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Date Updated 

1.0 INTRODUCTION 

The Waste Encapsulation and Storage Facility (WESF) Encapsulation Database System (EDS) developed using 
the site controlled software program Access 2000 contains information on each cesium and strontium capsule 
stored at WESF. 

This document has been developed to describe the functions and requirements of EDS and define the process 
used to maintain configuration control. 

This field is entered data 
that identifies the last time 
the information on this 
capsule was updated. 

This allows the EDS Administrator to track the date the capsule 
information was updated. 

2.0 REQUIREMENTS 

The WESF EDS will be required to: 

Identify the wattage of each capsule and the heat load in each pool cell in order to verify compliance with 
the capsule heat load limits contained in Administrative Control 5.7 “Source Inventory Control” (HNF-SD- 
WM-IOSR-00 l ) ,  
Identify the hazardous capsule constituents for the Washington State Department of Ecology (WDOE), 
Maintain production information on each cesium and strontium capsule. 

Data in EDS relied upon to verify compliance with the heat load limits contained in Administrative Control 5.7 
must be verified by Quality Assurance. The data was verified when entered into the EDS system and any 
changes to the data will be verified upon completion of the change. 

3.0 SYSTEM DESIGN 

The following table describes each of the fields in EDS and provides the basis for the values in that field 

capsule identification procedure EO-905-030 Perform Inner Capsule Movenient Test 
and Visual Inspection. The procedure data sheets identify the 
location of each capsule stored at WESF via the outer capsule 

Inner Capsu1e This is entered data identification number and the run books identify the inner 
capsule identification number associated with each outer Identification that identifies the inner 

capsule. Number capsule identification n niimhers 

1 
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Field 

Capsule 
Location 

Production 
Number (Run 
Book) 

Net Salt Weight 

Original Wattage 

Original 
Calorimetry Date 

Decayed Years 

Function 

This field is entered data 
that identifies the location 
of each capsule stored at 
WESF. 
Sample: 7-2-E-04 

Pool Cell I 
Rack 2 
Row E 
Column 04 

Note: Capsules located in 
Pool Cell 12 will only have 
the number “12” in this 
field 
This field is entered data 
that identifies the 
production number (or run 
book) associated with each 
capsule. 

This field is entered data 
that identifies the salt 
weight of each causule 
This field is entered data 
that identifies the original 
wattage of each capsule 

This field is entered data 
that identifies the date the 
calorimetry was performed 
on the capsule. 
This field is calculated data 
that identifies the time a 
capsule has decayed in 
years 

Basis 

Datasheets from procedure EO-905-030, Perform Inner Capsule 
Movement Test and Visual Inspection, identify the location of 
each capsule stored at WESF via the outer capsule identification 
number. 

Strontium Capsules: The production number is the number 
assigned to each batch of strontium material processed. The 
numbers continued in sequence from 1975 to 1977 (e.g., 22,23, 
24). Beginning in 1977, the sequence started over every year 
and the year was added to the batch number (e.g., 77-01, 78- 
01). The production number is also known as the capsule run 
book number. 
Cesium Capsules: The production number is the number 
assigned to each batch of cesium material processed. The 
numbers continued in sequence from 1975 to 1977 (e.g., 75-08, 
76-10). Beginning in 1977, the sequence was started over every 
year (e.g., 77-01,78-01). The production number is also known 
as the capsule run book number. 
The salt weight was a value calculated in the capsule run books 
by subtracting the inner and outer capsule tare weight from 
gross weight of a loaded cansule. 
The original capsule wattage was a value calculated in the 
capsule run books. The capsule was placed in a known volume 
of water and the increasing temperature was recorded every 3 
minutes for a 30-minute period. This data was then used to 
determine the heat load of the capsule. Early in the 
encapsulation process, only one capsule was tested and the 
wattage of the remaining capsules from that batch were rationed 
based on salt weights. Later in the encapsulation process, each 
capsule was tested individually. 
The date the capsule calorimetry test was performed for each 
capsule was recorded in the capsule run books. This value is 
required to determine the length of time the capsule has 
decayed. 
The decayed years are calculated for each capsule using the 
current date and the capsule calorimetry date. 
Decay years = (Today’s date - [calorimetry date])/365.25 
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Field 

Current Wattage 
(Decayed) 

Original Curies 

Current Curies 
(Decayed) 

Percent 
Cesium-I37 

Barium Increase 

Function 

This field is calculated data 
that identifies the wattage of 
a capsule decayed to a 
specified date. 

This field is calculated data 
that identifies the original 
curies of each capsule. 

This field is calculated data 
that identifies the curies of a 
capsule decayed to a 
specified date. 

This field is calculated data 
that identifies the weight 
percent ”’CS in a cesium 
capsule. 

This field is calculated data 
that identifies the weight 
percent increase of I3’Ba in 
a cesium capsule. 

Basis 

The decayed wattage of each capsule was calculated in EDS 
using the following formula: 

C A = C A O ~  112 

= original watts 

-1 ln2/t 

CA = current watts 

t = elapsed time between CA and CAO in years 
tliz = half-life of cesium (30.17 years) or strontium (29.0 years) 
Reference: CRC Handbook of Chemistry and Physics 71” 

Edition (1990-1991) 
Note: The Access program uses the terminology “log 2” 

however, the equation correctly calculates it as “In 2” 
This number was calculated in EDS from the original wattage 
value for each capsule using the following conversions: 
4.72 E-03 watts/curie for 137Cs137Ba (based on a transient 

equilibrium) 
6.69E-03 wattshurie for ”Sr9’Y (based on a transient 

equilibrium) 
Reference: SD-RE-TI-13 I ,  Basis & Values for Specific Activity 

& Decay Heat Generation Rates for Selected Radionuclides) 
Note: This number varies slightly from the value calculated in 

the run books since the run hooks used 4.8 wattsikci and 
6.75 wattsikCi. 

The decayed curies of each capsule was calculated in EDS 
using the following formula: 

-1 I”2lt 

CA = current curies 
CAn = original curies 
t = elapsed time between CA and CAo in years 
tli2 =half-life of cesium (30.17 years) or strontium (29.0 years) 
Reference: CRC Handbook of Chemistry and Physics 71’’ 

Edition ( I  990-1 991) 
Note: The Access program uses the terminology “log 2” 

however, the equation correctly calculates it as “In 2” 
The cesium chloride salt is 25% ‘17Cs by weight; the Percent 
Cesium-I37 was calculated by multiplying the capsule salt 
weight by 0.25. 
Reference: RHO-SD-ER-01, Cs Final Purification in B Plant 

The weight percent increase in ‘37Ba is a direct result of ‘17Cs 
decay. 
Initial Ci II7Cs - Final Ci 137Cs = % decrease 13’Cs 

C A = C A O ~  iiz 

Initial Ci ”’CS 

(%decrease 137Cs)(Percent Cesium-137) = grams 137Cs decayed 
grams “7Cs decayed = grams ‘17Ba increased 

3 
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Upper Bound of 
Cumnt Barium 
Weight 

Field 

Lower Bound of 
Current Barium 
Weight 

This field is calculated dat 
that identifies the upper en 
of the barium salt weight 
range. 

Function 

This field is calculated dat 
that identifies the lower en 
of the barium salt weight 
range. 

Regulatory 
Constituent calculated data that 
Levels 

This field is entered and 

identifies the % wt Bariun 
Cadmium, Chromium, 
Lead, and Silver in cesiur 

i.0 VERIFICATION OF DATA 

Basis 

The initial range of barium salt weight is 0.55 % to 0.94 % of 
the total salt weight 
Reference: PNL-5 170, A Review of Sa&@ Issues that Pertain to 

the Use of WESF CsCI Capsules in an Irradiator 

The following formula was used to calculate the lower end of 
the range: 
(0.0055) (Salt Weight) +(Barium Increase) = wt% Ba 

Salt Weight 

Note: This range was used for waste designation. 
The initial range of barium salt weight is 0.55 % to 0.94 % of 
the total salt weight 
Reference: PNL-5 170, A Review of Safe@ Issues that Pertain to 

the Use of WESF CsCl Capsules in an Irradiator 

The following formula was used to calculate the upper end of 
the range: 
(0.0094) (Salt Weight) +(Barium Increase) = wt% Ba 

Salt Weight 

Note: This range was used for waste designation. 
The %wt data is based on estimates of each constituent in the 
cesium and strontium capsules except for the barium level in the 
cesium capsules. The wP? barium is a calculated number for 
the cesium capsules since the levels increase with decay. 

Jnformation relied upon for compliance with IOSR Administrative Control 5.7 must be verified by Quality 
Assurance. The original wattage and calorimetry date for each of the cesium and strontium capsules was 
recorded from the run books. The recorded data was verified by Quality Assurance (see Appendix B). The 
recorded data was then used to verify the data in EDS with Quality Assurance oversight. Datasheets from 
procedure EO-905-030 Perform Inner Capsule Movement Test and Visual Inspection were used by Quality 
Assurance to verify capsule locations 

In gathering the cesium and strontium run books to verify the data in EDS, two problems were encountered 1) 
the run hooks for strontium capsules S-2 and S-4 could not be located, and 2) six of the cesium run books 
contained the raw calorimetry data but did not record the calculated capsule wattage. The resolution of these 
two problems is discussed in the following paragraphs 

Capsule S-2 was a tracer capsule and contains negligible radioactive material. Capsule S-4 was called an 
intermediate run and contains material typical to any strontium capsule. The original wattage and calorimetry 
date assigned to capsule S-4 in the Paradox version of EDS will be carried over to the Access version of EDS. 
This is considered acceptable since the data in the Paradox version of EDS has consistently matched the verified 

4 
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data in the Access version of EDS, and any error in the original data for this one capsule would be insignificant 
when determining heat load limits for a particular pool cell. 

