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OECD LOFT Project Management Board
OECD LOFT Project Management Board Deputies
OECD LOFT Program Review Group

ERRATA SUMMARY FOR LP-FP-2 FISSION PRODUCT DATA REPORT - JMB-88-87

Oear OECD LOFT Participant:

Since publishing the LP-FP-2 Fission Product Data Report
(OECD-LOFT-T-3805), some typographical and transcription errors have
been identified. In striving to make this report as up-to-date and
error free as possible, an errata summary has been prepared that
identifies all presently known inaccuracies in the data report with
suggested corrections or explanations. This errata summary has been
enclosed for your use. Please feel free to make additional copies as
necessary and transmit them to all persons that receive a copy of the
original'report.

If you should notice any additional problems or errors in the LP-FP-2
Data Report, please notify me. In an effort to keep this information
as accurate and up-to-date'as possible, update information will be
distributed as necessary until the Fission Product and
Thermal-hydraulic Experiment Analysis Summary Report is published.

Very truly yours,

MAkB2 rouh t on anager
DOE Severe Accident Research Program,

MLC:maw
Enclosure:
As Stated

n EaeP.. .O. Box 1i Idaho Falls, ID 83415
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LP-FP-2 Data Report Errata Summary

The following items stand as corrections to the LP-FP-2 Data Report

(OECD-LOFT-T-3805), and should be noted in your copy of the report.

(1) Page 15. Change the measured (initial) gas volumes for the

suppression tank (Table 1) as follows:

Gas volume (m3 ) 58.4 ± 4.0

(ft 3 ) 2062. ± 141

Note: this information also carries over to the data listed on Table

81 of page 224. See item (14) below.

(2) Page 25. The TZ- shroud thermocouple identifiers shown in Figure 5

should be changed to TE-.

(3) Page 27. In the first paragraph of section 3.1.1, beginning in the

11th line with the words: "Fluid temperatures generally followed *.."

through to the end of the paragraph, revise the text to read: "Fluid

temperatures followed saturation temperature after subcooled

depressurization until dryout conditions occurred at the thermocouplo

locations. Thermocouple data in the hot leg and upper plenum regions

returned to near initial condition values following dryout due to wall

radiation heating effects. Those regions in the upper plenum and

broken loop hot leg through which steam from the core flows show

superheated conditions as the core heatup progressed.

(4) Page 54. The thermocouple identifier (TZ-2H15-041) shown in Figure 38

should actually be listed as TE-2H15-041.

(5) Page 58. No instrument identifier is listed in Figure 41. An

instrument identifier of RE-T4-096 should be included.



(6) Page 70. The item shown in Table 6 as "FI and F2 vent line closed"

should actually read "F1 and F2 vent line opened". That is, change

the word "closed" to "opened" in the line corresponding to time

1823.0 s. Note that some upstream portions of the F1 and F2 lines

were vented to the BST by opening valves CVP165-F2-36 and CVP165-F1-36

at 1823 s. See the microfiche copies of the FPMS drawings:

650-P-165 SHIO and 650-P-165 SHI1 for the details of which portions of

the F1 and F2 lines were vented corresponding to the opening of these

valves.

(7) Page 72. In the first and second lines of text that occur on page 72,

change "CVP-38-193" to "CV-P138-193", and change "CVP-38-194" to

"CV-P138-194".

(8) Page 113. In the Xe-133 column of Table 16, the value corresponding

to time 193.13 hours is listed as 4.50E+00. The correct value should

be 4.50E÷01.

(9) Page 114. In Table 17, the 1-131 values for 2.23 hours and 4.78

hours; namely, values 1.03E+03 and 1.05E+03 should be deleted.

(10) Page 177. On page 177, the symbol for micrometers (Vm) appears as

only (p) in the sentence: "These canisters were a porous metal filter

with a nominal gas rating of 0.4 u and an absolute rating of 1 u.

Change the symbol "V" to a "pm".

(11) Page 215. Of Table 79 (continued) the item b footer reads: "Specific

activity is defined as the ratio of the nuclide/g of the element (all

nuclides of that element)." The correct wording is: "Specific

activity is defined here to mean the ratio of the number of curies of

the nuclide per gram of the element (all nuclides of that element)."

(12) Page 216. In the last paragraph on page 216, the words: "density of

cesium at 65" should be changed to the following: "density of cesium

at GS". That is, change the "65" to a "G5".



(13) Page 223. In the first sentence of Section 5.3, Table 27 is

referenced. The correct reference should be "Tables 24 and 27".

(14) Page 224. A re-evaluation of the liquid level data for the BST

indicates that the volume data reported in Table 81 should be

changed. Uncertainty information has also been included in the new

table. The new information is shown in the corrected Table 81 below:

TABLE 81. PRE AND POST-EXPERIMENT LIQUID AND VAPOR VOLUMES IN THE BST

State

Pre-experiment

Pre-experiment

Post-experiment
Post-experiment

Region

liquid

vapor

liquid
vapor

Volume_(m3j

26.2 ± 1.8

58.4 ± 4.0

30.7 + 2.1

53.9 + 3.7

(15) Page 224. A re-evaluation of the cumulative release fraction data

presented in Table 82 of page 224, has determined that a few table

items should be changed. All changes are relatively minor and do not

impact the conclusions of the report. The new data values (indicated

within brackets), along with additional footnotes have been included in

the new version of Table 82 shown on the next page. Note that the

information presented in Table 82 is based entirely on the PIE grab

sample data and does reflect information from the G3 gamma

spectrometer. A final assessment of this data, including the gamma

spectrometer information, will be presented in the LP-FP-2 EASR report.



TABLE 82. CUMULATIVE RELEASE FRACTIONS TO THE BST

BST Data (decay corrected) Cumulativea

Release

L ORIGEN2 Calculated Fractions
nuclide Fuel Inventory (Ci) Liquid (C%) Gas (Cj) Total (Ci) to the BST
1-131 47570.0 ( 2 9 . 9 6]) 0.00651 29.97 0.00063

Cs-136 100.2 0 . 2 8 7b 0.287 0.0029

Cs-137 144.6 0 .3 61 b 0.361 0.0025

_ Kr-85 17.3 (0. 3 13 ]e (0.313] (0.0181]

Xe-131M 237.2 3 .8 8 e 3.88 0.0164

Xe-133 110400.0 ( 19 6 7 .]e (1967.] [0.0178]

Xe-133M 3262.0 [4 8 . 2 ]e [48.2] [0.0148]

Te-132 90890.0 8 .3 7 b 8.37 0.000092

Ba-140 80250.0 21.82c 21.82 0.00027

Ru-103 18110.0 0 .0 2 1 3 b 0.0213 0.0000012

a. The cumulative release fraction is the ratio of the total number of
curies of a nuclide in the BST to the number of curies of this nuclide in
the center bundle.

b. Value is based on the average of the BST liquid samples for 7-30-85. The
data for 7-16-85 was not used in this calculation (see Table 24).

c. T•R7-9-85 and 7-30-85 data were averaged (Table 24); however, for
luBa the grab sample data is not consistent with the BST G3 gamma
spectrometer data.

d. Used the decay corrected vapor sample filter data shown in Table 27.
e. Based on the average of the 2 vapor samples (decay corrected) data shown

in Table 27 multiplied by 53.9 m.

Note: The liquid grab sample taken on 7-16-85 was diluted from I mL to
60 mL, and the sample taken on 7-30-85 was not diluted. It is believed that
some problems exist with the 7-16-85 data and therefore the results shown
above are based mostly on the 7-30-85 data.



(16) Pages 251 through 255. In Figures 159 through 164, the FPMS closure

(defined by closure of the FPMS upstream valves CVP165-F1-34A,

CVP165-FI-34B, CVPI65-F2-34A, and CVP165-F2-348) is indicated at 1823 s

by a vertical line labeled "FPMS closed". The FPMS was actually

isolated from the PCS at 1778 s. Therefore, this vertical line should

be drawn slightly to the left of the indicated position. This

discrepancy is very evident in Figure 164 where the "FPMS closed" line

should agree with the end points of the two curves. Note that closure

of the FPMS should be interpreted as isolation of the FPMS from the

PCS. This occurs because the combined Fl+F2 line was allowed to vent

to the BST (through valves CVP165-Fl-48 and CVP165-F2-48 and the G2-20

compressor) for several hundred seconds following closure of the

upstream valves. This venting of the F1+F2 line, following reflood,

resulted in the decrease in noble gas activity near G2 during the time

period from 1778 s to 2420 s that is evident in Figures 159 through

163.

(17) Page 258. In the second footnote of Table 106, the item: "0.075 m3 "

appears in the third to the last sentence. This item should be changed

to reflect volumetric flow units; namely: "0.075 m3/s".

(18) Page A-20. On page A-20 of Appendix A of the third paragraph, there

appears the item: "3. Program BKGAUS". The letter K in BKGAUS should

be changed to a L. The corrected item should read: "3. Program

BLGAUS".

(19) Page B-5. The list of measurement identifiers shown in Table B-2 of

Appendix B does not indicate those measurements which failed.

Table B-2 should be amended to show which instruments have "failed".

The following measurement identifiers have been classified as "failed":

FE-PC-002A FE-PC-002C FT-P128-104 LT-P004-08BB PE-BL-OO1A

RE-T-77-2A2 SP-BLH-003 SP-BLH-007B ST-BL-OO1A TC-5K08-27

TE-BLH-003 TE-BLH-006 TE-BLH-0078 TE-SV-004 TE-SE-032

TE-5FO9-010 TE-5F09-027 TE-SG13-027 TE-5H10-027 TE-SJ09-042

TE-SL08-027 TE-5M07-027 TE-5UP-033A



(20) Page E-11. Two pressure and two temperature transducers are identified

in Section 3.0 of Appendix E. The instruments are identified as:

PTP165-F2-8A, PTP165-F2-8C, TEP165-F2-8A, and TEPI65-F2-8C. The "F2"

notation used in these identifiers should be replaced with "FN". The

correct instrument identifiers should be: "PTP165-Fl-8A, PTP165-F1-8C,

TEP165-FI-8A, and TEP165-F1-8C".

(21) Page E-14. In item 7 of page E-14 in Appendix E, the instrument

identifier: "PTP165-FI-88M" is mentioned. The "M" should be deleted so

that the correct ID should read: "PTP165-FI-8B".

(22) Page E-14 through E-16. In Figures E-7, E-8, and E-9, there is a

sudden change (discontinuity) in the calculated mass flow, volumetric

flow, and the ratio functions from about 1500 s to 1620 s. This change

is due to a sudden increase in the (TEP165-F1-8B) thermocouple reading

affecting these calculated parameters. This thermocouple response may

be invalid. If so, then during this time range, the corrected mass

flow rate should be closer to 13.OE-5 kg/s, the volumetric flow would

be approximately 2.8E-5 m3 /s, and the ratio curve should be about.

1.35.

(23) Page R-3. In appendix R, two references are made to 116 1n in the

fourth and seventh lines of the first paragraph. These references

should be changed to 116mIn.

(24) Page T-12. Figure T-4 in Appendix T is suppose to iepresent the BST

vapor space temperature; however, the figure that is shown is simply a

duplicate of the pressure data shown in Figure T-3. The correct plot

for Figure T-4 is shown on the next page. Additional data on the BST

temperature can be obtained from the microfiche plots attached on the

back cover of the report.
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(25) Page T-13. The third paragraph on page T-13 of Appendix T reads: "The

activity concentrations in the PCS are indicated in Tables 4.4-1

through 4.4-3 of the Data Report." The table references are incorrect

and should be changed to: "Tables 13 through 15 of the Data Report".

(26) Page U-S.

Table U-I,

are on the

On page U-5 of Appendix U, the last continuation of

several table entries are incorrect. The corrected values

following table.



TABLE U-i. (continued)

Fluid Volumes, m3

PCS Total

Hot Leg

Pressurizer liquid and steam

Steam Generator Primary

Cold Leg including PCPs

Downcomer

Lower Plenum

Core

Upper Plenum

LPIS line

BST liquid, m3

initial volume/final volume

BST gas, m3

initial volume/final volume

6.26

0.38

0.96

1.45

0.87

0.69

0.71

0.30

0.90

0.0146

26.2/30.7

58.4/53.9

I-

(27) Page V-3. On page V-3 of Appendix V, a reference is made to channel

"PdE-BLH-003". The instrument identifier should be changed to:

"PDE-BLH-003" where the small "d" is changed to a large "D".

(28) Appendix Z. Note that the hydrogen calculation that is reported in

Appendix Z is made for the BST vapor space only. Possible quantities

of hydrogen dissolved in the BST liquid or trapped in non-condensable

bubbles in the PCS have not been included in this calculation.



M. C. CarboneauE.:W. Coryel I

D.J.Osetek

J. M. BroughtonIN (3)
Idaho National Engineering Laboratory Central Files

June 22, 1988

OECD LOFT Project Management Board
OECD LOFT Project Management Board Deputies
OECD LOFT Program Review Group

ERRATA SUMMARY FOR LP-FP-1 FISSION PRODUCT DATA REPORT - JMB-48-87

During analysis of the LP-FP-1 Experiment, some inconsistencies were
identified in the data reported by the INEL in the OECD LOFT Fission
Product Experiment LP-FP-I Fission Product Data Report,
(OECD-LOFT-T-3708). On February 9, 1988 corrections were transmitted
by telex (Attachment 1) to the Program Review Group (PRG) members, and
on March 7 the changes were discussed with the PRG. The following
LP-FP-1 Data Report Errata Summary (Attachment 2) documents all
identified errata and includes supporting information. An addendum is
also included to report the-procedure and results of the fuel porosity
measurements, which had been previously transmitted by telex. Please
provide this information to all persons that received a copy of the
original report.

All changes to the LP-FP-1 Data Report that are identified as necessary
at this time have been included with this letter. The INEL regrets
that these errors were not identified earlier and apologizes for the
difficulties that these errors have caused the OECD-LOFT Project. If
you should noticeany additional problems or errors in the LP-FP-1 Data
Report, please notify me so that corrections can be made.

1 ry truly yours,

J. M. rogtnaae
DOE Severe Accident Research Program

MLC/mw

Ease Idah~o. k P.O. Box 1625 Idaho Falls, ID 83415
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Attachments:
-1. Copy of the February 9, 1988 telex sent to the OECD-LOFT PRG.

2. LP-FP-1 Data Report Errata Summary.
3. Letter from Argonne National Laboratory-West with notes documenting the

changes made to the gas gap data for FVI-00001 and FVI-00002.
4. Analysis performed for the verification of the leached sample length.
5. Table 18 replacement.
6. Cutting diagram for FVI-00001.
7. Cutting diagram for FVI-00002.
8. Information used to define the fuel sample lengths and locations for

FVI-O0001 and FVI-00002.
9. Table C-4 replacement.
10. Table 48A, replacement for Table 48.
11. Table 48B, supplemental data for Table 48.

Distribution

W. Binner S. Chakraborty J. E. DeCarlos J. Fell
D. F. Giessing T. Hada E. F. Hicken D. Hicks
J. E. R. Holmes H. Holmstrom R. W. Houston P. D. Jenkins
K. H. Krewer W. B. Loewenstein D. J. McGoff 0. M. Mercier
M. Merilo S. M. Modro R. Nilson G. Palazzi
V. Palva G. Petrangeli J. Puga 0. Sandervaag
G. Saponaro K. Sato K. Tasaka R. Van Houten

cc: G. A. Berna, DOE-ID
P. E. Litteneker, DOE-ID
G. 0. McPherson, NRC



Attachment 1

DATE: FEBRUARY 9, 1988

TO: OECD-LOFT PROGRAM REVIEW GROUP MEMBERS

FROM: D. J. OSETEK
IDAHO NATIONAL ENGINEERING LABORATORY
EG&G IDAHO, INC.
P. 0. BOX 1625
IDAHO FALLS, IDAHO 83415-2506
U.S.A.
TELEX NO. - 208-526-9591 VERIFY - 208-526-1382

INEL HAS INVESTIGATED THE DISCREPANCIES IN THE DATA REPORTED IN THE FP-1
FISSION PRODUCT DATA REPORT OECD-LOFT-T-3708. SOME ERRORS WERE
IDENTIFIED. THE FOLLOWING CHANGES ARE NECESSARY.

PAGE 45 TABLE 14 CHANGE 840 MICRO-CI TO 8.8 MILLI-CI;
AND 807 MICRO-CI TO 8.4 MILLI-CI

PAGE 46 TABLE 15 CHANGE MASS FRACTION TO MOLE FRACTION
OR VOLUME FRACTION

FOR FVI-00001
CHANGE ARGON -- TO ARGON <0.01,
AND CHANGE CO2 <0.01 TO CO2 - 0.13

PAGE 48 PARAGRAPH 2, SECOND SENTENCE, CHANGE "SIX OF THE SEVEN SEGMENTS,
APPROXIMATELY 0.94 CENTIMETERS (0.37 INCHES) IN LENGTH, WERE
LEACHED..."
TO
"SIX OF THE SEVEN SEGMENTS, APPROXIMATELY 2.54 CENTIMETERS
(1.0 INCHES) IN LENGTH, WERE LEACHED..."

PAGE 50 REPLACE TABLE 18. CHARACTERIZATION OF FUEL ROD SAMPLES WITH NEW
TABLE 18 ATTACHEDa.

PAGES 206-209 SECTION 4.1 MUST BE REVISED FOR THE
CORRECTED KR-85 MEASUREMENT.

TABLES 49, 50, 51 ARE INVALIDATED.

a. This Is the first page of a two page telex, the second page is shown
as Attachment 5.



Attachment 2

LP-FP-1 DATA REPORT ERRATA SUMMARY

As identified in attachment 3, errors were found in the reported

results of the noble gas inventory in the two intact, removable fuel

rods. Two errors were corrected in the gas analysis results: the mass

fraction has been changed to mole fraction, and the 8 5 Kr activity has

been increased about a factor of 10. Table 15, on page 46 of Volume 1 of

the data report, erroneously reported units of mass percent for the

results of the mass spectrometry. The analysts that collected the data

have recently reviewed the original information and found that the units

should have been reported as mole percent. Also on Table 15, the Argon

measurement for fuel rod FVI-O0001 should have been reported as <0.01 mole

percent and the CO2 measurement should have been reported as 0.13 mole

percent.

In Table 14 on page 45 of Volume 1, the 8 5 Kr activity of Element

FVI-00001 should have been reported as 8.8 milliCuries, and the activity

of Element FVI-00002 should have been reported as 8.4 milliCuries. The

analysts found that the raw measurements were improperly reported in

pCi/sample and should have been pCi/cm3 . The corrected data is

10.46 higher and more consistent with the gas analyses by mass

spectrometer.

Section 4.1 Fuel Rod Gap Inventory Analysis is no longer valid, since

it is based on an erroneous noble gas inventory, as reported above. Since

many of the project participants are performing their own ORIGEN2

analysis, the need for a repetition of this analysis has not yet been

identified.

During analysis of the Cs and I measurements, reported in section

3.1.3, it was ascertained that the reported leached sample length was

incorrect. The sample length should have been reported as approximately

2.54 cm (I in). Calculations of sample size from mass and density values

confirm this correction and are shown in attachment 4. Therefore, on page

48, paragraph 2, the second sentence should read, "Six of the seven

segments, approximately 2.54 cm (1 in) in length, were leached...".



While investigating the inconsistency in the leached sample length, a

transcription error was identified in Table 18, page 50 of Volume 1. The

corrected Table 18 is shown as Attachment 5 and should be substituted for

the old Table 18. Attachments 6 and 7 are the original sectioning

diagrams for fuel elements FVI-00001 and FVI-00002 respectively. These

diagrams include the information that defined sample locations and size.

The size of each sample cut from the rod was 1 inch, and further reduction

in that size was not possible. Attachment 8 describes the conversion used

to define the sample position above the lower tie plate. As reported in

footnote a of Tables 17 and 18, the last two characters of the sample

identifier correctly specify the elevation of the center of the sample

above the top of the lower tie plate, in inches. The grab sample #2 data

shown in Table C-4 have been updated, the new table and information are

listed in Attachment 9.

In a related matter, an estimate of fuel grain size was made from an

LP-FP-1 fuel sample and transmitted to OECD LOFT Project participants by

telex. The following paragraph should be added to section 3.1.4 (pg 51)

as an addenda to the LP-FP-1 Fission Product Data Report.

In addition to the fuel porosity measurements, a grain size

determination was performed in an area near the pellet

center, in an area mid-radius, and finally in an area near

the pellet outside diameter. The technique used was to draw

five lines (30 mm long) at differing locations on the

magnified photographs. Then the grain size for the area

crossed by each line was calculated by the following

equation:

Grain size - 30*(line length in mml*(1O00 um)

(number-of full grains+1)*(1 mm)*(20OX)

Pellet Location Grain Size (gm)

Center 20.17

Mid-Radius 12.26

Outside Diameter 12.06



Table 48 on Page 182 shows the measured concentrations of fission and

activation products for the PCS and 8ST. The data reported in this table

were collected for safety purposes by the LOFT Operations Staff. The data

that was collected for the OECD program was Inadvertently replaced by the

LOFT Operations data. In addition, some typographical errors have been

identified in the Table 48 data. Therefore, to correct the original table

values and to include the OECD data, the corrected data from the

operations safety group, and the data acquired for the OECD program are

shown in Tables 48A and 488 respectively, Attachments 10 and 11.

Tables 48A and 48B should replace Table 48. Parent-daughter corrections

have not been made to the data in Tables 48A or 48B.



ATTACHMENT 3

US Dwrvae~ d EteW

ARGONNE NATIONAL LABORATORY
ARGONNE -WEST PO. Box 2528,1dAho FAds,dAlho 83403"2528 TEIEphONE 208/526- 7773

Date March 25, 1988

To:

From:

Daniel J. Osetek

J, P., Webb I ." HFEF Cognizant Engineer

Subject: HFEF Data Transmittal for S/A LP-FP-1

Data related to the HFEF examination of the subject subassembly are attached.
These data include copies of information marked with an "X" on the list below.
Questions regarding these data should be addressed to the above HFEF Cognizant
Engineer.

1.

2.

3.

4.

5.
6.

7.

8.

9.

10.

11.
12.

13.

14.

15.

16.

17.

X 18.

Attachment

cc: M. T.

S/A disassembly photos and/or information

S/A profilometry data

S/A or loop neutron radiograph negatives and/or prints

Visual exam photos and/or data for elements

Weight data for elements

Neutron radiograph negatives and/or prints for _ elements

Leak check gamma scan for elements

Isotopic gamma scan for elements

Gross gamma scan for elements

Laser profilometry for elements

Bow measurements on elements

Length measurements on elements

Metallography data for elements

Smear results for elements

Profilometer traces for elements

Eddy current ferrite or cladding integrity for elements

GASR data for elements

Other Derivation of Gap Gas Data for FVI-00001 and FVI-00002.

Laug

Tk Wvmisiry of OA-cbp



NOTES ON DERIVATION OF MASS SPECTROMETRY AND RADIOCHEMICAL
ANALYSIS OF GAP GAS FROM..TWO LOFT LP-FP-1 RODS

Rods FVI-00001 and FVI-00002 were laser-punctured at HFEF
on May 15, 1985. Gas-gap volume was determined by replicated
helium backfill and expansion cycles. Gap-gas pressure was
calculated from the initial released-gas pressure and the gap-
gas volume. Samples of the gap-gas were transferred to the
ANL/W Analytical Chemistry Lab for analysis. The analyses
consisted of mass spectrometry and gamma spectroscopy. The
results of these measurements were transmitted on June 3, 1985.

It was subsequently noted that several mistakes had been
made in the calculation of these results, and a corrected
transmittal was issued on March 1s 1988. The purpose of this
report is to validate those corrections by providing selected
raw data and sample calculations for inspection. Raw data are
provided in the form of computer printouts and copies of
chemistry log-book pages. Sample calculations are provided in
the pages entitled "SUMMARY DERIVATION OF ... ", and are

referenced during the following discussion.

Two errors in the reported mole fractions for argon and CO 2

(rod FVI-00001 only) were the result of a simple transcription
error. However, for completeness, the raw and reduced
spectrometer data are provided for both rods in the first
sections of the summaries.

Radiochemical analysis consisted of counting the gas-sample
flasks with a germanium detector and analyzing the resulting
spectra with computer software supplied by NUCLEAR DATA, Inc.
The printout reports the specific Kr85 activity in units of
jCi/cc assuming a nominal sample flask volume of 34.00 cc. Thus
it is necessary to multiply the specific activity by 34.00 to
find the total activity for the sample. Next, the measured gap-
gas volume (at measurement conditions of pressure and
temperature) is translated to STP conditions. The total Kr8S5 in
the rod is then calculated using the actual volume of the sample
flask (at STP also). Finally, the Kr85 activity is corrected
for decay back to a reference time (12/19/84).

It can be seen in both copies of the log-book pages that an
improper value of specific flask activity was used in the
original calculations. The erroneous value has been circled for
the reader's benefit. No records exist to document where this
value came from, but it is thought to be another transcription
error.

Both HFEF and Analytical Chemistry regret any confusion or
inconvenience these errors may have caused. Additional
questions should be addressed to either:

Pete Webb (208)526-7773 FTS=583
Matt Laug (208)526-7319 FTS=583



SUMMARY DEIVATION OF MASS SPECTROMETRY AND RADIOCHEMICAL MEASUREMENTS
OF GAS SAMPLES FROM LOFT ROD FVI-0000O

MASS SPECTROMETRY

GMS #3413 May 20, 1985
Sample: LOFT FVI-00002

EMI = Ambient
Fil. = 300 FA
E. Mult. = 1.9 kV

Air
Mole % Corr.

RT = 23.2 OC
P = 0.0491 T

P-press.
(Torr)

Hydrogen
Helium
Nitrogen
Oxygen
Argon
Carbon Dioxide
Krypton
Xenon

0.001368
0.124975
0.001193
0.000020
0.000027
0.000699
0.001099
0.008644

0.138025

0.991
90.545
0.854
0.014
0.020
0.506
0.796
6.263

100.000

0.001118

0.000026

0. 137929

Mole %

0.992
90.608
0.811

0.019
0.507
0.797
6.267

100.000

* Oxygen used to correct for any air contamination

of the sample.

GAMMA SPECTROSCOPY

From computer printout,
Specific Kr85 Act. = 33.47 PCi/cc

Total Kr85 Act. = 33.47 pCi/cc/cyl x 34 cc/cyl = 1138 pCi/sample

From laser puncturing,
Gap-gas press. = 18.010 psia
Gas-gap vol. = 0.758 in 3 x (2.54 cm/in)3 = 12.421 cc
Gas-gap temperature = 304.14K

12.421 cc x 18.010 psia x 273.2°K
Gap gas vol.(STP) = --------------------------------- 13.672 cc

14.7 psia(STP) x 304.1 0 K

Sample Gas Press = 0.93 psia @ 22.90C Cyl = #82 Vol = 32.43 cc

0.93 x 32.43 x 273.2
Total samp. aliquot = ---------------- = 1.893 cc (STP)

14.7 x 296.1

1138 PCi x 13.672 cc(STP)
Tot. Kr8S5 Act.------------------------------- 8.220 mCi

1.693 cc(STP) x 1000 FCi/mCi

Decay correction: 5/20/85 to 12/19/84 ==> 152 days

exp((-.693 x t)/tj) = exp([-.693 x (152/365)]/10.2} = 0.9736

Corrected Kr-85 Inventory = 8.220 mCi /0.9736 = 8.443 mCi
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03-FEB-88 14:29:03

_MATS 34CC SAMPLE BULB # LS30 AT 10CM 2.4% DET.

SPECTRAL FILE NAME: SY:LAUS30.BUL
SAMPLE DATE: 17-MAY-85 13:45:00
SAMPLE IDENTIFICATION: BULB LS30 -

TYPE OF SAMPLE: FISSION GAS
SAMPLE QUANTITY: 34.00000 UNITS: UCI/CC
SAMPLE GEOMETRY: 10CM 2.4% DET.
EFFICIENCY FILE NAME: ARGWEST.EFF

* ** ** * ** ** * ** *:4 * ** ** * ** ** * ** ** * ** ** * ** **

ACQUIRE DATE: 17-MAY-85
PRESET TIME(LIVE)i
ELAPSED REAL TIME:
ELAPSED LIVE TIME:

14:35:46
240. SEC
247. SEC
240. SEC

*
*
*
*
*

FWHM(1332)
SENSITIVITY!
SHAPE PARAMETER
NBR ITERATIONS:

3.573
3.500
5.0 %

10.

2
*

DETECTOR: 2.4% GE(LI)
CALIB DATE: 19-MAR-85 09:05:55
KEV/CHNL: 0.5018970
OFFSET: -1.7B95485 KEV
AF FACTOR: 0.8896000

* LIBRARY:KR85.LIB
* ENERGY TOLERANCE:
* HALF LIFE RATIO:
* ABUNDANCE LIMIT:

2. 000KV
8.00

85.00%

* * * * * * * * * * * * * * * * * * * * * * * * * * * :4 * * * * * * * * * * *c * * * * * * * * * * * *4 * * * * * * * * * * *

ENERGY WINDOW 23.31 TO 2053.98

PK IT ENERGY AREA BKGND FWHM CHANNEL LEFT PW CTS/SEC %ERR

1
2
3

2
2
1

31.84
34.40

513.38

309.
232.

27462.

6417.
6385.
1056.

2.70
I .96
8.25

67.00
72.10

1026.45

63
63

1012

13 1.29E+00
13 9.66E-01
32 1.14E+02

37. 1
49.2

0.6

FIT,

2. 1 IE+00

6. 36E+02

PEAK SEARCH COMPLETED (REV 12)

44o/



NUCLIDE IDENTIFICATION SYSTEM (REV 12/85)
SUMMARY OF NUCLIDE ACTIVITY PAGE 1

TOTAL LINES IN SPECTRUM
LINES NOT LISTED IN LIBRARY

SIDENTIFIED IN SUMMARY REPORT

3
2
2 66.67%

FISSION GAS

NUCLIDE
KR-85

KEV SBHR
513.99 FG

cc:
T 1/2 DECAY UCI/Uj*ý
10.72Y 1.000 - 3.619E 1

1-SIGMA
ERROR

2. 267E-I
ERR
0.63

FISSION PRODUCT

NUCLIDE KEV SBHR T 1/2
-SR-5 ----- I4FP-- 4.4D

DECAY UCI/LU-/
1.000 1.568E-I

1-SIGMA
ERROR

9. 821E-4

x
ERR
0.63

O



SUMMARY DERIVATION OF MASS SPECTROMETRY AND RADIOCHEMICAL MEASUREMENTS
OF GAS SAMPLES FROM LOFT ROD FVI-O0001

MASS SPECTROMETRY

GMS #3410 May 16, 1985
Sample: LOFT FVI-00001

EMI = Ambient
Fil. = 300 PA
E. Mult. = 1.9 kV

RT = 23.1 OC
P = 0.0493 T

Hydrogen
Helium
Nitrogen
Oxygen
Argon
Carbon Dioxide
Krypton
Xenon

P-press.
(Torr)

0.000503
0.122502
0.000843

* 0.000151
0.000020
0.000177
0.001091
0.008702

0.133989

Mole %

0.375
91.427
0.629
0.113
0.015
0.132
0.814
6.495

100.000

Air
Corr.

0.000280

0.000013

0.133268

Corr,
Mole%

0.377
91.921
0.210

0.010
0.133'
0.819
6.530

100.000

* Oxygen used to correct for any air contamination
of the sample.

GAMMA SPECTROSCOPY

From computer printout,

Specific KrS5 Act. = 36.19 pCi/cc

Kr85 Act. = 36.19 sCi/cc/cyl x 34 cc/cyl = 1230 yCi/sample

From laser puncturing,
Gap-gas press. = 16.786 psia
Gas-gap vol. = 0.811 in 3 x (2.54 cm/in) 3 = 13.290 cc
Gas-gap temperature = 303.4 0 K

13.290 cc x 16.786 psia x 273.2 0 K
Gap gas vol.(STP) = --------------------------------- 13.665 cc

14.7 psia(STP) x 303.4 0 K

Sample Gas Press = 0.94 psia @ 23.OOC Cyl = #74 Vol = 33.33 cc

0.94 x 33.33 x 273.2
Total samp. aliquot = --------------------- = 1.966 cc (STP)

14.7 x 296.2

1230 PCi x 13.665 cc(STP)
Tot. Kr85 Act. =

1.966 cc(STP) x 1000 PCi/mCi
= 8.549 mCi

Decay correction: 5/17/85 to 12/19/84 ==> 149 days

exp((-.693 x t)/t, 4 } = exp([-.693 x (149/365)3/10.2) = 0.9730

Corrected Kr-85 Inventory = 8.549 mCi /0.9730 = 8.786 mCi
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NUCLIDE IDENTIFICATION SYSTEM (REV 12/85)
SUMMARY OF NUCLIDE ACTIVITY PAGE 1

TOTAL LINES IN SPECTRUM
LINES NOT LISTED IN LIBRARY
IDENTIFIED IN SUMMARY REPORT

2
0
2 100.00%

FISSION GAS

NUCLIDE
L KR-85

KEV SBHR
513.99 FG

1-SIGMA
T 1/2 DECAY -I7L ERROR
10. 72Y 1.000 ( 7E . 186E- I

x
ERR
0.65

N

FISSION PRODUCT

NUCLIDE
SR-85

KEV SBHR
513.99 FP

T.1/2 DECAY UCI/UCI/
64.84D 1.000 1.450E-1

I-SIGMA
ERROR

9. 473E-4

x
ERR
0.65

1~

NJ



0:$-FEB-88 15: 13:33

MATS 34CC SAMPLE BULB # S39 AT 10CM 2.4% DET.

SPECTRAL FILE NAME: SY:LAULSZO.BUL
SAMPLE DATE: 17-MAY-85 13:45:00

t- SAMPLE IDENTIFICATION: BULB LS30 - oooot-
TYPE OF SAMPLE: FISSION GAS
SAMPLE QUANTITY: 34.00000 UNITS: UCI/CC

4SAMPLE GEOMETRY: 10CM 2.4% DET.
EFFICIENCY FILE NAME: ARGWEST.EFF

ACQUIRE DATE: 17-MAY-85 14:16:49 * FWHM(1332) 3.573
PRESET TIME(LIVE): 240. SEC * SENSITIVITY: 3.500
ELAPSED REAL TIME: 247. SEC * SHAPE PARAMETER: 5.0%
ELAPSED LIVE TIME: 240. SEC * NBR ITERATIONS: 10.

DETECTOR: 2.4% GE(LI) * LIBRARY:KRS5.LIB
CALIB DATE: 19-MAR-85 09:05:55 * ENERGY TOLERANCE: 2.000KV
KEV/CHNL: 0.5018970 * HALF LIFE'RATIO: 8.00
OFFSET: -1.7895485 KEV * ABUNDANCE LIMIT: 85.00%
AF FACTOR: 0.8896000 *

ENERGY WINDOW 23.31 TO 2053.98

PK IT ENERGY ARES BKGND F'4HM CHANNEL LEFT PW CTS/SEC %ERR FIT

1 1 161.52 723. 11204. 3.59 325.39 319 14 3.01E+00 21.0 1.01E+00

2 1 513.51 25387. 1056. 8.07 1026.71 1012 32 1.06E+02 0.7 4.21E+02

PEAK SEARCH COMPLETED (REV 12)

_,•/// - to



Attachment #4

VERIFICATION OF THE LEACHED SAMPLE LENGTH

The length of the sample can be verified from the known mass of the
samples, as follows:

From the LOFT System Description

Pellet radius - 0.4645 cm
Cladding outer radius - 0.535 cm
Cladding inner radius - 0.473 cm

The pellet cross-sectional area is then 0.678 cm2

The cladding cross-sectional area is 0.196 cm .

Since UO2 has a theoretical density of 10.98 gm/cm3 , and the LOFT

fuel is specified to have at least 93% of theoretical density, then the

density of LOFT U02 is 10.10 gm/cm3 . Zircaloy cladding has a density

of 6.5 gm/cm3 .

mass of sample - V p

- Vf Pf + Vc Pc
L ( Af pf +Ac Pc)

- L [ (0.678 x 10.1) + (0.196 x 6.5) ]

- L (6.848 + 1.274)

- L (8.122 gm/cm)

For a 1 inch sample m - 2.54 x 8.122 or 20.6 gm.

For a I cm sample m - 8.1 gm.



Attachment 5

TABLE 18. CHARACTERIZATION OF FUEL ROD SAMPLES

Weight (g)

Sample IDA Clad + Fuel Comments

5L5-08 20.768 Particle size range same as sample
5L5-48, except a few fines were
present.

5L5-18 --- Not leached; inseparable.

5L5-28 19.614 Many fines present. Many small
pieces of fuel present, perhaps
greater than 200. Sample was
leached for 2 h with fuel and clad
intact. Fuel was then separated
from cladding with some difficulty
and leached again for I h.

5L5-38 19.515 Particle size range same as sample
5L5-48. No fines seen.

5L5-48 20.171 60 to 70 fragments ranging from 1/16
in. to 1/4 in. in size.
Average size of 1/8 in. was most
prevalent. Very few fines.

5L5-58 17.541 Approximately 30 fragments ranging
from 1/16 in. to 1/3 in., with
1/4 in. size average and most
prevalent.

5K4-28 18.707 Particle size range same as sample
5L5-48. No fines seen.

a. The first three characters of the sample identifier specify the grid
location of the fuel rod from which the sample was taken. The final two
characters specify the elevation of the center of the sample above the top
of the lower tie plate (in inches).



Attachment 6 (Cutting Diagram for Element FVI-O000I)

:2

1-

-2

dii

9-
%2

0
0
0

-9.

2

Wi

Or

0-
0

I



Attachment 7 (Cutting Diagram for Elený~tFV N-00002)
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Attachment 8

INFORMATION USED TO DEFINE SAMPLE LENGTH AND LOCATION

The cutting diagrams for the LP-FP-1 fuel samples are shown in

Attachments 6 and 7. To convert the given distances below the top of the

fuel rod to the distance above the top of the lower tie plate, use the

following equation:

Di - (Stal - d ) - Sta2

where D, = Distance above top of lower tie plate

StaI - station elevation of top of fuel rod (186.26)

d = given distance below top of fuel rod

Sta2 - station elevation of top of lower tie plate (116.24)

As an example, the center of sample 1-2 is shown to be 12 inches below the

top of the fuel rod. Therefore, the distance above the top of the lower

tie plate is (186.26 - 12) - 116.24 or 58 inches. Sample 1.2 has a sample

ID in Table 18 of 5L5-58.



Attachment 9

TABLE C-4. COMPARISON OF IODINE MEASUREMENTS

Gamma

Spectrometer

Nucli de

1-131

1-133

1-135

1-131

1-133

1-135

(C i//m31

3.34

2.63

1.44

0.551

0.355

0.204

Grab

Sample #1

3.03

2.38

1.45

0.935

0.569

0.376

Grab

Sample #2

LC.i.m 3j

2.99

2.27

2.11

0.923

0.535

0.256

Location

PCS Liquid

PCS Liquid

PCS Liquid

BST Liquid

BST Liquid

BST Liquid

aActlvities as of time of sampling



Attachment 10

TABLE 48A MEASURED GRAB SAMPLE DATA COLLECTED BY OPERATIONS SAFETY
(Data is decay corrected to the indicated sample time)

(Table values are reported in

(12-19-84 1640h)
PCs

Cl/m 3 and error values

(12-19-84 1640h)
BST Liquid

are 2-;sigma)

(12-20-85 1045h)

BST VaporaNuclide

24Na
5 1Cr
5 4 Mn
56 Mn
58 Co
6 0 Co
85mKr

8 8 Kr
8 8 Rb
9 1 Sr
9 2 Sr
88y

91my
9 9 Mo
9 9 mTc
13 2Te
1311

132I

133I

134I

135I

13 3 mxe
13 3 Xe
135mXe
1 3 5 Xe
1 3 7 Cs
14 0 Ba
140La
198Au

7.113

ND

6.180

2.266

7.337

ND

4.088

5.948

ND

8.378

4.399

ND

7.964

9.562

1.118

1.678

2.987

2.266

2.110

9.052

9.856

ND

1.022

2.629

4.531

6.073

2.506

1.324

ND

± 2.470 E-3

+

+
_+

±

±

+

±

±

+

+
+

+_

+

+

±_
_+

±

+

_+
±+

±

+

0.472

0.072

0.350

E-2

E-1

E-2

0.408 E-2

0.788 E-2

1.329 E-2

0.553 E-2

1.098

0.177

0.021

0.012

0.012

0.013

0.011

1.320

0.256

0.008

0.075

0.050

0.379

0.106

0.302

E-2
E-2

E-1

EO

EO

EO

EO

E-2

E-1

EQ

EO

E-1

E-2

E-1

E-2

ND

4.290

1.537

9.823

6.016

1.672

4.807

6.461

5.386

ND

3.176

6.682

ND

1.414

1.542

3.282

9.226

3.542

5.035

8.695

2.560

ND

2.792

1.837

6.663

ND

1.406

ND

1.671

+
±

±

+

+

±

±

+

±

+

+

+

±

+

+

10.45 E-4

0.976 E-3

0.835

0.144

0.160

0.207

0.966

0.785

1.738

1.980

E-2

E-2

E-2

E-2

E-3

E-3

E-3

E-2

0.559
0.609

0.026

0.030

0.023

0.024

2.236

0.065

0.020

0.038

0.122

E-3
E-3

E-1

E-1

E-1

E-1

E-3

E-1

E-1

E-1

E-2

ND

ND

ND

ND

ND

ND

2.25

7.06

ND

ND

ND

ND

ND

ND

ND

ND

8.42

3.14

3.02
ND

3.69

1.32

1.90

ND

3.86

ND

ND

ND

ND

± 0.24 E-4

+ 1.32 E-5

+
+

±_

±

+_

+

0.02
0.24

0.01

0.13

0.06

0.02

E-3
E-5

E-3

E-4

E-3

E-1

+ 0.02 E-3

± 0.348 E-2

+ 1.065 E-3

a. Data for the BST vapor space are corrected to BST conditions (393K
and 244.8kPa). To convert to STP conditions, divide the BST vapor
concentrations by 1.677.



Attachment 11

TABLE 48B MEASURED GRAB SAMPLE ACTIVITIES COLLECTED FOR THE OECD PROGRAM.
(Data is decay corrected to 2-19-84 at 1300 hours)

(Table values are reported in Cl/m3

Reactor Coolant System Liquid

and error values are 2-sigma)

Blowdown Suppression Tank-Liquid

Nucl ide

5 1Cr
58 Co
60 Co

9 1 Sr
99 Mo
103Ru
13 2Te
1311

13 2 1-Te
1331

1351
1 33 Xe
13 5 Xe
13 4 Cs
13 6 Cs
13 7 Cs
1 40 Ba
1 4 0 La
140Ba-La

153Sm

19 8 Au
23 9 Np

First Count Second Count First Count Second Count

2.9

3.1

3.6

1.4

3.5

6.0

8.8

3.2

9.7

2.6

1.6

1.7

2.5

3.9

3.2

6.3

3.8

2.3

1.5

4.5

1.0

5.9

±0.4

+ 0.3

±0.7

+0.2

+ 0.4

± 0.3

±0.7
+0.2

+0.9

+0.2

_+0.1

± 0.2

_+0.1
+0.5

±_0.3

+_0.4

_ 0.3

+0.2

±0.1

±0.5
+ 0.3

± 0.5

E-2

E-2

E-3

E-1

E-2

E-4

E-2

EQ

E-2

EQ

EQ

EQ

EQ

E-3

E-2

E-2

E--1

E-1

E-1

E-1

E-3

E-1

3.7

3.0

2.7

ND

2.8

ND

9.2

3.1

8.4

3.1

ND

ND

ND

3.4

3.2

6.0

3.-6

1.0

4.0

ND

NO

5.6

±
+

+

0.5

0.3

0.6

E-2

E-2

E-3

+ 0.3 E-2

±
+_

±

±

±

±

_±

±

±

+

0.7

0.2

0.9

0.4

0.5

0.3

0.4

0.3

0.8

0.4

E-2

EO

E-2

EO

E-3

E-2

E-2

E-1

EQ

E-1

4.4

2.1

1.5

2.6

1.6

4.3

1.2

6.7

1.2

4.5

3.4

ND

ND

ND

7.3

1.5

4.7

3.2

2.0

8.7

2.6

1.6

0.3

0.2

0.2

0.8

0.5

0.7

0.1

0.4

0.1

0.3

0.3

0.8

0.2

0.4

0.3

0.2

0.8

0.4

0.1

E-2

E-2

E-3

E-3

E-3

E-4

E-2

E-1

E-2

E-1

E-1

E-4

E-3

E-3

E-3

E-3

E-3

E-3

E-2

4.4
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ABSTRACT

Experiment LP-FP-2 was conducted on July 9, 1985, in the Loss-of-Fluid

Test (LOFT) facility located at the Idaho National Engineering Laboratory

(INEL). The LP-FP-2 experiment was the final experiment in a series of

eight experiments conducted under the support and direction of the

Organization for Economic Cooperation and Development (OECD). The

objectives of the experiment were to obtain information on the release of

fission products from fuel rods at temperatures in excess of 2100 K

(3320'F), and observe the transport of these fission products in a

vapor/aerosol dominated environment from the primary coolant system (PCS),

through a simulated low pressure injection system (LPIS) line, to a

blowdown suppression tank (BST). The thermal-hydraulic conditions

specified for the experiment were based on a V-sequence accident scenario.

The emergency core cooling (ECCS) injection was delayed until the specified

temperature limits on the center bundle thermal shroud were reached,

thereby obtaining the desired time-at-temperature condition for fission

product release and transport. The reactor was then brought to a safe

condition with full ECCS injection. Specially designed fission product

measurements were made in the PCS, LPIS, and BST during the transient, with

some measurements continuing for several weeks following the experiment.

Fission products were detected at all measurement locations; however, the

vast majority of the released fission product activity was contained in the

PCS liquid following the experiment. In addition, it was observed that

large quantities of control rod aerosol material were deposited in the.

lower sections of the upper plenum (near the top of the core).

This document presents the initial conditions, sequence of events, the

thermal-hydraulic data, the gamma spectrometer data, grab-sample data, and

the postirradiation examination (PIE) data of the filters and coupon

devices that were obtained for the LP-FP-2 experiment. In addition, some

post-test calculational results are presented.
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EXECUTIVE SUMMARY

Experiment LP-FP-2, conducted on July 9, 1985, was the second fission

product release and transport experiment and the eighth and last experiment

conducted in the Loss-of-Fluid Test (LOFT) facility at the Idaho National

Engineering Laboratory under the auspices of the Organization for Economic

Cooperation and Development (OECD). The principal objectives of the

experiment were to determine the fissibn product release from the fuel

during a severe fuel damage scenario and the subsequent transport of these

fission products in a predominantly vapor/aerosol environment.

The thermal-hydraulic boundary conditions for fission product release

and transport were generated by a simulated interfacing systems

loss-of-coolant accident (LOCA), a hypothetical event labeled the

V-sequence. The specific interfacing systems LOCA that was simulated

during experiment LP-FP-2 involved a pipe break in the low pressure

injection system (LPIS), also called the residual heat removal system

(RHRS). The system thermal-hydraulic and core uncovery conditions

simulated those calculated to occur in a four-loop Pressurized Water

Reactor (PWR) from rupture of an RHRS pipe as a result of a V-sequence

accident. The transient was initiated by a reactor scram followed by

insertion of the central assembly control rods (designed to provide typical

control rod behavior and potential aerosol material during the transient).

A break line in the intact loop cold leg (ILCL) was opened to start the

depressurization. A second break path, which simulated the LPIS line, was

opened in the broken loop hot leg. The intact loop cold leg break was then

closed in accordance with the Experiment Operation Specification (EOS) Li
procedures; however, the subsequent system depressurization was slower than

calculated and the pressure remained too high for operation of the fission i

product measurement system (FPMS). Therefore, in accordance with the EQS

procedures, the power operated relief valve (PORV) and the ILCL break lines

were opened to assist in lowering the system pressure. Before fission

product release, both the PORV and the ILCL break lines were closed.

Consequently, only the LPIS line was opened during the transient when

fission products were released from the core. The core was allowed to
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uncover and to heatup until a high temperature trip on the outside wall of

the center fuel module (CFM) shroud was reached. By that time, the

estimated peak fuel temperatures in the CFM exceeded 2100 K (33201F) for

-4.5 min. The emergency core cooling system (ECCS) was then activated to

reflood the reactor vessel and recover the plant.

F, The FPMS consisted of four major types of measurement devices:

(a) two steam sample systems, (b) four gamma spectrometers and one gross

F, gamma detector, (c) six deposition coupons and two deposition spool pieces,

and (d) an aerosol collection filter on the LPIS line. All FPMS

instruments were operated as specified.

F, The simulated LPIS line break was initiated at 221.6 ± 0.1 s; allowing

plateout surfaces in the LPIS to reach temperature equilibrium. The F3

aerosol collection filter was valved on-line at 950.8 ± 0.1 s, and the F1

and F2 steam sample lines were opened at 1013.1 ± 0.1 s. The release of

fission products from the cladding gap of ruptured fuel rods was first

F- detected in the F1 and F2 lines at 1200 ± 20 s, and in the LPIS line by

1249 ± 60 s. Fission product release from the fuel was first aetected at

1500 ± 10 s in each system. Center fuel module cladding temperatures

reached 2100 K (3320*F) at 1504 ± 1 s and the experiment termination

criterion was reached at 1766 ± 1 s. The LPIS line break was closed by

1777.6 ± 0.1 s; the steam sampling lines were closed by 1778.1 ± 0.1 s; the

deposition coupons were isolated by 1780.6 ± 0.1 s, and reflood was

initiated at 1782.6 ± 0.1 s.

j The steam sample lines consisted of: The F1 line, sampling the outlet

- of the center fuel module; the F2 line, sampling the broken loop hot leg

near the entrance to the LPIS line; and the F3 filter, sampling the

steam/aerosol and fission products exiting the LPIS line. Most of these

systems operated as designed. The original G6 gamma spectrometer near the

IF1 sample line failed during the preconditioning phase of the experiment,

probably because of high radiation fields. In its place, a remote area

monitor (RAM), also referred to as G6, was placed near the F1 line close to

the top of the reactor vessel. While this instrument cannot quantitatively
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measure the activity in the F1 sample line, it can be used as a gross gamma

instrument, and it did provide general timing and magnitude information on

the fission products in the F1 line. Also, during the reflood phase of the

experiment the argon gas used to heat and cool the F1 sample line was

prevented from entering the tip of the F1 probe. This occurred because of

a blockage at the end of the probe, apparently caused by high temperatures

at that location. Because the thermal conductivity gas detectors that were

to measure the quantity of H2 and water vapor passing through the line to

the blowdown suppression tank (BST) were calibrated to account for the

presence of argon gas, the signals from the detectors registered

off-scale. A review of this data indicates that no meaningful information

can be gained from these instruments. Nevertheless, analysis of grab

samples of the BST vapor space did determine the concentration of H2 gas

in the BST. Knowing the vapor volume, the gas temperature, and the LI

pressure in the BST, the cumulative mass of H2 was determined. The I

remaining steam sample line instruments operated as designed and collected IL

valid data.

The deposition devices consisted of the two deposition spool pieces

(D2 and D3), which exposed stainless steel surfaces to steam flow in the

LPIS line, and the D1 device containing two stainless steel coupons at each

of three axial elevations in the upper plenum region centered over the i4
CFM. The D1 deposition device was designed to expose the two coupons at

each elevation to steam flow during the heatup phase of the experiment, and

to shield one coupon during reflood and posttransient operations. The

device operated as specified, except that high temperatures above the CFM

did prevent the Dl device from sealing the protected coupon at the lowest

elevation. This caused a loss of some data, in that no distinction can be

made between deposition during the heatup phase and the reflood phase, at

that elevation. The other coupons at the higher elevations were isolated I
as designed.

The G5 gamma spectrometer was designed to measure the time-dependent

concentratio-ns of fission products being transported through the LPIS line

during the transient phase of the experiment. The G1, G2, and G3 gamma
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spectrometer systems were designed to measure the time-dependent fission

product concentration of the primary coolant system, the BST vapor, and the

BST liquid space, respectively, during the posttransient phase. In

addition, the G2 gamma spectrometer measured the fission product

concentration of the effluent from the combined F1 and F2 steam sample

lines during the transient. During the transient portion of the

experiment, the G2 and G5 systems operated as specified. The G5

spectrometer measured both volatile and low volatile fission products, but

almost no noble gases were identified because of higher than anticipated

detection limits. The detection limits for the noble gases were increased

because of the plate-out of other fission products near G5, principally

because of iodine. During the posttransient phase, the GI and G3

spectrometers operated as specified and measured the concentrations of

noble gases, volatile fission products, and activation products in the PCS

and BST liquid. Unfortunately, no qualified spectrometer data are

available for the BST vapor space because of high background activities

surrounding the G2 spectrometer system.

The results of the postirradiation examinations (PIE) indicate that

major fission products such as 1 0 3 Ru, 1311, 1 3 7 Cs, 14 0 Ba, 1 4 1 Ce,

and 144Ce were measured at several locations and can be quantified

throughout the LOFT system. Comparison of samples from the F1 and F2

sampling lines show over twenty times the activity above the core as in the

broken loop hot leg. This is consistent with fissile measurements that

showed a factor of twenty-five. Examination of filters in particle

sampling trains F1 and F2 showed the predominate particles were <5 microns

and consisted primarily of cadmium with some yttrium, cesium, and barium.

Ruthenium (and possibly tellurium) was transported as either submicron

particles or in gaseous form. The lower two deposition coupons in the

upper plenum were heavily coated with control rod material while the upper

coupon was relatively free of deposits. The 131I inventory in the PCS

was over two hundred times that in the BST liquid. Also, based on the G1

data, approximately 16% of the CFM inventory of iodine and 19% of the

cesium were present in the PCS liquid (this calculation does not account
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for the iodine and cesium that have platted out on RCS components). Based L
on the grab sample data for the BST, approximately 1.7% of the CFM initial

inventory of noble gases and 240 g of hydrogen were present in the BST vapor.

The following fission product measurement objectives were defined for

Experiment LP-FP-2:

1. Determine the fraction of volatile fission products (Cs, I, Te,

Xe, Kr) and aerosols released to and from the upper plenum

2. Determine the fraction of volatile fission products and aerosols

transported out of the primary coolant system

3. Determine the retention of volatile fission products on

representative primary coolant surfaces in the plenum and piping

4. Determine the general mass balance of volatile fission products

in the fuel, primary coolant system and blowdown suppression tank.

Based on the data that has been collected from the experiment, it

appears that the fission product measurement objectives can be met;

however, the uncertainty in some of these objectives will be large because L"
of the failure or degraded performance of some of the instrument systems.

For example, failure of the G6 gamma spectrometer will increase the

uncertainty in the resolution of the first objective, although additional

data from the remote area monitor that replaced it, as well as the PIE

data, provide some information that will help meet this objective. Loss of

the G2 spectrometer measurements of the BST vapor will also affect the

uncertainty of the second objective, although the BST vapor grab samples

are sufficient to meet the objective.

vi
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Where possible, analysis has been performed to verify the consistency

and validity of the fission product measurements. These consistency checks

conclude that the reported measurements, except where noted, are reasonable

and valid.

The LP-FP-2 experiment was successfully accomplished and represents

the second fission product experiment to be performed in LOFT and the last
experiment in the LOFT-OECD program. To date, it is the only severe fuel

damage experiment to be performed in an integral facility where fission

product release, transport, deposition phenomena, and thermal-hydraulic

conditions, were simultaneously measured throughout the primary coolant

system (PCS) and simulated LPIS line of a scaled pressurized water reactor

(PWR). The data from this experiment are planned to provide information

for assessing the ability of computer codes for calculating the effects or

consequences of similar accident scenarios at large PWRs (LPWRs).

