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Contamination Estimate for Two TMI-2 AFHB Cubicles 

Dear Sir: 

1l1e Post-Defueling Monitored Storage (PDMS) Safety Analysis Report (SAR), Supplement 4, 
Question No. 1 requested an estimate of the total quantity of contamination in the Auxiliary and 
Fuel Handling Buildings (AFHB). As agreed, GPU Nuclear would provide an assessment of 
the quantity of contamination in two AFHB cubicles for NRC review. If the methodology used 
to assess the contamination was acceptable to the NRC, contamination in the rest of the AFHB 
would be so estimated. 

Enclosure I provides the methodology for estimating the curie loading of the TMI-2 AFHB 
cubicles and other areas. As stated the1'Cin. an initial estimate of the curie loading in each 
cubicle/area will be made using a simplified model. Based on preliminary estimates, 
approximately 95% of the contamination in the AFHB is contained in nine cubicles/areas. Those 
nine cubicles/areas will then be evaluated to detennine whether to construct a more precise 
model based on their propensity for significantly increasing the original curie estimate. 

1lle assessment of the two cubicles/areas chosen for assessment by NRC are included as 
Enclosures 2 and 3. The enclosures present the calculations of the curie loading in the two 
makeup demineralizers and the "A" spent fuel pool, respectively. It is noteworthy that these 
are.1s represent several of the more difficult cubicles/areas to evaluate. 
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As stated above. NRC acceptance of the methodology is necessary for completion of the AFlffi 
contamination c~timatcs. However, GPU Nuclear shall proceed under the assumption that the 
methodology described in Enclosuru I is acceptable and will calculate the total quamity of 
contamination in the AFHB accordingly. 

EDS/cllh 

Endo~un:~ 

cc: 1\1. Evans - Senior Resident Inspector, Thtl 

Sinceruly, 
? -I ~ -1- ~~ 

,'/ Gt //;_./ 1 ,/:-~~-
R. L. Long 0 
Din.-ctor. Services Division!ThH-2 

T. T. Martin - Regional Administrator, Region I 
l\1 . T. Masnik - Project Manager, PDNP Directorate 
L. H. Thonus - Project Manager. ThH 
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ENCLOSURE 1 

Methodology for Estimating the Curie Loading of the TMI-2 Auxiliary 

and Fuel Handling Building Cubicles and Other AJ"Cils 

INTRODUCTION 

While the majority of the radioactive contamination resulting from the TMI-2 reactor accident 
of 1979 remains within the ThU-2 Reactor Building, approximately 145 locations within the 
Auxiliary and Fuel Handling Buildings (AFHB) and other areas are listed in the Post-Defueling 
Monitored Storage (PDMS) Safety Analysis Report (SAR) as locations (cubicles/areas) 
containing some levels of radioactive contamination. Some of these cubicles/areas were exposed 
to mdioactivc material conccntrmions that left them severely contaminated. Others were only 
moderately contaminated, and some cubicles were largely unaffected by the accident and the 
subsequent defueling operations. 

Prior to entering PDMS, GPUNC has committed to provide an estimate of the curie content of 
these cubicles/areas showing the estimated total activity (fixed and removable), that will be 
present upon entry into PDMS. To provide specific (room-by-room) estimates that provide the 
curie content at some level of accuracy is a difficult task if each room or area were to be 
modeled precisely. Constructing an exact representation of each area/cubicle, including 
equipment and room size, would expend many man-hours. TI1e end product would still be an 
estimate with an error band of approximately ± 50%. 

To simplify this task, most of the locations will be modeled using the Microshield radiation 
shielding computer code, a common geometry for all areas, and the average general area 
radiation survey reading as the modeling par.uneters. A few of the areas containing the majority 
of the contamination will be modeled more precisely. The below listed assumptions are 
necessary to the simplify this effort. 

ASSUMPTIONS 

I . TI1c radioactive material within a selected area is composed of typical TMI-2 isotcq:<!S 
than can be classified into one of three groups: Dcfucling, Make-up and Purificauon 
(MUP), or Normal waste. These Thtl-2 cl:mifications arc used to represent materials 
for waste shipments and arc based on specific isotopic distributions. 

2. The "Average General Area" r,uJiation measurement for a selected room is the average 
of a number of measurements taken from a typical Thfl-2 Radiological Controls Survey 
as described in GPUNC Radiological Controls Procedure 6610-ADM-4200.04 and 
GPUNC IOdiological Controls Standing Order Memorandum 6610-92-53. 



3. The geometry used for modeling a cubicle/area having a small quantity of radioactive 
material (i.e., less than 50 curies) is typically a cylinder with an internal exposure rate 
point. The cylinder's size is increased or decreased depending on the actual size of the 
room. For example, a room that is 18 feet wide, 20 feet long and 21 feet high has a 
total surface area of 2,316 square feet. TI1e internal cylinder model for this room would 
have a diameter of 19.5 feet ((18+21)/2) and a length of 37.8 feet. TI1e total internal 
surface area for the model is the same, i.e., about 2,316 square fec!t. 

4. Cubicles that do not have a rectangular floor are considered to be rectangular, by 
choosing the longest path through the room as the length of the room. This path may 
be diagonal for some areas but will always represent a conservative room size. The 
width of some cubicles may be detemtined in a similar fashion. 

5. Equipment and other obstructions arc ignored in estimating the room siz.c. Only the 
outem10st walls arc considered. 

6. 11te cquipnu.:nt or piping in a cubicle is not considered to be the deposition sire of the 
radioactive material. 

7. All of the radioactive material is equally distributed over the imerior of the cylindrical 
model. 

8. TI1c exposure mtc site is about head-high at the center of the room. 

9. For those cubicles containing greater than 50 curies based on previous knowledge or the 
above modeling technique, an engineering evaluation will be made to determine whether 
to construct a more prccisc model. TI1e propensity for measurably increasing the original 
curie estimate will be the determining factor in this decision process. A preliminary 
estimate indicates that the AFHB contains greater than 10,000 curies; therefore, a 
"mcasumble increase" is presumed to be 50 curies (i.e., 0.5% of the total). The more 
precise model will be developed using the actual room dimensions, specific e~uipment 
invol\'t!d and other relevant infonnation (e.g., contained water). 

EFFECT OF ABOVE MODELING TECHNIQUE 

TI1e method outlined above will produce a reasonable estimate of activities for the AFHB and 
other areas since approximately 95% of the activity is contained in the nine cubicles/areas within 
the AFHB having greater than 50 curies. Each of these nine cubicles will be evaluated to 
dl!termine whether a more precise model should be developed. Titis is an effort to apply the 
greatest precision to the areas where most of the activity resides. The Nhcr cubicles individually 
contain much less activity; minor inaccuracy in modeling these cubicles will have an insignificant 
impact on the final total inventory. 

The cubicles/areas modeled using the cqui\'alent cylindrical surface area technique will pnwidc 
a con.;crvativc estimate of the activity present, since the activity will be assumed to be on the 
inside surface of the cylinder and not in the equipment or piping in the room. In addition, the 



curies associated with any fuel debris previously dctcm1ined to be present in a room or area, will 
be added to the activity estimated from the exposure rate modeling. Since the number of curies 
present in fuel debris is generally a contributor to the source of the general arc.1 exposure rate 
for that room, a ~double-counting" of curies for these locations will take place, resulting in an 
overestimate of the total activity in the cubicle. 

SUMMARY 

The methodology described above will optimize the usc of GPU Nuclear's time, resources and 
analytical ability to estimate the number of curies present in the cubicles/areas containing the 
largest amount of activity (i.e., those accounting for about 95% of the total). The remaining 
cubiclcs/arc~s will be estimated with less accuracy using thl! equivalent cylindrical technique to 
reduce the number of modl!ling problems. 
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1. 0 PROALEj-1 STl\'l'EHE:lT 

The purpose ot this calculation 1s to esti~ate the curie loading of the 
T!1I-2 Fuel Pool "!\" located in the fuel Handling Building at the J47' El. 
Radiological Controls survey data ~111 be used to provide the exposure 
rate infor~ation necessa~y tor this estimate. 

2, Q SIJI:f!:lJ\RY Of BESUr,TS 

Based on the Radiological controls survey data and isotopic 
concentrations deteroined to be present in smear data, the Fuel Pool "A" 
area contains an upper bound of approxioately lJS Ci ! 22 Ci's of 
activity. A previous estinate from reference 3.7 (froo 9/21/89), 
reported that about 59 Ci of activity were present in the FHB "A" Fuel 
Pool. The prev1ous preliminary estimate &id not include ~11 the isotopes 
present in the r:11xture and ~as subject to a larger sampling error. 

3 .0 REFE?F.tiCES 

3. 1 

J.2 

J.J 

J. 4 

3 " • :J 

Hicroshield R~diat1on Shield1ng Computer Code, Version c, Grave 
Engineering, I~c., 15215 Shady Grove Rd., Rockville, XD 20850. 

I.ot:u~ 1 - 2 - J, Reloasu 2.~. Lotus Developoent Corporation, 55 
canbridge P.:!rk:·:ay, C:l~ebridge, :·!A 02 1~2. 

"The i!ealt:h Physics 1nd Rad1ologic.::~l Health Handboot", Scinta, 
Inc., Silver Spr1nqs , ~D ., 1992 . 

nu rns &. Pee, !nc .. Dri1:Hng ::o. 2068, rev 23, "General Arrangement 
Auxiliary 5 fuel Handling Building floor Pl~n El. 347'-6", W.O. 
2555, • / 17 / '70. 

:a~s. Dr.:r .. ·1no :1o. S JE0950, rev 2, "Spent Fuel Pool Canister Storage 
Racf: t\n:·:~ngc:'lent", D;1noury, Ccnnectlcut, 11/8-l. 

J . \> r;puuc EnqlnCHH'l:lg c:llculntlcn ::o .. :soo-.;.~20-89-095, rev . o , "G.t-l. 
~easur~rncntc o t Fuel Debr1u ( FTS)", J/ 21/ 89. 

J . 7 G?tl!IC :·:e:;~or.:mdu:r. ::o . .;so0-89-1::7, "Fuel Dcbr1s .ln Dciueling Canal 
.:tnd F~el Pooi "i\'"'• l 0/ 1 Gi S9 . 

J . 8 GPutlC !:no lni!cri:-~o C;:;lcul.ltion 1:o . .;z.;0-3233-93-001, rev. 0, "T:-ti-2 
Waste S:~c~n ~naiysi~". 1( 11 / 93. 

J . 9 :IES, Dra~"lng :;o. EJF. OSo.: J , ::-c•; ) , ''Top l'l;ltC", D;1ntmry, Connecticut, 
l0/ 8·;. 

J.lO l!F:5, .!r:l'.d n : ;; ,L " JEOJ1 9 . :-c v .• , "FUel .::':lnt c tC>r Stornge Rack 7 x 9", 
D3nlury, C;n~~c~icu~ . : o;e ~. 
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~.1 General overview and descript~on of methodology. 

4.1.1 In general, the Fuel Pool "A" a rea is modeled in sections. 
In section one, the activity is assumed to be at the bottom of 
the Fuel Pool i n the region of the north canister 
handling/dewatering platforms. A three (J) inch deep water 
shield is assumed to cover the activity in this region at the 
time of the Radiologica l Controls survey. 

~.1.2 The south region or section two of the fuel pool, contains the 
fuel canister racks. The source term is assumed to occupy only 
the area of the fue l racks and is homogeneously distributed in 
the rae~; volu:::e. This is a conservative assumption since a 
portion o t the source is actually distributed around the rack 
space as a surface deposi tion with little shielding. However, 
it ls assumed that a significant portion of the source 
materials arc present within the fuel racks as fuel debris . 

. : . 2 Octerr.unation ot :::ater1als and densities . 

~.2.1 From revie~ ot reference 3.9 and 3 .10 the following data table 
was assembled using the Lotus 1-2-3 spreads heet system 
(reference 3 .2). These values are used to estimate the 
etfecti~e dcnslty ot the fuel rack region . 

l ~F\JT OE ~SITf VAU;('l lc;ll l t;H POOl " A" 

-.S~lD C(J(f:()c;fTIC'rr4•••u•ln••zluJO 
ar \.£1~~~ 

0.0':. .EAO 
1va.o: 1~0tj 

!ii ~-l.~SIO.S Cl l~llR,4l~ 10 BE SI.BTUCIEO (It) 

... E-.C.l-t••• ') 

. 1\;ftt r. ••• ~ 

•r1c~r.. o 
.01.\WE or I~TE~~HS 10 BE SlJBTiiAC1£D (C<'~l> O.OO(•GO 

:ll ~£~~rc's Cf sa.acE aE"Cal • ~ F~;EL POOl •a• Cftl 
l(~CTH•.. • • • 4Ct.2S 
.1 l0tl4•••• 

•£1C•Tu 
'4.115 

'l.19n 

~:A;-Cf • f ~1:;.. I • 1¥( , f ;JC, • ~ l ,JS PEG!Cll 10 &E SUSIRACI£0. 

trr(Ctt.L S1~~£ . '".l1.Jrol( fc'-'~)• • Z. l .. t• O! 

i-i- 'l!:' lrrJ • 

':1'1'<.~1: I • 7 

l,h I 1':1 

-'Ur;;.At') wu(~f~~~ •"I GJotf or \.EIC.Nl cr t (lil51Tf c r ~C H~Jt'r c r •• 
••<•~•:WA if - liGijJ llA:J P~C'I ,f.l!) lfCN 

. '" •'" r •t . ' 
·) 

f-:-""" ) J/C( 

~ o.c~ooca o.oaoooo •• 
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4.2 Detc~ination of ~accr1als and dcn~ities cont'd. 

4.2.2 The Fuel Racks arc assumed to be composed of steel with a 
weight o t approxi~atcly 17,380 lbs per 7 x 9 section. There 
arc four scccions 1n the poo l (reference 3.5 & 3.10). 

4.2.3 The steel t o p pla te sections are assumed to weigh approximately 
3044 lbs per section. There are fou r sections (reference 3.9). 

4 . 3 The 1sotopes, and activity of the isotopes present in one curie of 
source material s ~ere det ermined from smear radiochemistry analysis 
and from the use of the Lotus 1-2·3 spreadsheet from reference 3.8. 
Tsocopes normally found at T~I-2 were s caled in assuming a 
" De tuel l.nq" ·.1usce :.t:rcam (attachment 1-1 to 1-6). 

4.4 The tollow1nq table presents the smea r nu~bers and decayed results 
fo r ten (10) s nears tilY.cn trora the Fuel Poo l a nd assayed by GPUIIC. 
Smear results arc decayed to 8/ ~4/93. 

J•IC9 SIOEAt DATA FlU ~~£: SFP· l ,;.l1 
IOOAf'S 041(»8/24/ 9} 

IIUU CUSS 
!.If[ AI ~w(AR ~:.'t~l ( 

lD(l lCCAIJCII J.!l. \U'3ER :'ill( 

nOTCP(~ oro lCli '/JIT'S 
(OIJIP\11 \'ll~[S) 

..CI's p-r TCl C=> 2 
.r·90 C~ ·ll· ~~·12S 

a .. t<l on AlPJ!A 
:o·60 Eu·l~4 •• Sr/CS Sr/CS lCTIVITY 

•wa .. aaaaa aaa a •t•.,•••••• •••••"~••• •"~• •••• 11 1& &aa ~ • •• •••"~••••••:aaaac&&.llaa:aa••••••••••••••••a:.».aaa•• .. •••••••••••••••••••••••••••• 
I•B ,,g 
1•8 
F•a 
I •R 
r.a 
'"8 
I•B 
f •8 

r•9 

1~109 9?~!.003 5 b/31?2 .. e. t-E· IJ! :.7iE·OZ \.7at·OS O.CC£ •00 l.21E -04 O.OCE•OO •• 2.H CErutliNC 2 . 11>2£·04 
••109 9206002 ~13/<i? .. • c.eE ·Ill ' ''E ·02 O.C~E•OJ O.OC£ •00 6.1c:E•OS O.CCE•OC •• 2.41 CHIJt:li~C 2 .207£· 04 
f•IC9 QlOS016 -.c .. E ~/ Z!JV2 •• ! . 1-[ •;;3 ~ .eZE ·Ol O.C:iE•CO ;,91£ ·05 3.9ZE·05 O.OC£•00 •• 2.11 D(IU(liNC 1.21'9£·04 
1•109 9:cso1~ ~:•E ~ ... ! . "; / •• s ' ~E· Ol l. ~•E·CZ 2. lo£· C5 O.OGE• GO B.l!.!:·05 O.CO{•OO • • 2.41 CtfiJ(lJ~C 1.C.5!£ •04 
f •"09 ~ - ~E . ' l ~S1 'Jl •• '! '-':E·Ll 5 i!.E ·05 O.C:£• 00 C . ~t:£ •00 3.'3!.£ · 05 O.CC£•00 •• ~. 35 CEJutll ~:; ~01 I)CO.E 
I WI()? .... [ :o 7!ZS!72 •• ~ - ~~E ·C. 2. t: £·01 o. :~E ·O~ O.OC£• 00 t.le£·05 O.C~£•00 •• 2.47 CHUH I NG NOT ~OO.E 
,.,~ \:ltl( ., • ZS/92 " ! e2E Ol 1 ·~r ·C2 Q.C~t· CO O. tlCE•OO 8.55(•05 O,CC£•00 •• 2.;!1 C£fut:li~C ~:ll l)!:foif 

'"'()? ' .. ( :":.J'; 2 •• ~ :H ·C. • ·-E ·C. o ... c·~o o . c:c - oo 9 . 46£·to o.c:r· co •• 2.28 CEFUH I~C ~01 COO£ 
fH1 09 5~1>0 ·6 ' •; ~5/ ', 2 •• • .u 'r ·:. l ;"J( C3 c . ... uE•OO C.t'.:E • C.O O.CO! •OO O.«X!£•00 •• 1>.15 CHUEli~G ~01 DOlE 
1•109 '""E !J .. li.519l •• I.E· OS 2 S lt ·~l 0 C~[•CO O.O~E·CO 2.CCE· 05 O. GO E•OO •• 2.30 ~EfiJ(l \ioC ioOl OC>IE 

.; • 5 Computer r.odcl1ng !.or Fuel Pool ";," . 

. ;. !> . 1 rror. tcvte~ o t the rctcrcnccs th~ tollowing lnioiT.lat ion 
rcprcccnt3 the ba~1c ~1crc~hicld 4 input files. 

Dose po 1nt : o ~ ~ntc r ~ : rcc tanq~lar ~rca !X) ... )0.48 cr.. 
Height t r uc t 'lncu l ,tr ·1nn ( H) .•.••...•......• 7 20.09 en. 
P CCt: .1 n ·l lll .! r irC .l ·,: ldth i\\) .. .. ...•....... .•.•. J87, J5 CO. 
Thi c~::'tc !:.Z u t . hlc.u 1 (SI!l ) .................... . 7 . 62 em. 
Dose 101 1.~ i CJ~lt.-~ :1 'llO:'tO .' 1 Xl!:> (:) ....... : 9 1.67495 Cr.l • 
.. ,_!.:.t' :..:::: . .. :...: . : t: ' , ; f" l : 1 ••••••••••••• r,.,O . ~J ·;5 t:~. 

i, Lt' 1.a;l .. . ... •. ............• • ..••..•..•••••.••. ~ ~. 86 C;:'!. 
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4.5 Cocputar ~odeling for fuel Pool "A" cont'd. 

4.5.1 Cont'd. 

b) Sect1on 2. Basic Micro5hield 4 inpyt: 

Dose point to center rectangle (X) •••• ••••• l264.Jl04 em. 
Height of rectangle (li) •••••••••••••••••••• 1353.5025 em. 
Rectangular val. width (W) •••••••••••••••• •••• 430.53 em. 
Rectangular val. length (L) ...••.......•.•• 402.27199 em. 
Thickness of shield 1 (SHl) ••••••••••••••••••••• 7.62 em. 
Dose point position along Z axis (Z) . .....•.• 215.265 em. 
Dose point fran base of source (1) .....•••• 676.75125 em. 
Air Gap .............••••...•..•••......••• . 854.41841 em. 

4.6 Re~ l ~and interpretation of survey data. 

4.6.1 Two (2) Radiological Controls field Operations surveys were 
reviewed to detern1ne the average exposure rate at set 
locatLons withln the fHB Fuel Pool "A" area. Copies of these 
surveys are shown as attachments 2-1 and 2-2. The average 
value for the survey locations were determined by spreadsheet 
analysLs (see attachments J-1 and 3-2). 

4.G.2 The estinate of the error from incorrectly determining the 
vertical distance from a source term, is determined by assuming 
a ~ six inch error in the radiation measurement reported for 
5ection one and that ! two foot errors could have occurred in 
~action two ncasuremont locations. 

4. 7 ;\ one c urta zource terl:'l is used to estfmate the exposure rate at the 
Game locationG reported on the Radiological Controls survey sheets. 
'rhe calculated ou tput i5 then co~pared to the actual measured values. 
The uctual wea~urenent data iz converted into the number of curies 
present in the ~easurement location. Activities as of B/24/93. 

4.8 The followLng 1s a description of the attachments presented in this 
calculatton. 

a) Att~ch~ent~ 1-1 to 1-6, present and scale in the isotopes 
extracted fron 5ect1on 4.4 and aGsuned to characterize the "A" 
fuel Pool. 

b) Attnchments 2-1 & 2-?, present the two Radiological Controls 
surveys t or ~cctlon l <.~nd 2 resp~ctivaly, of tho "/\" fuel Pool. 

c) Attacn~cntc J -1 & J - 2, present the StntlGtical Determination 
WorkGhcct for <;·~c tion 1 1nc:1 2 rcspecti·Jely, of the "A" Fuel Pool. 
:·tH' '. • : ' :;• ,_:·:I c. . ;.., :· '::r- ,; : = r l oth reg i.cn•:; ,, re co::1putcd on these 
,, t tol -.:11:-:cntz. 
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4.0 ASSU!-tPTIOilS ArlO PoSIC DATA Cont'd 

4.8 Continued. 

d) Attach~cnts :.-1 & 4-2, present the Microshield 4 output data for 
a 1 curie "Ocfueling" ~ixture of activity for section 1 
(De-watering Station), of the "A" Fuel Pool. 

e) Attachments 5-l & 5-2, present the Microshield 4 output data for 
a 1 curie "Oefueling" ~ixture of activity for section 2 
(Fuel Rack Area), of the "A" Fuel Pool. 

t) Attachments 6-1, Lotus 1-2-J "normalization Worksheet", used to 
compare and esti~ate fro~ the 1 curie Microshield .4 output to the 
nurnber of curies present (suggested by actual exposure rate from 
s urvey data). This a ttachrnent presents the estimated number of 
c uries in section 1 of the "A" Fuel Pool. 

g) Attach~ents 7- 1, Lotus 1-2-J "llor~alization Worksheet", used to 
c ompare and estimate fro~ the 1 curie Microshield 4 output to the 
nu~ber of curies present (suggested by actual exposure rate from 
survey data) . This attach~ent presents the esti~ated number of 
curies in section 2 of the "A" Fuel Pool. 

h) Attach~ents 8 - 1 to 8 - 6, a re diagracs a nd sections of drawings for 
the Fuel Pool ~torage racks as well as general layouts for the 
Fuel Pool area. 

i) Attach~ents 9 - 1 to 9 - 7, are Microshield 4 output data for error 
esti~ates tor this calculation including a graphical presentation. 

s . o c.;Lcvr;,rrm:s 

5.l ::ost o.t the f'arlicr cperatlons ·.:ere- per t orr.:cd using the Lotus 1-2-3 
spreadsheet Jystc~ or ~icroshield 4. 

5 . 2.1 7he co~blncd cstl~ate of error in this analysis includes the 
follo•.n ng: 

a) The csti~~te ot the uncertainty in the radiation 
~casurcnents rrorn the radiological surveys, due to 
incorrectly reported survey locations (in the vertical 
pl<lnc). 

b) An aosu~ad :nstrurcnt~t~on response error of : 20\. 

S.2.2 ~he d1ztancc- error est1~atc .1ssu~es tha t the actual exposure 
rate I'O lnc :~ ~lthin -: 2 ~cct ~f the corrcc~ nea~ure~ent 
!~C)~:. :~ : ~ .. !": !-"! '"! : ic~: .:C'c:.i..:;n . t:":d -.: L 1~cncs tor t.~a 
Ju-;;,l t.~..:rtr . .j ::: ..stto n .u<.:..lt:lon. ·:o eot.l::late thls effect. the 

... 0016 l'o-18\ 



[!UE)Nuclear Calculation Sheet 
SUOteet I R..., No 1 S..-No -:t( 

.:240-3233-93-020 o b ot 7 

, CalC No 

FH109/Fit300 Lurt~ [:>tl~ilte 

OnQu\atO< Date I R-Dy 
1 G. Loade e. !lrosey :3.~~ S/27/93 

5.0 C,\t.CULATIOIIS Cont'd 

5.2 Estication of error teres cont'd. 

5.2 .2 Cont'd. 

