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US Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, DC 20555

Three Mile Island Nuclear Station Unit 2 (TMI-2)
Operating License No. DPR-73
Docket No. 50-320
Contamination Estimate for Two TMI-2 AFHB Cubicles

Dear Sir:

The 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 1 provides the methodology for estimating the curie loading of the TMI-2 AFHB
cubicles and other areas. As stated theiein, 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 determine whether to construct a more precise
model based on their propensity for significantly increasing the original curie estimate.

The assessment of the two cubicles/arcas 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
areas 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 AFHB
contamination estimates. However, GPU Nuclear shall proceed under the assumption that the
methodology described in Enclosure | is acceptable and will calculate the total quantity of
contamination in the AFHB accordingly.

Sincerely,
o | 7 - ’f.- A
br e
e Co s X ‘,.-’i‘;)t.-“‘ ;
R. L. long 7

Director, Services Division/TMI-2

EDS/dlb
Enclosures

e M. Evans - Senior Resident Inspector, TMI
T. T. Marin - Regional Administrator, Region I
M. T. Masnik - Project Manager, PDNP Directorate
L. H. Thonus - Project Manager, TMI




ENCLOSURE 1
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INTROD ON

While the majority of the radioactive contamination resulting from the TMI-2 reactor accident
of 1979 remains within the TMI-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 radioactive material concentrations 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. The 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 Microshicld radiation
shiclding computer code, a common geometry for all arcas, and the average general area
radiation survey reading as the modeling parameters. 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

1. The radioactive material within a selected area is composed of typical TMI-2 isotcpes
than can be classified into one of three groups: Defueling, Make-up and Purification
(MUP), or Normal waste. These TMI-2 classifications are used to represent materials
for waste shipments and are based on specific isotopic distributions.

L3V ]

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



3 The geometry used for modeling a cubicle/arca 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. The intemal cylinder model for this room would
have a diameter of 19.5 feet ((18+21)/2) and a length of 37.8 feet. The total internal
surface arca for the model is the same, i.e., about 2,316 square feet.

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 determined in a similar fashion.

3 Equipment and other obstructions are ignored in estimating the room size, Only the
outermost walls are considered.

6. The equipment or piping in a cubicle is not considered to be the dzposition site of the
radioactive material.

7 4 All of the radioactive matcrial is equally distributed over the interior of the cylindrical
model.

8. The exposure rate 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 precise model. The 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
"measurable 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 equipment
involved and other relevant information (e.g., contained water).

EFFECT OF ABOVE MODELING TECHNIQUE

The 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
determine whether a more precise model should be developed. This is an effort to apply the
greatest precision to the areas where most of the activity resides. The other cubicles individually
contain much less activity; minor inaccuracy in modeling these cubicles will have an insignificant
impact on the final total inventory.

The cubicles/arcas modeled using the equivalent cylindrical surface area technique will provide
a conservative 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 determined 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 area 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 use 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
cubicles/areas will be estimated with less accuracy using the equivalent cylindrical technique to
reduce the number of modeling problems.
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1.0 PROBLEM STATEMENT

The purpose of this calculation is to estimate the curie loading of the
TMI-2 Fuel Pool "A" located in the Fuel Handling Building at the 347’ El.
Radiological Controls survey data will be used to provide the exposure
rate information necessary for this estimate.

0_St RY O eSULTS

Based on the Radiolegical Contreols survey data and isotopic
concentrations determined to be present in smear data, the Fuel Pool "A"
area contains an upper bound of approximately 135 Ci # 22 Ci’s of
activity. A previous estimate from reference 3.7 (from 9/21/89),
reported that about 59 Ci of activity were present in the FHB "A" Fuel
Pool. The previcus preliminary estimate did not include all the isotopes
present in the mixture and was subject to a larger sampling error.

3.0 REFERENCES

3.1 Microshield Radiation Shielding Computer Code, Versicn 4, Grove
Engineering, Inc., 15215 Shady Grove Rd., Rockville, MD 20850.

3.2 lLotus 1-2-3, Release 2.2, Lotus Development Corporation, 55
Cambridge Parkway, Cambridge, MA 02142.

3.3 "The Health Physics and Radiological Health Handbook"™, Scinta,
Inc., Silver Springs, MD., 1992.

3.4 Jurns & Roe, Inc., Drawing YNo. 2068, rev 23, "General Arrangement
Auxiliary & Fuel-Handling Building Floor Plan El. 3477=8&%, W.O.
2555, 9/17/70
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4.0 ASSUMPTIONS AND BASIC DATA

4.1 General overview and description of methodology.

40141

4.2 Deter

2.1

In general, the Fuel Pool "A" area is modeled in sections.

In section one, the activity is assumed to be at the bottom of
the Fuel Pool in the region of the north canister
handling/dewatering platforms. A three (3) inch deep water
shield is assumed to cover the activity in this region at the
time of the Radioclogical Controls survey.

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 fuel racks and is homogeneously distributed in
the rack volume. This is a conservative assumption since a
porticn of the source is actually distributed around the rack
space as a surface deposition with little shielding. However,
it 1s assumed that a significant portion of the source
materials are present within the fuel racks as fuel debris.

mination of materials and densities.

From review of reference 1.9 and 3.10 the following data table
was assembled using the Lotus 1-2-3 spreadsheet system
{reference 3.2). These values are used to estimate the
effective density of the fuel rack region.

iNPUT DENSITY VALUES FCR FUEL POOL “A™

ASSUMED COMPOSIT|(Nzvsassxsswzzses o.
AY WEIGHT 150,

DIMENSICNS CF INTERNALS TO BE SUBTRACTED (ft)

LENGTHz=» V]
=10 THzna» 0
*EIGHT=» ]

VOLUME OF INTERNALS TO BE SUBTRACTED (cc's) 0.00€+60
DIMENSIONS CF SOURCE REGICN IN FUEL POOL “a% (ft)
LENGTHaw» «t L0ESS

WiDT4ess» 14,1285

SEICHT=» 13,1579
YOLUME OF SOURCE REGICH (cc's)ssarsrsasescan 2.35E+08

SOURCE RECION IN FUEL POOL A MINUS Dt'lu‘ 10 BE SUBTRACTED.

EFFECTIVE SOURCE VOLLME (cc'sym 2.34E408
FUEL POOL fo
MATEMIALS WAYERIALS WEIGHT OF WEIGNT OF - CENSITY OF DENSITY CF **
APPRUAIMATE  WEIGHT LEAD 1HON LEAD 10N
MATERIALS WEiGHY (ibs) (524) (gms) (gs) 3/ce g/ec i
. P PR - _— . « SERSEveesretebare ...
STHPLSITION 1 ia6 AL 1TNSTIS § oL 158085 o
LOMPOSTTEON 2 2 3 3 4] .4 0.000000 **

N 0016 (10-88)
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4.2 Determination of materials and densities cont’d.

3.2.2 The Fuel Racks are assumed to be composed cof steel with a
weight of approximately 17,380 lbs per 7 x 9 section. There
are four secticns in the pool (reference 3.5 & 3.10).

4.2.3 The steel top plate sections are assumed to weigh approximately
3044 1lbs per cecticn. There are four sections (reference 3.9).

4.3 The isotopes, and activity of the isotopes present in one curie of
source materials were determined from smear radiochemistry analysis
and from the use of the Lotus 1-2-3 spreadsheet from reference 3.8.
Isotopes normally found at TMI-2 were scaled in assuming a
"Defueling" waste stream (attachment 1-1 to 1-6).

4.4 The following table presents the smear numbers and decayed results
for ten (10) smears taken from the Fuel Poocl and assayed by GPUNC,.
Smear results are decayed teo 8/24/93.

FHI09 SMEAR DATA FILE NAME: SFP-a, wnl
TODAY'S CATE=B/24/93
L 1SQTCPES and ACTIVITY'S
i) (OUTPUT VALUES) oy WASTE CLASS
SMEAR SMEAR  SAMFLE o wCi's per 100 c=a'2 o Sased on ALPHA
AREA LCCATICN |.D. NUMBER OCAlE  ** (Cs-137 Sr-%0 Cs3-13&  S5-125 Ca-60 Eu-1%% ** Sr/Cs sr/Cs ACTIVITY

AT AR N ARSIV eI ITEE TSI ISRt RTINS IR RN S AUNAREN

1 fuB FH109 5204003 8 673792 ** 8.14E-01 1.77€-02 1.7BE-05 0.00€+00 1.21E-04 0.00E«00 ** 2.17 ' CEFUELING 2.162E-04
2 FeB  FWI09 Q208002 T &£/3/92 ** 4.6BE-03 '.15E-02 0.CCE+00 O.00E+00 6.12E-05 O.COE~00 ** 2.43  DEFUELING 2.207E-04
3 FnB  FWIDY 9205016 wONE 5/28/92 *= 1.14E-03 6,62€-03 0.00E+00 9.97€-05 3,92€-05 O.0CE<00 ** 2.11 DEFUELING 1.279E-04
« FWB  FHI09 9205015 NONE - 5,28/%2 = 5.10E-03 1.33E-02 2.39E-05 0.00E+00 B8.3££-05 O.COE+0C ** 2.43 CEFUELING 1.858E-0¢
5 FHB FHY00 NUNE Y2 Ti25/92 ** 2.L5E-03 5.7eE-03 0.CCE+D0 C.COE<00 3.34€-05 0.0CE«00 »*  2.35 DEFUELING NOT DONE
4 FWB - FHIDD ~ONE 10 7/25/92 ** 8.5TE-G5 2.116-03 O.00E-00 G.0CE+Q0 1.18E-05 0.00E+00 *= 2.47 CEFUELING NOT DONE
7 fuR  TR1D9 SONE 1 T/2%¢92 ** %.B2E-03 1.75€-02 0.COE+CQ ©,0CE+00 B.ESE-0S 0.00€-00 ** 2.98 CEFUELING NOT DONE
8 FeR F1HID9 SONE . ’ & 15E-05 9.44E-04 0.006+00 0,00C+00 9.46E-06 0.00E<00 *= 2.28  DEFUELING NOT COME
9 KB HNID9 39606 3 £.07E-06 3.736+03 C.COE+00 C.O0E+00 0,C0E+00 0.00C+C0 **  6.15 CEFUELING NOT DOME
10 FeE IW109 NONE 3 1.10€-03 2.93E-03 G,00C+00 0.00€-00 2.00E-05 0.00€+00 **  2.30 - OEFUELING NOT DONE

BRI RN I I TR TSI NI I TSI TN NN NI AN N SIS N YRR ETUSTNIRCEEY

AVERACESws» 3 .03E-03 7.456-03 <. 176-06 9.676-06 4.686-05 0.00£+00 2.7663 1.827E-04

4.5 Computer nmodeling for Fuel Pool "A".

.5.1 From review of the references the following information
represents the basic Micreshield 4 input files

a) Section 1, Basic Microshield & input:

Dose point to center of rectangular area (X)...30.48 cm.
Height of rectangular area {(H) iiiiiviennoses ++120,09 cn.
RECtangulay aread-wigth (W) . s isi vvivavasabhwsndBlods Che
Thickness of shield 1 (SHL) v diiasssvensines vans o0 Gl
“ofn ;axr' asition along 2 axie {Z)v.iiies 193.67495 cn.

. onhage o r 7 NSRRI SR o B L o
Nbh e S 22.86 cn.

N DC1E {10-BH)
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| 4.0 ASSUMPTIONS AND BASIC DATA Cont‘d

4.5 Computer modeling for Fuel Pool "A" cont‘d.

4:5.1 Cont‘d.

b) i asi i shi 4
Dose point to center rectangle (X)...secese- 1264.3104 cm.
Height of rectangle (H) ..« veseesesiresiess«l353.5025 cm.

Rectangular vol. Widbh (W).iciviivaivensnssins#30:530CR,
Rectangular vol. length (L)..cececcssesrs-.402.27199 cn.
Thickness of Bhiald 1 (SHE) G iv vt veeesmdasssinstoBe Cl.
Dose point position along Z axis (Z).........215.265 cm.
Dose point from base of source (¥).........676.75125 cm.
A Gap i s sesssusscsresssenasssnsscess854.41841 cm.

4.6 Revisw and interpretation of survey data.

4.6.1 Two (2} Radiological Controls Field Operations surveys were
reviewed to determine the average exposure rate at set
locations within 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
analysis (see attachments 3-1 and 3-2).

4.6.2 The estimate 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
section one and that * two foot errors could have occurred in
section two measurement locations.

4.7 A one curie source term is used to estimate the exposure rate at the
same locations reported on the Radiological Controls survey sheets.
The calculated output is then compared to the actual measured values.
The actual measurement data is converted into the number of curies
present in the measurement location. Activities as of B8/24/93.

4.8 The following is a description of the attachments presented in this
calculation.

a) Attachments i-1 to 1-6, present and scale in the isotopes

extracted from section 4.4 and assumed to characterize the "A"
Fuel Pool.

b) Attachments 2-1 & 2-2, present the two Radiological Controls
surveys for section 1 and 2 respectively, of the "A" Fuel Pool.

€} Attachments 1-1 & 3-2, present the Statistical Determination
Worksheet for section 1 and 2 respectively, of the "A" Fuel Pool.
The erage exposure rates fer koth regions are computed on these

attachments.

N 0016 (10-88)
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4.8 Continued.

d) Attachments 4-1 & 4-2, present the Microshield 4 output data for
a 1 curie "Defueling" mixture of activity for section 1
(De-watering Station), of the "A" Fuel Pool.

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

f) Attachments 6-1, Lotus 1-2-3 "Normalization Worksheet", used to
compare and estimate from the 1 curie Microshield 4 output to the
number of curies present (suggested by actual exposure rate from
survey data). This attachment presents the estimated number of
curies in section 1 of the "A" Fuel Pool.

g) Attachments 7-1, Lotus 1-2-3 "Normalization Worksheet", used to
compare and estimate from the 1 curie Microshield 4 output to the
number of curies present (suggested by actual exposure rate from
survey data). This attachment presents the estimated number of
curies in section 2 of the "A" Fuel Pool.

h) Attachments 8-1 to 8-6, are diagrams and sections of drawings for

the Fuel Pool storage racks as well as general layouts for the
Fuel Pool area. 7

i) Attachments 9-1 to 9-7, are Microshield 4 output data for error
estimates for this calculation including a graphical presentation.

5.0 CALCULATIONS

[

5.1 Most of the earlier operations were performed using the Lotus 1-2-3
spreadsheet system or Microshield 4.

5.2 Estimation ¢f error terms.

5.2.1 The combined estimate of error in this analysis includes the
following:

a) The estimate of the uncertainty in the radiation
measurements from the radiological surveys, due to
incorrectly reported survey lccations (in the vertical
plane).

b) An assumed instrumentation response error of * 20%.

to

The distance error estimate assumes that the actual exposure

rate point is within -z 2 feet of the correct measurement

location faor the Fuel Rack sectien, and ~* 6 Anches for the
ation location. To:estimate this effect the

de-watering

N 0016 (10-88)
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iS Cont’d

5.2 Estimation of error terms cont‘’d.

S.2.2 Cont’'d.

[52]

2.4

Microshield 4 shielding code problems above are again computec
but with these distance effects 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 side of the one foot measurement. The graph shown on
attachment 9-7 shows the exposure rate variation from an area
source for the model presented herein. 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
tern.

The error term for the Fuel Rack section is computed in
the same manner as above. The Microshield output for a t 2
foot variation in distance produces the following error.
1-(1.088e-1/9.761e=-2) x 100% = +11.5%, for -2 feet and
1-(8.795e=-2/9.761e-2) % 100% = =-10%, for +2 feet. Assume

* 10% for this error term.

Combination of error terms.

Combined error term for De-watering station is:
((£20%)%+(£5%)%)%% = ~% 21%.

Combined error term for Fuel Rack area is:
((£203)°+(210%)%)%% = ~% 22%.

Combined section error estimate is:

(21%/100%) x 49.29 Ci = % 10.4 ci., De-watering Station.
(22%/100%) % B6.057 Ci = * 18.9 Ci., Fuel Racks area.

Total estimate of error is:

{( 10.4 ci)?+(% 18.9 ci)H%% = + 21.6 cirs

N 0016 (10-88)




Attachment 1-1

SAMPLE RESULTS AND VOLUME ACTIVITIES SCALED FROM WEIGHTED ORICENZ VALUES Page 1 of &
e L L e T L T L Lt
“ALPHA DATE"=> 171493 TCOAT'S DATES> 2724473 Use EPRI
RN IR II IR TANILANIsAE T3z azsanaznssnrasnnnsszesnSCALED VALUES 7:ssazsssszuss
SAMPLE NAMEws» DEFUELING WASTE IN FHI0G 12YES, 2:ND=» 1
e e e e e T T Tttt
unitge» Li's

SIAERNSISSNINEFERNREINIGT AT

Analysis Dates»  B8/24/%3 -235 Days tetween analysis cate and “ALPHA DATE™.

e e e e LI I

0 Days petween analysis date and “TODAY'S DATE™.

,Jﬂ‘] .,,9

11}0

Analysis Cate activity (uCi) Normaltled “"n--u“n"n-cn
150TOPES =ALF-LIFE (S)Activity (uC1) at “ALPHA DATE™ % of Total to 1 Input Values Reviewed Dy:
1 He3 L.4BSESD3 0.00E+00 0.00%  0.00E+00 J/“
2 8 1) 2.0936+04 0.00E L0 0.00%  2.00E+00 !
3 Cr-51 2.770E+G1 0.00E«DC 0.00% 0.00E-00 szsanvssssunnnunssnnnnnnn
3 -5 11276402 0.G0E+00 0.00%  0.00E+00 Input values Checked by:
5 Fe 55 9.8826402 9,7T3E-05 0.45%  4.4TE-03
& Co-98 7.C80€+01 2.00€+00 0.00%  0.00E+00 e y
7. Co-d 1.925€+03 488615 5.09€-05 0.23%  2.3E-03 Y e,
5 wi-e3 3.686€004 4.64E-0 243 2.1E-02 m | %
? in-8% 2.8848402 0.00€+00 0.00%  0.COE+0O g | ™
10 ir-gv 5.055E+01 0.00€+00 0.00X  0.00E+00 S wf
1" Sre90 1,645E+04 7.45E-03 ?.$7€-03 56.79%  3.¢86-01 &t NG
12 1-50 2 ATIE<N] *vsssncnnsanane 7.57¢-03 34.79% 3.4BE-01 §d1 F] t‘
13 o9 7.7808+07 3.00E+00 0.00%  0.00E+00 St
1% Wy 106 3.882E+02 3.03€+00 G.00% E+00 e}
15 2h-104 3461600 seseressscannne 0.00£+00 0.00%  0.00E+00 | |
s Age110m 2.49BE«02 GUE«CO c.00% J.00€+00 z =1
17 ag-1i0 2.844E-T4 tesveesnensnses 2.00E+00 0.00%  0.00£400 | ‘
18 §5-125 1.012E+03 9.97€-06 1.176-05 0.05% 5.386-04 I
L) Te-12%n G BO0Es0Y eversensnnannas 2.716-06 0.01%  1.22E-04 {
2 1-129 5. 73E09 0.00€+00 0.00%  0.00E+00 =
21 csems 7.SNE+02 2.17E-06 S 1BE-06 0.02%  2.3%-04 >
2 £3-137 1.1028+04 3.038-03 3.08E-03 16,948 181601 .
23 ga-137m TIT2E-UY seeeseenesnase 2.91E-03 133 1L3KE-0 i |
2 Ce141 3,350E+0) 0.C0E+00 0.00% 0.00E+0N 2]
2% te-14s 2.B43E+02 0.00£+00 0.00%  0.00F+00 - QI B
2 a1k 1.200€-62 0.00€+00 0.00%  0.00E+00 @ Rt
7 vreilia . 0.G0E+00 0.00%  0.00E+00 B P 213 8§
28 e T v 9 0.00% 0.0CE~00 0 7 il i
29 RUA8E ¥ 2 0.00%  0.00£+00 Els 18 .5
1 Eu-155 1 0.00X  0.00E+00 g e
311 P23y 2, 0.00%  D.0CE0O © i !
12 238 3. 0.00%  0.00€+00 5 3
13 4-23% 2. 0.00%  0.00E~00 o =i
1% 236 T ; 0.00%  0.00E+00 o s ol
1 wpe237 7. 0.60X  0.00E+C0 o a =i
e 4218 1 0.00%  0.0CE+00 | ila 1
3?7 fu-238 5. 0.00%  0.D0E+CO e |
W Pu-239 a 0.00%  0.00E+00 \ El
19 Pur24l 2. 2.00% 2.006+00 1 o ! f
40 Pu-241 0.00%  0.00E+00 | o« |
LI 1. 0.00%  0.00€+00 {7 =] 2]
&2 tm-242 e 0.00%  0.00E+00 =) !
B3 a3l 1.0 0.00%  3.COE~D0 W 3 '”q
& Cm- 244 b 81560 0.00% - 0,00€+00 ® i o / :
TELLLIE] N AT RN LR ET I YN PR SNT BT D aT Ry o y =5 G i
10TALY uCi'us . 3y g 3 ann _— ::1 i :
OTALY uCitx 2.Y8E+03 20.00X  1.00Ee0D " :
e [ f
; -
| =i “ !
; e a .: ]
l: i = |
E -
E i3 - 16"