IM
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FOREWORD

Experiment LP-FP-2, initiated at 14:07:45 on July 9, 1985, was the

second fission product release and transport experiment and the eighth (and

final) experiment conducted in the Loss-of-Fluid Test (LOFT) facility at

the Idaho National Engineering Laboratory (INEL) under the auspices of the

Organization for Economic Cooperation and Development (OECD). The Ll
principal objective of the experiment was to obtain fission product

release, transport, and deposition data during the early phases of a risk

dominant reactor transient. The initial conditions were representative of

commercial pressurized water reactor (PWR) operations. The 11
thermal-hydraulic boundary conditions during fission product release and

transport were based on a V-sequence accident scenario wherein a low

pressure injection system (LPIS) line ruptures and the emergency core

cooling system (ECCS) is delayed until fuel rod rupture, control rod

melting, and fuel relocation occur. The transient was initiated by U
scramming the reactor, inserting the center fuel module control rods, and

then opening a break in the intact loop cold leg. A second break, the

simulated LPIS line, was opened 222 s after reactor scram. The first break

was closed prior to fuel rod failure to provide a well-defined path for I

fission product transport through the LPIS line. The transient continued

until 1783 s, well beyond the melting of the center module control rods,

producing the high temperature conditions necessary for the release of

volatile and low volatile fission products. At -1783 s into the transient,
the LP-FP-2 experiment was terminated by injection from both ECCS lines
into the reactor vessel downcomer and lower plenum.

An assessment of the data from instruments monitoring the upper plenum

or F1 sample line (near the top of the reactor core) and the reactor vessel

outlet or F2 sampling line (near the entrance to the LPIS), indicates that U

fission products and aerosols were transported out of the core and down the

LPIS line, and that the two sample lines performed as expected. Since the
gamma spectrometer located on the F1 line (referred to as the G6

spectrometer) failed prior to the experiment, a gross gamma detector [also

called a remote area monitor (RAM)], was placed on top of the reactor .
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vessel near the G6 lQcation. This RAM detected.fission products from the
cladding gap release and from the fuel as they were transported down the F1
line. The G2 gamma spectrometer monitored the combined effluent from the

F1 and F2 lines during the transient and detected: 8 5mKr, 8 7 Kr,
88Kr, 133Xe, 135mXe, 13 5 Xe, 138Xe, and 139Ba during the transient.

Radiation scans of the LPIS line at the time of the first

post-experiment containment entry indicated that radioactive material had
deposited in the deposition spool pieces. Metal temperatures at the
deposition coupon locations in both the reactor vessel and simulated LPIS
line were -100 K (1801F) higher than saturation,'high enough to ensure that
any fission product deposition was in a steam environment.

During the transient, the G5 gamma spectrometer located next to the
simulated LPIS line detected 5 isotopes of iodine, 138 Cs, 13 2 Te,
8 8 Rb, 8 9 Rb, 116 mIn, 9 2 Sr, and small amounts of !35Xe and 88Kr.

The other isotopes of Xe and Kr, expected to be present in the LPIS, were
not detected by the G5 gamma spectrometer.

The G5 gamma spectrometer, the F1, F2, and F3 sampling systems, the G2

gamma spectrometer that viewed the F1+F2 line, and the D2 and D3-deposition
spool pieces appear to have functioned as designed. The F1 sample line
appears to have functioned during the transient but the tip of the sample
line (near the top of the core) plugged at or near reflood. High
background activities in the containment did limit the applicability of the
GI (primary system), and the G3 (blowdown suppression tank [BST] liquid)
gamma spectrometer data to times greater than 2 h following reflood.
Because of high background activities, no qualified G2 data were obtained
for the BST vapor space. In addition, one of the three protected coupons
in the D1 device (the coupon closest to the core) was exposed during
reflood. There was a loss of expected data from the failure of the G6
gamma spectrometer prior to the experiment; however, some information was
obtained by substituting a gross gamma detector or RAM for this
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spectrometer. Significant data were obtained from grab samples, Health and

Safety instrumentation, and postirradiation examination (PIE) analysis of

the filters and coupons. V
Experiment predictions indicated that, in order to produce the desired

fission product release and transport conditions, the thermal transient

should produce cladding temperatures in excess of 2100 K (3320'F) for a

minimum of 3 min. During the experiment, cladding temperatures exceeded

2100 K (3320*F) for at least 4-1/2 min. As a result, the final fission

product concentrations in the primary coolant system (PCS) and BST were U1
higher than originally expected, thus enhancing the detectability of low

yield or low volatile fission products. In spite of the larger than

expected fission product release, concentrations in the aerosol sample

lines were very low, preventing chemical speciation. m•

Comparison with the measured thermal-hydraulic data showed that the

predictions were adequate as a planning tool for this experiment. The

timing and extent of the core thermal response were closely predicted,

except for the lack of steam starvation in the upper parts of the center

fuel module. This discrepancy resulted from a larger than predicted center

fuel module steam flow, probably caused by a greater than calculated

depressurization rate during the high temperature period of the transient.

The resistance in the simulated LPIS line was much higher than modeled in

the computer code calculations. This led to a higher primary system mi
pressure at the start of the high temperature period and a continued

depressurization during the high temperature period, as opposed to a

calculated constant pressure. Inability to accurately predict the flow

resistance in the LPIS line was recognized prior to the experiment, and

adequate contingency measures were included in the Experiment Operating

Procedure.

Based on the information presented in this report, the data obtained

from the experiment are considered adequate to meet the fission product i
measurement objectives and to provide data to help understand the fission

product release and transport phenomena that occur during the early phases mi
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of a risk dominant accident. It is expected that the data from this

experiment will help in the assessment of computer code models to predict

fission product release, transport, and deposition behavior in integral

power facilities.
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OECD LOFT FISSION PRODUCT EXPERIMENT

LP-FP-2 DATA REPORT

1. INTRODUCTION

This report presents the data taken before, during, and after the

LP-FP-2 Experiment. This includes the on-line thermal-hydraulic and
fission product data, and the posttest or postirradiation examination (PIE)

data. Experiment LP-FP-2 was the second Fission Product (FP) release and
transport test performed at the Loss-of-Fluid Test (LOFT) facility, located

- on the Idaho National Engineering Laboratory (INEL). This experiment was
i initiated on July 9, 1985, and represents the eighth and final experiment

conducted under the auspices of the Organization for Economic Cooperation

and Development (OECD).

FExperiment LP-FP-2 provides information on the release, transport, and

deposition of fission products and aerosols during a severe core damage

event performed in a large scale nuclear reactor facili.ty. The phenomena
governing fission product and aerosol release, transport, and depositionFare associated with postulated severe pressurized water reactor (PWR)

accidents that lead to fuel rod failure, control rod melting, fuel

relocation, and the loss of fission products from the UO2 fuel. For the

LP-FP-2 experiment, the fuel rod cladding temperatures in the center fuel

module (CFM) exceeded 2100 K (3320*F) for -4.5 min before test termination

temperatures were reached on the exterior wall of the CFM shroud. The

4.5 min fission product release and transport transient simulated the

F- initial portion of a severe damage transient with delayed emergency core
cooling system (ECCS) operation, wherein the core damage originated from a

_ V-sequence scenario.

Probabilistic Risk Assessment (PRA) studiesI have shown that the

interfacing systems loss-of-coolant accident (LOCA), a hypothetical event
first postulated in the Reactor Safety Study2 and labeled the V-sequence,

represents a significant contribution to the risk associated with PWR

operation. Consequently, this risk dominant accident sequence was selected

as the thermal-hydraulic event in which fission product release and

II 1



transport would be measured in Experiment LP-FP-2. The specific (

interfacing systems LOCA associated with the V-sequence accident scenario

is a pipe break in the low pressure injection system (LPIS), also referred

to as the residual heat removal system (RHRS). This system typically

serves two functions in a commercial PWR: (a) It provides emergency l.

coolant injection for core recovery during intermediate and large break

LOCAs, and (b) it provides for decay heat removal during normal shutdown. I,,

The LPIS represents a potential pathway for release of primary coolant from

the reactor vessel (RV). If core cooling were not maintained during such

an event and if fuel rods failed, fission product release to the

environment could occur if the auxiliary building also failed. V1

Experiment LP-FP-2 simulated the system thermal-hydraulics and core

uncovery conditions during fission product release and transport that are 12
expected to occur in a four-loop PWR from rupture of an LPIS pipe as a

result of a V-sequence accident. The initial conditiqns for the experiment I
represented typical commercial PWR operations. The break size resulted in

a depressurization that was bounded by previously conducted LOFT

experiments.,

The LP-FP-2 experiment was initiated by a reactor scram at 14:07:44.9 Uf

on July 9, 1985 (defining to), followed by insertion of the CFM control

rods 2.4 s later. The main purpose of the CFM control rods was to provide i
Ag/In/Cd material for aerosol generation and deposition sites for fission

products during the high temperature portion of the experiment, as would be

present in a PWR during a V-sequence accident. A break line in the intact

loop cold leg (ILCL) was opened at 32.9 s to begin depressurization of the

PCS. At 221.6 s another break line, which simulated the LPIS, was opened

in the broken loop hot leg (BLHL). The ILCL break was closed at 735.5 s in

accordance with the experiment operational specifications.4 However, the

subsequent system depressurization was much slower than expected and the

pressure remained too high for operation of the fission product measurement, Li

system (FPMS).
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In order to reduce the system pressure to below 200 psi (1.38 MPa),

the ILCL break was reopened at 877.6 s, and the PORV from the pressurizer

was opened at 882 s. With the PORV, ILCL, and LPIS lines open, the PCS

pressure fell below the 1.38 MPa (200 psig) design limit for operation of

the FPMS at 1013 s. The ILCL break was then closed at 1021.5 s, and the

PORV was closed at 1162 s. The core was allowed to uncover and to heatup,

resulting in the failure of the control rods and fuel rods in the CFM.

Fission products were first detected at -1200 s in the F1 and F2 sample

lines. The experiment was continued until about 1766 s when a high

temperature trip on the exterior wall of the CFM shroud was reached. By

that time, the CFM had reached an estimated maximum temperature in excess

of 2400 K (3860 0 F) and had been above 2100 K (33201F) for at least

4.5 min. The emergency core cooling system (ECCS) was then activated at

1782.6 s and the core was quenched by 1795 s.

The requirements imposed on the LP-FP-2 Experiment, from the
4

standpoint of facility decontamination and recovery, were:

1. Experiment LP-FP-2 must be conducted with peripheral assembly

fuel rod cladding temperatures limited to 1533 K (2300'F).

2. The structural integrity of the center fuel assembly must be

maintained to facilitate removal from the reactor vessel.

To meet the above facility requirements, a center fuel module was

specially designed and fabricated for the experiment. The fuel module

consisted of 11 control rods, 100 prepressurized (2.41 MPa, 350 psi) fuel

rods enriched to 9.744-wt% 2 35 U, and 10 instrumented guide tubes. The

CFM was separated from the peripheral fuel assemblies by a 0.025-m (1-in.)

thick, zircaloy cladding, zirconium-oxide insulated thermal shroud. The

center fuel assembly was designed to enable the 9.744-wt% enriched fuel

rods, or simply referred to as the test rods, to heatup above 2100 K

(3320 0 F), while maintaining the peripheral fuel rods below 1390 K (2044*F)

for a sufficient period of time to allow for fission product release and

transport.

3



Section 2 presents the initial conditions, operational setpoints, and

a chronological listing of significant events that occurred during the

experiment. Section 3 presents a summary of the PCS thermal-hydraulic

conditions, including a review of the core heatup, and calculated flowrates.

The gamma spectrometer results for the GI, G2, G3, and G5 detectors, along

with the grab sample data and PIE results are presented in Section 4. Data

consistency checks and estimates of the fission product release fractions

to the BST and PCS are discussed in Section 5. Finally, Section 6 contains

the conclusions and observations made about the LP-FP-2 Experiment.

Miscellaneous but pertinent information concerning the experiment,

data collection and analyses, system descriptions and geometry, as well as

the detailed computer and measurement results are contained in the

appendices to this document. In particular, Appendix A contains a detailed L

discussion of the gamma spectrometer systems, with illustrated gamma

spectra for G5 and G2. Microfiche lists of the instrument identifiers, the

qualified data plots, and the Data Integrity Review Committee (DIRC)

report, are identified in Appendix B. Appendix C describes the detailed

ORIGEN2 inventory results for the CFM and peripheral bundles. A report on

the airborne radioactive iodine measurements made for the LOFT containment

is included as Appendix 0. Appendix E presents the details of the F1 and 14
F2 sample line flow rate calculation. Appendix F discusses the detailed

LOFT operating history and power data; and, Appendix G presents additional I
details of the FPMS system. Appendices H through 0 present details of the

PIE data. Estimates of the upper plenum surface area that is available for

fission product deposition are made in Appendix P. Appendix Q presents

some details of the Gi data. A discussion of the control rod failure

during the experiment comprises Appendix R. The details of the minimum

detectable noble gas concentration calculations for the G5 spectrometer are

presented in Appendix S. Appendix T represents a report on the LOFT i
containment vessel radiological conditions following the experiment.

Appendix U presents general LOFT facility data and Appendix V presents the

results of the LPIS line venturi mass flow calculation. The gamma scan

data of the CFM is shown in Appendix W while the tip scan data is presented

in Appendix X. A report from Pennsylvania State University on the response ..jj
from the LOFT external neutron detectors is identified in Appendix Y. A'
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Finally, Appendix Z presents a hydrogen calculation for the BST and

oxidation calculation for the center fuel module (CFM).

1.1 Objectives

The governing objective for the LP-FP-2 Experiment was:

Obtain fission product release, transport, and deposition data during

the early phases of a risk dominant reactor transient to establish a

benchmark data base for:

[ 1. Assessing the understanding of the physical phenomena controlling

rreactor system fission product behavior.

2. Assessing the capability of computer models to predict reactor

ri system fission product release and transport.

To support this objective, the following two thermal-hydraulic and

four fission product objectives were defined:

_Thermal-hydraulic Objectives:

" 1. Provide*LPIS interfacing system LOCA thermal-hydraulic conditions

from the initiation of the LPIS pipe break through the early

phases of severe core damage.

2. Provide transient fuel rod temperatures in the center fuel

assembly up to the rapid metal-water reaction temperature of

2100 K (3320'F) with aerosol generation from the (Ag/In/Cd)

control rods.

Fission Product Objectives:

rK>
1. Determine the fraction of the volatile fission products (Cs, I,

Te, Xe, Kr) and aerosols released to and from the upper plenum

region.
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2. Determine the fraction of volatile fission products and aerosols

transported out of the primary coolant system. V
3. Determine the retention of volatile fission products on

representative primary coolant system surfaces in the plenum and

piping.

4. Determine the general mass balance of volatile fission products

in the fuel, primary coolant system, and blowdown tank.

1.2 Experiment Description

Experiment LP-FP-2 consisted of four distinct phases: (a) fuel

preconditioning, (b) pretransient, (c) transient, and (d) posttransient.

The four phases were contiguous; however, each phase had a specifically

defined beginning and ending. The fuel preconditioning and posttransient LI

phases of the experiment consisted of relatively long periods of time as

compared with the much shorter pretransient and transient phases. 7

The purpose of the fuel preconditioning phase, in conjunction with the

pretransient phase, was to subject the CFM fuel rods to a minimum burnup of La

325 MWD/MTU. This was achieved by operating the LOFT reactor at a thermal

power of 32 MW for -84 h, shutting down for -75 h, and then operating at

26.5 MW for a period of 80 h. The burnup that the CFM received during this

initial preirradiation period is calculated to be 346 MD/MTU. ii
The pretransient phase consisted of a reactor shutdown interval of

about 96 h, followed by a power operation interval. The purpose of the

final irradiation period was to finish the planned burnup on the CFM and

establish the initial conditions for the experiment. Figure 1 shows the

preexperiment power history for the LP-FP-2 experiment. The initial

condition requirements included a core decay heat of between 675 kW and ii
695 kW at 200 s following reactor scram, and also the establishment of

typical pressure, temperature, and flow conditions that would simulate a i
commercial PWR. This phase of the experiment immediately followed the

termination of the preconditioning phase and ended with the initiation of
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Figure 1. Preexperiment power history.

the transient phase at t 0 (reactor scram). The pretransient included the

operation of the LOFT reactor at an average thermal power of 31 MW for

-26 h, followed by an additional 15 h of irradiation at approximately

26.5 MW. The estimated burnup on the CFM following this irradiation was

84 MWD/MTU. Consequently, the total burnup on the CFM prior to test

initiation was 430 MWD/MTU. The ORIGEN2 calculated core decay heat at

[r 200 s was 684.1 kW, well within the planned limits.

The actual burnup on the CFM was much higher than originally planned.

This occurred because the LP-FP-2 Experiment was initially planned to be

run on July 3 with a CFM burnup of 346 MWD/MTU; however, the CFM control

rods would not fall during this first attempt and the experiment had to be

aborted. It was later discovered that high flow conditions in the core[caused this condition and tripping the primary coolant pumps (PCPs) early

into the transient would allow the CFM control rods to fall. The LP-FP-2FExperiment was successfully run 6 days later on July 9. A serendipitous

result of the extended down time and extra irradiation was the achievement

r .of a higher Cs to I ratio than originally predicted (e.g., 4.0 vs. 2.9).
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The transient phase started with a reactor scram, defining time-zero

(to), and ended when the simulated LPIS line was closed. Plant actions

taken during this phase consisted of: turning off the primary coolant

pumps and inserting the central fuel assembly control rods within 20 s of

reactor scram; opening first the intact loop cold leg and then the broken

loop hot leg (simulated LPIS line) breaks; closing the intact loop cold leg

break, and then recycling the intact cold leg break and cycling the PORV

prior to fission product release. The transient was terminated when the

external temperature on the CFM shroud reached 1517 K (2271IF), at which

time reflood of the reactor vessel was initiated. The maximum measured

temperature during the experiment exceeded 2400 K (3860IF), and the time at

temperature (time with cladding temperatures in excess of 2100 K (3320 0 F))

was -4.5 min.

The final, or posttransient phase of the experiment consisted of a

time interval of 44 days during which the redistribution of fission

products in the gas and liquid volumes in the blowdown suppression tank and

the leaching of fission products from the damaged fuel rods in the CFM were :'>

measured. This phase began at the closure of the simulated LPIS line,

which terminated the blowdown and initiated the reflood of the reactor

vessel, and ended 44 days later.

1.3 Systems Description

The FPMS was designed and fabricated for the detection, identification

and collection of radioactive isotopes in the LOFT PCS, LPIS, and BST.

This system, illustrated in Figure 2, consisted of three basic subsystems:

(a) four gamma spectrometer systems and one gross gamma detector, (b) a

deposition sampling system, and (c) filter sampling systems. Each of these

subsystems is briefly described in this section; however, some details of '4
these systems are contained in the appendices.

The on-line gamma detection sampling system included five different '4
sample locations: (a) G1 (gamma spectrometer), sampled from the reactor

vessel lower plenum or, alternately, from the intact loop hot leg; (b) G2 *j
(gamma spectrometer), sampled from the blowdown suppression tank vapor

8
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Figure 2. Schematic of the LOFT system showing the relative positions of
FPMS instrumentation.

spaces during the posttransient, and from the combined FI+F2 sample lines

r during the transient phase of the experiment; (c) G3 (gamma spectrometer),

sampled from the blowdown suppression tank liquid space; (d) G5

(spectrometer), sampled from the simulated LPIS line during the transient

and posttransient; and (e) G6 (gross gamma monitor), sampled the F1 line at

the top of the reactor vessel. Note that detector G4 was used during

rExperiment LP-FP-1 and was not used in this experiment. Each gamma

spectrometer was designed to operate remotely and could be calibrated using

r a 2 2 8 Th source mounted on a collimator wheel. With the exception of G5

and G6, this system operated only during the posttransient phase.

The deposition sampling system consisted of six stainless steel

coupons and two deposition spool pieces. Two coupons were located at each

of three elevations above the central fuel module (for a total of six

coupons, collectively designated DI). At each elevation, both coupons were

exposed to the fluid stream during the transient. One coupon at each

elevation was to be isolated from the PCS prior to initiation of reflood

r9



while the other coupon remained exposed to the fluid. However, the

protective cover did not seal around the lowest level coupon and contact

with reflood water occurred. The other coupons functioned as planned. The

two deposition spool pieces, located near the inlet and outlet of the

simulated LPIS line header, were designated 02 and 03, respectively. These

spool pieces were designed to provide a measurement of the primary coolant

system surface deposition of volatile fission products during the heatup or

transient. Since this line was isolated prior to reflood, these coupons

did not experience any deposition or leaching during the posttransient phase.

The final FPMS subsystems consisted of two aerosol/steam sampling

lines with corresponding equipment and an aerosol filter system on the LPIS U
line. These sample lines were designed to provide a continuous sample of

the vapor and aerosols generated during the heatup phase of the

experiment. The F1 filter sampling line consisted of the following major

components:

I. Sample line probe

2. Dilution gas supply

3. Dual cyclone separator/isolation valves

n[
4. Dilution filter

5. Virtual impactor

6. Collection filters U

7 Infrared moisture detectors

8. Hydrogen recombiner. ii-

10
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The F2 sampling line was similar to the F1 line, except that there were no

dilution gas supply and moisture detectors. The F3 filter sampling system

consisted of the D2 and D3 deposition spool p'ieces, a filter, and a flow

venturi. The three sample line locations are: FI, 180 cm (70.75 in.)

above the top of the lower tie plate and located directly above the center

fuel module; F2, the broken loop hot leg spool piece just outside of the

upper plenum; and F3, the exit of the simulated LPIS line header.

Figure 3 is an axonometric representation of the LOFT primary coolant

-system. The LOFT system consists of the reactor vessel, that houses the

1.68 m (5.5 ft) nuclear core; an intact loop, which represents three of

four loops of a four-loop PWR and contains active components (steam

generator, pumps, pressurizer, etc.); a broken loop that represents the

Cfourth loop; and the BST that collected the effluent from the PCS. The

LOFT PCS is volumetrically scaled to a commercial PWR, using the ratio of

core thermal powers (LOFT/PWR) as the scaling constant. Additional details

on the LOFT system and the scaling basis used in its design are available

r 77in Reference 4. Special changes to the facility for LP-FP-2 are outlined

in Appendix U.

[i

[:
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Figure 3. Axonometrlc view of the LOFT primary coolant system.
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2. EXPERIMENT PROCEDURE

The manner in which the LP-FP-2 experiment was conducted is described

in this section. The initial conditions and the operational setpoints for

the experiment are presented in Section 2.1. Section 2.2 describes the

sequence of events that occurred during the experiment.

2.1 Initial Conditions and Operational Setpoints

Table I lists the specified and measured system conditions immediately

prior to the LP-FP-2 transient. Except for the liquid level in the BST,

all initial conditions were within the limits specified in the Experiment

Specification Document (ESD). 4 Since no attempt had been made to use the

BST to simulate a containment vessel, this single out-of-specification

value did not affect the outcome of the experiment.

The operational setpoints specified in the ESD for LP-FP-2, together

with the measured values, are listed in Table 2. Two operator actions

occurred prior to reaching the ESD setpoints: (a) the early isolation of

the gamma densitometer sources, and (b) initiation of ECCS flow (1.1 s

early). Because all FPMS lines were closed before reflood, the 1 s early

initiation of ECCS flow did not affect the experiment outcome or collection

of fission product data. As explained in the Quick Look Report (QLR), 3

the early isolation of the gamma densitometer sources did affect the

calculation of the fluid density; however, the loss of this information is

judged to be minimal. The loss of density information does not affect

other data and has only a minimal impact on the overall understanding of

the experiment. This occurs because the loops were already partially

voided prior to this time. Thus, the initiation of voiding in the loops

was measured; the major loss is knowledge of when the loops were completely

voided. The latter can be bounded using thermocouple and level information

in the upper plenum.

13



TABLE 1. INITIAL CONDITIONS FOR EXPERIMENT LP-FP-2

Specifieda
ValueParameter

Primary Coolant System

Core delta T (K)
(OF)

Primary system pressure
(hot leg) (MPa)

(psia)
14.95 ± 0.1

2168 ± 15.0

571 ± 1.1
569 ± 2

Measured
Value

11.7 ± 1.4
21.1 ± 2.5

14.98 ± 0.1
2173 ± 15

571.6 ± 0.8
569.2 ± 1.4

559.9 ± 1.1
548.2 ± 2

475 ± 2.5

3.77 ± 0.02

Hot leg temperature (K)
(OF)

Cold leg temperature (K)
(OF)

Loop mass flow (kg/s)

(lbm/h x 106)
479 ± 19

3.8 ± 0.15

Boron concentration (ppm)

Primary coolant pump injection
(both pumps) (L/s)

(gpm)

499 ± 15

0.127 ± 0.016
2.0 ± 0.25

0.128 ±0.003
1.98 ±0.02

Reactor Vessel

Power level (MW)

Decay heat (200 s)

26.5 ± 0.5

685 ± 10

26.8 ± 1.4

(kW) 684.8

Maximum linear heat generation

rate (kW/m)

(kW/ft) 12 c

42.6 ±3.6

12.97 ±1.1

1.38 ±0.01
54.3 ±2.0

Control rod position
(above full-in position) (m)

(in.)
1.37 ± 0.01
54.0 ± 2.0

Steam Generator

Secondary system pressure (MPa)
(psia)

Water levelb (m)
(in.)

6.38 ± 0.08
925 ± 12

0.17 ± 0.06
6.7 ± 2.4

14
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TABLE 1. (continued)

Specifieda
ValueParameter

Pressurizer

Liquid volume (m )

(ft
3)

Steam volume (m3 )
(ft

3)

Water temperature (K)
(OF)

Pressure (MPa)
(psia)

Liquid level (m)
(in.)

Suppression Tank

Liquid level (m)

(in.)

Gas volume (m3 )
(ft )

Water temperature (K)
(OF)

Pressure (gas space) (kPa)
(psia)

Boron concentration (ppm)

Measured
Value

0.57

20.13

0.37

13.07

616.9
650.8

15.1
2190

1.06
44.4

1.12 ± 0.1
44 ± 4

0.03

1.06

0.03

1.06

2.1
3.8

0.1
14.5

0.06
2.4

0.06

2.4

2.02

71

0.5
1

3
0.4

15

1.19

47.0

+ 0.051
- 0.0
+2
- 0.0

1.18

46.5

<311
<100

100 t 20
14.7 +t 3

59.11

2087

295.6
72

95
13.8

3710
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TABLE 1. (continued)

Specifieda Measured
Parameter Value Value

Emergency Core Cooling System

Borated water storage tank
Temperature (K) 303 ± 3 301.3 ± 3

(OF) 85 ± 5 82 ± 5

Accumulator A liquid level (m) <2.17 1.81 ± 0
(in.) <86 71.3 ± 0

Accumulator A pressure (MPa) >4.21 5.1 ± 0
(psia) >611 740 ± 9

Accumulator A liquid
temperature (K) 303 ± 3 303.1± 0

(OF) 85 ± 5 86± 1

Accumulator B liquid level (m) <2.16 1.81 ± 0
(in.) <86 71 ± 0

Accumulator B pressure (MPa) >4.21 4.95 ± 0
(psia) >611 718 ± 9

Accumulator B liquid
temperature (K) 303 ± 3 305.6± 0

(OF) 85 ± 5 90.4 ±1

a. If no value is listed, none was specified.

b. Steam generator liquid level referenced to 2.95 m (116 in.) above the
top of the tube sheet.

c. Approximately equal to this value.

.02
.8

.06

.7

.3

.02

.8

.06

.7

.3

a'
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LI
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TABLE 2. OPERATIONAL SETPOINTS FOR EXPERIMENT LP-FP-2

Event

Scram reactor

Turn off primary pumps

Insert CFM control rodsa

ILCL break openedb

LPIS break opened

ILCL break closedc

F1 and F2 openedd

Open the LPIS line filterd

Isolate gamma densitometer sourcese

Close FPMS linesf

Close the LPIS linef

ECCS flow initiatedg

Time After Scram

Specified (s) Measured (s)

0.0 0.0

8.0 ± 2 9.7 ± 0.1

20. 22.4 ± 0.1

23. 32.9 ± 0.1

220. ± 5 221.6 ± 0.1

721. 735.5 ± 0.1

905. 1013.1 h + 0.1

945. 950.8 ± 0.1

945. 262. ± 2

1766. 1777.1 ± 0.1

1766. 1777.6 ± 0.1

1783.6 ± 0.5 1782.6 ± 0.1

a. Insertion of the CFM control rods was initiated when the primary

coolant flow decreased to 189 kg/s (1.5 x 106 lbm/h).

b. The ILCL break was opened upon verification that the CFM control rods
were fully inserted.

c. The ILCL break was closed when cladding temperatures reached 566 K
(560 0 F) or PCS pressure reached 1.2 MPa (160 psig).

d. The F3 filter and the FPMS line isolation valves were opened when
cladding temperatures reached 840K (1052*F), as specified.

e. The gamma densitometer sources were to have been isolated from the
detectors when the cladding temperatures reached 840 K (1052°F).

f. The FPMS sampling line and LPIS line isolation valves were closed when
shroud temperatures reached 1517 K (2272 0 F).

g. ECCS flow was initiated 6 s after initiation of closure of the LPIS
line isolation valVes.

h. The F1 and F2 lines were opened at 1013.1 and steam was first detected
in the F1 line between 1013.1 and 1015.7 s.

17



2.2 Chronology of Events

The significant events for Experiment LP-FP-2 are chronologically

listed in Table 3. The intact loop pressure history are shown in Figure 4

along with the identification of important events.

The LP-FP-2 transient was initiated by scramming the reactor with the

peripheral control rods, which defined to. The primary coolant pumps

(PCPs) were then turned off at -10 s (or t 0 +10 s; note that all

experiment times are referenced relative to to). After the PCS flow had

decreased to 190 kg/s (1.5 x 105 Ibm/h) at 22 s, the center fuel assembly

control rods were unlocked from the 01 device and allowed to fall into the

CFM. At 24 s the control rods were fully inserted in the core. The ILCL

break was then opened at 33 s, and the LPIS line was opened at 222 s. The

core started heating up when the liquid level decreased in the peripheral

bundles at 662 s. The CFM began heating up at 689 s. The ILCL break was

closed at 736 s; however, it was reopened at 878 s to accelerate the PCS

depressurization rate.

In addition to reopening the ILCL break, the PORV was opened at

882 s. After the system pressure dropped below 200 psi (1.38 MPa), the

ILCL and PORV lines were closed at 1022 and 1162 s, respectively. Fission

product activity was first detected in the F1 and F2 lines at -1200 s. The

hottest measured cladding temperatures reached 2100 K (3320*F) by 1504 s.

The transient continued until the outer shroud wall temperature limitation

of 1517 K (22721F) was reached at 1766 s. Subsequently, the FPMS lines

were isolated at 1777 s and ECCS injection was initiated at 1783 s. The 5 j
core was quenched at 1795 s (although a few isolated thermocouples

indicated temperatures in excess of saturation for several minutes

thereafter), and the plant was maintained in a quiescent state for 14 days

while fission product measurements were taken using the on-line

measurements systems. Also, batch samples were taken from the BST and PCS Ii
for several days: BST liquid samples (21 d), BST vapor samples (28 d), and

PCS liquid samples (44 d). During the early part of the cooldown or

18
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TABLE 3. CHRONOLOGY OF EVENTS FOR EXPERIMENT LP-FP-2

Event

Scram

9P1A Control rods fully inserted

PCP coastdown initiated

CFM control rods fully inserted

ILCL break initiated

PCP coastdown completea

End of subcooled blowdownb

Secondary relief valve cycle

Pressurizer empty

LPIS line break initiated

Secondary pressure exceeded primary system
pressure

Earliest coolant thermocouple deviation
from saturation (voldage at that location)

Upper plenum
Hot leg pipe
Downcomer
Lower plenum

Fuel rod cladding heatup started in PFM

Fuel rod cladding heatup started in CFM

ILCL break closed

ILCL break reopened

PORV opened

F3 filter on line

LPIS bypass closed

FPMS lines opened

Time After Experiment
Initiation

(s)

0.0

2.4 ± 0.1

9.7 ± 0.1

23.4 ± 0.5

32.9 ± 0.1

25.1 ± 0.1

53 1

56 _ 1

60 5

221.6 ± 0.1

260 - 10

300
390
730
800

662

689

735.5

877.6

882.0

950.8

951.9

1013.1

+_

±

±+

±

_+

_±

10
10
10
20

2

2

0.1

0.1

0.1

0.1

0.1

0.1
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TABLE 3. (continued)

Event

ILCL closed

PORV closed

First indication of (gap) fission products at F1

First indication of (gap) fission products at F2

First indication of (gap) fission products at F3

Peripheral fuel cladding reached 1460 K (2172*F)

Maximum upper plenum coolant temperature reachedd

First indication of (fuel) FPs at F1, F2, and F3

Cladding temperatures reach 2100 K (3320'F)

Shroud temperature reached trip setpoint

1st thermocouple
2nd thermocouple

Maximum cladding temperature reached

LPIS line break closed

FPMS lines closed

Maximum upper plenum metal temperature reachedd

Deposition coupons isolated

ECCS initiated

Accumulator flow stopped

Maximum LPIS line coolant temperature reached

Core quenched

Cooldown initiated

Steam generator feed-and-bleed started

PORV opened

Time After Experiment
Initiation

(s)

1021.5 ± 0.1

1162.0 ± 0.1

1200 ± 20

1200 ± 20

1249 ± 60

--c

1495

1500

1504

+

+_

+

5

10

1

, L

U

'~.~~1

L

L

Li

'4

1743 ± 1
1766 1 I

e

1777.6

1778.1

1780

1780.6

1782.6

1795

1800

1795

f

2600

3350

0.1

0.1

5

0.1

0.1

2

5

5f

10

10
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TABLE 3. (continued)

Time After Experiment
Initiation

(s)Event

PORV closed

PORV opened

PORV closed

3380 ± 10

3680 ± 10

3690 ± 10

.7711

Experiment terminated __9

a. The pumps were allowed to coastdown under the influence of the motor
generator flywheel until the pump speed reached 750 rpm. At that time, the
flywheel was disconnected from the motor generator and the pumps quickly
stopped adding energy to the fluid. The time at which the flywheel was
disconnected is defined as the time the PCP coastdown was complete.

b. End of subcooled blowdown is defined as the time when the first
measured fluid temperature outside of the pressurizer reaches saturation
conditions.

c. None of the cladding thermocouples in the peripheral fuel bundle
measured validated temperatures above the setpoint. The two that gave
readings above this setpoint were failed before reaching the setpoint.

d. These temperatures represent the maximum measured temperatures before
reflood at these locations. The thermocouple output during reflood could
not be interpreted.

e. Because of the large number of cladding thermocouples in the central
fuel module that failed at high temperatures during the transient, it is
not possible to determine the precise maximum temperature or the time at
which it occurred. The time is estimated to be between 1782 and 1795 s.
The maximum temperature exceeded 2400 K (3860 0 F) based on extrapolations
from valid temperature readings before thermocouple failure.

f. The peripheral fuel modules were quenched by 1793 s. Most of the
central fuel module cladding thermocouples were quenched by 1795 s. Some
isolated thermocouples indicated persistent high (superheated) temperatures
a few minutes longer. Interpretation of the temperature data is
complicated by the large number of thermocouples in the center fuel module
that failed during or just before reflood (see Appendix I).

g. Because of the high background in the area surrounding the G1, G2, and
G3 spectrometers, data were collected for several weeks after termination
of the thermal transient.

21



16 = I I

I a I

12

CO
CL 8

a-ScramSGap 
release

ILCL
opened

CL
0

V M

U.0. 0 -is.

0 c> 0os

o 
0

0f - C C.0.0
9= 0

PE-C-005iPORV closed

f n I I
- CFM >- 2100

- 2000

1600
.__

- 1200 2

Ca
CD)

800 &

400
B

20
2500

4

Accum.

HPIS A,I
A,
B

0
.- 500 0 500 1000 1500 2000

Time (s) L178-K~M210-04

Figure 4. Primary system pressure history showing significant events.

'-C

~ j

- ~

NOW, ....
'N

~L 12 r~ (ZL-4 - 122



r
posttransient phase, the PORV was cycled twice (see Table 3) to prevent the
PCS from overpressurizing, and a feed-and-bleed operation on the steam

generator was initiated.

r
r j:

.-Ir
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3. THERMAL-HYDRAULIC DATA

This chapter contains a description of the thermal-hydraulic data

obtained for LP-FP-2. First, a description of the data from the blowdown

and heatup periods of the transient are presented. Then, data taken during

core degradation are presented. Finally, data from the reflood and

cooldown periods are reviewed. Initial conditions have already been ii
presented in Section 2.1 (see Table 1). Comparisons to computer code

calculations have been made previously in the Quick Look Report 3 and will

not be repeated here. Detailed descriptions of the thermal-hydraulic
4

instrumentation have also been previously reported, so only the CFM and

upper plenum thermocouple locations are repeated for convenience in

Figures 5 and 6. A complete set of plots of the thermal-hydraulic data

taken during the experiment are provided on 5 microfiche cards attached at

the end of the report. The microfiche cards are titled: "EXP LP-FP-2

SHORT TERM" (Cards 01 and 02), "EXP LP-FP-2 INTERMEDIATE" (showing the

intermediate term data), "EXP LP-FP-2 LONG TERM", and "LP-FP-2 BUBBLE

PLOTS". Corresponding to these cards are 4 additional microfiche cards :"' I
detailing the DIRC report and an index of the plotted data. These 4 cards

are titled: "LP-FP-2 FINAL DIRC REPORT" (for the short term data),

"LP-FP-2 INTERMEDIATE DIRC REPORT" (for the intermediate time range data),

"LP-FP-2 LONG TERM DIRC REPORT" (for the long term plots), and "INDEX OF

MICROFICHE PLOTS" (indexing the measurement identifiers with the location ii
of the plotted data). Additional information concerning the

thermal-hydraulic data presented on microfiche cards is listed in Appendix B.

The primary thermal-hydraulic goals for.the experiment were to provide

LPIS interfacing system LOCA conditions and transient cladding temperatures

up to rapid metal-water reaction and control rod aerosol generation. The

experiment was highly successful in achieving these goals.

I2
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3.1 Blowdown and Core Heatup

L This section discusses the thermal-hydraulics during the blowdown and

heatup periods of the transient. This provides a set of thermal-hydraulic

conditions immediately prior to core degradation and fission product release.

3.1.1 Pressure and Fluid Temperatures

Short and long term system pressure plots are presented in Figures 7
and 8 (see also Figure 4). Generally, the system pressure response to the

various actions taken during the experiment was as expected. However, the

depressurization rate was lower than anticipated because the flow rate

through the simulated LPIS line break was less than predicted. At the end

of the blowdown period, or beginning of heatup (662 s), the system pressure

had decreased from an initial value of 14.95 MPa (2168 psia) to about

2.93 MPa (425 psia). By the end of the heatup period (1200 s), the system

pressure was only about 1.44 MPa (209 psia), and the rate of decrease was

' approximately constant. Throughout the transient, the system pressure

remained sufficiently high to maintain critical flow. Fluid temperatures

generally followed saturation temperature throughout blowdown, decreasing

with the system pressure. Two exceptions to this trend were: (a) the

fl~uid temperatures in the piping, and (b) the fluid temperatures in the

core. Temperatures in the intact loop dropped initially but then remained

constant at -540 K (512°F). Since the vapor stagnated in the intact loop,

heat transfer from the hot pipe walls kept this vapor superheated. Fluid

temperatures in the simulated LPIS line were superheated throughout the

blowdown and heatup periods. Superheating in the core channels was

expected after the liquid level dropped below measurement locations. Also,

to a lesser degree, superheating conditions were observed in the upper

plenum after -750 s into the transient.

Temperatures in the pressurizer decreased during the first 130 s of

the transient, following saturation conditions. Wall heat transfer then

caused increasing pressurizer temperature that stabilized at -375 s.

During the heatup, the PORV was opened (882 s) for a few minutes to assist
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in the depressurization of the PCS. This caused a further increase in the

pressurizer temperature since the flow from the upper plenum was superheated.

The hot leg temperatures at the time of the PORV opening, at the top

and middle of the hot leg pipe, remained constant; however, the coolant

temperature at the bottom of the pipe decreased for -100 s. This suggests

stratified flow in the hot leg and the possible entrainment of liquid as

the depressurization rate increased.

[Fluid temperatures in the downcomer followed saturation until the

liquid level passed the measurement points. Then the fluid temperature

stabilized or increased slightly, probably caused by wall heat transfer.

Temperatures below about a meter from the bottom of the lower plenum

decreased throughout the entire experiment, indicating that liquid was

always present in the lower region of the vessel.

3.1.2 Fluid Densities

The pressurizer emptied in -50 s. The liquid level in the steam

generator secondary collapsed in about the same time period and then

decreased linearly at about x10O m/s (see microfiche plots for details).

Figures 9 through 12 show the average fluid densities measured by the

individual gamma densitometer beams in the intact loop hot leg, intact loop

cold leg, broken loop hot leg, and broken loop cold leg, respectively. In

each case, the three densities are shown, except for the A-beam at the

intact loop hot leg location, which was classified failed, due to an

inadequate background correction. The gamma densitometer sources were

prematurely isolated. Thus, density data are available only for about the

first 260 s of the transient. These data show that the voiding started at

-50 s in the intact loop hot leg, 85 s in the intact loop cold leg and

broken loop hot leg, and 120 s in the broken loop cold leg. The voiding

continued, but was not complete, when the densitometer sources were

isolated at 262 s. While the level decrease in the loops could not be

directly monitored beyond this time, it is clear from thermocouple data in
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the upper plenum that the loop was void by 470 s. This is illustrated in

Figure 13, which compares the response of an upper plenum thermocouple with

saturation temperature. The time at which the thermocouple response

deviates from saturation (470 s) is an indication of the time when the

level had decreased below that elevation. Since this thermocouple is

located at an axial elevation just below the bottom of the loops, this time

represents an approximation for the time the loops were completely voided,

with the exception of the loop seals.
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Figure 13. Comparison of upper plenum fluid temperature with saturation
temperature.

Figures 14 through 16 show conductivity level probe responses in the

upper plenum and fuel modules #1 and #3. Flashing occurred at the top of

the core upon break initiation. The upper plenum was completely voided at

least down to within 1.1 m (43 in.) of the top of the core by -600 s. The

level dropped into the core region by about 700 s. The heatup in fuel

modules 4 and 5 (see Subsection 3.1.4) preceded this measured level drop by

approximately I min. This apparent discrepancy could have been caused by a

'4
Ii
Ii
Ii
ii
4
Ii
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combination of two phenomena. First, the level probes are located in the

two instrumented corner fuel modules; the radial decay heat distribution

could have resulted in a depressed level near the center of the core with a

higher level near the edge. Based on calculations using the traversing

in-core probe, the ratio of initial linear heat generation rates between

the hot fuel rod in the center fuel module and the fuel rod adjacent to the

level probe was 2.3. The ratio between the hottest part of the peripheral

fuel assembly and the fuel rod adjacent to the level probe was 1.4. The

same values should apply to the ratios of decay heat levels at these 61
locations. Second, conductivity level probe response depends on the fluid

between the closely spaced probes being at the same void fraction as that

of the bulk fluid. In the environment of lower decay heat in the corner

assemblies, it could be expected that the response of the probes lagged the

voiding of the bulk fluid. The boil-off continued until the entire center

fuel module was dry. Fuel module 3 was essentially uncovered by

approximately 1000 s. However, Figure 15 indicates the persistence of

fluid in Module I throughout the transient. Again, interpretation of the

data must take into account the limitations discussed above.

Figures 17 through 19 show the response of the self-powered neutron

detectors (SPNDs) in the peripheral fuel modules. These detectors were

centered at an elevation of 0.66 m (26 in.) above the bottom of the core,

and each indicated that the local void fraction increased to near 1.0 at

that elevation between 690 and 740 s. Cladding temperatures in the vicinity

of the SPNDs indicate heatup initiation at approximately 730 s, or 40 s

after initiation of the SPND response to the density decrease. This time

lag between SPND response to the density decrease and heatup under decay

heat conditions is consistent with previous experiments. The SPND output

exhibited a sharp decrease at -735 s, or approximately when the intact loop

cold leg break was isolated. This could be indicative of a rapid collapse

in liquid level as the depressurization and steaming rates suddenly

decreased.

-F
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Figure 20 shows the output from the special neutron detectors

installed in the reactor vessel shield tank. The pulse mode recording for I

Detector C failed, so only Detectors A, B, D, and E are shown. Detector E

indicated voiding at the I m (40 in.) elevation in the upper plenum at

-500 s into the transient. Detector A also responded to the boiling in L'
the upper plenum. Detector B clearly showed voiding in the top of the core

at -600 s, after which this detector continued to follow a shutdown curve, I
indicating continued voiding. Detector D, however, did not indicate a

similar voiding below the bottom of the core. While boiling occurred at

this elevation, there was a continued indication of a recognizable level

near the bottom of the core throughout the entire transient. A report on

the response of the external neutron detectors is presented in Appendix Y.

3.1.3 Flowrates

The PCS mass inventory was derived from the mass increase in the BST. i
The suppression tank level is shown in Figure 21. This level is an average

of two independent measurements in the suppression tank. It should be
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noted that, because of the large oscillations in the data and the

nonphysical offset between the two level measurements, these data are not

qualified during the transient. Thus, the derived PCS mass inventory is

useful for trend information, though not for absolute magnitudes during the

transient. The trends are reasonable, and a single point check of the mass

inventory can be made since the levels were qualified both for initial

conditions and for the time after isolation of the PCS. The derived mass

inventory is shown in Figure 22 and indicates that the inventory decreased

from an initial value of 4700 kg (10360 Ibm) to a minimum of just over

500 kg (1100 Ibm) by 1300 s. After this time, the mass flow was high

quality steam, and the overall mass inventory declined quite slowly. The

calculated minimum mass remaining in the reactor vessel (RV) was enough to

fill -80% of the lower plenum (LP). Thus, the liquid level did not reach

the lower core support structure at the end of the blowdown and heatup

period.
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The final mass inventory, based on the (qualified) suppression tank

level data after isolation of the PCS, was -200 kg (440 Ibm), which is

300 kg (660 Ibm) lower than the minimum value from the transient

calculation. This difference is only 6.4% of the original mass inventory

and represents the cumulative error in the transient calculation.

It can be seen from Figure 22 that the PCS mass inventory decreased at

1-8 kg/s for the first 300 s, at -3 kg/s from 300 s until 1000 s, and at

-1 kg/s from 1000 s to 1300 s. Mass flowrates in the intact loop hot leg

show that loop flow ceased when the pressurizer emptied, near 50 s.

Velocity in the downcomer dropped rapidly to zero, with small disturbances

11 occurring until 1000 s.

Although there was no direct measurement of the core mass flow, there

were two independent indications of core flow. The first was the thermal

response itself, which indicated that steam starvation did not occur. The

second was provided by a calculation of the heat flux from the cladding to

the fluid. That heat flux is given by

(z) = h(Tclad - Tfluid) (1)

T flid T +fj6.28) r q"(7) r17

STfluid = TSAT (2)
mC p

where

r = fuel rod radius

c = steam thermal capacity

z = axial elevation
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m mass flow

h = heat transfer coefficient

" surface heat flux

Tclad cladding temperature U
Tfluid fluid temperature

TSAT saturation temperature.

Data for heat generation rates and fuel rod parameters furnish the

adiabatic heatup rate and the surface heat flux under isothermal L
conditions. Data for cladding temperatures, differentiated with respect to

time and compared with the adiabatic heatup rate and isothermal surface

heat flux, provide an estimate of the actual surface heat flux. Combining

the two equations to eliminate the fluid temperature results in one

equation with two unknowns, the heat transfer coefficient and the mass

flow. An assumption was made that these two parameters did not vary with

elevation for any given time, and data from the three thermocouple

elevations in the center fuel module (0.25, 0.69, and 1.07 m; 10, 27, and

42 in.) were used to solve for these two unknowns, with one check for

consistency. The calculation was performed using the data at 1300 s, or

just prior to initiation of the metal-water reaction. The resulting heat

transfer coefficient did not vary more than 25% at the three elevations,

which is considered reasonable for this analysis. A constant heat transfer

coefficient of 0.059 kW/m 2 K was used to calculate the core mass flow at

this time. A corresponding analysis with RELAP5 indicated the heat

transfer coefficient was 0.016 kW/m 2 K at the 10-in, elevation and L
increasing with increased elevation, although never reaching the higher

value seen in the actual test data. The resulting total mass flow rate for Li
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the center fuel module was 0.04 kg/s (0.09 lbm/s) or 0.4 g/s

(9 x 10 lbm/s) per fuel rod, which is -3 times the value calculated

prior to the experiment. The mass flow rate was sufficient to allow the

metal-water reaction to proceed without steam starvation.

Flow in the steam generator secondary feed and condenser inlet are

shown in microfiche plots 36 and 35, respectively. Feedwater was stopped

at time zero. The condenser inlet flow dropped suddenly at initiation,

then continued a gradual decrease.

3.1.4 Fuel and Wall Temperatures

Metal temperatures in the nonpowered regions closely followed fluid

temperatures. The structures cooled as fluid (saturation) temperature

dropped, and then began heating at various times between 700 and 900 s.

This is shown in the microfiche temperature plots (see Appendix B) for the

upper core support columns, shroud, tie plate, and upper end box.

Metal temperatures at the LPIS line inlet were initially cooler than

the PCS coolant. The discharging flow heated this position until -400 s.

Thereafter, the LPIS metal temperatures followed the same pattern as metal

temperatures described above.

The temperature began increasing in the upper part of the peripheral

fuel modules at 662 s (note TE-2E08-045 in Figure 23) and moved downwards

as the coolant boiled away. The 15-in, elevation dried out at -730 s

:1• (note TE-2F07-015), and the 10-in. elevation dried out at -930 s

(note TE-2G14-011). The departure of these temperatures from saturation is

-shown in Figure 23. (The quench of the 15-in. elevation thermocouple

caused by the opening of the PORV can also be seen.) The center fuel

module remained at saturation for a longer time than the peripheral

modules. This is believed to be caused by higher decay heat levels

creating higher steam flows in this module, which caused the froth level

inside the shroud to be higher than that outside. The first recorded

departure from saturation was at 689 s (note TE-5M09-042 of Figure 24). The

27-in. elevation dried out at -740 s, and the thermocouples at the 10-in.
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F! elevation in the center fuel module had a minor (-10 K (18 0 F) departure

from saturation starting at 780 s, followed by a much more significant

Vexcursion at 940 s. These thermocouples are shown in Figure 24. The

dryout was, therefore, top-down, although a few guide tube thermocouples

did not follow this pattern.

In order to control the system pressure, the ILCL break and the PORV

•-' were cycled during the early part of the temperature excursion. The

effects of these changes (except the opening of the ILCL at 877.6 s, which

was followed very closely by the opening of the PORV at 882 s) can be seen

on the heatup rates of some thermocouples in the core. The greatest effect

by far was caused by the opening of the PORV at 882 s, which caused cooling

throughout the core and quenching in the lower parts of the peripheral

modules as the core liquid level responded to the changing pressure

gradient in the reactor vessel. In order to better see the small changes

in temperature gradient caused by the various events, Figure 25 shows the

TE-4G08-021 data after subtracting 0.538 K/s (0.9684°F/s), the average

temperature increase rate.
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L

3.2 Core Degradation

The thermal-hydraulic conditions that existed during the period of 14
core degradation are of primary interest. Accordingly, this section

focuses on the period between -1200 and 1800 s. Particular attention is 12
given to the thermal-hydraulic conditions at each of the sampling locations

for evaluating the fission product and aerosol transport data obtained. 14
Other data related to core degradation is contained in Section 4.6.6 and

Appendices R, W, and Y. Additional information on core degradation will be 12
available after the ongoing examinations of the CFM are completed.

3.2.1 Pressure and Fluid Temperatures L

The system pressure was slowly decreasing during the period of core C,4

degradation. Below -1 m from the bottom of the reactor vessel, fluid

temperatures were saLurated and slightly decreasing. Above that level,

temperatures in the downcomer increased slightly during the core

degradation period. Intact loop temperatures were near 525 K (4851F) and .2

slightly decreasing.

As expected, fluid temperatures above the core increased rapidly lV
(-0.5 K/s, 0.9*F/s) during core degradation (see Figure 26). Steam

temperature in the simulated LPIS line inlet was near 540 K (512*F), or f
-30 K (540 F) hotter than nearby walls. The LPIS inlet steam temperature

increased at a rate of -0.015 K/s (0.027 0 F/s) from 1200 to 1600 s, then at lj
a much higher rate (0.075 K/s, 0.135'F/s) from 1600 to 1800 s.

At 1330 s, it appears that some water passed the top of Module 4, as

shown by the upper tie plate thermocouples in Figure 27. At 1360 s, the

lower plenum thermocouples in this module were cooled, as shown in

Figure 28. Close examination of the fuel rod cladding thermocouples in

Module 4 shows a very small cooling effect at -1360 s, as can be seen in

Figure 25. It appears that water, from an unknown source, ran down guide

tubes between the tie plates. These events occurred concurrently with the
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initial stages of core damage that may have been responsible for changes in

flow, which ultimately supplied the small amount of water noted at the top

of Module 4.

Figures 29 through 32 compare the fluid and saturation temperatures at

the F1, F2, D2, and D3 locations, respectively. Figures 33 through 35 Li
compare the fluid, metal, and saturation temperatures for the upper,

middle, and lower coupons in the D1 deposition device. The fluid at all m

three deposition coupon locations, as well as the metal temperature at the

D1 coupon location, was superheated throughout the period of fission

product release and transport. The fluid temperature at the F2 location

was superheated from -1300 to 1800 s. The fluid at the F1 location

indicated general superheat with two periods of quench. There were no

perturbations measured by the pressure transducer at the same location.

This implies that the amount of water present in the line was'probably very

small, such that steam generation was not measurable. It is possible that

a small amount of water (in, perhaps, a mixed flow regoime) quenched the p
thermocouple without affecting the steam or metal temperatures.
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3.2.2 Flowrates

The discharge rate of steam is shown in Figure 36. The mass flowrate

in the simulated LPIS line was derived from the pressure differential

across the calibrated flow orifice. During the time of fission product

release and transport, the steam flowrate was approximately constant at

0.2 kg/s. This is approximately twice the predicted flow rate, and is

consistent with the higher-than-predicted flow rate in the center fuel

module and with the lack of steam starvation. In addition to the steam,

noble gases and hydrogen were being released, probably not at a constant Ij
rate.

3.2.3 Fuel and Wall Temperatures

The general trends of fuel and wall temperatures are represented in I-
Figures 37 and 38. Upper and lower extremities of the core did not heat

nearly so rapidly as the center region. The hottest elevation was slightly
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Figure 38. Comparison of CFM, shroud, and peripheral rod temperatures.

above the core midplane. The CFM experienced severe heatup and it appears

the shroud would have followed next and then the peripheral modules h.ad not

reflood terminated the transient.

At -1050 K (1430 0 F), the guide tube temperatures responded to melting I
of the control rod material (Ag-In-Cd) at the 0.69 m (27-in.) elevation.

The temperatures on guide tubes 5J13 and 5K05 both showed a definite

decrease in the heatup rate (from 1.2 K/s down to 0.7 K/s) after 1300 s.

The latent heat of melting absorbed some of the decay heat, causing a

decrease in the heatup rate. This is consistent with the observation that

the heatup rate of guide tube 5H08, which did not contain a control rod,

was not similarly affected. Figure 39 compares these three temperatures.

There was also agreement with the melt temperature of the control rod

material (1073 K) at this time.

The first recorded and qualified temperature rise associated with the

rapid reaction between zircaloy and water occurred at -1430 s and 1400 K on

a guide tube at the 0.69-m (27-in.) elevation. This temperature is shown
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in Figure 39. Another thermocouple at the same elevation responded

"• earlier, but was judged to have failed after 1310 s, before the rapid

temperature increase. Note that, because of the limited number of measured

cladding temperature locations, the precise location of the initiation of

metal-water reaction on any given fuel rod or guide tube is not likely to

coincide with the location of a thermocouple. Thus, the temperature rises

were probably associated with precursory heating as the metal-water

reaction propagated away from the initiation point. Care must be taken in

LI'

determining the temperature at which the metal-water reaction initiated,

since the precursory heating can occur at a much lower temperature. It can

be concluded from examination of the recorded temperatures that the

r oxidation of zircaloy by steam becomes rapid at temperatures in excess of
1400 K (20601F).

Cladding temperatures in the center fuel module reached 2100 s, the

infailure temperature of e thermocouples at 1504 s, and continued to rise

until reflood, a.5 mtn later. Although no direct measure of temperature is
Scavailable after thermocouple failure, quite reasonable extrapolations
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indicate that cladding temperatures were in excess of 2400 K (3860 0 F).

This temperature was calculated by assuming adiabatic heatup of the CFM

because of decay heat. Because little cooling was available at this time

and, in fact, additional heating was present because of metal-water

reaction, the stated temperatures are reasonable estimates. Similar

extrapolations show fuel centerline temperatures reached at least 2800 K

(4580F).

