completed about 6 weeks after eite work, and a draft 

report will be 1ubmitted for co111111ent approz.imately 10 veeks after 

completion of site activities. Comments on the draft report will be 

incorporated into a final report and copies provided about 3 weeks 

after receipt of the comments. 





APPt~!JlY. B 

~a:cr Saep!ing ane Analytical Equir~ent 

!he ~isr:av or descri; Jr. o! a sped fie product is not to b@ construed 

as l!i encc.rse:-:.t'r.~ of tha~ product or it& manufacturer b)' the authon on their 

e1tployer. 

A. Direct 11.a~!at :.on ~easuremtnts 
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8. :..abcratur\· A.-:a! vses 

A~toroa:ic lo~-b~ck~roun~ Alpha-Beta Counter 
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''.:::~.s~·F.::"f.'\7 A\~' A\ALYT ICAL PROCEDL'RES 
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APPEt\:llX C 

~easurement and Analytical Procedures 

St:r!ace Scans 

Surface scans were performed by passing the probes slowly over the 

surface. The distance between the probe and the surface was maintained at a 

niinit:'lur::: - no::iinally about 1 cm. Identification of elevated levels was based 

on i~creases i~ the audible signal from the recording or indicating 

instr~roent. Alpha anc beta-gamma scans of large surface areas on the floor of 

the facilit\' 1o1ere acco~plished by use of a gas proportional floor monitor, 

1.·it~ c: ,...,,, c:- !'e:.sit:'.'-'E- area. The instrument is sloi,.•ly mo\'ed in a systecatic 

.-
L'd ....... c 

~ .:. a.-..... :-..... 

\... - - ' ...... 
..,~ ... ·. -

c: t~.e access: ~le area, Co~b!natic~• c! cetectors and 

~·: .. ).. "F:.!5:.:.t.:.." sca:er 'rater.ieter. 

•.a: ~::~.t~lla~:.o~ detector (3,2 er: x 3.E cc cr;'sta:) -·:th 

: · .. '·' _ .. 

sca:ertratemeter. 

rate oe t er or 

rate ca:-. be c!etecte::. the 

a-:~:'.e::~ :..ac~"fro..::.: c- .. ~· rate ran~e i.•ere marked for f:.;rther ceasurer.ients 

''.ea~-re"..E:-.:!" c'. rota: al;'ha raciat!on le\'els i.·ere perforrnec usin~ 

•• c.: : -•• ~ 

F~~-: ;8rtab:e s:aler:rateoeters ~i:h ~o~e! AC-3-7 a!p~a 

:. :-- -: ; .. : --.f 
,,.., ..: ... 

.. ·-t:. ''.oce: 



HP-2b0 thin-window "pancake" G-+! probes. Count rates ( cpci) were converted to 
2 

disinteHa~irn rates (dpm/100 cm ) by dividing the net rate by the 4 n 

efficiency ~nd correcting for the active area of the detector. Although other 

ftctors (l.e. backscatter) can affect the calibration, they are consideLed 

ins!fni:icant for the measurements performed. Effective window areas were 

59 cit" for the ZnS detectors and 15 cm
2 

for the G-M detectors. Background 

count r.ates for ZnS alpha probes averaged approximately l cpm; the average 
backgrounC: count rate was approximately 40 cpm for the G-M detecton. The 
measurement sensi~iv:.ties for total alpha and beta-gamma contamination 

25 d!JCl/100 :i. measurements are Cit and 400 dpm/100 cm 2 
respectively. 

Rernova~le Alo~a an~ Beta-Gamma Contac1nation Measureoents 

Sr::ea:- oeas~rer:er.ts ,,;ere performed on numbered filter pare:- disks, 47 mm 

i:; dia::ieter. Soea:""s were sealed in labelec! envelopes with the location and 

A Z~~ alpha scintillation counting 

syster: 1.:as use~ t.:: i!":itially evaluate individual smears at the site; smears 

~e:""e t~e-: re:urne~ to Oa~ Ridge an~ recountec using a low-background 

al;:.1-.a-!oe~;; t':-o;--:::-:::or.;;: sys:e:: .• The measurement sensitivities for remo,•able 

a:?1-,a a'":~ beta-~a::::::.a cc.:,:a-:ine-:io:-: r:easurer:ients are J dp!:i'llll' cr.: .. and b dptt-'lOD 

r1-,£- r:ieasureoent sensitivities for remo\'atlle alpha and 

beta-~a-::-::; co-::.;;-:::.a:ic:-: i:;eas·..;rerJents are 3 dpm 1 lOC1 cr: .. and b dp::'lOCI cm 

Ite:< :.:.c: ~'.J.:'.t: ??~"-~ pcrta':;:e rateoeters 1o·i t~. \'ictoreer. ~!oce: ;,,e~-.'.i) gaoca 

scir:tLlaticr: cetectors containing 3.2 cc: x 3,b er:: ~a!\11) scintillation 

crysta:s. Cou-.: rates i.:ere converted to exposure rates (;.iR/h) using factors 

ceter::::-.ec t>:-' cor:;-a:-i:-:~ t".e response of the scinti~lation detector 1o:ith that 

or. tt'.e '>.:c:ea:- :.akh A: se\'era} locations, the e>:posure rates at 1 m a~O\'e 

t~e s~:""~a:f ~e:-f -:eas.:re~ usin~ the Re~:er Stoke! pressur~zed ioniza:io:-: 



Soi~ anc Secioe~~ Sac=!e Analvsis 

Gac:a Spectrooetry 

Soil and sediment saoples were dried, mixed, and a portion placed in a 

U.'.> 1 Marinelli beaker. The quantity placed in each beaker was chosen to 

reproduce the calibrated counting geometry and ranged from bOO to 800 g of 

soil. ~et soil weights were determined and the samples counted using 

intrinsic geroaniur-: and Ge(Li) detectors coupled to a Nuclear Data Model 

~D-68ll pulse height analyzer systet:i. Background and Compton stripping, peak, 

search, peak icer.tification, and concentration calculations were performed 

usi~g the co~puter capa~ilities inherent in th~ analyzer system. Energy peaks 
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1.·erf r ."~ t'.: i_·,:" ;"'.:°:: .>=. 5pe:::ra ... ·ere also reviewed for the presence o~ other 
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concer:tratic.~s a bc.l\' e those noroa:ly encountered in 

A:iGu::s c~ s:-:.: i.:ere acic!fiec anc evaporatec to dryness. 'rhe re!.'!.dues 

~ere t~e~ c:~s~l~ec bv pyrosulfate fusion and rrecipitated by bariurn sulfate. 

:he ba:-:u~ S"J!fate precipitate was redissolved and plutonium separate~ by 

liG~!~-:i~J~~ extraction. The purifiec plutoniu~ was then precipitated with a 

ce:::u-: !:1.:~ri.:'.-= carrie:- anc counted using surface barrier detectors (OR7E.C), 
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~ater Sa~~le Analvsis 

Gross Alpha and Gross Beta 

t.;'ater samples were rough-filtered through Whatman ~o. 'J. filter paper. 

Remaining suspended solids were removed by subsequent filtration through 

0.45 >im me~brane filters. The filtrate was acidified by addition of 10 ml of 

concentrate\'.! nitric acid. A known volume of each sample was evaporated to 

dryness and counted for gross alpha a!ld gross beta using a Tennelec Model 

LB-5110 101.·-backgroun~ proportional counter. Minimur.i detectable 

concentrations were l'.25 pCi'l and 0.75 pCi/l for gross alpha and gross beta. 

1sc:t0:i::: t' ................. .' . 
... - ~ > ... .... 

A~ a::~jc: c! ~a:er ~as acidifiec! anc! evaporated to dryness, The residue 

~as c!!ssc:ve~ t~ ;yro5:.;l!a:e fusio~. The alpha e~itters were precipitated by 

~ariu".". s...:::att:. t-.'.ter rre2::;-itatio:: tl-ie bariur: sulfate l.."BS rec!issolved. A 

1:~:.::~-:::~:,: e~::ra::-tio:-. ;.:a~ per~::iroec to Jsolate the rluton!t;r:;, Cesium 

The 

alpha 
r- ... , ... ,..., ... ; 1•-,. .............. - -· t '".E- ~. barrier detectcr!S ( OP.:-Ec >, 
S;->e::::rc:::tter:: 1 ':"e:-.:-.e:eo: 1, a:: •;:-ti:- ''.Jltiple Chan:iel Analyzer (\uclear Dataj. 

'~::-::. . ..:...: ce:e:::ta~> CC'r:Ce'.".:ra:!or:s for P.i-~3~ ..:ere o.o~ pCi'l to U.(13 pCi'l and 

1, •• :a s . ~ r - • \"alues 1.·i:l vary 1.dth sa:::;::.e quan:ity anc 

S'..il!ate. -:-~.e bari.;:: sul!ate prer. i ;ii tate 

separate~ by l::~:c - l!~J!c extraction. 

fusion and precipitated ~ith ba~iu~ 

was rec!issolvec anc the plutoniur:i 

The plutoniun: and uraniuo was then 

p~ec!r:'.:ate~ ~::~ a cer!J~ ~:Jcr!c!e carrier and countec usi~g surface barrier 

dete.::tcr~ ('.:'F"'.'::C), a:;-~a sre::trorneters c:-ennelec), anc an ~:Y-bb !'iultichannel 

Ar:a::::'.er 7·~.e c::-::.r.;;"'. c!erectable activity 
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rncertainties anc Detection Li~its 

The •J:1certair.ties associated with the analytical data presented in the 

tables of this report, represent the 95•; confidence levels for that data. 

These uncertainties were calculated based on both the gross sample count 

levels and the associated background count levels. When the net sample count 

was less than the 95•, statistical deviation of the background count, the 

sacple concentration was repcrted as less than the detection capability of the 

r.easu:-ecient procedure. Because of variations in background levels, sample 

volumes or 1.:eigh~s, r.ieasureraent efficiencies, and Compton contributions from 

ot~.er rac:om.:clices '~ sa!:ples, the detection limits diff,H from sample to 

sa=;::e a::: i::s:'.'..:-::e'":: to ir.strunent. Accitional uncertainties of ~ 6 to 10~ •• 

i::c:r..:".'.e::~s using count rate d!splays on!v are + ,.,(°'. - .... they 
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D:A.''.F:.:.s OF RA:l!OLC'GICAL GL'IDE:..!';IS 
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APPEr;o1x D 

:::;Av?:...ES OF R-;:HOLOGICAL Gl'IDELINES l'SED BY FEDERAL AGE~CIES 

This Appendix presents guidelines currently being used by the Department 

of Energy and the ~uclear Regulatory Commission for the purpose of cleanup and 

release cf formerly utilized radiological sites for unrestricted use. These 

guidelines are treated by these agencies as target values and may be modified 

by the responsible regulatory agency, based on site specific conditions and 

cone:ideration of the ALARA philosophy. They are provided ~ere, primarily to 

provide the reader ~ith a~ idea of the approximate levels of interest. 



GL'lDE!..I\1:5 FOR DECO~TA.~lt-:ATIO~ OF FACILITIES AND EQVlPMEt-;T 
PRIOR TO RELEASE FOR UNRESTRICTED USE 

OR TE~~l~ATIO~ OF LICENSES FOR BYPRODUCT, SOURCE 
OR SPECIAL NUCLEAR MATERIAL 

L .S. ~~clear Rei;ulatory Coc::!ssio:-. 
Division of Fuel Cycle & ~acerial Safety 
~as~ington, D.C. 

July 1 ~t!~ 



the survey report shall be filed with the Division of Fuel Cvcle and 
Material Safety, USKRC, Washington, D.C. 20555, and a~so the 
Adr.iinistrator of the N'RC Regional Office having jurisdiction. The 
report should be filed at least 3U days prior to the planned date of 
abandonoent. They survey report shall: 

a. Identify the premises. 

b. Sho.., that reasonable effort has been made to eliminate residual 
contamination. 

c. Describe the scope of the survey and general procedures followed. 

d. State the findings of the survey in units specified in the 
instruction. 

Follo•:i!'l~ re\'ie·-· of the report, the ~'RC will consider visiting the 
facili:ie!.' to co:1~ir.: the SL.:rvey. 
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Guidelines for Residual Concentrations of Thorium 

and l'ranium Wastes in Soil 

Or. October 23, 1981, the Nuclear Regulatory Commission published in the 

F~deral Register a notic.e of Branch Technical Position on "Disposal or 

Onsite Storage of Tl-.oriur:i and Uranium Wastes from Past Operations." This 

document establishes guidelines for concentrations of uranium and thorium 

in soil, that i.:il l lir:iit maximum radiation received by the public under 

various conditions o! future land usage. These concentrations are as 

foll ol.'c;: 

~axi~:..u:: Concer:tratior.s <rCi ~) 

~or various or:~ons 

' " . ... . --. - .... - ·~ , ... ;. . • •c.. ........ c ..... -··- --- ... ...... ~! 

l " v 

l'.-, 4r1 ~ (){1 

[>e-? : €- :._ f· C '. !'" E '.' :_ .; ~ : 

-~ .:.. l'V' J • (1f_)'_ _,_, ' . ~c:~::t: 

3'.J )(1c\ ") r)f)I' .... ,-.. ...... 

Er.r!chc~ :ra~~.:~: 

So: J'.::e 3C1 l 00 J '(10'} 
j(i 250 2,500 

8 Ease~ r~ !=~ c:Ea~~~ ~:a:.~ar~s whic~ :!~!t radiation tc I era~ ·yr to 
lu!".f'. a:-.: : ::rac :·:-- t0 bo:.e :ror:. ingestion and inha:atior: a:1C lf.l i.!R/h 
a'::>.::"-'f ba:< . .:r:::"..::-.~ fro:: ciri:c~ external exposure. 

bsase~ o~ _:-.:::~~r !~~:v!~~a: dose5 to 17l crec'yr. 
csase~ c~ ::-:::~~ e:~!va:e~: exp~sure to u.u~ workin~ level or less. 
csa"'€: c:-. ::-.::::-.. - :-::·:::c.:c:: ccse5 to )r.t 1• 1 crer.:'yr anc i:-. case: c'. 
na:~ra: ..::--a-:_-, ::~:::~~ e~~2s~re t0 ~.u~ ~orki~£ leve: r:-- le~s. 



Option l concentrations permit unrestricted use of the property and is 

the guideline appiicat>1e to surtace soils. Options J. 1 J, and 4 apply to 

ouriec 1.·astes a!1C assume that intrusions into the burial utes may occur. 

t<egarc1ess o: tne concentrations in tne buried matenaJ.S, surrace sou must 

meet tne upt1on J concentrat1on gu1del1nes. 



A~VITIO\AL GL'l::>ELI\'ES FOR P.ADIO~l'CLIDE CONCE!'{TRATIO:\S I~ 
S~'!'... A"! \"RC SITES BEI~G RELEASED FOR U?\RESTRICTED l'SE 

Racioni.;::!ice 

Cs-l37 
Pu-: 3 9 
Ai::-241 

Average Concentration 
Above Background (pCi/g) 

15 
25 
30 



U.S. DEPARTMENT OF ENERGY GUIDELINES 
FOR RESIDUAL RADIOACTIVE MATERIAL AT 

FOR~ERLY UTILIZED SITES REMEDIAL ACTION PROGRAM 
AttD 

REMOTE SURPLUS FACILITIES MANAGEMENT PROGRAM SITES 

(Revision 2, Maren 1987) 

Tr.is oocume"t preser.ts U.S. Cepartr:ient cf Energy (DOE) 
rc:~:~c;ica~ ~r:te:ti:" g~ice1ines fer clear.~;: cf resic~al raoicactive 
materials anc ~ara;e~er.t :f tne resulting wastes anc resio~es. :t 1s 
ap;;1icatiie tc sites iner.tifiec by tre Formerly Utilizec Sites Reri1edia1 
t.cti:r Prcgrar (F..,s;,.,r) ar.c rer .. cte s~tes icentified b.)' the Sur~L..s 

Fa:i'.~ties r .. arcgi:":"er.t Fr:~•T"" (SFi·.F:.• ire tc;:ics ccverec are tasi: 
ccse li~its, '~i:e1ir.es a~c autr.crize: li~its fer a11o~able levels cf 
res~:~a'. rac~~a::~ve ~ateria'., a~c re=~~re~erts for ccr,trc: cf the 
ra:~:active ~astes ar,c resi:~es. 

Frc::c:·s ':r icer:1fica:~c~, cra,.acteri:atior,, arc cesisrat1cr cf 

F ... ~:;~ s~tes f:r rer1e:=ici a:ticr.; fer in;;ier,er.tatiori cf the rer .. ecic" 
ac:~cr; e•: f:r CE"tifica:icr, cf a F~s~~F site fer releaie fer 

urre~:r~c:e: ~SE are ~iver ir a se;arate ~ccuner.t (U.S. De~artment cf 

Erer;J l~E~ a•: sutsecuer,t guicar:ce. ~ere cetai1ec i~fcr~atic~ c~ 

a;; 1 icat~cr:s c~ the guioe1ines prese~tec herein, inclucing proceoures 

.. A rH;cte SF:·;: site is cr:e tr.at is o.ct:ss tc OGE prograrnr,:at~c neeos ar.c 
is 1ccaa: cw:sice a rr:aJcr o~era:ins CC~ researcr. arc oeveicpr..t:nt or 
prc:~:ti:r a""EC. 



for derivins site-specific guioelints for allowable levels of resicwai 

radicactive material from basic dose limits, is contained in "A Manuel 
fer :mplerne~tin; Resioual Raoioactive Materia: Guioelines" (U.S. 
De~a .. tr.:er.t cf Er:e'"s.> 1SE7) referrec to herein as the "supplerr.ent". 

"Residua 1 racioactive ~aterial" is used in these guidelints to 
describe radioactive materials derived from operations or sites over 
whicn the Ce~artment of Energy has authority. Guidelints or guiaanct 
to limit the levels cf radioactive material to protect the public and 
environment are provioea for: (1) resioual concentrations of 
radionuc1ides in soil material, (2) concentrations of airborne racer. 
decay procucts, (3) external gar:v:.a raoiation level, (4) surface 
ccnt2~'r2tic .. leve·s, ar: (5) racicr:uclice c:ncentrations i~ air er 
wate .. resultir.s frcr. er ass:ciatec with ani cf the above. 

~-''bas~:: c::se 1
•,..•:" is a vescrioec stancarc fror.. which li10ns 

fer c ... a .. :it~es tra: c2~ bt ~critcre: anc ccrtrc11ec are derive:; i: is 

specifiec ir terrs cf t~e effective dcse e~uivalert as definec by t~e 
"r•e..- .. ~··- .. ~· r~ .. r·•,c:·~.- "rl' '"-·~·~·1~~,·cal • .. "° .. • .... "'" ;... ,,,.1,. : _. - · 1,.. "-" , ,C,..., I'- ti...:;, Prctecticn (:C~? 1s;;, 
157£'.. 7~e basic c:se 1irits are USEC for deriving SUioelinES fer 
res 1 : ... a '. c: r cert rat ~ : rs cf r a::: i c r u c 1 ~at: s i r, s c i 1 n1a t er i a 1 • G i.. i ct: ~ i ; es 

•er resicua· c:,.cert~aticrs cf t~criurn anc ra:iurn in scil, 
c:ncertrati:rs cf airo~rre raccn oecay procucts, a11o~able incc:r 
e•terra'. garra ra:iat~cr leve~s. arc resio~a1 surface contarinaticr 
c:rcertra!1cr5 a'"e basec er existing raciclcgical protect1cn starcarcs 
er p~ce·~ .. es \w.S. E .. ·.ir::irre,.tal Pr:te:ticr Agency 19S;; U.S. r,-..:iear 
lieg ... iatcry Ccrnr.-issi:r 19eZ; ar.c Cecartr.1entol Oroers). tierivec 
guice1ires er lir~ts base: or tr,e basic ccse lir.,its for those 
cuart~ties are er~, ~se: whe~ the 91.iicelines provio~c i~ the existirs 
stancarcs cite: abcve are shewn to be inapprcpriate. 

/.. ''cw~:e·, .. e· fer resioua1 ra::icactivt: ITiaterial is a levei cf 

ra:ica:ti\i:: , .. c• t~e ra~icactive ~ateria~ tnat is acceptab 1e if t~e 
use :~ t·e !"tE ~~ t: be ur:restricte:. Guiceiin~s for resic~a~ 

ra:':e::·.t: ·c:e .. ~a· : .. ese .. te: re ... e·~ a""E cf t~: Ur.c5: (~; ~E'"E'"'.,:, 



site·independent guioelines taker. from existing radioticn prot~ction 
standards, and (2) site-specific guide1ines aerived from basic dose limits 
usins sit~·specific rnoce1s ano data. Generic guideline values are presente: 
in this document. Proc~dures anc data for deriving site-specific guiceline 
values are given in the suppl :ment. The basis for the guidelines is 

generally a presumed worst case plausible scenario for a site. 

An "Authorized Limit" is a level of residual raoioactive material or 
radioactivity that must net be exceeced if the remedial action is to be 
consicered completed and the site is to be released for unrestricted use. 
The Authcrizec Limit for a site will include limits for each radionuclide er 
grcu~ cf radionuclioes, as appropriate, associateo with the resioual 
racicactive material in the s:il er in surface contarninaticn cf structures 
anc ec;uipmer.t, anc: ir. tne air or water, anc, where ap~rcpriat£:, a 1i1.1it on 
external garn~a radiaticr. resulting from the residual material. Uncer norffial 
circ~rs:arces, ex~ectec tc cce~r at ~est sites, Authcrizec Limits for 
resic_a ra~icae:ive ~a:erial er ra:icactiv~ty are set e~~a~ to 9uioel1ne 
values. Excepticr.al ccr.:iticr.s fer whicn Authorizec Li~its rni~ht aiffer 
frcr 9;.ice:'.~re va1ues are spe:~fie: ir. Secticr.s L ar.o F. /... s~tt r.;a_. Cc 

release: fer ur.restrietec use cr.~y if the ccncit1ons de net exee~c tne 
A~t~:r~:ec ~irits er apprcve: supple~e .. ta1 limits as define: ir Sec:1cn r.l 
at tre t~re rere:ia· act1cr is ccr:p1e:tec. Restricticns ar.o ccrtrc1s er ust: 
cf tre site ~~s: be esta~iishec anc enforcec if the site ccr.aitions exceec 
tre a;;rcve: lir.~ts, er if the .. e is pcter:tia1 tc exceec tr.e ocS£: lir..;t if 
tre s~:e wse ~as net rest~icte: (Secticr F.2). The applicab1e ccntrcls anc 
restr·::~:rs are sp£::ifiec in Secticn E. 

c:~ pc1icy rec~ires t~at a11 exp:sures to raciaticn be lirnitec t: leve·s 
tr.at are as le~ as reascra~iv ac~ieva~1e (A~ARA). For sitts tc be releasec 
fer unrestrictec use, tne intent is tc reduce resioual racicactive n~teria~ 
to leH1s tr.at a,.e as far belo., Authcrizf:o Lin.its as rusc,naoie ccr.sicerir.s, 
tecnrical, eecnc~ic, arc social factcrs. At sites where tne resicua1 
materia~ is r.:t rec~ce: tc levels that perr .. it relfase for unr~strictec 1.1se, 
~~;~; ~:'.ic, is ir:~e~e~te: t} esta~~isnin5 contrcls t: recuce expcs~re :c 
'.e~e·s t~t: are ~s ~:~ as reasc~a~~j ac~ieva:le. Prccecures fer 
i~~·e~er:~~; ;_!;~ ~=~~:, are cisc~sse: i~ t~e s~~~le~ert. A~A~; ~=·~:ie!, 



procedures. anc actions shall be docu~ented and fileo as a permanent rtccrc 
upon completion cf remedial action at a site. 

B. BAS:c CCSE L:~:rs 

The basic dcse limit for the annual raaiation dose received by an 
individual member of the general public is 100 mren1/year. The internal 
committed effective dcse equivalent, as oefineo in ICRP Publication Z6 (lC~F 

1977) and calculated by dosimetry models described in ICRP Publication 30 

(ICRP 1978). plus dose from penetrating radiation sources external to the 
booy shall be usec for determining the dose. This dose shall be describe~ 
as the "Effective Dcse E~~ivalert". Every effort shall be mace to ensur~ 

tnat actual o:ses t~ t~e putlic are as far below the dcse li~it as is 
reascnabl} achievac'.e. 

Ur.cer ur: .. s .. a, C;"'Ci.irsta-:ces it 1-wiil be peri.1iHib1e tc a;1c1<1 pctential 
dcses t:: e•cee: 1CC rrer'yea,.. w~ere such exposures are based u~cn scenarios 
1oin1cr c:: net ~ers~st fer lcr.~ periccs anc where the annual lift tin1e 
ei~:S~"'e t: a~ ir:~~icwa~ fr:r :re sw~Ject resicual ra~icac:ive material 
wcui: be expecte:: t:: be less tr.ar1 lCC mrer.i/year. Exa1.1ples cf sucn 
sit~a:icns i~cl~:e ccrciticrs t~a: ~.ight e1ist at a site schecw1ec fer 

ren 1e:~aticr. ir tr.e rte'' f..,t.., .. e er a pcssible, but ir..probable, cr.t·ti1,1e 
sce~aric tnat rrigr:: ccc~r fc~~c~ir:g remedial acticn. These levels shculc 

re~reser: c::ses trat a"'E as lc1<1 as reasonat1) achievable fer tne site. 
F ... rt~er, re ar:~ua1 exp:sure snc~1c exceeu 500 mreM. 

r 
I.. 

,.. .. 
... ........ 

~esicual ccrce~:raticns cf rao1cnuc11ces in sci1 sna11 be specif1ec as 
above·backgrcunc ccnce~traticns averagec over an area of 100 sq n~ters. 
Gereric g:.'1ce~1r:es fer tr.cri ... 1' ar,c raciur.. are specifieo belo". Guioe1ines 
fer res~:we'. c::rcer:.-a:::rs :& ether radicnucliaes sha:l be ceri~ec frc~ tre 
bas1: c:se 1~r~ts :: rea·s :~ ar e~~ircr:~e~tal ~athhaJ !~!~jS~S ~sir~ 



site-specific data where available. Proceaures for these derivatior.s are 
given in the supplement. 

!f tr.e averase concer.tratior. in ani surface ~r below surface area less 
than or eoual to 25 sq meters exceeds the Authorizea Lirnit or guiaeline by a 
factor of (100/A) 112

, where A is the area of the elevatea region in square 
meters, liffiits for "hot Spots" shall also be applicable. These hot Spot 
Limits depend on the extent of the elevatea local cor1centrations ana are 
given in the supplemer.t. In addition, every reasonable effort shall be maae 
to remove any so~rce of radionuclide that exceeds 30 tir.~s the appropriate 
soii limit irrespective of the average concentration in the soii. 

Twc t,:,~es cf g ... ~ce:ires are prcvicec, ger.eric ar.c derivec. The generic 

guicelines for resia~a1 ccncentritions of tne Ra-2~€, Ra-226, Tn-Z30, and 
Th-Z32 are: 

c p:~1f, avera5e: over t~e first 15 c~ of scil belo~ tne surface 

- 15 pCi/g, averagec over 15-cm-thick layers of scil more than 15 
er ce1c~ tr.e s~rface 

Tr1ese g~~ce ~ irit:s ta~.E- irtc acccur.t ir~rc~tti cf Ra-226 frcn, Th·Z3\- arc cf 

Ra-ZZE frcr Tr-Z3Z, arc assu~e secu1ar equilibriu~. If either Th-230 an~ 

Ra·Z~~ er Tr.-232 ar.c ~a-Z28 are bctn preser.t, net in secular eq1.;ilibriu1 .. , 
tre a;;r::=riate s~iceline is acp1iec as a li~it to the racionuclice with tne 
~~;rer ccrcertra:ic~. If ctr.er ~ixt~res of racicnuclioes occ~r, th~ 

cc~certraticrs cf incivioua1 radionuclices shall be recucec so that l) tne 
dose fer t~e ~ixtures ~11· net exc~ec the basic aose limit, or~) the suffi cf 
tre ra:ics cf t~e scil concentraticr: cf eac~ radionuclioe tc tne allo~ab1e 
lir.1it fer tr.at racicnuclioe will net exceec 1 ("ur,it;''), Ex;:licit forr..ulas 
for calcu1atins residual concentraticr. guidelines for mixtures are given in 
tr.e s:..~;1er;e·.,t. 

Gerer~:: ~-·:e·;~es fer c::r:cer:trct~cr:s cf airbcrne racer ce:a_. ::!"CC~CH 



that are intenoec for unrestricted use; structures that will be den10Hshed 

or buried are excluded. The applicable generic guiaeline (40 CFR 19') is: 
In ary occupiec or habitable builoin9, the OOJective of remecial action 
shall be, and a reasonable e.1~rt shall be maoe to achieve, an annual 
average (or e~uivalent) raaon decay proauct concentration (including 
backgrounc) net to exceed 0.02 WL.* In any case, the radon oecay product 
concentration (including backgrouno) shall not exceed 0.03 WL. Remedial 
actions by DOE are not required in order to comply with this guideline when 
there is reasonable assurance that rtsidual raoioactive materials are not 
the cause. 

Tne avera~e l~vei cf gar .. ~a racution inside a buildiny or habitabie 
structure en a site t: be releasec fer unrestricted use shall not txceed the 

backgro~na level by mere than 20 -R/h ar.a shall comply with th~ basic ocse 
li~i: wne~ ar apprc~riate use sce~aric is considered. This re~uirenent 
shc:11 n:t necess.:ri~.Y a;:;;l.1 tc struct ... res scheculea for den,c1itior er tc 
buriec fcur.caticn. Externai garr.,a raciation levels on opH lanes shall 

a1sc co~ply ~itn the basic ocse li~it ccnsioerin9 an appropriate use 
sceraric for t~e area. 

Tne ger.eric ~Jice~ines provioec in tne Table 1, Surface Contarinaticn 
Gwi:e'ires are a;;11cat1e tc existir; structures anc e~uip~~nt. These 
c:..~:e ·r,es art: a::a~te: frcr., star.cares cf the U.S. ~uc1£C:r Rc;i.iat::rJ 

• ;.. 1oi~n.~,.c ;e\e 1 (,.~~ is ar:,;. cor.:tir.aticr. of sncrt·livec racer ceca.> 
~r:::c-.cts.ir:_cre iiter cf air tr.at ftill result in the ultirr.ate er11issicr. 
c• 1.3) ~,..: f:e- c• ~:te~-:ia1 a~;ric erierg_~. 



TABLE 1 SURFACE CONTAMINATION GUI~ELINES 

Allowable Total Residual Surface 
Contamination (dpm/100 cm2) l 

Rad ionuc l ices 2 Avera;e 3, 4 ,.lax imurn 4, 5 Removable 4, E 

Transuranics, Ra-226, Ra-220, Th-230 
Th-228, Pa-231, Ac-2~7, I-125, I-129 100 300 Zli 
Th-Natural, Th-232, Sr-90, Ra-223, 
Ra-224, U-232, I-126, I-131, 1·133 1,000 3,00C. 
U-t\atwra 1, U-235, U-23e, a'1c 
asscciateo cecaj prcc~:ts 5,000 J 15 '000 J 1,00C J 

Eeta·car.l:'.a e~itters (raoionuclices 
witn ~ecay mcdes etner thar. al~ha 
er.issicr er spor.taneol;S fission) 
exce~t Sr-9C ar.e etners nctec abcve 5, OCC :-·· , 5. ooc :: -., 1, OOG ~-v 

. .. 

6 

As use: ir. tr.is taole, d~rn (cisint~grations per minute) n~ans tn~ 
rate cf emissicr. b) racicactive material as oeterminec b) 
ccrre::~r; tre ce~r.ts per ~ir.ute ~eas~re: t) an ap~rcpria:e 
ce:ect~r fer backgrcunc, efficiency, anc geometric factors 
ass::iate: ~it~ tne ir.strurnentaticr. 

i..n:'"e Sl<rface ccr.tar..ir.atien b.r beth alpha- anc beta-gari.ma-er..ittin~ 
ra:icr.~c~i:es exists, tne limits establishec for a1pho· a'": 
te:a-ga~~a-e~ittins racicr.~clices s~o~1o app1J incepence"'.:1,. 
t·'e-as;..'"erie"'.tS cf aYerage ~crtar..inaticn st1Du1c r.ct be avera~e: over 
ar area cf mere tnan 1 m'. Fer cb;ects cf less surfoCE: area, tnt 
avera~e s~:~lc be oerivec for eacr. such OOJect • 
Tr.e a\erace ar.c na:.. imur .. cose rates associated \liitn surface 
CC'"tcr.1r.at1cn res1..1ting fror.: beta·ganrna emitters shoulc net exceec 
C.2 r.:ra::n arc 1.0 r.,rac;t·,, respect1vtl1. at 1 er.:. 

Tr.e r..a~im1..r ccr.tar..inaticr. levtl apr;1ies tc ar. area of net more Uc'" 
lOC er.~. 

Tne ~~cunt cf removable radioactive material per 100 cm2 cf 
s~rface area shcu1c be o~terrrir.ec b> wiping tn~t ar~a wit~ er, 
f ii ter or scft atscrbert paper, applying mocerate pressure, a,,c 
measuring the a~curt of racioactive material on the wipe ~ith an 
a;;rc;riate irstrument of known efficiency. ~hen re~ovable 
ccr:ar.inaticr. en otjec!s of surface area less thar. lOC en' is 
ce:e~r,~e:, t~e activ1t, per u~it area shcl;1C te basec er tte 
ac:~a~ area a~c tne er.tire surface shculc be wipec. Tne nwr.ters ir. 
~,. .. $ c: . ...,~ ... ere r.;c~1r1:~r .. ar:: .. :4:.s.. 



Commission (1982)* anc will be appliea in a manner that provides a level of 

protection consistent with the Com~ission's guidance. These limits apply to 
beth i~teri:r a~t extericr surfaces. They are net directly i~ttncec fer use 
on structures tc be cemolished or buried, but, shoulo be applied to 

equipment or builcing components that are pottntially salvagtable or 
reccverac1e scra~. If a building is demolished, the guidelines in Section 
C. 1 are ap~licable to the resulting contamination in the ground. 

C.5 Residual Radionuclices in Air and kater 

Residual concentrations of raaionucliaes in air ano water shall be 
cortrcllec tc levels recuirec by CCE Environmental Protection G~ioance ana 
Greers, specifica1~, CGE Creer 5'6C.1A anc sutsecuent guiaanct. Other 

Feaera: ard er state stancar:s sha11 apply ~hen the) are determinea te be 

r 
~. 

r. • ..... ,... .. - .. • . • •.i • -( 
,..\,., ~\.. ....... :. _ I... • ... 

Tre A~t~cr1:e: Lirits s~a·1 be estat1ishec tc: ll ersure tna:, as a 

mirir· ... r'", tre Ccse ... ir~ts s;::ecifiec ir1 Secticn B wi11 not be exceeoec unoer 

gui~a'"CE ~rc\ice:, er z1 wrere ap;1icable ge~eric guiaelines are prcvicec, 
te ccr~is:er: ~~tr s ... :~ s~,ce'.ires. The A~t~crizec Limits fer eacn site anc 
v~c•r•:J ~r:;erties sra1'. be set ecua1 tc tne generic er aerivec 9~ioe)1res 

exce;: ~~ere i: ca~ te c:ear1i estat1isnec er the tasis cf site specific 
ca:a, irc·~:'r; nee~tr, sa&e:, arc scciceccrc~ic cc~sioeraticns, trat the 
s~i:e·~res are r:: a;:rc;ria:e fer use at tne specific site. Ccns1cerat1cr 

* 7rest c~':e·~res are f~rcticral1\ e:~iva1ert to Sect1cr 4 -
Ce:crt~~iraticr fer ~e1ease fer ~nrestrictec Use cf ~~: Reg~1at:rl ~~ice 
·.E~. t~: a'"t: a:;"icc:~'.e t.: r"l:~-~.eactor fcciiitiH. 



shoul~ also be given to ensure that the limits co~~ly with or provice an 
ecuiva1ent levF-1 of protection as other appropridte limits and guidelines 
(i.e., state, or ctr.er Feceral). uocumentation supportin~ such a at:cis1on 

should be similar to that reouirea for supplemental li~its and exceptions 
(Section F), but shoula be generally more detaileo because ;t covers an 

entire site. 

Remedial actions shall not be considered complete unless the resiaua1 

radioactive material levels comply with the Authorized Limits. The only 
exception to this requirement will be for those special situations where the 

supplemental li~its er exceptior.s are applicable and approved as sptcified 
in Secticr. F. nowever, the use cf supplemental limits and exceptions shoulo 
crly be cor.sicere~ if it is clearly deffionstrated that it is not reasonable 
to deccr.ta~inate tne area tc the Autncrizeo Limit or guiaeline value. The 
A~tncrizec Li~its are oevelopec thrcugn the project off ices in the fiela 
(Ca~ Ricge Tecnrica1 Services Civisicr. fer FUSR~P) and ap~rcveo by the 
heaccJar:ers ~rcgra~ cffice (t~e Civisicr. of Facilit) ana Site 

Cecc~r·ssicrir; Frc~e::s:. 

~es1:Ja1 ra:icac:ive ~aterial atcve the guicelir.es at FUS~~F a~c re~~tt 
SF~F s~tes ~.st te rnara;e: in acccrcar.ce with applicable CC~ Crcers, T~e 

c:;, Cr:er ~~E:.~~ an: SJtSE~uert guicance er supercecir.s ·oraers rec~ire 
cci~~~a .. :e w•t~ at;1ica:~e Fecera1, ar.c state ervircnmental protecticr. 

ir.e o~era:icra1 ar.a ccr.tro1 recuireriients specitiec in tM: fo11o~ins U.E. 
Crce,..s sr.a~1 an~J tc irterir storage, interir.. mar.asernent, anc lcr:g-terr .. 

a. !r..~ier.1er.taticr. cf tne f1aticnal Environriit:rta1 Pclicy Act 
t. £~E:. ;i:,, £r;~ror.i.er.tal Prctecticr., Safet.Y, anc ~ealt1'1 PrctectiO'i 

Fr:;rar f:r CCE Cteraticr.s as revisec by CCE 5~6C. 1 chan~e orcers 
a"': t"'e: ;..~~Jst lSE: r:ierncrar.ourr. fror. ~augnan to C.istriC1.it1c•; 



d. 5480.4, Environmental Prctection, Safety, ana Mealth Protection 
Stardarcs 

e. 54cZ.1A, Envircnrnental Safety, ar.c Hea1tli Approisal Pro9rar:1 
f. 5~c3. 1~, Occupational Safety ana Health Prcgram for 

Gcvern~ent-Owneo Contractor-Operateo Facilities 
g. 5484. 1, Environmental Protection, Safety, ana Health Protection 

lr.fcrmaticn Reporting Requirements 
h. 50CG.3, Unusual Occurrence Reporting System 
i. 5SZC.2, Racicactive Waste Management 

E. 1 !l'lteril"' Ster ace 

a. Contrci ar.c stabilization features shall be designec to ensure, tc 
the exte~t reasonatl1 achievable, an effective life cf SO years 
ar.:, i~ ar, case, at least 25 years • 

h ..... .l.ticve-bao.~rcur.::: Rr.-222 ccr.cer.trat ior.s in the atmosphere above 
facil~tJ s~rfaces er cpenir.ss s"a11 net exceec: (1) 100 pCi/~ at 
a~~ ;iver ~:'rt, (2; a~ ar.nua1 averase ccncertration cf 3C pCi1~ 
ever the facility site, anc (3) an annual av~rage ccncentration of 

Creer ~4E:.1~, Attacn~e~t x:-1 ). 

c. C:r:er.trat~crs c~ ra:icnuclices ir. the grouna~ater er quar:ities cf 
res~:Ja rc:'.ca:ti;e ~ateriais s~a11 net exceec existin~ Fecera1. 

c. ~c:e~s tc a site shall be controlled ana misuse cf or.site ~ateria~ 
ccrtar,r.c:ec t) resiaual racioactive material shall be preve~tec 
thrc~;r a;;r:~riate ac~inistrative controls anc physica1 
tarriers--active a~c passive controls as described by the U.S. 
Envircr.r:,er.ta1 Prctection Agency (1963--p. 5~5). These cor,trcl 
feat~res s~:~1c be designeo to ensure. to tne extent reasonable. a~ 

effecti;e life cf at least 25 years. The Federal governn~nt shall 
have tit"e t: trt ~r:perty er shall have a long-term lease fer 



E.2 Ir.terim Manaoemer.t 

a. A site ma 1 te releasec unoer interir;, management wnen the resicual 

rac:icactive material exceeds guideline v.alues if the residual 
radioactive material is in inaccessible locations ano would be 
unreasonably costly to remove, provided that administrative 
controls are established to ensur~ that no mer..ber of the public 
shall receive a radiation dose exceeding the basic dose limit. 

b. The acministrative controls, as approved by OGE, shall include but 
net be lirn1tec tc periodic ~onitoring as appropriate, appropriate 
snieloing, physica1 barriers to prevent acces~, ano ap~roprilte 

rac:ic1cgica1 safet} measures during maintenance, renovation, 
derroliticn, er ether activities tnat might disturb the resioual 
rac:icactivit1 er CaJSE it to migrate. 

c. r~ 0 ~~~~r cf tre s'.te er a~~rcpriate Feoeral, state, er local 

autncrities sra1~ be respcnsible for enforcing the aon.inistrative 

a. Ccrtr~· ar: sta:i1izaticr. features sna11 be cesi5nec tc er.s~re, tc 
tre e~:ert reeser.a:·y acnievatle, ar. effective life of l,OCO years 
anc, ir ary case, at least 2CO years. 

t. Contr:1 a~c statilizatior. features shall be desi9nec to ensure tna: 
Rn·2F er..anat icn to the a true sphere frcr., the waste sha 11 not: ( 1; ., 
e~cee: a~ a~r.ual avera;e release rate of 2C pCi/~~,s, anc (~) 

increase tlie ar.rual avera~e Rn-222 concentration at or above an; 
ic:a:~: .. c ... :sice tre bc:.mca .. y of tlie contarrinatec area b; r.iore tna'" 
r ~ ,,.. .. 
\,.. .......... F'.e 1 : ve .. ificat~:r. cf er .. a'lati:'" rates is net re~uire~. 



F. 

c. Prier to place~ent of any potentially biooegraaable cor.ta~inatfc 

wastes in a 1cr.g-term management facility, such wastes sha11 be 
prc~erly ccncitioned to ensure that (1) the generation ana escape 
cf bioger.ic gases will not cause the requirement in para;raph b. cf 
this section (E.3) to be exc~eded, and (2) biodegradation within 

the facility will not result in premature structural failure fn 

viclation of the r~quirements in paragraph a. of this section (E.3). 

d. Grouna~ater shall be protected in accordance with Appropriate 
Departmentai oroers and Feaeral anc state standarcs, as applicable 
tc FUSfi.LP anc remcte SFhP sites. 

e. Access tc e site s~:~1c be ccntrc11ec anc ~isuse cf orsite ffiateria1 
cc:-tarir.ate: b1 resic:ual raaioactive material should be prever.tec 
t~rc~sn a~~rc~riate acministrative controls ana pnys1ca1 

barriers--acti\E a~c passive cor.tr:1$ as oescribed b) t~e ~.S. 

E .. ·.~rcr:re .. :a· Prctecti::r A~E"CY (lSS3··~· 595). These ccr.trcis 
s~=~~= De cesis~ec t: be effective to the extent reascnacle fer at 

f. L: .. ;·tel"'r. r-a .. asei.lE!"t cf ether raoicr.uc 1 ices s~a: 1 be ir. acccroa~ :e 
~~:p ~~a::ers z, 3, arc 5 cf CC£ Creer 5E2C.,, as a~;~ica:'.e. 

c 1 ~....... -· f.' '"" . ..; "' .. ,.. r ... :. , :. ' ,. _ 

:f special site specific circur.stances incicate that the s~~celines er 
Authcri:ec Li~its establisn~c fer a civen site are not apprcpriate for a 
p:rtic'". cf tr.at site er a vicinity prot:ert.), then tlie fiela office r.;a,; 

rec~est t~a: s~~;1ere~ta1 lir.its or an exception be applie~. In either 
case, t~e f~e·: ~~s: j~s:ify tnat t~e subJe:t guicelines or Authcrize: 
~ir~:s are r:: a;;r:~ria:e anc tnat t~e alternative action ~i1~ pr:v~ce 

acE:~!!f ~r::e::~:p ~~win; d~e cors'deraticr t: hea1t~ anc safe::, 



environment and costs. The fie1a office shall obtain approval for specific 

supp1emer:ta1 limits er exceptic~s from heaoq~arters as specified fn Section 
D cf these )uice1ines ano shall prcviae to headquarters these materials 
required for tr.e justification as specified in this section and fn the 
F.,.JRAP and SniP protocols and subsequent guidance documents. The field 

office shall also be responsible for coordination with the state or local 

government of the limits or exceptions and associated restrictions as 
appropriate. !n the case of exceptions, the field office shall also work 
with the state anc/or local 9overnr11ents to insure that restrict ions or 

conditions of release are adequate and mechanfs~s are in place for their 
enfcrcer:ient. 

rr.e su~;;1err.er:tal lrn.its ~..;st achieve ttie basic dose lirr.its st:t fortn in 
this g~iceiire cccu~ert fer beth curre~t ar.c poter.tial unrestrictec uses of 
t r. e s ~ t e a~ c: c r v i c i ,.., t,;. :: r c :: e rt) . Su;; ;: 1 £: r.1e r. t a 1 l i r., i t s rr.a i be a; i: 1 ; e: t c a 

prcpert) or perticr cf a prcpert, er site if, on the basis cf a si:e 
s~e:·•~;: arc.'.Js~s, it is ceterr.:foe:: that cer:ain aspects of trie pro~·trt, or 

pcrt~c" cf tr.e site ~ere r.ct ccr.sic:erec ir. He deve1opr.1ent cf tr,t 

esta:~isne: A:..tr:cr-ize::: Lir.:~ts arc asscciatec g1.iice1ines fer tne s"tf:, anc as 
a res~·t cf trese ur~c:..e cnaracter1s:ics, tne establishec limits er 
9:..i:e1ir:es e~tre~ cc rct provioe ace~~ate prctecticn or are urrecessari~, 
restr~ctive a~: c:s:1,. 

Exce;ticrs tc tre ~~trcrize: Lirits oefinec fer unrestrietea use cf t~t 
site may be apcliec t: a pcrtior: cf a site er a vicirity prcperty whe" it is 
esta~lishec tna: the A~th~rizec Limits cannet be achieveo anc restricticrs 
er: use cf t~e site er vicinit) prc;erty are necessar1 t: provide acequate 
protecticr cf ttie public and environruent. The fielc office must c1ear1, 
cercnstrate t~at t~e exce~tion is recessar), anc the restrictions ~;~1 
prc ... i:c: tre rfCessar: Ce~ree cf prctecticn a"I:: tt:at tne.) cor .. pi.r ~iu tt"1e 
re:~~re~er:5 •:r c:rtr:~ cf resic~a re:~cac:ive ~a:eria" as set fcrt~ ir 



F3. Justificatfor fer Supple~e~ta1 Limits and Exceptions 

Su;::~1enerta1 lir .. its ar.c exceptions must be justifiec by the fieic office 
on a case by case basis using site specific data. Every effort should be 
mace tc minimize the use of the supplemental lirntts ana exceptions. 
Exa~pies cf specific sitJations that warrant the use of supp1ernenta1 
stancards arc exceptions are: 

a. ~here remedial actions would pose a clear and present risk of 
injury to workers or members of the genera1 pubUc, nohithstanoin9 
reasonable measures to avoid or reduc£ risk. 

t. ~~ere re~e:~a1 acticrs--even after all reisonable ~itisative 
171EcSi.H"Es nave been taker.--wou le proouce environme".ta 1 harr., that is 
c~earlj excess'~e co~parec tc the health benefits to perscns Jiving 
er- er rear affectec sites, nc~ or in the future. ~ clear exctss cf 
er1ir:rrerta~ rarr is har~ that is long-term, ma~ifest, ar~ srcssl) 
cis;rc;cr:i:ra:e t: nea~tn bere~its that can reascr:at1) ce 

c. 1.--eri: it is ciczr tra: tr.e scerarics er assum~ticr.s 1..1sea tc 

es:a:1isr t~e ~~thcrizec ~imits cc net unoer plausiole CJrrert er 
fw:wre c:r:':~crs, a~:,) tc the prcpertj or pcrti:n cf tre s~te 

i:t:'"t'•ie: a'": 1oorere r.:ore a~~rc~riate scenarics er aSSur.t:ticrs 
~r:~:a:e t~a: c:her lirits are a~:licatle or necessary fer 
~r::e::~'.: .. c• t1-e i:;..t":c arc the environl':)fnt. 

c. \..':ere t~.e c:st of rt:111ec~a~ acticr.s fer ccntaminatec sci1 is 
urreascr.atiy hi5n relative to long-term benefits ar.c where the 

resicuai racioactive materials ac nc~ pcse a clear prese~t or 
fut.re risK after taKins necessar) control measures. The 
liKe~i~:cc tr.at builcings will be erectec or that people ~i11 spenc 
l:r; periccs cf tiGe at s1..1cn a site shoula be considerec in 

e ... · ~·•re • .,;S 'G _, ....... i ·., "' , ! F\er"e:ia1 acticr:s ~i11 general~.> r.ct te 



materia1s are ir.vo1vec or where resioual raaioactive materials 

occur in an inaccessible location at which site-specific factors 
1 ir'~t tneir f'azara anc fror.; wnich they are costly or cifficult tc 
rer.cve. Exar,1ples are residual rac:ioactive 1i1aterials under 
hare-surface public roads and siaewalks, arouno public sewer lines, 
or in fence-pest foundations. A site•specific analysis ~ust be 
prcvicea to establish that it wou1a not cause an indivioual to 
receive a raaiaticn dose in excess of the basic dcse limits statec 
in Section B, and a statement specifying the residual radioactive 
material m~st be included in the appropriate state ana local 
reccrds. 

e. ~nere there is nc feasicle remecia1 action. 
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Activatior;: 

Activity: 

Aerial survey: 

A~o!':ic nl:.:::.£:-: 

Ea::k~r0l;-. .:' 
ra::at~·::--.: 

Ease:i:.e 
cor.c:er.tra: :.c:.: 

Co!ltar:ina::::~: 

GLOSSARY 

ir.e process o! making a material radioactive by bombardment 
~ith neutrons. protons, or other nuclear particles. 

Radioactivity. the spontaneous e~ission of radiation. generally 
alpha or beta particles, often accompanied by gamma rays, from 
the nuclei of an unstable nuclide. As a result of this 
emission, the radioactive material is converted (or decays) 
into a different nuclide (daughter), which may or may not be 
radioactive, Ultimately, as a r~sult of one or more stages of 
radioactive decay, a stable (nonradioactive) nuclide is formed. 

A search for sources of radiation by means of sensitive 
instruoents mounted in a helicopter or airplane. Generally, 
the instrumentation records the intensity, location, and 
spectra! analysis of the radiation. 

A rosi:ivel~• charged particle emitted by certain radioactive 
ta:eria:s. It is made up of two neutrons and t~o protons bound 
tc~et!-.er, anc hence is identical wit~. the nucleus of a helium 
ato~. lt is the least penetrating of the three coomon types of 
ra:'.iatio~ (alpha, beta, gaona) emitted by radioactive material, 
a~c can be s:opped by a sheet of paper, 

Pe~resents t~e nunbe~ of protons in the nucleus of ac atoc and 
deterr:::nes t1e ~lace of the eleoent in the periocic table. In 
a neutra: a:ot:., the number of protons in the nucleus equals the 
n~~~e~ o! e:ec:rons outside the nucleus of the atom. 

7'~.€' ra:ia~io;, in can's natural environment, incluC.ing cos~:.c 
ra~E a~:: rac:a:ion fro~ the naturally radioactive ele~ents. It 
:.~ a!r;c callee natural radiation. The term may also mean 
ra:::a:ioP cha: is unrelated to a specific experiment. Levels 
-.·ar\, depe:>:iinf on locatior .• 

:~e concentration of a given substance typically encountered in 
:".c area under consideration, i.e. the non:a! or naturally 
occ~r~i~~ level. 

A:- ele~e:Har~· particle 
racioactive decay, with a 
ecua: to l 11e3: that o! a 
?artic:e is identical to 

e c: i t t e c fr oi: a nu cl e u !; du r in i; 
single electrical charge and a mass 
proton. A negatively charged beta 

an electron. A positively charged 
beta particle is called a positron. 

~·nces:re:: racio.scti\'e oaterials that ha\•e been deposite:! on 
s·..::-:a::-e-,, are interna!ly inp·ainec ir.to s:ruct.:re5 or 
t:.~~=e~:, o~ :hat ta~e bee~ ~ixed ~ith anot~er cater!a:. 



Curie· 

Daughter: 

Decay, 
radioactive: 

A special unit of activity. One curie equals 3. 7 x io 10 

nuclear disintegrations per second. Several fractions of the 
curie are ir. common usage: 

~:illicurie - one thousandth of a curie. Abbreviated as mCi. 

Microcurie - one millionth of a curie. Abbreviated as uCi. 

~anocurie - one billionth of a curie. Abbreviated as nCi. 

Picocurie - one trillionth of a curie. Abbreviated as pCi. 

The product of radioactive decay of a nuclide. 
Parent). 

(also see 

The spontaneous transformation of one nuclide into a different 
nuclide o:- into a diff ere:H energy state of the same nuclide. 
The process results in a decrease, with time, of the n~cber of 
original radioactive nuclides in a sample. It involves the 
enission froi: the nucleus of alpha particles. beta particles, 
or ga:::~a rays; or the nuclear capture or ejection of orbital 
e:ectrons; or fission. Also called radioactive disintegration. 

Jecontac~~a~~~~: ~~ose a ~ t i ,. i t i es emrloyec to reduce the levels of 

:Jose: 

Dose rate: 

Exposure rate: 

conta~!natior.. 

A ~eas~:e c! the quantity of radiation absorbed in a unit mass 
o! a medL;.-:. '.:"he ur.it of dose is the rad. 

T~e ra~iati~·~ Cose de:ivered per unit time and measured, for 
exa~~:e, in rads per hours • 

. :.. ::ea!;~re o: the ionization produced in air by x or games 
ra~~atir~. 1: is t~e sue of the electrica: charges on all ions 
o: one s~ ~ produced in air when all electrons liberatecl by 
c-'-.c:'.:l"'S i"1 a volu:::e element of air are cor:pleteh· stopped in 
a~r. ~ivide~ by the ~ass o! the air !n the volume element. The 
~~ec!a! unit o! exposure is the roentgen. 

T!-.e rac:ation expos;.:re p!r unit time. Measured, for example, 
i'.1 roentgens per hour. 

