
UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 2055$o4001 

Hr. T. Gary Broughton 
Vice President 
GPU nuclear Corporation 
Post Office Box 490 

!-larch 16, 1995 

Middletown, Pennsylvania 17057-0191 

SUBJECT: RESULTS Of PNL RADIOLOGICAL SURVEY Of THI-2 

Dear Hr. Broughton: 

5o- 31.0 

The U. S. Nuclear Regulatory Commission staff, in their oversight of the Three 
Hile Island Nuclear Station, Unit 2 (THI-2) cleanup, requested that the 
Pacific Northwest Laboratory (PNL) perform a study to independently verify GPU 
Nuclear surface contamination levels and general area radiation levels in the 
Reactor Building and the Auxiliary and fuel Handling Buildings (AfHB) as 
reported in your Post-Defueling Safety Analysis Report. The survey was 
conducted in No~ember 1993. PNL has completed the analysis and the results of 
their investigation is summarized in the enclosed copy of the report entitled 
"Verification of Oose Rate and Radioactive Contamination levels in the ·rnree 
Mile Island-Unit 2 facility". 

The measurements of general area gamma dose rates found that in November 1993, 
PNL recorded higher gamma dose rates than those reported by the licensee in 5 
out of the 20 locations, approximately the same dose rates in 4 of the 20 
locations and lower dose rates in 11 out of the 20 locations. Of the 14 
locations where beta dose rates W"re determined, PNL found higher dose rates 
in 2, approx imately equal dose rales in 2, and lower beta dose rates in 11 of 
the locations . In all locations surveyed, the licensee reported dose rates 
well below the goals for the locations. PNL surveys confirmed that the dose 
rates were below the goals 

The PNL study measured lower contamination levels. than those measured by the 
licensee in 19 of the 20 areas sampled. In one locatio~ the PNL measurements 
averaged about 50 percent higher than the licensee's measurements. The 
licensee had determined that 4 of 20 locations sampled had contamination 
l evels higher than the stated goals . These 20 locations were the reactor 
building, the makeup and purification pump room 18 , the seal injection valve 
room, and the makeup tank room. The PNL study confirmed .that contamination 
levels in the reactor building and the makeup and purificat ion pump room 18 
were higher than the stated goals, however, PNL found lower levels of 
contamination than the licensee found in the seal injection valve room and the 
makeup lank room. PNL determined that the licensee met the stated goals for 
these 2 locat ions. 

The results of the alpha surveys indicated that al pha-emitting contamination 
was a very minor component of th~ contamination in the areas surveyed and 
wi th in regulatory l imits. 
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PNL found that within the variation associated with instrumentation, 
methodology, and assumptions, the dose rate and contamination level 
measurements made i~ November 1993 provided reasonable confirmation of the 
measurements made by the licensee. The PNL study verified that the licensee 
conducted adequate and sufficiently accurate assessments of dose rates and 
contamination levels in the Reactor Building and the AFHB. 
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PNl found that within the variation associated with instrumentation, 
methodology, and assumptions, the dose rate and contamination level 
measurements made in November 1993 provided reasonable confirmation of the 
measurements made by the licensee. The PNl study verified that the licensee 
conducted adequate and sufficiently accurate assessments of dose rates and 
contamination levels in the Reactor Building and the AFHB. 
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EXECUTIVE SUMMARY 

The Three Mile I ~ dnd, Ur.it 2 nuclear power reactor experienced a loss of reactor 
coolant on March 29, 1 :J79 and the subsequent distribution of radioactive contaminatton 
throughout the reactor coolant system, the Reactor Building and the Auxiliary and Fuel­
Handling Buildings (AFHB). Since the accident, cleanup activittes have included 
decontamination of much of the AFHB as well as parts of the Reactor Building . 
Approximately 99% of the fuel has been removed from the reacto· vessel and the 
romaindor of tho facility. On August 16, 1988. the licensee. General Public Utilities 
Nuclear Corporation (GPUN) formally proposed placing the facility in a storage mode after 
the completion of the defueling process to allow decay of the radionuclides remaining in 
the facility. This storage mode, referred to as •post-defueling monttored storage• (POMSl. 
was approved by the NRC on December 28, 1993. 

Before placement of the facility into PDMS the licensee had set speciftc 
decontamination goals (dose rate and surface contamination levels) for all areas of the 
facihty and had performed measurement surveys to determine the degree of success in 
moettng these goals. Tho NRC staff, as part of their oversight of the TMI-2 facility and the 
cleanup proce5s, requested that the Pacific Northwest laboratory (PNll1ol perform a study 
to independently verify the licensee's measurements. PNl selected 19 locations or 
cubicles in the AFHB and one location in the Reactor Building to perform general area dose 
rate and surface contamination measurements. The general area beta and gamma dose 
rates were measured using ionization chambers that were similar to those used by the 
ltcensce. The beta surface contamination measurements were ~ade using instruments 
provided by the licensee. the same instruments that the licensee used for their 
measurements. Alpha surface contamtnation was also measured by both the licensee and 
PNl using the same scintillation alpha counter. The PNL and the GPUN procedures used to 
survey the locations for general area dose rate measurements and the surface 
contamination measurements were similar but not identical. 

Tho measurements of general area gamma dose rates show that PNL found higher 
gnmma dose rates than those reported by the licensee in five out of the 20 locations, 
approximately the same dose rates in 4 of the 20 locations and lower dose rates in 11 out 
of the 20 locations. Of the 14 cubicles where beta dose rates were determined, PNL 
found higher dose rates in 2, approximately equal dose rates in 2, and lower beta dose 
rates in 11 of the cubicles. In all locations surveyed, the licensee reported dose rates well 
below the goals that they had initially set . PNL surveys confirmed that the dose rates were 
below the licensee goals. 

The PNL study measured lower contamination levels than those measured by the 
hcensee in 19 of the 20 areas. In one location the PNL measurements averaged about 
50% h•gher than the licensee' s measurements. The licensee had determined that four of 
the twenty locattons in this study had contamination levels higher than the stated goals. 

(ol Paciftc Northwest laboratory is operated for the U.S. Department of Energy by 
Battelle Memonallnstttute under Contract DE·AC06· 76RLO 1830. 
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The PNL study confirmed that contamination levels in the Reactor Building and in Makeup 
and Purification Pump Room 1 B were higher than the stated goals, however. in the Seal 
lnject1on Valve Room and in the Makeup Tank Room. the PNL survey found lower levels of 
contamination than did the licensee. which did not exceed the stated goal. 

The results of the alpha surveys indicated that alpha-emitting contamination was a 
very minor component of the contamination in the areas surveyed and within the 
regulatory limits. 

PNL found that within the variation associated with instrumentation. methodology, 
and assumptions, the dose rate and contamination level measurements made in November 
1993 provided reasonable confirmation of the measurements made by the licensee. The 
PNL study verified that the licensee conducted adequate and sufficiently accurate 
assessments of dose rates and contamination levels in the Reactor Building and the AFHB. 

iv 



CONTENTS 

EXECUTIVE SUMMARY .................... . ........ • .................. .. iii 

INTRODUCTION . .•. . •... ............. . ....•.........•.•...... 

PROCEDURES . . . • . . . . • . . . . . . . . . . • . . . . • . . . . . . . . . • . . . . • . . . . . . . 3 

SELECTION OF LOCATIONS FOR SURVEY • . . . . . . . . . . . . • . • . . . . . . . 3 

INSTRUMENT SELECTION • . . . . • . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 4 

General Area Dose Rate Measurements • . . . . . . . . . . . . . . . . . • 4 

Beta Surface Contamination . . . . . . . . . . • . . . . . . . . . . . . . . . . 6 

Alpha Surface Contamination . . . . . . . • . . . . . • . . . . . . . . . . . . 7 

INSTRUMENT CALIBRATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

R0·2 Survey Meters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

CP Survey Meters . . . . . . . . • . . . . . . . . . . • . . . . . . . . • . . . . . 7 

Ludlum 2000 Beta Smear Counters . . . . . . . . • . . . . . . . . . . . . . 8 

Eberline SAC-4 Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

PROCEDURES FOR ROOM SURVEY • . . . . • • . . . . . . . . . . . . . . . . . . . . . 9 

Procedures for General Area Dose Rate Measurements . . . . . . . . 9 

Procedures for Surface Contamination Measurements . . . . . . . . . 10 

MEASUREMENT RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 

GENERAL AREA DOSE RATE MEASUREMENTS . . . . . . . . . . . . . . . . . . . . 12 

BETA SURFACE CONTAMINATION MEASUREMENT RESULTS . . . . . • . . . 13 

ALPHA SURFACE CONTAMINATION MEASUREMENT RESULTS . • . . . . . . 13 

DISCUSSION . . . • . . . . . . . . . . • . • . . . . . . . • . . . . . . . . . . . • . . . . . . . . . . 18 

INSTRUMENTATION ....................................... 18 

Instruments for Measuring General Area Dose Rates . . . . . . . . . . 18 

v 



Calibration of Beta Smear Counters . . . . . . . . . . . . . . . . . . . . . . 18 

GEf\ERAL AREA DOSE RATE MEASUREMENTS .................... 19 

BETA/SURFACE CONTAMINATION MEASUREMENTS . . . . . . . . . . . . . . . 19 

ALPHA CONTAMINATION MEASUREMENTS . . . . . . . . . . . . . . . . • . . . . 21 

CONCLUSIONS .......•.......• . .. · . . . . . . . • . . . . . . . . . . . . . . . . . . . 22 

REFERENCES . . . . . • • • . . . . . . . • . . . . . . . . . . . • • . . • . • • . . . . . . . . . . . 23 

APPENDIX A· MEASUREMENT OF RELATIVE FRACTIONS OF 
'

0SrPOV AND 1317Cs IN TMI SMEARS 

APPENDIX B • CALIBRATION OF LUDLUM 2000 DETECTOR 

APPENDIX C · GENERAL AREA DOSE RATE RESULTS 

APPENDIX D • CONTAMINATION SMEAR RESULTS 

\II 



INTRODUCTION 

Three M1le Island, Un1t 2 (TMI·21 is a nuclear power reactor located on the banks of 
the Susquchnnna River 1n Dauphm County, Pennsylvama. TMI·2 IS a pressurazed water 
reactor with a Babcock and W1lcox !B&WI nuclear steam supply system. which was 
designed to generate 890 MW (megawatts) of electriC power 12770 MW thermal) . 
Between issuance of its operatmg ltcense on February 8. 1978 and March 28, 1979, TM1·2 
operated about 95 effective full-power days. Operation ceased on March 28. 1979 after 
an inctdent occurred that involved a loss of reactor coolant and resulted 1n serious damage 
to the reactor fuel. When coolant was restored, rad1oact1ve contam1nat1on was d1stnbuted 
throughout the reactor coolant system and into the reactor bu1ldmg basement. Exposed 
surfaces and eqwpment in the Reactor Building and the Aux1hary and Fuei·Handlmg 
Buildmgs <AFHB) were contaminated with radtoactiv~ matenal conta1ned in the water and 
steam that escaped from the reactor coolant system. 

Smce the accident. the water released mto the fac11tty has been removed. extens1vely 
processed (to remove radtonuchdes). and evaporated . In add1t1on to removmg the 
contammated water. cleanup act1vit1es tncluded decontarnmat1on of much of the AFHB as 
well as the Reactor Bwldmg. Approximately 99% of the fuel has been removed from the 
reactor vessel and the remainder of the fac1ltty. 

On August 16. 1988. General Pubhc Utthttes Nuclear Corporat1on IGPUNl. the 
licensee for TM1· 2. proposed placing the facil1ty mto long term storage after the cornplet1on 
of the uefuehng process. Th•s would allow decay of the rad1onucltdes remaan1ng an the 
facthty and thus workers would be exposed to lower levels of rad1oacttvtty durmg future 
dccontanunat1on and decommissioning. This storage mode. durtng wh1ch the fac1hty 1S 
rnorutorcd by the licensee. 1s referred to as "post·defuelmg mon1tored storage" <PDMS). 
Followmg an 1n·depth rev1ew. the NRC approved GPUN 's request for pcst·dcfuelmg 
rnon1tored storage on December 28. 1993. 

Before TMI·2 entered PDMS. the licensee determmed that •t ,,.Jould be appropr1ate to 
set speclf1c decontarnmat1on goals for all areas of the fac1hty and perform measurement 
surveys to deterrnme the degree of success 1n meet1ng those goals. In addtt1on the general 
area dose rate: and contammatton measurements could be used to charactertze to the 
extent possible, the rernauung loose surface contam1natton and general area rad1at1on 
levels. Ttus character~zat1on would allow tl.e licensee to momtor changes 1n the lpvels of 
surface contarnanatton or 1n the general area rad•at1on levels over 11me. 

The licensee has s:.Hve\•ed each area in the Reactor Bu1ldmg and each cub1cle in the 
AFHB to deterrn1ne whether the general area dose rates and contammat1on levels are below 
the goals and to prov•de a baseline for momtonng changes durmg PDMS. These surveys 
have been performed at varaous t1me penods durmg the decontamtnatlon process The 



resulls ol each study have been published in the licensee's Safety Analysas Report (SARI 
for PDMS IGPU 1988. as supplemented). '•' 

The Nuclear Regulatory Commassion (NRC) staff as part of tuear oversight of the 
TMI-2 facallty and the cleanup process. determined that confarmatory measurements of the 
licensee's results should be made. The NRC requested that the Pacafac Northwest 
Laboratory IPNL) perform a study that would tndepenJently verafy the efforts of the 
l•censee an assess•ng the loose surface contaminataof' levels and the general area dose 
rates an the facellty. Pacalac Northwest Laboratory selected 19 cubacles lor areasl in the 
Auxallary and Fuel Handling Bu•ldings (AFHBI and one area an the Reactor Bualding to 
perform general area dose rates and surfucc contaminataon measurements that were 
equ•valent but not adentacal, to the methods employed by the licensee. The results of the 
measurements were then compared to the licensee's measurement results. 

Thas report documents the instruments and techniques used by the PNL researchers 
:n performang thas study, prec:ents the data that was collected and compares the PNL 
survey data to the licensee's data. 

IJ I Th .. Au!)u\t 16, 1988. SAR wJS ~upph.;d by •nfounilt•on corot, .. ne<J onlr:ttt:r) tJatctJ J,u .~;Jry 9, 1989 
iGPU 19S9.tl. f'chru,e• f 9. 191!9 (GPU 19~9tll, Ma•cn 31, 1989 IGPU 1989cl. J ur•-: 26, 198~ IGPU 
1989tJI. Octol•cr 10. 1989 IGPV 1989c). November 22. 1989 !GPU t989!l; June 2 1. 1990 iuPU 
1990al Oc tober 15 1990 (GPU 1990111. November 7, 1990 (GPU 1990c) , February 19, 1991 !GPU 
1!i91al Aptil 19 1991 IGPV 19910) J une 21 , 1991 !GPV 1991 r i, August 28. 1991 !GPU 199101. 
0 . t N·r ::: 199 1 !GP\J 1991 e l JJnu.tty 13. 1991 iGP\J 199111. J ,tt1uJr 1 i 8. 1993 !GPU 1993a), a111l 
t.!w :'B. 1993iGPU 1993ti1 
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PROCEDURES 

The purpose of the verificat ion s~udy is to perform general area dose rate and surface 
com.:smination level measurements in the TMI·2 factlity that are rndependent of the 
measurements performed by the licensee. and then to compare the rasults vllth the 
measurements made by the ltcensee. The general area dose rate and surface 
contamination levels prov1de an Indication of the amount of rad1oactive materrallocated rn 
each area. This in turn i<; 1nd1cative of the extent of the decontamrnation in each area 
when compared to pre-decontamination level readings. 

There wore f1ve major components to this study: 1 J select ion of the areas for 
survey, 2) selection of the instruments to be used to perform the survey. 31 calibratton of 
the instruments. 41 procedures for the usc of the instruments in the actual survey. and 
51 analysis of the data. This section descrrbes the f irst four co~ponents . The analysis of 
the data 1s d•scussed rn the "Measurement Results" sectton . 

SELECTION OF LOCATIONS FOR SURVE Y 

After the extens1ve cleanup efforts performed at TMI·2. most of the ·contamination 
concerns were focused on the Reactor Building and the AFHB. Other buildtngs were either 
sufficiently uncontamrnated to be released for unrestricted use, or the contammation was 
cons1dered to be well-understood and suitably contained . 

For the purpose of contam1nat1on characterrzat ion and control. the Reactor Buildrng 
was d1vtded rnto a number or areas. and approprrate goals were set for the general area 
dose rates and contamination levels of each area . In some areas, such as the Reactor 
Buildrng basement . due to the very h1gh genera l area rad1at•on levels and extens1ve 
contamrnatton, 1t was recogn1zed that there was no reasonable alternative to mamtatntng 
the contamination level "as 1s". In other areas i t was cons1dered reasonable to set general 
area dose rate and contammat1on level goals. and work to ac:hieve these goals. 

The Aux1l1ary Build1ng was divtded into 99 "cubicles" (m many cases. a cub1cle was a 
room; 111 others 1t was a general area such as the open area at the bottom of a st<~~rwell) . 

The Fuel Handling Bu1ldtng was d1vidcd into 37 cubicles . A small number of cub•cles were 
cons11Jered to be left "as 1s"; for most cubtclcs the followrng goals were set : 

• General area dose rate lmR/hl 
• Surface contammat1on for surfaces below 7 It overhead !dpm/1 00 cm' l 
• Surface contamrnatron lor surfaces above 7 It overhead ldpm/ 1 00 ern: ). 

Chapter 5 of the PDMS SAR !GPU Nuclear. 1988. as supplemented) deswbes the 
contdtnlllattOn goals and the measurements that were subscquentl v performed. 

The sclec t•on of areas for the verrf1catton survey w as based on the need to survey a 
vartety of loca ttons w •th vary1ng levels of contamrnatton rn order to rnH)Imtze systematrc 
btas The ltccnsec 's summary reports o f contamin<Jt1on levels that had been nrcvtously 
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measured 111 tho AFHB were g1ven 1n the PDMS SAR. Ti1ese reports were used to select 
several cub1cles w1th varymg amounts of contamination mcludmg several w1th low levels of 
contamination. several w1th high levels and several w1th intermediate levels. Locations 
were also chosen to provide a variety of expected dose rates. Floor plans were inspected 
to ensure that a variety of room configurations would be chosen. Accessibility was also an 
issue in location selection. Since PNL staff. were not respirator·quahfled, cubicles or areas 
with h1gh airborne contamination were ruled out. The one exception was the measurement 
made in tho TM1·2 reactor building where the actual measurements were performed by 
NRC personnel who were respirator-quahf1ed . 

The imtial hst of candidate cubicles was sent to the licensee for additional 
mformat1on regardmg the status of the selected areas. The licensee mdicated that three of 
the chosen cub1cles required the use of respirators or additional protective clothing due to 
h1gh a~rborne concentrations. or were inaccessible due to the presence of water in the 
cubicle. Because of the additional expense and dose required to survey these areas. the 
decis1on was made to chosP three alternate cubicles to complete the list. 

Table 1 lists tho cub1cles m the Auxiliary and Fuel Handling 8UJidmgs that were 
surveyed in this study. It also lists the area in the reactor building that was stud1ed . For 
each cub1cfe or area, Table 1 hsts an 1dent1fymg code that is used m the presentation of the 
data in th1s report. 