Attachment 1-2

§524.675 uCi Alpha/Ci (detris) 13CICPE USED FOR SCALINGsas=s» NA SAMPLE WAMEs>DEFUELING WASTE IN FH109
as of 1/1/55 "ALPHA DATE™ SESULTS (Scaled Alpha)sssawsusr CAN'T SCALEI Page 2 of &
Alpha Xas» 0.776821% 1.82TE-04 L) (Sample or Scaled Alpha Results) TODAY'S DATE> 8/24/93
PR NN N A IS T F N NI NN AT TR RTINS YNNI NS AE NI ACNEASINANEEETEENREARERSE EEEES
SARPLE WEIGATED  Per Ci Scaled SUM OF REAL SAMPLE SAMPLE WEIGHTED
lsotopes Fractions Alpna ACjusted Alpha Aemaingers COLUMNS RESULTS ORIGEN2 Columns [sotopes
calGEN2 per Ci Fraction Emitters (D) Using Pu-239 (E) D & E (uCi) (i) RESULTS (uCi) W/F CRIGEN2
Ag-227* 1.610€-19 1.410€-10 3.088€-18 3.088€-12 3.083€-12 1 Ac-227
13-108 5.53CE-09 1.253€-16 1.253E-10 1.253E-10 1 Ag-108
43- 108 7.020£-08 1.347E-15 1.347€-09 1.347€-09 1 Ag-108a
43-10%m 9.000E-09 1.726€-16 1.726E-10 1.726€-10 1 Ag-105m
A3+ 110 1.800E-11 5.453E-19 3.453E-13 3.453E-13 1 Ag-110
43-110a 1.340€-09 2.609€-17 2.6096-11  0.00CE+00 2.6096-11 1 Ag-110m
An-241% 1.650E-03  1.450E-03% 3.165€-11 3.165€-05  C.000E+00 3.165€-05 1 Am-241
Am-242 2.140€-07 41436415 4. 143E-09 4. 143E-09 1 Am-242
3m 24 2m* 2.1708-07  2.17CE-07 4, 162E-15 4.162€-09 4. 162E-09 1 Am-2420
An-243e B.AP0E-08  2.450E-C8 1.620€-1% 1.629€-09 1.629€-09 1 Am-243
5a-137a 3.400E-02 1.611E-09 1.611€-03  2.909€-03 2.909€-03 1.8054493 Ba-137a
Ze-10 1.930€-11 3.7026-1% 3.7026-13 3.702€-13 1 Be-10
gi-211 1.590£-10  1.59CE-10 3.050E-18 3.050€-12 3.050€-12 1 Bi-2n
3i-212* B ) 1.5600€-08 3.069€-1% 3.069E-10 3.069€-10 1 #i-212
ai-214 3. 5.927€-19 5.927E-13 5.927E-13 1 Bi-214
g-14 g 1.976€-13 1.9766-07  0.COCE+00 1.976€-07 1 c-%
a4l Y: 1.976€-17 1.976€-11 1.976E-11 1 Ca-é1
£d-109 7. 1.726E-16 1.726€8-10 1.724€-10 1 cd-109
Td-113a 7. 1.757€-12 1.T5TE-06 1.75TE-06 1 cd-113a
Te-144 6. 1.304€-12 1.3046-06  0.00CE+GO 1.304E-C4 1 Ce-144
ci-36 4. 1.314E-15 1.314E-09 1.314E-09 1 cL-38
tm-242° 1. 1. TR0E-07 3.434E-15 3.434E-09  0.0D0CE+CO 3.434E-09 1 Cm-262
- 243° 5 1.80CE-08 3.453E-16 3.4536-10  0.000E+00 3.453€-10 1 cm-243
Cme 204" £ 4, 290E-07 3.2266-15 8.2296-09  0.000€+CO 8.229€-09 1 C=-204
Ca-4d 1. 3. 186811 3.168E-05  5.093E-05 5.093E-05 1.6190171  Co-60
Cs-134 2. 5.160€-12 S.150€-06  S.177E-06 S.177E-06 1.0032408 Cs-134
£3-135 2.0 3.932E-12 3.9326-08 3.932€-08 1 Cs-135
! ; 8. 1.703€-07 1.703£-03  3.075€-03 3.075E-03 1.8053481 Cs-137
i 3.2236-13 3.223€-07 3.223e-07 1 Eu-152
‘ {\‘ . 2.4T4E- 1Y 2.4746-05  0.000E+00 2.LT4E-0S 1 Eu-154
5} ',;] 1; 3.740E-11 3.7406-05  0.000E+00 3.740E-05 1 Eu-15%
i \ | 3.6046E-11 3.414E-05 9.72BE-05 9.T28E-05 2.8491064 Fe-SS
10 o 1 2.935¢-18 2.535€6-12 2.935€-12 1 6d-153
e i ~.F87E-11 4.987E-05  0.00CE+00 4.987E-05 1 W3
Fl 3. $.33CE-18 5_330€-12 a 6.330E-12 1 Ho-16éa
§ \\) 7.960E- 16 7.940E-10  0.00CE+GO 7.5606-10 1 1129
2. L 8A2E-15 4 642E-09  0.0CO00E+00 4.6LZE-09 1 Mn-54
‘ 13 3.031E-15 3.031€-09 3.031E-09 1 Mo-§3
NS 1.057€-13 1.057€-07 1.057€-07 1 Wb-9Im
. OV\ 3, 1.586E-13 1.584€-07 1.586€-07 1 Nb-9%
- g S.966€+13 5.964E+07 5.966€-07 1 Ni-59
o 3 & 3. 6.733E-11 6.733E-05  4.845E-04 L. 645E-D4 6.8789505  Ni-63
Sl ! s! b, 5.980E-07 1,337+ 14 1.3396+08  0.000E+00 - 1.339E-08 1 Np-237
eif 7 B 1.976E-17 1.97T6E- 1 1.97¢€-11 1 wNp-238
e . I 1.629€-15 1.629E-09 1.629€-09 1 Np-239
S 1 e 2 7. 780E- 10 1.531E-17 1.531€-11 1.531E-11 1 Pa-231
o 1 6,980 1,3308-14 1.339E-08  0.0C0CE+00 1.339¢-C8 1 Pa-233
o 2 OE - $.294E-16 5.294€-10 5.294E-10 1 Pa-234
g 1 0E-05 3.2956-13 3.299€-07 1.299€-07 1 Pa-23im
F i k 1. 55CE-10 3.650E-18 3.050€-12 3.050€-12 ! Pp-211
=i §'1 1500808 1,069 16 3.069€-10 3.069E-10 1 pb-212
< 3.0906+11 $. 927619 5.927€-13 $.927E-13 1 Pb-214
= 5 2.110E-07 4.047E-15 4. 047E-09 4. 047E-09 1 pa-107
o Ifq S.150€-07 7.A7%E-15 ?.879E-09 9.879€-09 1 Pm-146
° .« 5.1906-02 7.95%-10 9.955€-04  9.000E-00 9.95%E-04 1 Pm-147
o i) 25E o 3258 1.957¢ - 1.957E-10 ! Po-212
3 a VE w3 : 5.927E-13 1 Po-214
= 5506 ) t. 5908 ! 2 3.0508-12 1 Po-215
~ £ LOTE e 1.069E-10 1 Pae214
E i i ; 7 $.527E-13 1 Po-218
&.800€-09 V. I04E-2 0.000E+00 1.304E-06 1 Preti




Preldim
Fu-234"
Pu-238*
Pu-23%*
Pu-240*
Pus 241
Pu-242°
Fu-264"
Ra-223*
Ra-224"
Ra-226°
Rp-87
Rh-106
&n-215*
Rn-220*
&n-222*
Ru- 108
Sh-12%
Sb-126
Sb-126m
Se-7%9
o167
Sm-151
sn-11%m
$n-126
Sr-90
Te-99
Te-125m
Th-22T
Th-228*
Th-230"
th-231
Th-234
Ti-207
11-208
u-232*
U233
u-234°
u-235
y-234*
y-238¢
Y-R0
In-65
2r-93

TOTAL=a»

TO0AY'S DAlEzzzrzeczzs

?.7306-07 1.B64E-14 1.844€-08  0.COOE+00 1.BS6E-08 1 Pr-léim
6.60CE-0% &.400E-09 1.228E-~1& 1.228E-10 1.2286-10 1 Pu-23%
4.TSOE-04 ~  4,7SCE-0L 9.111E-12 ?.111€-06  0.CODE+00 9.111E-06 1 Pu-238
5.770£-03  5.770E-03 1,1076-10 1.107€-04  0.COCE+00 1.107E-04 1 Pu-239
1.530€-03  1.53CE-C3 2.9156-11 2.9356-05  0.000£+00 2.935E-05 1 Pu-240
5.300£-02 1.017E-09 1.017E-03  0.GOOE+00 1.017€-03 1 Pu-241
9.9706-08  5.970E-08 1.F12E-15 1.912E-09 1.912E-09 1 Pu-262
1.310€-10  1.31CE-10 25136418 2.513E-12 2.5136-12 1 Pu-24é
1.590€-10  1.550E-10 2.0506-18 3.0506-12 3.050E-12 1 Re-223
1.600£-08  1.400E-08 1.069€-14 3.069€-10 3.069E-10 1 Ra-224
3.100E-11  3.100E-11 5.9L6E-19 5.GL6E-13 5. PLEE-13 1 Re-226
1.3106-10 2.513-18 2.513E-12 2.5136-12 1 Eb-87
1.020€-0C4 1.957E-12 1.9576-06  0.000E+00 1.957E-C6 1 Rh-104
1.590€-10  1.590E-10 31.050E-18 3.050€-12 3.050E-12 1 Rn-219
1.400E-C8 1.600E-C8 3.049E-14 3.C4%¢-10 3.069€-10 1 Rn-220
3.0906-11  3.090E-11 $.927E-39 5.927E-13 $.927E-13 1\ Rn-222
1.020€-04 1.557€-12 1.957€-06  0.000E+00 1.957E-06 1 Ru-106
3.850E-04 1.70SE-11 1.7056-05  1.171E-0% 1.171€-05 0.4887714 $b-125
S.6TCE-O7 8.5T4E-15 8.574E-09 8.5TLE-09 1 5b-128
3.20CE-C6 5.138E-14 5.138£-08 4.138£-08 1 Sbe126e
2.1B0E-06 4.1828-14 4.182E-08 4.182E-08 . 1 Se-79
4. 700€-11 9.399€-19 9.399€-13 9.399€-13 1 sm-147
6.290E-03 1.207€-10 1.2076-04 1.207€-04 1 sm-151
1.720E-07 1.25G€-15 3.299€-09 3.2996-09 1 5n-115=
3.200€-06 6,138¢8-1¢4 $.138€-08 6.138E-08 1 Sn-128
3.46CE-01 6.637E-09 6.6376-03  7.S47E-03 7.567E-03 1.1401536  Sr-90
7.350£-05 1.410E-12 1.4106-06  0.000E~00 1.4106-06 1 Te-%9
2.050€-04 1.9326-12 3.932E-06  2.705E-06 2.705E-06 0.8879741 Te-125a
1.580€-10 1.588E-10 I.031e-18 3.031€-12 3.031E-12 1 Th-227
1.600€-08 1.600E-CR 3.069E-18 3.08%€-10 3.0&9E-10 1 Th-228
1.010¢-08 1.010E-08 1.937E- 154 1.937E-10 1.937E-10 1 Tn-230
2.550€-06 C.B91E-1¢ 4.891E-08 4.B91E-08 1 ™23
1.720€-05 3.299€-13 3.259€-07 3.299E-07 1 Th-2%
1,590£-10 3.050E-18 3.0508- 12 3.0S06-12 1 11-207
S.TL0E-09 1.101E-1% 1.101E-10 1.101E-10 1 T1-208
1.600E-08 1.4CCE-08 J.0&5E- 18 3.06%€-10 3.049E-10 1 u-232
1.960E-10  1.980E-10 3.760E-12 3.760E-12 3.7608-12 1 u-23
T.BLOE-0S 7.BLOE-05 1.504E-12 1.504E-06 G.00CE«00 1.504E-06 1 u-234
3.1706-06  3.170E-04 &.081E- 12 4.081€-08  0.000E0D £.C81E-08 1ou-23s
2.08B0e-0% 2_0B0E-08 J.960E- % 3.950£-08 0.000E-00 3.990E-08 1 u-23%
1.4B0E-05  §.4BOE-0S 2.835E413 2.B396-07  0.000E+00 2.839E-07 1 u-z23s
3.440€-0% 5.63TE-09 6.637E-03 7.56TE-03 T.54TE-03 1.14015386 Y-50
1.080E-09 2,077 2.0726-11  0.0C0E+00 2.0726-1 1 IS
1.130€-05 2.14BE-13 2.1486-07 2.1486-07 1 2r-93

ll‘ll!’xliI(ijirtlzrtx‘r:led:::n‘.:!l::;:::-.::r::::‘.ltl::!l=ll:lll‘!!IIII‘II!IIIIIIIIll‘llS!=lIIIlIIlt.\.-'lllillIICIII.II'IIIIleIIIBI

1,00 9.525E-03 18276410 1.500¢- 08 1.919E-02  2,17SE-02 2.419€-02
9726493 SAMPLE NAMExz> DEFUEL IND WASTE IN FAI0P Page 3 of &
EE]Nuclear Calculation Sheet
| Subject ! Cale No ! Rov. No | No
FH109/FH300 Curie fstimate 4240-3233-33-020 0 ;Sh% of 5‘3/
i Onginator y "8 "'Q) Date | Aevewess Dy | Date
B, Brosey  ~ 9 reed 8/27/93 | G. Lodde &)4,&5{,3/0&/ Spefiz

Attachment 1-3




Attachment 1-4

SOTE: An ®*% meal to an 110T0pe mame indicates an algha emitter.
RADENG Scaled Yalues
Based on Co-00 £ 3b-12%
EPRI (1) CRIGENZ (2}
1SCTCPES (1) (LCi)  RATIO €1)/(2)
Fe-55 9.73€-05 J.L1E-05 2.85910442:8
ni-63 o BLE-GS 6.T3E-05  &,5989505015

wASTE wASTE
Srils % BASED ON  BASED O~
RATIO ALPHA SriCs ALPHA
AN AR SRR AR N NAN NI N S FE P ISR NN IONTITISTATEIDT

2.480741% 0.77642'% CEFUELING DEFUELING

SAMPLE NAME=>OEFUELING WASTE IN FH109

TODAY'S DATE>B/24/93

Page 4 of &

Calculation Sheet

[{dINuclear

| Subyect

‘o ot 35

Date
?A’z/ﬁa

Rev. No Sheet No

| Calc No

- %
o
o4
o :
'
a
o
1)
,,,Q§
™M
&
.S-g
= b=
2
NES
-

(L]

Date
8/27/93

¥ ;EEB .-EEEifi.na-::z________

FH103/FH300 Curie Estimate
8rosey

2]
-

Onganator

 S—

R




Attachment 1-5

SAMPLE RESULTS AND RESULTING VOLLME ACTIVITIES SCALED EFRI VALUES?> YES Page 5 of &

AN I N RN T N TN AT C I I I PN TN NI ISR TSNS EETETEAEASESRNERS

TODAY'S DATE=> B/24/93 Volume of Szali Contsinerassssy C.00 gal

ECEETNETENTESASEITTISITRNIEST S IEIIAEIASEN NN VSEUSREE SN NETASAEIINNES

SAMPLE NEMEr=» DEFUELING WASTE [N FniC 0.00 ml

NN N RN T I TN P AT TSI AS T NE VI IEE IS TS EESEETEIZISSSEESEEISSINESNESS
Unitses Li's Size to: 0.00 gai

Z2ESASITREZSFSENEETIEATNIRECS

“ALPHA DATE“=z=z21/1/93 255 Days nave elapsed since “ALPMA DATE™.
AN RN RN NI PRI N TN S I ICIISICIITIEI ST ININIELSSIIEISANINNCEISIZSISISISECESEISISNISEASENNSASENENERRASSEREN
Activity (uCi)  Astivity (uCi) wormalized Rad Eng
ISOTCPES #wALF-LIFE (a) "ALPHA DATE™ TCOAY'S CATE % of tgtal to 1 Rad Eng Activities
1 LIS | &, &E5E-03 =, ¥5E-05 ~.BIE-05 0.20% 2,04E-03 1sotopes ui's
2 c-1é 2.093E+0% 1.98E-07 1.98€-07 0.00% B.40E-04 sszssxszsasszsassnsnvanns
3 Cr-5% 2.TT0E-01 3.00E+00 Q.COE+00 0.00% 0.00E+C0 Am-241 3.25€-05
4 #n-S4 3.12TE~02 L.beE-09 2.76E-09 0.00% VATE-OT Ba-137m 2.87¢-03
5 Fe-55 7.842€-02 v.73E-0% 8.25€-05 0.35% 3.51€-03 Ce-144 T.38E-07
] Co-58 7.0B80g-01 0.00E+00 0.00E+00 0.00% 0.00E+00 Co+60 &.68E-05
4 Co-60 1.525€+03 5.09€-0S %.68E-05 0.20% 1.99€-03 Cs-134 &.1TE-06
] Ni-43 3.656E+04 4.E4E-04 4.62E-0¢ 1.97% 1.97E-02 Cs-137 3.03e-03
9 In+ 6% 2.584E-02 2.07E-11 1.08E-11 Q.00% &.52€-10 Eu-15¢4 2.35€-05
10 5.055€-01 0.00E-00 G.0CE-00 0.00% C.00E+00 Eu-155 3.42€-05
1 1.045E-0¢ 7.57e-03 7.45E-03 311.6T% 3.17e-01 1-129 T.98€-10
12 2.4T1E+0Q voevmncescnnace 7.45E-03 n.em 3ATE-O fm-147 B8.40E-04
13 7.TECE~Q7 1.<-0s 1.61E-06 g.01% 5.99E-05 Pr-144 7.36E-07
14 3.8B2E-02 1.56E-06 1.28€-C6 0.01% 5.34E-05 Pu-738 9.0Te-0e
15 3.583E-03 *vsusenssanascn 1.26E-06 0.01% 5.34€-05 Pu-239 1.11E-04
ks 2.aPBE+Q2 2.61E+1Y 1.366-11 0.cox 5.7BE-10 Fu-241 9.84E-04
17 2. 848E-04 #eveevrnssnncne 1.83g-13 0.00% 7.69€E-12 Sh-108 1.26E-06
18 1.0128+03 1.47E-05 C.9TE-08 0.04% S, 24E-04 Ru-108 1.25E-06
bk 5.B00E ¢ coseesnasnisese 2.30€-06 2.01% ?.79E-0% Sb-125 9.9TE-06
20 5.T34E+L9 T-5¢E-10 7.94E-10 0.00% 3.38€-08 Tc-§9 1.41E-06
21 T.531€+02 5.18e-06 &, 17E-06 0.02% 1.7TE-0& Te-125m 2.3CE-06
2 1.102E-04 3.08e-03 3.03e-03 12.88% 1.29€-01 v-80 7.L5E-03
23 Vo 712k -0) susvnazinssvang Z.87€-03 12.18% 1.226-01 Fe-55 8.25€-05
24 J.25CE«2 U.00E+00 0,00€-00 0.00% 0.00€+00 Ni-62 £.62E-04
o] 2.8430002 1.30€E-04 T.36€-07 0.00% 3.13E-05 Sr-%0 T.45E-03
28 Yi20RE-0Z ernésungnavarsy 7.3ee-07 0.00% 3.13e-05 u-234 1.50€-06
aw %.000E-03 sedvrerereonance 1.056-08 0.00% 4 &TE-OT u-235 4.08E-08
28 9.5826+02 9.94E -0 B.4CE-04 3.57% 31.57e-02 u-218 2.84E-07
PL) 3.2%5E+03 2.35€-0 0.10% 1.0CE-03 Pu-280 2.93E-05
30 1.812E+03 3.42E-05 0.15% 1,45€-03
n 2.TO0E G 1.34€-08 0.00% 5.69E-07
32 3.930E~(7 1.5C€-06 .01 &.39€-05
33 2.5T1E+1 6.08E-08 0.00% 2.58E-06
35 1.25TE+0% 3.99€-08 0.00% 1.706-08
55 7.8%6E-CH 1.34€-08 0.00% 5.89€-07
38 1.832E+12 2.84E-07 0.00x 1.21E-05
7 3.205E+04 9.07E-08 0.0<% 3.85E-04
38 8.814E~Tn TLNE-04 U.4T &.70E-03
9 2.388ECe 2.95¢-05 0.% 1.25E-03
%] 5.260E-C3 ). ¥.84€ - 04 L.19% &.19€-02
&1 1.579€+05 % 3.25€-05 0.14% 1.32€-03
r 1.8328.02 1. 5.928-0% 0.00% 1.458-07
a3 1.081E-Cs 3.8 1.4CE- 10 9.00x 1.43E-C8
= f.6158+03 8.23¢- 8.03€:09 0.00% 1.41€-07
EERESRECENEINNNESY -:\!!tl&!llllﬂl:;a:ll.i9:\ll\I%JI!IIL:IIQ;t!tfkﬂ'll'll'!ill!llllIIIIIIll:l*!!.]'lll‘:ll!!llll
101ALS wli's> . 58E-02 2.3%€-02 160.00% 1.00€+00
muuclear Calculation Sheet
Susect Calc Mo Rev N Srest NG
YR P i ‘ -~
FHI03/FHIOD Curie Zxtimate 3240-3233-53:G95 , ff o IS5
Ornainato: : e o Date Hevewaa o, ) Care
UTrOSEY e *Suw

. drosey S IRATEE ;.- LDade 4/5/0’!‘ )#E‘/P& ?/}7//9-3




Attachment 1-6
TOOAY'S DATE==»B/24/58 SAMPLE Namiz=» DEFUELING WASTE N FHIO?
SATENG VALUES?YES Torat Activity Toral activity NRC
Activitics (in uCi's) (in miilicuries) “REPORTABLE™
ISCTOPES wCi's Smatl Container LARGE Contatner(> 1% of 10TAL) Page & of &
A AT A NI N RN A I ISR E RN TN AN N NN . NN NSRS SE I ANAT NS EIAREEREN
1 -3 4.BIE-05 0.C0E-00 0.0CE+00
2 c-14 1.98€-07 3.C0E+00 0.00€+00
3 cr-s1 0.00€+00 3. UUE«00 0.00E+00
4 =54 2,74E-09 2.00€+00 0.00€+00
5 Fe-55 8.25€-05 3,006+00 .0CE+00
4 Co-%8 0.00E+00 0.00E+C0 0.00E+00
7 Co-60 <. 62E-05 1.00E+00 0.00+00
8 Hi-63 4.62E-04 .00E+00 0.00€+00 REPCRTABLE! Y
9 In-65 1.06€-11 (.00E+00 0.00E+00 !,, M
10 Sre89 0.00E00 3.0RE+00 0.00E+00 m 0\
1 Sr-94 7.45€-03 0.00€+00 0.0CE+00 REPORTABLE ! = }\
12 .50 7.456-03 0.00E+00 0.00E+00 sesssensanssses P! 2 “\
13 1c-99 1.63E-06 0.00E+60 0.00E+00 N \
% Rue106 1.266-06 0.00E+00 0.00£+00 g\ 5\\\
15 A 104 1.26E-06 0.00E+00 0.00E+0Q0 *eevessencessne
16 1g-110a 1.356-11 0.00E+00 0.0CE+CO
17 23-110 1.81€-13 .00E+00 0.00E+00 *eesesvsccasces 2
18 5n-125 7.97E-04 0.G0E+00 0.00E+00 i
19 Te-125n 2.10E-04 3.00€G0 2.GCE~00 -3
20 1-129 7.96E<10 2.GCE«00 0.00E+00 e
21 - 134 4.17€-08 3.00€+00 0.00€+00
22 23137 3.03€-G3 0.00E+00 AEPORTABLES ) = k
2 50-137m 2.87E-03 3.00E+00 weesensessanann C.)
2% Ce-141 0.00E+03 0.00£+00 0,GCE00 Q §
5 Ce-144 7.36E-07 2.00E+60 0.0CE+00 it 4
2% Pretad 7.36E-07 0.00€+00 0.0CE+00 o -
27 Preleim 1.0%€-02 3.00E+00 0.00E<00 *eswseessasnnne [h b2 &
2 pae147 8.40E-04 D.00E+00 0.00E+00  REPORTABLEY! 2l & B 3
@ Eur154 2.35€-05 3.00£+00 0.00E+00 U E =
3 Eu-155 3.426-05 2,00€+00 0.00E+G0 c 3 - K
31 Pa-213 3.0CE+00 3.00E+00 *sewsssavsusasne o (=]
1R Se2% 0.G0E+G0 0.00E+00 b}
13 4235 0.00E+00 0.00%00 =
34 U 23¢ 0.00£400 3.00€+00 =3 b4,
15 wp- 237 U.00E+00 3.COE+00 % -
38 4+238 : 7.0CE+00 O é g
LY Fu-218 2 0.00€+00 @
38 Pu-239 3 3,00E+00 et
19 Pu-240 9 3.00E+00 E
40 Pu-241 5 3.00E+00 REPCRTABLE!! -
a1 1m- 261 0.00E+00 7
42 o242 0 0.00E+00 -
a3 tm-243 3 3.00C+00 hor
43 Cardad 3 0.00E+00 - B
R L e P 1 e LI A R L ST ™M “ (W) /h
TOTALS ressss 2.156-02 1. 00E+0D 7.00E+00 £CH ) gl
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Attachment 3-1
AUN/FAE FO®S DECONTAMINATION GCALS & STATISTICAL DETERMINATION WORKSHEET
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SURVEY CATE#ss=» Fr4452 TURVEY NUMBER=rs» GPUE209 (OCATICN OR AREA=s==2Fn300-8 TODAY'S CATE

LOCATION OR AREAsssa>N/A 8/25/93
LOCATICON OR AREAszzss>N/A
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Attachment

AURSFRE PUmS DECOHTAMINATION GCALT & STATISTICAL DETERMINATICN WORKSHEET

ssssssssEssEsaTEsanS

S00M CR AREA

seevesTeseRRARRERiE
LENERAL 2FEA mR/B CCAL
sessssassssevsnsesssensnsassans

£u300-a LESS TrAw

seBsEsssAsEsssssESsEEsenvRbsrRRRTERET

WLMBER CF SURVEYS USED TO DETESMINE POMS STATUS==>

Page 1

seee sesssnw ..