Gacoa radiat!o:-:: P.iiz~-ener!y, short-,,:ave length electroros~netic radiation of 
r.·..:::ler:r orig!!"! (radioacti\'e decay). Gacr:a rays are the ciost 
per.etratin~ o! the three common types o! radistior.. 



Ground Pene~rating 

Radar Survey: A survey of subterranean features whereby a wavetrain of 
electromagnetic radiation (short wave length, high frequency) 
is transmitted downward into the earth when the wavetrain 
encounters interfaces between materials of different 
electromagnetic properties, the wave is partially reflected. A 
surface receiver detects the energy reflected back by the 
reflecting object, and the travel time between transmission and 
detection is recorded. This time interval can be converted to 
depth if the velocity of propagation is known. 

Guideline levels: Target level concentrations of radionuclides set by regulatory 
agencies for example, Nuclear Regulatory Commission, Department 
of Energy, etc., such that the residual radioactive 
contamination from previous operations will not pose a 
pote~t!a1 risk to the environment of the site or the health and 
sa~e~y o! those occupying the site presently or in the future. 

P.a:f-lEe: 

'la~netoi:etr~· 

St:r\'e::: 

''.ass ~u::~er: 

T~P ti~e i:i 1.•hich half the atoms of a particu:ar radioactive 
s~~stancP dis~:iteirate to another nuclear fore. Measured 
~a: '-::!.ves \'ary froo n:illionths of a second t~ billions of 
years. 

'Isr,:0:-es are a:'ly of tl.'o or r.iore species o! atoc!' of a chet::ical 
E:e~e~: ""'"1- t~e sa=e a:oc:: nuober and position in the 
rerioc:: tati:e, They have nearly identical chemical behavior 
t-..1~ ·.::~lo-. C.i!!erir.£: ator:!c Classes or mass nuc:~ers ar.~ different 
r~~s:cal properties. Several isotopes of plutoniu~ are: 

~-..: "'iti. 9~ ;:rotons a:ic 144 neutrons ir. the nucleus;:) Pu 
1o:::• 9~ t:·ro:cns anc 1«5 nutrons in the nucleus; anc 3) Pu with 
9~ ;:r;,tons and l.:.t nutrons in the nucleus. 

: i-: t e.:'. r.ur.i~er o! r:ieasurement points selectec in a 
n:~!'vs:e~a:i: fas';ior. to pro\'ide inde~ender.t proof that 
rc.::c:o~icc.: data de\'elcpec by another organization are 
a::;ra:e a~~ a~e~;.;a:ely represent the raciolofica: concitior. of 
t'".f rroperty. 

.-. s .:r\'e:: .. -';ere'ty a 
!iel~ ca:.:sec by the 
tteas;.;rec. 

change in the 
presence of a 

eartr.'s external ma~~etic 
ferrociagnetic material is 

:1-E: ca!'s nu!".:~er of ar. ele:ient is t~e suo o! the number c! 
'.'r'.":ons an::' ne·Jtrons in the nucleus o! a!1 ato::.. Sone exa::;:es 
are: 1) He, atocic number 2 and mass nucber 4; 2) Pu, 
ator.::'.c m:c:~er 9.4, and mass nuober 239; a!lc 3) Cs, ato?:ic 
~J~~e: 55 a~~ ca~~ nu~~er 137, 



~icrorad (~rad): A submultip!e o! the rad, equal to one-millionth of a rad. (see 
rad). 

!'licroroer.tge:-i 
( µR): 

Milli rem (mrem): 

Natural uranium: 

A submultiple of the roentgen, equal to one-millionth of a 
roentgen. (see roentgen). 
A submultiple of the rem, equal to one-thousandth of a rem. 
(see rem). 

Uranium as found in nature, containing 
uranium-:35, 99. 3 percent of uranium-238. 
normal uranium. 

O. 7 percent of 
It is also called 

Natural thoriuc:: '!'horiuo as found in nature. Natural thorium contains equal 

Perio:'.:::: ta!:::e: 

' ~: ' 
• r • - . • 

Ra:: 

Raciati'.::-.: 

Ra~ioac~ivi~y: 

F.a:'.ior.-..:.:li~e: 

activity level of thorium-232 and thorium-228. 

A rac::c~~=lide ~~ich disintegrates or decays to produce Dnother 
nuclide w~ich is also radioactive. This second radionuclide is 
bo1o.·r. as t:tie da;.it:hter product. 

lt is a~ arrangement of che~ical elements based or. the periodic 
:a ... · -.·~ic~. is a la;.: in chemistry whereby the eler:ients, when 
a:-ra'.'lre: i:-. t~e order of their atornic nui=.~ers sho1,; a periodic 
variatio~ ir. ~ost o! their properties. 

7he u:-.:~ c: a~sorbec dose. The energy imparted to matter by 
i::-.::.::r.~ ra::::atic:i pe!" ur.it mass of irradiated ciateria! at the 
r ... a:t- o: interes!.. One raC equals 0.0! jo~:es 'k!log:-ac of 
a~scr~::~~ caterial. 

A rac~~a~c!ve oetal!ic ele~ent ~ith atcci( nucber 9~. The most 
0::::::1:-. : set Of'e has a:-. ato::.~c wei~~.t of :39. It is forced by 
t"!.' deca~· of nei'tU:'liut: that under goes sloi.: raHoactive decay 
.,.-:~,_. t!".e e:::is~::on o! a heliur: nucleus (a!pha particle) to form 
... :-o:"'::.·..:~-:~:). ~~:~"Jte qua~.:ities are associated i."ith urar.!uc in 
fitc~~!en~, but it is mainly produced in nuclear reactors. 
F~-239 has a ha!! life of approximately 24,000 years. 

:::.e!'f:e~ic 

rarticles, 
~~:>$:'.($). 

a:iy orifi:i. 

nuc:ear particles including neutrons, a:~ha 
beta particles, x-rays, and gamca rays (nuclear 
A!so includes electrooegnetic waves (raciatior.) of 

~~E ~rc~er:~ o! certa!~ nuclides of spo~taneously e~ittin; 
part:.cles, or gam::ia radiation. Often shortened to "acti\'ity." 

~e~e!"a! te!": applicable to any radioactive fort of the 
e.e~e~!s, a ra:::oac:!~e nucli~e. 



Radiur:: (Ra): 

Radon (Rn): 

Rare earths: 

Re::: 

Roer.tge:-. (~~: 

Sea:-.~: 

r - .. ~· . .: ...., ... : ,_. 
-"-!~ ............ _.~ • 

S·J!"\.'e:-·: 

Thoriur.: (T ... ): 

: !'. o !": \.!r: s e :- : e ~ : 

A radioactive metallic element with atooic number 88. As found 
in nature, the most common isotope has an atomic weight of 
226. It occurs in minute quantities associated with uranium in 
pitchblend, carnotite, and other minerals; the uranium decays 
to radiuc in a series of alpha and beta emissions. By virtue 
of being an alpha- and gamma-emitter, radium i~ used as a aouce 
of illuminescence and as a radiation eource in medicine and 
radiography. The isotope of radium with an atomic weight of 
228 is found in the thorium decay aeries. 

The heaviest element of the noble gases, produced as a g11eous 
emanation from the radioactive decay of radium. Its atomic 
number is 86. All isotopes are radioactive. Rn-222 is an 
isotope with a half-life of 3.82 days. 

A ~roup c! 15 chemically sii::ilar metallic elements, including 
~:ei:H.:s 57 through il on the Periodic !able of the Elements, 
al5J kno~"':'\ as the Lanthanide Series. 

A S:"e-:ial u:'.i.t of dose equi\•alent, numerically equal to the 
a'.:ls-:-r~ec dose in racs multipliec by various modifying factors 
for quantity, type, and distribution of the radiat!on. 

!. U'.'.! t of ex;ios'.lre 
~a~"'.'c or >:-ravs 
elearostat!c unit 
r:epti,·e' •. o:--.e 
cor.Ci~ions. 

to ior.izing raciatior.. It is that amount of 
recu! red te> produce ions carrying one 
of electrical char~e (either positive or 

CJl:ic centimeter of dry air under standard 

:~E ~rocess ~~ereby successive soall portions of an area or an 
ob~ect are exacined in detail with a device capable of 
detec:inF t~e presence or localization of radioactive material. 

:--.~ s~a~e "'·~.:c~. pre\·a~ls "''he;'l the rat! o! forca~ion o! a 
ra~:rac:!ve ~ater!a: equals the material's rate o~ decay. 
~::~0J~~. ~~ theo:-y, this cond!tion is never coi::pletely 
ac~.:e.,·e.:, it is essentially established in the thoriuci deca:-' 
series as it ccc~rs ir. nature. 

A~. e\·a::.:at!on of the radiation hazards incidental to the 
rrod:.:ctio~, use, or existence of radioactive ~aterials or other 
so~r:es of radiation under a specific set of conditions. 

A r.at'.lrally occurring radioactive element ~ith atocic number 90 
a~~. a5 !ou~d in nature, a~ atocic weight o! approximately 23:. 

:~e i;eries (sec;uence) of nuclides resulting fror: the 
ra~:oa:t:~e decay cf thoriu~-:32. Many man-~ade nuclides decay 
:'."~- t•:.~ se~.:e:-.ce. :~;e e:::! rrod...:ct o~ t;e se~:.:e:-.ce :!.r. nat:.:re 
:' :t-a=-:,:~. 



l'raniuo (l'): 

Uranium series: 

A radioactive element with the atomic number 9~ and, as found 
in natural ores, an average atomic weight of approximately 
238. The two principle natural isotopes are uranium-235 (0. 7 
percent of natural uranium) and uranium-238 ( 99. 3 percent of 
natural uraniuo). Natural uranium also includes a minute 
amount of uranium-234. 

The series (sequence) of nuclide& resulting from the 
radioactive decay of uranium-238. The end product of the 
series is lead-206. 
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centimeter (x io- 2 meters) 

gram 
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kilogram {x 10 3 grams) 

• kilometer (x 10" meters) 

liter 

r::. ~re . .: _ :- ~ e: ( x l C - ·- curies ) 

:.- r a'."'.:. u::-. 
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0.394 inches 

0.032 ounces 

2.2 pounds 

0.622 miles 

0, 264 ~allons 

3.~8 feet 

O. Ot-1 cubic inches 
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A geophysical 
resistivity, and 
during the period 

1.0 INTROOUCTION 

survey integrating magnetometry, electrical 
ground penetrating radar (GPR) was conducted 
of September 15-25, 1986, at the Nuclear Lake 

Site near Pa~ling, in Dutchess County, New York. This survey was 
performed under contract to the Oak Ridge Associated Universities 
(ORAU) in support of their assessment of the radiological con­
ditions at the site. 

The 9eofhys1cal investigation consisted of two phases. Phase 
I consisted of la~d based GPF surveys of two separate areas on the 
site to identify the locations of subsurface septic tanks, drain 
pipes, and leaching fields. Phase II consisted of combined magne­
tometry and GFR surveys on the lake to identify the presence of 
metal drums in ~~clear ~ake. 

This report presen:s the results of both phases cf the geo­
physi ca: invest:;ation a:on; ~1th site conditions encountered and 
field methods use=. The:retical bases cf geophysical techniques 
utilized are also described. The results of this investigation 
~:11 al:c~ f~r:~e: :a~~c:c;lca: assess~ent cf the site to proceed 
in a safe ar.d e!f:c1e~t rnar.ner. 



2.0 NUCLEAR LA~E SITE DESCRIPTION 

The Nuclear Lake Site is a 1137 acre parcel that, in addition 

to the 53 acre lake, contains a number of structures: an access 

road, parking lots, buildings, land, and utilities (Figure 2.1). 
The site is heavily wooded and public access is restricted. A 
view of the area (Area A) over which the first of the two land 

based GPR surveys of Phase I was conducted is presented in Figure 
2.2. Area A includes the wooded and paved area south of the 
plutonium facility and west of the waste disposal building, the 
paved parking let area west of the plutonium facility and south of 
the engineer1n; t~:lding, the wooded area north of the plutonium 
facility, and the grassy area west of the engineering building. A 

leaching field with subsurface piping is believed to be beneath 
the area west c! the waste disposal building <per conversation 
with the CF...:...:..: cr;-s:te re~resentative). Ele·:ation remains fairly 

constant over this area. 

A v1e~ cf t~e area 1Area 8' over which the second cf the two 

land basej GFF s~rveys cf Phase I was conducted is presented in 

Figure 2.3. Area B consists of a grassy area and gravel driveway 
south cf the re~:te asse~t:y tuilding. A septic system associated 
with the re~:te assemb!y building is known to exist beneath this 
a r e a l p e r cc r. ·: e r s a ti or. .,.. :. th the ORA U on- s i t e rep re sent a tl v e ) . 

E:evat1cn ever th~s area increases from the gravel driveway to the 

base cf the re~:~e assemr:y building. 

A v: e;..· of t\·J: lea r Lake, which was surveyed in Phase lI I is 

presented in r~g:;re 2.C The lake is about eoo meters long by 300 

meters wide .... :. tr. a~ avera9e depth of about 13 feet. Near shore 

areas are fa:::y stee~ a~~ rocky. The lake botto~ is heavily 



littered with felled trees, many of which are exposed on the 
surface. A fairly thick layer of sediment was observed to blanket 
the lake bottom in near shore areas. A small island exists in the 
southern portion of the lake, northeast of the earthen dam area. 
An area of shallow rocks, some exposed above the surface of the 
lake, exists approximately 100 meters north of the small island. 
The shoreline of the lake is characterized by steeply dipping rock 
walls and heavily wooded areas. The lake water is murky due to 
high organic content and visibility with depth is limited. The 
lake surface remained fairly calm throughout the duration of the 

survey. 
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3.0 FIELD OPERATIONS 

3.1 Area A 

A grid ~ystem with 5 meter centers was established over Area 

A. Bulk resistivity measurements using a Wenner spread (Figure 
A-3) with a spacing of a • l meter were used for the purpose of 
estimating the maximum possible derth of electromagnetic pene­
tration. The average of two readings taken along the S east line 

(Figure 3.1.l 1 just west of the asphalt parking lot was 310 ohm­
meters 13.27 x io- 3 Si/meter). From Figure A-1 and soil condi­
tions at the site, the maximum depth of electromagnetic penetra­

tion with the 3CO MH: antenna was estimated to be 23 feet. 

The antenna was m~nually towed over the site at a rate of 
about 1 ft sec. h series cf radar scan lines spaced l meter apart 
were run f rcrn west to east between the 40 and 70 south lines south 

of the pluton1u~ facility and west of the waste disposal building. 

Ancther series cf scan lines was then run from south to north over 

the same area between the Sand 25 east lines !Figure 3.1.1'. 

A series c! 1a:ar sea~ lines spaced 2.5 meters apart were run 

Zrcrr west tc east between the 0 and 20 south lines (Fi9ure 3.1.21. 

Ar.other series c~ scar. lines spaced 5 meters apart was then run 

frcm south tc r.:rth bet~een the 15 east and 20 west lines. A time 

window of lOC nse: was used for these scans. Four scan lines 

spaced 1 meter apart were also run from south to north over a 

suspected curial rit ncrthwest cf the plutonium facility. A time 
windo~ of 160 nse: was used for these scans in an effort to attain 

deeper penetratic~ ir.to the ground. 



3.2 Area B 

A grid system with 5 meter centers was established over Aree 
e (Figure 3.2.1). The 300 MHz antenna was manually towed over 
this area at a rate of about l ft/sec. A series of radar scan 
lines spaced 5 meters apart was run from the area south Qf the 
gravel driveway towards the remote assembly building to the north. 
Another series of radar scan lines, spaced 1 meter apart, was then 
run from west to east over the same area. A time window of 100 

nsec was used for these scans. 

3.3 Nuclear take 

A grid syste~ ~ith lOD meter centers was established on 
Nuclear Lake. Marker buoys were locat~d at points of intersection 
(figure 3.3.1). A rcpe extended along the O east line across the 
center cf the lake served as a center line and main positional 
reference for geophysica: surveys on the lake. Marker buoys were 
attached at intervals cf 10 meters along ropes extended along the 
300 and 6G: south iines frcm the center line to beth the eastern 
and western shcres of the lake. 

The magnetoreetry survey of Nuclear Lake was conducted with a 
Ferster fe:ex ,.C:l flux9ate magnetometer. A series of north-
south tren=ing s:an lines spaced 10 meters apart were conducted at 

an approximate rate cf C.5 meters;sec over the entire surface of 
the lake (figure 3.3.2i. A dead reckoning method utilizing an 
on-board compass an= the marker buoys located along the 300 and 
600 south lines was used to mai~tain course heading al~ng each 
line. 



Each scan was conducted with the sensor probe of the magneto­
meter suspended from a wooden boom extended a distance of 1.5 
meters from the stern of the survey boat (Figure 3.3.3). With the 
exception of shallow areas, the sensor probe was towed a distance 
of 4 meters below the surface of the lake. A non-metallic weight 
was attached to the sensor head to maintain this depth. 

The magnetometer wa~ turned on and warmed up for approxi­
mately lS minutes before conducting any scans. The control unit 
was placed into the static difference mode and the sensitivity 
switch was set to position 3. This configuration provided for a 
full scale de!lecticn cf : 30 gammas and provided audio output 
upcn the detect1on cf vertical magnetic gradients in excess of ± 6 

gamrnas pe:- 4:' crr cf pobe separation. The Forster gradiometer, in 
this cor.f1guratic;;, is capable of the detection of a SS gallon 
steel drum located a maximum distance of about 3 meters from the 

sen~~r rrcte. D~E t: tir.~ ~-nstraints and positicning difficul­
ties, a lir.e spacing cf 10 meters was used which meant that a ione 

cf about 4 meters in width between lines may not have received 

adequate coverage. It 
instrument sens1tiv:ty 
audic output upon the 

was possible, however, to increase the 
in many of the deeper areas to Ftovide 

detection of smaller gradients and, there-

fore, reduce the widtn cf this zone considerably. 

Upcr. the detectic~ cf an anomalous gradient, via the audio 
output cf the ccr.trcl unit, the instrument sensitivity was de­
creased ty s~itching the sensitivity switch to position 10. This 
sensitivity setting prcvided audio output upon the detection of 
magnetic gradle~ts in excess of t 20 gammas per 40 cm of probe 
separation. The immediate area was scanned and a marker buoy was 
dropped overb~ard if audio output was still observed. 



Diurnal variations in the total magnetic field intensity were 
recorded by repeatedly measuring the total magnetic field inten­
sity at fixed base station location on the island in the middle of 
the lake throughout the duration of the survey. The diurnal was 
found not to vary by more than 34 gammas per survey period. 

The radar survey of Nuclear Lake was conducted with the 300 
MHz antenna suspended from a wooden platform a distance of S feet 
from the stern of the survey boat directly on the surface of the 
lake (Figure 3.3.<). Six parallel north-south trending radar 
scans spaced lC meters apart were run over the center of the lake 
between the : west and 60 east lines. Another north-south 
trending s:a:. l1r.e was alsc run along the 100 east line (Figure 
3.3.51. Padar scar:s were then run over areas of anomalous 
magnetic grad1e~t rrev1ously detected and marked in the magnetic 
survey cf the lake · r:.;ure 3. 3. 5). 

The horizontal bea~ width of the Geophysical Survey Systems, 
Inc. ( Gss: 1 3S: t-'.P.:: a:1tenna used in this surv~y is ± 45° (Figure 
A-3 i. The w:;,dth c: the zcne of tctal coverage of the lake bottom 
on either s:.de cf a rada:- scan is, therefore, equal to the depth 
cf the lake at a~y particular point along the line. Nearly 100 % 

coverage c! t~e :a~e t:ttc~ was ach1e~ed in the area between the 5 
west an~ e: eas: !~neE ever which the six parallel northsouth 
scans we:e cc~~~:te~. 7h:s estim2te is based upon an average lake 
depth cf ~~ fee: 1 4.~~ meters• observed over this area and a line 
spac; .• g c! 10 meters. 
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4.0 DISCUSSION OF RESULTS 

4.1 Area A 

The soil in this area was observed to be fairly sandy with 
high water content. The velocity of electromagnetic propagation 
was, therefore, estimated to be 4.35 cm/sec from Table A-1 and 
Equation A-1. This value was then used to obtain depth estimates 
to subsurface reflectors observed in radar profiles taken over 

this area. 

Typical exarn~les of radar profiles obtained are displayed in 
Figures 4.1.1 and 4.1.2. figure 4.1.l is a radar profile obtained 
over the paved area along the 20 east line south of the plutonium 
facility. Hypert~lae ccrresponding to reflections fro~ eight 
undergrc~~~ pipes are pro~:nent:y displayed in the profile. 
Figure ~.1.2 is a radar prcf1le obtained over the grassy area 
alcng the ::.5 ss~t~ l:ne n:rt~ cf the plutonium facility. A deep 
re!le:tive mass, approx1mate:y 11 feet deep, is observed i~ this 

prcfile. 

f:?~re ~.:.3 preser.ts a map cf subsurface features 
in radar pro!iles taken over the area south of the 

observed 
plutonium 

facility in Area A. The location and extent of each underground 
pipe ~ere marke~ directly on the pavement with spray paint upon 
completicr. cf the survey. With the exception of two pipes running 
from the plutcniurn facility to the cement retention tank, all 
pipes 1n the area appear to be associated with a manhole near the 
center cf the parking lot. The suspected leaching field is be­
lieved tc exist beneath the wooded and paved area west of the 

~aste dispcsa~ c~i:dir.9 near the access road. 



' ' Figure 4.1.4 presents a map of subsurface features observed 
in radar profiles taken over the area north and west of the plu­
tonium facility in Area A. A total of three shallow underground 
pipes were observed in this area, none of which are believed to be 
associated with the manhole near the center of the parking lot. 
Other features of interest include a deep reflective mass beneath 
the grassy area north of the plutonium facility and an area of 
disturbed earth indicative of a possible trench. A weak reflec­
tion was observed to exist at an approximate depth of 9 feet 
beneath this area. Radar scans along lines 15 and 20 west were 
continued north along the western side of the engineering build­
ing. Howeve:, no features cf interest were observed. 

4.2 Area B 

The sci: :~ t~:~ area is fairly similar to that of Area A. 
The same velo:ity of electromagnetic propagation was, therefore, 
used tc obtain est1~atic~s of depths to subsurface reflectors. 
Typical examples cf radar profiles obtained are displayed in 
Figures 4.:.: ar.: ~.:.:. Figure 4.2.1 is a radar profile obtained 
along the 15 south line, south cf the former remote assembly 
building. A sta::c~ underground pipe, approximately 1.5 feet deep 
is observed in this Frcf:le. Figure 4.2.2, a radar profile ob­
tair.ec alor.; the C wes~ line, displays the deep reflector observed 
to exist sc~theas: cf the former remote assembly building. 

Figure ~.2.3 presents a map of subsurface features observed 
in radar pro!iles taken over Area e. Features of interest include 
three shallo~ underground pipes associated with a septic system 
currently ir. use at the building, a shallo~ reflector adjacent to 
the buildin;, a deer reflectcr southwest of the building, and 
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' three areas of shallow metallic debris in the southern portion of 
the site. The location and extent of these features were marked 
with spray paint on the ground surface of the area upon completion 

of the survey. 

4.3 Nuclear Lake 

Figure 4.3.1 presents a map of magnetic tar9ets detected with 
the Forster f luxgate 9radiometer during the magnetometry survey of 
Nuclear Lake. Targets are numbered and the approximate coordi­
nates of each are listed in Table 4-1. As previously mentioned, 
each target corresponds to a magnetic gradient in excess of ± 20 

gammas. Actua: target locations may differ by as much as ± S 
meters from marked locations due to positioning difficulties on 
the lake encountered during the survey. Many of the targets 
observed near the shore of the lake are believed to be associated ~ 

with bedr:ck c~tcrcppings. 

Fig~re 4.3.~ presents a map of prominent reflectors observed 
in radar prcf iles taken over Nuclear Lake. The approximate lo­
cation, depth, and size of each reflector are presented in Tables 
4-2 and 4-3. Reflective targets detected in the GPR survey of the 
lake a~pear t~ ~e fa!rly isolated, and most exist between the 300 
and 500 south lines, east of the 0 east line. Reflective targets 
corresponding tc magnetic targets are associated with magnetic 
gradients greate~ than ! 20 gammas. Reflective targets that do 
not correspond tc magnetic targets possess magnetic gradients less 
than ! 20 gammas. Due to positioning difficulties encountered 
during the lake surveys, the possibility exists that GPR scans may 
not have bee~ run directly over each magnetic target previously 
detected. Therefore, magnetic targets that do not correspond to 
reflective targets can not be ruled out as possible metallic 

objects. 
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TABLE 4-l 

Estimated Coordinates of Magnetic Tar9ets 
Located on Nuclear Lake 

I Magnetic 
Target Number Location Target Number Location 

I l 8055, lOW 21 320S, esw 

I 
2 8075, 30W 22 3205, 7SW 

3 8135, 60W 23 3005, eow 
4 7955, 44W 24 1905, l72W 

5 i60S, 35W 25 l90S, 70W 

6 680S, SSW 26 1775, 60W 

7 653S, 77W 27 l35S, 20W 

8 6205, 77W 28 1065, lOW 

9 c:,c;c,c: 
- "' - .,,.. I 

E c.•· -~ 29 805, SW 

1C 512S, tew 30 eos, 30E 
.. s:os, 6S;..- .. , 90S, 30E ... ... ., ... 

. "' ~~25, E Ci\ 32 955, 30E .... 
13 i:ess, 58i': 33 1205, 3SE 

H 4Ei s, 8 ., .. 
' " 34 2205, SE 

15 i:Hs, 8 S;.; 35 3005, 20E 

lE 4 "\ , ... c: s e·{: 36 4755, 75E ........ - , 

li 39CS, 11 ()\>; 37 5935, lOE 

18 390S, 90;...· 38 686S, SSE 

19 3 9 C· S, i 0\\ 39 7075, 90E 

2C 330S, l S2K 40 6305, 190E 

41 7955, 20E 



Scan 
Line 

TABLE 4-2 

Estimated Coordinates and Depths of Reflective Targets 
Detected in GPF Survey of Nuclear Lake 

Location 
(rnetersl Along Scan (meters} Depth (feet) She (meters) 

SW 3535 11 l. 7 

5~ 5575 15 l. 6 

1 (l E 1805 10 0.7 

lOE H3S 11 1. 3 

lCE 3E.; S 11 2.0 

lOE ~ o c· s 11 0.6 

l ". 
... _ C35 l~ l. 0 

2CE r-:oc: 
I._ - 11 0.8 

.., "• ... - ~ E.; ~ 12 :.o 
3:r • , ~ c: 

,;t - ~· 1C' l. 3 

3CE } , .... -" ... ~ 12 C.9 

t ct: 3 3 E: s 9 ... c: .. . ~ 
EOE 3~ES 10 1. 8 

ECE ,. ,. ..... c:. ........... , 11 1. 5 

l (' 0 E ~e:s 12 1. 6 

lC<::: : ... t: 
........ - ~ i: c. 6 



TABLE 4-3 

Estimated Depths of Reflective Targets Corresponding to 
Magnetic Targets Previously Detected in the Lake 

Magnetic 
Target Number Depth (feet) Size (meters) 

., 4 0.3 
I 

10 2 0.3 

11 5 0.3 

17 6 0.3 

19 10 0.6 

26 8 0.2 
..,.., 4 C.2 .. 
28 3 0 .1 

:9 .: 0.€ 

3 3 3 0.3 

38 1 c ' :: 
3~ - 0.2 I 
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5.0 CONCLUSIONS 

The radar data acquired in the GPR surveys of Areas A and B 
is of high quality. Soil in the area is such that penetration 
depths in excess of 20 feet were attained. Radar scan lines 
conducted over each area were spaced so as to provide maximum site 
coverage as well as accurate locations of underground pipes and 

subsurface features observed in the data. 

Navigation was a major problem in surveys conducted on Nu­
clear Lake. Actual scans may have deviated by as much as 5 meters 
east or west of desired course headings due to wind currents. The 
possibility exists that some targets may have gone undetected. Of 
primary concern was the fact that the center line extended along 
the O east llne acrcss the lake stretched significantly throughout 
the course cf the survey. Markers placed along this line at 100 
meter centers were observed tc have deviated by as mu:h as 10 

meters nort~ er scuth of tr.e desired location. 

Afpreciatle ccr.cer.trations of magnetic or reflective targets 
were not observed at any one location on the lake. The results of 
the lake Eurvey, however, does indicate the presence cf random 
metallic objects on the lake bottom. It is GEO-CENTERS' opinion 
that targets ln:icate i~ !ables ~-1, 4~2, and 4-3 warrant further 

:--
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Geophysical Field Measurement Techniques 

This section describes the geophysical techniques used in 

this survey. Section A.1 reviews the theory of GPR, and Section 

A.2 describes GPR instrumentation. Section A.3 reviews the theory 

and technique of electrical resistivity. Section A.4 reviews the 

theory of magnetometry and provides a description of how the 

technique was used in this survey. 

Ground Penetra:ina Radar 

The princiFle cf ground penetrating radar (GPR) involves the 

generation of a wavetra:n of electromagnetic radiation in the 

frequency range cf lC to 1000 MHz at the surface of the earth. In 

acccrdan:e w:th t~e la~s cf classical electromagnetism, the wave 

Fr~~a?ates thrc;~~ t~~ s~~Eurface with material dependent attenua­

tion. ~he~ tte ~avetra1n encounters interfaces between materials 

cf d~ffere~~ e:fct1cma?ne:1c properties, the wave is partially 

reflectej, T~:s ref}e:te~ ene:gy is then detected by the surface 

receiver, an~ the travel time between transmission and detection 

is recorded. l f the velocity of propagation is kncwn, the 

te ccnverte~ into a depth. 

ti me 

7he velcc!:i cf prcpagatio~ of the electromagnetic wave 

thr:ug~ th~ ea::~ ca~ be determined as a result of the calibrat1c~ 

process. Fer earth materials ~1th a relatively effective dielec­

tric constant, ce:, the velocity of propagation, vm' of the elec­

tromagnetic wave is approximated by: 

(...' ::.-

\' • - "' rr e ( E !' 
( h-1) 



where: 

w • 2nf • angular frequency of the electromagnetic radiation 
J • frequency hertz 

c • 3 x io8 m/sec, the propagation velocity of electromagne­
tic energy in free space 

e • phase constant, or the imaginary part, of the propagation 
constant of the medium through which the electromagnetic 
wave travels. 

The pr.ase constant, 8, is obtained from 'Y, the complex propa­
gation consta:.t cf the medium through which the electromagnetic 
wave travels. The propagation constant, y, is derived from 
Maxwell's equat1cns describing the behavior of electromagnetic 
fields and lS def!ne~ as: 

~E = 

.... he~e: 

o = atte~uat:c~ :cnstant cf the medium 

L = rrag~e::~ pe:~eat~l1ty cf the medium 
c • effe:t1ve d1electr1c perm1t1v1ty of the medium 

~ = ang~!a: ~requen~y cf the electromagnetic energy 
c • effe:t:ve electrical conduct1vity of the medium 

In com.mo~ eart~ materials there is a trade-off between 

depth of electromagnetic penetration and the resolution of 
surface structure. The deFth of penetration is determined by 

frequency of the indu~ed electroma9netic energy as well as 

. -- : 
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electromagnetic properties of the material through which the 
energy travels. Signal attenuation, A, is approximated by: 

A • 20 log ea • 8.68a (dB/m) 

Attenuation increases with increasing frequency. 
the frequency of the energy induced, through the use 
antennas, the depth of penetration is decreased, 

resolution of shallower structure is attained. 

(A-3) 

By increasing 
of different 

while finer 

The amount of energy reflected at any electromagnetic inter­
face is descr;.be:l ty the complex reflection coefficient: 

p .. 

r1-. - r.~ .. . --- (A-4) 
r,_ ... r,, 

..... r-.e re : 

c = c:·:-::t>: re:le:t1cr. 

., ccr.r:e>. : r.;::edance cf 1;pi:-e r layer . 
t'; - "' :-:rr:t=lEX i r.,pedance of l c ... :e r layer 

u..,. 

r = <A-Sl 

where ' is t~f e~ectromagnet1c propagation constant def 1ned in 

Equatio:-. A-:. 



A summary of the physical properties of common media which 

affect the propagation and attenuation of electromagnetic signals 
is shown in Table A-1. Careful analysis of reflected radar 

pulses, combined with a knowledge of the electromagnetic proper­
ties of the soil through which they propagate can provide inform­

ation regarding location, depth, and composition of buried ob­
jects. For example, metallic objects have different electro­

magnetic properties than soils and will, therefore, give rise to 
strong reflections and a phase shift. Geologic interfaces give 

relatively weak reflections and no significant phase shift. 

A more quantitative picture cf the penetr~tion performance of 
the GPR is shown in Figure A-1. Here, the range (for differP.nt 

electromagnetic frequenc1esJ is plotted directly as a function of 
attenuation in various media. The plots result from calculations 
assuming the return s1gnal is from a rough plane reflector. 

Ground Penet~atino Fadar Ir.s~rumentat1on 

The equipment required in GPR consists of an antenna, a 
transmitter, a ccntrol unit, a data output device, and a power 
surply. A radar antenna is a radio antenna designed to provide a 
~ig~ si9~a:-tc-n::se rat1c and e1ther emits a radar pulse, re­
ceives a radar rulse, er does both. The transmitter, when trig­
gered, 9enerates a short d~rat1cn puise ranging from l to 6 nano­
sec~nds. The r~lEe repet1tic~ rate is typically SO KH: which is 

contrclled by a SC KH: clock. 

!he control unit consists of a transmit-receive selector, a 

radar signal receiver systerr., and an ancillary signal processin~ 

unit. !he tians~it-rece1ve selector switches the antenna from the 

transmit mode t: the receive mode and disables the pulse trans-

: -- ~ 



mitter a few nanoseconds after the transmitter i& triggered. The 

receiver system amplifies the reflected si9nal received by the 

antenna and transforms the signal from radio frequencies to audio 

frequencies so that the signal can be displayed or recorded. The 
reflected signals, which are sinusoidal in shape, are intensity 

modulated and transformed into a series of dark and light bands. 
The more positive or negative signal amplitudes appear as darker 
bands, while signal amplitudes closer to zero appear as lighter 
bands. The ancillary signal processing unit performs a variety of 

functions in order to apply various filters to the data. 

A Geophysical Survey Systems, Inc. (GSSI) System 7 was used 
to conduct this survey. r1gure A-2 presents a block diagram of a 
typical GFF syste~. A number of antennas are available ranging 
from 10 MHz tGEO-CE~TERS' proprietary deep penetrating antenna) to 
300 MH:. :atle A-: summarizes the characteristics of several of 
the ava:lat:e a~te~nas. The rad:atior. pattern cf a 300 MHz GSSI 

antenna :s presentej :n Figure A-3. 

Ele:tr::al Fes1~t:v1ty !e:hn1ques a~d Instrumentation 

Earth res:st:v:ty surveys have been used for many years in 

exr!:ra~:=~ f:: ~r=~~~ ~ate~ a~d ~1~eral dercsits and in the study 
of engineer:n? properties of earth materials. Equipment to mea­
sure :es1st1v:ty ccns1sts of a contrc:led source of electric cur­
rent, a de~J:e f:: measu~1ng the F:tent1al differences generated 

by the current passing through the earth and a numbet of elec­
trodes fer coupling the current into the earth. The volume of 

subsurface ~aterial influencing the resistivity measurement is 
controlled by t~e spacing and geo~etry of the electrodes. While 

any array cf fcur or more electrode contacts can be used in 
study1~? ea~t~ ~es:st:~1ty, .elat:vely fe~ electrode configura-

: - - « 



tions have been accepted as standard arrays in practice. Figure 
A-3 shows the three most common electrode arrays used in the 
resistivity method. Many factors are considered in the choice of 
array configurations for a given problem. Susceptibility to 
geological noise, ease of array movement, and the nature of the 
assumed structure are a few of these factors. 

For each of the three (3) electrode configurations in Figure 
A-4, the apparent resistivity, Pa' can be calculated from: 

v 
ca • 2n - a, Wenner array 

I 

where: 

V • potential difference 

I • induced electric currer.t 

a • spa:1ng cetwee~ electrodes 

"a "' n - \ti 
l 

where: 

L .., .. 
t 

I -, .. , Schlumberger Array 

b • distance between potential electrodes 

L • half the d:stance between current electrodes 

v 
pa• n - (LI 

! 

where: 

L 2 . 
- - 1 , Double Dipole Array 
b 

(A-6a) 

(A-6tl 

( A-6c) 

b • distance between current electrodes and between potential 

: -: 



electrodes 
L • distance between mid-points of current electrodes and 

potential electrodes 

Measurements of bulk soil resistivity can be used to estimate 

expected penetration depth of the GPR. Figure A-5 shows aaxiaum 
radar range as a function of electrical resistivity (DC conduc­
tivity). From a few measur··ments of resistivity on the site of 

interest, the expected depth of penetration can be estimated for a 
range of frequencies. The best 
then be selected, providing the 
tration and resolution. 

Magne tome tr :.i· 

antenna for the application can 
optimum trade-off between pene-

The mag~itude and direction of the earth's magnetic field are 

functions of location, particularly latitude. In the continental 

United States, the magnetic field intensity varies from approxi­
mately D.SG gauss 10.50 gauss • 50,000 nanotesla (nTI • 50,000 

gammas ()l) in the south to approximately 0.60 gauss (60,000 y) in 

the north. The magnetic fie.d intensity at a certain location 
varies ~ith time as well and daily, or diurnal, fluctuations may 

vary by as m~:h as sc, er more. 

All materia:s exhibit magnetism since they are made up of 
moving charges. The degree to which a material can become 

magnetized is determined by its magnetic susceptibility. The 
magnetic susceptibility of ferromagnetic materials - those con­
taining iron, nickel, or cobalt - typically ranges from l to 10 
cgs units. Susceptibilities of naturally occurring ro~ks and 

sediments are normally several orders of magnitude smaller. 

- !'. 



A dipole is a pair of equal charges, 
signs that are infinitely close together. 
thought of as a continuous distribution of 

or poles, of opposite 
All materials can be 

dipoles. In the pre-
sence of the earth's magnetic field, these dipoles become aligned 
in such a way as to produce a dipole moment and induce a dipole 
magnetic field in the material (Telford et. al., 1976). In fer­
romagnetic materials, the dipole magnetic field induced is large 
due to an interaction between the individual charges or poles. 
The strength and direction of the dipole magnetic field will also 
be affected by the permanent, or remnant, dipole moment of the 
object. The magnitude of the permanent dipole moment of a ma­
terial depends upon its magnetic and thermal history. 

The dipole magnetic field created by a ferromagnetic object 
is superimposed upon the external magnetic field of the earth and, 
if sufficiently large, it can be detected as a magnetic anomaly. 
Magnetic anomalies are detected ~y forming the vector difference: 

CiT "' M - E e 

where: 

G! • the d1p:le ma9net1c field anomaly 
M = the dipole magnetic field measured 
Be • the arntlent magnetic field of the earth 

( A-7) 

The bas~c expression for estimating the maximum amplitude of 
the total magnetic field anomaly associated with a point dipole 

is: 

(A-8) 

r_~-



where: 

M • the magnitude of the induced dipole magnetic aoment 

(pole-cm). 
r • the radial distance (cm) from the ferromagnetic object 

producing the anomaly to the field sensor. 

Equation A-8 states that the magnitude of the total magnetic field 
anomaly associated with a point dipole decays approximately as 

l;r 3. 

A simple model has been developed and is commonly used to 
calculate the maximum amplitude of the total magnetic fi~ld ~no­

maly associated with a point dipole (Gendzwill, 1981). This model 
assumes that the dipole moment of the ferromagnetic object pro­
ducing the anomaly is congruent ~1th the earth's magnetic field 
vector. The total magnetic field anomaly, 6T, is calculated from: 

~ ~ ~ 

M (lx10-) 3d' - r~ 
(A-9) . 

r .. 

where: 

d • X COS ! - Z Sl~ ] 
~ ~ - 2 

r' • x~ • Y~ • : 

I •the inclination of the dipole moment (in degrees) 
x • the hor1zontal N-S distance (cml from the field sensor 

to the object. Positive X values north of the object. 

Negative X values south of the object. 
Y • the horizontal E-W distance (cm) from the field sensor 



to the object. Positive Y values west of the object. 
Negative Y values east of the object. 

z • the vertical distance (cm) from the horizontal plane of 
the field sensor to the object. Positive z values below 
the horizontal plane. Negative Z values above the 
horizontal plane. 

M • the magnitude of the induced dipole magnetic moment 
<pole-cm). 

~T •the total magnetic field anomaly (gammas). 

Solving Equation A-9 for the induced dipole magnetic moment 
yields: 

M • 
(lxlO-Sl ~T r 5 

3d 2 - r 2 (A-10) 

The larger the induced dipole magnetic moment of an object, the 
larger the strength of the total magnetic field associated with 
the obJect. Measurements of the total magnetic field anomaly 
assoc1ated with an object can be used to calculate the induced 
dipole moment of the object via Equation A-10. From this calcu­
lation, the relative size of the obJect can be ascertained. 

Magnetometers are used to detect anomalies in the magnetic 
field of the earth produced by ferromagnetic objects. Proton 
precess1on and optically pumped alkali-vapor sensors measure the 
scalar magnitude but not the direction of the magnetic field 
vector. These are orientation insensitive scalar instruments and 
are known as total field magnetometers. Flux9ate sensors measure 
the component of the magnetic field vector along the axis of the . 
sensor cores and are capable of measuring the magnitude and direc-

:-~-



tion of the magnetic field v~ctor. 
oriented parallel to the direction of 

value of the total magnetic field can 

When the sensor cores ere 
the magnetic field vector, a 
be obtained. 

Proton precession magnetometers are based upon the idea that 
protons, in the presence of a magnetic field, will align their 
spin axes along the direction of the field. A change in the field 

causes the protons to precess to a different spin axis alignment. 
This precession is measured as a frequency proportional to the 
strength of the magnetic field. Proton precession sensors consist 
of a coil mounted around a container filled with a fluid having a 
large amount of free protons. A calibratert polarizing current is 
applied to the coil and the resulting magnetic field aligns the 
proton spin axes. Upon removal of the polarizing current, the 
protons precess to realign their spin axes with the ambient mag­
netic field. The precession, er larmor frequency, is measured and 
converted intc an audio er digital display that is a measure of 
the total magnetic field. Proton precession magnetometers com­

mercially ava1latle include the Geometrics G-856 and the Scintrex 
MP2. 

Optically pu~ped sensors use the strength of the magnetic 
field tc cor.trc~ the ;ntensity of light being focused in a photo­
cell. These sensors cons1st of an alkali-vapor lamp, a lens and 
filter system, a~ alkal1-vapor light absorption cell mounted in an 

RF co1l, and a photodetector. Common alkali vapors used are 
either cesium, rubidium, or helium. Light emitted from the lamp 

is conditioned ty the lens and filter system and passed in to the 
absorption cell. Light passing out of the absorption cell is 

focused on the photodetector, and the resulting electric signal is 
fed back to the Rf coil. This creates a self-sustained oscil­
lation, or resona~:e, that is monitored at the photodetector. The 



opacity of the absorption cell varies according to the ambient 
magnetic field. Changes in the magnetic field cause the oscilla­
tion frequency to shift. The oscillation frequency is processed 
and converted into an audio or digital display that is a aeasure 
of the total magnetic field. A collllllercially available optically 
pumped sensor is th~ Varian 49-554 cesium vapor magnetometer. 

Fluxgate sensors consist of two parallel core• of a aa9netic 
material such as mu-metal, permalloy, ferrite, etc., that has a 
very high permeability at low aagn~tic fields. These cores ap­
proach saturation in very weak aa9netic fields. The two cores are 
each wound ~ith primary and secondary coils that are of opposite 
polarities. The two primary coils are connected in series and 
energized by a lo~ frequency (50-1000 Hz) current. This current 
is sufficient to magnetize the cores to saturation, in opposite 

polarity, t~ice each cycle. 

The secondary coils, which consist of many turns of fine 
wire, are connected tc a differential amplifier that detects the 
magnetic flux in each core. In the absence of an external magne­
tic field, the saturation of the cores is symmetrical and of op­
posite sign near the peak of each half-cycle. As a result, the 
outputs from the t~c secondary windings cancel. In the presence 
of an external magnetic field component parallel to the cores, 
saturation occurs earlier for one half-cycle than the other. This 
produces an unbalan~e because the fluxes measured in each core do 
not cancel. The height of the voltage pulses output from the 
differential amplifier is proportional to the amplitude of the 
biasing field of the earth. A current through an additional coil 

nullifies most of the 
that the sensor is 

background, or regional, magnetic field go 
sensitive to small changes in the earth's 

magnetic field. The fluxgate probe can be used to measure small 

t' 
• , . -;,. :. 



magnetic fields .and vertical gradients ranging from l v to 1 x 10
7 

y. 

rluxgate sensors that are commercially available include the 
Schonstedt GA-22 and the Forster rerex 4.021. The Forster Ferex 
4.021 consists of two fluxgate probes, one above the other, that 
are electronically balanced and separated by a distance of 40 cm. 
The sensor can be operated in a "static difference" mode in which 
the difference in magnetic field, or vertical 9radient, between 
the two sensors is measured. Seven linear sensitivity ranges are 
available with this instrument. It can be set so as to measure 

gradients between ± 10 y, 

3000 y, and : 10,000 y. 

± 30 y, ± 100 y, ± 300 y, ± 1000 y, ± 
An audio output is provided when gra-

dients in excess of 20\ of the maximum for a particular range 

setting are detected. 

The gradient, then, is the difference in the intensity of the 
magnet1~ field as measured at each sensor, divided by the distance 
between the two senscrs. The gradient is measured at the midpoint 

between the t~~ sensors. The vertical gradient can be expressed 

by takin9 the derivative with respect to distance, r, of Equation 

A-8: 

dr- - 3~. - . r. -3lT ~. 

• -....- .. -- (h-11) 

dr 
.. 

r r r 

Equation A-10 states that the vertical magnetic gradient associ­
ated with a po1n: dipole magnitude of decays as l/r 4 . The mag­
nitude of the vertical magnetic gradient associated with a point 
dipole decays at a much greater rate than does the magnitude of 
the total magnetic field anomaly associated with a point dipole. 
Measurements of vertical magnetic gradients are useful because the 

:-; 



regional magnetic field has been effectively from the measurement 
removed so that weaker anomalies are better defined. Also, di­
urnal fluctuations are removed from the measurement. 



TABLE A-1 

Approximate VHF ElectrO.R1a9netic Parameters of 
Typical Earth Materials 

Approximate 
Conductivity 

Material 0 ( mho/m) 

Air 0 

Limestone 1 o- 9 

Granite (dryl 10-e 

Sand (dry) 10- 7 to 10- 3 

Bedded Salt l o- 5 to 10- 4 

Freshwater Ice 10-S to 10- 3 

10- 4 
.., 

Permafrost to 1 o- '-
Sand, Saturated 10- 4 10 - ~ to 

Freshwater 10- 4 to 3 x 

Silt, Saturated : o- 3 to 10- 2 

Rich Agr1cultura: 
Land io- 2 

. 
Clay, Saturatec .. ... - .... tc I 

Seawater .; 

10- 2 

- .. 
• - ".J 

Approximate 
Dielectric 
Constant 

1 

7 

5 

4 to 6 

3 to 6 

4 

4 to 8 

30 to 50 

81 

10 

15 

8 to 12 

81 

Depth of 
Penetration 

Max (km) 

I 

~ 

Min (Cm) 



TABLE A-2 

Selected Radar Parameters for Calculating Maximum Range 

System 

Center frequency 

Parameter 

P
5 

(Peak) (~atts) 

P . (~atts 1 

m1n 

0 

E .. E 
t r 

where: 

P • po ... ·e r ( ••. 1a t ts ) 

GEO-CENTERS' 
Proprietary 

Design 

10 MHz 

2.5 x 10 3 

-110 dB 

5~ 1-13 dBl 

1.585 !2 dB' 

O • radar system performance factor 
E • transm1t1receive efficiency 

G • transm1t/receive gain factor 

Standard GSSI Systems 

80/120 MHz 300 MHz 

50 12 

5 x 10- 10 1.2 x 10- 10 

-110 dB -110 dB 

5\ (-13 dB) 5\ (-13 dB) 

1.585 (2 dB) 1.585 t2 dB) 
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Mr. J••tl O. B~rqtr, Dirtctor 
Environ•ent•l Survey •nd Site 

Ass•ss•P.nt Proqra• 
O•k Ridge Associ•ted Univtrsities 
Post Office Box 117 
O•k Rid91, Ttnntss•• 37831 

SEP % 5 1989 

This lett•r provides •Ythoriz•tion for 2 individu•l1 to •ttend • •••tin9 to be 
h•ld in Rockville, l'ld. at NRC hHdqu•rt•r1 on Septe•ber 26, 1989 •ith t.he 
Departaent of th• Inttrior to di1cu11 the ~clear L•k• site in NY. Cost 
11tiaat1 details should bt providtd in th~ ntat aonthly rtport. 

Thi1 work should be perfor•ed undtr the Inttr•9~ncy AQr••••nt entitled 
•RadioloQical Evalu•tion A1si1tance for For•erly Licen11d Sites•, FIN A909J. 
Fundin9 for this task was previously provi~td via an executed SF173. 

Distribution: 
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JSw if t, Il'INS 
GB id in9er, IMNS 
F'IN A9093 
Nl'ISS r/f 

David Tiktin1ky, Ttchnical A11i1tanc1 
Project l'tanaqtr 

Pro9raa l'lana9eaent, Policy Devel?P•tnt 
and Analysis Staff, NMSS 
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Office of Nuclear Material Safety and Safeguard~ 
lte~s ot Interest 

Week Eno1ng Septemb~r 29, 1989 
'---

INDUSTRIAL ANO MEDICAL NUCLEAR SAFETY 

Fuel Cycle Safety 

Meetings w1th the Babcock and W11cox Company and with N1tion11 P1rk 
S'irvtce ReprE~ent1tives . 

On September 26, 1989, B1bcock and Wilcox (BIW) personnel lnft with staff 
11tlters of the Fuel Cycle ~afety Branch, the Division ot Low-Level Waste 
Management and Decon1iss1on1ng, and Region I to descr1bt BIW's plans for 
grounawater monitoring at the B&W site in Parks Township, Pennsylvania. 
The proposed monitoring is intended to provide infof'l\ltion 1bout the 
groundwat~r 1n the vicin1ty of previous on-site waste disposals. The stiff 
infonned th~ BlW representatives that the proposal for 1nit;~1 studies, 
which includt drilling and installing monitor wills to obt1in spec1f1c 
subsurface information as well •• tnttial lh0n1toring d1t1. eppeared 
r~•sonable. It was noted that this infonnatton should serve as 1 b1sts 
for a BIW plar1 for continued long-ten1 groundwater 110nttoring. The staff 
reiterat1d 1ts request that a schedule for 1mp1einentatton be tncluded in 
the plan when funnally submitted. 

On September 26, 198S, stiff 111tmbers of the Office of Nucl11r M1tert1l 
Safety and Safeguards, the Office of General Counsel, and Regton I met wtth 
representatives of the National P1rk Service, Depart"9nt of the Interior, 
to discuss the ~tatus of the fol"llM!r Gult United Nuclear Corporatton stte 
near Pawling, New York. Also present It the meeting wire stiff Nlllbers of 
Oak Rtdge Assoc11ted Untversittes, technical assistance contractor for the 
NRC, who perfonned the most recent radiological survey of the site now held 
by the Hat i ona 1 Park Serv 1 ce. The purpose of the Met t ng was to obtl 1r1 
current information regarding the site from the P1rk Service and to discuss 
potential further s1ti charactertzat1on ana re11edt1tton actions. 

Both of the above meetings and topics ire related to actions discussed at 
the hearing held August 3, 1989, by the SubcOlllittee on Envtrontnent, Energy. 
ind National Resources, House Conn1ttee on Government Operations, chatred 
by Representattve M1ke Syner. 

A tech c1l exchange tectonic mode w1s conduc 
1989. e purpose of t s exchange was to discuss C's drift Te ntcal 
Position tectonic •~de • es well as rel1ttons p of tecton lllOdel 
to DOE's p rem for chara erizing the Yu a Mountain 1te. Repre ntativ 
from the ~uc ear Waste Techn al Review Boer 1nd the Ad sory Conn1f ee on 
Nuclear Waste lso participate The open tee 1c1l discu ions 1mpro ed the 
understanding each agency's p 1tion and flci itated p11 ing for fu re ) 

t 1nteract1ons to 1scuss outstandin concerns. A /) ~ 
\ SEPTEMBER 29, 1989 ENCLOSURE B 
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Introduction 

Nuclear lake is 1137 acres of property located on the boundary 
between the t°"'ns of Pawling and Beel<man in D.1tchess County, ~- York. 
The Site contains a 50 acre lake and is noted locallv for its sc.enic 
beauty and di\·ersity of plant life. Fran 1958 to 1972, the property 
housed a nuclear fuels processinf' and research facility and thus 
rece-ived the name ":-;uclear Lake· . 

In 1979. the 1137 acre parc€'1 was acquired by the National Park 
SE-n·io_, for the purp::-se of re1ocat ing the Appalachian Trail. The 
purchase was rna.d~ upcm the recJ:T:l?ndat ion of the D.Jtchess County 
Appa:ai:hian Trail Rek..::auor. C~Tr.ntee: a group fonned by the Park 
&-!i'lCE:- ir. 1876. to he:p idt-:-.: i!°> suitable parcels of land in southern 
and east err, D.;'.chess ((1ur;t\. throujZh which the Appalachian Trail could 
be ri::rot..aed. ~·" fu:. ~ .-:x·ac. J.:"lr: O:r.n;i t tee, ca.iposed of local gon·rnment 
ru:en-:ies. pr~\·ate ci· :.:en:,. a.r:d !':-roups. &.nd rndi\·ictuals interested in 
rE«:ri:::n 10r •. o;:i-::-r:. spa: .. E a.:i:: h:~:rng. idPnt ified the ~uclear Lake property 
f_,r i:s Str''.):;f ::-;:-."r.h a.;;• a1 a;,d its potential for local and regional 
rr:-·: ~"'.:2. ~ ~or, a: use. 

t'pc1t: p·.;;:«~ha.S•" c1: :ht:- }a."1d. th0 ~ational Park S€-n·1ce foi'n2'd a. 
lr 1:a: -~:~:~~ .. ;.·r1s c·.:.rr:··.f~-:-~ c3:~•_..J the ~uclear 1 .... 1.kt? ~~a.'1a?,~nt C~TJT.itt~. 