INSTRUMENT SELECTION 

This sect1on contains a description and comparison of the mstruments used by both 
the hcensee and PNL to measure general area dose rates, beta rad1ation from the surface 
contammat1on and alpha rad1ation from surface contammat1on. 

General Area Dose Rate Measurements 

The beta and gamma general area dose rates measured by the hcensee were 
obtamed usmg a., Eberhne R0·2 (or R0·2AIIOniZatlon chamber. The R0·2 and R0·2A 
ht-ve approximately 800 to 1000 mgfcm 1 wall and window covering. The scale of the RO· 
2 A R0·2A measures m un1ts of mR/h (rn1lhroentgen per hours) and has a sens1t1ve range 
of a few tenths of an mR/h to 5000 mR/h. 

PNL used a d11fercnt vers1on of 1omzat1on cham·ber. called the "CP" ("Culle P1e" or 
"~lT-n") , an Eberhne R0·38. The CP has a 400 mg!cm' wall and window cove11ng. The CP 
also has a scale that measures m un1ts of 111R/h with a sensit1ve range from a few tenths of 
an mR/h to 5000 rnR/h. 

The s1de and back walls of both the Eberl1ne R0· 2's and the CP's cyhnd11cal chamber 
... e constructed of a mate11al that st ops most beta rad1at1ons. ·The entrance wmdow of 
each detector chamber tS made of th111 mylar to allow betas to enter . There IS a removable 
plasttc shield for the detector entrance window that wtll stop low· and med1um·energy 
betas. Thus a survey IS performed by m.1kmg two readmgs. one w1th tho wmdow open 
and one w1th it closed. These two readmgs can be used to '>btam separate readmgs for 
penetrating and non-penetrating rad1a· on. 
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Table 1. Rooms Surveyed 

Auxiliary Building • Basement (280-ft Level) 

AXOOl 
AX004 
AXOOS 
AX006 
AX007 
AX011 
AX013 
AX018 
AX021 

Reactor Building Emergency Coolmg Booster Pump ,. ·ea 
Seal Injection Valve Room 
Makeup and Purification Pump P 1 C 
Makeup and Purificatton Pump It 1 B 
Makeup and Purification Pump It 1 A 
Auxiliary Building Sump Tank, Pumps and Valve Room 
Evaporator Condensate Tank Pumps 
Waste Transfer Pump Room 
Reactor Coolant Bleed Holdup Tank 111 A 

Auxiliary Building • Ground Floor (305-ft Level) 

AX102 
AX103 
AX113 
AX116 
AX118 

Reactor 6uilding Sump Pump Ftlter 
Motor Control Center 
Waste Gas Analyzer Room 
Mnkeup Tank Room 
3pent Fuel Coolers and Pumps 

Fuel Hnndling Building • Ground Floor (305-ft Levell 

FH103 
FH105 
FH112 

Sample Room 
Model Room 
Annulus 

Auxiliary Building • First Floor (328-ft level) 

AX218 Concentrated Waste Storage Room 

Auxilinry Building • Operating Floor (347-ft Levell 

FH304 Annulus 

Reactor Building (305-ft level) 

A8305 Area in front of Equipment Hatch 
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The use of both the CP and the R0-2 or R0-2A anvolves a few approxunatlon:. that 
should be clarafaed . Non-penetrating and penetratang rad1ataon usually are assumed to 
correspond to betas and photons respectavely, but some low-energy photons can be 
stopped by the front shaeld af'd some hagh-energy betas can penetrate the shteld. A 
fractton of the betas em•tted by ' 0Sr have energaes high enough to penetrate the shteld, so 
they wall contrtbutc to the •penetrating• component of the measurement. In thts report we 
usc the convention of spec;fyang gamma versus beta radtatton (the hcensee also used this 
conventaon tn survey reports). but it should be remembered that a small percentage of the 
·gamma· dose v.as actually produced by betas. 

Anothe• approxtmatlon is that the CP IItke the R0 ·2 or R0-2Al actually measures 
exposure (measured an roentgens (RI or mtlliroentgens (mRII. and not dose (rad or mradl or 
dose equavalent (rem or mrem) . For the types of radtatton encountered at TMI-2. 1 R is 
nearly equal. numertcally. to 1 rad and to 1 rem , so this report w1ll refer to dose rates whale 
at as understood tha• the quanttty actually measured was exposure rate . 

Beta Surface Contamination 

Surface conta 'ltnatlon was measured by tdking smear samples of the contamtnated 
area. th~;n cou"ltang betas em•tted by the sample. For countang PNL used tnstruments 
provtded by the hcensee lthe same tnstruments as those used by the hcensee for thou 
surveys) . Beta radtatlon measurements were made wtth a Ludlum 2000 counter. The 
Ludlum 2000 •s a sell ·contaaned counttng tnstrumcnt that can work wath several dtlferent 
detec tors . Both the licensee and PNL used an Eberltne HP-21 0 probe Ia ~pancake~ GM 
tube w•th a than maca wandow) for the beta measurements. The probe was pos•tloned at 
the top of a small lead cave to reduce background counts. The lead cave contaaned a 
drawer wtth a staanless steel planchet for hoiJang the smear sample. Thas arrangerrent 
provtded a low background count wtth a reproducabte geometr-r. 

Although the desued countang tune Lould be varied, the seater an the Ludlum 2000 
w as set to record counts over a 1 manute mtervat so that the recorded counts v. outd be 
cquavalent to counts per rnanute (cpml. These values w ere converted to dtsantegrat•ons per 
manute ldpml usmg an etftc•ency value that as appropuate for the beta·em•ttmg nuchdes 
present at TMI-2. The ratemeter's accuracy dctPuorated· at approxtmately 30.000 to 
50.000 cpm due t o dead tune • losses. Thus. procedures called for recountang hagh-
count rate s.Hnples (greater then 50.000 cpml wath an RM-14 meter equapped wtth an HP· 
2 10 probl! . 

! •I Dead tame as the amount of ttrre reouared f or the mstrument to recover from a count . 
Because a spcctl ac tntcrval of tunc ts requtred lor the anstrum<>nt t o recover lollowang a 
count. tho greater the nurnber of count s. the greater the ch'lnce that some counts arc 
bcmg massed De:~d 11111e does not affect the number of count s at low count rates 



Alpha Surface Contamination 

Alpha rad1atron from smear samples were m'!asured by both the ltcensee and PNL 
usmg an Eberltne SAC-4 counter I,Scmtrllat10n ~lpha .Counter! prov1ded by the licensee 
Tho SAC-4 ut1hzes a 2 -inch scintillation crystal for part1cle deteCtiOn. The det"ctor IS self· 
contained in the instrument wh1ch prov1des for sh1elr11ng of the sample . thus allowrng the 
sample to be counted rn a lower background envtronment. The sample to be evaluated 1s 
placed 1n a drawer thut sltdes rnto the detector. This setup allows the sample to be 
positroned dtrectly under the detector and prov1dPS a reproducible geometry so that the 
sample can be recounted 1n the same manner . The counter d1splays tr-•al counts. wh1ch 
could be converted to cprn by d1v1d1ng by the counttng t1me perrod. 

INSTRUMENT CALIBRATION 

The measurement results depend heav1ly on the methods used to calibrate the 
rnstruments. The methods used by the licensee and by PNL for.each of the rnstruments 
d1scussed above. are g1ven tn this section. 

R0 -2 Survey Meters 

The l1censee's procedures for cahbratir-- ot rad1olog1cal Instruments calls for the use 
of photon and beta sources traceable to the .• attOnal Institute of Standards and Testrng 
INISTI . Cal1brat1on of dose rate measuring instruments (such as the R0 -2 ' sl rs reQutred at 
a m1ntmurn of Quarterly to assure consistent, rehable and predictable response to rad1at1on 
levels. Cahbrat1on IS also required if an instrument does not pass a source check . or 
follow1ng repair . Cal1brat1on accuracy 1S requtred to meet the manufacturer's spec1f1Cilt10ns 
as a mm1murn . 

CP Survey Meters 

The CP rnstruments used Oy PNL staff were calibrated by the PNL cahbratron staff 
accord1ng to methods and procedures traceable to the NIST twc weeks before the 
measurements were taken at TMI-2. The calibrat1on of the Instruments was checked a9a1n 
the week niter the measurements were performed, and both 1nstruments were found to be 
exactly w1th1n spec1ftcat1ons Thus. there IS strong assurance that the mstruments were 
respondrng properly and gwong rehable dose rate readrngs durmg the n ·.lll-2 contam1nat1on 
study. 

Dose rates for penetrating rad1ation are found by makmg a reaorng w1th the wmdow 
closed (that IS, covered by the protective sh1eldl. The dose rate for non·oenetratmg 
rad1at1on IS found by takrng a readrng at the same locatton w1th the w1ndow open. 
subtracong the wmdn·.v·closed readmg . and mult1ply111g the defference by a correct10n 
factor . The correctoon factor v<mes dependrng on tho shape and SilO of the beta-em1ttmg 
source. tho beta energy. and the do stance of the source from the detector. For all 
measurements made tn th1s study, a correCtiOn factor of 2.5 was used. wh1ch corresponds 
to a largo·area source of ~~sr or ' 31Cs pos1t1oned more than 6 111ches away tram the face of 
the detector. 
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Ludlum 2000 Beta Smear Counters 

Three different Ludlum 2000 units were used in this study. The probes for all three 
units were carefully selected so that their re~ponses would be similar. These counters 
presented data in units of cpm. In order to determine the dc'iired units of dpm, a counter 
efficiency was applied. The efficiency can be mathematically defined by the following 
eQuation: 

where c = count rate lcpml 
f = eff1ciency 

c = (d. 

d = radionuclide activity (dpm). 

The dotect'>r eff1c1oncy depends on the geometry of the smear and the detector. on 
the energy of the betas. and on the number of betas emitted per disintegration. The 
geometry IS constant for a:l smears. so the selection of an appropriate efficiency value is 
based on the mix of radionuclides present on the counted smear. At TMI-2. beta radiation 
is produced almost exclusively by two isotopes. 137Cs and 90Sr. 

The licensee performed calibration studies for m es and 10Sr and found that the 
efficiency for beta rad1at10n was 0.20. The licensee's cahbrat1on study involved the 
collection of samples of 'nes and 10Sr. Tho samples were obtamed by collecting a11 
samples in the reactor conta1nment bwlding on thirteen d1fferent air f1lters. These filters 
were counted on a germanium detector to determme the 1l

1es and 90 Sr contents. The 
values were converted to units of dpm. They were then measured us1ng three different 
Ludlum-2000 unns to read cpm. The H1t1os of cpm to dJ-.n were all very close to 0 .20. so 
th1s value was adopted as the eff1c1ency value. 

The PNL staff used a diHmEo~t approach to determine the instrument ' s efficiency. 
Initially. PNL obtamed eight smears from TMI-2, and had them sent to one of PNL' s 
laboratories to determine the relative fractions of these two nuclides in the smearable 
contaminatiOn. Tho smears were placed on a beta spectrometer. and the recorded spectra 
were analyzed to determine the relat1ve fractions of 'l'es and &osr. A complete descnpt1on 
of th1s study 1s presented m Append1x A . The study showed that the two smears taken 
lrorn the Reactor Bwldmg had 74% to 78 % w es w1th the balance cons1stmg of 9 0Sr. A 
smear taken from the fuel handling building was s1milar. w1th 67% m es. The f1ve smears 
taken from the Aux1hary Bu1ldmg showed w1dc vanab1l1ty: two of the smears had very h1gh 
Illes components (89% and 99% 1: one smear was similar to the Reactor Bu1lding smears 
173% ' 31esl: and two smears had very low ll1es components 18% and 13%1. The fact 
that es/Sr ratios vaned from location to location would appear to dictate custom1zed 
efficiency factors for countmg smears m each ind1vidual room. However, because the 
following analys1s indicated that the efficiencies for 1 0Sr and 111es on tho Ludlum 2000 
counter are s1m1lar 10.44 versus 0.401. the error would be small1f a s1ngle eff1ciency were 
used for any m1xturo of the nuclidt!S. The uncertamty resulttng from th1s error would 
certamly be far less than the other uncertllHltleS assoc1ated with collecting smear samples. 
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In order to dctcrmme a s1nglc effiCiency. well ·characteozed sources. w1th 
rau.oactiVIty traccaiJie to NIST. were used m the Ludlum 2000 counters. Count rates. 10 
cpm, were determ1ned for several repetit1ve counts. Background count rates were 
subtracted from these to g•ve net cpm values. These count rates could then be d1v1ded by 
the NIST· traceable values of dpm for the eff1ciencies. Separate measurements were made 
for u'cs and ' 0Sr sources. A complete descr~ption of the calibration of these detectors 1s 
presented 10 Appendex 8 . The PNL measurements determined that appropriate efficiencies 
for these counters were 0.44 for countmg 90Sr and 0 .40 for counting ' 31Cs. 

The detector efficiency determined by PNL is significantly greater than the value 
dctcrmened by tho licensee. The reason for this discrepancy can be traced to a difference 
in convention for specifying activity in a beta source . PNL uses the convention of 
speclfy10g actevity only m terms of the parent nuclide. Stronteum-90. however. decays to a 
radeoacteve progeny, 90V. whech is also a beta emetwr. whereas the licensee uses the 
convention of report1ng the actevity of the parent plus the actevity of the progeny nuclides. 
For the case of 9 0Sr thes leads to a factor of two defference in the dpm that would be 
reported. For example. a 90Sr smear reported by the licensee to contiun 1000 dpm of beta 
act1vity would be reported as 500 dpm under the PNL scheme. In the experience of PNL 
health physec1sts. the convention leading to higher effeciencies and lower reported activeties 
is consistent with standard usage in the nuclear industry. Thus. the use of an efficiency of 
0 .40 is not inappropriate for thes study. However. the licensee's method leads to more 
conservateve estimates of contamination. For this reason. and in order to compare the 
contamenateon est•mates. the effeceency used by the licensee was adopted for the PNL 
measurements. 

Eberline SAC·4 Counter 

The hcensee calibrated the Ebe~llne SAC-4 by using a certefeed alpha source. eether a 
118Pu source or a suitable equivalent. The procedures for calibrating the Eberline SAC-4 
also call for u,ing a pulser to calibrate the timing. 

PNL also calibrated the Eberline SAC-4 counts by countmg a well·charactenzed 
source. A 71~h alpha calibration source was used. and the effec1ency was found to be 
0.24. Thes cfflceency factcr can be used to convert recorded cpm to dpm 10 the same way 
that the efleceencees arc used 10 the analyses of beta smears. 

PROCEDURES FOR ROOM SURVEY 

The procedures for the room surveys for both general area dose rates . and surface 
contammateon arc descusscd here for both the licensee's, and PNL's measurement teams. 

Procedures for Genernl Area Dose Rate M~asurements 

The licensee's general area radeateon surveys. for beta and gamma measurements 
were t<Jken by pos1t1oning the 10strument such that a 360 degree unsheelded 1ndecateon was 
observed . Measurements were taken at approxemately 1 foot . 3 feet . and 6 feet above the 
floor for approxerr<~tely every 25 square feet of floor area and not less than four survey 
poents per cub•cle or area In add1teon the area was scanned l or ~hot spots. M points of 
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S1gnlf1cantly htgllcr rad•atton levels than general areas. The detector was centered 1 inch 
from the surface and also at approximately 1 foot lif practicable) and the component or 
system was scanned. 

PNL's procedures for general area dose rate measurements involved the use of a CP 
to measure dose rates m each cubicle sampled. Upon entry mto a room. PNL staff used 
the CP to measure dose rates 1n a number of locattons. The 1ocat1ons for these 
measurements were chosen to map the general area dose rates over the entire room and to 
measure dose rates in the vicinity of items of interest in the room such as tanks, pipes or 
valves. In some cases "contactM dose rates were taken. Contact dose rates were found 
by holding the instrument withtn an inch of the surface or the item. For all dose rate 
measurements, readings were made by the CP with the wrndow open. In most cases, 
readings were also taken with the window closed to ftnd the nonpenetrating and 
penetrattng components of the dose. When the CP was used to ftnd the nonpenetrating 
component of the dose. the instrument was pomted in all d1rect1ons (at chest height) to 
find the h1ghest reading. Th1s was necessary to account for the many cases where betas 
came from a spec1f1c dtrection. In all cases. the highe:>t reading at a locat1on was 
recorded. 

Procedures for Surface Contamination Measurements 

The licensee took loose surface contamination smears every 25 square feet of floor 
ar-1a and 35 square feet of wall area below the 7-foot mark. At least 1 6 smears were 
t , per area or cubicle. Representative surface contammat1on surveys were also taken of 
th1.. •• .:JIIs above 7 feet and of the overheads. Smears encompassed 100 ern' and were 
taken using "moderate pres~ure" typrcally using long "S" shaped w1ping mo110ns. Smears 
were also taken at locatrons where the build-up of rad1oact1ve contamination was 
ex·pected. such as valves, pumps, drams, pump drrp pans, etc. The smears were placed rn 
envelopes or plastic bags. and transported to the countmg room. where they were counted 
using the Ludlum 2000 Bew Smear Counter. In tho event of n high count rate smear 
sample, tho licensee's procedures called for recounting the sample on a AM-14 meter 
equ1pped w1th a HP-2 10 probe. This instrument is a ratemeter that shows readrngs directly 
m cpm, which can be converted to dpm. However, because this technique drd not improve 
the dead time problem, 1t d•d not rmprove the measurement capability. 

PNL collected between 30 and 100 "mear samples in each room or cubicle. In most 
cub•cles thts was between one-fourth and one-half the number of locatrons sampled by the 
licensee. Locat1ons for surface smears were selected ba.;ed on either of two crl!erta: 

• approxunattng tho locatrons that had been previOusly smeared by the licensee 

• select1ng new· locations that could potcnttally harbor contamrnation. 

In actual pract;cc, there were very few locat•ons selecteo that had not been surveyed 
by the ltcensee. It was apparent that the licensee had been thorough rn selecting the most 
•mportant locat1ons for smearmg. The selec tiOn of smear locatrons was gu1ded by studytng 
maps of the cuh1cles These maps tndtcated the locatrons prev10usly sampled by t i-t• 
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licensee. PNL smear locations could not exactly duplicate the licensee's locations becauc;e 
of tho level of detail in the maps. Furthermore, it was undesirable to wipe precisely the 
snme area that had prev1ously been wiped, since the previous wiping would have had a 
decontaminating effect . 

The smear was collected by wipmg the area to be sampled w1th a 1. 75·inch·dmmeter 
filter paper. The filter paper was wiped in a cercular motion covering approx1mately 100 
em'. Tho PNL staff who collected the smears practiced their w iping mot1ons before 
collecting actual samples to ensure that a 100 em' area was correctly covered . The 
smears were placed into paper coin envelopes that had been labeled with the smear 
location, and then transported to the smear counting room. 

The srnears were counted on the Ludlum 2000 counters for one minute, so that the 
recorded number of count~ was numerically the same as cpm. The timer on the counter's 
scaler was a simple timer .v1th no dead time correction. so for accuracy it was important 
that count rates be low enough to produce msignificant dead t1me. Count rates below 
about 30,000 cpm needed no dead time correction, but at h1gher count rates dead t1me 
effects rPduced the accuracy of the measurement. Conversely, some of the smears had 
low count rates (30 to 40 counts) which resulted in a larger standard deviat1on relative to 
the count. 