To ascertain the capsule wattage from the six cesium run books that contained only raw calorimetry data, heat 
capacity calculations were performed. Several of the strontium run books contained copies of the 
cesium/strontium heat capacity calculations which were copied and completed for these cesium capsules. The 
results from these hand calculations were compared to the values contained in the Paradox version of EDS. 
There was less than a 3% error between the calculated numbers and the EDS values. Where discrepancies 
existed in the numbers, the calculated value was used. The calculations are located in the facility copy of the 
capsule run books and Appendix C. 

The decay heat calculation in EDS is also used to demonstrate compliance with IOSR Administrative Control 
5.7 and must also be verified by Quality Assurance. Hand calculations were performed for selected test values 
and verified by Quality Assurance. The EDS decay calculation was verified by running the test values and 
ensuring the results corresponded to the verified hand calculations. The test values and hand calculations are 
provided in Appendix A. 

It is not expected that changes to the decay heat calculations will be required. However, if changes are needed 
to the equation, the selected test values must be run again to verify the program is operating correctly. 

6.0 CONFIGURATION CONTROL 

EDS, in combination with approved datasbeets from WESF operating procedures, constitute the system used to 
maintain configuration control of the WESF capsules. 

All changes to EDS, including those changes resulting from approved datasheets, will be documented on an 
EDS Change Request form. Each EDS Change Request form will have an EDS tracking number and at a 
minimum must he approved by the capsule system engineer. The EDS tracking number is obtained from the 
EDS Change Log maintained by the EDS Administrator. 

Changes that may affect IOSR compliance (e.g., capsule wattage, capsule location) must be approved by 
Quality Assurance prior to implementation and witnessed by a Quality Assurance Representative during 
incorporation. Quality Assurance signatures are documented on the EDS Change Request form. 

7.0 SECURITY 

EDS bas been designed with two levels of access, Admin and General. The Admin level access allows the user 
to change fundamental data such as capsule location or salt weight. Only the Admin level will require the use 
of a password. General level access will allow the user read-only access to the data. The login and password 
forms are prompted at the beginning of the application. 

8.0 RECORDS MANAGEMENT 

The approved EDS Change Request forms are quality records that shall he kept by the EDS Administrator for 
the lifetime of the database. 

5 
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APPENDIX A - EDS TEST VALUES 

Four cesium and four strontium test capsules were created and added to the EDS capsule table. High, low, negative 
and normal original wattage values were selected in order to test the range of the program. The attached hand 
calculated results for these test capsules are summarized in the following table. 

Table A-I. EDS TEST VALUES 

Test Capsule Original Calorimetry Decayed Decay Equation3 Current 
ID Wattage Date Years' Wattage 

(Watts) 

Cesium test capsules 
C-5000 1 E25 I/ 1 / I  492 508.6 cA ~ ( 1 ~ 2 5 )  e -(508.6)(1n2W0.17 8.42E19 

(2-6000 IE-22 713 1/2000 0 CA = (IE-22) e ' 
C-7000 -1E21 3/16/3479 -1479 CA = (-1E21) e + 

C-8000 200 3/16/1979 21.38 ,22 

1 E-22 O)(ln2)/30.17 

1479)(ln2)130.17 -5 .72~35  

21.38)(1n2)/30.17 

I Strontium test camules 

I 5.25E19 508.6)(1n2)/29 S-5000 I 1E25 I 1/1/1492 I 508.6 I C ~ = ( l E 2 5 ) e - (  
I I I I I I 1E-22 S-6000 I 1E-22 1 7/31/2000 1 0  1 C ~ = ( l E - 2 2 ) e - (  O)(InZ)n9 

S-7000 -1E21 3/16/3479 -1479 CA = (-1E21)e '-1479)(1n2)129 -2.25E36 

s-8000 200 3/16/1979 21.38 120 21,38)(1n2)/29 

A- 1 

.- 
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APPENDIX B - QA VERIFIED RUN BOOK DATA 
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QC INSPECTION PLAN FOR VERIFICATION OF THE 
WASTE ENCAPSULATION AND STORAGE FACILITY 

CESIUM CAPSULE DATA 

This inspection plan will have QC verify the outer capsule identification number, the corresponding run 
book (year capsule was produced and production number), the date the calorimetry was performed, and 
the original calculated wattage using the facility copies of the cesium run books. 

The numbers used to calculate capsule wattage (e.g., tank volumes, temperature differences) varied 
between 2 and 4 significant figures. For simplicity and to accommodate for rounding errors, 3 significant 
figures were chosen for this database. When performing rounding, the number was rounded up if it was a 
5 or higher and rounded down if it was a 4 or lower. 

April 2000 

Page 1 of 40 
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QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

Lor., I cou<\, 
Print Name Signature Initials 

-. e d  
Print Name Initials 

Print Name Signature Initials 

B-3 
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QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

Print Name 

IrActtl Sk? - +. 
Print Name Initials 

Print Name Signature Initials 

B-4 

I_.-. -~ ~ ~. -- 
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QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

Lor.) T ? w e  -, 
Print Name Initials 

l.c.?&L ,- - 
n/&UL r. ;leu .Ye L, s4? 

Print Name Initials 

Print Name Signature Initials 

3 B-5 
. .  - . 
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QC lNSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

Print Name Initials 

E2 h*B 
Initials 

MpS4d6L F&LCkEL. 
Print Name 

Print Name Signature Initials 

B-6 
- ... 

~ . .- . . ~ 
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QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

Initials 
L u r ;  ZGue, &=jG 4 c7 

Print Name nature 

A , e ~ L C  t' aelrlca, $.e /$&&&a);e, - s e d  
Print Name Signature Initials 

Print Name Si, mature Initials 

B-7 ' 
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QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

& 
Print Name Initials 

/*L,4@Y'L f ;  3 r  I C b  ' V  54 w e  Print Name Signature Initials 

Print Name Signature Initials 

B-8 
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QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

Initials 

SIGNATURE SECTION: 

L;, 1 L " C L ,  
Print Name 

Print Name Signature Initials 

B-9 
.__I_-- __- - .- - 
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QC INSPECTION PLAN FOR VEPJFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

k6, I 6 u e y  
Print Name Signature Initials 

Print Name Signature Initials 

B-10 
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QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

Initials 
L r ' i T  eo- ' *~  r- 

Print Name Signature 

Print Name Signature Initials 

B-11 ) 
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QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

$-Q- 
nature Initials 

Lr., 5 cwr, 
Print Name 

m, c f4P E L+ : a&lc/Ct3&4 @ A  
Print Name Initials 

Print Name Signature Initials 

B-12 
.. 
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QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

Lor,, T-eode,, 
Print Name Initials 

W G ~ ~ M L ~ T ~ ~ ~ ? I C E V  s=4 
Print Name Initials 

Print Name Signature Initials 
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QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

La& r- Cve,, ( $ d e 7  $Q 
Print Name SI ature nitials 

rn/CA//?6 c i: j3R,'kW If? 177 d 7 3 k p  LW3 
Print Name Signature Initials 

Print Name Signature Initials 
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QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

Print Name Signature Initials 

JeeL 
Print Name Initials 

Print Name Signature Initials 

E15 
. ~- - 
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QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

Print Name 

Print Name Signature Initials 

B-16 
- 
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QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

Print Lr-; Name 3 ewe, d&- ,nature A Initials 
, 

m i M L  F: f L V  
Print Name 

Print Name Signatitre Initials 

B-17 

.. . . . . .. __  



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

Print Name 
A 

Initials 

ww3 
Initials 

Print Name Signature Initials 

1 B-18 ) 
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QC INSPECTION PLAN FOR VERIFICATION OF CESlUM CAPSULE DATA 

SIGNATURE SECTION: 

Initials 
Lwi ~ ~ u e ,  

Print Name 

Signature Initials Print Name 

1 B-19 I 
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QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

Print Name Signature Initials 

B-20 

_- - 
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QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

Lr: I. C w e b  
Print Name Signature Initials 

m/LtiBh L +== Pfi !I rx? M 
Print Name Initials 

Print Name Signature Initials 

B-21 
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QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

f??KA=?:/ F a,,, S R  w d u e  
Initials Print Name Signature 

Print Name Signature Initials 

B-22 
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QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 1 

Print Name Signature Initials 

B-23 3 
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QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

Lor', 1 G v c q  
Print Name Initials 

RG%9ELr-.J3,-2/CkC;I/ k&? 
/ Print Name Initials 

Print Name Signature Initials 

B-24 
-~ - 
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QC lNSPECTlON PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

Print Name Signature Initials 

B-25 
~ 
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QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

T L w e , ,  
I Print Name Signature Initials . e 

/ Initials 
rn/*Lfi&?,C&/& 

Print Name Signature 

Print Name Signature Initials 

0-26 
~. ~~ 

~~ 
~~ .. . 
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QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

,!-or; I euue\l 
Print Name Signature initials 
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QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

Print Name Signature Initials 

B-28 
I .. - _ _  .. 
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QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

A 
Initials 

L o r ;  T C w e y  ch 

Print Name 

Print Name Signature Initials 

, B-29 
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QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

Jey 
Print Name I 

Print Name 

Initials 

.SPA 
Initials 

Signature Initials 

B-30 



“F-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

;;r4 
Initials 

L o ‘  T cove, 
Print Name Signature 

m ~ f i d f l l  F. Z L i c k E v  S a  rcu.5 
. 