TI;;:-: ..:-.Trll~c-r: .. ,~,s cr.!;:sr·,~, f ;--:-pn,sentatives fran local and state 
~ ,, dil"'"f:'nt . rt? ... n,-:.t i 1)n f~r:\ i :"'n.:-_,:-nt al f!!OUps and educational inst i-
t ·;1 v1r.c;;. I•::; f'..L'IL't lon \u."' 1 .:_, ~: 'JCY the ~uc]Par Lake site and de\elop 
i".,:· .. ,..:._!· .. -r.: p:.:c~,;, f,:,r its i<..;~ ... ~-._: :.:se by hlkt:-rs and the cnrr.mity at L::1ye. 
;t 1·s fi:·st r:x .. ~·•rng in Ju::: <:•f 1979, the ~uclear Lake Ma!'la.gerit-"nt 
C.11·~·-~(.,:· ·Y1r:".t:1~tL~d :.1 ~ -,;)~·-...1r;itH>es to plan ind1ddual1y for the 
:---j :t · ~ ~=1· ·1": ("t.: .. i.: ]r)rj:;.: ti~-l~ _;,;:; .. : ~ . 

.;'.. •_~;e A.i;:-.;::.t ~£!7£' : .... :'• :~,f:' of 'the l..Dng P.ange P1annir.g O:rrnitH>e, 
r•.·fl'f.:''-.:-:-,·.a·_;\es :rcr: :h<? H<i:<cr \'a11ey Alliance. a regional p'Jblic 
1:·,11:·:"•'::'·. ~TU . .lf:. "E":r.;es·.E-d ~~ .. t·. the c .. :J·r.·,itte(- in\'esngate past ind·Jstrial 
;:-«1,;.1 ..... ·"C. d:'ld 1.:hE- t:D<1?n11aJ ~"-·r radioacth·e contarr.ination at the &ite. 
A: th·:1J.:h the propert~ had 1•1-.-:.;, cleared for unrestricted use by all 
€'.n\·,:.rn.-.. :nt tt¥encies im·c:\E-::i in dt"(·CJT.1issioning the facility, c.oncerns 
ra1st:.d by the H\'A, local f:\f-l7l.~nt and others, made it apparent that 
add1 t ional reYiE."' was nH.:.do:d. Jn resj)Onse to that need, the Site 
CiParance S-Jbc.c:rrittee was fc .... Y·d and charged .,.ith im·estigating the 
site's safety for future public use. 

A:; hough s:ne rraiJ.:.rs of the Site Clearance Subcarrni ttee have 
sLient 1. ic trair.in~, n:.tc;.:t <i!"e •.'.:mc.erned citizens and lack the e:-.-pert:ise 
tc to=>r_r;;-,jc'a1l:• re::~ a."'ld e-.a~-.;ate the a\·ailable data. The mEl"'be:-s 
dE-tE·:-..in·:.d that t!"ie r>os~ Rrf•:":•r,riate role for the Subca:rnittee would be 
to ~·r.:-rare a rP;x:.rt tha~ ... ::ii.;1c ~stract all avallabJe infonr.ation .,.t,ich 
coi.iid t.>E r_t,1_ainr:-d fr,:n ~·:i,~rrcie"1t agency and facilH~· records. The 
r•~:-.:·r".. .,..,,~~d :X:i,:.cti\t-l\ r.-.:·c·~·:.'!'-t:-..ict ac~hities and conditions on the 
::-ite. 71',is rnf~.:-:.c:~ hlf.· V.''lt.l~d :~1t?n be presented i.'l a rr.ar.ageable fom: to 
t~ic- sr.~•"r>t•flc <·::i-Tr.1nn:-· ;;,,r,d thE- pJbJic for their J"e\le't''. This study, 
·:;uc: :.:-c..r :...:..1-<c: - A F.1..~o ... rce in QJ•."stion" represents the efforts of the 



s:" ·~ .. ~. r • ' ~ ~ t ~ '" ! '"' p r·--= r.· ;i ~ ~· :-: _; ~ ':1 a !' .:: ~·'>rt . 
a ' . J ~. :-. : ~ : ~ :i ~ r-: ;-.:i ... ~ - j ': •• ~ l :.."'• 6 : . 

Ct:'--c- the stud:. h;:,.s bEe~ r.::\l-::· .. t:j by tr.e sci.:·~:tific- ceir-::·.:...r;it~ 
and the ~t:>nt2ral publ~c. th~ S~te Clear<1:1ce Subco"'.ri~tcee will 
as::-F~~r.le all corr.".1Ents and !orr'lulate rE..::0rr.nendati0ns whi.:h 1.1.ill be 
pas3ed on to the ~uclear Lake ~anage~ent ComMittee. 
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Method 

In August 1979. the !"uclear Lake Managenent Cmmi ttee was fonned 
by request of the Naticnal Park SeT\'ice, to provide ~idanoe oo the 
management of the !'ruclear Lake property located in Pawling, ?>;~· York. 

The 34 mer.ber Nuclear Lake Managarent c.arrnittee has representation 
frCJTl the folk~.ring groups· 

1 l D..ltchess Cou."lty Department of Parks Recreation O:mser\'at ion 
2) Il.ltchess C-ount~\ D?panment of Planning and Transportation 
3) ~at ion al Park &-rd ce 
4 .\ \i'S Off1ce of Parks and Recreation 

6) 
7) 
8) 
Q ·. 
-·I 

10) 
i: 
12) 
13) 
1-L 
15 .l 
lf \ 
17) 
18) 
l o· .... ; 

D..lt chess C.Ou.11t y E.n\ il'onmenta 1 Managanent Council 
unchess c.ount~· Cooperative Extension Association 
T°"'n c: BE-f'?·~.ar: Cnr.s-:-n·at ion AdYiso~· Counci 1 
TCMT1 of PawHnc C,onsen·ation Omnission 
T·~T. cf &:>-?~. Recreat:ion ({T.Jl'lission 
TCMn of Pa~lir.f Recreation C.a:mission 
S'J;w:":' 1 so~ fr:r. 1 ="';is of &>t-kman and Pawling 
Coum~· l . .e~islators frre. Beekman and Pawling 
DJtchess C:mzji t\' C.01 lege 
\~1·\c: ";'r;:,1} Co:-.ft-rt:JC€ 
Car:' A.rl:x.1:·et t.m": of the \"YS B:1t an i ca 1 Gardens 
. .;ppa ~ac'nan 7ra~ 1 Conference 
DJ t c: hr.,ss C nun t y lk~ is 1 at ure Recreation Subccnni ttee 
'.'\l"l1· Y0rf.: ~:atE- De1 •artrrent of Eiwiroo:n:>ntal Conser\'at ion 
Fi:•d>:·!'at 1 1:ir. of Du1. •.h·,ss Co111ty Fish &: Gane Clubs, Inc. 
P:-i\·;1:E· u tizt:-:-.,,. a..'lJ r!rf'anizatlons. 

Thrc•(- s~:•:.1:.Tr:::r•:-'8 \\(-)"(' e-:tab~ished by th'.? !Tlt3'Tbers of the '\'Jch~ar 
I.a..i-;E- ~.'..;;,:;<i.;"'f'•."n~ (,u .... ;nee: th<:- Long P.anf!e Planning Ccr:mittee, Short 
P..:t.1~c· P'ia.r,:.in~ C:rr.ittE>P. c-.r1d the Site Clearance SubcarrrJttee. 

The fu:Kt ion of thE- L)n;:: P.ange Viannin~ Ca:rnittee is to de\'e1op a 
\:nura 1 Resource Jm·entory a'1d Ma.neij!i:Jrent Plan for the ~uclear I...aJ<e 
proJX:-l'tY. The ~1ana?tr.ient P1an v.ould · 

1) state c.crn.mity ~oa1s as they affect the Suclear lake pr01:11?rty; 
2) be consistent with the oojectives of the relocation of the 

Appalachian Trail: 
3) define a rational bound~· between the Appalachian TTall uses 

and cam-~rcial areas; 
4) define fiscal re~r.-:>r.sibi lit ies for prospecth"e i.mpro\'er.ents 

and their r..ainter~aric12 costs. 
5) v.oold pro\·jde a dt-f::..nit]on of managanent responsibilities; 
6) fit ir. v.ith thE- r<:>crP.at1ona1 net'ds, potential land use 

pat tern and resource pattern of the soothern IA.ltchess County 
area: 

3 



1) W'.•~::i t':"Ai·if- .T~'.·:l::e.,: fort!-... ':.::..· ... :.-::.1 P:-.. ~°.< ;:':.:--.:.~· .. _, 
.-\t~·::.."'l,·:·:--:? .. "' Tiai1 (:1ri:.:;~ .. .-~nl_t· ,: .~ ·:~r.t·~ ~~·· ·.;C'"', 

8) pr·_.~···.ki: ·..L~.:·s ~r.'1t dv not e.x~-: .... .! th.; c.a...,·1 1~1i car-cS.cHy 
of the site; 

9) enco.rrag'O' the consistency of local planning efforts with 
the U..."'-e of the property. 

The Short Par.g.,, Plar..ning Caitr.ittee w~ organizP.d as a r:ianagi:r..:int 
group to ma.ke rEc..:r:n-ndatioos to the ~atia-.al Park Service reguding 

l) the security and,'or disposal of chan.icals, waste materials, 
laboratory equi~nt and miscellaneow;, debris located in the 
buildings or on the property; 

2) the ta:ipc.·rary coot rol of use and access to the- property such 
as the manag~.::r.t of hunting, fii:.hing and wcn.icutting activities; 

3) ttr.;p<_,r;,;.r;.· st:curiq· of the pt\.-.p(ny which includes the r:>03tin~ 
signs, placin~ loci<.s on the buil.din~ and tht- ft\)nt gate, and 
maintaining a caretaker for the property. 

The 5: te Clea.ranee Subcami t tee which is part of the w~·g Har.gi:> 
P:anr.ing Ci:rrittee. ~a.~ es~ablished to in\EStigate the past oper~tiais 
of the L'nited ::t:cll'.'·~tl' Corpc,rar ion for the purpose of determining the 
site's saficr.:; for publ.1c ".l5e. The Subc'-cr..1.~tee's functions include· 

1) gath1:ring available infonnation and data and a.ssarbi.ing this 
inforr..;.>ti 0::r. into thE· st..idy, "\1JC>'ar Lake - A Res.-x1rce In 
Qu12s t i on" : 

2) deter"':'Jnes if further studies or testing on the site are 
needed and the ex:ent of such studies, 

3 l fonn.ing Study Revie">\ Teams "t. wa..:ld evaluate the study anc 
make reccnn?nda: ioos as to whether the pl'Operty poses a hE' ·th 
risk to the pub~ic. 

SI TE CTL.\FA '-;Cf Sl"OCO!MI TTEE P~l PRCCTIX. 'RLS 

ine Site Clearance Subcarrn.ittee activities include the fol1CM1ng· 

l) inventory, define and prioritize potential problans; 
2) determine the goals and objectives of the SubcamU.ttee; 
3) research and abstract informatiCfl for incorporati(Jl into 

tne st.udy; 
4) present the study to the Study Review Team:; and the pub lie for 

their carrnents and rec~ndati<'.J1; 
5) review and assamle the reccmnendations fran the Review Team:; 

and public, and present than to the :fuclear Lake Managenent 
Cann.it tee. 

Rl:S){~S l'TILIZED BY TiiE SL'OCOtMITTEE roR PREPARATI<l'i CF nus 5iWf' INCWDE: 

l) Certain records concerning United Nuclear Corporation (U~C) 
operations - these include daily operation log books, operation 
manuals, health and safety merrDS, test results and other reports; 
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2) Cl'.'~a~n r-=-o·r~-'" frrr1 tho? ~e. Yorio\ ~t?':r: r-=;·;:-:·'"'r• 
r' r ,. t . : .. : ":: -. r " ..... .. .. ~. 'T . "A 4: : : t.., ! :1 ( " . .: ~ ~- .. · ::, • t \.. ;_.. .J -

cf Fr\ i-
r • 

r."l-~1.':--, ftE':d t~:.-..;··< .. lt':T. r~·}•.;::-.. i!l~t:!"-Cf~~''t:' 3.:; ~r--:·· ... -.. ;~- ... ·,~. 
~!-C.~, \"~ ... _:!. ~.;; r• . ..... ~ ::; ar,J r~,~-~lr::... Cif !"~Jjtc.~.':l:·~ .. _~ ... :"."~ ..... -..... X 

E·:--." .. ~~~r:'"!t-.~.~i.: .::r~·".~(.r~ ·;,.~ ·.~.,:. ~.:-:?, 

3) ce:-tain rec(1rds frr. tht- ~·Jc~ea:- F.e;-Jlatory C:rr.i:..;:oo (for-1:::y 
kr,t;\>.~ as t°.S. Atcr~c tfo:?f'iY 0::rr.is'3iai) - '.l.t.lch inc:ude Opt'·r&­
t1ng !)ElJ..it~ a.J1J 11ct?n!'.--:s for l~C 3Ild radiol·'.\;ka.i. tt>:,;t data; 

4) ATU.tR C.o~?·atioo - rep:-ru on de-cc·r.tarin..ltirn procedures; 
5) ~€">. Yor~ ~ta':t? Htalth Diopa.."":~·:n ar.J wtcht?Ss Cc~.inty Health 

!:lefa!""t::J:>nt - rec.:1rds, includin~ i:oe-m.:t6, intt:r-office and 
inte;-~ncy f'l'lE!'1'C6 and radiological test results; 

6) rn.iscellar,c~ local goverr.m::int tren:."t5 and corrt-spr:ndence !ran 
the to.i.ns of Beekr.:an and Pawling. 

Additional studies a!ld tes:s we;e undi:;taken during the year and a 
half in 11.hich the SltP Cle3.r31<ee Subccr.r.:i t tee conducted it.~ work. The 
rt:s-,: ~::-:: c.f tilt-sc s~t.ir..:1•:s ~.;i';e bH:i incorporated into this docur•0 r.t ar.d 
includt· 

l ) 

2) 

3) 

4! 

5) 

Ca'T.a .\r.:lh·sis of S·~i l, Water and \°E::.:.~ar ioo frm ~uclear Lali:e. 
:-:ew-Yo!{_::..._pcrf;:·:n.'°cr b:.:-ln1\·.:>rsi G'.QT-:exa._<:; at i:lal :a.s :~ :-~z:­
- i:):>cer.i::•(r 19/q,•. 
Aerial fudiol·xic Sur . .-"'\ of thf> l'nited ~·Jdear Facilitv 
aT-~~-.:1-ear-IU.::-ni::·ar- ?a·~:J.r.j:\~'i'Cr_~:---c-cindu-ctecih:,:--f.G s.: G 
Inc. in ~!a:: :980. 
§§quer.tial Photq,"Taphi·: .. ~r-.a~~is of :"uslear Laj_<~-L-~tche$S 
C.Ountv, ccriduct€:d t.y the Resxrce Inforr.iat icr. Laboratory, 
COrnell Lnivers~ty, Ithaca, ~~· Yor~: .July 1980. 
;\'1clear Lake Ra...-:!iologlcal Fish Samr·· .~, conducted b~- \ev. York 
State [):>par:ment of Health, . .\pril 17. 1980. 
Cher..ical .3,nalys1s of :\uclear Lake Water S~~, conducted 
by the IA.itchess County Department of Health, .January 1980. 

Since itugu.st 1979, the Subccnr.U t tee has been meeting on an average 
of twice a roonth in an effort to prepare this study. The d0C1.r.1ent 
preparat irn procedures were as follONS: 

1. Determine the resources and data available to the carrni ttee; 
2. determine hav the data would be organized and assa:Dled into 

the study: 
3. develop a format to be used throughrut the study; 
4. designate research responsibilities to carmittee rrerbers; 
5. e:ich sectiai researched and written by the ccmnittee rrerbers; 
6. each sectirn revi~·ed and edited for oojectivity and content 

by the entire camuttee; 
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i J a.ssarble and print the study; 
8 l form Stud\· Re\·i~ Teams to re\'ie\\· the stud\', analvze the 

infonnation and make ccmrents and recrnrnendations.; 
9) Present and distribute the study to the public and encrurage 

their re\·i~-. 

Study Revi~· Team; were fornled by the Site Clearance Subcamlittee. 
Their function is to re\·i~· this study "Nuclear Lake - A Resource 
In Qi...iesuon·· and to make reccmnendations as to the site's safety for 
unrestricted publ1c use-. The teams are canprised of scientists and 
ind1\'lduals frar. gO\·ernr:lent agencies. aca.den.ic institutions, business 
and pn \'ate on:am zat ions located th.rouldloot the country. BelOJ.' is a 
11st of ti::a% that haYe been aprroached and asked to review this document. 
Addit1ona1ly, the stud\' will be presented to the public. Any requests 
( frcr.. or~anizations not listed here) to carment on this study are en­
co:.;;a,:-.:-d and wi 11 be acknLMledged. 

Suggested List of Study Review Tea ma• 

•, .. ; ~,.. :.f';. ei:;·, Cc- - ~:: :· B d": .. 
'.!· ~·t =-c·,~ :H'·, :.~ •,;. ··.:. c· : ~~; : .. 
'· • ~ : .. ':" . .: "-t· :' .. ta·· 

\~~ •.• : .... e'!' :.··: "'!'· .. · ,;. ~: ~ .. ~" ~,..,·;;·-l"''_: t·:· ~: ..... ~.·ra. 

I' . ,! ""'" ~ f: 

. · - 5.-, :' ·f·~~ :~-- '!" ·~ !·. :i-- .... t·'"t s· ... ,'~! 
· .. ~~ ~~-- ..... ·. :: r;t ',c·.·o ~~~:~·=~~ ~~">!t·.:··c·· ~-~-; ( ... 

'•""' ·~ • ... • ,f'!J·, V~:<a ~t'"'I!· ,,.~:· ... 1 t·-:i·t· .. ,:--e·.t ·:~:~'""Jf 

~ e:·~ -.' .~·s ·,:·',ft\ ·:.i~ .. ,, S1:l"lyo 1oc• 

P'r•valt 01g1n1111ion1 / lnd1v1du1l1 
Eo,,·on'ller:a De!t'·U t .,nc 
Er,11::.n:"le•.:a Ac11r•. ~~u'•Cat•on 
\t ... ~or• Pub11: i'l:t·es· =.esed~C G'O.i~ 

· Ca·y Arrio•ttu,.. 011nt r-, ' lki:;n•cl Ga·otr1 
· S1pr~a C'uO M1c ~:.1csor G·:ii..:: Atrar,11~ ·:'d::1ft' 

:va11t1or t~r Corst··~"OI" .•L:s:i;.:t 

W" po~· Cor.1:.t'"tC 5: t•!1!'S 

CJ-~.-·.u •o· ,....,,t1eo r.e!.:.'O"'S 1 ~ 't 

MO• ~IT'· \'t•t!t A.i·1d":t 

:--·.;a W<~s 
~o"~' K1~t~ Med•ca; Grouc 
1-ava Rrs~.,·(f :ifter~p Couoc1 
Ct•re· 10· ra·- anc fooc Rt~ea·: ... •nc 

~ ... "'1~ 1 ous •f\01v1dua SC•en·~sl~ 'fP'PSfl'\11n; s.ev!'a 1 ct ·rii:i'd' .:.ris 1r 

Outtntu Gaunt~ l'I ~ 

• 
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I. History of Lake Development 

Cn CX:tober 20, 1936, Mr. Herbert Ir!. Teets, owner of the property 
camrt1ly knCM'n as Nuclear Lake, applied to the Deparonent of P.Jblic 
Works for pennissioo to constnict a small dam cm a stream which meandered 
throu¢1 a large wet land and eventually flOllo'ed into Whaley Lake Stream, 
in the t™'l'l of Beekman, NE!"-' York. (See Figure 1-1, 1948 l5U5 T~aphic 
Map "Poui;rhquag" QJadran~le), (1). Thoogh the applicatiai was approved, 
the dar". was not built at that tirre. 

Mr. Teets' 1936 Application for c:onstMJctiai (2) indicated that: 

1. The watersh~d areas aba.·e the proposed dam drains entirely 
into the "!\uclear Lake Swamp" area and is l. 6 square miles: 

2. The natural material of the bed oo which the prop::lSed darn 
wou1d rest consists of "p-anite"; 

3. Facing dCMnstrearr. the nature of material canp:lSing the right 
a.'1d left banks of the stream consists of "granite"; 

4. The prop::lSed darr. woold ha\'e been 15' high, creating a lake 
area at sp))lcrest t-le\'atioo of 54 acres irrlpamding 23,500,000 
cub1c feet of water. 

~a 1 ~"3 i $ of O::' t ober 26 , 1941 aer i a 1 photographs ( 3) p::>in ts oot sare 
E-arl ier natural features of the "~uclear Lake Property" (see Figure IV-
1 J. :-he· area was orii<inal ly CmlJ'.X:>Sed of a large wcroed wetland located 
wnr.in h111y 1rrei,.-u1ar wooded terrain. The large wetland is part of a 
s•:ries o~ 11·~xxled wet lands interconnected by a network of st:rear:?S. The 
nr.:·:hf·111 p.n ion of the large wetland was higher in elevatim, suggesting 
:na~ tt;is '.ld1and draint-d ji!'enera1ly tLM·ard its central sectirn and 
1.::1-,;,t i<:-.j c'IJt a: the rrost sc:rutherly point. 

i).,rrn~ dry pericds it appeared that vehicular traffic \l:as possible 
n-.r--i"J.::r. tlk: \I\ corner of the '.let1and, as a portirn of what appeared to 
l>( ari LL'1d••rde\·e:ioped narrCM road was clearly visible cutting across this 
l·,··,rr,er. 

Se\'eral intenni ttent and perennial streams !laved directly into the 
\'arirus wetlands on the property. <:ne main stream originating at the 
hiftler ~levatior.s of the eastern side of the property floved across the 
les.r!'e wooded "'et land eventually feeding into one of the sna.ller wetland 
areas. Surface MJnoff occurrin~ !ran the hillsides in corbinatirn \\i th 
the f~,~ fran th~ intemjttent st:re:a'iS, fonn; the "Nuclear Lake" property 
w::i 1. •:"r-S~it>d. 

In g<"neral all st rearr. fl('J.,. is in a sootherly directiCl'l through 
in:E-r-connr:-cted 'ti.Pt] an.is, e\'entually joining Whaley Lake Stream. ~llaley 
!dk<· ~trearr. 1'iet.1'S v.·estv.es.rd to G;:.rden HC'11~ Brook, ccrrbining with Fishkill 
C':-~k. (SE"t' fipful"I? 1-1). fishkl ll Creek flc:M'S into the Hudson River. 
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Figure 1·1 • A segment ot 1948 USGS Tooograoti1c Mao PouQhQuag Quadrang1e. snowing Nuctear Lake as a 1arge 
wetlano or1or 10 construc11on ot tne dam wn1ch tormea rne 1a1<e Super1mposea is tne Dounaary of :ne 
Nuclear ~a1<e Prooerty owriea Cy the Na11onat Park Service 
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The 1941 aerial photograph analysis also points oot that OB.lT'Cllll' 

dirt roads accessed the property fran north and saJth and that the 
entire area was thickly wocded with decidurus trees predaninating. 

In March 1946, Mr. Mil ton Ola.z.en and Mr. L. Ryder, new owners of 
the property, applied to the State of New York Departrrent of Public 
Works, to coostruct a dam in the same location as the 1936 Teets' 
propa;al. The Olaz.en-Ryder Application for Qnst:ructioo ( 4) indicated 
that: 

1. The watershed area above the propa;ed dam is LS square 
miles. 

2. The natural material oo which the proposed dam wo.ild rest 
consists of hard yellG\' clay dc»'n to bedrock. 

3. Facing ~stream. the nature of the material car;:ia;ing the 
right and left banks of the stream CC11sists of rock. 

4. The proposed dam was to be 20' loog', 16' high, made of 
concrete and constructed on an apron of reinforced c.oncrete, 
30' wide and 6'' thick. This dam woold create a lake area 
at sp1llcrest ele\'ation of 52 acres, imprunding 18,000 
cubic feet of water. 

5. The darr. w~ld also contain a built-in spillway c.onstructed 
of 24· box culvert or 24" cast iron pipe \\ith a suitable 
gate valve. The spillway was designed to discharf!'e 181 
cubic feet per secood. 

The Application for C.onstructial was approved on March 23, 1946 
(5). The dam was subsequently built. H~ver, rather than being a 
cor.crete darn, it was an "earthen type dam" possibly containing a c.al­

crete core wall (6). There was no spillway in the dam itself, but to 
the east of the darr. an o\·erf1CJN channel \\'as cut thro..igh natural ~und. 
(See F1~"l.lre I-2). Aloog the channel, a small "lock type" dam was 
coost rJctt::d wid used to raise or l™'er the level of the lake by three or 
four feet. Th€· water i.mp:::iu."lded originally created a lake to be used for 
r12.::.rE>at ior.a1 pi~upa:;es. E&.rlier records shCM' the lake to have the name, 
"Pav. 1 rng Pond". 

An analysis of O::tobEr 16, 1948 aerial photographs (3), \'erifies 
that a darr. had been constructed across an outlet on the scuthern end of 
thE- main wetland area. (5eE- Figure l\'-2). The lake fonned by the dam 
n:a:.-ured approximately 50 acres as seen pre\'ioosly on the 1941 Jiiotog­
raphy. Wet land vegetation disappeared under water exc.ept for three small 
"islands". Lake ba.mdary \'egetat ion thickened and filled in to sane 
extent along the northem and western shorelines. There existed sane 
rarshy beach along the northern boondary, but generally the wooded 
shoreline rret the water) ine directly. The photography showed the main 
dam clearly, but the overfl™· channel was not visible beneath the heavy 
tree canopy . 

April 11, 1955, aerial photographs were also analyzed (3). This 
ar.alysis clearly sh™s details of the dam, control structure, stream 
pauerns, asc.ess roads and two structureS near the lal<e. (See Figure 
l\'-3). The water level in the lal<e appeared higher. No beac.h area 
was evident. Two of the three small islands that appE>ared in the 1948 
phot01;,""r3.Jils have disappea.red and the marsh area that v.'85 ooce present 
a1ong the north.:-rn shoreline, is gone. 
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WetlB!ld.s a.rrund the lake a.re still present as in earlier Jitotographs but 
sane have dried up, s~ have becane ll!llller and sore have changed 
conflrruratioo. 'IWo structures are present aloog the western shoreline 
approximately a fourth of the distanc:e up the lake !ran the dam. These 
structures appear to be the hunting lodge menticrted in other baclcgramd 
informatioo, and the other, by its locatiai directly oo the lake, a 
ooathruse. 

01 l'-to\·ait>er 28, 1979, the darn was field inspected by Mr. Nom1U1 
Benson, Dlstrict Manager of the IXltchess Coonty Soil and Water O:nservatioo 
District, to ascertain if the existing structure was sa..fe and free fran 
danger of failure. Mr. Benson's inspectiai report showed the dam to be 
srund and not likely to fail, though sane recarmendaticns to ~rove its 
strength were made. Mr. Benson's report in its entirety is frund below. 

M· Ch.;·1es Sr.a.., E '1vHO".rne":a· Soec1a·1s1 
[)~!: ~e~s Co~ -:1~ Coooe·a:1ve Extens·c~ 
l\~c·ea· La•e Mar.a~e'Tlerit Co'nrn1t'ef 
S·!t C·ea·a•ce s~r:>CO"'"':"ee u,,w.,..,a: 

A: ·10~.- rec;.ies1 1 e~al"1,rieo r~e oa"" c•. Nw~1ear Lake 1n the Township ot Pawling anc tound it 10 be sound and 1n no 
,...--e~ a1p cange• 01 :a J'.E i,oweve· 'nave a tew recommendations Iha! wi111mp~ove !he sa!e!y ot the cam a110 fur· 
!Me· 01rr,,r,.5r 1r•e ct1a,.,ces o! oarr la11u·e 

~\J.,..~e· ':'~e ·s tc 'e"·C•E ~re ;1.a:t:· "e1gl'I'. cort•o' structu't' 1n the outlet stream eas~ of the oarn to keep the lake at 
.·; :.:·ese·· e.e aric 1c a ~"' 10 rrG·e !·o.-. ~a;:iacit) at limes o'. heavv runoff The stream c.hannei shouio tie cieaned o• 
ce::.· s t·r •rit v.aie· co"tr::>• s11 1;c1.,re bac• to ttie :ake ouller re a11ow tor a free flow of water. espec1a!ly 1n times of 
nea.·1 rv"·Oc: ~re •:- ... e· .a•t .e.e ta•es ~·essu·e o't the top o: the aam anc allows for more free boarc 

'•~~~·€· '"': re,..-•O\f !~e !WC' Cu·vert [:'•;:JfS '.rorr 1t·1e top Of dam and !1!1 lhE Otches that are left whe1'1 tile pipes are 
~ems.er:.., :r. a t19r.t c.a 1 rr.a1e•1a tc 1he to~ '1e1gn: of the present pipes anc pact< 1f well then seed w1tr. a grass mr•· 
\;'to"~"'. c• 7•est: '"': c~'•e•: P·::ie$ a·e not equ:ppeo w11r. ant.·seep collars anc therefore riche some so11 
e·os10• cJ•o,..r.c :r.e~ Sriouic triese c~ .e·15 tiecorie pluggeo ar a time ot high wate• on the dam. these cutverrs cou1C 
~~sr· O~' :tJ .. S ~~ 2 carr •a 1.1J·e 

r-.r:;e· t"·ef 's 1c •·'.' ar e•ooec a•ea or. t!'ie tilP of !he dam east ot where the present cutvert pipes are F111 thiS area 
"'·~ c 1.g~1 C·ci ,..a:e·.a· t~e ~,err. o' the to: o~ ttie darr. anc west to the point ~he•e tne cutven pipes were remo.eo 
e:·:: a·!'« s~-e ce;;1r Tn:s 1·9"'' ca1 rr.aie1at s11ou1c be packed as t1gnt as poss1ti1e anc then grass seeoeo ano 
""~ c ··ec L A-e a·.c !e'i1'..ze• S"01JiC as~ oe aooecl tor tiener resutts The eastern enc 01 the cam snou1d not be d•stu' · 
nee as,; r.as,; neavi g•ass cove~ anc oetac:se ot 11s somewt1at tower e1eva11on w111 act as a sale emergency sp111way 
1r case 01 ar e•t•a heavy runof! storm wher the srream could not handle at: the lake over1tow 

The darr" a;ipea•s to have a concreie we aric well fled 1n at both enos 1n10 the becrock There appears to be no 
1ea .. s 1n the earn Tne dam is a so:ic ?C teet wide on top and 32 plus feet wide iusl belo~ the water 1tne except for the 
o·e e·~oeo spot or. top trie cam is on., S tee: v.1oe at th•s point ano was men11onec above as a spot 10 be repaired 

It you have ariy lurtrier ouestions or comme'l!S feel free to wnre or call me 

Sinceretv yours. 

-~,,,_.,,~ ..... '" 

11 

Norm Benson 
01str1ct Manager 

Du1Clll!SS Counr, Sot1 & wirer Coc'IWVlllOll Disrric1 



1. 1948 t:scs Topc~aphic Map - Poughquag Quadrangle. 
2. State of ~ew York, Department of Public Works, 

Division of Engineering; Application for the c.on 
struction of a Dam; Darn No. 230-109i; October 20. 
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July 1980. 

4. State of Sew York, Department of Public Works; 
Application for the c.onstruction or Reconstructioo 
of a Dam: Dam ~o. 230-1097 ; March 20, 1946. 

5. Inter-office ~la:n fran the State of ~ew York 
Departm?nt of Public Works, to Mr. J. S. 8ixby, 
District Engineer, PoughkE'€psie, New York, !da.rch 
23, 1946. 

6. Inter-office Mer.n fran the State of SS\' York 
Departr:ent of Public Works, to ~tr. J. S. Bixby, 
District Engineer, Poughket:·p..sie, ~€'\.lo· York, July.· 
8, 1953. 

, . \\eroo fran \1r. ~onnan Benson, District \tanager. 
I:Xltchess County Soil and Viater CoosFr•;atioo District, 
to Olarles P. Shaw, E ·-?cut h·e Di rector fut chess 
County En\'ironr.ental Management Council; ~overrber 
28, 1979. 
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II. Environmental Conditions of Site 

•·::~-:.e ch.zrta uae C0'7'i!ed from avai'LabZe information IJithout 
rt?coJ.<rse t'.'.' de ta...: :ea ;"iE Zd BW"Veys. " 

Cieology 

Major bed.rock types on the 1137 acre Nuclear Lake property are 
schist and gneiss: in addition, quartzite, phyllite and cartxxlates 
OimeStone and dolaotone) coold be present in snall areas, TABI..£ 1 
{l ). <1leiss surrounds the lake and extensive schist occurs a little 
east of the lake. 

A fault di\·ides the gneiss and the schist just east of the lake 
(1). The fault cares up fran the sruth (SSYi-NNE) and at a point approx­
imately east of the lake it forks at an angle of abCJJt 25°, ooe branch 
continuing \~'W, the other N!\'E. The fault sho.vs as a distinct pair of 
srna 11 escan:rren ts on the topographic map ( 2 ) . 

The ~eiss and schist have le»' backgro.lnd ganma radiatioo coonts 
(3). ~ot far off the property yoonger pegmatite dikes with slightly 
higher crunts occur; such dikes might also be present oo the property. 
Phyllite. if present, might have slightly higher coonts than the gneiss 
anJ schist. 

Occasional crystals of galena, chalcopyrite, or other minerals may 
also be present in the bedrock and if present WOJld ca1tribute sane 
lea.d. copper or si 1 ver to the environment. 

TABLE 1 Geo10~1ca to•ma~1ons f>lucie:a· La1<e property and v1cin1tv From Geolog11:a1 Map ol New York 1970i11 

.. 
Symbot 

OC" 

Form111on Age 

B10111e granitic gneiss Precimbr1an 
Everen Scn1s! · 1oca11y with minor Cambrian 
meta-graywacke lenses 
Poughauag ouarw1e · Cimbr1an 
1oca111 cor.g1omerat1c 
Wapo1n9e• Group · Cambrian· 
hrnestone ooiostone O•Oov1c1an 
wa1ioomsac Formation 
phyl!1te schist 
meta ·graywacke Oroov1c1an 
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Toi:qraphy 

The lONeSt point on the property is about 600 feet above sea level 
in th€ Wf.St - and the highest point about 1,050 feet in the northeast 
(2). However, the local relief of snall valleys and adjacent hilltops 
oo the property is nn:;t ly 50-100 feet. The trend of the valleys and 
ridges is roost ly SSW-:~t: (Figure II -1). Steep slopes (over 15~) and 
bedrock at or very near the ground surface characterize ITl..lch of the 
property (4). Lake surface elevation is 758 ft. (2). 

Hydrol~ 

Nuclear Lake is artificial; the dam was built in 1946-47 (5). The 
pre-existin~ wetland wa...:; not dredged, but simply flocded during lake 
construct ioo. The lake's surface areas has been reported as 38 acres 
(4), 0.06 square miles (abrut 38 acres) (14); 45 acres (10), 29 acres 
( Olapter I, page 2), and 50 acres (Otapter I, page 2). EstilJlates fran 
the 1960 TolX€'?"aphic Map (2) indicate it to be 37-38 acres. Shoreline 
is about 1. 3 miles (14). 

The entire watershed of ~clear Lake is in the extreme ea.stern end 
of the Fishkill Creek drainage basin, tributary to the Hudson River 
estuary at Beacon, :-;~· York. Although sane areas less than one-half 
mi le ea.st of ~uclear Lake drain east to the Hoo.satanic River, no part of 
the ~clear Lake property drains eastward and there are no apparent 
surface water connt-ctions between the two drainage basins. 

The waters and wetlands of the property are shONO in Fig. II - 2 
(21). ~t of the watershed of Nuclear Lake is on the property. However, 
the west and north edges of the property drain into Gardner Holl~ Brook 
(6). ~ote: Tributary 2 of Gardner HollON Brook is not continuous with 
the inlet at the northeast corner of Nuclear Lake as was sh~ in Planning 
Guide lines for [).it.chess County Drainage, Plate 1 ( 6). 

The Nuclear Lake outlet stream leaves the sooth end of the lake, 
~ings west and passes through a series of wetlands into which the small 
stream west of the lake also drains. These wetlands a.re continuous with 
wetlands along Whaley Lake Stream which flC»"S out of Whaley Lake ( H 
miles to the Ba.1th) and swings west (leaving the wetlands) at Rt. 55. 
The entire wetland canplex between Nuclear Lake and Whaley Lake is 
between ~ and 700 ft. elevatioo, excepting the S111lll wetland just SW 
of Nuclear Lake v.tlic.h is between 700 and 710 ft - still 50 feet below 
Nuclear lake. The wetland fonnerly occupying the lake site was between 
740 and 750 ft. (2). 

For additiooal detailed infomatim cooceming changes in the 
drainage patterns and wetlands co and &.m.lild tbe Nuclear I.Ake Property 
refer to Oiapter IV - Sequential Air Photo Analysis, of this report. 

It is not known if there are any springs oo the property. The 
groondwater of the general area is soft, often tainted with hydrogen 
sulfide, and yields aboot 16 gallcms per minute fran drilled wells (4). 
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Soils 

Fig. II - 3 is a generalized soil map of the property. The soils 
axe derived predaninantly !ran glacial till (grwnd-up rock materials of 
various particle sizes and diverse origins). These soils are acidic 
( 8) ; except ioos being wetland and calcarerus soils. The wetland soi ls 
c.onsist of fine material and cootain mre organic natter fran plants 
than do the till soils. Stall areas of calca.reoos (limy) soils derived 
!ran carbonate rock outwash occur near the swthwest c.omer of the 
property (Fig. II - 4); these soils a.re alkaline. Soil mapping of this 
type (8) is not finely detailed and it is likely that snall areas of 
wetland or calcareous soils occur m the property but a.re not mapped. 

The depth of wetland sediment in the lake basin was not recorded 
when ".'luclear Lake was built (5). HONever, a boring in the wetland abrut 
O. 7 mi le north of \\haley Lake and 300 ft. sooth of Rt. 55, revealed rruch 
fran the surface to a depth of 2 ft. and silt bela.v that (13), but no 
oorings were reported fran the Nuclear Lake property. •· 

All soil types of the ~uclear Lake property and vicinity are listed 
in TABLE 2. 

TABLE 2 Soi! tyoes Nuc1ear La11e :iroper!y and ~1c1nity Accora1ng to Soil Survey Dutchess County New Vork 18) 

-· - .-·-···· ·- ----···--------···------·- -----···------------------------~--
S~bol Soil; Parent m1ter11I 

Cn 
C:i 
Cs 

Wt 

Cna11,e1a stony ioam :eagy l1;::y p11ase g1ac1a1 till cn1et1y granite & gneiss 
Copa~e grave•'y 1oam neany 1eve' & unau1a11ng phase 
Cooake grave11y 1oam steeo phase g1ac1al outwash ch1et1y calcareous 
sarcs1one 11mestone & siate 
Gloucester gravelly :o<im ro111ng pnase. glacial ttll. chiefly graf111e & qne1ss 
G1ouste• stony 1oam ro1iing phase g1ac1a1 till cn1e!ly granite & gne ;s 
Ho111s Ct1annery ioam rolling phase g1ac1a1 t111 c111elly sc111s1 
~ough stony 1ana vanat11e 
Stocktirioge gra11e11y 1oam gently s1op1ng & s1op1ng chases g1ac1a11111 
cn1et1y 11mesrone & s1a1e 
Whitman stony s11t 1oam. gtac1a1 till chiefly sen 1st. granite & gneiss 

VegetatiCll 

15·30 
0·8 

25-45 

5·15 
5·15 
5· 1 5 

25·60 
0·15 

0·3 

'Ihe terrestrial vegetatiCJl is predaninantly hardwocxi forest (4, 17, 
18). An evaluatiCl'I of color aerial phot~ taken in May 198:>, (see 
Otapter VIII) gives an impressiCJl of extensive rocky, thin-soiled, dry 
hardwocxt forest of snall to rncxierate tree size, broken by srall pockets 
of other plant cOIM.Ulities in wetlands and other sheltered sites. 'Ibis 
UTlpressiCl'I was borne out by the limited infonnatim available, at least 
for the areas along the driveway and around the building& (16-17), Miicb 
support an oak wocxis (white oak is the cammest tree) with scattered 
han.lock, red oak, tulip, black birch, flcwering dogwoai, witch-hazel, 
mruntain-laurel, and other trees and shrubs. Uchens (crustoee or 
fo li cse species) are present on tree trunks. 
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The wet lands, largely wcxxied, have m1t1errus red rmples m:stly of 
sna11 size, also yell<JN birch, alder, royal fem, skunk cabbage, tusscrlt 
~e and other species (16). No spagm.rn m'.l6S has been noted. Purple 
lOClietrifle, catta.i l and alder are 1DD1g t!le species of the lake shore­
line. A list of the observed flora is in Table 3. 

At the time of lake cmstructioo (1946-47), shr\lb6 and anall trees 
covered the wet land on the lake site ( 5). The wetland has been described 
as a ''bca'Y SWS?l'", at the basss of wocxiy plants. At this time, the 
lake· s surroondings were "secCJld growth" forest, including "i:q:>lar, 
shrub oak, sane maple" ( 5). The trees were not large because the 
American Brass QJr;:>any had cut over the whole area for charcoal at an 
wireported date (5). As is carroon elsewhere in eastern Illtchess Cbunty, 
cha.rcai.l product iCJl pi ts may be present on the Nuclear Lake property. 

.. 

Arnmls 

TABLE 3 P:ant~ OOSl:"vec on the Nuclear lake property (4 16 17) 

TREES 

Rec r"la::Jie 
B:ac• 01•:~ 
ve11ow 01 1 cr 
Ame•1ran cties:r:J'. 
~·o"-e' 1 ~ 1; ~c,;~:~c 

Beecn 
Rec as11 
Rec ceca• 
T uliP 
Wn11e oa• 
Rec ca• 
W1llO~ 

Sass.was 
Hernioc • 

HERBS 

Seage 
T us soc' seage 
s:ra111berry 
Grasses 
Purple 1oosestr1fe 
Or chics 
Sk un' ·cabbage 
Co1tstoo1 
Catta11 

FERNS AND ALLIES 

Horsetail 
Chr1s1mas fern 
Sens1hve tern 
Cinnamon tern 
Royal tern 

SHRUBS 

AIOer 
W1tch·haze1 
Mountain-laurel 
Bramble 
Blueberry 
Viburnum 

--· ------··- ·-·-··--------------

A list of species reported on the property is in TABIE 4. 'Ihis was 
canpi led fron a m.rrber of srurc.es but should not be ccnsidered CXJJJ>lete. 

The area was listed as "United Nuclear Corporaticri" (tK) i.n Where to 
Bird.!..!! I:A.ltchess c.ounty (10) v.tlich stated t~at migrant waterfowl u&edthe"lake 
in early spring and late fall. 'I}-pical wooaland birds my be seen on the 
property. The Ralph T. Watemwi Bird Club visited the property oo 19 March and 
26 CX:tober 1977, 18 March, 24 June, and 14 Cctober 1978, and 31 Janu.P.ry 1979. 
Mr. Benson, fo~r caretaker of the property, operated bird feeders there (9). 

Whaley IJlke had a breeding pair of b&ld eagles until at least 1891 (11) 
and pernaps into the early 1900's (12}. 
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MAMMALS 
Staver • Hoose wren Rutous·s1ded towhee 
Eastern ct.1pmunk Grey catbird Dark ·eyed 1unco 
Woodchuck American robin C111pp1ng sparrow 
Bot>cat • WOOO tl'lrusll Wtllle·!hroateo sparrow 
Wl'l1te1ai1 deer Veery Swamp sparrow 

Blue·gray gnarcatcller Song sparrow 
BIROS r:uby·crowneo k !ngiet Brack ·tllroateo blue warbler 

Great blue heron Starling 
REPTILES Canaoa goose Rea-eyed vireo 

Greater scaup Warbling vireo Snapp1no turtle 

Turkey vulture Black ·and ·white wa•b1er Painted rurlle 

Goshawk Worm·ea!lng warb1er 
S11aro·sninneo naw~ 8!1..e·w1nged warbler AMPHIBIANS 
R~ 'feel ~rouse Yellow warbler Spring oceper 
\1,;ur~1ng aove ve11ow ·rumped warbler 
c.~1"'111e~ s,.,,,~ B1ack ·tnroateo greer- wa•b1er FISHES 
3e'teo K;ngt1sher Ct1estnut·s1oeo waro1er Brown trout• 
C~,.,,..,on t11cker Pr a1rie warote~ Brook trout • 
P11ea!ea NOoopeci..er Ovenbird Northern pike + 
Hairy NOOODeC•er Nonhern water~hrusn cna1n pickerel 
Easre~~ • 1ngoiro Louisiana watertl'lrusn Creek chubsucker 
Greal crested tlycarcner Common yellowtllroat Brown bullhead 
Eas:ern ptioeoe Canaoa waro1er White per;:n 
Least t1yc3tcner American reastart Pump111nseed 
Eastern "'coo pewee Reo·w1ngett 01ackoiro B1ueg11t 
Tree swa11ow Northern oriole Largemouth oass 
8 ue 1a~ Common grackle Yellow percn 
Coniriion crow Scanet tanager 
Biac~ ·capoeci ch1c~attee Caro1na1 
; u•ieo titmouse Rose·:ireasrett grosoeak 
v'ln,re·treastett nuthatcn 1rici1go bunting 
Bro"' n creeper American go1otinch 

•Reported near the Nucl11r Lake property and prob1bly occurs there. 
+ Two wer1liber1t1d1n Nuclear like in 1979 (Cllarl11 Shaw, ptrs. comm.). 

Many urc doctm:mts ref er to testing "Salanande:rS" fran the stream and 
"perch" and "catfish" fran the lake, for radioactivity (15). niring October 
1956, the NYS Conservatioo Departmmt stocked Nuclear Lake with several fish 
species taken fran Kurk l&ke in Putnam CQmty, New York (22). A list of these 
fish species can be found in TABLE 5. 
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TABLE 5 '-le"' Yor• State Cc.,,ser~at1on Departme'lt F1sn Stoc~1ng Report For Nuciear lake (22l 
F11t1 Species NUmbtr Stocked Wtight (1111.) Anra11 S1Z1 (Inches) 

Bu11neacs ?773 2773 12 
Ye11ow Pere" 1915 1315 10 
Sunfish 815 220 8 
Roe~ Bass •BS 95 5 
Whtie Peret> 284 3•0 13 
ChuC Suc~ers 62 62 12 
Go1oen Shinners 120 60 9 

In l"A?cerrber 1979, the New York State DepartJrent of Conservation, using 
gi 11 nets, collected 122 fish san;iles for radiological testing. AU S81Jl)les 
were reported to be in good condition (no sores or lesioos nc- ed). bt were 
under five years old exc.ept for a f~· perch estimated to be 6-7 yea.rs old. 
TABU: 6 lists these spe1 ;ies collected. 

TABLE 6. New Yor~ State Department of Env11onmenta1 Conservation Records of fish collected for 

Species 

¥e:;o .... ;ie·c•, 
Pw""'P• 1r seec 
Cha:n 01c~ era1 
La·ae ,,,cu•~ eass 
wn~e perch .• 
Brown tlu!iheac 

r ao101og1ca1 testing 
Number 

93 
~ 

6 
3 
3 
4 

21 

Weight 

112 · 1 Ill each 

4 lb 1 oz ·Total 
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l New York Sta.te Museun and Science Service, 1971, Geologic rrap of New York 
1970. ~r Hu~ sheet. 

2. t:nited States Geological Survey, 1960. Poughquag (~angle, New York 
7.5 Minute Series) (Topographic). 

:3. Wa.rthin A. Scott, Jr., Vassar C.Ollege, Poughkeepsie, New York. Telephone 
conversation on 13 ~ch 1980 with Erik K.iviat. 

4. Eric Gillert and Les Hyde - 1979. IAltchess County Appalachian Trail relo­
cation; a proposal for a United Nuclear Nature Preserve. (13 p. zerox.) 

5. Ken Lutters. Mero dated 25 January 1980 on conversation with Milton Olazen 
of PoustJ.keepsie, New York. 
Milton Cllazen (M:ilton Cllazen Associates, Engineers, Pc;ughkeepsie, ~York). 
Telephone conversation l.3 March 1980 with Erik Kiviat. 

6. Ho.i.·ard A. Kelly, Jr. Associates, 1968. Planning guidelines for Du:chess 
County drainage. IAltchess County Planning Board, Poughkeepsie, ~ew York. 
(56 p. pl~g maps.) 

7. Resource Inhnnation Lab. Cornell L'niversity, Ithaca, New York . .,Sequential 
Air Photo Analysis of Nuclear Lake property, 1980. See Cllapter IV of this 
Report. 

8. Secor, W. et al, 1955. Soil Survey IAltchess County, New York. US Department 
of Agriculture Soil Conservation Service, Ser. 1939, No. 23. 178 p. & maps. 

9. Helen Manson, 1979. Field trip reports. Wings over Dutchess, (Ralph T. 
Waterman Bi rd Club of Dutchess C.Ounty) 20 ( 4): 6, February. 
Elenor Pink, (Ralph T. Waterman Bird Club). Pleasant Valley, New York. 
Personal camunication, 12 NoveniJer 1980 to Erik Kiviat. 

10. A. B. Ranero, et al. 1977. Where to Bird in IAltchess County. Ralph T. 
Watenm.n Bird Club, 66 p. 

11. J. Bul 1. 1974. Birds of New York State, IX>ubleday /Natural History Press. 
Garden City, New York, 655 p. 

12. L. Griscan, 1933. The Birds of IAltchess County New York, Trans. Unnaean 
Soc. NY 3, 184 p. 

13. C. Cam?ron, 19i0. Peat Deposits of Southeastern New York. Geological 
Survey Bull. 1317-B, 32 p. (See Site 21.) 

14. P. E. Greeson and G. E. William>, 1970. Cllaracteristics of New York Lakes. 
Pa.rt 1-A - Gazetteer of lakes, ponc:U: and reservoirs by counties. US Dept. 
Interior Geological Survey and NYS Dz?partment of Environmental Cooservation 
Bull. 68A, 121 p. 

15. Gulf United Nuclear ~Y neoos dated 3 May, 31 May, 3 June, 28 August, 
1957, on file at Dutchess O:>unty Cooperative Extension Association, Millbrook, 
~ew York. 

16. Erik Kiviat. Chservations Along Nuclear IJLke F.ntrance Road, 9 May 1980. 
17. Olarles Shaw, 35 nm color slides of buildings and vicinity, Nuclear Lake 

property, 1979-80. 
18. Ronald Pierce, NYS Department of F.nvironnEntal Con.servatioo, New Paltz, New 

York. Pers. Cann. Decerrt>er 1979. 
19. Jean Valla, Nuclear Lake Managenent Carmittee. Pers. Cami. 1980. 
20. Alfred G. Trafton, Jr., HoMre5, New York. Telephone conversation, 12 

Novent>er 1980. 
21. Dutchess County Environmental Management Ca.mcil. Tentative Freshwater 

Wetlands Maµ; For Dutchess County, Septerrber 1978, on file with IAltchess 
County Cooperative Extensiai Association. 

22. New York State O:xlservation Department. Fish Stocking Report for Nuclear 
Lake, IAltchess County. 
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Ill. UNC History and Operat~on1 

a\NERSHIP 

Between 1934 and 1942, Herbert Teets acquired approximately 
ten parcels in the towns of Beekman and Pawling, which 
comprise the large majority of tbe present 1137 acre Nuclear 
property ( l). 

In 1945 the property was sold to Joseph Chazen and Leland 
Rider. The dam creating the lake was constructed shortly 
after this, and in 1953, Chazen sold his interest in the 
property to Ryder (1). 

In April 1955, Leland Ryder sold the property to Southern 
Dutchess Corporation. During the next few years Nuclear 
Development Corporation of America (NDA) obtained several 
construction permits and licenses for development of the 
Remote Experimental Station at Pawling. (See figure 111-1). 
In March 1958, the property was transferred from Southern 
Dutchess Corporation to NDA (J). 

In Ma:; 1961, :-;uclear Development Corporation of America 
(~DA) assets, personnel and licenses to operate were 
transferred to United Nuclear Corporation (UNC). During the 
next few years, portions of the u'NC operations were conducted 
under a contract with the ~nited States Atomic Energy Commission. 
Also during this period several parcels were acquired by New 
York State for realignment of Route 55 (2). 

In April 1962, United Suclear Corporation merged with 
Sabre-Pinon, which subsequently changed its corporu.e name 
to Vn1ted Nuclear Corporation (UNC). Through the merger a 
·new" ~C was formed and licensed (3). 

In July 1971, United Nuclear Corporation (UNC) signed a 
lease agreement with Gulf United Nuclear Fuels Corporation 
(GU~FC), which made the operation o! the Remote Experimental 
Station a joint venture. UNC retained ownership of the 
property and facilities, and GUNFC beld the licen$eS to 
operate. The new corporation was called Gulf United Nuclear 
Corporation (GUNC) (4). 

GVNC requested termination of its License SNM-871 OD March 
11, 1974, and by July 14, 1975, when the license was terminated 
by the Nuclear Regulatory Commission, the company was known 
as General Atomic Company (15) 
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In ~ove~ber 1977, Cn1ted Suclear Co~porat1on sold the 
propt:rty to Harpoon, Inc. (5). 

In June 1979, Harpoon, Inc. sold the 1137 acre parcel to 
the United States of America (US~). Department of the 
Interior, ~ational Park Service for relocation of the 
Appalachian National Scenic Trail (6). 

FACILITY UEVELOPMEXT A~D CSE 

The property currently contains a number of structures, 
access road, parking lots and utilities. A plan of the 
C~C Remote Experimental Station showing all structures is 
provided as Figure III-2. Following is a description of 
each structure's construction and function while the site 
uas used as a nuclear research facility. The description 
has been taken from available information. 

. . 

Population 
u 
'~c 
~' ~ ~f 

~000 

Figure Ill· t • Remore Nuclear bperimenl Sraf!On ar Paw!tnq 
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A. LODGE (Fii<ure III-3) 

Location and Construction: 
This single story "wooden hunting lodge" existed prior to 
1955 (il. It has a stone foundation, stone fireplace, and 
lS located near the lake shore south of the Plutonium Facility. 

Function and Cses: 
In 1963 and 1967 it was being used for stora~e. 

.· 

Figure 111·3. The L oooe 11981 Photo\ 

U. 80 .. \THOL'SE 

Location and Construction: 
A small wood frame structure was located on the lake shore 
nt>a r the lodge prior to 1955 ( 7). It was also cal led garage, 

Function and Uses: 
The building was converted for storage of the fire trailer 
~hich held a 300 gallon tank. hoses and a pump used for fire 
protection within the complex (8). A "pond plug" was installed 
in the floor to permit rapid filling of the trailer tank (9). 
In 1970, all employees were warned that the building was 
collapsin~ (10). The structure does not now exist although 
a portion of its stone foundation is visible below the lake 
surface. 
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2. PLliTO~ICM FACILITY (Figure III-4) 

... 
Location and Construction:. 
The building is located cltise to the west edge of the lakP., 
north of the Waste Storage Building and east of the Engineering 
Building. It was one of the initial "testing and experimental 
labs" constructed in 1956 ( 7, 11, 12}. Between 1966 and 1971, 
portions of the building were removed and other sections added. 
The present structure contains 8800 square feet. It is parti­
ally one story and partially l~ stories, made of concrete block -
with two additions on the south side. 