The course of the rapid reaction between the zircaloy and steam can be

tracked by noting times at which cladding temperatures exceeded 1800 K

(2780'F), indicating that the rapid reaction had occurred. The results,

for those thermocouples that had not failed by that temperature, are shown

in Table 4. The reaction probably started between the 0.69 m (27-in.) and

the 1.07 m (42-in.) elevations. The metal-water reaction then spread

across the entire center fuel module at the 1.07 m (42 in.) elevation

between 1480 and 1530 s, and then across the 0.69 m (27 in.) elevation.

The few thermocouples at the 0.69 m (27 in.) elevation that reacted early

(TE-5H08-027 and TE-5H06-027) seem to be exceptions to the p.attern. There

was no rapid temperature rise because of the reaction between steam and

zircaloy at the 10-in, elevation. Between 1520 and 1680 s, some of the

thermocouples at the 10-in, elevation in the center fuel module measured

small temperature increases, examples of which are shown in Figure 40.

This is believed to be caused by molten material running down the rod or

down a nearby rod.

At -1500 s, several instruments showed the effects of some event that

had taken place. These instruments include the gross gamma monitor (shown

in Figure 41), upper tie plate thermocouples (shown in Figure 42), the

momentum flux meter in the downcomer (shown in Figure 43), and guide tube

thermocouples. The initiating event for these effects is believed to be

the rupture of the control rod cladding: a sudden release of aerosols

could explain the rapid increase in gamma activity; the flow redistribution

caused by blockage would affect upper plenum temperatures; and the

flashing of water (caused by molten absorber material.falling into the

water below the lower tie plate) would cause the downcomer reverse flow.
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TABLE 4. TIMES AT WHICH THE CFM THERMOCOUPLES EXCEEDED 1800 K

Time at which
1800K was reached

(s)Instrument

TE-5H08-027

TE-5H06-027

TE-5112-042

TE-5104-042

TE-5L09-042

TE-5C07-042

TE-5M09-042

TE-5D13-042

TE-5H12-027

TE-5K05-027

TE-5K11-027

TE-5103-027

TE-5M06-027

TE-5F03-027

TE-5C09-027

TE-5J07-027

TE-5L07-027

TE-5C12-027

TE-5G12-027

TC location

Guide Tube

Internal Clad

Internal Clad

Internal Clad

Internal Clad

Internal Clad

Internal Clad

Internal Clad

Guide Tube

Guide Tube

Guide Tube

Internal Clad

Guide Tube

Guide Tube

Internal Clad

Internal Clad

Internal Clad

Internal Clad

Internal Clad

1451

1475

1487

1488

1491

1495

1513

1529

1536

1538

1545

1549

1564

1580

1671

1674

1686

1686

1695
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A more direct indication of the guide tube behavior can be obtained

from an examination of the guide tube thermocouples. Several of the guide i i

tube thermocouples at the 0.69-m (27-in.) elevation showed a discontinuity

in temperature at -1500 s. This may be an indication of their rupture, or

perhaps caused by control rod material from a hotter region flowing past

the thermocouple. Once again, the effect is absent from transducer

TE-5H08-027, the thermocouple on the guide tube without a control rod. The

temperature at the 0.69-m (27-in.) elevation was -1200 K (1700*F) at

1500 s, which is lower than the temperature at which the control rod

material release was expected [1400 K (2060'F)]. However, the temperatures

were probably higher at higher elevations.

The peripheral fuel rods exhibited decreased heatup rates (and even

cooling) at -1550 s (see Figure 44), particularly further away from the

center fuel module and at lower elevations. This may be an effect of the

steam flow that was diverted from the center fuel module, after partial

blockage. Added to this steam flow may be additional steam produced from

hot materials falling into water residing in the lower plenum. At 1640 s

1000

900 ~TE-.4F07-015 IL
Saturation temperature .1200

Id 800 1000

0 700 800 B

0

E 6.600

500 -- -- ------------------------------- -.. i40

400.. 00I

400 1 1 1 1 - I I I I I I ,- -'••

500 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900
Time (s)

Figure 44. Fuel Assembly 4 cladding temperatures at lower level during core
degradation.
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there was apparently another sudden flow change in the peripheral modules,

and some thermocouples exhibited a corresponding drop in temperature.L
All of the shroud thermocouples are shown in Figures 45 through 48.

LDuring most of the transient, the thermocouples on the outside of the

shroud increased steadily in temperature from saturation at -740 s (940 s[for the 10-in, elevation) until -1700 s. The thermocouples at the 1.07-m

(42-in.) elevation deviated from this a little in that their temperature[ rise rates increased at -1540 s (TE-5E-042 and TE-5S-042) or 1620 s

(TE-SN-042 and TE-5W-042). These changes in temperature rise rate may be

another facet of the effect that caused cooling of the peripheral rods at

about these times, or it may be caused by the shroud becoming less

efficient as an insulator. The temperature of the shroud at 1700 s varied

(from about 800 K (980°F) at the 10-in, elevation to -1400 K (2060°F) at the

42-in. elevation. At 1700 s, several of the shroud thermocouples exhibited

J• an increase in temperature rise rate, the effect being strongest on the

south side (next to module 2) and particularly on thermocouple TE-5S-010.

[ZFii• 1700 T - , ' 1 I I m 250.
TE-5N-010,

SO1500 - TE-SN-027 *1-- TE-5N-032
TE-5N-042 / -2000

1300 X Saturation temperature / /

Soo ; > .- " -,oo -

7. 00 .-

.,~oo
500" X• X,-.• X, X X . "0

.300

600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900LT I me (s)

r Figure 45. Shroud wall temperatures facing fuel assembly 8.
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Figure 48. Shroud wall temperatures facing fuel assembly 6.

Also at -1700 s, the thermocouples near the outside of the shroud,

particularly at lower elevations, began. an. extraordinary. temperature
excursion. By 1780 s (just before reflood) all of the thermocouples in

Module 2 near the south wall of the shroud, with elevations ranging from
0.28 to 1.24 m (11 to 49 in.) reached -1400 K (2060°F). A selection of
these thermocouples is shown in Figure 49. The shroud wall thermocouples

at or below 0.81 m (32 in.) were cooler than 1400 K (2060°F). The
thermocouples near the shroud in Modules 4 and 6 behaved similarly, but not

in such an extreme manner. A comparison of Modules 2, 4, and 6 Is shown in
Figure 50. The thermocouples in the peripheral modules away from the

shroud had a similar, but smaller effect just before reflood, as can be
seen In Figure 44. However, the time of the temperature rise corresponds
closely to the closure of the LPIS line break and the isolation of the FPMS

system, so the effect may be unrelated.

The cause of the rapid peripheral temperature rise is somewhat

uncertain. The exothermic reaction between zircaloy and water is not

considered a possibility because the initiation temperatures are too low;
nor is radiation from the shroud wall likely because the wall temperature

L
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is less than that reached by the fuel rod thermocouples at this elevation.

It is judged that the rapid temperature rise was caused by shunting of the

thermocouple leads where they passed through an area of high temperature

(near the top of the core). This is reflected in the qualification

statements for those transducers in Appendix B.

The major events that occurred in the CFM during

period are summarized in Table 5. This chronology is

interpretation of the thermal response data. Related

Section 4.6.6 and Appendices R, W, and Y.

TABLE 5. CHRONOLOGY OF CORE DAMAGE EVENTS

the core damage

from the foregoing

data is available in

Events

Estimated time of initial fission
product gap release

Ag-In-Cd melt at 0.69-m elevation

Metal-water reaction at 0.69-m elevation

Maximum measured temperatures reach 2100 K

MWR spreads across 1.07-m elevation

MWR spreads across 0.69-m elevation

Control rod cladding rupture (about 1250 K)a

Relocation of molten material (downward)

Time(s)

<1200

1300

1430

1504

1480 to 1530

1450 to 1595

1500

1520 to 1680

1550Partial blockage

Second partial blockage

a. Note: See also Appendix R

1640
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E

3.3 Reflood and Cooldown

The final, or posttransient, phase consisted of reflood and an

extended time interval of 44 days, during which time the redistribution of

fission products in the gas and liquid volumes in the BST and the leaching

of fission products from the damaged fuel rods in the reactor vessel were

measured. The FPMS lines were isolated at 1777 s and ECCS injection was

initiated at 1783 s. The core was quenched at 1795 s (although a few

isolated thermocouples indicated temperatures in excess of saturation for

several minutes thereafter), and the plant was maintained in a quiescent 1
state for 14 days while fission product measurements were taken using the

on-line measurement systems. Later, batch samples were taken from the BST

and PCS: BST liquid samples (21 days) BST vapor samples (28 days), and PCS

liquid samples (44 days). During the early part of the cooldown, the PORV

was cycled twice (see Table 3) to prevent the PCS from overpressurizing,

and a feed-and-bleed operation on the steam generator was initiated.

The increase in system pressure caused by steaming during core quench

is evident in Figure 8. The pressure response to PORV cycling could also

be seen, and at 12,000 s a significant pressure decrease occurred. At this

time, natural circulation was enhanced by the break-up of a bubble lodged

at the top of the steam generator.

A calculation of the mass flow in the PCS during the first 40 h of

this phase was made, using the decay heat, reactor vessel temperature rise, 5
and known fluid conditions. The resultant mass flow was in the range of

2 to 3 kg/s (4.4 to 6.6 lbm/s). This resulted in a loop transit time of

1900 to 2800 s.

The peripheral modules quenched very rapidly between 1789 s (on IL

TE-4F07-015) and 1793 s (on TE-2H15-032 and TE-4114-021). The shroud outer

wall also quenched during this period; all thermocouples on the south side

of the shroud failed simultaneously at 1790 s, presumably because of some

mechanical strain associated with the reflood process.
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In the center fuel module, only the 10-in, elevation thermocouples

were qualified as accurate through the reflood and the last of these to

quench was TE-5J07-010 at 1795 s. The other center fuel module

thermocouples, including those on the upper tie plate, failed at or before

reflood. The nearest thermocouple above the center fuel module that

survived the reflood was TE-5UP-028B, which is shown in Figure 51. This

thermocouple quenched at 1793 s, then heated rapidly to 1900 K (29601F)

before quenching again at 1801 s. This gives some evidence that the center

F fuel module remained hot for at least a short period after the rest of the

core quenched. More information on the cooling of the center fuel module

can be inferred from the thermocouples that failed during the transient.

One possible failure mode is for the thermocouples to form a new junction

at another location. If this happens, then the thermocouple may still give

qualitative temperature information about the location where the new

junction is formed. Two examples of this appear to be TE-5K11-027 and

TE-5J07-027, both of which are shown in Figure 52. Thermocouple

TE-5K11-027 was evidently reading a reasonable temperature because it

F7•. quenched at 1880 s and then remained subcooled, as might be expected after

reflood. This is therefore fairly reliable evidence that some locations in

the center fuel module were hot until -1880 s. Thermocouple TE-5J07-027

was cooling towards saturation until 2010 s, at which time the junction

apparently broke again. In order to cool so slowly, the thermocouple
junction must be well insulated from the reflood water. It is therefore
reasonable to assume that there was a mass of material in the center of the

center fuel module that was difficult to cool. The TC junction stayed

above the saturation temperature for several hundred seconds.

F
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4. FISSION PRODUCT RESULTS

The purpose of this section is to present the on-line and posttest

fission product data that were collected for the LP-FP-2 Experiment. This

information includes the gamma spectrometer (G2, G3, and G5) data, the grab

sample results, the gross gamma (G6) data, the coupon data for D1, 02, and

D3, and the aerosol identification results of the filter analysis.

Finally, the G1 data is discussed in Section 4.4.

4.1 FPMS Description

The FPMS, as illustrated in Figure 2, consisted of the following

measurement devices or subsystems: the steam/aerosol sampling lines (F1

and F2), the LPIS aerosol filter system (F3), the deposition devices (D1,

02, and D3), the gamma spectrometer systems (G1, G2, G3, and G5), and the

gross gamma detector that replaced the G6 gamma spectrometer. The aerosol

sampling system consisted of: the F1 sampling line, which extracted a

r ~ steam/aerosol/fission product sample just above the center fuel module; the

F2 sampling line, which extracted a sample from the broken loop hot leg

(near the inlet to the LPIS line); and the F3 filter, which collected

__ aerosols from the end of the LPIS line. The D1 deposition rod, located in

the upper structure above the CFM, and the D2 and D3 deposition spoolrpieces located in the LPIS line presented representative stainless steel

surfaces for fission product plateout. The gamma detector systems can be

F; divided into two principal groups: those that provided isotopic

measurements during the transient and those that provided measurements

during the posttransient period. The gross gamma detector on the F1 sample

_ line (G6), the gamma spectrometer system on the LPIS line (GS), and the

gamma spectrometer system (G2) on the combined F1+F2 sample lines provide

data during the transient. In contrast, the G1, G2 (configured for the BST

vapor space), and the G3 gamma spectrometers provided isotopic

concentration information in the PCS, in the BST vapor space and in the BST

liquid space, respectively, during the posttransient period.

The sequence of events affecting the FPMS performance is shown in

Table 6. Additional details of the FPMS geometry and instrumentation are
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TABLE 6. SEQUENCE OF EVENTS AFFECTING THE FPMS

Time
Event (s)

F1 Dilution gas line opened -199.4 Li
F1 and F2 vent line closed -146.8
Reactor scram 0.0
D1 moved (to drop CFM control rods) 20.6
LPIS line opened 221.6
D1 initial purge started 750.6
Dl initial purge stopped 763.1
F1 steam analyzer external purge started 878.1Fl steam analyzer external purge stopped 883.0

Fl annulus gas line opened 883.1
F3 line opened 950.8 Li
F3 bypass line closed 951.9
Fl and F2 sample lines opened 1013.1
Fission products detected in the F1 line 1198.0
Fission products detected in the BLHL 1201.0
LPIS line closed 1777.6
Fl line closed 1778.0
F2 line closed 1778.1
Attempted closure of the D1 coupons 1780.6
D1 nitrogen backup on 1808.0 2
Fl and F2 vent line closed 1823.0
Fl dilution gas line closed 1833.1
D1 opened 2085.6
01 nitrogen backup bypass opened 2143.1
D1 nitrogen backup bypass closed 2148.0
DI nitrogen backup bypass opened 2933.1
0l nitrogen backup bypass closed 2968.2
Fl annulus gas line closed 3401.6

contained in Appendix A and G. The data collected by the gross gamma and L]

gamma spectrometers is contained in Sections 4.2 through 4.5. All other

FPMS components and samples required postirradiation examination (PIE) and t
the results of these examinations are summarized in Section 4.6.

4.2 LPIS Gamma Spectrometer Data

This section describes the LPIS geometry, instrumentation, and the G5

gamma spectrometer data. Appendix A presents a detailed description of the

gamma spectrometer system with illustrations of several G5 gamma-ray energy
spectra.
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'T:! Figure 53 shows a schematic of the LPIS line with as-built pipe

dimensions. The relative positions of the LPIS instrumentation are shown

in Figure 54. The pipe size selected for the LOFT LPIS pipe simulation

line was 1-1/4 in. nominal Schedule 160, having an inside diameter of

0.0295 m (1.16 in.). The entire LPIS line was designed with a total length

of 21.34 m (70 ft) and the distance between the isolation valves

CV-P138-190 and CV-P138-191 was 15.67 m (51.4 ft). The deposition coupons

(spool pieces) D2 and D3 had the same internal diameter as the LPIS pipe

and are 0.305 m (12 in.) long. D2 and D3 were composed of stainless steel
L material satisfying ASME SA 376 Specifications. The LPIS isolation valves

J CVP-38-190, and CVP-38-220, were open at 221.6 s, initially bypassing the

0.23 o eFi te4

0.4 MS4

• hot leg

Figure 53. Schematic of the LPIS line showing line lengths.
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Figure 54. Instrumentation and details of the LPIS line. •,

F3 filter. The CVP-38-193 valve was open at 950.8 s (valving in the F3

filter), and the CVP-38-194 valve (the F3 bypass line) was closed at

951.9 s. Following the conclusion of the transient and immediately

preceding the reflood portion of the experiment, the LPIS was isolated at 3K
1777.6 s.

The pressures and temperatures measured along the LPIS system during -

the LP-FP-2 transient are shown in Figures 55 through 61 (also note

Figures 31 and 32). The calculated volumetric flow rate for the LPIS is 3
shown in Figure 62, with details of the calculation shown in Appendix V.

There is no wall temperature measurement at the 03 deposition spool piece

location; however, the calculated temperature at D3 indicated that steam
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was superheated. A reference saturation temperature for the LPIS inlet was

measured at the broken loop hot leg and it is estimated that this value is

high enough to imply that steam was superheated at the 02 deposition coupon

location during the time of fission product release and transport.

Tables 7 through 10 show the activity concentrations (Ci/m 3) of

several nuclides as determined from the G5 gamma spectrometer data. All of

these data are plotted in Figures 63 through 95. In some of these figures,

a simple straight line is shown along with the measured data. The line

represents a hypothetical concentration of the isotope assuming that it was

decaying in time according to its particular decay constant. The line is

for reference purposes only and is not part of the measured data set. Also

shown on each data point in Figures 63 through 95 are the uncertainty bars

from the statistical fit in the GAUSS VIII 8 code, which represents the

uncertainty in the counting statistics alone. In Tables 7 through 10, the

appropriate G5 spectrometer positions are listed with the data. The

collimator diameters for the various positions were as follows:

collimator position 1 Thorium source calibration

collimator position 2 background count (blank)

collimator position 3 38.1 mm (1.50 in.) diameter

collimator position 4 12.7 mm (0.50 in.) diameter

collimator position 5 6.35 mm (0.25 in.) diameter

collimator position 6 3.18 mm (0.125 in.) diameter

It is apparent from the data presented in Tables 8 and 9 that there is

almost no indication of noble gases in the LPIS line near the G5 detector

during the transient portion of the experiment. After reflood, following

closure of the LPIS line, the G5 spectrometer began to detect many noble

gases; however, these activities have been identified as coming from

background sources of radioactive noble gases from outside the LPIS pipe.

See Appendix A for an additional discussion concerning this background

activity. As discussed in Section 5.8, it appears that the noble gases

were present in the LPIS; however, because of the high activities of

iodines, the noble gas concentrations were generally below the level of
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TABLE 7. CONCENTRATIONS OF IODINE ISOTOPES IDENTIFIED AT THE G5 GAMMA

SPECTROMETER

(Oata values are reported in units of Cl/m 3 )
(Error values are reported as a percentage)

Time (s) 1-131 +/-% 1-132 +L-% 1-133 +/-% 1-134 + /-% 1-135 +-
Collimator position 13

178
221 --------.--. -
299
350
421
482
543 2.50E-01
604 2.40E-01
665 1.50E-01
732 3.80E-01
787 3.OOE-01
848 5.10E-01
909 6.70E-01

Collimator position #4
970 1.13E+00
993 3.37E+00

1053 4.55E+00
1114 6.90E+00
1175 1.06E+01
Collimator position 15
1248 2.63E+01
1309 4.80E+01
1370 3.93E+01
1431 2.52E+01
1492 1.04E+02
1553 3.65E+02
Collimator position #6
1607 1.36E+03
1667 2.OOE+03
1728 2.54E+03
1777 --------.--. -
1789 2.62E+03
1850 2.81E+03
2371 2.88E+03
2671 3.03E+03
2972 2.92E+03
3273 3.05E+03
3574 2.86E+03
3875 2.99E+03
C4477 3.23E+03
5681 3.42E+03
6885 3.42E+03
7788 3.59E+03

- -- - - - - - - - ---- - -- - - - - - - - - - - -- -- - - - a

16
22
38
16
20
10
13

17
12
9
7

15

11
6
7

11
5
4

6
7
7

7
9
4
3
3
4
3
4
4
3
3
4

4.30E-01
1 .30E+00
2.23E+00
2.40E+00
2.66E+00
2.75E+00
2.64E+00
3.82E+00

5.55E+00
1 .52E+01
2.22E+01
2.90E+01
3.72E+01

1.18E+02
1.36E+02
1 .28E+01
9.95E+01
2.53E+02
8.42E+02

2.78E+03
4.33E+03
6.53E+03

6.72E+03
6.37E+03
6.40E+03
6.42E+03
6.30E+03
6.OOE+03
5.79E+03
5. 79E+03
5.72E+03
4.94E+03
4.58E+03
4.33E+03

13
10
5
4
4
5
5
6

6
5
5
5
5

5
4
4
5
5
5

7
5
5

6
7
5
5
5
5
4
4
5
4
3
3

4.20E-01
1.OOE+00
1.66E+00
1 .89E+00
2.17E+00
2.32E+00
2.23E+00
3.40E+00

5.71E+00
1.64E+01
2.78E+01
3.54E+01
4.18E+01

1 .00E+02
1 .14E+02
1.08E+02
8.86E+01
3.55E+02
i .45E+03

4. 50E+03
7.56E+03
1.08E+04

1. 12E+04
1.08E+04
1 .21E+04
1 .27E+04
1 .30E+04
1 .28E+04
1 .29E+04
1 .33E+04
I .36E+04
1 .4UE+04
1 .38E+04
1.38E+04

14
9
6
6
4
5
4
6

6
6
4
4

10

"4
6
4
5
2
2

4
2
2

3
5
4
4
4
5
5
5
6
6
4
4

3.OOE-01
5.70E-01
9.80E-01
6.90E-01
1.47E+Ou
1.33E+00
1.16E+0O
2.11 E+00

4.84E+00
1.41E+01
2.1OE+01
2.93E+01
3.11E+01

6.73E+01
6.95E+01
6.46E+01
5.91E+01
4.25E+02
1.93E+03

6.66E+03
1 .06E+04
1.49E+04

1 .59E+04
1.51E+04
1.41 E+04
1.33E+04
1.21 E+04
1.14E+04
1 .11 E+U4
9.96E+03
8. 76E+U3
5.85E+03
5.16E+03
4.12E+03

30
12
8

17
6
7
8
6

9
6
6
5

12

6
8
6
6
3
3

3
3
4

4
4
3
2
3
3
3
3
3
5
3
2

1.20E+00
1.90t+00
1.77E+00
2. 1Ot+00
2.28E+0U
2.80E+00
4.16E+00

6.55E+00
1.99E+01
3.03E+01
4.08E+01
4.49E+01

1 .03E+02
1. 19E+02
1 .02E+02
8.90E+01
4.46E+02
1.95E+03

6.55E+03
1 .09E+04
1.63E+04

1.93t+04
1.60E+03
1 .60E+04
1 .58E+04
1 .54k+04
1.60E+04
I .53t+04
1.47E+04
I .48E+04
1 .47E+04
1.43E+04
1.45E+04

13
12
1U
18
21
16
12

22
11
9
8

14

18
15
17
27

8
6

11
8
6

---"a
6
a
2
2
2
2
2
2
2
2
2
2

a. The LPIS line was opened at 221.6 and closed at 1777.6 s.
measured during the times when the LPIS was open.' Beyond 2300
activities.

The data between the dashes (- - -) was
s, the data may include background

'4
Ii

1h~
~~278



TABLE 8. CONCENTRATIONS OF KRYPTON ISOTOPES IDENTIFIED AT THE G5
GAMMA SPECTROMETER

(Data values are reported in units of Ci m3)
(Error values are reported as a percentge)

Time(s) Kr-85m +/-% Kr-87 +/1' Kr-88 +/-%

-~a

Collimator position #3
178221
299
350
421482
543

i-" 604

Li 665
732
787

01019
..... "4.OOE-01 19

~"Iqtorposition #4
993
1053
1114
1175
Collimator position #5
12481309

~1370
1431
L1492

Cc. lIanator position •6
1607
1667
172PJ
1777'----- -- - ---- ---. - -
17891
18SW ~ 1~EO
2371 6."4E+12 9
2671 1.94F-03 4
Z_972 2.22E+03 5
31273 2.16E+03 3
3574 3.OE+03 3
3875 3.68E+04' 64:477 6.90E+03 3
5681 7.67E+03 4
6885 1. ItE+04 3
7788 1.30E+04 2

a. The LPIS line was opened a
be!weeii the dcshes (- - -) was

S7.open. beyondi2300 s, the daat

2.8OE-'0 23

4.80E-01 35

7.56E+O1 14

a

1.92E+03
2.24E+03
3.48E+03
4.32E+03
5.74E+03
6.49E+03

9
10
8
7
7
8

5.OOE+02
8.20E+02
j .52E-ý3
1.62E+03
2.83E+03
3.68E+03
5.07E+03
7.91E+03
1.08E+04

-1i.31ErG4

911
5

11
3
4
7
3
2
2

t 221.6 and closed at 1777.6 s. Th4
measured duringthe timf , the
-.y •:..7iy background activities.

e data
LPIS was
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'4
I -

'4
TABLE 9. CONCENTRATIONS OF XENON ISOTOPES IDENTIFIED AT THE G5

GAMMA SPECTROMETER

(Data values ire reported in units of Ci/m 3 )
(Error values are reported as a percentage)

Time (s) Xe-133 +/-%

Collimator position #3
178
221
299
350
421
482
543
604
665
732
787
848
909
970
Collimator position #4
993
1053
1114
1175
Collimator position #5
1248
1309
1370
1431
1492
1553
Collimator position #6
1607
1667
1728
1777 . . . . . . . . . . .
1789
1850
2371
2671
2972
3273
3574 7.50E+04
3875 9.23E+04 10
4477 1.32E+05 9
5681 2.09E+05 6
6885 2.96E+05 5
7788 3.77E+05 4

Xe-135m +/-% Xe-135 +/-% Xe-138 +/-%

a
1.40E-01 6

2.80E-01 19 9.OOE-01 8
8.10E-01 8

3.30E-01 16 6.40E-01 8
2.70E-01 21

S.90E-01 12L..50E+O0 10

Ii

7.40E+0G 23

8.05E+01 15

- - a

2.56E+03
2.96E+03
3.49E+03
3.63E+03
3.99E+03
4.29E+03
4.60E+03
4.92E+03
4.70E+03
4.30E+03

16
15
16
15
12
12
8
10
9

10

1 .03E+03
2.07E+03
3. 36E+03
4.88E+03
7.03E+03
9. 13E+03
1.11E+04
1.57E+04
2.25E+04
2.92E+04

4
2
2
3
3
3

11
7
6
4

3.56E+02 26
6.74E+02 14

3.80E+02 26
5.03E+02 24

1.16E+03 33
1.82E+03 30

iJ
Ii

a. The LPIS line was
between the dashes (-
open. Beyond 2300 s,

opened at 221.6 and closed at 1777.6 s. The data
- -) was measured during the times when the LPIS was
the data may include background activities. Ii

<NJ
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TABLE 10. CONCENTRATIONS OF MISCELLANEOUS ISOTOPES IDENTIFIED AT THE G5
GAMMA SPECTROMETER

(Data values are reported in units of C/rm3 )
(Error values are reported as a percentage)

• or Sr-92 +/-4rposititon' 03"
178
221 ...-.-----------.--
299
350
421
482
543
604
665
732
787
848
909
970
Collimator position f4
993
1053
1114
1175

00 Collimator posi, on f5
1248
1309
1370
1431
1492
1553
Collimator position #6
1607 2.63E+02 20
1667 2.59E'02 21
1728
1777 ------------.--.--
1789 4.57E'02 17
1850
2371. 3.53E+02 11
2671 3.68E+02 20
2972 3.96E+02 9
3273 4.75E+02 6
3574 3.55E+02 8
3875 2.89E+02 10
4477 3.47E+02 12
5681 3.85E+02 9
6885 4.29E+02 10
7788 3.10E+02 12

In-116m +/-% Te-132 +l-% Rb-88 +/-% Rb-89 +/-% Dr-84 +1/- Cs-138 +/-%

3.60E-01 27

5.50E-01 17
5.10E-01 19
4.40E-01 17
3.90E-01 27 1.60E+00 15
2.60E-01 19 1.60E+O0 14

-a----- ---- ---- - --------- A

3.40E-01 31
5.40E-01 16

2.50E-01
2.30E-01
2.40E-01

17
21
30

1.90EOO0
1.78E00
1 .86E+00
1.96E+00
2.42E+00
3.18E+00

9
13
lz
13
10
24

4.10E-01
4.90e-01
3.30E-01
6.20E -01
5.30E-01
5.4ut:-u I
9.00k-01

14
12
34
1U
17
12
20

5.40E"00 21
4.20E+00 26

2.98E+01
1.12E+01 16 4.30E+01

4.69E+01
1.23E+01 15 4.70E+01

5.35E+01

8
8
8
6
8

3.7UEJUO 48
6.UOEO0 29

8.00E.OU 25
7.86t0J1 6

1.88E+02 14 4.70E+02 4
6.53E+01 14

1.08E+03
3.01E+03
3.67E+03

3.79E-03

2.48E+03
2.32E+03
2.01E+03
2.13E+03
2.43E+03
2.62E+03
3.35E+03
5.68E+03
8.28E+03
1.02E+04

17 1.09E+03
10 1.20E+03 10

8 1.72E+03 8

9 1.86E+03 10

6
7

10
9
7
7
7
3
3
4

2.1OE+03
1.66E+*03
1.19E+03
1.08E.*03
1. 19E+03
8.4Z2L02
9.92E+02
I. I AL03
6.69E'03

24 2.40E+03
4.35E+03
5.86E+03

5.76E+03
22 5.54E+03

8 3.89L+03
15 4.20E+03
I1 3.71E.u3
10 3.57E+03
15 3.17E+us
lIs
17 2.36EUj.
25 1.56tL03

! .07E+US
8.ZIL*',e

6
3
4

- a
4
5
5
2
3
2
2

3
4
4
7

a. The LPIS line was opened at 221.6 and closed at 1777.6 s. The data between the dashes (- - -) was measured during the times when the LPIS was
open. Beyond 2300 s, the data may Include background activities.
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detectability. Table 11 lists the calculated minimum detectable activity

concentrations of several noble gases isotopes for the G5 gamma

spectrometer from 1607 to 1850 s.

The iodine measurements provide a good indication of the time at which

fission products released from the gap and the fuel reached the G5

location. Based on the iodine data, a small fuel rod burst or gap release

probably started at -970 s with a second and larger release occurring at

1175 s. The gap inventory of iodines continued to be detected until

-1431 s. The high temperature fission product release from the fuel was

first noticed by the G5 detector at -1492 s with a sharp increase in the

measurements at 1607 s. Analysis of the G5 data at the time the LPIS was

isolated indicates that most of the iodine was probably deposited on the

surface of the pipe.
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TABLE 11. MINIMUM DETECTABLE NOBLE GAS ACTIVITY CONCENTRATIONS FOR THE
G5 GAMMA SPECTROMETER SYSTEM. (COLLIMATOR 6 POSITION)

Time during the experiment(s) and MDAa (Ci/m 3)

Nuclide 1607 s 1667 s 1728 s 1789 s 1850 s

Kr-85M 219 328 400 415 417
Kr-87 415 550 644 662 662
Kr-88 278 290 358 358 358
Kr-89 942 1202 1462 1563 1543

Xe-131M 9147 12311 14994 15560 15652
Xe-133M 1815 2442 2901 3047 3026
Xe-133 2823 3667 4408 4707 4597
Xe-135M 275 347 433 433 425
Xe-135 207 275 323 345 331
Xe-138 603 783 925 950 966

a. MDA = minimum detectable activity.

At the G5 location during the high temperature portion of the

experiment (>1550 s) 8 8 Rb was measured; it was not detected between 1175

and 1431 s, a typical time range when many iodine isotopes released from

the gas gap were detected in the LPIS. Again, the measured activities

following closure of the LPIS line (>1777 s) are not representative of

activity concentrations inside the LPIS. It was observed that the values

measured for 88 Rb vary with time in direct relation to its parent

(8 8 Kr), which probably indicates that 88Rb was detected as a background

source because of the diffusion of 8 8 Kr into the cavities around the G5

detector, and not because of Rb in the LPIS line'. In general, the G5 data

beyond 2300 s may include uncorrected background activity. The use of

these data for times >2300 s should consider the effects of noble gas

precursor decay and other possible fission product contamination

surrounding the G5 detector from outside the LPIS line.
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4.3 Fl and F2 Sample Line Data<7

A schematic of the F1 and F2 sample line geometry and associated

instrumentation systems is shown in Figure 96. Detailed drawings of the F1

and F2 lines are contained on 5 microfiche cards titled: "FP-2 FISSION g

PRODUCT MEASURING SYSTEM PIPING & INSTRUMENT DRWGS" (FICHE 1 thru 5),

attached to the back cover of the report. Figure 96 shows the principal

components as well as their relative positions. The F1 line extracts a

sample of steam, fission gas, and aerosols from just above the CFM. The F2

line extracts its sample from the BLHL near the reactor vessel outlet

upstream of the LPIS line. These two sample lines contain a series of

similar equipment and piping that includes: valves, filters, condensers, L
instrumentation, and other components. Some equipment (e.g. the argon

purge system) is unique to the F1 sample line; otherwise, the lines are

very similar in design and purpose. Details of the F1 and F2 systems are

examined in Appendix G.

The F1 and F2 sample lines join together before emptying into the BST

to form a single-line that passes next to the G2 gamma spectrometer.

During the transient, the G2 gamma spectrometer system recorded radioactive

nuclides that passed through the combined F1 + F2 sample line. A gross r
gamma detector, or remote area monitor (RAM), identified as G6, was

positioned near the F1 line as it exited from the LOFT reactor vessel. By

knowing the time at which a particular fission product event (e.g. gap

release) occurs at location G6 and then at G2, and the amount of time it I
takes to collect a spectrum at 62, it is possible to calculate the

transient time between these two points. This result can then be

extrapolated to include the entire F1 sample line. The G6/G2 transient

calculation can be compared with a theoretical result that depends upon a

critical flow calculation for this line and the known distance (or volume) I
of tubing between the G6 and G2 locations. Although the details of the

critical flow calculation are explained in Appendix E, the results of

transient time estimates are presented here and compared with the

theoretical result.
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Figure 96. Schematic of the F1/F2 aerosol sample system.

Table 12 lists the geometric lengths and volumes of the major F1/F2

components. Using the data presented in Table 12, and knowing the relative

positions of the G6 and G2 detectors, it is estimated that the tube volume

(excluding large components like the condenser, etc.) between the G6 gross

gamma detector and the critical orifice is -144.5 cm3

(12 + 17.5 + 90 + 25). The tube volume between the critical orifice and

the G2 gamma spectrometer is estimated to be: 1408 cm3

(798 + 173 + 437). Hence the total tubing volume between G6 and G2 is

-1.6 L. Based on the information presented in Appendix E, the average

volumetric flow rate in the F1 line is -2 L/min. Therefore, the

corresponding transit time (between G6 and G2) should be >48 s. The
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TABLE 12. LOFT FPMS SAMPLE SYSTEM VOLUMES AND TUBE LENGTHS

Componentsa

BESL

BESL to cyclone valves

Two cyclones

Cyclones to dilution filter

Dilution filter

Tubing between the dilution filter and
the control orifice block

Orifice block to the recombiners

Recombiner

Recombiner to the critical orifice

Critical orifice to the F1 moisture
separator

F1 moisture separator

Tubing between the F1 moisture
separator and the F1/F2 junction

F1/F2 junction to the G2 location

Tubing between G2 and the BST

F-1 Component

Volume (cm 3)/
Length (cm)

109/594

9.6/58

92/40

12/40

488/51

17.5/52

90/549

1560/41

25/152

798/1150

11150/not
computed

173/250

437/630

>460/>663

F-2 Component

Volume (cm3 )/
Length (cm)

9.4/57

14.1/85

92/40

14/32

488/51

17.5/52

6.6/41

1560/41

8.3/51

Not Computed

Not Computed

Not Computed

F2 data included
in the F1 column

Data included in
the F1 column

I, -~

L

'Ii
hi

IIm~
'Ii

a. The F1 or F2 sample lines upstream of the critical orifice consists
mostly of 1/4 in. O.D. by 0.035 in. wall tubing. Downstream of the
critical orifice, the tubing dimensions change to 1/2 in. O.D. by 0.065 in.
wall thickness.
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greater than sign ">" indicates that the transient time through the large

sample line components (e.g. recombiner and the moisture separator) have

. not been included in the calculation.

1 Figure 97 compares the G6 (RE-T4-096) data with several G2 gamma

spectrometer results. Careful examination of these data indicate that

there is about a 50 s difference between corresponding events (e.g. gap

release events or initiation of the high temperature fuel release events).

Because all of the gamma spectrometer data are reported at the beginning of

- its count time, and since each spectra takes I min to collect, on the

- average a 30 s offset (±30 s) should be added to the gamma spectrometer

Jdata. This implies that it takes -80 s (50 + 30) for radioactive material

to move through the F1 line between the G6 and G2 locations. Considering

the large uncertainties in the two results, the measured difference

(80 s ± 30 s) compares reasonably well with the previous theoretical result

(>48 s).

Tables 13, 14, and 15 list the results of the G2 gamma spectrometer

data for the combined F1 + F2 sample line in terms of activity

concentrations (Ci/mi3 ). These data were collected and analyzed for times

0.0 through 2420 s following to. However, the FPMS lines were only

-opened from 1013 to 1778 s. Since no G2 data exists for times <990 s,

Tables 13, 14, and 15 lists data only from 990 to 2420 s. Correspondingly,

Figures 98 through 107 display the activity concentration data for the G2

detector during the time it viewed the F1+F2 sample line.

4.4 Presentation of the GI Gamma Spectrometer Data

One of the fission product measurement objectives for Experiment

LP-FP-2 was to determine a general mass balance of the fission products

during the posttransient phase of the experiment. Part of the data

SI required to perform this mass balance is the concentration of fission

7- products in the primary coolant system (PCS). This section will present

the results of the on-line measurements of this activity.
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Figure 97. Comparison of the RAM and gamma spectrometer data for the F1
and F2 sample line.

The GI gamma spectrometer system was designed to measure the

time-dependent fission product concentration in the PCS during the

posttransient phase. As described in Appendix A, this system could sample

either the lower plenum or the hot leg, and return the sample to the cold I~
leg. Because of contamination of the protective tent surrounding the gamma

spectrometers, the period during which the G1 gamma spectrometer system

collected measurements was extended from 12 to 310 h after transient
termination.

Tables 16 through 18 list the results of the G1 gamma spectrometer

measurements. Plots of these data are shown in Figures 108 through 121. I
In these figures, a simple straight line is usually shown along with the

measured data. The line represents a hypothetical concentration of the

isotope assuming that it was decaying in time according to its particular
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TABLE 13. CONCENTRATIONS OF KRYPTON ISOTOPES IDENTIFIED AT THE G2
GAMMA SPECTROMETER FOR THE F1+F2 SAMPLE LINE

(Data values are reported in units of Ci/m3)

(Error values are reported as a percentage)a

Time (s

990
1013
1051
1112
1173
1234
1300
1360
1421
1482
1543
1604
1668
1728
1778
1789
1850
2420

I Kr-85m +/-% Kr-87 +/-% Kr-88 +/-%

--b
2.1OE-02
3.OOE-02
2.60E-02
5.09E+00
2.08E+01
1. 12E+O1
5.40E+00
2.20E+00
5.85E+00
4.39E+02
7.78E+02
6.58E+02

6.53E+02
4.70E+02
3.OOE+02

32
23
25
3
4
3
5
5
4
2
4
5

2
2
2

4.90E+00
1.70E+01
8.30E+00
4.50E+00
1.60E+00
9.30E+01
7.69E+02
1.20E+03
1.01E+03

1.01E+03
7.60E+02
4.18E+01

4
5
6
9

16
4
3
3
4

2
3
3

8.43E+00
2.79E+01
1.67E+01
7. 51E+00
2.80E+00
1.26E+02
9.63E+02
1.69E+03
1.40E+03

1.41E+03
1.06E+03
7.25E+01

6
7
10
8

13
4
3
4

12
b
4
4
8

a. Error values are for counting statistics only.

b. The data between the
sample line was open.

dashes (- - -) was collected during the time the

decay constant. The line is for reference purposes only and is not part of

the measured data set. Also shown on each data point in these figures are

the uncertainty bars from the statistical fit in theGAUSS VIII code, which

represents the uncertainty in the counting statistics alone.

As a result of lessons learned from experiment LP-FP-1, the FPMS was

changed to allow a purge capability for G1, G2, and G3. The purpose of the

purge was to replace the radioactive sample fluid with a clean fluid so

that plateout activity could be determined. Also, a tent was placed over

these three spectrometers to prevent contamination of the detectors by

containment air activity. Unfortunately, the G2 system leaked BST vapor

directly into the tent and the G1, G2, and G3 spectrometers all experienced
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TABLE 14. CONCENTRATIONS OF XENON ISOTOPES IDENTIFIED AT THE G2
GAMMA SPECTROMETER FOR THE F1+F2 SAMPLE LINE

(Data values are reported in units of Gu/m 3)

(Error values are reported as a percentage) a

Time (s) Xe-133 +/-% Xe-135m +/-% Xe-135 +/-% Xe-138 +/-%

b
990 3.OOE-01
1013---------
1051 3.60E-01
1112 3.90E-01
1173 4.20E-01
1234 7.78E+01
1300 3.76E+02
1363 1.95E+02
1421 9.58E+01
1482 3.51E+01
1543 1.80E+02
1604 1.30E+03
1668 2.10E+03
1728 1.78E+03
1778---------
1789 1.90E+03
1850 1.44E+03
2420 1.37E+02

13

32
9
9
3
3
3
4
5
4
3
3
4

3
5
6

3.80E-02
2.80E-02
4.75E+00
2.18E+O1
1.22E+01
4.50E+00
1.95E+00
4.42E+01
3.68E+02
6.20E+02
5.60E+02

5.48E+02
3.77E+02
2.05E+01

31
62

5
3
4
9
9
2
2
3
3

3
3
2

2.80E-02

5.70E-02
8.50E-02
7.40E-02
1.82E+01
7.34E+01
4.02E+00
1.96E+01
6.90E+00
1.42E+02
1.16E+03
1.83E+03
1.50E+03

1.46E+03
1.12E+03
7.05E+01

29

15
11
12
3
3
3
3
5
3
3
3
3

2
1
2

~1

1u~
II~

IIJ

II~

I

3.00E+O0
8.50E+00
4.50E+00
2.0OE+O0
7.1OE-01
8.OOE+01
6.48E+02
1.02E+03
8.54E+02

7.56E+02
5.47E+02
1.91E+01

6
6

15
16
27

3
2
6
3

b
5
3
3

a. Error values are for counting statistics only.

b. The data between the dashes (- - -) was collected during the time the
sample line was open.

increased background activities during the posttransient period. The effects

of this leakage were corrected for by use of the sample line purge before and

after each sample; i.e. the air activity around the detector is present for

both purge and sample spectra and can therefore be subtracted out.

Three days after the LP-FP-2 experiment, on July 12, 1985, cleanup of the

containment atmosphere was begun, and by July 14, 1985 (5 days after the

experiment), the effects of this (along with the decay of the short-lived

noble gases) began to be noticeable, in that subtraction of purge data from

sample data started to yield usable values, except for the G2 spectrometer.

As shown in the figures, the GI gamma spectrometer system measured both noble

gases (primarily xenon), and volatile fission products (primarily iodine).

'I
'4'
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TABLE 15. CONCENTRATIONS OF CESIUM, BARIUM, AND RUBIDIUM ISOTOPES
IDENTIFIED AT THE G2 GAMMA SPECTROMETER FOR THE F1+F2
SAMPLE LINE

(Data values are reported in units of Ci/m3 )

(Error values are reported as a percentage)a

Time (s) Cs-138

990
1013-----------
1051
1112
1173
1234
1300
1360
1421
1482
1543
1604
1668
1728
1778-----------
1789
1850
2420 4.55E+01

a. Error values are for

b. The data between the
sample line was open.

+1-% Ba-139 +/-% Rb-88 +/-%

-- - - - - - - - - - b

1. 34E+00
9.60E-01

4. 40E+00
3.75E+00
2. 50E+00
6.70E+00

5. 10E+00
4.20E+00
5.OOE+00

20

10
5
9

18

10
14
12

-- - - - - b

4 1. 40E+03 6

counting statistics only.

dashes (- - -) was collected during the time the

. 4.5 Presentation of the G2 and G3 Gamma Spectrometer Data

Two gamma spectrometer systems were installed to measure the noble gas

and volatile fission product concentrations in the BST liquid and BST vapor

spaces. Unfortunately, the G2 system, which sampled the BST vapor, leaked

into a tent surrounding the gamma spectrometers. Because of this, the G2

sampling system was turned off and no posttransient data were acquired with

this system. The G3 system, which measured the fission product concentration

in the BST liquid space, provided reasonably good data, as shown in Table 19

through 21. Plots of this data are shown in Figures 122 through 135.

L•
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TABLE 16. CONCENTRATIONS OF NOBLE GAS ISOTOPES IDENTIFIED AT THE GI GAMMA SPECTROMETERa

(Data values are reported in units of Ci/m 3 )
(Error values are reported as a percentage)

Hours
After- t

2.23
4.78
5.75
7.E£8

24..0
44.07
47.24
68.47
73.05

117.58
141.70
165.76
193.1,1
212.62
240.21
261.18
263.15
308.02
309.95

Kr-88 +/-%

1.42E+04 20

Xe-133 +/-% Xe-i 33m +/-% Xe-135 +/-% Xe-i 35m +/-%

2.74E+O!

1 .17E+02

6.40E+01

4.50E+00

7.95E+01

3.95E+01

1 .49E+Ol

41 --

51 4.90E+01

26 --

21 --

12 --

12 --

29 --

51 --

9.50E-192
1 .04E+&3

35
18

a. Data reported in this table are background
purged line data.

corrected by subtracting the total sample line data from the



TABLE 17. CONCENTRATIONS OF IODINE ISOTOPES IDENTIFIED AT THE Gl GAMMA SPECTROMETERa

(Data values are reported in units of Ci/m 3)
(Error values are reported as a percentage)

Hours
After to

0.00
2.23
4.78
5.75
7.58

24.40
44.07
47.27
68.47

- 73.05
117.58
141.70
165.76
193.13
212.62
240.21
261.18
263.15
308.02
309.95

1-131 +/-% 1-132 +/-% 1-133 '±/-%

I1.03E+03
1 .05E+03

7.35E+02

25
32

10

1 .39E+02
1 .37E+03
9.03E+02
1 .07E+03
3.50E+02

1 .91 E+02

11
13
18
11
10

26

14
15

15

18

3.86E+03
4.08E+03
2.18E+03
3.24E+03
1 .77E+03

2.80E+03

8.30E+00

1 .70E+00

5.90E+00

11
13
14
11
12

13

40

17

13

1-134 +I-%

1.43E+03 11

1.44E+03 41 1 .44E+03
2.69E+03
3.18E+02

1-135 +/-%

41
13
10

3.04E+02

4.30E+01

I • 16E+02

3.67E+01

23 6.73E+01
4.33E+01

2.22E+01

1.88E+01
33

35

a. Data reported in this
purged line data.

table are background corrected by subtracting the total sample line data from the

L

or- ror- or-
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TABLE 18. CONCENTRATIONS OFMISCELLANEOUS ISOTOPES IDENTIFIED AT THE Gi GAMMA SPECTROMETERa

(Data values are reported in units of Ci/m 3)

(Error values are reported as a percentage)

Hours
After to

0.00
2.23
4.78
5.75
7.58

24.40
44.07
47.27
68.47
73.05

117.58
141.70
165.76
193.13
212.62
240.21
261.18
263.15
308.02
309.95

Rb-88 +/-% In-il7 +/-% Cs-137 +/-% Ba-140 +/-% La-140 +/-Y

U'n

1 .42E+04

6. l OE+00

21

45

5. 11E+02 21

4.30E+00 18

6.1 5E+02

1 .99E+02
1 .34E+02
2.50E+01
1 .0 7E+02

1 .35E+02
I .35E+02
1 .30E+02

13

11

12
10
12

II
12
4 4.54E+Ul 44

a. Data reported in this table
purged line data.

are background corrected by subtracting the total sample line data from the
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TABLE 19. CONCENTRATIONS OF NOBLE GAS ISOTOPES IDENTIFIED AT THE G3
GAMMA SPECTROMETER (BST LIQUID)

(Data values are reported in units of Ci/rn3 )
(Error values are reported as a percentage)

Hours
After

0.00
1.99
4.05

73.03
117.58
141.67
165.77
193.12
212.61
236.16
261.43
308.01
309.94

Kr-85m +/-% Kr-87 +/-%

1.14E-01

2.20E-02

41

41

1.34E+01 34

Xe-133m +/-%

1.16E+O1 17

TABLE 20. CONCENTRATIONS OF IODINE ISOTOPES IDENTIFIED AT THE G3 GAMMA
SPECTROMETER (BST LIQUID)

(Data values are reported in units of Ci/m3)

(Error values are reported as a percentage)
Hours
After A t 1-131 +I-% 1-132 +I-% 1-133 +/-% 1-134 +/-%

0 .0 0 ... . .... .... ..
1 .99 ..... ...
4 .0 5 . .. . . .. . . .. . . .

73 .03 .... .... .... ..
117.51 7.70E+00 37 .... .... ..
141.67 7.10E+00 29 9.OOE-01 40 5.50E-01 34 --

165 .77 ...-- --. ..

193.12 1.13E+01 13 1.07E+00 10 1.70E-01 28 --

212.61 9.OOE+O0 24 8.40E-01 30 8.80E-02 21 --

236.16 6.70E+00 35 .... 3.80E-02 --..

261.43 4.70E+00 26 3.10E-01 23 .... ..
308.01 5.20E+00 11 2.60E-01 32 .... ..
309.94 5.50E+00 13 2.80E-01 40 .... ..j

I

U'
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TABLE 21. CONCENTRATIONS OF MISCELLANEOUS ISOTOPES IDENTIFIED AT THE
G3 GAMMA SPtCTROMETER (BST LIQUID)

(Data values are reported in units of Cl/rn3)
(Error values are reported as a percentage)

Hours
After to

0.00
1.99
4.05

73.03
117.51
141.67
165.77
193.12
212.61
236.16
261.43
308.01
309.94

Mo-99 +/-% Tc-99m +/-7% Ru-103 +/-% Rh-lO5 +/-% Te-132 +*/-%

1 .30E-01 45

6.40E-02
5.50E-02
2.80E-02
3.10OE-02

25
30
35
38 1.60E-02 50

4.70E-01 17
II OEi-00

7.OOE-01
5.30E-01

23 14OE-01
2.470E-01

49

19
32
45
45
34
27

Ib,

TABLE 21. (continued)

(Data values are reported in units of Ci/m 3 )
(Error values are reported as a percentage)

Hours
After to

0.00
1.99
4.05

73.03
117.51
141.67
165.77
193.12
212.61
236.16
261.43
308.01
309.94

Cs-138 +/-% Ba-140 +/-% La-14U +/-%

4.57E+01 11

1 .60E+00
I .38E+00
9.60E-01
3.80E-01
7.60E-01
3.70E-01
5.30E-01
4.90E-01
5.20E-01

20
17
10
43
9

18
10
6
6

9.40E-01
1 .46E+00

9.90E-01
1 .20E+00
1.80E+00
1.19E+00
1.51E+00
1 .60E+00
1.30E+00

26
11

13
7
6
10
4
9

18
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Figure 122. Krypton85m activity in BST liquid (RTP165-G3-2).
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Figure 123. Krypton87 activity in BST liquid (RTP165-G3-2).

125



U

Z

id'

10"

6

10F2

10.2 ,

0

Figure 124.

U
L
L
L

50 100 150 200 250 300
Time (h)

350 L
LMolybdenum

9 9
activity in BST liquid (RTP165-G3-2).

10

E

L
IL
L
L

10.2 ,
0

Figure

L
50 100 150 200 250 300

Time (h)

125. Technetium 99m activity in BST liquid (RTP165-G3-2).

126

350

4
IL



10'

27
E'

Q: 10-2

10a3 I , ,

0

Figure 126.

10° ,

50 100 150 200 250 300
Time (h)

Ruthenium1 0 3 activity in BST liquid (RTP165-G3-2).

350

E

10"
0 60 100 150 200 250 300

Time (h)
350

Figure 127. Rhodium1 0 5 activity in BST liquid (RTP165-G3-2).
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Figure 129. Iodine131 activity in BST liquid (RTP165-G3-2).
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Figure 131. Iodine133 activity in BST liquid (RTP165-G3-2).
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U
4.6 PIE Results

The PIE program was developed to obtain fission product release,

transport, and deposition data during the early phases of a risk dominant

reactor transient. The format of the PIE information will be as follows: L
The components to be examined will be described, then the processing steps

will be recounted, followed by a discussion of the examinations performed,

and finally, a presentation of the measurements obtained. Once this has

been done for all the items of interest, Section 5.5 will be devoted to a

data consistency check on select data.

4.6.1 Pretest PCS and BST Liquid Samples L

A 5-mL PCS sample and a 60-mL liquid sample from the BST were acquired L
a few hours prior to the test. These samples were obtained by the LOFT

Facility personnel as part of the Experiment Operating Procedure. The L
piping diagrams that show the sampling configurations are 650-P-140 and

650-P-136 for the PCS, and 650-P-138 for the BST. The primary coolant

sample was diluted up to 60 mL (a standard counting geometry) and, along

with the blowdown suppression sample, was sent to the Radiation

Measurements Laboratory (RML) for gamma ray spectroscopy. A description of

how the various gamma ray measurements were made and processed is found in

Appendix I. The results of this effort are shown in Table 22 and reveal

that the only fission product element detected was iodine. The

concentrations measured were decay corrected to both the test date and L
sampling date, which in this case were the same. To determine the pretest

chemical environment, pH, boron, and chlorides were measured by LOFT

Operations; the results are shown in Table 23. The boron was determined

using a mannitol complexation followed by sodium hydroxide titration while

chlorides were determined by titration. _

4.6.2 Posttest PCS and BST Samples

Originally, it was not expected whether we could obtain posttest

samples because of the estimated high radiation levels associated with both .

132 I.



TABLE 22. PRETEST PCS AND BST LIQUID SAMPLES--GAMMA RAY RESULTS

iuCi/mL as of 7-9-85

Radionuclide PCSa BSTb

Co58 3.5 ± 1.5E-4 NDc

Co60 6.0 ± 3.OE-5 ND

1131 1.08 ± 0.05E-1 2.2 ± 0.1E-4

1133 4.7 ± 0.3E-1 ND

a. 5 mL sample diluted to 60 mL.

b. 60 mL undiluted sample.

c. ND--No photopeak was seen above the continuum background.

the samples and their acquisition. On July 16, 1985, a 1-mL liquid sample

was obtained from the BST, diluted to 60 mL, and subjected to gamma ray

IL spectroscopy at the RML. The results are shown in Table 24. On

July 30, 1985, 60-mL undiluted replicate samples were taken at 10:00 a.m.

and 2:00 p.m. The replication was performed to determine the dispersion

associated with sample acquisition. These results are shown on Table 24.

This table shows that the dispersion associated with the sampling technique

is less than the uncertainties associated with counting statistics. These

samples were then sent to the radiochemistry laboratory for a strontium

89,90 analysis. This analysis is described in detail in Appendix K. The

results of this work, as of September 10, 1985, are shown in Table 25. The

samples were then tested for pH, boron, and chlorides. This work was

performed in a like manner to the pretest samples; the results are shown in

Table 26.