Print Name signature Initials 

Print Name Signature Initials 

B-31 1 



mF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

Outer Capsule ID Production # Calorimetry 
(Run book) Date 

Engineering QC Verification 
Verification (initialsidate) 

(initialddate) 

Original Wattage 
(W) 

SIGNATURE SECTION: 

Print Name Signature Initials 

B-32 
. ...____ .~ ~ ~ .____ ~~ .- 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

Print Name Signature Initials 

B-33 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

Print Lor i  Name I coup,, 8- Signature & Initials 

m,Gb%L?LE&lckE” 5/ k-<? 
Print Name Initials 

Print Name Signature Initials 

B-35 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

&+- 
Initials 

Lor; -I CO& 
Print Name Signature 

- 
Print Name Signature Initials 



HNF-6768, Rev. 0 

OC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

Print Name Signature Initials 

B-37 
- - 



HNF-6768, Rw. 0 

QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

Print Name Initials 

Initials 

Print Name Signature Initials 

B-38 

... ~. ..~ 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

or T Cove,, 
Signature Initials 

I ;  
Print Name 

M ~ ~ H ~ W L  6 ~ R ~ C ~ F V  54 M 
Print Name Initials 

Print Name Signature Initials 

B-39 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

Lot: T e~wcu 
Print Name 

~ J C ~ ~ / A F L  / B R I  ckEu S /  
Print Name 

Print Name 

Signature Initials 

Signature Initials 

B-40 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF CESIUM CAPSULE DATA 

SIGNATURE SECTION: 

Print Name Initials 

Print Name Initials 

Print Name Signature Initials 
B-41 



HNF-6768, Rw. 0 

QC INSPECTION PLAN FOR VERIFICATION OF THE WASTE 
ENCAPSULATION AND STORAGE FACILITY 

STRONTIUM CAPSULE DATA 

This inspection plan will have QC verify the outer capsule identification number, the date the 
calorimetry was performed, and the original calculated wattage using the facility copies of the 
strontium run books. 

The numbers used to calculate capsule wattage (e.g., tank volumes, temperature differences) 
varied between 2 and 4 significant figures. For simplicity and to accommodate for rounding 
errors, 3 significant figures were chosen for this database. When performing rounding, the 
number was rounded up if it was a 5 or higher and rounded down if it was a 4 or lower. 

T - 6 - w  
Date 

7 -  //-2P& 
Date 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

Outer 
Capsule ID 

Production # Calorimetry Original 
(runbook) Date Wattage (W) 

I I I 

s-5 00 I 1 3-NOV-74 476 

Engineering QC Verification 
Verification (initialddate) 
(initialddate) 

S-76 004W 07-NOV-75 218 2e 7-6-w ws 7-1g-oa 

s-21 005 3s 743-m Lr*/3 $7- f7-d 
S-98 005W 

s-11 006 

s-99 006W 

s-12 007 

s-11') 007u' 

s-10 008 

S-404 008W 

s-14 009 

Is-19 Io10 

Is-413 1010w 

Is-20 101 1 

s-4 14 01 1W 

13-Jan-76 186 

07-Jan-75 485 

14-Jan-76 58 

27-Jan-75 447 

3-Fcb-7b 953. 
27-Jan-75 483 

17- &r- 76 3 8  I 
28-Jan-75 463 

10 4 3 -  7d 3 1.6 
17-Mar-75 448 

20-Mar-75 

SIGNATURE SECTION: 

LCir', CrtdQu 
Print Name 

y r--13@1~,.4ci, 5R. 
Print Name 

7 - 0 4 - 7 6  21.3 

Signature Initials 

Signature J 
ne9 

Initials 

Print Name Signature Initials 

B-43 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

s-3 

S-456 

022 23-Apr-75 A 553 & 7-6 --go ryll -7-I#%D 
022w 12-Mar-& s% 436 & 7-6-cro b 4 4  7 - / f - &  

SIGNATURE SECTION: 

A 
Initials 

Lor.. z Cweu 4 G i  3e- 
Print Name Siinature 

B-44 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VENFICATION OF STRONTIUM CAPSULE DATA 

Outer 
Capsule ID 

Production # Calorimetry Original Engineering QC Verification 

(initialddate) (runbook) Date Wattage (W) Verification 

(initialddate) 

s-37 

S-483 

IS-38 1027 I 13-Mav-75 I 486 

026 14-May-75 475 A 7 - 6 - w  4 7-/$ ' -aO 

212 $? 7-6-CS n.4 7-/E?-DD 
ro " Y  026W .-d '7&-77 

s-39 

S-485 

S-40 

S-4 1 

028 15-May-75 508 

028 W 23-May-77 268 

029 .s@ 222t-May-75 505 

030 19-May-75 474 

S-18 03 1 ,yt@/2 IW-May-75 I 445 

s-44 

s-43 

SIGNATURE SECTION: 

032 24-Jun-75 478 

033 30-May-75 486 - Print Name 

s-45 

1 
Initials 

034 I 23-May-75 I 471 

rng ~ J C Y  ZV se 1.116 Signature / Initials Print Name - 
Print Name Signature Initials 

S-48 

s-49 

s-50 

s-59 

S-60 

B-45 

036 10-Jw-75 515 & 7-6-ou b L g  7-18-00 

038 09-Jun-75 554 a 7 - G - o o  h.43 7 - t g - o a  

044 19-Aug-75 463 7-6-GQ 7-/g--oo 

037 qs..D 18 w-Jun-75 510 7 - 6 4 3  d 7 - 1 y - 0 0  

n-3 
043 7 - 1 ~ @  / J  06-Aug-75 448 /e 7-c-co  k.4 7 - lg -00  



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

~ _ _ _ _ _ ~  

Outer 
Capsule ID 

Production # Calorimetry Original Engineering QC Verification 
(initialddate) (runbook) Date Wattage (W) Verification 

(initialddate) 

S-109 

s-110 

077,078 22-Jan-76 823 k 7-6-m M 7-/8-0a 
077,078 23-Jan-7576 $fd3 810 A 7 - L - m  uy3 7-/8-00 

SIGNATURE SECTION: 

Print Name Signature Initials 

s-88 

s-111 

s-112 

S-90 

S-113 

k. . /&.&e 4 - ~ ~ a ~ / c m ,  SQ. 
Print Name Signature / Initials 

078 23-Jan-76 847 7-c-Lm H.4 7-1g-oa 
078,079 28-Jan-76 839 * 7 - L - 0 3  w5 7-/q-00 
079,080 30-Jan-76 990 Q&!- 7 - G - ( r 3  -?-/%-a 
080 3 1 -Jaw76 84 1 * 7-G-W n.4 7-/g-fl3 
082 10-Feb-76 812 7 - 6 - U ~  bM@ 7 - / g - O o  

Print Name Signature Initials 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

SIGNATURE SECTION: 

Lr; T COUPU 3 C"j A 
Print Name Signature Initials 

vvlr'73fZRI C K G V  9 2  p7+T->& & b 4  
I Print Name Signature Initials 

Print Nanie Signature Initials 

B-47 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

Outer 
Capsule ID 

Production # Calorimetry Original 
(runbook) Date Wattage (W) 

Engineering 
Verification 

I initialddate’, 

S-56 

s-51 

s-57 

s-53 

s-54 

5-58 

~ 

QC Verification 
(initialddate) 

35-39 25-JuI-75 535 

38-39 27-Jun-75 484 

39-42 12-Aug-75 508 

40-41 05-Aug-75 52 1 

40-4 1 30-JuI-75 509 

42-43 14-Aug-75 508 

S-61 44-45 18-ALQ-75 496 

1s-73 14-49 1 05-Nov-75 1 375 

IS-67 149-50 I 24-seu-75 I 500 

IS-68 150-5 1 I 29-seo-75 I 521 

1s-72 153-54 1 11-Nov-75 1 512 

SIGNATURE SECTION: 

Lor; I C0d.ey 
Print Name 

A 7 - 6 - w  
k 7-6-ch 
f i  7-cs-cr3 

f i  1-6-w 
/e I-G-w 

7-6-GQ 
A 7-6-cm 

A- 7-L-Lm 

j2.4- 7-6-co 

2 7-G-w 

$2 7 - 6 - 0 3  

A 7 - L - w  

-A 7-6-va * I-L-OU 

7-G-go 

$42 7-6-GQ 

&- 7-6-m 

& 7 - 6 - ~ h  

7-6 -cc 

7 - G - w  

7-6-00 

7-6-w 

* 
Initials 

1-4 
Initials 

V* l lCc l *GL F.a, ,r .kEL 4,e e 
Print Name Sfgnature 

Print Name Signature Initials 

B-48 



"~-6768. Rev. 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

Verification 
QC Verification 

(initialddate) 