SessssssEsEsRRSERSEBOSS

sEaessssREREsRaRRES

DATE==z» 2r2e/v2 SURVEY NUM3ER=2s»  J2J07218 LOCATION O AREAzz==>FM300-A TODAY'S DATE
WA SURVEY NUMBER=z3> N/A LOCATION OR AREAssamiN/A 8725793
SURVEY NUMBER=zmx>  N/A LCCATICN OR AREAs=zz»N/A
SURVEY NUMBERes®=> N/A LOCATION OR AREAzz=z>N/A
G.A. ZR/N G.A, #R/h G.A. mR/h
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Attachment 4-1

RicreSnieigc 4,00 -

Serial #4,00-00247

GFu
FPage o | File Ref:
00S File: FP-B.MS& Date: __ 7/
Aun Date: August 25, 1993 By: ‘{5
Run Tire: 11:23 a.m. Wednesday Chected:
Suration: 0:03:04
Case Title: DEWATERING STATICN AREA OF FUEL POOL A
CEOMETRY 4 - vertical Rectangular Area
centimeters feet and inches [
Dose point cocrdimate x: 30.48 1.0 .0 - "r‘
Gose point coordinate f: 160,045 11.0 3.7 M U\
Cose point coordinate 7: 193.67495 6.0 £.2 \
Fectanguiar ares heignt: 720.09 23.0 7.5 - f‘\'-
Rectangular area width: 187.35 12.0 8.5 i
Shiela 1: 7.82 0.0 3.0 z{\L t\
Alr Gap: 22.88 0.0 9.0 ;\ é\\\
Source Ares: 278927, sa cm  300.234 sq ft. &3233.8 gq in.
[~
z
MATERIAL DENSITIES (g/cm’3) z =
Hateriat Shield 1 air Gap 3 w
Stat
air 0.00122
water 1.0 o
2';
suiLCuP 3 &
Methea: Suildup factor latles [
The materiai reference 1s Sniela 22,
-~ o~
3 g
INTECRATION PARRMETERS - o ©
Juadrature Grder R E o
2 Direction 30 e = :
¥ Directicn e g 3 w
=
SOURCE WUCLIDES —1 -
Nuclige turies #Ci femd Nuclice curves alifen? g (=23
ag-110 T.6900e-012 2.7570e-011 A3-110m  §5.7800e-010 2.0722e-009 P g
Am-241  1.3800e-003 . &.9275¢-003  0a-137m  1.2200e-001 4.37392-001 ] s o
tig 8.4000e-006 3.013%0-005  Ce-141  3.0000e+00C 0.0000e+000 o B
Le-185 3.130%-005  1.1222¢-004 242 1.64600e-C0T  5.2343e-007 @
tm 241 1.6400e-008 5. t874e-008 Cm-2da 3.4100e-007 1.2225e-006 -
Ca-58 0.0000e+00C  §.00000+ 000 o860 1.9900e-003  7.1345e-003 'é'
Cr+51 3.0000e+i00  0.0500er050 Cs-134 1.7700e-004 6,3457e-004 -
Cs-137  1.2900e-001 4.624%¢-C01 - £u-156 . 1.0000e-003 3.5852e-003 jod
Eu-155 1.4500e-003  5.1485¢-003 Fe-55 3.5100¢-003 1.2584e-002 C
w3 2.0400e-003 7, 3137a-003 1-12% 3.3800e-008 1.2118e-007 &
“n-56 1.1700e-007 &.19486e-007 %1-63 1.9700e-002 7.0428e-002 i
Np-237  :5.6900e-C07 2.040Ce-006  #a-233  5,6900e-007 2.0400e-006 B =
L TR g 3.5700e-002 1.2795e-001 Pr-tés 5.13C0e-005 1.1222e-004 “ =t /ﬁ
Pr-1adea  4.4700e-007 1.6026e-004 Py-2318 3.8500e-004 1.3803e-003 ° = A
Pu-239  2.7000e-003 1,£850e-002  Pus240  1.2500e-003 4.481%5e-003 .4 =
Pu-2&l 5. 1900e-C02 1.5C22e-001 106 5.3400e-005 1.9145e-00s u E m
Ru-106 5.3400e-005 1. S6-125 4.26400e-004 1.5201e-033 ~
Sc-89 0 0000e+000 0.500% S99 3.1700e-001 1.1365e+000 - B R
Te 9% 5.9900e-005 2.1 ¢ Ter12%m  9.7900e-005 3.5099e-004 z - L
u-234 5.3900e-005 2.2509#-004 4-23% 2.5800e006 9.245Te-008 e ‘3
U236 1,7000e-006 &,0%48e-G0¢ y-238 1.2100e-00% 4£.3381e-0CS =
150 3.17000: 001 1. 1345000 2n-8% ©.5200e-010 1.4205e-00% g
¢ gl P




Attachment 4-2

Fage e

COS File: FP-B.MS&

2un Date: August 2%, 1993

Run Tize: 11:23 a.m, weanesday

Titleaw : DEWATERING STATION AREA OF FUEL POCL A

SINWREEASTISIENNETEMARSIsEarasss SESULIS ssassssesasssEsesssssssssssnsss

Erergy Activity Energy Fluence Rate Eaposure Rate In Air
(HeV) (photons/sec ) (MeV/sq coysec) (mR/hr)
Mo Buiidup With Builcup ko Buildup With Buildup
0.1 2.624e+007  4.400e-001  B.650e+000 9.792¢-004  1,323e-002
3.15 1.795e+005 B.24Le-003  8.013e-002 1.358e-005 1.319e-004
0.2 3.77Te+006  2.715e-001 2.070e+000 4.798e-004  3.453e-003
0.3 7.837es004  1.070e-002 5.504e-002 2,029¢-005  1.044e-004
0.4 S.177e+006  1.1%e~000 4.581e+000 2.174e-003 B8.926e-003 —
2.5 2.207Te+006  5.76ee-G01  2.361e+000  1,328e-003  4.635e-003 l, Y
8.6 4.07T7e+009  1.456e+003  5.1410+003  3.252¢+000  1.007e+001 §J\
0.8 2.06104007  1.121es001 3.443es001 2.513e-002  6,54Be-002 ! .
1.0 8.524e+007  7.733e-001  1.798e0002 1.526e-001  3.314e-001 iy NM
1.5 B.82Be+(07 1.492e°002 2.386e+002  2.510e-001  4.855e-00) & o
2.0 8.944e+003  2.329e-002 4.057e-002 3.602e-005 6.273e-005 z ~\Ss
Dle
107AL:  2.310e¢009  7.70Be+(05  5.682¢+003  3.675e+000  1.09Wes001 g\ 30\
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Attachment 5-1

MicroShield &.00 - Serial #4.00-00247
Py
Fage 2t File Ref:
COS File: FUELPARA.MSS Date: ___/ ¥
Run Date: August 25, 1993 By: “7
Run Time: 1:13 p.m. Wednesoay Cheched:
Duration: 0:24:42
Case Title: FUEL POOL A FUEL RACK AREA
GEOMETRY 11 - Rectangular Volumwe
centimeters feet and inches
Dose point coordinate X: 1264.3104 41.0 5.8
Dose point coordinate Y: &676.7512% 22.0 2.4
Dose point coordinate I: 215.265 7.0 .8
Rectangular volume width : £30.53 15.0 1.5
Hectanquiar volume (ength: 402.271%9 13.0 2.4
Rectangular volume height: 1353.5025 44,0 £.9
Shield 1; T.62 0.0 3.0
Air Gap: 854.4184 28.0 &

Source Volume: 2.34413e+8 cm'3

Hatertal

Air
iron
water

Nuclide
Ag-110
Am-241
c-14
Ce-144
Ca-243
Co-%8
Cr-51
Cs-137
Eu-155
-3
mn-54
sp-237
P 14T
Pr-1iim
Pu-239
Pu=-241
Ru-104
Sr-89
Ter99
U234
u-236
Y-90

8278.23 cu ft.

MATERIAL DENSITIES (g/cm’3)

Source Shield 1 Air Gap
Shietd slab
0.00122
0.15809
1.0
sulLowe

Method: Buildup Factor Tables
The marerial reference is Source

INTEGRATICN PARAMETERS
Cuadrature Order

X Direction
Y Directicn
Z Direction

curies
7.65%00e-012
1.3£00e-003
8,4000e-006&
5.1300e-005
1.4400e-008
0.0000e+000
0.0000e+000
1.2900e-001
1.4500e-003
2.0400e-003
1.1700e-007
5.6900e-007
3.5700e-002
~.&700e-007
5.7000¢-003
4. 1900e-002
$.340Ce-00%
0.4000¢+000
5.9900e- 005
6.3600e-00%
1,7000e- 006
5.1700e-001

2
22
22

SOURCE NUCLIDES

uCisem'3

1,2805e-014
5.B870¢-008
3.5834e-008
1.3352e-007
5,1430e-011
2.000Ce~00C
0.0000e+000
5.5031e-004
4.1857e-004
8.7028e-006
4.9912¢-010
2.42T3e-009
1.5230e-004
1.506%e-C09
2.0050e-005
1.787%e-004
2.2780e-007
0.0000e+000
2.555%e-007
2.7260e 007
7.2521e-009
.3523e-003

Nuclide
Ag-110m
3a-137a
Ce-141
Cm- 242
Cm-244
Co-60
L1348
Fu-154
Fee5%
1-129
Ni-6]
Pa-213
Pr-14s
Pu-218
Py~ 240
Rh-106
o125
sre-90
Te-125m
u-235%
u-234
in+8s

curies
$.7800e-010
1.2200e-001
0.0000e+000
1.4600e-007
3.4100e-007
1.9700e-003
1.7700e-00&
1.0000e-003
3.51C0e-033
3.3800e-008
1.9700e-002
5.6900e-007
3,1300e-005
3.8500e-004
1.2500¢-003
$.3400e-005
4.2400e- 004
3.1700e- 0014
9.7%00e-00S
2.5800e-0006
1.2100e-00%
4.5200e-010

1.43048e+7 cu In.

#Ci/em’3

2.4657e-012
5.2045e-004
0.0000e+000
6.2283e-010
1.4547e-009
B.4893e-006
7.5508e-007
&.2660e-006
1.4974e-00%
1.4419e-010
B.4040e-00S
2.6273e-009
1.3352e-007
1.6426e-004
5.3325¢-008
2.2780e-007
1.8088¢0-006
1.3523¢-003
&V 184e-007
1.1004e-008
$.1418e-008
1.9282e-012

Calculation Sheet
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Page
UCS File:
Run Date:
Aun Tine:
Title

Attacnment 5-2

5l

FUELPARA M54
August 25, 1593
1:13 p.m. Wecnesday

: FUEL POOL A FUEL RACK AREA

issazsarzasssTsasssssRsEssssses  RESULTS ssssszsscraazsscassawssansssanss

Energy
(MeV)

N2 00000 0QO
w

b P e S A

TOTAL:

Activity Energy Fluence Rate Exposure Rate In Air

(photons/sec ) (MeV/sq cm/sec) (eR/hr)

No Bulldup with Bulldup No Builcup With Buildup

2.624e+007  2.038e-003  3.450e-003  3.118e-006  5.278e-006
1.79504005  4.546-005 1.040e-G04  7.4B6e-008  1,713e-007
3.777e+006  1.869e-003  5.127e-003  3.299e-006  5.048e-006
7.837¢+004  3.757e-005 2.478e-004 1.461e-007  5.0B0e-007
5.177¢+006  9.871e-003  3.009e-002  1.923-005 5.B43e-005 / M
2.207e+006  6.250e-003  1.243e-002 1.235e-005  3.618e-005 SN
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Attachment €-1

NOEMALIZATION WORKSHEET (1 Ci)

TEzaEETRESANSE

S.42E+02 =#/n

OR NAMES»DEFUELING WASTE IN FUEL POCL “A™ AT CEWATERING STATION

INPUT UNIT

1SOIOPE  ACTIVITY

n-3
c-1&
Cr=51
Mn-54
Fe-55
Co-58
Ca-80
Ni-63
In-45
Sr-89
Sr-00
¥-90
e

Ru-106
Eh-106
A3-110a
Ag-110
Sb-12%
Te-125m
1129
Ce-136
Cs+ 187
Ba-137m
Ce- 141
Ce- 144
Pr-14ém
No- 237
Pa-233
Pyr2ie
Pu-259
Pu-281
Am2al
Cm-243
u-23%
y-218
Pu-2:0
u-234
a7
Eu-15&
Eu- 155
u-238
Pretes
Cme 242

- ded

2.04E-03
8.40€-06

1.17¢-07
3.51€-03

1.99€-03
1.97e-02
4.526-1C

1.2%€E-01
1.0

5.13€-05
S.ATE-O7

V.48E-07
S.LME-07

B/25/93

Today's Date

Sr-90/Cs-137
RATIO

». 2.457 *

sessRTIRReREeS

2; of 35'-"}
F/z)@?l

Shost ho

ADJUSTED LRC REPORTASLE
PERCENT (X)  ACTIVITY ADJUSTED WiTHOUT 1f > 1% of
af Total FER CURIE ACTIVITY (mCi)  DAUGHTERS (eCi) TOTAL 1SOTOPES
e e L e e e e T T T Yo e e e
0.20379 2,04€-03 400 1.00€+02 1.00€+02 H-3
0.00084 8.39€-06 o=~ S ME-DY L 1GE-O c-1e
0.00000 0.00E+00 *** 0.00€+00 0.0CE+00 Cr-51
0.00001 1L ITEOT wee 5.7¢E-03 S.TEE-03 Mn-54
0.3%5064 3.51E-03 o= 1.73E+02 1.73E+02 Fe-55
0.0c000 0.00E+CO *== 0.00E+CO 0.00E+00 Co-58
0.1%880 1.59€-03 *»= 9.80E+01 9.80E+01 Co-60
1.9647%8 1.97E-02 ve* ?.7CE+02 9.70€+02 REPORTASLE!  wi-43
0.00000 L.526-10 o= 2.23E-05 2.23E-05 In-65
0.060000 0.00E+00 *°* 0.C0E~00 0.00E+00 Sr-89
11.68757 S P 7§ 1] Pl 1.58E+04 1.56€+04 REPORTAGLE! Sr-90
31.88757 3.ITE-D) vee 1.56E04 IIFSEITEINENESS  ramaseszzamsza Y-P0
0.00%%8 5.9BE-05 ** 2.95€+00 2.95€+00 te-99
0.00533 S.33E-05 voe 2.43E+00 2.63E+00 Ru-106
C.00%13 S.336-05 e 2.83E+00 sEuEsssasEEENdS zzezasmzsassss RA-106
0.00000 5.77E-10 v** 2.B3€-05 2.85E-0% Ag-110a
0.000C0 T.&4BE-12 wee 3.7%€-07 IITRANTETTATEST srzassssazsesz Ag-110
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EXPOSURE RATE PER Cizs»
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Attachment 7-1

NORMAL [ZATIOM WORKSHEET (1 Ci1)

z3amBsTENaY 2IXTAXTTEANIES B725/53
?.76E-02 mR/N ACTUAL=a3> B3.40E+00 eR/N IzuEEEssazEIEe
zsazEzzzTTE rzrazazzEzEEIST Today's Date
IN FUEL POOL "A™ AT FUEL RACK AZEA ADJUSTED NRC REPCRTASLE
PERCENT (%)  ACTIVITY ADJUSTED WITHOUT If » 1% of Sr-90/Cs-137
of Total  PER CURIE ACTIVITY (mCi)  DAUGHTERS (mCi) TOTAL 1SOTOPES RATIO
I I A A AN N I IS EE SN EI SIS IEEIEESEEISENEAINSTNNENCESENER sEER
0.20379 2.04E-03 *=* 1.75E+02 1.75E+02 e} % 2.457 *
0.00084 8,39E-06 *** 7.22E-01 7.228-01 C-14 eveewensesiens
0.00000 0.0CE+Q0 **= 0.00E+00 0.00E+00 cr-51
0.00001 1.17E-07 *o= 1.01€-02 1.01E-02 MN-54 {
0.35064 3.51E-03 o 3.02E02 3.02£+402 Fe-55 ,;" J
0.00000 0.00E+00 == 0.0CE+00 D.00E+0D Co-58
0.19880 1.99€-03 == 1.718+02 1.71E+62 Co-&0 =
1.967%8 1.97E-02 see 1.49E403 1.49€+03 REPORTABLEI  Ni-63 £ G
0.00000 4.52E-10 == 3.85€-05 3.89€-05 In-85 ;d 2t
0.00000 0.00E+00 ***  0.0OE+00 0.00E+00 sr-89 sV IE
31.64757 5.17E-01 ves 2.7T3E04 2.T3E-04 REPCRTABLE!  Sr-90
31.88757 J.17E-01 see 2.730«04 TEEsEIsmsEEEsEw zszxszaxzasxzs  Y-G0
0.00598 S.92E-05 ***  5.15£+00 5. 15E400 Te-99 2
0.00533 5.33E-05 wee 4.59E+00 4.59€+00 Ru-106 3
J.00533 5.336-05 o= & .5FE+00 s¥IFETIETIELITER szzsswszssexan Rh-106 ® \
0.0000C0 5.7TE-10 *=* 4.97E-05 4.97E-05 Ag-110m \
3.00000 T.68E=12 vee 5.61E-07 TsesEEISERIERIN ssuasavsnzsvan Ag-110 =] \
0.04236  L.24E-04 **v  3.65E408 3.65E401 5b-125 SIN
0.00578 3.7BE-05 see 3,42E+00 8.428-00 Te-125a A,
0.00000 1.386-03 *ve 2.91€-08 2.71€-03 1-129 G G
0.01748 1.77E-04 = 1.526+01 1.52e-01 Cs-134 )
12.88480 1.296-01 o= 1.11E+04 1.11E+04 REPORTAILE! Cs-137 ° 4
12.187%2 1.22E-01 =o» 1.05E+04 22EFEINTITTAIINY szszseuazascar B3+137m Q r\:\ s‘ -
9.000C0 0.0CE+GD vee 0.D0E+DD 0.00E+00 Co-141 1.2 =
0.00313 3.13E-05 *er 2.606+00 2.65€+00 ce-tae @ |Z o % -
0.00004 L.4TE-O7 e 1,84E-02 szzsmEzsscassaz  srseswEsssasEs Pr-l4dm = i é .
9.00004 5.48E-07 see 4.89E-02 L.B9E-02 npesr o B R
Q.00006 S.63E-QF vee «.BYE-02 siEzsssEzsIesEs saseszseaszwrz Py-233% E i
}.03846 3.B5E-05 **° 5.31E+01 3.316.01 Pu-238 [ SR
0.68552 4.70E<D3 ove 4.04E+02 4, 04E402 Pu-239 O EEES
=.18571 3.606+03 3.40€+03 FEPORTABLE!  Pu-241 o ek
0. 13784 1.19E02 1,19E+02 Am-241 (&) [
1.00300 1.24€-03 1.24E-03 Cn-243 fl g
3.00028 2.226-0 2.228-01 u-23% <
0.60121 1.048+00 1.04E+G0 y-218 2
5.12487 1.07E+02 1.078402 Pu-240 il
0.00438 5.45E+00 5.49E+00 . u-234 a
3.56635 3.07E+03 3.07E+03 SEPORTABLE! Pm-147 -
0.69990 3.606+01 8, 60E+01 Eu-156 e
9. 18685 1.25€+02 1.258+02 £u-155 B 3
0.00017 1.46€-01 1.44€-01 u-216 (8 m
3,0031% 2.69E00 TrEsszsEIssgEIa sazavescrznzes Pr-144 0 8 s
. 5.00001 1.26E-02 1.26€-02 Ca-242 -6 2
0.000 2.93€-02 2.93€-02 Cm-244 = m
09,0000 YOE+00 5,00E+00 - ] 3
Pvaxy AN TIEE RIS OCE eI T ISR E TN EORINERACIERRNAE z ';_'_: ‘
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Attachment 8-6
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Attachment 9-1

MicroShield 4.00 - Serial #4.C0-00247
GPU

Fage 75 | File Ref:

DOS File: FUELPARA.MSL Date: __ / "7'

Run Date: August 25, 1993 By: ‘f\‘;
Aun Time: 2:05 p.m. Thursday Checked: 1

Durstion: 0:24:45
Case Title: FUEL POGL A FUEL RACK AREA

GECMETRY 11 - Rectanguliar Volume

centimeters feet and inches

Dose point coordinate X: 1203.3504 39.0 5.8
Dose point coordinate Y: 676.75125 22.0 2.4
Dose point coordinate 2: 215.265 7.0 T
Rectangular volume width : 430.53 16.0 1.5
Rectargular volume (ength: L02.271%9 13.0 2.4
fiectongular volune height: 1353.5025 84.0 4.9
Shield 1: r.82 0.0 3.0

Alr Gap: 793.45841 25.0 &

Source Volume: 2.34413e+8 cm’3  B278.23 cu fr.  1.43048e+7 cu in.