Thirty·mne of the smears with the highest activities were also counted for alphas. 
Each of these smears was counted in the SAC-4 counter for on<> mmute. so the number of 
counts recorded on the scaler corresponded to cpm. 
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MEA SUREMENT RESULTS 

This sectiOn presents the results of the general area dose rate measurements and 
contammation mear measurements. Summary data tables arc presented an th1s secuon. 
and the dctailt:J measurement results are prov1ded in append1ces. 

GENERAL A REA DOSE RATE MEASUREMENTS 

A summary of the general area, gamma and beta, dose rate~ measured 1n the twenty 
cubicles is listed in Table 2. These arc the results of measurements made by PNL using a 
CP and measurements made by the licensee us1ng an A02. The f1rst column prov1des the 
list of rooms or cub1cles where the measurements were performed. The second column 
labeled "Licensnc Goal" 1s the value published m Chapter 5 of the l1censee's PDMS SAA 
(GPU 1988. as supplemented) as the licensee's goal for each room or cubicle. The 
measurements were performed to determme the degree of success m meeting th1s goal. 
Tlw column labeled "GPU PDMS" is the measured dose rate recorded by the licensee in 1ts 
routine survey. and published in Chapter 5 of the SAA IGPU 1988). This value IS the 
avnragc for all loc-auons 111easured m a given room. The coltJmns labeled "PNL Avg" 
(PNL 's Average! and "GPU Avg" (Licensee's Average) are the two values that should be 
compared to each other . The •GPU Avg· value was averaged over just the locat1ons that 
were used for the ~ !IJL measurements (the PNL measurements d1d not usually check all the 
locat1ons that wert 1 sed m the origindl pre·PDMS survey as prcv1ously diSCussed). Thus 
each "GPU Avg" value IS averaged over a set of measurements that constitute a subset ol 
the measurements used to land the "GPU PDMS" value. The columns labeleo "Aat1o" g1ve 
the ratio of e1ther the PNL gamma measurement to the licensee's gamma measurement. or 
the rat1o of PNL 's and the licensee's beta measurements. 

There were several cub1cles where a beta dose rate was not measured . In tht.:se 
cub1cles. general dose rates were so low that takang separate window·open and wmdow· 
closed measurements would not g1ve stat1st1cally s1gn1flcant data . It should also be noted 
that the dose rate measurements l1stcd in Table 2 were only for general area dose rates 
and not for contact dose rates. Contact dose rates arc much harder to duplicate. smce the 
prec1se posiuon1ng 1S Important. so these mca~urements were not mcludcdm th1s report . 

PNL found h1gher gamma dose rates than those reported by the licensee 1n f1ve of the 
20 cuh1cles stud1ed . PNL reported approxunately the same gamma dose rates m 4 of the 
20 cub1cles. and PNL reported lo·.ver gamma dose rates 1n 11 of the 20 cub1cles Of the 4 
cub1cles whe~e beta dose rates were determmcd, PNL fcund h1ghor dose rates 1n 2. 
approx1mately equal dose rates 1n 2. and lower beta dose 1tes m the other 11 cub1cles. In 
cases where PNL measured h1ghcr dose rates than the llconsce. the h1ghest reported rat10 
ol measured dose rates was 1 .3. 

A complete set of dose rates measured by the PNL survey IS presented 111 
Append1x C. Th1c; appcnd1x cont;11ns maps of the twenty cub1clcs w1th measured dose 
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rates shown at the locat1on of each measurement . It also contams tables compaung the 
PNL dose rates at each location with dose rate measurements made by the licensee. 

BETA SURFACE CONTAMINATION M EASUREMENT RESULTS 

The smears from the locatiOns in each of the 20 cubicles that were surveyed, were 
counted and the counts were converted to dpm usmg a r:ounter eff1c1ency of 0 .20 as 
previously discussed. Table 3 presents a summary of th :> smear results for betas. w1th an 
average dpm presented for each cubicle. The average dpm listed for the licensee is the 
value presented in Chapter 5 of the PDMS SAR !GPU 1988. as supplemented). The 
average dpm listed for PNL is the average of the smears taken by PNL ~taft . Detailed 
listings of all smear results for each cubicle are given in Appendix D. 

In 19 of the 20 cubicles. t .. e PNL study measured lower contaminat1on levels than 
those measured by the licensee. In one room (the Evaporator Condensate Tank Pump 
Room (AXO 13) the PNL measurements averaged about 50% higher than the licensee's 
measurements. At the other extreme. there were four cub1cles where PNL evaluated the 
contammat1on levels to be less than 10% of the values determ•ned by the l1censce. 

ALPHA SURFACE CONTAMINATION MEA SUREMENT RESULTS 

Of the 39 smears that were counted for alpha contammation. 30 of them recorded 0 
counts. 6 of them recorded 1 count and 3 of them recorded higher counts. Table 4 lists 
the non·zero counts. The complete listing of all the alpha smears is g•ven in Appendix D. 

Most smears that gave 1 count are likely due to background. and are probably not 
indic1lf ions of defimte alpha activity. The l1censee performed alpha counts on smears 
correspondmg to two of the locat1ons listed m Table 4 . the Makeup and Pur1f1cat1on Pump 
111 C Cub•cle !AX005l and the Makeup Tank Room !AX 116). The hcensee found that the 
MakelJP Tank Room !AX 11 61 smear was below the mm1mum detectable concentratiOn. but 
the Makeup and Puriflcat1on Pump Ill C Cubicle (AX005) smear was measured at 30 dpm. 
Thus. the licensee found a h1gher alpha act1v1ty at the Makeup and Punflcauon Pump 111 C 
Cubicle (AX0051 locat1on than measured by PNL. 

Three locat1ons. one m the waste Gas Analyzer Room !AX 1 131 and two m the 
reactor build1ng, gave alpha counts that arc S<l fficien tly above background to md1cate 
defiOIIO alpha aCtiVIty. 
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Table 2. Measured Dose Rates 

Gammo Bot• 

Lcensee GPU PilL GPU Gamma PNL GPU 
Goal POM5 Avg Avg Rallo Avg Avg Rallo 

Room mRih'"' mR/h .. mRih"' mR/h .. PNL/GPU- mR;h'-1 mRih .. PNL/GPU~ 

R .. otor Buoldtng <2.5 1.5 0 .3 0 .5 0 .6 N/A N/A N/A 
[~rgoncy Coolong 
Bootror Pump Ar .. 
IAX0011 

s .. llntochon Valvo <1000.0 116 94 80 1.2 48 44 1.1 
Room IAX0041 

Mol<wp ond Purofoco <500.0 8 4 s 08 15 17 0 .9 
toon Pump 1 1C 
(AXOOSI 

Mekoup """' Purolo· <500 0 58 76 61 1.2 47. :19 0 .5 
cotton Pump I 1 B 
IAX006J 

Makttup and Purolo <5000 37 30 34 0 .9 6 34 0 .2 
catoon Pump I 1 A 
!AX0071 

Auxollory Buoldong <50.0 8 7 .7 7 .4 1.0 2 2 2.8 0 .8 
Surnp TaN. , Puftl()l 

ond Vttlvo Room 
fi\X0111 

Evaporator <500 0 5 2 8 2 3 1.2 48 40 2 
Con-Jens•te Tonto. 
Pumpo (AX01 31 

Ylaste Tren .. 'ttr Pump < 5000 10 4 2 8 .2 0 .5 6.9 11 0 .6 
Room(AX0181 

Reactor Coolo•ll Bleed <500.0 18 6 .2 66 0 .9 1.4 2 .2 06 
Holdup Te'lk 11 A 
IA2X0211 

Reactor Buolclong < 1000.0 .;a 51 57 0 .9 19 46 0 .4 
Sump Pump F~tor 
IAX1021 

Mo tnr C ontrul Center < 2 5 02 <0 2 <0 2 l 0 N/A I~ IA IliA 
lAX lOll 

Wolle Gos Analv1or <500 19 3 7 80 0 .5 2 6 5 .2 0 .5 
Room IAX113l 

Mft•ovp Toni< Room <5000 60 so 38 1 3 N/A .. 4 N/A 
(AXl161 

Spent Fu..t Coolers < 2 5 1, 1 08 01 1.1 0 .0 0 .0 1.0 
end Pur~si.&X118l 

Somplo Room < 500 1.2 0 .5 05 1 0 00 3 0 .0 
lrlf!Ol l 
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Table 2. (contmued) 

Gamma Beta 

lacensee GPV Ptll GPU G ........ Ptll GPV 
Goal POt..tS Avo Avo RtiJO Avo Avo RetJo 

Room mRthw mR/h .. mRih"' mR/h .. PNLJGP'J'"' mR/h•• mR/h,. PtlLJGPU'"' 

Model Room <2.5 0 .2 0 .2 02 1.0 WA N/A N/A 
IFH1051 

Annuluo IFHI121 < 100 0 19 64 9 1 07 10 55 02 

Cone• meted W•••• <5000 15 6 .0 7.5 08 2.0 2. 1 1.9 
Stottgt Room 
IAX2181 

Annulut CFH3041 <500.0 0 .6 0 .5 06 08 0 .8 0 .0 NIA 

R .. ctor llulldong A••• <100.0 150 69 84 08 N/A NIA NIA 
"' hont of Equopment 
Hotch IRBJ051 

tel The hcent•• goel tor general dose rates foUow•ng decontOIT'IIIn.at•on ot each cub•cl• or room are pubbthed 1n the 
PO'AS SAR IGPV 1988. tt ouoplemrnttdl 

lb) Average ot the me•1u•ed doae rate recorded by the hcen••• m 111 ro ut•"• survey lr hshed sn the POM SAR 
CGPU 1988. •• supplemente<lll 

lei Av11ege of PNL meesu•emonto. 
(d) Aver•o• or the lecensee's measuremenls at the focet1ont ma•sured by PNL 
(et Retlo of It'• PNL measurcmena and the lece nsee·a meesurementl . 
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Tnble 3. Summary of Beta Smenr Results 

l•censee Pr~L 

Lu:ensce"s 
Smur Goal A"Ver•uo .Aver•gr PNL/LicoMee 

Room ldpml I Smear~ ldpml ' Smears ldpml R•too 

R•actor Butldcn; Emergei'\Cy <1.000 165 592 63 I 10 o.:a 
Cc;ohn~ BooSier Pump luu 
(AY.OOtl 

SeallnJtiCtaon 'l•lv• Roo'"" <50,000 26 68365 30 30000 0 .44 
IAX0041 

Mo~eup and Pullfitotoot> <50,000 57 39982 29 5500 0 . 16 
Pump II C (AX0051 

fJialc;eup 1rtd P\Hihc•hon <50,000 45 87533 36 83000 0.95 
Pump l iB CAX0061 

M•~ eup a'ld Purofocotoon <50.000 41 9195 30 2200 0 .24 
Pump II A IAX0071 

IHuthary Ou•ldtng Sump T .enk.. <5.000 30 3233 29 850 ':J.26 
PutntJ~ and \lat-..e Room 
(A..(0111 

Ev11pot&tor Condensate T•M < 1.000 84 133 30 200 1.48 
Pump• (AX0131 

VJ•'ile Tu"'sfet Purnp Room <50,000 GO 17233 30 5200 0 .30 
I~XOI81 

Reactor Coofof\1 Breed Holdup <50,000 195 1805 67 160 0 .09 
Toni. I IA IAX021J 

Reactor BwlrJ•nQ Sun1p Pump <50.000 2: 926' 25 4200 0 45 
Folter CAXIOll 

Motor Conftof Center <1,000 23 469 24 13 0 OJ 
(AX I OJ) 

w.ue G•s Atl4l'flll' Room <50,000 11 22380 30 6600 0 29 
(AX 1131 

Ma~oup T•n~ Room (AX116l <50,000 69 313652 27 2600 0 01 

Spont Fuor Cnofou or.J <1,000 60 1000 28 60 0 05 
l'un'Ps tAX I 181 

5on~j>le Room ffi!IOll .-so.ooo ]4 4029 30 3000 0 .74 

Model Room (f!OOSI < 1.000 60 101 72 19 0 19 

Annulus tHfl I 21 <50.000 53 3524 30 1700 0 48 

Cof"tentt4111ed V'/asre S1ot•Qe <50,000 so 1860 19 480 0 26 
lloorn IAX21 91 

At>nuf~ s tfH3041 <50.000 22 nos 25 720 0 .33 

AtdtHH fh.uldtng Area 1n fr ont <50,000 47 188577 26 75000 0 . 26 
of (qu•prnent14atth [R!JJO!il 
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Table 4. Recorded Alpha Counts on Smears 

PNL PNL 
L1censee Act1v1ty Count Rate Acuv1ty 

Cubicle Location (dpmJ (cpmJ (dpm) 

Makeup and Puro:ication Motor support of 30 4 
Pump Ill C IAX005J pump 

Makeup and , urif1cation Floor NT ' ' ' 4 
Pump Ill B !AX006) 

Waste Transfer Pump Floor NT 4 
Room IAXO 18! 

Waste Gas Analyzer On sh1elding NT 15 62 
Room !AX 113) 

Makeup Tank Room Instrument line < MDC 1• 4 
(AX116J 

Reactor Bwldmg (R8305J Floor NT 19 79 

Reactor Bu1ld1ng (R8305) On cart NT 4 

Reactor Bu1ldmg {R8305J Floor NT 4 

Reactor Bwldmg (R8305l Floor t;T 26 108 

(1) NT: No alpha count taken at th1s pomt 
(2J MDC: Mmimum detectable counts 
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DISCUSSION 

Descupuons of the enstrumentat•on, the procedures and the results of the 
measurements were gtven in prev•ous secttons. A dtscuss•on of the vartat•ons m the 
mstrumentatton and procedures used b; PNL and the licensee that had or may have been 
s•gn1f1cant en thts study •s g•ven below. An analysis of the sim•lanties and vanattons 
between PNL's results and the licensee's results ts also gtven. 

INSTRUMENTATION 

PtJL staff analyzed the Instruments used tJy the licensee. and m many cases used the 
same mstruments as the licensee. PNL staff also studied the licensee's procedures and 
determmed that the mstruments and procedures used by the licensee for measurmg 
contammat•on levels and dose rates m the plant were appropnate and adequatt: for the 
tntended purpose. The two rflator dtflerences between the licensee and the PNL 
tnstrumentat•on were 111 the use of mstruments for measurtng the general area dose rates. 
and m the caltbratton of the beta smear counters. 

Instruments for Measurinq General Area Dose Rates 

PrJL staff used a dtfferent mstrument for measunng general area dose rates than the 
mstrume11t used by tho ltcensee PNL used a CP. wh•ch ts routmely used for surveys at the 
Hanford s•te Tho licensee used the R02 (or R02A). whtch •s another endustry standard 
mstrument Both enstruments are stmtlar. except that the CP has a larger tOnlzatton 
chamber than the R02. Thts dtflerence O•d not affect the non-contact measurements of 
dose rate, but 11 may have lead to dtfferences m the measured contact dose rates. S1nce 
the effective center of the •omzatton chamber 1s posl!toned at a greater d1stance beh•nd the 
mylar w1ndow •r :he CP than in the R02 . !leta dose rates for contact readmgs would not 
be expected to be 1dcnt1Cal, w•th lower rcad1ngs expected tor the CP. 

Calibration of Beta Smear Counters 

The PNL study performed an mdcpcndent callbratton of the Ludlum 2000 beta smear 
counter. a·1d detcrmmcd counter e: hc1cnctcs that were roughly double the eff•c•enc1es used 
by the licensee . The reason for th1s d1Sagrecrnent 1s a difference en conventton for 
spec1fy1ng acttvlty m a beta source . If the nuclide decays mto a rad•oacttve progeny, 
repor tmg the acttvlty so that •t ts clearly understood tS 01fl•cult PNL usos the convent1on 
of spcclfytn') act•v•t'r' only tn terms of the parent nucltde. wherPas the lll.ensee used the 
c.;unvcntton of rcport1119 the acttvtty of the pilrent plus the acttv1ty of the progeny nucltdes. 
In the case of } ;Sr . whtch decays to 9~Y tal so a beta em1t1t:rl. th•s leads to a factor of two 
difference In the dpm that would be reported. a smear reported by the licensee to conta tn 
1000 dpm of beta act •v1ty would be reported as 500 dprn under the PNL sctlemc In the 
cxpcrumcc of PNL health physrcrsts. the convcmuon lead1ng to h1ghcr elf1C1cncws and lower 
reportctl ac tlvtttes •s conSIStent wtth standard usilge tn the nuclear tndustry. In add1t10n. 
the ltccnscc' s reported act•vttiCS arc conscrva'rvely htgher than PNL's. 
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The d1sagreement 10 the counter eii1C1enc1eS IS probably mconsequent1al as far as the 
compartson of the licensee's contamination surveys to the decontammauon goals set for 
entry mto PDMS. These goalc; were stated in terms of surface acttvtty, expressed 1n un•ts 
of dpm. The convention of mcludmg parent /progeny activity 1n the decontamination goals 
w;:;s the same as the converltton used 1n cahbratmg the counter Thus the determmat1on of 
smear act1v1ty was cons•stent w1th the convent1on used m settmy the goals. In relat1on to 
the goal of characteriZing the amount of contammation remammg m the fac•llty . the 
licensee 's reported acttv•ties are consP.rvatively h1gher than those esttrnated b ; PNL ustng 
methods that are standard usage m the nuclear mdustry. 

GENERAL AREA DOSE RATE MEASUREMENTS 

The dose rate survey gave good conftrrnattOn of the general area dose rates 
measured by the licensee !see Table 21. In all cub1c!es surveyed. the licensee had reported 
dose rates well below the goal. and the PNL surveys conftrmed that the dose rates were 
below the goal. PNL found htgher gamma dose rates m f1ve cubtcles and dose rates 
approxunatelv equal to the licensees m four others. The htghest reported rat10 of PNL ·s 
dose to the licensee's dose was 1 .3 . The methods used by PNL to obta•n the general area 
dose rate measurements were very St!T'tlar to those used by the l1censee. 

BET A /SURFACE CONTAMINATION MEASUREMENTS 

The PNL study measured lower contarn1natton levels than the ltcensee m 19 of the 
20 cubtcles . In the Evaporator Condensate Tank Pump Room IAXO 13). the PNL 
measurements averaged about 50ctc htgher than the licensee's measurements. 

It IS, in general , partiCularly d11f1cult to replicate smear surveys. PNL staff chose 
smear locat1ons based on maps that showed the locat1ons previOusly smeared by the 
licensee. In many cases. 1t IS likely that the locat1on smeared by PNL was a foot-or two 
away from the locat1on smeared by the hcensee. ContammattOn levels can vary 
S1gntf1cantly over thts d1stance due to the mechan1sm of contammat•on deposttlon or due to 
subsequent diSturbances. Some t1me had passed smce the prev1ous smeanng. and 1t IS 
poss1ble th,Jt the contammat1on was disturbed; and that the ftrst smeanng 1tsell was a 
small·scale decontanHnatton acttVIty. so there were opportuntttes for the contammatton 
ltvel '"undergo some changes. 

Subtl, . "llt1ons m the smeanng tcchntques of 1ndtv1dual ~ . such as pressure on the 
smear papt • • tile s•ze of the smeared area. can lead to large dtfferences m the quantity of 
matPrtal collected on the paper. F"lL staff w1ped the smears usmg a ctrcular patter . 
whereas tho licensee's staff t yp1cally used long S·shaped w1pmg motions. Both techmques 
arc common practiCes 1n the Industry. It ts likely that the two smcanng techniQLJeS resulted 
m dtfferent quant1t1es of collected matertal. 