Several plans for alterations were reviewed between 1963 and 
1966. During 1967, the detached Gas House on the northwest 
corner was removerl and replaced by a 24' by 36' concrete block 
addition to the main structure. At the same tim~ a 30' by 
so· concrete block addition was constructed on the southwest 
c0rn~r. This required reconstruction of the sub-surface 
se..-age disposal system ( 13, 14). Plans for this system were 
approved by the Dutchess County Department of Health in Febru­
ary 1967. It was constructed on the south side of the building, 
b~ June 1967. and included a 900 gallon tank and a leach field 
5-i" deep (15, 16). After 1970, a 28' by 32' metal addition 
was constructed on the southeast corner of the facility. 

Figurt 111·•. The Plulon1um Facility ( 1981 Photot 
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Function and Uses: 
The building was one of the two locations in which the use 
and storage of Special Nuclear Material was authorized. Much 
of the waste products discussed in Chapter V were generated 
in this building. The ''Operating Manual" for this facility 
is available (8). The entire building was called the "Hot 
Laborator~··· for several years and contained separate ''Alpha 
Lab" and "Gramma Lab" sections (7, 9, 17, 24}. Figure III-5 
shows the floor plan for the building. 

The Alpha Lab contained "a large number of interconnected glove 
boxes connected to very extensive gas handling facilities" and 
by 1961, the activities included the use of "unirradiated Pu and 
natural uranium both in the metallic and dissolved form'' (25). 
It was within this portion of the building tbat tbe explosion 
occurred in 1972. (See Chapter VI). 

The Gamma Lab had ''several shielded caves" for work on 
ir1·Jd1;,.ited fuel elements and handled small amounts of 
Spe< t;,.il ~uclear Material (24, 26). Other portions of the 
bu1ld1n~ contained the Change Room, Decontamination Room, 
:-.ton.11:£- ;nea and safe, bathrooms, offices and a small 
cht'ITilstry lab/dark room (7, 8, 27). (See fil?ure III-5). 
In .Jul\ 1966, the Gamma Lab facility was being dismantled 
( ~8). 

Th~ h~ndl1ng of plutonium in this building was discussed 
rn 1957. and the ''Plutonium Laboratory was first operated 
in Aui;u:st 1961". (29, 30). Use of plutonium and uranium-235 
IC-235) in a p~oposed fuel fabrication process was discussed 
in March 1964. The major product produced in the fabrication 
1;rocess was uranium oxide - Plutonium Oxide (U02-Pu02> in the 
f1Jrin of pellets (7, 76). 

In 1970, two amendments to this license were requested. One 
in vol\ e-d ··t-;on-dest ruction assay ope rat ions" in a shielded area 
tn be constructed on the south side of the building. This is 
the concrete block addition to the existing structure and was 
to havt interior walls of concrete o~three sides ranging in 
th1ckn~ss from 18 to 36 inches. The second request was for an 
atld1t1onal "6 gloves boxes and a convnuous sintering furnace" 
~hjch did not require building expansion. (32, 33). 

J 
,. 
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3. CRITICAL FACILITY (Figure 111-6) 

Location and Construction: 
This 6000 square foot building is located on the edge of 
the complex, approximately 400 feet west of the Plutonium 
Facility. It has a separate parking area on the west side 
and the other sides of the building are surrounded by an 
8 foot cha1n link radiation exclusion fence designed to keep 
people and animals from wandering too close to the building 
dur1n~ operation. A large wetland system is adjacent on the 
southwest. 

Construction began in 1956 and there have been no apparent 
exterior additions. The building was constructed of 
·structural steel with non-load-bearing masonry walls". 

The west end of the building consisted of the 25' by 60' 
by 38' high reactor room. It had provisions for two 
reactor locations and had two concrete pits in the floor. 
These measured 10' by 20' by 10' deep and 8' in diameter 
b~ 8' deep, and both were constructed without drains. 
A 4 foot thick poured concrete shield wall separated 
the reactor room from the other parts of the building. 
The remainder of the building is one story concrete 
block. Both sections have flat reinforced roofs (24, 34). 

,,. 

:-~~--- ··--

.. _, 

Figure 111·6 • Cr1t1ca 1 Facility (1981 Pnotc J 
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Function and Uses: 
This building housed two test reactors and later the Proof 
Test Facility, all of which were critical assemblies. It 
was operated under Facility License R-49 and was the other 
authorized location for the storage and use of Special 
Nuclear Material. Like the other facilities it was subject 
to Industrial Code Rule No. 38 of the New York State Labor 
Law (34, 37). By October 1957, some 2,000 gallons of 
borated water had been accumulated in one of the pits in 
the reactor room. It was noted that the water would not 
be needed after a short period of time, although it was 
stored here until at least 1965 and is discussed in Chapter 
v ( 30. 35. 36). 

.· 
In June 1956, Nuclear Development Corporation of America 
(NOA) received a Construction Permit to build the Critical 
Experimental Facility. In 1958, NDA received another permit 
for the construction of a low power, heavy water "Pawling 
Research Reactor" to be housed in the Critical Facility 
Bui ldin~. Later in October 1958, a "License to Operate" the 
Pawling Research Reactor was issued to NDA by the United 
States Atomic Energy Commission (USAEC). Subsequent amendments 
to this license in 1960-62, refer to the operation of another 
"low power, tank-type critical assembly'' called the "Pawling 
Lattice Test P.ig (PLATR)" (7, 18, 19, 38, 39, 46). PLATR 
utilized Polonium-Berylium (PlBe) and RadonBerylium (RaBe) 
as neutron sources. 

In February 1963, a United Nuclear Corporation preliminary 
report on expansion of the Critical Facility structure and 
operation was prepared. Although the expansion did not 
occur, the report detailed the existing uses within the 
building. These included the Pawling Research Reactor in 
one of the two reactor positions and noted that the other 
position was vacant. The accompanying plan labelled the 
reactor as ''PLATR" rather than the Pawling Research Reactor. 
Other portions of the building included a control room, 
accountable fuel storage vault, machine shop, electronics 
shop, counting roan, bathrooms and office space. (See 
Fi~ure III-8 for floor plan to the Critical Facility). 
"Split Bed Critical Assembly" and "Shield Mock-Up Reactor" 
and although the Construction oermits were issued, the 
necessary additions to the building were not constructed (7, 
17). 
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In April 1967, ~SAEC reviewed the L~C proposal to construct 
"a light water moderated, zero power critical assembly wb1cb 
would be used for the purpose of proYidtn~ a final reactivity 
test for manufactured assemblies··, known as the Proof Test 
Facility (PTF). It was located in the reactor room within a 
new 4 foot diameter by 14'. high aluminum tank, and involved 
C02 pellets fabricated in ~he Plutonium Facility (24, 76). 
The PTF operated initiall1'in December 1967, operating 
changes were made in 1968, and it was mentioned again as 
being in operation in 1969'. Operation of the PTF was authorized 
by CSAEC License CX-25 (41, 42). 

In March 1964, it was noted that "enriched fuel" was stored 
in the vault and "natural fuel: was stored in the reactor 
room (26). In September 1965, the facility was considered 
for use "as a Cobalt-GO CC0-60) irradiation site" and the 
borated water was still being stored there (36). In 1965-67 
several Special Nucle~r Material License and Facility License 
amendments were issued regarding increased stora!Je limits for 
Cranium-235 (C-235), Uranium Oxide-2 (li0-2), fuel rods, Plu­
tonium-239 (PC-239) and sealed source Plutonium-Berelyum (PuBe) 
in the Critical Facility Building (37, 69, 72, 73). 

4. E~~GINEERI:-;G BUILDING {Figu1<.: :'.Il-8) 

Location and Construction. . 
The building is a 2400 squ~re foot, single story concrete 
block structure with a flat roof. It is located north 
of the Plutonium Facility about 350 feet northeast of 
the Critical Facility Building (7). The date of construction 
is uncertain although it was occupied by November 1957 
(7, 12). No additions to this structure were noted. 
It was also referred to as the Experimental Engineering 
Building and Engineering Services Building (7, 46, 47). 

figure 111·1. Engineering Building (1981 photo) 
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Function and lses. 
Through 1963, it was used partially for storage and 
partially for housing the site maintenance department, 
shop and gara11?e: (7). In late 1957, and early 1958, 
single failure equipment and sodium were stored here 
wh1le work continued on the Multiple Failure Building, 
the Shield Mock-l'p Bu1lding and the Sodium Storage Tent 
{46, 47). The building contained bathrooms and in 
April 1958, the ladies room was converted to a Health 
and Safety room {48). four emplo~·ees worked in the· 
building on a re~ular basis in 1960 (49). Staff training 
courses WE-re held in the "Conference Room" in early 1967. 
A description of exist1ng facilities in April 1967, in­
cluded a dark room, a chemistry laboratory and the Health 
Ptwsics and Safen department (24, 50). 

5. Ml'LTIPLE ~AILl'RE BL"ILDING (Figure III-9) 

Location and Construction: 
Thi~ is a 20' by 20· pre-fabricated steel building on a 
concrete slab. located 440' north-northeast of the Critical 
Fac1l1t\ B~ildin~. The building was in place by 1957, and 
a 15' by 20' loading platform was added in November 1957 
( 7. 51 ) . 

Figure 111·9 • Mul11p1e Failure Building 11980 photo) 
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Function and Uses: 
In early 1958, multiple failure experiments utilizing 
sodium were begun in the building. A drum outside 
collected drained water and the used sodium was returned 
to the Sodium Storage Tent in the original container 
(48, 52). Like the Shield Mock-Up Building, other 
experiments with lithium were conducted here and it was 
noted that "no radioactive materials were involved in 
these experiments at any time" (53). The building was 
being used for storage in 1963. 

6. SHIELD MOCK-VP BVILDING (Figure III-10) 

Location and Construction: 
This is a 20' by 30' by 20' high pre-fabricated steel 
building on a concrete slab, located at the outer edge 
of the comp 1 ex. It is 720' north-northeast of the 
Critical Facility Building and was constructed in late 
1957 ( 7' 20' 46). 

Figure 111·10. Shiela Mock·UP Bu1ld1ng 11980 pho10l 
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Function and Uses: 
The building was referred to as one of two "Liquid Metal 
experiment building" and was operational in April 1958. 
Experiments with stable sodium and lithium were conducted 
here until about 1963 (7, 24, 48, 53). After this the 
building was used for storage. In 1971, it was noted 
that the building was authorized for the storage of up 
to "250 grams of solid waste'' ( 54). Following t~ accident 
in 1972, the building was used for ''storage of drums 
containing contaminated waste resulting from the clean-up 
o f the P l u ton i um Fa ci li t y" ( 5 5 ) . 

7. SODICM STORAGE TENT (Figure 111-11) 

Location and Construction: .· 
The ~odium tent is a 15' by 15' concrete pad on a concrete 
block foundation, located about 1000 feet north of the 
Critical Facility Building. The floor was sheet steel 
with a tent erected over it and wood railing along the 
sides. It was constructed in 1958, and required consider­
able clearing of vegetation around it to reduce the fire 
hazard (47, 56). 

F1gur1111·11. Sodium Storage Tent (1980 photo) 

Function and Uses: 
Containers of sodium and used sodium from the operations in 
the Multiple Failure Building were stored here (48). 
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8. WASTE STORAGE BrlLDING AND RETENTION TANK (Figure III-12) 

Location and Construction: 
The ~aste Stora~e Building is a 20' by 20' two story 
prefabricated galvanized steel "Armco" located on a concrete 
block foundation (7). It is located immediately adjacent 
to the Plutonium Facility. Tbe Retention Tank is an in­
ground concrete tank having a capacity of approximately 
4,500 ~allons and is located directly in front of the Waste 
Storage Building (57). 

Figure 111·12 Waste Storage Bu1101ng and Retention Tank (1980 photo} 

Function and Uses: 
The Retention Tank is shown in a 1956 aerial photograph of 
the complex. In May 1957, the "retention tank at the Hot 
Laboratory" contained 4,000 gallons of low level radio­
active waste water (34). (See Chapter IV and V). 

The Waste Storage Building was also constructed early in 
the development of the property. In the 1959 application 
for- a permit to discharge radioactive liquid wastes below 
the maximum permissable concentrations, the procedure 
included the use of this building. Liquid wastes from the 
Plutonium Facility laundry, shower and several sinks were 
carried by a pipe to the Waste Storage Buiding, where they 
were stored in 55 gallon drums. The drums were analyzed, 
diluted if necessary in tbe lower level of the building, 
then discharged to the lake through a 2" PVC pipe. Tbe 
point of discharge was approximately 50 feet off shore in 
about 12 feet of water. The discharge pipe was held three 
feet below the surface and secured by a series of floats 
and anchors (8, 12, 49, 58). The permit for the described 
discharges was issued in November 1960 (58). 

In 1964, a request to store a "hot" Sectioning Box in the 
building was denied until the box was decontaminated (17). 
In 1968, the building was being used to store valuable 
equipment and a sprinkler system was proposed. It was 
called the "Equipment Storage Building" at that time (59). 
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9. MAI~ PARKI~G LOT (Refer to Sequential Analysis. Chapter IV) 

10. EMERGE~CY GENERATOR BUILDING 

Location and Constructi· '1: 

This 8' by 16' concrete clock bullding has a steel garage­
type door, concrete floor and cqrrugated metal roof. It is 
located near the road within the complex and was in place 
by late 1957. (45). 

Function and Uses: 
This housed a diesel emergency electric generator which 
provided back-up power for the facility (7, 24). 

15. REMOTE ASSEMBLY BCILDI~G (See Figure III-13) 

Location and Construction: 
Th is is a 24 1 by 28 1 two story wood frame structure wi"th a 
full basement which existed prior to 1955. It is located 
at the vehicular entrance to the site on Old Route 55, 
approximately one mile from the lake and building complex. 
A well on the north serves the building and a septic system 
is located on the south side. A wood garage is located 
slightly to the southeast . 

.. ~:r·\I 

Figure 111· 13 • Rer-iote Assemoly Bu11a1ng ( 1980 pnoto) 
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Function and Uses: 
This "company-owned house" was occupied as a dwelling at 
least during 1963 and was vacant by 1967 (7, 24). As part 
of the facility's emergency procedures, this building was 
designated as the ''Remote Assembly Building" in 1967. 
Various equipment including meters, air-samplers, protective 
clothing, bedding, operating manuals, and a telephone was 
stored here for use in an emergency (60-63 ). The building 
was used for drills and for the evacuation during the December 
1972 accident. Site personnel were decontaminated in this 
bu1ldin~ on that occasion (55, 81). A system to collect 
water from the shower and wash facility was not in place 
until !';o\'ember 1973. (64). 

The buildin~ is currently occupied as a dwelling under 
Special Lse Permit from the National Park Service (65). 

APPLICATIO~S. PERMITS AND LICENSES 

The :o::owinp is a aonpi:ation of information relating to 
rer~:ts a"c Zi~enses re~~ested bu, or ieeued to the various 
ccr;cr~tions inuoZved in the Pawiing Remote Experimental 
5ta:ion. Atte~rt has ceen made to organize the available 
~n:cr~a:ion ~~ subject rather than strict chronoZogy. 

A. DAM CO~STRCCTION 

1. Herbert M. Teets to New York State Department o1 
Public Works (NYSDPW): 

• "Application for the Construction or Reconstruction 
· of a Dam", submitted by Ralph L. MacDonald, dated 

October 14, 1936 (66). 
2. Milton Chazen to NYSDPW: 

"Application for the Const ruction or Reconstruction 
of a Dam", dated March 21, 1946 (66). 

3. NYSDPW to Milton Chazen: 
Approval of plans for dam construction with stipu­
lations, dated March 23, 1946 (66). 

B. CRITICAL EXPERIMENT FACILITY 

1. 
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2. l:SAEC to ~DA: 
Construction Permit No. CPCX-J issued for construction 
of the critical experiment facility, dated 
June 11, 1956 (67). 

3. USAEC to NOA: 
License No. CX-8, Docket No. 50-23, to possess the 
critical experiment facility issued expiration date 
of June llE 1966 (67). 

4. NOA to USA C: 
Application for a Class 104 license authorizing the 
construction and operation of a heavy water-moderated 
and reflected training and research nuclear reactor, 
dated Agril 2, 1958; amended June 30, 1958 and refers 
to the awling Research Reactor (68). 

5. CSAEC to ~DA: 
Construction Permit No. CPRR-29 issued for construc­
tion of the Pawling Research Reactor, dated 
October 7, 1958 (68). 

6. Facility License ~o. R-49 
a. Issued by CSA.EC for operation of the Pawling 

Research Reactor in the Critical Facility Building, 
dated October 22 1958 (7). 

b. R-49 Amendment •i issued for operation of the 
Pawling Lattice Test Rig in the Critical Facility 
Building, dated February 25, 1960 (7). 

c. R-49, Amendment R2, Docket No. 50-101, issued 
for revisions in the operation of the Pawling 
Research Reactor and the Pawling Lattice Test 
Rig, dated July 13, 1961 (66). 

d. R-~9. Amendment ~3, issued for revision of the 
Pawling Lattice Test Rig experimental program, 
dated January 29, 1962 (7). 

e. ~OTE: By June 1967, this License was revised 
again to permit 150 kg of U-235 in the Reactor 
Room of the Critical Facility Building (69). 

7. Vnited Nuclear Corporation to USAEC: 
Application for a class 104 license authorizing 
Construction and operation of a Split Bed Critical 
Assembly in an addition to the Critical Facility 
Building, dated March 4, 1963; amended June 20 and 
August 20, 1963 (40). 

8. CSAEC to UNC: 
Construction Permit No. CPCX-22, Docket No. 50-207, 
issued for construction of Split Bed Critical 
Assembly, dated October 30, 1963 (40). 

9. t'~C to USAEC: 
Application for a Class 104 license authorizing con­
construction and operation of Shield Mock-Up Reactor 
(SMR) Critical Assembly in an addition to the Criti­
cal Facility Building, dated March 4, 1963 (40). 

10. USAEC to UNC: 
Construction Permit No. CPRR-76, Docket No. 50-207, 
issued for construction of Shield Mock-Up Reactor 
dated October 30, 1963 (40). 
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C. LOW LEVEL RADIOACTIVE DISCHARGES 

l. Nuclear Development Cor oration 
to New York State De artment of ea t 
''Application or t e Appr·ova of P ans an 
Permit to Discharge Refuse or Waste Matter from an 
Industrial Establishment into the Waters of tbe 
State", dated December 23, 1959; supplemented 
April 12 and September 23, 1960; for discharges 
from the Plutonium Facility (66). 

2. NYSDOH to NDA: 
''Perrni t t015lscharge Sewage or Wastes Into the 
\liaters of the State" issued November 11, 1960 (SB). 

3. ~YSDOH to tnited Nuclear Corporation (UNC): 
''Perm1 t to Discharge Sewage or Wastes Into the 
Viaters of the State" issued January 11, 1962; super­
sedes Pl2 above and increased the permitted alpha 
activity limit (66). 

4. t:SC to t:S ARMY CORPS of ENGINEERS: 
"Application for Permit to Discharge or Work in 
~avigable Water and their Tributaries". dated 
June 30, 1971; for scrub water discharges from the 
Plutonium Facility (66). 

D. SEWAGE TREATMEST 

1. t~C to ~YSDOH: 
"Application for Approval of Plans and/or for Permit 
to Construct and Operate Waste Treatment Works and 
to Discharge \fast es into the Waters of the State", 
dated January 5, 1967; sewage from the Plutonium 
Facility to a new sub-surface disposal system (66). 

2. Dutchess County Department of Health to UNC: 
Approval of sewage disposal plans, dated 

·tebruary 2, 1967 (70). 

E. SPECIAL NUCLEAR MATERIAL 

1. United States Atomic Ener Commission (USAEC to 
uc ear Deve opment Corioration of America: 

Special Nuclear Materia License issued 
January 31, 1956 "to receive and possess" for stor~ 
age only at the White Plains lccation, 500 grams of 
enriched uranium. Upon completion of the facility 
at Pawling, permission.to proceed was to be issured. 
( 71). 

2. United Nuclear Corporation to USAEC: 
Application for Special Nuclear Material License, 
dated January 25, 1965, supplemented June 17, 
September 14, October 29, November 29, 1965, and 
January 14, May 25, July 11, and August 19, 1966 
( 72). 
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3. t:SAEC to UNC: 
Special Nuclear Material License No. SNM-871 issued 
December 27C 1965 (72). 

4. use to O§AE : 
Request for revision of License SNM-871 for temporary 
Storage of increased amounts of U-235 and Pu-239 in 
the Critical Facility Building, dated 
November 29, 1965 ( 37). 

5. ~to USAEC: 
Request for revision of license SNM-871 for an 
in the amount of U-235 and plutonium authorized to 
be stored in the Critical Facility, dated 
January 14s 1966 (73). 

6. CSAEC to t.·c: 
Special Nucfear Material License SNM-871, Amendment 
~o. 3, issued September 1, 1966, changing authorized 
places of use and/or storage of U-235 and plutoQium, 
locations are the Plutonium Lab, Gamma Lab, and· 
Critical Facility (storage) {72). 

7. l'SAEC \.0 n;c: 
Special Suclear Material License No. SNM-993 issued 
January 16, 1967 ro 83.5 kg. of U-235 contained in 
to2 fuel rods for storage only in the Reactor Room 
of the Cr1t1cal Facility; to expire on June 30, 1967 
or upon amendment to Facility License R-49 (66). 

NOTE: By June 1967, License SNM-87i, Amendment NO. 4, 
was in effect and specified amounts authorized 
in the Critical Facility vault (storage only) 
and Critical iaciljty (PuBe sealed source) (69). 

8. UNC to VSAEC: • 
Request for revi$ion of-license SNM-871 for non-destruc­
t ive assay operations in a shielded area to be added 
to the Plutonium Facility, dated October 7, 1970 (32). 

9. C>tC to USAEC: 
Request for revision of license SNM-871, Docket No. 
70-903, for six glove boxes and a continous sintering 
furnace in the Plutonium Facility, dated December 24, 
1970 (33, 74). 

10. GUl:F NUCLEAR FUELS COMPANY to US NUCLEAR REGULATORY 
coillMtsstoN: 
Requeat for termination of Special Nuclear Material 
License ~SNM-871, dated March 11, 1974 (75). 

11. NUCLEAR REGULATORY COMMISSION to GENERAL ATOMIC COMPANY: 
Termination of Special Nuclear Material License PSNM-871 
and release of site for unrestricted use, dated 
July 14, 1975 (66, 75). 

F. PROOF TEST FACILITY: 

1. UNC tr' USAEC: 
''Appl 1 .:at ion for permission to consturct and operate 
the ~roof Test facility (PTF) within the Critical Fac­
ility Building, dated April 28, 1967; amended June 9, 
1967 (76, 77). 
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2. t:SAEC to t:NC: 
Construction Permit No. (missing), Docket No. 50-207, 
issued for construction of tbe Proof Test Facility, 
dated August 4, 1967 (78). 

3. USAEC to UNC: 
License CX-25 issued for Proof Test Facility; date and 
License are not available (42). 

G. RADIOACTIVE MATERIALS LICENSE: 

1. UNC to NEW YORK STATE DEPARTMENT OF LABOR (NYSDOL): 
Application for Radioactive Materials License, dated 
March 29, 1963, pursuant to Industrial Code Rule No. 38, 
"Radiation Protection: (79). 

2. NYSDOL to UNC: 
Radioactive Materials License No. 289-1460 issued 
August 19, 1966; superceded License No. 289-0355, Re­
ference No. 4 (79). 

3. NEW YORK STATE DEPARTMENT OF LABOR to L'NI•TED St'CLEAR 
CORPORATION: 
Radioactive Materials License No. 289-1460, Reference 
No. 2, issued October 28, 1966; referenced only, revision 
is not available (79). 

4. NYSDOL to t'NC: 
Radioactive Materials License No. 289-1460, Reference 
No. 2, Amendment No. 2, issued April 19, 1967 for use 
of Sr90, sealed source, not to exceed 1.5 millicuries 
( 66). 

5. NYSDOL to UNC: 
Radioactive Materials License No. 289-1460, Reference 
:-;o. 3, issued ~tember 6 1 1968 (80). 

Ii. OTHER: 

1. VNC to NEW YORK STATE DEPARTMENT OF CONSERVATION: 
"Application for Fishing Preserve License··, dated 
September 14, \970 (66). 

UNC MATERIALS USE 

Table 7 is a revised summary of th~ various licenses author­
rizing the use and storage of radioactive materials at UNC's 
Remote Experimental Station. The licenses were in effect in 
1964 and were amended several times during the Corporations 
operating years. Detailed information relating to storage 
capabilities, form of storage use and handling may be found 
in Reference Nos., 69, 71, 72 and 73. 
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Table 7. UNC Radioactive Materials Ute 

A. Fulllty LlunH No. R·49 {7) 
Location Material 
l Critical Fac1hty Uranium 235 

(Ructor Rooml 

B. Special Nucl~u Material LlctnH No. SNM·l71 (69) 
Locallon Material 
1 Plu1onium Fac11itv 
2 Critical Fac1h1y Vault 

tSrorage onlyl 

Plutonium or Uranium 235 
Pu·Be Sealed Source 

Quantity 
150 Kg 

Quantity 
Pu 11:30 Kg - U-235 + 4 Kg 
Pu 0080Kg 

C. N. Y. State Radioactive Materials License No. 289· 1460 (66) 

Materials Form Quantity 

Polonium 210 Sealed sources f Po-Be Mound 100 curies 
Laboratory or Isotope Specialists 
Inc Type) . 

2 Cobah bO 2 Sealed sources (Atomic Energ11 of 2 400 milhcuries 
Canada. Ltd and ORNL des1gnl 

3 Stron11um 90 3 Sealed source (Jordan 3. 15 m1crocuries 
Electron1cs Co Model) 

4 Uranium :";atura: 4 Any 4 5000 kilograms ( l 7 cur1es1 

5 Thonum 5 Any 5 20.000 grams (2 3 milhcunes) 

6 H1,droger 3 :Tr:t;um; 6 Any 6 l cune 
., 

Carbon 14 7 Any 7. 20 m1llicuries I 

8 Caesium 137 8 Any 8 100 millicunes 
q Iron 59 9 Any 9 20 cunes 

10 Strontium 90 10 Sealed Source 10 l 5 m1lhcurie 

11 Promethium 147 11 Any 11 15 m1crocuries 

12 Chromium 51 12 Any 12 20 cunes 

13 Tungsten 185 13 Any 13. 15 microcuries 

14 Ruthen1urr 106 14 Ariy 14 15 m1crocuries 

15 Zirconium 95 15 Any 15 300cunes 

16 Phosphorus 32 lti Any 16 5cunes 

17 Iodine 131 17. Any 17 30cunes 

18 Gold 198 18 Any 18 60 millir.uries 

19 Cobalt 60 19 Any 19. 10 millicunes 

20 Cobalt 58 20. Any 20 10 m1llicuries 

21 Indium 192 21 Any 21. 20curies 

22 Uranium. Depleted 22 Any 22 5000 kilograms ( 1 7 curies) 

23 Any rao1oact1ve 23 Unsealed solids 23 Not to exceed 100 curies of any 

matena: w11h radionuclide nor a total of 2000 
atomic number cunes 

between Z = 3 and 
Z = 83 inclus1.e 

24 Kytpton 85 24. Gas 24. 10 curies 
25 Xenon 133 25. Gas 25 10 curies 
26 Cobalt 58 26. Unsealed Solid 26 ) Total not to exceed 20 
27 Cobalt 60 27. Unsealed solid 27) cuncs 
28 N1ob1um 95 28 Unsealed sohd 281 
29 Tantalum 182 29. Unsealed so~d 291 
30 Zmc65 30 Sealed source (Num« or 30. One 11) t01.irce of .1.:. -n1llicuries 

Monsanto manufacture) One ( 1) source of 5 m1llicuries 
One Ill source of l 5 miUicurie1 

Total· 38.5 mlll1c~iin 
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At the r-equest of the ~clear Ulke Site Clearance Q:rrrj t tee the Resource 
InfoI'!?llt ion I...abtJratory undertook a project to prepare a series of llll.p o\·er lays 
illustrating the sequential changes in land use over tine of the Nuclear Lake 
area in lAltchess C.o.mty, using aerial photographs. 

The following years of black and Miite aerial photographs were used in 
developing the dcx:unented history: 

October 26, 1941 
October 16, 1948 
April 11, 1955 
June 10, 1960 
March 24, 1962 
1966 (undated) 
Apri 1 28, 1968 
April 12, 1970 
Apri 1 20, 1971 
Feb~· 24, 1974 

Scale 1 : 28 I 800 
1:15,840 
1:20,000 
1:20,000 
1:15,840 
1:21, 192 
1:24,000 
1:12,000 
1:21,200 
1:17,664 .· 

In addition to the u.se of photographs, suppl~ntary back.ground information 
was collected and incorporated into the analysis through auxiliary reports and 
personal conversatiUls with nettiers of tbe Site Clearance ~ttee. 

While aerial photographs have received wide use since the 1930's it ITLISt 
be recognized that there are certain limitations to the kinds and extent of 
infonra.tion which can be extracted. For example, air photo interpretation is 
not pure science; nuch inference based on photographic observations and knCMTI 
data enters into the decision-naking process. 

In addition, interpretation is totally dependent upon the quality of the 
available photography. Properties of film and ~ra and skill of the photo­
grapher are factors. Time of day and season of the year aid or inhibit inter­
pretation through presence or absence of tree canopy, depth of sha.dCM', an l 
extent of light reflectance. Late fall or early spring, lO:C'O a.m. to 2:00 
p.m. on a cloudless day, provide the best possible conditions for optinun aerial 
photo quality as regards nature's input. 

As far as this study is concerned, 1Xtot()ftraphtc observations recorded on 
map overlays and al.nnst all the v.Ti tten docunentation are based on photography 
of varying quality. 

Hopefully this info:nrstion when assessed carefully, will contribute signi­
ficantly to a better understanding of the overall history and present condition 
of Nuclear Lake. 

DESCRIPTIOO OF TEXliNI~'E 

Stereopairs of black and v.hite aerial 1Xtotography taken of Nuclear Lake 
and surrounding terrain, beginning in 1941 and ending in 1974, were analyzed 
for successive changes over that period of time. A two-power stereoviewer 
was used for general overview and a foor-power stereoviewer for deta.i led 
analysis. Differentiatioo of activity, natural or man-!!llde, is detected 
thra.igh changes in pattern, texture and tooe. 
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We-t lands can be located and boundaries delineated using standard black 
and ~lte prints. JicMtever, wetland boundaries are detected best with infra­
red photography ~ich ~'35 not available. 

Wetland vegetation on standard prints is reflected in mixtures of tooes 
of gra~·. and in differences of textw-e and vegetative height. Differing 
vegetative heights are clearly discernible vmether trees, shrubs, anergents, 
floating vegetation or bog rmts. Textures generally are irregular because 
of the intennix of species within the wetland itself and/or in oootrast with 
surrounding land oover. 

At the sazre ti.nE that the imagery is reviewed and itans identified, 
bowidaries are traced and point itEJTE are marked in pencil directly on one 
of the stereopairs. All the infonnation is therefore reserved directly on 
the photography ready for transfer to a map overlay. 

Usually a oollect ion of several years of photography of a given area 
over a period of t im? includes photography at several different scales. 
Ea.ch year of photograph~· is accarodated to a single fixed scale, usually that 
of a base map. The use of the Bausch and I..arb Z£>an Transfer Scope allCM'S 
scale differences, photograph to basE> map, to be resolved mechanically. 
The adJusted irmge on the photograph is reflected onto the overlay placed over 
the base mar-. ~tail is then traced directly onto the overlay. 

In the :-.uclear Lake study, ten ye;ars of photography were analyzed. A 
set of ten overlays were prcx:iuced on a base nap at the scale of 1:7,200 or 
1' '=600 · . The owrl ay!', paired "'it h the docurentat ion provide a history of the 
de\'elo~nt of the L~C property over a 33 year tim:! span. 

GLOSSARY 
Dam - as oe!inec o~ seconca·~ da:a 
Depression - a un•oue criaracte•1s1ic oenoting a ho:iov. 
Disposal pit - as oe11neo O) seccnoa•y oata 
Forest land - Fn Tnese are natural s1anos na~1ng al 1eas1 50 percen1 or more of the land covered. with trees in ex· 

cess o! 30 lee' 1n he1gn: regarcJ1ess 01 age species. or 01ameter The natura; progression from Fe is to Fn. It is 
t~f·eto·e 0•1e' c·•i,cu!! le (Or·s1s1en11y 1oent1t~ an accurate !.lounoary between these two units I As defined Dy the 
~ '!' $ LU'vfi I". :_1,TQPv ·' 

Hubble. rubbly - t.. misce•.aneous contusea mass or group 01 oroken or worthless things (As defined Dy Webster s 
t\oe,._ Co:.eg;.;'.e 010Mr.ar; t 

Streams - pe·enn1a con1a,n water tnrougnoul tne year except tor 1ntreouent per1oos of severe orought 
- 1nterm1Hen: contain water on1y part ot thE vea• 

Vegetated -· vege1at1on estao11s11eo 1n or on 1 As oef1neo by Webster s New Collegiate 01ct1onary l 
Wetlands - Two oas1c ca1egor 1es ot we!1anos are used. condensing the several types of 1nlano and coastal wetlands 

tnat cou10 tie aef1neo !See tne we11anos survey ot New York State by tne Fish and W1ldltfe Service of the U S 
De;iartment ot tne Interior l For the most part we11ancs are confined to relaltvely level ianas ano may cross only one 
contour line 1n 1000 teet However. some may oe found on slopes where. due to rock structure or underlying clay 
na·o~r tne surface so11s are perenn1a1~ we: ano soggy in !llher case. wetlands may have varying water levels 
ano snou10 no! I.le tnought of as 1~1s1 · · sv.arnps · · 

Due tc the spring photograph~ from wn1ch wetlands were mapped. clear d1stinc1ton could not be made between 
tncse areas seasona1~ we' anc tnose oermanent1y wet As a result. for some purposes. the amount of wetlands 
mao;ied ma~ be tl'l"s1oe~eo somewna1 eJ.aggerateo 
Some uamples are. 

Wll - Marsnes sttruo we11anos ano bogs Tnese are areas ranging from triose waterlogged but with no standing 
v.aie· 10 triose wit~ as muc~ as 3 1ee1 ot waler Vegetatton is predominantly snrut1·s1ze and smaller and trees do not 
elceeo 30 tee! 1n ne1gnt The vegetative cover corresponds 10 the dehnit1on of brushland. Fe. The area. however. is 
a wet1anc: area 

Ww - Woooec: wetlanos 01st1nwon bet wee" Wb and Ww is made on the basis of vegetative cover Ww is covered 
Dy t~ees ai ieast 30 teet 1n nerght - correspona1ng to tne defin1hon of Fn. The area may be waterlogged w1lh no 
stano,~~ v.a•e~ O' "'1a~ 11a11e star10•"Q water ot ~a·y1ng oepth 
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J. Oclobfr 26, 1941-Sunday 
M•p #1 (Set Flautt IV -1) 
Scalt of Pbo101npby: 1:21, 800 

The photography is sanewhat blurred so the imagery does not stand out 
clearly. The study area is thickly MX>ded with deciduous trees predcminating 
and the fall photography shows the trees still in full lea! although changing 
color. Stream !low patterns, narrow roads, trails , and changes in topography 
tend to be lost under the trees. · 

This photography shows the future Nuclear Lake as a large wooded wetland 
located within hilly, irregular terrain, part of a series of wetlands inter­
connected by a net~rk of strearm. This particular wetland typically reveals 
its boundary through contrast of darker gray tones and vegetative texture to the 
1 ighter gray tones and vegetative texture of the surrounding terrain. Four 
finger-like indentations along the west boundary at ":l" display subtle differences 
of lighter tone and textw-e suggesting conditions h()re a.re different fran the 
main body of the wetland and SUITOUnding terrain. The northern portion of the 
wetland at ''b" has a similar appearance. This suggests higher, diier conditions 
along the shoreline here and that the wetland drains generally to.vard its central 
section and anpties out the roost southerly point at "c". Sam dissection by 
snall channels along the western shore is present at ;;d". O'le such channel 
connects the main wetland "ith one of the finger-like Indentations. 

Du.ring dry periods it appears that •:ehicular traffic was possible through 
the NW corner of the wetlands, as a portion of what appears to be an unde­
veloped narrow road is clearly visible cutting across this corner. 

Other stream;; flO.\' directly into the rm.in wetland. <Ale stream is clearly 
visible as it crosses the wetland in a southwesterly direction. Other runoff 
occurs fran hillsides surrounding the site. Generally all stream flow is in 
a southerly direction through interconnected wetlands eventually joining 
l'lhaley Lake Stream. V.baley lake Stream flows westward to Gardner Hollow Brook 
cart>ining with Fishkill Creek. 

~a.rroN dirt roads access the area fran the north and the south. 

Structures present on ooth sides of the property access road and along 
Route 55. appear to be residential. 

2. Octobtr 16, 1941- S1turd1y 
Map tl (See Fiaurt IV ·2) 
Sc1lt of Pho101nphy: 1:15, 840 

The quality of photography is good, but again, dense tree car.'Jpy prohibits 
thorough analysis of drainage patterns, n&.n"aY rods, trails, and wetland edges. 
However, the angle of photography allows the west shoreline, nrnh shoreline and 
danBite at "e'' excellent exposure. Trees and tree shadows obscure sections of 
rEl!Bining shOreline and such delineations aay not be reliable. F\Jrther, finish 
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, .• 
oo the photognph will not accept pencil, !Mking detailed delinea~ioo irrp.:6sihle. 

A dam at "e" has been constructed on the smthern end of the site wetland 
rostructing the natural outlet. Wetland vegetation has disappeared under water 
except for a· sn&ll island and tw other, sna.11 vegetated SJX>tS. According to 
available background informatioo, the darn was constructed saretime between March 
1946, ~tien application was made to the Department of Public Works for penni~ion 
for construct ion, and Octcber 1948, date of photography. 

According to reports, there is a ~11 "lock-type" dam oo the overflov 
channel 'M1ich is u.sed to raise or lower the level of the lake by three or four 
feet. The photogra(:ily sho.vs the main dam clearly at "!"· but the overflo.v channel 
and lock-type dam is lost beneath heavy tree canopy. 

The lake fonred by the dam has alnnst catl>letely covered the entire wetland 
area as seen previously on the 1941 photography. 

Wet land indentations at "a" have all but disappeared and have filled in with 
thick, tall vegetation; only a-rermant rerrains. Marshy beach is present along the 
north shore with scrre deposits of debris, possibly decaying wetla¢ vegetation. 
Otherv.1se wooded shoreline rreets waterline directly. 

Structures along the property access road rer.-ain as before. Three rore 
residences have been added alor.g fbute 55. 

3. April 11, 1955 - Monday 
Map = 3 (See Fi&ure n· ·3) 
Scale of Photography: 1:20,000 

Stereopa1rs are not a\·ailable for 1955. Analysis is based on single photos 
and whatever stereo properties can be obtained using two unpaired photos fran two 
separate flight lines.The season cf photography is early spring. Trees have 
not yet leafed out. Although stereo irrBgery is limited, sane details such as 
the dam, control structure, hunting lodge, stream patterns and access road stand 
out clearly. 

The water level in the lake is higher because the l?llI'S fonnerly present 
alor.g the northern shoreline has disappeared and is no.v under the water of the 
lake. 

The cove at "d" appears to have developed through channel erosioo and 
changes in lake le\-el. 

Wetlands are still present as before, but sare identifed earlier have 
dried up, becare snaller or changed configuratioo. A wetland has developed 
bel<:M' the dam at "e". 

1\vo structures are present aloog the western shoreline approxi.rrately 
a fourth of the distance up the lake fran the dam. Qle of these structures 
appears to be the hunting lC'Jdge (la.) mentioned in the draft report, Nuclear 
lake - A Resa1rc.e in Questioo, March 12, 1980. 'lbe structure north of the 
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lodge on the edge of the lake (lb), by 1 ts locatioo and !ltllller size suggests 
it functiais as a boathouse. 

The nar?"CM' din access road is present as before in 1941 and 1948. Other 
trails are faintly detectable BJ'ld are probably no nx>re than footpaths. 

Trails are detected by breaks in vegetatiai and loose soil reflecting to 
catrFra angle. Trails or see;nents of trails are not visible ooosistently oo 
each year of photography analyzed. They may have been abandoned loog enough to 
have la;t camera reflectance. The sun angle at the DD!alt of exposure nay 
expose a trail that existed all aloog, but during previous JXiotograJiiing wr:s 
hidden in shad°"" A trail abandoned loog enough will tend to fill in with brush 
or be~ covered over with canopy !ran adjacent vegetatioo. 

4. June 10, 1960 - Frida~ 
~ap = 4 (See figure J\'-4) 
Scale: 1:20,000 

The qualit\· of the photography is good. However, June photography sher.vs 
the trees well :eafed out covering much of the gramd detail. ShadcMs fall to 
the west and are quite pronounced, eHminating fran \'ie'>\· anything within the 
shad°" range. Fortunately, the west shoreline is well exposed. 

The Rerrote Experi..rll?ntal Station (UNC) CO'll)lex has been constructed and is 
ccr.iposed of six rrain structures: 

. • 

Site 1. 1. Lodge 
b. 801thouse 

Site 2 Plutonium L1b . 
Site 3. Crltic11 E1periment11 F1clllty 
Site • Engineering F1cllity (Shop I 
Site 5. Multiple flllure Building 
sne 6 Shield Mock-up Building 
Also present within the compl11 grounds 1r1: 
Sitt 7. Sm111 clt1ring 
Site I. Slor1ge building 
Site 9. Mein p1rklng lot 
Site 1 O. Emergenc~ 11en1r11or 
Present along the main acms road just oH Routt 55: 
Site 11. Remote Assembly lulfding 

All site structures a.re displayed well within cleared areas. The cleared 
areas adjac.ent to the Plutonitrn lab and the Ramte Assmt>ly lllilding are larger 
carpa.red to the clearings around the other buildings and probably are resen;:d 
for pa:riting area. 
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1be Plut~-mii.Jll Lab at Site #'2 has .five di!tinct se~nte ~1th correspondingly 

different flat roof levels·; the Critical ExperiJTPn'\:al Facilitf at Site d3 has 
~ SEgra:ntc; with two flat rix,f levels, the Engint?ering Building at Site $4 
has ooe se~nt with one flat roof; th'e two remaining buildings within the train 
catl'lex. Multiple Failure Building at 'Site #5 and Mock-up Building at Site #6, 
are canposed of one se~nt each with '.pitched roof. 

There is an object within the clearing at Site "7, but tree shadow 
prevents a we 11 eX'pOSed view. The lit'.. le that can be seen is .rectangular 
rrore than square, larger and taller than a car. 

At Site #8, only the waste storage building is visible; if the starage 
pit is there, it is hidden under tree canopy. (Reference to back-up infor­
mation.) 

The generator is visible at Site 1110. 

The UJd.ge is shielded by tree canopy, but the boathouse is fkll e>qxlSed 
at water's edge and traffic patterns, which are quite pronounced here, indicate 
this area is well used. 

The nain access road fran Route 55 has been in1Jroved up to a point just 
before entering cC111plex. Fran this point the road appears to n&..rrc:M'. Traffic 
pat terns w1 thin -:he canplex are present but appear unin;lroved. 

An indistinct trail is inferred by detection of a break through the trees 
and glllT1pSes of the trail on the ground through the break where lack of shadCM"S 
and presence of reflectance penni t. It begins on the northern edge of the 
canplex at the lake's western shore and just touches the clearing at Site 117. 
Continuing on southerly in a wide loop around the train CCJ!l>lex, it joins the 
access road approxin'litely where it enters the CCJT;)lex. This trail may be the 
fire lane rrentioned in CCJ!l)any records. Not enough of the trail itself is 
nsible to detenrine its width. Segrrents of other trails are visible and 
inferrC'd on the same basis. M:)re trails may be present but not enough visual 
e\'1dence ;s present to justify inclusion. 

There is a depression adjacent to and south of the Multiple Failure 
Building at Site P'S wtnch rray have been created by roving earth around during 
construct ion acti\.·i ty. The tones are varied shades of light gray which 
indicates recent disturbance. 

The structures present as the Rermte Asser.bly Building at Sit'e #11 appear 
to be the original structures constructed at that site. They are at the same 
locations and do not ap~ar to be newly constructed. The second structure 
present probably is a garage or storage building. 

9m.ll depressions are visible in areas where wetlands were present before. 
Tree canopy and shadow do not allow a delineation of precise boundaries or 
detection of degree of wetness. A small wetland has d\·eloped between Plutonil.IIl 
Facility at Site #2 and shoreline. It may be a reappearance of a rermant of 
the original wetland indentation. 

Tree canopy covers the stream pattern well, eliminating any possibility of 
accurate study. The western shoreline shows sane minor fill-in. 
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!. March U, 1962 - Sundal 
Map = 5 (SH Flautt IV ·S) 
Scale of Pbo101raph)": J:ts. uo 

The lake is frozen, but thawed at outlet near clam. There is light snow 
cover which is detectable in depressioos and oo north-facing slq>es. Streams, 
wetlands and poods are thawed. Shoreline is well exposed. Tree canopy does 
not hinder analysis of activity, shadows present minor pni>lars, and pioto­
graphic quall ty is excellent. Drainage patterns are well established as 
mapped. A maJor highway constructioo project is underway aloog the SQ.Ith 
border of the property. 

Fran this point on in docunentation, each site as m.11bered will be dealt 
\Iii th in nunerical sequence, year by year, after a general description. 

Lodge ·s , !S1~ ~ 

2 No oe1wao1e change 1r. Plu1on1um Facility 1:se11. but the small wetland present m 1960 is no tonger v1s1ble 
sugges11r,9 1! nas beer, f111ec The 1ane surface at this location 1s bare ot vegetation. the dulled gray tone shows 
so11 nas se!l:ec ano compactec somewhat Two or tnree veh1c1es are m the parking lot. 

3 The te"ce arounc the Crttical Facility is v1s10 1e a small parking area 1s v1s1ble bordered along its eastern edge 
Oy a sr-:a' oonc A tootpatn connec•s tn1s 1aci11ty to the main parking area There is a tank on the root with a 
connecting o•oe ano twc o!ne• ba:e!) oe1ectable 001ects. possibly vents A 11111 rs vrs1ble at the beginning ot the 
Ori11e,.,ay to 1n1s bu1101ng 

5 Loose material present west ot bu1ld1ng and downslope behind Multiple F1llur1 lulldlng {See 12. Map #5 l gives 
14:-c su•!a:e ne:e a ·ru001y toe~ 

6 H1e 1ano surtace a1ong the western eoge of this clearing is disturbed One spot. somewhat rounded & slightly 
concave appears as though the iano surface here in re1a11on to ttre surroundrng area is to some extent sunken 
compacted Omer depressions or pits may aiso be present along this clearing but they are not readily detec· 
table 

7 Reports 1nc1ca1e lhal tM clearing contains a cement slab; the structure present here is the Sodium Tent. All the 
lane surtace tr lhe clearing .ippears disturbed loose surface material responds to the camera rn very llght tones 
A tr a1: tr om the complex crosses the clearing along its eastern edge and conflnues uphill to the nor1h 

8 The R1t1ntron Tank is 1ust v1s1b1e west ot the Waste Storage Building at the edge of a shadow Loose materral 1s 
v1s101e Oeh1nc tne Waste Storage Bu1101n' oown the unvegetateCI bank to the edge of the take 

9 Marn Parking lot - unoetine::l ooesn t aooear to have a hard surtace as yet 
t C No Oetecta.ote Snange 

i, The Remote Assembly lullding appears 10 be the original structure present m 1941 along Ille second smaller 
structure beh1no 11 - proba1>1y a garage or storage builo1ng The power lme clear.rng is nonh ol the main strut· 
lure A small excavation is present in tne power hne clearing. 

12 A large m1n·m1de d1pr111ion 1s v1s1ble here composed of loose material. there is no vegetatton and water 1s 
ponoea in the lowest part 
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6. 1966 - (Pboroaraphs l'ndattd) 
Map #6 (Sff Flaure I\'.()) 
Scale of Pbotoaraph)'' 1:21, 192 

1 No Oetecrao1e Cl'ange · except tor 2 veh1c.1es par11.8' 1n ttrcuiar drtve 
2 NI' Oetectao1e Cnange 
3 Ponded area aoiacent ro c1ear1ng has become smaller 1n area and is almost dry 
4 No Detecrao1e Change 
5 No Detecta1>1e Change 
6 No Oetectabie Change 
7 No Oerec1ao1e Change 
8 No Detectable Change 
9 Parking 101 has oeen enlarged and defined Several vehicles present (4·5) 

i o No Oetecra1>1e Change 
1, E~cavar·on 1n clearing nas tJeen covered over It is sltll hOwever detectaDle as a depression having darker torie 

rnan surrouno1ng a•ea 1no1cates some sett ting of so11 No vegetation is detectable One vehicle can oe seen near 
rne '.1"a1n structure •• 

12 Some seftt1ng ot •oose mater1a1 is ev1aent. vegetation has beyun to appear a'ld tne pond present before appears 
5,-:a11er 

7. Aprll 28, 1968 - Sunda)­
Map lf7 (Stt Figure I\'· 7) 
Scale of Photography: 1:24,000 

1 ~o Derectab1e cnange · e•ce:it for ce~e1ooment ot a small wetland 1ust below the south s1oe or me :ooge at ta · 
2 Tie P1uton1um Facility nas expanoea at its soutnwest corner A s1ng1e story aod1!1on has been constructed 

Anotner section ot 1ne or1g1na1 structure ar rne northeast corner has Deen enlarged A section at the sourneasl 
ccrner nas been re.,,oveo 

J No Oerec1ao1e c11arge 
4 Sma11 oo1ects about the size of 55 gal!c~ tarre1s are present at edge of ctearing 1n front or Engineering Fac111ty at 

B 
5 Sever a1 rectangutar 001ects at leasr the size or cars are stacked 1n lront of the Multiple Failure Bu1101ng at the 

edge ot tne clearing. small 0D1ects the size of oarrels can De seen upslope and slightly west of 1>u1ld1ng at · · e · · 
6 The pit seen 1n 1962 pnotos is still detecll!bte Lack of vegetation in tt11s v1c1ntty may indicate presence of other 

pits 
7 No Detectable Change_ 
8 Two 01>1ec1s smaller than lhe 6tt 01amerer ot tne Retentton Tank are present near the tank at "B" Loose 

marerial ev1denceo by 11ght tones and no vegeta11on is present down the Dank behind the Storage Bu1IC1ng This 
unconsolidated ma1ena1 tias oeen seen on previous phOtos 
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I. April 12, 1970 - Sundt)· 
Map #I (§ft Fi&urt l\'-1) 
Sc:mlr of Pboaoaraph)·: I: 12,000 

1 No Detec1a1>1e Cnange 
2 No Detectable Cnange 
3 No Detec1a1>1e Cllange 
4 Tnere are 3 or .t sma11 m1sce11aneouus ob1ects unoer the trees at the eoge of ctunng in front of Engineering 

Fac11ity about 111e size of 55 gallon 1>arre1s 
5 Tne number 01 rectangular ob1ects stacked at this location hive 1ncr11sed The small ob1ects unslope are s1111 

present 
6 P11es o• ma1eria1 of c31fferent sizes ano snapes are present within the clearing around the Mock·Up Buildin~ 

Depression seen 0~1 ear11er pnoto rs no longer detectable The land surface west ol building is unvegetated 
7 The c1ear1ng around Sodium Tent d1sp1ays tight tones with darker mottling. inOic.tt1ng presence of toose material 
8 A! 1eas1 3 ot11ects resembling barrels smaller than Retentton Tank. are present at "B ... A small depression has 

apoearec 1n the emoarikment 1us1 below Storage Building The Dank conltnues to be unvegetateO 
9 L1g11t tones and no vegetation 1na1cates a f1IHn of a depressed 1r11 west ol the J)lrk1ng lot addition at ··p· 

10 No Detectabte Change 
, ~ ~o Detectat>ie Change 
i 2 Vegetatio~ nas grown on the slope 01 the depression and the pond 1s showing some vegetation 

9. April 20, 1971 - Tuesda)' 
Map 119, (Ser figure l\'·9) 
Scale of Pholography: 1:21, 200 

1 The boatriouse is no longer present altnough act1v1ty tn the vicinity of the boathouse has continued 
2 A new aoo111on to the P1uton1um Fac1llty has been constructed at the southeast corner. 
3 The oo•l(l ad1acent to the clearing useo as a small parking area is no longer present 
4 No Detectable Cnange 
5 No Oe1ectat>1e-Change 
6 M1sce1taneous debris 1s detectable 1n the c1ear1ng and the land surface t11st ol building is unvegetated md1catmg 

some type 01 recent disturbance . 
7 The Soo1um Tent is v1s101e as a dulled gray toned spot This may indicate the tent has been removed and only the 

p1attorm remains Tne gene rat tone of the clearing has changed, become darker and duller, incl1c.tt1on 11111 the ac· 
t1v1ty here has a1so changed. possibly aemonstrat1ng a tack of activity 

8 Ob1ec1~ 1cent1fled on earlier ptioros are no longer present. The small aepressioA is no longer Ottectablt and loose 
material is present on the slope As before. vegetation is not growing on this slope. 

9 Sever al veh1ctes are present. · 
, O. N Oetec!able Change 
, i No Deiectable change 
12 The pond and / or wet1and are no longer present The slope ana depression are well vegetated . 

.. 
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10. February l4, 1974 - Sunda)' 
Map 110 <Stt flaurt IV -10) 
Scale of Pboto1r1ph)': 1:17,6664 

Whal appears to be m1scei'aneous debris 15 present down the ba,,k near the 1ocat•on of the former boathouse and 
rn tne former llfelland below locge. 