Microshield 4 shielding code problems above are again computec 
but ~ith these distance effeCt$ included (see attachments 9-: 
to 9-7). The results are shown below: 

De-watering Station Exposure rate error term for -6 inch 
location is 1-(10.23/10.99) x 100\ = -6.9\ and about -4\ on the 
+6 inch $ide of the one foot measurement. The graph shown on 
~ttachmcnt 9-7 shows the exposure rate variation from an area 
source !or the model presented heroin. The one foot calculation 
appears to be about the highest value for this problem. 
Theretore, 6 inches closer or farther away produce a small 
reduction in the calculated exposure rate and a resulting 
increase in the curie estimate. Assume ± 5\ for this error 
terc. 

5.2.J The error terc for the Fuel Rack section is computed in 
the same manner as above. The Microshicld output for a t 2 
foot variation in distance produces the following error. 
l-(l.OB8e-l/ 9.76le-2) x 100\ •11.5%, for -2 feet and 
1-(8.795e-2/ 9.76le-2) x 100% ~ -10%, for +2 feet. Assume 
± 10\ tor this error term. 

5.2.4 Combination o f error terms. 

Comblncd error tor~ for Oe-~atering ~tation 
( (.::20l.) 2 t-( !5'. ) ')M = -± 21\. 

Co~bincd e rror ~er~ tor fue l Rack area is: 
((.::20'!. )'•(:10% ) 2 )1).~- - ± 22\. 

l
. <". .... 

(21t/lOOt) x .:9. ~9 C1 ~ ± 10.4 Ci., De-watering Station. 

(22~/ 100.) A 86 . 057 Ci = ± 18.9 ci., ruel Racks area. 

N 0018 OG-88) I 
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Pr•144oo ?.T.l0£·07 :.866£-14 1.!!66E·O! O.C00£•00 '.U6l· 08 Pr · 144<o 
;u·2J6• !>.400£ ·C9 6.400( ·07 · . w~t·1c. 1.228£·10 1.Z2eE·10 Pu·Z36 
Pu·2311• 4.~0E·C4 •. 75Ct·04 ~.111£·12 9. 111£•06 O.C00£•00 9 .111£·06 Pu·Zla 
Pu·239• s.noH!l s.not-o3 1.10l(· 10 1.107£·04 0.000£•00 1.1011·04 Pu·239 
Pu·240• 1.530(·03 1. ~JCE •C:J 2.?35(·1 1 2 .935E·OS 0.000£•00 2.935£·05 Pu-240 
Pu•241 5.300£·02 1.017E·09 1.017£·03 O.OOOE+OO 1.017£·03 Pu·241 
~u· 242• 9.970£·08 9.970( ·08 1.;1Z£ ·15 1.912£·09 1.912£· 09 Pu·242 
~u·244• 1.310£ · 10 1.31~£·10 l.S 1JE · 18 2.513£·12 2.513£·12 Pu· 244 
Ra•22J• 1.590£ ·10 1. 590£ · 10 3.050£ ·1 !1 l.OS0£·12 3.050£·12 ••·223 
R•·224• 1.600£·08 1.60CE·Oa 3 .069£ •16 3.069£·10 3. 069£ · 10 h·224 
aa·226• 3. 100£·11 3 . 100£•11 5.946[•19 5.946£·13 5.946£·13 b·226 
;b·ll7 1.310(·10 2.513£·18 2.513£·12 2.513£·12 lb·!T 
Q~·106 1.020(·04 '.'iST£ · 12 1.~7£·06 O.OOC£•00 1 .~1t·06 1!1•106 

Qr>•219• 1.590£ ·10 1.590£·10 J.CSC£·18 3 .050£·12 3. 050£ · 12 ln·219 
Rr>·ZZO· l.e.OOE ·08 1.600E ·OS 3.069£•16 3.069£·10 3.069£ · 10 Rr>·220 
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Qu· 106 1.02CE ·04 1.~57£·12 1.~11·06 0.000£•00 1. 95"£·06 1 Ru•106 
Sb•125 3.8<;0£ ·04 1. 705£·11 1. 705£·05 1. 171£·05 1. 171£·05 o.6116n14 Sb•125 
Sb• 126 4.470£ · 07 8.574( • 15 8.574£·09 8.57'£·09 1 ~·126 

Sb· 1U.no 3.20CE ·C6 6. 13&·14 6.138£·08 6 . 13eE· C8 Sb· 126. 
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~n· 126 3.200£ ·06 ~- 13e£ ·14 6 . 13~[ ·OS !>.13eE·08 1 Sn·126 
Sr·90 3. 460[·01 6.6}7£·09 !>.637£ ·03 7. 567£ · 03 7.567£·03 1.1401536 Sr·90 
rc · 99 7. 350£ ·OS 1 .• 10£·12 1.410£·06 0.000£•00 1,410[•06 1 Tc·99 

Te·125., 2.050£ ·04 3.932£·12 3.932£·06 2.705£·06 2.705£ · 06 0 . 6879741 r .. ·12S.. 
Th · 227• 1.5110£·10 1.5&£·10 3.:!31£·16 3.031£·12 3.031£ · 12 Th · l27 
lh·228• 1. 600£·08 l .600E·C8 3.069E·1b 3.069£·10 3.069£·10 Th·22! 
1~·230• 1.010£·08 1.010£·08 •• 937£·1 ~ 1.937£· 10 1.937£·10 T~·230 

Th · 2l1 2.550£· 06 4.891£ ·14 4.891£ -oe 4.891£·!18 Th•2l1 
Th·23~ 1. 720£ ·OS 3.299£·13 3 .299£ ·07 3.299£·07 T~·234 
11·207 1.590£·10 l.CSCE ·18 3.050£ · 12 3.050£·12 Tl·207 
ll·208 5. 740[ ·G? 1. ' 01[·16 1.101£·10 1. 101£·10 Tl·208 
U·232• 1.1>00£·05 1.600£· 05 J.C~H·li!. 3.06~·10 3.069£·10 U·232 
U· l33• 1.960[ ·10 1.960( · 10 3 .760( •1!! 3.760£·12 3.760£ ·12 U·23l 
U· 2,.. 1. 640£·05 7.!!40£ · OS ~. ~0.:. ! . 12 1.504[·06 (l.COC£•00 1.504£·06 U·234 
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At t acnment 1-o 
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••••• ••• •••••••••• ••••• •••• •••••2,ac••• ••••••••••• ••••••••• ·••••••••••••••••••••••••••• 
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ti t tacnment 4-1 

~tcroSnte lc '.CC ~ .... , 14.00·00247 

Poge 1 ltlc hf : -t'' COS Fi le: FP· 8.H54 Date: 
~161 DAte: Auguit 25, l<;Q3 By: 
~un I I,..,: ll : ZJ a .C>. li~SCI4y Cht'CU<l: 
Ouruton: 0:03:04 

C£"'El~Y 4 • 

Oou point :oorc1nate " 
Oou point coorc1n.ote 1: 
Oou potnt coordtr..ott l: 
~ecunqulor aru ne•9nt: 
q:ectangutar ar~o w•dt ~; 

Sn telc 1: 
Atr C~c: 

l~rt JC.H af'Cti!'\Vular Art-a 
ant ll"ltters feet ana 

30.48 1.0 
!60.tl4S 11.0 
'93. 67495 6.0 
'20.09 21.0 
! 87.15 12 . 0 

1.~2 a.o 
n.u o.o 

•ncnrs 
.0 

9.7 
4.2 
7.5 
8.5 
l.O 
9 . 0 

Sourc~ Aru : 278927 •• Q "-'" 300.234 "I ft. 43233.! SQ ln. 

~·· •. uer 

~"' ltdt 
A9• !10 
••·l41 
c 1-
, .... 1.~ 
:ttl· 24l 
C~·S8 
Cr·S I 
cs 137 
[ u· 155 
k· J 
"n·S4 
' P·217 
~ ... 147 
Pr·144n 
Pu· 239 
Pu· Z• 1 
Qu•1 06 
Sr-89 
lc•99 
\1•214 
U· 236 
T•90 

S~ltld 

Slat. 

1.~ 

~AT(~ lAl CE kS!fi (S lo/c::o ll 
" ' ' ColP 

0.00121 

EUILCUP 
"'etn~: :. .. a~avo factor fa:t.:lrs 

lhe rr..:~ttr13\ r tttrei"'Ce 15 Sna e l <l 

l Direct ton 
't)Jrect1 -ut 

S~ll1CE 
:'.Jr1t-S .,. Ct/c~" 

7.6YOOe· lllZ 2 . 7S10e·OH 
1.3800e· O') l ' . ~ . T;c-vvl 
8. 4COOe· OOc. l . 01·'j~·· ~.0 5 
l. llC"e·CO~ l. · ?~~c: ·v~ .. 
• •• 400<t·~ S. 'b2~e·u08 
-> . ocoo~ • ooc C.C!:CCr•C\A 
;l.OO~J.-· ~00 O.Coti:ie·C~O 
1.290Ce· C01 • . 6c·><· ·CO I 
• •• SOOe ·OOl 5. 1~9~ e ·v J3 
2 . o.oo~- oos ~.J 'li~ -OCl 
I. 1700e·C07 . 1? .. 0:~ ·u07 
S .o900e·oJ-J7 z. c~cc~ · o.:6 
3 .57CC~ ·OOZ : .Z70;e·OCl 
;. .47C0e·007 l.~C2o~ ·OC~ 
• . oOCOt· 003 1 .e85Ce ·CO~ 
• • 1900t ·l1J2 I. SCZZt·O~ l 
S. l400e·U05 I .'1145e ·OO• 
C OOOOe •OOO O. C00')4:• ...:VO 
s . '>900•. 005 2 .1·~·· · ·). 
~.J90Ce ·CC5 Z .2!fCOe-·CJ~ 
1. ~000~·006 o.v .. ee ·o· o 
3 . 1 :?C~·001 1. 1 ~~S~·u'.)O 

:...wsor:at..;re Crc~r 

30 
30 

' UCL IDES 
'ut l tce cur1~s 

A9•1leh 5. 7600e·010 
Sl· llia 1.2200t·001 
···141 :) . OOCOe•OOO 
• ·· 242 1.4ot>Oe·C07 
;o·24. l.~100e·007 

:)• bO I. 9000e·Oill 
:, · 1l~ ·. nooo-oc:. .... ,~, 1 .COOCe· OOl 
1 .. -ss 3.5100c•OOl 
I 1 2~ J .3!\00e· 008 
"ol ·63 l.97COe·C02 
:.l·2ll S .690Ce· 007 
~r · '4:. l. ncoo-005 
-~~· 23! 3.!500e•OO:. 
p ··240 1.2500~·001 
·~· !Co 5 . l4COe ·005 
• ::- 125 • • 2400e·OO:. 
sr- 90 l . \700.·001 
:~- '25m ~. ~COe·005 
~ 235 2. 5!004'·006 
~ na 1.Z l004'·0CS 
: n·bS ~ . SZOOe· 010 

• cit~· 
2.0n2e·OOO 
4.3730~·001 
O.COOOe•OOO 
5. Zl43e·007 
1. 2225e·006 
7.1345e·003 
6 . 3457e·OC.:. 
l .5852e·003 
L2584e·C02 
1.2118e•007 
7. ~628•- 002 
2.0400e·C06 
,_ 1222t·OO:. 
l.3!03e·C0 3 
4 . 4815e·C-Ql 
1.9145e·OO;. 
l. SZ01e·~l 
I. 1l65e•OOO 
3.5090e·OO:. 
O. Z~97e·O:l6 
4. Jl!14'· 1iC5 
l .aose-009 

-Cl) 
~ <V 

Cl) I -o 
s:: 0 

I 
.., 

0 .,. 0 en z "' -' 
JJ cr c: c3 C) 0 a: 

-;; 
fa 
:i ...... 

0'1 u ...... 
'iii ..... 

• N 
0 • ...... 

0 co 
~ ... .., 

j ~ ... 
"' .... 
c:.o ... L 

" ftS u !f1 • 0 
0 - M 

(t) (,) ...... 

= ...... 
"' 0 >, z c:.o 

<:: "' 

~ 
0 

ll .... 

! ! m 
l!o • 
c5"' 
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Attachment 4-2 

~~;~ 

C::S file fP·B.HS~ 

•~~> Oot~ AU1..St l~, 1~7l 

a..,''~ 11:23 ~-"'· ~o.arts·J>' 
!ttl.._ O('JATERI~C SIAIICH ARE~ Cf fl,fl POOl A 

~•••••aaas aaaaaaa ataal'aaaaa:•••• .esuus ac;aa•••••••••• .. ••••••••••••••• 
£r.er~t t.,t ''"tv £MrQW' f lucnc• iitt!' E,posuro Rate In Atr 
( KoV) (~otons"oc t "'cY/ sQ cc:vs•cl (~/hr) 

, , Sulldo.::> ~atn Bullcuo NO 8u1lcli.O With Bull~ 
0. 1 2.624.-007 o.•OOe-001 3.6~Co•OOO 9.792t ·004 1,J2Je·002 
0.15 I. 795o•005 e.z~'•·OOl a.OTJe·002 l.J5Be·OOS 1,J\9e·004 
Q.Z 3.777e•OOt> 2. 119• ·001 Z .070o•OOO ~. 798t•004 J.6Sle·OOJ 
O. l 7.8He•OO~ l.!l10e·002 5.5C4e·002 2.029t·OOS \ .044e·004 
0.4 S.177o•006 1. I :eo•OOO 4.55\o•OOO 2. \74e·003 8.926e·003 
'l.S 2. 207e•OOI> ~.16-e·COI 2 .lble•OOO 1.J28o·00l 4.6JS<r·OOl 
O.b ~.079t•009 l.ebee•liOl S .161e•OOl J.2S2e•OOO l.007e•001 
0.8 2.061e•007 l. l21e•001 l.44le•001 2.S1Jo·002 6.548e·002 
1.0 8.524~·007 7. 7JJo•001 1. 778e•002 1.426e·001 J.l14e·001 
1. 5 11.!12!e•007 1 •• 92e•002 2.U6o•002 2.S10e·001 4.8SSe·001 
2.0 S.9b4t•OOl 2 . l29e·002 ~.0He·002 3.602e•OOS b.2T.!o·OOS 

TOTAl: •. JTCe•OIW 1. •OS••Ctvl S .blS2c•~Ol ).b75o•OOO 1.09\lo-001 

-Q) 
l; "' Q) I "0 

.r; 0 

1 
"0 

en 0 ~ 0 z N ... 
.!1 .... 

c: J Cl 0 
+= 
~ .., 
:::J en 
~ -ctl 

...... 
" N u • -0 IX) 

"' ... .., 
~ ... 
"' ..... 
<11 

<f .. ... 
:> 

= ..... m Cl) 0 
0 - ~ (fJ () L: 

= ...... 
cn 
0 >. z .... 
L: "' 

~ 
0 

l 
... 

J 
CD 

o:i 
-



kltachment 5-l 

HlcroShl~ld 4 .00 • Ser.al ~.00·00247 
CJ'U 

~'•9• : 1 
COS file : fUELPJU.HS4 
1111 Date: -ugust 25, 1991 
1111 rune: 1:13 p.•. u.anesoay 
Ourat1~: 0:24:42 

Cue fIt le: FVEL POC'l\ A JU{L UCl AUA 

11 • lecta:>gular Vol.,. 

Dou point coorain..te Jl: 
co .. POint coordiNitt f : 

cmt ""'"era feet ana 
1264.1104 41.0 
676.7'512~ 22.0 

inc:hu 
s.a 
2 . 1. 

Dose POint cooraiNt<' Z: 
ltctllfl9UI•r volU~e '"dtn : 
lectGnquter vot LmO lon<~tn: 

IKtan•t~l•r vot.- ne1gnt: 
Shield 1: 
Air C~;>: 

215.265 7. 0 
410.53 14.0 
402.27199 13.0 

1353.5025 44.D 
7.62 0.0 

854.41841 28.0 

.a 
1.5 
2.4 
4.9 
l.O 

·' 
Souru Vol.-: 2 . 34413e•5 CJD 3 ez75.23 cu ft. 1.4l045e•7 cu ln. 

"t,1t~r 11l 

A It 
Iron 
\later 

~ucll<!e 

•9 · 110 
...... ·241 
C· 14 
Ct'·111. .. 
Cl:l·l43 
Co·~& 
Cr·SI 
Ct·ll7 
(u·ISS 
~-3 
,.,,.5, 
'o·217 
P,.·l47 
Pr· 144• 
Pu·219 
Pu·4'41 
I.J·IC6 
Sr·!l9 
lc·99 
U•2l4 
u 116 
y QO 

l'AfUIAl CENSIIIU (g/cn'll 
Sourte Sllleld 1 A" Coo 
Shield Slllb 

0.00122 
0.15509 

1.0 

SUlLO~'? 
MethOd: BuilOJ:l factor fobles 

;~-,~ 11n.1ter~al refe-r~f! ts Source 

INffCIAIICII PlRli<EIEP.S 
O.J.ldnture Otde• 

l DlreCll~ 22 
f Direction 22 
l Direction 22 

SWRC[ hvCL IOtS 
cvrtc:•. .oCi/c."l'l MJClld~ CUriOS 

7.6<Xl0e ·012 l .2eOSe·oJ14 Ag·IIO.. 5.7!00~ ·010 
l. l!OOe·OOl s.euoe-006 911·137 .. 1.2200e·OO I 
11.4000e·O\l6 3.5614~·00! C~· 141 0.(1()00~·000 
3.1300~·005 I .1352~·007 Czo·l42 1.4600~·007 
1.4400e·OOll 6. 1410.·011 c~·244 1.4100~·007 
O.OOOO..•GOO O.O~Oe•OOO Co·60 l.<nOOe · OOl 
0 • cooo ... oJOO O.OOOOe•OOO ,)•134 1 • 7700~. 004 
1.2900e·OOI S.5031e·004 ru·154 1.0000e·001 
I .4500e·001 6. ISS7e·OG6 re-~5 l.SICOe·OJl 
2.0400.·00} e.702ee·OC!> 1·129 1.~aooe·oca 
1.1700e ·007 4 . 9912~·010 ~• ·ol '· 9700t·002 
S.6900e ·007 2.421le·007 ·•·231 ~ .o900t·007 
J.5700e ·002 1.5llCe·O~ Pr· u:. 3. 1300e·OO~ 
• • 4700e·007 1. 9069<>·01W ... ·238 3.1!500.·004 
- .1000.. 003 2 . 0050e·OOS ~u·240 1.2500e ·001 
4. 1900e·002 1.1!74e ·004 ;.,·lOb S.3400e ·005 
5.140Ce·005 2.~7110e·007 •o· I2S 4.z.;coe·004 
O.AOOO,~oao O.OOOOe• OOO >t•90 l. t700e·001 
L9'100e·005 2 .555le·001 :e·125"' 9.7~0•·0~5 
o.l900e·OCS 2. n60e·007 I) 235 2.S!OOe·~ 
1.7000 .. ·006 7. 2~2te•009 IJ·2J8 '.2100e·OO~ 
J. t7COe·OOI 1.]523~· 003 :~ o5 .. . SlOOt OIJ 

~CI/tll'l 
2.4657e ·012 
S.204Se ·004 
o.oooo.,•ooo 
6.2211le·010 
1.4547~·009 
5 .4119le·006 
7.SSOli~·007 
4. 2660e. 006 
1.~974e·OO~ 
1Jo419e•010 
!1.4040.·005 
2 .421le·009 
1.3352e·007 
1.6424e·006 
S . ll2Se·006 
2.27!0e·007 
1.8011l!e·OC6 
1. 3~2le·00l 
4. 1l64~·ilil7 
I. 10ot.~ ·008 
s. 1o18e·Ooa 
1.?282e·ull 

-G) 
G) 
.r; 
CIJ 
c 
0 
; 
ca 
"5 
u 
iii 
0 

.. 
ca 
G -() 
::s z 

~ 

'~ 11) 

0 0 
zl)... 

l' 
0 
z 

' 
c 

a: 
1-

0 
N 
0 
• ,., 

0\ . ,.., ,.., 
N ,., . 
0 

~ ~ N 

.II ~ 

~ 

QJ .. 
~ .. .... ..... 
<IJ -1.. 
::> 
u 
0 
0 
M 

u: ..... 
·~ 0 -
L: 

t 
1/) 

~ 
~ 
~ .!\)\ 

c3 

~ ~-
l; Cl .., 

I 
.., 
0 _, 

' a: ..;; 

,., 
0\ .... .... 

e N 

Q ~ 
I 

t 
' J 

(l-] 

(t) 
>. 
AI 

"' 0 a ... 
! m 

~a) 



,, ttachment 5-2 

~-~· z OCS r II e HIELPAPA .I!S4 
aun Oate At.~t Z~. 199} 
;..,. I "'"' 1: 1l "·'"· ll~sdt'f 
It !I e FUEL POOl A run UC( A~EA 

" ••• ••••••••••••••••••••••••••• ;£5\JlTS s•••••••••••••a..a••••••••••••••• 
EMr9Y Activity £ner;y Fluence hie (•posure ~ale ln Air 
(MeV) (r;I\OIMS/StC (lltV/sq Cl:I/UC) (dl/hr) 

hO Bult0-4> 111 th BullOuo hO Bulla..c> llltn Buil<MJ 
0.1 2.624e•007 2 .038e•OOJ $ . 4~0e·OCl 3.11!e•006 5. 27ee·006 
0.1 5 l.Me•OOS 4 .S46e·OOS 1,040e·004 7.466e·008 1.713e·007 
0.~ 1.mlf"0006 1.!169e·OOl 5.127e·003 1.299•·006 9.048e·006 
0. 3 7,837e•004 a . ~7e·OOS 2.678e·004 1.661t·007 S.080e·007 
0. 4 S.1ne•006 9.871e·003 3.009e·002 1.92le•OOS 5.1!6le·OOS 
o.s 2.207••006 6.290e·OOl 1.843••002 1.Z35e·OOS 3. 618e· OOS 
0. 6 4.07Veo009 1.b07e•001 4.4e4e•001 3 . 136<!·002 a. ~2e·002 
o.e 2.061e•007 1.3:.5e·001 l . 4Z4e·001 2.SS9e·004 6.512•·004 
1.0 8.524••007 ~.200e·001 1.'12!<!•000 1.512•·003 3. 554e·003 
~ .s S.828eo007 1.691 .. 000 3.436<!•000 2.84Se·0Cl 5. 7111•·001 
2.0 8.964e•OOJ 2.729e ·004 5.081e ·004 4.220e·007 7 .857•·007 

fOUL: '. 310e•v09 1.873e• 001 '). 06Ge•OO 1 3.b01e·002 9.761e·002 

-C) ... Q,l 
C) ' &> '0 
~ 0 

I 
'0 

en 0 .-r 0 
;z; N .... 
JJ ¢ 

c ~ .2 a; (,:) -.! 
:l M 

"' u ..... 
iti .... 

• N u :0 ...... 
0 CXl 

Q,l ... 
. § 

f ... 
"' .... 
<II .. .. 
::I ;:Q ca u 

G) 0 
0 - !:2 ~ () .:: 

:2 
...... 
"' 0 :.., z Q,l 

= "' 

~ 
.... 

§ e 

l &~ 
dc:l 



Attacnl'lent t. - i 

CALC:UUI£0 
ltPOSIJ'I[ Ul( P£• C1•,. 
~NilS I~•CI 

I. IC£•01 <f'/11 ~CIUAl••n ~.42£•02 <f'/tl ........... . ............. . 
1.0. to!..O'BU 
011 ~'-"EnOEfll(li ~G Ill~![ I~ IU(l POOl •a• AI tE~AtUI ~C SIAliC~ 

I~P\.11 I:NII ~ERCE~T 1\l ACliVIIf l.llJ:JSl£0 
ISOlOI'f ACIIVIlf of Tout H~ C\Jlii E ACIIVIII ( ,"(!) 

A!JJUSI[O 

llllHQJT 
OAIJCMIUS CeCil 

8/2.5/93 .............. 
today• s Oetle 

~11C REPOIIUBL£ 

If • 11: of Sr·90/Cs·137 
TOTAl ISOIOP£S UIIO 

·· ······~············· ........................... c ............................................................................... . 