SIGNATURE SECTION: 

ae- 
Initials 

,Lr: I cud+ 
Print Name Signature 



"F-6768, Rev. 0 

s-577 

S-524 

S-491 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

81-01 28-Jan-8 1 729 7-6-00 @& 7.z7-0d 

81-01R $?3 -s8 1 391 7-6-G~ V.4 7 - 2 7 - 0 0  

81-01w 25-Feb-81 45 I 7 - 6 - c q  p,!? 7-77-00 

Production # Calorimetry 
Capsule ID (runbook) 1 Date I Outer I Original Engineering QC Verification 

(initialddate) Wattage (W) Verification 

5-551 80-01 30-Dec-80 685 A 7 - G - m  

S-501 80-01R 07-Apr-80 334 $2 7-6-GJ 

S-558 80-01R 1 1-Apr-80 220 ,I-& 7 - 6 - 0 0  
s-559 80-01R 1 07-Apr-80 
S-560 j80-01R , p l & X - A ~ r - 8 0  

IS-544 180-02 1 29-Dec-80 

SIGNATURE SECTION: 

k 
Initials 

Print Name Signature Initials 

B-50 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

S-522 

S-520 

s-521 

8 1-07 30-Apr-81 573 7-c-m Lucl 7-27-0D 

81-08 !$?.OU I<-$-May-81 75 1 7-6-LQ 4 3 - 2 7 - D D  

81-08 $*?",<fl-May-81 655 7-6-m # --)-27-00 

s-533 

s-534 

s-535 

S-536 

s-497 

S-5 17 

SIGNATURE SECTION: 

Cod+,, 
Print Name 

7-6-00  L.IB 7-27-00 8 1-09 17-Jun-8 1 770 

$4- 7 - 6 - w  7 - 2 3 - o D  81-10 23-Jun-81 635 

81-10 22-Jun-8 1 586 7 - 6 - h  & 7-27-00 
81-11 12-Jun-8 1 669 2 7-L-m l.u4 7-27-00 

81-13 14-Sep-81 448 2c 7-6-00 w 7-27-0D 
81-12 22-Jun-81 704 &? 7-6-@ ~ 5 '  7 - 2 1 - O D  

k 
Initials 

Mid! 6L F- ;dPtdC& s& e h . 4  
Initials Print Name STgnature ' 

Print N a k e  Signature Initials 

B-51 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

SIGNATURE SECTION: 

LP., x. Lvzu J . L e 7  ?/-e 
6 ae,cK& 562 & 

Print Name Signature Initials 

b.5 
Initials Print Name 

Print Name Signature Initials 

B-52 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

Verification 

SIGNATURE SECTION: 

Lac.. T &de,, 
Print Name 

QC Verification 

(initialddate) 

7-27-00 

Signature Initials 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

Outer Original 
Wattage (W) 

S-604 82-1 1 14-Seu-82 

Is-607 (82-1 1 I 14-SeD-82 I 373 

1s-627 182-18 I 28-Seu-82 1 251 

IS-631 182-19 I 14-Oct-82 I 391 

Is-511 (82-20 1 20-Oct-82 1 445 

1s-630 182-2 1 1 18-Oct-82 1 482 

Is-644 182-22 1 04-Nov-82 1 415 

S-649 82-22 04-NOV-82 33 1 

SIGNATURE SECTION: 

Initials 

Print N a m e  Signature Initials 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

S-659 82-34 02-Dec-82 396 7 - 6 - h  

S-658 82-35 30-Nov-82 397 gc. 74-c.a 

S-696 82-35 .$7?>-&?*3 462 7-d-ou 

S-650 82-36 02-Dec-82 365 A 7-6-cm 

S-662 82-36 03-Dec-82 363 7-6-6~ 
S-663 82-37 01-Dec-82 417 ' $e 7-6-cro 

QC Verification 

(initialddate) 

w - 4  7-27-0a 

7- 2 7-00 
L . 4  3.27-00 

4 7-27-Cro 

u 4  7-27-00 

SIGNATURE SECTION: 

Print LJC Name ,,&* + L  Signature Initials 

LAWz L 2 7 b J A  2x7 M 
Initials 

- r#4+.4e/ F.2 
Print Name a e I ~ K w  54 Signature 

Print Name Signature Initials 

B-55 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

Verification 

SIGNATURE SECTION: 

Lo.: r cc,uc-\ 
Print Name 

QC Verification 

(initialddate) 

Signature 

, 4 
Initials 

WllC/+U€L F. h , & = y  re 
Print Name Signature 

Print Name Signature Initials 

B-56 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

Production # Calorimetry Original Engineering QC Verification 

(initialddate) Capsule ID (runbook) I Date Wattage (W) Verification I Outer I 

SIGNATURE SECTION 

L"r; r C O d U  c7L .II cy A- 
Print Name Signature Initials 

b-6 
Initials 

~ v l / c ~ e g ~  G ~ I L ~ c L ; ~  14 S P  
Print Name ggnature 

Print Name Signature Initials 



"~-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

SIGNATURE SECTION: 

Print Name Signature Initials 

B-58 
.... .. .. . .. 

~ .... _- 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

5-802 

S-803 

s-810 

$829 

s-757 

83-16W 3 1-Oct-83 84 2 7-6-w 4 - ) - 3 / - m  

83-16W 01-NOV-83 79 7-G-w n d  7-31- , (3  

83-16W 01-NOV-83 100 7 - G u u  4 7-31-Co 

83-17 27-May-83 297 22 7-6-cJ.J h.43 7-31-00 

83-16W 02-Dec-83 110 7 - 6 +  bu-4 7-71-03 

S-7 10 

S-825 

S-826 

SIGNATURE SECTION: 

83-19 3 1 -May43 295 $e- 7-L-00 7- 31-00 

83-19W 21-NOV-83 104 x 7-6-cy 4 7 - 3 / - D L 3  

83-19W 21 -Nov-83 96 $e 1 4 - C O  lM-3 7- 3 I-00 

3- 
l.rd 

1 
La-: 1 cod<, 

Initials Print Name Signature 

nZ/<H#?.lcL f . 2PI&,, 5 4  
Print Name Initials 

Wit Name Signature Initials 

I E-59 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

S-778 

s-794 

83-24 20-Ju1-83 11 343 &- 7-6-rrQ A 7 - 3 I - D b  

83-25 22-Jul&@” 347 k- 7-6-oo w9 7 - 3 / - 0 3  

SIGNATURE SECTION: 

B-60 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

SIGNATURE SECTION: 

L; r GI,<, ,  
Print Name Signature Initials 

Initials 

PlL 6 /3Q,r-uE" - s;p w C tfk 
b i t  Name 

Print Name Signature Initials 

B-61 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

Production # Calorimetry Original Engineering QC Verification 

Verification finitialddate) Capsule ID (runbook) 1 Date Wattage (W) 1 Outer 1 

SIGNATURE SECTION: 

LF; 3l c o " ~ u  dkw-, A 
Print Name Signature Initials 

L v 8  
Print Name Initials 

Print Name Signature Initials 

B-62 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

S-888 

S-889 
84-14W 20-Aug-84 227 &. 7 - G - w  &7-3/-03 

k. 7-G-w ~3 3 3 / - D O  r3Y 84-14W 22-Jun-84 T*l 

S-890 

S-893A 

S-832 

S-864 

SIGNATURE SECTION: 

L r i  t ~ o . v t q  

Print Name 

84-14W 2 1 -Aug-84 141 7-6- l 4 7 - 3 J - 0 d  

84-14W 22-Jun-84 186 ae 7-6-w L A 7 - 3 I - D d  

84-15 25-Apr-84 213 7-6- d 7-3/-03 
84- 15 19-Am-84 312 252 7 - 6 4  b d  7 -  3 1 - 0 0  

Signature -r 
ae- 

Initials 

FL f .an,& lzv 56 InB 
Print Name Initials 

Print Name Signature 

i 
B-63 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

Production # Calorimetry Original Engineering QC Verification 

Verification (initialddate) Capsule ID (runbook) I Date Wattage (W) I Outer I 

Wd+= 7 - 3  1-00 

SIGNATURE SECTION: 

Lri &Jew $!ad e"": k 
Print Name Signature Initials 

nzLLH+fic f-zmq SI@ e d 
Initials Print Name Signature 

Print Name Signature Initials 

B-64 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

S-909 84-22 04-Jun-84 188 2 7-6-m e 7-31-03 
0 

- S-878 84-23 q%'oo &-Jun-84 310 7-6- k t d  7 - 3 / - 0 8  

Production # Calorimetry Original Engineering QC Verification 
(initialddate) Capsule ID (runbook) I Date Wattage (W) Verification I Outer I 