There IS also an opportuntty lor tnaccuracy tn transoorttng the smear samples from 
the surveyed cubtcle to the countmq mstrument Both PNL staff and the ltcensee 
dPpos1ted the srnearc; mto paper envelopes. and tt IS poss1ble that some of the 
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contammattOn rnay have been anadvertantly daslodged from the paper dur.ng transit. or 
dunng ansertaon anto the envelope or removal from 1t . 

In snme cases. the counter ca~.:.~sed some d1ffcrences. All of PNL's smear !;amples 
were counted m tho Ludlum 2000. but for some cubacles the hcensee had counted sme~rs 
with an RM· 14 fr.sker . The count in tho Ludlum 2000 always lasted for 60 seconds. but 
smce the RM-14 as a r..tte meter tho count t1mes are shorter. The geometry of source-to· 
detector is also more d1fficult to keep constant with the RM-14. so it is possible that this 
C'luld lead to d1fferences in the counting. In some cases where the licensee used the RM· 
14 an low-contarninat1on areas. the recorded ave•age dpm could be larger than the actual 
true vnluo because tho lowest value on the rnte meter drat was 1000 dpm. GPU recorded 
that a number of smears contained 1000 dpm, which actually may have contained 
substantrally less than 1000 dprn, whereas tho PNL survey usrng the Ludlum 2000 would 
have the capabrln y for reportrng far lower readrngs. Thrs accounted for PNL's tendency to 
report lower contarnrnatiOnlovels in several cubicles. However. srnce the PNL study found 
lower contamrnat1on levels than the lrcensee's surveys rn 19 out of 20 cubrcles. tt IS 

probable that there were other d1fferences 1n technaques which accounted for the variation 
in recorded contammat1on levels. 

The hcensce had determined that four of the twenty cubicles surveyed an this study 
had contaminatiOn levels higher than tt:e goals. Three of these locat1ons were m the 
... ux11iary BUIIdmg. and one was in the Reactor 8U1Id1ng . The PNL study also found that the 
contaminatton levels 111 the Reactor Bu1ld111g were h1gher than the goal IPNL found thP. 
average to Le 75 .000 dprn/1 00 em ~. where the goal was stated as 50,000). In the 
Makeup and r'unf1cat1on Pump tt 1 B cub1cle fAX0061 , the hcensce had estimated the 
contarn1nat10n level to be 87,533 dpm, cxceedrng the goal of 50.000. PNL's survey again 
supported the licensee's result. ftndtng an average of 83,000 dpm, wh1ch also exceeds the 
goal. 

There were two cubicles in the Aux1hary Building, the Seal lnject1on Valve Room 
IAX0041 and the Makeup Tan" Room (AX 1 161. where the licensee's survey concluded that 
contarnrnat1on levels exceeded the goal (50.000 for both), but the PNL survey found lower 
levels that d1d not exceed the goal. In the ScJI lnjcctton Valve Room !AX004l. the licensee 
evaluated an m.erage of 68,385 dpm wh1lc the PNL survey found an average of 30,000 
dpm A pJrttal explanation for the differences· was the use of the RM· 14 rather thnn the 
Ludlum 2000 to cCJunt smear:;. HOVI. ever. the t11ffcrcnce 111 the courters docs not fully 
cxpla•n the vauat1on on the read1ngs. smcc there were a few •~-: .. t.ons where the licensee 
used the RM 14 ard PNL used the Ludlum 2000 tn wh1ch the PN-. rcadmg was h1gher or tn 
wh1ch thu two surveys found the same vJiuc. 

In tho Makeup Tank Room (AX 1 1 6). the ltcensee found a contammat1on level that 
was much tug her than the goal: 313.652 dpm versus 50.000. Tho PNL survey. 011 the 
other hand. found a far lower value of 2618 dprn The ltccnsce's survoy had 1ncluded 69 
locat1ons; of these. 42 smears were at or ncar bar l(ground and only 8 were above the 
'JOal. Tho PNL survey had smeared only 2 7 o f these locations. mclud1ng 6 of the locations 
found to be above the goal by thtl l1censec Of these 6 tugh locatiOns. PNL only found one 
w1th a h1ghor than expected count rate. r.nd 1t was also below the goal. For the locat1ons 
wher c the dose rates w ere closer t o the b;tckground dose rate . PNL typically counted 
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!Jalow 200 dpm whereas the licensee recorded the values as 1 000 dpm usmg the RM-14 
rate meter as discussed previously. Thus the PNL evaluation arrived at a much lower 
average contamination level than the licensee found in th1s cub1cle. 

In summary, the results of the PNL survey show that some contamination levels may 
be lower than those reported by the licensee. In a few cases the licensee's levels could 
have been lower if the smears would have been counted on the Ludlum 2000 rather than 
the RN'-14 frisker. It is possible that one or two cubicles may have been class1fied as 
meeting the contamination goal rather than exceeding it 1f a different counter had been 
used. The PNL survey did not. however. see any indication that any rooms were 
improperly Identified as meeting the contamination goals. 

ALPHA CONTAMINATION MEASUREMENTS 

Alpha activity is assocuucd with residual fuel. and smce clea: .up of res1dual futl has 
been thorough in most areas. alpha activity was rarely seen. Of the 39 smears counted by 
PNL for alphas. 30 recorded 0 cvunts. 6 recorded 1 count and 3 recorded higher. The 
samples register.ng 1 count probably contain no alpha-emitters; the counts were likely due 
to background. Of the three samples showing definite aipha activity, one was in the 
Auxiliary Building lAX 1 13). on shielding in the Waste Gas Analyzer Room, with an activity 
of 62 dpm/1 00 cm1. The other two smears showing alpha activity were on the Reactor 
Building floor. one with 79 and the other with 108 dpm/1 00 cm1

• The results of the alpha 
survey indicate that alpha-emitting contamination constitutes a very minor component of 
the contaminat1on in the TMI·2 facility and that either fuel was not present in the cub•cles 
measured, that 1t was well contamed in equipment or components in the cubicles. of that 1t 
had boon removed during cleanup. 

21 



CONCLUSIONS 

Tho PNL study confirmed that w ithin the variat•on assoctated wtth the 
tnstrwncntataon, methodology, and assumptrons. the licensee performed adequate and 
accurate assessments of the dose rate and surface contammatron levels tn the TMI·2 
burldmg. Thoro were no cases in wh1ch the PNL measurements could be used to 
demonstrate that the goals set by tho licensee were improperly reported as being met. In 
addttton, the general area dose rates measured by PNL were similar to the values reported 
by tho ltcensee and were below the dose rate goals set for entry mto PDMS. The 
contam.nation levels as measured by PNL looked generally lower than those found by the 
ltcensee. Some of the disagreement was due to technique or choice of instrumentation. It 
is unlikely that in a study of this type that the numbers obtamed by two different groups, 
or even from the sarne group surveying on two separate days would be identtcal. 
Otfferences that were conststently on the order of one or two levels of magnrtude would be 
suspect. however. the results of thts study lltd not grve any cause for doubttng the 
rnea!\urernents 111ade by the frcensee 
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APPENDIX A 

MEASUREMENT OF RELATIVE FRACTIONS 
OF 10Sr/'tOY AND m c s IN TMI SMEARS 

The surface contamination present at Three Mile Island !TMII Unit-2 is known to 
cons1st primarily of 137es and tosrfOV. Removable surfac:o contaminatiOn levels are 
typically determined by obtaining smear samples. counting the samples in a fixed geometry 
u::ing a GM-fnskor probe coupled to a digttal scaler. and applying a predetermined 
efficiency factor to the not counts. The actual off1ciency of tho detector system is 
dependent on the relative fractions of mes and ~0Sr/90Y present in the sarnple. Therefore. 
to determine contamination levels it is important to have an estimate of the relative 
fractions. 

A method was developed by Pacific Northwest Laboratory !PNLI to est1mate the 
relat1ve fractions of u'es and ~0Srf0V on smear samples from TMI Unlt·2. Th1s method 
uses a prototype mstrument capable of measuring a beta spectrum in the presence of 
gamma radiation. The instrument uses a comc1dence technique implementmg two 
detectors Ia gas-flow proportional counter attached to the front of a plastic scmtillator 
detector) to separate the beta and gamma components from a mixed radiation f1eld. Beta 
particl~;s entering the system generate a signal as they pass through the proportional 
counter and depOSit their remaming energy m the scmtillator . Gating Ctrcuitry routes either 
a beta or gamma scintillator pulse to a multiChannel analyzer. wh1ch records the type of 
mteract1on and the depos1ted energy. 

eahbratton of the mstrument was performed by measunng twelve Simulated smear 
samples havmg known quantities of both mcs and 90Sr f 0Y. These sources were traceable 
to the Nat1onal lnst1tute of Standards and Technology !NIST) and the act1vit1es were known 
to w1th1n 3% in all cases. The total act1v1ty on the simulated smears ranged from 1.5 X 
10• dpm !6.8 ne11 to 5.0 X 10~ dpm (230 ne11. The fraction of the total activ1ty 
attnbutable to wes ranged from 20% to 95%. The radioactive matenal was an d1screte 
locat1ons depos1ted on the Simulated smears with1n a one-1nch d1ameter ctrcle. It 1s 
Important to note the d1fftculty m prepanng cahbrat1on sources that perfectly model smear 
samples because the method of collectmg a smear sample affects the umform1ty of 
d1stribut1on of tho rad1oact1ve matcrtal on the falter paper. Th1s introduces a geometry 
dependency to the cahbrat1on. For purposes of est1mat1on. the geometry dependence m 
these measurements was 1gnorod. 

Est1mating tho relat1ve fractions of the radionuclides was poss1ble usmg the beta 
spectrometer system because of the d1SS1m11amy between a u'es and 90Srf0 Y beta 
spectrum. 131es £;rmts two beta part1cles. one with a frequency of 94.6% of the t1me and 
an average energy of , 57 keV. and the other with a frequency of 5.4% and an average 
energy of 415 keV. The pnmary daughter product, 131mBa. em1ts several convers1on 
electrons. the most frequen't of wh1ch occurs followmg 7.9% of the ' 31es d1smtegrat1ons 
and has an energy of 624 2 keV. Because convers1on electrons are monoenergetiC, a ' 3 ' es 
beta em,ss1on spectrum contams a h1ghly d1scern,ble peak at an energy of 624 keV. In 
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contrast. ' 0Sr erruts a beta partacle havmg a frequency of 100% and an average e11ergy of 
196 keV. and its daughter. ~''Y. emats a beta partacle hav.ng a frequency of 100% nnd an 
average energy of 935 keV. Ncather radaonucllde emats conversaon electrons. Therefore. a 
beta spectrum of a source consastmg mainly of 1 )/Cs IS characterazed by a d ac;cernable peak 
at an energy of 62·: keV and few counts beyond that energy, whale a beta spectrum of a 
source consastang of ~~srP~Y contains no dascernable peak at 624 keV and many co~nts at 
energaes higher than 624 keV. 

Based on analysas of the calibrated samples, a methodology was developed to estimate the 
relative fractions of 13 'Cs and 90Srf0V in smear samples containing unknown quantataes of 
both radaonudidcs. Thas methodology is based on tho comparison of the number of counts 
obtained m t wo dastinct regaons of mterest (ROts) on the beta spect ra. The first ROI IROI· 
AI corresponds to energaes ncar the conversaon electron peak from u 7Cs, and ancludes 
counts in tho enerqy range from 609 kcV to 639 keV. as shewn an Fagures A . 1. A .2 and 
A .4 t hrough A . 11. by a dark 'jar labeled "ROt A". Thas regaon brackets the expected energy 
peak of the 1n Cs conversiOn electron1

"
1
• The second ROI (ROI·Bl ranges an energy from 

approxunately 1000 keV to 1030 keV (shown an Fagures A . 1 and A .2 as a dark bar labeled 
"ROI B"l and IS of lugh enough energy to essentaally exclude counts from w cs yet low 
enough to result an a statiStically signafacant number of counts from small quantataes of 
9 0Sr f.!Jy, The dark b;tr deslgnatmg "ROI A" IS more pronounced 10 Figure A . l :hen 10 Figure 
A .2. because the m1xturc being measured contams 95% 1)

1Cs. wr1tle the mixture dasplayed 
1n F1gurc A .2 conta1ns only 5% Illes. The oppos1te IS t rue for "0 Sr /9~Y . 

A comparason of the number of counts in the two ROis an each of tho beta spectra 
obtaaned from the calibrated sources was used to est1mate a relatJOnsh•P between the two 
ROis and the relat1ve fract1ons of 1PCs and ? 0Srf0 Y present in the samples. Fagurc A .3 
Illustrates the est1mated relataonsh1p between the ROI Ratio {delmed as the number of net 
counts m ROI·B d1vtded by the number of net counts m P.OI -Al and the relative act1v1ty 
fractions of mcs and 9(1SrfiOV m the caltbrnt1on sources. This f1gure also shows the ROI 
rot•os and estunated relative fractions for e1ght locations tn the reactor and auxohary and 
fuel handlmg butldmgs. Bet a spectra of the smears from these e1ght areas arc allustrated m 
F1gurcs A.4 through A . 11 . 

Results from the ani1lys1s of smear ·: obtamed from TMI Unlt-2 are hsted m Table A . 1. Th"' 
rolat1vc fraCtiOns of qcSr /90Y and ll'Cs for the Reactor 8Utldu1g Sump Pump Ftlter Room 
!AX 102 (3)) and the Makeup and Purlf•cat10n Pump ::18 Cub1cle (AX006 (45JJ arc 
estarnatcd from an extrapolatiOn of the cahbratton data . As md1cated m the table, the 
smear from the Makeup and Purtftcataon Pump t: 1 B Cub1cle !AX005 !5 7)1 d1d not appear to 
contam s•gnlf1cant quant1t1es of ~0Sr /~-v . 

,., The dallcr<'nCt" between the posat•on of the rcg 1on of 11Herc~: under the 111Cs convers1on 
electron peal.. and observed centro•d of the peal-.. results !rom the dtftcrcnces between the 
moasureme•n condlt tons dunng energy cahbrat1on and the cond1t1ons present durmg 
nwasurcrnent of the srncars. (The enerny cal•brataon d1scussed here tS m contrast to the 
cahlmHion pl'rformcd to detcrm1nc the relat1ve fr-t ctlons ol ' ' Srt"Y J The rad•oact•ve source 
used to t:ahbratt.l the spctllumcll~r was Slgn•ftcantly dtflcren t 1n construc taon than the smears 

----- - - - ---- ·----------------------~------___;-



Table A . 1 . Results of TMI-2 Smear Sample Analyses 

Sample 

Makeup and Purification Pump 
Ill B Room AXOOS 15 71 

Seal lnjecteon Valve Room 
AX004 !2C, 

Reactor Bueld1ng 
RB100 1331 

Waste Gas Analyzer Room 
AX113 1121 

Reactor Bueldeng 
RB100 1561 

Annulus · Fuel Handling 
Buoldeng FH 1 1 2 !491 

Reactor Buildeng Sump 
Pump Felter Room 
AX102 131 

Makeup and Purefecation 
Pump II 1 B Room 
AX006 (451 

Estimated 
% 'JSrfOV 

1 1 

22 

27 

26 

33 

87 

92 

Estemated 
o~ 'ncs 

99 

89 

78 

73 

74 

67 

13 

8 

collected at TMI ·2, s•nce the geometry and constructeon of each smear es uneQue. Each smear 
has a dttferent arrangement of rad1onuchdes and varee~ en the amount and locateon of dust or 
other attenuatmg matereals . The defferences between the calebrateon source and the smears 
results en a vareat1on in the atttlnuation of the beta partecles. The vanation en attenuation 
!energy lossl results en a vareation in the location of the centroid of the ' 37Cs conversion 
electron peak. Thus. the locateon of the centroed vanes between the calibrateon sources and 
the smears and between the indev1dual smears as expected. 

One solut.ion to thts problem would be to center the reg1on of enterest about the centroid of 
tho converston electron peak for each end1v1dual smear based on v1sual analys1s. A sum of the 
counts obtaened en the regeon of Interest would then be a maxemum and stat1stecal vareat1on 
would be at a mtn1murn . As a result. no two smears would have the same energy range for 
the selected reg1on of enterest. The defflculty occurs, en the case where a convers1on electron 
peak 1S not appar~nt or when moasunng tho background rad•dtion . In these situations seleCtiOn 
of the rog1on of enterest would be arbitrary and therefore not defendable. Instead, a coMtant 
defemt1on of the rog1on of Interest IS more scientef1cally justifiable and serves as a satesfactory 
rud1mentnry approx1rnat10n if the limitations are fully apprec1ated. 
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APPENDIX B 

CALIBRATION OF LUDLUM 2000 DETECTOR 

Two sources were used for th1s cahbrat1on study, a 9 0Sr f'J0Y so11rce with serial 
number S 2103 and a l.nCs/1 "~Ba source w1th senal number S-2029. The sources were 
provided by the licensee. 

For the •osr source. a Report of Calibration was provided by the supplier. Eberline, 
wh1ch certified that 1ts total d1smtegration rate was 10410 dpm on Novtmber B. 1979. 
Th1s value was found by counting the "2n" beta em1sston rate and correcting for 40% 
backscatter. It was therefore derived using betas that were emitted by both ' 0Sr decays 
and 90Y decays. 

By mdust1y convent1on. the act1v1ty of a source IS spec1f1ed m terms of the parent 
nuclide decays only, not mcludmg the decays of progeny nucl1des. In the case of ~0Sr/90Y , 
It woul1 seem to be str<.llghtforward to spec1fy activity m terms of both parent and progeny 
nuclides. smce the parent half hfe 1s long. the progeny half hfe 1s short, and 100% of the 
parent decays produce the proaeny. However. many decay chams are more complex, and 
the assumpt1on of eqUilibrium 1S not necessanly val1d, so the nuclear industry generally 
references only parent nuclide decays. Thus a "1 microcurie tJ'Cs" source contains 1 .0 
JJCi of ll'Cs and 0 .95 11C1 of 'J/'"'Ba. Following this convention. the source activ1ty of 
1 04 1 C dpm was d1v1ded by 2 (since there are two betas emitted for every disintegration of 
•csrl to get a reference act1v1ty of 5205 dpm 90Sr on the cahbrat1on date. This reference 
dp111 was then decayed to the measurement date 111 November 1993 usmg 9 0Sr's half hfe of 
28 .6 years·. to get a value o! 3705 dpm on the measur~'>ment date 

For the •lies source, a similar Report of CalibratiOn listed an activity of 7410 dpm on 
July 12, 1979. To correct this value to the measurement date. an em1ssion rate. of 1.1 
betas per d1s1ntegrat1on and a half life of 30.2 years were applied to arrive at a value of 
5328 dpm .on the measurement date. 

The SAC -4 Counter was calibrated usmg the 11orh source. 

For each nuchde, once the appropnate activity value was known. the eff1ciency of 
the detec tor was uetermmed by makmg measurements of the count rate. correct1ng for 
background. and f1ndmg the rat10 of the count rate to the act1v1ty. The followmg Tables 
c;how tho determmat1on of eff1C1enc1es for the ll'Cs source (usmg one measurement!. the 
1~Sr source (us1ng 11 sets of measurements!. and the norh source. 
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Tablo B. 1 Su.nmary of Ccsium·13 7 Cal•brat•ons 

Counter ldent•f•cation 1 02761 
Measurement Date 1 t/16/93 
Measured Efficiency • .4021 

Measurements on Ces•um-137 Source No. 5202911 

Ludlum 2000 Detector • i'1 02761 
Counts per minute 

1998 
1996 
1927 
1920 
1970 

Average i 962 .2 

Net cpm: 1947.9 

Source· 6736.36 dpm on 
Decay T1me "' 
Cs·137 Halfhfe .. 
Decay Fracuon .. 
Decayed dpm "' 
EffiCiency .. 