I ~ · l 

2 C· 14 
J Cr·~ I 

"n·54 
'*· 55 

1> co 58 
7 Co·60 
s ~1 -l>l 

9 Zn·6~ 

10 Sr·89 
II Sr· 00 
12 1 Q() 

U •c-99 

1~ •u· 106 
IS eh· 106 
'I> AQ• 110<> 
17 Aq·IIO 
Ill So·I2S 
IQ f< .. 125.-. 
20 1·129 
ll Cs·IJ~ 

n cs· H7 
2l 8o· !J7r,a 
2• Cc • l41 

2S Ce· 14~ 
,6 Pr lt .... -n 

~7 -.o· 217 
~e p,,·2JJ 
~) ru· 2J~ 
!0 ru· 2H 
ll fu·2 · 1 
51 .... 2.1 
H ,,. 2·1 

J.;. o1 ?JS 
1S U ~Ia 
l~ p_.. ,.o 
l1 11 2]. 
Ja r ... 1.1 
P lu·IS. 
. n Cw · ~~~ 

" u 236 
"' tr • 14• 

·l Co l•1 
{~ l, .. i. 

l.l7l:·07 
J.SI £·03 

I. 9?f. ·OJ 
I ,97£· 02 
• . 52£·10 

l. 11[ ·01 
J.17t·OI 
~.99£·05 

S. l.E ·M 
S. J4£ ·05 
5.7~f·10 

'.69£·12 
•.24£ ·04 
?.N£·05 
l.3U 06 
I. 77t·04 
1.29£·01 

I .22!·01 

l.ll£ ·05 
'.41r 01 
s.o~( 01 
S.o9£ 07 
l ~~~[ c. 
.JC£ OJ 
•. I~E·Ol 
1 lt£ OJ . ... ( ·~ 
~. s•r ·L~> 
• .21r s 
I ~SE • • l 
~.l>E ·C.S 
1.57[ 02 
1.0"£·03 
' 4SE ·:ll 
, !C£ ·~b 

I. ll£ ·CS 
•• 41-t ·(17 

\ .. 1£ 7 

"a ••• .. ••••••• •••" 

0.20379 
0 .00084 
0.00000 
0.00001 
O. JSG64 
o.ocooo 
0 .19880 
1.96796 
0.00000 
0.00000 

ll.t.67S7 
11.66757 
0.00~9! 

0.005H 
0.00533 
0.00000 
o.oooco 
0.04216 
0.00971! 
0.00000 

0.017{8 
12.~0 

12.18f'J2 
&.00000 
0.00311 
0.00004 
0.00:106 
•J,OOOC-6 
.cJe~~ 

• .;e,QS~ 

•• :eHI 

:17!6 
v,CCCCO 
o.~~cz:. 
'co,~, 

1Z.!t 
J CC~lS 

1. ~oi>lS 
' 09'XO 
~.~~-65 

J.C0017 
u.OOl!l 

COC:)1 
•. cvo:J 
u.or.-coo 

• •• •••••••,•••~•c:a 

·co.oC'-

2.04£•0] 
8.l9E·06 
O.OOE •00 
1.17£·07 
l.SIE·Ol 
0.00£•00 
1.99£·01 
1.97£ ·02 
4.52£·10 
O.OOE • C.O 
3.17[·01 
J.li£·01 
5.9&·1iS 
S.llE·C:.S 
S .3lE ·t5 
s.nr-10 
7.6e£·12 
• . z .. e-o. 
9.7e£·CS 
J.l!£ ·03 
' .77t·N 
I.~~E· OI 

I.?ZE·OI 

O.OCE• OO 
l.IJE·O~ 

• ,47t ·07 
S.!>:l£·07 

S.el!£· 07 

J.!H·l· 
... 7C£ 03 
... 1;( · 02 
'.l9E·o3 
• ·•E ·CS 
~ ~!!£. !I 

· .:·r ·f·S 
1.2~£-~l 

<-.l!r·rs 
!.~ ... £. 2 
~ 9'1t· ~ 
' .• SE · .) 
I .7C£ •..,!) 

l.UE 
· .... r·c' 
l .. n c· 
:.~E ·~J 

I.OC£•02 
•• 14£·01 
0.00(•00 
5.7tE·OJ 

I. 7lC•OZ 
0 .0()[ •00 
9.80£•01 
9.7C£•02 
Z.2lt ·OS 
0.00£•00 
I.Se£•04 
'. ~tt•O .. 
~ .9Sf • OO 
Z.t.3E•OO 
l.6JE•OO 
z.esc -as 
5.7~£·01 

~.Cn •OI 

• !ZE•OO 
I.UE·OJ 
3.7:£•00 
I>.JS E•03 
t..OI£ •01 
0.00£•00 
1.5.[•00 
~.2Ct·02 

~.llCE·C~ 

2.!0E·02 
• .'iv£•01 

:.l'E•02 
~.Oef •OJ 

• !'E•OI 
·.cH ·o. 
•. :7£·01 

s.~•£·01 

~ IS£ •01 
l. 'SE• 
'. ~eE •Ol 

...¢c£ •0 ' 
,. . • .. t•Ol 

~.li'I>C2 

.. ~~( • .c 
'.19E·Cl 

' . oPE Cil 

O.CC£ •00 

I.OC£•02 
4 . 14(·01 
O.OCE• OO 
5.UE·Ol 
I. T.l£•02 
0.00£•00 
9.&0£•01 
9. 7()[ •02 
2 . 2.3£·05 
0.00£•00 
1.56£•04 

... ., ............ . 
2.95(•00 
2.63£•00 

2 .8SE·05 

2.09£•01 
4.!2£•00 
1.1>6£ ·03 
e. nr·~o 
6.]5[•03 

0.00£•00 
1.54£•00 ................. 
z.eor-o2 

I 90E•01 

Z. l:£•02 
l.O~E•Ol 

o.llOE•OI 
7.~e-o;. 

1.27£·01 
s 96£·01 
1>. 15£ •01 
l. 1~E•~o0 
1. 7t£ •0J 
~.v2£•ul 

'1. H.E•01 
e 17£ ·02 

••s•••"~• •~••••• 

7.19£·03 
I 6&•02 
O.CO:t•OD 

REPOIIU9lEI 

o[POIIIABl£1 ................. 
'l:aa••••••••••• 

~EPOI;TABl(t 

~EPOII! ASL£ • 

H• l 

C·t4 
Cr•SI 
M·54 
F~·SS 

Co·SS 
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Attachment 9-1 

Microshleld 4 .00 • Serial 14.00·00247 
GPU 

Pa9e I I fltetef:~ 00S file: fut:lP.lU.IIS4 
•16\ Date: .&UQ\15t 26, 1991 

Date:_/ ..a_ 'Z 
av: ,7 ~1 

Checked: '\ \ • il6\ t ,,..., 2:0S p.a. lh<Jr&doy 
Duretlon: 0:24 :45 

Cut II tie: 'UEL POOL A fUH RACIC .&REA 

11 • aecto"9<Jiar volun. 
centlllll!ters fett alld ird!es 

Dose ~lilt cooroinate t : 1201.3504 )9.0 5 . 11 
Dose pol 'It coordlnat• ' : 676.15125 22.0 2.4 
Dose polllt coordinate Z: 215.265 7.0 .1 

IKtan<]Uiar vol.- width : 
lectat".VUiar volu:~e length: 

43D.5l 14.0 1.5 
'02.21t99 ll.O 2.4 

Rec:tanvular volu:. heigllt : 1353.5025 44.0 4.9 
Shield 1: 1.62 o.o 3.0 
Air Cep: 793.45841 26.0 . 4 

source Vol~: 2 . l441le•ll tt:a"l 1127!.23 cu ft . 1 .4304~7 c" '"· 

MAter ial 

~UCI ICle 

4g· 110 
••· 241 
C· 14 
Ce·144 
C.·24l 
Co·SII 
Cr·5 1 
Cs·1l7 
Eu· 155 
"·l 
""· 54 
~p·237 
l'lo·\47 
Pr·144• 
Pu·2l9 
Pu•241 
Ru·10b 
Sr· l!9 
lc·99 
U·2l4 
U·2~ 
Y•90 

MATUiAl OCNSITIES Cg/Clll"l) 
Source Sllfelo 1 .t.1r Gap 
Shield ~lab 

0.00122 
0 . 151109 

1.0 

BUILDUP 
Method: 8ull0..0 factor fables 

Tht Nteroal releret~ee IS Source 

INl£4UfiC'i PARAMETERS 

l Direct ion 
~ Di rection 
Z Dlrecllon 

Quadrature Order 
22 
22 
22 

SO.liCC WCllCES 

'"""' :.CI/c., ·l •uc ltde ~Urit"S 
7.6900ot·012 3.2S05e·014 ~g· , 10.-. 5.7t00e·010 
I . 3SOOe· OOl 5 .8870e·006 h·137a 1. 2200e·001 
11.4000.· 006 3.511l4e·ooa Ce·l41 O.OOOOe+OOO 
l . l:SOOe·OOS 1.ll52e·OO~ C~·242 1.4600•·007 
1.4400t·008 6.14l0e·011 Ca·244 3 . 4100•· 007 
0. 0000.. 000 O.OOOOt•OOO C"o· 60 1.9900e·003 
O.OOOOe+OCO 0. OCVOe• 000 C$· 134 I.T700e·OC4 
1. 2900e·001 S.S031e·OCI4 (u·154 I .OOOOe·OOl 
1.4500e·003 6 .1857e·006 i t' · 55 l.5100e·003 
2. 040041 • OOl 8 .7026e·006 1· 1l9 l . li!OO•H>!lll 
1. 1700e·007 4.9912e·OIO '" ·61 1.9700e ·002 
~-6~1t· 007 2.427le·009 Pa·2Jl 5.6900e·007 
3.5700e·OOZ 1. 52l0e·004 Pr•144 3.1300t·OOS 
4,4700t·007 1. 9069e· 009 Pu·llll l . 8500e· 004 
4 . 7000e·OOl 2.0CSOe·roS Pu·240 1.2500.·003 
4 . 1900e·002 1. 7874e·004 ~~· 1C-6 5. l400e·OOS 
5.3400t·005 2.Z7!0e ·007 Sb· 125 4.2400•· 0C4 
O.OOOOe•OOO O.OOCOe•OOO Sr •90 l. 17C0e·WI 
S. 9900e·OOS 2. 55Sle·007 Tc· 125m 9 . 1900e•OQ5 
6.3900• ·005 2.7260c-·007 IJ·2J5 Z.5!00e ·006 
1, 7C00e·006 7. 2SZie·009 V· llll 1.Z10Ct·OOS 
3.1700t ·OOI l . lS23t·OOl 1n·6S • . 52il0e·010 

11CI/C1!1.l 
2.46S7e·012 
5.2045e·004 
0 . OOOOe• 000 
6.22tlt·010 
1.4547e·009 
11 .4119lo·006 
7. 550So·007 
4 .2660•·006 
, .4974•·005 
1. 4419t·OIO 
11 .4040e· OOS 
2 . 427le·009 
I .ll52e·007 
1. b424t·006 
5 . llZSe· 006 
2 .2780•·007 
I .8088e•OC6 
l.l52le·OOl 
4.1764e ·007 
I. 1006e•008 
5. 16\lle ·OOII 
1.92112t·OI2 

-G> l; Ill 
G> "0 
~ I 

"0 
0 0 f/) z _, 

c 11 
~ 0 ~ ~ 

::::: 
.!!! .... :l 0\ u ...... -; ,... 

• N 
0 c! .... 

co 
41 .... 
~ ... .. 
w 
Ill .. L. 
::1 

~ '-' 

G 0 
0 - .... 

u ;:: rn ::s ... 
CO\ 
0 >, z 41 

r: "' 

~ 
0 

~ ... 

t ,, ~ 
"' - !~ .:n 



'a't 
oos f tl t l 
l\1\ D•te: 
t\1\ T '""': 
Iitle 

2 
fllfLPAU.,.S4 
AIJ9Ullt 26, 1~3 
2:0~ p,e, lhur..uv 

fU(L 1'00\. A lu£~ 5~C( AU• 

Attdchment 9-2 

••••••••••••••••••••••••••••••• •fM IS •••••••••••••• ... • •••••••••••••• 
Enerqy Activity E~rqy 11....-c:t t•t• E•posun hte In Air 
(I••Vl (tiiOICIN/ItC (1't'i/$Q C=/UC) ( ... /hr) 

0 . 1 
O.IS 
0.2 
O.l 
0.4 
o.s 
0.1> 
o.a 
1.0 
1.5 
2.0 

2 .624t•007 
t . 7'95e•OOS 
J.me•006 
7.&17 .. 004 
s.tne•006 
Z.207e•006 
4.079e•009 
2.061e•007 
8.524••007 
e.azee•007 
8.964• •003 

wo lutlct..o lltth lutlct..c> ~o lutlct..c> lollth lull~ 
2.2ne·OOJ l.5)Se·OOJ l.4116t·006 5.902e·006 
S.O!It·OO!> 1.162t·004 8.167e·OO! 1.914e•007 
2 .089e •OOJ S. 726e·00l 3.~·006 1.011e·OOS 
9, Ta0e·005 l. ?U.·DO.:. 1.!S5e·007 5.669e·007 
1, 102•·002 l . 357e·002 2.147e·005 6.S40t·OOS 
l.D21e• OOJ Z .OSSt ·OOZ 1. l78e·OOS 4.0lSe·OOS 
1.793t•OOI 4,999_.001 3.500e •OOZ 9.75!e·002 
1.501e ·OOI l.816e·OOI 2.855e·004 7.258e·004 
?.147t· OCI 2.149..000 1.~·001 l.961e•OOJ 
t.~ooa 1.a2a~ooo l.tne·003 6.440•·001 
l.0.:.2e·004 S.659e·004 4.704•·007 S.751t·007 

-" " .c 
en 
c 
0 
-;: 
cu 
:l 
(J 

co 
0 

.. 
ca 
G) -C) 
:s z 

~ 

/; Ql . "0 
0 

l 
"0 

£ ·~ 0 
N .... 

.!1 or 

ll <.:l 

..... 
"' ..... .... 

• N 
'i ..... 
0 CX) 

Ql ... ... 
IZ ... ,, 

J 
w 

"' ... 
:> 

tJ 

111 0 
0 
g 

rn~ ... ..... 
"' 0 

Ql 

u:: ... 
0 

l i: --



Attachment 9-3 

lltcrcS/I Iclo 4.00 • Serial •4.00·00247 

Pall• 1 
00$ f II~: futlPAU.IIS4 
• .., Due: Auvust 26, 1993 
.... rr .. : 2:33 p ••• lhursa.v 
Ourancn: 0:24:4S 

GPU 

Cue If llc: fUEl POOL A fUEL ltACC AREA 

GEC»U;TIT 11 • Rectan<;ular Yol.-

Dose polnl coorolnatc x: 
oo .. point coorolnacc T: 

Cfl\t 1""'tcrs feel and 
1125.2704 43.0 '"'~ .. s.a 

Ool8 po1nf coordinafe Z: 
IK!angular vol.- width : 
tectanguler vol""" length: 
••clangular vol.- lleill~t: 

Shield 1: 
Air Gop: 

676.75125 22.0 
215.265 7.0 
430.53 14.0 
402.27199 13.0 

1353.5025 44.0 
7.62 o.o 

915.37841 10.0 

2.4 
.7 

1. 5 
2.4 
4 .9 
3.0 

. 4 

Source Volu.: 2.34413 ... 11 .;m' 3 112711. 23 cu ft. 1, 4304te+7 cu ln. 

IIATEIIAL D(liSiflES (q/CII 3) 
Source Shield 1 ~ .. Cop 
Shlelo Sl ab 

Air 0. 00122 
Iran 0. 15!ll9 

~uclt &j., 

Ag·11 0 
ol.11·241 
C· H 
Ce · 144 
01· 243 
Co· 511 
Cr · 51 
Cs·ll7 
Eu· 155 
H· l 
""•54 
•o· 2l7 
Plol·147 
Pr• 144• 
Pu·239 
Pu•241 
tu-106 
Sr · 89 
Te- 99 
u 2l4 
U·2l6 
T-90 

8UILDIJI' 
ll~tnoo: 8u1l~ factor Tables 

The o;.ucrtal refcrfl\Ce ts Source 

INT£CUTICI/ PAaAIIETUS 
Cuadraturc Oroer 

X Direction 22 
T Direct i on 22 
l Direction 22 

SOJRC£ WCL IC£S 
curl eo .. CI/C'O l ~uc l loe CUt1eS 

7. 6900~·01 2 J .2! 05e·014 Ag• 110.. 5.71100e·010 
1.3~e·00l 5 . M70c·O~ h·ll7 .. 1. 2200e·001 
11. 4000•·0C6 3. 5!34e · 0011 Ce · 141 0 .COOOc•OOO 
l. nooe-oos I . HSZc-007 Cll· 242 1.4600e·007 
1. 4400e· OOII 6 . 1HOe·011 ~- 24:. l.4100e·007 
0. OOOOe• 000 O.COOOc•COO Co·60 1.9900e·00l 
0.0000.-•C~ C .OOOCc•OOO Cs ·134 1. 7l'CCe·004 
1. 2900e • 00 1 5 .5031e·004 Eu· 154 1.000Ce ·OOl 
1. 45Cl0e·00l 6 . 1557•·006 ' ~ · 55 3. 510Ce·003 
2. 0400e -003 5.7C26c·006 1· 129 l . laOOt. 0011 
1. 1700e·007 4 .9912• · 010 ~1 · 63 1.9700.·002 
5 .6900t-007 2 . 427le·009 P~·2ll 5 .6900t·007 
3. 5700e·OC2 I , ~2.l0c·004 Pr· 144 l. ll00t•005 
4 . 4700•·007 1. 9069e·OC9 l'u· 2lS 3.11500.·004 
.. . 70004! ·003 2. OCSO<!·OCS •v·240 1 .ZSOOe·003 
, , 1900e·002 1 . 71174e·004 · h·1 06 5 .3400. · 005 
S. l400e ·OOS 2 .27!0e ·007 Sb· I?S 4.2400t· 004 
o .oooo~·ooo C.COCO••C<\10 $r•QO l . 1700e·001 
5 • 9900e ·COS 2.5553~ ·00 7 Te· 12Sto 9. 7'900t·OOS 
6.3900e ·DOS 2. 7260~ ·007 J ns 2. 580\le ·006 
1. 7000e• OO~ 7. ~521e ·0~9 U· 23S 1.2100e·OOS 
l . 1700e ·OO! I.J52le·C0 l :n-oS • . H OOe·010 

,.Ct/c•' l 
2.46He·OI2 
5 . 2045c·004 
o.oooo .. ooo 
6 . 22!Je·010 
1. 4547c·009 
11. 41193e·006 
7. 550!t·007 
4.2660e·006 
1.497,e·OOS 
1. "19r·010 
5.4040.·005 
2.4273t· OC9 
1. ll52t· 007 
1.6424e·006 
S. l325t·006 
2 . 2711Ce•007 
I • SOMe· 006 
1.3523r·00l 
4. 1764r·007 
1 . 10~·0011 
5. 161Se·OCS 
1. 9252•· 012 

... 
G) 

/; &I 
G) I "0 

.&: 0 

J: 0 ... 
fl) z N 

Jl ... c ~ .2 -ca 
'5 .... 

0\ u -a; ,.... 
• N 

0 ,! -Q) 

Cll ... 
~ ... ., ..... 
Cl.o .. L 
::> ((J aa '-' 

0 I) 0 - .... 
(fJ (,) .:: 

:s -"' 0 "" z &I 

~ 
., 

~ l t: 



Attachment 9-4 

P~;t 2 
OC~ file: fU£LPAU. HS4 
•~~~ Due: Auo;ust 26. 1?91 
1\11 T , .. : 2: la p.a. lnursday 
II tie : fL.'fl POOl A fUEl ~AC( A~EA 

••••••••••••••••••••••••••••••• RESULTS ••••••••••••••••••••••••••••••• 
(r,.rgy Act IV It'/ £~r;y flu~nce ht<t hposure lett In Air 
(HeY) (l)tiOICII>S/UC (HeY/Iq CIO/IK) ( .. /hr) 

~o Buildup 111 th Sut ldup No lutldup lllth Bull.;.,p 
0.1 2 .624 .. 007 1 .~29e·OOl 1.097e·003 2.79S.·006 4.1J8t ·006 
0.15 1. 795 .. 005 ~ .082t·OOS 9 .}44e·005 6 . 7ZZe·OOS 1.539e·007 
0. 2 l.777e•006 1.679e· 003 ~ . 609e·003 Z.964e·006 8.1l5e·006 
O.l 7.el7e•004 7 .87Zt·005 2.410e·004 1.49le·007 4,S7l e·007 
0.4 5.177 .. 006 8.877t•003 Z. 709e·002 1.1JOt·OOS S.279e•OOS o.s Z.207e•006 S .658e·C-Dl 1.t.6Ce·002 1.1t 1e·OOS l.2S9e·OOS 
0 .6 4 .079e•009 1.446.•001 4.040••001 2 .822•·002 7,M5e·OOZ 
o.e 2.061e•007 1.211e·001 l.C&t•001 2.303e·004 5.U9e·004 
1.0 9.524e•007 7 .lele· 001 1. 73ee•OOO l . l6le·003 3.204•·003 
1.5 8 .828e<007 1.5Zle•OOO 3.099e•OOO 2.S6lt·OOl S. Zile·Oill 
2. 0 8 .964rCOl 2 .4S9e·OO~ 4.5ele·004 }.803•· 001 7.087t·007 

ICTAL : 4. l10r009 1.~•001 4.SS9t•li01 J . Z40e•002 8.79St·002 



Attachment 9-5 

Page 2 
COS flte: fP·I.IIS4 
,..., Date: Auqust 26, 1793 
116> T h•e: 3:35 p.oo ThurS<loly 
Ttlle : DEIIATUI~~ STATICII Ai£A cr flJH FOOl A 

•••••••••• RESULTS 1011 SEhSITIYITl REFERENCE CASE (X • 30 . 411) •••••••••oo 
Energy Activity [Mrgy fluence hie f•PCoure hte In Air 
(!ltV) (l)hotoni/&U ('ltY/IQ Cm/Ste) (111/hr) 

0.1 
0.15 
0.2 
0.3 
0.4 
0.5 
0.6 
0. 11 
1.0 
1.5 
2. 0 

2 .624eo007 
1.195~5 
l.me•006 
7 .lll7eo004 
5.177eo006 
2.207e•006 
4.079eo009 
2.061eo007 
11.524e•007 
11.11211e•007 
11.9b4eo003 

•o luiiOUD Wllh lultd<Q ~o lull~ llith luilct..c> 
6.40Ce·CI01 11.650eo000 9.792e·004 t.323e·002 
11.244e•001 11.013e·002 1.1SIIe•005 t.319e·004 
2.719•·001 ~.070.•000 4.~11e·004 3.653e•003 
1.070e·002 S.S~e·002 2.029e·OOS t.~4e•004 
1.116e•OOO 4.5111eo000 2,174«·003 11 .926e·003 
6. 7b4e·OOI 2 .361e•OOO 1.12!e·OOl 4 .635e•OOl 
1.~001 S.161e•003 3.252e•OOO t.007e•001 
1.121e•001 3.44le•001 2.513•·002 6.5411e·002 
7.7lle•001 1. 19!eo002 t.426e·001 3.314e·001 
1,492e•002 2.W.•002 2.510e·001 4 .1155e·OOI 
2.329e·002 4.057e·OOZ l.602e·OOS 6 . 27le·OOS 

IOTI.l: 4.l10eo009 1.9011eoOOl 5.6112e•OOl l.67Se•OOO 1.099 .. 001 

1 
l 
l 

' 5 
6 
7 
e 
9 

10 

SfNSIIIVITT R[SlJllS rcr: X 
Sl'nllt 1vlty f _,.r;y F lut"nce tate 

Jarlable (lleYHQ «1/ncJ 
Yolue ~o lullduo With lull"'-<> 
15.24 I.S9le•OOl S.ZII9eo001 
23.7~7 1.1160e•OOl S.666eoOOJ 
J2.17lll 1 .912e•00l 5. 670.-003 
40.64 1.910e•001 5.555e•003 
49.10667 1.!90e•001 5.3115e•00l 
57 . 57ll3 1.1159e•OOl S. 1115e•OOl 
66.04 1.!122e•001 - . ~~·003 
74.50667 I. 779e•003 4. 745e•003 
112.97l!l ! . 733e•003 ~ .522e•OOl 
91.44 I.Mlo•003 ~ .l04e•003 

(C:O) 

f•PC•ure tate In Air 
(111/hr l 

No lult~ with lull~ 
l.065eo000 1.023e•OOI 
l. 5112eo000 1.096eo001 
l.Mle•OOO 1.096.-001 
3.679eo000 1.074e•OOI 
3 . b40e•OOO t.~2eo001 
3.5112••000 I.003eo001 
l.511eo000 9.610e•OOO 
3.429e-OOO 9 . 179e-OOO 
l.ll9eo000 II. 749e-000 
3.2"t•OOO 11 . 326.-000 

... 
Q) 
Q) 
s:. 
UJ 
c 
.2 -ftl 
'5 
u 
ftl 
(.) 