MATERIAL DENSITIES (g/fcm’))

Materijal Source Shield 1 Air Gap
Shield Slab
Afr 0.00122
iron 0.15809
water 1.0
BUILDUP

Method: Buildup Factor Tables
The material reference is Source

INTEGRAT[ON PARAMETERS
Quadrature Order

X Directien 22
Y Direction 22
I Direction 22

SOURCE NUCLICES

Nuclide curies “Cifem™3 Nuctlide curies

A9-110 7.4900e-012 3.2805e-014 A3-110m  5.7800e-010
Am-241 1.3800¢-203 5.8870e-006 83-137m  1,2200e-001
c-14 8.4000¢-008 .5834e-008 Ces 14 0.0000e+000
Ce-144 3.1300e-005 1.3352e-007 Cm-242 1.46000-007
Cm-243 1.4400e-008 &,1430e-011 =264 3.4100e-007
Co-58 0.0000e+000 0.0000e+000 {o-60 1.9900e-003
Cr-51 0.0000e+0C0 ©.,0000e+C0D Cs-134 1,7700e-004
Cs-137 1.2900e-001 5.5031e-004 Eu-154 1.0000e-C03
Eu-155 1.4500e-003 &.1857e-006 fe-55 3.5100e-003
H-3 2.04000-003 B,702&e-008 1-129 1.3800e-008

MA-54 1.17000-007 4.9912¢-010 Ni-£3 1.49700e-002
Np-237 5.6900¢-007 2.4273e-009 Pa-233 $.4900e- 00T
Pa- 147 3.5700e-002 1.5230e-004& Pre14d 3.1300e-00S
Prelaks  &.4700e-007 1.9046%¢-009 Pu-238 3.8500e-004
Pu-239 £.7000e-003  2,9050e-035 Pu-240 1.2500e-003
Pu-241 4.1900e-002 1,7874e-004 en=106 5.3400e- 005
Ru-105 5.3400e-005 2.2780e-007 Sb-125 &.2400e-0C4
Sr-89 0.0000e+000  0,0000e+000 Sre%0 3.1700e- 001
Tc-99 5.9900e-0C5  2.5553e-007 Te-125m  9.7900e-005
u-234 6.3500e-005 2.7260¢0-007 U-235 2.5800¢-0086
U- 238 1.7000e-006 7.2921c-009 u-238 1.2100e-00%

N L R =T B iy O . L T~ W R, e

Y90 3.1700e-001  1.3923e-043 In-85 &,5200e-010

aCl/em™3

2.4657e-012
5.2045e-004
0.0000e+000
5.2283e-010
1.4547-009
8.4B93¢-006
7.5508e-007
4,2660e-006
1.4974e~005
1.4419e-010
8.4040e-005
2,4273e-009
1.3352e-007
1.6424e-004
5.3325e-008
2.2780e-007
1.8088e-004
1.3523e-003
4. 1754e-007
1.1006e-008
$.1518e-008
1.9282e-012
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Page H
COS File:

2
FUELPARA M54

#un Date: August 26, 1753
2:05 p.m. Thursday

#un Time:
Title

TSNS E SN EASEEENNSARNSEREER

Energy
(Mav)

w

N- 0000000 QG
OV O N -

TOTAL:

Activity
(photons/sec )

2.624e+007
1.795e+005
3.TTTes008
T.837e+004
5.17Te+006
2.207e+GOS
4.079e+009
2.061e+007
B.524e+007
8,828e+007
8.944e+003

4. 510e*009

: FUEL POOL A FUEL RACK AREA

RESULTS

Attachment 9-2

Energy fiuence Rate

TIITEICIANIESSAEEINENEANINEEES

Eiposure Rate In Air

(MeV/3q cx/sec) (mR/hr)
No Bullaup With Bulloup No Buildup With Buildp
2.279e-003  3.358¢-003 3.4B6e-006 5.902e¢-006
5.081e-005 1.142¢-004 B.367¢-008 1,914e-007
2,089e-003 5.726e-003  3.684e-004 1.011e-005
V.780e-005 2.788e-004 1.855e-007 5.649e-007
1.102¢-002  3.357e-002 2.147e-005 &.540e-005
7.021e-003  2,055e-002  1.378e-005  &.035e-005
1,773e+001  &.999e+001 3.500e-002 9.758e-002
1.501e-C01  3.814e-001 2.85%5e-004  7.258e-004
7.14Te-0C1  2.149¢+000 1,686e-003 3.96%e-003
1.384e+000 3.3286+000 3.172¢-003  6.440e-003
3.042e-004  5.459e-004 4.704e-007 B.751e-007
2, 7Ce-001 S.641e+001  &.018e-U02 1.088e-001
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Page
00S File:
Run Date:
Run Time:
OQuration:

S !

MicreShiela 4.00 -

FUELPARA . NS4
August 25, 1993
Thursday

2:38 p.m,
0:24:45

Case Title:

Attachment 9-3

File Ref:
Oate:

By:
Checked:

Serial #4.00-00247

-

ettt

FUEL POOL A FUEL RACK AREA

feet and inches

GEQMETRY 11 - Rectangular Volume

centimeters

Dose point coordinate X: 1325.2704

Dose point ccordinate Y: &76.75125
Dose paint coordinate I: 215,265
Rectangular volume width : 430.53

Rectangular volume length: £02.21199

Rectangular volume height: 1353.5025
Shield 1: 7.62

Afr Gop: 215.37841

Source Volume: 2.34413e48 o3

Material

Air
Iron
Water

Wuclide
ag-110
Am- 261
C-14
Ce-144
Cm-243
Co-58
Cr-51
Cs-137
Eu-15%
H-3
M54
wo- 237
Pm-147
Pr-14im
Pu-239
Pu- 241
Ru- 106
Sr-B9
Te-59
u-234
u-238
Y90

e (R LA S A B At P e s G) D e e OB~y

Source
shield

8278.23 cu ft.

MATERIAL DENSITIES (g/em’'3)

0.15809

Shield 1 Air Cap
Slab
0.00122
1.0
BUlLOUP

Method: Buildup Factor Tables
The material reference i3 Source

INTECRATION PARAMETERS
Quadrature Order

22
22
22

SOURCE NUCLIDES

X Directicn
Y Directicn
I Direcrion
curies aCifem’3
£900e-012 3.280%e-014
3800e-003  5.2870e-008
4000e-008 3.5834e-008
.1300e-005  1.3352e-007
&400e-(08 6.1430e-011
.0000e+000 0.0000e+000
.0000e+C00 C,000Ce~000
.2900e-001 5.5031e-004&
.4500e-003 &,1857e-006
.0400e-003 B.7024e-006
1700e-007 4.9912¢-010
6P00e-U0T  2.4273e-009
.57T00e-002 1.%230e-004
L4T00e-007 1.9089¢-009
.7000e-003  2.0050e-00%
.1900e-002 1.7874e-004
.3400e-005 2,2780e-007
.0000e+000 C,C000e+C00
.9900e-005  2.5553e-007
.3900e-005 2,.7260e-007
L7000e-C0& 7 2%521e-009
JA700e-001  1.3523¢-09%

Nucl ide
Ag=110m
5a-157m
Ce-141
Cm-242
m-244
Co-60
Cs-134
Eu-154
Fe-55
1-129
Ni-63
7a-213
Pr-14é
Fu-238
Fu-240
&h-106
£p-129
5ra00
Te-125a
u-235
u-238
in-as

5
1
0
1
3
1
3
3
1
3
3
3
1
5
‘
3
9

2

1
4

Curies
.7800e-010
.2200e-001
.0000e+000
.&500e-007
.4100e-007
.9900e-003
.TT00e-004
.0000e- 023
.510Ce-003
.3800e-008
.9700e-002
.6900e-007
.1300e-005
.8500e-004
.2500e-003
.3400e-00%
.2400e-004
.1700e-001
.T900e- 005
.5800e- 004
.2100e-00S
.5200e-010

N
.

N -
R
roOOFrVNEsD

1.43048e+7 cu in.

sCi/em™3

2
5
0
6
1
8
7
“
1
1
8
2
1
1
$
2
1
1
4
1
5
1

465Te-012
.2045¢-004
.0000e+000
+2283e-010
4547009
.4B93e-006
.5508¢-007
. 2460e-006
LaPT4e-00%
&h19e-010
.4040e-005
L273e-009
.3352e-007
Gh24e-006
.3325e-006
.2TB0e-007
.8088e-006
. 3523e-003
AT6Le-007
. 1008e-008
. 1618¢-008
.9282e-012
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Attachment 9-4

Page i 4

DCS Fite: FUELPARA MS4

%un Date: August 26, 1993

Run Tiee:  2:38 p.a. Inursday

Title : FUEL POCL A FUEL RACK AREA

FasssvaassswasEEsriezausassczas FESULTS rssssessssssssssesesasacascanszs
Energy Activity Energy Fluence Rate Exposure Rate In Air
(Hev) (photons/sec ) (MeV/s5q co/sec) (mR/hr)

No Buildup With Buildup No Buildup With Buildup

0.1 2.624e+007  1.829-003  3.097e-003  2.798e-006  &.738e-006
0.15  1.795e+005 4.082e-005 9.346e-005  6.7220-008  1.539e-007
0.2 3.777e+006  1.679e-003  4.609€-003  2.964e-006  B.135e-006 n
0.3 7.837e+004  7.8720-005 2.410e-004  1.493e-007 &.571e-007 L I\
0.4 5.177e+006  8.877e-G03  2.709e-002 1.730e-005 5.279e-005 O\
0.5 2.2070+008  5.658e-003  1.£606-002 1.111€-005  3.2590-005 0 \
0.6 4.079¢+009  1.4bes001  4.040e+001 2,822¢-002  7.B85e-002 200 INS
0.8 2.061e+007  1.211e-001  3.0B86e-001 2,303e-004 5,B49e-004 =]
1.0 8.524e+007  7.383e-001 1.738e+000 1.361e-003  3.204e-003 2
1.5 8.8280+007  1.523e+000  3.099e+000  2.563e-003  5.213e-043 N .\.\-
2.0 8.964e+003  2.459e-004  &.583-004  3.803e-007  7.087e-007 gl'q i
TOTAL:  &.310e+0GU9  1.6B6e+GO1  &.55Ve+G01  3.240e-002 8.795e-002 :
io )
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Page : 2

COS File: FP-B.N5&
Pun Date: August 2&, 1993
Run Time: 3:35 p.m. Thursday
Title : DEWATERING STATICN AREA OF FUEL POOL A

Attachment 9-5

zawzasnans RESULTS FOR SENSITIVITY REFERENCE CASE (X = 30.48) seazsszzzas

Exposure Rate In Air
(=R/hr)

No Buildup With Buildp
9.792e-004  1.323e-002
1.358e-005 1.319e-004&
4.758e-004  3.653e-003
2.029¢-005  1.044e-004
2,174e-003  8.925e-003
1.328¢-003  4.635¢-003
3.252e+000 1.007e+001
2.5134-002  &.548e-002
1.426e-001  3.314e-001
2.510e-001  &.B55e-001
3.602¢-005 &.273e-005

Energy Activity Energy fluence Rate
(MeV) (photons/sec ) (MeV/sq cm/sec)
No Buildup With Builcup

Q.1 2.624e+007  £.400e-001  8.450e+000
0.15 1.795e+005 B.244e-003  B.013e-002
0.2 3.77Te+006 2.719¢-001  2.070e+000
0.3 7.837e«004  1,070e-002 5.504e-002
0.4 5.177e*006  1.116e+000 &.581e+000
0.5 2.207e4006  6.76ke-001  2.351e+000
0.4 4.079e+009 1.666e+003  $.161e+003
0.8 2.061e+007  1.321e+001  3.443e+001
1.0 B.526e*007  7.733e001 1.798e+002
1.5 8.828e+007  1.492e+002 2.BBée+002
2.0 B,964e4003  2.329e-002 4.057e-002
TOTAL:  4.310e+009 1.508e+003  5.6BZes003

3.675e+000 1.099e+001

SENSITIVITY RESULTS For: X (cm)
Energy Fluence Rate
(MeV/sq cn/sec)

Case sensitivity
Nurer variable
Value
15.24
2370457
32.17333
«0.64
&9.10887
57.57333
56,04
74.50687
82.97333
91.44

DV~ -

No Builduwp
1.593e+003
1.860e+003
1.912e+003
1.910e+003
1.870e+003
1.859¢+003
1.822e+003
1.7T9e+(03
1.733e-003
1.583e+00%

wWith Burldwp
+289e-003
Sbbe+003
.670e+003
.555e+003
.J85e«003
. 185e+003
.§68e+003
.745e+003
.522e+003
.30Le+003

88V AN

Exposure Rate In Afr
(=R/hr)

No Builoup With Buildup

3.065e=000 1.023e+001

1.582e+000 .096e+001
3.683e+000 .096e+001
3.679e+000 .074e+001
1.640e+000 .042e+001

3.511e+000 .610e+000
3.420e~000 .179e+000
3.339e+000 B.T49e+000
3.244e0000  B.326e+000

1

1

1

1
3.582e¢+000 1.003e+001

9

9

Use the Display Merw fer Energy Group Results For ALl Cases.

Calculation Sheet

[dd7]Nuclear

Ry

Sutwect

FH109/FH300 Curie Estimate

|

Ongenaior

=.

M

N
10N
A
é §
g,
i
5:%
2£§§
§718 s

S

8. Brose




Attachment 9-6

MicreShield 4.00 -  Serial #4.00-00247

Py
Fage | File Ref:
00§ File: FP-B.M54 Date: __ /.
Run Date: August 26, 1993 ay:
Bun Time: 3:35 p.m. Thursday Checked: p

Duration: 0:28:02
Case Title: DEWATERING STATICN AREA OF FUEL POOL A

GEOMETRY & - Yertical Rectanqguiar Area

centimeters feet and inches
Dose point cosrdinate X: 30.48 1.0 .0
Dose point cocordinate Y: 140,045 1.0 9.7
Dose paint coordinate Z: 19347455 4.0 4.2
Rectangular area height: 720.09 23.0 7.5
Rectarqular nrea width: 387.35 12.0 8.5
Shield 1: 7.62 0.0 3.0
Air Gap: 22.88 0.0 9.0

Source Area: 275927, sq cm  300.234 sq ft. 43233.8 sq in.

MATERJAL DENSITIES (g/ca”3)

Material Shieid 1 Ailr Gap
Slab
Air 0.00122
Yater 1.0
sulLbuP

Method: Buildup Factor Tables
The material reference 15 Shield 1

INTEGRATICON FPARAMETERS

Guadrature Ordar
Z Direction 3
! Direction 30

SOURCE WUCLIDES

Nuclide curies aCt/emt Nuclide curies aCifem

Ag-110°  7.6900e-012 2,.7570e-011 Ag-110m  5.7800e-010 2.0722e-009
Am- 241 1.3800e-003 &.%475e-003 82-13Tm  1.2200e-001 &.3739e-001
c-14 3.4000¢-006 3.0115&-005 Ce-141 0.0000e+000 0.0000e+000
Ca- 144 3.1300e-005 1.1222e-004 Cm-262 1.4600e-007 5.2343e-007
Cm-243 1.4400e-008 5.1626e-008 Cm- 264 3.4100e-007 1.2225e-006
Co-58 0.0000e«0C0 0.0000e+000 Co- 40 1.9900e-003  7.1345e-003
Cr+5% 0.0000e+000 0.0000e+000 Ca-134 1.7700e-004 &.3457e-004
Cs-137 1.2900e-001 4.624%¢-001 Eu-154 1.0000e-003 3.5852e-003
Eu-155 1.45000-003 S5.1985e-00 Fe-55 3.5100e-003 1.2584e-002
H-3 2.0640Ce-003 7.3137e-00 1-129 3.3800e-008 1.2118e-007
Mne54 1.1700e-007  4.1966e-007 N1-45 1.9700e-002 7.0428e-002
xp-237 5.4900e-007 2,0400¢-006 ¥a-233 5.6900e-007  2,0400e-006
Pm-147 1.5700e-002 1.2799e-001 Fr-144 3.1300e-005 1.1222e-0G04
Proléém  &.4700e-007 1.4028e-006 Pu-238 5.8500e-004 1,3803e-003
Pu-239 4.7000e-0G03  1.4850e-002 Pu+260 1.2500e-003 4&.4815e-003
Pu-261 5.1900e-002 1,5022e-001 "h-104 5.3400e-005 1.9145e-004
Ru-106 5.3500e-005 1.9145e-004 $b-125 4.2400e-004 1,5201e-003
Sr-89 0.000Ce+G00 0,C000#+000 Sr-90 3.1700e-001 1,134Se+000
1e-99 5.7900e-005 2.175e-004 Te-12%m  9.7900e-005 3.509%-004
u-234 5.3900e-005 2 r- 004 u-235 2.5800e-006 9,2497e-006
u- 236 1.7000e-G06 & 504 u-238 1.2100e-005 4,3381e-005
T-90 3.1700e-0071  1.13485e+000 In-65 <.5200e-010 1.6205e-009

Calculation Sheet

[{INuciear

X/z 7,/93

3 o

Pz

2,

&
o%
S
$§

23|t 8

2

3 |&o

3
Ee
35

FH10S9/FH300 Curie Estimate

8. Brosey ’3 3""“'}’ l




TE3 -IV.\\,WNN\MH- E z,._w!wﬂmw.% N

SErse -onzs

o WBUS | ON ARy ON eD

—us..v

._uo_u:zmHE

12ays uonenajen

L ——— S S S S S

70

u
I
{
|
|
30

EXPOSURE RATE FROM AREA SOURCE
FHIOS FUEL POOL-1 Curie Source
|
|
50
NUMBER OF CENTIMETERS FROM SURFACE

10

1.2
1
10.8
106
10.4
102 |
0|
98 |
96 |
9.4
g2
8.8
8.6
8.4
8.2

Y/8W NI 31vd 34NS0OdX3

£-6 1uauwyoe3qy




[{{TINuclear Calculation Sheet

* | Subject | Cake No | Rev, No | Sneet ko
AX114 and AX11S Curte Loading | 4240-3233-93-015 : LRERTE L
| Ongunator Dae i Feaviewsd Dy : Date

§ e s
iE. Brosey .:n-‘?b"w“"'"‘-

— i gre/a3 ! G. Lodde ,F/M%/f&_, | 9/10/93

1.0 PROBLEM STATEMENT

The purpose of this preliminary calculation is to estimate the curie
loading of the "A" & "B" Makeup Demineralizers located in the Auxiliiary
bldg. cubicles AX11l4 & AX115. Radiological survey data will be used to
provide the exposure rate information necessary for this estimate.

2.0 SUMMARY OF RESULTS

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

"A" DEMINERALIZER "B" DEMINERALIZER
662 Curies * ~3B% 6706 Curies + ~50% - ~77%

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

The following table contains the results from previous estimates of the
activity contained in the TMI-2 Demineralizers (see references).

116493

“A* DEMIN “§% DEMIN
No. Ci's No, Ci's No. Ci's Wo. Ci's No. Ci's No, Ci's
REPOHT DATE Cs-13¢  Cx-137 Sr-90 Ce-134 Cs-137 Sr-90
! GEMD-[MF-013, vyol. 11, POST ACCIOENT ESTIMATES 9/85 285 3477 543 7035
2 MEDL-T285, Fuel Assessment of the iM[-2 Makeup Demin's ... 10/83 3400+cr- 74X
3 TMI-2, TPB £5-10, rev O, PRE ELUTION 4/22/85 1140 638500r-12%
4 TMI-2, TPB B5-10, rev O, POST ELUTION 4/22/85 37 813
5 T™I-2, TPB B5:-10b, rev 1, POST ELUTION 7/10/85 18Dvor-20% 44Dvor-20%
& TMI-2, Division SER, 15T37-2-607-117, rev O 11/2/88 7.3 530 100
7 1H1S ESTIMATE 7112193 3 978 ars ] 3266 168
____EgEEBEﬂ_E_
3.1 Microshield Radiation Shielding Computer Code, Version 4, Grove
Engineering, Inc., 15215 Shady Grove Rd., Rockville, MD 20850.
3.2 Lotus 1-2-3, Release 2.2, Lotus Development Corporation, 55
Cambridge Parkway, Cambridge, MA 02142.
3.3 "The Health Physics and Radiological Health Handbook", Scinta,
Inc., Silver Springs, MD., 1992,
3.4 LA-9795-M5, "NDA Measurements of the Demineralizers at TMI-2", Los

L

Alamos Naticnal Laboratory, Los Alamos, Hew Mexico 87545, 8/83.

GPUNC Engineering Calculation No. 4249-3211-90-06%9, "MU & P
Demineralizer Fuel Estimates”, 11/16/90.
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| Onginator = 12 : « Date Aeviewsd Dy Date
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3:0REF { Cont’'d

3.6 TMI-2 Technical Planning Bulletin, TPB-85-10, rev 0, "Estimates of
TMI-2 Letdown Demineralizer Resin Retained and Eluted Fission
Products and Fuel™, 4/22/85.

3.7 TMI-2 Technical Planning Bulletin, TPB-85-10b, rev 1, "Post Elution
Estimates of Cs-137 in Letdown Demineralizer Resin", 7/10/85.

3.8 TMI-2 Division Safety Evaluation Report, SER 15737-2-G07-117,
"In-Place Storage of Makeup and Purification Demineralizer Resins
During PDMS"™, 11/2/88.

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

3.10 GEND-INF-013, "TMI-2 Purification Demineralizer Resin Study", U.S.
Department of Energy, EG&G Idaho, Inc., Idaho Falls, Idaho 83415,
5/84.

3.11 GEND-INF-013, Vol. II, "Development of a Process...TMI-2 Makeup and
Purification Demineralizers", U.S5. Department of Energy, EG&G Idaho,
Inc., Idaho Falls, Idaho 83415, 5/84.

3J.12 GPUNC Memorandum No. 4200-88-585, "Resin Material in MU-K-1A & B",
1/3/89.

3.13 GPUNC Technical Plan, "Makeup and Purification Demineralizers Resin
Removal", TPO/TMI-072, rev 0, B8/83.

.14 Burns & Roe, Inc., Drawing No. 2066, rev 23, "General Arrangement
Auxiliary & Fuel Handling Building Floor Plan El. 3105’-0"", W.O.
2555. 9/17/70.

3.15 3-D Visions Corporation graphing program "GRAFTCOL", Ver. 3.3,

12/16/90.

4.0 ASSUMPTIONS AND BASIC DATA

4.1

General overview of methodology.