01112/79 
14 3 yrs 
30.17 yrs 

0 .72 
4850 

0.40 

B 2 

Background 
Counts per minute 

14 
13 
16 

14.3 



Table B.2 • Summary of Strontium/Yttrium·90 Calobrattons 

Ludlum 2000 Cc.u11tcr • ldcntilicatton No. 12159 
Measurement 
Date 

11/16/93 
11/17/93 
11/19/93 

Average 

Measured 
ElftCtency 

0.4349 
0.4416 
0.4470 
0 .4412 

Measurements on Sr/Y ·90 Source No. S21 03 on 
Measurements (counts per minute) 

1560 

Average • 
Background .. 

Net cpm 

1664 
1604 
1679 
1656 
1621 
1631 

193 counts/1 0 minutes 
19.3 cpm 

1G11 .0 

Measurements on Sr/Y-90 Source No. S21 03 on 
Meas~orements (counts per mtnutel 

1658 

Average ~ 
Background -

Net cpm . 

1600 
l ll72 
1653 
1687 
1654 

177 counts/1 0 minutes 
17.7 cpm 

1636.0 

Measurement on Sr/Y·90 Source No. S2103 on 
Measurements (counts per minute) 

1654 

Average 
Background 

Not com 

1779 
1666 
1608 
1670 
1675 

1 !36 countsll 0 mtn. 
19.6 cpm 

1656 0 

11/16/93 

Source • 5205 
Decay Time .. 
Sr-90 Halflife .. 
Decay Fraction .. 
Decayed dpm .. 
Elftciency .. 

11/17/93 

Source "" 5205 
Decay Time .. 
Sr·90 Halfhlo "' 
Decay Fraction .. 
Decayed dpm • 
Efficiency "' 

11/19/93 

Source • 5205 
Decay Time "' 
Sr-90 Hallhfo = 
Decay Fraction "' 
Decayed dpm ... 
Efltciencv • 

83 

dpm on 
14.0 
28.6 

0 .71 
3705 

0.43 

11/08/79 
yrs 
yrs 

dpm on 11/08n9 
14.0 yrs 
28.6 yrs 

0.71 
3705 

0 .44 

dpm on 11/08n9 
14.0 yrs 
28.6 vrs 

0 .71 
3705 

0 .45 



Table B.2 • Summary of Strontium/Yurium-90 Calibrations IContanucdl 

Ludlurn 2000 Counter • ldentahcation No. 1 02761 
Measurement 
Dato 

11/16/93 
11/17/93 
11118/93 
11/19/93 

Average 

Measured 
Efficiency 

0 .4393 
0 .4062 
0 .4196 
0.4382 
0.4258 

Measurements on Sr/Y-90 Source No. S2103 on 
Measurements (counts per minute) 

Average 
Background .. 

Nut cpm 

1609 
1597 
1666 
1655 
1657 
1642 

14 cpm, 13 cpm and 16 cpm 
14.3 cpm 

1627.7 

Mf'a::uroment on Sr/Y-90 Source No. S2103 on 
Measurements (counts per minute) 

Average 
Background .. 

Not cpm 

1585 
1 'i95 
1u.l4 
1548 
1587 
1520 

14 9 counts/1 0 min. 
14.9 cpm 

1 505.1 

Measurements on Sr/Y·90 Source No. 52103 on 
Measurements (counts per m.nute) 

Average 
B01ckground -

Net cpm 

1551 
1588 
1581 
1588 
1588 

1579.2 
28 cpm and 21 cpm 

24 .5 cpm 
1554.7 

11/16/93 

Source • 5205 dpm on 
14.0 
28.6 

0 .71 
3705 

0 .44 

Decay Time .. 
Sr-90 Halllife .. 
Decay Fraction -
Decayed dpm .. 
Efficiency • 

11117/93 

S ourco • 5205 dpm on 
14.0 
28.6 

0 .71 
3705 

0 .41 

r,ecay Time -
Sr-90 lfalllefo .. 
Decay Fraction ,.. 
Decayed dpm 
Efficecncy • 

11/18/93 

Source .. 
Decay limo " 
Sr-90 Hallhfe -
Decay Fraction 
Dec:~ycd dpn . .. 
Effd ency .. 

84 

5205 dpm on 
14.0 
28.6 

0.71 
3705 

0 .42 

11/08/ 79 
vrs 
yrs 

t1 J08ns 
yrs 
yrs 

11/08/79 
yrs 
yrs 



Table 8.2- Summary of Strontium/Yurium-90 Calibrations (Continued) 

Measurements on Sr/Y-90 Source No. 52103 on 
Me: •• surcments (counts per minute) 

1636 

Average 
Background ,. 

Net cprn 

1579 
154A 
1649 
1612 
1642 

187 counts/1 0 minutes 
18.7 cpm 

1623.3 

Ludlum 2000 Counter - ldemification No. 10079 
Measurement 
Date 

Measured 
Efficiency 

0.4599 
0.4394 
0.4629 

11119/93 

Source = 5205 
Decay Time 
Sr-90 Halllife = 
Decay Fraction = 
Decayed dpm = 
Efficiency = 

11116/93 
11/17/93 
11 /19/93 
11/19/93 

Average 
0.4174 (filter paper over source) 
0 .4449 

Measurements on Sr/Y-90 Source No. 52103 on 
Measurements (counts per m1nutel 

1676 

Average 
Background -~ 

Not cpm 

1778 
1798 
1749 
1595 
1714 
1718 

14 cpm, 13 cpm, and 16 cprn 
14.:\ cpm 

1704.0 

Measurements on Sr/Y-90 Source No. 52103 on 
Measurements (counts per minute) 

16A8 

Average 
Oackoround .. 

Net cpm 

1(i56 
1688 
1612 
1681 
1642 

16 cpm and 1 2 cpm 
14 cpm 

1628.0 

11/16/93 

Source ,. 5205 
Decay Time = 
Sr-90 Halllife "' 
Decay Fraction .. 
Decayed dpm = 
Eff1ciency .. . 

11/17/93 

Source .. 5205 
Decay nme .. 
Sr·90 Halflifc .. 
Decay Fraction .. 
Decayed dprn "' 
Efficiency = 

B 5 

dpm on 
14.0 
28.6 

0.71 
3705 

0.44 

dpm on 
14.0 
28.6 

0 .71 
3705 

0.46 

11/08n9 
yrs 
yrs 

11/08/79 
yrs 
yrs 

dpm on 11/08/79 
14.0 yrs 
28.6 yrs 

0.71 
3705 

0.44 



Table 8.2 · Summary of Strontium1Ynrium·90 Cahbratoons IContonucdl 

Measurements on Sr!Y-90 Source No. 52103 on 
Measurements (counts pur minute) 

1R07 

Average 
Background • 

Net cpm 

1717 
1704 
1709 
1721 
1732 

167 counts/10 minutes 
16.7 cpm 

1714.9 

Measurements on SriY·90 Source No. 52103 on 
(Filler Paper on top of soo.~rcel 
Measurements (counts per monutel 

Average 
Background -

Net cpm 

1579 
1575 
1543 
1579 
1538 
1563 

16 7 cou.us/1 0 monutes 
16.7 cpm 

1546. 1 

11119/93 

Source = 5205 
Decay Time • 
Sr-90 Halflofe = 
Decay Fractoon "" 
Decayed dpm ., 
Efficiency • 

, 1119/93 

Source "' 5205 
Decay Tome "' 
Sr-90 Halfhfe s 

Decay Fraction "' 
Decayed c.Jpm "' 
Eflociency = 

8 .6 

dpm on 11108/79 
14.0 yrs 
28.6 yrs 

0 .71 
3705 

0 .46 

dpm on 11 /08/79 
14.0 yrs 
28.6 yrs 

0 .71 
3705 

0 .42 
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APPENDIX C 

GENERAL AREA DOSE RATE RESULTS 

Tables comparing the PNL measurements to the ltcensec·s measurements are 
presented .n th•s appendtx wtth cornpansons made locatton by-lucatton The tables show 
.n detatl how the tndtvtdual measurements made by the PNL study compare to those made 
by the licensee m 1ts prc-PDMS survey. The PNL gamma measurements should be 
compared to the GPU gamma measurements and the PNL measurements should be 
compared to the GPU beta measurements. The "PNL Open Wandow" measurement values 
were used t o calculate the "Betas PNL" and ·Gammas PNL" values. They are l1stcd in the 
ta bles for completeness; how ever. because they are ·intr.rmedaate• values. the average of 
the open window rcad1ngs are meaningless and arc not prov1ded . 

Maps of the surveyed cubacles are also mcluded .n thas appendax. with the measured 
dose ratt•s prantcd at the locataon of each measurement . The dose rates measured at each 
locataon arc presented 1n unats of rnR/h. Rcadangs made on contar· .v1th a wall. p1pe. 
tank . or other 1tern1 are presented ansade a carcle; readmgs not carc~o .. J correspond to general 
area dose rates. If a locataon had a gamma readang but no beta readang . only one number tS 
presented. corrcspondmg to the gamma rcadang. If a locataon had both a gamma and a 
beta rcadang. two numbers will be presented. wath the gamma readang above a short ltne 
and the beta rcad•ng below 11 . 
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Table C.1 Reactor Butldtng Emergency Cool•no Booster Pump Area IAX001 ! 

MEASURED DOSE RATES 

Gammas Gammas 
PNL GPU 

LOCiJ!IOrt mAth mR/h 

General area 0 1 0 .2 
General area 0 . 1 0 .5 
Over Open Vault 0 .5 0 .8 
General area 05 0 .8 
Near Door 0 .5 1.0 
General area 0 .7 1.4 
by Vault AX503 0 .5 1.5 
General area 0.4 0 .5 
General area 1.0 0 .4 
General area 0 .4 04 
General area 0 .4 0 .2 
General area 0 .0 0 .2 
General area 0 1 0 1 
General area 0 1 0 .2 
General area 0 1 0 . 1 
General area 0 .1 0. 1 
General area 0 . 1 0 . 1 
General area 0 . 1 0 .2 
General area 0 . 1 0 .7 
General area 0 . 1 0 .2 
General area 05 1.2 
General area 08 1.0 

Averaged mH/h 0 .33 0 .51 
PDMS Result 1.5 
PDMS Goal < 2.5 

C2 



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

Table C.2 Seal lnjectoon Valve Room IAX0041 

MEASURED DOSE RATES 

Gammas Gammas PNL Betas Betas 
PNL GPU Open PNL GPU 

Location mBLb mR/h Window mR(h !!1!3...?.! 

General Area 24 22 50 65 40 
General Area 35 46 50 38 28 
General Area 80 46 75 0 28 
General Area 75 50 90 38 60 
General Area 170 120 :wo 75 40 
General Area 120 140 130 25 40 
General Area 150 140 150 0 40 
General Area 130 80 180 125 40 
General Area 120 120 130 25 80 
General Area 35 38 70 88 ~4 

Averaged mRih 94 80 48 44 
PDMS Result: 116 
PDMS Goal: < 1000 

C.J 



Table C.J Makeup and Punlocatoon Pump Room #1 C (AXOOSI 

fAEASURED DOSE RATES 

Gammas Gammas Betas Betas 
PNL GPU PNL GPU 

locatoon !!l!!!h !!l!!!h mB.!l mR{h 

General area 5 NMT NMT NMT 
General area 3 5 38 40 
General area 4 6 37 36 
General area 4 5 14 18 
General area 4 6 7 8 
General area 6 6 3 4 
General area 5 6 18 8 
General area 4 4 8 12 
General area 4 5 22 26 
General area 4 4 16 8 
General area 3 NMT 1 NMT 
Gener;u area 1 4 8 12 
General area 4 NMT 10 NMT 

Averaged mAth 4 5 15 17 
POMS Result· 8 
POMS Goat· < 500 

NMT .. No Measurement 1 ;,ken 
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Table C.4 Makeup and Purir.catlon Pump Room 11 B IAX0061 

MEASURED DOSE RATES 

Gammas Gammas Betas Betas 
PNL GPU PNL GPU 

Location mR{h mR/h mMl mR/h 

General area 30 28 13 80 
General area 50 80 25 200 
General area 8 6 33 40 
General area 7 12 10 16 
General area 40 40 75 80 
General area 110 100 125 200 
General area 300 160 11750 • 600 
General area 60 60 50 80 

Averaged mR/h 76 61 47 99 
POMS Result: 58 
Por,1S Goal: < 500 

• Open W•ndow reading orrscale, measurements not mcluded 1n beta average 
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. l 
Table C 5 Makeup 01nd Purafica!IO'l Pump Room 11 A IAX007l 

MEASURED DOSE RATES 

Gammas Gammas Betas Betas 
PNL GPU PNL GPU 

Location !!!Blh mR(h mR(h mAth 

General area 11 16 8 12 
General area 20 16 5 8 
General area 60 70 NMT 60 

Averaged mR/h 30 34 6 34 
PDMS Result : 37 
PDMS Goal: < 500 

NMT • No Measurement Taken 

C.6 



Table C.6 Auxiliary Building Sump Tank, Pumps and Valve Room (AX011l 

MEASURED DOSE Rl' 7 ES 

Gammas Gammas Betas Betas 
PNL GPU PNL GPU 

Location mR/h mR/h mRfh mR{h 

General area 0 .8 1.6 1.5 0.8 
General ;"Jrea 4 .1 4.0 1.8 1.4 
General area 11.0 10.0 NMT NMT 
General area 6 .0 8.0 NMT NMT 
General area 8 .0 80 2.5 4.0 
General area 12.0 10.0 2.5 4.0 
General area 12.0 10.0 2.5 4.0 

Averaged mR/h 7.7 7.4 2.2 2.8 
PDMS Result: 8 
PDMS Goal: <50 

NMT • No Measurement Taken 
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T;~ble C. 7 Evaporator Condensate Tank Pumps IAX0131 

MEASURED DOSE RATES 

Gammas Gammas Betas Betas 
PNL GPU PNL GPU 

locat•on mAth mBi1l mAth mAib 

General Area 0.2 0.2 NMT NMT 
General Area 0 .3 0.2 NMT NMT 
General Area 0.3 0.2 NMT NMT 
General Area 0 .3 0.2 NMT NMT 
General Area 9.0 10.0 47.5 40.0 
Gener:~l Area 0.2 0 .2 NMT NMT 
General Area 0 .2 0 .2 NMT NMT 
General Area 0 .2 0 .2 NMT NMT 
General Area 0 .2 0 .2 NMT NMT 
General A•ea 0.4 0.2 NMT NMT 
General Area 0.2 0.2 NMT NMT 
General Area 0.6 0.6 NMT NMT 
General Area 0 .8 0.8 NMT NMT 
General Area 0 .4 0.4 NMT NMT 
General Area 0 .6 0.6 NMT NMT 
General Area 0 .8 08 NMT NMT 
General Area 1.7 2 NMT NMT 
General Area 1.4 1.8 NMT NMT 
General Area 2 1.5 NMT NMT 
General Area 10 10 NMT NMT 
General Area 3~ 20 NMT NMT 
Gencraf Area 3 3 NMT NMT 
General Area 2.5 2.5 NMT NMT 
General Area 1.5 2 NMT NMT 
General Area 0 .2 0.4 NMT NMT 

Averaged mR/h 2.8 2.3 47.5 40.0 
PDMS Result: 5.0 
POMS Goal < 500 

NMT ... No Measurem~>nt Taken 
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Table C.8 Wasre Transfer Pump Room IAX0181 

MEASURED DOSE RATES 

Gammas Gammas Betas Be.Js 
PNL GPU PNL GPU 

location mBLh mAth mRih l!!8.lh 

General area 0 .6 1.0 \).J 0.0 
General area 0 .3 0.4 0.0 0 .0 
General area 0.3 0.4 0.4 0.0 
General area 1.0 1.8 3.8 0.4 
General area 6.0 10.0 2.5 20.0 
General area 5.0 16.0 5.0 28.0 
General area 10.0 20.0 20.0 20.0 
General area 8.0 20.0 22.5 40.0 
General area 10.0 NMT 12.5 NMT 
General area 5.0 10.0 10.0 4.0 
General area 5.0 12.0 12.5 16.0 
General area 3.3 4.0 1.9 8.0 
General area 2.8 NMT 3.1 NMT 
General area 3.2 6 4.5 4 .0 
General area 2.8 5 4.4 6.0 

Averaged mR/h 4.2 8.2 6.9 11.3 
PDMS Result: 10 
PDMS Goal: < 500 

NMT .. No Measurement Taken 
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Table C.9 Reactor Cool3nt Bleed Holdup Tank #1 A (AX0211 

MEASURED DOSE RATES 

Gamma:; Gammas PNL Betas Betas 
PNL GPU Open · PNL GPU 

Locat•on m!!lh mRfh Window mM! mR/h 

Storage Cage 6.0 6.0 NMT N•.1T NMT 
Storage Cage 6.0 10.0 NMT NMT NMT 
Storage Cage 5.0 6.0 NMT NMT NMT 
Storage Cage 4.0 NMT NMT Nw.r NMT 
Storage Cage 4. 1 NMT NMT NMT NMT 
Storage Cage 4.0 3.5 NMT NMT NMT 
Storage Cage 1.8 4.4 NMT NMT NMT 
Storage Cage 2.5 4.6 NMT NMT NMT 
Storage Cage 1.9 1.6 2.5 1.5 0.8 
Stor01ge Cage 3. 1 4 .0 3.8 1.8 2.2 
Storage Cage 2.6 4.0 3 .0 1.0 NMT 
Storage C01ge 1.7 1.8 NMT NMT 5.4 
Storage Cage 1.2 1.4 NMT NMT 0.4 
Stoo age Cage 2.9 4 .\) NMT NMT NMT 
MOlin room 17.0 1 !>.0 NMT NMT NMT 
Maon room 10.0 10.0 NMT NMT NMT 
Main room 15.0 15.0 NMT NMT NMT 
Main room 10.0 8.0 NMT NMT NMT 
Maon room 7 5 8.0 NMT NMT NMT 
Maon room 9.0 7.0 NMT NMT NMT 
Maon room 0 6 NMf NMT NMT 
Maon room 4.5 4 .€ NMT NMT NMT 
Main room 7 8 NMT NMT NMT 
Main room 8.0 6.0 NMT NMT NMT 
Maon room 6.0 60 NMT NMT NMT 
Maon room 90 10.0 NMT NMT NMT 
Matn room 11.0 10.0 NMT NMT NMT 
MOJon room 70 6.0 NMT NMT NMT 
M3on rvom 50 60 NMT NMT NMT 

Averagl!d mRfh 6.2 6.6 None 1.4 2.2 
Pf:MS Result · 18 
PDMS Goal: < 500 

NMT .. No Measurement Taken 
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Table C.l 0 ncactor ljuold.ng Sump Pump Folter Room lAX 1 021 

MEASURED DOSE RATES 

Gammas Gammas PNL Betas Betas 
PNL GPU Open PNL GPU 

Location !!!.fil.h mR{h Window mRih m8..l!! 