... 
" • -() 
:1 

0 z 
.II 
~ 

J; CJ ..., 

I 
..., 
0 
-' 

ci ~ 

,., 
0\ -" • N 

c! -co 

"' ... ... 
E 



Attachment 9-6 

p·~· 
COS file : 
Rc..n Date: 
,..., r tone: 
OuratiOt'l: 

1 
JP·8. HS4 

""'""t 26, 
l:l5 p.m. 
0:28:02 

19?1 
lhursd.ly 

Cue lftle: 0(\IAIUJII(; SU!lCN AAfA or run POOL A 

CEOIEUT 4 • Vertic~\ AectanguiDr Aru 
centf,.,ters feet ~rd Inches 

Dose point coordii\Jite x: 
Dose point ccord ln.'lle T: 
Oou pofnt (OOrdlnate Z: 
~echngtjllt area height : 
aectar-:~u l •r area width: 

Shield 1: 
Air c;op: 

10.48 1,0 
!60.045 11.0 
191.674'<5 6.0 
no.09 21.0 
387.35 12.0 

7.62 0.0 
ZZ.M 0.0 

.o 
9.7 
4.2 
7.5 
8.5 
3.0 
9 .0 

Source Area: 271:.927. sq c.:1 300.234 sq ft . £.3233.8 sq ln. 

HATU I AL OENSifJES (g/Cdl" l) 
H~terlol Shi e ld 1 Ai r G~p 

Slab 
Alt 0.00122 
:.oter 1.0 

BUILDUP 
Method : Sufi~ rector Tobles 

Tne ..., tertol reference ~~ Sh lela 

J~T(t;UTIC~ PUAHETE<S 
Ou.'ldrature Order 

Z O~tec!len 30 
T Dfrect1on 30 

SOURCE ~UCll0£S 
~UCII<le curt eo~ •CIIcm' llucl1de curies ~Ci/CI:I1 

·~·110. 7.6900e·012 2.7570e·Ol1 Aq·110... S. 78COe·010 2.0n2e·009 
Aot·241 l.~e -003 4.9475e·00l B3·1l7r.~ I.Z200e•001 4.l739e·001 
C-14 3 . 4000e·006 3 .0115e·u05 Ce· 141 O.OOOOe•OOO O.OOOOe•OOO 
Ce · 144 3.1300e ·OOS I. 12Z2e·004 c-.·242 1.4600e·007 S.Zl43e·007 
Cm·24l 1.4400e ·008 5. 1626e·OOil C"J•l44 3.4100e·007 1.22Z5e·006 
Co·5!1 O.OOOOe• OCO O.OOOOe•OOO Co·60 1. 9900e·003 7. 134Se·OOJ 
Cr · 51 O.OOOOe•OCO 0 . COOOe•OOO c. -134 I. 7700e • 004 6.J457e·004 
Cs · 137 1.2900e·001 4.6249e·OOI £u· 154 1 .0000~·001 3 . 5852e·OOl 
Eu· 15~ L4SOOe·OOl 5 . 1985e ·OOl te-55 3.S100e·003 1.25!14e·002 
• ·3 2.040Ce·OOJ 7 . J1l7e i:Ol :- 1n l.Jeooe-ooa 1.2118e •007 
Mn·54 1. 17Cl0e · OO/ 4 . 1946e•007 "·OJ 1.9700e·002 7 . 0628e·002 
~p· 2J7 5 . 6?0Ce· 007 2. 0400e • 006 ~ 1 ·2H S .t.900e·007 2.0400e·006 
P"'·147 3 .5700e · 002 1. 2799e· O:J1 ? r-144 3. UOOe · OCS 1. 1222e·G04 
Pr·l44• <.. 4700e ·007 1. 6026e • 006 ~u·2JB J .8500e ·004 1. l!!Ole· OOJ 
Pu-219 4. 7000e· OOJ 1.6850e·C02 Pu•240 1.2500e·OOl 4.41115e·OOl 
Pu· 241 '· 1900<!· 002 1. S022e· 001 •h · IC6 ~-l400e ·OOS 1 .914So·004 
~u· 106 5. 3400e • 005 1. 914Se· 004 SO· I25 4 . 2400e ·004 1. 5201 e ·001 
Sr ·89 0. COOOe• !>00 0 . GOOOe•OCO Sr-90 3 . 1700e-001 ' · 1365~·000 
k·'n ~. 9900e· 005 2 . ~ .. 75<! ·004 ; (>• 12~::~ 9. 7900e·OCS l . S09?e·004 
U· 2l4 ~. J 900e • 005 z. zm~- oo• v 235 2 .5~00e·006 9.l497e·006 
u 236 • . 7COOe· C06 6.07~8 .. · 0C6 ~-218 ' . 2100e ·005 4 . Jl81e· OOS 
T·?O J. l7!lCe 001 1 . IJ65e•O<:J ! n-65 4. 5200e·010 1 .620Se ·009 

-G) 
J; Cl 

G) ' 
.., 

s:. 0 

l 
.., 

en 0 rr 0 z N ...J 
jl ¢ 

c 0 ~ C) 0 .. 
cu 
"5 ,.., 

C\ u ..... 
tii ,.... 

• N 
(.J ~ ..... 

a:l 

Cl 
oJ 

"' E 

l ... 
"' w 

¢1 
-~ .. '-
::: 

(f) ftl <.) 

G) 0 
0 

('f) - M 

() .::: ..... \ :I C\ 
0 >.. z Cl 

"' 

~ 
..... 0 g L 

t i: U) 



EXPOSURE RATE FROM AREA SOURCE 

I~ FH109 FUEL POOL-I Curie Source 
11.2 I "- I --,-- - r - ,-- ~ - "'"l ---1 1 - ~- r ·- -- r - - -, 

0 

" 
11 I --· I ---1 ~---h.·-:- -1--~-1----1-- -· l -- -~-- ~- --~---~ ll~ l !~~~ 

10.8 I I ---1-/-. I - ~- 1- · --- l ~ - I . - l-- - I 
10.6 I --1--- ··t1 ---·. I ------· 1-···'-... -1 ·-·---1··· .. - I -- - -~- - - - -- I ; c I ~ 
10.4 --- - _ _._ - - - - - - l --. -l - . -- -- --·- -I ~ ~ 
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9·2 - T- -- - - . - I -I . ! \ , . : - - I - ~ I I ~ 0 
.... 0 -~ 0.. 

X 
w 

J \_ 0 u 

9 -------~--- ---- - ·-·,···--· I· .. : .. · ... ; .. _ ---. : " .,t 
l I ~ I ,, . 'f 8.8 I __ , _ ~---- 1 ____ --· ,_ _ -~ ~ _, _ ... ... , .. _ _ , - ! -· - r -;-; _ 
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I\Xll~ and ,;nl5 Cu rte LOdd H:!; ~2~0-32 33 - SJ-01 5 .:L Ol ~-y 
I OnQINIOt 

, B. Brose; ·3 -6==::-zs 
Dale ; Data 

9/8/93 9/to/93 
1.0 PROBLEM STATEMENT 

• /16/93 

The purpose of this preliminary calculation is to estimate the curia 
loading of the "A'' & "B" Makeup Demineralizers located in the Auxiliary 
bldg. cubicles AX11~ & AX115. Radiological survey data will be used to 
provide the exposure rate information necessary for this estimate. 

Based on the Radiological Controls survey data, the "A" & "B" 
Dcmineralizers contain the following total activities. 

"A" DEM!NERALIZER "B" DEMIUERALIZER 

3663 curies ~ -JS\ 6706 curies • -50% - -77% 

Isotopic concentrations par curie are listed in attachments 2-1 & 2-2. 

The following table conta1ns the results from previous estimates of the 
activ1ty conta1ned in the TMI-2 Demineralizers (see references) . 

•a• OEMIN •s~ DOliN 
No . Ct' ' Wo. CI'S ~D . Cl's llo . C1°5 ~o. Cl•s Wo. Ci's 

R(PQIIT OAT£ Cs·1J4 C•·137 Sr•90 Cs•1J4 Cs•1l7 Sr·90 
.. .. . .. . .. .. .. . .. .... . .. .. .. .... . .. .. .... . .. .. .. .. .. . .. .. .. .. .... .. .. .. .. .. .. .. .. .. .. .. .. .. ... .. .. . .. . . .. .. .. ... .. .. .. .. .. . .. .. .. .. .. .. .. .... .. .... . .. .. .... .. .. .... .. ..... .. . ................................................. . 

C.£~D· I~f ·O IJ , ;.ot. II . POST ~CCI0£~1 ESTIMAT[S 9/86 21l6 l6T7 7035 

10/85 3400•cr· 74t 

4/U/85 1140 

11' 1•2, TrB 115 ·1(), r~v 0, POST H UIIOOI 4122/!S ll7 8Tl 

! Nf ·Z. IP8 llS•t OD. rt,. 1, f'nST ElUT!O'I 7/10/IIS lllO•or·20X 

0 T"l · 2, 0U I4 10"1 5£~, 1S7l7· 2 G1l7· 11/, ru 0 T1/2/U 7.3 no 100 

tHIS (ST I MA T£ 7112!95 978 875 9 1266 ....... -......... ........ -... ... ... ~ .......... ... ........ .... ... .. .................... .. .............. ... ................... . 
J • 0 REFEHEIICES 

3.1 Microshicld Radiation Shielding Computer Code, Version~. Grove 
Eng1neer1ng, Inc., 1521 5 Shady Grove Rd., Rockville, MD 20850. 

3.2 Lotu~ 1-2- J , Release 2.2, Lotus Oevelop~cnt Corporation, 55 
Cambridge Parkway, Cambridge, 11A 02H2. 

J . J "The !lealt:h Phys1cs nnd Rildlological Health Handbook", Scinta, 
Inc ., S liver Springs, MD., 1992. 

J . .; LA-9795-MS, "NDA Measurements of the Dcmincralizers at TMI-2", Los 
.\lana~ Nat1onal L.tboratory, Los Alamos, !lew Mex1co 87545, 8/83. 

J.:.. GPUI:c Enq1nec r1n1 Ca l c ulat1on ll o . •:249-3211-90- 069, "MU & P 
De:~nnc raltzc r Fuel Estt::~ates " , 11/16/90 . 

21 1 930915 
9309240 05000320 
PDR ADOC~ PDR 
p 

N 0016 110-881 
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S..oteet Rev No 

~Yll ~ uno ~111~ Cur1c LOJa:nq 
~No 

J240-32JJ-j 3-015 
Oate 

9/8/93 

~t"EBEtiCES Cont'd 

3.6 TMI-2 Technical Plann1ng Bulletin, TPB-85-10, rev o, "Estimates of 
TMI-2 Letdown De~lneralizer Res1n Retained and Eluted Fission 
Products and Fuel", 4/22/25. 

3 .7 TMI-2 Technical Planning Bulletin, TPB-85-lOb, rev l, "Post Elution 
Est1matcs of cs-137 in Letdown Demineralizer Resin", 7;10/85. 

3.8 TMI-2 Division Safety Evaluatlon Report, SER 157J7-2-G07-117, 
"In-Place Storage of Makeup and Purificat1on Demineralizer Resins 
During PDMS", 11/2/88. 

3.9 IIEDL-7285, "Fuel Assessment of the Three Mile Island Unit 2 Makeup 
Dcmineralizers by Compton Recoil Continuous Gamma-ray Spectrometry" 
U.S. Department of Energy, Hanford Engineering Development 
Laboratory, Richland, WA 99352, 10/83. 

3.10 GEND-INF-013, "TMI-2 Purification Dem1neralizer Resin Study", U.S. 
Depart~ent of Energy, EG&G Idaho, Inc., Idaho Falls, Idaho 83415, 
5/8 4. 

J.ll GEND-IUF-013, Vol. II, "Developoent of a Procees ... TMI-2 Makeup and 
Purification Demineralizcrs", u.s . Department of Energy, EG&G Idaho, 
Inc., Idaho Fall~. Idaho 83415, 5/84. 

3.12 GPUNC Memoranduo tlo. 4200-88-585, "Resin Haterial in MU-K-1A & B", 
1/3/89. 

J .l.J GPUtiC Technical Plan, "Makeup and Purificat1on Demineralizers Resin 
Removal", TPO/TMI-072 , rev 0, 8/83 . 

3. 14 Burns & Roe, I :1c., Draw1ng rio. 2066, rev 23 , "General Arrangement 
Aux1liary & Fuel Handling Building Floor Plan El. 305'-0"", W.O. 
2555. 'J/17/70. 

3 .1 5 3-D Visions Corporation graphing progr.:1m "GRAFTOOL", ".'cr. J .3, 
12/ 1 C. j 'JO • 

.; , 0 i\SSU!If'L vjlS MID Uc\SIC DATA 

·1.1 r.n neral overview of methodology . 

.;.L . l In general, t he t~o dem1ncralizcrs arc modeled as r1qht 
c 1rcular cylinders. The activity is assumed to be at the botto~ 
of each cylinder baGed on referenced d3ta. Other locations tn 
the c ubicles arc also modeled to deter~ine the effect ot 
Jiffcr1ng s ource locations. l inally, PXposure rate csti~atcs 
.trc dctcr~ined at several li.stances t:rom each tank. All 
exposure rate 1ntor~ation 1s calculated from one curie ot 
tsotopic distr1but1 on ~ssumcd t o be p resent in the 1nd1catcd 
:f"' :"" ~"'!"' .. ~:..:_:- . - ~ .... .. ,.~\: t: :-, ~. ..._. ; tt.:l.J.ul!hlt."} trl r.,tt.u : c . 

N 00111 etO-&lll 
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S..o,ect 

AX ll -l an-:: ,·,xtl5 Curt c Loading 
RIN No 1 ShHI No 

3 ol 5"'/ 
t ~No 

j -1 240- 3233- 93-01 5 

1 
Oncrnatot --c> """;') 1 Date 

B. Br osey -p · D~ 9/8/93 

4. 0 ASStJMPTIQflS AUD BASIC DATA Coot 'd 

~. 2 Determination of materials anG densities. 

4. 2 . 1 from review of reference 3.12 and 3.13 the following data table 
was assembled using the Lotus 1-2-J spreadsheet system 
(reference J .2) . 

A ' 8 OtMI~ O(MSJI T ESTIIIAT£ 
DE~SITf ESIIIIAI£ (Hill) DENSITY £Sl111Aif (HIOl 0£1151 If ESTIMATE (IWC) 

l BS li/CC g/cc 9/CC 
tCADI~G ESTI IIATE A 9 A a A a A a 
fR~ R£1>0111£0 VAlU£5 C£14111 OEHIII 0 (11111 0£14111 OEHIN OEM III DEHIII OEHIN 
. ... ...... .. ......... ....... .. ... . ... .. .. . .. .. ... . ·-· .. . .. .. ........ .. .. . 
•nr w \ot iGHr CU>t ) 102S IOlS 0.7463 0 .7463 1.4927 1.4927 2 .2l90 2 . 2l90 

wll(J I;( " HI ( 11>0 ) 193 19.3 0 . 140S 0. 140S 0. 21111 0.21111 0. 4216 0. 4216 

CCO£ C£81 15 r~ llbs ) ?S 19 0.0692 0.01311 0. 1lliJ o.o2n 0. 20~ 0.041S 

~'! All iUM II£1G•H 1 \ bs ) 0 .0036 0.0007 0.0073 0.001S 0.0109 0.0022 

SOT .LA I. ASS. re IJCS ) 18.4 J !l. 4 0.09711 0.0978 0.09711 0.09111 0.0978 0. 0978 
ovu lllloER o·• cr TAU ................................................. ......................... . .................... . 

IOIAlS• n 

uw~ 1/0\~£ · ~eo got len- 7. 9 cull1c f •et 
QUIN OfhSIIT (IJ{CC )• 0.7463 

1 ~ 1 ll~l #l ~I N 1i0 l\JME •tz CUbiC tee t • 

PQ<;I (lUIJO~ 

I'X~£ £SII"A I£ It l> 

ESII ~-1£0 0 1 ...,£1£~ Cf 
)(l,i~( '!'fDM ft. u • a") ~. o 

7 . I 
.0104? 

"A• "9" 
tS II "Al£0 I ~CW£~ 

· t IG•H Cl ~CVCE ·r; H . 7r,. 

~AlA f~~ HCM~ IC•l Pl lW , !P0/1~ 1 ·07Z. l!/ IU 

100 cr..:•c " t"'Draro... 4100·M· ~e~. t / l/111. 

I.OSr.i 0 .9992 2 .01 72 1.9007 2 . 9763 2.11021 

~.2.2 Three postula t ed de ns ities a rc prese nted fo r each 
dcm ine r a l izc r : a mi n i mum value, a m1ddle value and a maxi mum 
value . The m1ddl c va lue was chosen dS t he most l ikely density 
fo r the dcm1ner alize r nateria ls. Tho other t~o den5itics are 
p r esented to p roject othe r poss ib i l it i es a nd prov i de a n error 
t e r m t or dcns1ty va r iat1ons. 

rho m1ddlc tnd max1mum·dens1ties a rc c s t icntcd by mult iply1nq 
J.., _ _ -

~ · · - • I ' • ... ._~ -r 

.. oo,. t•c.Ml 
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~"" ... 5'/ 
"'- --n "":D u••• ...._ o, J7. _ J // o.. . /. 
_· -"-"s_e_,_-"!:> ___ =-~--,¥-~-·-s ___ ....;.'_"~-a_t 4!/n ;y-yr«.,.. 9 ,/(tl If~ 

;,SSUMPTIOIIS MID BoSIC DATA Coot'd 

~.2 Dctcrm1nat1on of natcr1als and dens1tics cont'd. 

·•.2.3 The ntnimum dcns1ty values for all materials except the botto~ 
laterals are projected by dividing the nass of the originally 
loaded materials listed in the reference J.1J, by the volume 
of the resin (22 cubic ieet), listed in reference J.ll. 

The etfective density of the bottom laterals located in the 
tanks, is calcu lated by assuming that each lateral assembly 
is located in the lower 6 inches of each tank. This places the 
laterals in the source region making them a component 
of the overall dens1ty terrn for each tank. 

:.2.4 The tanks are assumed to be composed of 0.25 inch stainless 
steel ~lth a density of 7.86 gjcc. 

:. 2.~ The vcr~1cal cx1t p1ping ncar center at the bottom of each tank 
ts assumed to be J inch schedule 40 sta1nless steel. 

~. 2.& The hor1zontal run at p1ping in the "B" Dem1neralizer rooo is 
assumed to be 2 inch schedule ~0 stainless steel. 

·•.2.7 The bottom lateral ~ssembl y is assumed to be composed of 12 
pteces, ~ 1 inches long by 3/4 inch, schedule 40 stainless steel 
piping ~ith o ne section of 5 " d1aoeter by 6" long schedule 40 
piping at the center. The total weight of this assembly is 
assumed to be dpproximately 31.1 lbs (see attachment 11-l). 

~.1 The isotopes, a nd activ1ty of the isotopes present in one cur1e of 
5aurce materials (or each demtneralizer is assumed to be the same 
~~ Lhat presented in re ference J .1 J . The activities tram retercncc 
; . 13 ~ere ~ccayed to 7/ 12/93 and normalized to 1. 

ISOTOPES 
L'o -.-,o 
Sr-•• 0 
Y-90 
Sb- 125 
Tc - l:!Sm 
cs- 1 J4 
C:.> - 137 
13.:1 - tJ 7 r.t 
ce - 1·14 
Pr-1~~ 
?r-l .. ~..: m 

SOURCI: TERZ.l S fOR OEM I tlS ( i n C 1 ' s l 

DEMUI "A" 
7 . ')7c - ·; 
:' .J9e-l 
2 . 39e- 1 
8 . 91C-·1 
2. 06c-·> 
' . 55c-ol 
2 . 67e-1 
2 . 52e-l 
1 . 7<"Jc -•• 
l . 79£'-t) 
;; . sse-a 

DEMill "S" 

2 . Slc- 2 
2 . 5le- 2 

t.JSe- 3 
~. 87c- l 

.:. 6lc-1 

~.J . I for purpoocs 0 1 th1s ca lculat1on the ~ourcc term i~ a:.>su~cd 
to tc hc~oq~nPou~ly ll~trlbu~Pd ~rouahout ~he volu~c ot 
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.:LJL.t!SSUMPTIOUS Atlp Rt)SIC Qt\TA cont 'd 

4.~ Co~puter modeling !or ~t\" & "B" Demineralizers. 

·1. 4.1 frt revtew of reference tlo. J .1J and discussions with TMI-2 
Eng .1ecring personnel, the following information represents the 
basic Microshield input data. 

a) Dernincralizer "A" Basic Microshield 4 input: 

Dose point to center of cylinder (X) .......... 176.J4 em. 
Height of cylinder (H) .....•.......••.••..... 1.94056 em. 
Radius of cylinder (R) ...••.•.........••..•.•.. J0.48 em. 
Thickness of cylinder shell (SH1) .............. 0.6J5 em. 
Dose point position along z axis (Z) .........•... o.o em. 
Dose point !rom base of cylinder (¥) ••••••••••• 68.58 em. 
Air Gap ..... .. .... .•........ ..... ••..•....... 145.225 em. 

b) Demtnera lizer "B" nas1c Microshield 4 input: 

Dose point to center of cylinder (X) ......••.. 270.97 em. 
!Ieight of cylinder (H) ....................... 17. 2212 em. 
Radius of cylinder CR) .........••.............. 60.96 em. 
Thickness of cylinder shell (SH1) .............• 0.6J5 em. 
Dose point pos1tion along Z axis (Z) .........•... o.o em. 
Dose po1nt from base of cylinder (¥) ••••••••••• 68.58 em. 
Air Gap . .. ................................... 209.J75 co. 

4.~ Rcvtew and interpretation of survey data. 