4.1.1 In general, the two demineralizers are modeled as right
circular cylinders. The activity is assumed to be at the bottom
of each cylinder based on referenced data. Other locations in
the cubicles are also modeled to determine the effect of
differing source locations. Finally, exposure rate estimates
are determined at several distances from each tank. All
exposure rate information is calculated from one curie of
isotopic distribution assumed to be present in the indicated

iemineratizsr, (Sata H secticn 4.0 -is preiominary in pacure.
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4.2 Determination of materials and densities.

4.2.1 From review of reference 3.12 and 3.13 the following data table
was assembled using the Lotus 1-2-3 spreadsheet system
(reference 3.2).

AL B DEMIN DENSITY ESTIMATE
DENSITY ESTIMATE (MIM)  DENSITY ESTIMATE (MID) OENSITY ESTIMATE (MAX)

Las g/cc gfce g/cc

LCADING ESTIMATE A ] A 8 A B A 8
FROM REPORTED VALUES CEMIN DEMIN DEMIN CEMIN DEMIN DEMIN DEMIN DEMIN
ZESIN WEIGHT (lbs) 1025 1025 0.7¢83 0.7463 1.4927 1.4927 2.23%0 2.23%0
WATER WEIGHT (lbs) 193 193 0.1405 0.1405 0.2811 0.2811 0.4216 0.4216
CORE DEBRIS Fe (lbs) Kr 19 0.0492 0.0138 0.13483 0.0277 0.207% 0.0415
URANIUM WEIGHT (Libs) 5 1 0.0036 0.0007 0.0073 0.0015 0.0109 0.0022
BOT.LAT.ASS. fe (lbs) 38,4 18.4 0.0978 0.0978 0.0978 0.0978 0.0978 0.0978
OVER LOWER 6% OF TANK

AN NI IR AR RSEEIEIANRENINENATARIARS CZSINSTINZIITTNISETIRNTIN FIANENEAENIEFRRNEEERNRED

TOTALS==> 1.057% 0.9992 2.012 1.9007 2.9788 2.8021

TANE VOLUME 540 gallion="74.9 cubic feet
"RESIN DENSITY (g/cc)="0.7463
INITIAL RESIN VOLUME 22 cubic feet s 522970.62 cc's

POST ELUTION
JOLUME ESTIMATE ft°35> 0,2 7.4
IN CCPseassamesaane> S643.36 701049

ESTIMATED DIAMETER CF
SOURCE TERM ft.sssz»

r
=]
¥

(=]

“AW uall
ESTIMATED INCHES INCHES

#EIGHT Of SOURCE TERW 0,764 5.780

DATA FROM TECHNICAL PLAN, [FO/IM|-072, B/83
A%D LPUNC Memorancum &200-BA-585, 173,89,

4.2.2 Three postulated densities are presented for each
demineralizer: a minimum value, a middle value and a maximum
value. The middle value was chosen as the most likely density
for the demineralizer materials. The other two densities are
presented to project other possibilities and provide an error
term for density variations.

and maximum -densities are estimated by multiplying

v od o e 4

inaa gansity valuas by o factor vf 2 and - respectively:

The middle

R Y S
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4.2 Determinaticon of materials and densities cont’d.

4.2.3 The minimum density values for all materials except the bottom
laterals are projected by dividing the mass of the originally
loaded materials listed in the reference 3.13, by the volume
of the resin (22 cubic feet), listed in reference 3.13.

The etfective density of the bottom laterals located in the
tanks, is calculated 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 density term for each tank.

(¥ ]
S

The tanks are assumed to be composed of 0.25 inch stainless
steel with a density of 7.86 g/cc.

4.2.5 The vertical exit piping near center at the bottom of each tank
is assumed to be 3 inch schedule 40 stainless steel.

L% ]

+6 The horizontal run of piping in the "B" Demineralizer room is
assumed to be 2 inch schedule 40 stainless steel.

4.2.7 The bottom lateral assembly is assumed to be composed of 12
pleces, 21 inches long by 3/4 inch, schedule 40 stainless steel
piping with one section of 5" diameter by 6" long schedule 40
piping at the center. The total weight of this assembly is
assumed to be approximately 31.1 lbs (see attachment 11-1).

4.3 The isotopes, and activity of the isotopes present in one curie of
source materials for each demineralizer is assumed to be the same
as that presented in reference 3.13. The activities from reference
i.1} were decayed to 7/12/93 and normalized to 1.

SOQURCE_TERMS FOR DEMINS (in Ci’s)

ISOTOPES DEMIN “A" DEMIN "B®
Co-860 7.97e=4 = =meeeee-
Sr=490 2.39e-1 2.51le-2
=90 2.39e-1 2.51le-2
S5b=-125 8.91le-4 === =mm—eea
Te=125nm 2.06@-d . - eeemea—.
Cs~-1134 7.55e~4 1.35e~=3
Cs=-1137 2.67e~-1 4.87e-1
Ba=-137m 2.52e-1 4.6le-1
Ce=-144 1.7%e~-6 - e
Pr-144 1.79@-6 = =m=m—e———
Pr=144m 2:55e-8B ' i eeesass

4.3.1 For purposes of this calculation the source term is assuned
to be homogenecusly distributed throughout the volume of

Lo e \ P
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4.0 A 1S _AN Cont’

4.4 Computer modeling for "A"™ & "B" Demineralizers.

4.4.1 Frc review of reference No. 3.13 and discussions with TMI-2
Eng. aeering personnel, the following infocrmation represents the
basic Microshield input data.

a) Demineralizer "A" Basic Microshield 4 input:
Dose point to center of cylinder (X).......«.. 176.34 cm.

Height iaf cylinder (M) i s it ssisnrcilssvvs el 405065 CH
Radius-of cylinder (R} il siviscsaarienss: a0 48=0m;

Thickness of cylinder shell (SH1l)..... A e 0.635 cm.
Dose pointposition along=Z axig (2) ..ok 000 en.
Dose point from base of cylinder (Y)....... vse DB SBECHI
138 R ey B R e A e e e e B e R L
b) Demineralizer "B" Basi icroshield i 3
Dose point to center of cylinder (X)......... .270.97 cm.
Height of cylinder (H)...... AL R e o ey Y P
Radiug of -cylinder (R} . cllca siies sineesiomeis oee e B0 IO CHS
Thickness of cylinder shell (SH1).......- e are i) e O30T G0
Dose point position along Z axis (2)...ceceaes et 0 Cle
Dose. point from base of cylinder (¥)... . ceesn 68.58 cm.
BT gl T TN e R N e A S e D e e »ane B0P . AT DO

ry

4.5 Review and interpretation of survey data.

N

.5.1 5ix (6) Radiological Controls Field Operations surveys and
one (1) Engineering survey were reviewed to determine the
true exposure rate at set locations within the "A" & "B"
Demineralizer cubicles (see attachments 10-1 to 10-9). The data
was analyzed and incorporated into a spreadsheet for
manipulation purposes. The spreadsheet data table is shown
below.

N 0018 (10-88)



muu‘ﬂear Calculation Sheet

| Cae o | Hew wo sn-hn
EX114 ang AF11% (urte Loagins 22480-2223.33.01% 5‘{
- Ongnaoe Date b Cate
18, BrnseyB ’?_)7"“""7_]/‘ TR 6. Locce @ Z;dz Zf/_ £’2§
4.0 ASSUMPTIONS AND BASIC DATA Cont‘d

4.5 Review and interpretation of survey data cont’d.

4.5.1 Cont'‘d.

AL B DEMINERALIZER DATA ANALYSIS

7/16/93
SURVEY FEEY
RESULT FROM 1
"4 FOOT ESTIMATED  ESTIMATED TANK E CALC. POSSIBLE POSSIBLE
ABOVE  DISTANCE DISTANCE CENTER M (mR/h)  TOTAL ERROR ERROR
ROOM  SURVEY SURVEY FLOOR IN FEET IN FEET LINE 1 PERCI Ci's IN N
NUMBER  DAIE NUMBER (»R/h) (x) (15} (o) N AT D ftr ESTIMATE x FEET Y FEET
EE R A EA L LA Al AL L L R R L L L e e e e e P R R P R R e R R R R T P P TR R R L TSR e P i iy
AX11S §/28/88  B8J19796 125000 6.78 5.7% 8.89 8 5.10 26511 0.73 0.75
AX114*  3/13/85 NOKE 20000 .6 Y75 L. A 23.29 3845 0.75 0.7
AX115  &/6/85 3I4-85% 35000 6.78 5.75 8.89 B 5.10 4883 0.75 0.73
AXIS  &/6/85 -85 70000 6.78 .25 6.89 B 10.88 6432 0.75 0.75
AX11S  4/6/85 IN-85 Joooo 4,78 3.2% 7.52 8 8.59 34 0.75 0.75
AX115  £/5/85 N-BS 37000 &6.78 5.7% 8.89 B 5.10 7255 0.75 0.75
AX114*  6/5/85 2M4-85 60600 L6 2.7 5.3 & 19.94 3040 0.75 0.75
AX115 9/28/88 NONE 42900 5.73 5.75 8.12 B8 6.84 6273 0.75 0.75
ANTIL®  L/24/90  S0J04347 70000 5.09 2.75 5.79 A 17,14 4085 0.7% 0.75
A A R T T TN NN I TN NN SRR SN T RN NN R T VI ENSSNSEEEEENEEST 1NN NN EEEEEENEENTRCEEEN
* DENDTES INTERPOLATED EXPOSURE RATE VALUES
COMBINED
& AVERAGED
ABSOLUTE
DISTANCE  DISTANCE mR/h/Ci m/N/CH VALUE
FRROR E2ROR CALC. CALC, LONG/ SHORT/ X X ERROR
200M TERM TE2M =RIN/CL SRIN/CH CALC. CALC. ERROR ERROR  TERMS CURIES CURIES

NUMBER LCONG (ft) SHORT (ft) LONG SHORT "R/A/CY &0 ~R/K/CI Q0 LONG SHWORT + or - IN "a" [N “g*

NI N TS NN RN ISR NN R II R INEE NSRRI AN SRR ES NN ENER RSN

AX115 9.9 7.8 3.41 .82 0.467 1.49 -33% ax 41 N/A 24511 «NOT USED
AX114* 5.9 4.0 158,42 32.%% on 1.40 -29% 0% 35% 3845 N/A
Ax115 9.9 7.8 3.a 7.62 0.67 1.49 =332 23 41X W/A 5863
AX115 7.4 6.1 T.7% 15.00 6. 1,38 -9 38x 33X N/ 6432
Wil a.5 6.5 5.8% 12.91 0.68 1.46 32% 46X 39X N/A 3494 «<NOT USED
AX115 3.9 7.8 3.4 T.82 0.67 1.49 -33x ;X S1% N/A 7255
AXT14* 5.4 4.3 m 28.64 ¢ 0.69 1,44 “BIX kx 37X 3040 N/A
X115 9.2 7 4.57 10.23 0.67 1.50 -33%  S0X 41X N/A 6273
AXT14* 5.8 4.8 11,92 24,50 0.70 1.43 -30% 43X X 4085 N/A

T I NN I N N T T AN N IR SN NN SN AR RSV ICIEENACIT AR

AVERAGED CURIE VALUES=» 3563 £706
ESTIMATED ERROR + or - 35.2% A-Demin Avg.

ESTIMATED EFROR » or - 39.3% B-Demin Avg,

N 0016 (10-88)
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4.5 Review and interpretation of survey data cont’d.

=

« 5.2

-

o

The table in section 4.5.1 presents distance estimates;
calculated exposure rate estimates based on these distances,
total curies present, and an estimate of error due to incorrect
distance determinations. Sections 4.5.3 to 4.5.9 describes the
methodology used to calculate these parameters.

The distance estimates were determined by review and scaling

from current GPUNC drawings (see reference No. 1.14), diagrams
from other references in section 3.0, and RADCON survey sheets
(see attachments 10-1 to 10-9). Since the demineralizers are at
approximately the center of the cubicles, an X and Y coordinate
can be used to calculate the approximate horizontal distance

from a dose point to the tank vertical centerline.

When their location is unspecified, all exposure rate values
Are assumed to have been taken about 4 feet above the
cubicle floor. However, the first survey listed in the table
(section 4.5.1), presents a value that is at least 3 times
higher than measurements taken at similar horizontal (X,Y)
locations shown in other surveys. For purposes of this
calculation, this value is assumed to be either in error or
taken at other than 4’ above the cubicle floor.

Several 4’ radiation values presented in the table in section
4.5.1, have been interpolated from tha actual survey data.
These interpolated values are marked with an asterisk.

The distance values in the table ("D"), are calculated
by determining the hypotenuse of a right triangle.

The calculated mR/h per curie values shown in the table, are
determined by curve fitting the Microshield 4 calculated
exposure rates for the "A" & "B" Demineralizers for several
distances out from the source regions, using the sensitivity
analysis option in Microshield 4. These distances use the base
“xcrodnxg!d inputs listed in section 4.45.1 as the reference
values. The functions used in the spreadsheet table seen in
section 4.5.1 were determined by the curve fitting routine

in the computer program "Graftool" (reference 3.15). These
functions are listed below. ;

"A" Demineralizer Correlation Coefficient
1=131 6%0.7012" -0.966758

"B" Demineralizer
¥=149.339*0,683949% ~0.89348

.

WHERE: ¥ ig the mR/h/Ci value and ¥ is the number of horizontal

ol uedillielaladers verltival <enterline.

N 0018 (1048,
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4.0 ASSUMPTIONS AND BASIC DATA Cont'‘d

4.5 Review and interpretation of survey data cont’d.

4.5.8 The total curie column in the table is calculated by dividing

the measured or interpolated exposure rate by the mR/h/Ci value
determined by the method shown in section 4.5.7.

-9 The estimate of the error from incorrectly determining the
X & Y horizontal distances where a measurement was taken, is
determined 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’+0.757)%+(Y’+0.757)2)%5,
The minimum would be ((X’-0.75')%+(¥’-0.757)%)%5, From these
two distances, differing mR/h values may be estimated using the
same method previously described in previous sections. The
differences between the mR/h estimates for correct vs incorrect
distances voth long and short, are averaged and converted to
percentage differences and are presented as one component of
the overall estimate of error for this analysis.

4.6 The following is a description of the attachments presented in this
calculation.

a)

b)

d)

t)

)

h)

1)

Attachments 1-1 & 1-2, present and decay the isotcpes extracted
fror reference 3.13 assumed to characterize the "A" & "B"
Demineralizers.

Attachments 2-
1..

o 2-2, present the decayed isotopes from
attachments

1t
1 & 1-2 normalized to 1.

Attachments 3-1 & 3-4, present the demineralizer cubicle
locations with actual and estimated dimensions.

Attachments 4-1 to 4-4, present the demineralizer tanks with
estimated dimensions including associated piping.

Attachments 5-1 to 5-7, Microshield 4 base case ocutput for high,
middle and low density materials modeling.

Attachments 6-1 to &-5, Microshield 4 sensitivity analysis using
middle density materials from 91.44 cm to 212.36 cm for the "A"
and from 91.44 cm to 304.8 cm for "B" Demineralizer.

Attachment 7-1, Microshield 4 output for pipe source at base of
"A" Demineralizer.

Attachments 8-1, Microshield 4 output for horizontal run of pipe
section in the "B" Demineralizer cubicle (base case geometry).

Attachments 9-1 to 9-6, Graftool output from curve fitting
Microshield 4 sensitivity analysis data for "aA" & "RB"
MAMITOrEra ) § cawm S tviypoa myer ¥ 'l - -
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4.0 ASSUMPTIONS AND BASIC DATA Cont'’d

4.6 Attachments cont’d.

}) Attachments 10-1 to 10-9, Radxoloqxcal surveys that present the
survey information used to estimate the curie loading of the "A"
& "B" Demineralizers

k) Attachment 11-1, dimensions and weights of seamless and welded
steel pipe, Williams and Company, inc. catalog # 23, pp D-30 & 31.

5.0 CALCULATIONS

5.1 Most of the earlier operations were performed using the Lotus 1-2-3
spreadsheet system.

5.2 In section 4.2.2 three (3) possible densities were estimated for
modeling purposes. In attachments 5-1 to 5-7 the Microshield 4
output from the differing density computer analysis are shown.

For the "A" Demineralizer, the calculated exposure rate for the

3 density estimates using the Microshield base case input is: =
HIGH DENSITY (2.96 g/cc)..... N o R e e oy ey e P L
MIDDLE  DENSTTY (2. 00:g/CC) s s onnes can s 16.73 mR/h.
LOW DENSLITY 0L, 04} g/00) i i vine voiivne v vin dvse o v i e ve e dB o MR/N

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

RIGHABENS TR (O R G G L e e S p s s Vel S hs s na e s 61 SR
MIDDLE DENSITY [1.88 g/cc). wolaiuamd vonewie NelE b e 5.107 mR/h.
LOWCDERSLITY (D 0B Y g/ Cl) i a i tiia e v etsloss o S e s B4 A0 MRS

Using the above listed data and calculating the estimated error
due to possible variations in density gives the following results.

"A" DEMINERALIZER

f1-{15.26/16.73)) % 100% = + 8.B%

1-(18.22/16.73)) x 100% = - 8.9%, for the "A" DEMIN.
“B" DEMINERALIZER

(1=¢3.619/5.107)) %-100% = 4 29.1%

(1-(8.496/5.107)) % 100% = - 66%, for the "B" DEMIN.

N 0018 [10-88)
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5.3 Location of the base case Microshield 4 exposure rate point relative
to the demineralizers.

The diagram on attachment 4-3 shows the relative position of the base
case Microshield 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"™ Demineralizer scurce term is assumed to be
a 2' diameter cylinder with a height of about 0.764 cnm
(section 4.2.1). If it is assumed that the majority of
the source term is located in the 3" re..in sluice line
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 eibow
of this pipe is at approximately 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 mR/h

(see attachment 7-1). Since the base case Microshield
output for the "A" Demineralizer tank was 16.73 mR/h
(section 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/Ci)) x 100% = ~38%

The possibility that all of the activity is in the
this lower pipe section is remote and therefore will
not be considered further.

5.4.2 "B" Demineralizer.

5.4.2.1 The 2" diameter pipe run connected to the resin sluice
outlet nozzle located in the "B" Demineralizer 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 "B" Demineralizer cubicle is
assumed to be located in the tank, based on the

N DO16 (10-88)
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5.4 Placement of other source terms cont’d

5.4.2

"B" Demineralizer cont’d.

Radiolegical Engineering survey data shown on attachments 10-6
to 10-8. However, if one (1) curie of activity is placed in a
single pipe run located at the center of the two pipe sections
running east 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 Microshield 4 model would be as shown below:

mnpn 3 (2] i "

Dose point to center of pipe section (X)......217.17 cm.
Holght of cylinder <H). it st o SRR 3 | Rt e P
Radius of-cylinder (R): . nls . oy S T b e i st 5
Thickness of cylinder shell (SHl) . i v..nevon 0.39116 cm.
Dose point position along Z axis (Z)......... «-87563 cm.
Dose point from base of cylinder (Y)...........44.81 cnm.
RIE=GAp o e S NG SO I T T o e et e e e e 214.15375 cm.

5.4.2.1 The pipe is 2" schedule 40 stainless steel and is
located at approximately the 306’ 1.5" El. The pipe
starts about 9" east of the vertical centerline of the
"B" Demin 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 the entrance to the "B" Demin cubicle about
4’ above the floor.

5.4.2.2 Based on the two models, the relative difference
between one curie of activity in the demineralizer and
one curie in the pipe section is shown below.

{1-(20.77 mR/h/Ci/5.107 mR/h/Ci)) x 100% = 307%

This indicates that if the activity were predominately
located in the 2" line, about 1/4 th of the calculated
number of curies would be present. This is not the case
since the "B" Demin retains the higher exposure rate as
evidenced by the survey information. Therefore, the
best estimate is that most of the activity is still
retained at the "B" Demin location and not in the 2"
line.

N 0016 (10-88)
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5.0 CALCULATIONS Cont‘d

5.5 Combination of Error Terms.

5.5.1 The combined estimate of error in this analysis lncludes the

18]
wn

following:

a) The estimate 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.

The distance error estimate assumes that the actual exposure
rate point is within -~z one foot of the correct measurement
location (((9"%+9"¢):%) = 12.7"). Since there is a similar
difference in the effect of + distance error for the individual
curie values presented in the table in secticn 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
summed and averaged for several measurements.

The error estimate for the survey locations for the "A" Demin
is:

(35% + 27% + 37%)/3 = = * 36%.
The error estimate for the survey locations for the "B" Demin

(41% + 333 + 41% + 41%)/4 = ~ £ 39%.

From section 5.2, the uncertainty in the source term density
is assumed to be:

~% 9% for the "A" Demineralizer and, -+ 29% - 66% for the "B"
Demineralizer.

The instrumentation calibration error is assumed to be
approximately * 10%.

The combined error estimate is approximately:

+ (36%%+931%410%%)%°% = ~38% for the "A" Demineralizer and,

+ (39%7429%%+410%%)%% = - + s0%
- (39%°+66%°+10%%)%% = - -~ 77% for the "B" Demineralizer.
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SAMPLE
711293

Togay's Date SAMPLE No.