General area 40 50 50 25 60 
General area 50 60 55 13 60 
General area 33 38 38 13 24 
General area 80 80 90 25 40 

A11eraged mR/h 51 57 None 19 46 
POMS Result: 48 
PDMS Goal: < 1000 
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Ti!ble C 11 Motor Control Center (AX1031 

MEASURED DOSE RATES 

Gi!mma!> GammiiS 
PNL GPU 

Location mB.lh mB1b 

General area < 0 .2 < 0 .2 
General area < 0.2 < 0 .2 
General area < 0.2 < 0 .2 
General art:a < 0.2 < 0 .2 
General area < 0.2 < 0.2 
General area < 0.2 < 0 .2 
General area < 0.2 < 0.2 
General area < 0 2 < 0 .2 
General area < 0.2 < 0 .2 
Gener;al area < 0.2 < 0 .2 
General area < 0.2 < 0 .2 
General area < 0 .2 < 0 .2 

Averaged mR/h < 0 .2 < 0 .2 
PDMS Result : 0 .2 
PDMS Goal <25 
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Table C.12 Waste Ga!: Analyzer Room IA X113J 

MEASURED DOSE RATES 

Gammas Gammas PNL Betas Betas 
PNL GPU Open PNL GPU 

Locatoon mRfh mR[t) \"Iindow !!l!ilb mR(h 

General area 0 .9 0.4 1.0 0 .3 NMT 
General area 1.8 1.8 2.0 0 .5 0.8 
General area 2.5 2.6 3.0 1.3 6.8 
General area 6.0 8.0 7.0 2.5 8.0 
General area 4.0 6.0 6.0 5 .0 NMT 
General area 4.0 6.0 6.0 5.0 NMT 
General area 10.0 42.0 13.0 7.5 NMT 
General area 1.0 1.8 1.0 0 .0 NMT 
General area 3.5 3.4 4 .0 1.3 NMT 

Averaged mR/h 3.7 8.0 2.6 5.2 
PDMS Result: 19 
PDMS Goal: <50 

NMT • No Measurement Taken 
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Table C.13 Makeup Tank Room fAX 1161 

MEASURED DOSE RATES 

Gammas Gammas PNL Betas Betas 
PNL GPU Open PNL GPU 

l.2.tili2n mR/h mR/h Window mR/h mR/h 

General area 15 15 NMT NMT NMT 
General area 38 38 NMT NMT 44 
General area 47 35 NMT NMT NMT 
General area 70 50 NMT NMT NMT 
General area 50 41 NMT NMT NMT 
General area 60 45 NMT NMT NMT 
General area 60 53 NMT NMT NMT 
General area 60 20 NMT NMT NMT 
General area 50 45 NMT NMT NMT 

Averaged mR/h 50 38 None None 44 
POMS Result : 60 
POMS Gc al : < 500 

NMT • No t..1oasurement Taken 
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Table C. 14 Spent Fuel Coolers and Pumps (AX 1181 

MEASURED DOSE RATES 

Gammas G.ammas PNL Betas Betas 
PfJL GPU Open PNL GPU 

Location l:!1!!ili mR{h Window mRih mR/h 

General area 0 .2 0.2 0 .0 0 .0 0.0 
Genera! area 0 .2 0 .2 0 .0 0 .0 0 .0 
Genera! area 1.0 1.0 0.0 0 .0 0 .0 
Genera! area 0 .8 0 .8 0.0 0 .0 0 .0 
Gener<J! areil 2.0 1.0 0 .0 0 .0 0 .0 
Genera! <Jrea 1.6 1.6 0.0 0 .0 0.0 
Genera! area 1.0 1.0 0.0 0 .0 0.0 
General <Jreil 0 .6 0 .6 0.0 0 .0. 0.0 
Gener<J! areil 0 .6 0 .6 0 .0 0 .0 0.0 
Gener<J! area 0 .3 0 .3 0 .0 0 .0 0 .0 
General area 0 .5 0 .5 0 .0 0 .0 0.0 
Genera! areil 0 .5 0 .5 0 .0 0 .0 0 .0 

Averaged mRih 08 0 .7 N'lne 0 .0 0 .0 
PDMS Result : 1 1 
PDMS Goal. < 2.5 
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Table C. 1 5 Sample Room !FH I 031 

ME/•SURED DOSE RATES 

Gammas Gammas PNL Betas Betas 
PNL GPU Open PNL GPU 

Location mR(h mRfh V.tindow mR/h m.BL!! 

General area 0 .5 0.5 0.0 0.0 2.0 
General area 0 .2 0 .2 0.0 0.0 2.0 
Gener;~l area 0.2 0.2 0.0 0.0 NMT 
General area 0 .2 0.2 0.0 0.0 NMT 
General area 0.4 0.4 0.0 0.0 2.0 
General area < .2 < .2 0 .0 0 .0 NMT 
General area 0.5 0.5 0 .0 0.0 8.0 
General are.:1 0 .5 0.5 0 .0 0 .0 3.0 
General area 0.7 0 .7 0 .0 0.0 2.0 
General aroa 1.5 1.5 0.0 0 .0 2.0 

Averaged mR/h 0 .5 0 .5 None 0 .0 3.0 
PDMS Result: 1.2 
PDMS Goal: <50 

NMT • No Measurement Taken 
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Table C. 16 Model Room IFH 1 OS) 

MEASURED DOSE RATES 

Gammas Gammas 
PNL GPU 

Location mR!h mR(h 

General area 0 .5 0.5 
General area 0 .3 0 .2 
General area 0 .5 0 .4 
General area 0 .4 0 .4 
General area 0 .3 0 .2 
General area 0 .2 0 .2 
General area 0 .4 0.2 
General area 0 .4 0.2 
General area 0 .4 0 .2 
General area 0 .3 0.2 
General area 0 .3 0 .2 
General area 0 .3 0 .2 
General area 0 .0 0 .0 
General area 0 .0 0 .0 
General area 0 . 1 0 .1 
General area 0 .2 0 .1 
General area 0 .3 0 .2 
General area 0 .2 0 .2 
General area 0 .3 0 .3 
General area 0 .4 0 .4 
General area 0 .3 0 .2 
General area 0 . 1 0 . 1 
General area 0 .1 0 .1 
General area 0 .2 0 .2 
General area 0 .1 0 .1 
General area 0 .1 0 .1 
General area 0 .1 0 .1 
G .. neral area 0 .2 0 .1 
General area 0 .1 0 .1 
General area 0 . 1 0. 1 
General area 0 .1 0 .1 

Averaged mR/h 0 .2 0 .2 
PDMS Result : 0 .2 
Po~ .. ts Goal: < 2.5 
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Table C. 1'/ Annulu~ IH11121 

MEASURED DOSE RATES 

Gammas Gammas PNL Betas Betas 
PNL GPU Open PNL GPU 

lQCi!lion !!!.81!! mR/h W1ndow mR(h mR/h 

General area 20.0 16.0 25.0 12.5 12.0 
General area 15.0 15.0 15.0 0.0 6.0 
General area 7.0 7.0 7.0 0.0 0 .0 
General area 3.0 3.0 3.0 0.0 0 .0 
Gener .. l area 1.7 1. 7 1.7 0.0 0 .0 
General area 1.5 1.5 1.5 0.0 0 .0 
General area 1.1 1.1 1.1 0.0 0 .0 
General area 1.0 1.0 1.0 0.0 0 .0 
General area 1.0 1.0 1.0 0.0 0 .0 
General area 2.0 2.5 2.0 0.0 0 .0 
General area 2.5 2.5 2.5 0.0 0 .0 
General area 8.0 15.5 8.0 0.0 3 .0 
General area 20.0 50.0 20.0 0.0 60.0 

Averaged mRih 6.4 9.1 None 0.96 5.5 
PDMS nesult : 19 
PDMS Goal: < 100 

C.18 
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Table C.18 Concentrated Waste Storage Room IAX2181 

MEASURED DOSE RATES 

Gammas Gammas PNL Betas Betas 
PNL GPU Open PNL GPU 

Location !!lfill! mRlh Window mAth !!lfill! 

General area 2.0 2.0 2.8 2.0 0.2 
General area 6.0 7.0 6.0 0.0 1.6 
General area 9 .0 8 .0 7.0 o.o 2.0 
General area 5.0 6.0 5.0 0 .0 4.0 

General area 8 .0 8.0 9.0 2.5 2.0 
General area 5.0 8.0 7.0 5.0 2.0 
General area 7.0 10.0 10.0 7.5 2.0 
General area 5.0 NMT 5.0 0 .0 NMT 
General Mea 7.5 12.0 7.5 0.0 4.0 
General area 6.0 8.0 6.0 0 .0 2.0 
General area 6') 6.0 8.0 5.0 1.2 

Averaged mR/h 6 .0 7.5 None 2.0 2.1 
PDMS Result : 15 
PDMS Goal: < 500 

NMT • No Measurement Taken 
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Table C.19 Annulus IFH3041 

MEASUREu DOSE RATES 

Gamma~ Gammat PNL Betas Betas 
PNL GPU Ope., PNL GPU 

Location mR{h mR{h Window mR/h !!!.Rih 

General area 0. 1 0 . 1 NMT NMT 0.0 
Ger.eral area 0.2 0 .4 NMT NMT 0.0 
General area 0 .2 0 .3 0.3 0 .3 0.0 
General area 0 .5 0.5 0.7 0 .5 0.0 
General area 0 .5 0.6 NMT NMT 0.0 
General area 0.8 0 .7 1.4 1.6 0.0 
General area 0 .8 0.8 NMT NMT 0.0 
General area 0 .5 0.8 NMT NMT 0.0 
General area 0 .8 1.0 NMT NMT 0 .0 

Averaged mR/h 0 .5 0.6 None 0.8 0 .0 
PDMS Result. 0 .6 
PDMS Goal: < 500 

NMT • No Measurement Taken 
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Table C.20 Reactor Cuildmg: Area In Front Of EQuipment Hatch IRB305l 

MEASURED DOSE RATES 

Gammas Gammas 
PNL GPU 

Location mAth .!!l.8.lh 

General area 60 100 
General area 1:?') 100 
General area 50 80 
General area 60 80 
General area 50 80 
General area 80 100 
General area 80 100 
General area 50 80 
General area 50 80 
General area 50 60 
General area 100 60 

Averaged mR/h 69 84 
PDMS Result : 150 
PDMS Goal: <100 

c 21 
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Figure C.2. Seal Injection Valve Room (AX0041 
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Figure C.4. M(lkcup and Purifrcation Pump 18 (AX006) 
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Figure C.13. Makeup Tank Room lAX 1161 

-L 
0 

• - D-

-L 6 

ull.,.,.!f:m~o D--=0 -=fYJ>o 
Spm ~uol Coolet 

' -0- D 
e¥01 

_L P.,.., _5_ 
0 (SF P · U) 0 

, .. QI'I.Oitt 

Figure C.14. Spent Fuel C oot~rs and Pump Room lAX 1181 

C.28 

. t 



.2 

.s 
-2-

+ 

J 

0 

D 

7 
-2-

-· 
Figure C. 1 5. Sample Room IFH 1 031 

.l 

00 .l$ J 

.2 ' 
.25 .3 

~ c:D:§ 
.2S .JS 

J .: J 

n ~s JS •2 <1 .2 c 7 

15 
•1 d 

0 

... : 

0 I 
A~-ttt 

Figure C. 16. Model Room IFH1051 

C.29 



'1 '. 
s~• n 
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Figure C. 19. Annulus - Evaluat1on 347 Ft. (FH304) 
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APPENDIX 0 

CONTAMINATION SMEAR RESULTS 

Tables of the contamination smear results are presented in this appendix for each of 
the cubicles surveyed by PNL. The tables list the sample number. the counts per minute 
lcpm), including gross counts and net counts (after subtraction of the background dose 
rate), the effrciency of the instrument (0.2), and the number of disintegrations per minute 
(dpm). In addition. the measurements made by GPU arc also listed for each location. The 
background dose rate, and the average of the smear results are given for both PNL and 
GPU. The average results are compared against the goal that was set bv GPU for each 
cubicle. 
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Table D. l Reactor Building Emergency Cooling Booster Pump Area IAX0011 

Background Count Rate .. 
18.7 counts per minute 

Sample Gross Net Ell•ciency PNL measured GPU measured 
Number counts per counts per disintegra1ions distnteoralions 

minu1e minu1e per minu10 per minute 

3 20 1.3 0 .2 7 <MDC 
6 182 163.3 0 .2 817 100 
8 24 5.3 0 .2 27 <MDC 

10 21 2.3 0 .2 12 <MDC 
12 19 0.3 0 .2 2 <MDC 
15 25 6.3 0.2 32 <MDC 
17 16 0 0 .2 0 <MDC 
20 17 0 ().2 0 <MDC 
23 30 11.3 0.2 57 <MDC 
25 41 22.3 0.2 112 <MDC 
27 27 8.3 0.2 42 730 
29 19 0.3 0.2 2 <MDC 
30 31 12.3 0.2 62 970 
32 86 67.3 0.2 337 340 
33 26 7.3 0.2 37 880 
35 51 32.3 0.2 162 670 
37 28 9.3 0.2 47 1,530 
40 143 124.3 0.2 6.l2 4,730 
41 254 235.3 0.2 1177 11,560 
44 96 77.3 0.2 387 9,020 
47 254 235.3 0 .2 1177 13,750 
48 16 0 0 .2 0 <MDC 
50 11 0 0 .2 0 <MDC 
52 26 7.3 0 .2 37 <MDC 
54 28 9.3 0 .2 47 <MDC 
5G 17 0 0 .2 0 <MDC 
61 18 0 0 .2 0 <MDC 
62 13 0 0 .2 0 <MDC 
65 28 9.3 0 .2 47 <MDC 
68 21 2.3 0 .2 12 <MDC 
69 63 44.3 0.2 222 ·2,130 
71 54 35.3 0.2 177 580 
73 40 21.3 0.2 107 3 ,100 
75 147 128.3 0.2 642 910 
77 18 0 0.2 0 <MDC 
80 16 0 0.2 0 <MDC 
82 31 12.3 0.2 62 100 
87 18 0 0.2 0 110 
92 22 3.3 0.2 17 <MDC 
94 30 11 .3 0.2 57 130 
97 20 1.3 02 7 <MDC 
99 Hi 0 02 0 <MDC 

MDC Mtntnlum Oetcclable Counts 

0.2 
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Table 0 .1 Reactor Buildinl) Emorg!lncv Cooling Booster Pump Area IAXOOll (Continued) 

Sample Gross Net Eft,cienc·,. PNL measured GPU measured 
Number counts per counts per disintegrations disintegrations 

minute minute per minute per minute 

101 16 1.3 0.2 7 <MDC 
102 12 0 0.2 0 <MD~ 

105 19 0.3 0.2 2 <MDC 
110 19 0.3 0.2 2 <MDC 
113 26 7.3 0.2 37 <MDC 
116 30 11 .3 0.2 57 <MDC 
121 17 0 0.2 0 <tADC 
125 21 2.3 0.2 12 110 
127 18 0 0.2 0 130 
128 14 0 0.2 0 100 
129 20 1.3 0.2 7 <MDC 
131 17 0 0.2 0 <MDC 
132 18 0 0.2 0 <MDC 
135 14 0 0.2 0 170 
138 19 0.3 0.2 2 100 
147 :.!8 9.3 0.2 47 620 
150 21 2.3 0.2 12 440 
155 17 0 0.2 0 440 
163 28 9.3 0.2 47 410 
170 116 97.3 0.2 487 3,800 
17G 50 31.3 0.2 157 500 

PNL Average Disintcorationsfminute ~ 111 
GPU Average Disimeorationsfm•nutc "' 592 
GPU Goal • Disintcgrationsfminutc < 1.000 

MDC ~ Minimum Detectable Counts 
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Table 0 .2 Seal Injection Valve Room (AX0041 

Background Count Rate "' 
22.1 counts per minute 

Sample Gross Net Efficiency PNL measured GPU measured 
Number counts PBr counts per dis!Oteorations dtsintegrations 

minute minute per mtnute per minute 

1 1260 1258 0.2 6290 180,000 
2 1314 1292 0.2 6460 80,000 
3 949 927 0 .2 4635 40,000 
4 4002 3980 0 .2 19900 10,000 
5 379 357 0 .2 1785 8,000 
6 555 533 0.2 2665 10.000 
7 466 444 0.2 2220 10,000 
8 361 339 0.2 1695 14,000 
9 2409 2387 0.2 11935 14.000 

10 2494 2472 0.2 12360 60.000 
11 2993 2971 0 .2 14855 24,0()0 
12 4588 4566 0 .2 22830 38.000 
13 2661 2639 0 .2 13195 100,000 
14 2241 2219 0 .2 11095 60.000 
15 2852 2830 0.2 14150 42,000 
16 1596 1574 0 .2 7870 120,000 
17 4449 4427 0 .2 22135 38.000 
IS 5230 5214 0.2 26070 100.000 
19 4047 4025 0 .2 20125 22.000 
20 3931 3909 0 .2 19545 20.000 
21 2879 2857 0.2 1428!1 34.000 
22 1483 1461 0.2 7305 24.000 
23 2471 2449 0 .2 12245 50.000 
24 2579 2557 0.2 12785 100.000 
25 405 363 0 .2 1915 24 •mrad 
26 77715 77693 0 .2 388465 200.000 
27 12831 12809 0 .2 64045 180,000 
28 14822 14800 0 2 74000 30 •mrad 
29 611 789 0.2 3945 300,000 
30 1·1950 14928 0.2 74640 380,000 

PNL Average Distnteorationsfmtnute :.. 29848 
GPU Aveoge Distntegrations/minute ., 6838~ 
GPU Goal · Dtsintcgrauons/minute "' < 50000 

• Mcasuremeflt performed vllth a ralemeter; licensee dtd not convert reading to dpm 
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Table 0 .3 ti1akcu;J and Puroficatoon Pump Room • 1 C IAX005J 

Background Count Rate "" 
23.7 counts per minute 

Sample Gross 
Number counts per 

monute 

1 302 
3 96 
4 137 
() 111 
8 163 
9 22fi 

11 326 
14 54 
18 1148 
20 Hit 
23 61 
25 83 
27 238 
79 418 
32 4G8 
35 NMT 
31 150 
40 709 
42 51 
44 115 
4!> 965 
48 133 
50 11632 
51 178 
53 1{)\. 1 
54 ] 60 
55 78 
57 18029 
58 6 1<: 
60 2{:3 

Net 
counts per 
monute 

278 
72 

113 
87 

139 
201 
302 
30 

1124 
137 
37 
59 

21 tl 
394 
44<\ 
NMT 
126 
685 

27 
91 

941 
109 

11608 
154 
977 
236 

54 
18~'05 

590 
21 !:1 

0.2 
0 .2 
0 .2 
0 .2 
0 .2 
0.2 
0 .2 
0 .2 
0 .2 
0 .2 
0 .2 
0.2 
0 .2 
0.2 
0.2 
0.2 
0 .2 
0.2 
0 .2 
0 .2 
0 .2 
0 .2 
0 .2 
0 .2 
0 .2 
0 .2 
0.2 
0 .2 
0.2 
0 .2 

PNL Average Di:imtegrations/monute "' 
Gf'U Aver.oge Dosonteora!IO'IS/rnonute n 

Gru Goill - D•sontcgraltOIISfrnonute "' 

NMT • No Meilsurernent Take!" 