4. 5.1 Six (6) Rad1ologica l Controls field Operations surveys and 
one (1 ) Eng 1necr1ng s urvey were reviewed to determine the 
true ex posure rate at set locations ·..,ithin the "/\" & "B" 
Dem1ner~lizcr cub1cles (sec attachments 10-1 to 10-9). The data 
~as ~nalyzed and incorporated into a spreads~cet for 
nan1pul~t1 o n purposes . The ~prcadshcct data table is shown 
bclo1..•. 
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4,0 ASSUMPIIOUS ANP BASIC DATA Cont.'d 

.... ""' • s-""' L'"LI 0 o• ::rr 

4.5 Review and interpretation of survey data cont'd. 

4.5.1 Cont'd. 

A ' I DEIH~EULilU D•IA ANALYSIS 
7J16/9l 

SUIVET F([T 

~UULT ,.~ 0 
' 4 FOOT tSTIMAIED ESTIMAIED uvc £ CJ.l( . I>OSSIIL£ I>OSSIIlE 

ABOVE OJ STANt£ DISTANt£ CtNIU " (ril/11) TOTAl EUOit UIOit 
ROOM SIJIVEY SUIVEY FlOOII IN FHr I N H£1 Llh£ I ~u c1 Ci'a IN IN 

~lJI8ER OAI£ ~lJIBU 1 ~/11) ,., (0 (0) N AI D ft ESTIMAY£ X Ff[T T FEET 
z•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••t• 
AXIl~ 9/28/U MJ197'96 125000 6 . 78 s. 7'5 5.89 8 5.10 24511 o. 7'5 0.7'5 

.U114• 3/ll/85 lj()lj£ 90000 4.6 1. 7'5 4 . 92 A 23.29 ws o. 7'5 0.7'5 
AX11S 4/6/85 3N•&5 35000 6 . 78 s. 7'5 8.&9 a 5.10 ~ 0 . 7'5 0.7'5 
U115 4/6/85 lN•&5 70000 6.78 1.25 6.89 a 10.88 6432 o. 7'5 0. 7'5 
Al115 4/6/85 lN•85 30000 6.78 3.25 7.52 8 8.59 3494 0. 7'5 o. 7'5 
AlliS 6/5/85 4N•85 37000 6.78 s. 7'5 e.89 6 5 . 10 nss o. 7'5 o . 7'5 

AJI114• 6/5/85 2N·85 />06()(.1 4 .6 2. 7'5 5.36 A 19. 94 3040 0 . 7'5 0. 7'5 
~X115 9/28/M ~DIE 42900 5.7l 5. 7'5 8.12 a 6.84 627l 0. 7'5 0.7'5 