ISOTOPES
H-3
de-7
146

Cr-9
M54
Fer55
Ca-57
co-38
Fe-59
N1-57
Co-6d
Nitad
In65
Sr-89
Sr-%0
2r-95
fe-9
®a-103
qu- 106
A3+110m
Sb- 12+
Sb-125
Te-125m
1-129
=151

1-133

Cs- 135

Cs-136

Cs- 137

Ca-159

9a-1s0

fe-141
a- 14
P47
Eu- 154

Cu-15%

CUMMARY SHEET

NUMBER OF SAMPLESss3zs»

SAMPLE No.  SAMPLE No.
“A™ DEMIN
DATE CATE DATE
5/15/83 712193 7712493

ELAPSED (d) ELAPSED (d) ELAPSED (o)

im Q 0

1.9800€~00

2.0000€+02

7.5000E.00

1,5000€08

»2000E«02

7.9000E+00

Attachment i-1

1
SIFTICIILEEN
SAMPLE No. SAMPLE No. SANPLE No.
CATE DATE DATE
TI12153 TI2/93 7712793
ELAPSED (d) ELAPSED (d) ELAPSED (d)
] 0

0 Decayed Totals
. 0.00000€+00

0.00000E+00
0.0COD0E«00
0.00000E+00
0.00000E+00
0.00000E+00
0.0000CE«00
0.00000E+00
0.00000E+00
0.C00C0E+00
5.20634E-01
0.000GOE+00
0.00000€+00
0.0000CE+00
1.56355€+02
0.00C00E+00
0.0C0C0E«00
0.00000€+00
0.00000E+00
0.00000E+00
0.00C0CE+D0
5.82514€-01
0,00000€+00
0,.0C000E+00
0.0C0C0E+D0
0.00000E+C0
4. 93321-01
0.CO00CE~00
1.74208E+02
0.0000CE+00
0.C0CO0E+0D
0.COCO0E~00
1,14705€-03
0.C0000E-D0
0.0C000E~00
0,00000€-00
0.00C00E~00
0.00000E 00
0.00000E+00
0,00000E+C0
0.00COCE~CO
0.00000E+CO
0.000C0E«00
0.000C0E=00
0.00000E+CO
0.00000E 00
0.0000CE+C0
2.00000E«CO
0.00000E+CO
0.00000€+G0
0,00000E 00

Y 3214CE+02

ISOTOPES

H-3
Se-7
c-14
cr-51
Mn-54
Fe-55
Co-37
co-58
Fe-59
Ni-59
Co-60
Ni-&3
In-65
Sr-B9
Sr=%90
r-95
Te-99
Ru-103
Ru-106
Ag-110m
Sb-124
Sb-125
Te-125m
1-129
=13
1-133
Cs-134
Ca-136
cs-137
Ce-139
Ba-140
Ce-141
Ce-144
Pm- 147
Eu-154
Eus155
u-233
u-234
u-235
u-238
Np-237
Pu-238
u-238
Pu-239
Fu-240
Am- 261
Pu=241.
Cme 262
Pu-d42
Tm-243
[m-244
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Attachment 1.2

SAMPLE SUMMARY SHEET KUMBER Of SAMPLES=zze» 1
T/12193 TussTRESRLEE
srssnaTEserse
Today's Date SAMPLE No. CSAMPLE No. SAMPLE No. SAMPLE No. SAMPLE No. SAMPLE No,
3% DEMIN
DATE DATE DATE CATE JATE DATE
5715/83 7712193 711293 TII2/%3 711253 7712493
ELAPSED (<) ELAPSED (d) ELAPSED (d) ELAPSED (a) £LAPSED (d) ELAPSED (d)

1SO1CPES m Q e 2 1] 0 Decayed Totals
u-3 0.00000E+00
Be-7 0.00000E+00
c-14 0.00000E+00
Cr-51 0.00000E+00
Mn-5a 0.00C00E«00
Fe-55 0.00000E+00
Co-57 0.00C0CE+00
co-58 0.00000E +00
Fe 59 0.00000€+00
Ni-59 0.00000E«C0
Co-80 0.00000€E+00
Ni-63 0.0G000E-00
In-eS 0.00000€ +00
Sr-89 3.00000E+00
5r-90 B.8000E+02 &.BTVEIED2
95 0.00C0CE~00
Te %9 0.0000CE+00
Ru-103 0.0000CE+020
Ru-104 0.00000€+00
43-110m 0.00000€+00
55-124 0.00000€+C0
$b-125 0.00000€+00
Te:125m 0.,000C0E~00
1-129 0.0000CE+D0
-1 0.00000E+00
1-133 0.00000E+00
Cs-135 1.1300E-03 3. T635E-01
Cs-136 0.00000€+00
Cs-137 1, 4900F«04 1.33823E+04
Ce-139 0.00000E+00
ga-140 0.000C0E+00
Ce- 141 5.000C0E«00
Ce- 144 0.00000€+00
m-147 0.00000€+C0
fu-154 0.00000€+00
Eu- 155 0.00000E+00
U233 C.00000E=CO
u-234 3.00000E+00
u-235 0.00000€+00
u-2348 0.00000€+00
Np-237 0.00000E+00
Pu-218 0.00G00E+C0
u-238 0.00000E-00
Pu-239 0.00000E+D0
Pu-240 0.00000E «00
am- 241 0.00C0CE+00
Pu- 241 0.00000E+00
- 262 3.0000CE-00
Pu-242 £.00000E+00
£ 243 i 0.00000E+C0
n ek i 0.00000E+00
TAL2ed 141075804

|SOTOPES

-5
Be-7 Jr e o—
c-14
cr-51 g\l
MA-54 =3
Fe-55 S |
Co-57
co-58
Fe-59
Wi-59
Co-60
Ni-63
In-6%
Sr-B9
Sr-90
2r-95
Te:99
Ru-103
Ru- 106
Ag-110m
So-124
S$n-125
Te-125m
1-129
113
1-133
Cs-134
Cs-136
Cs-137
Ce-139
Ba-140 H
Ce-141
Ce- 144
Pm- 14T
Eu-154
Fu-155
u-233
u-234
u-235
u-236
\p-237
Pu-238
1-238
V- 239
Fu-240
as-241
Fu-241
Cm-242
Pus242
=243
Cm-264

|

| Sheet No
4
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/1777
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MITS INCH sasszszuITe T3sazrsmsEaEEE

1.0, NUmBER

CF NAME=»®A® QEMIN, AA114 ADJUSTED
IRPUT LNIY PERCENT (%)  ACTIVITY ADJUSTED WITHOUT

ISOTCPE  ACTIVITY of Total FER CURIE ACTIVITY (mCi)  CAUGHTERS (=Ci)

7/12/93

Today's Date

NRC REPCETABLE
1f > 1% of Sr-90/Cs-137
TOTAL ISOTOPES RATIO

R A R R AT SN NN ISR I IR N E SN IR T AR s=uz =am

H-3 ko 3.00000 0.C0E+CO **= EaR ] ERR
c-14 man 0.00000 0.C0E+00 °°° ERR ERR
cr-51 iy 2.000C0 0.00E+00 === ERR ERR

A fd e

4 Mn-54 ko) 0.000C0 0.0CE+D0 **~ ERR ERR
5 fe-95 kel 0.0C000 0.00E«00 *°* ERR ERR
& Co-58 aue 2.00000 0.00E+00 *°* ERR ERR
7 Co &0 S.21€-01 see 0.07967 T.OTE-G4 o~ LRR ERR
8  wi-43 refelng 0.0Cc000 0.0CE«00 *** ERR ERR
9 Tness iy 3.00000 0.0CEQQ *°* ERR ERR
10 sr-89 A Q.0C000 J.00E«00 *°* EAR ERR
JF2TS4 Z.39E-0) *e ERR EaR
27rse 2.35E-01 = EWR sissssrzzsE=iss
00000 0.00€+pgQ oee ERR ERR
.C000D 0.0GE~00 *°* ERR ERR
.00000 D.00E+00 vee ERR EeEsAANEEIRLEE
.000Co 0.0CE«DQ o0 EAR ERR
17 ag-110 “ew 0.00000 0.00E+0Q *°* EER SIEEEsIESENIELE
9.83E-01 oo 3.08914 B.91E-04 *"* R (1}

e

.

.

.
[T

-
3
.
-
.
[S I = I = I R )

<
-
* O
o
e
9

- I5E-01 **° 0.020%9 2.G6E-Cs o=® ERR ERR
20 19 et 2.00000 0.00E+00 === ERR ERR
JTIE-OT vee 2.0754%
1.74E02 *°* 25.65964
1.45E+02 ooe 25.22602
2% Ce-14) e G.00000
+ATE-QY oo 0.60018

~
-
o
-
b7
&

S5E-04 %o ERR EAR
STE-DY *%¢ ERR ERR
L9ZE<Q) *ee ERR IICENIESUNENESE
.00ge00 *** ERR ERR
B =l L ERR (21
4 «S5E-(8 see (%1 12IEEEITETIITAL
ToNp- 237 oo J.000C0 GOE+(0 *ee AR ERR
8 Pa-213 ase 0.0C000 D0E-00 o= (1] ssrssvazmRsEYE
7

1}

(R
[P v
w o
- v
e
~d
E]

.‘
I
s

..
T
;o
2

ATELDS vre 0.00000

OO P - O R

0,00000 3.GOE+CQ =o" EeR EAR

Pur2i? i 1.000C

GE+CO *** ERR EaR
CE+CO *** ExR ERR
CE+0Q ®** EAR ERR
3.00€+G0 voe (1T} EaR
Q.00€+00 *= E2p EAR
3R £aR
£ae ERR
PwR EsR
ERR ERR
ERR Ear
ERR ERR
faR E&R

] R ——

0
Pu 261 e 1. 000060 3.0
O

£s3

FoR fa
ERR £aR
£aR £RR
PRI RN EIECEVSSEITESNNNCSYSOIENGIsOREaTRRAEY

1OTALS s o S345E02 Co 104 oA v oEARAR =

00.60 GoU0S C: ERR =Ci ERR mCh

R e T R LR R P e T I T o]

|
]
Attachment 2-!
NCRMALIZATION WORKSHEET (1 Ci)
CALCULATED IseETINwAEY szEEszsxzeEses
ERPOSURE RATE FER Cines mR/h  ACTUALzs=>» 1L

ERR N3 * ERR *
ERR  C-14 eevevessessnen
ERR  Cr-51
ERR  Mn-54
ERR  Fe-55
ERR  Co-58
ERR  Co-60
ERR  Ni-63 map e
ERR  In-85 AN
ERR  Sr-89 b
ERR  Sr-%0 2
zaasseacmanses  Y-90 Q
ERR  Tc-99 2 ’,,
ERR  Ru-106 ;\ £
ssawssswzasnes Rh-104 a
ERR  Ag-110m e a]
=xssmsseswsass Ag-110 !
ERR  Sb-125 é !
ERR  Te-125a
ERR- - 1-129
EAR Ca-134
ERR Cs-137 @
sszsszeanszzax Ba-137m b
EAR  Ce-141 :
ERR Ce-l4é o
szasssssxrasss Pr-Y4ém ‘a ,,"
ERR  Np-237 g ;'-',:, 5
szzszyzzmzsuax Pp.21% n 2 (_-'_- E
ERR  Pu-238 -
AT L 3ol
EAR  Pyu-241 N
ERR Am-21 @ i
ERR  Cm-243 = }
R U235 = ;
g u-2318 8 | 3
EER Pu-240 e
EAR - U-23 i
ERR  Pm-147 |
ERR  Eu-154 Bl
ERR  Eu-155 i £t
ERR  u-236 Sy
savesxssmesscsx Pr-14d | v f
EaR ca-2e2 hw | D
gar ca-2¢c (O [= |
e @i |
.n.e..u.u.....u....ﬁ ii = e
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Attachment 2-2

NOEMALIZATION WORKSHEET (1 Ci)
tEsEsaaEINEZREN
ACTUAL=z=» m/h

IETESINEASTEEE

CALCULATED
EXPOSURE RATE PER Cine»
UNITS ix=CH

tEswRsEEIEa

®/h

EINEEEEIERE

7112/93

ErSABFARFTEANE

ioday's Date

1.0. NUMBER
02 MAME=>48" DEMIN, AX115 ADJUSTED NRC REPORTABLE

INPUT UNIT PERCENT (%)  ACTIVITY ADJUSTED wITROUT 1f > 1% of Sr-90/Cs-137
1SOTOPE  ACTIVITY of Total PER CURIE ACTIVITY (mCi)  DAUGHTERS (mCi) TOTAL iSCTOPES RATIO

O RN NI I NN ENCETIIITI NN TEEEIICINISSYINCECIINNINCITINIOESEFANCICEICEISSESEISSESZEIEOfeecldeeseses
1 H-3 aw

0.00000 0.00E+00 *** ERR ERR EaR A3 ¢ EFR *

c-14 sew 0.00000 3.00E+00 **» 1] £RR ERR L 14 evwesseserenes
3 Cr5) eee 0.00000 0.,00€+00 *=* ERR ERR ERR  Cr-S1
& Mn-54 oo 0.00000 - 0.00E+00 *** ERR EBR ERR  Mn-S4&
5 Fe-55 soe 0.00000 0.D0E+00 *** ERR AR ERR  Fe-55
6 Co'S58 see 0.00000 0,00€+00 *** 11 &R ERR  Co-58 S
7 Co-60 e 0.00000 0.00E+Dg wee ERR ERR ERR  Co-80
3 Ni-ed ses  0,00000 0.00£+00 *** £RR ERR ERR  Ni-83 g\ >
$  Inés e 0.00000 0.00E+00 =*= ERR ERR ERR  In-65 “S{
10 Sr-8y sew 0.00000 C.00E+D0 **= ERR £RR ERR  Sr-89 2 3l 2
1 Sr-90  6.88E402 *ve 2.50577 2.S1E=00 bee ERR £RR ERR  Sr-90 R0, BN
12 Y90 4, BRE+(2 vee 2.50577 2.51E-02 *°»* ENR TEsasvssasIEECE zzzszzazsczaxx  Y-0 !\ a“
1% fc-99 vee 0.00000 0,00E+00 *** £RR £ ERR  Tc-99 25 s S
1% RS 106 e 0.00000 0.00E+00 oo TeR £RR ERR Bu-108 g :
15 #h-104 - 0.0C000 0.00€+00 ==~ FRR crsEeEsETsYRIES rezzssazszsssz Rh-106 -
16 #3-110m sue 9.00000 0.00€+00 **= fER £RR ERR Ag-110m § Q
17 Ag-110 eon 0.00000 0.00€+00 ** EAR  sssmmszsseessss  coszeazezsases Ag-110 e
18 Sh-125 e J.00000 0.00E+0Q *o= EeR ERR ERR  Sb-12%
19 Te:125m oo 0.00000 0.00E+00 **= £22 (111 ERR Te-12%m “w
20 1129 ses  0.00000 0.00E00 *» £RR £2R ERR 1-129 =
21 Cx-136  3.T2E+01 wue 3.135% 1.35E-03 = £RR 1T] ERR Cs-134 =
22 Cs-137 1.34E404 oor 48.74260 4.8TE-0Y o~ ERR ERR ERR Cs-137 = -
23 Ba-137m  1.27TE«04 ®** 46.110%0 4.81E-01 o= ERR ssysrEsazsassss  cyssssszaaszs Ba-137m @ e
4 Ce-14t b 9.00000 0.00£+00 *=* £RR £aR ERR  Ce-141 g 3;-‘ §
25 Ce-144 nes 0.00000 0.00E+00 *** o £RR ERR Co-14d iy A
28 Pr-Yiem aee 0.00000 0.00E+00 *** am YIaET ETReEEITETE sssxsssesaseas Pr-l4ém (=] ___" _.__'_i
27 Mp-237 *sv  $.00000 0.00E00 *** £Rm €5 ERR  Wp-237 =
28 Pa-21}) g a.00000 0.00E+00 *ve FER IFEEEEEEESIERNRD rzasezssssrzxs Pa-233 5 ' =~
29 ru-238 e 0.00000 0.00E+00 *** ERR £RW ERR  Pu-238 42 jiison
30 Pur239 ses  0.00000 2.00E+00 *=2 xR o0 ERR  Pu-239 S iZ
31 Py-241 see 2.00000 2,00E+00 * ERR xR ERR  Pu-241 i ;__:
32 am-261 e 0.00000 0.00£+00 **+ 1] £RR ERR Am-241 G
55 cm24d e 0.00000 0.00E+00 **= ERR £s) ERR  Cm-243 S
3% U238 e 0.060000 D.0DE0O *= ERR £RR ERR  U-235 .=
35 u-238 0.00000 0.COE+DO *** ERR ERR ERR U-238 =
38 Pu-240 ot 0.00000 0.00E+DD *** £3% iRR AR Pu-240 =
37 u-2%4 wes 0.06060 0.00E+00 oo ERR £9R R 2% 1 L
18 Fmole? wes 03,0000 0.00E+00 ==+ £8R £3R gar pmerer 8 “';’?;
39 Fus 154 S 3.00000 0.00E+00 4 £QR ERR ERR  Eu-154 .2 =~
4D Furtss s+ D.00000 0.00€+00 === ERR /R ERR  Eu-155 Q| =z
4 U3 e 0.00000 0.00E+00 *=* £aR ERR ERR U236 - = m
42 Pretlsk i 0.00000 0.00E+00 **= ERR ssremissiTEREEs  ssasssTerEnsEs Preldd z - o
43 (w2482 e 0.00000 0.00E+00 *o® IRE 11 ERR  Cm-242 - ‘é
4 [m- 24k b 0.00000 0.00€+00 *= PRR ERR ERR (m-248 oo @
45 - Lty 0.00000 0.00£+00 *** 11} 21 ERR E ! -' !E &
el L L T e T e s b m—

T0TALS==22 74

5%Ee04 €1

100,00

1.0000¢ Ci

ERR =1

ERR mCy

IR TEINEER T IALEEETSCRESTERTSERETT




Attachment 3-1

N

Hall
way

e Bt

]
o L
e
W
)
RETTRLCT I TR "
= w
-
RUSCTPY eaT k|
CTI BT Cr T
bl
-
”
& -
v arrs e
e n

LLGIND

*5'6"

] mieramt waitio

...u._ B vy sares =

oo Mo ¥ e ]

Door

Demin,
B
O

3

‘ Epmevatud SEsT = §
sml WAy e e

-]
- 5 ceusir FuL Ratie
z

 vas sEames miie Sy Teas

A i

o pod
ittt - X - -'l‘ .
; , -nnAHu-._ — aran —— pe————
=y S 70 AUNEART B PUCL RAMD S SUR D
3 U = - |.-!~. T T s ey ant et FLoom Pyam €L elE
: T 2 o e et B " oo vam o ey
=t ARl B tais  mee ) Coh T 0K e o COrT oW 8 L 00
1 Jgt.ﬂ..u...r.n L,u“inl - e -r I-l.wr_u....c. v P Jvvien = ﬁL t— { 1 _ " Toms mmd s pmren =
qe- i 5%t . i
o R - PR
" 3 = :
..w!. o _ N it _. L 1
e w . i,
1 -t’- e e (|12 &
" - j| | mmns _n =
anie M 0 _ | nly
- > _ ‘
e e ..LLL

m\\w e fibiaf

Nnu;.ndh\m..ﬁ

ON Weus | o amy | o g |

199ys uone(naey

T = DS e
mm\mx.mu‘u f(...J,.L“ M;!]l sl
! e

(¢ ouv vIIxXy nelung

v ._NQ,_OTZ_ mm m_



[d7INuclear

Attachment 2-2

Calculation Sheet.

Suoma Ax114 and AX11S Curte Cakc No  Pov. Mo '5""8""“ 5(1
Loaging 4240-3223-33-015 1 IS o
Revewed Oy

8. Brosey 3/8/93

3. Lccceﬂlt M,

7o /fo3

)
{ ")
‘ J £
| _"_\
EE | -
- —
"——13'——-1 - 166" jom5 ' 2" =
Demin * Demin
e R el B ;
& e = 4’ | = r=5"—
e e 7T B : ;
;3_ s.1r! < j
—— |04t : R _""\,,I"—i—, Hall
b 4 { e .4{' Way
- . 4 :
>Door 13| Door\/
—Lul [-.- 1 i -':“
l
* =56
Jﬂ-f North L\x\-‘ f




[dd7INuclear

Attachment 3-3

Calculation Sheet

Subect  1x114 and AXI1S Curie j Cale No j e Mo | Shemt <4
] Loading | 4240- 1233 93-015 1 Of 5
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BOTTOM LATERALS

* 12 TOTAL
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® J/din ® 304 8BS
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3233-33-01
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Attachment 5-1

Microshield @atch Run Log

Batch Run Started on Wednesday, Septesber 8, 1993 at 1:02 p.m,

FILE

AHIGHDEM
ALOMOMIN
AMIDOMIN
AMIDOMIN
ANIDCHIN
AMIDONIN
AMIDDMIN
AMIDOMIN
BHIGHDEM
SLOMDEN]
BMIDOEMT

Zeougsaunny
 Oh g - Oh - AA O

.
4e @n st as Su wa se 4b we a6

OV DMV A A 3
-rgmmo--mgth

NN NN NN NN N NN
WA B et s ot il ol il i i
BLERRRRTVER
TYPPPEEDEOD

ws ose wa w

Six cases initially in the gueue.

eR/hr w/BUILDUP

1.526e+001
1.822e+001
1.673e+001
&, 76Te+001
3.178e+001
2.185+001
1.561e+001
1.153e+001
3.619+000
8.496e+000
5.107e+000

SENS, CYCLE

(n/a)
(n/a)
REFERENCE
10f §
20f 5
Jof 5
4of5
Sof 5
(n/a)
(n/a)
(n/a)

Batch run completed on Wednesday, September 8, 1993 at 5:17 p.m.

TOTAL EXECUTION TIME: &:15:22

210/83

Ryt S Y

Rev. o Shost Mo

4240-3233-93-015
Revepesd by
G. Lodde A

Caic Mo

Calculation Sheet

9/8/93

=

AX114 an¢ AXl1l5 Curie Loading

B. Brose

Ongenasor
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Page

MicroShield 4.C0 -

0OS Flle: ALOMDMIN.MSL
Run Date: July 27, 1993
Run Time: 11:07 a.m. Tuescay

Duration:

Haterial Source Shield 1 Transition Air Gap Immersion
Shield Cylinder Shield Shield
Air 0.00122 0.00122 0.00122
Carbon 0.7443
fron 0.1485 7.86
Ursnium 0.0034
Water 0.1405
BUILDUP
Method: Buildup Factor Tables
The material reference is Shield 1
INTEGRATION PARAMETERS
Cuadrature Order
Radial 2
Circumferential 22
Axial taleng 2) 2
SOURCE NUCLIDES
Nucl ide turies aCifea'3 Suclide curies altfem’3
Ba-137m  2.5200e-001 &.&493e+0010 Ce-144 1.7900e-006 3.1604e-004
Co-60 T.9700e-00&4 1.5072e-001 Cs-134 7.5500e-004 1.3330e-001
Cs-137 2.6700e-001 4.7142e+001 Pre1éé 1.7900e-0C4  3.1604e-004
Pr-14im  2.5500e-008 &.5023e-006 Sb-125 8.9100e-004 1.5732e¢-001
Sr-90 2,3900e-001  <,2158e+001 Te-125m  2,.0400e-004 3.58371e-002
150 2.3900e-001  4,2198e+07
SEsTIFNCEEwIsErRRTIEEFEREcTIwss RESULTS ceroessecassccessrsIsEssssSSETIan
Energy Activity Energy fluence Rate Exposure Rate In Air
(MeV) (photons/sec ) (MeV/iq cmusec) (= /hr)
%o Buildup With Bullckp No Builcun With Buildup
0.1 1.076e+005  1.758e-003  2.975e-003 2.888¢c-0.5 4.552e-006
0.1% 8,989e+004  6.280e-003  1.212¢-002 1.034e-005 1.995e-005
0.2 2.502e+006  3,234e-001 &£.507¢-001 5.711e-00&4  1.148e-003
0.3 1.476e+005 - 3 .£8BBe-002 7.199e+002 6.995¢-005 1.3&4e-004
0.4 1.032e+007  3.898e+000  7.198e+000 7.595e-003  1.403e-002
0.5 3.821e0006  1.9586+000 3,417¢+000 3.843e-003  &.708e-003
0.4 B,4360+009  5.514e+003  ©,161e003  1,076e+001  1.788e+001
0.8 2.630e+007  2.504e+001  3,857e+001  4.767€-002  7.334e-002
1.0 3.027e+C07  3.844e+001  5.508e001  7.088¢-002  1.034e-001
B 3.034e4007.  6.414e+001 - 8.563e+001  1.079e-001  1.441e-001
2.0 5.126e+002  1.535¢-003  1,955¢-003  2.3730-008 3.023e-G06
TOTAL: " 8.539ee0D9 & siBeel93 - 9.353eefi03 1. 100ee00) $.B32e+0M

0:25:06

Attachment 5-2

GPu

Serial #é.