Plant personnel also obtained two BST vapor samples. These two

samples were taken at 1315; on August 6, 1985. One of the samples was
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TABLE 23. PRETEST PCS AND BST CHEMISTRY

Pretest BST Chemistry

Analysis Result

pH 4.32

Conductivity uimho/cm 14.62 1.
Boron (ppm) 3710

Undissolved Solids (ppm) <0.5

Chlorides (ppm) <0.1

Fluorides (ppm) <0.02

Pretest PCS Chemistry IrJ
Analysis Result

pH NAa ad

Boron (ppm) 499

Chlorides (ppm) <4

a. %s analyzed because of sample dilution.

press o--zed to 26 psi and the other to 29 psi, resulting in sample volumes

of 7-EC.- and 7800 cc, respectively. One of the characteristics of the

sa,--- -. ; arrangement was that both samples were passed through a common

sifdC- zeolite filter. The two sample bombs and the common filter were

ther snt to the Radiation Measurements Laboratory for gamma ray

spec_.----scopy. These bombs were identical to ones that are used at another
on-s--.a facility and for which known efficiencies and calibrations were

ava:-2-z'e. The results of these measurements, for both the time of

sa.:_- -; and time of the test, are shown in Table 27. Again, the iodine

1-1" _z-- the barium 140 numbers represent the sum of both samples. It is
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TABLE 24. POSTTEST BST LIQUID SAMPLES--GAMMA RAY RESULTS

iaCi/mL As Measured - No Decay Correction

Radionuclide

Mo99
Rul03
Te132
1131
Cs136
Cs137
Bal40
Ba-Lal40

7-16-85

1.2 ± O.IE-2
ND
1.06 ± 0.05E-1
9.5 ± 0.4E-1
7.9 ± O.9E-3
1.21 ± 0.06E-2
4.9 ± 0.3E-1
5.4 ± 0.3E-1

10:00
7-30-85

10:00
7-30-85

14:00
7-30-85

14:00
7-30-85

NDa
4.2
3.0
1.6
3.0
1.1
2.2
2.1

±
±
±
±
±
±
±

0.8E-4
0.3E-3
O.IE-1
0.4E-3
0.IE-2
0.2E-1
0.2E-1

ND
4.3
3.3
1.7
3.0
1.2
2.3
2.4

t1

t

0.8E-4
0.3E-3
O.IE-1
0.4E-3
0.1E-2
0.2E-1
0.2E-1

NO
NO
3.3
1.6
3.1
1.2
2.3
2.4

t
t
t
±
±

0.3E-3
0.1E-I
0.4E-3
O.IE-2
0.2E-1
0.2E-1

NO
5.9
3.1
1.6
3.1
1.2
2.3
2.3

±
±
±
±
±
±
+

o.9E-4
O.3E-3
O.IE-1
0.4E-3
0.1E-2
O.2E-1
O.ZE-1

paCi/mL Decay Corrected to Time of Test
-4,

Radionuclide

Mo99
Ru103
Te132
1131
Cs136
Cs137
Bal40
Ba-Lal40

7-9-85

7.5 ± 0.7E-2
ND
4.8 ± 0.3E-1
1.7 ± O.EO
1.2 ± 0.2E-2
1.21 ± 0.06E-2
7.2 ± 0.4E-1
7.9 ± 0.4E-1

ND
6.0
2.7
9.8
9.1
1.1
6.8
7.0

7-9-85

±
+_
±
±
±

0.9E-4
0.2E-1
0.6E-1
0.E-3
0.1E-2
0.6E-1
0.5E-1

7-9-85

ND
6.2 ± 0.9E-4
2.8 ± 0.2E-1
1.02 ± 0.06EO
9.1 ± 0.9E-3
1.2 ± O.1E-2
7.3 ± 0.6E-1
7.7 ± 0.5E-1

ND
ND
2.8
9.6
9.6
1.2
7.2
7.7

7-9-85 7-9-85.

4.

±
+

0.2E-1
0.6E-1
0.9E-3
0. 1E-2
0.6E-1
0.5E-1

ND
8.6
2.6
9.4
9.6
1.2
7.1
7.2

±
±
+

±
±

±

I .,7l-4
M.E-1
0.ft~-1
0.9E-3
0. 1 E-2
0. 6E- 1
0.5E-1

a. ND = No photopeak was seen above the continuum background.



TABLE 25. POSTTEST BST LIQUID SAMPLES--STRONTIUM RESULTS

iiCi/mL as of 9-10-85

Radionuclide

Sr89

7- 16 -8 5a

6 ± 1E-4

3 ± 3E-5

10: O0a
7-30-85

4.0 ± 0.2E-2

6.6 ± 0.3E-4

14 :00a
7-30-85

4.0 ± 0.2E-2

6.4 ± 0.3E-4Sr90

a. Sample acquisition date.

TABLE 26. POSTTEST BST CHEMISTRY

Analysis Result

pH 4.59

Boron (ppm) 3117

Chlorides (ppm) 2

not possible to separate into individual samples. However, distribution of

the other isotopes indicates that one could volume weight the numbers.

After the gamma ray work, the two sample bombs were sent to the Chemical

Processing Plant for mass spectrometry. These gas analysis results are

shown in Table 28. Krypton and xenon were not detected (<0.01%). Based on

the data presented in Table 28, a BST hydrogen mass calculation and CFM

oxidation estimate is made in Appendix Z.

Four posttest primary coolant samples were taken on August 22

and 23, 1985. The first two samples were replicate, samples taken from the

primary system coolant hot leg, designated Hot Leg 1 and Hot Leg 2. The

second two samples were replicate samples taken from the reactor vessel

lower plenum and are identified as Lower Plenum 1 and 2. The piping

diagrams that depict the sampling system used to acquire these samples are

650-P-136 and 650-P-140.

136
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TABLE 27. POSTTEST BST VAPOR SAMPLES ACTIVITY AS OF TIME OF SAMPLING
(8-6-85)--GAMMA RAY RESULTS

Radionuclide

Kr85
Xe131m
Xe133
Xe133m

Vapor Sample 1

Microcuries Microcuries
Per Sample Per cc

4.3 ± 0.4E1 6.0 ± 0.6E-3
1.0 ± 0.7E2 1.4 ± 1.OE-2
6.8 ± 0.4E3 9.4 ± O.6E-1
9.3 ± 1.7E-1 1.3 ± 0.2E-4

Vapor Sample Filter

Microcuries
Per Sample

Microcuries
Per cc

Vapor Sample 2

4.4
1.1
6.7
9.6

+_
+
_+
+_

0. 4E1
0. 7E2
0. 4E3
1.7E-1

5.6
1.4
8.6
1.2

+
±
+
+

0. 5E-3
0.9E-2
O. 5E-1
0.2E-4

Radionuclide

1131
Ba-La140

Microcuries
Per Sample

1.6 ± 0.1E-1
9.2 ± 2.OE-4

Microcuries
Per cc

1.1 ± 0.07E-5
6.1 ± 1.3E-8

POSTTEST BST VAPOR SAMPLES DECAY CORRECTED TO TIME OF TEST (7-9-85)

4?

Radionuclide

Kr85
Xe131m
Xe133
Xe133m

Radionuclide

1131
Ba-Lal40

Vapor Sample 1

Microcuries Microcuries
Per Sample Per cc

4.3 ± 0.4E1 6.0 ± 0.6E-3
5.3 ± 0.4E2 7.4 ± 0.6E-2
2.7 ± 0.2E5 3.8 ± 0.3E1
6.6 ± 0.9E3 9.2 ± 1.3E-1

Vapor Sample Filter

Microcuries
Per Sample

Microcuries
Per cc

Vapor Sample 2

4.4
5.5
2.7
6.8

+_
_+
+_
+

0. 4E1
O. 4E2
0.2E5
0.9E3

5.6
7.0
3.5
8.7

+
±
+_
±

0. 5E-3
0.5E-2
0.3E1
1.2E-1

Microcuries
Per Sample

1.8 ± O.IEO
4.2 ± 0.4E-3

Microcuries
Per cc

1.2 ± 0.07E-4
2.8 ± 0.3E-7
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TABLE 28. POSTTEST BST VAPOR MASS ANALYSIS (VOLUME PERCENT)

Sample

Species 1 2

H2  3.7 3.6 V

N2  78.0 78.3 L

02 4.0 3.8

Ar 14.2 14.3 V

CO2  0.06 0.05

The samples were collected in pressurized water bombs, packaged, and

shipped to the Test Reactor Area Radiochemistry Laboratory. There the

samples were removed from the bombs in the following manner: 50 mL. of iN

HNO 3 were measured into a 500-mL graduated cylinder. The samples were

released under the acid to trap any soluble gases. The bombs were then

rinsed with a IN HNO 3 solution to remove any fission products that might

have plated out on the inside of the bomb. From the collected volumes,

aliquots were taken, pipetted into standard 60-mL counting bottles, diluted I
to volume, and given to the Radiation Measurements Laboratory for gamma ray

counting. These results are shown in Table 29. 1
The sample bombs were direct counted before and after sample removal

to verify that all the fission products were removed and, if not, to

determine a removal efficiency. This check revealed that in only five

cases was the percent removed <98%. These were 1-131 for Lower Plenum 1

and 2, and for both hot leg samples, and Xe-133 for lower Plenum 2. These

efficiencies were 92, 97, 42, 88, and 62%, respectively. An explanation U

for the 42% removal of 1-131 from Hot Leg 1 and only 62%, respectively for

the xenon is not known. No removal correction to the data in Table 29 has

been made. In a manner similar to that used on the BST liquid samples, a

strontium 89,90 analysis was performed. These measured activities (as of

September 18, 1985) are shown in Table 30. Because of the identical gamma

ray results of the replicate samples, only one was analyzed.
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TABLE 29. POSTTEST PCS LIQUID SAMPLES--GAMMA RAY RESULTS

uCi/mL as of Samplinq Time

As of 8-22-85 As of 8-23-85

Radionuclide
Hot Leg
1

3.4 ± 0.4E-2
1.7 ± 0.2E-1

Hot Leg
2

3.5 ± 0.4E-2
1.7 ± 0.2E-1

Lower Plenum
I

4.0 ± 0.5E-2
1.9 ± 0.3E-1

Lower Plenum
2

3.6 ± 0.4E-2
1.8 ± 0.2E-1

Mn54
CoS8

Co60
1131
Cs134
Cs136
Cs137
Ba 140
Ba-La140

3.9
9.4
2.8
2.8
3.4
2.2
2.5

,+
,±
+_
,+
_+
_+
,+

0.8E-2
0.9E-1
0. 6E-2
0.4E-1
0. 2EO
0.1E1
0.1E1

1.5
2.6
2.7
3.4
2.2
2.5

N0~
1±

1±

±

1±

0. lEO
0.4E-2
0.8E-1
0. 2EO
0.1E1
0. 1E1

1.8
2.7
2.7
3.7
2.0
2.4

ND
± 0.1EO
±0.4E-2
± 0.4E-1
± 0.2EO
± 0.1E1
± 0.1E1

3.1
1.7
3.1
2.7
3.6
2.1
2.3

+
,+
,±
+
,+
±
,+

1.OE-2
0. 1EO
0. 4E-2
0. 4E- 1
0.2EO
0.ME1
0. 1E1

vCi/mL Decay Corrected to Time of Test (7-9-85)

Radionuclide
Hot Leg

1

Mn54
Co58
Co60
1131
Cs134
Cs136
Cs137
Ba140
Ba-La140

3.8
2.6
4.0
4.2
2.9
2.9
3.4
2.4
2.7

±
t,+
±+
,±
+
,+
,±
,+

0.4E-2
0.3E-1
0.8E-2
0. 4E1
0. 6E-2
0. 4EO
o. 2EO
0.2E2
0. 2E2

Hot Leg
2

3.9 ± 0.4E-2
2.6 ± 0.3E-1

ND
6.7 ± 0.4EI
2.7 ± 0.4E-2
2.8 ,t 0.8EO
3.4 ± 0.2EO
2.4 ± 0.2E2
2.7 ± 0.2E2

Lower Plenum
1

4.4 ± 0.5E-2
2.9 ± 0.4E-1

ND
8.0 ± 0.6EI
2.8 ± 0.4E-2
2.8 ± 0.4EO
3.7 ± 0.2EO
2.2 ± 0.2E2
2.6 , 0.2E2

4.0
2.8
3.1
7.6
3.2
2.8
3.6
2.3
2.5

,+
,+
_+
_+
,±
_+
±+
±+
+_

O. 4E-2
0.3E-1
1.OE-2
0.6E1
0. 4E-2
0. 4EO
0.2EO
0. 2E2
0. 2E2

Lower Plenum
2

NOTE: Based on some laboratory uncertainties,
more accurate number.

hot leg 1 is probably the

a. ND--No photopeak was seen above the continuum background.

NOTE: No sample removal efficiency corrections have been made to the above
data. See text Section 4.6.2 for removal efficiencies.
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TABLE 30. POSTTEST PCS LIQUID SAMPLES--STRONTIUM RESULTS

uCi/mL as of 9-23-85

Hot Leg Hot Leg Lower Plenum Lower Plenum
Radionuclide 1 2 1 2

Sr89 1.20 ± 0.06E1 1.08 ± 0.05E1 1.18 ± 0.06E1 1.35 ± 0.07E1

Sr90 2.9 ± 0.1E-1 2.8 ± 0.2E-1 2.9 ± 0.IE-1 3.2 ± 0.2E-1

One additional examination was performed on the Lower Plenum 2

sample. Five mL of the sample were removed and sent to the Auxiliary

Reactor Area for alpha spectroscopy. The procedure used is described in

Appendix J; the results are shown in Table 31. Finally, the primary

coolant samples were returned to LOFT Operations, where boron and chlorides

were measured. These results are presented in Table 32.

TABLE 31. POSTTEST PCS LIQUID SAMPLES ALPHA ANALYSIS

UCi/mL as of Time of Sampling (8-23-85)

Sample Description Nuclide Activity

Lower plenum #2 Am243 3.9 ± 0.5E-8

Lower plenum #2 U232 and/or Po210 1.89 ± 0.12E-7

Lower plenum #2 Pu239 1.4 ± 1.7E-9

TABLE 32. POSTTEST PCS CHEMISTRY

Analysis Hot Leg Lower Plenum

Boron 3735 ppm 3058 ppm

Chlorides 1 ppm 1 ppm

L

L-

L
L

L
I-
L-

'I-i

4
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The remainder, and the majority, of the posttest samples were obtained

from the following systems and component: F1 and F2 aerosol collection

systems, the LPIS, and the deposition device.

4.6.3 Fl and F2 Aerosol Sample Collection Systems

The F1 and F2 aerosol sample collection systems consisted of the

following major components: sample line probe, dual cyclone

separator/isolation valves, dilution filter, virtual impactor, collection

filters, hydrogen recombiner, and moisture separator. The posttest

examination work looked'only at the second cyclone separator/isolation

valve and the downstream components. These systems were designed to

extract and collect a vapor and aerosol sample during the heatup phase of

the experiment from a point located directly above the center fuel module

(Fl) or from a point in the broken loop hot leg (F2). Figure 136 is a

simplified diagram showing the collection system and relative equipment

location. Drawings 214066 and 214067 (entitled F1 and F2 Filter System

Equipment Installation) show the more complete and actual configuration to

a point just past the collection filters and just past the hydrogen

recombiner respectively. The following discussion considers the components

individually, describes them, discusses the processing, and presents the

measurements and associated results.

4.6.3.1 Cyclone Separator/Isolation Valves. The two cyclone

separator/isolation valves were required because of the need to redundantly

isolate the primary system. Only the downstream cyclone

separator/isolation valve was available for the posttest examination

because of the need to maintain primary system integrity. The cyclone

separator/isolation valve combination had two major functions. The first

was to isolate the downstream filters before and after the heatup. The

second was to remove particles with an aerodynamic diameter >30 microns

from the flow stream. This removal was accomplished by two different

mechanisms. Very large particles would impact on the wall, while smaller

particles would drop through the stagnation zone and settle out.

Drawing 214001 gives the specifics of the cyclone/isolation valve
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Virtual

Valve 1
cyclone

Dilution filters
Hydroqen

recombiner

Collection filter Moisture
separator

to
BST

Valve 2
cyclone

Sampling from
reactor or hot leg

Figure 136. Aerosol sampling systems F1 and F2 [see views (a), (b),
and (c)] (part 1 of 2).

assembly. Primarily because of the second function, an examination of the

cyclone/isolation valve was performed. The valves were removed from the

primary system by LOFT Operations, capped, and sent to the Radiochemistry L
Laboratory. In the lab, the pneumatic operators for these fail-closed type

valves were cut off. Chemists could then pour water and acid through the

valve and remove the large particles that plated out or settled. The F1

cyclone/isolation valve was initially reading -100 mR/h. At this time L
540 mL of water was poured through the valve and collected in a standard

counting bottle. Then, 540 mL of freshly prepared aqua regia were poured

through the valve and likewise collected. A postrinse and leach radiation

level check of the valve indicated just above the hood background. The

valve was then discarded. The rinse water and leachate were taken to the

Radiation Measurements Laboratory where germanium detector systems

measured, recorded, and analyzed the emitted gamma rays. These results are [
shown in Table 33. The F2 cyclone/isolation valve was processed slightly

differently. An initial radiation level reading was <10 mR/h. Therefore,

a decision was made to just leach the valve and forego the rinse
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View (a) Large Dilution Filter from
the F1 Aerosol Sampling Line

View (b) Small Dilution Filter from the
Fl Aerosol Sampling Line

Figure 136. (part 2 of 2). View (c) B Collection Filter.from the
F1 Aerosol Sampling Line
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TABLE 33. CYCLONE SEPARATOR/ISOLATION VALVE SAMPLES GAMMA RAY RESULTS

(MCi PER SAMPLE)

Fl Water
Rinse
7-9-85Radionuclide

Mn54
Coss
Co60
Y91
Zr95
Nb95
Rul03
Cs134
Cs137
Bal40
Ba-La140
Ce141
Eu155
Ta182

9.6
5.5

2.8
3.3
8.6
8.3

NDa
NO
NO
ND
S2.4E0

t O.6E1
ND
± 0.2EO
+ 0.2E3
t 3.0E4
± O.9E4
NO
ND
ND

F1
Leachate

7-9-85

8.4 1 2.1E-1
NO
ND

2.6 ± 0.6E3
1.6 ± O.2E1
1.2 ± O.1E2

ND
1.9 ± O.lEl
2.1 ± 0.1E3
1.5 ± O.3E4
1.9 ± O.3E4
1.4 1 0,4E2
5.9 ± 2.1E0
3.5 ± 1.8E0

Total
7-9-85

8.4 ± 2.1E-1
NO
ND

2.6 1 0.6E3
2.6 ± 0.3E]
1.8 ± 0.1E2

ND
2.2 ± 0.1E1
5.4 ± 0.2E3
1.0 t O.3E5
1.0 t O.1E5
1.4 t 0.4E2
5.9 ± 2.1EO
3.5 1 1.8E0

F1 Water
Rinse

12-27-85

NO
ND
ND
ND

1.5 ± 0.5EO
1.9 ± 0.2E0

ND
2.4 ± 0.2EO
3.3 ± O.2E3
8.1 ± 2.8E0
7.8 1 O.7E0

ND
ND
ND

Fl
Leachate
12-27-85

5.8 ± 1.5E-1
ND
ND

3.4 ± 0.7E2
2.6 ± O.3E0
4.1 ± O.3E0

NO
1.6 ± 0.1E!
2.1 ± 0.1E3
1.4 ± 0.2Ei
1.8 1 0.2E1
3.8 ± 0.8EO
5.5 ± 2.0EO
1.2 ± O.5E0

Tota 1
12-27-85

5.8 ± 1.5E-1
NU
ND

3.4 ± 0.7E2
4.1 ± O.6E0
6.0 ± 0.4EO

ND
1.8 ± 0.1E
5.4 ± 0.2E3
2.2 ± 0.31E
2.6 t 0.2Ei
3.8 ± 0.8E0
5.5 ± 2.OEO
1.2 ± 0.5EO

F2 F2

Radionuclide

14n54
Co58
Co60
Y91
Zr95
Nb95
Rul03
Cs134
Cs137
8al40
Ba-La140
Cel41
Eu155
Tal82

Leachate Leachate
12-27-85 7-9-85

1.0 ± 0.2E-1
1.1 ± 0.4E-1
8.0 ± 2.0E-2

ND
6.3 ± 0.7E-1
9.5 ± 0.9E-l
3.5 ± 1.3E-1
2.0 -0. 1EO
2.7 ± 0.2E2
1.3 ± 0.3EO
9.4 ± 0.9E-1
3.9 ± 1.8E-1

ND
2.1 ± 0.5E-1

1.5 ± 0.4E-1
6.1 t 2.1E-1
8.6 ± 2.1E-2

ND
4.0 ± 0.5EO
2.8 ± 0.3E1
7.1 ± 2.3E0
2.3 ± 0.2EO
2.7 ± 0.2E2
1.4 ± 0.4E4
1.3 ± 0.2E4
1.5 ± 0.601

ND
6.0 t 1.2E-1

a. ND--No photopeak was seen above the continuum background.

NOTES: The water rinse and the leachate volumes were 540 ml.

No water rinse was performed on the F2 valve because of the low initial radiation level.
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water. Again a postprocessing radiation level revealed essentially a

background reading and the item was disposed of. The 540 mL of leachate

J, were sent to the Radiation Measurements Laboratory. These results are also

shown in Table 33.

4.6.3.2 Dilution Filters. In each of the two aerosol collection

lines, F1 and F2, there was a dilution filter assembly. This assembly was

designed to remove a large fraction of the aerosol mass from the vapor

stream prior to entering the virtual impactor. The concern was the

possibility of plugging the impactor and preventing particle size

separation. This assembly, shown on Drawing 214002, consisted of two

separate dilution filters in series. The first was 130-mm long, and the

second was 54 mm. Both filters were constructed of four layers ofUJ stainless steel type 5AL2 fiber metal felt (see Drawing 214005). This

material allowed the filters to be pleated, thereby creating a large

j particle collection area in a relatively small space. A small hole, 1.8-mm

diameter, was the inlet to each filter. This allowed a small fraction of

the aerosol stream to pass through without losses. The remaining flow was

forced through the filter that removed the particles before remixing with

the undisturbed flow.

The posttest handling was done in the following manner. The dilution

J filter assemblies were removed from containment, packaged, and shipped to

the Test Reactor Area Hot Cells. Once in the cell, the dilution filter

J assemblies were opened by sectioning the filter housing -18 mm from the

downstream shoulder. This was done dry, using a large bandsaw. Once the

downstream end had been removed, the inner filters slid out and were

individually packaged to prevent cross contamination. These filters were

labeled F1 large, F1 small, F2 large, and F2 small and had radiation

readings of 2R/h, 260 mR/h, 70 mR/h, and 20 mR/h beta, gamma contact,

respectively. They were then taken to the Radiochemistry Laboratory for

jfurther processing. The dilution filter housings were discarded.

diuinflerdsadd
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L

The first step in the chemistry laboratory was a visual inspection of

the filters for any debris. Then, Polaroid snapshots of the filters were

taken. Figures 136(a) and (b) show the F1 aerosol sample line dilution

filters. Although there was some darkening of the filters, no debris was

seen. The filters were then weighed in tared bottles. The purpose of this I
measurement was to compare it to the pretest weights and determine the

debris loading. Table 34 presents the results (as can be seen, this was

both good and bad). For the large filters, there appears to be a

reasonable and expected amount of the debris, while for the small filters

the results indicate a negative mass and are therefore wrong. For this L
case it is thought that while cutting open the filter housing, our ability

to remotely cut at the precise location was limited, and therefore we ended L
up removing some of the small filter top plate. Thus a negative change, as

seen in Table 34. L

TABLE 34. DILUTION FILTER WEIGHTS (g)a r

Sample ID Pretest Posttest Change

F1 Large 314.1 314.9 0.8

F1 Small 226.3 216.5 -9. 8 b

F2 Large 322.7 324.7 2.0

F2 Small 223.2 138.0 - 8 5 . 2 b

a. Mettler 4000 g top loading balance

b. Negative change was caused by loss of part of the filter top plate

during sample processing.

The next step was to remove small samples suitable for scanning

electron microscopy (SEM) and raman spectroscopy. This was done, using

only a scalpel and tweezers. Two samples -3-mm wide and 19-mm long were

removed from each filter and mounted on source counting cards. These were
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then set aside. The twb small dilution filters were individually handled

as follows. The filters were placed in a 540-mL beaker of 8M heated nitric

acid and processed in an ultrasonic bath for 3-1/2 h. There was still a

little activity left on the filter, so it was rinsed with aqua regia,

which removed the remaining activity (radiation level <0.3 mR/h). The

solutions were then combined, the volume determined, and 540 mL removed for

gamma ray spectroscopy at the Radiation Measurements Laboratory. These
results, both as measured and decay corrected to the time of test, are

r presented in Tables 35 and 36. The filters (after they had air dried
overnight) were reweighed. Comparing the postprocessing weights with therposttest weights reveals a more reasonable amount of debris collected by

the filters. Table 37 gives the resuIts. However, this data should be

considered an upper bound since the acid rinse definitely removed some of

__ •the filter media. Nonetheless, it is far better than the previous

numbers. The small filters were then disposed of.

The large dilution filters were handled in a slightly different
manner. Because of the length of the filters and the desire to minimize

the volume of liquid to process, only 1/2 of the filter was immersed in the

heated 8M nitric acid at a time. This half was then ultrasonically

vibrated for 1-1/2 h. The filter was then flipped over and ultrasonically

cleaned for another 1-1/2 h. Following a water rinse, the filters were

soaked in a dilute aqua regia solution (25%) for -5 min. All three
solutions were then combined, the volume determined, and 540 mL removed for

1gamma ray spectroscopy. The dilute aqua regia solution was chosen to try

to minimize the amount of filter media that would be dissolved by
full-strength aqua regia. After the processing, the F1 large filter was

reading 50 mR/h, while F2 was reading <1 mR/h. The F1 large filter was

bagged and saved, the F2 was disposed of. The gamma ray results from this

processing, again at time of measurement and time of test, are shown in

Tables 35 and 36.

The small, undisturbed samples were sent to Argonne National

Laboratory-East, where one sample was examined with electron and ion

j2v
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TABLE 35. DILUTION FILTER LEACHATE SAMPLES--GAMMA RAY RESULTS

pCi Per Sample as Measured on 1-6-86

Radionuclide

Mn54
Co58
Co60

Y91
Zr95
Nb95

Rul03
Ru-Rhl06
Sb124

Fl Small

4.6 ± 0.8E-2
NDa
ND

1.7 ± 0.2El
2.7 + 0.3E-1
2.7 ± 0.2E-1

1.0 ± 0.4E-1
NO
ND

ND
ND

1.9 ± O.IEO

ND
2.6 ± 0.2E2
7.8 ± 1.5E-1

8.0 ± 0.5E-1
2.1 ± 0.5E-1

ND

Fl Large

4.4 ± .IEO
4.3 ± l.IEO

NO

1.8 ± 0.3E3
2.6 ± 0.3E]
2.7 ± 0.2El

Fl Total

4.4 ± l.lEO
4.3 ± l.IEO

NO

1.1 ±
5.5 ±
1.7 ±

0.1E-2
0.6E-2
0.lE-1

0.2E0
0.2E-2
0.2E-2

F2 Small F2 Large

2.1 ± 0.2E-1
ND

3.2 ± 0.2E-1

2.2 ±
5.5 ±
4.9 ±

0.2E-1
0.6E-2
0.2E-1

0.4EI
0.5E-1
0.4E-1

1.8
2.6
2.7

± 0.3E3
± 0.3E1
± 0.2E1

1.4
2.7
2.2

±
±
±

3.5 ±
6.7 ±
5.9 ±

0.4E1
0.5E-1
0.4E-1

3.6
7.0
6.1

±

±
_+

F2 Total

NO
ND
ND

Sb125
Tel29m
Cs134

Cs136
Csl37
Bal40

ND
NO

2.0 ± 0.lE2

ND
2.8 ± 0.2E4
6.7 t 1.4El

1.0 t 0.4E-1
ND
ND

ND
NO

2.0 ± O.IE2

ND
2.8 t 0.2E4
6.8 ± 1.4El

ND
ND
NO

1.5 ± 0.6E-1
ND
ND

NO
ND

3.0 ± 0.2EO

1.5 ± 0.6E-1

Nb
NU

NO

NU3.1 ± 0.2E0

ND
ND

1.1 ± O.IE-l

ND
1.3 ± O.IEl
6.2 -± 1.3E-2

7.1 ± 0.5E-2
2.8 ± 0.3E-2
5.2 ± 1.7E-2

6.0
4.4
1.8

1.8
5.0
1.0

± 3.OE-2
± 0.3E2
± 0.2E0

t 0.IEO
± 0.6E-1
± 0.2E0

6.0
4.5
1.9

1.9
5.3
1.0

± 3.OE-2
± 0.3E2
± 0.2EU

± O.IEO
± 0.6E-1
± 0.2E0

Ba-Lal40
Ce 141
Ce144

Ce-Prl44
Eu155
Ta 182

8.1
2.2
5.8

±
±

±

0.6E1
0.2E1
3.OEl

8.2
2.2
5.8

± 0.6El
± 0.2E]
± 3.OE1

ND
ND
ND

ND
ND
ND

ND
ND
ND

ND
NO
ND

ND
NO
ND

NU
NO
NO

NOTE: The large filter was upstream of the small filter.

a. ND--No photopeak was seen above the continuum background.
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TABLE 36. DILUTION FILTER LEACHATE SAMPLES--GAMMA RAY RESULTS

_pCi Per Sample Decay Corrected to Time of Test (7-9-85)

Radionuclide

MnS4
Co58
Co60

Y91
Zr95
Nb95

Rul03
Ru-Rhl06
Sb124

e4o Sb125
Tel29m
Cs134

Csl36
Csl37
Ba140

F1 Small

6.9 ± 0.9E-2
NDa
ND

1.5 ± O.2E2
1.9 ± O.2E0
9.6 ± O.7EO

2.5 ± O.9E0
ND
ND

ND
ND

2.3 ± O.2E0

ND
?.7 ± 0.2E2
1.4 ± O.3E4

1.4 ± O.3E4
1.0 ± O.2EI

ND

ND
ND
ND

Fl Large

6.6 1 1.3EO
2.5 ± O.6El

ND

Fl Total

6.7 ± 1.3EO
2.5 ± O.6EI

ND

1.6
1.8
9.7

± 0.3E4
± O.2E2
± 0.8E2

1.6±
1.8 ±
9.8 ±

0.3E4
O.2E2
O.8E2

F2 Smal l

1.7±
3.3 ±
1.8 ±

1.2 ±
1.9 ±
8.0 ±

0.2E-2
0.4E-1
O.IE-1

0.2EI
0.2E-1
0.5E-1

F2 Large

3.2 ± O.3EI
ND

3.4 ± 0.2E]

3.0 ± 0.4E2
4.8 ± O.4E0
2.1 ± 0.2E]

3.6 ± 1.2E0
ND
ND

ND
ND

3.6 t O.3E0

3.4
3.3
5.2

3.1 ±
5.0 ±
2.2 ±

F2 Total

ND
ND
ND

ND
ND

2.4 ± 0.4E2

ND
2.8 ± O.2E4
1.3 ± 0.3E6

1.5 ± O.IE6
1.1 ± 0.1E3
9.0 ± 4.OEI

2.5 ± 0.9EO
ND
ND

ND
ND

2.4 ± 0.4E2

ND
2.8 ± 0.2E4
1.3 ± 0.3E6

ND
ND
ND

±
±
±

0.3E-1
0.4E-1
0.2E-1

0.4E2
0.4EO
0.2El

ND
NO

1.3 ± O.IE-1

NO
1.4 ± O.IEl
1.1 ± O.3E3

1.3 ± O.IE3
1.3 ± O.2E0
8.1 t 3.1E-2

NO
NO
ND

1.0
4.4
3.4

± 0.6E3
± 0.3E2
t 0.4E4

3.6 ± 1.2EO
ND
ND

NO
NO

3.7 ± O.3E0

1.0 ± 0.6E3
4.5 ± 0.3E2
3.5 ± O.4L4

3.5 ± 0.2E4
2.5 ± 0.3EI
1.7 ± O.4EO

NU
ND
NU

Ba-Lal40
Ce141
Ce144

Ce-Pr144
Eu155
Ta182

1.5±
1.1-±
9.0 ±-

0. 1E6
0.1E3
4.OEl

3.4 ± 0.2E4
2.4 ± 0.3El
1.6 ± 0.4E0

ND
NO
NU

ND
ND
ND

ND
ND
ND

NOTE: The large filter was upstream of the small filter.

a. ND - No photopeak seen above the continuum background.



TABLE 37. SMALL DILUTION FILTER WEIGHTS (g)

Before After __ i
Sample ID Processing Processing Change

F1 216.5 210.0 6.5 L
F2 138.0 134.5 3.5

microprobes. The results are described in Appendix 0. Based on this

information, and based on the gamma ray results shown in Table 38, and the L
associated mass numbers shown in Table 39, a decision was made that it

would not be fruitful to look for chemical species with the Test Reactor L
Area raman spectrometer. The elements of interest were below the

spectrometer's limits of detection. The samples will be retained for L
possible future use by others.

There was still information to be gained in the leachate from the U
dilution filters. Five aliquots were removed from the samples for the

following analyses: strontium 89 and 90 by precipitation and beta

spectroscopy; fissile by neutron activation and delayed neutron counting,

iodine 129 by activation analysis; tellurium by chemical separation and L
gamma spectroscopy; and finally, elemental by emission spectroscopy. A

more detailed description of the various analytical techniques is given in L
Appendices K through N. The results of these efforts are shown in

Table 40. This completed the work planned for the dilution filters. L
4.6.3.3 Virtual Impactors. A two-stage virtual impactor was

installed downstream of the dilution filters in each of the aerosol sample I
lines. This device was designed to separate the aerosol particles into

three different size ranges. It was selected because of its small physical [
size and because it could handle rather large quantities of aerosol mass.

For flow path details on the virtual impactor see Figure 137 or

Drawing 214004 entitled "OECD LOFT FPMS Virtual Impactor Assembly". Only a

small fraction of the inlet flow goes through the hole in the first
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TABLE 38. DILUTION FILTER SEM AND RAMAN SAMPLES--GAMMA RAY RESULTS

Dilution Filter SEM Samples uCi Per Sample (12-31-85)

Radionuclide

Co58
Y91
Zr95
Nb95
Cs134
Cs137
Ba140
Ba-La140
Ce141
Eu155

F1 Large

4.5 ± 1.1E-3
1.6 t 0..4EO
2.8 ± 0.4E-2
4.7 ± 0.5E-2
1.5 ± 0.1E-1
2.1 ± 0.1E1
9.7 ± 1.OE-2
8.8 t 0.9E-2
1.8 ± 0.3E-2
2.8 ± 0.8E-2

F1 Small

NDa
ND
ND
ND
ND

5.2 ± 0.4E-2
NO
ND
ND
ND

F2 Large

ND
ND
NO
ND

7.2 ± 1.4E-4
8.2 t 0.8E-2

ND
ND
ND
ND

F2 Small

ND
ND
ND
ND
ND

6.5 ± 0.7E-3
ND
ND
ND
ND

Dilution Filter Raman Samples uCi Per Sample (12-31-85)

Radionuclide F1 Large

Co58 4.1 ± 1.1E-3
Y91 1.5 ± O.4EO
Zr95 3.2 ± 0.4E-2
Nb95 4.6 ± 0.4E-2
Cs134 1.4 ± 0.1E-1
Cs137 1.9 ± 0.1E1
Ba140 7.3 ± 3.1E-2
Ba-La140 7.3 ± 0.8E-2
Ce141 2.4 ± 0.3E-2
Eu155 2.6 ± 0.6E-2

a. ND--No photopeak was seen

F1 Small

ND
ND
ND
ND
ND

5.1 ± 0.4E-2
ND
ND
ND
ND

F2 Large

ND
ND
ND
ND

8.9 ± 1.8E-4
9.1 t 0.8E-2

ND
ND
ND
ND

F2 Small

ND
ND
ND
NO
ND

6.8 ± 0.7E-3
ND
ND
ND
ND

above the continuum background.

receiving cone (note Figure 137), with the remainder being forced into the

primary chamber. Large particles cannot make the turn and continue with

the minor flow through the cone. The sequence is repeated with a smaller

inlet and cone, and the result is three particle sizes. For this

experiment, the dimensions were pre-determined for size ranges of 7 to >30

microns, 2 to >7 microns, and <2 microns. These three ranges were labeled

B, C, and A, respectively; this designation will be carried through

subsequent discussions and analyses.
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TABLE 39. DILUTION FILTER SEM AND RAMAN SAMPLES--MASS RESULTS

Dilution Filter SEM Samples ug Per Samplea

Radionuclide

Co58
Y91
Zr95
Nb95
Cs134
Cs137
Ba140
Ba-La140
Ce141
Eu155

F1 Large

1. 4E-7
6.6E-5
1.3E-6
1.2E-6
1.2E-4
2.4E-1
1. 3E-6
1.2E-6
6.4E-7
5. 7E-5

F1 Small

6.OE-4

F2 Large

5.5E-7"
9.4E-4

F2 Small

7.5E-5

La

La
L

Dilution Filter Raman Samples ug Per Samplea L
Radionuclide

Co58
Y91
Zr95
Nb95
Cs134
Cs137
Ba140
Ba-La140
Ce141
Eu155

F1 Large

1.3E-7
6. 1E-5
1. 5E-6
1. 2E-6
1. 1E-4
2. 2E-1
I.OE-6
1. OE-6
8. 5E-7
5.3E-5

F1 Small

5.9E-4

F2 Large

6.8E.7
1.OE-3

F2 Small

7.8E-5

L

L
L

a. Based on gamma ray results as of 12/31/85 (see Table 38). L
LThe two virtual impactors, along with the aerosol sample lines, were

removed from the LOFT containment and delivered to the Test Reactor Area

(TRA) Hot Cells. Once In the cell, the virtual impactors were removed from

the sample lines, packaged and sent to the Radiochemistry Laboratory for

processing. The processing, done in a hood, consisted of a 540-mL water

rinse followed by a 540-mL aqua regia leach. It was necessary to inject

L
1~

J~.
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TABLE 40. DILUTION FILTER LEACHATE CHEMICAL RESULTS

Radionucl ide Fl Large

Sr89aSr90a

Fissileb
I]29C:
Tel27md
Te127mee
Tel 29md
Tel29me
Agf
Cdf
Fef
Nif
Crf
MofCuf

Mnf
AI
Ca

7.0
1.8
1.6
6.7
2.5
7.1
1.2
2.0

-+
±
±+
-±
-±
-±
-±

1.4E3
0.2E3
0,1E2
0.7E4
1.2E2
3.6E1
0.2E3
0.3E1

0.06
10
1050
100
390
2
4
0.8
1
11

1620

Fl Small

3.4 1 0.7E1
8.7 t 0.9EO
2.4 t O.4E0

<360
1.3 ± 0.6E2
3.7 ± 1.8E1

ND
NO

<0.01

<1
850
81
120
15
11
0.9
0.4

7.0 ±
1.8 ±
1.6-+
6.7±
3.8 -
1.1_+
1.2 ±
2.0 ±

1.4E3
0.2E3
0.1E2
0. 7E4
1.3E2
O.4E2
0.2E3
0.3E1

Fl Total _ F2 Large

5.0 ± l.OEl
1.3 " 0.1E0
3.8 ± 0.6EO

<270
2.2 ± l.1E2
6.3 ± 3.2E1
4.3 - 0.6E1
7.3 ± 0,1E-1

<0.01
<1

36
100
68
1
6
0.6
0.6

F2 Smal I

3.3 ± O.7EO
9.5 t 1.OE-1
2.4 ± 1.2E-1

<135
1.2 ± 0.6E2
3.4 ± 1.7E1

NO
NO

<0.01
<1

670
94
140
9
6
0.8
0.6

<1 .1E2
<1 .7E4

2.6E6
2.5E5
7.6E5
1 .9E4
1.8E4
2.3E3
2.0E3
1 8E4

F2 Total

5.3 t'l.0EI
1.4 t 0.1E1
4.0 ± 0.6EO

•405

3.4 ± 1.3E2
9.7 t 3.601
4.3 ± 0.6E1
7.3 ± 0.E-1

<2.301
<2. 7E3

7.8E5
2.6E5
2.6E5
1 .IE4
1.64E
1 .8E3
1.6E3U'0

Total Sample
Volume mL 1080 1620 1080

a. Total PCi as of 2/25/86

b. Total pg as U-235 equivalent

c. Total ng

d. Total PCi at time of test 7/9/85

e. Total PCi at time of count

f. Units for columns Fl Large, Fl Small, F2 Large, and F2 Small are pg/mL ± factor of 2; units for
columns F1 Total and F2 Total are pg ± factor of 2.

NOTE: Total Is the total amount removed from the filters.

NO--No photopeak seen above the continuum background.



Virtual Impactor Schematic

A < 2 microns
B 7 - 30 microns
C 2 -7 microns I~

Ii
U
C
Ii
C
I
I

I
L
I
I
I
I
I

C
L14O-KMM-24

Figure 137. Virtual imipactor schematic.
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the water and acid using a hypodermic syringe because of the small impactor

holes. Both the water rinse and acid leach were collected and sent to the

Radiation Measurements Laboratory for gamma ray spectroscopy. The results

of this effort for both the time of count and time of test are shown in

Tables 41 and 42. These amounts have also been summed for the entire

virtual impactor. The impactors were surveyed after processing and found

to be essentially at background. They were then discarded.

Additionally, an aliquot was taken from each of the two acid leaches

and sent to the Chemical Processing Plant for emission spectroscopy. The

results are very similar and are given in Table 43. Silver and cadmium

masses were below detection limits.

4.6.3.4 Collection Filters. The three collection filters downstream

of each virtual impactor were the keys of the posttest portion of the

fission product measurement system. They were designed to provide the

greatest amount of information on the mechanism of fission product-aerosol

transport. The filter itself was made of the same material as the dilution

filters, stainless steel type 5AL2 fiber metal felt. Again, four layers

were used, but with one addition: The layers were bonded together. The

cylindrical filter was 41-mm long, 13-mm in diameter, and housed in a

stainless steel assembly shown on Drawing 214003. The fission products,

having originated in the core, had traveled through the aerosol sample

line, past the cyclone separator/isolation valves, through the dilution

filters, and through the virtual impactor only to reside on one of three

collection filters. The handling and processing sequence of the six

collection filters, three each for aerosol sample lines F1 and F2, was

essentially the same as for the dilution filters. The collection filters

were removed from the LOFT containment as part of the sample lines,

packaged, and shipped to the Test Reactor Area Hot Cells for

reconfiguration. In the cell, the collection filter housing was opened by

sectioning the assembly -6 mm from the downstream shoulder. These cuts

were made with a bandsaw and no lubrication. Once the assembly had been

opened the filter was removed, packaged, and hand carried to the

Radiochemistry Laboratory for further processing. The filters were labeled

FlA, FIB, FiC, F2A, F2B, and F2C with respective contact radiation levels
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TABLE 41. VIRTUAL IMPACTOR SAMPLES--GAMMA RAY RESULTS

pCi Per Sample Decay Corrected to Time of Test (7-9-85)

Radionuclide

Mn54
Co58
Co60
Y91

Zr95
Nb95
Ru103
Sb125

Fl Water
Rinse

4.0 ± 1IOE-3
2.4 ± O.lE-l
4.4 ± 0.7E-3

NDa

Leach F1 Total

1.5 ±
1.2 ±
1.1 ±

NE
býI-.
M1

0.1EO0.IEI

0.1EO

1.6EO
0.9E-2
0.05EI
0.7EI

8.1
4.9
9.3
3.6

2.9
2.4
2.3
6.6

2.4
4.5
5.1
4.3

5.3
6.8
6.4
1.7

I .2E-3
0.3E-1
0.9E-3
I .IEO

0. 2E0
0.2E1
0.2EO
I .OE-2

0.4E1
0.4E-2
0.3EO
0.8E1

0. 4EO
0.5E-1
0.8E-1
0.4E-2

1.2
7.3
1.4
3.6

4.4
3.6
3.4
6.6

3.2
1.4
6.1
7.2

8.3
1.1
6.4
2.9

±
±
±
±

±
±
±
±

±
±
±
±

±
±
±
±

0.2E-2
0.3E-1
0.1E-2
I .IEO

0.2EO
0.2EI
0.2EO
1 .OE-2

O.4E1
O.lE-1
0. 6EO
I.IE1

0.4EO
0. 1 EO
0.8E-1
0.6E-2

F2 Water
Rinse

9.4 ± 4.8E-4
8.9 ± 1.8E-3
8.6 ± 3.OE-4

ND

3.3 ± 0.4E-2
2.5 ± 0.3E-1

ND
ND

F2 Leach

7.6 ± 0.9E-3
1.0 ± 0.1E-1
2.4 ± 0.2E-2

ND

2.2 ± 0.2E-1
1.8 ± 0.1EO
1.4 ± 0.4E-1

ND

F2 Total

8.5 ± l.OL-3
1.1 ± O.1-i
2.5 ± 0.2E-2

ND

2.5 ± 0.2E-1
2.0 ± 0.lEO
1.4 ± 0.4E-1

NO

Tel29m
Cs134
Cs137
Ba-Lal40

Cel4l
Ce144
Ce-Prl44
Ta182

7.7
9.1
1.0
2.9

_±
±
_+
±

2.8
3.1
1.1

ND
± 0.2E-2
± 0.2EO
± 0.2E2

3.2
3.2
3.3

ND
± 0.4E-2
± 0.2E0
± 0.5E2

6.0
6.3
4.4

ND
± 0.4E-2
± O.3EO
± 0.5E2

3.0 ± 0.2EO
4.1 ± 0.5E-1

ND
1.2 ± 0.5E-2

ND
3.1 ± 1.1E-2

ND
NO

9.2 ± 1.1E-1
9.7 ± 1.4E-2

ND
ND

9.2 ± 1.1E-1
1.1 ± 0.2E-1

NO
ND

a. ND - No photopeak was seen above the continuum background.
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TABLE 42. VIRTUAL IMPACTOR SAMPLES--GAMMA RAY RESULTS

paCi Per Sample as Measured on (12-27-85)

Radionuclide
Fl Water

Rinse Fl Leach Fl Total

Mn54
Co58
Co60
Y91

Zr95
Nb95
Rul03
Sb125

2.7
4.4
4.2

2.4
4.2
5.5

2.3
7.7
1.0
2.7

± 0.8E-3
+ O.3E-2
± O.7E-3
NDa

± 0.2E-1
± 0.3E-1
± 0.4E-2
ND

1-4

5.5
9.1
8.8
4.8

4.5
8.2
1.1
5.9

7.0
3.8
5.1
4.1

1.4
4.5
4.2
6.2

±
±
±
±

±
±
±
±

±
±
+

±

±
±
±
±

0.8E-3
0. 7E-2
0.9E-3
1.OE-1

0.4E-1
0.6E-1
O.lE-I
0.9E-2

0.7E-1
0. 3E-2
0.3EO
0.7E-3

0.1 E-1
0.3E-1
0.7E-1
1.2E-3

8.2
1.4
1.3
4.8

6.9
1.2
1.6
5.9

9.3
1.2
6.1
6.8

2.2
7.2
4.2
1.0

±
±
±
+

±
±
±
±

±
±
±
±

±
±
±
+

1.1E-3
0.1 E-1
0.1E-2
1.OE-1

0.4E-1
O.AEO
0.1 E-1
0.9E-2

0.9E-1
0.1 E-1
0.3EO
0.9E-3

O.IE-1
0.4E-1
0.7E-1
0.2E-2

F2 Water
Rinse

6.4 ± 3.2E-4
1.7 ± 0.4E-3
8.1 ± 3.OE-4

NO

5.0 ± 0.6E-3
8.5 ± 0.9E-3

ND
ND

ND
2.4 ± 0.2E-2
3.1 ± O.2EO
1.0 ± O.IE-2

ND
2.1 ± I.OE-2

ND
ND

F2 Leach

5.2 ± 0.6E-3
1.9 ± 0.2E-2
2.3 ± 0.2E-2

ND

3.4 ± 0.3E-2
6.1 ± 0.4E-2
6.9 ± 2.1E-3

ND

3.9
7.0
6.9

5.1
6.3
4.1

± 0.3E-2
± 0.4E-2
± 2.1E-3
NU

NV
± 0.4E-2
± 0.3EU
± 0.4E-2

F2 Total

5.8 ± 0.7E-3
2.1 ± 0.2E-2
2.4 ± 0.2E-2

ND

Tel29m
Cs134
Cs137
Ba-Lal40

Ce141
Ce144
Ce-Pr144
Ta182

±
±
±
±

0.5E-1
0.6E-2
0.05EI
0.6E-3

2.7
3.2
3.1

NO
± 0.3E-2
± O.2eO
± 0.4E-2

7.8 ± 0.6E-2
2.7 ± 0.3E-1

ND
4.3 ± 1.6E-3

2.4 ± 0.3E-2
6.4 ± 0.8E-2

ND
ND

Z.4 ± 0.3t-Z
8.5 ± 1.3E-2

NU
NO

a. ND - No photopeak was seen above the continuum background.



TABLE 43. VIRTUAL IMPACTOR LEACHATE ELEMENTAL RESULTS

ug/mL (± Factor of 2)

Element F1 F2

Ag <0.01 <0.01
Cd <1 <1

Fe 430 528
Ni 32 55
Cr 94 110

Mo 0.4 0.6 [3
Cu 7 4
Mn 0.6 0.8
Al .... [
Ca

of 70, 50, 50, 90, 110, and 70 mR/h beta, gamma. While the letters A, B,

and C coincide with different particle size ranges, they are in neither

ascending nor descending order; A represents particles <2 microns, B is for

particles between 7 and 30 microns and C is for particles between 2 and

7 microns. The filter housings were thrown away.

Once in the chemistry laboratory, the filters were examined visually I
and Polaroid snapshots were taken. Figure 136(c) shows the B collection

filter from the F1 aerosol sampling line. Just as in the case of the l

dilution filters, there was discoloration but no noticeable debris. The

filters were then weighed in tared bottles. See Table 44. Again, because

small amounts of the filter top plate and filter support were removed

during sectioning, no meaningful comparison with pretest weights could be

made. At the request of the FP-2 PIE Specialists, an attempt was to be

made to try to remove two small samples from each filter for scanning

electron microscopy and raman spectroscopy prior to further sample [
processing. As mentioned earlier, the four layers of filter media had been

bonded together. Because of this, it took a fine-toothed hack saw and a 1

pair of diagonal cutters to remove the samples. These samples were -8-mm

square. They were placed in preweighed vials and reweighed, the results of

which are shown in Table 44. After weighing, the samples were mounted on
source counting cards and set aside.
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TABLE 44. COLLECTION FILTER WEIGHTS (g)

Sample Before SEM Raman Debris a After
ID Processing Sample Sample Weight Processing

FlA 19.0385 0.1179 0.1098 0.4473 18.3635
FiB 19.0425 0.1122 0.1146 0.5731 18.2426
FIC 19.0931 0.1642 0.1577 0.4425 18.3287
F2A 19.4100 0.0997 0.1246 0.4896 18.6961
F2B 18.9123 0.0824 0.0981 0.5103 18.2215
F2C 18.3742 0.0773 0.1695 0.5498 17.5776

a. Upper limit because of filter filings lost during cutting.

The six collection filters were then individually processed in the

following manner. They were placed into 100-mL beakers filled with heated

8 M nitric acid. The beakers were placed into a water-filled ultrasonic

bath and cleaned for 2 h. The filters were then soaked in an aqua regia

solution for -5 min to remove any remaining activity. The nitric acid and

aqua regia were then combined, diluted up to the 540 mL standard counting

geometry and sent to the Radiation Measurements Laboratory for gamma ray

spectroscopy. The filters were air dried in the hood overnight and then

reweighed in tared bottles the next day. For these weights, see Table 44.

This weighing completes the information needed to determine the amount of

debris collected by each filter. Again, see Table 44.

The results of the gamma ray examination are shown in Tables 45, 46,

47, and 48, for both time of count and time of test, for all six collection

filters. In order to better see the distribution of fission products as a

function of particle size range, Table 49 was generated. This table lists

the fraction of nuclide activity for the three particle size ranges.

After gamma ray spectroscopy, five aliquots were removed from each

sample for the following analyses: strontium 89 and 90 by precipitation
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TABLE 45. F1 COLLECTION FILTER LEACHATE SAMPLES GAMMA RAY RESULTS

UCi/Sample as of (1-3-86) fj~

[I
Radionuclide

Mn54
Co58
Co60
Y91
Zr95

FlA

8.4 ± 0.7E-3
1.1 ± O.IE-1
1.0 + 0.1E-2
1.0 ± 0.1E0
5.3 0 O.3E-1

FlB

1.2 ± 0.1E-2
2.0 ± O.1E-1
1.7 ± 0.IE-2
1.3 ± 0.1EO
1.2 ± O.1EO

FIC

Nb95
Ru103
Ru-Rh106
Sb124
Sb125

Te129m
Cs134

Cs136
Cs137
Ba140

Ba-La140
Ce141
Ce144
Ce-Pr144
Eu155

1.4
1.2
1.7
8.0
8.3

±
±
±
±
±

0.1EO
0.1E-1
0.3E-2
2.1E-4
0.6E-2

1.8
2.6
8.8
1.1
1.5

±
±1

+

±

+

O. 1EO
0.2E-1
0.8E-2
0.2E-3
O.IE-1

9.8
1.1
9.7
1.2
3.8

6.0
8.1
2.4
3.4
8.4

1.7
2.8

1.1
3.6
2.5

3.2
1.2
4.4
4.4
1.0

±
±
±
+
±

±
±
±
±
+

±
±

±
±
_+

±
±
±
+

±

0.7E-3
0.1E-1
0. 7E-3
0. 1EO
0.3E-1

0.4E-1
0.5E-2
O. 4E-2
1.5E-4
0.5E-2

0.2E-1
0. 2E-2

0.4E-3
0. 3EO
0.3E-2

0.2E-2
0. IE-1
0.3E-1
0.4E-1
0.2E-2

1.9 ± 0.3E-1
2.5 ± 0.2E-2

NDa
2.9 ± 0.2EO

NO

3.6 ± 0.4E-1
3.1 ± 0.3E-2

NO
3.8 ± O.3EO

NO

Total

3.0 ± O.IE-2
4.2 ± 0.2E-1
3.7 ± 0.2E-2
3.5 ± 0.2E0
2.1 ± O.1EO

3.8
4.6
1.3
2.2
3.2

7.2
8.4

1.1
1.0
2.5

6.9
6.3
2.2
2.2
4.0

+
±
±
+

±

±
±

±

+

±

±
+

+

±

0. 1EO
0. 2E-1
0. 1E-1
0.3E-3
0.1E-1

0.5E-1
0. 4E-2

0. 4E-3
0. 1E1
0. 3E-2

0.5E-2
0.3E-1
0. lEO
0. 1EO
0.3E-2

2.4
1.6
5.8
5.1
1.4

± 0. 5E-2
± O. 1E-1
± 0.4E-1
± 0.5E-1
± 0.2E-2

1.3
3.5
1.2
1.3
1.6

± O.1E-2
O.3E-1

± 0.1EO
± 0.1EO
± O.2E-2

Ta182 4.6 ± 0.9E-3 1.2 ± 0.1E-2 NO 1.7 ± 0.1E-2

NOTE: The samples were al.l 540 mL.

a. ND--No photopeak was seen above the continuum background.

and beta spectroscopy; fissile by neutron activation and delayed neutron

counting; iodine 129 by activation analysis; tellurium by chemical

separation and gamma spectroscopy; and finally, elemental by emission

spectroscopy. A more detailed description of these analytical techniques

is given in Appendices K through N. The results of these efforts are shown

in Table 50.

The small undisturbed samples that were set aside for scanning

electron microscopy and raman spectroscopy were sent to Argonne

I
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L
TABLE 46. F1 COLLECTION FILTER LEACHATE SAMPLES GAMMA RAY RESULTS

p.Ci/Sample as of (7-9-85)

Radionuclide

MnS4
Co58
Co60

Y91
Zr95
Nb95

Ru103
Ru-Rhl06
Sb124

Sb125
Te129m
Cs134

Cs136
Cs137
Ba 140

Ba-La140
Ce141
Ce144

Ce-Pr144
Eu155
Ta182

FlA

1.2 ± 0.1E-2
6.7 ± 0.6E-1
1.1 ± 0.1E-2

8.6 ± 0.9EO
3.7 ± 0.2EO
4.8 ± 0.3E1

2.7 ± O.2EO
2.3 ± 0.5E-2
6.2 ± 2.8E-3

9.5 ± 0.7E-2
7.6 ± 1.1E0
3.0 :t 0.3E-2

NDa
2.9 ± 0.2E0

ND

3.7 1 0.4E2
7.3 ± 0.5EO
8.9 0 0.7E-1

7.9 ± 0.8E-1
1.5 ± 0.3E-2
1.4 ± 0.3E-2

FIB

1.8 ± 0.2E-2
1.2 ± 0.1EO
1.8 ± 0.IE-2

1.1 ± 0.1E1
8.4 ± 0.7EO
5.9 ± 0.4E1

6.0 ± 0.4EO
1.2 ± 0.IE-1
8.4 t 1.5E-3

1.7 ± 0.IE-1
1.4 ± 0.1EI
3.7 ± 0.5E-2

ND
3.9 ± O.3EO

ND

2.0 ± 0.2E2
1.5 ± 0.1E1
1.9 ± 0.2EO

2.0 ± O.2EO
1.7 ± 0.2E-2
3.4 ± 0.4E-2

1.5 ±
6.7 ±
1.0±

1.0 ±
2.7 _
2.1±

2.0 ±
3.3 _
2.7 ±

9.5±
7.2 ±
3.4 ±

1.8 ±
3.7±
4.6 ±

5.8 _
5.6 ±
6.8 ±

0. 1E-2
0.5E-1
0. 1E-2

0.1E1
0. 2EO
0.1E1

0. lEO
0.5E-2
1.4E-3

0. 6E-2
0.8EO
0. 4E-2

0.8E1
0. 3EO
0. 6E2

0. 5E2
0. 4EO
0.6E-1

FIC Total

4.5 ±_ 0.2E-2
2.5 ± O.1EO
3.9 ± 0.2E-2

3.0 ±
1.5±
1.3 ±

1.1±
1.8 ±
1.7 ±

3.6_±
2.9_±
1.0±

1.8 ±
1.0±
4.6±

1.2 ±
2.8±
3.5±

3.5±
4.3±
4.8 ±

0.2E1
0.1E1
0.1E2

0.1E1
0. 1E-1
0. 3E-2

0.1E-1
0.2E1
0. 1E-I

0.8EI
0. 1E1
0. 6E2

0. 1E3
0.1E1
O. 2EO

0. 2EO
0. 4E-2
0. SE-2

6.8 ± 0.6E-1
1.1 ± 0.2E-2

NO

NOTE: The samples were all 540 mL.

a. ND--No photopeak was seen above the continuum background.