PNL measured 
disin;egrations 
per monute 

1392 
362 
567 
437 
697 

1007 
1512 
152 

5622 
687 
187 
297 

1072 
1972 
2222 
NMT 
632 

3427 
137 
457 

4707 
547 

58042 
772 

4387 
1182 
272 

90027 
2952 
1097 

6459 
39982 

<50000 

GPU measured 
disintegratiOns 
per minute 

10000 
2000 
3000 
5000 
6000 
1~00 

6000 
60'00 
3000 
2000 
300!) 
3000 
2000 
6000 
~000 

3000 
2000 

60000 
4000 

60000 
100000 
34000 

120000 
80000 
50000 

260000 
22000 

200000 
15000 
6000 

-----~~-~ 

I 



Table 0 .4 Makeup and Pur.ticiltJon Pump Room - 1 B IAX0061 

Bo.~ckground Count R01te "' 
18.25 o.ounts per minute 

Sam pte Gross Net Efficie.1r.y PNL measured GPU measured 
Number counts per counts per disintegrations disintegrations 

minute minute per minute per minute 

---I 136 120 0 .2 599 8,000 
3 74 56 0 .2 279 1.000 
4 945 927 0 .2 4,634 20.000 
7 675 657 0 .2 3,284 6.000 
9 189 171 0 .2 854 4,000 

10 422 404 0.2 2,019 1.000 
11 2052 2034 0 .2 10.169 1 o.ooo 
12 2582 2564 0.2 12,819 38,000 
13 1442 1424 0,2 7,119 12,000 
14 1064 10116 0 .2 5,229 14,000 
15 160 142 . 0 .2 709 4,000 
16 61 43 0 .2 214 2,000 
17 37 19 0 .2 94 < 1.000 
18 329 311 0 .2 1,554 8,000 
20 1757 1739 0.2 8,694 6 •mrad 
23 1920 1902 0 .2 9,509 60.000 
26 1182 464 0.2 2,319 8.000 
28 436 t18 0.2 2.089 14,000 
29 545 1;}27 0.2 2,634 12,000 
30 417 399 0 .2 1,994 6.000 
31 452 434 0 .2 2, 169 16,000 
32 225 207 0 .2 1,034 26,00U 
33 25 7 0 .2 34 6 •mrad 
34 35 17 0.2 84 60,000 
37 153 135 0.2 674 8.000 
Jq 3491 3473 0 .2 17,36-1 2.000 
39 286 268 0.2 1,339 20.000 
40 115 97 0.2 4A4 16,000 
41 1926 1908 0 .2 9,539 40 •mrad 
42 1000 982 0 .2 4,909 16 •mrad 
43 5909 5891 0 .2 29,454 60.000 
44 7408 7390 0 .2 36,949 3 "mrad 
45 462•l72 462453 0 .2 2,312,266 60.000 
46 26517 26498 02 132A91 6.000 
4 7 28123 28105 02 140,524 40,000 
48 47237 47219 02 236.094 40,000 

f'NL /wcrilgu D•smtegrattonsfmmute .. 83.395 
GPU Average Dlstntcgrattonsfmmute • 87,'1)3 
GPU Goal - Cts;nrcgrattonstminute .. <50,000 

• Me<Jsuremont oerformC!d with a ratemctcr; licensee dtd not convert reacfing to dom 

06 



Table 0 .5 Makeup and Purification Pump Room· 1A IAX007l 

Sample 
Number 

1 
3 
4 
5 
6 
8 
9 

11 
12 
13 
15 
17 
19 
20 
21 
22 
24 
25 
27 
28 
29 
30 
31 
33 
34 
35 
36 
37 
39 
41 

Background Count R;ne ,. 
22 counts per minute 

Gross Net Eff•ciency 
counts per counts per 
minute minute 

391 369 0.2 
77 55 0.2 

105 83 0 .2 
119 97 0.2 
63 41 0.2 
90 68 0.2 

572 550 0.2 
129 107 0.2 
151 129 0 .2 
140 118 0 .2 
345 323 0.2 
172 150 0.2 
63 41 0.2 
35 13 0 .2 
58 36 0 .2 

173 151 0 .2 
335 313 0 .2 
106 86 0.2 
43 21 0.2 
96 74 0.2 
54 32 0 .2 

186 164 0 .2 
7734 7712 0.2 
467 445 0.2 

1079 1057 0.2 
796 774 0.2 
64 42 0.2 
50 28 0 .2 

212 190 0 .2 
239 217 02 

PNL Average O•sintegrahonstm•nute .. 
GPU Average 0 Jsmtegrat•onslmmuto ~ 
GPU Goat · O•smtegrauons/mu)ote .. 

07 

PNL measured 
disintegrations 
per minute 

---
1845 
275 
415 
485 
205 
340 

2750 
535 
645 
590 

1615 
750 
205 

65 
180 
755 

1565 
430 
105 
370 
160 
820 

38560 
2225 
5285 
3870 

210 
140 
950 

1085 

2248 
9195 

< 50,000 

GPU measured 
disintegrations 
per minute 

2.000 
3,000 
2.000 

40,000 
2,000 
4.00') 
6.000 
6,000. 

12,000 
1,000 

15.000 
2.000 
1,000 

<1.000 
1,000 
2.000 

32.000 
2.000 

< 1,000 
3,000 
14 ,0~0 

4.000 
1,000 
4,000 
6,000 
2,000 

12.000 
16,000 
40,000 
4,000 



r-------------------------------------

Tablo 0 .5 Auxoliary Buold•no Sump Tank, Pumps and Valve Room IAXOII) 

Oacl':ground Count Rate "' 
24.5 counts per rwnutr: 

Sample Gross Net Efficiency PNL measured GPU measured 
Number rounts per counts per disintegrations disintegrations 

monute minute per minute per minute 

I 43 18.5 0 .2 93 <1,000 
2 29 4.5 0 .2 23 < 1,000 
3 33 8.5 0 .2 43 < 1,000 
4 27 2.5 0.2 13 < 1,000 
(j 23 0 0 .2 0 < 1,000 
7 32 7.5 0.2 38 1,000 
8 306 281.5 0.2 1408 < 1,000 
9 35 10.5 0.2 53 <1,000 

It 80 55.5 0.2 278 < 1.000 
12 ~7 22 .5 0 .2 113 < 1,000 
13 J3 8.5 0 .2 43 < 1,000 
16 31 7 5 0 .2 38 < 1,C 'i0 
18 24 0 0 .2 0 < 1,000 
19 40 15 5 0 .2 78 1,000 
21 34 9 .5 02 43 < 1,000 
22 57 32.5 0 .2 163 < 1.000 
23 23 0 02 0 20,000 
25 126 101.5 0 .2 508 22,000 
26 27 2.5 0 .2 13 < 1,000 

"27 33 8 .5 0 .2 43 < 1,000 
29 140 115.5 0 .2 578 6.000 
30 15!)0 1525.5 0 .2 7628 18,000 
31 380 355.5 01 1778 2,000 
33 62 37 .5 0 .2 188 6 ,000 
34 103 78.5 0 .2 393 10.000 
·36 300 775.5 02 1378 6,000 
3/ 998 973 5 02 4866 4,000 
39 640 615.5 0 .2 3078 6,000 
·10 393 368.5 0 .2 1843 2,000 

PNL Average Dosmtegratoons!minute ,. 852 
GPU A•erage Oosmtcgrauons/mr.lute ,.. 3233 
GPU Goal Oo~ontegratrons/'Tltnute • < 5.000 

0 s . 



Table 0.7 Evaporator Condensate Tank Pumps (AX013) 

Background Count Rate "' 
21.4 counts per minute 

Sample Gross Not 
Number counts per counts per 

1 
4 
8 

12 
15 
19 
20 
23 
25 
30 
33 
36 
36 
42 
47 
50 
51 
56 
57 
GO 
61 
64 
66 
70 
73 
77 
81 
84 
86 
88 

minute minute 

21 0 
23 1.6 
22 0 .6 
24 2.6 
18 0 
17 0 
12 0 
16 0 
49 27.6 
40 18.6 
13 0 
16 0 
18 0 
11 0 
61 39.6 
17 0 
17 0 
20 0 
16 0 
24 2.6 
23 1.6 
22 0 .6 
20 0 
28 6 .6 
25 3 .6 
28 6 .6 

990 968 .6 
114 92.6 

16 0 
30 8.6 

PNL Averaue D1S1ntegrat10ns tminuto ., 
GPU Average DiSintegrations/minute .. 
GPU Goal • DlsintcgraiiOnsfrninuto : 

MDC • Mm1mum Dr.tectable Counts 

Elf1ciency 

0.2 
0.2 
0.2 
0 .2 
0 .2 
0 .2 
0 .2 
0.2 
0.2 
0 .2 
0 .2 
0.2 
0 .2 
0.2 
0.2 
0 .2 
0 .2 
0 .2 
0 .2 
0 .2 
0.2 
0.2 
0.2 
0.2 
0 .2 
0 .2 
0 .2 
0 .2 
02 
0 .2 

09 

PNL measured 
diSintegratiOnS 
per m1nute 

0 
8 
3 

13 
0 
0 
0 
0 

138 
93 
0 
0 
0 
0 

198 
0 
0 
0 
0 

13 
8 
3 
0 

33 
18 
33 

4843 
463 

0 
43 

197 
133 

< 1000 

---- - -------------------- ·-

GPU measured 
diSintegrations 
per minute 

<MDC 
<MDC 
<MDC 
<MDC 
<MDC 
<MDC 
<MDC 
<MDC 
<MDC 

270 
<MDC 
<MDC 
<MDC 
<MDC 
<MDC 
<MDC 
<MDC 
<MDC 
<.MDC 
<MDC 
<MDC 
<MDC 
<MDC 
<MDC 
<MDC 
<MDC 

2. 150 
250 

<MDC 
250 



Table 0 .8 Waste Transfer Pump Room IAX018) 

Sample 
Number 

1 
3 
5 
7 
9 

10 
12 
16 
18 
20 
22 
24 
]8 
30 
32 
33 
34 
37 
41 
43 
4·1 
45 
49 
51 
52 
53 
54 
56 
58 
60 

Oackground Count Rate .. 
18.7 counts per minute 

Gross Not Efficiency 
counts per counts per 
minute minute 

---
13 0 
24 5.3 
17 0 
36 17.3 
62 43.3 
26 7.3 
27 8 .3 
29 10.3 
93 74.3 
49 30.3 
24 5.3 

304 285.3 
40 21.3 
29 10.3 
93 74 .3 
70 51.3 
91 72.3 

181 162.3 
677 658.3 

1492 1473.3 
374 355.3 
171 152.3 
212 133.3 

20419 20400 
428 ll09.3 
204 185.3 

4269 4250.3 
832 813.3 
691 672.3 
565 546.3 

PNL Average Otstnregrations/minute • 
GPU Average Otstntcgrattons/mtnute .. 
GPU Go31 • Otstntcgrauonslmtnute "' 

0.2 
0 .2 
0.2 
0 .2 
0 .2 
0.2 
0 .2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0 .2 
0 .2 
0.2 
0 .2 
0 .2 
0.2 
0 .2 
0 .2 
0 .2 
0 .2 
0.2 
0.2 
0.2 
0.2 
0.2 

0.10 

PNL measured 
disintegrations 
per minute 

0 
27 
0 

87 
217 

37 
42 
52 

372 
152 
27 

1427 
107 
52 

372 
257 
362 
812 

3292 
7367 
1777 
762 
967 

102002 
2047 
927 

21252 
4067 
3362 
2732 

5165 
17233 

< 50,000 

~ 

GPU measured 
oisintegrations 
per minute 

< 1000 
< 1000 
< 1000 
< 1000 

2000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 

3000 
< 1000 
< 1000 

14000 
< 1000 

8000 
2000 

20000 
160000 

10000 
8000 
6000 
6000 
4000 

80000 
140000 

12000 
20000 

400000 



Tablo 0.9 Reactor Coolant Bleed Holdup Tank 1A !AX021l 

Background Count Rate .. 
20.3 counts per mm 

Sample Grnss Net Efficiency PNL measured GPU measured 
Number c'lunts per counts per disintegrations dismtegrations 

minute minute per minute per minute 

Storage Cages: 
1 19 0 0.2 0 < 1000 
6 31 10.7 0.2 54 < 1000 
8 25 4.7 0.2 24 < 1000 

12 31 10.7 0.:? 54 < 1000 
15 17 0 0.2 0 < 1000 
18 22 1.7 0 .2 9 < 1000 
20 28 1.7 0.2 39 < 1000 
22 18 0 0 .2 0 < 1000 
23 19 0 0 .2 0 < 1000 
31 24 3.7 0 .2 19 < 1000 
32 25 4,7 0 .2 24 < 1000 
34 14 0 0 .2 0 < 1000 
35 25 4.7 0.2 24 < 1000 
36 14 0 0.2 0 < 1000 
37 18 0 0 .2 0 < 1000 
41 IG 0 0 .2 0 < 1000 
47 55 34 .7 0.2 174 < 1000 

Main Room: 
Background Dose Rate .. 

19.3 cpm for 11117 i94 readings 

I 24 4.7 0 .2 24 < 1000 
3 14 0 0 .2 0 < 1000 
6 20 0 .7 0 .2 4 < 1000 
7 27 7.7 0 .2 39 < 1000 

10 46 76.7 0 .2 134 < 1000 
17 29 9.7 0 .2 49 < 1000 
20 21 1.7 0.2 9 < 1000 
23 28 8 .7 0.2 44 < 1000 
25 16 0 0.2 0 < 1000 
27 21 1,7 0.2 9 < 1000 
30 19 0 0.2 0 < 1000 
37 20 0 7 0 .2 4 < 1000 
39 18 0 0 .2 0 < 1000 
41 23 3.7 0 .2 19 < 1000 
54 SJ 63.7 0:> 319 < 1000 
58 !>5 35.7 0 .2 179 < 1000 
67 48 28.7 0 .2 144 1.000 
69 127 107.7 0 .2 539 < 1000 
71 34 14.7 0 .2 74 2,000 
73 23 37 0.2 19 < 1000 

011 



Table 0 .9 RcJctor Coolant Bleed Holdup Tank 1 A !AX021l {Continued! 

Sample Gross Net Effrciency PNL measured GPU measured 
Number counts per counts per disintegrations disintegrations 

minute minute per minute per minute 

--- --
76 39 19.7 0.2 99 < 1000 
82 41 21.7 0 .2 109 < 1000 
86 33 13.7 0 .2 69 < 1000 
90 35 15.7 0.2 79 < 1000 
92 39 19.7 0 .2 99 2,000 
94 35 15.7 0 .2 79 2,000 
96 81 61.7 0 .2 309 1,000 

102 508 488.7 0 .2 2,444 2,000 
103 126 106.7 0 .2 534 4 ,000 
111 39 19.7 0.2 99 2,001) 
115 31 11.7 0 .2 59 1,000 
116 28 8 .7 0.2 44 < 1000 
122 42 22.7 0 .2 114 < 1000 
127 206 186.7 0.2 934 3,000 
J.28 266 246.7 0.2 1,234 6,000 
129 422 402.7 0.2 2.014 12.000 

Background Dose Rate • 
17 7 cpm for 11/17/94 readings 

.15 15 0 0 .2 0 < 1000 
34 18 0 .3 0 .2 2 < 1000 
42 18· 0 .3 0 .2 2 < 1000 
43 l1 0 0 .2 0 < 1000 
45 17 0 0 .2 0 < 1000 
48 16 0 0 .2 0 < 1000 
50 17 0 0 .2 0 1000 
52 16 0 0.2 0 < 1000 
56 20 2.3 0 .2 12 < 1000 
75 18 0.3 0.2 

., < 1000 
79 .1 7 0 0.2 0 < 1000 
83 4 1 2:!3 0.2 117 < 1000 

105 45 27.3 02 137 1000 
108 86 68.3 0 .2 342 1000 

PNL Average Oisintcgratlons/mrnute ,. 181.2 
GPU Averago Drsrntegrauons/minute a 1805 
GPU Goal · Otsintogrationstminuto .. < 50,000 

0 . 12 



Table D. 1 0 Reactor BUIIdrng Sump Pump Filter Room lAX 1021 

Sample 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Background Count Rate • 
31.6 counts per minute 

Gross Net Effic1cncy 
counts per counts per 
minute minute 

273 241 .4 
850 818.4 

4008 3976.4 
459 427.4 
831 799.4 
236 204.4 
228 196.4 
196 164.4 
223 191.4 

1027 995.4 
3501 3469.4 

159 127.4 
318 286.4 

1464 1432.4 
140 108.4 
78 46.4 
70 38.4 

155 123.4 
3623 3591.4 
2953 2921 .4 

126 94.4 
140 108.4 
349 317.4 
187 155.4 
74 42.4 

PNL Average Disintegrations/minute .. 
GPU Average Disintegrations/minute 
GPU Goal • Disintegrations/minute • 

0 .2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0 .2 
0 .2 
0 .2 
0.2 
0.2 
0.2 
0.2 
0.2 
0 .2 
0 .2 
0 .2 
0 .2 
0.2 
0.2 
0.2 
0 ., .. 
0 .2 
0 .2 

0 . 13 

PNL measured 
disintegrations 
per minute 

1207 
4092 

19882 
2137 
3997 
1022 
982 
822 
957 

4977 
17347 

637 
1432 
7 ' 32 

542 
232 
192 
617 

17957 
14607 

472 
542 

1587 
777 
212 

4176 
9264 

< 50.000 

GPU measured 
disintegrations 
per minute 

3910 
27080 
19580 
19410 
5270 

14630 
1010 

16940 
2940 

13260 
7280 
420 

6360 
15010 

650 
630 

1410 
570 

19270 
25410 

1330 
1430 
2360 
5730 
5230 



Tab!o D.11 Motor Control Center (AX1031 

Sample 
Number 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
i I 
14 
15 
16 
17 
18 
19 
20 
21 
22 
n 
24 

Background Count Rate = 
15.5 counts per minute 

Gross Net Efficiency 
counts per counts per 
minute minute 

l S 0 
16 0 .5 
14 0 
16 0.5 
21 5.5 
22 6.5 
16 0.5 
12 0 
23 7.5 
19 3.5 
20 4.5 

6 0 
14 0 
17 1.5 
12 0 
17 1 •. . :l 

22 6.5 
23 7.5 
20 4.5 
17 1.5 
9 0 

25 9 .5 
16 0 .5 
17 1.5 

PNL Average Dismtcgrations/minute " 
GPU Average D•s•ntegration:;/minutc "' 
GPU Goal • D•smtegrat•ons/minute r. 

MDC "' Morum\Jrn Detect.Jbfe Counts 

0.2 
0 .2 
0.2 
0.2 
0.2 
0 .2 
0 .2 
0 .2 
0 .2 
0 .2 
0 .2 
0.2 
0.2 
0 .2 
0.2 
0.2 
0.2 
0.2 
0.2 
0 .2 
0.2 
0 .2 
0 .2 
0 .2 

D 14 

PNL measured 
disintegrations 
per mmuto 

!) 