S-988 

S-9 13 

84-25 W 17-Dec-84 566 3.e 7 6 %  b d g - f f o o  
84-26 06-Jun-84 322 R. 7 4 -  A g - g O D  

SIGNATURE SECTION: 

L r '8 t Cc,d*L 
Print Name I 

f - c x . ,  q e,, 
Signature J 

A 
Initials 

mc/- /rs e - L  K?~lCrkE,, se. &/5?& d L e  
Initials 

- 
Print Name Signature 

Print Name Signature Initials 

8 
B-65 



HNF-6768, Rw. 0 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

02-JuI-84 

Outer Production # 

S-915 84-26 

345 7 4 - G 3  

S-990 84-26W 

S-917 84-27 

S-919 84-27 

S-1013 84-27W 

S-880 84-28 

S-881 84-28 

S-882 84-29 

S-883 84-29 

S-887 84-30 

S-894 84-3 1 

S-895A 84-3 1 

S-927 

Is-914 184-32 

b*6 84-34 g-@' 

S-920 184-32 

S-967 184-33 c% 

'7k6-Jul-84 

17-JuI-84 

17-JuI-84 

17-JuI-84 

07-Aug-84 

lqS-Aug-84 

233 # 7-6-b-@ 

356 $e. 76-00 
329 2 -7-L-GQ 

309 8 7-6-GG 
386 & 7-c-w 
462 2 7-c-ou 

IS-973 184-34 

S-968 84-36 

84-38 

Calorimetry Original Engineering 
Date Wattage (W) Verification 

(initialddate) 

06-Jun-84 259 7-6-00 

16-Jul-84 I 133 I k 7-6-m 

Print Name 

QC Verification 

(initialddate) 

A e-- &- 
Signature I Initials 

h.rB 
Initials 

s@ 

Signature Initials 

B-66 

. .. ....- _.-I_.. ... 



Hh'F-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

SIGNATURE SECTION: 

.Lv3 r CuJe\, 
Print Name 

?R 
Simature Initials 

4 M / l c K A E L F :  &, LkP\, s e  
Print Name Initials 

Print Name Signature Initials 

B-61 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

Engineering 
Verification 
(initialddate) 

k 7-6-CQ * 7-6-w 
52 7 - 6 - 0  

2 7 4 - w  
A 7-d-co 

k. 7-c-w 

Outer Production # 

S-1014 84-58 

QC Verification 

(initialddate) 

n*.3 g.57-02) 
bd.3 g - g - v o  

W3%-F-o0 
$?b-oo 

4 g . g - 0 0  
4 g - g - 0 0  

S-987 84-60 

5-1005 

5-1010 

5-947 

s-995 84-63 

84-64 14-Dec-84 664 2 7-I-- 2-8-00 

84-66 -Dec-84 !$%? ?,e 7 - 6 - c o  h d  8-8-00 
84-65 19-Dec-84 $@% * -7-G- I+ r-g-00 

Calorimetry Original 
Wattage (W) 

. 20-Dec-84 

S-1015 

$1017 

S-1016 

12-Dec-84 I 585 

84-67 19-Dec-84 486 k 7-6-w ~ 4 8 - 8 - 0 0  
84-68 02-Jan-85 $$+&A4 $e- 7-6-w w$8.8-00 
84-71 30-Dec-84 $bD $-C 7 - G - c h  r i d  f-f-00 

13-Dec-84 1 578 

$984 

S-951 

S-983 

S-1026 

s-1021 

13-Dec-84 I 510 

85-03W 18-Jan-85 165 7-cR-c-c n43 S’6-00 
85-04W 18-Jan-85 179 * 7-6-Gu AM3 8-g-@ ’ 
85-04W 17-Jan-85 159 ,$e 7-6-rn w 
85-05W 24-Jan-85 152 2 7-6-w.J w j ’  ~ 7 . 8 - 0 0  
85-06W 04-Feb-85 137 2c 7-6-03 A g -  d - 0 0  

19-Dec-84 

14-Dec-84 



HNF-6768, Rev. 0 

QC INSPECTION PLAN FOR VERIFICATION OF STRONTIUM CAPSULE DATA 

S-1024 

Production # Calorimetry Original Engineering QC Verification 

(initialddate) Capsule ID (runbook) 1 Date Wattage (W) Verification I Outer I 
(initialddate) 

85-06W 04-Feb-85 145 $7 7-6-M p5 gpg-ofi  

SIGNATURE SECTION: 

L(-i 1: L C y  
Print Name I Signature Initials 

Print Name Signature Initials 

E69 



HNF-6768 Rev. 0 

APPENDIX C - CESIUM CAPSULE HEAT LOAD INFORMATION 



Capsule: C- LZ 7 
HNF-6768, Rev. 0 

CAPSULE HEAT CAPACITY CALCULATIONS 

This heat capacity calculation data'sheet was copied from the data sheets contained in the strontium run books (for 
both cesium and strontium) and is being used to verify the cesium capsule original watts contained in the WESF 
EDS. If there are discrepancies, the EDS value will be replaced with this verified calculated value. 

7. CaDsule Heat Capacitv Calculation 

NOTE: In the following calculations, unit conversions have already been calculated and are included as a 
constant. 

a. Mcp of attenuator and basket (constant) = 7.3 BTUPF 

[The Mcp of the attenuator and basket was listed as both 6.75 BTUPF and 7.3 BTUPF in the original data 
sheets; 7.3 BTUPF was chosen since it was used in the later calculations and would be the conservative 
value 1 

b. Mcp of test capsule 

For Cesium 

1) McpCsCl = [salt wt. ($ms)l x (0.0433 BTU/lb OF) 
454 gmilb 

- - ( J B o 8  gms)x(9.537x 10"BTU/gm°F) = 0.27 BTUPF\ 

2) Mcp Zl6L = [Inner & Outer Tare (gms)] x (2.643 x lO'BTU/gm OF) 

- - ( 9 x 3 7  gms)x(2.643x I O - ' B T U / ~ ~ O F )  = 1.28 BTUPF ' 

(Volume Bath - liters) x (997.3 emill x (0.999 BTU/lb°F1 
454 gm/lb 

- c. M c p H 2 0  - 

- - ( 2 2  liters)x(2.194BTU/I0F) = 4S.27 BTUPF 1 

d. Total Heat Capacity = EMcp = a + b + c = 57 .12  BTUPF % 

8. Rate of Temperature Rise 

RT = Chanae in Bath Temp. ( O F )  = To be determined by plotting data in part Sd = 
and determining the average slope 

\ % .q OFh. .  
Elapsed Time (hrs.) 

9. Calorimeter Heat Loss Determination 

a. Average Bath Temp. = flnitial Temp.) + (Ending Temp.) 
2 

b. Average Differential Temp. = (Avg. Bath Temp.) - (Cell Temp.) = 9a - 5a 

= 81,bS- - 9 3  = Q,( .c  OF 

.. 

c-2 



HNF-6768, Rev. 0 
Capsule: C -I S 7 

c. Find heat loss for average temperature on Figure 2 

Heat Loss = 7. BTUlhr 

10. CaDsule Heat OutDut - QC - 
a. Qco = (EMcp x RT) + HeatLoss 

= ( 7 d ~ 8 ) + 9 ~ = (  5 7 . 1 2  x 1 9 . 9  ) +  ?.T = 1 0 ~ 1  BTUhr ' 

b. Qc = Qc,,BTU/hr = IC61 Watts = 3 10.8 watts 
3.r14 BTUhr Wan 3.414 

Performed by: 

7-17-w 
Print LOP., Name 1 Coue- I & Date 

Checked by: 

&&+L L+t -1 7- 1-1 -DO 
Print Name \ ' .  Date 





HNF-6768, Rev. 0 

Time Temp 
0 83 
3 84.1 
6 85 
9 86 

12 86.9 
15 87.8 
18 88.7 
21 89.6 
24 90.5 
27 91.4 
30 92.3 

-Series1 1 I ~ 

c-5 
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Capsule: C - 2 o 'r 
Hh'F-6768, Rev. 0 

--&.a'> 
CAPSULE HEAT CAPACITY CALCULATIONS 

This heat capacity calculation data.sheet was copied from the data sheets contained in the strontium run books (for 
both cesium and strontium) and is being used to verify the cesium capsule original watts contained in the WESF 
EDS. If there are discrepancies, the EDS value will be replaced with this verified calculated value. 

7. Capsule Heat Capacity Calculation 

NOTE: In the following calculations, unit conversions have already been calculated and are included as a 
constant. 

a. Mcp of attenuator and basket (constant) = 7.3 BTUPF P 
I-- 

---) 

[The Mcp of the attenuator and basket was listed as both 6.75 BTUPF and 7.3 BTUPF in the original data 
sheets; 7.3 BTUPF was chosen since it was used in the later calculations and would be the conservative 
value ] 

b. Mcp of test capsule 

For Cesium 

I )  McpCsCl = [salt wt. (%ms)l x (0.0433 BTUilb OF) 
454 gmllb 

( l o b 3  gms)x(9.537x lO5BTU/gm0F) = 0 . d Y  BTUPF- - - 

2) Mcp316L = [Inner & Outer Tare (gms)] x (2.643 x 10.' BTU/gm OF) 

\ .3\ ( 4  7 S7 gms) x (2.643 x 10.' BTUigm OF) = 

{Volume Bath - liters) x (997.3 em/l) x (0.999 BTUllbOF) 
454 gm/lb 

BTUPF - - 

- c. Mcp H 2 0  - 

( 92 liters) x (2.194 BTU/I°F) = '\ Y .37 BTUPF . - - 

d. Total Heat Capacity = EMcp = a + b + c = 57.17 BTUPF ' 

8. Rate of Temperature Rise 

RT = Chanee in Bath Temp. (OF) = To be determined by plotting data in part 5d = au .  8 OFh.  . 
and determining the average slope Elapsed Time (hrs.) 