0G-00247

File Ref:

Cate:

Chtci:;t At \ﬁ“‘ﬁ

Case Title: MAKEUP DEMIN AX114 & AX115

GEOMETRY 7 - Cylinder Volume - Side Shields

Dose point coordinate X:
Dose point coordinate f:
Dose point coordinate 2:
Cylinder heignt:
Cyiinder radius:

Shield 1:

Alr Cap:

Source Volume: S463.79 cm'3

centimeters

176.34
68,58
0.0
1.94056
30.48
0.435
145,225

200015 cu fr.

feet and inches

5.0 V.6
2.0 3.0
0.0 .0
0.0 .8
1.0 .0
0.0 .3
4.0 v.2

345.625 cu in.

MATERIAL DENSITIES (g/cm’3)

Calculation Sheet

[d7INuclear

R o SY

Rev. No Sheet No

1

Cale No

4240-32313-593-015
G. Lodde

Aeveewed by

|Subect  A¥114 and AX115 Curie

- 9/8/93

| Dae

=S |

Loading

Ongnator
B. Brosey

i




MicroShield 4.00 -

Fage { S |
DOS Flle: AMIDOMIN, M54
Run Date: July 27, 1993

Run Time: 11:33 a.m. Tuescay

Durastion: 0:25:50

Attachment 5-3

Serial #4.00-00247

File Ref:
Date: /4

By:

Checkea:

Case Title: MAKEUP DEMIN AX114 & AX115

GECMETRY 7 - Cylinder Volume - Side Shields
feet and inches

centireters
Dose point coordinate X; 176.34
Dose point coordinate T: 68,58
Dose paint coordinate I: 0.0
Cylinder height: 1.94056
Cylinder radius: 30.48
Shield 1: 0.635
Air Gap: 145.225

Source Volume: 5683.79 cm'3

Material Source
Shield

Alr

Carbon 1.4927

Iron 0.2176

Uranium 0.0073

vater 0.2811

Rodial
Circumfe
Axial (a3

Nuclide curies

Ba-137m  2,.5200e-001
Co-80 7.9700e-004
Cs-137 2.6700e-001
Pr-14ém  2,5500e-008

Sr-90 2.3900e-001
Y90 2.3900e-00C1
FENSFRSINENZNEAIITIANS
Energy Activity

(MeV) (photons/sec )

1.076e+005
3.989e+004
2.502e006
1.474e+005
1.032e+007
3.82Ve+006
B.436e4009
2.630e+007
3.027e-007
3.035e007
5.126e+002

w

Pt e HDODOO0OO0DO

DO D N W -

.200015 cu

‘\"J

.0 9.4
2.0 3.0
0.0 .0
0.0 .8
1.0 .0
0.0 3
4.0 9.2

ft. 345.425 cu in.

MATERJAL DENSITIES (g/em'})

Air Gap [omersion
Shield

0.00122 0.00122

Shield 1
Cylinder

7.8

Transition
Shiela
0.00122

sulLour
Method: Buildup Factor Tables
The material reference is Shield 1

INTEGRATICN PARAMETERS

Cuadrature
22
rential 22
leng 2) 22
SOURCE WUCLICES
aCifem™3 Nuclide
4,6453e+ 000 Ce- 144
1,4072e-001 Cs-134
4.7142e001 Pr-144
&£.5023e-006 5b-125
&.2198e4001 Te-12%a
4£.2198e+001

sszesxsza  RESULTS

Energy Fluence Rate
(Me¥/sq cm/sec)

No Bullduo with Bullcup

.26Te-003
.673e-003
.479e-001
J924e-002
. 159e+000
5£13e+600
402e+003
213404001
.323e+001
LLBLe+ 001
.382e-003

R i B R P

2.195e-003
9.4B4e-003
5.3465e-001
6.274e-002
£.44ker000
1.104€+000
8.405e+003
3.578e+001
5.e34e°001
3.079e+-001
1.8582-003

Order

curies
1.79C0e-006
7.5500e- 004
1.790Ce-006
8.9100e-004
2.0400e-004

#Cifem'3
3.1604e-004
1.3330e-001
3.1604e-004
1.5732e-001
3.6371e-002

Exposure Rate In Air

(mR/hr)
Wo Buildup With Builcup
1.938e-006 3.359e-006
7.696e-006  1.562e-005
4.376e-004  9.476e-004
5.546€-005  1.190e-004
6.156€-003  1.256e-002
3. 166e-003  4.097e-003
2.983e+000 1.64%ec001
4.058e-002 6&.806e-002
4.125e-002  9.648e-002
9.563e-002  1.359¢-001
2.137¢-006  2.B74e-006

“

3
=
-

2.35%0-0(19

o 10ee0Y

T SELne003

v 191ae 000

1.473c+0M

Calculation Sheet
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Attachment 5-4

Microsniela 4.00 - Serial #4.00-00247

GPu
Page =>4 File Ref:
DCS File: AHIGKDEM.MSS Date: I%_ -b
Run Date: July 27, 1973 By: v
Run Time: 10:42 a.m. Tuescay Checked: O

Durstion: 0:26:07
Case Title: MAKEUP DEMIN AX114 & AX11S

GEOMETRY 7 - Cylinder volune - Side Shields

centimeters feer ana irches
Dose point coordinate X: 176.34 5.0 9.4 e )
Dose point coordinate Y: 68.58 2.0 3.0 )\
Dose point coordinate 2: 0.0 0.0 .0 / "‘
Cylinder heignt: 1.94056 0.0 .8 7 1N\
Cylinder radius: 10.48 1.0 .0 =
Shieid 1: 0.63% 0.0 3 3 o
Air Gap: 145.225 4.0 9.2 I ‘ti’D .§
o
Source Volume: 5663.79 ca'3  .200015 cu fr.  345.625 cu in. «; 3
MATERIAL DENSITVIES (g/cm’3) 2 —_
Material Source Shield 1 Transition Air Cap Icmersion é
Shield Cylinder Shield Shield
Air 0.00%22 0.ec122 0.00122 ] §
Carbon 2.239
Iron 0.2868 T.B6
Uranium 0.0109
water 0.42%8 §
sulLDUP

Method: Bulldup Factor Tables
The material reference is Shield 1

G. lLodde

| 4240-3233-53-015

Reviewsa by
H

INTEGRATION PRRAMETERS
Cuadrature Order

Radial 22
Circumferential 22

Calculation Sheet
i Caic No

SOURCE WUCLIDES
Nuclide curies “Cifem'3 wuclide curies aCi/em’3
L.84T3eel0 Ce- 144 1.790Ce-006 3.1604e-004
Co-60 7.9700e-004 1,4072e-001 Cs-13& 7.5500e-00&4 1,3330e-001
Cs-137 2.8700¢-001 &,71420+001 Pre1ée 1.7900e-006 3.1604e-004
Pr-14im  2.5500e-008 4.5023e-006 5b-12% 3.9100e-0G4 1,5732¢-001
4

|

\

|

|

‘ Axinl (along 1) 22

Bas137m  2.5200e-001

AX114 and AY115 Curie

Sr-%0 2.3900e-001  £.21580+001 Te-125m  2,0600e-004 3.437Ve-002
Y-90 2.3900e-001 & 2198e+001

FRESRATERCESUETIOSATEOIsTEacTaN  RESULTS errrscsseswrsresvsessTmsscevess

B
«
Energy Activity fnergy Fluence Rate £aposure Rate In Air 2 1 i
(Me¥) (photons/sec ) (Mev/sq cnysec) (*R/hr) (4] ; E'I I
No Buildup With Bulldup No Buildup With Builduo : ’ AR H
0.1 1.076e+005 7.847e-004  1.404e-003 1.476e-006 2.597e-006 i = =
0.15  5.989e+00%  3.629¢-003  7.509¢-003  5.973¢-006  1.253e-005 & 33 ¢
0.2 2.502e+006  1.964e-001 <.472¢-001  3.467e-004  7.393e-004 | g ©
0.3 1.474e+005  2.378e-002  5.456e-002 4,506e-005  1.035e-004 c i§ &
0.4 1.0320+007  2.511e+000  5.736e+000 5.082¢-003  1.118e-002 g lg ]
0.5 3.821e+006  1.351e+0C0  2.B0Se+000 2.852e-003  5.506e-003 2 |5 -
0.6 8.436e+00%  3.396e+003  7.5850003  7.605e¢000  1.40e+001 IS A
0.8 2.63004007 - 1.237e+001  3.30%5e-001 3.493e-002  6.226e-002
1.0 3.027e+007  2.897e+00%  &,871esD01  5.340e-002  B.97Be-002
1.5 3.034e+007  5.067¢+001  7.£03e+001  8.525e-002 1.27%e-001
2.0 5.1264002  1,2:9¢-003  1,.75%e-003  1.932e-006  2.724e-006
TOTAL:  3.539e«009 3 798es003  7.B32€4003 7.,  w-LdD  1.526e+001




Attachment 5-5

MicroShield 4,00 - Serial #4.00-00247

¥
Page (O | File Ref:
00S File: BLOWDEMI.MS& Cate: "
Rur Date: September 8, 1993 By: v
Qun Time: 5:00 p.m. Weonesday Checiked: 3

Duration: 0:16:54
Case Title: MAKEUP DEMIN AX114 & AX11S

GEQMETRY 7 - Cylinder Volume - Side Shields

centimeters feet and inches

Dose point coordinate X: 270.97 8.0 10.7
Dose point coorainate Y: 48,58 2.0 3.0
Oose point coordinate 2: 0.0 0.0 .0
Cylinder height: 17,2212 0.0 5.8
Cylinder radius: 50.96 2.0 .0

Shield 1: 0.835 0.0 .3

Afr Gap: 209.37% 6.0 10.4

Source volume: 201050. ca’3 7.1 cu fr, 12248.8 cu in.

MATERIAL DENSITIES (3/cm 3)

Hsterial Source Shield 1 Tranaition Air Gap [smersion

Shield Cylinder Shield Shield
Air 0.00122 9.00122 0.00122
Carbon 0.7463
Iron 0.0931 7.88
Uranium 0.0007
water 0.1405%

BUILDUP

Method: Bufldup Factor lables
The material reference is Source

ssetaveEne cw“m ELL L LT
This buildup reference matertal is a mixed material with a high atomic
rurber element (91). Buildup Factors less then snd somewnat greater

than 11] kev may be incorrect. 7
R AL e L e R L L T T T )

INTEGRATION PARAMETERS
Jusdrature Order

Radial 22
Circumferential 22
Axial (along 2) 2

SOURCE NUCLIDES
Nuclide curies #Cifem’3 Nucl ide curies #Cifem'}
Ba-137m  &.6100e-001 2,293Ce+000 Cs-134 1.3500e-003 &.71432-003
Cs~137 4.8700e-001 2.422%e+000 Sr-90 2.510Ce-002 1.24B84e-001
LR ] 2.5100e-002 1.2484e-001

FESESECIFEISSERARETERITIRYSSass  FESULTS srxavsssssswsssssersszsrezszass
Energy Activity Energy Fluence Rate Exposure Rate In Air
(Me¥) (photons/sec ) (Mev/sq cm/sec) (mR/hr)

No Buildup With Bulldup Wo Builoup With Buildup

0.3 1.7680+004  5.2Ble-004 2.415¢-0035  1.002e-006  4.582e-006
0.5 7.293e+005  5.043e-002  1.4693e-001 9.937e-005  3.323e-004
0.6 1.541010  1.434e+003 &, 334e+003 2.799e+000  B.459e+000
0.8 £.702e+007  6.925€+000 1,802e+001 1.317e-002 3.428e-002
1.0 1.399e+006  2.937e-001  6,892e-001  5.413e-004 1.270e-003
1.5 1.518e+006  6.021€-001  1,192e+000  1.013e-003  2.006e-003

10TAL:  1.566e010 1.242¢+003  2,354ev003  2.B14e+000 B.406e+000

Calculation Sheet

[{dMNuclear

sy
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7

7
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MicroShield 4,00 -

Page : 1
0OS File: BMIDDEMI . MS&

fun Date: September &, 1993
Run Time: 5:17 p.m. WVednesday

Surstion: 0:17:02

Case Title: MAKEUP DEMIN AX114 & AX115

GEOMETRY 7 - Cylirder Volume - Side Shields

Attachment 5-6

Serisl #4.00-00247

File Ret: :
Date:
; a7
checke: ﬁ\«\

centimeters
Dose point coordinate x: 270.97
Dose point coordinate Y: 48.58
Dose point coordinate 2: 0.0
Cylinder height: 1r.2212
Cylinder ragius: 50,96
Shleld 1: 0.635
Afr Gap: 209.375

Source Yolume: 201050, ¢m'3

Material Source
Shield

Air

Carbon 1.4927

Iron 0.107

Ursnium 0.0015

Water 0.281

Nethod: Buildup Factor Tables
The material reference is Source

LA TR t‘u"m EALL L DAL Sl
This buildup reference material is a mined material with a high atomic
mmber element (91). Buildup Factors less than and somewhet greater
Flease understand your results!

than 113 kev may be incorrect.

Eadial
Circumte
Axial (a

Nucl ide curtes

8a-137m  &,5100e-001
Cs-1587 ~.8700e-001
¥-90 2.5100e-002

FEREREATESNANENERFERAN
Enerqgy Activity
(MeV) (photons/s=c

MATERIAL OENSITIES (g/cm’3)

Shield 1
Cylinder

7.8

7.1 cu fr. 12268.8 cu in,

Tramsition
Shield
0.00122

BUlLDW®

feet and inches

do of \fy

8.0 10.7 <

2.0 3.0 1 é
0.0 .0 =t Sl
0.0 6.8

2.0 .0 e i

0.0 3 §

6.0 10.4

My Fot

23
c
- .
Air Gap lmmersion ".
Shield el o A
5.00122  0.00122 8| = Eg
wisig S
cl¥s
-] i:.._“"
-
s |
=
. D ' =
-] s =
o 3z

INTEGRATION PARAMETERS
Quadrature Order

rential
long 1)

a2
22
22

SOURCE NUCLIDES
Nucl ide
Cs-134

“Ci/em’3
2.2930e+000
2.4223e+000
1.288%e-000

swsswszax  RESULTS

Sr-90

Energy Fluence Rate
(MeV/sq cm/sec)
No Buildup With Buildup No Buildup With Buildup

-9’\8"“‘""}——1

114 and AX11% Curie Loading

Ovnpnator
B. Brosey

curies 4Cifem’3
1.3500e-003 6.7148e-003
2.5100e-002 1.24B4e-001

[{dINuclear
| Saabeact
| ax

|

NN RIS TSN EE L

Exposure Rate In Air
(mR/hr)

0.3 1.768e+004 2.907e-006 1.4140-003  5.514e-007 2.682e-006
0.5 7.293e4005  2.822¢-002 1.009e-001 5.530e-005 1.981e-004
0.6 1.541e+010  B.042¢4002 2.605¢+003  1.570e+000 5.08Le+000
0.0 4.702e+007  3,9300+000 1.100e+001  7.475e-003  2.092e-002
1.0 1.399e+006  1.586e-001 &.284e-001 3.107e-004  7.880e-004
1.5 1.518e4006  3.546e-001  7.402¢-001  5.967e-00&  1,279e-003
TOTAL:  1.546e+010  §.087¢+002 2.517es003 1,57Be+000  5.107e+000



MicreShield 4,00 -

Page 23
DOS File: BHIGHDEM.MS4

Run Date: September 8, 1993
qun Time: 4:43 p.m. Veanesday

Ourstion: 0:17:06

Attachment 5-7

oGPy

Serial #4.00-00247

File Ref:
Date:

y:

Checked:

Case Title: MAKEUP DEMIN AX114 & AX11S

GECMETRY 7 - Cylinder Volume - Side Shields
centimeters

Dose point coordinate X;
Dose point coordinate ¥;
Dose point coordinate I:
Cylinder height:
Cylinder radius:

shi
Ab

Source Volume:

Materiai Source
Shiela

Atr

Carbon 2.23%

lron 0.1208

Lranium 0.0022

water 0.4218

eld 1:
r Gap:

270.97

68.58
0.0

17.2212

60.96
0.635

209.375

201050, c@'3 7.1 cu fr.

\q’:

feet and inches
8.0 10.7

.0 3
.0
.0 6
.0
.0
.0

coNvNOoOoON

10

.0
.0
.8
.0
3
&

12268.8 cu in.

MATERIAL DENSITIES (g/cm'3)

Shield 1 Tramsition Air Gap Immersion
Cylinder Shield Shield
0.00122 0.00122 0.00122
7.8
BuUlLDUP

Method: Buildup Factor Tables
The material reference is Source

tTesessenes Cw"m LAE A2 2T ]
This builowp reference material is o mizxed material with a high atomic
rumoer element (91). Bulldup Factors Less than and somewhst greater
than 113 keV may be incorrect, Plesse understand your resultsi

L -

Andial
Circumte
Axisl (a

Wucl ide curies

B0-137m  4.6100e-001
Cs-137 5.8700e-001
1-90 2.5100e-002

CEENETESFNEVESESENSENT

Energy Activity

INTEGRATION PARAMETERS
Quadrature Order

rential
long 2)

2
22
2

SOURCE NUCLIDES

aCl/em’3
2.2930e+000
2.4223e+000
1.248%e-001

ssaszeses QESULTS

Wucl ide
Cs-134

curies
1.3500e-003

Sr-90 2.5100e-002

Energy Fluence Rate

uCifem’3
6.7148e-003
1.2484e-0010

Exposure Rate In Air

(MeV) (photons/sec ) (MeV/sq cm/sec) (mR/hr)
No Buildup wWith Buildup Mo Buildup With Buildup
0.3 1.768e+00&  2.003e-004 9.9%1e-G0& 3.800e-007 1.886e-006
0.5 7.293e+005 1.952e-002 7.133¢-002 3.832e-005 1.400e-004
0.6 1.541e+010  5.575e+002 1.846e+003 1.0882+000 3.503e+000
0.8 4.702e+007 2.735e+000 7.331e+000 5.202e-003 1.490e-002
1.0 1.399e4006  1.177¢-001  3.050e-001 2.170e-004  5.423e-004
1.5 1.518e+006  2.40Be-001  5.456e-001 4.2038-004 9.247e-004
10TAL: 1.546e4010  5,6060+002  1,855e+G08 1.094e*000 3.619e+000
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CASE

-

= DO~ N -

Attachment 6-1

MicroShield Batch Run Log

NN S ENISAEEEIEW

Satch Run Started on Wednesday, Septemoer 8, 1993 at 1:02 p.m.

FILE

SEEENANE

AW IGHOEM
ALOWODMIN
AMIDOMIN
AMIDOMIN
AMIDOMIN
AMIDOMIN
AMIDDMIN
AMIDOMIN
BHIGHDEM
SLOMDEMI
BMIDDEM]

Six cases initially in the queue.

GEOM

NNNNNN NN NN

START TIME
sammmEsnus
1:02 p.m.
1:28 p.m.
1:54 p.m.
1:54 p.m.
1:5¢ p.m.
1:5¢ p.;.
1:54 p.m.
1:54 p.m,
4:26 p.m.
4:43 p.m.
5:00 p.m.

ELAPSED mR/hr w/BUILDUP

IITWENSE IETEEFESENSSRIEE

0:26:06  1.526e+001
0:25:06 1,822e+001
0:25:52 1.673e+001
0:51:11  &4.767es001
1:16:21  3.178e+001
1:41:30 2.185e+001
2:06:42  1.581e+001
2:31:56  1,153e+001
0:17:06  3.619e+000
0:16:54  B.496e+000
0:17:01  5.107e+000

SENS. CYCLE

(n/a)

(n/e)
REFERENCE
1of§
2of §
Jof §
Lof §
50f §
(n/m)
(n/e)
(n/a)

Batch run comoleted on Wednesday, Septemner 8, 1993 at 5:17 p.m.

Page ]

DOS File: BMIDDEMI . NS4
Run Date: Septemper 9, 1993

Run Time:

9:17 a.m. Thursday

TOTAL EXECUTION TIME: 4:15:22

Title : MAKEUP DEMIN AX114 & AX115

Case
Number

Bl SRR

SENSITIVITY RESULTS Fer: X (cm)

Senaitivity

Yarisble
Value Ko Buildup
304.8 6.05Te+002
251.48 9.71ke+002
198.12 1.737e+003
144.78 3.607e~003
91.46 A.406e+003

Energy Fluence Rate
(Me¥/sq cm/sec)

With Builoup No Buildup
1.969e+003  1.182e+000
3.135e+003  1.896e+000
5.58Te+003  3.390e+000
1.166e+004  7.039e+000
2.835¢+004  1.640e+001

Exposure Rate In Air
(mR/hr)

With Builduwp
3.843e4000
6.121e+000
1.090e+001
2.276e+001
5.534e+001

Use the Display Menu For Energy Grouo Results For Al Cases.
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Attacnment 6-7

MicroShieid 4,00 - Serial 95.00-00247
CrU
Page 11 File Ref:
DOS File: AMIDOMIN.MSS Date: i
Run Date: July 27, 1993 By:
Run Time: 3:45 p.o. Tuesday Chechea:

duration: 2:;57:58

|

Case Title: MAKEUP DEMIN AX11& B AX1TS

GEOMETRY 7 - Cylinder Volume - Side Shields

centimeters feet sra i

Dose point coordinate X: 176.34 5.0
Dose point coordinate 7: 48.58 2.0
Dose point coordinate 2: 0.0 0.0
Cylinder heignt: 1.94056 0.0
Cylinder raaius: 30.48 1.0

Shield 1: 0.43% 0.0

Alr Gap: 145.225 4.0

MATERIAL DENSITIES (g/cm’3)

nches
9.4
3.0

9.

NHomO

Source Volume: 5663.79 ea'3 200015 cu ft.  345.425 cu in.