3 
0 
3 

28 
33 

3 
0 

38 
18 
23 

0 
0 
a 
0 
8 

33 
38 
23 

8 
0 

48 
3 
8 

13 
469 

< 1000 

GPU measured 
disintegrations 
per minute 

<MDC 
<MDC 
<MDC 
<MDC 
<MDC 
<MDC 
<MDC 
<MDC 
< MDC 
<MDC 
<MDC 
<MDC 
<MDC 
<MDC 
<MDC 
<MDC 
<MDC 
< MDC 
<MDC 
.., MDC 
<MDC 

330 
370 

<MDC 

- ---·--· ----- -----------



Tablo 0.12 Waste Ga~ Analyzer Room !AX 1131 

Samplo 
Number 

1 
3 
5 
8 
9 

12 
14 
15 
17 
18 
20 
21 
23 
25 
26 
29 
32 
35 
37 
40 
4 . 
43 
45 
46 
48 
51 
53 
55 
57 
()0 

Background Count Rate .. 
21.5 counts per minute 

Gross Net Efficiency 
counts per counts per 
minute minute 

1437 1415.5 
40 18.5 
P.7 65.5 
25 3.5 

318 296.5 
34120 34099 

578 556.5 
238 216.5 
104 82.5 
91 69.5 
73 51 .5 
38 16.5 

155 133.5 
220 198.5 

20 ·1.5 
22 0 .5 
90 68.5 
23 1.5 
19 ·2.5 
29 7 .5 
24 2.5 
34 12.5 
69 47.5 

431 409.5 
703 681.5 
32 10.5 

1058 1036.5 
43 21.5 
43 21.5 
25 3 .5 

PNL Avot3Qe D•s•ntegra!lons /minute .. 
GPU Average Oisintegrattons/m•nute • 
GPU Goal · Oistntegrattons/minuto .. 

0 .2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0 .2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0 .2 
0.2 
0.2 
0.2 
0 .2 
0.2 
0.2 
0 .2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 

0 .15 

PNL mea~ured 
disintegrations 
per mtnute 

7078 
93 

328 
18 

1483 
170493 

2783 
1083 
413 
348 
258 
83 

668 
993 

0 
:l 

343 
8 
0 

38 
13 
63 

238 
2048 
3408 

53 
5183 

108 
108 

18 

6591 
22380 

< 50000 

GPU measured 
disintegrations 
per minute 

1().000 
< 1000 

8,000 
10,CJO 
15,000 

160,000 
140,000 
50,000 

5,000 
< 1000 
< 1000 

6,000 
6,000 

< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 

1,000 
< 1000 
< 1000 

5.000 
< 1000 
< 1000 
< 1000 



Table 0.13 Makeup Tank Room lAX I HlJ 

Sample 
Number 

1 
2 
5 
8 

11 
14 
17 
20 
24 
28 
31 
37 
40 
44 
47 
51) 
53 
54 
56 
58 
60 
61 
68 
71 
72 
75 
76 

~ackoround Count Rate .., 
15 counts per mtnute 

Gross Uet Elf1ciencv 
counts per counts per 
minute minute 

61 46 
24 9 

150 1:!5 
33 18 
97 82 
37 22 
43 28 
79 64 
39 24 

371 356 
138 123 
34 19 

1265 1250 
31 16 
94 79 
37 22 

159 ' 44 
205 190 

31 16 
419 404 

71 56 
28 13 

348 333 
338 323 
419 404 

9509 9494 
483 468 

PNL Average D1S1nteg1JIIon:./mmute = 
GPU A11oraoe Dis•ntegrations/mmutc • 
GPU Goal - D•smtegrationsfmonute • 

0.2 
0.2 
0.2 
0. ~ 
0.2 
0.2 
0.2 
0.2 
0 .2 
0 .2 
0 .2 
0.2 
0 .2 
0.2 
0 .2 
0.2 
02 
0.2 
0 .2 
0 .2 
0.2 
0 .2 
0 .2 
0 .2 
0 .2 
02 
02 

0 16 

PNL measured 
disintegrations 
per minute 

230 
45 

675 
90 

410 
110 
140 
320 
120 

1780 
615 

95 
6250 

80 
395 
110 
720 
950 
80 

2020 
280 
65 

1665 
1615 
2020 

47470 
~340 

2618 
313.652 
< 50,000 

GPU measured 
disintegrations 
per minute 

1.000 
< 1000 

1,000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 

1,000 
8,000 

20.000 
10,000 
50.000 

1,000 
< 1000 

1.000 
6.000 
4.000 

< 1000 
10,000 
< 1000 

4,000 
50,000 

200.000 
50,000 

200,000 
100.000 



Table 0 .14 Spent Fuel Coolers and Pumps lAX 1181 

Samplo 
Number 

1 
3 
5 
6 
8 

10 
12 
15 
19 
20 
21 
22 
23 
24 
j'S 
27 
29 
33 
37 
41 
44 
47 
50 
53 
56 
58 
62 
64 

Cackground Count Rate • 
19.9 counts per minute 

Gro:;s Not Eff1C1ency 
counts per counts per 
manute m1nute 

23 3.1 
16 0.0 
23 3.1 
25 5.1 
21 1.1 
20 0 .1 
21 1.1 
15 0.0 
26 6 .1 
17 0 .0 
19 0 .0 
32 12.1 
26 6 .1 
18 0 .0 
15 0.0 
19 0.0 
13 0.0 
26 6.1 
28 8.1 
20 0.1 
21 1.1 
19 0.0 
30 10.1 
21 1.1 
22 2.1 

277 257.1 
30 10.1 
19 0 .0 

PNL Average OISintegratiOnslnunute • 
GPU Average Oa~lntegrataons/mmute -
GPU Goal • OISintegratiOns/mmute '"' 

0.2 
0 .2 
0 .2 
0 .2 
0 .2 
0.2 
0.2 
0.2 
0.2 
0 .2 
0 .2 
0.2 
0.2 
0.2 
0.2 
0.2 
0 .2 
0 .2 
0 .2 
0 .2 
0.2 
0 .2 
0 .2 
0 .2 
0.2 
0.2 
0 .2 
0.2 

0 .1 7 

PNL measured 
diSintegrations 
per manute 

16 
0 

16 
26 

6 
1 
6 
0 

31 
0 
0 

61 
31 

0 
0 
0 
0 

31 
41 

1 
6 
0 

51 
6 

11 
1286 

51 
0 

60 
1000 

< 1000 

GPU m~asured 
c!.sintegrations 
per minute 

< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 

6,000 
< 1000 
< 1000 



Table 0 .15 Concentrated Waste Storage Room IAX2181 

Sample 
Number 

1 
2 
5 
7 
9 

11 
13 
14 
17 
20 
21 
23 
25 
26 
28 
30 
32 
33 
35 
38 
40 
42 
4j 

46 
49 
52 
55 
57 
61 

Background Count Rate = 
19.6 counts per minute 

Gross Net Effictencv 
counts per counts per 
minute minute 

50 30.4 
247 227.4 
82 62.4 

190 170.4 
51 31.4 

341 321 .4 
81 61.4 
49 29.4 

943 923.4 
41 21.4 

247 227.4 
47 27.4 
58 38.4 
47 27.4 
78 58.4 
44 24.4 
30 10.4 
40 20 .4 
37 17.4 
61 41.4 
28 8.4 
40 20.4 
38 18.4 
35 15.4 
63 43.4 
41 21.4 
43 23 .4 
58 38.4 

244 224 4 

PNL Averilge D•sintegrations/m•nuto • 
GPU Average Otsmtegrauons/mmute = 
GPU Goal · D•smtegrations/mmutc • 

NMT , No Measurement Taken 

0 .2 
0 .2 
0 .2 
0 .2 
0 .2 
0 .2 
0 .2 
0 .2 
0 .2 
0 .2 
0.2 
0.2 
0 .2 
0 .2 
0.2 
0 .2 
0.2 
0 .2 
0 .2 
0 .2 
0 .2 
0 .2 
0 .2 
0 .2 
0 .2 
o.i 
02 
0.2 
0.2 

018 

PNL measured 
disintegrations 
per minute 

152 
1137 
312 
852 
157 

1607 
307 
147 

4617 
107 

1137 
137 
192 
137 
292 
122 
52 

102 
87 

"07 
42 

102 
92 
77 

217 
107 
117 
192 

1122 

480 
1860 

< 50.000 

GPU measured 
disintegrations 
per minute 

1000 
2000 

< 1000 
< 1000 

2000 
20000 

1000 
1000 

< 1000 
2000 

< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 

2000 
2000 

10000 
2000 
1000 
NMT 



Table 0 .16 Sample Room IFH 1 03) 

Sample 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Background Count Rate = 
24.5 counts per minute 

Gross Net Efficiency 
counts per counts per 
minute minute 

33 8 .5 
31 6.5 
44 19.5 
45 20.5 
24 0 
iS 0 
22 0 
23 0 
22 0 
24 0 
21 0 
19 0 
23 0 
18 0 

116 91.5 
60 35.5 
46 21.5 
31 6.5 
33 8.5 
45 20.5 
62 37.5 
96 71.5 
28 3 .5 

195 170.5 
82 57.5 

16966 16942 
81 56.5 
38 13.5 
33 8.5 

268 243.5 

fNL Average Disintegrations/minute "' 
GPU Average Disintegrations/minute .. 
GPU Goal • Disintegrations/minute • 

0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0 .2 
0.2 
0 .2 
0 .2 
0 .2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0 .2 
0 .2 

0 .19 

PNL measured 
disintt grations 
per minute 

43 
33 
98 

103 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

458 
178 
108 
33 
43 

103 
188 
358 

18 
853 
288 

84708 
283 

68 
43 

1218 

2974 
4029 

< 50.000 

GPU measured 
disintegrations 
per minute 

1,000 
< 1000 
< 1000 

1,000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 
< 1000 

2,000 
2,000 

< 1000 
1,000 

< 1000 
2,000 
2,000 

< 1000 
2.000 

30,000 
4,000 
2.000 

60.000 
3,000 

< 1000 
< 1000 

5,000 



Table D. 17 Model Room IFH 1051 

Oackgro1md Count Rate • 
15.5 counts per mmute 

Sample Gross Net Effaciency PNL measured GPU measured 
Number counts per counts per dasintegrations disintegrations 

manute manute per minute per minute 

1 19 3.5 0.2 18 <MDC 
2 17 1.5 0.;1 8 <MDC 
3 20 4.5 0.2 n <MDC 
4 17 1.5 0.2 8 <MDC 
5 14 0 0.2 0 <MDC 
6 24 8.5 0.2 43 <MDC 
7 13 0 0.2 0 <MDC 
8 22 6.5 0.2 33 <MDC 
9 19 3.5 0.2 18 <MDC 

10 17 1.5 0.2 8 <MDC 
11 13 0 0.2 0 <MDC 
12 22 6.5 0.2 33 <MDC 
13 18 2.5 0.2 13 <MDC 
14 20 4.5 0.2 23 <MDC 
15 16 0.5 02 3 <MDC 
16 25 95 0.2 48 <MDC 
17 18 2 5 0.2 13 <MDC 
18 20 4.5 0.2 23 <MDC 
19 23 7.5 0.2 38 < MDC 
20 18 2.5 0.2 13 <MDC 
21 13 0 0.2 0 <MDC 
22 23 7.5 0.2 38 <t-:Dc 
23 13 0 0.2 0 <MDC 
24 24 8.5 0.2 43 < MDC 
25 25 9.5 0.2 48 <MDC 
26 15 0 02 0 <MDC 
n 20 4.5 0.2 23 <MDC 
;18 13 0 0.2 0 <MDC 
29 26 10.5 0.2 53 <MDC 
30 24 8.5 0.2 43 <~1DC 

31 16 0.5 0.2 3 <MDC 
J2 20 4 5 0.2 23 <MDC 
:;J 28 12.5 0.2 63 <MDC 
34 18 2.5 0.2 13 <MDC 
j5 14 0 0.2 0 <MDC 

. 36 14 0 0.2 0 <MDC 
36 23 7.5 0.2 38 <MDC 
37 18 2.5 02 13 <MDC 
1e 21 !"• .5 0.2 . J <MDC 
3~ 18 2 ~ 0.2 13 <MDC 
40 16 05 02 3 <MDC 
4 I 19 35 02 18 <MDC 

MDC Mm•mum Detectable Counts 

n 20 



Ti!blo D. 17 Modrl Room (FH 1051 (Contmucdl 

Samplo Gross Net Efftciency PNL measured GPU measured 
Number counts ner counts per d•~inteorations dismtegriltions 

minute minute per mmute per minute 

42 24 8.5 0.2 43 <MDC 
43 16 0 .5 0.2 3 <MDC 
44 17 1.5 0.2 6 <MDC 
45 18 2 .5 0.2 13 <MDC 
46 18 2.5 0.2 13 <MDC 
47 25 9.5 0 .2 48 <MDC 
48 16 0 .5 0 .2 3 <MDC 
49 17 1.5 0.2 8 <MDC 
50 16 0.5 0.2 3 <MDC 
51 10 0 0 .2 0 <MDC 
52 13 J 0 .2 0 <MDC 
53 16 0.5 0 .2 3 <MDC 
54 26 10.5 0.2 53 <MDC 
55 13 0 0 .2 0 <MDC 
57 13 0 0 .2 0 <MDC 
58 20 4.5 0 .2 23 <MDC 
59 10 0 0 .2 0 <MDC 
60 12 0 0 .2 0 <MDC 
61 23 7.5 0 .2 38 <MDC 
62 15 0 0 .2 0 <MDC 
63 14 0 0.2 0 <MDC 
64 27 11.~ 0 .2 58 <MDC 
65 24 8.5 0 .2 43 <MDC 
66 42 26.5 0 .2 133 <MDC 
67 20 4.5 0 .2 23 <MDC 
68 9 0 0 .2 0 <MDC 
70 18 2.5 0.2 13 <MDC 

101 15 0 0.2 0 <MDC 
102 18 2.5 0 .2 13 <MDC 
103 14 0 0.2 0 <MDC 

PNL Average Dtstntegrattons/mmute .. 19 
GPU Averagl' D•smtegrat•ons/mmute • 101 
GPU Goal · D•smtegrauons/mmute - • < 1,000 

MDC • Mtntmum Detectable Counts 

D ~1 



Tablo D. 18 Annulus (FH 1121 

Sample 
Number 

1 
3 
5 
7 
9 

11 
14 
17 
20 
21 
23 
25 
27 
28 
31 
33 
36 
43 
46 
47 
49 
50 
57 
54 
55 
56 
57 
58 
59 
(,0 

Background Count Rate = 
24.5 counts per minute 

Gross Net Eff1ciency 
counts per counts per 
minute minute 

- - --
17 0 
27 2.5 
43 18.5 
40 15.5 
30 5.5 
37 12.5 
68 63.5 
98 73.5 
63 36.5 
65 40.5 
98 73.5 
51 26.5 
56 31.5 
10 0 
37 1.l.5 
43 18.5 

214 169.5 
102 77.5 
134 109.5 

3740 3715.5 
3053 3026.5 
1161 1136.5 

265 240.5 
405 380.5 
130 105.5 
54 29.5 

693 668.5 
67 42.5 
76 51.5 
46 21.5 

PNL Average D•s•ntegrat•ons/m:nute .. 
GPU Average D•SIIltegrationstm•nutJ .. 
GPU Goal • D•s•ntegrauons/m•nute 

MDC • M.n.mum Detectable Counts 

0 .2 
0 .2 
0 .2 
0.2 
0 .2 
0 .2 
0 .2 
0 .2 
0 .2 
0.2 
0 .2 
0 .2 
0 .2 
0.2 
0 .2 
0 .2 
0 .2 
0 .2 
0 .2 
0 .2 
0.2 
0.2 
0.2 
0.2 
0 .2 
0.2 
0 .2 
0 .2 
0.2 
0 .2 

D 22 

PNL measured 
disintegrations 
per minute 

0 
13 
93 
78 
26 
63 

318 
368 
193 
203 
368 
133 
158 

0 
63 
93 

946 
368 
548 

1qna 
15143 
56il3 
1203 
1903 
528 
148 

3343 
213 
258 
108 

1705 
3524 

< 50,000 

GPU measured 
dis.ntegrations 
per m.nute 

550 
<MDC 

<MDC 
<MDC 
<MDC 

1,590 
610 
660 
600 

2,200 
1,340 
1,010 

420 
1,080 

<MDC 
<MDC 

4,940 
640 

1,690 
87,720 

6,660 
7,900 
4,320 
2.850 
3,020 
2,:?90 
4,680 

330 
450 

5,030 



-
Table 0 .19 Annulu~ 1FH3041 

Sample 
Numbrr 

1 
2 
3 
4 
s 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
2'1 
23 
24 
25 

Dackground Count Rate .. 
19.6 counts per minute 

Gros~ N1.t Efftctcncy 
counts per counts per 
minute min,Jte 

81 61.4 
40 20.4 
40 20.4 

108 88.4 
84 64.4 

100 80.4 
188 168.4 
122 102.·! 
193 173.4 
114 94.4 
120 100.4 
138 118.4 
48 28.4 

311 291 4 
36 16.4 
48 28.4 
49 29.4 
52 32.4 
31 11.4 
38 18.4 
33 13.4 
29 9 .4 

693 673 .4 
177 157.4 

1:!24 1204.4 

PNL Average D•s•ntcgr;ltionslminute • 
GPU Average Di~mtegrations/minute • 
GPU Goal • OtSII'I!t llrilttons/mmute • 

0.2 
02 
0.2 
0.2 
0.2 
0.2 
0 .2 
0.2 
0 .2 
0 .2 
0 .2 
02 
0 .2 
02 
0.2 
0.2 
0 .2 
0.2 
0 .2 
0.2 
0 .2 
0 .2 
0 .2 
02 
0.2 

0 23 

PNL measured 
dtsintegrations 
per minute 

307 
102 
102 
442 
322 
402 
842 
512 
867 
472 
502 
592 
142 

1457 
82 

142 
147 
i62 
57 
92 
67 
47 

3367 
787 

6022 

721 
2205 

<50000 

GPU measured 
disintegrattons 
per minute 

19.000 
<1000 

1.000 
2,000 
2,000 

<1000 
..... ~ 000 

1,500 
<1000 

1,000 
<1000 
<1000 
1.000 
7,000 

<1000 
<1COO 
< 1000 
<1000 
< 1000 
< 1000 
< 1000 
< 1000 
3.000 
2,000 
1,500 



, 

Table 0 .20 Reactor Build1ng: Area in Front of Equ1pment Hatch IRBJ05l 

Sample 
Number 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

Background Count Rate .. 
16.7 counts per minute 

Gross Net Efficiency 
counts per counts per 
minute minute 

454 437 0.2 
98 81 0.2 

54639 54622 0.2 
7631 7614 0.2 

119 102 0.2 
7645 7628 0.2 
8716 8729 0.2 
6286 6269 0.2 
1261 1244 0.2 
2333 2316 0.2 
4887 4870 0.2 

10870 10853 0.2 
4071 4054 0.2 
2785 2768 02 
3538 3521 0.2 
4629 4612 02 
7540 7523 0.2 

10720 10703 0.2 
13401 13384 0.2 
21495 21478 0.2 
19966 19949 0.2 
22956 22939 0.2 

2431 2414 0.2 
5361 5344 0.2 

59026 59009 0.2 
106429 106412 0.2 

PNL Average OIS!Otegrahons/mmute = 
GPU Avcrauc OISUitegrat ' fls /minute "' 
GPU Goal · O•smtcorations/minuto • 

0 24 

L---------~--------~----~ - -

PNL measured 
disintegrations 
per minute 

2187 
407 

273112 
38072 

512 
38142 
43647 
31347 

6222 
11582 
24352 
54267 
20272 
13842 
17607 
23062 
37617 
53517 
66922 

107392 
99747 

114697 
12072 
26722 

295047 
532062 

74785 
· 288577 
< 50.000 

.--·1 

GPU mea::ured 
disintegrations 
per minute 

20000 
18000 

210000 
40000 
60000 
50000 
90000 
50000 
24000 

150000 
60000 

200000 
12000 
40000 
15000 

8000 
26000 
30000 
10000 

8000 
50000 

210000 
20000 

100000 
10000 

5992000 
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