9. Calorimeter Heat Loss Determination 

a. Average Bath Temp. = {Initial Temp.) + (Endine Temp.) 
2 

b. Average Differential Temp. = (Avg. Bath Temp.) - (Cell Temp.) = 9a - 5a 

= X%.\T  - 8 Z . q  = $.,?r "F ' 

C-6 



HNF-6768, Rev. 0 
Capsule: C - 2 07 

c.  Find heat loss for average temperature on Figure 2 

Heat Loss = IO I !T BTUihr 

IO. Capsule Heat Output - Qc 
a. Qco = (EMcp x RT) + HeatLoss 

= (7d 8) + gc = ( 5 7 . 1 7  x 30.7 ) + 10.5 = l a u d  B T m r  ' 

b. Qc - Qco BTUhr - 
3.714 BTUihr Wan 

12- Watts = 

3.414 
'3s i. Watts, 

Performed by: 

Lr; -L cauey  A 3 !  Date 7 - 1 7 a  
Print Name Signature 

Checked by: 

7-\- - 
Date 

t % v - L  L0-W- 
Print Name 



HNF-6768, Rev. 0 
Capsule: C -20 

12. Heat and curie content of remaining cesium causules in the batch 

Test Capsule C-207 
Capsule C - 1 % 9 

Capsule C - ‘90 
Capsule C- 2\ u 

Capsule k~* 

Capsule U P  

Capsule Nu9 

Capsule Mv% 

Capsule dG 

Performed by: 

Lori f fo,tq 
Print Name 

Salt wt. Causule = RS 
Salt wt. Test 

Salt wt. Test = 306 3 1 QC = 10b = ’3$\ .r I 

($2 e 7  
Signature 

7-27-(RI 
Date 

Checked by: 

T-f l -00  
Date 

P\cLF+A Lost 
Print Name 



HNF-6768, Rev. 0 

Time Temp 
0 82.9 
3 84.1 
6 85.3 
9 86.3 

12 87.4 
15 88.4 
18 89.4 
21 90.5 
24 91.4 
27 92.4 
30 93.4 

~~ 

Capsule C-209 

0 3 6 9 12 15 18 21 24 27 30 

c-10 





2 ? 16 Capsule: C -2. 

CAPSULE HEAT CAPACITY CALCULATIONS 

This heat capacity calculation data sheet was copied from the data sheets contained in the strontium run books (for 
both cesium and strontium) and is being used to verify the cesium capsule original watts contained in the WESF 
EDS. If there are discrepancies, the EDS value will be replaced with this verified calculated value. 

7. Capsule Heat Capacity Calculation 

NOTE: In the following calculations, unit conversions have already been calculated and are included as a 
constant. 

a. Mcp of attenuator and basket (constant) = 7.3 Blll /"F 

[The Mcp of the attenuator and basket was listed as both 6.75 BTUPF and 7.3 BTUPF in the original data 
sheets; 7.3 BTUPF was chosen since it was used in the later calculations and would be the conservative 
value ] 

b. Mcp of test capsule 

For Cesium 

1) McpCsCl = Jsalt wt. (erns)] x (0.0433 BTU/lb OF) 
454 gmilb 

- - ( 3 7  Y S gms) x (9.537 x BTUlgmOF) = 0 .77  BTUI'F' 

2) Mcp316L = [Inner & Outer Tare (gms)] x (2.643 x I O '  BTUigm OF) 

- - ( <u7 r grns) x (2.643 x IO4 BTUigm OF) = \ .  3'\ BTUPF\ 

c. Mcp H 2 0  - - (Volume Bath - liters) x (997.3 emil) x (0.999 BTUllh"F) 
454 gmilb 

- - ( d> liters) x (2.194 BTUiI OF) = 4 8.37 BTUPF ' 

d. Total Heat Capacity = EMcp = a + b + c = S 7. I B BTUPF 

8. Rate of TemDerature Rise 

RT = Chanae in Bath Temp. (OF) = To he determined by plotting data in part 5d = \ 'Z. 7 " F h .  
Elapsed Time firs.) and determining the average slope 

9. Calorimeter Heat Loss Determination 

a. Average Bath Temp. = (Initial Temp.) + (Endine Temp.) 
2 

- - 80. v + 70.1 = gs.9,- OF ' 

2 

b. Average Differential Temp. = (Avg. Bath Temp.) - (Cell Temp.) = 9a - 5a 

= 9S .qr  - t o . %  = ' I . b r  O F  

c-11 



Capsule: C - 3 1 2  

c. Find heat loss for average temperature on Figure 2 

Heat Loss = 9. BTUhr 

10. Camule Heat Outuut ~ Qc - 
a. Qco = (EMcp x RT) + Heat Loss 

= (7d x 8) + 9c = ( S 7 . J B  x 1 Y . 7  1 + '3.y = 1 ~ 7 7  BTUhr 

Watts = 3 ~ 6 . 1  watts r b. QC = Q g B T U h r  = 1075 
3.414 BTUhr Wan 3.414 

Performed by: 

Lri x 
Print Name 

7-17-tr, 
Date 

Checked by: 

7- \7-60 
Date 

h & b L  Lo++ 
Print Name 

c-12 





Time Temp 
0 80.8 
3 81.7 
6 82.6 
9 83.6 

12 84.5 
15 85.4 
18 86.4 
21 87.4 
24 88.3 
27 89.1 
30 90.1 

~ 

Capsule C-212 

- . . _. . 
Linear 
(Ser esl J 

85 
80 

75 

C-14 



CAPSULE HEAT CAPACITY CALCULATIONS 

This heat capacity calculation data 'sheet was copied from the data sheets contained in the strontium run books (for 
both cesium and strontium) and is being used to verify the cesium capsule original watts contained in the WESF 
EDS. If there are discrepancies, the EDS value will be replaced with this verified calculated value. 

7. Caosule Heat Caoacitv Calculation 

NOTE: In the following calculations, unit conversions have already been calculated and are included as a 
constant. 

a. Mcp of attenuator and basket (constant) = 7.3 BTUPF 

[The Mcp of the attenuator and basket was listed as both 6.75 BTUi'F and 7.3 BTUPF in the original data 
sheets; 7.3 BTUPF was chosen since it was used in the later calculations and would be the conservative 
value ] 

b. Mcp of test capsule 

For Cesium 

I )  McpCsCl = Jsalt wt. (cms)l x (0.0433 BTUilb OF) 
454 grn/lb 

- - ( a71 s grns) x (9 .537~ I O 5  BTUlgrnOF) = 0.a.L BTUPF 

2) Mcp316L = [Inner & Outer Tare (gms)] x (2.643 x IO"' BTUigrn OF) 

- - ( 5 0 4 s  gms)x(2.643x 10'BTU/gmoF) = \.33 BTUPF ' 

c. M c p H 2 0  - - (Volume Bath -liters) x (997.3 gm/l) x (0.999 BTU/lb°F) 
454 gmilb 

- - ( 92 liters) x (2. I94 BTUL OF) = 4 7 . 3 -  7 BTUPF 

d. Total Heat Capacity = I M c p  = a + b + c = 5 7 .  IL BTUPF . 

8. Rate of TemDerature Rise 

RT = Chance in Bath Temp. (OF) = To be determined by plotting data in part Sd = I 4.0 "Fihr. . 
Elapsed Time firs.) and determining the average slope 

9. Calorimeter Heat Loss Determination 

a. Average Bath Temp. = [Initial Temp.) + (Ending Temp.) 
2 

- - %?-  + 91. ' 1  = 'dG.7 OF 
2 

b. Average Differential Temp. = (Avg. Bath Temp.) - (Cell Temp.) = 9a - 5a 

= YG.7 - Y L  = 9.7 OF' \  

.. 

c-15 



Capsule: C -2 I '3 HNF-6768, Rev. 0 

c .  Find heat loss for average temperature on Figure 2 

HeatLoss = 9. 5 BTUhr . 

10. Camule Heat Outuut - Qc - 

a. Qca = (EMcp x RT) + Heat Loss 

= ( 7 d x  8 ) + 9 c  = C57.1(. x 17.0 ) +  9 , s  = 1 0 9 6  BTUihr ' 

b. Qc = QEBTUihr = 1 0 9 b  Watts = 391 .a Watts ' 

3.414 BTUhr Watt 3.414 

Performed by: 

7 7 7 - m  
Date 

Checked by: 

9- 11-Q c 
Date 



HNF-6768, Rev. 0 
Capsule: C -a i3  

12. Heat and curie content of remaining cesium caosules in the batch 

Test Capsule c-213 

Capsule C- 2i 

Capsule C- 338 

Capsule N\h. 