National Laboratory-East for examination with electron and ion

microprobes. One sample was examined; the results are found in

Appendix 0. Based on the results of these examinations, a decision was

made to forego chemical species identification with our raman

spectrometer. The elements of interest were below the spectrometer's

limits of detection. Just as in the case of the dilution filter samples,

the gamma ray results shown in Table 51 and the associated mass quantities
1.
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TABLE 47. F2 COLLECTION FILTER LEACHATE SAMPLES GAMMA RAY RESULTS

UCc

Radionuclide F2A

Mn54 1.1 ± 0.1E-2 6.4
Co58 1.2 ± O.1E-2 3.1
Co60 1.6 ± 0.8E-3 5.8
Y91 2.5 ± O.2EO 8.2
Zr95 2.7 ± 0.2E-2 4.0

Nb95 3.6 ± 0.3E-1 6.3
Rut03 4.0 ± 1.2E-3 7.4

Ru-Rh106 NOa

Sb124 NO
Sb125 ND

Te129m 7.3 ± 1.OE-2 6.4
Cs134 8.9 ± 0.6E-2 3.7
Cs136 ND
Cs137 1.26 ± 0.08E1 5.1
Bal40 1.1 ± 0.1E-1 3.7

Ba-La140 1.3 ± 0.1E-1 4.5
Ce141 3.4 ± 0.3E-2 2.2
Ce144 9.0 ± 0.9E-2 6.2
Ce-Pr144 ND
Eu155 3.0 ± 1.OE-2

Ta182 1.4 ± 0.3E-2 3.4

NOTE: The samples were all 540 mL.

a. ND--No photopeak was seen above

i/Sample as

F2B

± O. SE-3
± O.2E-2
± O.4E-2
_ 0.8E-1
± 0.3E-2

0. 4E-2
± 0.8E-3

NO
ND
NO

± 0. 8E-2
± 0.3E-2
ND
± 0. 3EO
± 0.3E-2

± O. 3E-2
± 0.2E-2
± 0.5E-2
ND
NO

± 0. 4E-2

of (1-3-86)

F2C

3.7 ± 0.3E-3
1.6 ± 0.2E-3
3.8 ± 0.4E-3
6.7 ± 0.7E-1
1.4 ± 0.1E-2

1.9 ± 0.IE-2
3.0 ± 0.6E-3

NO
NO
ND

ND
3.0 ± 0.2E-2

ND
4.3 ± 0.3EO
2.3 ± 0.3E-2

3.0 ± 0.2E-2
1.1 ± 0.IE-2
3.0 ± 0.4E-2
5.1 ± 1.OE-2

ND

ND

Total

2.1 ± 0.1E-2
4.5 ± 0.2E-2
6.3 ± 0.4E-2
4.0 ± 0.2EO
8.1 ± 0.4E-2

4.4 ± 0.3E-1
1.4 ± 0.2E-2

ND
NO
ND

1.4 ± 0.1E-1
1.6 ± 0.1E-1

ND
2.2 ± 0. 1E1
1.7 ± 0.1E-1

2.0 ± 0.1E-1
6.7 ± 0.4E-2
1.8 ± 0.1E-1
5.1 ± 1.OE-2
3.0 ± 1.OE-2

4.8 ± 0.5E-2

rj
F

[I
13
13
[2

I.
I

I
I

the continuum background. I
shown in Table 52, reveal that it will be difficult to establish any

chemical ties. The samples will be retained for use by others.

The collection filters, whose job was to collect the aerosol and

particulate fission products, would allow extremely small amounts of vapor

through. That being the case, the fission products could end up in either

the hydrogen recombiner or the moisture separator.
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TABLE 48. F2 COLLECTION FILTER LEACHATE SAMPLES GAMMA RAY RESULTS

uCi/Samples as of (7-9-85)

Radionuclide

Mn54
Co58
Co60

Y91
Zr95
Nb95

Ru103

Ru-Rh106
Sb124

Sb125
Te129m
Cs134

Cs136
Cs137
Ba140

Ba-La140
Ce141
Ce144

Ce-Pr144
Eu155
Ta182

. F2A

1.7 ± 0.2E-2
6.9 ± 0.7E-2
1.7 ± 0.8E-3

2.1 ± 0.2E1
1.9 ± 0.2E-1
1.2 ± 0.1EO

9.3 ± 3. 1E-2

NDa
ND

ND
2.9 ± 0.5EO
1.1 0. 01E-1

ND
1.27 ± 0.08E1
1.8 ± 0.2E3

2.0 ± 0.3E3
1.5 ± 0.1E0
1.4 0 O.2E-1

ND
3.0 + 1.OE-2

NO

F2B

9.7 _ 0.8E-3
1.7 + 0.2E-1
6.1 ± 0.4E-2

6.8 ± 0.7EO
2.7 ± 0.2E-1
2.1 0. O1EO

1.7 ± 0.2E-1

ND
NJ

ND
2.5 .O,4EO
4.4 ± 0.4E-2

ND
5.2 ± 0.3EO
5.7 ± 0.6E2

7.0 ± 0.6E2
9.7 ± 0.8E-1
9.6 ± O.8E-2

F2C

5.5 ± 0.4E-3
9.6 ± 1.5E-3
4.0 ± 0.4E-3

5.8 ± 0.6EO
9.7 ± 0.6E-2
6.6 ± 0.4E-1

7.2 _ 0.9E-2

ND
ND

ND
ND

3.5 ± 0.2E-2

ND
4.4 ± 0.3EO
4.2 ± 0.5E2

5.4 ± 0.5E2
5.4 ± 0.5E-1
4.7 ± 0.6E-2

7.9 ± 2.0E-2
ND
ND

Total

3.2 ± 0.1E-2
2.5 ± 0.2E-1
6.7 ± 0.4E-2

3.4 ± 0.2E1
5.6 ± 0.3E-1
4.0 ± 0.1EO

3.4 ± 0.4E-1

ND
ND

ND
5.4 ± O.6EO
1.9 ± 0.1E-1

NO
2.2 ± 0.1E1
2.8 ± 0.2E3

3.2 ± 0.3E3
3.0 ± O.1EO
2.8 ± 0.2E-1

7.9 ± 2.OE-2
3.0 ± 1.OE-2

ND

ND
ND
ND

NOTE: The samples were all 540 mL.

a. ND--No photopeak was seen above the continuum background.

4.6.3.5 Hydrogen Recombiner. The hydrogen recombiner was installed

downstream of the collection filters to remove any hydrogen that might be

present in the sample stream. The hydrogen removal was accomplished by

passing the sample through a fairly large container of copper oxide

pellets. The container was about 280-mm long and 100 mm in diameter (see

Drawing 214164). The copper oxide pellets were -10% by weight, with the

rest being alumina. As specified in the PIE Plan, only the hydrogen
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TABLE 49. COLLECTION FILTER ACTIVITY DISTRIBUTION BY PARTICLE SIZE (um)

Radionuclide

Mn54
Co58
Co60
Y91
Zr95

Nb95
Ru103
RuRh106
Sb124
Sb125

Te129m
Cs134
Cs136
Cs137
Ba140

Ba-La140
Ce141
Ce144
Ce-Pr144
Eu155
Ta182

<2
FlA

0.27
0.27
0.28
0.29
0.25

0.37
0.25
0.13
0.36
0.26

0.26
0.30

0.29

0.31
0.26
0.25
0.23
0.35
0.29

2 to 7
FlC

0.33
0.27
0.26
0.33
0.18

0.16
0.18
0.18
0.16
0.26

0.25
0.34
1.00
0.37
1.00

0.48
0.20
0.19
0.19
0.26

7 to 30
FIB

0.40
0.48
0.46
0.37
0.56

0.45
0.55
0.67
0.49
0.47

0.48
0.37

0.39

0.17
0.54
0.54
0.57
0.40
0.71

<2
F2A

0.53
0.28
0.03
0.62
0.34

0.30
0.27

0.54
0.58

0.58
0.64

0.62
0.50
0.50

1.00

2 to 7
F2C

0.17
0.04
0.06
0.17
0.17

0.16
0.21

0.18

0.20
0.15

0.17
0.18
0.17
1.00

7 to 30
F2B

0.30
0.68
0.91
0.20
0.48

0.52
0.50

0.46
0.23

0.21
0.20

0.22
0.32
0.34

rj

ii

F
I
F'
-

I
recombiner from the F1 aerosol sample

the retention of any volatile fission

saved.

line was to be examined to determine

products. The F2 recombiner has been

After the hydrogen recombiners were removed from the LOFT containment,

they were delivered directly to the Test Reactor Area Radiochemistry

Laboratory. The F2 hydrogen recombiner was packaged and placed in

controlled storage, while the F1 recombiner underwent processing. The

gross radiation level reading was only 2 mR/h, so any retention of volatile

fission products was expected to be very small. In an effort to avoid

dissolving the entire copper oxide pellet mass, 1300 mL of a 2 M nitric

acid solution were poured into the recombiner and left to sit for 1 h.
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TABLE 50. COLLECTION FILTER LEACHATE CHEMICAL RESULTS

Sample 1D

Sr89a
Sr90a
Fissleb

1129c
Te127md
Te127me

Tel 29md
Te129mf
Agg

Cd9
Feg
Ntg

Cr9
Mog
Cug

Mng
Al9

Ca9

TOTAL SAMPLE
VOLUME mL

FlA

1.6 t 0.3EO
3.4 ± O.3E-l
2.7 ± 0.3EO

<47
6.6 ± 3.3E0
1.7 ± O.8E1

3.4 1 0.5El
3.8 t 0.6E-1
<0.01

<1
220
37

53
0.6
7

0.3
0.2
3

540

FIB

1.9 ± 0.4E0
3.0 ± O.3E-1
5.0 0.SEO

<25
6.9 • 3.4E1
2.0 ± 1.OEI

5.6 ± O.8El
9.8 ± 1.5E-1
<0.01

<1
250
41

61
0.6
3

0.3

540

FIC

1.5 ± 0.3EO
3.7 t 0.40-1
1.3 ± O.2E0

<108
5.1 t 2.6EI
1.5 t 0.8E!

2.4 1 0.4E1
4.2 ± 0.6E-1
<0.01

<1
160
36

42
0.4
0.2

0.3

540

FI
Total

5.0 t 0.6EO
1.0 1 0.EO
9.0 t 0.6EO

<180
1.9 t 0.5E2
5.2 t 1.5E0

1.1 t O.1E2
1.8 t O.2EO
<1 .6E1

<1 .6E3
3.4E5
6.2E4

8.4E4
8.6E2
5.5E3

4.9E2
1.1E2
I .6E3

F2A

5.4 ± 1.0EO
1.4 1 0.1E
9.2 ± O.2E-I

<180
6.6 1 3.3EI
1.9 ± 1.OEI

NWe
No
<0.01

<1
270
41

155
0.6
4

0.5
0.2

540

F2h

2.1 U.4EO
4.4 ± 0.4E-1
8.0 ± 1.2E-1

<6b
5.4 ± 2.7E0
1.5 ± 0.8i

NO
NO
<OOl

<1
270
36

170
0.6
4

0.4
0.3

540

F2C

9.9 1 2.Ut-I
2.4 ± 0.2L-1
1.3 t O.ZE0

<68
6.3 1 3.2L0
1.8 t 0.90F

Nb
NU
<0.01

<1
260
40

62
0.6
3

0.4
0.3

540

i:2
Total

8.6 ± 1.1tl
2.1 t U. I E
3.0 ± Odk~u

<316
1.d ± U.5t2

. ± t1.60

NU
NU
<1 .601

<1 .60~
4.3E5
6.3E4

2.1E5
9.7E2
5.93

7.UEZ
4.3E2

o'C7%z

NOTE: Total is the total amount removed from the filters.

a. Total uCi as of 2/25/86.
b. Total oCi as U235 equivalent.
c. Total ng.
d. Total mCi at time of test.
e. NO - No photopeak was seen above the continuum background.
f. Total mCI at time of count.
g. Units for columns F1A, FIB, FIC, F2A, F28, and F2C are pg/mL ± factor of 2; Units for columns FI Total and FZ Total
are mg t factor of 2.



TABLE 51. COLLECTION F1
(pCi/SAMPLE)

LTER SEM AND RAMAN SAMPLE GAMMA RAY RESULTS

FIA SEM
On

12-31-85Radionuclide

Mn54
Co58
Co60
Zr95
Nb95

8.2
8.9

2.5
4.4

± 2.OE-4
t 0.9E-3
NDa
t 0.3E-2
± O.4E-2

Rul03
Sb125
Te129m
Cs134
Cs137

Ba-La140
Cel4l
Ce144

I.-
CA.
M.

Radionuclide

Mn54
Co58
Co60
Zr95
Nb95

6.3 ± 0.6E-3
5.2 t 0.6E-3
4.6 ± 0.6E-2
1.1 ± 0.3E-3
1.2 ± O.1E-1

1.9 ± O.4E-3
8.4 ± 0.7E-3
2.5 ± 0.2E-2

F2A SEM
On

12-31-85

ND
ND
ND
ND

1.8 ± 0.2E-3

ND
ND
ND

2.8 ± 0.3E-3
4.0 ± 0.3E-1

4.6 ± 0.5E-3
1.6 ± 0.2E-3

ND

FIA Raman
On

12-31-85

7.2 t 1.5E-4
6.6 ± O.8E-3

NO
2.0 ± 0.2E-2
3.9 ± 0.3E-2

5.8 ± 0.6E-3
4.7 1 0.6E-3
3.1 ± O.4E-2
1.0 ± O.3E-3
1.1 ± O.1E-1

1.1 ± 0.3E-3
6.8 ± 0.6E-3
2.3 ± 0.2E-2

F2A Raman
On

12-31-85

ND
ND
ND
ND

9.1 ± 1.5E-4

ND
ND
ND

1.9 ± 0.2E-3
2.2 ± O.IE-1

3.3 ± 0.4E-3
1.6 ± 0.6E-3

ND

9.0
1.4
1.4
5.0
8.9

1.3
1.1
7.4
1.1
1.3

± 2.OE-4
t 0.2E-2
± O.3E-3
SO.4E-2

± O.7E-2

1.2
1.4
1.2
5.0
9.0

1.2
4.5
8.6
1.2
1.5

t
t
t

t
t
±
±
±
±

0.3E-3
0.2E-2
0.3E-3
O.4E-2
0.7E-2

0.1E-2
3.OE-3
O.9E-2
0.3E-3
0.1E-1

1.2
1.4
1.0
2.7
4.8

6.1
5.0
6.6
2.0
2.0

±
±
±
±
±

±
±
±
+
±

FIB SEM
On

12-31-85

FIB Raman
On

12-31-85

FIC SEM
On

12-31-85

FIC Raman
On

12-31-85

0.2E-3
0.1E-2
0.3E-3
0.3E-2
0.3E-2

0.7E-3
0.8E-3
0.7E-2
0.3E-3
O.1E-1

±

±

0.1E-2
0.4E-2
0.8E-2
0.3E-3
0.IE-1

1.3
1.3
1.5
2.5
4.1

6.4
5.6
6.2
1.1
1.9

ND
1.5 ± O.IE-2
5.1 ± O.4E-2

F28 SEM
On

12-31-85

ND
5.2 ± 1.1E-4
1.6 ± 0.3E-3
1.0 ± 0.5E-3
1.5 ± 0.2E-3

ND
ND
ND

7.9 ± 1.7E-4
9.4 t 0.7E-2

1.4 ± 0.3E-3
7.0 ± 0.8E-4

ND

ND
1.6 ± O.1E-2
4.9 ± 0.3E-2

F28 Ranian
On

12-31-85

ND
1.2 ± 0.2E-3
2.0 ± O.3E-3
1.8 ± O.4E-3
2.8 ± 0.4E-3

ND
ND
ND

1.8 ± 0.3E-3
1.8 ± 0.1E-1

1.9 ± 0.4E-3
5.9 t 2.6E-4

ND

1.9 ± 0.5E-3
8.8 ± 0.8E-3
2.7 ± 0.2E-2

F2C So~t
On

12-31-85

ND
ND
ND
ND

1.1 ± 0.2E-3

2.0 ± 0.4E-3
8.0 ± 0.6E-3
2.7 ± 0.2E-2

F2C Raman
On

12-31-85

ND
Nu
ND
ND

1.3 ± 0.3E-3

ND
ND
ND

1.0 ± 0.3E-3
1.5 ± 0.1E-1

1.1 ±O.3E-3
5.9 ± 1.2E-4

NO

±

±
±

±
±
±

t

0.2E-3
0. 1E-2
O.2E-3
0.3E-2
0.3E-2

0. 7E-2
0. 7E-3
0. 7E-2
0. 2E-3
0. 1E-1

Ru103
Sb125
Te129m
Cs134
Cs13?

ND
ND
ND
± 0.2E-3
± O.IE-1

1.5
1.7

Ba-Lal40
Ce141
Ce144

1.4 ± 0.3E-3
6.4 t 1.1E-4

NO

a. ND - No photopeak was seen above the continuum background.
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L
TABLE 52. COLLECTION FILTER SEM AND RAMAN SAMPLE MASS RESULTS

ugq/Sample e

L
If

Radionuclide

MnS4
C058
Co6O
Zr95
Nb9 S

FIA
SEM

1.OE-7
2.8E-7

1. 2E-6
1. IE-6

2.OE-7
5.OE-6
1.5E-6
8.5E-7
1. 4E-3

2.6E-8
3. OE-7
7.8E-6

FlA
RAMAN

9. 1E-8
2.1E-7

9.3E-7
9.9E-7

1.8E-7
4.5E-6
1.OE-6
7.7E-7
1.3E-3

1. 5E-8
2. 4E-7
7.2E-6

FIB
SEM

1. 1E-7
4.4E-7
1.2E-6
2.3E-6
2.3E-6

4.OE-7
1.1E-5
2.5E-6
8.5E-7
1.5E-3

5.3E-7
1.6E-5

FIB
RAMAN

1. 5E-7
4.4E-7
1. 1E-6
2.3E-6
2.3E-6

3.7E-7
4.3E-6
2.9E-6
9.2E-7
1. 7E-3

5.7E-7
1.SE-5

FIC
SEM

1. 5E-7
4.4E-7
8.8E-7
1.3E-6
1. 2E-6

1. 9E-7
4.8E-6
2.2E-6
1. 5E-6
2.3E-3

2.6E-8
3.1E-7
8.5E-6

FIC
RAMAN

1.6E-7
4. 1E-7
1.3E-6
1. 2E-6
I.OE-6

2. OE-6
5.4E-6
1.7E-6
8.5E-7
2.2E-3

2.7E-8
2.8E-7
8.5E-6

Rul03
Sb125
Te129m
Cs134
Cs137

Ba La 140
Ce141
Ce144

vq/Sample e

Radionuclide

Mn54
Co58
Co60
Zr95
Nb95

Ru103
Sb125
Te129m
Cs134
Cs137

Ba-La140
Ce141
Ce144

F2A
SEM

4.6E-8

2.2E-6
4.6E-3

6.3E-8
5.7E-8

F2A
RAMAN

2. 3E-8

1. 5E-6
2. SE-3

4. SE-8
5.7E-8

F2B
SEM

1. 6E-8
1.4E-6
4.7E-8
3.8E-8

6.1E-7
1. 1E-3

1.9E-8
2.5E-8

F2B
RAMAN

3.8E-8
1.8E-6
8.4E-8
7. 1E-8

1.4E-6
2.1E-3

2.6E-8
2.1E-8

F2C
SEM

2.8E-8

1.2E-6
2. OE-3

1.9E-8
2.3E-8

F2C
RAMAN

3.3E-8

7.7E-7
1.7E-3

1.5E-8
2. IE-8

a. Based on the gamma ray results of 12-31-85 see Table 51.
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During this time the recombiner was rotated to help ensure that the acid

came into contact with all the copper oxide pellets. While the concept was

good, the outcome was not ideal. Only -300 mL of leachate were removed,

the rest having been absorbed by the pellets. The next step was to

dissolve the pellets and, while generating a rather large amount of

leachate, at least the activity would be removed. This was attempted,

using about four liters of 8 M nitric acid with a series of leaches. It

was taking a large amount of time to dissolve the entire the entire mass of

pellets so after -2 h, a decision was made to collect what we had and go

from there. A quick check of the recombiner after the leaching operation

gave no radiation level indication above background. It was then

discarded. From the collected leachate; 540 mL were removed and sent to

the Radiation Measurements Laboratory for gamma ray spectroscopy. Table 53

presents the results. Additionally, an aliquot was removed for iodine 129

activation analysis. The answer was below detection limits and, for the

entire hydrogen recombiner, would be <68 nanograms.

4.6.3.6 Moisture Separators. Downstream of the hydrogen recombiners

for both of the aerosol sample lines was a moisture separator.

Drawing 214096 shows the separator. The height was -0.7 m and the diameter

-140 mm. The material was 316 stainless steel. The function and purpose

of the device were to remove and collect any condensate present in the

sample stream prior to compressing and returning the gas to the blowdown

suppression tank. This collected condensate was examined for an indication

of what, if any, fission products were transported as a vapor and passed

through the aerosol sample trains.

Like all the other aerosol sample line components, the moisture

separators were removed from the LOFT containment, packaged, and sent to

the Test Reactor Area. Both moisture separators had radiation levels of 2

to 3 mR/h. They were processed in the radiochemistry laboratory in the

following manner: First, the moisture separators were drained, the

condensate collected, and volume determined. For F1 this was 100 mL; for

F2 the volume was 635 mL. The 100-mL condensate was diluted up to a

standard counting volume of 540 mL. The F2 condensate was collected in two

riZ
1-j
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TABLE 53. F1 HYDROGEN RECOMBINER GAMMA RAY RESULTS

uCi/Sample at Time of Count (12-19-85)

Radionuclide

Mn54
Co58

Co60
Zr95
Nb95
Ru103
Cs137
Ce141
Ce144

Leachate
(540 mL)

ND

3.7 ± 0.7E-4

NDa
1.2 ± 0.2E-3
1.4 ± 0.2E-3
3.2 ± 0.5E-4
1.0 ± O.IE-2
5.7 ± O.8E-4
2.2 t 0.4E-3

Total

ND
2.4 ± 0.6E-3

ND
7.8 ± 1.3E-3
9.1 ± 1.3E-3
2.1 ± 0.3E-3
6.5 ± 0.6E-2
3.7 ± 0.5E-3
1.4 ± 0.3E-2

uCi/Sample at Time of Test (7-9-85)

Radionuclide

Mn54
Co58
Co60
Zr95
Nb95
RulO3
Cs137
Ce141
Ce144

Leachate
(540 mL)

ND
1.8 t 0.3E-3

ND
7.0 t 1.OE-3
3.5 ± 0.5E-2
5.7 ± 0.9E-3
1.0 ± 0.1E-2
1.8 t 0.2E-2
3.3 ± 0.6E-3

Total

ND
1.2 ± 0.2E-2

ND
4.5 ± 0.6E-2
2.3 ± 0.3E-1
3.7 ± 0.6E-2
6.5 ± 0.6E-2
1.2 ± 0.1E-1
2.1 ± 0.4E-2

NOTE: The sample was 540 mL out of the first 3.5 liters of leachate.

a. ND--No photopeak was seen above the continuum background.

bottles. The first was a standard 540-mL bottle; the remaining 95 mL was

diluted up to 540 mL. All three bottles were then taken to the Radiation

Measurements Laboratory for gamma ray spectroscopy. These very low results

are given for time of count in Table 54. Next, a series of two 540 mL 4M

nitric acid leaches were performed on each moisture separator. These were

collected in standard counting bottles and delivered to the Radiation

Measurements Laboratory. These gamma ray results are also shown in

Table 54. After the leaching, the moisture separators were discarded.

Aliquots were taken from the original condensate from each moisture

169



TABLE 54. MOISTURE SEPARATOR SAMPLES GAMMA RAY RESULTS
Fl Sample line

Radionuclide

Mn54
Co60
Cs137

pCi/Sample as of (12-19-85)

100 mL 540 mL 540 mL
Liquid Leach 1 Leach 2 Total

6.5 ± 2.OE-4 NDa ND 6.5 ± 2.OE-4
4.0 ± 1.OE-4 8.9 ± 4.5E-5 ND 4.9 ± 1.]E-4
2.2 ± 0.3E-3 1.3 ± 0.2E-3 3.2 t 0.7E-4 3.8 ± 0.4E-3

PCi/Sample as of Time of Test

Mn54
Co60
Csl3/

9.3 ±
4.2 ±
2.2 ±

3.1E-4
1.OE-4
0.3E-3

ND
9.4 ± 4.5E-5
1.3 ± 0.2E-3

ND
ND

3.2 t 0.7E-4

9.3 ±
5.1 ±
3.8 ±

3.1E-4
1.2E-4
0.4E-3

F2 Sample line

CD

Radionuclide

Mn54
Co58
Co60
Csl37

Mn54
Co58
Co6O
Cs137

PCi/Sample as of (12-19-85)

135 mL 500 mL 540 mL 540 mL
Liquid A Liquid B Leach I Leach 2 Total

ND ND 5.9 ± 1.2E-4 ND 5.9 t 1.2E-4
ND 2.0 ± 0.3E-3 ND No 2.0 ± 0.3E-3

1.5 ± 0.2E-3 6.0 ± 0.7E-3 1.4 t 0.2E-2 8.0 ± 0.8E-3 3.0 ± 0.2E-2
6.8 ± 0.8E-4 2.2 ± 0.3E-3 8.7 ± 1.4E-4 3.3 t 0.7E-4 4.1 ± 0.3E-3

PCi/SAMPLE AS OF TIME OF TEST

NO
ND

1.6 ± 0.2E-3
6.9 ± 0.8E-4

ND
9.9 ± 0.3E-3
6.4 ± O.7E-3
2.2 ± 0.3E-3

8.5 t 1.6E-4
ND

1.5 ± 0.2E-2
8.8 ± 1.4E-4

ND
NO

8.5 ± 0.8E-3
3.3 ± 0.7E-4

8.5
9.9
3.2
4.1

± 1.6E-4
t 1.3E-3
± 0.ZE-2
± 0.3E-3

a. ND--No photopeak was seen above the continuum background.
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separator and leachates for iodine 129 activation analysis. The results

were the same as in the case of the hydrogen recombiner: below detection

limits. Reported upper limit was <68 ng:

This work completed the posttest examination of the aerosol sample

system.

4.6.4 Low Pressure Injection Break Header System

As part of the LP-FP-2 experiment, there was a simulated LPIS line

whose function was to measure and collect the volatile fission products and

aerosols transported out of the primary system during the V-Sequence

accident scenario. This system is represented by the schematic shown in

Figure 138. The items of concern are the two deposition spool pieces and

the break header filter.

4.6.4.1 Low Pressure Injection System Deposition Spool Pieces. There

were two identical removable sections of pipe in the simulated low pressure

injection line. These sections were made from 32-mm, schedule 160

stainless steel type 316 with Rocky Mountain hubs on each end. The

deposition section of interest was 0.3-m long. Drawing 214132 shows the

spool piece. One section was located as close as possible to the broken

loop hot leg piping, -1-1/4 m. The other section was located about 1/3 m

on the inlet side to the break header filter. Both of these sections were

installed horizontally and were exposed only to the boil-off phase of the

experiment. There was a test objective to determine the retention of

volatile fission products on representative surfaces in the low pressure

injection piping.

The deposition spool piece closest to the broken loop hot leg was

designated D2; the other spool piece was called D3. The D2 spool piece was

removed from the simulated LPIS line by LOFT Operations, capped, and

shipped to the Test Reactor Area Hot Cells.
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Figure 138. Simulated LPIS line.

The D3 spool piece was delivered to the Test Area North Hot Shop

inside the LPIS break header water shield tank. Sheet 3 of Drawing 214290,

entitled FP-2 LPIS Break Header Installation, shows this tank. Also, see

Figure 139 which shows the lead-enshrouded break header filter that will be

discussed later. Radiation levels were such that not only did the tank not

have to be filled with water but were low enough to permit manual removal

of the spool piece. The spool piece (once removed) was capped, packaged,

and shipped to the Test Reactor Area Hot Cells.

In the Hot Cells, the same handling operation was performed on each

spool piece. The first step was to remove the hubs from each end, leaving
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j Figure 139. LPIS Break Header Water Shield Tank.

Sjust the stra ight piece of pipe. This cutting was done dry with a large

horizontal band saw. Small replicate samples from the spool pieces that

~would allow us to characterize the deposit and determine the composition

and deposition mechanism were needed. The scanning electron microscope and

j raman spectrometer were to be the instruments for this characterization.

To do this, a 13-mm wide annular section. was removed from the downstream

end of the spool piece. The remaining large portion of the spool piece was

. capped and set aside. The small annular section was then placed back into

:h.:•-.-•the saw and two small pieces, just above and just below the midpoint, were
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removed. They were identified as D2 or 03, SEM or MOLE. The remaining T
annular section was called 02 or 03 archive specimen. These pieces were

then individually placed in small prelabeled vials and sent to the

Radiation Measurements Laboratory for gamma ray spectroscopy. The gamma

ray counting results are shown in Table 55. Overall, these six pieces had [j
a contact radiation level of 10 mR/h gamma and 2 R/h beta, gamma. The

large pipe sections were delivered to the Radiochemistry Laboratory for

further processing.

The processing in the laboratory was done in two steps. First the I1
spool pieces were rinsed with 540 mL of water, followed by a 540-mL aqua

regia leach. The rinse water and leachate were collected in standard 2

counting bottles and sent to the Radiation Measurements Laboratory. The

measured gamma ray emitting isotopes are identified in Table 56. The

leached spool pieces were discarded.

After completion of the gamma ray work, aliquots were taken from the L

leachates and sent to the Chemical Processing Plant for elemental analysis ,

using emission spectroscopy. For the results see Table 57.

The small samples removed for deposition characterization were sent to

the Argonne National Laboratory-East, where one sample was subjected to the

electron and ion microscopic techniques. The results are given in t
Appendix 0. Based on the results of these examinations, a decision was

made not to pursue the raman spectroscopy option. As with the dilution and

collection filters, the samples will be retained for possible examination

by others. i
This concludes the work on the spool pieces, which leaves the major

component of the low pressure injection system, the break header filter, U
for discussion.

4.6.4.2 Low Pressure Injection Break Header Filter. The break header

filter had the same function as the collection filters had for the aerosol /

sample lines: That is, to collect the volatile fission product aerosols 7
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TABLE 55. DEPOSITION SPOOL PIECE SEM AND RAMAN SAMPLES GAMMA RAY RESULTS

_ _C1iSample

D2A as of 02A as of
Radionuclide 12-26-85 7-9-85

MnS4
Co58
Co60
Y91

Zr95
Nb95
Rul03
Te 129m

Cs134
Cs137
8a140
6a-Lal40

Ce141
Cel44
Eul55
Tal82

1.6 t 0.6E-3
5.9 ± 1.2E-3
1.7 1 0.3E-3

No

1.2 a 0.2E-2
2.4 t O.2E-2

NO
4.1 a 1.1E-2

6.6 a O.SE-2
8.0 1 0.6EO
1.4 1 0.3E-2
1.2 t 0.2E-2

5.S * 0.7E-3
1.2 t 0.5E-2

ND
NO

2.4 t 0.9E-3
3.1 t 0.6E-2
1.9 t 0.4E-3

NO

7.7 a O.8E-2
6.9 a 0.7E-1

NO
1.4 a 0.4EO

7.7 t 0.7E-2
8.0 a 0.6E0
1.4 a 0.4E2
1.2 a 0.3E2

2.1 a 0.3E-1
1.9 t 0.7E-2

NO
NO

02B as of
12-26-85

NDo
1.1 a 0.2E-2
2.0 t 0.7E-3

NO

1.9 a O.2E-2
3.6 a 0.4E-2

No
ND

8.0 a 0.6E-2
1.0 a 0.1EI
3.4 a 1.1E-2
1.0 a 0.2E-2

D2B as of 03A as of D3A as of 03d as of u031 as of
7-9-85 12-26-85 7-9-85 12-26-85 7-9-86

ND
S.8 a 1.OE-2
2.1 a 0.8E-3

ND

1.2 a 0.2E-1
1.0 a 0.1E-I

NO
No

9.4 a 0.9E-2
1.0 ± 0.1E1
3.4 a 1.3E2
1.0 a D.3E2

4.5 a 1.5E-2
5.4 t 1.2E-2

ND
8.4 a 3.OE-3

No
1.1 a 0.2E-3

ND
No

2.9 a 0.3E-3
5.0 ± 0.4E-3

ND
8.5 a 2.1E-3

5.9 a 0.7E-3
6.0 ± 0.4E-1

ND
2.8 a O.4E-3

1.5 a 0.2E-3
5.2 a 0.7E-3

Nu
NO

NU
5.9 a 0.9E-3

ND
NO

1.8 a 0.2E-2
1.4 a O.2E-I

ND
2.8 ± O.8E-1

6.8a t O.8E-3
6.0 t 0.4E-1

ND
2.8 ± 0.5E)

3.6 t 1.2k-4
2.4 a 0.5t-3
6.2 t 1.2E-4

NO

S.7 a U.7E-3
8.7 a O.8E-3

NO
NO

5.2 t 1.4E-4
1.3 a 0.3E-2
6.6 a 1.3E-4

NO

3.6 a 0.5E-2
2.5 a 0.3E-I

No
NO

1.4 a 0.2t-2
1.4 ± O.IEO

No
4.4 a O.7E]

7.8 a 0.9k-2
1.0 a 0.2t-Z

NU
NO

1.2
1.4

4.4

t a. IE-2
t O. EO
ND

a 0.6E-3

a u.3E-J
t 0.9E-3
NU
ND

1.2
3.6

3.0

a 0.4E-2
a 0.8E-2
ND
a 1.2E-3.

5.8 a O.BE-2 Z.1
7.8 ± 0.9E-3 6.6

No
No

A-'
cn

TABLE 55. (continued)

DEPOSITION SPOOL PIECE ARCHIVED SAMPLES

VCi/Sampie

02 as of 03 as of O2 as of D3 as of
Radionucltde 7-9-85 7-9-8S 12-26-85 12-26-85

Mn54 2.0 a 1.OE-2 1.6 a 0.2E-2 1.4 1 0.7E-2 1.1 a O.1E-2
Co58 4.1 a 0.6E-I 2.1 t 0.6E-1 7.8 a 0.9E-2 4.0 a I.OE-2
Co60 2.2 a 0.6E-2 7.8 a 0.8E-3 2.0 a 0.6E-2 7.4 a 0.8E-3
Y91 NO 1.3 a 0.2E0 No 1.8 t 0.3EO

Zr9S
Nb9S
Ru103
Csl34

Cs137
Ba140
Ba-La140
Cel41

9.7 a 1.IE-1
7.1 a O.6E0
1.9 a 0.7EO
6.9 a 0.6E-1

7.6 a 0.4E1
2.8 a O.7E3
2.4 t O.4E3
2.5 a 0.9EO

6.3 1 O.SE-1
5.1 t O.4E0
5.0 a 1.OE-1
1.9 t 0.1E-1

2.0 a O.IE1
1.1 a 0.2E3
1.3 a 0.2E3
1.8 a 0.2EO

1.5 a O.2E-1
2.5 a 0.2E-1
9.5 a 3.1E-2
5.9 a 0.5E-1

7.6 a 0.4E0
2.8 a 0.6E-1
2.4 a 0.3E-1
6.8 a 1.7E-2

1.0 a 0.1E-1
1.8 a 0.IE-1
2.5 a 0.5E-2
1.6 0.I1E-1

2.0 a OIEI
1.1 a0. 1E-1
1.3 0 O.IE.1
4.7 a 0.4E-2

Cel44
Ta182

No 1.9 W.2E-i
ND 3.1 a O.8-2

NO 1.2 a .1E-1
No 7.6 1 1.9E-3

a. ND - No photopeak was seen above the continuum background.



TABLE 56. DEPOSITION SPOOL PIECE SAMPLES, D2 AND D3, GAMMA RAY RESULTS

pCi/Sample as of Time of Test (7-9-85)

Radionuclide

Mn54
Co58
Co60
Y91

Zr95
Nb95
Rul03
Te129m

Cs134
Cs137
Bal40
Ba-La140

Cel41
Ce144
Eu155
Tal82

D2
Water
Rinse

NDiNO
NO
NO

NDNO
NO
NDND

02
Leachate

6.0 t 0.7ME-
5.1 t O.4EO
1.8 1 0.4E-1

NO

5.0 t O.7EO
2.1 1 0.2E1
5.2 ± 2.5EO
2.5 t O.6E2

6.3 1 0.5EO
7.2 ± 0.5E2
3.2 ± 1.1E4
3.5 ± 0.4E4

1.6 1 O.4E1
ND
ND

8.6 t 5.OE-1

02
Total

6.0 ± 0.7E-1
5.1 t 0.4E0
1.8 ± 0.4E-1

NO

5.0
2.1
5.2
2.5

2.3
2.7
3.2
5.8

t 0.7E0
± 0.2EI
± 2.5E0
t 0.6E2

t 0.2E1
i 0.1E3
t i.lE4
± 0.5E4

D3
Water
Rinse

No
NU
NO
ND

NO
ND
No
ND

3.1 1 0.2E0
3.4 ± 0.02E2
1.6 t 0.4E4
1.3 1 0.3E4

ND
ND
ND
ND

03
Leachate

6.1 ± 0.6E-1
8.2 ± 0.8E-1
2.2 ± 0.3E-1
4.2 £ i.1E2

1.9 ± 0.2E0
1.5 t O.IEZ
1.5 t 0M2E1
2.5 ± 0.3Ek

3.5 ± 0.3E0
4.2 ± 0.2E2
2.6 ±t 0.4E4
2.9 t 0.3E4

5.7 ± O.5E1
6.2 ± 0.7EV
9.1 t 2.5E-1
8.6 1 2.2E-1

D3
Total

6.1 ± O.6L-I
8.2 t 0.8E-1
2.2 t O.3L-1
4.2 ± 1.1 2

1.9 t U.2EI
1.5 ± 0.1t2
1.5 t 0.2EI
Z.i t U.3L2

6.6 ± 0.4EO
7.6 t 0.2EZ
4.2 ± 0.6E4
4.2 t O.4E4

5.7 t 0.SEI
6.2 t 0.7LO
9.1 ± 2.5E-1
8.6 t 2.2E-1

1.7
2.0

2.3

± 0.2E1
± O.IE3
ND
I 0.3E4

No
No
ND
ND

1.6 ± 0.4E1
NO
ND

8.6 ± 5.OE-1

,.4

uCi/SAMPLE AS OF TIME OF COUNT 12-27-85

Radionuclide

Mn54
Co58
Co60
Y91

Zr95
Nb95
Ru103
Te129m

02
Water
Rinse

ND
ND
NO
No

ND
ND
ND
NO

1.5 ± 0.2E]
2.0 1 0.1E3

NO
2.2 t 0.2E0

NO
NO
ND
ND

03
D2 D2 Water

Leachate Total Leachate

4.4 t 0.2E-1
1.3 ± O.IEO
1.7 ± 0.4E-i

NO

7.9 t O.8E-!
1.3 ± V.IEO
4.4 ± 2.1E-i
7.1 ± 1.4EO

5.5 1 O.4EO
7.2 t 0.5E2
3.0 ± 1.OEO
3.3 ± 0.3EV

8.0 ± 2.OE-I
No
ND

3.7 t 0.8E-I

4.4
1.3
1.7

7.9
1.3

4.4
7.1

2.0
2.7
3.0
5.5

± 0.2E-1
± O.1EO
± 0.4E-1
NO

t O.8E-1
± 1.1EV
±2.1E-1
± 1.4E0

± 0.2E1
± 0.1E3
± 1.OEV
± 0.4EV

NO
NO
NO
NO

NU
NO
NU
No

03
Leachate

4.1 1 O.4E-1
1.5 t O.2LO
2.1 1 0.2E-1
5.5 t 1.I0

2.9 ± 0.3EV
5.1 ± .JLU
7.5 ± 0.9E-1
7.3 1 U.aEU

U3
Total

4.1
1.5
2.1
5.5

2.9
5.1
1.5
7.3

t 0.4E-1
t 0. 2EV
t V.2E-l
I 1.ILI

t 0.3EV
Z U. 4LV
I VAJE-1
± U. uLU

Cs134
Cs137
Ba140
8a-La140

Ce141
Ce144
Eu155
Ta182

2.7
3.4
1.5
1.2

i 0.2EO
± O.2E2
± 0.3EV
± 0.2EO

3.0
4.1
2.5
2.7

1.5
4.1
8.5
3.1

± 0.2Eu
± O.2EZ
± 0.3EV
t O.ZE0
± 0.lEV

± 0.1EV
± V.5EV
t 2.3E-1
± L.OE-1

5.7 1 0.3EV
7.5 t U.3E2
4.0 1 0.4EO
3.9 ± 0.3EU

1.5 t 0.1EO
4.1 1 V.5EO
8.5 ± 2.3E-1
3.1 ± 1.OE-1

8.0 1 2.OE-i
NO
NO

3.7 t 0.8E-I

ND
NO
NO
NO

a. NO - No photopeak was seen above the continuum background.
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EL TABLE 57. DEPOSITION SPOOL PIECES, D2 AND D3 ELEMENTAL RESULTSa

qglmL (± Factor of 2)

Element 02 D3

Ag 0.04 0.03
Cd 3 2
Fe 460 340
Ni 54 46
Cr 61 78
Mo 1 1

Cu 0.01 0.2
Mn 0.8 0.7
Al -- 0.1
Ca ....

J Note: Sample volume was 540 mL.

3a. Performed just on the leachate.

and particles and retain them for examination. What sounded like a fairly

simple task (remove the collected debris) was by no means so easy. In

Figure 139, one sees the lead-enshrouded filter housing. The lead had to

be removed, the piping to the housing disconnected, the housing itself

removed from the tank, and then the filter bank removed from the housing.

The filter bank was huge: Seven filter canisters, each 1-2-m long and

64 mm in diameter. These canisters were a porous metal filter with a

Inominal gas rating of 0.4 V and an absolute rating of 1 V. The chemical

composition of the filter was essentially that of 300 series stainless.1 steel. Once the filter bank had been removed from the housing, it was

transferred into the hot cell for debris removal.

I In the cell, this removal was performed using a 3000-watt ultrasonic

bath specifically designed to process the entire filter bank. The

cleansing fluid was dichloromethane, selected for its compatibility with

the cell silver zeolite filters and for its nonpolar characteristic. The.1 bath was connected in series with a pump, a nephelometer (to help determine

when all the debris had been removed), and a filter assembly. This filter

k-" assembly had a Dynapore diffusion bonded recleanable filter tube with Viton
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end fittings -230 mm long installed in a 316 stainless steel housing. The P,

filter tube had a nominal liquid rating of 2 Ui. The filter bank was placed

inside the ultrasonic bath and cleaned for 5-1/2 h. During this period,

the filter bank was rotated 90 degrees four times. The setup was turned

off and left overnight. The next morning the filter bank was cleaned and Ii
rotated for another 1-1/2 h. At this time it appeared that the

nephelometer readings had settled and no further cleaning was occurring.L

The system was turned off; the filter was removed, packaged, and shipped to

the Test Reactor Area Radiochemistry Laboratory; and the original filter

bank was discarded.L

Additional work was done on the low pressure injection break header L2
tank. Once the filter bank had been removed from its housing, the housing

was drained to collect any condensate that was present. There were 2500 mL L
of liquid in the housing. Sixty mL were removed, collected in a standard

plastic counting bottle, and sent to the Radiation Measurements Laboratory

for gamma ray spectroscopy. These results for both time of count and time
of test are shown in Table 58. To get the total activity collected, one

needs to multiply the reported numbers by 41.7. The filter housing was

then disposed of. There was some concern that a large amount of activity

and fission products might not complete the serpentine path to the filter

and thereby create a larger uncertainty in the experimental results. To

alleviate this concern and also to make the tank and associated hardware

more amenable for disposal, the following steps were taken. First a spool

piece was designed and fabricated to connect the inlet flange of the

removed 03 spool piece to the inlet flange of the bimetallic spool piece.

This is more easily understood by looking at Figure 140. With this item in

place it was now possible to leach all the internal piping and collect anyL

fission products that might have settled, plated out, or been trapped.

A leaching arrangement was set up, consisting of a 57-L stainless

steel mix tank, a mixer, a tank heater and 9.5 mm stainless steel tubing.L

The leaching was a two-step process. First, a heated (360 K) 5 wt% 4502

Turco solution (mixture of potassium permanganate and sodium hydroxide) was

44

178 L



iJ " wiý ~ a
L~~~ L.ý ýL~L

TABLE 58. LOW PRESSURE INJECTION FILTER HOUSING LIQUID AND WATER SHIELD TANK PIPING LEACHATE--GAMMA

RAY RESULTS

pCi/Sample as of 10/30/85 pCi/Sample as of 7/9/85

Radionuclide

Mn54
Co58
Co60
Y91
Zr95
Nb95
Rul03
Tel29m
1131
Cs134
Cs136
Cs137
Bat40
Ba-La140
Cel4l
Ce144
Ta182

Housing
Liquid

2.3 ± 0.7E-1
ND
ND
NO
ND

1.3 ± 0.4E-1
ND
ND

5.6 ± 2.2E-1
3.5 ± 0.2EO
8.8 ± 0.9E-1
4.7 ± 0.2E2
6.7 ± O.3E]
3.7 ± O.2El

ND
3.1 ± O.9EO

ND

Leach
Liquid
#4502

NDa
ND
ND
ND

3.6 ± 0.4E-1
2.1 ± 0.2E-1
2.3 t 0.3E-1

Leach
Liquid
#4521

2.4 ± 0.3E-2
1.5 ± 0.IE-1

ND
9.7 ± 1.3E0
2.1 ± 0.2E-1
5.1 ± 0.3E-1
2.8 ± 0.8E-2
1.5 ± O.2EO

1.18 ± 0.06EO
2.9 ± 0.3E-2

ND
3.7 ± 0.2EO
4.2 t 0.2EO
6.1 ± 0.3EO
5.2 ± 0.3E-1
4.5 ± 0.3E-1

NO

Housing
Liquid

3.0 ± 1.1E-1
ND
ND
NO
NO

1.2 ± O.5EO
ND
ND

9.4 ± 4.4E3
3.9 ± 0.3E0
3.6 _ 0.5E2
4.7 ± 0.2E2
3.0 ± 0.2E4
1.7 ± 0.2E4

ND
4.0 ± 1.2E0

ND

Leach
Liquid
#4502

ND
Nb
ND
NO

1 .2 ± 0.2EO
2.0 ± 0.2E0
1.7 ± 0.2EO

ND
1.4 ± 0.2E4
9.9 t 0.7E-1
1.0 ± 0.2E2

1.19 ± 0.06E2
2.2 t 0.2E3
2.1 ± 0.1E3

Nd
No
ND

Leach
Liquid
#4521

3.1 ± 0.qL-Z
4.5 t 0.4t-I

NoI
3.7 t 0.5E1
7.1 ± 0.7E-1
4.7 t 0.3EO
2.-U t 0.8L-1
1.6 t 0.2EI
2.0 t 0.2L4
3.2 ± 0.4E-2

N1D
3.7 ± 0.2EO
1.9 ± 0.2E3
2.8 t±O.2E3
5.8 ± 0.5EU
5.9 t 0.5E-1

NU

I-.
ND

8.3 ±
8.9 ±
2.5 ±

1.18 ±
4.9+
4.6 ±

NO
ND
ND

0.6E-1
0.8E-1
0.2E-1
O.06E2
0. 3EO
0.2EO

a. ND - No photopeak was seen above the continuum background.
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Figure 140. LPIS break header water shield tank with pipe Ijumper installed.

pumped through the lines for 3 h. Then a 60-mL sample was removed from the

mix tank and set aside. The mix tank was drained to hot waste and a

2.5 wt% 4521 Turco solution (mixture of citric acid and oxalic acid) was

mixed and heated to 360 K. This solution was pumped through the lines for

about 6 h. A 60-mL sample was removed from the mix tank and set aside.

The remaining 4521 Turco solution was drained to hot waste.
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To give an idea of the effectiveness of the leaching, radiation

readings were taken at four different locations inside the water shield

tank. These are given in Table 59. The last reading on the table is for

one of the control valve seats, and it is doubtful if leaching in this

manner for many more hours would do any better. Having completed this

work, the two 60-mL samples were packaged and shipped to the Radiation

Measurements Laboratory for gamma ray spectroscopy. The break header water

shield tank was sent to the Waste Experimental Reduction Facility, where

the tank was cut up and melted down. The results of the gamma ray counting

are shown in Table 58. To get the total activity removed, one multiplies

the 4502 numbers by 647 and the 4521 numbers by 710.

TABLE 59. LOW PRESSURE INJECTION SYSTEM BREAK HEADER WATER SHIELD
TANK RADIATION READINGS--BEFORE AND AFTER LEACHING

(mR/h)a

Before After

80 20
150 10
130 10
350 100

a. At four different locations.

In the laboratory, the filter tube was removed from its housing. It

had a radiation reading of >50 R/h beta, gamma; 1 R/h gamma contact. The

dichloromethane was poured out of the filter housing through a Whatman

5 glass fiber filter paper. This paper has a rated retention of 2.5 V.

Three filter papers were used, collecting the liquid in three 540-mL glass

bottles. The housing and filter were rinsed and pcured through these same

three filters. The housing was thrown away, while the filter was set aside

to dry overnight. The glass bottles were diluted up to 540 mL and given to

the Radiation Measurements Laboratory for gamma ray spectroscopy. These

results, both for time of count and time of test, are given in Tables 60
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TABLE 60. LOW PRESSURE INJECTION FILTRATE GAMMA RAY RESULTS

UCi/Sample as of Time of Count (10-30-85)

Radionuclide

Mn54

Co58
Co60
Y91,
Zr95
Nb95
Rul03
Te129m
1131
Cs134
Cs136
Cs137
Ba140
Ba-La140
Ce141
Ce144
Ta182

a. ND--No photopeak

CH2CL2

Fi I trate
#1

2.9 ± 0.3E-2

2.2 ± 0.2E-1
2.4 ± 0.4E-2
9.2 ± 1.SEO

1.11 ± 0.09EO
1.58 ± 0.09EO
3.8 ± 0.2E-1
1.5 ± 0.2EO
4.3 ± 0.3EO
1.1 ± 0.1E-1

CH2 CL2

Filtrate
#2

3.3 ± 0.3E-2

1.1 ± 0.3E-1
2.6 ± 0.5E-2
6.8 ± 1. 1EO
8.2 ± 0.6E-1
1.18 ± 0.07EO
3.0 ± 0 .2E-1
1.4 ± 0 2EO
4.4 ± 0. 3EO
7.7 ± 0. 5E-2

NO
9.8 ± 0.6EO
3.6 ± 0.3EO
4.3 ± 0.3EO
5.2 ± 0.3E-1
4.8 ± 0.4E-1
2.4 ± 0.3E-1

CH 2 CL2

Fi l trate
#3

2.2 ± 0.3E-2

NDa
ND

6.9 ± 1.1E0
7.1 ± 0.6E-1
9.5 ± 0.6E-1
2.3 ± 0.2E-1
1.3 ± 0.2EO
4.9 ± O.3EO
6.3 ± 0.5E-2

L
L

I
1.33
4.8
5.7
6.7
6.1
3.6

NID

±

±
±+

0.07E1
O. 3EO
0.3EO
0.4E-1
0. 8E- 1
0.4E-I

8.0
3.0
3.6
4.2
4.3
2.3

ND
_+
+
_+
+_
_±
_+

O. 5EO
0. 2EO
0. 2EO
0. 3E-1
0.4E-1
0.3E-1

I

1.was seen above the continuum background.

and 61. To correct for the different fluid density from the standard water

calibrations, a spiked solution of Al(N0 3 ) 3 was prepared. This

correction has been taken into account in these tables. The next day the

filter was reweighed and compared to its preinstalled weight. The

comparative weights were 274.6 g and 274.1 g, respectively. The filter was

then discarded, since there was probably a little liquid that had not

evaporated, and the radiation level was 20mR/h (well down from the initial

readings). The major items left were the three filter papers caked with

debris; they were Numbered 1, 2, and 3. These were dried in the laboratory

hood for two days, then weighed in tared bottles. These weights were then

subtracted from the filter paper weights to give the weight of the

L
L

L

'I.
A
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TABLE 61. LOW PRESSURE INJECTION FILTRATE GAMMA RAY RESULTS

uCi/Sample on 07/09/85

Radionuclide

Mn54
Co58
Co60
Y91
Zr95
Nb95
Ru103
Te129m
1131
Cs134
Cs136
Cs137
Ba140
Ba-La140
Ce141
Ce144
Ta182

a. ND--No photopeak

CH2 CL2

Fi I trate
#1

3.8 ± 0.4E-2
6.6 ± 0.6E-1
2.5 ± 0.6E-2
3.5 ± 0.6E1
3.8 O.3EO
1.5 ± 0.1E1
2.8 _ 0.2EO
1.6 ± 0.2E1
7.2 + 0.6E4
1.3 ± 0.1E-1

ND
1.33 ± 0.07E1
2.2 ± 0.1E3
2.7 ± 0.2E3
7.5 ± O.6EO
9.0 ± 0.9E-1
7.0 ± 0.6E-1

CH2 CL2

Fi I trate
#2

4.3 ± 0.5E-2
3.3 ± 1.1E-1
2.3 0. 05E-2
2.6 ± 0.4E1
2.8 - 0.2EO
1.1 ± 0.1E1
7.1 ±0. 5EO
1.5 , 0.2E1
7.4 ± 0.6E4
8.6 ± 0.7E-2

NO
9.8 ± 0.6EO
1.6 ± 0.1E3
2.0 ± 0.2E3
5.8 ± 0.4EO
6.4 ± 0.6E-1
4.6 ± 0.5E-1

CH2 CL2

Fi I trate
#3

2.8 ± 0.3E-2
ND
NO

2.6 ± 0.4EI
2.4 ± 0.2EO
8.9 ± 0.7EO
1.7 ± O.2EO
1.3 ± 0.2E1
8.3 ± 0.7E4
7.0 ± 0.6E-2

ND
8.0 ± 0.5EO
1.4 ± 0.1E3
1.6 ± 0.1E3
4.7 ± O.4EO
5.7 ± 0.6E-1
4.5 ± 0.5E-1

was seen above the continuum background.

collected debris. This work is summarized in Table 62. Total

collected on the break header filter was 1.2 g.

debris

The three filter papers were then sent to the Radiation Measurements

Laboratory for determining the gamma ray emitters. They can be seen in

Tables 63 and 64, for both time of count and time of test. The fate of the

three filter debris samples was as follows: Debris Filter 1 was sent to

Argonne National Laboratory-East for examination by the electron and ion

microprobes; Debris Filter 2 was set aside as an archive sample; Debris

Filter 3 was given to the radiochemists for further analyses. The

microprobe results are given in Appendix 0. Originally, it was planned to

pursue chemical species identification with the Test Reactor Area raman
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TABLE 62. LOW PRESSURE INJECTION FILTER DEBRIS WEIGHTS (g)

Tared Paper

Sample ID Weights Weights Net

1 1.439 1.16 0.28

2 1.679 1.16 0.52

3 1.556 1.16 0.40

spectrometer. Based on the microprobe results, and the spectrometer's

limits of detection for the elements of interest, a decision was made to

omit this examination.