All114° 4/24/VO VOJ04l47 70000 5.09 2. 7'5 5.7'9 A 17.14 4085 0 .7'5 0 . 7'5 
aaa•••••••••••••••••••••••••••••••••••••••••••••••••••••s••••••••••••••.._.•••••••••••••••• ,_. ........... &..a••·············· 
• OENOI(S INTUPOI.AT£0 fJPQS\Jt£ UTE VAlU£5 

~~~~ED 

I. AVEUCEO 
ABSOlUTE 

0 1 STA~~£ OISIAI.C[ ~/h/CI '101/h/CI VALIJ( 
[ .. Oil [ "Oil CALC . CAl C. LOOIC/ SKOIII/ "t l EUOII 

•OOH "[lUI IU~ ·~/~/ (1 •Qf~/C I ~Alt. CALC. EUOII £UOit :uHS CURIES CURIES 
~UMIU tCooG ( ftl ~-0111 (ft) lCI.C S•OIIt -M/h/Ct 01 0 ~/h/Ci 01 0 lOI.C SKOIIT • or .. IN "A" IN .. &• 
• ••••t ••• •••••••••••• • •••a.••• • • ••••• z•• • ••••••••••••••acaa:aaaaaaaaaaaaaaaaaaaaaaaaaaaaa • ••••••••••••••••••••••••• 

AX liS 0.9 7. 11 1 . 41 7.62 0.67 1.49 ·lll ~91 411 lilA 24511 <NO I US£D 
0114° ~. 9 4 . 0 16 . 42 32.55 0.71 1. 40 · 291 40'& 351 1865 N/A 

U115 9.9 1 .e J.41 7.62 0.67 1. 49 · ll'l 491 41X N/A 6M3 
AX115 r.e 6.1 7. 74 15 . 00 0. 71 1.111 ·191 lll'& 33X ~/A 6432 
"115 a.s 1!>. 5 ~ as "2 .51 0.68 1.46 · 321 - 6 '& 391 N/ A 3494 ·~or usro 
lX115 ~ . 9 7. 8 3. :.1 7. 62 0.67 1. 49 · ll1 -91 41X N/ A n55 

Ull4' 1> . 4 - . l 13 . 111 111.64 . 0.69 1.44 ll'& 44l 1n 3040 N/A 
AXI15 9.2 7 . 1 - .57 10.23 0 .67 1.50 · 3lX ~In "" N/A 6273 

AV114° 1>.8 :. .a 11.92 24.50 0 . 70 1.43 · lOl 43" Jn 4085 ~, .. 
•• a • a • • • a • • •• • a • • zaa •••• t • a :~.- •• a • • a ••• a aaa11 • • • a a a a •• ••• • • • • • • • • •• a ::a a a a • ••• a a a a •••• • aaaa a a a ar a a a a aazaa • • ••• ••••• • a 

6706 

ESTIMAIEO EUOII • or 

3~.lt B· Dm•n hg. 

NOOIII11~1 
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4 ,_Q_bSSUM['TIO!lS bUD BASIC DbTA Coot' d. 

-L:. Hev1ew tlnd interpretation ot survey data cont'd • 

. :.s.~ The t~blc 1n sect1on 4. 5. 1 presents distance estimates: 
ca lculdted expoGurc rate e~timates based on these distances, 
total ~u r1es present, and an estimate of error due to incorrect 
distance determ1nations. Sections 4.5.3 to 4.5.9 describes the 
ne thodology uGed to calculate these parameters. 

: .!J.J The diGtance ostimates were determined by rev iew and scaling 
from current GPUHC drawings (see reference No. 3.14), diagrams 
tram other references 1n sect ion 3.0, a nd RADCON survey s heets 
(sec dttachments 10-1 to 10-9). Since the demineralize r s are at 
d pproximately the center of the cubicles, an X and Y coordinate 
can be used to calculate the approximate horizontal distance 
rrom a dose po1nt to the tank vertical centerline. 

:. 5 .: When thc1r location ts unspecified, all exposure rate values 
1re dssumcd to have been taken about 4 feet above the 
cub1 cle floor. llowever, the f1rst survey listed in the table 
(~ect1on 4.5.1), presents a value that is at least 3 times 
hiqhc r ~han r.casurcments taken at similar horizontal (X,Y) 
locat1ons shown in other surveys. for purposes of this 
calculat1on, th1s value iG assumed to be either i n error or 
tdkcn ilt other than 4' above the cubicle floor. 

;. 5.5 s~veral ~· rad1at1on valu~s presented in the table in section 
4.!).1, ll.tve been tnterpolclted from th.J actual survey data. 
rhcc~ tntcrpol~tad values dre marked with an asterisk. 

:. ~ .r, :·he dtstance valucG 1n the tilblc ("0"), are ca l c ulilted 
by rlatcr~tntnq the hypotenuse of il right trianqle. 

:.~. 7 rhe -~lculatcd mR/h per curie va lues s hown in the table, arc 
Jct~rmtned by c urve titttng the Microshield 4 ca lculated 
expocurc rates tor the "A" & "B" Dcmincralizers for s everal 
Jtstanccs out from the courcc rcq1ons, usinq the sensitivity 
1naly~ 1 s cptton &n Htcroshlcld 4. These dictanccs usc the base 
~tcrochtcld 1nputc listed in section 4.~.1 as the reference 
VJlue~. The tunctlonG used in the spreadsheet table s een in 
•;cct 1 on .; . 5. 1 ·..,ere de term1ned by the c urve fitting routine 
1n the conputcr program "Gra ttool " (reference 3. 15). These 
tunct!onG 1rc listed bela~. 

"A" Dcmtneralizcr 
·r- 1 JJ . G•o. 1012( 

"&" Dem tncrillizcr 
Y~ 1 ~ 9 .3J9•0.G8J94 9t 

Correlation Coefficient 
-0.9667 5 8 

-0.89).18 

\·Jl![.R!.: ! 1t. r.h~ rl</h/Cl •nluc .tnd ... ic the nu:nbcr o t horizont.1l 
•.• ,.,t.._. ' ... , , l -~JI •. llt.t.:t111H.: • 
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• , 1 • ~ ~ ,, • ... 1' • 1 t,_ .... ! : ~·''J - -~ - ~ : 
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4.0 /\SSUMPTIO!lS AND BASIC Di\TA Conc'd 

4. ~ Review and interpretation of survey data cont'd. 

4.5.8 The total curie colucn 10 the table is calculated by dividing 
the measured o:: interpolated exposure rate by the rnR/h/Ci value 
deterc1ned by thP. method shown in section 4.5.7. 

:. 5 . 9 The estimate of the error from incorrectly determining the 
X & Y horizontal distances where a measurement was taken, is 
determ1ned by assuming that the X and Y distance measurements 
could be incorrect by as much as 0.75 feet. The maximum 
distance from the source would be ((X'+0.75') 2+(Y'+0.75') 2) 0•5 • 
The minimum •..;ould be ((X' -o. 75') 2+ (Y' -0.75') 2) 0•5 • From these 
two distances, differing rnR/h values may be estimated using the 
s ame method previously described in previous sections. The 
differences between the rnR/h estimates for correct vs incorrect 
distances oath long and short, are averaged and converted to 
percentage differences and are presented as one component of 
the overall est1mate of error for this analysis. 

4.6 The tollowLng 1s a description of the attachments presented in this 
calculation. 

a) Attachments 1-1 & 1-2, present and decay the 1sotcpes extracted 
fro~ reference J. lJ assumed to characterize the "A" & "B" 
Demineralizers. 

b) Attachments 2 -1 to 2 - 2 , present the decayed isotopes tram 
attachments 1-1 & 1-2 normalized to t. 

~ ) Attachments J-1 & 3-4, presen~ the demineralizer cubicle 
locations Wlth actual and esti~ated dimensions. 

d ) Attachments ·:-1 to 4-4, present the dem1neralizcr tanks with 
cstlmatcd dimensions including associated piping. 

c) Attachments 5-l to 5 - 7 , Microsh1eld 4 base case output for high, 
mtddlc and low dcns1ty ~ater1als modeling. 

I ) Attachments 6-1 to 6 - 5 , Microshicld 4 sensitivity analysis us1ng 
ntddlc density mater1als from 91.44 em to Zl3.J6 em for the "A" 
dod from 91 .44 ern to J04. 8 e m for "B" Oemi ncralizer. 

q) Attachment 7-1, Mlcroshield 4 output (or pipe source at base of 
"A" Dem1ncratizer. 

h) Attachments 8-1, Microshicld 4 output for horizontal run of pipe 
5cct1 on 1 n the "B" Dcm1neralizcr cub1cle (base c ase geometry). 

l) Attach~ents ~ -1 to " - o , Grattool output from c urve titt1ng 
'!lCTO!;hicld .; ::;cns lttv ity ,1nalys1s clil t:l tor'':'~" ~ "!3" 

N OOI&IIC>-681 
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~.6 Attachcents cont'd. 

J) Atcachments 10-1 to 10-9, Radtological surveys that present the 
survey informatl.on used to estimate the curie loading of the "A" 
& "B" Dem1.neralizers. 

k) Attachment 11-1, dimensions and weights of seamless and welded 
nteel pl.pe, Williams and Company, inc. catalog ~ 2J, pp D-JO & Jl. 

5. 0 C(d.CUt.r\TIOtlS 

5. 1 Most of the earlier operations were performed using the Lotus 1-2-J 
spreadsheet system. 

5 .2 In section 4.2.2 three (J) possible densities were estimated for 
modeling purposes. In attachments 5-l to 5-7 the Microshield 4 
ou~put from the differing de~sity computer analysis are shown. 

For the "A" Demineralizer, the calculated exposure rate for the 
J denstty estioates using the Microshicld base case input is: 

IIIGII DENSITY (2.96 qjcc) ........................... l5.26 mR/h. 
MIDDLE DENSITY (2.00 gjcc) ..••..•••............••.• l6.7J mR/h. 
LOW DENSIT'/ (1.04) gjcc) .....•...•......••...•.•••. l8.22 mR/h. 

For the "!3" Demineralizer, the calculated exposure rate for the 
J density estimates using the Microshield base case input is: 

IIIG!! DENSITY (2 . 78 gjcc) ........................... J.619 mR/h. 
MIDDLE DENSITY , 1.88 gjcc) ......................... 5.107 mR/h. 
LOW DEtiSIT'/ (0 .98) gjcc) ......................•••.. 8.496 mR/h. 

Using the ~bove listed da ta and calculatl.ng the estimated error 
due to posstble variattons 1n density gives the following results. 

'~F,;MI !IERAr.I(:&.B 

1 1-(15.~tl/16 .7J)) X lOOt + 8.8\ 

( 1-(18.22/ 16. 73 )) ;: 100\ = - 8.9\, tor the "A" REIH!l. 

( l-(Lul9/5 .. 07)) x 100'1. + 29.1\ 

G6\, for the "B" DEMit!. 
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5. 0 CALCUL.OTIOUS Coot' d 
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~. l oaac 

5.3 !~cation of the base case Hicroshield 4 exposure rate point relative 
to the demineralizers. 

The diagram on attachment 4-3 shows the relative position of the base 
case Hicroshield 4 exposure rate points to the demineralizers and to 
the base pipe connections. 

5 .4 Placement of other source terms. 

5 .4.1 "A" Demineralizer. 

5.4.1.1 The "A" Oemineralizer scurce term is assumed to be 
a 2' diameter cylinder with a height of about 0.764 em 
(section 4.2.1). If it is assumed that the majority of 
the source term is located in the 3" re .. in sluice 1 ine 
below the tank, the geometry for this case would 
then be as follows. 

Assuming the vertical pipe length at base of the tank 
is about 9" long, then the lowest section or the elbow 
of this pipe is at approxi~ately the -306' El. The 
location for the highest exposure rate measurements 
were taken approximately 3' above the floor at the 
308' El. The elevational difference is about 2'. 
Assuming the horizontal distance is within a few 
inches of the base case horizontal distance or about 
5.8 feet, the Microshield 4 output for a pipe segment 
containing one curie would be 17.37 rnR/h 
(see attachment 7-1). Since the base case Microshield 
output for the "A" Demineralizer tank was 16.73 mR/h 
(sectlon 5.2), the relative difference in activity is: 

(1-(100,000 mR/h/17.37 mR/h/Ci)/ 
(70,000 mR/h/16.73 mR/h/Cl)) X 100\ = -38\ 

The possibility that all of the act.ivity is in the 
this lower pipe section 1s remote and therefore Wlll 
not be considered further. 

5 .·L 2 "13" Demineralizer. 

5.4. 2 .1 The 2" diameter pipe run connected to the resin sluice 
outlet nozzle located in the "B" Oemineralizer cubicle 
may also contain resin and high activity levels. This 
pipe run is shown in attachments 3-3 and 4-3 and is 
present in both cubicles. However the majority of the 
activity located in the "13" Demineralizcr cubicle is 
assumed to be located in the tank, based on the 

N DO IS 110.881 I 



0]!)Nuclear Calculation Sheet 
C.Cioo 
.: ?.:o- ::':',_-:l .. ~: : 

.... ..., ~ ... 
II or ~'/ 

..:;:-__;;&.:..:ro;....~.,;..e _, _"@ __ ·--~-.JW' __ "'/J-...!:::::.__~_,,.,;..;_:,'j_'_....;__:;-_l_oo~='/_,~~=~--o.:..J.~:....O//.u...~<<'::....ot9~· 3~ 
5 . 0 CALCUL\TIOtlS Coot 'd 

?. 4 Placement ot other source terms cont'd 

~ .4. 2 "B" Oemineralizer cont'd. 

Radiological Engineering survey data shown on attachments 10-6 
to 10-8. Ho..,ever, if one (1) curi'e of activity is placed in a 
single pipe run located at the center of the t..,o pipe sections 
running cast and west (shown on attachment 4-3), the mR/h/Ci 
value would be approximately 20.77 mR/h/Ci (see attachment 
8-1). The Hicroshield 4 model ..,ould be as shown below: 

"B" Qemineralizer 2" Pipe run input file 

Dose point to center of pipe section (X) ...... 217.17 em. 
Height of cylinder :n> ..•.•••.••.•........•.••• 228.6 em. 
Radius of cylinder (R) . ••.••••.....•..•••••.. 2.62509 em. 
Thickness of cylinder shell (SH1) ••••....•... 0.39116 cc. 
Dose point position along Z axis (Z) ....•....•. 87.6J em. 
Dose po1nt from base of cylinder (Y) .••...••.•. 44.Bl cc. 
Air Gap ........ • ........•.•..•.•••••••...•. 214.15375 em. 

5 .4 .2. 1 The pipe is 2" schedule 40 stainless steel and is 
located at approximately the 306' 1.5" E1. The pipe 
starts about 9" east of the vertical centerline of the 
"B" Domin and runs east for about 7.5 feet. The 
elevational difference would be about 309'-306' 1.5" 
or about 2.875'. The exposure rate point is at the 
center of tho entrance to the "8" Domin cubicle about 
4' above the floor . 

5 .4. 2 . 2 Based on tho t..,o models, the relative difference 
between one curie of activity in the demineralizer and 
one c urie i n the pipe section is shown below. 

( l-( 20. 77 mR/ h/ Ci/ 5.107 mR/ h/ Ci)) X 100\ = 307\ 

rhis lndicates that i t the activity were predominately 
l ocated in the 2" l ine, ilbout 1/ 4 th of the calculated 
nur.ilier of cur1es would be present .. This is not the case 
since the "B" Demin retains the higher exposure rate as 
P-Videnced by the survey information. Therefore, the 
best estimate is that most of the activity is still 
ret<uned at the "B" Dcm1n l ocation and not in the 2" 
line. 

N OO.Hitto.a81 
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5.5 Combination of Error Tenus. 

5. 5.1 The combined est i mate of error in this analysis includes the 
following: 

a) The estiQate of the uncertainty in the radiation 
measurements from the radiological surveys, due to 
incorrectly reported survey locations (in the X and Y 
directions, north-south/east-west). 

b) The estimate of the uncertainty in the density of the 
source term materials. 

c ) An assumed instrumentation response error . 

5 . 5 . 2 The distance error estimate assumes that the actual exposure 
rate point is within - : one foot of the correct measurement 
location ( ( (9"2+9"2) · ~) = 12. 7"), Since there is a similar 
difference in the effect of ± distance error for the individual 
curie values presented in the table in section 4 . 5.1, and some 
uncertainty in the exact measurement locations, the absolute 
values of the error terms as well as the curie estimates were 
s ummed and averaged f or several measurements. 

5.5 . 3 

The e rror 
i s: 

estimate for the survey locations for the "A" De min 

(35\ + )7\ + 37\) /3 = - ! 36\ . 

The error estimate for the survey locations for the "B" De min 
i e"" • .... 

( 41 \ - 33\ - 41\ + 41\ )/ 4 = - ± 39\. 

f rom sect i on 5 . 2 , t he uncertainty i n the s ource term density 
i s assumed t o be : 

-± 9\ fo r t he "/\" Demineral izcr a nd, -+ 29\ - 66\ for the "B" 
Dcmlne r nlizo r . 

5 . 5.4 The i ns trumentat i on cal i brat i on error is assumed to be 
approx i mately ± 10\. 

5.5. 5 The comb i ned e rror est imate is a pproximately: 

!: ()6\2 •9\2+ 1 0\2 ) 0 · ~ = -38\ fo r the "A" Demineral i zer and , 

+ (39\ 2+-29\2+ 10\2 ) 0.5 
( 39\z+-66\2• 1 0\2) 0. 5 

+ 50\ 
= - - 77\ tor t he " B" Demineralizer. 

N0011t'~l 
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1.79[ ·~b 

Z.55E ·08 
O.OC£•00 
).QCE•vO 
•• CCE•Cv 

.COE•OO 
).CCE•vil 
J.t;.CE•CO 
J C· ! • GO 

.OC£•CO 

.o:r ·~ 

ERR 
EU 
EU 
ERR 
ERI 
ERa 
Eat 
EU 
EU 
EU 
Ea• 

EU 
lU 

ERR 

r•• 
ua 
U l 
!R• 
EU 

'·····2········ 
[ U 

EU 
ERR 
£U 
ERR 
£U 
£AI 

EU 
ERI 
Ul 
EAR 
(U 

[U 

EU 

£U 

EU 
EU 
EU 
Ul 
£1lR 

£U 
EU 

ru 
EQA 
EU 
EU 
[ U 

U l 
E~• 

" · l 
C· 14 

Cr · 51 
Nn•54 

F•· S5 
Co· 51! 
Co·60 
Wl •6l 

ln· 65 
Sr· ll9 
Sr·90 
T· 90 
Tc·99 

8u·106 
~11·106 

Ag• l10oo 

Ag·110 

Sb •125 
le· 125• 

1· 1Z9 
Cs· l34 
Cs· 1l7 
B1· 1l7• 
Ct·141 
C~ · 144 

Pr •144• 
'P•2l7 
Pa ·2l3 
Pu· ZJII 
Pu·239 
Pu· 241 
Al'l• (41 
C-a·2.0l 
U·235 
U· 2311 

; .... r. ':to £ o• £;a Pu· 2!.0 
.G.l •·- E · ~ £:~ EU >J·234 

... cr·t r~~ to~ v• ""'·147 

ERR • 

... 
a--a: . -,. a 

a 

.. ::~:.~o E~~ ru u~ Eu · 1S4 <~~ J 
.- CC(•Oil roa EU £Q• Eu · ISS 1 ; 
•. c.r . .. " £:a £~~ ru u 216 u ' 
' •?-£ ';.:. £~111 t:t1t•••••••2't•&• 2.a•a c&aa:• •• •s.• Pr • 144 t ~ 
.O:t • £•~ Pta EU C"·24? ~ -

1.~:~ :~~ ~ : : ::: ::: ,.,· 244 = I :~ I ffj' 
- <.: tlJ'S.S"l~ ·C"7~:11'~.as:.a"S 1'•.&Y:,CT•aiE'C&•a..-a•1'l"-CiaC'taCaaa.__. •••• ~ .'l aa~ r lat•a a a•a •aaa•a'll! ••aat (.) ( ., ~I 

•o~.c:: · .. c..,·~.: • l •~ ...:. nan;, ::S j=: :i:l 
z ;~~ 

~ h ~ ~ 



~OAPIAll ZA II Otl IICII(SH((l Cl C I) 

CALQJlAT£0 ::ta •-.••••• •• a•••••••• ••••• 7/12/'13 
hPOSlJR( IAI[ P£~ Cl •.. ff#l/~ ACTUAtnu oil/~ 

········~····· l,;llllS I~•CI 
J.D. ~9U 
011 ~&10£ .. "9" DEPIIII, AA11S 

•• •••••:t.aac 

I~PUI U~lf H~CEIIT p;) ACT! VI IT 
150101'£ ACIIVIH of Ictal PU CU~IE 

.Al)JUSI£0 -~C ~EPOATABL£ 

.Al)JIJS lED IIIIIIWI If • n. of Sr·90/Cs·137 
&CIJVIIY (d:;o) !lAUGHTERS (IICI) TOTAl iSOTOPES RATIO 

'*a a a • a •• • • •• • • ••• a • a •• a ••• •••••• •••••••• a aazaa =~•••*•• :sea a a :.as •••••• at a ••• a a a a• a a a a a at a-a •• •• at a 2••• •••• aacz-a.eazaa•••••••• •••••• 

H·J 
C· 14 
Cr •SI 
P'n·S~ 

f~·SS 

6 Co·58 
7 Co·60 
ll ~l ·t>l 

o Zn 6S 
10 Sr· !l~ 

11 Sr·90 6.118£•02 
ll 1 • 00 b. !ll!(•(ll 

ll lc· 9? 
14 , ,,·10<· 
~~ 8h·10(1 
16 '1 110.. 

11 •o 110 
HI Sb· 125 
10 le • l?5., 
lO 1·129 
21 (>· 114 

l2 C\ U7 
ll Ba · lllm 
Z4 C~·141 

25 c~ 144 
lt> Pr • 144,. 
27 llp· 2l7 
28 Pa· lH 
;>Q •·u · llft 
JO 
l1 
32 
ll 
l4 
)~ 

("'·243 
U· ZlS 
U·2S8 

J6 r,..z,o 
31 U· ll• 
3!1 t;o, 14/ 
10 (u !S4 

.o r .. 1~s 

~~ \! l$6 
42 l>r· 144 
o) (1P· ZI.l 

·' ( ,., 144 
:.s 

l.nr•O! 
'.l4F•04 
t. ll£•04 

o.ooooo 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
2.50577 
l. 50577 
0. 00000 
0.00000 
0. 00000 
0.00000 
o.ooooo 
0.00000 
0.00000 
0.00000 
0, B5l6 

48,74260 
46,11050 

0.00000 
o.ooooo 
0 . 00000 
0.00000 
0 . 00000 
0.00000 
0.00000 
0 .00000 
0.00000 
0 .00000 
o.ooooo 
o.ooooo 
o.oooco 
O.()WOO 
o.uoooo 
0. 00000 
0.00000 
0 . 00000 
0.00000 
0.00000 
v 00000 
o.ooooo 

0.00£•00 
O.OC£•00 
0.00£ •00 
0.00£•00 
0.00£•00 
0.00£ •00 
0.00£•00 ••• 
0.00£•00 
0.00£•00 
0.00£ •00 
2.51£· 02 
2 .51£·02 
0.00£• 00 
0. 00£•00 
0. 00(•00 
0. 00£•00 
0.00£ •00 
0.00£ •00 
0.00£•00 
0.00£•00 
l.35£·0l 
4. 871>01 
4.61£ ·01 
0.00£•00 
0.00£•00 
0.00£•00 
0. 00£•00 
0. 00£•00 
0 ,00£ •00 
'.00£•00 
0. 00£•00 
0 .00£•00 
0 00£ •00 
0 . 00£•00 
0. 00£•00 

' C0£•00 
0.00£•00 
0.00£• 00 
0.00£ •00 
0. 00£•00 
0. 00£•00 
0. 00(•00 
0 .00£•00 
~. 00£•00 

0.00£•00 

VR 
ERR 
EU 
EU 
UR 
EU 
UR 
Ul 

£U •·3 [PI • 
£fiR C· 14 •••••••••••••• 
EU Cr·51 
[U J4n·~4 

lU 1~·55 

ERI Co·58 
EU Co·bO 
EU Ni·63 

Ul £U Zn· 65 
E~R Ell Sr·89 
EU E~R Sr·90 

~U ERR Tc·W 
!U UR Pu · 10¢ 

t sa•••••"~~•••••• •••••••••••••• Rh ·106 
( U Ul &; •I 10.. 

• •••••••••••••• ».aa·acaaaaaaaaa Ag .. 110 
EU Ul Sb·125 

~••••••aaaaaeas 

(U 
(RI ................. 

......... &' . ..... . 

~ ·······~······ 

£U T~·12Se 

Ul 1·129 
UR Cs·134 
UR Cl· l37 

:•• .. •••••••••• Ba· ll7• 
Ul C~·141 

EU C~·144 

~s-•••••••••••• Pr•1'4a 
ru ~"·237 

t• ••••• .. •••••• Pa·233 
( U P\J·238 
EU P\J·2l9 
EAR Pu·241 
£U .o\111·241 
EU Cm·24l 
EU U· 23S 
EU 11 •2l8 
£0 Pu· 2'0 
£U l:· 2l4 
EU ""'· 147 
[U £u·154 
ERR £u·1S5 
ERR U·l36 

~ :;.•aas-eet.••••• Pr· 144 

(U (111·242 
EU tno·244 
UR 

~ •• • • .- •.# -. • .,. s • • • • •• • • • •., • • • • • • t .. • • • • • •• • • ••• t t. a a a: ... .,. • #-~ • • •• ,.., • • • • t• • • • ~•• •• a • a.s C'ca" ••• a • & ••.a:• a c._ aa:-•ac.a •• a #a a• • • a* • 

100 • .;0 I 00000 Co EU I'CI £•• I"Ct 
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[!fil!]Nuclear Calculation Sheet. 
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Attachment 3- 3 

Calculation Sheet 
s-t .\Xll~ ano ;'Xll5 Curll! 1 C&lc:Ho 

Loadino ~240-3233-93-015 

O.>Q\1\0JOI ---? ~ - - _...--c... ~ l>y 

a. arosey ·~ ·~ 9/8/93 I G. Lodde 

• 0 
3 
~ 
r; 
< 
i' 
~ 
2. 
;. 
• 
3 • ,... 
• c: 
'0 
ca. • 3 
5" • 
!. 
H' • ... 
n 
!. 
li' 

z 
~ ... -

... 
;:: ,.. 
~ 

z ,.. 

0 
~ 

"' < ,.. 
z ... ,.. 
i 
"' 

n 
c: 

"' ;:; ,.. ,.. 

' R .... Ho 

1 

C$-f 
ml>S: s--;-
-t;jN z. 
me: 
:a-a 
~!;' -N"'O 
me: 
:a :a rn-., -n 

)> 
-f -0 
z 
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Att achment 3-4 

ta:iE]Nuclear Calculation Sheet 
! Riot No I eM: No 

Sul>tect AX114 ana AX115 Curte ~240-3233-93-015 1 
l'"'"'..-... i'-" ~ 

enoo"""" _::::B ."3>~/ ; 9/8/93 I G. ladtle ,& • e. Srosey 

~ 
a. 
Ill 

~ 
:l 
Ill ... 
!. 
;:r 
Ill ... 
n 
& 

::t ,., 
c ... 
9 
i .. 



,------------------------------ -~-

~ 
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IN 
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Gl .... 41 
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'W' "' 0 "0 

I .c ,.., I 0 
"'" (/)~ ~ ..J 
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C1l -

E -.c al 
U - M 
"' :::J m ... u ..... 
... - 00 
< al • -() j C'l 

~ ~ \ 
as ~ rD 
., 0 -
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... - -o 

~ : ~ t i 
lEI "' c;rn 

5h 

, _____ .,, -- - -----

U 1121n. 

t 

'I In 

lliVA noll D h I ln.l 
""ocruounn II(SIN ILUIC( 

114-ln WAll 

MU-K·tA. I 
MAitl•UI' AND l'\ll'llflCAliON 
DEMINlAAUUIII 

101' CONNlCTIONI 
• PIIOCESI INUT 
• VENT 
• IIESIN AOOmON 
• ACCISI COVE A 

IOnOM CONNlCTlONS 
• I'IIOCUI oun.n 
• IIUIN SlUICE 

TOI' lATEIIAll 
• U TOTAL 
• 11Hft. l0NO 
• Jl~ e , JOUI 
• l1 HOLts. J l la-lto "" lAtliiAl 

IOnOM lATfiiAU 
• U TOTAL 
• 20-1~ lONO 
• J l '-1" • · JOt as 