Capsule NA- 

Capsule N PT 

Capsule N A 

Capsule h) k 

Capsule NYS 

Performed by: 

L“?; -i e,,e, 
Print Name 

Checked by: 

Vj*” -e,,... L4- j  
Print Name 

Salt wt. Capsule = RS 
Salt wt. Test 

J 

(Qc) x (RS) = Q capsule I 

1 e,, 
Signature 

C-17 

I-as-w 
Date 

--2&-aa 
Date 

. . . . . 
~~ 



I O  905 -06 
..I_ -___ ___ . -1.. .------_I__-- 

I!? 
c-18 

I 
1 

, , . f ? O " . " , ' ,  1 I , . ,  ' , I  



HNF-6768, Rev. 0 

Time Temp 
0 a2 
3 82.9 
6 83.9 
9 84.9 

12 85.8 
15 86.8 
18 87.9 
21 80.7 I 
24 89.6 
27 90.5 
30 91.4 

c-19 



Capsule: C- 3 2 0 
HNF-6768, Rev. 0 

, 

CAPSULE HEAT CAPACITY CALCULATIONS 

This heat capacity calculation datisheet was copied from the data sheets contained in the strontium run books (for 
both cesium and strontium) and is being used to verify the cesium capsule original watts contained in the WESF 
EDS. If there are discrepancies, the EDS value will be replaced with this verified calculated value. 

7.  Capsule Heat Caoacitv Calculation 

NOTE: In the following calculations, unit conversions have already been calculated and are included as a 
constant. 

a. Mcp of attenuator and basket (constant) = 7.3 BTUPF 

[The Mcp of the attenuator and basket was listed as both 6.75 BTUPF and 7.3 BTUPF in the original data 
sheets; 7.3 BTUPF was chosen since it was used in the later calculations and would be the conservative 
value ] 

b. Mcp of test capsule 

For Cesium 

I )  McpCsCl = Jsalt wt. (ems)] x (0.0433 BTUilb OF) 
454 grn/lb 

- - (2697 gms)x(9.537x 10~JBTU/gmoF) = 0.JL BTUi'F . 
2 )  Mcp316L = [Inner g: Outer Tare (gms)] x (2.643 x IO' BTUigm OF) 

- - ( W G  2 gms) x (2.643 x BTU/gm OF) = \ .3\ BTUPF , 

c. McpHZO - - (Volume Bath - liters) x (997.3 gm/l) x (0.999 BTUAb'F) 
454 gmllb 

- - ( 92 liters)x(2.194BTU/IDF) = 3V.27 BTUPF , 

d. Total Heat Capacity = EMcp = a + b + c = 57. I '+ BTUIOF . 

8. Rate of Temperature Rise 

RT = Change in Bath Temp. (OF) = To be determined by plotting data in part 5d = 17. 'I 'Fhr. 
Elapsed Time firs.) and determining the average slope 

9. Calorimeter Heat Loss Determination 

a. Average Bath Temp. = (Initial Temp.) + (Ending Temp.) 
2 

- - % \ .  \ + 10 = )I 5.L OF . 
2 

b. Average Differential Temp. = (Avg. Bath Temp.) - (Cell Temp.) = 9a - 5a 

= B S . 6  - 8 l . I  = '1.5 OF . 

. .  
c-20 



HNF-6768, Rev. 0 
Capsule: C-  230 

c. Find heat loss for average temperature on Figure 2 

Heat Loss = 4 BTUhr 

IO. Capsule Heat Output - Qc 

a. Qco = (EMcp x RT) + Heat Loss 

= (7d x 8) + 9c = (s7.lY X 17.7 ) + 7 = 103.2 BTUihr 

= 103.2 Watts = 3ob.3 Watts ' b. Qc = QcaBTUhr 
3.714 BTUihr Watt 3.414 

Performed by: 

LP; T COJP? 
Print Name 

7 -17-W 
Date 

Checked by: 

- 
Y 

"I - 17 - G O  

Date 
c\r ,\ L e +  

Print Name 

c-2 1 

~ .. 



HNF-6768, Rev. 0 
Capsule: - 930 

12. Heat and curie content of remaining cesium cavsules in the batch 

Test Capsule c- 9 3 0  

Capsule C- S 

Capsule C-188 

Capsule C - 2 ' 'I 
Capsule C - 3' 9 

Capsule 

Capsule 

Capsule 

Capsule f i  A 

C - 2 3 I 

C - 2 3 2 

Performed by: 

L o r i  II G,u+ 
Print Name 

Saltwt. Capsule = RS 
Salt wt. Test 

& Signature 

(Qc) x (RS) = Q capsule 

c,, 7-as-ou 
Date 

Checked by: 

,- Le+- - 7 -LL- 0 * 
Print Name Date 

c-22 





HNF-6768, Rev. 0 

rime Temp 
0 81.1 
3 82 
6 82.9 
9 83.8 

12 84.7 
15 85.6 
18 86.5 
21 87.4 
24 88.3 
27 89.2 
30 90 

~ - ~~ ~~ 

Capsule C-230 

go - Seriesl 

(Seriesl J 

75 
0 3 6 9 12 15 18 21 24 27 30 I 

C-24 



HNF-6768, Rev. 0 
Capsule: C-\?7 ? L ' d '  

CAPSULE HEAT CAPACITY CALCULATIONS 

This heat capacity calculation data.sheet was copied from the data sheets contained in the strontium run books (for 
both cesium and strontium) and is being used to verify the cesium capsule original watts contained in the WESF 
EDS. If there are discrepancies, the EDS value will be replaced with this verified calculated value. 

7. Capsule Heat CapaciQ Calculation 

NOTE: In the following calculations, unit conversions have already been calculated and are included as a 
constant. 

a. Mcp of attenuator and basket (constant) = 7.3 BTUPF 

[The Mcp of the attenuator and basket was listed as both 6.75 BTUPF and 7.3 BTUPF in the original data 
sheets; 7.3 BTUPF was chosen since it was used in the later calculations and would be the conservative 
value ] 

b. Mcp of test capsule 

For Cesium 

I )  McpCsCl = Jsalt wt. (cms)l x (0.0433 BTU/lb OF) 
454 gmllb 

- - ( 2 7 9 5  gms) x (9.537 x IO->  BTUigmOF) = 0. d7  BTUPF 

2) Mcp316L = [Inner g: Outer Tare (gms)] x (2.643 x 10' BTUigm OF) 

- - (%?OS gms) x (2.643 x BTUigm OF) = I .3 BTUPF 1 

(Volume Bath - liters) x (997.3 em/l) x (0.999 BTUilbOF) 
454 gmilb 

- c. McpHzO - 

- - ( 22 liters)x(2.19JBTU/l°F) = 'i8.%7 BTU/"F 

d. Total Heat Capacity = XMcp = a + b + c = 57. I Y BTUPF . 

8. Rate of Temperature Rise 

RT = Chanee in Bath Temp. (OF) = To be determined by plotting data in pan 5d = \ 8 .  7 "Fh. 
Elapsed Time (hrs.) and determining the average slope 

9. Calorimeter Heat Loss Determination 

a. Average Bath Temp. = (Initial Temp.) + (Endine Temp.) 
2 

- - % O . b  + qo = d S . 3  "F . 
2 

b. Average Differential Temp. = (Avg. Bath Temp.) - (Cell Temp.) = 9a - 5a 

= 8 5 . 3  - Y 0 . L  = 4.7 OF ' 

. .  
C-25 



HNF-6768, Rev. 0 
Capsule: C - I  9 9 

c.  Find heat loss for average temperature on Figure 2 

Heat Loss = 9. B T U h  

IO. Caosule Heat OutDut - Qc - 

a. Qca = (EMcp x RT) + Heat Loss 

= (7d x 8) + 9c = ( g 7 . 1 4  x l Y . 7  ) +  9 . 5  = \07f B T U h  

b. Q c  = Q9BTUlhr  = 1 0 7 9  Watts = -31s ..a Watts 
3.414 BTUhr Watt 3.414 

Performed by: 

-17.a 
Signature 

Lor: t C W Q \ ,  
Print Name 

C-26 



HNF-6768, Rev. 0 
Capsule: c -\ 4 '1 

12. Heat and curie content of remaining cesium capsules in the batch 

Test Capsule c-15 7 

Capsule c-gar 

Capsule C-2.lb 

Capsule c -231 

Capsule C- 153 

Capsule C- 73'1 

Capsule 

Capsule 

Capsule 

Performed by: 

1 Salt wt. Test = 37 q r 

(U = 0.9646 

(Qc) x (RS) = Q capsule 

7-28 w 
Date 

Checked by: 

fid--L C " T  I 

Print Name Date 

c-21 





HNF-6768, Rev. 0 

Time Temp 
0 80.6 
3 81.6 
6 82.5 
9 83.5 

12 84.4 
15 85.3 
18 86.3 
21 87.2 
24 
27 
30 

88.1 
89 
90 

~~ ~~ 

Capsule C-199 

. . .  ,, , .  , , . .  .... - Seriesl 

-Linear 

. ...* ,. . 
, - . .  . .  . 