In order to perform the various analyses desired, the first step was

to put the debris into solution. This dissolution was tried by using

heated aqua regia for 4 h. This left some fine black particles which were

then contacted with HF acid. Again there was some residue and a

pyrosulfate fusion was performed. That which went into solution with the

aqua regia was identified as Dissolution 1; that which went into solution

with the HF was labeled as Dissolution 2; and the pyrosulfate fusion was

called Dissolution 3. Aliquots from these three samples were then taken

for a strontium 89 and 90 analysis, for fissile determination, for

iodine 129, and for elemental analysis. Additionally, an aliquot was taken

from dissolution #1 for a tellurium determination. The results from these

analyses are given in Table 65.

4.6.5 Deposition Device

The deposition device was a specially designed component to provide

both reversible and irreversible fission product plateout information at

three different axial locations in the upper plenum. There was also a

request to examine the zircaloy and stainless steel components to determine

the tellurium interaction. This device was essentially identical to the

one used for the LP-FP-1 Test. The only major difference was in fact
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TABLE 63. LOW PRESSURE INJECTION FILTER DEBRIS GAMMA RAY RESULTS

VCi/Sample of Time of Count 10-30-85

Radionuclide

Mn54
Co58

Co60
Y91
Zr95
Nb95
Ru103
Te129m
1131
Cs134
Cs136
Cs137
Ba140
Ba-La140
Ce141
Ce144
Ta182

a. ND--No photopeak

Filter
Debris
1

1.5 ± O.2EO
6.0 ± 2.OEO

NDa
5.2 t 0.9E2
4.7 ± 0.3EI
7.2 ± 0.4E1
1.7 ± 0.1E1
7.4 ± 0.8EI
1.7 ± O.IE1
5.0 ± 0.4EO

ND
6.3 ± 0.3E2
2.4 ± 0.1E2
2.7 ± 0.2E2
3.0 ± 0.2E1
2.9 -+ 0.2E1
1.5 ± 0.2E1

Filter
Debris

2

1.5 ± 0.2EO
6.0 ± 2.OEO

1.6 ± 0.3EO
3.6 ± 0.7E2
4.7 ± 0.3E1
7.0 t 0.4E1
1.7 ± 0.1E1
6.3 ± 0.7E1
1.6 ± 0.IE1
4.6 O.4EO

ND
6.2 ± 0.3E2
2.2 _ 0.1E2
2.6 ± 0.1E2
3.0 ± 0.2EI
3.2 ± 0.3E1
1.9 _ 0.2E1

Filter
Debris

3

1.8 ± 0.2EO
6.0 ± 2.OEO

1.2 O.2EO
3.7 ± 0.7E2
4.0 ± 0.2E1
6.3 ± 0.3E1
1.6 _ 0.1E1
5.8 _ 0.7E1
1.5 ± 0.1E1
3.8 ± O.3EO

5.5
2.0
2.3
2.7
2.7
1.4

ND
+
+
+
±
±
±

0. 3E2
0.1E2
0. 1E2
0.2E1
0.2E1
0.1E1

was seen above the continuum background.

material. The bullet nose section of the device, which was 17-4PH for

FP-1, was made of zircaloy for this test. The device was a long, slender

tube with a pair of deposition coupons centered at each of the three axial

locations. These locations were station elevations 194, 212, and 253

(corresponding to 0.15, 0.61, and 1.65 m above the upper tie plate). The

deposition coupons were fabricated of 304 stainless steel and were affixed

to the deposition device in such a manner to allow remote removal. All the

coupons were exposed to the pretest reactor environment and up to the point

of reflood initiation. At this time, one coupon at each elevation was to

be isolated. Drawing 213884 shows this device and is entitled "LOFT FP-2

TEST DEPOSITION SAMPLER ASSEMBLY OPEN POSITION".

The device was removed from the reactor vessel and delivered to the

Test Area North Hot Shop on November 5, 1985. From the Shop it was
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TABLE 64. LOW PRESSURE INJECTION FILTER DEBRIS GAMMA RAY RESULTS

pCi/Sample as of Time of Test (7-9-85)

Radionuclide

Mn54
Co58

Co60
Y91
Zr95
Nb95
Ru103
Te129m
1131
Cs134
Cs136
Cs137
Ba140
Ba-La140
Ce141
Ce144
Ta182

a. NO--No photopeak

Filter
Debris

1

2.0 ± 0.2EO
7.0 ± 2.OEO

NDa
2.0 ± 0.4E3
1.6 ± 0.1E2
6.7 ± 0.5E2
1.2 ± 0.1E2
7.6 ± 0.8E2
2.9 ± 0.2E5
5.5 ± 0.6EO

NO
6.3 _ 0.3E2
1.1 ± 0.1E5
1.2 + 0.1E5
3.4 _ 0.3E2
3.8 + 0.3E1
2.9 + 0.3E1

Fi lter
Debris

2

1.9 ± 0.3EO
7.0 ± 2.OEO

1.7 ± 0.4EO
1.4 ± 0.3E3
1.6 ± 0.2E2
6.5 ± 0.5E2
1.2 ± 0.1E2
6.4 ± 0.7E2
2.7 ± 0.2E5
5.1 ± 0.6EO

Filter
Debris

3

2.3 ± 0.3EO
7.0 ± 2.OEO

1.3 ± 0.3EO
1.4. ± 0.3E3
1.4 ± 0.1E2
5.8 ± 0.4E2
1.2 ± 0.1E2
6.0 ± 0.7E2
2.5 ± 0.2E5
4.2 ± 0.4EO

6.2
1.0
1.2
3.3
4.1
3.5

NC
+

+

±
+

+

±

0. 3E2
0.1IE5
0.1IE5
0. 2E2
0. 5E1
0. 4E1

5.5
8.9
1.0
2.9
3.6
2.8

ND
_+

_+
_+

_+

+
_+

0. 3E2
0. 8E4
0. 1E5
3. 2E2
0. 4E1
0. 3E1

was seen above the continuum background.

transferred into the hot cell for disassembly. Upon removal of the device

from its shipping canister, a visual examination was performed. Items of

note were: (a) the bullet nose was caked with a black porous-looking

debris that was well adhered. It appeared that the lower end of the debris

had broken off. Although Figures 141 and 142 were taken some time later

they show, in better detail, what was seen at this time. Also, if one

Icoks at the axial location of the deposition rod tip (see Figure 143), it

is easy to imagine how the lower portion of the debris could have broken

off. (b) The lower protected coupon was not covered. The inner tube had

not been pushed down to create the isolation. (c) Near the top of the

device there were some rather large scratches on the outer tube, and the

cutout for the control rod drive mechanism had a corner ripped. There also

was a noticeable rotation of the inner sleeve assembly to the outer tube.
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TABLE 65. LOW PRESSURE INJECTION FILTER DEBRIS DISSOLUTION
CHEMICAL RESULTS

Sample ID

Isotope/
Element

Sr89a

Sr90a

Fissileb

1129c

Te127me

Te127mf

Te129me
Te129m f

Agg

Cdg
Feg
Nig
CrgCug

Alg
Cag
Mgg
Sig

Tig
BegPtg

Dissolution
1

2.2 ± 0.4E3

9.5 ± 1.OE1

7.2 t 0.6E1

<100

5.3 ± 2.6E1

1.2 i 0.6E1

6.2 ± 0.9E2

5.1 ± 0.8EO

0.04

6.5
1.7
3.1
6.5
0.4
1.1
5.2
62
0.2
1.7
0.06
1.3

Dissolution
2

1.6 ± 0.3E2

7.0 ± O.7EO

1.5 ± 1.OEO

NAd

Dissolution
3

7.3 ± 1.5E1

3.0 ± 0.3EO

8.0 ± 4.OE-3

NA

1.6

0.08
84

1.0

SAMPLE VOLUMES WERE: 500 mL for Dissolution 1
25 mL for Dissolution 3

a. Total jiCi as of 12/6/85.

b. Total VCi as U235 equivalent.

c. Total ng.

d. NA--Not analyzed.

e. Total ItCi at time of test 7/9/85.

f. Total VCi at time of count 2/25/86.

g. Vg/mL ± factor of 2.
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Figure 141. Close-up view oositlon device bullet nose.



~nJ L.~ LM~J 14 LaJ tmAI L.~ I Q.J LJ (2LJ 4.ad Laud LZJ

79 Qj) (9)
4

.KKKK.KŽ~K\4

Kt~

KVKWK*

.5~ ~KK~KKKiKKK4~K;~;.K

*AKKa.K ,.4

- ;-4Z ~
KKKKK 4K

* K )SK

20K

* t

KKKKKK~KiK\KKK

4
AKKKK.K ~KKKKK

-KY

~K~j~NKKK

"A

KK;~\KK~

KKKKrKK

KKK KK*~KtKK .~>KKKK K<~*?~K~ .Nt~-K.~K4KKK..A& kK..KOK. KKK~K.K>AKtkZ0KK KKY K' 2I .K2.&T K<.KK Kr¶r -
K KKKKK ¾ ~ ~ --: - KK~.KKKK

* . .~KY->K$~ C" 2 .' -

'K

- K-Kr

C

K K~KK~K4
4KK~

K *K ~K KKK~.KKK.K iKK 2K. K K.'

K K

K K K

'K

I-'
00460

K K~
2  

~KK ft
&KK

K K K

KKKK KK;j[t

K >~2 K

cn

.1K~~KKK ~4t sit '8

Figure 142. Close-up view of deposition device bullet nose.
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These items probably occurred during removal from the reactor vessel.

(d) The upper two protected coupons were enclosed and the seals engaged. L

The first step was to identify those sections that would be examined

for the tellurium determination. It was decided at this time to preserve

the lower end of the bullet nose and look for tellurium on the section just

past there. It was also decided to remove five 25-mm long sections from I
station elevations 209, 224, 239, 254, and-269. These locations correspond

to 0.5, 0.9, 1.3, 1.7, and 2.0 m from the bullet nose end.
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The next step in the disassembly of the device was to remove the

coupons. This was done by sectioning the device a few centimeters above

I the protected coupons and a few centimeters below the unprotected coupons.

This gave three smaller pieces that were much easier to handle. It was

J possible using only small hand tools to remove the coupons and place them

-into prelabeled vials. At this same time, the protected coupon spacers

3 made of Inconel were also removed and placed in prelabeled vials. The next

step was to remove the five sections for tellurium analysis. Using a

j side-arm grinder, the sections were cut out and placed in small vials

labeled with the letters 00 and the appropriate elevation. Based on the

decision above, the bullet nose was cut into halves, with the lower end to

be saved and the upper half used for tellurium analysis. These packaged

samples were then delivered to the Test Reactor Area for examination. The

remaining pieces of the deposition device were also packaged and shipped to

the Test Reactor Area for storage and possible future work.

The five tellurium specimens and the three protected deposition coupon

spacers went directly to the Radiation Measurements Laboratory for gamma

ray spectroscopy. The results for both time of test and time of

measurement can be seen in Tables 66, 67, and 68. The section of the

bullet nose also went directly to the Radiation Measurements Laboratory for

gamma ray spectroscopy. Results are found in Table 69. The deposition

I coupons were sent to the radiochemistry laboratory for mounting in

specially designed lucite viewing boxes. Figure 144 shows how the coupons

] were mounted in the viewing boxes relative to their position in the core.

These boxes isolated the coupons from the environment and allowed for the

j gamma ray spectroscopic and raman spectroscopic examinations to be

performed without additional handling. These boxes were then taken to the

Radiation Measurements Laboratory, where the gamma ray analysis resulted in

the data shown in Tables 70 and 71. The letter P refers to the protected
coupon, the letter U to the unprotected. The deposition coupons were next

j sent to Argonne National Laboratory-East for electron and ion microprobe

analyses. This work, on four coupons, is reported in Appendix 0. Table 72

j was generated to give the reader an idea of the mass quantities of fission

products available for detection. Chemical species identification will not
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TABLE .66. DEPOSITION DEVICE TUBE TELLURIUM SECTIONS--GAMMA RAY RESULTS

pCi/Sample as of 11-13-85

Radionucl ide DD-209

Cr5l
Mn54
Fe59
Co57
Co58
Co60
Zr95
Nb95
Rul03

ORu-Rh106
Sn113
Sb125
Te129m
1131
Cs137
Bal40
Ba-Lal40
Ce141
Ce144
Ta182

1.5
3.1
6.8
3.5
8.5
6.5
2.5
5.3
2.1
2.2
1.8
6.1
1.5
2.2
4.3

1.1
2.2
5.1
2.9

± O.IEO
± O.IE-1
± 1.4E-2
± O.3E-2
± O.4EO
± O. 3EO
± 0.2E-1
± O.3E-1
± O,1EO
± 0.6E-1
± O.1E-1
± 0.3E-1
± O.1EI
± 0.5E-2
± O. 1E-2
ND
± O.1E-1
± O.1E-1
± 0.3E-1
± O.2E-1

DD-224

3.8 ± 0.3E-1
9.4 ± 0.8E-2

NDa
2.3 ± 0.2E-2
6.8 ± O.4EO
4.7 ± O.2EO
6.3 ± 0.9E-2
1.6 ± O.IE-I
4.2 ± O.IE-1
6.9 ± 3.5E-2
3.8 ± 0.4E-2
1.3 ± O.IE-1
2.8 ± O.2EO
2.4 ± 0.3E-2
2.0 ± 0.7E-2
9.8 ± 1.4E-2
1.3 ± O.IE-1
5.9 ± 0.6E-2
1.8 ± 0.2E-1
9.1 ± 0.9E-2

DD-239

4.9 0 0.3E-1
1.9 .0,1E-1

ND
3.5 ± 0.3E-2

1.12 ± 006E
7.9 ± 0.4EO
2.2 ± O.1E-1
4.2 ± 0.3E-1
8.2 ± 0.4E-1
1.9 ± 0.5E-1
6.1 ± 0.6E-2
1.9 ± 0.2E-1
5.1 ± O.4EO
3.9 ± 0.4E-2
6.4 ± O,7E-2
1.1 ± 0.2E-1
1.6 ± O.1E-1
1.1 0. ,1E-1
3.6 ± 0.3E-1
1.8 0 0.3E-1

DD-254

7.2 ± 0.6E-1
2.1 t 0.2E-1

ND
3.0 t O.3E-2
9.6 ± O.SEO
6.2 t O.4EO
1.5 ± O.1E-1
3.4 ± 0.2E-1
1.8 ± O.IEO
2.5 ± 0.5E-1
3.0 ± 0.2E-1
8.5 ± 0.6E-1
1.5 ± 0.1E1
2.9 ± 1OE-2
1.1 ± 01E-1

NU
1.2 ± 01E-1
2.1 ± 01E-1
4.2 ± 0.3E-1
6.5 ± 0.5E-1

D0-269

3.1 ± O.IE-1
9.3 ± 0.5E-2

ND
1.1 ± O.1E-2
3.1 ± O.lEO
2.2 ± O.lIEO
6.6 ± 0.7E-2
1.2 ± O.1E-1
7.2 ± O.4E-1
1.4 ± 0.2E.-1
3.5 ± 0.3E-2
1.8 ± 0.1E-1
4.2 ± 0,2EO
1.1 ± 0.2E-2
8.4 ± 0.5E-2
1.2 ± 0.1E-1
1.7 ± 0.1E-i
3.0 ± 0.2E-2
9.1 ± 0.8E-2
1.0 ± 0.11h-I

a. ND--No photopeak was seen above the continuum background.
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TABLE 67. DEPOSITION DEVICE TUBE TELLURIUM SECTIONS--GAMMA RAY RESULTS

psCi/Sample as of Time of Test 7-9-85

Radionuclide DO-209

Cr51
Mn54
F e59
Co57
Co58
Co60
Zr95
Nb95
Rul03
Ru-Rh106
Sn113
Sb125
Tel29m
1131
Cs137
Bal40
Ba-Lal40
Ce141
Ce144
Ta182

3.7
4.1
4.9
4.8
2.9
6.7
9.8
6.5
2.0
2.8
3.8
6.7
2.1
1.2
4.3

1.1
3.4
7.0
6.3

± O.3E1
± 0.3E-1
± 1.OE-1
± 0.4E-2
± O.IE1
± O.3EO
± 0.7E-1
± O.5EO
± O.1E1
± O.7E-1
± 0.2E-1
± 0.3E-1
± 0.1E2
t 0.3E3
t O.1E-2
ND
± 0.1E2
± 0.2EO
± 0.4E-1
± O.6E-1

DD-224

9.2 ± O.8EO
1.2 ± O.IE-1

NDa
3.1 ± 0.3E-2
2.3 ± 0.2EI
5.0 ± 0.3EO
2.5 ± 0.3E-1
2.0 ± 0.2EO
4.0 ± O.2EO
8.8 ± 4.3E-2
8.2 ± 0.9E-2
1.4 ± O.1E-1
3.9 ± 0.3E1
1.4 ± 0.2E3
2.0 ± 0.7E-2
9.5 ± 1.4E1
1.2 ± O.1E2
8.9 ± 0.8E-1
2.5 ± O.3E-I
1.9 ± 0.2E-1

DD-239

1.2 ± 0.IEI
2.6 ± 0.2E-1

ND
4.8 ± 0.3E-2
3.9 ± 0.2EI
8.3 t O.4EO
8.7 t 0.6E-1
5.2 t O.3EO
7.8 t O.4EO
2.4 ± O.6E-1
1.3 ± O.1E-1
2.1 ± 0.2E-1
7.0 ± 0.4EI
2.2 ± 0.2E3
6.4 ± 0.7E-2
1.1 ± 0.2E2
1.5 ± O.E2
1.6 ± O.EO
4.9 ± 0.3E-I
4.0 ± 0.4E-1

DD-254

1.7 ± 0.1E1
2.8 ± 0.2E-I

ND
4.2 ± 0.4E-2
3.3 ± 0.IEI
6.5 ± 0.4EO
5.9 ± 0.5E-1
4.1 ± 0.3EO
1.7 ± 0.1E1
3.2 ± 1.OE-1
6.4 ± 0.4E-1
9.3 ± 0.6E-1
2.1 ± 0.1E2
1.6 ± 0.6E3
1.1 ± O.1E-1

ND
1.2 ± O.1E2
3.2 - O.2E0
5.7 - 0.5E-1
1.4 - 0.1EO

DD-269

2.5 ± 0.3EU
1.2 0. .1.-1

NO
1.5 ± 0.2E-2

1.07 ± 0.06E1
2.3 ± O.1EO
2.6 t 0.3E-1
1.5 ± 0.2Eo
6.7 ± O.3EO
1.8 t 0.3E-I
7.6 t 0.6E-2
1.9 ± O.IE-1
5.8 t 0.3E0
6.2 ± 1.1E2
8.5 ± 0o5E-2
1.2 ± 0.1E2
1.6 ± 0.IE2
4.5 ± 0.5E-1
1.2 ± 0. 1E-1
2.2 ± O.2E-1

a. ND--No photopeak was seen above the continuum background.



TABLE 68. PROTECTED DEPOSITION COUPON SPACERS--GAMMA RAY RESULTS

PCCi/Sample

194S
as of
7-9-85Radionuclide

Cr51
Mn54
Fe59
Co57
Co58
Co60
Zr95
Nb95
Rul03
Ru-Rhl06
Snl03
Sb125
Tel29m
1131
Cs137
Ba140
Ba-Lal40
Ce141
Ce144
Ta182

I.
4D

9.8
2.8
1.0
1.3

1.05
5.1
1.2
6.0
3.1
6.1
6.6
7.5
2.5
2.5
2.3
2.9
3.6
2.0
2.7
4.2

±
t
t

t

t

t

t
t

±
±
+

±
±
±
±
+

±
±
±

±

0.6E1
0.2E-1
0.2E-1
0.1E-2
0.6E1
0.3E-1
0.lEO
0.4EO
0.2EO
1.3E-2
0.6E-2
0.6E-2
O.1E-1
0.5E2
0.2E-2
0.2E2
0.3E2
O.1EO
0.1E-1
0.2E-1

212S
as of
7-9-85

NDa
1.5 ± 0.7E-2

ND
ND

1.8 ± 0.2E-1
1.4 ± 0.1E-1
4.7 ± 0.3EO
2.7 ± 0.2EO
1.4 t 0.1EO

NO
3.4 ± 0.7E-2

ND
1.3 1 0.2E1
4.3 t 0.4E3
1.1 ± 0.1E-3
8.3 ± 0.4E3

1.01 ± 0.05E3
1.13 ± O.08EO
5.2 ± 0.5E-1
1.8 ± 0.8E-1

253S
as of
7-9-85

8.1 ± I.OE-1
5.3 t 0.8E-3

ND
1.2 ± 0.1E-3
8.5 ± 0.5E-1

1.52 t 0.08E-1
8.3 ± 0.6E-2
4.7 ± 0.2E-1
7.3 ± 0.3E-1
1.8 ± 0.4E-2
1.5 ± 0.1E-2
1.5 t 0.1E-2
6.8 ± 0.4EO
7.4 ± 0.4E2

1.35 t 0.08E-2
2.9 ± 0.201
3.2 ± 0.2E1
2.3 ± O.1E-1
3.7 ± 0.3E-2
4.4 ± 0.2E-2

194S
as of

11-13-85

4.1 ± 0.2EO
2.1 ± 0.2E-2
1.4 ± 0.4E-2
9.6 ± 0.7E-3
3.0 ± O.2E0
4.8 ± 0.3E-1
3.1 ± 0.2E-1
4.9 ± 0.3E-1
3.3 t 0.2E-1
4.8 ± 1.1E-2
3.1 ± 0.3E-2
6.8 ± 0.5E-2
1.8 ± 0.1E-2
4.5 ± 0.9E-3
2.3 ± 0.2E-2
2.9 ± 0.2L-1
3.6 ± 0.3E-1
1.31 ± 0.07E-1
2.0 ± 0.1E-1
1.9 ± O.WI-1

212S
as of

11-13-85

ND
1.1 t 0.5E-2

ND
NO

4.4 t 0.4E-2
1.4 ± 0.1E-1
1.4 ± O.1E-1
2.2 t O.1t-i
1.3 ± O.1E-1

NU
1.6 ± 0.4E-2

ri

253S
as of

11-13-85

3.4 ± 0.4E-2
4.0 ± 0.6E-3

NO
9.0 t 1.(.-4
2.4 ± O.I.-!

1.45 ± U.U7E-1
2.1 ± 0.1E-2
3.8 ± O.ZL-4
7.8 ± 0.3E-2
1.4 ± 0.4L-Z
7.2 ± U.SE-3
1.4 ± 0.1L-2
4.9 ± 0.3L-1

1.3u ± U.07-2
1.34 ± 0.U8E-2

3.U ± O.ZL-2
3.2 ± O.ZE-2

1.51 ± 0.08L-2
2.7 ± 0.2E-2
2.0 ± O.IE-2

9.2
7.6
1.1
8.4

1.02
7.5
3.8
8.2

± 0.9E-1
± 0.5E-2
± 0.1E-3
± 0.4EU
± 0.05E0
± 0.5E-2
± 0.3E-1
± 3.3E-2

a. NO - No photopeak was seen above the continuum background.
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TABLE 69. DEPOSITION DEVICE BULLET NOSE SECTION (ZIRCALOY)
GAMMA RAY RESULTS

iiCi/Sampl e

Radionuclide

Cr51
Mn54
Fe59
Co58
Co60

Decay
Corrected

to
7-9-85

1.3 ± 0.1E4
3.7 ± 0.2E1
2.6 ± 0.2E2
2.4 ± 0.2E2
1.1 ± 0.1E2

At Time
of

Count
12-27-85

1.8 t 0.1E2
2.6 ± 0.2E1
1.8 ± 0.1E1
4.5 ± 0.3E1
9.9 ± 0.5E1

Ii
r

I
C
I
I
I
I

I

Zr95
Nb95
Rul03
Sn113
Sb124

3.3
2.7
1.4
3.2
3.7

2.5
3.6
1.1
1.4
1.9

±
±
±
_+

±

±
+

+_

0.2E2
0.2E3
O.1E2
0. 3EO
0. 5EO

0. 3EO
0. 3EO
0.4E3
0. 1E2
0.2E1

5.2
9.2
6.7
1.2
5.1

2.2
3.6
1.0
3.7
1.2

+

±

±
±

+
+
±

±

0.2E1
0.5E1
0. 4EO
O. 1EO
0.6E-1

0. 3EO
0. 3EO
0. 3E-1
O. 3EO
0.1E1

Sb125
Cs137
Ba-La140
Ce141
Ce144

Ta 182 6.4 ± 0.7EO 2.3 ± 0.3EO

be pursued with the Test Reactor Area raman spectrometer. This decision

was based on the calculated mass quantities of the elements of interest and

the spectrometer's limits of detection.

Upon the return of the deposition coupons from Argonne National

Laboratory-East, the coupons were leached and the leachate was collected.

Both the leached coupons and leachate were given to the Radiation

Measurements Laboratory for gamma ray counting. The results are shown in

Table 73. Aliquots were then removed from the leachate and a strontium

89,90 analysis, In accordance with Appendix K, was performed. The results

are shown in Table 74. Additional aliquots were removed from the leachate

and sent to the Chemical Processing Plant for elemental composition by

emission spectroscopy. The results are shown in Table 75.

IL

Ju
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TABLE 70. DEPOSITION COUPONS GAMMA RAY RESULTS

uCi/Sample as of 11-13-85

Radionuclide 194U 194P 212U

Cr51 1.41 ± 0.07E1 8.9 ± O.5EO 1.1 ± O.IE-1
Mn54 5.8 ± 0.3E-1 4.2 ± 0.2E-1 3.1 ± 0.2E-2Fe59 7.2 ± 0.4E-1 4.6 ± O.2E-1 8.7 ± 1.2E-3
Co57 5.4 ± 1.1E-3 6.0 ± 1.1E-3 6.3 ± 0.3E-1
Co58 2.0 ± O.lEO 2.3 ± 0.3EO 3.6 ± 0.2E-1
Co60 2.4 ± 0.1EO 1.9 ± O.IE0 1.16 ± 0.06E-1
Zr95 7.5 ± 0.6E-2 1.2 ± O.1EO 2.1 ± 0.1E-1Nb95 1.40 ± 0.08E-1 1.8 ± O.1EO 4.7 ± 0.2E-1
Rul03 4.7 ± 0.4E-1 1.21 ± O.06EO 7.8 ± 1.6E-2
Sn113 4.4 ± 0.3E-2 1.09 ± 0.06E-1 6.0 ± 0.3E-2Sb124 1.6 ± 0.2E-2 1.3 ± 0.2E-2 2.3 ± 0.5E-3
Sb125 1.40 ± 0.09E-1 2.4 ± O.lE-1 1.30 0 O.07E-1
Te129m 3.8 ± 0.2EO 6.8 _ O.4EO 3.2 ± 0.2EO
1131 NDa 1.2 ± 0.2E-2 3.8 ± 0.5E-3Cs137 2.7 ± 0.3E-2 1.09 ± 0.06E-1 1.42 0 0.09E-2
Bal40 ND 7.3 ± 0.4E-1 1.0 0 O.2E-2Ba-La140 2.4 ± 0.2E-2 8.9 ± 0.4E-1 1.1 ± 0.IE-2
Ce141 8.8 ± 0.5E-2 4.3 ± 0.2E-1 5.7 ± 0.3E-2Ce144 1.1 ± 0.1E-1 6.0 _ 0.3E-1 8.9 ± 0.7E-2
Ta182 5.3 ± 0.6E-2 3.0 ± 0.2E-1 1.08 ± 0.06E-1

uCi/Sample as of 11-13-85

Radionuclide 212P 253U 253P

Cr51 ND 1.09 ± 0.09E-1 8.2 ± 0.6E-2
Mn54 4.0 ± 2.OE-2 4.0 ± 0.2E-2 1.5 ± 0.1E-2
Fe59 ND 3.3 ± 0.3E-3 3.4 ± 0.6E-3Co57 9.6 ± 0.8E-1 1.02 ± O.05EO 9.6 0 0.5E-1
Co58 5.5 ± 0.4E-1 6.1 ± 0.3E-1 6.2 0 O.3E-1
Co60 4.6 ± 0.3E-1 6.2 ± 0.3E-1 5.4 ± 0.3E-2
Zr95 8.2 ± 0.4E-1 9.9 ± 0.5E-1 1.03 ± 0.05E-1
Nb95 6.8 ± 0.3E-1 5.5 ± 0.3E-1 2.7 ± 0.1E-1
Rul03 ND 6.9 ± 1.2E-2 3.8 ± 0.6E-2
Sn113 6.4 ± 1.2E-2 6.1 ± 0.3E-2 2.5 ± 0.1E-2
Sb124 ND 1.6 ± 0.5E-3 ND
Sb125 ND 1.09 + 0.06E-1 5.0 ± 0.3E-2
Te129m 3.8 ± 0.4EO 3.4 ± 0.2E0 1.72 ± O.09EO
1131 2.4 ± 0.2E-1 2.9 _ 0.3E-3 2.2 ± O.1E-2
Cs137 6.2 ± 1.OE-2 3.5 ± 0.2E-2 6.9 ± 0.4E-2Ba140 3.0 ± O.1E1 2.1 ± 0.4E-2 7.4 ± 0.4E-2
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TABLE 70. (continued)

iCi/Sample as of 11-13-85 A

Radionuclide 212P 253U 253P

Ba-La140 3.7 ± 0.2E1 2.2 ± O.1E-2 8.9 ± 0.SE-2 L
Ce141 2.7 ± 0.4E-1 2.4 ± O.1E-1 3.0 ± 0.2E-2
Ce144 1.0 ± O.1E-1 3.6 ± 0.2E-1 5.3 ± 0.3E-2
Ta182 ND 1.8 ± 0.1E-1 5.6 ± 0.4E-2 L

a. NO--No photopeak was seen above the continuum background. L

The five deposition sections and the section of the bullet nose, whose L

primary role in the posttest examination was to reveal the amount of

tellurium that had interacted with the stainless steel and zircaloy L

material, were processed as follows: The sections were leached for about

5 min in aqua regia, the leachate collected, diluted up to 540 mL, and

given to the Radiation Measurements Laboratory for gamma ray counting. The

tellurium analyses then proceeded as described in Appendix N. Because of

the tightly adhering nature of the tellurium and its corresponding

uncertainty in removal efficiency, it is felt that the direct counting

results for 12 9 mTe are the better numbers. These items were then I
disposed of.

4.6.6 Additional PIE Results

During core removal operations in December of 1985, a television I
camera was lowered into the reactor vessel to inspect the center fuel

module. A considerable amount of debris was floating around and deposited

on horizontal surfaces. Its density was about that of water. To determine

what this debris might be, the core removal team did the following: On the

end of a long stick they stuck a piece of double sided tape and then poked

at the corner of corner fuel Module 9 as it was being withdrawn from the

reactor vessel. The tape was then removed from the stick, placed in a

plastic bag, and set aside. This rather primitive technique was repeated a

second time. These tapes were then shipped to the Radiation Measurements
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TABLE 71. DEPOSITION COUPONS GAMMA RAY RESULTS

%aCi/Sample Decay Corrected to Time of Test 7-9-85

Radionuclide

Cr51
Mn54
Fe59
Co57
Co58
Co60
Zr95
Nb95
Rul03
Snll3
Sb124
Sbl25
Tel29m
1131
Cs137
Ba140
Ba-Lal40
Ce141
Ce144
Ta182

194 U

3.4 t 0.2E2
7.7 ± 0.4E-1
5.2 ± 0.3EO
7.5 ± 1.5E-3
7.1 t 0.4E0
2.5 ± 0.1EO
2.9 ± 0.2E-1
1.7 t 0.1EO
4.4 t 0.4EO
9.5 t 0.6E-2
7.0 t 0.9E-2
1.5 ± 0.1E-1
5.2 t 0.3E1

ND
2.8 ± 0.3E-2

NO
2.3 ± 0.301
1.32 t 0.09EO
1.5 t 0.2E-1
1.1 ± O.1E-1

194 P

2.1
5.5
3.3
8.2
6.8
2.0
4.5
2.3

1.14
2.3
5.5
2.7
9.3
6.8

1.10
7.1
8.7
6.4
8.2
6.4

± O.1E2
0 0.3E-1

t 0.2EO
± 1.5E-3
± 0.9EO
± 0.1EO
± 0.4E0
± 0.1E1
t 0.06E1
± O.IE-I
± 0.7E-2
t O.1E-1
± 0.6E1
± 1.1E2
± 0.06E-1
t 0.4E-2
t 0.5E2
t 0.3E0
t 0.4E-1
± 0.4E-1

212 U

2.6 ± 0.2EO
4.2 t 0.3E-2
6.3 ± 0.9E-2
2.2 1 0.1.O
3.8 ± 0.2E-1
4.6 ± 0.3E-1
2.6 ± 0.2EO
4.4 ± 0.2E0
9.9 ± 2.OE-2

1.30 ± 0.07E-1
9.9 ± 2.OE-3

1.42 ± 0.08E-1
4.5 t 0.3E0
2.2 ± 0.3E2

1.43 t 0.09E-2
9.9 ± 2.OEO
1.1 t 0.1E1
8.5 ± 0.4E-1
1.2 t 0.9E-1
2.3 ± 0.2E-1

212 P

NDa
5.4 ± 2.2E-2

ND
3.3 ± 0.3EO
5.7 ± 0.4E-1
1.8 ± 0.1EO
1.0 ± 0.1E1
6.4 ± 0.3EO

ND
1.4 ± 0.3E-1

ND
ND

5.2 ± 0.5E1
1.4 ± 0.1E4
6.2 , 1.0E-2
3.0 ± 0.1E4
3.6 ± 0.2E4
4.1 ± 0.6EO
1.4 ± 0.1E0

ND

253 U

2.6
5.3
4.6
3.5
6.3
2.5

1.21
5.2
8.8

1.30
6.9

1.19
4.6
1.6
3.6
2.U
2.2
3.7
4.9
4.0

t 0.2EO
± 0.3E-2
± 0.5E-3
t 0.2EO
t 0.3E-1
± O.1EO
± 0.06E1
t O.3EO
± 1.6E-2
± 0.07E-1
+ 2.OE-3
t 0.06L-1
± 0.2E1
± 0.2L2
t 0.2E-2
t 0.4EI
± O.IEi
t 0.2EO
± 0.3E-1
t U. 2L-1

253 P

2.0 ± O.1EO
2.0 t 0.1E-2
4.8 ± 0.9E-3
3.3 1 0.2E0
6.5 ± 0.3E-1
2.2 t 0.2E-1

1.26 t 0.07EO
2.5 ± 0.lEO
4.8 t 0.8E-2
5.4 ± 0.2E-2

No
5.4 t 0.A-2
2.4 t O.IEI

1.26 ± O.ObL3
6.9 t 0.4E-2
7.2 1 0.4E0
8.7 ± 0.5E0
4.b t U.3E-1
7.3 ± 0.4E-2

1.21 ± 0.08t-1

to

a. ND--No photopeak was seen above the continuum background.
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TABLE 72. DEPOSITION COUPONS--MASS RESULTS

Lpig/Sampl e

Radionuclide

Cr51
Mn54
Fe59
Co58
Co60

Zr95
Nb95
Ru103
Sn113
Sb124

Sb125
Te129m
Cs137
Ce141
Ce144

194U

1.5E-4
7.3E-5
1. SE-5
6.2E-5
2. IE-3

3.6E-6
6.7E-6
1. SE-5
4.4E-6
9.1E-7

1.4E-4
1.3E-4
3. IE-4
3. 1E-6
3. 4E-5

194P

9.7E-5
5.3E-5
9.4E-6
7.2E-5
1.7E-3

5.7E-5
8.6E-5
3.8E-5
1. IE-5
7.4E-7

2.4E-4
2.3E-4
1.3E-3
1. 5E-5
1.9E-4

212U

1.2E-6
3.9E-6
1.8E-7
2. OE-5
3.2E-4

5.7E-6
1.OE-5
1.SE-5
6.OE-6
1.3E-7

1.3E-4
1. 1E-4
1. 6E-4
2. 0E-6
2.8E-5

212P 253U

-- 1.2E-6
5.OE-6 5.OE-6

3.OE-5 3.IE-5
4.9E-4 5.4E-4

2.2E-5
3.9E-5
2.1E-5
6.4E-6

1.3E-4
7. 1E-4
9.6E-6
3.1E-5

3.OE-5
4.7E-5
1.7E-5
6. 1E-6
9. 1E-8

1.1E-4
1. IE-4
4. OE-4
8.5E-6
1.1E-4

253P

8.9E-7
1.9E-6

3.OE-5
5.5E-4

2.6E-6
4.8E-6
8.4E-6
2.5E-6

5.OE-5
5.7E-5
7.9E-4
1. 1E-6
1.7E-5

L4

L
L
L
L
L

Ta182 8.5E-6 4.8E-5 1.8E-5 -- 2.9E-5 9.OE-6

a. Based on gamma ray results as of 11/13/85 (see Table 70).

I
Laboratory for gamma ray analysis. Although the technique was replicated,

the samples varied by a factor of three in the gross radiation level. The

hottest one, labeled Number 1, was reading 3.9 R/hr beta, gamma contact,

while #2 had a radiation level of 1.3 R/hr. The gamma ray results for both

time of count and time of test can be found in Tables 76 and 77.

There was also a 60-mL liquid sample extracted from the reactor vessel

lower plenum on December 31, 1985. LOFT Operations removed one mL and sent

the remaining sample to the Test Reactor Area Radiochemistry Laboratory.

The sample was black and murky and had a radiation level of 1.5 R/h beta,

gamma contact. In the laboratory the sample was filtered; the collected

debris weighed 41.16 milligrams. This debris sample was then gamma-counted

by the Radiation Measurements Laboratory. The gamma-emitting isotopes and

their concentrations, decay corrected to the time of test, are shown in

L
I
L
1'
L
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TABLE 73. DEPOSITION COUPON LEACHATE AND POST
GAMMA RAY RESULTS

LEACHED COUPONS

uCi/Sample as of Time of Countinq (6-26-86)

Radionuclide

Cr51
Mn54

Fe59
Co57
Co58
Co60
Zr95
Nb95
Ru103

194U
DC

5.9 ± 0.5E-2
3.6 ± 0.2E-1

2.3 ± 0.3E-2
3.3 ± 0.3E-3
1.8 ± 0.1E-1
2.0 ± O.1EO

ND
ND
ND

194U
Leachate

9.7 ± 2.OE-3
5.3 ± 0.3E-2

Ru-Rh106
Sn113
Sb125
TeD127
TeD129
Cs134
Cs137
Ce144
Ta182

ND
ND
ND
ND
ND
ND
ND
ND
ND

1.8
9.3
5.7
7.0
1.5
1.2

6.1
1.4
1.5
1.4
5.4
1.1
1.1
1.1
1.1

NDa
± O. 2E-3
± 0. 5E-2
± 0. 3E-1

0. 8E-3
SO. 1E-2
SO. 1E-2

194P
DC

1.5 ± 0.3E-2
2.2 ± 0.2E-1

1.3 ± 0.3E-2
2.2 ± 0.3E-3
1.2 ± 0.1E-1
1.2 ± 0.1EO

ND
7.9 ± 0.9E-3

ND

ND
ND

2.1 ± 0.2E-2
ND
ND
ND
ND
ND
ND

194P
Leachate

1.3 ± 0.5E-2
6.8 ± 0.4E-2

ND
3.0 ± 0.4E-3
1.3 ± O.1E-1
7.2 ± 0.4E-1
9.2 ± 0.6E-2
1.9 ± O.1E-1
2.5 ± 0.2E-2

_+
+

±
+
_+
+
+

O. 7E-2
O. 1E-2
O. 1E-1
0.3E-1
1. 1E-2
0. 1E-2
0. 1E-1
O. 1E-1
O. 2E-2

1.3
3.2
2.3
1.2
1.1
1.2
2.0
4.1
5.4

+

±

±

0.2E-1
O. 2E-2
0.2E-1
0. 4E-1
0.2E-1
O. 1E-2
0. 1E-1
0. 2E-1
0. 4E-2

uCi/Sample as of Time of Test (7-9-85)

Cr5l
Mn54
Fe59
Co57
Co58
Co60
Zr95

Nb95
Rul03

3.8
7.9
5.5
8.1
5.5
2.2

± O. 4E2
± O.5E-1
± O. 5EO
± O. 9E-3
± 0.3EO
± 0.lEO
ND

ND
ND

6.3 ± 1.3E1
1.2 ± 0.1E-1

ND
4.5 ± 0.6E-3
2.9 ± 0.2EO
6.4 ± 0.4E-1
3.1 ± 0.4E-I"

NQb
5.9 ± 0.4EO

9.8
4.8
3.0
5.5
3.6
1.4

± 2. OEI
± O.3E-1
± 0.3EO
± O. 6E-3
_ 0.3EO
± 0.lEO
ND

ND
ND

8.6 ± 2.6E1
1.5 ± 0.1E-1

ND
7.5 ± 0.8E-3
4.0 ± 0.3EO
8.1 0 0.5E-1
4.1 ± 0.3EO

NQ
1.2 ± 0.1E1

Ru-Rhl06
Sn113
Sb125
TeD127
TeD129
Cs134
Cs137

e144
a182

ND
ND
ND
ND
ND
ND
ND
ND
ND

1.2
1.2
1.9
1.3
7.5
1.5
1.1
2.7
8.9

±
±
±
±
±
±
±
±
±

0. 2E-1
0.1E-1
0. 1E-1
0. 3EO
2.0E1
0. 2E-2
0. 1E-1
0.2E-1
0.9E-2

ND
ND

2.6 ± 0.3E-2
ND
ND
ND
ND
ND
ND

2.4
2.7
3.0
1.2
1.6
1.7
2.1
9.8
4.5

±
±
±
±
±
±
±
±
±

0.2E-1
0. 2E-1
0.2E-1
0. 4EO
0. 3E2
0.2E-2
0.IE-1
0.6E-1
0.5E-1
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TABLE 73. (continued)

iiuCi/Sample as of Time of Test (6-26-85)

Radionuclide

Cr51
Mn54
Fe59
Co57
Co58
Co60
Zr95
Nb95
Rul03

212U
DC

NDa
3.5 ± 0.4E-3

ND
2.4 ± 0.5E-4
9.4 ± 0.6E-3
4.8 ± 0.4E-2

ND
2.0 ± 0.3E-3

ND

ND
ND

8.4 ± 0.5E-3
ND
ND
ND
ND

1.2 ± 0.5E-3
ND

212U
Leachate

ND
1.7 ± 0.1E-2

ND
1.5 ± 0.2E-3
8.0 ± 0.4E-2
3.7 ± 0.2E-1
8.9 ± 0.7E-3
1.7 ± 0.1E-2
1.1 ± 0.1E-2

212P
DC

ND
1.6 ± 0.2E-3

ND
9.6 ± 2.1E-5
2.8 ± 0.2E-3
1.6 ± 0.2E-2
1.2 ± 0.3E-3
1.6 ± 0.2E-3
3.6 ± 1.2E-4

ND
ND

6.3 ± 0.6E-3
ND
ND
ND
ND

9.1 ± 2.OE-4
ND

212P
Leachate

ND
1.8 ± 0.1E-2

ND
2.3 ± 0.3E-3
1.1 ± 0.1E-1
5.7 ± 0.4E-1
4.8 ± 0.3E-2
9.9 ± 0.6E-2
1.6 ± 0.2E-2

IL
IL
L
L
L
L

Ru-Rhl06
Sn113
Sb125
TeD127
TeD129
Cs134
Cs137
Ce144
Ta182

5.2
1.9
1.2
1.6
7.8
1.5
2.5
6.7
1.6

±
±
+

±
4.

±
±
+

±

0.5E-2
0. 1E-2
0. 1E-1
0.4E-1
2.3E-2
0.4E-3
0.IE-2
0. 4E-2
0. 2E-2

7.8
1.7
9.9
1.0

2.8
2.6
2.7
2.5

± 0.7E-2
± 0.1E-2
± 0.6E-2
± 0.3E-1
ND
± 0.2E-2
± 0.2E-1
± 0.2E-1
± 0.3E-1

(uiCi/Sample as of Time of Test 7-9-85)

Cr51
Mn54
Fe59
Co57
Co58
Co60
Zr95

Nb95
Rul03

ND
7.6 ± 0.7E-3

ND
5.9 ± 0.9E-4
2.9 ± 0.2E-1
5.4 ± 0.5E-2

ND

ND
ND

ND
ND

1.1 ± 0.1E-2
ND
ND
ND
ND

2.7 ± 1.1E-3
ND

ND
3.8 ± 0.3E-2

ND
3.6 ± 0.4E-3
2.5 ± 0.2EO
4.2 ± 0.3E-1
3.9 ± 0.4E-1

NQb
5.4 ± 0.4EO

ND
3.5 ± 0.4E-3

ND
2.3 ± 0.SE-4
8.9 ± 0.9E-2
1.8 ± 0.2E-2
5.4 ± 0.7E-2

NQ
1.8 ± 0.6E-1

ND
ND

7.8 ± 0.8E-3
ND
ND
ND
ND

2.1 ± 0.4E-4
ND

ND
3.9 ± 0.3E-2

ND
5.7 ± 0.6E-3
3.5 ± 0.2EO
6.5 ± 0.4E-1
2.1 ± 0.lEO

NQ
7.7 ± 0.8E0

L
L
L
Ii
L

RuRhl06
Sn113
Sb125
TeDI27
TeD129
Cs134
Cs137
Ce144
Ta 182

1.0
1.6
1.6
1.6
1.1
2.1
2.6
1.6
1.3

+

±
±
±
±
±
±
±
±

0.1E-1
0.1E-1
0.1E-1
0. 5EO
0. 3E2
0. 5E-3
0.2E-2
0.1E-1
0.2E-1

1.5
1.4
1.3
9.7

3.9
2.6
6.3
2.1

± 0.2E-1
± 0.1E-1
± 0.1E-1
± 3.2E-1
NO
± 0.3E-2
± 0.2E-1
± 0.4E-1
± 0.2E-1
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TABLE 73. (continued)

uCi/Sample as of Time of Test (6-26-85)

Radionuclide

Cr51
Mn54
Fe59
Co57
Co58
Co60
Zr95
Nb95
Rul03

253U
DC

NDa
4.7 ± 2.1E-4

ND
ND

1.6 ± 0.2E-3
8.1 ± 0.7E-3
6.0 ± 2.OE-4
4.4 1. IIE-4
2.0 + 1.OE-4

ND
ND

5.1 ± 0.6E-3
ND
ND
ND

2.0 ± 1.OE-4
ND
ND

253U
Leachate

ND
2.3 ± 0.1E-2

ND
1.6 ± 0.25-3
1.2 ± 0.1E-1
5.9 ± 0.3E-1
6.0 ± 0.4E-2
1.2 ± 0.1E-1
1.0 ± 0.1E-2

4.9 ± 0.5E-2
1.4 ± O.IE-2
7.9 ± 0.6E-2

ND
ND
ND

3.9 ± 0.2E-2
1.7 ± 0.1E-1
3.9 ± 0.3E-2

253P
DC

ND
3.7 ± 0.5E-3

ND
1.2 ± 0.2E-3
6.3 ± 0.4E-2
3.4 ± 0.2E-1

ND
ND
ND

ND
ND

4.1 ± 1.OE-3
ND
ND
ND

5.5 ± 0.6E-3
4.3 ± 0.5E-3

ND

253P
Leachate

ND
7.2 ± 0.6E-3

ND
1.3 ± 0.1E-3
6.6 ± 0.6E-2
3.5 ± 0.2E-1
5.8 ± 0.7E-3
1.2 ± 0.1E-2
7.5 ± 0.8E-3

3.7 ± 0.5E-2
8.5 ± 0.9E-3
5.5 ± 0.4E-2

ND
ND
ND

7.9 ± 0.5E-2
4.2 ± 0.3E-2
7.4 ± 0.9E-3

Ru-Rhl06
Sn113
Sb125
TeD127
TeD129
Cs134
Cs137
Ce144
Ta 182

(uCi/Sample as of Time of Test 7-9-85)

Cr51
Mn54
Fe59
Co57
Co58
Co60
Zr95

Nb95
Rul03

Ru-Rhl06
Snll3
Sb125
TeD127
TeD129
Cs134
Cs137
Ce144
Ta 182

ND
1.0 ± 0.5E-3

ND
ND

4.9 ± 0.6E-2
9.0 ± 0.7E-3
2.8 ± 1.DE-2

NQ
1.0 ± 0.4E-1

NO
ND

6.5 ± 0.8E-3
ND
ND
ND

2.2 ± 1.1E-4
ND
ND

ND
4.9 ± 0.3E-2

ND
3.9 ± 0.4E-3
3.6 ± 0.3EO
6.8 ± 0.4E-1
2.7 ± 0.2EO

NQb
5.1 ± 0.5E0

9.6 ± 0.9E-2
1.2 ± 0.1E-1
1.0 t 0.1E-1

ND
ND
ND

4.0 ± 0.3E-2
4.0 ± 0.2E-1
3.3 ± 0.2E-1

ND
8.1 ± 0.9E-3

ND
2.8 ± 0.3E-3
2.0 ± 0.lEO
3.8 ± 0.2E-1

ND

NQ
ND

ND
ND

5.2 ± 1.1E-3
ND
ND
NO

5.6 ± 0.6E-3
1.0 t 0.1E-2

ND

ND
1.6 ± 0.2E-2

ND
3.3 ± 0.4E-3
2.2 ± 0.1EO
4.0 t 0.2E-1
2.6 ± 0.4E-1

NQ
3.7 t 0.4EO

7.1 ± 0.7E-2
7.1 ± 0.7E-2
7.0 ± 0.4E-2

ND
ND
ND

8.1 ± 0.5E-2
9.9 ± 0.7E-2
6.2 ± 0.7E-2

a.
b.

ND--No photopeak was seen
NQ--Not quantified.

above the continuum background.
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Table 78. Next, a fissile determination in accordance with Appendix L was

performed, resulting in a total fissile content of 32 ± 2 mg/g as U-235

equivalent. Finally, a strontium 90 analysis was carried out and gave the

answer of 3.11 ± 0.31E2 vCi/g.

On January 20, 1986, the center fuel module was suspended in air in

the Test Area North Hot Shop. The module was examined and a videotape was

made. The salient observations were: (a) There was a darkened band that

extended around the shroud from 1/2 to 2/3 up from the bottom of the

module, (b) In the area between the upper end box and the upper core L
support structure, there was considerable debris. This debris took the I
form of previously molten material, dark in color and globular in shape,

(c) There was a large crack in one corner of the shroud in the same area as

the darkened band. It was -200-mm long and 30 mm at its widest. The crack

almost went through the shroud. Both layers of the zirconium oxide

insulating blocks could be seen. Figures 145, 146, and 147 corroborate the

above observations. The center fuel module was returned to its location in

the irradiated fuel storage facility pool, until it will be -:

nondestructively and destructively examined as part of the extended

postirradiation examination. L

4.6.7 Highlights of the Posttest Gamma Scan of the CFM

Details of the gross gamma and gamma spectrometer examinations of the L

LP-FP-2 center fuel module are presented in Appendix W; however, the

principal objectives and observations of the examinations are outlined below. L

The specific objectives of the CFM examinations were: (a) to L

determine if fuel material or fission products had relocated within the

core region of the CFM, (b) to evaluate the distribution of fission I

products radially across the face of the module at several axial locations,

and (c) measure the fission product activity in the upper plenum region of

the CR4.
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TABLE 74. DEPOSITION DEVICE COUPONS-STRONTIUM RESULTS

uCi/Sample as of Time of Count (7-11-86)

Sample ID

194P

194U

212P

212U

253P

253U

Total Sra

1.1 ± 0.2E-1

1.4 ± 0.3E-2

1.8 ± 0.4EO

6 _ 1E-2

2.4 ± 0.5E-2

6 _ 1E-2

89 Sr

5 ± IE-2

7 ±1E-3

9 ±2E-1

2.4 ± 0.5E-2

1.3 ± 0.2E-2

3.2 ± 0.6E-2

90 Sr

5.6 ± 0.8E-2

7 ± 1E-3

9 ± 1E-1

3.5 ± 0.5E-2

1.2 ± 0.2E-2

2.9 ± 0.4E-2

Ratio

0.89

1.0

1.0

0.69

1.08

1.10

pCi/Sample as of Time of Test (7-9-85)

194P 7.7E0 7.7E0 5.7E-2 135

194U 1.1E0 1.1E0 7.1E-3 155

212P 1.4E2 1.4E2 9.2E-1 152

212U 3.7E0 3.7E0 3.6E-2 102

253P 2.OEO 2.OEO 1.2E-2 167

253U 4.9E0 4.9E0 3.OE-2 166

Note: ORIGEN2 calculates an initial 8 9 Sr to 90Sr ratio of 156.

a. Leachants included some undissolved solids that made representative
sampling difficult. Analysis of filtered leachants gave lower total
strontium levels in four of the six samples. Therefore sample analysis data
for leachants containing undissolved solids has been chosen.
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TABLE 75. DEPOSITION DEVICE COUPONS--Ag AND Cd RESULTS

Total ug/Sample

Coupon ID

194U
194P

212U
212P

253U
253P

547
443

227
443

456
229

Cd

118
156

68
68

148
47

1..d

Note: Estimated total uncertainty for the above measurements is ±15%.

TABLE 76. FUEL MODULE #9 TAPE SMEARS--GAMMA RAY RESULTS

uCi/Sample as of (12-30-85)

Radionuclide 1 2

Cr51 6.9 ± 0.4EO 4.3 ± 0.6E-1
Mn54 7.6 ± 0.4E-1 1.4 ± 0.2E-1
Fe59 2.8 ± 0.6E-1 5.3 ± 1.OE-2
Co58 1.7 ± 0-1E1 1.1 ± 0.1EO
Co60 5.0 ± 0.3EO 7.2 ± 0.5E-1
Y91 3.4 ± 1.OE1 1.1 ± 0.2E1
Zr95 4.1 ± 0.3E1 1.5 ± 0.1E1
Nb95 7.3 ± 0.4E1 2.6 ± 0.1E1
Nb95m 4.2 ± 0.5E-1 1.6 ± 0-2E-1
Ru103 1.1 ± 0.1E1 5.5 ± 0.3EO
Ru-Rh106 4.6 ± 0.5EO 1.8 ± 0.2EO

Sn113 5.8 ± 0.6E-1 NDa

Sb125 2.0 ± 0.2EO 5.1 ± 0.4E-1
Cs137 2.0 ± 0.1EO 2.3 ± 0.2E-1
Ba-La140 8.8 ± 1.0E-2 3.0 ± 0.4E-2
Ce141 9.5 ± O.6E0 3.4 ± 0.2EO
Ce144 4.6 ± 0.3E1 1.2 ± 0.1E1
Ce-Prl44 5.7 ± 0.6E1 1.2 ± 0.2E1
Ta182 1.6 ± 0.1E1 5.4 ± 0.3EO

Note: Contact beta, gamma radiation readings were: 1. 3.9 R/h

2. 1.3 R/h

a. ND--No photopeak was seen above the continuum background.

I
I

I
I
I
I-:
IL
I

-I

Li
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I TABLE 77. FUEL MODULE 9 TAPE SMEARS--GAMMA RAY RESULTS

VCi/Sample Decay Corrected to Time of Test
(7-9-85)

Radionuclide

Cr51
Mn54
Fe59
Co58
Co60

Y91
Zr95
Nb95
Ru103
Ru-Rh106

1

5.4 ± 0.4E2
1.1 ± 0.1EO
4.2 ± 0.8EO
9.3 ± 0.6E1
5.4 ± 0.3EO

- 2

3.4 ± 0.3E1
2.0 ± 0.3E-1
8.0 ± 1.6E-1
6.3 ± 0.4E0
7.6 ± 0.5E-1

2.7
2.6
2.3
2.3
6.4

1.7
2.3
2.1
3.9
7.1

±
±
±
±
±

+
+

±
±

i.OE2
0. 2E2
0. 2E3
O. 2E2
0. 6EO

0. 2EO
0.2EO
0. lEO
0. 3E2
0.6E1

8.5
9.7
8.1
1.2
2.4

5.7
2.3
1.4
1.8

±
+
,+

2.OE1
0.6E1
0. 5E2
0. 1E2
0. 3EO

Sn113
Sb125
Cs137
Ce141
Ce144

NDa
± 0.4E-1
± 0.2E-1
± 0.1E2
± 0.2E1

Ce-Pr144
Ta182

8.7 ± 0.9E1
4.5 ± 0.3E1

1.8 ± 0.3E1
1.5 ± 0.1E1

NOTE: Contact beta, gamma radiation readings were:
1. 3.9 R/h
2. 1.3 R/h

a. ND--No photopeak was seen above the continuum background.