Haterial Source Shield 1 Transition Alr Gap !emersion

Shieldg Crlincter shieia Shield
Air 0.00122 2.00122 0.00122
Carbon 1.4%27
Iron 0.2176 T7.84
Urenium 2.0073
water n.2811

sulLoup
Methca: Buildup Facter Tables
The material reference 13 Shield 1
INTEGRATICN PARAMETERS
Quadgrature GOrder

Radial 22

Circumferentiatl 22

Axial Calong 2) 22

SOURCE NUCLIDES

Nucl ide curies aCifea’3 Nuclide curies aClifem™3
Ba-137Tm  2.5200e-001 &.4493e+001 Ce-144 1.7500e-006 3.1604e-09%
Co-60 7.9700e-004 1.4072e-001 Cs-134 7.5500e-004 1.3330e-001
Cs-137 2.6700e-001 &,.7142e+001 Pre14d 1.7900e-0C6 3.1604e-004
Preliém  2.5500e-008 &, 50230004 tb-125 B.9100¢-00& 1.5732e-001
$r-90 2.3900e-001 <. 2198e+501 Ter125m  2.0&00e-004 3.4371e-002
Y-90 2.3500e-001 &, 21524001

sasszsansy RESULTS FOR

Energy Activity Energy Fluence Rate Exposure Rate In Air
(MeV) (photons/sec ) {Mev/sq cm/sec) (eR/hr)
No Buildup With Suildup Ko Bulidup With Buildup
0.1 1.076e+005 1.267e-003 2.19¢e-003  1.938e-006 3.359¢-00&
0.15 B.989e+004 L 673e-003 7.4BSe-003  T7.496e-006  1.562e-005
2.2 2.502e+005  2,475e-001 5.369e-001 4.376e-004  9.4Tbe-004
0.3 147504005 2.924e-002  6.27%e-002  5.546e-005  1.190e-004
0.4 1.032e+007  3.150ee000 A.444ee000  6.156e-003  1.256e-002
0.5 5.8210+006 1 513e+000 3.1060+000 3.166e-003  5.097¢-003
0.8 3.636e+009  L.602e+003  8.405¢+003  8.983e+000 1.841e+001
0.8 2.430e0007  2,134e+001  3.57Be+001  4.058e-002  &.B0&e-002
1.0 3.027e+007  3.323e+001  5.234e¢001  4.125e-002  &.4&Be-002
1.5 3.034e-007  5.484e+001 - B,07Fe+001  9.563e-002 1.35%e-001
2.0 5.126e+002  1,1820-003  1.8%58e-003  2.137e-004 2.874e-006
TOTAL: B 539e=00% 5. 713e+003 X.5Baes005 . 5.191ee000 1 573ect

SENSITIVITY REFERENCE CASE (X = 176.34) sssssazans

Calculation Sheet
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Attachment 6-3

“nge Lhe

COS File: AMIDOMIN,.MS&

¥un Date: July 27, 1993

#un Time: 3:45 p.m. Tuesday

Title : MAKEUP DEMIN Ax114 L AX11S

SENSITIVITY RESULTS For: X (cm)

Case Sensitivity Erergy Fluence Rate Exposure Rate In Air
humoer Variable (Mev/sq cafsec) (sR/hr)
value Mo Bullodup With Buildup No Buildup With Builow
1 91,45 1.382e+004  2.44Te004 2,852e+001  &.767e+001
2 121.92 7.231e+003  1.531e004 . 778e+001  3,178e+001
3 152.4 6.260e+003  1.127e+004  5.219e+001  2.185e+00!
4 182.88 5.384e+003  3.0110+003 2.539e+000 1.5&61e+001
5 213.36 3.173es003  5.520e+003  6.17%e+000  1.153e+00)

Use the Display Menu For Energy Group Results For ALL Cases.
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Attachment 6-4

Microshieid 4.00 - Serial #4.00-00247

o
Page B | File Ref; F
DOS File: BMIDDEMI .MS& Date:
¥un Date: Septermer 8, 1993 iys _E o\ NJ
Bun lime: 5:17 p.m. Wednesasy Cheched:
Surstion: 0:17:02 (’J N
Case Title: MAKEUP DEMIN AX114 & AX11S s \\‘\\_
2 8
GEOMETRY 7 - Cylinder Volume - Side Shields l_. \
centimaters feet and inches ; m | 3O\
Dose point coordinate X: 270.97 8.0 0.7 3
Dose goint coordinate ¥: £8.58 2.0 3.0
Dose point coordinate 2: 0.0 0.0 .0 :
Cylinder height: 17.2212 0.0 6.8 32
Cylinder radius: &60.96 2.0 .0 bl
Shietd 1: 0.635 6.0 3 &
Alr Gap: 209.375 6.0 10.4
Source Volume: 201050, cm'3 7.1 cu fr. 12248.8 cu in.
w
MATERIAL DENSITIES (g/em’3) b= §
Material Source Shield 1 Transition Air Gap I=smersion L
snield Cylircer Shield Shield o
Air 0.00122  0.00122  0.00122 = s '\“*
Carpon 1.4927 Q - o
tron 0.107 7.86 }g o (& b
uranium 0.001% A
Uater 0.2811 ni2s|t S
cl8%|8
o 8= @ 9
BUILDLP -
Method: Buildup Factor Tables o
The material reference is Source b
= -
ssseseennn CAT[ON SCeesssses 2 E:
This tulldup reference material is a mixed material with a high atumic 3] 2 ©®
maber element (91). Buildup Factors less than snd sumewhat greater o aoc
then 113 ke¥ may be incorrect. Plesse understand your resultsi
LA LA T L L T YT I g
INTEGRATION PARAMETERS
Quadrature Order
Radial 22
Circumferential 22
Azial falong 2) 22

SOURCE WUCLIDES

wucliage curies WCi/em™3 Nucl ide curies 1Cifem'y
Bar137m  4.6700e-001 2.2930e+000 Cs-134 1.3500e-003 6./7148e-003
Cs-137 4,8700e-001 2.4223e+000 Sr-90 2.5100e-202 1.2484e-001
Y-90 2.5100e-002 1.24BLe-001
TisAvavssmssssssssserexvwassane RESULTS cssssssessrssasceasamnssusmwswy
Energy Activity Energy Fluerce Rate Exposure Rate In Air
(MeV) (photons/sec ) (Me¥/sq cm/sec) (=R/hr)
No Buildup With Builcup No Buildup With Bulldup
0.3 1.76Be+004  2.907e-004 1.514e-003 5.514e-007  2.482e-006
0.5 7.293e+005  2.822¢-002 1.009e-001 5.530e-005 1.981e-004
0.6 1.561e+010  B8.042¢+002  2.605e+003  1.570e+000 5,084e+000
2.8 &, 702¢+007  3.930e+000 1.100e+001  7.475¢-003 2.092e-002
1.0 1.379e+006  1.688e-001  &.264e-001  3.1070-004  7.B840e-004
155 1.5180+006  1.5L8e-001 7.602e-001  5.967e-004 1.27T9e-003
TOTAL: 1.546e010  B8.087¢+002 2.5617e+003 1.578e+000 5,107e+000

[AINuclear

Subjec!

AX114 and AX115 Curie Loading

Onginator

3 -SM————L_

B. Brosey




Page

COS File: BMIDDEM] . MS4

1 2

Run Date: September 9, 1593

Aun Time:
Title
Case Semsitivity
Nurber variable
Value
1 304.8
2 251.46
3 198.12
3 144,78
5 91,466

$:17 s.m. Thursday
T WAKEUP DEMIN AN114 L AX11S

Attachment 6-5

SENSITIVITY RESULTS For: X (cm)

Energy Fluence Rate
(MeV/sq cm/sec)

With Builoup No Builoup

No bulldup
%.057e+002
9.T14e+002
1.737e+003
3.607e+003
B.406e+003

1.969e+003
3.136e+003
5.587e+003
1. 166e+004
2.835e+004

Exposure Rate In Air

(=R/hr)
with Bui loup
1.182e+000  3.843e+000
1.896e2000 6.121e+000
3.390e+000 1.090e+001
7.039e+000 2.276e+001
1.640e+001  5.534e+001

Use the Display Menu For Energy Group Results For ALl Cases.

Calculation Sheet
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Attachment 7-1

MicreShiela &4.00 - Serisl #4.00-00247

GMu
Page 3.1 File Ref:
DOS File: ADPIPE2.MS4 Date: 7 58y
2un Date: July 27, 1993 By: ‘\
Run Time: 2:464 p.m. Tuescay Che:bLea: V!
Durasticn: 0:25:43
Case Title: PIPE AT BASE OF A DEMIN
GEOMETRY 7 - Cylinder volume - Side Shields
centimeters feet and inches
Dose point coordinate X: 176.784 5.0 9.6
Dose paint coordinate T: £0.96 2 .0
Dose point coordinate 2: 0.0 0 .0
Cylinder haight: 22.86 0 9.0
Cylinder radius: 3.89436 '] 1.5
Shield 1: 0.54864 4] 2
Air Gap: 172,339 | 7.9

Source Volunme: 1090.3 ca']  3.85084e-2 cu ft.

Haterial

Atr
Carben
Iron
Uranium
Water

Nuclice
6a-137a
Co-60
Cs-137
Ur-144m
$r-90
1-90

ERsmamszassassaTINEcTRsIraaaaws  RESULTS szsssssssssssssnsssssavsmsssras

Energy
(Mev)

w

cCoOOoOoo

[s

DNDEE W WA .-

A e - O

fOTAL:

MATERIAL DEMSITIES (g/cm’3)

65,5339 cu in,

Source Shiela 1 Transiticn Air Gap lrmersion

Shield Cylinder Shield Shield
0.00122 0.00122 2,00122
1.4527
0.2176 T.85
2.0073
0.8
BUILDUP
Method: Buildup Factor Tables
The material reference is Shield 1
INTEGRATICN PARAMETERS
Quadgrature Order
Radial 22
Circumferential 2
Axial (along 2) 22
SOURCE WNUCLIDES
curies aCifem’} Nuclide curies allfem™3

NP Ny

.3700e-001 2.152te+002

5200e-001  2.3113e+002 Cesl4a 1.79000-006 1.56418e-003
.9700e-004 7.3099e-001 Cs-134 7.5500e-004 6.5247e-001
.6700e-001 2.4487e-0G02 Fr-144 1.7900e-006 1.5418e-003
.55C0e-008 2.3388e-005 56125 £.9100e-004 B8.1721e-001
.3700e-001 2.1921e+002 Te-125m  2.0600e-004 1. 28%4e-001

Activity Energy Fiuence Rate Exposure Rate In Air

{photons/sec ) (MeV/sq ca/sec)

No Buildup With Bulldup No Buildup With Buildup

(mR/hr)

1.076e005  1.573e-003  2,672e-003  2.406e-006 &.088¢-006
8.989e004 5,112¢-003  1.019e-002 B8.410e-006 1.679e-005
2.502e+006  2.63%e-001  5.624e-001 4.651e-004  9.927e-004
1.474e2005 3.060e-002 6.513e-002 5.804e-005 1.234e-004
1.032e+007  3.262¢+000  6.685e+000 6.415¢-0085  1.303e-002
3.821e+006  1.578e+000  3.224e+000 3.294e-003  6.328e-003
8.63600009 «.7BLee003  2.728e+003  9.338e+000  1.704e+001
2.630e+007 2 217¢+001  3.720e+001  4.216e-002 7.075e-002
3.02Te+007  3.452e+001  5.445e+001  6.363e-002  1.004e-001
3.034e-007  5.009+001  8.413e+001  9.942e-002 1.416e-001
5.126e+002  1.4330-003  1.937e-003  2,224e-006  2.996e-006

3530000V I305¢7003  B.715e+003  7.554es000 1.7837e+001
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Attachment §-1

MicroShield 4.00 - Serial #4.00-00247

oPu

Page XL File Ref:
008 File: BZINLINE.MS4 Date:
Run Date: Septewmber 9, 1993 By:
Run Time: 9:45 a.m. Thursgay Checked:

Duration: 0:11:33

Case Title: PIPE AT BASE OF B DEMIN

GEOMETRY 7 - Cylinder Volume - S
centimeters
Dose point coordinate X: 2177
Dose point coordinate Y: 44.81
Dose point coordinate Z: 87.63
Cylinder height: 228.6
Cylinder radius: 2.62509
Shield 1: 0.39114
Air Gap: 21415375
Source Volume: L(94B.97 cm'3 174771 cu
MATERIAL DEWSITIES (g/cm
Material Source Shield 1 Tramsition
Shield Cylinder Shield
Air 0.00122
Carbon 1.4927
Iron 0.0277 7.88
Ursnium 0.001%
Vater 0.2811
BUILDUP

W

ide Shields
feet and inches
7.0 1.5
1.0 5.6
2.0 10.5
7.0 6.0
0.0 1.0
0.0 7 4
7.0 -3

fr. 302.004 cu in,

N

Air Gap

a.00122

Method: Buildup Factor Tables
The mater1al reference is Source

LA I LTI T Y ) m!lm AR A LA 2T ]
This buildup reference material is » mixed material with a high atomic
nuerber element (91). Buildup Factors less than and somewhat greater
than 113 ke?V may be incorrect. Plemse understand your results!

SEESECETIIS LSRR ETERIRRE RS

INTEGRATION PARAMETERS

Quadrature
Radial 20
Circumterential 20
Axtal (along 2) 20

SOURCE WUCLIDES
Nuclide curies uCi/em’y Nucl ide

Ba-137m  4.6100e-001 9.3151e+001 Ce-144
Co-60 0.0000e+000  0.0000e+000 Cs-134
Cs-137 &.8700e-001  9.8404e+001 Pr-144
Pr-144m  0,0000e+000 0O.0000e+000 $b-125
Sr-90 2.5100e-002 5.07186+000 Te-125m
Y-%0 2.5100e-002 5,0718e+000

QOrder

curies

uCifem’3

0.0000e+000 0.0000e+000
1.3500e-003 2.7278e-001
0.0000e+000 0.0000e+000
0.0000e+000 0.0000¢+000
0.0000+000 0.0000e+000

TANEFISEEEERRSETRYESnzazamsasas RESULTS srssrszsveserszawsesszsessrrsses

Exposure Rate In Air
(mR/hr)

Mo Buildup With Builodup No Buildup With Buildup

Energy Activity Energy Fluence Rate
(Mev) (photons/sec ) (MeV/sq cm/sec)

0.3 1.768e+004  2.8200-003  46.725e-003  5.349e-006 1.276e-005
0.5 7.293e4005  2.297e-001  4.260e-001 4.510e-004 8, 343e-004
0.6 1.541e+010  6.141e4003  1.050w+004  1.199e2001  2.068e+001
0.8 +.702e+007  2.702¢+001  4.203e+001 5.139e-002  7.9950-002
1.0 1.399e+006  1.083e+000  1.557e+000  1.960e-003  2,870e-003
1.5 1.518e+006  1.900e+000  2.517e+000  3,197-003  4&.236e-003
JOTAL:  1.346€+010  &.171esD03  1.084e<004 1,204et00}  2,077es0O1
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\Exponential regression
\Correlation statistics:
\cerretation coefficent = -0.944758

\mean of x = §

\mean of y = 25.638

\standard deviation of a1 = 1,41421
\standard deviation of y = 12,9323
\variarnce of x = 2

\variance of y = 167,413
\covariance of x and y = -17.49
\Data format: Curve

\Variable format: Non-parametric
\Angular units: Radians

\x#3,7,100,0

\y=133.6 * 0.7012°x

100 2
3 £5.04
3.0404 45,4051
3.08081 £5.7585
3.12121 44,1212
3.16162 43,4529
3.20202 42,8736
1.20262 42.2601
1.28283 41,4613
3.32323 41,0681
3.38364 40,4833
340404 39,9048
L4444 39,3385
3.4B485 18,7784
3.52525 3B.2262
31.56566 37,4819
3.40606 37,1453
J.84646 36.6184
3.48687 34,055
3.72727 35.58!
3.76768 35.0743
3.80808 34,5749
3.B4B48 34,0828
3.88889 33.5972
3.92929 33.1188
3. 5697 32.4472
4,010t 32,1823
4.05051 31,7241
4.09091 31.2723
4.13131 30.827
4.17172 30,3881
£,21212 29.955¢
4,25253 29.5288
4,29293 29.1083
33333 28,4938
37374 28,2853
LA&1414 27,8825
A5455 27,4855
49485 27,0941
53535 26.7083
STS74 26.3279
61616 25.953
85657 25,5835
&.69697 25.2192
4. 73737 24,8600
&, 77778 24,5061
4,81818 24,157%
85859 23.8131
JBSA09 23,4741
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0202 22.4855
5.06087 22,1853
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5.10101 21.84%7
5.14141 21,5385
5.18182 21.2318
5.22222 20.929%
$.26263 20,6315
5.30303 20.3377
$.34343 20.0481
5.38384 19,7626
5.42626 19,4812
546445 19,2018
5.5050% 18.9304
5.54545 18.4608
5.58586 18.3951
5.62626 18.1301
S.4606T 17,8749
5.70707 17.6204
S.T6T4T 17,3495
5.787R8 17.%1222
$,82828 16.8783
5.86869 156.438

5,90909 16.4011
5.54949 16,1875
5.9899 15.9373

6.0303 15.7104

6.07071 15.4867
4.11111 15,2862
4.15152 15.0488
£,19192 14,2345
6.23232 14,6232
5.27273 16,415

6.31313 14,2098
4.35354 15,0074
6.39394 15.208

6.63434 13,6113
6.47475 13,4175
6.51515 13,2245
£.555%4 13.0131
.5,59594 12,8525
6.63636 12,5654
6.476T7 12.489

5.71717 12.3112
4. 75758 12.1359
£.79778 11,9431
5.83838 11,7927
6.87879 11.5248
5.91919 11,4593
5£.9596 11.2%81

T 11,1353
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'‘B" DEMIN EXPOSURE RATE PER CURIE
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50

3 4 ] 6 7 8 9 10
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\Exponential regression
\Correiation statistics:
\correlation coetficent s -0 29348
\mesn of x v 6.5

\mean of y = 19.7928
\standard deviastion of x = 2 47487
\standard deviation of y = 18,9357
\variance of x = 6,125
\vartence of y = 358,561
\covariance of x arnd y = -41,.8718
\Data format: Curve
\variable format: Non-parsmetric
\Angular units: Radians
\x=3,10,100,0
\y=149,339 * 0.4839%49
100 2

3 L7.797

3.07071 &6.513%

3.14141 45.2808

3.21212 44,0807

3.28283 42.9125

3.35354 41,7752

3.42424 40.548Y

3.49495 39.5903

3.54566 38.5411

3.63436 37.5198

3.70707 36.52%3

Y.TTTT8 35.5573

3.84848 34,4149

3.91919 33,4976

1.9899 32.8045

£.06061 31,9351

4.1313) 31.0828

4,20202 30.264%

4. 27273 29.4628

634343 28.4819

4.81414 27,9218

4.48485 27.1818

4.55556 26.4614

4.62626 25.7602

£.6969T 25.0775

476768 24,4129

4.83838 23.74%9

4.90909 23.135

L.9798 22,5229

5.05051 21.926

$.12121 21,3449
5.19192 20.7792

5.2626% 20.2285

5.33333 19,4924

5.40404 19,1705

5.4T4TS 18,6624

5.54545 18,1679
5.61814 17,6864
5.68487 17,2176

5.75758 16,7613

5.82828 16.5171

5.89899 19,8847

5.9497 15,4837

6.0404 15,0539

6.11111 14,4549

5.18182 14,2665

65.25253 13 8884

5.32323 13.5204

3,393 9% 1.6

5.404065 12,8132

6.53535 12,4737
&.60606 12,1431
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6.674TT 11.8213
6.747T4T 11.508
6.81818 11,203
6.88859 10,9061
6.9596 10.617
7.0303 10,3357
7.10101 10.0418
TATIT2 9.79509
T 24242 9.5355
7.31313 9.28219
7.38384 9.03478
T.45455 8.7T9T28
7.52525 B.56414
7.59596 8.33717
T.666467 B,11622
7.73737 7.90112
7.80808 7.69172
T.87879 T.48788
T. 94049 7.28943
8.0202 7.09625
8.09091 6.90818
8.16162 6.7251
8.23232 6.54887
B.30303 6.37336
B.37374 6.20446
B.44454 6.04002
8.31515 5.8799%
B.58586 5.72412
B.45657 5.57242
B.T2T2T 5.42474
B.797V8 5.28097
8.84869 5. 14100
8.93939 5.00476
9.0101 4.87213
9.08081 4.74301
9.15152 4.61THY
9.22222 4.49494
9.29293 4.37581
9.348364 &.25984
P.ABL3L 4, 14695
9.50505 4.03705
9.57576 3.93006
9.64046 3.8259
9. 1717 3.724%1
9.78788 3.6258
9.85859 3.52971
9.92929 3.43616
10 3.3451
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Memorandumr
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.

'[Ad7]Nuclear-

SubIEMAKE-UP AND PURIFICATION OEMINERALIZER' MU-K-1B ' Date: October 21, 1988

AND CUBICLE RADIATION SURVEY 13452
FI‘Ofﬂ:B. M. Trachim LocationTHI-2
Radiclogical Engineer 9240-88-4745

To: 3. E. Tarpinian
Manager, Radiological Engineering, TMI-2

On 9-28-88 a robotic radiation survey of the "B* Make-up and Purification
Demineralizer and cubicle was performed using Louie T. The radiation
instrument used on the robot was a SAM-II #323 remote readout with a
tungsten shielded 180" probe. A response curve was developed to convert
K cpm to R/HR on 9-21-88 at the Radiclogical Controls Instrument Shop
using a CS'37 source #310. The only problem encountered was the

response curve was only plotted out to 800 R/HR.

The highest survey point in the Make-Up Demin cubicle was 947.5 R/HR; this
was calculated by extrapolating the response curve (attached). The
response curve becomes scmewhat linear over 500 R/HR.

After the “A" Make-up and Purification Demin cubicle is surveyed the
instrument will be returned to the Radiological Controls Instrument Shop
to measure the response beyond 1K R/HR, using the same CS137 £310 source
as used in the previous response measurements.

This survey was performed to provide radiological information associated
with the resin content in the "B" Make-up and Purification Oemineralizer.
By our procedures, these results cannot constitute an official documented
radiological controls survey.
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D. W. Turner - Radiological Controls Director, TMI-2
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Attachment 10-7

Calculation Sheet
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LOCATIONS OF SURVEY POINTS CPM R/HR

1. Inside MU-K-1B Cubicle Doorway probe face horizontal up B b 5 4.1
2. Inside MU-K-1B Cubicle Doorway probe face

verticle forward 439.3 K 18.6
3. Inside MU-K-1B Cubicle 3' Level probe face

verticle forward 191.7 K 42.9
4. Probe contact with Oischarge Line Valve

probe face verticle forward 901.0 K 54.7
5. Probe contact with Discharge Line Reducer

probe face verticle forward 1,780.5 K 218.8
6. Probe contact with Tank Conicle Bottom Weld

probe face verticle forward 2,392.0 K 175-1
7. Probe contact 3" above Tank Conicle Bottom Weld

probe face verticle forward 2:547.71 K 947.5
8. Probe contact B*" above Tank Conicle Bottom Weld

probe face verticle forward 2,331.9 K 109.5
9. Probe contact 2' above Tank Conicle Bottom Weld

probe face verticle forward 1,929.8 K 351.1
10. Probe contact 2'6" above Tank Conicle Bottom Weld

probe face verticle forward 1,735.1 K 251.3
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