(Seriesl) 
75 

C-29 



HNF-6768, Rev. 0 

CAPSULE HEAT CAPACITY CALCULATIONS 

This heat capacity calculation data sheet was copied from the data sheets contained in the strontium run books (for 
both cesium and strontium) and is being used to verify the cesium capsule original watts contained in the WESF 
EDS. If there are discrepancies, the EDS value will be replaced with this verified calculated value. 

7. Capsule Heat Capacitv Calculation 

NOTE: In the following calculations, unit conversions have already been calculated and are included as a 
constant. 

a. Mcp of attenuator and basket (constant) = 7.3 BTUIOF 

[The Mcp of the attenuator and basket was listed as both 6.75 BTUPF and 7.3 BTUPF in the original data 
sheets; 7.3 BTUPF was chosen since it  was used in the later calculations and would be the conservative 
value ] 

b. Mcp of test capsule 

For Cesium 

1) McpCsCl = [salt wt. (ems)] x (0.0433 BTUilb OF) 
454 gmilb 

- - ( 5 0 2  7 gmS) x (9.537 X IO-> BTUigmOF) = 0 . 3  f BTUPF , 

2) Mcp316L = [Inner & Outer Tare (gms))4 (2.643 x IO.' BTUigm OF) 

- - ( 59 a 2 gms) x (2.643 x IO' BTUigm OF) = I .  '4 3 BTUPF \ 

LVolume Bath - liters) x (997.3 gmil) x (0.999 BTUllb'F) 
454 gmilb 

- c. McpH20  - 

- - ( liters)x(2.194BTUil°F) = 4 8 . 3 7  BTUPF - 
d. Total Heat Capacity = EMcp = a + b + c = 5 7 . ' )  BTUPF 

8. Rate of Temperature Rise 

RT = Change in Bath Temp. (OF> = To be determined by plotting data in part 5d = 
and determining the average slope 

1 7. 3-3 " F h i  
Elapsed Time firs.) 

9. Calorimeter Heat Loss Determination 

a. Average Bath Temp. = (Initial Temp.) + (Ending Temp.) 
2 

b. Average Differential Temp, = (Avg. Bath Temp.) - (Cell Temp.) = 9a - Sa 

= V ' i . ? S  - 7 ' 1 . 9  = 'i.4 "F - 

C-30 



Capsule: C - 2 'r I 
HNF-6768, Rev. 0 

c. Find heat loss for average temperature on Figure 2 

Heat Loss = 9 . BTUihr - 
IO. Caosule Heat Outout - Qc - 

a. Qc0 = (ZMcp x Rr) + Heat Loss 

= ( 7 d x 8 ) + 9 c = ( 5 7 . 3  x l 7 . 0 ) +  8 . 5  = 1 , 7 1 3  BTUihr . 

b. QC = QcoBTU/hr = l o t 3  Watts = 9 7 6 . 7  Watts 
3.714 BTUihr Wan 3.414 



HNF-6768, Rev. 0 

Capsule: C- Si L 

12. Heat and curie content ofremaining cesium caDsules in the batch 

Test Capsule C-23 1 

Capsule C - 2 9 2 

Capsule C- 293 

Capsule C -  234 

Capsule C - 2 4 

Capsule N* 
Capsule ,u& 

Capsule NJh 

Capsule N* 

Performed by: 

Salt wt. CaDsulr = RS 
Salt wt. ‘Test 

(Qc) x (RS) = Q capsule 

Qc= 10b = 37L.7 

7-arw 
Date 

Checked by: 

>L-L79 fie+.. L-4A-t I 

Date Print Name 





HNF-6768, Rev. 0 

Time Temp 
0 79.9 
3 80.8 
6 81.7 
9 82.6 

12 83.4 
15 84.3 
18 85.2 
21 86 
24 86.9 
27 87.9 
30 88.6 . . .  -Series1 

. .. 
Linear 
(Ser es l )  

- 
75 

I 0 3 6 9 12 15 18 21 24 27 30 

L ~ ~ ~ -_ ~ 

c-34 



, HNF-6768, Rev. 0 
77 (" 

CAPSULE HEAT CAPACITY CALCULATIONS 

This heat capacity calculation data sheet was copied from the data sheets contained in the strontium run books (for 
both cesium and strontium) and is being used to verify the cesium capsule original watts contained in the WESF 
EDS. If there are discrepancies, the EDS value will be replaced with this verified calculated value. 

7. CaDsule Heat Caoacitv Calculation 

NOTE: In the following calculations, unit conversions have already been calculated and are included as a 
constant. 

a. Mcp of attenuator and basket (constant) = 7.3 BTUPF 

[The Mcp of the attenuator and basket was listed as both 6.75 BTUPF and 7.3 BTUPF in the original data 
sheets; 7.3 BTUPF was chosen since it was used in the later calculations and would be the conservative 
value ] 

b. Mcp of test capsule 

For Cesium 

I) McpCsCl = [salt ~ t .  (oms)l x (0.0433 BTUilb "F) 
454 gniilb 

- - ( 2 9 9 7  gms) x ( 9 . 5 3 7 ~  I O 5  BTUigm'F) = 0.27 BTUPF ' 

2) Mcp316L = [Inner & Outer Tare (gms)] x (2.643 x I O 4  BTUigm OF) 

- - (fly gms) x (2.643 x IO-' BTUigm O F )  = I .'lJ BTUPF - 
/Volume Bath - liters) x (997.3 emil) x (0.999 BTUilb'F) 

454 gmilb 
- c. McpH20  - 

- - ( 92 liters)x(2.194BTUil°F) = f f . d 7  BTUPF ' 

d. Total Heat Capacity = EMcp = a + b + c = 5 7.29 BTUPF - 

8. Rate of  Temoerature Rise 

RT = Chanqe in Bath Temo. (OF) = To be determined by plotting data in part 5d = \ q  9 3s "h. 
Elapsed Time (brs.) and determining the average slope 

9. Calorimeter Heat Loss Determination 

a. Average Bath Temp. = (Initial Temp.) + (Endin: Temp.) 
2 

b. Average Differential Temp. = (Avg. Bath Temp.) - (Cell Temp.) = 9a - 5a 

= T7.L . r  ~ m.1 = '1.b O F  ' 

c-3s 
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Capsule: ( -2 76 

c. Find heat loss for average temperature on Figure 2 

Heat Loss = 9 .d 5- B T U h  . 

IO. Caosule Heat Outwut - Qc 

a. Qco = (EMcp x RT) + HeatLoss 

= (7d x 8) + 9c = ( 57.75 x 1 %  ,3'i ) + ?-Zr = l ob0  BTUihr, 

b. Qc = QcoBTUhr - - l ob0  watts = 3 r o . r  Watts. 
3.Fl4 B T U h  Wan 3.414 

Performed by: 

L,,t., s ewe, 
Print Name 

Checked by: 

7 - 17--00 
Date 

lqa&R Lm4-t 
Print Name 

. .  
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Saltwt. CaDsule = RS 
Salt wt. Test 

Capsule: C - 2 c1 G 

12. Heat and curie content of remaining cesium caDsules in the batch 

(Qc) x (RS) = Q capsule 

Test Capsule c -246 

Capsule C . 3 4  7 

Capsule C ~ 2.i 9 

Capsule c - 54 2. 

Capsule &+ 

Capsule 

Capsule AJA- 

Capsule h) A 

Capsule 

Performed by: 

Lor; r G4MW 
Print Name 

7 - 2 r - w  
Signature Date 

Checked by: 

r\*b+4 Le* 0 
Print Name 
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. .  . . .  y =,0.9173x '9 
...... y; ~, 

:$. ' ,  

.... ., .. 
.. . (. . . -.__ - 80 

Time Temp 
0 83.1 
3 84 
6 85 
9 85.9 

12 86.8 
15 87.8 
18 88.7 
21 89.6 
24 90.5 
27 91.4 
30 92.2 

- Ser.es1 

Linear 
(Seriesl) 

- 

~~ - ~~ 

Capsule C-296 
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APPENDIX D - TYPE W OVERPACK HEAT LOAD AND CURIE CONTENT DATA 

D-I 
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AlTACHMENT 2 - MASTER PACKAGING RECORD 
(Page 9 o f  9) 

If1 

I 

I 

ACTION TAKEN/INITIALS STEP 
NUMBER 

TABLE 9 II 

PROJECT ENGINEER : f q/Z.r/sg 

300 AREA RADIOLOGICAL CONTROL MANAGER: I %43,7/ / SIGNATURE IDAT6 " 
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APPENDIX E - EDS RUN BOOK RECORDS 

WESF maintains facility copies of the cesium and strontium capsule run books, however, the record copies are 
maintained by Records Holding. The following is a list of box numbers associated with the capsule run books, 

Box Numbers for Cesium Caosule Run Books 

1 I3729 
1 I3730 
113731 
113732 
113733 
113734 
1 I3735 
1 I3736 
113737 
1 I3738 
113739 
113740 
113741 
113742 
113743 

Box Numbers for Strontium Caosule Run Books 

102230 
148019 
148020 
148133 
148134 
148135 
148136 
148137 
148138 
148139 
148140 
148223 
148224 
148225 
148226 

E- 1 