2 M1sce11a.,eous ob1ecrs 1n a p11e are 111s1ble 1usr north of building evidenced by am •• of very light tones (rellectance 
of ob1ects) with very dark tones (Shadows ot ob1ectsJ Oetectron is 1nconc1us1ve here because of tile shadow of 
the bu1tCling Tnere is a pronounced lack of vegetation at the NE cor11er of bu1ld1ng s1m1iar in 1oca11on to that 
oetecteo on ·62 phOtography. 1no1cat1ng recently disturbed land surtac~ 

3 No Detectable Change 
4 No Oeteuable Change 
5 No Oetectacie Change 
6 The ciearing ao1acent to tne buil01ng appears clear of debris except tor under border1no trees A depression not 

seen on previous P"atos •s present at ecge of c1ear1ng Tne land surface around 11 appears disturbed Two tra11s 
iead from c;earing down :he s1ope to the iake 

7 The clearing at this 1oca11cn appears so,,.,ewhat vegetated An ob1ec1 is still v1s1ble here · it ~av be part of former 
sruclure 

8 Tne oani< stiows vegeta!:on nor 1ns1ble cefore The p11 is still present as 1n 1970. 
9 No Oe!ectac e C' arige 

, 0 1'io Oetectao.e C nange 
11 No '.le!ectao e Cna11g-: 
12 Ne Detec:aoie Cnange 
13 f. ~mall amount ot m1scePaneous deor1s is present be1ow the dam 

NOTE For a summary ol air phot interpretation d1t1on11110 years ol photography, see the m1tric11TablH8 and 9. 
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V. Waste and Waste Water 

PLUTONIUM FACILITY - WASTE WATER 

From 1957 to 1971 UNC faced problems in disposing of low­
level radioactive waste water generated at the Plutonium· Lab 
during its operating years. This liquid effluent resulted 
from water used in decontamination operations and came from 
several sources which included: 

1. Laundry Waste Water (31) - primarily laundry water 
from washing machines used to wash laboratory uni­
forms contaminated with radioactive material. 

2. Sink and Shower Waste Water (31) - discharge from 
some sinks and one shower in the Plutonium.facility. 

3. Scrub Waste Water (47) - water from washing the lab­
oratory floor. 

Following is a summary of UNC's disposal solutions for these 
wastes. 

May 1957 - CNC considered several solutions to the prob­
lem of disposing certain amounts of low level radioactive 
waste water generated at the Plutonium La.b during normal 
operations. In Feb. 1958, it was estimated (22) that: 

"5-10 gallons of sink water and 50 gallons of 
laundry water will be generated per month. This 
is a total of 60 gallons of slightly contaminated 
waste water per month." 

The Retention Tank (refer to Chapter III, page 37) 
with a capacity of 4500 gallons was used to store 
some of the waste water as it was generated (1). 
By the end of 1957 approximately 4000 gallons was 
in storage waiting to be analyzed and disposed of 
(8). A waste water analysis made in April and May 
1957, showed (1): 

Top 11mpl1 
Middle sample 
Bottom sample 

Aprll 8, 1957 
cu/ml 

118,000110 ·15 
858110 ·15 

1,552x10 ·15 

75. 

May 9, 1957 
cu/ml 

819110·15 
890 I 10 ·15 
1250110 ·15 

, 



The May 1957 Report (1) stipulated that if there was 
no or low strontium present, dilution might offer an 
easy solution to disposal. 

July 1957 ~ VNC personnel expressed concern (2) that 
draining low level waste water into the retention tank 
created a handling problem out of proportion to the 
amount of waste generated. A new system for handling 
these wastes in the future was being looked at. During 
this time two alternative disposal solutions were 
considered: 

l. Hire an outside firm to handle the waste 
water (6). 

2. Hire a local sewage disposal company to 
haul the wastes to private sewage disposal 
pits (7). 

Both of these options were eventually ruled out. 

November 1P57 - an assay of the waste water (8) showed: 

Gross Beta 
Cesium 137 
Sr. 90 

&. 76 x 10 ·7 uc/ml 
0.21x10 ·7 uc/ml 
1.26 x 10 ·7 uc/ml 

Sr 90 accounts for 1a.1•1. of the 1ctlvlty and Ce 137 accounts 
for 3.1 •1. of the activity . 

. • 

Mid-November 1957 - The Dutchess County Department of 
Health assisted UNC in finding a sewage disposal plant 
along the Hudson River that would take the waste water 
( 10) ( 11). A Health Department memo (12) indicated: 

"The water could be discharged into pits on tbe 
property but for public relation reasons the corp­
oration does not desir~ to follow this practice. 
It has been suggested and approved by our Central 
Office to discharge the water into the Hudson River. 
It is our desire that this be done south of Pough­
keepsie so as not to influence the water supply of 
the City of Poughkeepsie." 

In December 1957 the City of Beacon's Disposal Plant 
turned down a request to bave their plant used (15) 
(16) (17). 
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December 1957 - another disposal scheme was considered 
by ONC. This included several alternative approaches 
to disposing retention tank waste water at the Pawling 
site (18). The solutions considered were to: 

1. Pump the waste from the tank to the middle of 
the lake, where the moving stream would enhance 
mixing and assure carrying the liquid to the 
overflow, preventing accumulation of the wastes 
(18); 

2. Pump the water from tbe retention tank directly 
into the stream that flows out of the lake (18). 

3. Wait until the lake freezes over and spread the 
liquid over the surface of the lake resulting 
in a phenomenally large dilution (18); 

4. Purchase an evaporating system and evaporate 
the liquid (18). • 

Januarv 1958 - the wastes were still being stored (19) 
(20) and UNC felt they should consider: 

1. " ... some method of disposal which will not 
involve the Health Department" (21). 

2. " ... not writing any request !or solution of 
this problem to any official agency since the 
am~nt and cost of disposing the waste is low 
in comparison to the unfavorable publicity" 
( 21 ) . 

February 1958 - three additional methods of disposal were 
consid~red (22): 

1. Evaporation 
2. Ion Exchange 
3. a) Indefinite storage at present site. 

b) Indefinite storage in a similar pit lo-
cated somewhere in the woods at Pawling. 

After a cost benefit analysis of each method, it was con­
cluded that tbe ion exchange method was the most feasible 
and should be used (22) (23). 
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November 1959 - C~C advised the Dutchess County Health 
Department (27): 

"that approximately 500 gallons of liquid waste had 
been passed through ion exchange units. Tbe filtered 
effluent was collected in 55 gallon drums and, if 
an assay showed a concentration less than the maximum 
permissible concentration, these wastes were dis­
charged to the lake. Difficulties were experienced 
with the ion exchange units apparently due to sus­
pended material in the wastes." 

In the meantime laundry and sink waste water continued to be 
generated in Plutonium Facility. The water was collected in 
barrels and assayed to determine if the content was below the 
Maximum Permissible concentrations CMPC). Based on decay cal­
culations, a schedule for dumping the barrels into the lake 
~as determined. Between July 22, 1959, and October 16, 1959, 
at least 45 barrels were scheduled for dumping in this manner 
( 28). 

One analysis (28) of the laundry water samples conducted on 
May 29, 1959 on a 100 channel analyzer showed the samples 
varied from 200 x to 10 x above MPC. 

During 1959 the option of obtaining an industrial waste dis­
charge permit from the N.Y.S. Department of Health was dis­
cussed with UNC employees (29,30). Following is a brief 
summary of UNC permit application procedures: 

December 22, 1959 (31) - UNC (then NDA) applies to the 
N.Y.S. Health Department to discharge from 400-1000 
gallons per month of laundry, sink and shower waste 
water. The discharge would be through a pipe leading 
from ~he Waste Storage Building to the Lake (See 
Figure V-1) . 

._..--WASTE' STORAGE 
BUIL.Df Ntr 

2.'' PL•.STIG CRAIN 
PIPE 

Figure V·1 Prol11e of Waste Storage Bu1JC11ngto Discharge Point 
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Jan. 26, 1960 - N.Y.S. Health Department asks UNC 
for supplemental Information for the Application 
(32) to include: 

1. Estimates of amount of radioactive isotope 
to be discharged .. 

2. Methods of sampling. 
3. Method of dilution to reduce the waste 

below MPC. 

April 12, 19CO - UNC responds to the reauest for 
supplemental information (33): 

"In response to your three questions: 
.· 

l. It is estimated that the maximum amount 
of radioactive material discharged per 
year will be l milligram of plutonium 
(60 Microcuries) and 4 microcuries of 
gross fission products .... 

2. The waste liquid will be collected in 55 
gallon tanks. The liquid will be agitated 
by hand, a sample will be taken and an 
aliquot of this will be analyzed. 

3. If a tank is above the MPC it will be 
diluted before discharge. Dilution ~ill 
be accomplished by mixing the contamina­
ted liquid with tap water in a 55 gallon 
tank. This liquid will then be analyzed 
and released for discharge if it is below 
the MPC. The water supply is an artesian 
well, approximately 200 feet deep, which 
delivers over 14 gallons per minute." 

November 23, 1960 - N.Y.S. Health Department issues 
UNC tbeir discharge permit (36). 

October 26 1961 - UNC waste disposal records (38) 
indicate that 200 gallons of alpha emittings waste 
have been dumped into the lake. The wastes were 
contained in 4-50 gallon drums and had the following 
concentrations: 

Drum 1 
Drum2 
Drum 3 
Drum4 
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1.09110 ·9 uc/ml 
1.8110 ·10 UC/ml 
Background 
Background 
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Six more drums or about 300 gallons of alpha emitting 
waste bad not been analyzed. It was estimated (38) 
that about 10 gallons per day of alpha wastes were 
generated at the site at this time. 

Late 1961 - VNC reouests (101) to ~odifv their 
per~1ts to increase the allowable discharge concentra­
tion of Plutoniwn-239 from 1.5 x 10-6 uc/ml to 
5 x l0-6 uc/rnl. Based upon 10,000 1al./yr. tbe max­
imum amount of Plutonium to be discharRed would be 
20 UC, 

January 11, 1962 - UNC's request is approved by the 
N.Y.S. Department of Health {39) 

June 6, 1968 - A dramatic increase in lake water 
radiation levels occurs (see Chapter VII, Table 22) (42). 

June 30, 1971 - UNC applied to the Department of the 
Army Corps of Engineers for a permit (47) to dis-
charge 20 gal./mo. of scrub water from washing lab­
oratory floors in the Plutonium Facility. The scrub 
water was to be collected, analyzed and if found to 
be within allowable limits discharged directly into 
the lake via a pipe (see Figure V-1). 

~o further references relating to Plutonium Facility Waste 
Water were available. 

BORATED WA8TE WATER DISPOSAL 

Between October 1957 and April 1970, seven available UNC 
Health and Safety memos relate to the disposal of borated waste 
water. The water (2000 gallons) was generated in 1957 and was 
stored in pits (concrete tanks) in the Critical Facility Build­
ing for over 13 years. Following is a BUDIDary of UNC's bo­
rated waste water disposal solution: 

October 1957 - UNC noted three disposal alternatives 
(48) (49): 

1. Removal by tank truck for dumping in the 
Hudson River or the Ocean; 

2. Evaporation and disposal of tbe borate as 
a solid; 

3. Removal from the site by a private company. 
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Julv 1965 the 2,000 gallon quantity of borated water 
in storage was analyzed (50). It was found to be neu­
tral (pH 7) when collected and to contain 0.083 grams/ 
ml of boron (this amounted to 732 Kg of boron). The 
Dutchess County Department of Health informed UNC that 
the water could be dumped on the site. UNC staff felt, 
however. that this would create a fire hazard. Again, 
removal of the water from the site and evaporation were 
suggested. The latter proposal involved digging "several 
holes in remote areas at Pawling," filling tbem with the 
borated water, allowing the water to evaporate, then cov­
ering the holes (50). Later in 1965, the borated waste 
water ~as still in tbe Critical Facility Building (51,52). 

June 1968 - a piping change in tbe "Poison Water System" 
in the (ritical Facility Building was made to prevent 
the stored waste water from mixing with other water (53). 

April 1970 - t:SC stated that ", .. three (3) years ago, 
we d1sposed of approximately 800 gallons of borated 
water that had been lying dormant in the Critical Fa­
e 1 lit y" ( 54 ) . 

~o other references are available concerning borated water. 

SODlt.:M WASTE 

Between September 1957 and May 1974, several memos and 
reports refer to the problems of disposing heavily oxidized 
waste liquid sodium. Heavily oxidized waste sodium resulted 
when clean sodium was used in research and development work 
(SOR) at rne Pawling Facility. Following is a summary of the 
problems ~NC encountered in dealing with this waste. 

September 12, 1957 - faced witb tbe problem of dis­
posing of 100 pound lots of waste sodium related to 
SOR development work, UNC sought suggestions from Knolls 
Atomic Power laboratory (KAPL) relating to sodium dis­
posal methods (56). 

February 24, 1958 - UNC considered selling the used 
sodium back to the supplier, Ethyl Corporation. 

Mav 1958 - after a site visit, an Ethyl Corporation 
representative decided they "were not set up to take 
back used sodium" (61). 
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May 26, 1958 - UNC had, at this time, 50 gallons ot 
waste sodium on hand with a probable accumulation ot 
an additional 60 gallons within a month. This sodium 
had a large oxide content which made it useless for 
reclamation. The cost of shipping the waste was com­
parable with the cost of disposing of it at Pawling. 
UNC decided to carry out a disposal program on site; 
several approaches were considered: (61) 

1. Burning 
2. Aging 
3. Reacting with water 
4. Reacting with iso-propyl alcohol 
5. Reacting with steam 

July 2, 1958 - UNC personnel decided that burning and 
aging were economically feasible methods for disposal 
at the Pawling site. 

1. 

2. 

Burning involved "preparing a pit (hole in the 
ground) one foot deep and five feet by five 
feet in cross section. The woodR would be clear­
ed 50 feet around the pit and a small fence 
placed around the hole. Kerosene soaked rags 
would be used as fuel, with the sodium placed 
on top of the burning rags" (62). 
~ involved "digging a hole in the ground six 
1~deep and ten feet by ten feet in cross sec­
tion. The bottom of the hole would be lined with 
rocks. A steel grating or screen would be placed 
across the bole, five feet below ground level. 
The hole would be fenced in and a roof placed 
over it to prevent rain from coming in directly. 
The land would be cleared for at least 50 feet 
around the bole" (62). 

It was estimated that by the end of 1958 more than 
200 gallons (1400 pounds) of sodium waste would need 
to be disposed of. 

Julf 3, 1958 - FebruarS 24, 1970 - No information on 
sodium disposal availa le. 
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February 25, 1970 - UNC disposed of a small quantity 
of sodium at Pawling. Two experiments using a heavily 
oxidiz~d piece of sodium - weighing approximately one 
pound, were tried. In one, a pound of sodium was ignit­
ed with kerosene. In the second, a pound of sodium was 
thrown into a large tank of water. 

''The purpose of our experiment was to determine if 
we could dispose of waste liquid metal without a­
rousing the concern of our Pawling nei1hbors" ( 63). 

As a result of the experiments UNC concluded: 

1. ''We cannot dispose of large quantities of so­
dium by burning at Pawling. The smoke would 
be so dense that we would arouse unnecessarily 
the concern of our Pawling neighbors. We can 
burn small quantities (one pound) without any 
problems, but the manhours involved would be 
significant" (63). 

2. "Viater is out for sodium disposal." "Approxi­
mately five seconds after entering the water, 
it reacted as expected - with a bang" ( 63). 

May 16, 1974 - A representative of the Bureau of Ra­
diation of the NYS department of Environmental Conser­
vation, interviewed a former UNC Site Director (Director 
during 1950's and early 1960's) concerning disposal of 
sodium wastes, and in a memo (64) states that the form­
er Director ... 

" ... had witnessed the placing of small cans (about 
the size of a gallon paint can) into the lake con­
taining sodium wastes. The cans were tben punctured 
with a 22 caliber rifle and a considerable explosion 
rnulted" and that "small amounts of sodium were dis­
posed of in the lake by the above mentioned method but 
there were never any barrel quantities .of sodium dis­
posed of at the NDA Facility." 

No furtber references to waste sodium disposal were available. 

AIR CONDITIONER WASTE WATER 

June 1965 - The air conditioners in the Plutonium Lab 
generated •ater at the approximate rate of 45 1allons 
per day (65). This water bad to be analyzed before it 
could be disposed of. This presented a problem for tbe 
operating people at UNC because tbey could not 1et the 
samples analyzed fast enough to prevent a atora1e build­
up. In an attempt to solve the problem consideration 
was given to tbe following methods of analysis and dis­
posal C 65}: 

83 



1. Have UNC Chemistry Section ot the Materials De­
partment perform the analysis and store the water 
in 55 gallon drums in the Waste Disposal Building 
while awaiting results; 

2. Run tbe water directly into the Retention Tank 
(capacity 4500 cal.) and when a significant vol­
ume (2000-3000 gal.) was built up, have tbe an­
alysis performed by the Materials Department; 

3. Have a commercial vendor perform the analysis 
and store the water as in item #1 or #2; 

4. Train a technician at Pawling to perform the 
analysis as water is generated; 

5. Turn off the air conditioner. .· 
Au,ust 1965 - it was decided that UNC's Health and 
Sa ety Department would collect the samples and the 
Materials Department would analyze them (66). 

No further references related to disposal of air conditioner 
waste water were available. 

LITHIUM WASTE 

January 1962 - it was noted in the UNC daily log book 
( 67} that two UNC employees "disposed of some li tbium 
in a 55 gallon drum down near the lodge - big explosions 
while AEC bere." 

March 6, 1970 - in a memo (68), a UNC Health and Safety 
Ollicer referred to lithium as being the most abundant 
waste. 

"While preparing for this exercise I noted that 
most of the waste at Pawling is lithium. Tbia 
can be disposed of in water without a violent 
reaction, but a1aio the time required would be 
signiticaot." 

No other references concernin1 lithium waste disposal are avail­
able. 



SEWAGE WASTES 

Plutonium Facilitt: During its initial operating years, 
lP57-I§67, the Pu Faci ity bad an 800 gallon septic tank and 
a leach field located under the main parking lot, south of the 
facility (see Figure V-2) (75). By 1966, it was estimated 
that the system received 300 gallons per day of septic wastes 
from the 10-12 people workin& at the facility. 

1966 - Plans for expansion of the Plutonium Facility 
required that the earlier system be removed and re­
placed (see Chapter III, page 27 for details). 

February 27, 1967 - The Dutchess County Departfuent of 
Health approved CNC plans for the construction of a 
new system (77). Tbe new system was located south of 
the earlier system (see Figure V-2) and served 20 em­
ployees w1th an estimated sewage waste flow of 600 
gallons per day (78). The system consisted of a 900 
gallon concrete tank with 8 laterals in the leach field 
and is 110 feet from the nearest well (76). 

B1olog1cal wastes, water from a sump sink and drinking 
fountain and effluent from a face bowl were discharged 
into the system (80). 
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June 1970 - UNC personnel looked into the possibility 
of having soil near the drain fields of tbe septic sys­
tere servin& the Pu Lab, tested for radioactivity (82·84): 

The sampling idea was ultimately abandoned (84) because 
"the cost of doing these things would be prohibitive: ... " 

Critical Facility: The Critical Facility bad its own 
separate septic syst err.. No reference information re-
l at 1 ng to the systems location, size, type, waste, etc. 
were available. 

Eng1neer1ng Facility: The Engineering Facility had its 
own separate septic system (see chapter III, page 34). 
No reference information relating to the systemk lo­
cation, size, type, waste, etc. was available. 

Remote Assembly Building: After tbe 1972 Pu Facility 
accident, site personnel were decontaminated in the 
Remote Assembly Building (55) (81). No provisions 
were incorporated to collect radioactive liquid wastes 
for agalysis prior to their release into the septic 
syste·m. Jn 1973, a waste system was installed to col­
lect and analyze the waste wash water prior to release. 

No further information relating to any of the facilities 
septic systems location, size, type, waste, etc., was 
available. 

COOLING WATER 

March 1956 - Reference was made to the use of lake water 
6~· CNC !or cooling purposes.· Residents along the stream 
draining the lake were concerned that the stream'• 
water might becol'le radioactive and requested information 
on the matter from tbe Dutchess County Department of 
Health. A reply, (87) in the form of a memo from the 
Department of Health to the Beekman Town Superviaor 
indicated: 
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" ... The Health Department is responsible for the 
proper disposal of any radioactive wastes from the 
plant.·· "You can be assured this office would not 
knowingly permit any operations where sucb danger 
might occur. I believe the information as to the 
amount ot water to be used from tbe Lake is ex­
aggerated tor if such water is used, it is for cool­
ing purposes only and would not be made radioactive 
or contain any radioactive waste material." 

1958 - 1965 - during tbe expansion of the Plutonium 
Facility, consideration was given to installin1 a 
Cooling Water System. Two alternative proposals were 
considered. 

June 1958 - A proposal to withdraw lake water, use 1t 
as a heat exchanger. then discharge the water b.ack in to 
the lake (89) was made. It was noted that "lale water 
if used for sucb purposes only, would not be made 
radioactive or contain any radioactive waste material." 
Concern was expressed over what the effect of an in­
crease in the temperature of the lake would have on 
!1sh and algal populations (88). 

August 196~ - Plans were developed to pipe cooling 
~ater up lrom underground sources, use it as a cooling 
water supply then return it underground (90). 

~o further information concerning the use of cooling water 
was available. 

SOLID WASTE DISPOSAL 

Reference (80) dated Aoril 16, 1970, discusses the 
disposal of solid waste generated at the Plutonium Facility. 

"Solid waste generated in tbe Plutionium Lab­
oratory may be placed in three catagories, (a) 
waste generated in the process operation, (b} 
bulk waste generated in tbe laboratory opera-
t 1ons outside of the glove boxes and boods, and 
(c) paper waste 1eoerated in the engineers' 
offices located in the laboratory. Items (a) and 
(b) are treated as contaminated, and are packaged 
and shipped out for land burial. Tbe paper waste, 
item (c) is treated as tbe remaiatn1 PawliDI solid 
waste is treated. That is, it is either burned in 
our incinerator, or it is transported to a local 
dump and used as landfill." 

Reference (40) June 7, 1965, meotiooe that ''All solid waste 
is shipped out for land burial at Oak Ridge and/or Nuclear 
Fuels Services io lest Valley, N. Y." 
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ALLEGED DUMPING OF BARRELS OF UNKNOWN WASTES 

Around 1959, while fishing, a resident of the Town 
of Pawling reported (102) tha~ he had noticed a number of 
black barrels marked "Danger, Radioactive Wastes" on the 
Nuclear Lake property. When the resident asked a UNC 
employee (guard) how the barrels were disposed of, be in­
dicated that they were loaded into a row boat, at night, 
taken to the center of the lake and then dumped. A sum­
mary of that report can be found in the insert. 

In 1974 (15 years later) the NYS DEC requested that its 
Bureau of Rad1at1on investigate the incident (64). The resi­
dent of the Town of Pawling was contacted on May 14, 1974. 
He indicated that he had personally seen the barrels standing 
by the side of the lake but did not actually see anyone take 
them out and dump them in the middle of tbe lake. Three 
former UNC employees were also contacted by the Bureau of 
Radiation during May 1974. One indicated that at no time 
~ere barrels containing radioactive wastes taken to the mid­
dle of the lake and dumped. He further stated that all dis­
posal of such \11astes was accomplished by dumping the 1 iquids 
below MPC value into the lake from the shoreline. A second 
employee said that he had never heard of or seen any such 
actions. The third employee said be bad never disposed of 
any rad1oact1ve material in the lake by using a row boat, and 
that the only wastes disposed of in the lake were those below 
MPC value, and they were released from shore. Based on the 
foregoing investigation, the Bureau of Radiation concluded 
that ''no radioactlve materials were ever disposed of by dump­
ing the wastes. barrels and all, into the center of the lake 
from a row boat." 

A p.,_. itng 1es1derit'r11poned tfiat 1102J 

Yeo•• ago u·h1lr fishing ht noflcrd o number of block barrrls marlird "Dangrr - Rad1ooc1t~·t Woslt · or 
1ht tnt•anct 10 rhr UNC proprrt~· Thr res•drn1 aslcC'd thr guard how thHr barrC'ls "'"* d1spowd of Ac 
rn•d1ng 10 1hr rHtdC'nl thr guard 1Pld1c:a1td that thr~· wt'«' loadrd mro a rou.• boot. ont 01 a lrmC' and 
rou td or n1gh110 lht '*"'*' of Nurlror Loh and dumprd thrrr 

Tht rrs1dtn1 COPllOc~d NYS Dtpartmrnt off Plt11ronmC'ntol Conwrvatro" In Whitt Plarns NY Thrir 
od1•1<t u os 1ho1 1f tht bon'rls wtrt 01 th' bo11om of 1hr Ioli' lhtv iHrC' ht• lttfl und11111rbed to rusr and wok 
sloi. 11 

Tht •t••dtnr also no11f1rd tht Duicliru Cou,,,~· Drpartmrnt o/ H•alth-ond spoh roan rng1nrrr ~gar 
d1n9 s<>d um dumping rn thr lakr Hr qu1111onrd th' trtgrnrer on lhC' IC'¥al11~· of tht Htalth Drpar1m,nl1 
pr•m•t 10 UNC u.·hich ~rmmrd thrm to dump sodium into tht loh Thr rrs1drn1 ''IJOrttd that thC' 
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EXHACST SYSTEYS - STACK EMY!SSIO~S 

Few references describing tbe structure and operation of 
UNC's exhaust systems were available. However, several memos 
generally describe the system serving the Plutonium Facility. 
A summary of these references are listed below. 

February 28, 1963 (91) - Stack Blowers -
"The existing blowers may not have the capacity t' 
serve the Alpha Lab and the new facility." 

August 5, 1963 (92) - Garrvna Lab Exhaust System -
"Health and Safety reconunends a minimum linear 
velocity of 100 feet per minute at a window height 
of thirteen inches for the Hood in the existing 
Oecon Room of the Garrvna Lab. We also recommend a 
minimum of five room air changes per hour in this 
room. In the event a similar exhaust system is 
included in the new decontamination room, the aJ9ove 
spec1f1cations will apply also." 

October 30, 1964 - Plutonium Lab Exhaust Svstem -
"From a Health and Safety point of view." a good 
exhaust system is a necessity in operations such 
as this, and we have a good sys terr." 

- Gamma Lab Exhaust System -
"This system should be replaced. It was adequate when 
operations started in this Lab, but it is marginal at 
this time." 

August 25, 19i0 - Plutonium Lab Exhaust System -
"\'ie are continually adding to this exhaust system with­
out determ1n1ng lf the system can handle the additional 
load. In the Performance Test Program we require a 
single glove break test. J. Andersen has stated that 
he will perform two (2) simultaneous glove break tests. 
This will give some indication about the adequacy of 
the exhaust system." 

During 1969 and 1970 - air samples of the gaseous ef­
fluents in the stack serving the Plutonium Facility were 
collected and analyzed. The results reported were (97): 

1969 
1970 

Aver191 Y11rty 
ActlVlty RKordtd 

2 110 ·U uCl/ml 
3 110 ·15 uCl/ml 

Pu·239 Ptrm111iblt 
C1nctntr111tn lor 
Occupatltnaf upo1ur1 
I 110 ·13 uCl/ml 
1110 ·13 uCl/ml 

Otll1r g11Hu1 1tftu1n1 1n1ty111 can bl found in 1111 d1t1 l1blt1. Cll1pt11 VII. 

Pu·2ll Ptrmi111blt 
Conc1ntr1tlon ter 
Thi General Publie 
I 110 ·U uCl/ml 
I 110 ·U uCl/ml 

No further references concerning Exhaust Systems and Stack 
Emmissions were available. 
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BL" I LD I :.;c, CO~T[f';T S 

An inventory of items remaining in each of the buildings 
on the Nuclear Lake property has been compiled and listed here. 
The inventory resulted from several field inspections of the 
property by members of the Nuclear Lake Site Clearance 
Corrur.ittee, the last field inspection was made on Tuesday, 
August 25, 1981 ( 100). (See Chapter III for building struc­
tures. floor plans and photographs.) 

Plutonium Facility (See Figures IIJ-4 and III-5} - This 
concrete building has been stripped of most materials, 
debris and fixtures. Items remaining include: 

• 3 111l1d 1mrtl1 m1r11111 "'UNC • R1C1111clivt • flnllt maltrill • Emplr" 
• sealed plasltc bag ot paper wHIH 
• three work benches 
• m1sce111n1ous 1ltttron1c 1qu1pm1nt 
• 1 IOckld concrete vault UHCI 10 SIOtl RadlOIClivt m11er11I 
· plumbing and appliances lrom two bathrooms. lllt "•1cont1min11ion room" and boiler room r1m11n 

~r1t1cal facility (See figures 111-6 and Ill-7) - This 
concrete building contains numerous pieces of equipment 
miscellaneous ite~s and scattered debris, including: 

• work benches. desks. locks and filing c1bin111 
• 1l1ctron1c 1qu1pm1n1 
• an open concrete vault uHCI lor Uranium slorage 
• bathroom plumbing 1nd 1pph1nc11 
• miscellaneous p1p11 wastes and 1catter1d m1t1rlll. 

Engineering Bu)lding or Shop (See Fi1ure 111-8) - This 
building contains materials, debris and equipment in­
cluding such items as· 

• ml1c1R1neous 1H1c1 dtbris (p1p11 w11tn, llttr11ure. paptrdlp1, tll.) 
• numerous bon111 of cll1m1c111 f m1nr lypn I 
· a shop tun wllll work blnchts. parts. paint. equiplllllll, llots IOd milclllneous llHns lllcl llJllltr1lls. 
• antral rooms containing 1llctron1c 1quip111nt and 1ftte1 equl1t1111n1. 
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Multiple Failure Building (See Figure III-9) - Many 
it~ms still rea~1n in this-one room metal building. 
including• 

• 33 11g11t fi1turas 1• · 1 2·1 wr1pp1d 1nd 111l1d in clur plastic 11191 (llPtd closed) 
• an empty wooden cabinet 
• 5 lifing c1111net1. 1 d11ll. 1 locktr (all empty) 
• m11c111aneous 1qu1pm1nt 1nd scan111d'ct1bri1. 

Shield Mock-Up Building (See Figure III-10) - Few mat­
erials remain in this one-room metal building, including: 

• 11111111 and wall filturu 
• 1lectnu1 wiring and some miscellaneous scan1red d1bt11 

Waste Storage Building (See Figure III-2) - Both the 
upstairs and downstairs of this two-room structl.'J'e 
contains miscellaneous items including the following: 

• U'STAIRS • & t1on111 of boric acid. several large air filters. gutter connections. m11cellantou1 1m111 
11on1u of chemicals. 110111 of respirator titers for masks. 2 llrge boa11 of empty lreono cans. 
uver1r bottles or penetrant dy1 and octail, lnsul1t1on pHllng off the wills and m1scell1n1ous 
debris. 

• DOWNSTAIRS ·small autoclave. flomcent light fixture. em pry drums. uhaust hood graphite 
p1p11. barrel carriers and p1p1ng lrom U11 waste disposal system (1till 1nuct). 

Emergenc{ Generator Building (See Chapter III, page 38) -
This sma l 8' x 16' structure is empty except for several 
mlscellaneous ltems and bits of depr1s. 

Retention Tank (See figure III-12) - This 8' diameter 
14' deep concrete structure contains approximately l' 
of water. 

Lodge (See Figure III-3) - This wood frame structure 
contains such items as: 

• 3 lllrrels marked "UNC ·Radioactive· ftasilt material" 
• smrll cartofts of unustd empty ""' 
• lllctlell equipment .............. 
• pllollfr111111c equipment 
• num1tou1 "ll1t1" (1n1m1l1). 
• wall lockers 
• m11cellant0u1 equipment and mat111al1. 

Remote Assembly Building (See Figure III-13) - This 
building is presently a residence. No materials as­
sociated witb UNC operations are present. 
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OUTSIDE BUILDING CONTENTS 

Several areas on the Nuclear Lake Property contain 
miscellaneous debris and materials left over from the 
plant's operating years. Following is an inventory of 
those materials. The inventory was compiled after mem­
bers of the Site Clearance Committee made several field 
investigations of tbe property (100). 

Behind the Engineerinf 
Facility - A number o 
empty barrels, pieces 
of metal, wooden skids, 
equipment parts and bar­
rels containing trash 
and miscellaneous debris 
remain scattered behind 
this bu1ld1ng (See Fig­
ure \'-3). 

Near the Sodium Tent -
A large pile of 6' to 
8' diameter piping and 
several metal ducts 
have been placed in 
a wooded area near the 
Sodium Tent (See Fig­
ure \'-4). 

Flfurt V~ Piping 1nc1 Duc11 an the wooas nur the 
Sod1umltnt 

Behind the Dam - Several empty 5 1allon chemical con­
tainers, small drums, miscellaneous brusb, wood and 
debris have been left here. 
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Outside the Multiple Failure Building - Barrels con­
ta1nin~ trash and debris, a metal safe (cut open) and 
miscellaneous objects, still remain (see Figure V-5). 
Also, four barrels connected to the building by a 
system of pipes are buried in the ground behind the 
building (see Figure V-6). 

"(~"l ....... ;.~'!tft·; ~a:-!iii :la 
Figure V·5 Ma~er1a·~ ou!S10e :ne Muit1p1e Fa11ure 

Bu1oo1~g 

Outside the 
Plutonium Facili.!,l -
A large aircond1t1oning 
unit, a system of piping, 
gutters and drain pipes 
still remain attached to 
t ht:- bu.l l ding. Two bur-
ied pipes connected to 
the gutter system (one 
leading to woods on the 
north, the other to the 
cove on the south of the 
building) still remain. 
One barrel of trash, a 
car hood and miscellan­
eous debris are found 
scattered about the 
building (see Figure 
\'-7). 
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Figure V-6 Barrels Duriec behind the Mu1t1p1e 
failure Bu1ld1ng 

Figure y.7 Air Cond1t1on1ng unit beh1na the 
Plutonium Fac1hty 



Outside the Critical Ex erimental Facilit - Several empty 
arre s, arge stee p ates an miscel aneous debris are 

located about tbe building. Gutters and drain pipes remain 
attached to the building. Two buried pipes connected to 
the gutter system leading to the wetland southeast of the 
building remain. A system of piping and airconditioning 
units remain on the roof. Surrounding the building on 
three sides is a 6' high chain link fence. 

Outside the Shield Uock-U~ Building - A stack of wooden 
skids, pieces of metal an some miscellaneous debris 
remains. A buried drain pipe leading from the building 
to the woods and one pipe leading from the building 
directly into the ground is present. 

Area North of Multiple Failure Building - Twentysix •· 
concrete slabs (6 1 X 12 1 X 6 1 ), two concrete slabs 
(6' X 4' X l') (see Figure V-8) and ten large con­
crete blocks (4' X 5' X 2') containing ho~es (4' to 
6' diameter) (see Figure V-9) have been placed here. 

Figure V·8 Concrete Slabs north of the Multiple 
Failure Building 

Figure V·9 Concrete Blocks north of the Mu1t1p1e 
Failure Bu1ld1ng 

Wells and Septic SSstem - The piping and well casing 
for tbe wells of t e Critical Facility and Plutonium 
and Engineering Facility remain intact. The septic 
systems for each ot these facilities also remain. 

Outside Waste Disposal Building - A buried 2' plastic 
pipe leading from near the building to the "cove" area 
of the lake reamins (see Figure V-1). 

Outside the Lodge - Three large concrete blocks 4' X 
~ 1 X 2' containing 6" diameter holes (see Figure V-9) 
have been placed here. Some miscellaneous debris is 
scattered about the building. 
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REFE.RDiCES 

HS~-028, 05/28/57 
UNC Internal memo, 07/19/57 
Same as l 
NOA Internal memo, 09/17/57 
HSP-120, 10/01/57 
HSP~l34, 10/11/57 
HSP-141, 10/30/57 
l!SP-151, 11/07/57 
HSP-152, 11/08/57 
HSP-156, 11/12/57 
Out. Co. Dept. of Health, memo, 11/14/57 
Dut. Co. Dept. of Health, memo, 11/26/57 
HSP-163, 12/02/57 
HSP-165, 12/07/57 
HSP-166, 12/09/57 
HSW-160, 12/10/57 
HSP-168, 12/16/57 
HSP-169, 12/20/57 
HSP-175, 01/03/58 
HSW-173, 01/08/58 
HSW-178, 01/21/58 
HSP-187, 02/06/58 
HSW-189, 02/24/58 
HSP-218, 04/30/58 
HSW-205, 05/13/58 
NYS Dept. of Health, memo, 10/08/58 

.· 

Out. Co. Dept. of Health, memo, 11/04/58 
HSP-263, 07/06/59; NDA Daily Log Book Entry, 06/03/59 
HSW-328 I 11/02/59 .. 
Out. Co. Dept. of Health, memo, 11/04/59 
NDA memo, A0-218, 12/22/59 
Out. Co. Dept. of Health, memo, 01/26/60 
NOA memo, ED-509, 04/12/60 
NYS Dept. of Health, memo, 06/24/60 
Out. Co. Dept. of Health, memo, 10/17/60 
Dut. Co. Dept. of Health, memo, 11/23/60 
NDA Pawling Hot Lab Operatin~ Manual, 05/10/61 
NYS Dept. of Health, memo, 1 /26/61 
NYS Dept. of Health, Permit to Discharge Sewage or 

Wastes Into the Waters of the State, 01/11/62 
H&S-495, 06/07/65 
H&S-703, ll/21/66 
NYS Dept. of Health, memo, 06/06/68 
H&S-2286, 04/16/70 
H&S-2288, 04/20/70 
H&S-2423, 02/26/71 
H&S-2460, 05/25/71 
Dept. of the Army, Corps of Engineers, Application 

for Permit to Discharge in Navigable Waters, 06/30/71 
HSW-121, 10/02/57 
HSP-124, 10/04/57 
H&S-509, 07/23/65 
H&S-513, 08/06/65 
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80. 
81. 
82. 
83. 
84. 
85. 

86. 
87. 

88. 
89. 
90. 
91. 

H&S-527, 09/10/65 
H&S-1066, 06/12/68 
H&S-2286, 04/16/70 
H&S-2288, 04/20/70 
NOA Internal memo, 10/12/57 
HSP-179, 01/17/58 
HSW-170, 01/21/58 
HSP-181, 01/27/58 
HSP-192, 02/24/58 
HSW-215, 05/26/58 
HSW-231, 07/02/58 
H&S-2263, 03/06/70 
NYS Dept. of Environmental Conservation, memo 05/20/74 
H&S-497, 06/15/65 
H&S-513, 08/06/65 
NDA Daily Log Book Entry; page 107, 01/17/62 
H&S-2263, 03/06/70 
Dut. Co. Dept. of Health, memo, 08/06/57 
HSW-262, 09/22/58 
HSW-298, 01/21/58 
Dut. Co. Dept. of Health, memo, 05/26/60 
NYS Dept. of Health, memo, 01/26/60 
H&S-211, 03/12/63 
Dames & Moore Consultants, Report of Foundation 

Invest1 ation - Pro osed Al ha Laborator Ex ansion, 
aw i n g , . Y • , for t he Un i t e d e port 

#2615-002-07, 07/11/66 
H.K. Ferguson Co., Consultants; Section 57A, Plumbing, 

Sewers and Underground Piping, Alpha Laboratory 
Expansion, UNC: W.O. No. 2474, OS/12/66 

Dut. Co. Dept. of Health, memo, 02/02/67 
NYS Dept. of Health, A lication for A roval of Plans and 

or Permit to Construct an Operate aste reatment Works 
and to Discharfe Wastes Into Waters of the State, Ol/05/67 

Dut. Co. Dept. o Health; Report of Inspection of Individual 
Water Supply and Sewage Disposal System for UNC, 06/12/67 

Same as 54 
Sarne as 55 • 
H&S-2319, 06/01/70 
UNC memo, P.S.-713, 06/10/70 
H&S-2320, 06/12/70 
Dut. Co. Dept. of Health, 

memo, 03/31/71 
Same as 39 
Dut. Co. Dept. of 

Health, memo, 03/06/56 
HSW-223, 06/16/58 
H&S-560, 11/15/65 
Same as 76 
H&S-208, 02/28/63 

92, 
93. 
94. 
95. 
96. 
97. 
98. 
99. 

100. 

101. 

)02. 

H&S-261, 08/05/63 
H&S-400, 10/30/64 
H&S-2350, 08/25/70 
H&S-2423, ·02/26/71 
H&S-2456, 05/11/71 
H&S-2460, 05/25/71 
H&S-241, 06/01/63 
H&S-660, 07/13/66 
Site Clearance Comm. 
Field Insp., 08/25/81 

N.Y.S. Dept of Health 
memo, 01/02/62 

Phone conversation with 
Yr. Al Trafton, Paw­
ling resident, 12/12/80 

•HSP, HSW and H&S refer to UNC (NDA) internal Health and Safety 
Memos. 
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SL't4tARY OF mE Aa:!DF.Nr 

VI Accident, Clean-Up and 
Decommissioning 

Qi IA:?carber 21, 1972, at approximately 2:55 pn, a chen:i.cal explosioo 
occurred at the Plutooillll (Pu) facility releasing solid and particulate 
plutooilJTI oxide to the lab area. 1be explooioo took place in a plexiglass 
glove box in the metallography line which caisisted of three such boxes 
used to prepare and examine fuel pellets. Air leaking into the box, 
volatile material, and the absence of a gas analyzer used to rTDnitor the 
atrrcsphere were believed to collectively cause the explosioo (1). (2,) 
and (25). 

At the tirrl:> of the incident, 2 grams of two high fixea· oxide sintered 
pellets were being prepared for ceranDgraJXiic examination. An analysis 
of the material can be frund in Table 10. 

Table 10 Analysis of Oxide Pellets in 1111 Pu flcllity during the Dec 21, 1972 accident. 

Pellet S-617 Pellet S·618 
238 0335% 0324% 
239 87 289% 87 266% 
240 , 1 224% , 1 247% 
241 1 332% 1 323% 
242 1322% 1311 % 

Uranium 234 3157% 3820% 
235 40 022% 48 87% 
236 1273% 1546% 
238 59 535% 50 59% 

Note The arnericium-241 contribution was 080 ugr 130 ugr of total Pu Amencium-243 contribution was 
006 ugr 120 ol total Pu The licensee stated and the analysis records confirmed. lhat the ratio of plutonium to 

uranium was 17% to 83 % . respect1\'ely 11 ). 

The Elli>loyee working directly witb the box sustained facial cuts 
and radiatioo exposure at 3860 MPCfhr, (max.inun pennissible coocentratioo 
I ho.Jr). Another 8Jl)loyee in the lab sustained exposure at 350 ll>C/hr. 
All twelve ari>loyees oo site at the time gathered in the Raoote Assemly 
aiilding apprax.imately .9 miles fran the Plutooh.111 Facility to undergo 
decootaminatioo procedures. 

After all ert>loyees had evacuated the building, a secood explosiai 
took place. The fire that was believed to follair the initial explosiai 
may have caused a bottle of flamaable solvent to heat up, rupture and 
disperse, thereby fueling the secaid explosiai. (25) 
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The latter explosiai is suspected of having blCJMl out two exterior 
w:inc:Saws Cl'l the north side of the building and t1lllO exterior OOor& Cll tbe 
south, spreading rad10lct1ve ocntaminaticm to tbe outside mVinnnmt. 
(See Figure VI-1.} 'lbe folloring day, the area was re-eotered. lindc"'8 
and doors were sealed. Extensive damage to the metallogn;by line was 
fa.ind. 

Imnediately following the ac.cident, Ulited Nuclear CbrporatiCl'l 
(UNC) supplemented it.s :routine envilUllElltal DDDitoring PJ'OITllll md took 
special sarrples to detennine levels of caitlminaticm. Sm!plas of air, 
snow, ice, watershed and soil were included. Sq> ling reaul. ts are 
listed in Tahle 11. 

WHther d1ta for the night of the .. cctdent can be found In the lneert on the next pate (28) 

Table 11. Results of Environmental Sampling Following the Dec. 21. 1972 Accident 

Sample Llcltlon 1111. Ctnc. "'·23112'0 

Snov. & ice Aoout the Pu Facility 6.31110 ·7 uC11m1 
La;;e Wa!e· Nuctear Lake ·West Shore No detectable actMty 
SOI' About the Pu Facility From 00 dpmtgram to 

.53 dpmtgram 
Direct Surveys Outs1oe · 1mmed1ate area ot SOOOOpm 

broken winoows 
Direct Surveys Outs1oe · 1mmeo1ate area Less than 200 dpm 

ot ooor 
Direct Surveys Other ou1s1oe areas at>oot Below detection hm1t of 

100 dpm 

Stack sample rec.ords prior to and subsequent to the accident, were 
reviewed. The sarrple results obtained are sbClm in Table 12, below. 
UNC stated that appr-oximately 5.6 uCi of activity was released fran the 
Pu Facility via the stack. · 

Table 12. Stack sample results prior to and subsec;::sent to the Dec. 21. 1972 awoent 

' . Start Datt Time Stop D1t1 Timi ll11u1t1 . uCl/m1• 
1 12119172 4 SO pm 12/22 6:•5am S.9h 10 ·12 
2 12122172 6 45am 12122 2•5pm No Sample 
3 12122112 2 4Spm 12122 7:30 pm 7.41l10·12 

' 12122122 7 30pm 12122 8 30pm No Sample 
5 12122/72 8 30pm 12/23 t015am 7.51110·13 
6 12123172 10 1Sam 12123 8:00pm No Sample 
7 12/23172 800pm 1212• 4':30 pm 1.81II10·1' 
8 12/24/72 •:30pm 12126 2:00pm 8. 15 II 10·15 
9 12/26172 2:00pm 12127 4:00pm •.01110·1' 
•minimum ol 24 llour dacay 

Note: According to the United Nuclear Corporation. sample numbers 2, '·and 6 were not ob1J1ned because 
011nao1111v 10 restart the wmp1e pump and improper mstallauon of s.ampling paper. 

98 

' ' 



-) 

WUTl!t1 DATA 
OUTCMEll COUllTl Alli.all - POUIMU£1111E. In 

IUllUCI #Ufllll OISEllWATIONS 

....... ,,. 1171 
T 11111 '!iOO llOurs Fog. V1s•b•llT\' 2 '11 l"l•ltS 
~ omttuon 070° Vtl«•l'y • •notsi!IOllr 
F••z1ng e111w1 llrometnc Pl'11S1irt 29 94. Ttmo 32' 

T lfllt '600 11e>urs V1Sll>tlt!y 2 '/a ll'l•IM 
W-1\C 01rtcl!Oll 080" Vttoc11'y 6 llllOISll'IOur 
C..•11111 30001" 111100011 rua1ng '' 1700 nou~~I 
BlromtfllC Pl'1Hull 29 116 TtmO 32° 

IUMllllAll Y 

ITOllAllT Altll'QAT - NEWIUlllH. llC. YOtll 
IUllACf WUTHEll OUOVATIOllS 

T11111 t 5~ lfldtl•n1tt ce1111111 · P1'11&lly Ollscurtcl 
V1~1)1hty t t8 rn11t Fr•z1ng ar•Wt Fog 

WtnCI ~m llO "'°'"II '""''"'° Cllm 111 Cliy 
81romttnc Pl'essurt 29 ~. Temo 31• 

Tile accl(!tnr oc:currtd an Ole 21. 197211 2 ~5 pm Tiit prtv111rng wutlltr cond1t;on1111a1 tnlrrt Oay 11111re tog lrt11111g 011u1t hi· 
tit or"° wino Ar •SOO nours (300pm11111 Sur1ace Wurlltr Ol>Hl'\lltron recordtO It Outcfltss Count~ '14lrpon was H 11111ow1 v11t0<1~ 
2 'll ""'* Wtlld a1r1ChOll 010• (IQu•valtlll to Ollt of Int lj( heldrng SW 1ow1ros Grt111 Hivtn' vtlOC•fy • llno!Slhour (tQu•v111nr IO 
• 61 MPH i Tlltrt wH log 11111 t•Nt•no dnzztt T11t t11romttr1t 1111uurt wH 29 9Hna Int temperature was 30° F 

Al 1600 nour! ( • 00 pm) Ille Wmt rKOfO 1nd1tUts • ¥11} 11'1Jhl Shrl11n wind dlltchOll tO 080' Ind I Slight increase 1n wind vtlOClty 
:a 6 kMOIS/hr 17 MPMJ At about mldn1gM 01 Ole 21 11111111no oirtc11011 cllangtel to 030' 1out QI 1111 N. NE1IPltO111cruseo 10 8 
•nots.'nou• Tt1trt-..,ert s11gnr c111nges '" wu1~er cond•"Ol'IS un111 Dec 22 at 1900 nours 1ne wino 1>1c1me ca1mer yet anc 1 n•g" 
iemperaMe ot 39° was recorae1u1 '500 hours 

ConC•l•ons recorded ar Slfwan A1rpor1 (fiewo~rg" MYI were 1sstn11111y Int Slmt Wines were even c.1mtr 
Outc~ess Count'j A1rpon nu lllt ne1res1 wurner sral•On ro Nuciur ~•~• 1111 1oca1t<1 aoour 12 mne!l'!n 1 westerly d1rec11or. from 

Nuc1u1 L•ke ano •5 abOul 165 "allO'lt sea 11ve1 The Nuclear i..u Prooert, ranges 1n tflVlllOll lrom 600 II 10 105011 Tiit 11u sur· 

race e1eva11on •S 75811 
Re• St.trtace wu111er Ot>st'Yatt0ns from Pougnkeeps,. NY ano Stewart A11pon NY. from 1n1 Na11ona1 C1ima11c Controt Center. NOAA 
Enwonmenri1 0.IJ Stl'\llCt. 

N ------ caon w•!;!. --- -

• FENCi 

Flgun Vf.1 • Area dtrtclly affected by tile December 29. 1972 Accident 
and Explosion. 
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Air Sll'l'I' les taken da.i 1 y at 13 loca ti ens w1 thin the Pu Facility 
between Deoa'Tt>er and March 1973, indicated levels of alPia activity to 
range fran 10-9 uci/ml to io-13 uci/ml. (2) 

Subsequent decootaminatioo of the facility ns ocmdlcted by tNC 
both independently and tmder CClltra.ct to A'rolt, Inc. 1be deoclltlminatioo 
procedure involved soil n11DVal ootside the Pu Facility, l"fllDVal of 
ceilings and walls in caitaminated areas and the reported packaging, 
shiJJTleflt, and burial of 360 druTE and 40 boxes of oootmiinated waste in 
"approved locaticms". 

Thrwgtirut the decaltaminatioo prooedwes rmny ref enmces speci­
fically characterize radioouclide cooceotratioo in air, soil, and wipes 
of the physical plant as "excessive''. These references include USAF.x:: 
inspectioo reports for Decarber 21, 1972 (1) - March 27, 1973 (2) -
October 30, 1973 ( 6) and April 9, 1974 ( 7}. 

Sampling of the fish, air, water, soil and buildings was OC11ducted 
over a period of two years ( 1972-1974). These tests were carried rut by 
United Nuclear C.Orporatioo, A'ItXE Inc., NYS Department of Ellvi.ravrental 
C.Onservat ion (DEC), NYS Departrrent of Heal th, NYS Department of Labor, 
NYS Atanic Energy Council (NYSAF.c), and U.S. Atanic Qiergy Ccmnissioo . 
< USAEC) subsequently called Nuclear Regulatory Connissioo (Nil:). Rasul ts 
of these tests are found in data tables thro.ighrut this study. 

In October 1973, UNC requested pennis.sim to tenninate its facility 
license. Approval of the request rested in part upoo a detenninatioo 
that the soils affected by the accident were deca'ltarninated to acceptable 
levels. 

Ho.vever, at that time no federal or New York State standards 
existed for plutooium in soil. The clevelq:ment of ad hoc standards 
becarre an issue for DF.X: iAnd NYSAEX:, with both agencies differing in 
their approach to sarr;:iling and detenn.ini.ng what OCEstituted 1>9nnissable 
levels. . 

ID'S.ID: fa~ored the application of an ad hoc standard (2dpn/gm Pu in 
dry soil) which had been clevelq>ed by the C.Olorado State Health Department. 
DF.X: questiooed the application of this standard for New York's less arid 
climate and opposed the analytical techniques that Are used to arrive at 
coocentratioo levels. A detailed discussim of the applic.ability of 
Cblorado's standard of 2 dpn/l!'fl c.an be fOWld in references 11 and 12. 

DEX: argued that ooly the minus 35 mesh portioo of the screeD shcAlld 
have been used to collect soil sant>les. NYSAEC supported the use of 
both the minus 35 and plus 35 mesh porticms. IE and NYSAEX: also 
differed in the interpretatioo of the data. In order to define the 
level of plutoohrn coocentraticns in the area, NYSAEX: avenged the 
results of all the soil slll1)les. Ilr oojected to this approec.b and was 
supported by the O:>lorado State Heal th Department and the NYS Heal th 

·Department in its oootentioo that the figure for Pu cmOElltratioo shruld 
reflect the maxim.rn aroount of tbe sub&tance fOlmd in a single aani:>le. 
Based oo this approach, Ilr insisted that further llOil ranaval was 
necessary to bring Pu OCl'ltlminatioo dcJMJ to aoceptlble levels. 
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While NYSAEC stated that OEx: was ultimltely responsible for setting 
clear-cd'lce er i teria tor the site, the agency finnly maintained that no 
additiooal work was needed at t!NC. Believing 1 t had no legal support 
for its sn;itia1, 00: relaxed its' stanQ and the site was cleared for 
unrestricted use by the Afr. oo Julv 14, 1975. 

CLEAN-UP AND DECOMMISSIONING (1972-1974) 

Below is a chralological S\.lrlnllJi' of clean-up activities follaving 
the accident: 

7 /23 /73 A U.S. Atan.ic Energy Carmiss ioo inspectioo report ( 3) noted: 

01.•te 1n amo1.1"' o' II• specrllc KtlwltJ wastt 1conr11ning 1ess tflan 0 I gr1m1Pu11 Dt1ng couectto 1n 01as11c tinee 
55 Qll!Qnd111ms Our.ng dtcon1arn1n.i1on f~e *Ult •S u1t1"latt1y bu11e(! J • t71 drums ~I waste a1e tlt•"Q •m· 
orcoe·.1 swee Juts.at e., .. a.r.~ , Prceie• procea.,es •or prepar ng conta•ne1s 101 •n1pmen1 were not ro11oweo 

8/21/73 The dru'TE of waste being "improperly stored" were "Prepared 
for shipnent to a licensed burial site and moved into the 
"Transitioo Building" (kno.m as Waste Storage Building) where 
they awaited shipnent ( 4). 

10/23/73 UNC requests pennissioo fran the U.S. Atanic Energy Co!missioo 
to dismantle the Pawling Lattice Test Rig (PLATR) and the 
Pawling Test Facility (P'I'F) located in the Critical Facility 
Building (5). A dtsnantling plan was sul:mitted and a Radiatioo 
Survey of the Critical Facility was made. (See Table 13 for 
survey results. Additional detailed radiolcgical survey results 
of the inside of the Critic.al Facility can be fOWld in Reference 
( 5). 

.J 

Table 13 Results 01 Critical Fac1!1ty Raa1at1on Survey• 

Outaoors by Reactor Room 
Contro1 Room 
PLATR Area 
PTF Area .. 

• Mu1ur1ment1 made with a Te111 Nuclear Modtl 2650. 

Mr/Hr 
0 02. 0 05 

0 02 
0.01 . 0 05 
0 12. 0 15 

•• Menurtments in PTF Area affected by 1 n11rby fuel bundle f 5mr /hr 111. 

10/':YJ/73 usm: report (6) states: 

UNC coo tracts A'IO:.I\ Inc. , Park Mall, Peeksk111, New York, to 
~lete deocntaminaticm of Pu Facility. 1be report coofirns 
dnm; of waste previously stored in the "Transiticn alllding", 
are gaie. 