The principal results of the examinations indicate that little or no

fuel relocation occurred below the lowest level spacer grid, that more fuel

settling was apparent near the top spacer grid of the CFM on the 90 degree

face than the 270 degree face, and that only a small fraction of the CFM

isotopic inventory was irreversibly deposited on the upper plenum region of

the CFM.
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TABLE 78. PRIMARY COOLANT SAMPLE #0913 DEBRIS-- GAMMA RAY RESULTS

As of
Radionuclide

(iiCi/g)

7/9/85

Co58
Co60
Zr95
Nb95
Rul03
Te129m
Cs137
Ce 141
Ce144
Ta182

3.19
1.41
1.01
1.18
3.58
3.90
5.74
1.62
2.06
2.68

_+
_+
±

_+

+_

0.03E3
0.03E2
0.01E5
0. 06E6
0.03E4
0. 11E5
0. 14E2
0.04E5
0. 04E4
0.04E3

IL
IL
IL

Ii

L
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Figure 145. Overall view of center fuel module.
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Figure 146. Close-up view of crack in the CFM thermal shroud.
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Figure 147. Close-up view of debris in between the CFM upper
end box and the upper core support structure.



5. DATA CONSISTENCY ANALYSIS

This section describes the ORIGEN2 center bundle inventory results, "I

the consistency checks made on the LPIS G5 data, the estimated release

fractions to the BST and PCS, the PIE and the G2 consistency analysis, and

other checks and analyses that have been made in order to understand or

qualify the LP-FP-2 data. Fi

5.1 ORIGEN2 Center Bundle Inventory Results ri

The pretransient isotopic mass and activity inventories in the center

bundle were calculated using the ORIGEN2 7 computer code with the measured I
irradiation history. The ORIGEN2 computer code is designed to calculate

the nuclide composition in a nuclear reactor as a function of time. This I
code accounts for several forms of nuclide decay, neutron activation

events, or other changes induced by time-dependent fuel cycle operations.

The center fuel module for Experiment LP-FP-2 consisted of an 11 x 11

fuel rod geometry surrounded by a 25.4-mm (1.0-in.) thick thermal shroud,

as shown in Figure 5. The 11 x 11 rod geometry contained 100 fuel rods

[1.67 m (5.5 ft) in length] and 21 zircaloy guide tubes, of which 11 I

contained stainless steel clad control rods. The fuel rods contained

1136.7 grams of UO2 (1001.4 g of uranium per rod or 0.10014 MTU for the

center bundle) enriched to 9.744% U-235 (97.57 g of U-235 per rod). The

control rods each contained 1270 g of a 80% Ag-15% In-5% Cd alloy. The CFM

also contained approximately: 4600 g of Inconel, 2600 g of stainless

steel, and -38000 g of zirconium. Appendix U desribes additional details

of the LOFT center and peripheral bundles. _

For calculational purposes, the preconditioning phase of the LP-FP-2 I
experiment was modeled as follows: (a) the reactor was assumed to be

operating for 3.5 days at a constant power of 32 MW (52.5 kW/m or

16 kW/ft), and then was shut down for 3.12 days; (b) 3.333 days of

additional operation at 26.5 MW, followed by a 4.0 day interval of

down-time; and (c) a final irradiation period which consisted of running

the reactor at 32 MW for 24 h followed by an irradiation at 26.5 MW for
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16 h immediately preceding the initiation of the experiment. This

irradiation history approximates the actual irradiation history shown in

Figure 1.

II[ Because the power generated in the LP-FP-2 center bundle accounts for

-17.2% of the total core power, it follows that a core power of 32 MW

corresponds to a center bundle power of 5.5 MW (Note: the input power

values listed in this section are approximate. For the exact values used

in the ORIGEN2 analysis, see Appendix C). Also, a core power of 26.5 MW

corresponds to a bundle power of 4.6 MW. Consequently, the center bundle

burnup based on the ORIGEN2 power history is calculated to be

429.4 MWO/MTU. Another calculation of the center bundle burnup for the

LP-FP-2 experiment, based on the detailed measured irradiation history,

-1• indicates a burnup of 430 MWD/MTU, which is in excellent agreement with the

previous burnup result.

The input powers (e.g. 5.7 and 4.7 MW) used in the ORIGEN2 analysis

were obtained by multiplying the calculated center bundle powers (e.g. 5.5

and 4.6 MW) by the factor 1.041. Since the ORIGEN2 code assumes a total

fission energy of 202 MeV/fission to compute the fission rate (based on

U-235), the factor 1.041 (202/194) was used to adjust the ORIGEN2 power so

that the fission rate would be based on 194 MeV/fission, which represents

3the recoverable or thermal fission energy (total released energy minus

neutrino energy), instead of 202 MeV/fission.

Sel.ected results of the ORIGEN2 analysis for several important

nuclides are shown in Table 79. Detailed results of the ORIGEN2

calculation, showing fuel bundle activities, masses, and thermal power, are

identified in Appendix C. The input to the ORIGEN2 code is also presented

with the ORIGEN2 output listing (see Appendix C).

] Based on the ORIGEN2 data shown in Table 79, the cesium-to-iodine mass

ratio for the center bundle, just before the LP-FP-2 experiment, is

calculated to be 4.0 (the atomic ratio is 3.88). The ORIGEN2 code was also

* used to calculate the decay heat of the center bundle at 200 s into the

transient. The result of the calculation indicates that the center bundle
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TABLE 79. SELECTED ORIGEN2 INVENTORY RESULTS FOR EXPERIMENT LP-FP-2
(Center Fuel Module at 430 MWD/MTU Burnup)

Fuel Inventory at 200 sa
Specificb

Act i vi ty

(Ci/9)Material

Kr-85
Kr-85m
Kr-87
Kr-88
Kr-89
Total Kr

Rb-88
Total Rb

Xe-131m
Xe-133
Xe-133m
Xe-135
Xe-135m
Xe-138
Total Xe

1-131
1-132
1-133
1-134
1-135
Total I

Cs-134
Cs-136
Cs-137
Cs-138
Total Cs

Te-127m
Te-129m
Te-132
Total Te

Sr-89
Sr-90
Total Sr

(Ci)

4.408
6.142
3.498
1.131
1.327
6.654

x

x
x
x

10-2

10 1-10-1
10- 4

10- 1

1.730
5.056
9.913
1.419
8.848
4.039

x
x
x

x

x

x

101

10 4

10 4
105

2.600 x
8.232 x
1.490 x
2.133 x
1.330 x

2.414 x

101io.I

10 5
105
105

1.216 x 10-3

6.051 x 10-1
1.461 x 105

4.663 x 105

2.830
5.897
7.496
4.272
4.981
2.187
6.493

3.835
8.657
1.895
1.128
7.194
8.588

4.182
1.367
1.661
6.237
3.440

4.069
2.179
2.992
8.564

7.433
1.014
2.479

10-3
10 110 -3

10 -2

100

10 1
10u3

10 1
1o0

2

10 1

io10

100

10 0

10 3
10u2
i0-1

100
100

2.372
1.104
3.362
1.091
4.539
2.104
6.231

4.757
8.939
2.147
3.011
2.527
9.472

5.414
1.002
1.446
2.640
5.091

3.840
6.569
9.089
7.363

2.161
1.384
7.097

10lOs10
10o

10 5105
105

10

10i

104
10 510 5

io2

lO2
10
105
101

io 2

102

lO2
105

3.653
1.70(
5. 17E
1.68(
6.991
3.24C

A

3

5.539
1.041
2.500
3.506
2.942

1.574
2.913
4.203
7.674

4.484
7.670
1.061

x

K

x

x

x

x

K
x

x

x

K

K

K
K

x

K

x

K

101
10 4
102
10 4
10 3

104

1054
10 5

10 5
105

10-1

10~1
101
1014

10 1
o12

105

101

10?1

8.717 x
5. 583 x

4
<1
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TABLE 79. (continued)

Fuel Inventory at 200 sa

Material

Y-91

Total Y

Ru-103

Total Ru

Ba-140

Total Ba

La-140

Total La

(g)
9.019 x I0-1

1.105 x 100

5.610 x 10-I

2.955 x 100

1.100 x 100

2.977 x 100

1.243 x 10-1

1.947 x 100

(Ci)

2.213 x 104

1.184 x 106

1.811 x 104

7.095 x 104

8.025 x 104

7.227 x 105

6.922 x 104

7.355 x 105

3.803 x 104

4.028 x 105

Specificb

Activity

(Ci/g)

2.003 x 104

6.128 x 103

2.696 x 104

3.555 x 104

7.288 x 103
Ce-141 1.335 x 100

Total Ce 5.218 x 100

a. Center bundle inventory at 200 s into the LP-FP-2 experiment.

b. Specific activity is defined as the ratio of the nuclide/g of the
element (all nuclides of that element).

decay heat is -115.3 kW at 200 s. Based on an ORIGEN2 calculation for the

peripheral bundles (details included in Appendix C), the total decay heat

for the entire core at 200 s into the LP-FP-2 transient is calculated to be

684.1 kW (568.8 + 115.3). This result compares well with a detailed

reactor physics decay heat estimate of 684.8 kW (based on the data

presented in Table F-3); and both results fall within the experiment

objective of 675 kW to 695 kW.

5.2 Review of the LPIS Iodine Data and Consistency Checks

The G5 spectrometer data presented in Section 4.2 consisted of mainly
138Cs and iodine isotopes as well as 1 1 6 1n from the control rods. The

cesium and iodine data corresponded mostly to plated-out activity near the
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G5 spectrometer. There was very little data concerning noble gases. All

errors reported were for the one-sigma confidence level for statistical

counting only. In this section a simple check of the iodine and cesium

data is made.

In Figures 148 to 157, the ratio of several arbitrarily selected

iodine isotopes versus time are presented for the G5 data. These curves

have been decay corrected. If it is assumed that deposition and fuel

release phenomena have affected all isotopes of iodine equally, then the

ratio plots should approach a horizontal line. The horizontal lines

plotted in these figures represent the calculated values based on the

ORIGEN2 computer code calculations at the start of the transient, and can

be used as a reference beginning at 1500 s, when the first fuel release was

detected at G5.

The comparison of precalculated and experimental curves show good

agreement for 1311/135 1 131 1/l33 1, 131 1/134 1 133 1/ 135 1, 1331/ 134 1, and
1321/1341.The results for 131 1/132 1, 132 /135 1 134 1/135 1 and131/33,

are not in as good agreement with the theoretical. results as the previous

data sets; however, all data appears to be consistent and reasonable.

The total mass concentrations of cesium, iodine, and rubidium, at G5,

can be calculated using the specific activities listed in Table 79 and the

measured activity concentrations reported in Section 4.2. These results

are plotted Figure 158. From Figure 158 it is seen that the iodine mass

concentrations consistently give similar values of -0.055 g/m 3 for the

total iodine concentration. The cesium mass concentration curve, however,

is based on only 138 Cs and cannot be compared with other cesium data.
3

The indicated concentration density of cesium at 65 is 0.075 g/m

Therefore, the Cs/I ratio at G5 is 1.4 to 1, much lower than the 4.0 ratio

calculated for the core. It is noted that 138 Cs is a daughter of the

short-lived 18Xe, and that the cesium curve increase at -3000 s

216
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Figure 148. Iodine 131/132 ratio at G5.
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Figure 149. Iodine 132/135 ratio at G5.
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Figure 150. Iodine 131/135 ratio at G5.
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Figure 151. Iodine 134/135 ratio at G5.
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Figure 152. Iodine 132/133 ratio at G5.
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Figure 153. Iodine 133/135 ratio at G5.
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Figure 154. Iodine 131/133 ratio at G5.
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Figure 155. Iodine 132/134 ratio at GS.
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Figure 158. Total cesium, iodine, and rubidium at G5.

probably reflects a contribution from its parent, 13 8 Xe, which diffused

around the G5 detector at about this time. L

The equivalent total cesium calculated from the data measured at the L
D2 deposition spool piece and the G5 spectrometer are shown in Table 80.

Both measurement locations are close, and cesium isotopes were the only

ones measured in both places. The errors reported in the table include

only the contribution from isotopic measurements. For the case of 138Cs,

the value was derived from the data measured at 1789 s (near the time of

LPIS line closure). This was done to reduce the 1 38 Cs contribution from I-13 8 Xe decay. The data in the table differs by about a factor of six. U

IL
.4v•
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TABLE 80. INDICATED CESIUM CONCENTRATIONS

(ug/cm2 )

Location Data Error

Calculated at G5 from Cs-138 0.91E-1 4.4E-03
(at 1789s)

Calculated at D2 from Cs-134 5.4E-01 4.7E-02

Calculated at 02 from Cs-137 2.5E-01 9.2E-03

5.3 Estimated Release Fractions to the BST

The cumulative elemental release fractions to the BST were calculated

using the liquid and vapor grab sample fission product concentration data

shown in Table 27, the postexperiment BST liquid and gas volumes shown in

Table 81, and the ORIGEN2 calculated center bundle inventories shown in

Table 79. It is assumed for these calculations that all fission product

concentrations are uniformly distributed within either the liquid or vapor

spaces of the BST. In addition, leakage from the BST to the containment is

assumed to be negligible. The cumulative release fractions (CRF) were

computed as follows:

CRF = (measured concentration of the isotope in the BST) x (measured volume)
(ORIGEN2 calculated fuel inventory of the isotope in the CFM)

(measured inventory of the isotope in the BST)
(ORIGEN2 CFM inventory)

The measured BST liquid and vapor volumes are shown in Table 81. The

results of these calculations for several different isotopes are shown in

Table 82. By comparing the data in Table 82 for the noble gases and the

different isotopes of cesium, it is seen that the calculated release rates
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TABLE 81. PRE AND POSTEXPERIMENT LIQUID AND VAPOR VOLUMES IN THE BST

Volume

State Region

Preexperiment Liquid 25.5
Preexperiment Vapor 59.1

Postexperiment Liquid 30.7
Postexperiment Vapor 53.9

TABLE 82. CUMULATIVE RELEASE FRACTIONS TO THE BST

AU

U

U
LU
IiORIGEN2

Calculated
BST Data

(decay corrected)
Cumulati

Fuel Releas
Inventory Liquid Gas Total Fractio

Nuclide (Ci) (Ci) (Ci) (Ci) to the B

1-131 47570.0 29.96 0.0065 29.97 0.00063
Cs-136 100.2 0.287 -- 0.287 0.0029
Cs-137 144.6 0.361 -- 0.361 0.0025
Kr-85 17.3 -- 0.310 0.310 0.0179
Xe-131M 237.2 3.88 3.88 0.0164
Xe-133 110400.0 1939.0 1939.0 0.0176
Xe133M 3262.0 -- 47.9 47.9 0.0142
Te-132 90890.0 8.37 -- 8.37 0.000091
Ba-140 80250.0 21.82 -- 21.82 0.00027
Ru-103 18110.10 0.0213 -- 0.0213 0.00000

a. The cumulative release fraction is the ratio of the total number of
curies of a nuclide in the BST to the number of curies of this nuclide in
the center bundle.

a
ve
e
ns
ST

2

12

Ii
K-i
U
U
L

are reasonable and self-consistent. It is noted; however, that the release

information shown in this table represents the cumulative release of

fission products transported to the BST by way of three pathways: (a) the

LPIS line during the transient (see Section 5.8), (b) the combined F1+F2

sample line during the transient (see Section 5.7), and (c) the fission

products that were transported to the BST by way of the openings of the
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PORV during reflood (see Section 5.9). Therefore, the cumulative release

fraction information provided in Table 82 may not represent the source term

that was released during the transient portion of the LP-FP-2 Experiment.

5.4 Estimated Release Fractions to the PCS

Estimates of the iodine and cesium release fractions to the PCS are

made in this section. The total primary coolant volume was taken to be

6.26 m3 , and it is assumed that the cesium and Iodine concentrations were

uniformly distributed throughout this volume with no contribution assumed

for plateout. Because of these assumptions, only a first order estimate

(probably a lower bound) is made for the release fraction to the PCS. The

calculated release fractions to the PCS are shown in Table 83 assuming a

uniform distribution. It is seen that -16% of the iodine and -19% of the

cesium originally present in the CFM were present in the PCS liquid. This

includes any material released during the reflood period as well as

possible additional leached material from the damaged fuel matrix.

TABLE 83. ESTIMATED FISSION PRODUCT RETENTION IN THE PCS

Results Based on G1
(decay corrected to to)

Nuclide

1-131
1-132
1-133
1-134

ORIGEN2 Calculated
Fuel Inventory

(Ci)

4.757E + 04
8.939E + 04
2.147E + 05
3.011E + 05

Liquid Inventory
(ci)

6.57E + 03
1.71E + 04
2.80E + 04
5.21E + 04

Release fraction(%)

13.8
19.1
13.0
17.3

Cs-137 1.446E + 02 2.69E + 01

Note: Estimated PCS volume = Reactor vessel + Intact loop

= 2.61 m3 + 3.65 m3

18.6

I
-F>
V

6.26 mn
3
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5.5 Review of the PIE Data and Consistency Checks

One way to determine if the measurements make sense is to use the IJ
numbers to calculate a characteristic property for which we have some feel

or for which we can make some comparison. In light of this, the following UJ

tables have been generated to review the PIE data and help determine and

identify data consistency.

Table 84 was generated to see if the deposition device outer tubing

could be used for additional data points in the determination of the total

plateout in the upper plenum. Because the deposition device coupons

account for only 4.8 cm 2 and the total estimated upper plenum surface L

area is ca. 88 m , it would be desirable to have additional data points

for the extrapolation. The table compares the unprotected coupon Li
measurements at station elevations 212 and 253 with sections removed from

the deposition device at station elevations 209 and 254. The results for

thefisio poduts 125 Sb, 12m le 31l1 and 140 Ba agree quite

well (within a factor of 2). For these isotopes the deposition device

section data could probably be used to more accurately calculate the

deposition in the upper plenum. The remaining isotopes do not agree nearly

so well (within a factor of 10 or worse). Use of these data for typical 1
upper plenum deposition is not recommended.

Table 85 was generated to learn more about fission product deposition

in the LPIS break header line. The table compares the deposition on the

deposition spool piece 02 with that measured on deposition spool piece 03.

These two spool pieces were identical in construction and both had a

horizontal configuration in the line. The big difference was that 02 was

ca. 8-rn upstream of 03. This table shows that the deposition for the

activation/corrosion products 54Mn, 60 C, and 182 Ta was essentially[

uniform along the line. The cesium isotopes 134 and 137 behaved

differently with the 02 spool piece collecting over three times that of

03. The remaining fission products showed that the downstream spool piece

03 collected anywhere from a third more to over seven times the activity of3
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TABLE 84. COMPARISON OF DEPOSITION DEVICE SECTIONS WITH DEPOSITION
DEVICE COUPONS

U.Ci/cm2 as of 11-13-85

Sample IDa

Radionuclide

Cr51
Mn54
Fe59
Co57
Co58
Co60
Zr95
Nb95
Rul03
Rul06
Sn113
Sb125
Te129m
1131
Cs137
Ba140
Ce141
Ce144
Ta182

DD209

1.15E-1
2.4E-2
5.2E-3
2.7E-3
6.5E-1
5. OE-1
1. 9E-2
4. 1E-2
1.6E-1
1. 7E-2
1. 4E-2
4. 7E-2
1. 15EO
1. 7E-3
3.3E-3
8. 5E-3
1. 7E-2
3. 9E-2
2.2E-2

212U

6.9E-2
1.9E-2
5.4E-3
3.9E-1
2.2E-1
7.25E-2
1.3E-1
2.9E-1
4.9E-2
3.75E-2
1.4E-3
8. IE-2
2.OEO
2.4E-3
8.9E-3
6.9E-3
3.6E-2
5.6E-2
6.75E-2

0D254

5.5E-2
1.6E-2

ND
2.3E-3
7.4E-1
4.8E-1
1.15E-2
2.6E-2
1.4E-1
1.9E-2
2.3E-2
6.5E-2
1. 15E0
2.2E-3
8.5E-3
9.2E-3
1. 6E-2
3.2E-2
5. OE-2

253U

6.8E-2
2.5E-2
2. 1E-3
6.4E-1
3.8E-1
3.9E-1
6.2E-1
3.4E-1
4.3E-2
3.8E-2
1.OE-3
6.8E-2
2.OEO
1.8E-3
2.2E-2
1.3E-2
1.5E-1
2.25E-1
1.1E-1

b

c
c
C
e
d
d
e
e
d
d
e
C
C
C
d
C
d
d
d

Note: These numbers are based on a 1.6 cm2 surface area for the

unprotected coupons and
device sections.

a 13 cm2 surface area for the deposition

a. The three numbers of the sample identifier refer to the station
elevation in the reactor vessel (see Appendix 0). The letters DD indicate
the sample was a section removed from the deposition device. The letter U
indicates the sample was an unprotected deposition device coupon.

b. This column compared the deposition device section removed from station
elevation 209 with the unprotected coupon from station elevation 212 and
compared the deposition device section removed from station elevation 254
with the unprotected coupon from station elevation 253.

c. Comparisons are within a factor of 2.

d. Comparisons are within a factor of 10.

e. Comparisons are greater than a factor of 10.
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TABLE 85. ACTIVITY RATIO AND PERCENTAGES AT TIME OF TEST
LPIS DEPOSITION SPOOL PIECES--D2 AND D3

OF THE

Radionuclide

Mn54
Co58
Co60
Zr95
Nb95
Ru103

02/D3

9.8 ± 1.5E-1
6.2 t 0.8EO
8.2 t 2.1E-1
1.9 ± 0.3E-1
1.4 t 0.2E-1
3.5 ± 1.7E-1

D2%

48.8
86.1
45.1
16.3
12.3
25.4

34.1
78.1
78.0
42.3
22.2
50.0

D3%

51.2
13.9
54.9
83.7
87.7
74.6

65.9
21.9
22.0
57.7
77.8
50.0

Te129m
Cs134
Cs137
Ba 140
Ce141
Ta182

5.2
3.5
3.6
7.6
2.8
1.0

_+
±
+

±
_+

±

1. 4E-1
O. 4E0
0. 2EO
2.8E-1
0.7E-1
0. 6EO

the 02 spool piece. These data are considerably

results and any estimation of the total plateout

line must take this variance into account.

different than the cesium

in the LPIS break header

Table 86 was created to determine the efficiency of the F1 and F2

sample train dilution filters for the various radionuclides and to see if

there was any difference between the two sample lines. The F1 dilution

filter was extremely efficient for all nuclides except 103Ru, where only

ca. 18% was removed. This suggests that 10 3 Ru was much more penetrative

and thereby most probably much smaller. The efficiency of the F2 sample

train dilution filter is again quite good (ca. 90%) for all fission

products except 9 5 Nb. The 90% is typically several percentage points

less than the F1 efficiency suggesting a population of slighty smaller

particles. This is to be expected since the F2 sampling point was in the

broken loop hot leg and the larger particles would have settled out or been

trapped.

Because of the different sample locations for the F1 sample train

(just above the core) and the F2 sample train (broken loop hot leg), it is

instructive to compare the activities measured. This would give a general
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TABLE 86. DILUTION FILTER EFFICIENCIES

11Ci at Time of Count

Radionuclide

Mn54
Co58
Y91
Zr95
Nb95

Fl
Dilution
Filter

4.4E0
4.3EO
1.8E3
2.6El
2.7EI

1.OE-1
2.0E2
2.8E4
6.8EI
2.2EI
5.8E]

Fl
Collection

Filter

3.OE-2
4.2E-1
3.5E0
2.1EO
3.8E0

4.6E-1
8.4E-2
l.OEl
2.5E-2
6.3E-1
2.2E0

Efficiency

99.3
91.1
99.8
92.5
87.7

17.9
99.96
99.96
99.96
97.2
96.3

F2
Dilution
Filter

2.2E-1
5.5E-2
3.6El
7.OE-l
6.1 E-1

1.5E-1
3.1E0
4.5E2
1.9EO
5.3E-1
1.OEO

F2
Collection

Filter

2.1E-2
4.5E-2
4.OEO
8.1E-2
4.4E-1

l .4E-2
1.6E-1
2.2E1
1.7E-1
6.7E-2
1.8E-1

Efficiency

91.3
55.0
90.0
89.6
58.1

91.5
95.1
95.3
91.8
88.8
84.7

LO

Rul03
Cs134
Cs137
Bal40
Cel4l
Ce144



mobility picture for individual radionuclides. This has been done in

Table 87. The data in this table reveal that in all but two cases the F1 C

sample train collected twenty or more times the activities collected in theJ

F2 sample train. The two exceptions were 136 Csand 103 Ru The

ruthenium results suggest that the isotope was smaller and less chemically

reactive and thereby less likely to be trapped, settle out, or chemically

deposit. The cesium difference is not readily explained. Data consistency

is seen in that the isotopes of niobium and zirconium show a similarU

distribution as do the 134 Csand 137 Cs isotopes. u
Table 88 summarizes all the PIE activity measurements for the major

fission product systems. These data have been decay corrected to the time U
of the experiment and have been processed to give an estimate of the total

activity released. The assumptions used to process the data are listed as

notes to the table. The background tables that were generated to arrive at

the summary table will be discussed below. The table's value is highly

dependent on the validity of the assumptions used to correct the data and

the representativeness of the original sample. The EASR will discuss and

revise these two areas as required.

To get a quicker view of the relative isotopic distribution in the L
major systems, Table 89 was generated. Here it is easy to see how an

isotope distributed itself throughout the LOFT system. For example, theL

table shows that 95% of the 137 Cs that was measured by the PIE program

was in the PCS, 2% was in the BST, 1% had irreversibly plated out in the

upper plenum, 1% was collected in the LPIS, and <1% was found in the

aerosol sample trains F1 and F2.L

The next series of tables constitute the background calculations that

were used to generate the two previous activity summary tables. Table 90

gives the total BST liquid inventory as of the time of test. The data in

this table show considerable iodine, tellurium and barium were collected;

all of which were a factor of forty or more than 137CsL
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TABLE 87. AEROSOL SAMPLE LINE F1/F2 ACTIVITY RATIOS BASED ON
ACTIVITIES AS OF 7-9-85

Radlonuclide

Y91
Zr95
Nb95
RulO3
Cs134
Cs136
Cs137
Ba140
Ce141
Ce144
Eu155

F1/F2

5.59E1
2.35E1
2.32E1
1. 55E0
4. 19E1
1. 80E-2
4.40E1
2. 69E1
2. 95E1
4.52EI
1.97E2

F1%

98.2
95.9
95.9
60.7
97.7
1.8

97.8
96.4
96.7
97.8
99.5

F2%

1.8
4.1
4.1

39.3
2.3

98.2
2.2
3.6
3.3
2.2
0.5

Note: This table was generated by summing the activities measured,
decay-corrected to the time of test, for all components examined in
the aerosol sample lines.

TABLE 88. PIE ACTIVITY BALANCE SUMMARY

Ci Decay Corrected to (7-9-85)

Fission
Products

Deposition
PCS BST Device F1 F2 LPIS Total

Kr85
Y91
Zr95
Nb95

Mo99
Ru103
Ru106
Sb125

Te127m
Te129m
Te132
1131

Xe131m
Xe133
Xe133m
Cs134

3.2E-1

2.3E0
2.6E-2

1. 5E1
5. 2E1

4. OEO
2. 0E3
5.OE1

9.4EO
4.5E1

2.8E-1

7.1E-1

2.5E2

9.0E2

1.9E-2
2.3E-4
1.3E-3

1.7E-5
1.8E-7
4.3E-7

3.4E-4
9.8E-6
5.6E-5

1.1E-5

3.1E-2
1.8E-3
7.OE-3

1. 7E-3

1.6E-4

2.4E1

1.2E-3

3.2E-1
5. OE-2
9.4EO
4.5E1

2.3EO
2.8E1
1.8E-7
7.1E-1

1.5E1
1. 5E3

4. OEO
2.0E3
5. OE1
1.6E-1

4.9E2

1.6E-1

5.7E-4 5.2E-4
1.3E-3 4.8E-5

2.6E-4 6.2E-6
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TABLE 88. (continued)

Fission Deposition
Products PCS BST Device F1 F2 LPIS Total

Cs136 1.7E1 3.7E-1 -- 1.8E-5 1.0E-3 8.OE-2 1.7E1
Cs137 1.9E1 3.7E-1 1.6E-1 3.3E-2 7.SE-4 1.5E-1 2.OE1
Ba140 1.4E3 2.2E1 8.5E1 1.4E0 5.2E-2 4.8E0 1.5E3
Ce141 .... 1.4E1 1.3E-3 4.4E-5 5.4E-3 1.4E1 U
Ce144 .... 1.9E0 9.5E-5 2.1E-6 7.2-4 1.9E0
Eu155 ...... 5.9E-6 3.OE-8 0.1E-7 6.8E-6 U

Assumptions:

The PCS inventory was based on a total primary system free volume of

5.641 m3 and Hot Leg 1 results with exception of 1131 where Lower
Plenum I was chosen for conservatism. L
The BST inventory was based on a BST vapor volume of 53.86 m3 and a

BST liquid volume of 30.73 m3 and the liquid sample results of L
7-16-85 with the exception of Ru103 where the result from the
1400 sample of 7-30-85 was used.

The deposition device inventory was based on an upper plenum surface

area of 88.3 m2 ; with the lower coupon representative of 10% of the
area, the middle coupon representative of 30% and the upper coupon
representative of the remaining 60% of the area.

The F1 sample train inventory includes the cyclone separator/isolation
valve, dilution filters, virtual impactor, collection filters, hydrogen L
recombiner, and moisture separator.

The F2 sample train inventory includes the cyclone separator/isolation
valve, dilution filters, virtual impactor, collection filters and
moisture separator.

The LPIS inventory includes the F3 filter debris, the F3 liquid, the L
break header leachate results, the 02 and 03 deposition spoolpieces,
and the estimated plateout on the LPIS line from the broken loop hot
leg to the break header tank based on the 02 spoolpiece results. L

L
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TABLE 89. PIE ACTIVITY BALANCE DISTRIBUTION (BASED ON ACTIVITIES
AS OF 7-9-85)

Fission
Products

PCS BST

Kr85
Y91
Zr95
Nb95

100

Mo99
Ru103
Ru106
Sb125

Te127m
Te129m
Te132
1131

Xe131m
Xe133
Xe133m
Cs134

Cs136
Cs137
Ba140
Ce141

Ce144
Eu155

33

100

98
95
93

100
a

100
3.5

100
100
100

2
2
1.5

Deposition
Device

100
100

100

100

60

1
5.5

100

F1

38
a
a

a
100
a

F2
M%

0.7
a
a

a a

1.5

LPIS

62
a
a

a

a
a
a
a

a
87

a a

a
a
a
a

a
1
a
a

100 a
0.5

a
13

a. The radlonuclide
quantity was <0.5%.

was detected in the component or system but the

Table 91 gives the total BST vapor inventory as of the time of test.

As expected, there were considerable quantities of the xenon isotopes

present, with a detectable amount of 85Kr and a very small amount of
1311. The 133Xe ratio to 131mxe and to 13 3 mXe was 512 and 41

respectively. Based on ORIGEN2 calculations, the corresponding ratios were

465 and 33.
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TABLE 90. TOTAL BST LIQUID INVENTORY AS OF 7-9-85

Radionuclide Curies

Mo99 2.3EO
Rul03 2.6E-2
Te132 1.5E1
1131 5.2E1
Cs136 3.7E-1
Cs137 3.7E-1
Ba140 2.2E1

Note: This table was generated based on a posttest BST liquid volume of

30.73 m3 and the BST liquid sample of 7-16-85 with the exception
of Rul03 when the BST liquid sample of 7-30-85 was used.

Table 92 gives the total PCS inventory as of the time of test. The I
measured 14 0 Ba quantity is higher than all other isotopes that was not

expected. The measured 13 7 Cs to 136Cs ratio compares reasonably well

with the ORIGEN2 calculation: 1.12 versus 1.44. The corresponding

comparison for the 1 37 Cs to 134Cs ratio is not nearly as good: 119

versus 268.

Table 93 summarizes the measured activities for the individual

components in the F1 aerosol sample line. A couple of checks were

performed. The measured 9 5 Nb to 95Zr ratio for the individual

components were compared giving results of between 5.1 and 8.7. Similarly,

the measured 137Cs to 13 4 Cs ratios were compared giving very consistent I w

results for all components except the virtual impactor. The ratios were

111, 117, 44, and 100.

Table 94 summarizes the measured activities for the individual 3.
components in the F2 aerosol sample line. Again a couple of checks were

performed. The measured 9 5 Nb to Zr ratio for the individual

components were compared giving results between 4.4 and 8. Similarly, the

measured 137Cs to 134Cs ratios were compared giving very consistent

results for all components. The ratios were between 105 and 122. 1
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V TABLE 91. TOTAL BST VAPOR INVENTORY AS OF 7-9-85

L Radionuclide Curies

Kr85 3. 2E-1
1131 6.5E-3
Xe131m 4.OEO
Xe133 2. 05E3
Xe133m 5.OEI
Ba-La140 1.5E-5

Note: This table was generated based on a posttest BST vapor volume of

53.86 m3 and the BST vapor sample #1 of 8-6-85.

TABLE 92. TOTAL PCS LIQUID INVENTORY AS OF 7-9-85

Radionuclide Curies

1131 2.3E2
Cs134 1.6E-1
Cs136 1.7E1
Cs137 1.9E1
Ba140 1.4E3

Note: This table was generated based on a posttest PCS volume of

5.641 m3 and the Hot Leg #1 results of 8-22-85 with the exception
of 1131 when the Lower Plenum #1 result was chosen for its higher
1131 concentration.

Table 95 lists the LPIS distances and surface areas that were used to

convert individual LPIS sample measurements into total system inventories.

Table 96 gives the references that were consulted to determine the

upper plenum surface area. This report used the number 88.3 m2 as listed

in NUREG/CR-0247.

Table 97 is essentially the same as Table 85 that was previously

discussed. It does sum the decay corrected activities for the two

deposition spool pieces, D2 and D3, which are used to determine the total

LPIS inventory.
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TABLE 93. Fl AEROSOL SAMPLE LINE INVENTORY

uaC1as of 7-9-85

Isotope

Mn54
Co58
Co60

Y91
Zr95
Nb95

Rul03
Ru-Rhl06
Sb124
Sb125

Tel27m
Tel29m

Cs134
Cs136
Cs137

Ba140
Ba-La140

Cel41
Ce144
Ce-Prl44

Eul55
Tal82

Cyclone
Separator

8.4E-1
ND
ND

2.6E3
2.6E1
1.8E2

ND
ND
ND
ND

ND

2.2E1
ND

5.4E3

l.0E5
1.0E5

1.4E2
ND
ND

5.9E0
3.5EO

Dilution
Filter

6.7EO
2.5EI

ND

1 .6E4
1.8E2
9.8E2

2.5E0
ND
ND
ND

3.8E2
1.2E3

2.4E2
ND

2.8E4

I.3E6
1.5E6

1.1E3
9.0E1

NO

ND
ND

Virtual
Impactor

1.2E-2
7.3E-1
1.4E-2

3.6E0
4.4E0
3.6E1

3.4EO
ND
ND

6.6E-2

NM
3.2EI

1 .4E-1
ND

6.1EO

ND
7.2E1

8.3E0
1 1.EQ
6.4E-1

ND
2.9E-2

Collection
Filter

4.5E-2
2.5E0
3.9E-2

3.OEl
1.5E1
I.3E2

l.IEl
1 .8E-1
1.7E-2
3.6E-1

1 .9E2
1.1E2

1.OE-1
1.8E1
1 .OE1

4.6E2
1.2E3

2.8E1
3.5EO
3.5EV

4.3E-2
4.8E-2

Hydrogen
Recombiner

Noa
1.2E-2

ND

NO
4.5E-2
2.3E-1

3.7E-2
ND
ND
ND

ND

ND
ND

6.5E-2

ND
ND

1.2E-1
2.1E-2

ND

ND
No

Moisture
Separator

9.3E-4
ND

5.1E-4

Nu
NO
NU

ND
ND
NO
NU

NM
ND

ND
ND

3.8E-3

ND
NO

ND
ND
ND

ND
ND

Total

7.6E0
2.801
5.4E-2

1 .9E4
2.3E2
1.3L3

1.71E
1 .8E-1
1.7E-2
4.3F-1

5.7Ez
1.3E3

2.6E2
1.8E1
3.3E4

I.4E6
I .6E6

1.3E3
9.5EI
4.1E0

5.9E0
3.6E0

a. ND--No photopeak was seen above the continuum background.

b. NM--Not measured.
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TABLE 94. F2 AEROSOL SAMPLE LINE INVENTORY

1pCi as of 7-9-85

C.)

Isotope Se

Mn54
Co58
Co60

Y91
Zr95
Nb95

Ru103
Ru-Rhl06
Sb124
Sb125

Tel27m
Tel29m

Cs134
Cs136
Cs137

Ba140
Ba-La140

Ce141
Ce144
Ce-Pr144

Eul55
Tal82

a. ND--No photopeak

b. NM--Not measured.

yc lone
parator

1.5E-1
6.1E-I
8.6E-2

NDa
4.OEO
2.8E1

7.lEO
ND
ND
ND

NM
ND

2.3E0
ND

2.7E2

I.4E4
1.3E4

1.5E1
ND
ND

ND
6.oE-1

Dilution
Filter

3.4E-1
3.3E-1
5.2E-1

3.1E2
5.OEO
2.2E1

3.6E0
ND
ND
ND

3.4E2
4.3E1

3.7E0
1.0E3
4.5E2

3.5E4
3.5E4

2.5E1
1.7EO

NO

ND
ND

Virtual
Impactor

8.5E-3
1.1E-I
2.5E-2

ND
2.5E-1
2.OEO

1.4E-1
ND
ND
ND

NMb
NO

6.OE-2
ND

6.3E0

ND
4.4E2

9.2E-1
1.1E-1

NO

ND
ND

Col lection
Filter

3.2E-2
2.5E-1
6.7E-2

3.4E1
5.6E-1
4.OEO

3.4E-1
ND
ND
NO

I.8E2
5.4E0

1.9E-1
ND

2.2E1

2.8E3
3.2E3

3.OEO
2.8E-1
7.9E-2

3.OE-2
NO

Moisture
Separator

8.5E-4
9.9E-3
3.2E-2

Nb
ND
ND

ND
ND
ND
NO

NM
ND

ND
NO

4.1E-3

NU
NO

NU
NO
NO

ND
NO

Total

5.3E-1
1.3EO
7.3E-1

3.4E2
9.8E0
5.6E1

l.lEl
ND
ND
NIU

5.2E2
4.8E]

6.2E0
1 .0E3
7.5E2

5.2E4
5.ZL4

4.401
2.l EO
7.9E-2

3.OE-2
6.Uk-1

was seen above the continuum background.
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TABLE 95. LPIS DISTANCES AND AREAS

Broken Loop Hot Leg to Deposition Spool Piece D2

Length: 1.52 meters

Surface area: 1410 cm2

Deposition Spool Piece 02 to Break Header Tank

Length: 2.79 meters

Surface area: 2590 cm 2

Break Header Tank to Deposition Spool Piece D3

Length: 5.08 meters
Surface area--- 4710 cm

Break Header Tank Leached Line Length (does not include pipe jumper) L
Length: 8.33 meters

Surface area: 7720 cm 
L

Break Header Tank Leached Section Before Filter

Length: 5.08 meters <
2

Surface area: 4710 cm 2

Table 98 gives the equation that was used to determine the total

activity in the LPIS line. The largest uncertainty in this formula is the

determination of the activity in the length of the LPIS line from the

sampling point in the broken loop hot leg to the break header tank by using -

only the 02 activity and the length of the line. This is a very simplistic

assumption. From previous tables comparing the activities in the 02 spool I-
piece with the D3 spool piece it is apparent that this uniform

approximation is only good for the activation/corrosion products 5 4Mn,

60Co, and 18 2 Ta. The plateout profile is very isotopic dependent and

it will be the task of the EASR to refine this initial approximation. Ij
Table 99 lists the decay-corrected activities that were used to

calculate the total activity in the LPIS break header system using the

equation given in Table 98. This table took the available measured values
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TABLE 96. UPPER PLENUM TEMPERATURES AND SURFACE AREA

During the 1200 to 1800 second interval the temperature range at the three

deposition coupon elevations was:

253 AT--550 to 5900K
-- 520 to 6001F

212 AT--560 to 6400K-- 560 to 695 0F

194 AT--585 to 710 0K
-- 600 to 800OF

a. NOTE: Recent calculations that are documented in Appendix P indicate

an upper plenum surface area of 57.7 m2 that is probably more
appropriate for fission product deposition calculations.
However, these results were too recent to have been used in the
analyses presented in this report, but are planned to be
included in the EASR.

-;• From the LOFT SYSTEM AND TEST DESCRIPTION, NUREG/CR-0247, TABLE X, page 122:

approximate surface area for the upper core support

structure--88.3 m2

4--950 ft 2

From WTS-8-80, "Request for shielding analysis for use in design of a
transfer cask for the LOFT flow shirts and lower core support structure":

estimated internal surface area of nonfuel portion of all fuel

modules--770 ft2 ±10%

-- 71.5 m2

found in Section 4.6 and corrected them to give a total isotopic activity

for the component or portion of the system involved. The majority of these

corrections took the form of a simple multiplicative factor to account for

lJ the volume involved, the surface area contacted, or the debris weight.

Table 100 performed a comparison of the total decay corrected LPIS

activities with the ORIGEN2 calculated inventory of the center bundle 200 s

into the experiment. The table shows that the relative release fractions

for the cesium isotopes were very nearly the same as were the cerium
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TABLE 97. COMPARISON OF DEPOSITION SPOOL PIECE D2 WITH DEPOSITION
SPOOL PIECE D3 BASED ON ACTIVITIES (MICROCURIES) AS OF
TIME OF TEST 7-9-85

U
Radionuclide D2/D3 D2/cm2  03/cm2  02+D3

Mn54 0.98 2.1E-3 2.2E-3 1.2E0
Co58 6.22 1.8E-2 2.9E-3 5.9E0
Co60 0.82 6.4E-4 7.8E-4 4.OE-1
Y91 .. 1.5E0 4.2E2

Zr95 0.19 1.3E-2 6.7E-2 2.3E1
Nb95 0.14 7.4E-2 5.3E-1 1.7E2 LI
Rul03 0.35 1.8E-2 5.3E-2 2.OE1
Te129m 0.52 4.6E-1 8.9E-1 3.8E2

Cs134 3.48 8.2E-2 2.3E-2 3.OE1
Cs137 3.55 9.6E0 2.7E0 3.5E3
Ba140 0.76 1.1E2 1.5E2 7.4E4
Ba-La140 1.38 2.1E2 1.5E2 1.OE5

Ce141 0.28 5.7E-2 2.0E-1 7.3E1
Ce144 -- . 2.2E-2 6.2E0

Eu155 --.. 3.2E-3 9.1E-1
Ta182 1.00 3.OE-3 3.OE-3 1.7E0

isotopes. It also gives an idea of the relative volatility of the various

isotopes. For example, the cesium isotopes' fraction was about a factor of

one thousand times higher than the cerium isotopes. L

One of the more difficult tasks was to determine an estimate of the

total irreversible deposition in the upper plenum using only data from L
three very small deposition coupons spaced at three different elevations in

the reactor vessel. Table 101 was generated as a first order attempt to

quantify this deposition. By looking at the relative location of the

coupons in relation to the whole upper plenum and its corresponding area, a

rather simplistic area partitioning was performed. The lowest coupon at II-
station elevation 194 was estimated to be representative of 10% of the

upper plenum surface area, the middle coupon at station elevation 212 was

estimated to represent 30% of the area and the uppermost coupon at station
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TABLE 98. EQUATION USED TO DETERMINE THE TOTAL ACTIVITY IN THE
LPIS LINE

LPIS Total = D2(length of LPIS from BLHL to Tank - 12") + 02 +
D3 + 4502 Leach + 4521 Leach + F3 Liquid + F3 Debris

surface area of LPIS from BLHL to Tank = (9.27 cm)(484) = 4487 cm2

surface area of D2 = 282 cm2

(D2/cm 2)(area of LPIS from BLHL to Tank - area of 02) =

(D2/cm2 )(4205 cm2)

Legend:

D2--Activity measured in the deposition spoolpiece 02

03--Activity measured in the deposition spoolpiece D3

4502 Leach--Activity removed from the piping inside the LPIS break
header shield tank with the 4502 TURCO solution

4521 Leach--Activity removed from the piping inside the LPIS break
header shield tank with the 4521 TURCO solution

F3 Liquid--Activity measured in the condensate found in the F3 filter
housing

F3 Debris--Activity measured in the debris collected from the F3 filter

BLHL--Broken Loop Hot Leg

Tank--Break header shield tank

elevation 254 was estimated to represent deposition in the upper remaining

60%. The table took the decay corrected coupon measurements and multiplied

them by that portion of the upper plenum surface area previously estimated

to give a total upper plenum deposition. Since one has to multiply the

measurements by numbers of the order of 105, the accuracy of the

estimation technique is especially crucial to the meaningfulness of the

results. It will be the task of the EASR to re-evaluate these results.
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TABLE 99. LPIS ACTIVITY DISTRIBUTION AND TOTAL ACTIVITY
ACT[VITLtS AS OF 7-9-85 (4Ci)

Radionuclide

Mn54
Cos8
Co60

Y91
Zr95
Nb95

Ru103
Tel29m
1131

Cs134
Cs136
Cs137

Bal40
Ba-Lal40
Cel41

Ce144
Eu155
Ta182

Notes:

02+03

1.2E0
5.9E0
4.0E-1

4.2E2
2.301
I .7E2

2.0£1
3.8E2
ND

3.01
ND

3.5E3

7.4E4
I .OES
7.3E1

6.2E0
9.IE-1
1 .7E0

F3 Liquid

1 .2EI
NO
ND

NO
NO

5.OE1

NO
NO

3,9E5

I .6E2
1.5E4
2.0E4

1.3E6
7.1ES
NO

I .7E2
NO
NO

#4502

ND
NO
NO

NO
7.8E2
1 .3E3

l.1E3
NO

9.1 E6

6.4E2
6.5E4
7.7E4

1.4E6
I 4E6
NO

NO
NO
ND

#4521

2.2E0
3.2E2
NO

2.6E4
5.OE2
3.3E3

1 .4E2
1.1 E4
I.4E7

2.3E1
NO

2.6E3

1.3E6
2.0E6
4.1E3

4.2E2
ND
No

F3'Oebris

6.2E0
2.IEM
3.0EO

4.8E3
4.6E2
I .9E3

3.6E2
2.UE3
8.1E5

1.5E1
NO

1 .8E3

3.0E5
3.4E5
9.6E2

I .2E2
No

9.2E1

BASEU ON MEMSURED

PretanK Total

8.8E0 5.OE1
7.601 4.2EZ
2.7E0 6.1EO

NU 3.1E4
5.SEI 1.bE3
3.1t2 7.UL3

7.6E1 1.7E3
1 •9E3 1.5t4

NO 2.4E7

3.4E2 1.2E3
NO 8.0E4

4.0E4 1.SES

4.6E5 4.8E6
8.8E5 5.4E6
2.4E2 5.4E3

NU 7.2E2
NO 9.IE-1

1.3E1 l.1E2

U
Ii

• 1

02 + 03 is the total deposition collected from deposition spool pieces 02 and 03.

F3 Liquid is the total activity in the liquid removed from the LPIS F3 filter
housing.

#4502 is the total activity removed by the Turco #4502 solution from the LPIS
break header tank piping.

#4512 is the total activity removed by the Turco #4512 solution from the LPIS
break header tank piping.

F3 debris is the total activity removed from the LPIS break header filter F3.

Pretank is the total estimated activity in the piping from the broken loop hot
leg to the inlet of the LPIS break header tank.

Total is the total calculated activity in the LPIS, decay corrected to the time
of test.

NO--No photopeak was seen above the continuum background.

L
L
L
L
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A further check on the deposition device coupon measurements was

performed. Table 102 compared the irreversible deposition (as determined

from the unprotected coupon) and the total deposition (as determined from

the protected coupon). The first half of the table converted the activity

per coupon to an activity per cm2. From this, one sees that the

irreversible deposition was fairly uniform at the three reactor station

[elevations for all detectable isotopes. This is not the case for the

measurements from the protected coupons where differences of the order of a

factor of 20 or more are present. Ideally, it would be nice to just

subtract the unprotected deposition coupon measurements from the protected

coupon measurement to give a value for what would be considered reversible

deposition. Unfortunately, this cannot be done. The unprotected coupons

were exposed to the reactor for several months prior to examination during

Lwhich time additional plateout occurred. In fact, the relatively uniform

distribution for the unprotected coupons is probably directly related to

the fact the coupons were exposed to a fairly uniform bath of fission

products for an extended period of time. Whereas the exposure time for the

protected coupons was only about 600 s and was highly dependent on chemical

form, temperature, and flow conditions at the three elevations within the

reactor vessel. These observations become more readily visible when

converted to percentages. This was done and the information is presented

in the second half of Table 102.

Table 103 took the strontium measurements for the various components

(9 and systems, calculated the 89Sr to 90Sr ratio and then compared the

results to the ORIGEN2 calculated ratio for the time of count. The BST

ratios for the replicate samples taken on 7/30/85 agree quite favorably

Lwith the ORIGEN2 result: 64.5 and 62.5 versus 66.1. The sample acquired

on 7/16/85 with a measured strontium ratio of 20 differs greatly from the

LORIGEN2 result. The reason for this discrepancy is not known. The

measured strontium ratios for the primary coolant system samples agree

L quite well with one another: ca. 40. The ORIGEN2 result for this date is

slightly higher: 55.3. The measured strontium ratios for the dilution

t • filters and the collection filters as of 2/25/86 agree reasonably well with

L : each other: ca. 4. The corresponding ORIGEN2 result is 6.66. The

SI measured filter debris, strontium ratio was 23.2, which compares nicely with
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TABLE 100. LPIS ACTIVITY AS A FRACTION OF THE CENTER FUEL MODULE
INVENTORY BASED ON ACTIVITIES DECAY CORRECTED TO TIME OF TEST

Radionuclide

Y91
Zr95
Nb95

Ru103
Te129m
1131

Cs134
Cs136
Cs137

Ba140
Ce141
Ce144
Eu155

Total Activity
(.Ci)

3.1E4
1.8E3
7.0E3

1.7E3
1.5E4
2.4E7

1.2E3
8.0E4
1.5E5

4.8E6
5.4E3
7.2E2
9.1E-1

Fraction of CFM Inventory

1.4E-6
7.6E-8
1.8E-6

9.4E-8
2.3E-5
5.OE-4

2.2E-3
8.OE-4
1.OE-3

6.OE-5
1.4E-7
1.5E-7
1.7E-7

Note: CFM inventory was obtained from ORIGEN2 results based on a
430 MWD/MTU burnup at 200 s into the experiment.

the calculated ratio of 20.1. Finally, the strontium ratios for the

deposition device coupons were essentially about one for the as-measured

data versus 1.04 for the ORIGEN2 calculation (excellent agreement).

Tables 104 and 105 give a distribution of the control rod materials

(Ag, Cd), fuel particles (U235) and corrosion products (Fe, Ni, Cr, etc.)

collected in the F1 and F2 aerosol sample lines. These tables show that

cadmium and silver were identified only in the large dilution filter of the

F1 sample line. The amount of cadmium was 167 times that of silver. Iron,

nickel, and chromium were present in considerable amounts throughout the

two sample lines. Iodine 129 was identified only in the large dilution

filter of the F1 sample line. The amount measured was over two hundred

times that of F2. Uranium was found in all components of the F1 and F2

sample train with the amount recovered in F1 being -25 times that of F2.

,j
I;i ./
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LI
TABLE 101. ACTIVITY IN THE UPPER PLENUM BASED ON THE DEPOSITION

DEVICE COUPON DATA

Ci as of time of test (7-9-85)

Radionuclide Lower Middle Upper Total

7 Zr95 1.6E-1 7.7E-1 8.5E0 9.4E0

Nb95 9.7E-1 4.2E0 4.OE1 4.5E1
Ru103 2.5E0 7.4E0 1.8E1 2.8E1

L Sb125 8.3E-2 2.4E-1 3.9E-1 7.1E-1

Te129m 2.9E1 7.4E1 1.5E2 2.5E2

1131 NDa 3.7E2 5.3E2 9.0E2
Cs137 1.6E-2 2.4E-2 1.2E-1 1.6E-1

Ba140 ND 1.6E1 6.9E1 8.5E1
Ce141 7.3E-1 1.4E0 1.2EI 1.4E1
Ce144 8.3E-2 2.OE-1 1.6E0 1.9E0

Note: The total curies deposited in the upper plenum is based on a surface

area of 88.3 m2, with the lower coupon representative of 10% of
the area, the middle coupon representative of 30% of the area and

<N: the upper coupon representative of 60% of the area.

Ja. ND--No photopeak was seen above the continuum background.

The distribution of the uranium in the two sample lines was both similar

and not so similar. The smallest collection filter (<2 microns) retained

30% in both the F1 and F2 sample lines. The largest collection filter (7

to 30 microns) retained almost 56% of the F1 sample and only 26.5% of the

F2 sample line. The 2 to 7 micron collection filter retained 14.4% of the

F1 sample and 43% of the F2 sample. This result is to be expected since

the F2 sampling port was downstream of the F1 sampling port and the largest

particles would be the most affected by transmission losses while the

smallest particles would be the least affected.

5.6 Review of the G2 (F1+F2) Sample Line Data

The purpose of this subsection is to review the analysis performed on

the G2 gamma spectrometer data for the F14F2 sample line and to determine

J 245



TABLE 102. DEPOSITION DEVICE COUPON DEPOSITION

Coupon ID a (uCi/cm as of Time of Test 7-9-85)

Radionuclide

Zr95
Nb95
Ru103
Sb125
Te129m

1131
Cs137
Ba140
Ce141
Ce144

194U 212U 253U 194P 212P 253P

1.8E-1
1. lEO
2. 8EO
9.4E-2
3.3EI

NOb
1.8E-2
NO

8.3E-1
9.4E-2

2.9E-1
1. 6EO
2.8EO
8.9E-2
2.8E1

1.4E2
8.9E-3
6.2E0
5.3E-1
7.5E-2

1.6EO
7.6EO
3.3E0
7.4E-2
2.9E1

1.0E2
2.3E-2
1.3E1
2.3EO
3. 1E-1

2.05EO
1.05E1
5.2EO
1.2E-1
4.2EI

3. 1E2
5. OE-2
3.2E2
2.9E0
3.7E-1

8.2E-1
4.5E0
2.9E0
ND

2.4E1

6.4E3
2.8E-2
1. 4E4
1. 9EO
6.4E-1

1.OE-1
5. 7E-1
1. 1EO
2.5E-2
1. ME

5.7E2
3. 1E-2
3.3E1
2. DE-1
3.3E-2

Device Coupon Deposition Distribution
as of Time of Test 7-9-85

Deposition

Coupon IDa

Radionuclide

Zr95
Nb95
Rul03
Sb125
Te129m

1131
Cs137
Ba140
Ce141
Ce144

194U
(Y-)

8.9
10.4
31.4
36.5
36.4

NQc
35.8

NQ
22.5
19.7

212U
(Y-)

14.2
15.9
31.4
34.6
31.5

57.9
18.3
33.1
14.5
15.8

253U

76.9
73.8
37.1
29.0
32.2

42.1
46.0
66.9
63.0
64.5

194P

69.0
67.1
56.2
83.3
55.0

4.3
45.6

2.3
58.4
35.8

212P

27.6
29.1
31.5
NQ

30.8

87.9
25.7
97.5
37.4
61.1

253P

3.4
3.7

12.3
16.7
14.2

7.8
28.6

0.2
4.1
3.2

I
I
L

UI-
I-

a. The first three numbers of the coupon identifier represent the station
elevation in the reactor vessel (see Appendix 0). The letter refers to
whether it was unprotected (U) and was washed by reflood, or protected (P)
and isolated prior to reflood.

b. ND--No photopeak was seen above the continuum background.

c. NQ--Not quantified.