• l1 HOlU J/ IIHft-. P'lll tATEA,I.l 
• 100 MlSH WillE ICIIUN 

TANk VOlUME 
• 1111 OALlONI 

HfDliXO OCl J 

Olmens1ons of demlneral lzer vessel. 
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·~ I " ! 0 ' 
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~0\ 
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l 
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"' c 

\f) "' c: c ., -_., _..., ' .... 0 "' • l "' 0 
b ... 

I 
i .11 

~ 
"' c. 

"B" CUBICLE DOSE RATES 
324·11 CEIUNQ 
321-lt · 9-ln. PENETRATION 

0
60R 

316 It · 6 ln. 

315ft • 6 ln. 

31• ft · 6 ln . 

313ft • 6 ln. 

312 It &ln. 

3t1 ft • 8 ln. 

310ft · 6 ln . 

309ft · 8 In •· 

308 fl · 6 ln. 

~ 
. '' Lalcral - ( •~"'.,._ ... -..( ~~}. .... -.-,. .... 

" •• f.., 

"B" Demin 
Base Cas!' 
Location 

l 8.!19 reet 
~ ~~ 

l 

I 
I 

~ \3f\;> t 0>- 1 fl'•k , . $'S> I 780 680 L t -, -~· 
306 It . 6 ln. ~ T I) a=--=1 1110~ 11110 o oo640 I 

... ..... , 0 0 
980 0 

307 It · 6 ln. 

J05 ft · Sin 
FlOOR 
30f5 h · 0 In 8 7 8 5 4 3 2 0 

DISTANCE. ft 

2 

0 810 

3 4 5 

GaMna ~ose rates in cubiClP 6. 

6 7 8 'g 

... ~ ... .,. 
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Attachment 4-3 

Calculation Sheet 
Calc No 

~240-3233-93-015 

I SI>MINo 
1 2; of 5't 
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At tachment 5-l 

MlcroSIIIeld htcll • .,.. lOll ............................. 
Batch • .,.. Stut...s on--~~. S~teocer 11, 1993 ot 1:02 p.•. 

Sla cun "'ltlolly in tllo ~. 

CASE F llE C(~ ~TAif TIM£ ElAPSED .. ,,, W/IUILOUP UNS. CYCLE ........... ............... .......... 
1 ~MIGHD£11 7 1: 02 P·•· 0:26:';.6 1.5Z~001 (n/1 ) 
2 -LCMIIIIN 7 1:211 P·•· 0:25:06 1.1122 .. 001 (n/1 ) 
J Alii DONI- 7 1: 54 P·•· 0:25:52 1.6~001 U,UENCE 
4 Alii DOMIN 7 1:54 p •• • 0:51 : 11 4.767 .. 001 I of 5 
5 AIIIDCIIIN 7 1: 54 P·•· 1:16:21 ) .1~001 2 of 5 
6 AIIIDOMIN 7 1:54 p •• • 1:41:30 2.1115..001 l of 5 
1 AIIIDOIIIN 7 1:54 P·•· 2:06:42 1.561 .. 001 4 of 5 
a Alii DOll IN 7 1:54 P·•· 2:31 : 56 1.153..001 5 of 5 
9 IMIGHD£11 7 4:26 P·•· 0:17:06 1 .619 .. 000 (n/1 ) 

10 GlCM!lMI 7 4:43 p •• • 0:16:54 11 .4~ (n/1 ) 
11 BMI00£111 7 5:00 p •• • 0:17:01 5. 107 .. 000 (n/1 ) 

htcll '"' t(lrC)l et...s on ~o<lly, S~t~r II, 1993 1 t 5: 17 p.•. 
TOTAL UfOJTICII TIM(: 4:15:22 - . .... II ... ,t.:; II "' .c ... 

J: (/) 1.; 
c ~ 5 0 
-:: • 3 
u 
ii 
0 

.. 
ca r1} 0 - ;:: (,) 

(f)~ :I ...: ., z c . • 

~ 
... 

<T 

1: j§ 



Pogo 
oos rile 
R~~> Due 
.... fl ... 
DurUIOtl 

.-

r.ttacnmcnt 5-2 

lhcroSnl .,la 4.~ • Serial J4. 00·00247 
CPU 

1 
Al~Mill .ll$4 

July 27, 1993 
11:07 • · • · rue.c.ay 
0:2S:Co 

Cue lotte: IUK£UP 0£14111 AX114 & AlliS 

CECJU: flY 7 • Cylinder Vol 11'11 Side Shl•lCSS 
fut ena lncnea 

Oou point coorchnate •: 
untl...,terl 

176.34 
u.sa 
0.0 
1.94(156 

10.411 
0.635 

145.225 

~.0 9.4 
Doae point coordinate t: 2.0 3.0 
Don point coorainate Z: 0.0 .o 

Cylinder !Ieight: o.o .a 
Cyl lnder radhn: 1.0 .0 

Shield 1: 0.0 . 3 
Air Cap: 4.0 9.2 

Sourc• Vol.-: 5663.79 ca' l .200015 cu ft. 345.625 cu ln. 

Air 
Carbon 
Iron 
Uranun 
1/oter 

~ucllde 
h·l37• 
Co·bO 
Ci•IJ7 
Pr•l44• 
Sr·9!l 
T•90 

EMr9Y 
Cl'elll 

o. I 
0. IS 
1).2 
O. l 
0.4 
o.s 
0.6 
o.a 
1.0 
1.5 
2.0 

~OIIl: 

MAIUUL DENSITIES Cg/ca "ll 
Source Sl'lf•ld 1 lransttlon Air Caa 
Shield Cyll...;..r Shield 

0.00122 0. 00122 

111Mrllon 
Sllleld 
0.00122 

0.7463 
0.14115 1.116 
0.0036 
0.1405 

BUilDIJI> 
MethOd: 6u1 ldup factor lablu 

lne ""''"rial rtfer•nce 11 Shield 

~adlal 
Ouadroture Or der 

22 
Cl rcUIIIerent • al 
hill (AlQn9 l) 

22 
22 

cur1ts 
2.5200t·OOI 
1.9100t·004 
2.6700t·001 
2.SSOOe·OC8 
2.l900e·001 
2.3900e·~t 

SO.;I!CE hUCliCES 
.. cotc.,·l ~ucl 1ae 

4.449lt•COI Ce-14~ 
1.~072e·OOI Cs·IS:. 
-.7142e•OOI Pr·144 
4.5023r •006 Sb·l25 
;.zl~lle•OOI le·12S"' 
4,219~·0') 1 

curies 
1.rnlle· 006 
7 .S500e·G04 
1.7900e·006 
8.9100e·OC4 
2 .0600e ·G04 

~<CI/aa "J 
3. 1604t·004 
l.lHOo·OOI 
3. 1604t·004 
1. ST.S2e·001 
3.6371•·002 

Act lvlty LMr;v I luence hte Eoposur• Rate In Air 
c ptoo tons I uc (MeV/sq C>!VSK) C""/hrl 

~o 8u1l~ 111111 8UI ld<.c> ~o 8uil • :) llith lulld<.c> 
1.07~005 1. ~6e·003 2.9~e·OOl 2.6116e • :> 4 .552•·006 
a.9e9.-004 1>.2SOe·OOl 1.212e·002 I.Ol4o·GOS I .99Se ·OOS 
2. 502 .. 006 l.2l6e·OOI 6.507e·OOI S.71le·004 I. 1411e·OOl 
1.474~005 l . UIIe·002 7. 199e·v02 6.99Se·005 1. 366e·004 
t.Ol2e•007 3.11911e<OOO 7. 1911e•OOO 7.S95t·00l 1.40le ·002 
l.S21e•006 1.95!e•OOO l.4 17••000 l.ll43t·00l 6.7C!e·OOJ 
11,436 .. 009 S.514e•003 o. 161e•00l 1.076t•001 I .7Me->G01 
2 . 6l0t•007 2.5C6e•Olll 3 .1157•·001 4.167t·002 7.ll6e·002 
l.027e•007 l . e/.6e•OOI S.6C!e•O!ll r.CUt ·002 1.034t •001 
3.034••007 6.414e•COI !1.563t•OOI t.079e·001 1.441•·001 
5. 126 .. 002 1. S3Se ·003 1 . vSS~·OOl ~ . lT.Se·006 l.02lt·C06 

• 5l9~· ll:N . !.•G:c-· r l ' J~l·· . l • .IJ<'• OII • !!:'Zr• '".-, t 

L-----------------------------------------·------------------
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Attachment 5-3 

HocroShle ld 4.0<1 • Sulal 14.00·00247 
CPIJ 

DOS I tie A1410lliiiN.IIS4 
1111 Data July 27, 19?1 

fllehf:~ 
&y: I 

Oate: 1. ~1. 

• ., fl.,. II:H a.•. r~..s.y 
Our at I on 0:25:50 

Ctle<it<S: 

Cue rltl~: IIAtEUP OEHIN Ak114 & AXIIS 

GEOC£TU 7 • Cyll~r Voluoe • Side Shields 
feet and irches 

oo .. point coordlnet~ X; 
Dose potnt coordlnete r: 
oo .. potnt coordlnete Z; 

cmturcan, 
176. 34 

611.511 
o.o 
1.94056 

30,411 

5.0 9.4 
2.0 3.0 
0.0 .o 

Cyllrder height: 
Cylinder radiY11: 

Shield I: 
Air Gap; 

0.635 
14S.22S 

0. 0 . 11 
1.0 .o 
o.o .3 
4.0 9.2 

Source Vol.,.: 5663,79 ,,.·3 .200015 cu ft. J4S. 62S cu ln. 

~ir 
Carbon 

I'"" Urenu.n 
\later 

~ucllde 

Bo·1l7a 
Co·OO 
Cs·137 
Pr·l41.a 
Sr·90 
f ·90 

IIATUIAL DENSITIES (g/uo l) 
Source Shield 1 Tr!ln&ttton Atr Cap 
Shi e ld Cyli~r ~lllel13 

0.00122 0.00122 

,..,.raton 
Shield 
0.00122 

1.4927 
0.2176 7.116 
0.0073 
0.21111 

SVIlOtJP 
Hethod: SviiQ.o !Actor Tablu 

!he l>.lttrtal referenc" •• Shield 

INTECRATJC!j PAIAH(IERS 

Radle I 
Clrc..,.ferwtial 
htel C•long l) 

souacc 
curlu ~o~Ct/eto "l 

2.5200t·OOI 4 ,449le•OOI 
7 .9700e•004 1,40ne· OOI 
2.6700e·OOt 4. 7142e•001 
2.SS00e·OOII 4. S02lt·O<l6 
2. 3900e·OOI 4.219!t•OOI 
2.3900.·001 4.219!e-OG1 

Cu.drature Order 
2Z 
22 
lZ 

~UCli0£5 
~ucltdt cur Its 
Ce · l44 t. 7900e·OC6 
Cs· 134 7.5500e·004 
Pr· 144 I • 790()., • 006 
:ib·125 8.9100t·004 
:e· 125,. 2.0600e·004 

~o~CI/CJI 3 
l.1604e·004 
I .3130.·001 
l . 1604e·004 
1.57l2e·001 
l .6371e·002 

. ............................. & ... USULIS . ................................ 
(~rgy Actlvhy £twr9y fl oence aa t • £•posure Rate In Air 
(lleV) (1'1\otcns/sec (MeVtsq CJ!IIsec) C .. /hrl 

~o BuiiQ.o wltll lutiW;> No luiiQ.o With. 8uiiQ.o 
0.1 1,076e•OOS 1.267e·00l 1. 196e·00l 1.9llle·006 l.l59e·006 
0.15 a.9&9, .. 004 4.67le•OO:S 9. 4116e·OOJ 7.6968·006 1.562e·005 
0. 2 ~.502e•006 2.479e·001 5 .l6>e·OOI 4.:S76e· 004 9.476e·004 o. :s 1. 474e•005 2.924e·002 6.274e·002 5.546e•005 1. 190e·004 
0. 4 I .O:SZe•007 :S. 159e•OOO 6."4e•OOO 6. ISw•OOl 1.256e·002 o. s J . llllt•006 1. 61le•OOO l. t06e•OOO l. 166e·00l 6.097e·OO] 
0.6 8.4l6e•009 4.~02e•003 8.405e•OOl 3 .98le•OOO 1. 641t•001 
\i.ll 2.630e•007 2. ll4e•OOI J.571!e•OOI 4.058•·002 6.8C6c·002 
1.0 l.027e•Oil7 l . J23e•001 S. cl4t•OOI 6. 125e·002 9.648e·OOZ 
I.S l.Ol~e•00 7 ~.6!4~·001 S.079e•OOI 9. 563e·002 l.lS9e·OOI 
2.0 S. l16tt•002 1. 382c·003 1.esee ·OOJ 2. 1l/e·006 2.11"•· 006 . r•L· • ) 1?• .. 11'11 • 4..,7f"• fl . , «,~.:,, .. . 1?1 ...... J 1.!1Jc .. OQ I 

- . ., ,... 41 
M /; "' ., 
N "' .c M 

I 
0 

(/) ! . _. 
0 

c ~ 
«7 u N 

.E ~ -as ..., 
:; C7\ 
u -'iii co 
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41 
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" u 

"' .. 
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fYj () 
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c 
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Pa9e 
DOS file 
a., Date 
..... I I .... 
Curet ion 

Attachment 5--l 

"1crc~ru~ l c2 4.00 • ~crtal a4.~·C0247 
GPIJ 

1 
AHICICO(M . IIS4 
July 27, 19?1 
10:42 . .... '""IIC;If 
0:26:07 

Cue lttlc: ll.ll(UP OEMIN Ul14 £ 4111~ 

CEC»>EUY 7 • Cyli nder Vol""' S 112e Slllelc2s 
fut ancJ ir.cnu 

Dou pou~t coorl21'14tte •: 
c~tll>l!ters 

176.14 
611. 51! 
o.o 
1.94056 

10.41! 

s.o 9.4 
Oou point coorc21Nte 1: 2.0 l.O 
Oou point coordinate 2: 0.0 .0 

Cylinder n~19nt : 
Cyt lnder r;K~Ius: 

Shield 1: 
Atr Cao: 

0.615 
145.225 

o.o .a 
1.0 .o 
0.0 .3 
4.0 9 . 2 

SOUt"ce Volure: 5663 . 79 c~a 'l .200015 cu It. 345.625 cu In, 

Atr 
Cubon 
Iron 
Uranii.D 
II Iter 

~ucl 1121! 
h·1.17ct 
Co·I>O 
Ct·t37 
Pr· 144a 
Sr·90 
•·90 

IIAJEIIAL DENSITIES (g/oo' J) 
Source Snleld 1 Trans1t10t1 Atr Coo 
Shield Ctl 1~r Shield 

o.o:mz o.oc122 

lr:.,.r&1M 
Shield 
0.00122 

2.239 
0.2!611 1,U 
0. 0109 
0.4216 

8UilDt:P 
~etnod: Sui lo.JO f ac tor lobles 

The Nter1al rf!fer~nce I s Shif!ld 1 

I ~![(;UIIO' PUAI!(f[RS 

~adlal 

Ctrcuoter~t ul 
Aalal lolonq ll 

CUO<lrature Or~r 
l2 
22 
22 

SOJllC[ kVCliDES 
('Uf1C''\ 

"''''" l 
~UC:IIdf! CuriH 

2. ~200c·001 4 . ~.93c•001 t~ · 14f. 1. 790Ce·ODto 
7. 9700e·004 1 .4072e·001 Cs· tl4 7. 55C0e·004 
Z .6700e·001 ~. 7142e•001 Pr•t44 l.n0De·006 
2.5500o 001! •• 5023e·OC6 Sb·125 !. 9100e · Oil4 
2 .l900e·001 • • Z191!c•001 le·1~"' Z. C600e·004 
2.JYCOe·001 4.219~e•()l.l l 

,.CI/CIII' l 
3 . 1604e·004 
1.llS~·001 
3.1604•·004 
1 . 5712•·001 
1 .1>171e·002 

•••••••••c•• .. ••••••<Waa:aaaa••'~'•• ~fSlll.l S "••••••••••••••••••••••••••••z• 
£ncr;y ACt IV\tY Energy t luence A ate £•1>0lur~ hte In A•r 
IIIeY) C;>hoton•tu•e (l!eV/JQ CJ!VSKI c.-rJhr) 

~" Bu1l~ \l ith SLIIld>,o ~o 8ull6..c 1/1 th lui 16..c 
0. 1 1 . 07641•005 9.647e·(i04 1.b94t·003 1.476e·006 Z.591e·006 
0.15 8.989.,.004 l.629e•001 7 .609~ ·005 5.975e·006 1.2Sle•005 
0. 2 2. 502e•006 1.9t..e ·001 • • 472~·001 l.467t·004 7 .S9le·004 
O.l 1.47~e•005 2. 376e·OOZ 5.4~6e·ilil2 4.506e ·005 I .035~·004 
0.4 1.032••007 2.611 .,.000 ~. '36e•OOO 5.CU.·OOJ I. 111!e·002 
0.5 3 .1!21e•OC6 l.lS1e•OCO 2.!05e•OOO 2 .6~2e ·003 5.506e·003 
0.6 8.41641•009 l.S96e•003 i 665~·003 7 .t.05e•OOO 1.49t.e•OOI o.a l. 630e •001 1 .el7e•OOt l.J05e•OOI l.493e·002 6.2Ue·002 
1.0 l .027e•007 2 .!97c•OOI • ,1!71t•OOI 5.340~·002 1!.978e·002 
I .5 l.Ol4e•007 5 .C67e•001 7 . 60le•001 !.525~·002 1.279e ·OC1 
2.0 5.1:t>e•002 1.~.;9e·00l t. 761e·OOl I. 9J2e ·006 z.n4e· 006 

TOUL: !.~l9e•tr.l9 l. WSe•U'J) ~ .elle•w 1 ' .. ... ~..vO 1 H t.e•ll<l1 

- I 

G) '"' ... ,., 
li "' G) 

"" "' .J:::. ,., 

I 
0 

fl) i I 
0 

c Jl .. ..; .:! N 

.2 .. ll: I - -,1 l!! 
:I 
u 
c; 

~ ~~ ~ 0 
o I ·-· 



Attacnment 5-5 

ll icroSII! e ld 4,00 Serial 114,00•00247 
GPV 

Po~ 1 
Jllthf:-00$ f il e llG.Il(III.IIS4 Date : A 

'"' Dote S~t-.r II , 1991 
llll 11.,. S:OO p.•. W~I<Uy 
Dura tion 0:16:54 

ly: ~' 
Cht<hd: ~\' 

Can Title: II.UEUP D£11111 U114 & AJ11S 

l:fCJIUU 1 • Cylinder VOIIIW Side Shields 
IHt end inches 

Dose point coordinate 1 : 
0010 point COOrdinate T: 

CH~tu•ters 

270. 97 
a.511 
o.o 

17.2212 
60. 96 

11.0 10.7 
2.0 ·1. 0 

Dose point coordinate 2: o.o .o 

..... 
CarDon 
Iron 
UriiiiiUI 

Jeter 

Cylinder heiVf\t: 
Cylinder roolus: 

Shield 1: 
Air !Oap: 

0.6JS 
209.3'15 

source voluoe: 201050. e~~ ' l 7. 1 cu ft. 

IIATUUl D(MSUIU (~/CIO 3) 

o.o 6 . 11 
2 . 0 . 0 
o.o . l 
6.0 10.4 

12264. 11 cu l n. 

Source SMeld 1 Tr-itlon "" !OIIC) r-rslon 
Shield 
0.00122 

S~ield Cyli nder Shield 
0.00122 0.00122 

0.7461 
0.0911 7.116 
0.0007 
o. 1405 

8UilOUP 
"tlhod: Suit~ hctor Iobin 

the .. tertal reftrencor 11 Source 

•••••••••• CAUl lOAf •••••••••• 
lilts bullc;..c reference 011teroal Is a •hed Nteroal with e high atoouc 
nui!Cer el-l (91) . Bull~ facto" tns then 1llld tc:rotV~at greater 
thllll 111 keY,..., be lncorrtct. Pleaat U"'ldoontond vour resuiUI 

\ud ode 
h · ll7 .. 
Cs · 137 
rYO 

............................. 
lNTE~ATIOOI PUN<ftUS 

Ouedratun Order 
22 

C I rct.lllf erent u I 
Aalal (alonq Zl 

22 
22 

curies 
.;, . 6100.· 001 
• . aTOOe·001 
l.S100e·002 

SWIICE IIUCLI DES 
J<Ci/c.ra '1 Nuclide 
1. 291~000 Cs·1l4 
2.4221~000 Sr·90 
1. 248Le·001 

curl u 11Ci/CJO l 
1. lS~e·OOl 6.714114 ·001 
2.S10Ce ·002 1.24114e ·001 

................................ R£SUl rs ••••••••••••••••••••••••••••.••• 
r,_., rgy • ct lvlty Energy ,.,_., ••te faposure •act In Air 
( MeV) (photons/sec (ltri/~ ,..,,tel (nt/hr) 

O.l 
0.5 
0. 6 
o.a 
1.0 
1.5 

IO!Iol: 

1.7Mao004 
7.29le+OOS 
1. 541.-010 
4, 702.-007 
1. 199~006 
1.51114•006 

•o lull~ llltl'l lull~ No lull~ ll l tl'l lull~ 
S.lS:e ·OO.:. 2.41St·00l 1.002t·006 4.5112e •006 
S.C61e·002 1.691e·001 9.937e ·OOS 1.lne·oc.4 
1.4l4e-00l 4. ll4e-001 2.7'99e+OOO 11.459e+OOO 
6.9l5e•OOO 1.1102.-001 1. 117e•002 3.42114·002 
2.917e·001 6 .892t·001 5.41le·004 1.270.·001 
6.021e• 001 1,192~000 1.01lr·001 2.006e·00l 



hgt 
DOS Jlle: 
lun Due: 
aun Tl"": 
Curet •on: 

Attachment 5- 6 

MlcroSI\1t ld 4 . 00 • Sena l ~.00·00247 
(;1'\J 

I 
1111100[111 . 1154 
S~t-.r a, 1993 

Ftltlef: * . "2. 
Dat e : ~' 1 

ly: ~ ·· 5: 17 p •• • 11---. .... .,. 
0 : 17:02 

CheckP<I: ..... 

Ca .. Ti tle : IU((IJP D£1>1111 0114 ' 0115 

CE(JC(llr 7 • Cyl l rder Vol.. Side ShieldS 
feet end lnchH 

Dcae point cooralnate 1: 
centiNtera 

270.97 11 .0 10.7 
Dost point coordinate Y: 63.511 

0.0 
17.2212 
60.96 

2.0 ] .0 
DOll point COON3fnatt Z: o.o . 0 

Air 
Carbon 
Iron 
Ure-~1 lft 

llatrr 

Cylinder height: 
Cylinder raaltA: 

Shi el d 1: 
Air Gap: 

O. MS 
209. ]75 

source Vol._: 201050. c11"l 7.1 cu ft. 

'IAIUIAL O(NSITIES (Q/ca"l) 

o.o 6.11 
2 .0 .o 
o.o . l 
6 .0 10. 4 

12263. 11 cu ln. 

Source Sh i eld I Tr-It ton a i r Gap 
Shield Cyl lndrr Shield 

I-aten 
Slife Ia 
0 . 00122 

1. 4927 
0 . 107 
0 .0015 
0 . 21111 

7.86 

0.00122 0. 00122 

BUILDUP 
ll•thod : Bu1 Ideo fKtor Taotu 

The Nterltl reference u So..rce 

•••••••••• CJ.UT JOlt •••••••••• 
l hh bull~ rtftr~e Nteri al is a touP<I Nter l el with • hfgll etcoolc 
.....mer e l--.t !91). Builc;..o Factors len th.-. ard •-at erutrr 
than Ill keV IMY ~ Incorrect . Please t.rdtrttard your ruulta l 

NUClide 
h · llTe 
C•·H7 
1 ·90 

............................. 
lNTECilAT lOll PAUIIETEIS 

OUidreture Order 
A ..ai el 22 
Cltc\ftterent~al 

•• fa t !alene l> 
2Z 
22 

curtt·• 
4. 6100e· 001 
4 .8700e· OOI 
~. 5100•·002 

SCUIItE IAJCLIDES 
IIC I/ca"l Nuclide 

Z.29l0r-OOO Cs·1l4 
?.-(Zlt-+000 Sr• 90 
1. Z0.84e·001 

cur iH jiCI/cll l 
l .l500e·003 6. 7148e·003 
2.5100e· 002 1.2484e·001 

.. •••••••••••••••••••••••••••••• I(SUL TS ••••••••••••••••••••••••••••••• 
f ner;y Act ivity £ner;y Fl uence hte E~ure lete In Ai r 
(llt\1) (piloton~/I"C I ( lle\1/sq Clii/IK) ( .. /hr) 

0.3 
0.5 
0 .6 
0. 11 
1.0 
1. 5 

TOTAL : 

1. 7~004 
7.293 .. 005 
1.541e•OIO 
4. 702.-007 
1. 399.-006 
1. s 111e•006 

~o lutldeo ll l th lultc;..o No lull deo whh tu• Ideo 
2.907e·004 1.414e·003 S. Sih· 007 2 . 682t· 006 
2.&22e·OO? 1.009e·OOI S. Sl9e·005 1. 0111e·004 
S. 042t•002 2.605.-003 1. 5~000 S. Cla4eo000 
l . 9l0eo000 1. 100.-001 7. 47St·003 2.092t · 002 
1. 6&64! · 001 4. 264e·OOI 3.107e· 004 7. a60e·004 
'l . 546e ·OOI 7.602t·OOI 5 .067e· 004 1. 279t·003 

1. S46f.+OIO a. 057e•002 2 .blf.-•00} 1. S78e+OOO S. 107eo000 

..., 
0 
,.;. 
~ 

v '"' ,., 
G "' S! .., 
(/) !C. 
c ~~ .2 • -; 
u 
ii 
0 



At tachment 5-7 

Mi crcSIIItld 4.00 • Sena l lf4. 00· 00247 
~ 

p~ 

OOS f Ile : lotiCON0£11. 11$4 
• .., Oote: Stet...CWr S, 199! 
~\II I 1~: 4:4! p , a. ~y 
Ouretlon: 0:17:06 

c .. a IItle: I'.AK'(UP 004111 Alll4 & AJtiiS 

CCCJEIRY 7 • tyt l ndotr Vol~ Side Shields 
IHt and incnu 

oo .. potnt coordinate X: 
c~th..,urs 

270. 97 a.o 10.1 
Oou point coo,..,inete r : 
0011 po1nt coo,..,lnate Z: 

63.55 
0 . 0 

17.2212 
60. 96 

2.0 l . O 
o.o .o 

~ .. 
Carbon 
Iron 
Urenn n 
Jour 

Cytlndotr llti QI!t: 0. 0 6 . 11 
Cyllrder radlut: 2 . 0 .o 

Shield 1: 0 . 6l5 
209.]7'5 

o.o . l 
Air c;ap: 6 . 0 10.4 

Source Vol..,.: 201050 . ca' l 7.1 cu ft . 12263 . 11 cu 1n. 

IIATUIAl C£1151TI£S C~/Ut'll 
SOUf'ce Shl 1tld 1 lr-tt ID'> Air c;ep 
Shi e ld C(llncser Sltl eld 

0.00122 0.00122 
2.2l9 
0.12011 7. 116 
0.0022 
0.4216 

IUILOUP 
Me thee:: BullcU> he tor r ables 

llle ... rertel rl!ferf!N:t •• Source 

•••••••••• CAUl fOil •••••••••• 

lawra1on 
Shield 
0. 00122 

IIIIa DUl l~ r~terf!N:e Nter~el Is a ahed Ntertel with • hlg/1 atoalc ,...,.,.r ,.,......,, (91) . Bu ll<t..<p factors Ina tnen end ,......,., ;ruter 
t~en :11 i<e¥ NY be u-corrKt. Pl ease llderstand your ruutut 

~ucl Ide 
h · IJ7 .. 
c-.· 117 
t90 

............................. 
IWf[c;JtATJOII PUAIIEIUS 

Ouaelr•tt.ore Order 
led tal 22 
Ctrc~.nterfflt 1•1 
A•l•l <•I OtVl l) 

22 
22 

curl~!• 
• . t.IOOe·OOI 
- .S700e·OOI 
2.5100e ·002 

SQJIICE NUCLIDES 
..oCl!Ut 3 ~ucllde 
2.293~000 Cs ·l34 
2.42231!•000 ~r·90 
1.2~114•·001 

curies ~o~CI/ta ' 3 
l.l500e·003 6. 714~·003 

2.5100e·002 1.24S4e·001 

• •••••••••••••••••••••••••••••• li[SUlTS ••• •••••••••••••••••••••••••taa 
fncr;v Activity £nerqy ft....-ce hte (aposure .. te In Air 
(M•YI ( photons/I.e (II•YI~ c./tee) ( ojt/hr) 

O. l 
o.s 
\), 6 
0. 11 
1.0 
I.S 

1.76&<004 
1,293 .. 005 
1.541e+OIO 
4. 702r;-007 
1.l99e-006 
1.ste .. 006 

~o lull<t..<p Il l th lult<t..<p Jlo lu i leU> \lith lull~ 
2.003e·004 9.941e·004 l.800e·007 I . M6e·006 
1.9'52e·002 7. 133t·002 l . al2e·OOS 1.400e ·004 
S.S7'5e•002 1.846ot<OOl 1.~000 l.603e•OOO 
2 .1J5e+OOO 7.5lle•OOO S .202t·00l 1.490e· 002 
1.1ne·OO I 3.DSOe·OOt 2. t70e·004 S.623e· 004 
2.1.9~·001 5.496e·OOI 4.203e·004 9.247e·004 

~ 
.., ... ;~ G ~ .t:: I: (/J Ia 

c ~~ 0 
; 
• :; .., 
u "' iii .... . .., 

0 !a: 



CASE 

I 
2 
3 
t, 
5 
6 
7 
a 
9 

10 
II 

Attacnr:Jent 6-1 

MlcroSIIfeld Bitch Ill\ L09 ····················••a.a• 
htch Ill\ Stlrttd on W.a.t~y. SepteM~er II , 1993 at 1:02 p .11. 

~~.cant Initial l y 1n tnt!,._ , 

FILE G£0M ST.UT TIME £LAPSED nl/hr W/IUILDIJP S(NS. CYCLE .......... . .............. . ......... 
AHI CI!OfM 7 1:02 p •• • 0:26:06 1.526eoOOI (n/a) 
ALO.OIII- 7 1:211 p .a . 0:25:06 1. 1122~001 (n/a) 
AIUDOIII- 7 1:54 p •• • 0:25 :52 1.673~001 RUU£NCE 
~!DOMIN 7 1:54 p.a. 0:51:11 4.767~001 I of 5 
APCIOOMI- 7 1:54 p.a. 1:16:21 3.1~001 2 of S 
API I DOl! IN 7 1:54 p.ll. 1: 41:30 2 . 1115~001 3 of 5 
APCIOOIIIN 7 1:54 p.a. 2:06:42 1.561~001 4 of 5 
APCIDOMI- 7 1:54 p.a. 2:31:56 1.153~001 S of 5 
JHICHD£11 7 4:26 p.ll. 0: \7:06 3 .619~000 (n/a) 
8LO.O£MI 7 4 :43 p.a. 0:16:54 11.4W...ooo (nJa) 
8MID0[MI 7 5:00 p ••• 0:17:01 5.107~000 <nJa) 

Batch r\1\ Cllf!l)lettd on ~y, Sept-.r II, 1993 It 5:17 p.a. 

p~ 

oos 1110!: 
R\1\ Date: .... ,,.,., 
Iitle 

TOTAl UECIJTIOII TIM£: 4:15:2Z 

2 
BIUDO£MI.IIS4 
Septttreer 9, 1993 
9:17 a.a. Thur~y 

IW:[UP DEMIN AX114 ' ,\ll115 

S£NSITIVITT RESULTS ror: X (UI) 

cue S-H•vlty Energy fl~• Rate hposure hte In Air 
N...c>er Yerlable (MIV/Iq CJO/SO!C) ( .. /hr) 

Value No 8111\Q..c) Wi th l11flQ..c) No lull~ With luf\Q..c) 
1 304 .11 6.057~002 1.969~003 1.1112~000 3.1143 .. 000 
2 251 .46 9 . 714~002 l.ll'-003 1.SW...ooo 6.121 .. 000 
J 1911.12 1.737~001 5.5117 .. 001 l.l~OOO 1.~001 
4 144.711 3 .607~003 1.1~004 7.039~000 2.27,...001 
5 91.44 11.4~003 2.1135t""004 1.640 .. 001 5.534~001 

Uu the DISPlay ICfnJ ror EMrgy Crouo lrsuiU for All Cast& . 



Page 
OOS fi l e 
~"' Oete 
R<l\ I 1.-.e 
Our at 1c:n 

Attacnment 6- ' 

•hcroSI\Iel o 4 .00 • ! er i al •~ . OO- C0247 

CF\1 

~IOO>ci~ ."S'
July 27, IQ?l 
3 :4~ p.01. lucso.Jy 
2:57:58 

Can lttle: l!lo([UP CCIHII AX114 'AlliS 

C£C»4EI~T 7 • Cylinder llol~ • Si de Sniei<U 
feet ana inchu 

Oou po1nt coordinate x: 
cent I'Cters 

176.14 
611. 55 

5.0 9.4 
Oou po1nt coorOiNte r : 2.0 l.O 
Don potnt coorolnate l : o.o 

1.94056 
10.48 

0 .63S 
145.225 

0 .0 .o 
Cyliro:Mr nel<;nt : o.o .a 
Cyliroer raoius: 1 .0 .0 

Shield 1: o.o .l 
Air Cap: 4 . 0 9.2 

Source llol~: 5663.7'9 c:o 3 .200015 cu lt . 345 .625 cu ln. 

WAJUIAL OE~SITI£5 (Q/Cln ll 
S0<.1rce Snield I Transltl~ Ai r Cap lc~rs1cn 

Sl\leld 
0.00122 

Sl\1elo Cfl lnc:u Sh lelo 
lir 
Car bon 
Iron 
ur.,u,n 

1. 4027 
0.2176 
a.oon 
1) .2!11 

7.86 

0. 00122 0.00122 

SUILOt:P 
"•t~co: B ... al ovo f ~c tor Tables 

lne r.;,tert~ l referei'CI! •s sn oelo 

I ~IEGUTI CN PA~AI!£TE~S 

aachal 
CarcU'Ifer.n flal 
•• fal (~1""9 Zl 

Ouaorature Order 
22 
22 
22 

!:ou;ICE ~UCLIOE S 
•ucl l~ t: .;ru:s ~CI /C11 3 •uc l 1dt! e~..rtes .. citcm"1 
aa · 1l7• ?.5200e· OOI :.. 4.9Je--001 Ce· 144 1. 1900e·~6 3. 1604e·~ 
Co·t.O '1' . 9700e·~. t.4one·001 Cs·13• 7. 5500e· 004 1.3330e·001 
Cs · ll7 2.6:00e·001 • . 7142e•C01 p,.14. I . 7900e·OC6 l . 1604e·004 
Pr· !44a 2.5500e·OO!I 4.502le·006 ~ !:>· 125 e.91 00e·004 1.5n2e·001 
Sr·90 2.l900t· 001 • . 2191!<!•1J•J1 · e· l 2h 2 .Ot 0Ce·004 l . 6l11e•002 
1• 90 2. l 'Xl0e ·D01 • . 21'#0 !• 001 

~ i)oS I T : viT I ~£f£11£~CE CAS£ (ll • 176.14) aanaaua• 
Energy Fl1.ence R3te E•posurt hte In Air 

( l'e'I/Sq ce-J srCl CUI/I'Ir) 