UNC is &arll>ling stacks daily. 'Ibree enviramenta.l s~les 
a.re being takea cm a weekly basis (near gellerator shack, 
critical facility, and m:xlt-up facility). 
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A~ Inc., plans to l"aTDVe glOYe boxes, hoods, vmtilatiat 
sysurn and stack for bu.rial at "approved locaticns". '1be 
Pu Facility floors were painted to fi.x ccmtllninatiCll. Deam­
tmninatioo proceeds under A'mll ''By-procl.act Material.& License 
#31-11640-00" . 

11 /26 /73 l5AFr inBpect iat repon ( 8) state& that : 

Alt~oug~ rne Oluloruum is 1n 1111 OllOt tonn (MPC • 4110 ·'1 uCt1m111111 llc:lllMI ulld 1111 M'C tor IDIUIOle 
p1u1on1um ·239 f 211 ·1211C11m11101 contro11mg exposure to tflllllOYWI Rlview ot au UlllOlt recoros from Mtrc11 
23 10 Octaoer 26 1973 fllhlO 11111 1ubSIQU1111 to SlcltlmDtr 2b. 1173 llO 111 ~ NllOll lllDwlll mcirt lllln 
2•10 · 12 uC••m1 Pu 239tm1 PrlO< 10 Junt 1 1973 111lllllPlfCOllCtflltlllOl!S1n lht ¥ICllllly Ol lllt llltlfCll 
llbor11ory wl'lt•t 1111••PIOSIOn1nW01v1ng plu1on1um occurreo e&CllCltd 4110·I1 uC11m1 Ounng oecont1m11111ion 
1tl1v11r Tne l!IA.l1mum concen1r•hO" musu•tll wu I lalO ·10 uC1 Pii·239tm1 11 lhe I 5 lli1IO/I on Maren 29. 
1973 

2. Stack air sarr;:>ling fran March 25 to NovElliJer 22, 1973, 
showed that the air sanple filter bad been changed daily 
except oo weekends. The MPC for insolub~ plutooilrn-239 
discharged to unrestricted area is lxlO- uCi,hnl. 

Allno"g" t~e c1u:oo1u"' P'OCfBfC ,, 11\f f1c111ty IUS '" Ille OXIOt form IM ISSU~ 10 De 1ns01ul>lt. Int hctnsee 
contro•teo tilt 01scn1•ge viJ 111e sr.ck so 11111 rt WOUIG comply with thf MPC 101 IOlul>le PMon1um·239 (61110 ·1• 
uC11m11 Tl\f •tcora snowto tri.t tor int perlOO from Maren 28 to May 23. 1973 twtnly dally urnplts were 1n ... 
ttss 01 6a, ~ ·, • uC• 1rr, Tiit "1i11mum was 2 ~ 110 ·13 uC11m1 In 111 tlltst cues Ntll umplf IWU counted 1'1e• 
on1y 2• 110\J• Geiay r111nr• !!\in 1tte• a tonger l)tl!Cld Tiie Mr10t concenlrilltlOll of lllSOlublt p1u1on1um·239 
orsc~rgeo 11om 1111slic•101 tne Pt•IO!I e1.1m1neo was Ins tllln 61110 ·1• uCttm1 .. 

3. Three envil'aimental air S&rJt>les were operated within 
the plant area. The filter paper for each sampler was· 
changed weekly. Sampler locaticns were near the Generator 
Shack, the Critical Facility and the lt>ck-up Facility. 

Atcoros ot ''' wmp1e1 results *''' e11m1nea tor the pertOO from Maren 2 to Novtmt>e• ,. 1973 Tilt ma11mum 
p1uton1um·23&concen11a110,,notec*as9 6a10·1~uC11m1 (MPC • h10·12uC11m1 · 
.• 

4. Fifteen soil Sllfl1)les were taken fran various sectiatS 
of the plant property on Cktober 26, 1973. 'Ibe results 
of these &arr1>les had not yet been reoeived fran tbe vendor 
to whan they were sent for Malysis. 

5. Cootaminatioo surveys OCllducted by taking wipes and 
making direct read.:ing inStJ'l,llBlt surveys for the period 
fran March 26 to Cktober 26, 1973, were ~ed. 

· ·Tne reco•os snowea 1n11contil!linatio~1twe1s up 10 NYti1111urt11reo thOllunG Opm per 100 cm 2 (llOlll w1111 lllCI 
G••tct ruo1ng 1 were rneuurte iii lht vit•My of Int ",,_'*' llUtlOll Mu11ir11111n11 wttt gtllltlU) llOIO'll 100 
opm 1100 cm 2 1r. 1rt1s wflic~ -ere remott 110"' tl'lt 11'11 fl lllt ~ '· 
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1 /21 (74 

l /25/74 

A IJOC' report 1261 indicated Pu lP.':els in air are 10 - 1000 x 
higher than nol'Tl'61 tor other areas of New York S~ate. 

A'l'O:B Inc., releases final survey resJlts a!ter deca.ta."!1.inati<Jl 
procedures are C<Jl1)leted. . Tr..teir Report (27) Final srvey 
Poewlts After Oec.ootaminatiCJ'l, stated that theP'lutoo I.ID 
FiCllltya:rurenvirms have levels of CClltaminatiai that are 
belCJllt the limits for rele8¥ for unrestructed use. The report 
further states that in order to reach these levels it was 
necessary to: .. 
""'1cNt •no G•SOOH of H •l<ltOK!"tt •ISll ill giovt !IC1ts llOOOS t1111usr Ouc11 hit~ P•P'"g 11\iMOiCS 

t.t~usr D10wtr1 t•lliu51 StK• •ncl hoot t•s 1n id<l~ion. ctl'la•n conc•llt l>lOCk w111t wtrl fo11ncl to t111n1trr1at1r 

contam1nart0 ano lllO ro bl rf!lllMC OrlOOS'd ot ano 1~ctc1 H well H ct1111n 1«111111 at roof IClgt •"II ,..,, 
guners 

A Stmnary of A~ Inc's final survey results in graphically 
divided areas of 10 square meters wt.ere caitam1natiCJ'l of the 
envirorvnent may have existed can be !wnd in Table 14. Survey 
results of all areas of tbe Pu Facility have not t>eea· reported 
here. Houever, all radiolcgical survey results have been 
docunented in the ~ Radiolgiical S\J.r\.·ey Logs Project 892A. 

TAILE ,, A SUMMAllY OF UCOll llllC I ftlllAL su11vn IHIUL TS TAlElll JAlllUAAY u Inf 2• 1IU 1271 

SOIL UMPL.E llUULTI - 1111 •Plllflll !•'YI' 
S.111,ieNt llutlttt "'UI "'nt Uf)& UUI UUI 

----·-·-~ 

F'ort of r...s ..-e~w 0 3• 0 87 
fnr•111te •o Pu •ac;11r, 0 00 0 93 
°'"'*•v 10 f>.ls ~o .. ~ 0 07 ' 01 
II ot E SOfC LIO 0 00 0'l 
At1r Ol Jlnurc" LiO ~ 06 0 ~~ % 0 IE 0 00 0 00 
Foot Pa:~ •o Cril<UI F1c 0 C5 0 '. 0 21 0 00 c oc 
Bth•tt~ E "9 ' P-J ~IC 0 C\1 0 00 0 3• 0 00 JOO 

8 Fron! ot Moc• ull Ooot a oo 0 00 0 00 0 00 0 00 

9 JC! ,, CF & Pl. fl( "°'° 0 05 0 OJ 0 Ill 0 00 0 •6 
·o F ron1 E "Q B•Ov 0 00 0 00 0 75 0 00 0 •5 
'I tH ol Moo ull Ent I 9t 0 CJ 0 00 0 00 c 00 
• l NE d Mf 81a9 3 •O , 35 0 00 0 00 0 00 
' ) N OI G.is lieust En! 2 29 0 !>fl 0 111 o~ 0 00 

' ~ Belwltf! 11\i F It t. l.lll c 05 0 •9 0 00 0 00 0 00 
I 6 s ot Py fl( 0 63 0 31 0 2 00 0 I ,.. S E al Cf Par•r"IJ LOI • 47 2 ~1 0 ' 0 00 QI 

I 9 N E Of CF ptnung lOI 0 68 0 16 0, 0 0 0 1 
, •o "' w 04 Cf Pa•Mg LO' ! 82 0 ~9 0 2 0 00 0, 
1 ,, 50 111111 llO · Ii IO llAA IN l 011 0., 0 , 0 0 0 1 
1 11 5() lrlltfl llO '11 IO AU ! S 1 I •E 04' 00 00 0 , 
, 13 Fronr '-""' llemolt Aswnory 0 13 c 00 09 0 00 0 5 
' ,. 110 11Wn · llilmolt AISllllD!y 0 l6 0 OI I 7 0 l 0, 
• •5 !fur GUNFC 5'cJft (OIC Ill 55 r 0 00 0 00 0 i1 

.. 11\i f ICJlll) s.otc T 1ni 6h2 0 S6 0 00 0 llC 0 OtJ 
(IOl'll'I 0111'111 OOfllil Clpmll 00!"11 

A 1111 F 11tllll\' Seotc r en• 1111< "" 1 0 •5 Cl2 
Gl)l"rl GQl'lil 

8 iUstf 1111 S OI 11\i F IC 0 19 0 05 

........... , .. c.,, ................ ............ , .. ._ ................ 
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Ftturt Vt-2 Loca11or 04 ATCOf.11nc ana U SAE C. sampling stations 

.. 

..-.·· ....... . , .. 
I 

4 '24/74 The USAEC cooflm6 (7) that A~ Inc., 

N 

• 

, •.• tC ~ .. • ,,. -"" necesu') lo 'tOute :ont1•'"''"c• lf•tls lo bt!Olo lllOSt llltt~lftl 1r. 1111 ...,.._ llr Dlclft· 
lllllllltllfft ti Ftctllllft 11141 l•tllflllltlll,,., • ....... fllr UtW"1nCIM U11 • T•...._. r1 IJlllll • If· 
J'MllCl kurct er SJKlll NllCllll Mlllnl! H •Hutt 1>, lilt OtrtclOtflt o1 Lictn•lllG . 

In effect the U5Af£: coosiders that site acceptable for unre­
stricted use. 

9/16/74 The Radiological Health Secticm of the State of New York 
Deparonent of Labor, based cm 1 ts arm au.~, ccmf i:rn& that 
decootarninatioo of the Pawling Site is in ocq>liance with 
Section 38.29. ''Va.catioo lnstallatioos and Property'' of 
Industrial c.ode J\lle 38 and subsequently cancelled OC's 
license to operate (9). 

11/26/74 l.5AD: and NYS Radiological Science Llboratory data cm aoil 
and aud sanples taken near the Plutmim Facility before 
(see n.ble 15) and after (~ 'l'E>le 16) tbe 9011 WU removed 
fran the vicinity of tbe laboratory is released. (10). 
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Tallle 15 Res1111s of An•tySff Of Samples Taitn Dy 1111 U S AEC and ~tw yor1c Statt a~ G11l'·Ur.111d "ut.ur Cor· 
:ior•1t0" •Pa•·~~ '""' vorw 1 84!•ort ~emova1 ~' So11 '" '"t v1C·'·'• of 111e P.":of" " ... '.•!)I)• il'~'"t 
------------------------ ·-------- ---

Simple ld1n11t1u11 .. 

Ind IOClllon • 

' u11oer window blown 
Oul Ovr•ng Pu ;;1ove Dor 
t101os 0on 

4 At•OSS ar1veway 
1•om w1noow 

Across ariveway from 
w1noow 1an11er !rom 
rne Laoor a1ory 1nan 
Samo1e B 

5 Ber11oeer P1uron1um 
Laooratory ana !ne La~e 

• · 2 ~ort• East o' 111e 
Mu 1ho1e ~a·:ure B•dQ 

- ... ea• ·~·'"'·Ca 'IC"·'V 
1•ot s~c11o~ Jn the 
s•e!cn · 

: M.o Sa,.,=·e a• 
s~o•e 0 re ·ea· .... 
P\,ton°um Laocratorv 

0 ,.. "(! S•"'D•f ..... 
•~f 01"' a: :"e ••'f :ll.l•tt 

- Mua Samo1e ••om !'lt 
a•e '"''!' s"ea,.,. "ta· 
Route;:;. '"O' \"O•". 

·s.. HfUll Vl·Z"' aa111plln9 '°"'" 

Aftllytil 
Ptr10tm1• 

ly 

U S AEC•• 

r.vs 

US AEC 

U S AEC • 
NVS 

US AEC 

NYS 

NYS 

NYS 

~HS 

UltUO 131 

"' "' 1•11m/1 1•1111111 
•ry IOil) iryslill 

12 2: 3 76 !: 02 

6U !: oaa 022 !: 007 

11 : 01 001 !: 003 

5 J !: , J~ !: 02 
290 :t ou 088 :t 066 

30 :t 01 28 :: OO• 

198 :t ou 015 = 011 . 
ou !: 1)13 01 3 = 007 

0•6 = 01~ 029 = 013 

029 :t OOE 009 :: 00• 

••Ftur tf fl'lt Htl 11111,111 liken. llHIM ltttflltl aM -ltd ftf ,iuttfttUlll 

hllll Iii :les ... '.S JI a'd"S'S ~' so.1 Sa,.,01u 'aken !ly the AEC at Gu1l·l.)'11ftO "i.ic:ur Coro 1Paw,,no " ' . atter Rtl"lOwa' C! SO•I 
,.. ... , i•cir;t~ :• .,., Pj-.1~on1u~ Lat>Q1a'C'Y 

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

Slmplt Identification 
ana Locat10n • 

unoe• w•r.aow 01own 
o~r curing Pu gtove 
001 e101os1on 

~ Betwffn Plutonium 
Laoor atory ano 1ne 
L.Jlie 
-.ur rne par111r.9 101 

llel•teri ll'lf Plutonium 
Laoor atorv 1no tne 
Eng1nter1ng 8109 
Samo•e '••er. ar a iov. 
soor , orec•se U"'D't 
1oca1•c" "01 .no.catec 
or. s•ercn, 
Con1ro1 ump1e taken 
a1ong tlle re.as.at 
sever11 r•111n rrom rne 
Pav.ting s•te 

Allalytll 

""""'•d ., 
US AEC .. 

US AEC 

US AEC 

US AEC 

lOS 

mmo 231 

"" "' (dpm/g 10pm11 
drylOlll dry .... , 

•9 :t 02 036 !: 00~ 

2 65 :t 2 , 7 :t 03 

' 
18 :t 06 086 !: 01 

001 :t 001 001 :t 003 

........ "., .................. . 
··111 ............................ ........ 



11/26/74 Forty five (~ galloo) drum of ocmtll'Dinated aoil (apprcm­
rmtely 330 cu. ft.) were nm:JVed fran vicinity of tbe Pu 
lab. Acoording to tEAEr (10) this included the top six 
inches of soi 1 ( 3' x 35' ) between tbe wall whicll cootained 
the window that blew a.it and the driveway, and the !"Ell'DVal 
of low spots in the vicinity of Plutooilm! I.al:>. 

The 00.UX:: offers NYS I!r the opportunity to cballeoge USAEr's 
"Li~s tenninatioo" and "site release for unrestructed 
use" criteria. "The primary respcnsibility for establishing 
the State's e1wiJ"OOme11tal criteria for the Pawling site rests 
with the IEC." (10). 

12 /ll /74 DEX: wa..i ts for U.S. F.nvira111eDtal Protectioo Agency standards 
for plutooiun levels in soil before it clears the site for 
\Ulrestructed public use. 

IEC considers usin~ the standards set by the State of 
Colorado (2 IJ'M of Pu/gr dry soil) but is unclear about 
ho,t.· these standards were calculated and wants to kDor.· if the 
limit is an average limit or a maxim.In for an individual 
sample. DEC also questiooed the standards relative to 
climate. Colorado has an arid climate. "Woold there be a 
higher limit for areas of higher precipitatioo sucll as in 
?'tE'l4' York State?· ( 11) ( 14) . 

l2/30;i4 Colorado Health Department re5JX11d.s to IE: inquiries, indi­
cating the arbi tr;u;· nature of the standards for Pu in soil 
( 12). 

FAll. Fesidual levels of Plutooi\l!l 238 and 239 were detected iiJl tbe 
1974 soil inmediately adJacent to the Plutooil.ITI Facility oosite . 

. +>rior to release of the land for unrestructed use IfX: recxmnended 
to the Nuclear Regulatory Ccmnissiai (NIC) (fonnerly USAEX:'.) 
that fun.her decootmninat icm of areas cootaining the bigher 
c.oocentratiC11S of plutcmiun be cooducted. (13). Table 17 
S\llma.rizes 1974 radiatioo levels for tests CCllducted by NYS 
IE:: cm soil and Dl.ld. Other 1974 sarq:>le results oo air, fish 
and water can be found in Chapter VII. 

l /13/75 NYS Department of Health camaits (10) to IfX: ai Plutooim 
st anda.rds for Soil Cootaminatioo: 

II WOUIC ll)Oll' tl\I' •• '""''"' ·~o.·o °' 1 ODl'l ID"' ory '°'' lllOulO Ill aoto1111t•r CGftltl1flll\ll lllf!Cllilrlr 
•llfll O"f COl'~f'l If fl\f 1rll'lf•1111 Cl"'•cunoes in HllOhlll•flO' ll'lll&llftcl Wliut MShOt•S .,,~" CllOlll °' COllfC. ''°" '"''~''°"QI ·~tt1toor. 111111 ., .. ot COlllt!IOll tit "" ClllM ...,., of one. i.o Ol'Olfl ol 11119"'1llctl I ...,IO 

~ggts1 1111• to• !flt W•t O' '°"""'"'°" l1'lf 11'1'1G1tl! lllOulG SOK"'t 2 Clpnlign' Ory 9011 IS I "*l!llllftl 1111111 1101 
II 1n llllllfQf Wlllf 
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•.;tl:;<r '.i l. 

\' . . . ... 

Table 17. N Y S Oepar.ment of Env1ronmen1i1 Conse~allon 1974 Summary 01 ftadjjlton 
Levels in soil and mud at Nuciur Lake. Pawtt,,g. NY (131 

Stll ancl Mud • pCll-1 

Sblion·LOC1Uon Slmplt Sitt Pv·231 Pv·231.2'0 
Dutchess County 

Pawling SOii 11 3 101:!: 3 290:t 38 
General A.!om1c SOii ,, 5 4 0:3 0 13~ 20 
Compan~ (UNC) So11 

" 8 
70:t50 90: 20 

Lal>er atory Mud Lake near 
1a11 sampies Po1.,I 60:30 20:5 
take~ on M~O Darn < 2 17 !: 6 
5:29174) Muo at Route 55 2 7 '!;, 7 , 3 !: 3 

1/23/75 DEC plans to resample an area 20' x 60' located oo the east 
side of the olutoniLITl fariilty between the facility and the 
lake. (See Figure VI-3) (15). 

The results of the resampling are listed in Table 18. 

Rasull1(dpm/gm1) 

Wgt. Wgt 

Ar11• 'U·231 P1Hl9 + 35 mesll (gm11 ·35 mesh (gm11 

1 63 24 0 2384 5C3 
2 08 , 55 2526 593 
3 06 l l J 2508 666 
4 2 3 4 2438 722 
5 04 83 2420 598 
6 02 33 47 688 

•s1mpi11 wtt1 lllltn on lite 111t 11d1 ot th1 l'lutonium Factltty (111 Figure V1·31 Eich sampll consists 
of tllrH Corti llJPflilmlttfy 3··13· ·12·' clHIJ. 

••Only M1nu1 3511111111naty11f 
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2/04.175 CE: report states UBX1nun :alue of 12.2 dpn/~ Pu 239 in soil 
S8r1" le \.Ulder blown out trUldaw before clean-up. After clean-up 
Pu 239 c.moent raticms ranger' fran O. 49 - 2. ~ dpn/pi. 

3/31/75 NYS abor Department caifiinm to IR it& support for 2.0 dpn 
oo Pu/~ dry soil as an ''ad hoc standard for the J>Dling 
site".(22) 

Pesul ts fran the January 1975 Ilr resaq>ling effort (Table 18) 
shows that ooe snal.l 10' X 10' Porticm, areas 1 l 4 of the 
site bas a level of 24 dpn Pu/p of dry •oil. IE rlans to 
have this sectioo funher decontaminated and re11&n1>led. (17). 

5/06/75 DEC receives results of further aoil analysis, ocoducted by 
the Idaho Heal th Services Laboratory for areas l, 4 and 4A 
<see Table 19), (Referenc.e 18 and 19). • 

Table 19 Res~ 11 s o• Aor·• 25 1975 so• samo1rng representing a 500 square toot area on the 'tutlear La-e Properly 

Area· .35 M11h Fraction + 35 Mesh Fr1etiotl W1i9lltlel lwer• 
------·------m m 231 239 23f 239 

Pi, P1. Wt•g•1 Pi "' w.i;ftt "' Pi. 
·oc- ;- •Oo- 0'" IQ""S ioom·g,,., '""" IOO"'IQ"11 (0D""'0"'• 101>"\IJ"'' 
G •t ~ ': 0( • :r: 0' ia: 0 OlhC 002 0 20h000~ 1138 0073%000~ , O.:r:O 02 
r·;~r·r· 2 66 ! r.· m Ot"H:r:0002 0 2•~:r:O ~ IOI OO~h0004 0 "%(I 01 

'~ ~ :- :: t ('• 3 5; ~ oe 34~ 000':0001 0 06h0 002 , .. 0066:r:C004 , • 2 :r: 0 OJ 
• See F•;ure VI·• for umphng tocalton 

6 '19 /75 DEC recarrnends to NK' that further decaltaminatioo of areas 
1 . 4 , 4A by nm:r.·al of ~ incbes of soi 1 ( !>50 sq. ft. ) be 
carrjed rut. (20). 

DEC - ~'TC cootroversy regarding Sarll>ling techniques using 
differect porticms of mesh screens results. IE: •ill accept 

· results oo soil &arIJ>les that were sufficieotly fine to filter 
thrrugh a - 35 mesh screen. Nie wants to averqe rsults of 
s31TJ>les fran - 35 and +35 portioos (20). 

IE:'. also requests that bac.kground levels for Pu be estlbliabed 
for Pawling site. 
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Soil Simpling, 
llf//IJ~....._ A111 f 

' St111m Out:~ 

Engin11ring Bldg. 

D 

Figure Vl·3 s-e1cn 01 NYSOEC Sou SalT'p11nQ Area 

i 14 /75 !\'OC states (13) ( 23) : 

.. .., ''"of CQl'f ......... o, "H ,.,. "l"owte oown 0• 'llTIOW'"G '°'' °"'' 1111 OHi .,..., u"'" '"' .. ,! '"of ""'Pot• 
..,., !!'If •HS •rtrt,.cte v It• • 11'1 i OC"'' QI" OI Wl"Otft - •110 '"' '"' lla•1111g "rt rwnenrs '" .,,,.gn.ta111 rosa 
10 ••t ~.c .. c l"C 1"' "C ·uJC~ '"' ·ct"Mft rtQutsl s"Out(! 'IOI oe IOO•~ 

The NII:' sub&equently terminated lK's lioensas, deleted the 
Pawling site as an author~ plaoe of use fOT' special nuclear 
materials and released it for unrestricted use. 

7 /16/75 DEX: feels it has 110 legal or scientific rmmcts to contest 
!\'ll: decisioo. (24). 

There is no indic.atiai that any turther decaltllDi.naticm wu 
· / carried out. 
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VII Compilation of Data 

.. 

RADIOACTIVITY LEVELS IN LAKE.ANO STREAM WATER 

Tables 20-24 summarize• all available data for radio­
active material in surface lake and stream water on the 
Nuclear Lake property from 1956 - 1980. 

Table 20 - swrvnarizes data taken from NDA (CNC) 
ehemistry Section Analytical Laboratory Reports (1). 
Lake ~ater sa~ples were routinely prepared and an­
alyzed b;- NDA during this time, 1956 - 1957. .· 

hDlt 70 RADIOACTIVITY LEVELS IN NUCLEAR I.AKE WlTU - 'f1.1c1eJr Otve•opmrt 
cc~~0ra 1 •01" o! Amt•1c.i' - ru1 lfSw•IS ~9~t 19~7 I.' 

.. :!3 :ie ,. 3C ~c 

'2 OE 5t 
'2 '2'~ 
'2 ''9iSt 
'2·271~ 

' :357 
1 1 18 57 
~ 23 ... 

•I 

'
1 30 57 

2·06157 
2118»57 
2'26 1 57 
3113157 

hmpllttt LKttltn • 0 A11utt1 
Gr111 ltll tcur111/ml) 

-----·------
L.Jilt ha!er 

t.••• wa•e• 
L••t Nater 
1...t•t iia!t' 
Lillf Watfl 
La•e ~ater 
L.t•e lffaie• 
llllf tfiltt• 
li•t Water 
La•e Water 
L· 1 

L 2 
La•e Watt· 
! ·1 

7 e. '.0 '5 
68•'0 tS 
68110-15 
0 JI lQ 15 
5 1' I •Q · '5 
6 80 I lO. •5 
7601'0'5 
•86•10·15 
7 78' 10 15 
9 76 I 10 ·l5 
5 .. 10.15 
•Ua10-15 
6061'015 
5 ~.10 ·1!> 

0 N1i<1Ur Otv11ooment COfDO'lltOn of Ameriu 11ftr kl'IOWn as Unt!ICI ~ucltat Corpor11ion 

• • S.. Aprt VII· 1 .,.,.. llCltilll M., ·tor 10C11ton at s.amp11ng ooin11 
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Table 21 - su~anzes data taken from S.Y.S. Oepart­
m~nt of Health, Rad1olog1c Laboratory Deter~inat1on 
Reports (2). !rom 1964 - 1965 Dutchess County Depart­
ment of f1cials routinely collected lake water sa~ples 
and had them analyzed for a number of radioactive 
materials. 
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Table 22 - summarizes data taken from N.Y.S. Department 
of Health memoranda (3) (18) and Radiologic Laboratory 
Deterrr.inanon Reports {4). From January 1967 - Decembtor 
1969 Dutchess County Department of Health officials 
rout1nely ~ollected lake water samples and bad them 
analyzed for Gross Beta Activity. 

TAil( 22 HDIOACTIVITY LEVELS IN NUCLEAJI WE WATER - NYS Oto! Of Hunn lesl RHuUS 
19t~ 1%9131 141 116: 
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March 6, 1968 - a Department of Health Analysis (3) 
lor the t~bruary 1, 1968 teat results indicated: 
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A~ril 25, 196& - a Department of Health Analysis (18) 
o the February l, and March 19, 1968 test results noted: 

.,, ...,, ....... , , ,..,... 11.w ,. ........................... .. 
Ullllef MllCltl' I .-iti.M .... , t,.,...i" - ,.. .... ...., __, ... .. 
.. n.r ... tall ltlt ._,.., 111111111111 IUI ... Mii Ill ........ .., - ...., I 
lelflll 11111ellCt .. llltll1111llltlllllt ......... IHlll•11111 ... fl A9ft ... •I• 
.... ~~ .. It• er I JC1tl .. 141tt!Ukt .............. " ....,._ llflllrt Ill...., 
lt'l'lllltl lllC •1111 tMlll!tlCilttl lrl ........ ftr 1111 ................. I .......... .... ~ 

Tablt- 23 - lists the ~.Y.S. Department of Environmental 
Const"rvat1ons (~.Y.S. DEC) summary of radioactivity 
levels ln ~~clear Lake ~ater from 1970 - 1975. More 
d~ta•:ed 2r.format1on on sampling procedures and re­
s~:ts car be fou~d 1n the N.Y.S. DEC Annual Report of 
r~ lr(,r.r'.er.ta: Radlation 1n NeiA· York State (Sa - 5g) 
f.r ~~c~ ~P~~ rP;resented 1n the table. 

The ~.Y :::. tiEC 19i~ Annual Report (5c) noted 

&n~..,.~ tft'll,."I 11 lllt Ge11t•t: A11111c ~llf IUllCI ........ lltw '"' 11t ceasel 
"' 1t•J tl'tt 0.U~"''"' f' l"• .. tl'llltlltl' Ctilll'\' ...... C9111!11vtf It....., Ille W lllf 
••I• hr IPC ••• ~ ""' ........ •n "'9Cllt Ill ,,,. •"'' , ... tllelll •11111119wll ... Citll 

'"°"'lllf It•" pu· ~··• ewll•"• tovlf H tt.AI 1111111 .. •lltf " tia• 

Tat,:e- 21;, - S'Jr.-ranzes thf' test results from stream 
"'"-w-s;;:;pled on l'.~C property. Results for 1957 
sa"~le& ~Pr~ taken frorr SDA CtSC) Chem1stry Section 
A::a1yt1ca l Labc.rator:. Reports (6}. Results for 
1959 - J975 sarnrles are from N.Y.S. Department of 
Health Rad1olog1c Laboratory Determination Reports (7). 

Table 24b - sumrnar1zes the test results from stream 
1'ater sampled off UNC property, all results are from 
S.Y.S Depar,ment of Health Radtoloa1c Laboratory 
Determ:nat10~ Reports (7). 
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CHEMICAL, PHYSICAL AND BIOLOGICAL DATA FOR LAKE AND WELL WATER 

Tables 25 and 26 surr.mar1ze all available data for chemical, 
phys1cal and b1olog1cal parameters of lake and well water from 
tne tSC property. 

Table 25 - sur.rnarizes chem1cal and physical test data 
for lake water. Dur1n1 1956 - 1957 data was 11tbered 
by the N.Y.S. DEC Bureau of Fish and Wildlife (8). In 
January 1980, Camo Pollution Control, Inc. (at the 
request of tbe Dutcbess County Department of Health) 
conducted a series of tests on the chemical constiueota 
of the lake •ater. 
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Table 26 - summarizes the chemical. physical and bio­
logical data on the Plutonium faciltty and Critical 
Fac1l1ty well water. Most tests were conducted by 
SDA <UNC) Che~istry Se9t1on (10) (13) and the ~.Y.S. 
Department of Health (·."l.) (12). 
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RADIOACTIVITY LEVELS IS VEGETATION, FISH AND WILDLIFE 

Table 27 - sunvnarizes radioactive test results from 
1956 - l979 on a variety of organisms collected on tbe 
~NC property. Results from 1956 ·· 1957 are from NOA 
CCNC} Chemistry Section Alalytical Laboratory Reports 
(15). Results from 1970 - 1979 are from N.Y.S. DEC 
Annual Reports of Environmental Radiation in N.Y.S. 
(16) and a special N.Y.S. DEC Nuclear Lake Fish 
Sampling Report (17). 

TAILE 11 RADIOACTIVITY LEVELS IN VEGETATION. FISH AND WILDLIFE FROM NUCLEAR lAKl 
PAO'EllTY - Test 11esulls 19!16 · 1979 (15. · 17) 
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A N.Y.S. DEC analysis (5a) of the 6/14/70 test result 
on bass noted· 

....... - lllllCllf ltllll lllt .... u.... ...... """"' ... ....., ....... . 
.. .....,. ... 1111111111•-ll. , ... ,__ .......... ,,..II.a ..... ... ....., ,...,.. ,.. .... .,.. ,,........ .......... ..,.... ............. .. 
..... m1re111...,...••1~ n.. .......... .....,.....,,....., 
.... m .............. .., ..... 

Another N.Y.S. DEC analysis (5c) of 5/29/74 test data 
indicated that: 

. Alllllvt~ .,., ... It tlle .....,., ..... c:...,.. ........... '"' ......... 
1IU •Dllflltlllllltll_.....,lllC...1"11•-·-- .. ·-­llll""' 111•....,.....,. 1111 Cltllct9f • 1111 elllt •,.... ......_. .. ..-.u11 .,.., ,.., ,..., .,., ...... *"' ................... . 

A third N.Y.S. DEC analysis (17) for samples collected 
on 12113/79 reported that: 

flit,.,_., lllKllt111111 ~t11·UI ,..,.._ •. ,. 1• --·tM 1M ,....._. 
116 wtrt llf' .. ttcllf If! Ult lflll,.. ltltef Tiii JIG,...._,_,., --·111 • •· 
... ,, .. IS llt lltfllll: II' I llU UPJ!lff tflM ...... ,.,,_ ........... lllyMlt ...., ... 

'"' --~ ""''"""'"""" ....... .., ., ....... , ................ ,...,... ..... 
Tiit lal 1111 11141CllH 11111 INl't Mii ,,....1111 di! ltll ,.,di ........ Ill tllU .. 
llt•llf •t ""~ Tiit •ttulll •"1 tf ltttllM 11 111111 1111 . 

RADIOACTIVITY LEVELS IN AIR 

fro~ .J956 - 1969 routine analysis of air samples and 
fallout act1v1ty of the tNC facility were conducted by the 
UNC personnel. Dur1n1 the late 19~0's and Parly 1960's re­
cords (19) &ho• that tNC performed daily back1round count& 
on a 1T s&mples and ana 1 yzed fallout papers every 24 to 48 
hours In later years fallout samples from several locations 
on the UNC property were ana!yzed on a wee~ly and monthly basis. 
The test results for these years of analysts are too extensive 
to include in th1s study but are readily available. 

TablP 28 - summariz~s data taken from N.Y.S. DEC, Annual 
~orts'"'of £nv1ronmental Radiation in New York State 
{5a - 5g) from 1970 - 1976., 
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TU .. 21 - ll1dioacti~1ty L1nl1 in Air Samples From Nuclt1r LI~• Property - Test Resu•ts 1970·197• 
1970. 197• ;5i. 5e) 

Rt1uft1 (In ,cum3) 
S1mp1tn1 Nt. ot 
Otlt S1mp111 Gros a ru-239. 

Itta ru-231 240 

1970 36 avg 0 ,, 

Mu 0 51 

"'"' 0 06 

,g,•1 •9 Avg 0 27 
Mo 0 79 

"''" 0 OJ 

'9~( .. '•O cog 
Mp 0 30 

"''" 0 02 . 
·~:) 

2 n ] 0( I 6 I IQ • 48. 10 5 
) 2J J;JO I 1 I 10 • 1 9 I !Q 3 
• ~o 5 18 • % 2 I IQ ·5 1 3. 10 • 
~· ·e 6 '8 <9' 10 6 .(11106 
& '8·1 '3 <•I •Q 5 <9• 10 ·6 
; . , J 
9 OT 
10· 12 
I I 'IJ'i 

" 30 

'97• 

• ()4 

2 O• 

a.OJ 1 1 I tO • 9%••10 5 
10''2 <5 • 10 5 (6 I 10 5 

~ ! iQ9 .C2a10 ~ 1 O• tO • 
'I· JO <2110·5 <I I 10 5 
' 04 <~ • 10 ~ < 2. 10 ~ 

•O '•9 o o~ .... 0 10 

"''" 0 OJ 

14 i•O• ·I• ('2 I 10 ~ "•. 10 5 
'• l 2{il• <b• ·o ·6 1 ~I lQ ·!> 

A N.Y.S. DEC analysis of their 1973 test data indicates: 

.. .,..,.... .............................................. . 
""' ... .,.. ,..,.. ..... WllClllllMI .. •!Hiii• ........................... . 
-• ,,., .......... uauc .... ,. ........ ,.. ...................... _..., ..., .... ... ..,_. _ .. ,,.... ......... ......., .............. ....... 
........................................................... ni. .. . . ._ ................... ,,.... ......... .....,_ .... _, .. .. 
.............. ,_.,__. ...... U•1171 
.... ,_,., ................ ,m ............... .... ............ .,.. .................. __ ......... ..... ,_.. ............ . 

Additional data relatia1 to air aamplia1 can be found 
in Chapter V, pa1e 89 and Chapter VI, pa1es 98 and 102. 
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RADIOACTI\'ITY LEVELS IN SOIL AND MUD 

All available data on radioactivity levels in soil and 
mud samples collected on the Nuclear Lake property can be 
found in the text of Chapter VI and Tables 14, 15, 16, 17, 18, 
and 19. 

A N.Y.S. DEC analysis (5c) of the data in Table 17 
indicated: 

· Rnt11111 tevt11 el ,i111111111m·UI '"' ,i111t11t11t11·UI .. ,, .. llCIM 111 Ille ... i.11111t11tt1y 
1f15«nt It 1111 •tu1011111m lacllny e111111 ""' It rtlent ti Hit ""' llt ltlflllrletH 1111. 1111 
Dtp1rt1111111 rtct111m1n11e to Hit NuCllar llttlllltt'Y Ct1111111111t11 Ille ,..INlllllhlll If 
11111 cantt1n•n1 lllt ft1gh1r conca111r111u1ti1Pktt111111111 Otcent1111m1t1t11 •• cemtll Ml i., 
f~t Gtntrtl AIOIM COlllPlllW tnd "" tJna WH INaHf IOI llllllllltellf 1111 .. Hit NllCllll 
ll1gul1lof) Camm11 · o~ on Julr IC 1175 
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VIII. The Aerial Radiologic Survey 

n EGc.G 
~~ Energy Measuren1ents Croup _____ , 

Summary Report 
The Aerial Radiologic lun1r 

Ot 
The United Nuclear FactHty 

At 
Nuclear l1k1 N11r Ptwflng, New York 

Date of Survey: May 1980 

Apprntd For hbflcdon 

Performed by EG&G. Inc Unoer 
Contract No De·AM·I0·76Nvo1183 

with the United Stites O.panment of Energy 
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METHOD 

The aerial Measurements System operated by EG&G, Inc., 
for the Cnited States Department of Energy, was used to con-
duct an Aerial Radiologic Survey over the deconvnissioned United 
Nuclear Corporation facility near Pawling, New York, in May 1980. 
The purpose of this survey was to establish if any fixed ganuna 
photon emitting material(s) was present at this site and if so, 
to affect precise location and quantifica~ion ot such material(s). 

To this end, a Boeing 105 helicopter, fitted with gamma 
radiation detection equipment, was flown in routinely employed, 
standard operative manner (in.!:.! height, speed, navigational 
parameters, etc.) over the area shown in Figure VIII-I. 

For this particular survey, two distinct operative modes 
of gamma detection were employed; Mode l (M1 -- high tfoergy 
(50 KEV-3000 KEV) and Mode 11 CM 11 ) -- low energy (12 KEV-300-
KEV). M1 represents that region Of energy where most ma~-
made gamrr:a emitting radionucli des would normally be de tee ted. 
M11 represents that energy region where gamma radiation indica­
tive of most transuranic activity would be detected. Since 
Plutonium activity was the major activity of interest, and in­
direct method of detection was necessary. Plutonium is primarily 
an alpha (a) emitter; thus direct detection and quantification 
with the airborne system used was not feasible. Therefore, the 
M11 mode 111as utilized in an effort to detect 241Americium, a 
gamma photon emitting daughter product of the Plutonium activity. 
Furthermore, an effort was made to enhance the detectability of 
low energy gamma emitting radioactivity by having the helicopter 
hover over the formerly used laboratory buildings near the lake. 
This was done to increase the counting time over the locations 
most likely to be the site of a possible radioactive source, 
thus increasing the probability of detection. In analyzing 
the gamma radiation activity data thus obtained, normal en­
vironmental (natural background) gamma radiation was subtract-
ed rendering an accurate assay of any fixed ganvna radioactivity. 

ANALYSIS 

Subsequent analysis of collected data clearly indicate 
that no man-made gamma photon activity <M 1 ) above normal env­
ironmental background levels was detected. Additionally, the 
airborne system employed detected no evidence of transuranic 
activity <M 11 ). 
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IN ADDENDUM: 

Gamma radiation exposure levels• within the survey area 
vary from approximately 6J1R/bour (A level) over submerged 
regi0ns to a maximum of 14J1R/hour (D level) over other areas. 
These variations are reasonable and compatible with tbe ge­
ology of the survey area. Terrestrial gamna radiation emana­
ting from the lake bottom has been absorbed or attenuated by 
the lake water (A level) while higher activity (D level) is 
characteristic of the outcroppings of strata that occur in 
the area. 

The average (C level) exposure rate range measured for 
the overall survey areas is 8 - 12..VR/hour. These levels 
are in reasonable agreement for the State average of 12pR/hour. 

(•) All exposure rates are normalized for one (1) meter above 
ground level . 
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Mr. John A. Cuuio 
Cl\alnaan 

' 
Nuclur wke Han.anent ComitUt 
111'Ch Dr1vt 
Pl1aaant Valley, If\' 12569 

Subject: Nuclear Lake Survey 

P.0? 

Juh 21, 1983 
lef trence Mo. W!R-n47 

lf£S PTopo1al No. 8380-106 , 

Dur Mr, Guuln• t 
Nuclear tneray Suv1cH, Inc. (~'!9) i• pleaHd to •ubf!llt itl ''tlll0tl1: 

to conduct a rad1olo1ie1l survey ol your Nucl11r Lake pruptrty in P•vlt•a, 
N.w York. 

Thi• radioloaical aurvay 11 to bt onl~ a acreen1n• prorr~• to addra11 
art11 Vt d11cu11ed on July 11, 1913. tf conta•ination ta fnund. furthtr 
1naly .. 1, aurveya, and cleanup are beyoTMA the 1<ope and coat of this pro­
po1ed atudy. 

N'!9 propoa11 to perfont the fo1lovift1 ta1k1: 

1. S.dioloaical 1natn.t~t •urv•J al th• alt• buildin11 to detect fixed 
radiaacti~• contamination (beta and lalfta). 

2. ...., 1urv1y1 of tht •it• buil4Sn11 to detect loo•• radio.ct£~• 
rontaalnat1on (beta, , .... , ind alpha). Approx1aatel1 fifty ... ,,, vlll ~. 
taken 8D4 ....i1alld. 

J. llttaloatcal 1n•trut11n& aurvty of the area• 1-.edlacely adjacent 
to , .. aic.e "-lldtoaa; and tho•e ,artion1 of the Appalachian Trail that 
cr1v11r .. chi l'uclear Like proparcy. 

. 
•MEL.TEA AOCK AOAO. CANauiqv, CT 08810 
WA1Tl"'I Cl,_ICT O~UNG NO . 

CR03J '1••llOCID 
C803l 7•· .?!!!.. .---------· 

I 
r. 





•. Colltct1on of environmental 1.11qtle1 for radMthtwical analy11• •• follov11 

a, Stx toil and •1.x ~•l•t•tion aaa,Jea 1lon1 that portion of 
chi Appelachlu TraU thu P••••• throuah the NuclHr Lake Propeuy1 

b. l1v1n toil tauipl11 1n the Rrid l•Jouc bth1"4 the P1uton1Ull racllity Cont •••Plt fro~ ••eh arid): 

~ c. 1"'° ••di•tnt. tvo wetar •~d tte aq~ttc v•a•c•c!on 1aap1ea 
Cit 1vatl1bl1) ••eh fro~ the plant outfall. •t~••M outlet, and 
north end C~ck~round) areat of ~uclear Lake. •~••d on prtviou1 
etudy r11ult1, f 11h •an:pl11 are not n•c•11ary: 

d. Ont water 1a~ple fro~ the Rtt~ntion T~nk 1outh of che Plutontu~ Fac1l1ty, 

), lavt"" tho •••ult• of prov1oooly porfonoed •tud1oa •• .,PPliaol ., Rucl11r Lake M.naae~enc Co11111itt11. 

6, Sui..tttol Of O f lnal report that Will CODtaln tho OUrYly and la .. ratew, 
ro•ult• •nd t~ concluotcno th•t can be dt~wn fr .. th!o ••rvoy ,.,. fr .. pra­v1ou1 •tud111. 

All •n•tro,.ontal •""1>1•• will bo ••nt to an opproprfato raolteth .. 1ca1 
laboratory for ,...._ •can1, 1ro11 beta and arooa •l'twa •rwily1ea. 

_ ... 

NEs P••Po••• to P•rfono rha .. •fforra for a ftra fix., prlco of 112,215 
•hlch lncllld10 •II l•bor, laborotory f100, trav11 and offtca .. ,.••••, •ad ra• 
SN>rt pr1paracton co1c1 111oc11t1d with th1• •cape of "Ork. 

Th• problom ••••• you •lah 1ddraoaad by thla •tlldy era ''""•'••l to the ~ 
onH J oncouncored and reaolvod la IPll ...... r •• .. naJ1r of a parua11, , 
dac.,..laolon1d nucle1r Povar r10ctor. Hy ro1,.. I• 11ncloa"' for ,...., Info,... 

1 

tion and fl'Y1ev, I ~ill be the Project tlan.taer for thia effort. 
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NUCLEAR INIRGY IEAVICEI, INC. 
A ~:" rt Tl-!£ ~ CENTJ1A. ~~ 

Mr. David Richie 
Project Manager 
National Park Service 
Appalachian Trial Pr0ject Office 
Harpers Ferry, I."; 25425 

July 19, 1984 
Ref, No. WMS-31G 

Subject: t>uclea'!" Lake Radio:ogical Analysis 

~efere~ct~: ~ES Purchase Order No. PX0123-~-0010 
!\E Frcject ~o. 5425 

Dear M'!". Ric~it: 

!"uclear Eneq:\' Services, Inc. is pleased to submit Final Report 81Al077 
e:-:titled "L'\C facility Survey and Radiological Analysis". The report 
details the conta~ination level assessment performed at the former UNC 
s~tt near Fa ... ·:ing, t--1. These activities were conducted in the early 
spring of !9E~ under contract with the h'"PS. This report submission 
co~t:e~es ~erk conducted under the above reference Purchase Order. 

~ES is pleased to have served you in this effort. If we may be of 
assistance in other projects involving health physics or radioactive 
waste disposal, please do not hesitate to call. 

Sincerely yours, 

JR.1.1/knn.· 

Enclosure 

SHELTE~ ROCK ROAD. DANBURY. CT 06810 (203) 796--5000 
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1. INTRODUCTION 

l.l HISTORY OF NUCLEAR LAKE AREA 

The Nuclear Lake Area consists of 1,137 acres of property located on the 

boundary between the towns of Pawling and Beeman in New York State. The site 

contains a fifty 00) acre man.made l&ke and a small number of buildings &s 

note<! 1n Figure .3-2. 

From 1958 to J 972, the property wa..s used a.s a nuclear fuels processing and 

res.earch facll1ty, initially by Nucle&r Development Corporation (NOA) and wa.s 
subs"CluentJy owne-d and operated by Unite-<! Nuclear Corporation (UNC). 

Ult1mateJy, operation wcu transferred to Gulf United Nuclear Fuel CorPoration. 

Phys1calJ y, the area is composed essentially of schist and gneiss with 

occas1oially occur1ng pegmatite dikes and phyllite. The laner depcsjts generally 

have a slight!) higher natural gamma radiation background than the schists or 

gneiss. The area is generally hilly and heavily forested with interminent 
11.·etlands. 

On 12/21172, a chemical explosion occurred at the plutonium facility. 9\ortly 

after11. ards, a s.Kond explosion occurred which released radioactive materials to 

the atmosphere and surrounding grounds. After decontamination of the facility, 

including some soil removal, the Nuclear Regulatory Commission (NRC) 

terminated the UNC licen~ and releued the site for unrestricted use. 

1.2 SCOPE OF WORK 

The site is currenUy owned by the National Park Service (NPS). To ensure the 

safety of the public, the NPS has chosen to have radiation surveys and physical 

sample analyses performed for an area of the site formerJy utilized by UNC. 

This surve> v.·as conducte-d in conjunction with a similar survey performed at a 
neighboring section of the Appalachian Trail (Sff NES Report 81Al076, Rev. 0). 
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DOCUMENT NO. __ 11_A_1_01_1 __ _ 

~AGf --'-or: __ ,,,____ 11es 
The scope of the survey undertaken by M.lcJear Energy Services (NES) in 
February of J 9811 is outlin~ beJow. 

1. Survey of the buildings and ~thways which exlst in ihe area formerly 

utiLze-d a.s a research facility for alpha, beta, and gamma radiation. 

2. Seven (7) soil samples in tt-ie grid area behind the plutonium facility. 

3. Removable contammation smears within aU existing structures on-site. 

4, T..-c C2) sediment, two (2) water, and two (2) aquatic vegetation samples 

each from the stream outlet and two locations at the dam (U total 

samples). Background comparison will be made versus Ref. J and Ref. 3 
data. 

.5. 

6. 

One ( l) v.·ater sample from the Retention Tank south of the plutonium 
facility. 

A review as performed of the existing site data a.s presented in "Nuclear 

Lake - A Re$0urce In Question", Ref, 1. This review aUowed a comparison 

of similar data between the NES results and the referenced document. 

2. METHODOLOGY 

The activities outlined below were carried out in accordance with the NES task plan 
for Project .5112.5, Ta.sk 200. 

2.J PERFORMANCE OF BUILDING ANO STRUCTURES SURVEY 

Survey techniques were base<! on standard NES proce<fures and accepted industry 

standard m~thods. As indicat~d on the data sheets of Section 3.1, the foUowing 
information was gathere-d: 
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11es 
Gamma sc&n at 3 ft. from floor surface. 

Gamma scan at 2 cm. from fJoor sur1ace. 

Beta s.c:a.n at 2 cm. from floor surface. 

Alpha scan at 2 cm. from floor surface. 

OOClMllNT NO. __ 1 ... 1-.A,.1-.07..;.7_ 

' 0'--''---

An ir11t1al equipment check wa.s performed which included voltage readinis for 

the particular ;:>robes to be used as well as verification of instrument calibration 

w1th1n the past six (6) months. 

The p;a.n c.aliea for proceeding from building to building, taking radiation 

readings as .nd1cated above and 100 cm2 area smevs for removable 

contamL'"lat1or. rn representative locations within each building. Background 

rad1at10~. readings ir. areas adjacent to the property line were performed. A 

cont,nuous three (.3) ft. sun·ey was performed for gamma radiation while moving 

from budding to budding along existing pathways. 

2.2 PERFORMA.~CE OF SOIL SA.~PLING 

. .a_f~er the above buiid1ng a.nd structure survey, soil samples were Uken. 

Betalga!'lima surveys v.ere performed during sampling activities as shown .in the 

attached photographs. 

Samples were procured by clearing loose debris and leaves from the point to be 

sample-d. Ni approximately 2 • .5" diameter core was taken us.ing a metal cylinder 

and digging instrument. Samples were taken at a maximum depth of I". Each 

sample was held in a plastic container, labeled, sealed, and 1 record of the 

location made on the appropriate Fi~ld Survey Data Sheet. 

2 • .3 PERFORMANCE OF VEGETATION ANO SEDIMENT SAMPLING 

At two areas above the dam and two at the stream outltt, sediment .11mples 

were obtained. A hand-operated dredging device was used to coUect sufficient 

s.ample ~ze for analysis (approx. l kg.). 
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Entr11neod water •.u de-<&nted from the &&mples prior to sealing the plutic 

sample cont&Jners. 1.Arge rocks (more than ) cm. diameter) were removed from 

the samples 111 the field. 

At essent1aUy the sarne points u the sediment samples were taken, aquatic 

vegetation wa.s colle-cted. Dredging poles and hooks were used to obtain the 

vegetation and place in pla.stic bags. The vegetation samples were later removed 

from the bags and placeod in sealed pack&ges of sufficient size f« analysis. The 

vegetat1or. taken include-d both rooted subsurface plants and moss. 

Both sed1rne:"J: and aquatic vegetation samples were obt&lned at 1 maximum 

distance from shore of .30 ft. using an existing raft. 

2.4 PERFORMA~CE OF 'I ATER SAMPLING 

\\a ter samples were taken from the lake at essentiaUy the same four (4) points 

as the ~d1ment and \'egetat1on samples above. Each one gallon sample was 

obtained by sinking the plastic container at a point near the shoreline without 

disturbing the surrounding sediment. 

In add1t1on to Jake water, one water sample w&s taken from within the facility 

Retention Tank. The surface of the tank water was frozen a.nd existed at a level 

approxisnateJy 20' below ground JeveJ. It ..,as necessary to drop rocks and a large 

trH limb into t~ tank in order to break t-irough the several inches of ice. A 

plastic container was then lowered into the tank, filled, and removed for later 
&nalysis. 

3. RESULTS 

3.J NE..S RAOIA TION SL'R VEY 

Using a PRS-2 ratemeter, HP-270 beta/gamma probes and AC-3-7 alpha probe, a 
radiation S\Jrvey w.u performed within and between the foUowing buUdings: 



111!5 
l.Odge 

Engineer mg Bldg. 

Shield Mock-Up Bldg. 

Muluple Failure Bldg. 

"AJ077 
DOCUMENT NO. ------

10 " 'ACiE ----0'---

Plutonium Bldg. 

CriticaJ Faeillty 

l'ute Disposal Bldg. 

Generator Shed 

Readings taken between the buildings ranged from '-27 ~ R/hr d tr and Jess than 

40 CPM (l over calibration. These leve.l.s are consistent with natural background 

values for this part of the state (Ref. 1,3). A total of fi1ty-elght 01) readings 

were taken within tl'le buildings for combined beta/gamma and alpha. 

A separate st"t of combined beta/gamma and gamma-only readings were taken in 

the \lr'a.ste disposal building a!ter discovery of ambient fields ranging from 0.01' 

to l O.C mR/hr 5 /"'!. This set of data revealed a maximum reading of 2'·30 mr/hr 

at contact with a ) ft. X 3 ft, painted section of concrete floor u noted on Field 

Survey \1aps I and 2 and their corresponding data sheets. A comparison of the 

combined B tr and gamma-only readings show beta to be a significant 

contribution to the total field. Alpha readings appeared to be at background 

levels. 

~o other buildings were noted as having readings greater than background. 

Ho.,.. ever, a vault 0.5' X 12' X 20') in the plutonium facility was locked, denying 

the sur.ey team acces.s for internal inspection. The vault was previously used to 

store active source material. Also, the former remote assembly bulJdlng is 

pr~sently occupied by the caretaker for the site (James Robson) and hls family. 

This area was also bmitted from this survey. 

Jn addition, several ()pen and sealed drums were found scanered about the 

grounds and below the dam spillway. No notable radiation readings ts, Y, or Cl) 

were noted. 

A total of ten (10) DOT -6M fissile D containers were found at various locations 

a.s noted on the data sheets. One container was broken open by NES to allow 

mterna.J inspect.ion. No radiation above background levels for alpha. beta, or 

gamma were noted. ' 
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3.2 

Removable contamination smears were taken within each building for a gross 

repre~"1tative accounting of local Jevea. AJJ smears were counted with the 

E..berlme MS..2 miniscaler and associated scintillation crystal and found to ~ve 

no notable levels of contammat1on. This includes the area in the wute Jevels of 

contam1nat1on. This includes the &.rea in the waste storage building noted tor 2.5-

30 MR/hr radiation levels. Results of the forty-seven C•7) smears counted are 

shown on the appropriate Field Survey Data ~eet. Speocific areas swiped 

includt>d walls, floors, ceilings, I-beams, ventilation, ducting, glove box gJass, 

window sills, and on earth-moving e-quipment. 

~ES 50!L SAMPLI"IG 

Se"e ... , sod !>.i'Tlplt>s were colle-cted in the area behind the plutonium building near 

t~ shoreline as shown in the grid area (Figure 3-1). This area is the site of the 

rr.ater .aJs release due to the chemical explosion of 1972. Laboratory analysis is 

corre:ated with sample location as follows: 

Laboratory 
Grid '\rea NES Identification Identification 

I NE.S-S..7 •.3171 
2 NE5-S..! •3172 
3 NE.S-S..9 43173 
4 NES..S..10 43174 
4a NES..S..11 4317' 

' NES-S..12 4.3176 
6 NE.S-S..13 •.3177 

Analysis of the ~mples was performed utilizing gamma iM>topic, gross alpha, and 

gross beta techniques. The r~sulu are detailed in Tables l-1 through 3-1. 

3 • .3 NES VEGETATIOS A~w SFDIMENT SAMP~iNC 

Se-dime'it and aquatic vegetation samples were taken from the p&rU of the lake 

noted on Field Surve)· Map 4. Laboratory analysis is correlated with 1&mple 

location a.s foUows. \ 

L------------------~-~~~--~--~~ -~~--~--~-~---
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3.4 

Laboratory 
Location NES Identification Identification 

Field Map 4, Point I l NE.S-S-14 0171 
(east shore of dam) NE.S-V-7 •3117 

Field Map 4, Point 12 NES..S-1' 0179 
(west shore of dam) NES..V-8 0111 

Field Map 4, Point I .3 NES-S-16 0110 
(spdJ-.a~ entrance) NES-V-9 43119 

Field ~ap 4, Point fl!.; NES-S-17 0111 
(oYer flow stream) NES-V-10 0190 

Results of the gamma isotopic, gross alpha, and gross beta analysis performed on 

each sample are show:"i in Tables 3-8 through .3-17. 

NES \\,A, TER SAMPLING 

\\at er s.am pJes were taken at the four locations specified in Section l.3 for 

s.edime~ and Yegetation ~mples. In addition, a sample was successfully drawn 

from the Retention Tank &s de$Cribe<I in Section 2.4. 

Laboratory analysis is correlated with sample location as follows: 

Laboratory 
Location NES Identification ldentif ication 

Field Map 4, Point I I NES-W-1 0112 
Field Map 4, Point 12 Nf.S..W-2 4311.3 
Field Map 4, Point 1.3 NES-W-3 43114 
Field Map 4, Point II+ NES-W-4 01U 
Figure 3-1, Retention Tank NES-W-' 113116 

Results of the gross beta, gross alpha, and gamma isotopic anaJysis are shown in 

Tables 3-18 through .3-23. 

' 
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PleAM' note that for !ll "llES s.arnples it is NES standard practice to UM se~ate 

1dent1f1cat1on to ma.sk the origin of each sample and whether or not it is a 

control. from the lmowle<lge of laboratory personnel • 
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FIEU) SORVEY DATA SIEET 

DATE SORVEYtD '/: 3 ie4 (b,9)2123/B~a) 
TECBNlClAN .....;c_._:_._M.:=.:r~MJ~~~x~~----~-

INST'JtOMEllT P1t5-2 HP 270 AC37 

:i:;:1'0 llO • t! Partl x sunny · 
KAP HO. _ ..... Non_.•.._ __ _ 

DHc:Tipt.ion 
SMPLE 

3' GAM!"'.A 
hi9h/low 

GAJiUoU. 
(2 CM) 

81."l'A 
(2 CM) 

ALP BA 
(2 Cit). 

·······················-····························· . ................. , 
2 

3 
4 
~ 

IC 

-; 

E 
9 

lO 
l: 
12 

, Q -------
, II;, ,.. __ ., 
, ., .. __ . ., 

'() , l"I , ,;.: .. __ &'ll 

l :' n-- &A /l'lr'\t•"'l•} 
20 D...- •c; 

11 ... ... T..ahvr~ ftf>}, 

16,2: ROClll t6 
• I 14 To·- of Cell 

I :s Rocm t7 (Center I 
I 14 Room • ., 
I 0·2Y General Ar•• 
I N/>. 

I 

I 

I 

I 

comments: 

tn /'R/Hr for /IV l I window opened unless otherwise noted) • 
tn CPM for ec; 

• Room S nllmbered cour.terclockvise from qa.raqe 

• Fou.'id ~ 007 6M con ta :i.ner a;arked empty. 

l. No access to ce:l un1t. 

2. Mezza.r,i.ne krca. 

' 

/',z~: 
t~hniclaA ' 
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FIELD SO~VEY DATA SBEET 

!,OC1'. T ICN _:.o__..d...,o_• __________ _ 

OA'.:-t: s::RVE'iED 2/~3.'84 (b,9) .t/;J/6~a) 
TECB~IC!AN ~:_._:_._Ma_r;.n_·_c ___ ~---

SAMPLE 
3 I GAAl".A 
hi9h/low 

GAM!'.A 
(2 CM) 

BETA 
(2 CM) 

INSTROMENT w.2 Bf 270 ~37 
SER I AL NO ... sg,t..,9 --­
WEATB ER soo Ptrtly sypny 
MAP NO. _• ... on;;;;;;;.;::•,__ ___ _ 

ALPHA 
( 2 CM) · DHc:ripticn 

••••••••• ••••••••••••• •••••••••••••••••••••••••••••• •••••••••••••••• 
l 

, l"i 

2 11 

3 ll 
•4 10 

5 14 

t 19 l'"•"•ral ...... 

I 
• ! 

I 
I I 
I I 

I I 
I i 
I I 

I I 

( 
I 

! 
I 
I 
I 
i 
I 

I 

comments: · 

"Backqround • 10 CPM 

! r . r '.J /. .. ' 

Found 9 - DOT 6H Fissile Material 
Shipping containers, mArked empty 

0peMd one - Ne ft • c r ,.._ ) shore bac:kqrowu1. 

technician 

' 
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FIELD SCRVEY DATA SHEET 

INSTRUMENT PRS-2 llP.2'70 ACJ'? 
SERIAL NO 0 549 

OA'!£ SORVEYED 2123/84 (b, 9 ~/23/Bi (a) 
TECBNICIAN -~-~_.:_.~MA-r_l.tl~o--~~------

WEATBER ~·0~11-.,~&rt!!"!"lli-y~s·W'lll-y 
MAP NO • Roni -------

SJ.Y.PLE 
3' GAf:l".A 
hi9h/low 

·····;···r············· 
... 
' 
3 
4 
~ 

I 
I 

• i 

I 

I 

I 

I 

! 

(. ! 

I 

I 
I 

I 
: 
I 

I 

cortments: 

No ... ·_ reada..bl e 

l1l ,'4 R/H.r f I , · 

GAMMA 
(2 CM) 

BETA 
(2 CM) 

ALP BA 
(2 CM)· .............................. 

' A 

!t:. -, c. 
, 1 

, 7 

I 

\ 
I 

I 
I 

I 

I 
I 
I 

' 

•••••••••••••••• 

I 

technician 
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• • • 
I 

..., ... ::- :::··-:·1;:.-v:.-"' :,1;3194 r~,9)V'3'"' .. A) .... - .• - ........ ---:. \ __ ._(¥~ 

T ! c~::: c ! AS -'"-· ~_._MA.;;;..;..r..;;;l.J'l;.;.'C;;..·-------

GA.~11..A 
(2 C~) 

BETA 
( 2 CM) 

DCX:t.ICDfT llO. llAJ.017 

PAGE NO. 19 of S9 - -
INSTROMENT PltS-2 RP270 AC37 
SERIAL NO. 549 
~EATSER 5•obl'f""'llp~.r~t~1-y~S~WUl-Y 

Y.AP NO • l&ie --------
ALP BA 
( 2 CM) · DHcription 

••••••••s••••••••••••--•••••••••• 
i I I , "' 

••••••••• • ••••••• ••••••••••••••• 
"· s de ., E. Side 

No"' readable 

f: I ~· in .f-' R/Rr . 

technician 
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DOCtJHDn' NO. 11Al077 

20 f _o 
o.~ '!A s n t!:T 

-:-;: _s;.;:s~'iE!:i21n1e.; :~,c) 2123/Bh) ;::-c- :-···c~J...'' c.:. Har.1.1lc • ·- ···'... . ..... , 
3 I G/.!'.~.A 

hish/lcw 

No °'< readable 

f I ~ in /..1 R/Hr. 
/ 

BETA 
( 2 CM) 

' 

INSTiWMENT PJtS .. 2 IP270 AC37 
S E:R IAL NO. oJif1a'u9 __ _ 
\\£ATB£R SO httJK S1mgy 
MAP NO. -"~eunM1...._ ________ _ 

A.LPBA 
( 2 CM) · Detcri~on 

•••••••• ••••••••••••••• 

tecbnician 

5 
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PAGE NO. ~l of 59 - -
:::::.::; s::::.n:y OA':'A SEttT 

""·-:- C'"':'""':'V':':'.) 2/23/84 lb ~~/2J/84(•) 
-·""'"'_, _..,,...-•-·-,.. • I #~ -

"''='C'='"•c'!••: •.•. Mar:..nc · .. - .. ·'. .. ,._ 

3 ' G,t.!:~.J.i 
hi;:-:/lcw 

G~.Ml".A 
( 2 er.) 

BETA 
(2 CM) 

INSTROMENT P•s-2 8P270 AP7 
SERIAL NO •:.,.-""'54.,91.-.--
~ U. TE !:R 50° Ptrtly sunny_ 

.MAP NO. "~on~'-----

AL PB A 
( 2 CM) · Deacription 

I =········=··=·=·······-=·=··························· i I I 11 
•••••••••••••••• 

I 

' I 
I 

'~ ,- ... 

I 
I 
I 
I 
I 
I 
I 
I 

., 
~ 

4 
5 
6 
7 

!I..: 

, ' 
l: 
13 
14 

I 
I 
I 
I 
I 
I 

. : 
I 

I 

I 

' 

I 

I 
I 

i 
1 

I 

cc::.::::er.ts: 

In µ R /Hr for / / { 

In CPM for 0o: 

I 
I 
I 
I 
I 

I 

i 

! 

! 
i 

I 

! 
I 

I 
I 

I 
I 
I 

I 

North Can tral 
1 p North Eut Roce 

, .., , .., Hallway 
, , sout.n EAs.t 
'., ..,_~,-~ ----
~l I 

,. _____ 

n k1Si1-Room 
29 t ~~~onics Bay 
:1 I North West Roce 
27 I Cell Rooa 
, n I North Hall 
, ., I ___ , -- --

, , I ,. .. ""~----- .. _, 
I ., r. •• II• 1 ~ 

I 
I 
I 
I 

i 

I 
i 
l -

I -

I -

I 

technician 
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k 
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~ 

i:c 

At 3 ft. i.n u R/H.r f /': 

• at 2 cm. 

L outside bldg., at l ft. 

4 70" 

100· 

• lC,000 

63 

2t -· 

(no·< noted l • 

OOCUKENT NO. 8W077 

PAGE NO. 22 of 59 - -

29 

• 

15 

25 

' 
technician· 
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• DCICUKDIT NO. IW077 

• PAGE 110, 23 Of 59 
::!::::) c-· .. -:··r-v - --,.., .. \ -· l?ATA SnE!:T 

• :: :;.::-: :s Waste Dise:sal Build.i.n5 INSTRCME~"T HS-2 11222Q .AC37 
SERIAL NO. 5U 

: .:.:::: E ~· ? . .._. !·;· ! : :2/23/84 : ~Ii;) 2 /2 J/84{ j!) r;::J..TE£R 500 Partly swwy -
':!C;?::c:;..~; - . 

Mari PQ MAP NO. 2 • ':I G .... ,\, ... G.Z..~~~~ BETA ALP BA 
"' 

r- .. J\ 

s;...!-:FLE r.:r;::/:c.... (2 C~) (2 CM) (2 CM). Deec:ription 

l=········r······=·····i=·····························-··············· 
i io6 I - --· 
., I I 61 

' 
, I t 64 
4 I 1 1 000 
!> I I 3,000 t ,_ () I I ;;:5,000 I 
7 I I 500" 

I * I 
B I '51 JCC1 
Q . I • I I I 

' 
I -· 

I I I 
' ! I 
i : i 

I I I I -
I i I 

I 
' 

I I ··- I I I 
I i ...... I I I ,- I I 

i I 

I I I 

I 
! I 
I I I 
I I 
I I I 

I . 
cor...":lents: . . 

I Pai.nted l m. by l Ill. Floor .\rt:a 

In _µ R/Hr p Ir' at 2 cm. 

I No ..;. read.a.ble 

I • Gum& only. . 
technician . 

I . 
. . 

I 
. 

' 
I 

I 
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FI £LD SURVEY MAP 

KAP NO. _ __....._ ___ _ 

LOCA!le!i Waste Qisposa~ Bldg. 
DAT£ 2/23(64 
TE OOi l C :A.'\ -:..P :.:.. A.:.:•--.P.:.;r o~tr.::o:.__ 

IN-

Sliding 
Door 

l,9 

6,8 

5,7 

' 

DOCtlCPr llO. •~on 
PAGE RO. 2C Of 59 - -

luildin9 Interior 

_jQ Pa.rtly Stmny 

3 

Painted Area 
c., P'loor 

At 2 cm, in ).IR/Br. ot #Ii' 

..:.. • below r••da.bla ac:ale. 

tecJm.icUD-
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DOCUMDIT MO. BU.1077 
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t-lt.LD SURVEY DATA SHEET 12 PAGE NO. 26 of 59 - -
Location Nuclear :..ake, NY Smear Count lnurument Scintillaticn 

Date Sampled Make and Model £btrline MS·2 MiniKaler 

Technician r A Proto Weather N/A 

Map No. 3 S!aflH 14-18) 

Sample No. 

2 

3 

7 

g 

10 

l l 

12 

! 3 

I~ 

!6 

17 

u 
19 

20 

Commenu: 

JOO CM' Swipe 
CPM/DPM 

l40neo 

1251250 

l 33/26E 

l 39/278 

138/276 

120/240 

109/:18 

121/242 

140/280 

132/264 

lll/222 

168/336 

1.28/256 

107 /214 

Soil Vegetation 

Backqround of Inttn.llllent 

Plutonium Bldq.-1111.3 on I•Beam 

Plutonium 8ld9. -1111. l on Floor 
Piutoniiilil BldQ.•fdll.2 bfl Flout 

Plutonium Bldg.-RID.3 on Floor 

Plutonium Bld9.-111D.4 on Floor 

Plutoni1&1 Bldq.•RID.S in Vent Duct 

Backqround 

Plutonim Bldq. - x...bryinth 

Plutonium Bldg,•RID.6 on Floor 

Plutonium Bld9.•RID.6 en Vaelt 

Plutonium Bld9.-R1D.2 en Wall 

Bac:kqround 

Watte Bldq. Floor 

waate Bldg. Floor 

Watte Bldg. Floor 

Waate Bldg. Paint4td Ar•• 
waate Bldq. Ba.re Area 
Bac:kqround 

Generator Shed Floor 

All background cour.ts taken at t.'"ie counting in1trument vith uipty U11Pl• 

cor.tainers. 

The a.hove smears were coW'lted on 3/5/84. 

' .. 
; 'r.1 ·' -' ,.. .. • . ., 

Technician 
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F:tl.D SURVEY KAP 

MA.? :-;:) • ___ 3 _____ _ 

LOCA!lON Waste ~~spcsa: Bldg. 
TERRAIN 
lltATlU:R 

~A7E ;,:J/6' - - ~;.: '"' • - r • ..,.,fS.,...'""',..-.-.,,..P-ro_t_c __ _ 
• .c..1..~•.1.1. ""' 

Nc:-t~. 

:..OC:rs 

.• 
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Building Interior 
506 Partly Sunny 

Sm tl6 

Sm ns 

technician· 
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An•lv111 D•te: 2 129184 
Oite ~•ce1~~d: 2 /27/84 

R•f•rence D• te: 2 /23/84 

Att•nT1oro. Mk JlJl'ir< R. MAY 

S01 l 

------------------------------
(.,. :, ; 0 d ~· ~ 

NUCL l DE. 
COwkt.C.Tl(JI', 

L • b S ti "'P l e "'o . : 
S•,..ple Subf'l1151on Code: 

Other An•ly&11 ~tQu~&ted: 
Co"'"'tnT: 

SU"fionNo.: 13 
ACTIVITY 

C.ONC. +- l SICl'tA 

C4J177 
NlS 13 08~4 

A~ 

NES-S-13 
NENSSS013fl 

C Pico Curie I k1lo9r•,.. 
l'tDC 

l 
---------------------------------------------------------------------------~p-23<:- 1 .oz- 01 ( 1 1 b +- 4!i t. 1 1~0 E 1 Co -~7 9.83(-01 ( 91 +- 79 E-1 200 E-1 CE--1 44 9.8"4r~-Ul (-104 +- bO E 0 200 E (I C.e'-141 8.7UE-01 ( 3 +- lb E 0 ~3 E 0 l'lc-'tY l.9.'t:-IJ1 ( -oo +- f.tB E 1 230 E 1 s~-7~ 9.e:!E-01 ( -7 +- 13 ) E 0 4~ E 0 tr-51 s.:;1.a:-01 ( -ti 1 +- 97 ) E 0 320 E 0 I -131 !:.71E-01 <-J:i +- 18 ) E 0 60 E 0 be-7 9.l'r'(-01 ( -12 +- 9? ) E 0 320 E 0 Ru-tOj 8 92E-O 1 ( -1 +- 12 E 0 39' E 0 al - 1 J3 5.7bt.-u3 

&•-140 7.03E-01 ( -42 +- 22 ) E 0 13 E 0 l:•-134 ·'1.94E-U1 ( JJ +- lb ) E 0 5:i E 0 Ru-lOti 9.88t.-01 ( ?3 +- 97 ) E 0 320 E 0 •• Cs-lJl 1. 0 uE OU 113~ +- 30 ) E (I 4t:f E 0 Aq- 11 01'1 9.82E-01 ( -20 +- 18 ) E 0 bO E 0 Zr - 9:; 9.J.3E-CJ1 ( 10 +- 22 ) E 0 72 t:: 0 Co -SB 9.38E-01 ( 0 +- 12 ) E 0 40 E 0 Mn-~4 ¥.Bbt:-01 ( -2 +- 13 ) E 0 43 E 0 ... AcTti228 1 . OOE DO S37 +- 62 ) E 0 190 E 0 r•1-1J2 2.:iOt:-01 <-29 +- 28 ) E 1 9-4 E 1 F'e-~9 9.0~E-01 <-39 +- 29 ) E 0 9b E 0 ln-t,~ 9.8.:'.E-Ol ( ., +- 34 ) E u 110 E 0 .. 
C O•bO 9.98E-O~ ( :?b +- 18 ) E 0 68 E 0 ... I( -•a 1 . IJ lJ E. 00 ( 14?3 +- 44 ) E 1 68 E 1 Sb-1,:4 9.2HE-01 ( 3 +- 27 ) E 0 ea E 0 ~ote£,: 

• Act1111ty gre,pe;- tr, •n 3•st•ndu·d devi•tion .. pt:' it" 1S f u u n\J Appr ovwd by a Dect1y correc'1on less th •n . 0 1 

_'(ab/ft. .. iit1./~Z:,~ 
£, L. L•ur•nzo 



-· uy __ ·---------------···-
DOCUMDrr llO. IW077 

MAILED •Am llO. ,, of 59 -
TABU 3•8 

YANI< H ATOM JC EL.ECTRIC COHf"AN'f 
ENVlRONHLNlAL LA(IORATORY 

'~AEC 
Etwrorvn1ntal Lab -----------------------

Cw•tt"'•r : Hucle•r EnerQy Serv1c•s, 
lltt.nn.on; Ml-1. JUHNR. HAY 

Inc. 

Soil 

Report D•t•1 03/~0/84 
D•t• Received: 2 /2,/8~ 

------------------------------
L.A l:i . No. OATE ACT .CUITY 
SAl'\PLE CODE of VOLUME NUCLll>i:;. CONC. +- 1 S1Ct1A MDC REFEllENCE ANALY~.l.S Gr1a l P 1c o Curie I Gru 

-----------------------------------------------------------··---------------• 8 .. 31 71 2 /23 J I ?.O 0 • 130 il•U ( 10~ +- 14 >E-1 18E•l HTS 07 0884 Alph1 ( so ·- 23 >E-1 •?E-1 
Co,.,"'•"'' ;N£S-S-7 

• l!-43172 2 /~3 3 l:'!O 0.10 ht• 1~9 ·- Hi >E-1 16E-1 • NTS OB 088-4 Alph1 109 +- 2? >E-l •4E-1 
Co"'"'en 1: NI:. S-S-8 

• Elo4:S173 ") 123 3 /20 0.1:!3 fl•t. 18~ ·- 1? >E-1 18E-1 ... 
• HTS 09 0884 Alph• 1-42 +- J2 ) t:-1 4''1E-1 

Co"'"'•n 1; Nl :>-S-9 
• l!'4317'4 2 123 3 120 (I • 1 t .. 8•1• 280 +- \9 >E-1 20E-1 • NTS 1 0 0884 ALph• l 24 +- 32 >E-t ~JE-1 

COl"\l'l•n, :N£!;)-S-10 
• B4J17~ ., 

/23 3 /20 0.114 8•1• 322 +- 20 >E-1 20E-1 .. 
• NTS 11 088o4 Alph• Hal ·- 3~ >E-1 5i!E-1 

COl'll'l•nt:Nt.S-S-11 
• £44~17b 2 /23 3 /20 0. 1, 9 ht• ( 278 ·- 19 >E-1 19E-1 • NTS 12 0884 Alph• ( t 19 +- 31 a:-1 :ilE-1 

COl'll'lltr\ t: NE. s-s.-12 
• lc43177 2 /23 3 120 0.112 i•t• ( 2~9 +- 19 >E-1 20E-1 • NTS t 3 0894 AlphA ( 104 ·- 30 >E-1 ~4E-1 Co"'"'•nt :Nt.S-S-13 
• &431?8 2 /23 3 /20 0. 1 O'!/ 8•1• 30~ ·- 20 >E-1 21E-t NTS 14 0884 Alph• ( B~ ·•·- 3t >E-1 ~&E-t Co,.111ent iMES-S-14 
• i4'31 ?9 2 /23 3 /20 0. 113 8•1• 329 ·- 21 >E-1 20E-1 • HTS 1 ~ 0894 Alph• UJ? +- J? >E-1 SJE-1 

Co"'"'•nt :Nt.S-s-1~ 
• 1143180 2 /23 J /20 0. 114 lse 1 • 26? +- 20 >E-1 20E-1 • MTS lb 0884 Alph• 226 +- 40 >E-1 ~:JE-1 

Co"'"'•nt .NlS-S-1':1 
• 843181 2 I :?3 3 /20 o. 1 oe B•·u 242 +- 21 >E-1 2\E-1 • NTS 17 0884 Alph1 260 +- 43 ) £-1 :;~c-1 

Co"'"'ent: NES·S-17 

Notn: 

• Act 1v1 t y l.~ qre•t•r th•n l•stand.,·CS devi1titn 
Approved bv 

~~N\ll 
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YA"ll<t.t t.TQ,..I(. ELELTRlC COl'IPAN'r' 
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PAGE NO. S8 of 59 -

t•sto111er Nuc~eer t.nery•, ~-·:>rv1cP.s, Inc. hp or t D• te: 0311 ~/84 
An•ly111 D•tt: 3 12 /84 
D•tt MeCtlved: 2 /~//84 

R~fertnce D•tt: 2 123/&4 

Att•ntion Ml< JUHl'lt R Mi:.r 

So 11 
----- -------------------------

~iil'IP le ;,,.,o vr., 
L•b l:i.a,,.ple No.: 

S•"'Plt Sub"'1111on Codt: 
Uther An.aJys1s Htqu~sttd: 

Col'l,..en1: 

ACTIVITY 
LuNC. +- 1 SICMA 

C4J17fs 
NTS 14 08lj4 

A[1 

NES-S-14 

ti U It - V~ 

[ Pico Curie I l<L~u;r•,., 
MDC 

l ----------------------------------------------------------------------------Np ..: :. r 

c 11-~ 7 
Ce-1 4.­
C 1" -1.:: 
ric-<- ... 

~t:--'.':, 

Lr- :.1 
l -1 .! : 
re--:-

J;: u -1 0 .! 
xl -U3 

El•-140 
Cs-134 
f<u-IOb 

Q.(f!L-01 
y. l.,.t:. _ [J l 
6.34E-Ol 
1 l'r'(-UJ 
9 ~;:;E-01 

8. Ot::lt:. -01 
4.79£-0J 
8 9:,F..-01 
8.blE-01 
l.lbt-03 
b.JOE-01 
~.9.:t-Ul 

g,94E-Ol 

( t:IY 
(-2 

( -~1 
( 129 

{ 8 
<-19b 

t 7 
24 
70 
14 

(-lb 
( -82 

+- 44 
+- 43 
+- 34 
+- 92 
+- b9 
+- 80 
+- ~9 
+- 13 
+- bl 
+- 73 

·- 12 
+- 83 

E 1 t::iO E l 
E-t 14'0 E-1 , E 0 11 u t: 0 

) E-1 310 E-1 
) E l 230 E 1 
) E-1 270 E-1 
) E u 200 E O 
) E 0 43 E 0 
) E 0 200 E 0 
) E-1 2'40 E-1 

) E 0 
) E-1 

39 E 0 
270 E-1 

( -1 o4 ·- bB ) E 0 9.9'1'E-Ol ( l b4~ +- 23 ) E 
230 E 0 •• C1-l.5/ 

AQ-1101'1 
l.r-b 
C o-~B 
Mn-:, .. 

•• Ac Tn228 
l•l-1~2 

F e-~9 
l.n-b:;; 
C o-bO 

•+ I( -4(1 

Sb-124 
Notes 

9.77E-Ol 
9. lJE-Ul 
9.20E-01 
9.~lE-01 
1 . 0 OE 00 ( 

1.6~1::-Ul 

8.77E-01 
9. lbE-Cll 
9.97E-01 
i .out: u (i 
9.0t.E-01 

( -1 +- 96 
( 11 ·- 13 
( 10 +- b8 
( -92 +- ?2 
~t.3 +- 39 

( -29 +- :?6 
( -~ ·- 16 

( -~1 +- 19 
(-12 +- t 0 
1 3bo4 ,.__ 27 

( 3 +- 14' 

• .. Ac,iwl'Y gre~'er ,~•n 3•s,•nc~ra dev1•t1on 
P&'•il< 1 s. f o uno 

0 Jl E IJ 
) E-1 
) E 0 

320 E-1 .... t:: u 
) E-1 
) E-1 
) E 0 
) E 1 

230 E-t 
2"40 E-1 
l 1 0 E. 0 
Bb E 1 

) E 0 
) E 0 

~!, £ 0 
b-4 E O 

) E 0 
) £ 1 

4' 1 E 0 
"1 E 1 

) E 0 4& E 0 

it Iiet•v correc11on l•ss 'fh•n .01 Approv~d by 

-_('!.diitt_)f au;Jl~'l.r 
E. L. L•urenzo 
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l..v•tOl'l•r : Hu!:lP•r· Enerc;i\I ~.£:1rv1cc·"t, J11c. 
R•port ht•: 03/1~/64 

An•lv•11 D•t•: 2 /29/B4 
D•t• Hece1vea: 2 /~//84 

R•ference O•t•: 2 /23184 

Att•nt1on: Mk JOHN R. ~AY 

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

HUC ... l Di:. 

L•b l:i<il"lpl• No.: 
S•~ple Subl'l15s1on Cod•: 

Uth~r An•!v•1s Requ••t•d: 
Co~"'er.t: 

AL:.TIVITY 
(.LJNC. +- t SICMA 

G4J179 
NTS I~ OBC-4 

Alt 
NE.S-S-1 ~ 

MDC 
I Pico Curie I kilu9r•"' ) 

---------------------------------------------------------------------------Np-2J'Y 1 . 46;.-u 1 ( "45 +- :i ljl f 1 cUO E 1 c 0 -:: 7 9 .83t.-O: <-bb +- 92 E-1 310 E-1 Ce -14 .ti c;.. l:Mt.-IJ1 l-9 +- ?1 ) E 0 i•o E 0 Ce-14i 8 '0 f_ - c j ( -~ ·- 19 ) E. D 64 E 0 ~o -¥.Y 1 . 'I 'E-01 ( e1 +- 87 E 1 290 E 1 St:·?~ 9 b3E-C1 ( ")C' +- lb E 0 
~· E 0 ~..J Cr-:, 1 t:j. ~IJt:-01 ( 3 +- ·12 ) E 1 JS E 1 l -131 5.?0E-01 ( 4 +- 21 ) E D ?1 E 0 •• &e- ·' 9 . l .,.E - u l ( ::;1 +- 1 l E 1 25 t:: 1 Ru-103 8.92£-01 ( -11 +- 14 E 0 4b E () • l -133 ~./4E-03 

8•-1•0 7.03E-01 <-JO +- 19 E 0 62 E 0 C•-1.34 9 94E-u1 ( -22 +- lb ) E 0 s::. E 0 Rv-lOo . 9.BBE.-01 ( 1 0 +- 13 ) E 1 .... E 1 •• C1-137 1 '00£ 00 ( 2'/Cl? +- 4b ) E 0 6.$ E 0 AQ-11 01"1 9.82E-01 ( 9 +- 18 ) E 0 ~B E 0 Z.r -9:; 9.JJE-01 ( 20 +- 2~ ) E 0 83 E 0 Co-sa 9.381:.-01 ( 18 +- 13 ) E 0 <43 E 0 "n-~41 9. Sbt: -o 1 <-8 +- 14 ) E 0 '41:1 E 0 •• AcTh228 1 . 0 DE DO ( 680 +- 69 ) E 0 200 E 0 Tel-132 ~~. 4'1't::-Ol <-U +- 32 ) E 1 110 E l Fe-~9 9.0~E-01 <-U, +- 31 ) E 0 100 E 0 ln-b:; 9.t:i.!E-01 ( -42 ·- 3? ) E 0 120 E 0 Co-1>0 9 9!::1E-Ol ( -20 +- 20 E 0 80 E 0 •• k -•c l.OOt: 00 1 ~.a• ·- 47 E 1 80 t:: 1 Sb-1:?4 9.28E-01 ( 5b +- 29 E 0 9~ £ 0 No'••: 
• Ac' 1 v l t y Qr t • t er H1an J•stanoard d1H1•uon • Pet11t 1s fou111J 

Appr-ov•d by • D•ca~ correct1on less 1han .01 

-~'f6a&_11¥J-
E. L. l•ur•nto 
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TABL.£ 3-11 

YANl\H ATQl'llC ELEClRIC CO,,.PANY 
£N1,,.'4i(ONM~l'llAL LAEc0RA10RY 

"~AEC 
&MranRW'tll lab 

L:••'•"•r : NvcleH t:.nerg ·:er111ce<r. 1 Inc. Report Dtt•: 03/1~/84 

An•lv11s D•t•: 3 /2 /84 
O•t• M•c•iv-d: 2 /~1/84 

R~f•r•nce Dtte: 2 123184 

Att9'f'ltiOn: I'\~. JOHN R. f'IA· 

0 l l 

VE CA l 
HUCL I Ot 

CQf<l(t:C:-lQN 

L•b S•"'ple No. : 
StP'lple SubP'l1551on Code: 

Other An•lv111 Requ~sttd: 
Co"'"'•" t: 

AC I IVITY 
tcmc. +- 1 s ICl'IA 

C Pico i.;urie I K1lo9r•" 

C4J100 
NTS 1 b 088"4 

Ab 
Nt-.S-S-\b 

MDC 
] 

---------------------------------------------------------------------------.. si-23.,, t:3.4:..t.-02 ( 1 l 4 +- b'l ) E 1 .:!lO E 1 
c 0 -57 9. 79E-Ol ( 83 +- bl ) E-1 200 E-1 
C•-1•4 9.80£-Ul ( -2b +- 47 ) E 0 tbO E 0 
Ce, 141 8 3bE-01 (-4 +- 13 ) E 0 -43 E 0 
P'lo-~'i' l .<?4t::-01 ( -187 +- 89 ) E 1 300 t: 1 
S•·7~ 9.~3E-01 <-12'4 ·- 99 ) E-1 330 £-1 
Cr -~1 8 llt::-01 ( -~1 +- 73 ) E 0 2-40 E 0 
I -131 -4.8bE-01 <-24 +- 1~ ) E 0 'Sl E 0 
&•-7 t3.9/t'.-Ol ( 19b +- B~ ) E 0 2~0 E () 
Ru-103 8.b3E-Ol ( 3 +- 1 0 ) E 0 34 E 0 

al -1J3 l.Jlt:-03 
8•-140 b.J~l-01 ( -49 +- t7 ) E 0 58 E 0 
C•-134 y.-r~t::-01 ( -10 +- 11 ) E 0 Jb E 0 
Ru•10b "9.84E-Ol ( 82 +- 85 ) E 0 2EIO E 0 •• C1-1J7 .Y.9.Y£-01 ( b'S 1 +- 18 ) E 0 J4 E 0 
A9-11 OP'! 9.77E-01 <-11 ·- 12 ) E 0 39 E 0 
z,.-9~ ti. l ~E- 0 l ( 1s +- lb ) E 0 54 E 0 
Co ·'SS 9.:?lE-01 <-222 +- 94 ) E-1 310 E·l 
f\n-:,.- 9. e~t:-01 <-os +- u ) t:·l 1SO E-1 •• Ac Th~:?e 1 .OOE 00 ( 781 +- •e ) E 0 110 E 0 
TeI-lJ2 1.b8t:-Ol ( 4<4 +- 3'1 ) E l 120 E l 
F •-'59 S.79E-01 ( e +- 2:? ) E 0 ?'S £ 0 
.ln-b~ 9. //E-0 l ( -48 +- 2S ) E 0 90? E 0 
Co-bO 9.97E-01 <-11 +- 13 ) E 0 so E 0 

•+ I( -"40 1 .OOE 00 ( 1 ~9<4 +- 3J ) E 1 5J E 1 
Sb-1~• 9.0SE-01 ( . 4 +- 22 ) E 0 73 E 0 

"'"•': • Act 1 "' 1 t y gr•• t 1tr H'i•n 3•st•nd•rd de111•tion .. Peik 11 founl.l Approved by • D1tc • y co,.rect1cn less th•n .01 
·--I . : 
-~-~.~l!.¥" 

£, L.. L•uren 10 
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rANl<Et ~TOMJ1. ELlCIRlC COP1F-ANY 
l·.N\.'ll<Wl••n !'!JAL LA~ORATORY 

DOcDMDlT NO. 11Al077 

PAG! RO. tl of - 59 

'!AEC 
ftWronmentel Lab ... ----- ----- ------------
l..Vl,Dt'I•,... Nucl•.ir Ener-911 Ser111c•i;., !nc. 
•tt•nuon: Hk. JOHN R. HA'T' 

R•port D•r~: 03/1~/04 
An•ly11~ D•t•: 2 129194 
D•t• Nect1v~d: 2 12//84 

Rttfertnc• O.,e: Z 123184 

NUCLl DE 

501 l 

------------------------------0 1 i 

d. y ~. 

L>tC.A r 

L lb ~· "'P lei No. : 
S•l"lple SuCl"l1s11on Code: 

Oth•r An•lys11 R•QU•lttd; 
Cot'll"lttnt: 

,, ACTIVITY 
C.CiNC. +- 1 S ICHA 

l Pico Curie I K1loor•"' 

G4.Sl8t 
NlS \';°' 0884 

All 
Nt:.S-S-17 

HDC. 
l 

---------------------------------------------------------------------------""p-2.!'Y l . 4bt- u 1 \ 6t1 +- 4J E l 140 E 1 C o-~7 9.93F.-Ol ( 10 +- 72 E-1 240 E-1 C•- l H. 9. 84[- 0 l (-74 ,.._ :14 , E 0 180 E 0 Ce-1• 1 B.70E-Oi ( -9 ,.._ 14 ) E 0 48 E 0 t'lo-9Q \.9bE-Ol ( 3 +- 62 ) E 1 210 t:: 1 £>e-7!i 9.63E-Ol ( 1:; +- 1 l E 0 38 E 0 Cr -:;1 6' 4'>'t- 0 l ( 12!i +- 82 E 0 270 E 0 1 -l3i ~.70E-Oi ( -18 +- 1:; E 0 50 E 0 •• h-7 ~. lt3t::-01 ( 249 +- 6/ ) E 0 160 E 0 Ru-103 8.91E-01 ( -\2 +- t 0 ) E 0 33 E 0 I I -1.s3 !i. b'/~-03 
Fh-14\0 ?.O:?E-01 ( -:; +- 16 ) E 0 52 E 0 Cs-1J4 .~. ¥4E-O 1 ( 3 +- 14 ) E 0 "4b E 0 Ru-100 9.SBE-01 +-<-3!; 84 ) E 0 2EIO E 0 •• Cs-13/ l . 0 u t:: 00 ( "410 +- 19 ) E u "41 E 0 AQ-110,., 9.S2E-01 ( 29 +- t ... ) E 0 4(:1 E 0 lr-9:, 9.JJt::-Ul ( 39 +- 20 ) E 0 68 t: 0 co -!is 9.381:.-01 c-11 +- 11 ) E 0 3~ E 0 "'n-~4 ~.Bbt::-01 ( 38 +- tJ ) E u "41 E 0 •• Ac Th229 l . COE 00 ( 7?1 ·- 57 ) E 0 160 E 0 feI-t.32 ~.413£-01 ( -4£1 +- 2::i , E 1 8-4 E 1 f'e-~9 9.0!iE.-01 ( s +- 23 ) E 0 16 E 0 ln-b:; ~' t3.~t::- 0 l <-2 ,.._ 2'/ ) E 0 90 E 0 Co-oo 9.98E.-Ol <~O +- 14 E 0 55 E 0 ti. IC -4u 1 . 0 Ct:: 00 ( tCJt,8 +- '41 E 1 41 E 1 Sb· 1 24 9.28E-01 <-36 +- 22 E 0 ?~ E 0 Not•s: 

• Ac11uuy gl""e•ier th•n :3•'8t•nd•rd dev1•tion + P••k l' founl.l Appro11ttc:I by k lie c • 11 correl:qon less than . 0 l 

~· __ &Lili:J'J.u,1/t~ 
I .,.. E. L . L•ur•nzo ... ~ 
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TABU: 3·13 

YC.Nl"ll ATOl'lll ELl:CTRIC COMPANY 
~NVJ~ON,,lNTAL LA~O~ATORY 

DOCDWT 110. aw o' 7 

PAGE llO. 42 of -

Envi or.manta I lib ... -------- ---------------
tu•Ttfller. Nuc:ll?il"" [nerqv Services, Inc. 
,.,,.noon. ,,R JIJHN R. MAY 

ll•p ur' D• te: 03/ 1 J/Ei4 
An•lvs1s D•t•: 3 /& /84 
~•t• Rec11~•d: 2 121184 

Refer•nce D•te: ~ 123/84 

------------------------------
1 05 

I: .tic 

HU!:L ! DE 

L•b &•"'pl..- No.: C4J167 
S•fllple Subfll1ss1on Codt: HTC 07 OBS~ 

Other Anmlv11s R•qu~it•G: A~ 
Cofll~tnt: NlS·V-?/VECETATION 

ACT lVITY 
CUNC. +- t SIGMA 

[ ~ico Curie I K1lo9r•"' 
f'WC 

l 
---------------------------------------------------------------------------

Hp-2.39 2.:,4[-0~ ( r +- 23 £ 1 'I? E t ... 
C o-5-:: 9 69t-Ol <-100 +- 71 ) E-~ 240 E-2 
Ce-144 'r./UE-01 I. -13 +- ~6 ) E-1 190 E-1 
C1:--l 41 ':'.o7L-Ol ( 43 +- 17 ) E-1 :;:; E-1 
,,,_~<., 

4.4t:IE-02 ( -43 +- 3 0 ) E 1 180 E t 
Se-7':. 9.3lE-O~ ( 1 1 +- 14 ) £-1 4? E-1 
Cr-::; 1 7.3~(-Ul <-JO +- 12 ) E (J 38 E 0 
I -131 3.42E.-01 (~ ·- 29 ) E-l f8 £-1 •• h-7 8.~0E-Ul ( 1 0137 ·- 28 ) E 0 56 E 0 
Ru-103 8.03E-Ol ( Jib +- 13 ) E-1 42 E-1 al -133 !i. 18£-05 
&•-14 0 5.09E.-Ol <-33 +- 2b E-1 86 E-1 Cs-1J4 Ci.8.;iE-01 ( -12 +- 14 E-1 47 E-1 
Ru-10b 9.?7E-01 ( 12 ·- 12 E 0 39 E 0 •• Cs-13:' 9.v9E-01 ( 9b4 +- 31 E-1 63 E-1 
AQ-1101'1 9. bbE-01 ( t 0 +- 17 ) E-1 ~? E-t Zr-9~ 8.?bE-01 ( 3 ·- 23 ) E-1 ,, ~-1 
Co-~8 e.e~E-01 ( -13 +- 13 ) E-1 "" E-1 "n-:i4 9.l3E-Ul ( -13 +- 12 ) E-1 43 E-1 •• Ac Th22B 1 . 0 OE 00 ( 390 +- 68 ) E-t 240 E-t T•I-132 7.0.?E-02 ( 14 +- 1 0 ) E 1 33 E 1 f•-:;9 8.;?bE-01 <-18 +- 2Q ) E-1 9~ E-1 Zn-o~ 9.b:.t..-01 ( 9 ·- 3~ ) E-1 110 E-t 
Co-ho 9.c;ibE-01 ( 13 +- 1 C1 ) E-1 ,,, E-1 •• f( -40 t.OOE. 0 Ci ( 737 +- 35 ) E 0 1b E 0 
Sb-124 8.cbE-01 <-18 +- 33 E-1 110 E-1 He1t1n. 

• Act 1 v 1 ~ 11 Qrl!d1er 'h•n J•st•nd•:--d d•v1•tion • P•H lS founu Apprnvd by • Dec• v c or rec' l on le!ts ih•n . 0 1 

_Jt~1lffl. ... ::'7:iut1..t(J(~Y 
E. L, Lt1 ur•n1 o 
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'l'ANl<El ATOMIC ELECTRIC COl"IPAN'!' 
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DOCUMDrT NO. 8W077 

fMZ llO. 43 of 59 -

Lu 1 , 0 ,... ,. : Nu c. le ci r E. n e ~ Q 11 Ser ~· .i c er. . Inc . ••port D•te: 03/lJ/84 
An•l¥111 D•t•: 3 lb 184 
~.,. Received: 2 /~J/84 

Reference D•t•: 2 123/84 

A , t •n t 1 o n : f"I w . J UH N R . P1 A t 

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

l>t:::: AT 
HUCL!DE 

ClJRRECTION 

L•b ~•~ple No.: C4J168 
S•,..ple Sub1"11sr.1on Code: HTC OS 0884 

Othwr An•ly111 Rtque1ttd: Af4 
Co~l'lent: NES-V-8/VEGETATION 

Al:Tl VI TY 
cui.ic' ·- 1 SICMA 

l Pico Curie I Kilo~r•~ 
MDC 

] 

·--------------------------------------------------------------------------Np-.?39 2.~4E-O~ ( Z4 +- :i3 ) E 1 
Co-~7 9.b9E-Ol ( 9 +- 1& ) E-1 
Ce- 1 •4 9.71JE·01 <-3 ·- 12 ) E u 
Cc-14: 7. c:'E-0 1 ( b3 +- 37 ) E-1 ,.,,_99 4.4t:lt::-02 <-•u +- 6~ ) E 1 
s"'-'~ 9.JlE-01 ( 13 ·- 31 ) E-1 
Cr-~! 7.::'2E-Ol <-14 +- 24 ) E 0 
I -131 3.•2E.-01 ( ?? +- b3 ) E-1 •• 1'•-7 8.~UE-01 2-4 a +- ~~ ) E lJ 
llu-103 B. 0.3E-D 1 ( ,.., +- 24 ) E-1 

I I -1J3 ~.2UE-O~ 

ltlO E 1 
~3 E-1 
-41 E o 

120 E-1 
220 E 1 
100 E-1 
79 E 0 

210 E-1 
?1 E 0 
82 ·£-1 

&•-140 5.10E-01 <-BS +- 48 ) E-1 
C:s-1J4 9.SvE-01 ( -38 +- 31 ) t-1 
Rv-10b ·9.77E-Ol ( 28 ·- 19 ) E 0 ... C•-1.37 9.9vt-Ol ( 20~ +- 27 ) E-1 
AQ-1101'\ 9.bbE-01 ( :?8 +- 33 ) E-1 
Zr-9~ 8.7bE-01 <-? +- 4b ) E-1 co -:,e 8.85E-01 ( 8 +- 23 ) E-1 ,,n-54' 9.'/ .. iE-01 ( 29 +- 24 ) E-1 • Ac Th22& 1. 60E 00 ( 7 +- 1 0 ) E 0 
TeI-1:!2 ?.OJE-02 ( 13 ,.._ 21 ) E 1 
Fe-:',9 8.2bE.-01 <-21 +- SS ) E-1 Zn-ti:; 9.bSE-01 ( 66 +- bb ) E-1 
Co-60 9.96E-01 <-8 +- 39 ) E-1 •• IC -4' 0 l . 0 OE 00 ( .322 +- ~1 ) E 0 
Sb -12• 8. 6bE-O 1 { 18 +- bb ) E-1 No t•s. 

tU E-1 
100 E-t 
62 E 0 
•:? E-t 

t10 E-1 
150 E-1 
?8 E-1 
Bl £-1 
39 E 0 
69 E t 

180 E-1 
220 E-1 
160 E-1 
160 E 0 
220 E-1 

• "' t 1 v 1 t y th•n 3•st•nd•rd d•111•tion gr·••~ E-r + Pe•k 1$ foun<J 
I Dec.mv correct l ~ lesor. th •n . 0 1 
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YANKEL ATOMl~ ELECTRIC CO~PANY 
LNV&~ON~lNlAL LABORATORY 

'1AE{; lnl'1dl An•ln1s Repon 

DOCUNl:NT MO. IW077 

PNa 90. '4 of 59 - -

Enwironmentet lab -- ------ ---------------
tus10,,..r : NucJ.•.ir Energ•J Se.~v1ces, Inc. 
~tt•nt1on ~~. JOHN R. MAY 

Report D1t•: 
An•lvs1s Dtttr: 

03/tJ/8• 
3 /6 18• 
2 1c'l1&'4 
2 /:?J/8-11 

HUC.L I DE 

D•t • ltect i ""d : 
R .. f'er1nce D1te: 

------------------------------
~ b 1 I< g 

CLlf<f.'.£CT!ON 

L•b 51~ple No.: ~4~189 
S1~ple Sub"1ss1on Code: NTG 09 OSB• 

Other An•lvs11 A•Que1tttd: A~ 
Co""tnt: NES-V-9/VECETATION 

ACTIVITY 
CUNC. +- 1 SICMA 

C Pico Curie I K1loor•" 
l'llJL 

l 
---------------------------------------------------------------------------~p-2 .!., - :.JE.-n ( J3 +- ~o E 1 1 ·10 E 1 

Co-~'." Q.b9E-01 ( - J '4 +- l '4 E-1 •7 E-1 Ce-1 44 9.70L-Ol ( -1 +- 11 E 0 .35 E 0 CE.··14: 7.b7E.-01 ( 37 +- 31 E-t 1t' 0 E-1 
~c-¥'7 4.4JE-o;.:: ( -65 +- 59 E 1 ::oc E l 
5£>-7~ 9 31£-01 ( 21 +- 2:; E-1 82 E-1 
Cr -":.il 7 . .!...'E-01 ( 1 +- tEI E 0 t.1 t 0 I -131 3.•2E.-01 ( S? +- '49 ) E-1 tbO E-1 •• f:.@ - :- 8.':.iOl.-01 ~:;,bl +- ~? ) E 0 '~ E 0 
Ru-103 8.03E-Ol ( 28 +- ~3 ) E-1 ?8 E-1 •I -1..53 5.17E-05 
~•-140 5.09E-Ol (-lb +- '4S ) E-1 150 E-1 C1t-13• 9.89E-Ol ( 13 +- 24 ) E-1 81 E-1 Ru-106 ·~. ?71:.-0 1 <-12 +- 18 ) E 0 60 E 0 •• C•-137 9.9'1'E-01 ( 189 +- 25 ) E-1 67 E-1 
AQ-11QP, 9.&bE-01 ( 15 +- :?7 ) E-1 89 E-1 Zr-95 t:l.?bE.-01 ( -29 •·- 35 £-1 120 E-1 Cu-58 8.S~E.-01 ( -1 +- :? 1 ) E-1 69 E-1 
f"ln-~4 9.?JE-01 ( 16 +- 20 ) E-1 6S E-1 .. Ac: Th228 1 OOE 00 ( 211 +- 90 ) E-1 330 E-1 
l•l-1J2 7.0tE-02 ( -13 +- 18 ) E t 5Y E 1 
Fe-~9 8.2bE-01 <-28 +- ~9 ) E-1 160 E-1 Zn-b~ 9.b::.E-01 <-2~ +- SJ ) E- 1 \80 E-1 
C o-bO 9.9bE-Ol ( :; +- 29 ) E-1 120 E-1 •• K -•o l .OOE. 00 ( 279 +- ~2 ) E 0 140 E 0 
Sb-1 2• 

Note" 
8.&bE-01 ( 1 +- 61 ) E-1 200 E-1 

• Ac l l v 1T11 Q"l'cter 'h•n 3•!>T•nd•rd de1111u.on ... Pe• k 1 !i f o un·J Appl"1v•d It,, 
l Dec• v c or r •c l 1 or. i •• , th•n 01 

~· J - . /_//! .i~Yl.-«.!llV/}: 
€. 4... L•urttfll• 
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DOCtnclhT "°. llAl077 

PAGE llO. 4 5 of -MAILED TA!!.!: 3·16 

YAN~El ~10~1~ ELELl~IC CO"PANY 
lN'..Jll<UN,.,l:.NfAL LA~OkATORY 

':.AEC 
EIWironment&I Lab 

l n • , i d ! •~no .l '~ l 'i. RI!' po r t 

··- ------ -----·----------
t••tt""I!'" : Nucle>.ir t.nt?rQ~· $er v1cL··.:.. Inc. hport D•te: 03/1J/8AI 

An•lv•1• D•t•: 3 /6 ID• 
D•t• M•c•iv~d: 2 /2//84 

Re~•r•nc• D•t•: 2 123184 

Att~t1on f'\R. JL'HNP f"l..,l 

NUCLIUE. 

L•b S•"'Ple No.: c,_-H90 
S•,.,ple 5ub,.1•51on Cod•: NTG 10 OSB-4 

Othl!'r An•lys15 R•qul!'Stl!'d: AB 
Co,.,,.,•nt: NES-V-10/VE~ETATION 

AL:IIVITY 
LOl~C. +- 1 SlCf'IA 

( Pico l.:uru.a I t<1lo9r•,. 
Ml>C 

l 

-------~-------------------------------------------------------------------
Np - 2 .! ~ ..:. ~4E.-~.:.: \ 1 ") ":) ..... +- YJ l 1 Jl 0 .[ 1 
CL -~7 9. b'Y t: -0: ( 1 +- ")C' 

... .J E-t 84' E-1 
C.e-i~"' ~. 7 ut.- 01 ( -10 +- 19 E (J 

'-"' £ 0 
C,:..-14: 7 b:'E -01 ( 1 0 411 +- ~~ E-1 180 E-1 
l'lo-C<" 4. 4tiE-u2 ( 1• ·- 97 E 1 3~0 E 1 
St 1 -7~ 9 31(-01 ( 24 +- •t ) E-t t•u E-1 
Cr -:, 1 "'. J.'.':£- lJ l ' ( -32 +- 32 ) E 0 t10 E 0 
l -131 ".!. '42E-01 ( 4119 +- B~ ) E-1 280 E-1 ... lie-'7 &.~uE-01 ( .Pb2 +- b::i ) E 0 120 E 0 
Ii: u - 1 i.i :! !:l.03l-01 ~ t +- 3• ) E-1 t10 E-1 

• l -133 " 1/(-0~ .., 
i<•-14U 5.09E-01 <-eo +- "'' ) E-t 160 E-1 
Cr.-1 :!4 ~.89(-01 ( -44' +- 32 ) E-1 110 E-1 
Ru-lOb 9.77E-01 (-13 +- 28 ) E 0 92 E 0 ... Ci-137· 9.99E-Ot 11~? +- 11 ) E 0 13 E 0 
Aq-t tOM 9.bbE-01 ( -s +- 38 ) E-1 130 E-1 
l.r-95 ~.7bE-01 ( -36 +- ~o ) E-1 1?0 E-1 
Cl> -Se 8.85L-01 <-38 +- 28 ) E-t 93 E-t 
l'ln-54 Q,:'.JE-01 \-b9 +- J2 ) E-1 tt 0 E-t 

•+ AcTn.:::.:s 1 0 OE 00 ( 32tl ·- 1~ ) E 0 JS E 0 
TU-132 ':'.01E-02 (-10 +- ~3 ) E 1 ?:::, E 1 
f'eo-~9 8 :2oE-O 1 ( ~t· +- &O ) E-1 200 E-1 
Zn-t.5 ..., ti:.E-01 ( b9 +- ?2 ) E-1 24'0 E-1 
Co-eo 9.9oE-01 ( 9 +- 3,. ) E-1 130 E-1 ... I( -4G 1 .OOE 00 ( ::;001 +- 9b ) E 0 . 1 •o E 0 
So-1,:4 a bbE-01 ( ~b ·- ~3 ) E-1 1&0 E-1 

No1es.: 
• Ac T l 1J l T y qrF11er 'h oi n 3J<r.1•r.d,H'd de111•tion 
+ Peak l lii to un·J Appro11..,d by 
~ Dec.av corr•c11on ler. r. 11· .. •n .01 

• Sandy soil present ln U.l!pl e. ~.dfL v', ,_ 
~~fP--

~ 1 .aurenao 

59 
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MAILED 

LAi. No. 