• •••• •••• • R£SUL TS fO'l 
£,.,rqy • ct ivlty 
("ell) 1:;110101\S/UC 

~o Build.;) \I a t l'l Su1 l dl;o ~o 8un6.lp IIi th Bull<l\.0 
1.261t••003 2.1961!·001 1.938e· OC6 1 .159e·OC6 
-.6ne· OOl ? .4ete·C03 7.696e· 006 1.562e·OOS 
~. ~ne·OOI 5.31.9e·001 ~. l7te · OC4 9.4761!·004 
~.?24e·W2 6. Z74e· 002 5 .546e ·005 1. 190e· OO;. 
1. 1 59~·000 1> •• 44e•OOO 1>. 156t·003 1.256e·002 
1 ~1le•OCO 3. 106e•OOO l . 166e·00l 6 .0?7e·OOl 
~ .e02r•00l S.~CSe•OOl 8. 9!le•OOO 1.641e•001 
:. 1l4e•001 l . S7!e•001 <..OS!e ·002 6. !06e•C02 
l. l~le•001 5. 234e•001 6. 125e· 002 9.648e·002 
~ ~~· 001 ~ . 079e•001 9. 56le· C02 I. JS9e·001 
• .le2e ·00l • .~SI!e · OOl 2. • J7e· 006 2 .814e ·006 

0. 1 1. 076e·OO~ 
0. 15 1!.989e•OC4 
0. 2 2.502e•OOI> 
O.l 1.414.,•005 
0.4 I. Ol2e•007 
0.5 l .821e• OOI> 
0 .6 !. 4lbe•OO? 
0 .8 2. ~JOe• CI07 
1.0 l .027e•oo ; 
1.5 l.034e•007 
2.0 S. 1 ?6e•ll~2 



Page 
oos fill! 
R~ Date 
Ro.~~ I I..., 
IItle 

I 
2 
l 

' 5 

z 
A14IDOMIN . MS4 
July 27, 1991 

Attachment 6-3 

3:45 p .11. rues.uv 
IIAI[UP OEMIW hl14 ' AXIIS 

SE NSlii VIff RES\JliS for: I. CCIII) 
Sff'IAit '"ltV 
vortabll! 
vatu. 
91.4~ 

121.92 
152.4 
I&Z.U 
213.36 

£r~rqy l luence Rate hll05Url! Rate In Atr 
ll!t0sq C=IUCI (~/hr) 

~o Bulla.o lllth Bullduo flo Build<.;> ll i tn Bull~ 
l. l!Ze-004 Z .447e•004 2 .69Ze•001 4. 767e•001 
?.231t•003 1.6l1e-004 1. 79~001 3. 17ee•OOI 
6 .260e•OOl 1. t2Ze•004 1. 219 .. oo1 z .tas .. oot 
4.3a.;e•00l 8.011e•003 a.Sl9e•OOO 1.561 .. 001 
l .l Tle•OOl ~.9ZOe•OOl 6. 179 .. 000 1. 15le-001 



p-
DOS f 11 ~: 
• .,. Date : 
~"' II,..: 
Ourat ton: 

Attachment 6-4 

~ icroS~t e ld 4 .00 • S~rial 14, 00·00247 

1 
Pl00f.III . IIS4 
Se-pt--..r &, 1993 
5:17p.a. w~.,. 
0: 17:02 

GP\1. fi le hf : 
Date : 

By: • 
CIIKted: 

ClOEUT 7 • Cyt frder \lot.._ 

Oou potnt coordtnar. X: 
cmi1Nter• 

270.97 

Si~ Shields 
feet and 
a.o 

t r"<lln 
10.7 
3 .0 Ooce ~tnt coord inate T: 68.58 

0.0 
17.2212 
60. 96 

2. 0 
Oou potnt coordinat e Z: o.o .o 

6.8 
.0 
.3 

10.4 

'" Careen 
Iron 
Vranu.n 
llot•r 

Cylinder hel;llt: 
Cyt lncler r..stus: 

Shield 1: 
Ai r C1p: 

0.6JS 
209. 375 

0.0 
2. 0 
0. 0 
6.0 

Source Vol..,.: 201050. Clll ' l 7.1 cu ft . 12268. 8 cu l n. 

IIATUIAL DENSI TIES (9/ta' l) 
Source Shield 1 Tra,.H ton Atr Cop 
Sll feld Cyl i n<~er Shield 

0.00122 0.00112 
1.4927 
0.101 7.86 
0. 001~ 
0. 2811 

iUILOIJP 
"•t~Dd: 8ut l~ hc:tor Tablrs 

Tile toatn •al r•fu~e IS source 

•••••••••• tAUt 10.. •••••••••• 

,._,.,.., 
Shield 
0.00122 

!~It tJutlci.o r~fu~e Nlerul IS a ala~ Ntetial With a lllgll ltUIIIC 
no.rt..r el.....,.t 191) . Butla..tp hc:tors len than and •-•t greeter 
then Ill keY 111'1' be tncorrect. Please underuard your ruultsl 

~u.: l toe 
So·ll7• 
u 1j7 
f · 90 

............................. 
I ~TECRATION PAUIIETUS 

a..stal 
Cl rcutterentttl 
AAI•I (alet>q Z) 

CUI' I ~~ 

4.6100e·001 
.;. ,sroce-001 
Z. 5100e·002 

SQJIIC£ 
iiCI/ca' l 

2. 29l0e•OOO 
2. 422le•OOO 
' 2·84e·OOI 

CU..Sr•ture Order 
22 
22 
22 

~IJCLIOES 
~uclf~ 
Cs• 1l4 
Sr·90 

curtu ,.CI/CIO 'l, 
I . lSOOe·OOl 6.11411e•OOS 
2. S100e·J02 1.2484e·001 

• ••••••• •••••••••••••••,••••••• RESUlTS ••••••••••••••••••••••••••••••• 
Enerqy Act Ivi ty Energy fl~e Rete f•posure hte In Ai r 
( 11~'1) (pj!Ot~/SK (Me'i/SQ CIII/UC) (1111/llr) 

O.l 
o.s 
0,6 
o.s 
1, 0 
I.S 

IOI I L: 

1.76k-004 
1.293..005 
1.541.-010 
4,702.-007 
l. l99e-006 
1,51~006 

-o luil~ 111111 Bull~ No lulla..tp With Bulla,.,p 
Z.907e·004 1.414e·00l S.514e·007 2. 6&2e·006 
2. &22e ·002 !.009e·001 S.5l9e·005 1.981•·004 
8.042e--002 2.605 .. ')QJ 1.570..000 5.0&4e+OOO 
1 .930..000 1.100.,.001 7.475e·OOJ 2.092e·002 
1.6Me·001 • .264~·00 1 l . 107e·004 7 .M0.·004 
l.S46e·001 7.602e•OO I 5.967e ·004 1.279e·OOS 

- I 
M G) M ]; ell 

G) N "0 
.c M 

! 
"0 

en 0 I 0 z 0 ....J 

s q-

c N 

.9 q a; .., -ca 
::J M (.) (7\ 

ca ....... .. <X> 
0 c3 ....... 

c-

(7\ 

c 
"0 

j 
.., 
0 

....J 

ell 

a. L. 

ftl :::. 
u 

f¥l G "' - -CJ ;< 

{f) :I < 
"0 z c >, ., <:.1 

~ 
"' ~ C5 0 v.::: 1i L. 

~ 
co 

g ~ 
Cl) t5 co 



.. _ 

Pe~ 

COS file 
R<~~ Date 
R..n fiN 
Iitl e 

1 
2 
l 
4 
s 

Attachment 6-5 

2 
81CIDD£1CI . ICS4 
S~t-..r 9, 19?3 
9:17 • · • · lhur•cs..,. 

IU(liJP OEIUif U114 & .U115 

SENSITIVITY RESUlTS for: ~ 

Stnalllv i t't' Enerlrf flutf'Ce Rate 
Vertebl e (MtY/~ c~ncl 
Valu. ~o lullQ.c) Il l til lutl<lJP 

304.8 6. 0S7~002 1.969e--00l 
251.46 9,714~002 J.136e-<00l 
198 .12 1, 737~003 5 . 587~00) 
1".78 3.607e+003 1 .1~004 
91.'4 e .406e-<003 2.al5e+004 

(COl) 

Eopcnurt Rate In Air 
( INI/hr) 

-o BuiiQ.c) llith 8uilO..C. 
1. 11!2~000 3. $4) .. 000 
1.~000 6. 121~000 
3.l90e+OOO 1 . 090e+001 
7.039~000 2.276.-001 
1.640e+001 5.534~001 

Ult lht Dhpla'f M.,._, for Enerlrf Croo.c> anuiU for All Cue• . 

..... 
"' ..... 

cl~ 



Attachment 7-1 

lllcrc;Shato 4.00 • Ser~el I:. .I'.0·002H 
~ 

Pe9~ 1 
DOS flIP AOPIP£2.MSlo 
• ..,., Da:e July 27, 1993 
Rll'l ''""' Z:" p.a. r....,~Y 
Durattcn 0:25:43 

Cue I Hie: ?IPE AT BASE Of A OEM I~ 

CEDtETU 7 • Cttinder Volu.e Side Slltelds 
fut and tnehes 

Don potnt coordinate ~: 
CMtl~ters 

176.784 
t.0.96 
0.0 

22.86 
3.!9636 
0.54864 

1n.119 

5.0 9.6 
Dose point eoorOtNte l: 2.0 .o 
Dose point eoordtNte l: 0.0 .0 

Cylinder hei;!tt: 0.0 9.0 
Cylinder rMJtus: 0.0 1,5 

Shield 1: 0.0 .2 
Air Gap: 5.0 7.9 

Source Vol"""': 1090.3 cm' l l.!50l4c·2 cu ft. W.5ll9 cu in. 

IV.IUI~L DENSITIES (9/cm' l) 
Matertol Source S'ltclo 1 rransnion Air Cap l..,.rlton 

Shield Ctll nder Shield Sllield 
Atr 0.001 22 J.00122 0.00122 
CArbOn 1.4921 
Iron 0.2176 7.86 
Urennn o.oon 
U~t•r 0.2!11 

BUilDUP 
Metlloo: Butlduo factor hblu 

!he ~!erial reference '' Shield 

l~l[CqAf IC~ PAUME IUS 
Ouadrat,.re Oroer 

Radial 22 
Clreuoltrtnttal 22 
A•hl (~1Dn9 Zl n 

SOURCE ~UCllDES 
~.ocltae ct.r••" ~Ci/c., ·j 'tuct tde cur t~' .. :1/c.,.·l 
h·U7'" l.Sl00•·001 2.1113~002 Ct·1" 1. 7900•-006 1.64 16e·003 
Co·tlO 1.9100•·004 7.3:1?9e-1)()1 Cs·tl4 7. 5500e·004 6.9247•·001 ,,.1j7 2.6700e·f.01 2.44!~~002 ~·-"' 1 .7900•·006 1.64 18e·003 
Pr•144.11 2.55C0e·OO!I 2.33Ue·005 ~b-125 e.9100e·004 e.1n1e·Oo1 
Sr·90 Z.l900e·001 2.1921e•002 le•12510 Z.0600e·004 1.e&94e·001 
1.·90 2.3900e·001 2. :921c•002 

• ••••••••••••••••••c•••:t•••~••• ~tSUL!S •t•••••••••••••••t••········2'·· 
rnerqy Acttvt !'t Ener9y flu~nce ~:>to E•POsur• hte In Air 
<"•Yl (~oton•tuc (I'CV/•q tt:l/lK) (dl/hr) 

IIO But 10..0 ll•tll Butld..o ~~ lut I duo Ill th Bui I duo 
0.1 l.076c·OO~ 1. 573~·003 2.672e·OD3 2.406c·006 4.0Me·006 
0.15 3.989e•004 S.l12e·003 1.019e·002 8.419e·006 1.679e·OOS 
0.2 Z.50Ze•006 2 .6l~e·001 5.624e ·001 4.6S1e·004 9.927t•004 
0. 3 1.474c•OOS 3.060•·002 6.Stle ·OOZ S.804e·005 1.236e·004 
0.4 I.Ol2c•007 3.292••000 6.685e•OOO 6.415t·C05 1.l03e·002 
o.s l.!21c•006 1.67!c•OOO 3.224••000 l . 294e·003 6.l28e·C03 
0.6 !.4l6e•009 ... i&4e•00l 3. 7Z8e•OOl 9.ll8e•OOO 1. 704e•001 
0.8 Z.blCe•007 z 21 7~·001 l. 720e•OOI • . 216&•002 7.07Se·002 
1.0 l.027e•007 l ... S2e•001 5.445e•001 6.l6le·002 1.004e·001 
1.5 l.Ol4c•Ou7 5.909~·001 8.4 tle•OOt 9.942a·002 t.416c·001 
2.0 5.11be•G02 1.tlllc·00l 1.9l7e·ODl 2.224c·006 2.996c·006 

fOUL: s. H9~·uU9 •. V\l)e•UO.J 6.9\Se•OCil ~. SS4e•OOO :. Tl7~001 

- . 
4» .... .. .... I; "0 4» N "0 
.c .... 

1 
0 

fJ) ~ . ... 
0 

~ 
..,. 

~ c N 

.!:! 
..,. -ftl .., 

::J C7\ ...... u co -; . ...... 
0 ~(7\ 

.. 
... 
::> 

u 

"' .. --~ >< (¥) <it; 

CD "" - ;:: 

(A () "' 0> 
c: 

~ ... -_.., 
z .- ... "" ><O <II 

"'"'" "' 

~ 
0 

IS ... 

l i 
.., 
ai 

"' 



Page 
DOS file: 
a..- Date: 
Rill fl~: 
Duration: 

Attachment 8-1 

MlcroShleld 4.00 • Serial "' ·00·00247 

I GP\1 File hf : ~ 
82111llliE.MS4 Date: ~ 
Soottriler 9, 1993 By: \l\ 
9:45 a .• . lhur&<U~y Checked: )\ 
0:1 1:31 

Case Title: PIPE AT BASE Of 8 DEMI

Gtat£tu 7 • Cyllncler Vol""" • Sicle Shields 

Don point coordinate IC: 
ctont hneters 

217.17 
44 . 81 
87.63 

228.6 
2.62S09 
0.39116 

214.15375 

fnt 1nc1 fnc llt-s 
7.0 1.5 

Dose point coordinate r: 1.0 5.6 
Dose point coordinate Z: 2.0 1o.s 

7.0 6.0 
0.0 1.0 

Cyl fncler height: 
Cylfncler radius: 

Sllleld 1: O.G . 2 
Air t:.p: 7.0 .l 

sourc• VoiUM: 4048.97 c•' l .174n1 cu ft. 302.004 cu 1n. 

Materoal 

Air 
Carbon 
Iron 
ur~ni 1.111 
Uater 

1\AtUIAl DC~SITIES (IJ/~' 3) 
Source Shield I Tra,..ltlon Air Cop 
Shield Cyllndflr Shl•ld 

0.00122 0.00122 
1.4927 
o.o2n 7.86 
0.0015 
0.2811 

BUILDUP 
"~t~od : 8uil~ factor T•bles 

Til~ ••tt~rt•l ref~rtncf! 1s source 

•••••••••• CAUtION •••••••••• 
IIIIa butldup rf!fer~e t~aterlal Is • •1~ed 1Mter1al with • lligll atOftl:c 
nuocer eleoll!tlt C91 ). Buildup fActors leu thin 1nd •-•t gruter 
than 111 hv ... y be Incorrect , Plene ll"dersund your ruultsl 

~ucllde 
Ba•13710 
to·~ 
Cs· 137 
Pr·l44oo 
Sr·90 
T·90 

............................. 
Radii I 
ClrCUlller~t i•l 
hl•l C•long ll 

OIJIC!r•ture Order 
2G 

curies 
4.6100e·OOI 
0.0000~000 
4.8700to·OOI 
O.OOOOe•OOO 
2.S100e·002 
2.5 100e·002 

20 
20 

SOJRCE NUCliDES 
11CI/ca' l ~ucll~ 

9 . 3151e•OOI Ce•144 
O.OOOOe•OOO Cs·134 
ll.8404e•001 Pr·l44 
O.OOOOe•OOO Sb·125 
5.0718.,.000 Te· 125• 
5.0718~000 

curies 
o.oooo .. ooo 
1.lSOOe·OOl 
O.ODoo .. ooo 
o.oooo .. ooo 
O.DOOOe<OOO 

11Ci/ce'l 
o.oooo .. ooo 
2. 7278e·001 
0. 0000~000 
0.~000 
0.~000 

• •••••••••••••••••••••••••••••• A£SUllS ••••••••••••••••••••••••••••••• 
E....,rgy Activity Energy Fl~e hte E•posure htf! In Air 
(Mf!V) (P'>otoros/sH: (MeV/sq wnc) Cnl/hr) 

0. 3 
0 .5 
0.6 
0.8 
1.0 
1.~ 

1.768.-004 
7.291~~ 
1.541t-•010 
4.702~007 
1.399~006 
I.S18e<006 

~o lulldup lllth lull~ llo Bull~ 111111 Buil~ 
2.!20.·001 6.n5e·003 5.349•·006 t.27~·005 
2.297e·001 4,26o.·001 4.5!0e·004 8.36Je•004 
6.141~003 1.059,..004 :. 199~001 2 . Q68e.001 
2.702e•OOI 4.203~001 5,139e·002 7.995.,·002 
t.06l~OOO 1.557~000 1.960e·003 2.87Ge· 003 
1.900e•OOO 2.517••000 3,197e·OOJ ~.2361!·003 

a . ..., ,., 
,1;~ t) "' .J:. ..., 

J: en ic. 
c ~5 _g 
iii :; ..., u "' ii ... . .., 
(J !o. 

.., ... 
0 
~ 

&.. 
~ ... 

ca .:; 
CD -() "" :s .. ., z c: ... .. 
~ 

... 
!~ Js 



G ...._ 
.c ...._ 
a: 
E 

1it tachment 9-1 

"A" OEM IN EXPOSURE RATE PER CURIE 

50 

45 

40 

35 
\ 

30 

25 

20 

15 
~. -.................. 

10 ~----------------------~~ 
3 3.5 4 4.5 5 5.5 6 6.5 7 

... ...; Q.l 

NUMBER OF FEET FROM 11A11 DEMIN CENTERLINE g: M t " - ·----------------~--~~~--~i ~ , ~ 
c:~ ~ .;; 
ocJ .,cr 

~ I M ' 

:J I ~ u c:c 

~ ! ~f, 
.:a ~ ~ I 
~ ~ ~ M I :s :!_ .; I 

.. 17":! •.I - .. , - \ 

~ i ~ £i 
til j g ad 

- I • 



\hporwntl al r~Qr~naon 
\CorrelatIon aut ht lc~: 
\cortel ataon coeftlcent • ·0 .966~8 

\JIIelln of .a • 5 
\Nan of y • 25.6118 
\Uandard dc:vaetlon of • • 1.41~21 
\stendard dc:vlation of y • 12.93U 
\verl wce of a • 2 
\variance of y • 167.411 
\covariance of • ~ y • ·17.69 
\Otta forNt: Curv• 
worhbl~ forNtt: ~on·p~rar.wtrlc 
\Angular 1111!1: hdiaM 
\.a•J, 7.100,0 
\y•1ll.6 • o. 7012"• 
100 2 
l 46.061 
3.0404 45.4051 
3.08081 44.~e5 
3.12121 44,1212 
3.16162 43.4929 
3.20202 42.11736 
3.24242 42.2631 
3.U2M 41,6613 
3.32.323 41.0681 
3.36364 40.4&33 
3.40404 39.90611 
3.44444 lO.l31J5 
1. 4114115 38. nl!4 
3.52525 3!.2262 
3.56566 37.6619 
1.60606 37.1453 
3.64646 36.6164 
3.U687 36.095 
1.12n1 35.581 
3.767611 15.0743 
J.~ 34 .5740 
3.1J4114ll 34.0826 
3.8U89 ll.SOn 
3.92920 33.118S 
3.9697 3Z.64n 
4.0101 32.1!!23 
4.05051 11.7241 
4.09091 11.2n1 
4.13131 30.827 
4.mn l0.3M1 
4.21212 29.9554 
4.25251 20. ~2M 
4,29201 29.1Dal 
... lllll (!!.o9l8 
4.37]74 2!!.2853 
4.41414 27.M2S 
4.4~455 27.~!!55 

4,49495 27. 0941 
:. . 53515 21>. 7083 
4.5~76 2o.l279 
4,61616 25.953 
4 . 65657 25.5835 
4 .691>97 25.2192 
4,7lTJ7 24.8601 
4,7777! 24.5061 
4.81!!111 24.1HI 
4.85!!59 23.!!1l1 
4 . !!~!!99 23. 47.1 

i. . ~N!! ZZ. ~ ICl 

5. 0202 2Z. ~1155 
5.~1 22. 1o53 

Attachment 9-2 



5.10101 21 . t497 
5.14141 21.53!1~ 
5.1111!2 21.231!1 
5.22222 20.9M 
5.26263 20.631~ 
5 .30303 20.lln 
5.31.341 20.0481 
S.lM84 19.7626 
5.42424 19.4812 
5.4~5 19.2018 
5. 50505 18.9304 
5.54545 l!l.t608 
5.511556 1!.1951 
5.62626 l!.llll 
5.66667 17.!1749 
5.70707 17.6204 
5. 74747 17.3695 
5.75781117.1222 
5.!211211 16.11781 
5.&&9 16.6-le 
5.90909 16.4011 
5.94949 16.1615 
s.91199 15.?3n 
6.0103 15.71~ 
o.070T1 1S.4e61 
6 . 11111 15.21.62 
6.15152 15 .04M 
~.19191 l4. !l45 
6.23232 14 .1>232 
6.2nn 14.415 
6.31313 "-20911 
6.15154 14.0074 
6.19394 u.t.a8 
6.431.34 13 .6113 
6.47415 13 . 4115 
6.51515 11 . 2265 
6.55556 ll .OJ51 

• 6. s9S96 12 .es2s 
6. 63636 12.6694 
td16n 12. 489 
6.7171 7 12. ll1Z 
6. 15158 12. 1.SS? 
6.79na 11 .?611 
l> . alalll 11 . 7927 
6.11nn 11 .:.2'11 
6.91919 11 4S9l 
6.95v6 11 ;z-;;.1 
l 11 .1JH 
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"8" OEM IN EXPOSURE RATE PER CURIE 
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10 3. 3451 

t'lt t ac hment 9- 6 

ii 
ID 
s: 
Cl) 

c 
0 

;::: 
Ill 
:; 
u 
iii 
0 

. ,.., .., 
!"~ .... ,.., 

J :. 1.:. 
~~ 

..... 
"' .... 

i~ 



I 

0 -,~ .... 
c 
CJ 
E 
.c 
v 
~ .... .... 

<t: 

z~ '7//lf"'I'J'" appo1 '!> £6/8/6 r .::=.ec:::::v . ~ <t>SOJ8 
etiQ AQ-11 •aro ~ 101..,~ 

;(.s•o~ 
ON t""" I SIO·C6·££Z£·O~Z~ 6U!PP01 

OH~ OH:IIr.> atJn) sttv~ pup ~ttxv ,,.. 
laaqs uone1n:»1eo Jee1:»nNm!E) 

RADIOLOGICAL SURVEY 

Survey lnfon:atlon lnstrur.--tnt 04tl Air Sa.,ple 
---

File Code Humbtr : AX115·eos· 3' · /1, ~'-

location "B~ I" .A.'G:-UT' IContamlnatlon Sui"VtY lhdiH lotLSvrnr_ Datt Tl:--r Sr.>euable Conu .. tnattor 

~IIZIS!m' lnst rnst "f/ Jnst "1'4U1>,,.,L Ins t r-'1../ Activity ~ 
_::::•• AI ~ C~''"''~ ~us on S/11 S/~ / S/11. ,,)1 S/11. / Sample I / 

PC-(. Co""'"' 1-.tt'O Oc. ... _., ~ Cal. Due Cal, Cal .i!Ue .t.,,..,. Cal e 

"~:'"" Ditt~TII>t '"'"' [ff . --£ --- a.c.r . ~~ a .r. 
rates tn ~r are '~"· 

Tecll .~ I kg ./llkg 
Tech ;r ().!~'<·-/;¥.') Ch\::. tral ar • conu .. tna-

Survey eques >r Tech / tlon sults are dpn/ 
qrvfewed by_b~ /' 

No te :Contact Rtadln?s Circled 100 unless othtn.lst ~--
0 • Slltlr lOCI t ton ..,.r,.~ I 

B~~et SEP ~ s\Sfl3 
I 

ORfGJNAL 
I ---I 

I - --
l'lJ-K-lB l - --I 

I 
I 

I 

I - --l @ - a~· ;/ - --- ---
('li' - /_ -

/ ·-:-1 
$..,.\, .,_ 4 1'17

1 
/ ·-

l / -
;u' I I • • O-'(l

1 

/ ·-
-· , 

o\0 / ·-..• / ·-1/ 
' "-:t t>e •o~ rks : " " two•< ....., ., k r ·-
~~ 

-



.--------------------~---~---------------------~--~---------------- ----------------

i'l • I) 

J 

0 c 
c 
0 
c 
~ 

..... 

1 

,;ttachment 10-2 

0iL!)Nuclear Calculation Sheet 
~ AXIl~ ana Alli S C~riP 

t :)ddtn1 

~ -:"> / 0••• 
!! . Brosey 3 ·~ 9/8/93 

~-- ~ 
vi • 

~ 

"' JO 

AI 
0 

' .,' ' - --.1 t 
i; 0 0 - ---·--c ;J1> I.J .., ,., tl 1\ ~At ~ ~ 

.... J ' ~· 
't> "' , .. . .. \.\3 ... :T -

~ 

o.£_ ~ 
,, 

1-"t- p 

~ .!:· 
"' -..>0 

\ 
I 

·ri\/ ~ 
. ,~ J 

/ ... 
"' - _. \ 2 ,.. 
?Z 

., 
-
c::!. -l 

" 

VI 0 :Jj i c ~ 

r ~ : ~ 
~ 
~ 

~t I I~ 
I 1 I I~ 

JO 
> 

...., 
$ .... 

r- ~ ..., m 
n c: 
0 '0 
c 
m :> 
2 
0 

z 
c 
-e 
c: 
::0 

::> ->< ...., - .... - S! ~ _. -0 
:z 
c 
m 
3: -:z:. 
..... 
::> 
::0 
0 
0 
3: 

1ft ~ 
c: ..., 
;o 

~ < 
I'T1 
-< .... 

n 
::0 -..., 

~ Q 
c: 
~ m 

"" ~ 
:z: 
? 

0 -e 
:> ::> 
~ ~ 
m ..., 

~ 
1-

0 ..., ,_ 

"\ 

i 



,\ttachnent 10-3 

~ ... .. 

r 
< • 
--:1 
c--

" c. 
') 

\ ... 
l 

t 
' ... _ 

;: ,... , 
c:: 
'0 

~ 
:!. 
::> 

"' ., 
~ 
N 

::> 

'"" 
"" "' , !I -"' 

R .., .. -.. -- , 
0 

..................... ... .. ................................... :::! 

.. • • • • • • • •• •• •• • • • • •• •• • • •• •• •• • •• • • • • • • • • • . •• •• •• •• •• •• 0 > .. .. 

~
~ ~ 
:> ' 

J ~ § ~ 

UJirt llllllllllllllllllllllll n r 1 
/ / 

;; 
0 

§ 
'" > ·-
"' 0.: 
.o 
< ... .. 

"' .. --ca >< 
•C 

G) "0 - c 
C,) "' "' c 

:I ..,. ·-
- "0 z -"' ><0 
<-' 

~ l 

M 
en ..... 
CX) . ...... 

~en 

~ 

(A 
>. 
c. 
"' ll e 

l ": 
c5 .... 

I 



1.· 

.. 

= ~ Surwtt lnfo~tlon 

----------~----~------~----------~~--------~--~--~~--------

rt 
I 

0 

.... 
c 
cu 
6 
.c 
u 

"' .... .... 
<1: 

.I 
00 ,.. 
.~ 

,,'- , .. ~ 
; Make Up Oernl~eraltz!nn n :• 1'0010 19 

............ tVo<" f. v•ll ·~- .&.-. I 
----~~~-+-----------

11·1~. 
e, ~I 

II •• 1 o st"e i'V' I t;•_. 

..., ,. ,. 

, ~ tt.l ~ .. 1... ~ ~" ~· .~ , .. '{, . ..... 0 • .,w, ,, ... ,. \ y 
rr \' ""''t·· ...... T rev.~ rutV ... r \. . r 

Oll&lBAI. 
. .. 
~ 
;~A/ -----
: /"!>... 
/2 

\ : 
\: 
'\ 
' \. 

"\ 

' '\ 
', 
\ 

----7-~--~----------
: ~ !"''His: 

I £~~ ~~~~~PP01 '!) - (6/8/6 I __.e...._-"1,;~ ~ tii~ CIJQ '?. •1. 

•:ro // r} 'tf . .4Q -· ... tl "'0 c... ICit u•I!<>O 
L --------· ·- ----- -·-t ' ·-;; ry;.~--r -r-sii):r&-r.rzc-o \'Zt- 1 fiu1 c(r.i 
l ,.,._c;- ~-.s .,.. Mtl I DN:II~ atJr') Sll"~"':' pur t:n~t ~ -- - 1aa4s uont:Jn~Je:> Jea1~nN~ 

ouuoo~ 
lr 

.____ 

\. 



t J', 

~!OL~!CA~ S~0Y~T 

,{<JSOJQ ' Q 

101eu&o - ----· 6U1Pl'01 
~tJnJ sttY~ po~ ~ttxv ~~ 

.ae&IO"NI rp f'l 
----------------~--------------------------------------~----------------~---------------------· -----

Surwty lnfo~tlon 

;locll fOil )or a., t·\o.. ~r 
: ~•r•.c\\.P'\ I 

... ., . 
0 

..> 
c: 
<:I 

.~ 
u 

"" ... .., 
•(. 

~} ~ ..... ~ ~~.;;;.> ' \ o.' t; 

/ , . .~ ... 
/ · ~··· ~' ------ s1e. \ • ..... 

,~.". t:· ". t1,...... 
• l , . 

· ~· ',. .. .. ' ! .--
'\~' j;t- . ,. 

lnstrumtnt '.lU4 

\ ' 

I• 

l 
.... 
" \ 

: C• 

L--

F llt Cod~ ~~~~~~r: 

(f........ • .. -~ " '""'' • l>Y Q. : {()t"'''Jt!' t~!; 
< ... ----

l~le Un De~lnerall:l~g Roo~ 

)!:. (... 0 1 \':) .. T .. q .... ,;,,...~l~ tt.- t .. !._I. ._ 

r,, .. . ,...,, ._,... ,, ......... ) , ... , .-, i.oL ..... , , ,~ ., r.,. "r 
A._; 

,t ~ ... t •• ·~"'_,., 77' 
:\ 
: \ 

01\l&lNA'L \ 
. ---~~~~--~·~'------ \ 

\ 
\ _ 
\ 

. . 
N - . . . 

c 1£:;1 ~==~: ---+-; --:----== /.~]CJ1 J~ ~~~ :: o Ll~: ~-~ . ~ == ..#'I ~s:ll Ll.': • !:!_!Lt..; !""'.:::") . • \ 
:::::r cr.:::;~I....J: ~ 0-"::::>.::: ~·I :~ r<tarl~: , 
~ "-"'~ ~~ jl'' ' I I [flrOoorrt~ ~ ~~i; ; . 

p I i - I I : It -- ----1· 0 

000002 



. :. 
At t achment !0-6 

· [lj ij1 I Nuclear.· Memorandunr 

r--
Subtt<MAU-UP AND PURIFICATION OEHIHERALIZERI HU-JC-18""\ 

AND CUBICLE RADIATION SURVEY ·,~ 

From: B. H. Trach1m 
Radiological Engineer 

To: J . E. Tarp1n1an 
Kanager, Rad1olog1cal Engineering, THI-Z 

Date. October Zl, 1988 
1345a 

Locahon:THI-Z 
9240-88-4145 

On 9-ZB-88 a robotic rad1at1on survey of th~_:a• Hake-up and Pur1f1cat1on· 
0eN1nera11zer and cubicle was performed using louie I. The radiation 
1nst~nt used on the robot was a SAM-II #323 remote readout with a 
tungsten shielded teo• probe. A response curve w.s developed to convert 
~ cp= to R/HR on 9-21-88 at the Radiological Controls Instrument Shop 
using a cs137 source #310. The only probl~ encountered w.s the 
response curve was only plotted out to 800 R/HR . 

The highest survey point 1n the Hake-up Oem1n cubicle was 947.5 R/HR; th1s 
was calculated by extrapolating the response curve (attached). The 

v ,.:, c, 

~~ ~ ~];~ 
response curve becomes somewhat 11near over 500 R/HR. 

After the "A" Hake-up and Pur1fication Oem1n cubicle 1s surveyed the 
instrument w111 be returned to the Rad1olog1ca1 Controls Instrument Shop 
to measure the res~onse beyond lK R/HR. using the same CS137 #310 source 
as used tn the previous response measurements . 

.II ~ • 

6 " ~ "' ; 
IIIII 

Th1s survey was performed to prov1de rad1olog1ca1 1nfo~t1on associated ~ 
with the res1n content 1n the •a• Hake-up and Purification OeN1nera11zer. iO 
By our procedures, these results cannot constitute an official documented CJ 
radiological controls survey. 

blb 

Attachment 

CC ! 

t.A .~ 
8. H. Trach1m 
Radtologtcal Engineer 

G. A. Kuehn - Stte Operat1cns Ofrector 
0. W. Turner - Rad1o l oq1ca 1 Controls Director , THI - Z 
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Attachment 10-7 

0]!]Nuclear Calculation Sheet 

~~ ~Jllol anu A<ll5 : urte 
\. OJOIOil 

~Ho. , R ... No 1 SI\MOINO ~ 

-1240- 3233-9'3-015 1 5/ of 6 I 

9/8/93 

LOCATIONS OF SURVEY POINTS 

1. Jnsid~ MU-K-18 Cub1cl~ Doorway orob~ fac~ horizontal up 

2. Ins1d~ HU-K-18 Cub1cl~ Doorway probe face 
vert1cl~ forward 

3. Inside HU-K-18 Cubicle 3' Level probe face 
vert1cle forward 

4 . Probe contact with Discharge Line Valve 
probe face vert1cle forward 

5. Probe contact with Discharge Line Reducer 
prob~ face vert1cle forwarg 

6. Probe contact with Tank Conicle Botto~ Weld 
probe face vert1cle forward 

7. Probe contact 3• above Tank Con1cle Botto~ Weld 
probe face v~rt1c1e forward 

8. Probe contact a• above Tank Conicle Bottom Weld 
probe face ·tert1cle forward 

9. Probe contact 2' above Tank Conicle Bottom Weld 
probe face v~rt1cle forward 

10. Probe contact 2'6• above Tank Conicle Botto~ W~ld 
probe f~ce v~rt1cle forward 

fe!! R/HR 

117.2 K 4.1 

439 . 3 K )8,6 

791.7 IC 42.9 

901.0 IC 54 . 7 

1,780. 5 K 278.8 

2,392 .0 K 775.7 

2.547 . 7 IC 947.5 

2,331 .9 K 709.5 

1,929.8 IC 351 .1 

1 • 73o. 1 K 257.3 
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