TA.BU 3 .. 17 

YAN~EE ATO~lL ELELIRIC co"~ANY 
ENVJRONM~NTAL LA~ORATOkY 

M11•d V•Qett11on 
----·-------------------------
D~TE 

COCUNDrT llO. -•lJU077 

PAGI llO. ...!L. of JL_ 

R•po,.t Dt'te: 03/JU/8• 
Dtte R~c•iv•d: 2 12718• 

ACT lVITY SAl'IPLE CODE of VOLUMI:. NUCLIDt CONC. +- 1 S 1 GKA ""(.; REF't::RENCE ANALY!:lIS Cru [ P lC o Curi• I Gru 
-------------------------------------·-----------------~-------------------• 843187 :? 123 3 120 0' 0·11 &et• ( 231 ·- "-? >E-1 JlE-1 • NTC 07 CE!841 

Alpht ( t•3 +- 33 >E-1 :i1E-l Co~~•nt :NES-v-71VEC~TATION 
• P41319E:s 2 123 3 120 0.069 B•t• ( t•2 +- 2'4 >E-1 32E-l NTC 08 0864 

A lph• ( ~o ·- 2'4 >£-1 :itE-1 Co~~ent :NES-V-8/V(CETATIQN 
• £143189 2 123 3 /20 0 • 046 B•t• ~15 +- '41 >E•t <45E-1 • NTC 09 0884 

Alpha 131. +- J~ >E-l ei~E-1 CoM~~n~:NES-V-9/VECETATION 
• &4Jl90 2 123 :! 120 0 .112 P•u 37:; +- 23 >E-1 20E-1 • tHG 1 0 0884 

Alpha 26'4 ... o4J > E-1 ~JE-1 CoM~ent;NES-v-lO/VEGETATION 

No 1 es: 

• Ac'1Y1•v 1$ 9re•ter th•n 3•~••ndtrd d•viet1on 

Appr ovtd br 



I 
I 

' I 
I 
I 
I 
I 
I 
I 
I 

~VIAILED 

''~EC 
Enwronmentat Lab 

TABLE 3•18 

'l'Ml~(L ATOr'IJ:. ELElf"RIC COl'\l'AN'T 
ENV1~o~~LNTAL LA~ORATORr 

~ -------. ------·--------

DOCt1HDn' llO. 8W077 

PAG! llO. of 59 -" 

~~ 510 ~e~ Nucie.~ £~ere~ 5~rv1ces, Inc. R•port Di re: o:V.:U/84 
An•lv•1~ D•te: 3 /~ /84 
D•t• H•c11ved: 2 1211~4 

R~ference D•te: 2 /23/84 

At,.n11on MP J0HN R. HAY 

------------------------------
3 e:.8 ~ 9 

ll 40 OCIYS 

L•b S.a,.,ple No.: 
S~l'lple Sub"1s~1on Code: 

LlH1er An•lys1s R1que5ted: 
Co "'"en T ; 

ACT l '.'lTY 
CONC. +- 1 SIGMA 

l Pico Curie I K1loc1ir·•,. 

C.4..S182 
NWG 0 1 0884 

Ai:< 
NES-W-1 

MOC 
l 

---------------------------------------------------------------------------,... - ~, ~ .. -- " b~E-O:; \ -1 J - 13 t: 1 42 E 1 c 0 -~.., Q 74E-01 
-. b +- b'!:i E-2 220 E-2 

Ce- 1 ~.:i 9 "7':,,( - (J 1 ( 17 +- "e E-1 tbO £-l 
Ce-: a; E: 01E-Ol ( -1 b +- 13 E-1 43 E-1 
~c-~O ( 4et: - o~ ( 5 +- l 4 E 1 '4b E I 
Sc.·-'.'~ <:' •2E-Oi ( 68 ·- 91 [-2 JOO E-2 c- -""' .7 .71£-01 ( -83 +- b~ E-l 220 E-1 ' - j 

I -13i 4.08E-Ol ( -3 +- lb E-1 !i3 E-1 
fie - .' 8. 7 JE- 0 l ( 31 +- re;, E-1 190 E-1 .... 
Ru-1G3 8 33E-O 1 (-bb ·- 78 E-2 2b0 E-2 

I I -1 :! 3 2 . o4[-04 
f<o-140 ~.bl)E-01 ( l 0 +- 13 E-1 •3 E-1 
Cs-1.34 9.90t:.-Ol ( -•9 +- 78 E-2 260 E-~ 
f:: "-1 06 9' SlE-01 ( 77 ·- :;a E-1 t 'jl 0 E-t 
Cs-137 9.99E-U1 ( .. +- b.? E-:.? 220 E-2 ... 
Ac;i-110M 9.72(-01 ( lE..8 +- 97 E-2 320 E-2 
Zr-v~ 8.9:.E-Ul ( 1 0 +- 12 E-1 "1 E-1 
Co-~S 9.03E-01 ( 3~ +- 7!i E-2 2~0 E-2 
l"lt1 -:,.:i \J Tit- 0 l ( - l ';7 +- 73 E-2 2t\ 0 E-2 
~H Th22l! 1 . DOE 00 <-53 +- 3~ E-1 140 E-1 Tel-132 1.0YE-ul ( 78 +- 38 E u 130 E 0 
F ~-'!,9 B .~2E-6• ( 2~ +- to E-1 453 E-1 
.!ri-e.~ 9 71[-Ul ( 19 +- 17 ) E- 1 5'/ E-1 
Cc -6C Q 96[-(il (-2 +- 11 ) E-1 "3 E-1 ... 
" -4U 1 .OUE -0 l' ( 9~ +- 14 E IJ '42 .l u 
Sb- i:'.4 E: 8..., E -tl 1 ( 1 

,_ 
~3 E-1 77 E-1 Nc1e~ 

• i:.c ' • v i '~ Q :- ea' e,.. 't• •n 3•s1•ndc1•C1 de111•t1on .. f'e-.H a .. cud J ·A.,proved by 
I De- c "v co1r~cr1on 1 es.s t '1 • n . 0 1 

. ~··· Re·po:-r1n9 lt:ivE- 4 t 0. 00 0 . . r • n 1.i 
I' . :;, ~ '. ' i ,_ • 

--=\~u•••~~-~. !or. 
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':'AEC 
Environmal'teil lab 

TA.BU: 3-19 

Y~N~[L ATOMlC ELELlRIC COMPANY 
~Nv!k0NMLN1AL LAEcORAlORY 

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

DOCUMENT NO. 81.\l 0 77 

PAGE NO, 48 of 59 - -

t.ust 0 ,.~:- · Nur lter t:.l"lergy ::ierv1c1Ps, lnc. 
At1•nne>n. ,.,.,__ JOHN R. MAY 

Report D•te: 03/t~/84 
An•lv111 D•te: 3 12 /84 
O•t• H•c•1ued: 2 /~~/84 

R•f•r•nce D•te: 2 123184 

E l • p s P c " i ,., @ 

HUCL I Dl 

·-----------------------------
Ltb S•"'P le No. : 

S•"'P lt· Subf'\J.1$1 on Code: 
Other An•lys11 Requesttd: 

Col'll"ltnt: 

ACTIVITY 
tONC. +- 1 SIGMA 

C Pico Curie I Kilu9r•"' 

Gt11J183 
NWC O~ 081::14 

AEc 
NES-W-2 

f'IDC 
l 

---------------------------------------------------------------------------Np-2J'>' . 
9.u:;i::-02 ( 413 +- be ) t:: 0 ~10 E 0 

Cu-~:- 'Y.79[-01 ( •• :? +- b2 ) E-2 210 E-2 ::e--144 ~ t30t-01 ( ~~ +- .. ~ ) E-1 1~0 E-1 c E: - ~ 4 ! !:3.4H:-01 ( 16 +- 12 ) E-1 39 E-1 
l'IO ·y't' l.Jlt::-01 ( -1(1 +- ?4 ) E 0 2SO E 0 
Sc -7~ 9 ~4E-01 ( •H +- B~ ) E-2 280 E-2 
-.r-~~ tl . 1 b[ - 0 1 ( 12 +- ~7 ) E-1 190 E-1 1 -1 3 i 4.96E-Ol ( . 1 +- 11 ) E-1 38 E-1 &e-7 8.9'7'(-01 ( ·Jr +- 57 ) E-1 \90 E-1 ... _, 
f\u-103 8.b7E-Dl ( -122 +- 69 ) E-:? 230 E-2 •I -13:!. 1.~~E-03 
E<•-140 b.'43t-01 ( 9 +- 11 ) E-1 36 E-1 C•-1J4 ,,9Jt::-01 ( 43 +- ?5 ) £-..? 250 E-2 Ru-lOb 9.85E-Ol ( e +- 5~ ) E-1 tao E-1 C•-1Jl 9.'f~E-01 (-b5 +- 6-f ) E-2 230 E-2 Ai;i-llOM 9. ?BE-01 ( 10 +- 86 ) E-2 290 E-2 lr -9:, 9. 1/E-01 < ·O +- 13 ) E-1 "3 ~-1 Co-~8 9.23E-01 ( 9e +- b" ) E-:? 210 E-2 Mn-::,4 9.82E-01 <-1 +- 66 ) E-i! 220 E-2 Aclh228 1 . DOE 00 ( 52 +- 32 ) E-1 120 E-1 Ttl-1J2 l . "7 b£ - u 1 ( 15 +- 21 ) E 0 '1 .£ 0 Fe-S9 8 82E-01 ( -. +- 1s ) E-1 so E-1 ln-b~ 9. /'/E-01 ( 10 +- 1? ) E-1 $5 £-1 C o-bO 9 9"'.'E-01 <-9:1 +- 99 ) E-2 400 E-2 + I( -40 1 . 0 UE uo ( -4j? +- es > £-1 2SO E-1 Sb-1 2 ~ 9 

l'fo1es. 
;or:.-01 ( -1 !? +- 17 ) E-1 '5b £-1 

• Pttk ls f o uno 
l l>ec •Ii correcr1on l f's s th .rn .01 Appr111ed b' Re~orT1nQ hvf l r • t >. o • 0. 0 0 0 

-~-~ 
E. L. L1uren10 
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'~AEC 
EftYirOnmlntal Lab 

TA.BU: 3-20 

YANK~r ATOMlL ELE~TRlC CO~PANY 
(NV .1 k tJNl'1t_NTAl. l.Al:40RATOR Y 

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

DOCUMENT NO. SlAl077 

PAGE NO • ...u._ of ~ 

C.et. 10 ,..er : Nucle•r tn•l"'OY $1!'1"'111ctts, Inc. 
An•nn.on f"ll< JOHN ;t, MA'I' 

Report D•t•: 03/1~/04 

An1ly'1' D1t1; 3 /2 /84 
D•t• M•c11ued: 2 /21/84 

Ref•r•n~• D1te: 2 /23/84 

L•b Sal'\ple No.: 
S•~Pl• Sub"'1's1on Code: 

.Oth•r An1ly51s Rtqu~st•CS: 
COl'\1'110': 

AGT IVITY 
C.OHC. +- \ SIGMA 

C Pico Cur1• I kiluqr•"' 

C-43184 
NWC O~ 08~.I\ 

All 
NES-W-3 

MDC 
l 

---------------------------------------------------------------------------
Np-2~9 9. O:it-02 ( 3 +- 8b E 0 .:!lj!O E 0 
c 0 -~';" 9. 7f?E-01 ( 19 +- ?9 E-2 :?bO E-2 
Ce-:4~ 9 t3GE-u: ( -1 ~"' +- St3 E-1 190 E-1 

Ce-:41 9.•1E-Oi < -1 e +- lS E-1 ~1 E-1 
"'" - c;" 1.31E-01 ( -134 +- 82 E u 270 E u 
Se-7~ 9.~4E-01 < 4 +- 11 E-1 37 E-\ 
Cr-~l 8 16E-01 ( 4 +- ?7 ) E-1 2b0 E-1 
I -131 4.9bE-O~ ( n +- 1b ) E-1 S4 E-1 

Ei•-7 tl.9.,.(-(Jl ( 203 +- 7t ) E-1 240 E-1 
'1u-103 8.67E-O: (-185 +- a~ E-2 :?~O E-2 

11 -1J3 1.5tH:":-03 
&•-140 6.•JE-01 <-II +- 1:; ) E-1 49 E-t 
Cs.-1.34 9. 9JE-O 1 ( -28 +- 90 ) E-2 300 E-2 
Ru-tOb 9. 85E.-O 1 <-101 +- 89 ) E-\ 300 E-1 
Cs.-137 9.99t:-Ot ( 1b4 +- 91 ) E-2 300 E-2 
Ac,i-110M 9.?8E-Ol ( -5 +- \ :? ) E-1 40 E-1 
Lr-9~ 9.1/E-01 ( s +- lS ) E-1 56? E-1 
Co -~8 9.23E-01 < -10 +- 82 ) E-2 2?0 E-2 
Mn -~4 'l.tl2t:-01 <-33 +- 89 ) E-:.? 300 E-2 
AcTh228 t.OllE 00 <-5S +- 4:? ) E-1 1?0 E-1 
ftl-132 1.7bE-01 ( 14 +- 2? ) E 0 89 E 0 
f'e-59 a.e:::E-01 ( 5 +- 1? ) E-1 ~~ E-1 
Zn-bS 9.7'/E-01 ( 29 +- 18 ) E-1 b1 E-1 
Co-bO 9.97£-01 <-28 +- 14 ) E-1 ~9 E-1 
IC -4U 1 . 0 OE 00 ( -22 +- 1S ) E 0 61 E 0 

Sb·t24 '1 lOE-01 ( -1 +- 25 E-1 82 E-1 
NOT•\: 
J Dtic•.., CO:"'!'"•Ct1on les i Thin . 01 

RepornnQ :eve! r<1t10 = 0. 0 00 Approu•d b~ 

~ \j ~ - 'J.._!t!l!!1--
E. L. Lt"ren10 
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Ground ~•ter 

------------------------------
3 62 

t: i a 

NUCL l Ll£ 

L • b ~ • l'lp l e No . . 
S•l'IP 11~ Sub,..as 1 on Codt: 

Other Analys11 Reque£tta: 
COl'll'ltnt: 

ACTIVITY 
CUNC. +- 1 SICMA 

C4J1B5 
NWG O°' 08&4 

Al:I 
NES-W-4 

MDC 
l Pico Curie I K1l0Qr•ft J ---------------------------------------------------------------------------~p-:;~c Q . u'5t:-e:: < -a·1 

Co-~7 9.'.'9t-o: ( 38 
Ce-:44 0 .~OE.-e1 \ 38 
C.t:--141 8 AlE-C~ ( ., ... 
f'lo -'?~ 1.J1E.-Oi ( -3'4 
Se-7~ 9 ~4E-CJ1 ( 81 
Cr-~ 1 8 16£-0: ~ -'4~ 
I -131 4.9bE..-Ol (-1~ 
t-e-7 8 '4(0£.- 0 1 ( -~.-
Rv-103 8.67E-C1 ( -1 0"' 

• 1 -lJJ 1.5ti£-U3 
~•-140 b. 4 3E-O 1 c-10 
C1i-134 Cf.9.!E-01 ( 21 
Ru-10b 9.85E-01 ( 32 
Cs-137 Cf . 9.YE - 0 1 ( 49 
AQ•l 1 01'1 9.78E-Ol ( '46 
Zr-95 9. l?E-01 ( -1~ 
C o-~8 v.::?3E-Ol ( 19 
f'ln-!14 9.82E-01 ( 10 
At:Th228 1 . 0 0 E QC. <-6 
Te I - 1 J2 1 .?bE.-01 ( 4 
F e-~o 8 82[-01 <-? 
Zn·b~ 9.17£-01 ( -33 
Co-60 9 . 97E-O i ( 0 
I( -•O l u lJ( (Iv <-2 
Sb-124 9 1c1:.-c1 ( 23 

Not~i 
+ Pt• I< lS 4'ouno 
I o~c. y correct lOn lP~i ~ t1 •n . 0 1 

Pep or tine-; level r • t 1 o = 0' 0 0 0 

+- bb 
+- bB 
+- '48 
+- 13 
+- oa 
+- 97 
+- bb 
+- 12 
+- ~b 
+- ?9 

+- 13 
+- 8'4 
+- 60 
+- oB 
+- 88 
+- 12 
+- ?3 
+- e.e 
+- 34 
+- ~2 
+- 1 !i 
+- 17 
+- 1 0 
+- 12 
+- 21 

) 

> 
) 

) 

) 

) 

) 

) 

) 

) 

E. 0 
E-.:? 
E-1 
E-1 
E 0 
E-2 
E-1 
E-1 
E-1 
E-2 

E-1 
E-2 
E-1 
E-2 
E-2 
E-1 
E-2 
E-2 
E-1 
E u 
E-1 
E-1 
E-1 
E 0 
E-1 

~i?O E 0 
230 E-2 
too E-1 

44 E-t 
230 E lJ 
320 E-2 
220 E-1 

40 E-1 
190 £-1 
2b0 E-2 

'42 E-1 
280 £-2 
200 E-1 
230 E-2 
290 E-2 

40 E-1 
240 E-2 
23U E-2 
130 E-1 
?3 E 0 
~1 E-1 
58 E-1 
42 E-1 
47 E 0 
o9 E-1 

Approv•d btt 

-~~ -1\~ .:-.... ~ 

59 
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D•t• K•ct1vwd: :? /~7/B~ 

Refer•nce D•te: 2 /:?318~ 

Grouno W•ter 

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

COl"REC1'!0"4 

LI b S 1 "'P l e No , : 
S•~Pl• Sub~1•&1on Coae: 

Other An•ly•11 R•qu•s,td: 
Co~"•n t: 

ACTIVITY 
t;l)NC. +- 1 ~ICHA 

C4~18b 
NWC O~ 088-4 

AB 
NES-w-s 

C Pico Curie I Kilo9r1~ 
MDC.: 

] 

---------------------------------------------------------------------------Np-:;;:;<; 2.0SE-02 ( -1 1 ·- :?b ) E 1 8? E 1 Co-~7 ~. b 1£- 0 1 ( -1 b ·- b? ) E-2 2:?0 E-:? C.1. -: 4 4 Q.bst:.-o: ( 129 ·- ~l ) E-1 170 E-1 -.e-141 7.5bE-01 <-9 +- 15 ) E-1 •9 E-1 I'! u -90 3 78E:.-02 <-22 +- 2b ) E 1 87 E 1 Se-:~ 9.21E.-U1 c-2 +- tu ) E-1 J~ E-1 Cr -~ 1 7.:?0t-01 C-Sl +- ?7 ) E-1 :?bO E-1 I - 1 .! 1 3.2~£-IJl ( 23 +- 22 ) E-1 ?2 E-1 rf: -7 8. ~3E-01 ( -1 o4 ·- bb ) E-1 2:?0 E-1 P.u-1 ~3 7 94E-01 ( 12 +- 90 ) E-2 300 E-2 il -133 3.0JE-0~ 
l<•-140 4.91E-u1 ( -1 +- 18 ) E-1 bt E-1 c~-134 9.BSf:.-01 C-171 +- 91 ) E-2 300 E-2 Ru-100 9.?bE-01 ( _,, l +- ?~ ) [-1 :?~U E-1 Cs-137 9. 99E-O 1 < -11 e +- ea ) E-2 290 E-2 Ao-1 lOM 9.b"4E-Ol ( 13 +- 1 l ) E-1 lb E-t z~-9~ 8.o9E-Ol ( 11 +- 17 ) E-1 :ib E-1 Co-'58 8.7YE-Ol C-42 +- 8? ) E-2 290 E-2 Mn-54 Q,71E-01 C-8-4' +- 84' ) E-2 2tf0 £-2 Ac Th2.'.?8 l . 0 UE 00 ( J6 +- 3? ) E-1 1•0 E-1 TeI-132 b. 07E-02 19 +- 83 ) E 0 :?80 E 0 F'e-~9 8. 17E-u1 29 +- HJ ) E-1 ~1 E-1 Zri-b~ 9. b3t-01 29 +- 1b ) E-1 ~2 E-1 t. 0 -6 (J C?.9:.E-01 ( 10 +- 13 ) E-1 ~~ E-1 .... -•O 1 . 0 0 E 00 <-b +- 12 E 0 4'q E 0 Sb-12A 

Nol~s. 
8.tiUl-01 c-e +- 23 ) E-1 ?B E-1 

I Dl'C•v correc11on le'is Th•n . 0 1 
~ep or r lng l e11e 1 r IT 1 0 .. 0.000 Appt'OHd bv 

--{~ J fl:. --<a:Zl 'A,,_~ -
s:- I a""•" 9 • 
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Cw• 1 o11ter : Nvc le•r En1tr g y Ser 111c••, Inc:. 
Att•nt1on: Mk. JOHN R. 11AY 

c,.ound w.,.,. 

R•port D•t•: 0~/04/84 
D•t• l•c•1 HCI: 2 /2'7/84 

------------------------------
LAE<. No. OATE 

ACTI IJlTY SAMPLE COCE of VOLUtlE NUCLIDt. CO~IC. +- t SIC11A ttDC REF'Efi(ENCE ANALYSIS I< Q { Pico Cur a I K1lo9r•"' ---------------------------------------------------------------------------• El•J1B~ 2 /2J 4 12 0. 24~ Ec•t• 12S9 +- 22 >E-t 24E-l NWG 0 1 0864 
Alph• <-~ ·- 28 >E-t 93E-t Co """"•n t: NE S-1.1-1 

• 14<43183 ., 
/;?3 3 120 O.•e~ Bet• ( 208 +- JJ >E-2 "41E-2 

.. 
NW~ 02 0884 

Alph• <-41 +- 36 >E-2 t~OE-2 COl'll"l•l'lt: NES-1.1-;? 
• &-4;,s184 ., /23 3 /20 0.489 li•t. ( 192 +- JJ >E-2 46E·2 

.. 
NW(; OJ 0884 

Alph• ( 13 +- •• ) t::-2 120E-2 COl'IP'lff\t: NES-1.1-3 
• Et4J18~ 2 /23 3 120 0.488 &•t• ( 303 +- '34 >E-2 "46E-2 

NIJ(; 0 '4 0984 
Alph• <-39 +- 34 >E-2 120E-2 - Co""""ent; NES-w-~ 

• ~4 31 Bb 2 123 3 120 0.488 lc•t• ( :?'66 +- 34 >E-:? 46E-2 
NI.IC o~·oee4 

Alph• ( 13 +- 43 >E-2 120E-2 Co,,,..en1: NES-w-~ 

Notes: 

• Ac111111y is qr~•Ter 1h•n 3•~T•nd•rd devi•tion 

Appr ~ "•d b V 
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•·COMPARATIVE COMPILATION 

PREVIOUS SURVEY AND SAMPLING DATA 

Rad1olog1caJ surveys were performed at the site by the following agencies 

(Ref. ll durmg tht- course of License termination in the 1970•s. 

~YSDH 

11..JYSDEP 

CPC 

DOH 

"-Juc;ear ~velopment Corp. of America (UNC) 

~ew York State ~pt. of Health 

~w Yorio; State ~pt. of Environmental Prot~ion 

Camo PolJutJon Control, lnc. 

CX;tchess County Dept. of Health 

19'6-'7 

19,9-7.5 

1970-7' 

1980 

1962-69 

The~ surveys .i.ere pcrtorme<j on the property immediately adjacent to the Ja.ke, 

where the l'NC buiJdi11gs and structures &re situated (see Figure 3-2). Samples 

11rere taken in this area of water, vegetation, soil, fish, wildlife, and the air. 

A comparison of the resuJta.nt termination survey data ha.s be1!n made with that 

coJJec~ and detail~ in SKtion 3 by NES during February, J 984. 

Table 4-1 compares ~ES radiation readings to the levels found by aerial survey in 

May of 1980. In all area.s except the Wa.ste Storage BJdg., NES values are 

essentiafly at background levels as noted by EG&G. The Waste Storage Building 

contains floor level radiation well in excess of background contribution and 

normal statistical deviation. At the writing of this document, no data was 

availa.ble for a room-by-f'oom comp&rison of NES data to whatever ground level 

radiation surveys, if &ny, were ta.ken during the 1970•s. 

Table 4-2 shows results of soil sampling by NYSDEC and NES in identical grid 

areas outside the Plutonium Building, as weJJ as additional soil samples. 

Table ~-3 dt-tails data colle-cted pertaining to aquatic vt-getation a.ampJes 

obtained by '-JES as compared to data for local vegt-tation of alJ types (both land 
and aqua t 1c ). 
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Table 4-4 hs~ the comparative radiological data for water samples at the 

facility. 
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TABLc ._1 

MEASUR.£0 AMBIENT RADIA TJON AND LOOSE ccwr AMINA TION LEVELS 

Location Survey Performance 

Engin~ri;;g Bidg. 

Stueld Mock-l:p Bldg. 

Multiple Failure B;dg. 

Plutonium Bldg. 

CriticaJ Facility 

V.'aste [)1sposal Bldg. 

Generator Shed 

General Grounds 

Background Levels 

CeneraJ Grounds 
Aeria.J Sul"'\'ey • 

~ES 

NES 

NES 

NE~ 

NES 

NES 

NES 

NES 

NES 

NES 

EG&G 

1s /r using scintillation counter. 

2/84 

2/84 

2/84 

2/84 

2/84 

2/84 

2/84 

2/84 

2/84 

2/84 

'ISO 

Ambient 

Radiation 

Levels 

10-14 IJ R/Hr. 

11-17 IJ R/Hr. 

l2-171JR/Hr. 

11-22 IJ R/Hr. 

10-2' IJ R/Hr. 

11-29 IJ R/Hr. 

1.S-2',000 IJ R/Hr. 

7-14 I.IR/Hr. 

J 2-24 1J R/Hr. 

8-24 1J R/Hr. 

6-lUJ R/Hr. 

Loose 

Contamination 

Leve1s1 

228-2'6 DPM 

220-270 DPM 

206-261 DPM 

242-26' DPM 

211-lU DPM 

236-211 DPM 

222-336 DPM 

214 DPM 

?12-2&0 DPM 
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l::I H TARLE •-7 
SOIL SAMPLf COMrARISON 

m nPM/Rm Surv"y ()PM/f!:m IWM/gm ()PM/gm Tot<ll location ld"ntification Pu - dry ~!:O_<;o;<l <;ro-.o; ti <.amma Comm«-nts z 
-~- ----- ----- . . .. ... - - g Grid I I NYSnFc J/11/7"> n.t.3 . (Fig. 1-1) 

JI 
NYSnEc lf/2'/lS 0.11ll, .. ,, 1 . . . 

'" 
NE.S 2/2 J/!4 - 0.19 

0. ''* 0.50 • 3'/-35 M"sh z 
"' :D 

Grid 12 NYSOEC J/23/75 L6J - - Q 
-< 

(Fig. 3-J) NES 2/21/8• - O.llO 0.59 0.lf 7 
~ 
JI 

Grid IJ NYSOEC l/2J/7"> 1.19 - - - a (Fig. J-1) NES 2/2J/8lf - 0.52} 0.68 o. ~8 
en Grid fr, NYSOEC J/21/75 ).6 - - -
~ 

(Fig. J-1) NYSOEC lf/2';/7'5 0.262/2.U - - - +H/-J} Mesh NES 2/23/H - O.lf 59 l.O• 0.65 
Grid l•a .. 
(Fig. J-1) 

0.072/).72 - - +3'/-Jj Mesh 0.60) 1.19 0.6• 
Grid f 'j NYSOEC l/2J/75 0.87 - - - § (Fig. J-1) NES 2/2J/H - o.u J.OJ 0.69 

i 
"' 

Grid 16 NYSOEC 1/23/7' O.H - - - ~ 
(Fig. J-1) NES 2/23/311 O.JU 0.96 .. - 0.66 

> 
~ Cl 

"' 
Lake Sediment NYSOEC 11/26/7• 0.075 - - -at Oam and 

r /~ 
Lake Outlet 

NES 2/21/H - O.ll-0.9' 0.19-1.22 0.61-0.&2 
0.5 Mi due NES 12/'J/IJ - 0.,6 1.20 1.26 WPSt of 

,.. ~ 
Lake 

... , 
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-
VEGETATION SAMPLE COMPARISON 

Ret1.1JU, DPM/gm Location Survet fdenti!ica t.iof! Cross a Cross I Tota.IX 
Crit1ca.J F aciJ1 ry 

& Pu Lab Area NOA (UNC) 2/24/'6 690. 
General Grouncls NOA (lJNC) 10/2'/'6 106. 

' 
General Grounas ~DA (tJNC) lf29. 
Aquatic Vt"getat1on NOA (L1NC) 10/26/56 ,,7, • Aquati~ VegetatJon ~DA (UNC) 3/21/'7 7,,09. 

• 
Aquatic Vegetat1o"'I ND.A. (LINC) '4/30/'7 !39. 
Aquatic 'lt'getation NES-\'-7 2/23/84 0.,29 o.a,, o.oa 

i r..Es-v.g 2123/84 O.JU o.'2' O.J 18 
~ES-V-9 2/23/84 0.,03 J .906 0.1.S7 

' NES-V-10 2/23/84 0.977 1. 318 0.431 
0 • .5 M1. due \Lest NES-V-2 12/,/83 0.1'9 J.310 . 0.JlfO t o! Lake 

t 
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1 

l 

l - Gross Gamma 

2 - Total Gamma Isotopic From S~tion 3. 

3 - MDC = Minimum Dete-ct&ble Concentration 



1 

l 

I - Gross Gamma 

2 - Total Gamma ls.otop1c Frorr. S~tion 3. 

3 - MDC = MinJmu'n Detect&bl~ Concentration 
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t.i.2 Ur-.;RESTRJCTED RELEASE CRJTERJA 

The unrestricted release criteria against wh.ich these readts may be judged 
consist of: 

A. Plutonium Concentration 

in soil - New York State/NRC :!_ 2 DPM Pu/gm dry soiJ 

B. Radiation LeYels m 

Unrestrict~ 

Areas - JO CFR 20.J0.5(bXl) :< 2 mR/hr 

C. Removable Surface 

Contamination - Reg. Guide 1.86 :< 1000 dpm/J00cm 2 

J. DISCUSSION OF Rf.SUL TS 

During t~e cour~ of performing the contracted scope of work, NES discovered the 

existence of a localized area in the l'aste Storage Building concrete floor that 

contained fixed residual radioactivity in excess of the Limits established by the NRC 

J 982 guidelines for unrestricted access. This finding was reported to the National 

Park Service (Ref. 4) which in turn reported the finding to the NRC. 

It is NES' re-commendation that this residual radioactivity should be removed, 

packaged and transported to a licensed commercial disposal facility. 

NES performe-d a very limited scope of sampling, analysis and radjation surveying. 

Except for the fixed radioactive contamination found in the Waste Storage Building, 

NES' efforu djd not uncover any other re5iduaJ radioact.ivity in excess of established 

limits for unrestricte<! access. However, due to the limited scope of the investigation, 

the data is .inadequate to conclude that, once having decontaminated the "&ste 

Storage Building, t"ie ent.re site is frtt of any remaining residual radioactivity. 
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APPENDIX A 

DATA FORMAT AHO MINIMUM DETECTABLE CONCENTRATION VAL.UES 

LABORATORY SAMPLES 

Numerical values presented in the data tables are stated in terms of a computer E 

format. a format utilized to denote a power of 10. A datum quoted as 6E-02 should be 

IJ'lterpreted u 6 X 10·
2

. The concentration value and iU associated 1 sigma 

uncerta1ntv for a particular radionuclide in the sample &re stated in parenthetical 

form. A datum stated as (6.:. 2) E-3 should be interpreted as 6 X 10·3 ! 2 X 10·3 • 

All ~m1mum Detectable Concentrations (MDC), concentration and l sigma (61%) 

uncertainty values have ~n rounded to at lea.st two significant dig.its. In au cases, 

the radionuclide concentration (whether positive or negative), one sigma uncertainty 

and t"ie MDC values have been tabulated for each sample. 

The quoted uncertainty term d~~ not represent the propagation of all possible errors 

assoc.ated with the analytical technique but only the random uncertainty associated 

with the radioactive dKay proces.s (counting statistics). Estimates of the additional 

systematic (S) and random (R) uncertainties are: Calibration curves (S), •'%; sample 

positioning (source to detector) (R), <!296; laboratory gravimetric or volumetric 

determinations made in the field by sponsor company personnel cannot be quantified 

and do not enter into the uncertainties quoted in this report. Information stated on 

the sample ~bmittal form accompanying each sample is taken "a.s is", with no 

rounding techniques appLie-d. 

In order to quote the ovt'!rall (both random and systematic) uncertainty of the final 

result at the 6!% confidence level only, the equation stated below should be utlUZed. 

Tota! Relative lJncertamty = tv(P) sx 2 + ' 0 (P) t 6j2 

3 
&nd for the 68% confidence level: 

S 2 
+ I 6J.2 

x J 
1/2 

1/2 
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Sx 1s the relative total random uncertainty 

tv<P) is student t statistic for the confidence JeveJ desired (tv(Ps61%) 

= I) 

0 
J is the relative upper estimate of the systematic uncertainty 

of the J ty~ 

~ n(P) 1.S vauate m a normal distribution for the confidence 

le'w'el dewed(~ (P:68%) = 1) 
n 

The MDC 'w'aJ...,es qwote<: l!1 this report are a posteriori based on the definition stated in 

Se-ction D-C8 of H.A,SL JDC with modifications to conform to NUREG's 0~72 and 0~'1.3 
date~ 1978. Each MDC value is determined according to the equation: 

~DC=-----
c 

where Ko is the value for the upper percentile of the standardized variate 

c:orresponding to the preselKted risk for concluding falsely the activity is present (a), 

K5 is the corresponding value for the predetermined degree of confidence for 

detectmg the pre~nce of activ 1ty (1 - S ). 

So is the estimated standard error for the net sample activity. 

C 1.5 the constant comprised of the various parameters needed to conve" the 

instrument's Lower Limit of DetKtion (LLD) (quoted in terms of CPM) to the sample's 

a posteriori MDC concentration (pCi/weight or voJume). 

When it is assum~ that the gross activity and background count rates are 

approximately ttie s.arne and Ka = Ke, the above equation reduces to: 

MDC= 

c 
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where 5t, is the observe-d background standard error • 

A.ccord1ng to the i.nstrument MDC re-quirements stated in NRC Regulatory Guide •.I, 

the KQ a.nc 1(6 values must correspcnd to the 9.5 percent confidence Limit. Applying 
these criteria, the &bove e-quat1on reduces to: 

4.66 • St, 

MDC= 

c 

L'nder the current tectmicaJ interpretation of the statistical criteria for the 

i!"lstrument LLD, the LLD vaJue should serve only LS an a priori estimate of detection 

capability for the instr:.Jmeritation and not as 111 absolute level of activity that can or 

cannot be detected. \1ultipJe determinations of a known activity anaJyzed for a length 

cf time sufficient to achieve a LLD equal to the known activity will show a normal 

distribution about the LLD. That is, fifty percent of the analyses wiU be distributed 

beJ0'1' the LLD and fifty percent wHJ be distributed above the LLD. However, ninety­

five percent of the analyses would predict the presence of activity. Therefore, the 

MDC vaJues are listed in the tables for the sole purpose of indicating that USNRC 

guides and possible plant o~rat1ng t~hnical specifications concerning MOC vaJues 

have been met. Other statistical tests or criteria should be utilized to determine if 

the stated coricentration 1s statistically different from zero or significantly greater 
than ba.seLne concentration. 
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""'ucJear Lake A Resource in Question", App&Jadtian Trail 
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Davia A. Richie 
united States Department of Interior 
National Park Service 
Appalachian Trail Projtct 
Harper• Ferry Center 
H~rper1 terry. West Virainia 25425 

Dur Hr Richie: 

The Nuclear Lake Manaaement Coanitt11 ha1 completed a 
review of the Nuclear !neray Servic11'(N!S) radioloaical 
studv of r:.c Nuclear Lake property. That reviev was 
des i1ne< .. .., det1n1ine whether all of the recomendation1 of 
the comniittee 1 Site Clearance Sub·Conaittee had been 
addressed. Upon completion of the review, we have 
aetermined that three radioloatcal t11ting reco111t1ndations 
have not, u yet, been undertaken. They are: t11tin1 of 
lake bottom sediment1, exploration of the lake bottom for 
barrels, and testing of the on-lot seweraae dispoaal 
systems. 

ln response, the committee formed a subcoanittee to 
develop recommendations for testina that would address the1e 
needs. Their recoanendations were di1cu11ed and approved for 
transmittal to your aaency by the Nuclear Lake Manaaement 
Comrn1ttee on June i6, 1985. Copie1 of the proposed testina 
progr&.1111 are attached. 

The comrr.1ttee is also concerned that the NES testing 
prograr.i did not include the locked vault in the Critical 
Facility. Prior to cloaina its tutina pro1ram, the 
National Park Service must see to it that thi1 vault is 
opened and its content• tested. 

The Nuclear Lake Hanaaement Committee will not be 
meetina until such time as the recoaaendations set forth in 
the attachments to thi1 letter have been undertaken or 
unle11 unusual circunastance1 merit a meeting. It 11 our 
intention to meet at an appropriate time in the future to 
discuu the co111Dittee' 1 future activitiu ar~d whether it can 
play 1 meaninaful role in plannin• for the future uae of 
this valuable resource. 

ea. 
Attachments 

. ' ~ ...... . . . .... ~ 



'4uc ltd r ldkt Mdndg""'tnt Commit l tt 
SubcOt1V11ittte on St'ptic Systel\ Testing 

R ecOtM1t"nc1atf ons 
Junt" 26, 1985 

~s per tt.iclear L•ke Mcinagenent Commlttt"e's r~ut"st, the subcOtnlftJttt'e h•s 
developt"d the following recommendations for tl"'ltlng the St'ptlc S)stens on 
tht" ttlclear Lake propert). 

Assumptions: This testing pr09ram ls bast"d on the •ssumptlon that Plutonium 
used at this facillt) •as inadvertantl) •asht"d into the subsurf•ce S)Stems 
that •ere designed to dispose of sanitary •astes •nd wash •ater. Further, the 
subcOfMlittee assumed that contamination •ould llOve through the ~onents of 
the St'ptic systen. Those c0111ponents Include; the dr•ln line, septic t•nk, 
St"J>tlc tank outfall, the d1strlbutJon bo~, le•ch f leld, and soils ln close 
pro•imity to the leach field pipes. EDTA •as used In the process of "•ashing 
du.n

11 

the f acilit) after the accident and during the dtccM111i11lonlng proceas. 
As a result of contact •Ith the Institute of EcoS)lt81 Studies, the 
subcommittee found that the use of this solvent •ould not lncre•se the 
potential for the migration of Plutonium b~ond the 1 .. edlate •rea of the 
leach fields. Plutonium adhears to soil P•rtlcles readily even trhen EDTA ls prt'st'nt. 

Testing recommendations: 

1. The septic tank should be locatt'd and uncovert"d. Samples should th~ be 
takt"n from the mouth of the Inlet plpt. ~ddf ttonal samples should also 
be takt"n from the residue in the bottom of the tank In the vlclnlt) of the 
inlet and in close pro•imity to the outfall. 

2. The distribution bo• should be locdtt!d if, indeed the S)Stem include such 
d structure. When locdted and uncovered, ScVnples should be taken frOftl any 
residue in the inlet pipe and from any sedl~ents that are found tn the 
bottom of the bo~. 

3. Tht> location dnd configurdtlon of the leach f it'ld ft.Jst be determined. 
8dst'd upon that determination, the piping system should be exhumed 
particular!~ at the e-treme ends of the piping system. Stt11Ultaneousl), 
soil ScVnples should be tdken ne-t to the pipe part1CY1arl) ln those •re•s 
adjdcent to the perforations or, in the case of cera11tc tiles, next to 
open j olnts. 

4. Shall°" soil test holes should also be dug adjac~t to the leach f leld 
pipes in a mannt"r designt'd to determine lf any migration has occured. 

5. Each sample 111.Jst be indext"d to the sampling location and tested for 
Plutonium. 

6. The results of this testing wJll all°" an anal)st to track the migration 
of an) contamination through the seiptlc system lf any were Introduced to 
the system. If contamination ls found ln the soil samples taken In the 
test holes •lthln the le•ch f leld area, It ""ly be •pproprlate to undert•ke 
further tl"'lting of the groundwater of this portion of the site. If, 
h011tever, no contan1nat1on ts found ln the s-.ples, •e should a1s1J1e that 
either no contaniindtes •t"re lntroduct"d or that any that •ere Introduced 
did not migrate to the farthest reaches of the systen and did not enter the groundwater system. 



I NTF':ODUC TI ON 

~ucle•r L~~e M~n•~ement Comm1tt•e 

Subcomm1ttde on L~•e T~st1ng 

F\ecommendtl'll cins 

:o June 198'.j 

Th1$ subcommittee w•s formed to present r•comm•nd•tions on 

two 5ep•r•te 1ssu~s rel•t1n~ to the cont•m1n•t1on of Nucl••r 

Le11 e: <l J The ~l let;ed dL1mp1n9 of bar-rels of w.nttt m•terial 

l" the li'le, 

int•.J the 

bu 1 l d 1 n ~ or 

e'lt~r-e .• ..::1+f€.'.-ent aet".?ct1011 methods, we w1ll reiport on thpm 



F.ECOMMENOATION 

re detect whether s1~n1f1cant amounts of rad1oact1v1ty w~re 
dumped directly into the laie. intensive s.ampl1n~ of the 
rad1oact1v1tv of the •urface sediments of Nucle•r L~ie 
should be carried out in the •reas ne~r th• Plutonium 
Fac1l1tv and the outfall of th• effluent p1p• from th• W~fite 
D15posal Bu1ld1n~. Add1t1onally. random s~mples should be 
ta~en el5ewhere in the laie. 

EXPLANATION O~ RECOMMENDATION 

M~ny r~d1~nucl1des, 1nclud1n9 plutonium, t•nd to attach to 
particles and $In~ out of solution when rel•ased into 
n~tur~l w~ters. Ther~fore. 1t 1s f~r more li~•ly that any 
plL1ton1um rele~sed into Nuclear Laie l~ now held in th• l•~• 
se~1ments. net 1n the l~ie wat@r: nor would we exp•ct the 
oluton1um to have w~sh~d out of the laie. ~ecause of thi&, 
pr-11?"101.1s s.ami;..Jes m~ar;ur1ng ttie rt11d1o•ct1v1tv of th• la~• 
~~ter are of 11m1ted use in determ1n1ng wheth•r the lake 
'""".:::1'-'.;:d <or" row contci\1ns> s1.~n1f1c•nt •mounts of 
r~c1o~ct1v1ty. Furthermor~. ther~ ~ppeers to h•ve been only 
~ '~~ tests of th~ r~d1o~ctiv1tv of the l~•e sediments. 
t~I ~n ne~r- the l~le outlet and th~ d~m. Becaus• plutonium 1s 
so in~oluble under most cond1t1ons. it 1s more la~•ly th•t 
1t woL1ld have remC\1ned net!'r the place th•t it •nt•r•d th• 
l~•e (prob~blv near the ~luton1um F•c1l1ty> th•n that it 
moved to the lale outlet. Ther•fore. we do not f••l that 
this tfdst1n1~ is sufficumt to 1tst..11bl1sh the •~:tent of 
rad1oact1ve cont•m1n•t1on of Nucle~r L~~e sed1m•nts. And w• 
~tronglv recommend that further t~st1n~ of sediments be done 
to ~eterm1ne whether Nuclear L~~e is cont•m1n•t•d with • 
s1~n1f1c•nt •mount of r~d1o~ct1v1tv. 

The two most 11~ely sources of r•d101sotop•• •t Nucle•r L•~• 
appear to be the explosion in the Plutonium F•c1l1ty on :1 
O•c l97i •nd th• d1schar9e of waste w•ters from the W•st• 
Disposal ~u1ld1n9 into the l•~e. Ther•fore, samplin~ should 
be concentr•ted ~n the are•s near the Pluton1um Facility •nd 
the outfall of the w•ste dispos•l pipe. L••• intensive 
sampl1n9 should be done ati on& moves •w•y from th••• sites. 
Although we suspect that cont•mination is most li~elv to 
occur in these areas if •nywhere, it would also be des1rabl• 
C1f feasible) to ta~e e::ploratory samples from other parts 
of the lale to confirm our suspicion. 

It 1 s 
e1bout 

not possible for u• to ma~e det•iled recommendations 
sampl1n~ methods WAthout Jnowin~ more about Nucle•r 



L•~• •nd lts SP.d1ment~. Nonethel~s• we ~~n off•r • few 
~u1d•l1n•s. S1n~e the rauac1sotope5 ware •dded to the l••• 
r•l•t1vely rec~ntlv~ it l~ very i1~ely th•t the h1~h•~t 
l•v•l• o4 r•d1at1on occur in the upp@rmost f•w t.•nt1mwters 
of sediment. lt is n•ce•u••ry to colll!c:t ••mpl•• o4 th••• 
surf•c:e sediments L1nmi::ed with dturper s•dun•nts to •••••• 
tne e:: ttmt o+ cont11m1 n•t ion of the la•• •nd the dw._rtt• of 
•~:po1ure to r•d1.at1on of the biot•, including people. 
D~pend1n~ an the tvpes of ~dd1ments found in Nucl••r Lake, 
•ppropr1ate samplin~ methods mi~ht include h•nd-held div•r 
c:ores or· .,rav1 tv cares t.i• en fr 0·:in1 • boat. 

Also. it is import•nt th~t the ••mplinq des1~n used be 
adeQu•t• to giv~ • 9ood est1m•t• of the •mount of 
r~Cloac:t1v1ty in the •reas that we thin~ may h•v~ been 
contam1n•ted. La•e sed1mantG are patchy in their phvsical 
dnd chemical properties, 1nclud1n~ their •bil1ty to hold 
subst~nc:es such ~s plutonium. Al~o. we c•nnot p1npo1nt the 
e~•ct loc•tions where r~d1onucl1des might h•v• enter•d the 
l~le, Therefore, we recommend that the •r•as ne•r the 
i:·1uton1\,.1m F"oi11c1llty timd the gutf•ll pipe from th• W•ste 
D1spo$~l bu1ld1n~ be "'i>am~ded thoroughly. IdtHlly~ •uch a 
sampling scheme will b~ des1~ned •fter an initi•l field 
c., • .1,...ve" of trio? b..-tr-.vmetry .arnd sediment char•c:terist1cs of the 
£1..1,...vey e1re.1, b1..1t we of+er the follow1n~ as •n e~:ample o4 the 
t hrJ,... 01..1yr-1ness o+ sr.1mp l ir·11~ the\t w~ .-r• recommeridi ng (see 
.:-•.tcicht:>a s1 etch mC1p1. S..-.nples coLdd be tai en Just below the 
0Jtf~ll +rom the Waste D1~pos•l building •nd in two 
cuncentr1c c1rr.:les r.-t d1tferent distances from the outfall. 
In ddd1t1~n. three SF.r1~s of samples could be ta~en near the 
Fluton1um Fac1 l1ty: •t the shoreline, perh•ps twenty to 
thirty +eet ot+shore, dnd at the bottom of the slope in deep 
wdter <to checl if cont•m1nated particles were w•shed into 
d~ep wat~rl. Wh~tever the des1~n chosen, it should be 
suf+1c1~nt to demonstr~te or deny w1th confidence the 
presence of rad1~act1ve contam1n~t1on in Nuclear L•~• 
sediments. Of course, if s1~n1f1c•nt contam1n•tion as found, 
•urther sampl1n9 will be desirable. 

F1n•lly. we point out th•t • la~e that h•s b••n cont•mtn•ted 
with r•d101sotop~s would be of great int•r•st as • research 
site to ecolo91cal r~searchers. A scientist interested &n 
environmental radiochemistry m19ht be will in~ to wor~ in 
cooperation with the NPS to conduct the r•commended survey 
of Nucle•r La~~ •t reduced cost. The NPS should explore this 
possib1l1 ty. 



INTROOUCTlQN 

Heresay •v1d•nc• indicates th•t th•r• 1~ • ne-.d to d•t•rm1n• 
1+ th•r• •re any~~ ~•llon dr·ums <"b•rrels"> on the bottom 
cf the l•~~. Consult•tion with divers •nd experts in th~ 
field of underw•ter •&•rch •nd recov•ry 1nd1c•te that • 
comb1nat1on of v1sl.1al •nd lnstrument•l se•rc:h c•n d•l•rm1ne 
tne presence of drums on lh• l•k• bottom. The best way to 
proceed Mt each st•~• is d•p•ndent on the results of the 
previous steps, For eKAmpl•, the l•~• bottom sed1m~nt 
test1n~ should be don• prior to this survey, so th•t if it 
does not turn up •ny concentr•tion of rad1oactivity then the 
r1sts involved 1n s•nd1n9 divers down •re prcb•bly low 
enou~h •• to be accept•ble. 

The co1rib1f"l~t1011 most 11•ely to succeed d•P•nds on the 
cond1t1on of the l•te bottom. Since the cre•tion of the 
l~~e left si~nif1cant quant1t1e5 of tree trun~s on the 
tQttom, then side-scan sontlr is not lik•ly to be helpful. 
S1m1larlv, th~ use cf ~ FOR <prec1s1on depth r•cord•r> is 
not l1~ely to worl for the ••me r•••ons. Underw•t•r 
photo9r~p~y c~n be used once • suspicious •r•• h•• been 
loc~ted, but this could result 1n hi9her coats. As •t•t•d 
~bove, 91v~n no evidence of l~~•-bottom rad1oact1vity AFTER 
~dLJ1t1onal t~st1ng, then allowing divers to invest19•te 
Should pose no unacc~ptable risls. Fin•llv. the use ~f • 
magnetotl'le-ter < :r=ns1t1 ve iTlet .al cJetector > is 11 i· el y to 
pinpoint drums <~nd d1~t1n9u1sh them from small~r met•ll1c 
waste obJe~ts> UNLESS there is a lot of 1ron-be•r4n9 rocl 
be 1 ow the 1 a• e bot tom which would tr· 19ger ~ l ar9e number of 
frlse pos1t1ve reports. 

i:\EC0'1MENDA i. I lJNS 
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T1·.;1t the lal1t-botto.n ~ed1ment test1n~ <rl1commend•t11lr1s 
submitted above> be done PRIOR ta the procEdur~s 
described herein. to help 1nd1cat~ the de~r~e o4 r1•~ 
involved in send1n~ d1vers down, If this test1n9 is 
NEGATIVE Cno r~d1o~ct1v1ty above bac:~ground level~>. 
then the ne~:t step to be t••~•n would be arr•n.zin9 for • 
div1n~ £'.:ped1t1on. perh•P• w1tt-1 photo9r•ph1c or 
m.:ignetometar eQ1.11pment •lon9, If thts testinliJ is 
POSITIVE <s19n141~~nt r~dio•ctiv1ty found>. then d1~P~s 
should NOT be e1sl.ed to enter the lake, •nd •ddit1onal 
wor~ should be done by instruments. 

That a Re~uest for Proposal <RFPI be lS&ued for • ~rid 
search o+ t~e l••e <upon completion o4 1tem 1 •bov•. 
as•um1n~ NEGATIVE results>. Th• intent of ~his •••rch 
would be to first locate potent1•l sites of drum• on t~e 
l~~e bottom. us1n~ on& or • comb1n•tion of •pproach•s, 



•• d•emed most ~e•s1bl~ by th~ responding oryan1:•t1on
1 •uch •s tht:> foll uw1 n.~: < • > 11nd•rw•ter photo~r~phy. <bl 

m•~n•tometer <~en11t1v• metal detector), or <c) div1n~ 
its•lf. Ttie F\FF st10L1ld ~pP.c1fy lh11t tt-.e ·~t.-•rch 
prccedure $hould concenlr•t• on th& ~r•a w1th1n Soo feet 
of the bu1ld1n~s •nd the •r•• b~tween th•t are• ~nd the 
d•mloutlet. Other •reas c•n b• spot-chec~•d <•.~·· 
northern •nd ~astern r•91ons of the l•~e). If the •buve 
~ppro•ches ind1~~t~ th~t a •usptc1ous ~it~ or s1t~G is 
found. tnf'n tht!' pos1ti1m should b~ lndicatl!d by 1na.r•~r 
buoys. dnd divers should 1nv•st19•t~ th• bottom •t ~lo•• 
r~n9e. t.af in~ su1t"1'bl1t prec•ut1on t1J a1101d d1sturb1n~ 
th• potent1~l probl•m •re•. The contr•ctor should submit 
• report of the site<s) located, with underw•t~r 
photo9r~phs 1f possible, includ1n9 map<s) &howin~ the 
m.arl<ed 9Wip1c101Js s1te<s), 1f ar.y, We e::pect this 
procedure can be done 1n two d•ys. with the contr~ctor 
Sl.1pplyir·1.) the requ1rP.d boat, diving •Pparatus, buo··s, 
instrument•t1on, 1nuur•nce cert1f1c•te. etc., 1n ~ 
11•ely co!it r.anqe ot '5 l!i(11) ta S 5, 1nu. Wtnle .lt mc1y be 
poasible tCJ "'PPll?C\J to loc•l diving clubs 4or hel~, the 
potent1~1 for r1~ls reQu1res both a waiver and proof of 
insur~nce 1n •ny cas~. The RFP should specify th•t, for 
the ~r~a 4or which w~ desire a clo~e se•rch, that grid 
spacin~ be defined <based on the choice of divers or 
instruments uised) 'io that •ssent1ally no bottom •re.a be> 
m1 ""sec i 1- t· cse por·t1ons of thoii> 11111 ~: this m.ay require 
3r-1u spac.1r11~ i:i+ .25 tu 6U feet. 

If ~ny c+ the orocedur~s u6ed in item : •bo~e do result 
1n IJru,ns be1ri1J locat~d. our &:~pert SOLtrces indicate th . .1t 
it sho~l~ be possible to report th•1r presence to the 
EFA c.ncj w1 th l n re•5on to •:<pect that we c111n dem•nd th•t 
the EF~ remove the drums Cit ~o"e,...nment e::pense, 

4. In anv case. the report o4 the ~rid survev should be 
iept on record •t the Dutchess Countv F•rm And Home 
Center, the New Vor~/New Jers•y Tr•1l Conference office. 
th• Appalachian Tr•1l Conference office, and the 
N~t1~n•l Par• Service AT ProJect off ic•. 



r,...,e sut:ico1nm1ttee w11ahes to th•n• t.hot.• peopl• who ••tust•d 
in df-velop1n~ thPfie rec:omm11:?ndat1·;n5. 1nL..l1.1cJ1n1~ M•rsh Si:ut>• 
Supply, Pou9hLeeps1•1 M1d-Hudson 01v1nQ Cent•r. ~ln~ston 1 ,.,,. ... :arlo Wr1~ht. sc1wnt1f1c d1v1n1;J r.onsult .. ntr Dr. F<uth 
Turn•r, M•rv•rd Un1vers1ty and Wood& Hole Oce•no9r•ph1c 
Institutes Or. Robert ~allard, Geolog1~t •t Woods HoleJ Or. 
Jon•than Cole, Aquatic M1crob1olo~1st, Inst1tut• of 
Ecosystem Stud1~s1 and Mr. Clvde Asbury~ gr•duat• student, 
Cornell Un1v•rs1ty. M<.;;st of those contlult•d h•1t• •:.pres5tr\J • 
w1ll1 ni;n11<1!il ~l:l be of further help 1 f rf!lquPst•IJ. frJr e::an1ple, 
in rev1•w1n~ the RFP prior to its rele•se. Additionally, 
the subcommittee requests th~t the Par~ Service review the 
RFP <•nd •ny contract dr•ft> prior 1o rel••s•, to d•term1ne 
i+ 1t meets the recommend•t1ons of the •xperts cont•cted. 

Subco~m1ttee members: 
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