'-L
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TABLE 103. POSTTEST BST STRONTIUM 89/90 RATIOS

Sample ID

7/16/85

7/30/85 @ 1000

7/30/85 @ 1400

Ratio as of 9/10/85

20

64.5

62.5

Note: ORIGEN2 @ 63 days calculates a ratio of 66.1

Posttest PCS Strontium 89/90 Ratios

Sample ID

Hot Leg #1

Hot Leg #2

Lower Plenum #1

Lower Plenum #2

Ratio as of 9/23/85

41.4

38.6

40.7

42.2

Note: ORIGEN2 @ 76 days calculates a ratio of 55.3

Collection Filter Strontium 89/90 Ratios

Sample ID*

FlA
FIB
FIC

Ratio as of 2/25/86

4.71
6.33
4.05

F2A
F2B
F2C

3.86
4.77
4.13.4

-J

1J

Note: ORIGEN2 @ 231 days calculates a ratio of 6.66

* F--aerosol collection sample

1--sampling point at core exit;
2--sampling point in broken loop hot leg
A--<2 microns
B--7 to 30 microns
C--2 to 7 microns
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TABLE 103. (continued)

Dilution Filter Strontium 89/90 Ratios

Sample ID

F1 Large

F1 Small

F2 Large

F2 Small

Ratio as of 2/25/85

3.89

3.91

3.85

3.47

Note: ORIGEN2 @ 231 days calculates a ratio of 6.66

LPIS Filter Debris Strontium 89/90 Ratio

Sample ID

Filter Debris

Ratio as of 12/6/85

23.2

Note: ORIGEN2 @ 150 days calculates a ratio of 20.1

Deposition Device Coupons Strontium 89/90 Ratios

Sample ID

194P

194U

212P

212U

253P

253U

Ratio as of 7/11/86

0.89

1.0

1.0

0.69

1.1

1.1

Note: ORIGEN2 @ 367 days calculates a ratio of 1.04

the consistency and inconsistencies or both in the measured data.

Figures 159 and 160 show the measured activities of the Xe and Kr nuclides

measured at the G2 gamma spectrometer location. To compare the individual

Xe data and Kr data, the total elemental mass concentrations of Xe and Kr
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TABLE 104. F1 AEROSOL SAMPLE LINE ELEMENTALa INVENTORY (pg)

Dilution
Element FilterLarge

Ag 9.72E1
Cd 1.62E4

Fe 1.70E6
Ni 1.62E5
Cr 6.32E5

Mo 3.24E3
Cu 6.48E3
Mn 1.30E3

Al 1.62E3
Ca 1.78E4

1129 6.7E0

U235 1.6E2

a. Also includes the r

b. ND Not detected.

c. NA Not analyzed.

Dilution
FilterSmall

<I.08EI
<1 .08E3

9.18E5
8.75E4
1.30E5

1.62E4
1.19E4
9.72E2

4.32E2
ND

<3.6E-1

2.4E0

Virtual
Impactor

<5.40E0
<5.4OE2

2.32E5
1.73E4
5.08E4

2.16E2
3.78E3
3.24E2

N b
ND

NAC

NA

Collection
Filter A

<5.40E0
<5.4OE2

1.19E5
2.00E4
2.86E4

3.24E2
3.78E3
1 .62E2

1 .08E2
1.62E3

<4.7E-2

2.7E0

Collection
Filter B

<5.40E0
<5.40E2

I.35E5
2.21 E4
3.29E4

3.24E2
1.62E3
1 .62E2

ND
ND

<2.5E-2

5.OEO

Collection
Filter C

<5.40E0
<5.40E2

8.64E4
I .94E4
2.27E4

2.16E2
1 .08E2
1 .62E2

ND
ND

<1.08E-1

1 .3E0

Total

<1 .30E2

<1 .94t4

3.19E6
3.28t5
8.97E5

2.0bE4
2.77E4
3.0803

2.16E3
1.94E4

<6.75EI

1.71E2

adioisotope 129, and the fissile equivalent as 235U.



TABLE 105. F2 AEROSOL SAMPLE LINE ELEMENTALa INVENTORY (pg)

Dilution
Element FilterLarge

Ag <1.62E]
Cd <1.62E3

Fe 5.83E4
Ni 1.62E5
Cr l.1OE5

Mo 1.62E3
Cu 9.72E3
Mn 9.72E2

Al 9.72E2

Ca ND

1129 <2.70E-1

U235 3.8E0

a. Also includes the ra4

b. ND Not detected.

c. NA Not analyzed.

Dilution
FilterSmall

<1 .08EI
<1 .08E3

7.24E5
1 .02E5
1 .51E5

9.72E3
6.48E3
8.64E2

6.48E2

ND

<1 .35E-1

2.4E-1

Virtual
Impactor

<5.40EO
<5.40E2

2.85E5
2.97E4
5.94E4

3.24E2
2.16E3
4.32E2

NDb

ND

NAc

NA

Collection
Filter A

<5.40E0
<5.40E2

1.46E5
2.21E4
8.37E4

3.24E2
2.16E3
2.70E2

1 .08E2
ND

<1 .80E-1

9.2E-1

Collection
Filter B

<5.40E0
<5.40E2

1.46E5
1 .94E4
9.18E4

3.24E2
2.16E3
2.16E2

1 .62E2
ND

<6.8E-2

8.OE-1

Collection
Filter C

<5.40E0
<5.40E2

1 .40E5
2.16E4
3.35E4

3.24E2
I.62E3
2.16E2

1 .62E2
ND

<6.8E-2

1 .3EO

Total

<4.86EI
<4.86E3

1.49E6
3.57E5
5.29E5

1 .26E4
2.43E4
2.97E3

2.05E3
ND

<7.21E-1

7. U6LU

'3'0n

dioisotope 1291 and the fissile equivalent as 2 3 5 U.

trl -Moe -1 ins an
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Figure 159. Measured activity of xenon at G2.
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Figure 160. Measured activity of krypton at G2.
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are calculated for each measured nuclide. This is accomplished by
3

converting the measured activity concentration (Ci/m ) into an elemental

mass concentration (grams of the corresponding element/m 3) by dividing by

the relative specific activity of the particular nuclide. For example,

from Table 14, the measured activity of 13 3 Xe is 2.10x10 3 (Ci/m 3 ) at

1668 s. The specific activity of 1 3 3 Xe at about this time (actually

computed at 1740 s using the ORIGEN2 data reported In Appendix C) is

1.70 x 104 (Ci of Xe-133/gram of Xe). Therefore, the estimated amount of

Xe in the FI+F2 sample line near the G2 gamma spectrometer location at this

time is 1.24 x 101 g/m3 = 2.10 x 103/1.70 x 104. This calculation [1
can be performed for each isotope of Xe that was measured to determine an

estimate for the total amount of Xe (radioactive plus nonradioactive) -

present at G2 as a function of time. Each of these individual estimates

predict the total amount of Xe and therefore these results can be directly [
compared. Figures 161 and 162 show the calculated amounts of Xe and Kr at

the G2 location based on the separate isotopic measurements.

0.125 1

- Xe-133 FPMS closed
Xe-135 ,m

0.100 Xe-135

-W-X9-138

0.075 L
FPMS opened

r•0.050 1
to

_ _ _ _ _ _ _ _ _ I0.025-

0.0001 " : :
0 500 1000 1500 2000 2500

Time (s) LIBu-KUUO-03

Figure 161. Xenon mass concentration at G2.
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='• ~~0.0025 ,,X,

~~0.0000
0 600 1000 1500 2000 2500

Time (s) us=-23-0..4

Figure 162. Krypton mass concentration at G2.

...... .~c

Based on the xenon data shown in Figure 161, it is apparent that

, excluding the 133Xe result, which appears to be a little high, the other

I Xe isotopic measurements produce a consistent estimate of the total Xe mass

concentration. Even including the 133Xe data, the overall elemental Xe

3mass concentrations appear to be fairly consistent. Likewise, the

elemental Kr data shown in Figure 162 is consistent for times <1900 s.

After FPMS lines are closed, the elemental Kr result based on the measured

85mKr data is higher than that-predicted by the 87Kr and 88Kr data.

Using the data presented in Figures 161 and 162, the best estimate average

3ass concentrations for Xe and Kr are shown in Figure 163.

jl 5.7 An Estimate of the Quantity of Noble Gases That Were

Transported Through the FI+F2 Sample Line and Into the BST

Since the average elemental mass concentrations of Xe and Kr have been

jcomputed in Section 5.6 and shown in Figure 162, and since the volumetric

flow rates have been calculated for the F1, F2, and the combined F1 + F2
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Figure 163. Average mass concentration of xenon and krypton
in the F1 + F2 line near G2.

sample line passing the G2 gamma spectrometer (see Appendix E), it is

possible to calculate the amount of Xe and Kr that was transported to the I
BST by way of the F1 + F2 steam sample system. Also, since the total

amount of Xe and Kr in the BST can be calculated from the data shown in

Table 82, it is possible to estimate the relative fraction of the noble gas

inventory in the BST that was transported through the F1+F2 sample system. i:
The assumptions and calculations are outlined as follows:

1. Because the combined F1+F2 sample line (which passes the G2 gamma I
spectrometer) is downstream of the two sample line condensers,

e.g. moisture separators (for details see the microfiche card

titled: "APPENDIX G FICHE #1"), it Is assumed that the primary

fluid carrying the noble gases by the G2 spectrometer was argon

(which entered the F1 line as a sheath gas). Consequently, it is
assumed that for the best estimate case, 100% of the water vapor

has been removed from the two lines. Furthermore, since the L
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combined F1+F2 line has the same pipe geometry as the two

separate-lines downstream of the critical orifices or downstream

of the moisture separators, the volumetric flow rate in the F1+F2

combined line is simply the volumetric argon flow rate calculated

for the F1 line shown in Figure E-6 of Appendix E.

2. By multiplying the volumetric flow rate (m 3/s) in the F1 + F2

line by the average noble gas concentrations at the G2 location

(g/m 3), the mass rate of Xe or Kr passing G2 can be

calculated. Finally, by integrating this result up to the time

at which the line was closed (1766 s), the total mass of Xe or Kr

that entered the BST by way of the FI+F2 sample system can be

determined. The results of the best estimate calculation

(assuming only argon as the primary fluid in the FI+F2 line

downstream of the condensors) are shown in Figure 164.

I
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0.4

E
0*

0.2

0

uau4-aaso0-0

0 500 1000 1500 2000

Time (s)
2500

Figure 164. Mass of xenon and krypton transported
F1 + F2 sample line.

through the
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Based on the best-estimate analysis, 8.2xi0 g of Xe and
-5

6.7x10 g of Kr entered the BST from the F1+F2 sample system. From

Tables 79 and 82 it can be shown that the BST contained 0.104 g of Xe and

0.012 g of Kr. Therefore, the fraction of Xe in the BST that can be --

accounted for by transport through the F1+F2 system is 0.79%. The J
corresponding percentage of Kr in the BST that passed through the F1 + F2

system is 0.56%. These two results are in good agreement and show L
reasonable comparison between the BST and G2 data.

5.8 Noble Gas Transport Through the LPIS Line 0

Based on the absence of 13 3 Xe, 135mXe, 13 8 Xe, 8 5mKr, and [
87Kr, data from the G5 gamma spectrometer results for the LPIS line (see

Tables 8 and 9 during the time interval of 1000 s to 1800 s, it appears iii
that almost no noble gases made it to the BST by way of the LPIS. In fact,

between 1607 and 1777 s, the time of maximum fission product release, no [-
noble gases were detected by the G5 spectrometer system. Although trace

amounts of 13 5 Xe and 8 8 Kr were detected by the GS spectrometer for

isolated times prior to 1607 s, their concentrations are not adequate to

account for the measured quantities of Xe and Kr in the BST.

Either the noble gases were not transported down the LPIS line or they

were present in the LPIS at concentrations levels below the level that L
could be detected. If the absence of noble gas data in Tables 8 and 9

indicates little or no noble gases present in the LPIS line, then most of C.
the noble gases had to be transported to the BST by way of the PORV line

following reflood, which was the only other major pathway that connected L

the PCS to the BST. Although some fission products were undoubtly

transported to the BST by way of the PORV line, it appears that the noble

gases could have been present in the LPIS line in concentrations to explain L

the BST inventory results and still be below the level of detectability of

the G5 gamma spectrometer. L
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Table 11 lists the estimated lowest detectable activity concentrationSi l limits for several Xe and Kr isotopes. During the time of maximum fission

product release, the collimator on the G5 gamma spectrometer was set at

position Number 6 (representing a diameter of 1/8 in., or 0.00317 m).

During this time period (>1600 s) large quantities of iodine isotopes were

transported through the LPIS and were also deposited on the wall of the

LPIS line in front of the G5 spectrometer. This large iodine activity

(which was mainly deposited on the wall of the LPIS line) made it more

difficult to detect the activity of other fission products; and in

particular those materials that could not condense or plateout, namely the

j noble gases.

The quantities of noble gases detected in the BST are consistent with

the assumption that the noble gas concentrations in the LPIS were below the

limits of detectability as reported in Table 11. For instance, 13 3 Xe was

not detected by G5 prior to 1777 s (closure of the LPIS line). Note that

the detection limit for 133Xe ranged from 1138 Ci/m 3 to 1898 Ci/mr3

for times between 1607 s and 1777 s (see Table 11). During this time

period, the average volumetric flow rate through the LPIS was -0.075 m3/s

(see Figure V-1 of Appendix V). The averaged measured release fraction of

Xe to the BST was about 1.6% (see Table 82). From Table 79 the ORIGEN2

calculated inventory of 13 3 Xe in the CFM is 1.104 x 105 Ci. Therefore,

-1766 Ci (0.016 x 1.104E5) of 133Xe must have resided in the BST

following the experiment. This quantity of 1 33 Xe in the BST is

consistent with an average LPIS concentration of 138 Ci/m 3 . For example:

BST inventory = (Avg. LPIS concentration) x (Volumetric flow rate) x Time

or

- 1766 Ci = 138 Ci/mr3 x 0.075 m 3 x (1777 - 1607 s).

Clearly, the estimated average concentration of 13 3 Xe in the LPIS line

needed to explain or be consistent with the BST data is below the indicated
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range of detection. Table 106 summarizes the results of similar

calculations for the other isotopes of Xe and Kr.

TABLE 106. ESTIMATED AVERAGE CONCENTRATIONS OF Xe AND Kr IN THE LPIS
COMPARED WITH MINIMUM DETECTABILITY LIMITS

Estimated Averageb
Concentration

(Ci/m3 )

Calculated Minimuma
Detectable Concentrations

(Ci/m 3 )

Nucl ide

Kr-85M
Kr-87
Kr-88
Kr-89

Xe-131M
Xe-133
Xe-133M
Xe-135
Xe-135M
Xe- 138

1607 s

71
140
200
125

219
415
278
942

1789 s

415
662
358

1563

15560
4707
3047

345
433
950

L
L

t0.3
138

4
137

57
264

9147
2823
1815

207
275
603

a. The calculated minimum detectable concentrations were taken from
Table 11. These values vary from a low at 1607 s to a high at 1789 s, near

the time of closure of the LPIS. Note, the 1850 s data from Table 11 have
not been considered since the LPIS line is closed at 1777 s, close to the

1789 s data set.

b. The estimated average activity concentrations are computed as follows:

Average concentration = (CFM inventory from Table 79 x (BST CRF)

(0.075 m3 /s) x (170 s)

Where, the BST CRF (cumulative release fraction) for Xe is 1.6% and the Kr

value is 1.8% (see Table 82); 0.075 m3 represents the average volumetric
flow in the LPIS line from 1607 s to 1777 s, and 170 s = 1777-1607, the

time interval when G5 utilized the number 6 collimator setting.

L.
L

{L

I-
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Based on the information presented in Table 106, the only two noble

gases that are close to being detected are 88Kr and 135Xe. Although
8 8 Kr and 135 Xe were not detected by the G5 spectrometer during the time

interval of 1607 to 1777 s, both of these nuclides were detected at.1553 s

(see Tables 8 and 9), preceding the change from collimator setting Number 5

to collimator Number 6. Consequently, it appears that the measured BST

noble gas inventory is consistent with the hypothesis that the noble gas

concentration in the LPIS line was below the level of detection by the G5

spectrometer, which was influenced by the high iodine activity. Another

possibility that can not be eliminated at this time is the theory that a

large fraction of the noble gas inventory in the BST arrived by way of the

PORV line following reflood. Section F.9 discusses the possibilities of

fission product transport from the pressurizer (by way of the PORV) to the

the BST.

5.9 Examination of the PORV Openings With Regard to

Noble Gas Transport to the BST

For the LP-FP-2 experiment configuration, there were four possible

paths by which fission products could be transported to the BST: (a) the

LPIS, (b) the F1 + F2 sample line, (c) the ILCL break system, and (d) the

PORV line from the pressurizer. The LPIS was intended to be the principal

pathway for fission product transport to the BST. Because of the small

sampling fractions for the F1 and F2 sample lines, the combined F1 + F2

system was not expected to transport a large fraction of the fission

products to the BST. Indeed, analysis presented in Section 5.7 indicates

that this was correct and that <1% of the BST inventory was transported

through the F1 + F2 system.

The ILCL piping connected the cold leg of the intact loop side of the

PCS with the BST. This pipe, when opened, allowed PCS water to reach the

BST; however, the ILCL was only opened during the initial depressurization

of the PCS and was closed prior to fission product release and was never

reopened. The PORV line was also opened during the initial

depressurization event and was closed prior to fission product release.
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Unlike the ILCL line, the PORV was twice reopened for short periods of time

some 26 min following the initiation of reflood (for exact times of events

see Table 3).

The total amount of time the PORV was open was -40 s, long enough to [1
vent about one pressurizer volume (0.96 m 3). Since the PCS intact volume

(reactor vessel + intact loop) was -6.26 m3 , the pressurizer volume

represents 15% of the PCS. The amount of Xe that was estimated to reside

in the BST following the experiment is 0.104 g (1.6% of the CFM inventory;

see Tables 79 and 13). If it is assumed that all of the noble gases that

made it to the BST were transported through the PORV line, then it follows

that 0.104 g of Xe must have been present in the pressurizer following L
reflood. Assuming that the noble gas concentration in the PCS is well

mixed, thn the total amount of Xe that must have been released during the II
experiment is calculated to be 0.69 g (0.104/0.15), or 10.6% (0.69/6.493)

of the CFM inventory. Since a release fraction of 10.6% for the noble I

gases represents a reasonable result, it is concluded that it is possible

that the BST noble gas inventory can be accounted for by the venting of

gases trapped in the pressurizer.

At present, it appears that the noble gases were probably transported

to the BST by way of both the LPIS and PORV lines; however, it is not

possible to estimate the extent or magnitude that either pathway played in I
the overall inventory that accumulated in the BST. It is hoped that future

computer code calculations and more detailed analysis of the PORV openings

will afford a solution. Additional analyses are planned to be reported in

the Experiment Analysis Summary Report (EASR) for the LP-FP-2 experiment. I

L2
I-
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6. CONCLUSIONS AND OBSERVATIONS

LOFT experiment LP-FP-2 successfully simulated the blowdown

thermal-hydraulics, core uncovery, and early phases of core damage

resulting from a simulated rupture in the LPIS piping of a PWR, the

so-called V-sequence accident scenario. The LP-FP-2 results are unique and

provide integral data at actual thermal-hydraulic conditions, for

radioactive fission product release, transport, and deposition in an

appropriate chemical environment. The LP-FP-2 experiment was highly

successful in achieving and in many cases exceeding the desired

objectives. These included:

o Temperatures >2100 K (33201F) were maintained for 4-1/2 min, 50%

longer than planned

0 Nearly all instrumentation performed according to expectations

and in several cases additional samples and data were obtained

o Core burnup was 430 MWO/MTU, higher than the planned burnup of

325 MWD/MTU

o The Cs:I ratio was 4.0, higher and more typical than the 2.9

objective

o Rapid metal-water reaction in the CFM cladding was observed

o Fission products were released, transported, and measured

o Control rod aerosols were generated and detected at several

filter and coupon sites

o Material relocation in the CFM was observed.

Predictive techniques (reported in OECD LOFT-T-3803) proved to be

suitable for experiment planning purposes. A first try at LP-FP-2 was

terminated before blowdown because of failure to insert the special CFM
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control rods. This was found to be caused by hydrodynamic forces exceeding

gravitational forces. Small changes in the experiment operating

procedures resulted in successful completion of the test six days later.

The thermal shroud performed excellently, limiting core damage to only the

CFM. Posttest examination revealed a small crack in one corner of the -

shroud; however, this did not degrade its performance. Clean-up

operations were expedited by lower than expected contamination and -

radiation levels in the reactor containment and near the reactor primary

piping.

The heatup period took longer than expected because the LPIS break

flow was lower than predicted. Steam starvation in the CFM did not occur

and the metal-water reaction was not steam limited. It is evident that

heat transfer to the fluid in the CFM was higher than predicted because of L
the higher flowrate. Peripheral modules initially heated before the CFM

because the higher heat flux in the center kept a higher froth level U
longer. Core uncovery was a top-down process and the subsequent liquid

level was near the core bottom at all times. The residual liquid level

kept temperatures in the lower meter of the reactor vessel near saturation

at all times. Reflood was successful in recovery of the plant after

initial stages of core damage. There was some indication that local spots L
of assumed slumped material took several minutes to cool after reflood

occurred. Fission product and aerosol transport occurred under steam L
superheat conditions through most of the LPIS line.

In general, most instrumentation operated as specified. Steam L

sampling with F1, F2, and F3 was performed satisfactorily. Spectrometer G6 L
failed during the preconditioning phase of the experiment. A RAM was L
substituted for G6 and it monitored the timing and magnitude of the fission

products that entered the F1 sample line, but gave no information about the L

isotopic species. Also, because of higher than anticipated signals from

the moisture analyzers, the hydrogen content in the F1 sample line could L
not be measured; nevertheless, the total BST hydrogen mass was determined

later by taking grab samples of the BST vapor space. The G2 and G5

spectrometer data are consistent and agree with the gross gamma data from

G6. Isotopic iodine activity concentrations from G5 yield similar .
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calculated total iodine mass concentrations. Isotopic xenon and krypton

activity concentrations at G2 yield similar calculated total xenon and

kryton mass concentrations. Gamma spectrometer G2 (BST vapor space) gave

no qualified data due to leakage. The same leakage trapped noble gases in

a protective tent and caused G1 and G3 (BST liquid and PCS) to give invalid

data for about two hours following the experiment. All deposition coupons

were recovered successfully. All but the lowest of three coupons on the 01

deposition device had sealed as intended before reflood occurred. Noble

gases were detected in the F1 and F2 sample line at the same time iodine

release was detected by G5. Almost no noble gases were detected in the

LPIS line during the time of fission product release (1200 to 1770 s)

probably caused by increased detection limits that resulted from the

plateout of other fission product species (principally iodine). Grab

samples of the BST vapor indicate that approximately 1.7% of the CFM

inventory of noble gases were present in the BST.

The release fractions for various groups such as (I, Cs); (Xe,Kr); and

(Ba,La) compared generally as expected. Most data indicated less volatile

species had lower release and higher retention fractions. The F1 dilution

filter showed substantial amounts of cesium and cadmium (below 5 microns)

with a few uranium particles and very small amounts of silver and indium.

Comparison of F1 and F2 data show smaller particles and significantly lower

concentrations downstream than upsteam; 90% of the fission products

deposited in the F1 and F2 lines were deposited in the F1 line and only 10%

in the F2 line. The grab sample results for cesium are within 18% of the

Gi gamma-spectrometer cesium results. The grab sample results for iodine

are very low and are attributed to retention in the sample bomb and

plateout along the grab sample line. The GI data gives a cesium to iodine

mass ratio for the PCS that agrees with the CFM calculated inventory.

The unprotected deposition coupons 0.15 and 0.61 m above the upper tie

plate were uniformly covered with large quantities of Ag, In, and Cd.

Moderate amounts of boron and small amounts of uranium and iodine were

present. Other fission products included 10 3 Ru, 12 9 mTe, 13 7 Cs,
141Ce, and 14 4 Ce. The protected coupon 0.61 m above the upper tie
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plate had larger quantities of silver and indium than the unprotected

coupon. More fission products were also observed. The unprotected coupon

1.65 m above the upper tie plate was relatively free of deposits; 1 to

20 micron particles were observed with the smaller sizes containing silver

and indium. U

The onset of rapid metal-water reaction occurred at -1400 K (2060 0 F). U
Metal-water reaction first occurred at -1430 s and for -200 s continued to

spread through most of the CFM. Hydrogen gas measurements in the BST

showed -240 g of H2 or -14% of the zirconium in the CFM and inner shroud ti
liner reacted with steam or water. Gap release occurred at -1200 s when

the temperature reached 1200 K. Control rod rupture occurred at 1500 s, [j
relocation of molten material was observed from 1520 to 1680 s with partial

blockages occurring at 1550 and 1640 s. Release of fission products from

the fuel started at -1600 s. Based on the GI data, approximately 16% of

the CFM inventory of iodine and 19% of the CFM inventory of cesium were

calculated to be present in the PCS liquid. Material slumping was observed

in the data from special neutron detectors, thermocouples and the posttest

gamma scan of the CFM. Little material (if any) fell to the lower core and

lower plenum. Material accumulated at grid supports far above the bottom

of the core. I

2
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APPENDIX A

DESCRIPTION OF THE FPMS GAMMA SPECTROMETER SYSTEM,

OPERATION, PERFORMANCE, AND DATA REDUCTION

1. INTRODUCTION

Five gamma-ray spectrometers were installed for the OECD-LOFT

experiment LP-FP-2. These spectrometers were all located inside the LOFT

reactor containment building, but with their associated electronics and

control systems located outside. Depending on the purpose, these

spectrometers were operated during the fuel heatup phase, the postreflood

phase, or both. The purpose of this appendix is to discuss the operation

and performance of the spectrometers, and the analysis of the spectrometric

data. To this end, a simplified description of the Fission Product

Measurement System (FPMS) is given from an operational and spectroscopic

rather than an engineering standpoint. The modes of operation and

performance during the experiment and during the postdata acquisition

period are then discussed. Following this is a discussion of the data

analysis programs. Included in this appendix is a list of all spectra

acquired, whether analyzed or not.
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2. SYSTEM DESCRIPTION -,

The Fission Product Measurement System (FPMS) as originally configured

for Experiment LP-FP-2, consisted of five germanium spectrometers whose

detectors were located in the LOFT containment, but with all electronics

and control systems outside (see Figure A-I). The five spectrometers were

labeled G1, G2, G3, G5, and G6. Spectrometers GI, G2, and G3 were the same L
ones used during Experiment LP-FP-1, were essentially unchanged in location

and viewed the same sample lines; the reactor hot leg or lower plenum L
water, the blowdown suppression tank (BST) vapor, and the BST liquid.

Spectrometer G5 viewed the LPIS break header [1-1/4 in. (0.03175 m)

schedule 160 stainless steel pipe] at a location on the reactor structure,

i.e. on the mobile test assembly (MTA). Spectrometer G6 was also located

on the MTA and was installed -3 m above the reactor vessel head in close

proximity to the control rod drives. It viewed the 3/8 in. OD (0.009525 m)

F1 filter line at a point upstream of the filter. The germanium detector L
in G6 failed during the fuel preirradiation period, so the spectrometer did

not operate during the experiment, and will not be discussed further.

Conceptually, each spectrometer can be considered in three parts: that __

part within the reactor containment, a remote data acquisition system (RAS)

outside containment, and a central control computer (CCC) system also

outside containment, but in a different location from the RAS.

2.1 In Containment Detectors I
The in-containment part of each spectrometer consisted of the shielded

detector with its preamplifier, and a variable aperture lead (Pb) L
collimator, all mounted on a rigid steel skid. Each germanium detector

consisted of a 35 liter liquid nitrogen dewar with a rigidly mounted

cryostat protruding vertically below it a distance of 54 cm (21.25 in.).

The detector crystal was mounted at right angles to the cold finger of the

cryostat. The shield provided 30.5 cm of Pb on all sides of the crystal

for gamma-ray shielding, outside of which was a 0.050 cm layer of cadmium

sheet for thermal neutron shielding. Outside this was a 10-cm thick

polyethylene fast neutron shield surrounding the Pb and Cd on all sides,
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Figure A-i. Simplified block diagram of FPMS electronics.

except on the side having the entrance aperture, where a 38-cm diameter

opening in the polyethylene was provided to allow the variable aperture

collimator to be located within one centimeter of the Pb shield. The very

long cold finger cryostat allowed the dewar to be located outside the

shield. The entrance aperture through the Pb shield to the detector was

30.5-cm long by 4.45-cm diameter. The variable collimator was a 38-cm

diameter Pb cylinder, 20.5-cm thick. The geometry was similar to that of a

revolver type pistol whose barrel was the entrance to the shield and whose

cylinder was the collimator. The collimator had six discrete positions and

was driven by a motor under operator control. The six positions were:

(1) a 228Th check source located in the surface facing the shield

entrance aperture, used for gain calibration; (2) a blank position used for

taking background spectra; and positions (3), (4), (5), and (6), for

... spectrometers G1, G2, and G3, were four circular apertures ranging from the

largest (at position 3) of 4.45 cm (7/4 in.) in diameter to the smallest of
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0
0.32 cm (1/8 in.) in diameter (at Position 6). Note that the collimator

Position 3 for the G5 spectrometer was smaller than the other spectrometers

at a design diameter of 3.81 cm (also see Section 4.2). Each spectrometer

assembly, consisting of detector, shield, collimator, collimator drive r..

motor, and gear box weighed -6800 kg (15000 ib). U

2.2 Remote Acquisition Systems (RAS)G

Each RAS consisted of a minicomputer (Data General Nova 4/s) with hard

disk drive, and the detector front-end electronics with a precision

pulser. The electronics were designed to handle a wide dynamic range and

consisted of: a fast amplifier, a negative restorer, fast discriminator,L

pile-up rejector, shaping amplifier, gated positive restorer, and a

4 096 channel ADC. The precision pulser alternately injected pulses of twoL

amplitudes into the charge injection capacitor of the preamplifier at a

100 Hz rate. These were stored in a separate section of the memory with

each spectrum and did not interfere with gamma-ray lines. The purpose was

to track small gain shifts and to provide information for pile-up and

random summing corrections. The minicomputer, together with the ADC,

served as a multichannel analyzer operated under control of the CCC. The

disk was used to store spectra either manually by the operator, or

automatically at the end of each spectrum acquisition period when in an

automatic acquisition mode. The Nova also stored sample line informationI

(pressure, temperature, and flow) for each spectrum. In addition, it

controlled the collimator position under CCC control. Each RAS had its own

keyboard/printer control terminal (not shown in Figure A-i) that allowed

spectra to be acquired and stored on the Nova disk, even if the CCC was not

operating.

2.3 Central Control Computer (CCC)I

The CCC was a Digital Equipment Corporation PDP-11/44 minicomputer[

with a 456 Mb disk. Peripherals included a magnetic tape unit, line

printer, graphics display scope and several keyboard/visual display R
terminals. One of these was used to provide current status simultaneously
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for all the spectrometers. Control by the operator was from one of the

visual display terminals. The system could have more than one operator and

each operator could control any or all spectrometers. Besides the FPMS

system operating software, and various utility programs, the CCC

incorporated a gamma spectral analysis program and an energy calibration

program. Since the CCC served both to control the RAS's and to do other

tasks, such as data reduction, or controlling the graphics display plotter,

commands were of two kinds: manual, e.g. used to communicate and control

the RAS's; and CCC commands used for data analysis, etc. Since the CCC

operating system software was a multitasking one, as many tasks could be

run simultaneously as there were terminals.

2.4 Spectrometer Calibration

2.4.1 Energy Calibration

Basic energy calibration for each spectrometer was obtained using the
2 2 8 Th source located in one of the six positions on its collimator. An

energy calibration program was used to locate automatically five peaks in

the spectrum at energies of: 238, 583, 860, 1620, and 2614 keV. These

were analyzed, together with the peaks from the two amplitudes in the

pulser, to yield:

1. Coefficients of a quadratic energy versus channel number equation

2. Coefficients of a linear peak width versus channel number equation

3. The energy equivalent in keV of the two spectral peaks from the

pulser.

The pulser energy equivalents were manually sent to the RAS and stored

with each spectrum acquired as part of the spectrum header block. The

coefficients for the quadratic term of the energy equation and the linear

term of the width equation were automatically stored in a thorium
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calibration file in the CCC. These were automatically inserted into the "

header or calibration block of a data spectrum whenever the spectrum was

transferred from the RAS to the CCC.

2.4.2 Efficiency Calibration

Efficiency calibration for absolute gamma-ray intensity as a function

of energy was performed for spectrometers G1, G2, and G3 using radioactive

sources contained in 30-cm long stainless steel tubes of the same type and

diameter as the actual sample lines (0.46 cm ID, 0.089 cm wall thickness

for G1, and 1.27 cm ID, 0.089 cm wall thickness for G2, and G3) This was

done for each collimator aperture on the completely assembled spectrometer

prior to installation in the LOFT facility. The sources were 144Ce,
14 4 Pr, 15 2 Eu, and 154Eu in a water solution. For spectrometer G5

which viewed a much larger diameter pipe, use of a 3-cm diameter by 30-cm

long calibration source would have presented a source handling safety

problem. In this case measurements were made with the existing 1.27-cm

diameter tube sources at the two largest collimator apertures and used as

benchmarks for a Monte-Carlo efficiency calculation. The model for the

Monte-Carlo calculation included the source pipe and materials, the

collimation and shielding, and the detector crystal and its immediately•

adjacent materials. The model also included the effects of electron escape

from the crystal. When the benchmark results were successfully calculated I
by the code, the model was assumed to be correct and the efficiency was

calculated for the actual size pipe and for all collimator apertures. The

estimated calibration accuracy is 10 to 15% for GI, G2, and G3, and 15 to

20% for G5. j

2.5 Sample and Spectrometer Configuration for Experiment LP-FP-2

As a result of lessons learned from the LP-FP-1 experiment certain

changes were incorporated into the FPMS. A purge capability was provided 3
for GI, G2, and G3 to allow measurement of plateout in the sample lines.

Also, a tent was placed over these three spectrometers and provided with a

low flow rate gas purge (-0.5 cfm (14.2 L/min)) in an attempt to stop, or -
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at least delay, in-leakage of containment air activity to the detectors.
Figure A-2 shows the overall sample locations for the experiment, and

Figure A-3 shows simplified sample flow schematics for G1, G2, and G3.

Filter samples F-i and F-2 were plumbed to the BST by way of the G2 sample

pump in order to ensure gas sample flow regardless of fluctuations in
primary system pressure. Because this was done upstream of the

spectrometer, G2 could be used to measure activity from these samples
during the heatup phase of the experiment. The purge capability supplied

borated water to the portion of the sample lines in front of spectrometers

G1 and G2, and plant instrument air for G3. The purpose of the purge was

not to clean up or remove plated-out activity, but simply to replace the
radioactive sample fluid with a clean fluid so that plated-out activity

could be measured. In actual use, purge flow was maintained only long

enough to ensure that the sample fluid in front of the spectrometer was
replaced with clean fluid. Flow was then stopped and a spectrum acquired.

Vapor monitor
(gamma spectrometer)

S4 0719

Figure A-2. FPMS spectrometer locations.
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BST vapor
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G-3
Figure A-3. FPMS simplified sample-line flow schematics for Experiment

LP-FP-2.
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3.0 FPMS SPECTROMETER OPERATION

The LP-FP-2 experiment was conducted on July 9, 1985, with the reactor

blowdown initiated at 14:07:45. This represents time zero (to) for the

experiment. At 222 s into the experiment, the LPIS line was opened,

allowing fission products to pass the G5 spectrometer. At 1778 s after

time zero, this line was closed. We shall refer to this 26 min period as

the heatup or transient phase, and the time after LPIS line closure as the

postheatup period.

3.1 Heatup Phase

Spectrometers G5,and G2 were operated during the heatup period (with

G2 taking its sample from the F1 + F2 lines). Operation of G5 and G2

during the heatup phase was for the purpose of obtaining time-dependent

information and was done in the automatic spectral acquisition mode. In

this mode, sequential 60 s clock time spectra were acquired and

automatically stored on the RAS disk.

3.2 Posttest Phase

During the postheatup phase, spectra were acquired on G1, G2, and G3

(with G2 taking its sample from the BST vapor space). The main purpose for

this was to help establish the posttransient fission product mass balance.

In order to have the best chance of obtaining correct values of sample line

activity concentrations, a purge spectrum was taken before and after each

sample spectrum. These were taken with the same collimator aperture so

that during analysis the same detector efficiency table was used for each.

Acquisition times were usually 1000 to 4000 s.

3.3 Spectrometer Performance

The LOFT reactor is a pressurized water reactor and as such is inside

a containment building. The electrical penetrations through the

containment, which were the only ones available for passing detector
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signals through, were never designed for low level signals. In addition,

the reactor has more than one electrical ground. As a result, spectrometer

performance was degraded because of noise on the signal or pulser cables or

both, with some spectrometers being more affected than others. The main

consequence was a degraded energy resolution. Also, peaks from the pulsers

were sometimes so broad that they were unusable. Energy resolution at __

1000 keV ranged from as low as -2 keV for the least affected spectrometer

(G3) to as much as 6 keV for the worst (G2). However, in spite of this,

all four of the operating spectrometers yielded usable spectra. As a

result of the degraded resolution and pulser performance, modifications to

the analysis programs were required. p
Independent of spectrometer electrical parformance, noble gas air F

activity affected all four spectrometers, but not for the same reasons.

Containment air activity leaked into the shield and around the G5 detector,

but the onset of this did not occur until after the LPIS break header wasF

closed. Consequently, the time-dependent spectra acquired on G5 yielded

good information. Of course the spectra also reflected plated-out activity

in the break header as well as activity flowing by. .1

The other three spectrometers (GI, G2, G3) were all inside the tent,

the purpose of which was to exclude containment air activity. In spite of

this tent, air activity did leak into all three shields This in-leakage F
did not occur during the heatup phase but rather occurred during the

posttransient period. A possible explanation for this is that the tent

leaked and the purge gas flow rate was too low to keep containment activity

out. In addition, it was found several days into the postexperiment I
period, that the G2 sample-line plumbing had a leak in it that introduced

air activity into the tent, which could affect all three spectrometers.

Knowledge of this leak is based on the fact that the reactor stack monitor

indicated a rise each time after the G2 sample pump was turned on, but not
when the G1 or G3 sample pumps were turned on. The effects of this
in-leakage were corrected by use of the sample-line purge before and after

each sample; i.e. the air activity around the detector is present for both 3
purge and sample spectra and can therefore be subtracted out.
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The experiment was conducted on 7-9-85. On 7-12-85, cleanup of the

containment atmosphere began. By 7-14-85, the effects of this, along with

the decay of the short-lived noble gases, began to be noticeable, in that

L r subtraction of purge data from sample data started to yield usable values,

except for the G2 spectrometer.

L 3.4 Spectrometer Data Description

__The file numbers for all spectra are characterized by a 2-character

alphanumeric sample identification: the month identified by a letter; the

j position number of the letter in the alphabet matching the number of the

month in the year; and the time of day the spectral acquisition began.

JThus a file number of TLG092239.45 means it is a BST liquid sample (TL),

taken July 9th (G is the 7th letter of the alphabet at 22 h 39 min and 45 s

J after midnight.

The definition of the sample mnemonics is as follows, where N denotes

an ADC number:

J TN N = 1, 2, 3, or 4; Thorium energy calibration spectrum.

Collimator position 1.

BN N = 1, 2, 3, or 4; Background spectrum, collimator closed, i.e.

1 collimator position 2.

PN N = 2, 3, or 4; Spectrum acquired with purge fluid (water or air)

in sample line. Applies to Q1, G2, and G3 only. Collimator

position can be 3, 4, 5, or 6.

PC G5 spectrometer, Primary Coolant sample, LPIS break header.

TV G2 spectrometer, Blowdown Suppression Tank Vapor sample.

, TL G3 spectrometer, Blowdown Suppression Tank Liquid sample.
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LP GI spectrometer, reactor vessel Lower Plenum liquid sample.

HL GI spectrometer, broken loop Hot Leg sample.

Figure A-4 is a matrix that shows these relationships.

Ii

'H
'H

Spectrometer

ADC Number

G-5 G-2

2

G-3

3

G-4.

41

Sample type: Sample mnemonic

Thorium T1 T2 T3 T4

Fission product PC TV TL LP or
sample line HL

Background B1 B2 B3 B4

Purge sample V P2 P3 P4

L129-KM160-03

Figure A-4. FPMS spectrometer names and sample mnemonics.

3.5 Data Discussion

Not all spectra on the lists of Table A-i were analyzed for this

report. For instance, many of the thorium spectra were simply used to
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TABLE A-1. SPECTRUM FILE NUMBERS AND ASSOCIATED TIME AFTER BLOWDOWN FOR THE FPMS SPECTROMETERS

Seconds
G5 File' after

Spectrum Number TO

Seconds
G2 File after

Spectrum Number TO

Hours
G1 File after

Spectrum Number TO

hours
G3 File after

Spectrum Number TU

LI

COLL 3 1407.45
PCGO9 1410.43
PCG09 1412.44
PCG09 1413.45
PCG09 1414.46
PCGO9 1415.47
PCGO9 1416.48
PCG09 1417.49
PCG09 1418.50
PCG09 1419.51
PCG09 1420.52
PCG09 1421.53
PCGO9 1422.54
PCG09 1423.55
COLL 4 --
PCG09 1424.18
PCGO9 1425.18
PCG09 1426.19
PCGO9 1427.20
COLL 5 --

PCG09 1428.33
PCG09 1429.34
PCG09 1430.35
PCG09 1431.36
PCGO9 1432.37
PCG09 1433.38
COLL 6 --
PCG09 1434.32
PCG09 1435.32
PCG09 1436.33
PCG09 1437.34
PCG09 1438.35
HEADER CLOSED
PCGO9 1447.16
PCGO9 1452.16
PCG09 1457.17
PCG09 1502.18
PCG09 1507.19
PCG09 1512.20
PCG09 1522.22
PCG09 1542.26
PCG09 1602.30
PCGO9 1617.33

0
178
299
360
421
482
543
604
665
726
787
848
909
970

993
1053
1114
1175

1248
1309
1370
1431
1492
1553

1607
1667
1728
1789
1850

2371
2671
2972
3273
3574
3875
4477
5681
6885
7788

TVG09
TVG09
TVG09
TVG09
TVG09
TVG09

TVG09
TVG09
TVGO9
TVG09
TVG09
TVG09
TVG09
TVG09
TVG09
TVG09
TVG09
TVG09
TVG09
TVG09
TVG09
TVG09
TVG09
TVG09
TVG09
TVG09
TVG09
TVG09

1407.45
1412.04
1413.04
1414.05
1415.06
1416.07
1417.08

1418.09
1419.10
1420.11
1421.12
1422.13
1423.14
1425.15
1425.16
1426.17
1427.18
1428.19
1429.25
1430.25
1431.26
1432.27
1433.29
1434.29
1435.33
1436.33
1437.34
1438.35
1448.05

0
259
319
380
441
502
563
624
685
746
807
868
929
990

1051
1112
1173
1234
1300
1360
1421
1482
1543
1604
1658
1728
1789
1850
2420

LPG09
HLG09
LPG09
LPGO9
LPG]O
LPG11

LPG11
LP612
LPG12
LPG14
LPG15
LPG16
LPG17
LPA18
HLG19
HLG20
HLG20
HLG22
LPG22

1407.45
1621.36
1854.41
1952.32
2142.37
1431.44
1011.46
1324.03
1035.49
1510.28
1139.27
1149.39
1153.28
1515.23
1044.53
1420.31
1118.23
1316.28
1008.49
1204.54

0.00
2.23
4.78
5.75
7.b3

24.40
44.07
47.27
68.47
73.05

117.53
141.70
165.76
193.13
212.62
240.21
261.10
261.10
308.02
309.95

TLGO9
TLL609

TL612
TLbI4
TLG15

TLb16
TLGI7

TLG19
TLbZO
TLG22
TLU2Z

1407.46
1607.16
1810.29
1509.31
SliJb. 13
1148.03
1154.ua
1b15.03
1u44. ho
1917.11
1133.39
1008.05
I2U4.21

0.0
1.99
4.Ob

73.03
117.51
141.o7
1Iw.77
193. le
212.0l
236.16
20i.41
308.01
3u9.94



r
check on system performance. Also, postexperiment spectra from GI, G2, and r
G3, acquired between July 10 and 14, were generally not of use, because

noble gas activity at the detectors caused such high apparent

concentrations that the difference between a sample and a purge spectrum

was negligible, or even negative. Reactor containment gas cleanup was -

begun the evening of July 12; and by the 14th, usable spectra began to be

obtained from the G1 and G3 spectrometers. Daily spectral acquisition was

continued until July 23. No usable spectra were obtained from the G2

spectrometer at any time during the postexperiment period. Early in this r
period containment air activity prevented getting any usable gas data,

while after containment cleanup of containment, the leak in the sample line

caused the data not to be usable. Therefore, there are no G2 results for

the postexperiment period.

3.5.1 G5 Spectra

During the period of the transient (0 to 1778 s), the G5 spectra show L_

iodines but no noble gases. The noble gases do not appear in any

significant amounts until after the transient, i.e., after the break-header

line was closed. This activity is caused by in-leakage of air activity

around the detector. The apparent concentrations are incorrect, since the I
efficiency table used in spectral analysis assumed that the activity was in

the sample line. The absence of noble gas activity in the LPIS

break-header during the heatup phase has not been explained, and the

question arises as to whether the analysis program simply did not find the

noble gas peaks.

We have examined several spectra in" the time range 900 to 1500 s into H.
the transient, when noble gases were expected to be present in significant

amounts. Figures A-5 through A-10 (see the microfiche card for Appendix A) I
show plots of the raw spectra. Each was counted for 60 s real time. With

only occasional exceptions, all lines on each spectrum are identified by j
energy and nuclide. The number in parentheses adjacent to each

identification is an intensity code. A code 1 line is either the line with 5
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the largest branching ratio for the particular nuclide, or the strongest

one without a major interference from another nuclide. There is only one

code 1 line for each nuclide. The other.codes are related to the code 1

line as follows: code 2 has a branching ratio >10% of the code 1 line;

code 3 is >1% of the code 1 line; code 4 is >0.1% etc. Each of the plots

has the expected position of the code 1 (strongest) line for the noble gas

nuclides denoted by an arrow. It is clear from these plots, that although

iodine lines are strongly present in all spectra, the noble gases are

either not present at all or are present only very weakly.

3.5.2 G2 Spectra

In contrast to G5, the G2 spectrometer was able to see noble gases

from the F-i + F-2 filter lines during the transient. The plots of noble

gas concentration versus time show time-dependent structure. During this

3period, containment air activity was not as high as it was later and had

not yet leaked to the detector through the shield blocks. During this

heatup period however, essentially only noble gases were seen. This is not

surprising since iodines, tellurium, cesium, etc. would be trapped in the

I filters and impactors, or plated out on the lines themselves before

arriving at the detector location. Figures A-11 through A-16 (see the

Imicrofiche card for Appendix A) show plots of G2 raw spectra acquired at

approximately the same times as those shown for G5 (Figures A-S through

A-10). These clearly show the strong presence of noble gases, and that

iodines (if present at all) are very weak compared to the gases.
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4.0 SPECTRAL ANALYSIS COMPUTER PROGRAMS

The gamma-ray spectrometry data collected by the FPMS during the LOFT -

LP-FP-2 experiment was to have been processed by the CDC Cyber based r
GAUSS-8 program. However, because of the problems encountered during the b

processing of the LP-FP-1 data on the Cyber system and the energy drift,

loss of pulsers, degradation of resolution, high background radiation, and r

sample line plateout that occurred during the LP-FP-2 experiment, all

gamma-ray spectrometric data analyses were performed with the POP 11/44 CCC. r

The local gaussian peak analysis (LGA) program, which resides on the U

FPMS computer, had been developed for other spectrometer systems and is a -

state-of-the-art gaussian peak analysis program for the minicomputer. The

LGA program requires the presence of two pulsers for proper energy|

calibration and peak width determination that were not always present in

the LP-FP-2 spectra. In addition, the program does not have an installed

background subtraction routine that is required to correct for background

and plateout radiation. Therefore, the LGA program was not able to process

all of the spectra generated during the LP-FP-2 experiment until it had :"ep

been modified to handle the problems that occurred in the spectrometer

systems.

Following are a list and short description of the changes that were I
required in order to run all of the data collected from the LP-FP-2

experiment: L

1. Energy Calibration L

All of the various modified versions of the LGA program had to

have the capability to input the proper channel number (CH) to L

energy (EkeV) conversion function (E = a + b * CH + c * CH2 )

through the keyboard for each spectrum. Normally the value of a IL
and b are calculated from the position of the two pulser peaks by

the program, while c is passed to the spectrum when it is L
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transferred from the NOVA to the CCC, after having been

calculated from a thorium calibration run, and saved in a special

file.

2. Peak Width

The programs had to have the ability to input the values for fl

and f2 of the peak width (W) function (W = fl + f2 * CH) through

the keyboard for each spectrum. Normally the value of fl is

calculated from the shape of the lower pulser peak during the

analysis program, while f2 is passed to each spectrum when it is

transferred from the NOVA to the CCC, after having been

calculated from a thorium calibration run, and saved in a special

file.

3. Peak Analysis Algorithm

The peak analysis algorithm was changed to require that peaks

less than two widths apart be handled as doublets, as opposed to

the original three widths. This change was required because of

the extremely wide peaks produced by some of the spectrometers.

4. Background And Plateout Correction Algorithm

A special background subtract subroutine was written to subtract

the background/plateout fraction from a spectrum. The subroutine

does a linear interpolation of the counts per second for each

gamma-ray energy from two background/plateout spectra (usually

taken before and after the sample spectrum) and subtracts that

value from the sample spectrum count rate.

Four programs were developed to process the gammma-ray spectrometry

data from the LP-FP-2 experiment. A short description of each program and

its capabilities follows:
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1. Program LGAUS

This version of LGA is used to process a single spectrum without "

background subtraction or calculating the lower limit of

detection values for specific radionuclides. This program was

used to process the spectra from the G5 and G2 spectrometers

during the blowdown and heatup phase of the experiment. The rj
noble gas background problem had not occurred yet, and there was

no capability to do a purge to measure the plateout in these rj
lines during this time period.

2. Program BKGAUS --

This program is used to prepare a file of found gamma-ray lines r'

from a background/plateout spectrum to use later in the

background correction of a sample spectrum. This program was r

used to process the purge spectra from the GI, G2, and G3

spectrometers and to save the results in a file for the

background subtraction subroutine.

3. Program BKGAUS

This program is used to process a sample spectrum complete with

background subtraction. The program calls for either one or two

background spectra identifiers to be input. If two background

spectra are used, then the results of a linear interpolation is

used to estimate the best value of each gamma-ray line to I
subtract from the given sample gamma-ray line. If one of the two -

background spectra does not contain a found gamma-ray line within

1 keV of a found gamma-ray line in the other background spectrum I-
a value of zero (0) is used in the interpolation for that

spectrum. If only one spectrum is used, then the full value of I
the background count rate is subtracted from the sample count

rate for a given gamma-ray line. A background subtraction is 3!
made only if the energy of the gamma-ray line in the sample is
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within 1 keV of a found gamma-ray line in the background

spectrum(a). This program was used to process the spectra from

the GI, G2, and G3 spectrometers for the postreflood samples for

which purge samples were available.

4. Program LIMGAS

This version of LGA is used to process a single spectrum without

j background subtraction, the same as LGAUS except that it includes

the calculation of the limit of detection values of certain

radionuclides that have their primary gamma-ray lines included in

a limit library called by the program. This program was used to

process selected spectra from the G5 spectrometer for which the

limit of detection values was needed for noble gases whose

1 gamma-ray lines were not found by the search routine.
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APPENDIX B

INSTRUMENT IDENTIFIERS, QUALIFIED DATA PLOTS,

AND THE DIRC REPORTS

Contained on 9 microfiche cards attached at the end of the report

are: (a) three final data integrity review committee (DIRC) reports,

(b) an index of the microfiche plots, and (c) five cards containing plots

of all of the DIRC reviewed data.

The first report, titled the "LP-FP-2 FINAL DIRC REPORT" includes the

short-term qualified data recorded for the transient phase of the

experiment (-421 to 2096 s). This data was recorded at 50 samples per

second except where noted in the DIRC report. This report, as with the

other DIRC reports, includes measurement identifications, descriptions,

qualification date, qualification status, and qualifying statements when

needed.

The second report is titled: "LP-FP-2 INTERMEDIATE DIRC REPORT".

This report includes the qualified data for the posttransient phase of the

experiment (2006 to 21598 s). This data was recorded at 1 sample per

5.1 s. Data is missing for the time interval: 19448.1 to 19588.6 s.

The third report is titled: "LP-FP-2 LONG TERM DIRC REPORT". This

report includes the qualified data for the posttest period of the

experiment (19584 to 1972550 s). This data was recorded at 1 sample per

1800 s. Data is missing for seven time intervals; Table B-i lists the

particular time intervals.

For convenience, the transducer identifiers for the short-term DIRC

report are reported in Table B-2.
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TABLE B-1. MISSING DATA TIME INTERVALS IN THE LONG TERM DIRC REPORT

Beginning Time Ending Time
(s) (s)

150038.6 288139.7
506055.6 515080.8
525801.6 698605.2
698605.2 757983.6
895471.2 919036.8
1446296.4 1460941.2
1473793.2 1513310.4

'V
(½.-:"--

'Es

I.
'.4

I I

F
~L.

IL
IL

I-
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TABLE B-2. MEASUREMENT

(TAKEN FROM
IDENTIFIERS AND DESCRIPTIONS FOR LP-FP-2.
THE SHORT TERM DIRC REPORT)

K

Measurement
Identification

AH2E-T55-O01
AH2E-T55-002
AH2E-T55-003
CR-5UP-A
CR-5UP-B

CVP165-DI15
CVP165-D13A
CVP165-D14A
CVP165-F112
CVP165-F113

CVP165-F114
CVP165-F120
CVP165-F128
CVP165-F134A
CVP165-FI34B

CVP165-F136
CVP165-F148
CVP165-F234A
CVP165-F234B
CVP165-F236

CVP165-F248
CV-PO04-008
CV-PO04-010
CV-PO04-090
CV-PO04-091

CV-P138-070A
CV-P138-071A
DE-BL-OO1A
DE-BL-OO1B
DE-BL-O01C

DE-BL-002A
DE-BL-002B
DE-BL-002C
DE-BL-105
DE-BL-205

H2 CONCENTRATION
H2 CONCENTRATION
H2 CONCENTRATION
ROD POSITION-ROD
ROD POSITION-ROD

IN
IN
IN
5
5

CONTAINMENT
CONTAINMENT
CONTAINMENT

VESSEL
VESSEL
VESSEL

Measurement
Description

PURGE GAS ORIFICE BYPASS VALVE
NITROGEN INLET VALVE
PRESSURE RELIEF VALVE TO BST
DILUTION GAS INLET VALVE
DILUTION GAS (ORIFICE 1) VALVE

DILUTION GAS (ORIFICE 2) VALVE
ANNULUS GAS INLET VALVE
ANNULUS GAS OUTLET VALVE
ISO VALVE Fl LINE
ISO VALVE Fl LINE

PRESSURE RELIEF VALVE TO BST
OUTLET VALVE
ISO VALVE F2 LINE
ISO VALVE F2 LINE
PRESSURE RELIEF VALVE TO BST

OUTLET VALVE
VALVE POSITION FEEDWATER
VALVE POSITION SCS STEAM
MAIN STEAM BYPASS VALVE
MAIN FEED BYPASS VALVE

VALVE POSITION BLOWDOWN
VALVE POSITION BLOWDOWN
CHORDAL DENSITY-BROKEN L(
CHORDAL DENSITY-BROKEN U
CHORDAL DENSITY-BROKEN L(

FLOW CONTROL
FLOW CONTROL

9
II

II

SYSTEM RABV
SYSTEM RABV
)OP CL
)OP CL
)OP CL

CH
CH

CHORDAL
CHORDAL
CHORDAL
AVERAGE
AVERAGE

DENSITY-BROKEN
DENSITY-BROKEN
DENSITY-BROKEN
DENSITY-BROKEN
DENSITY-BROKEN

LOOP
LOOP
LOOP
LOOP
LOOP

HL
HL
HL
CL
HL

B-5



TABLE B-2. (continued)

Measurement
Identification

DE-PC-001A
DE-PC-O0IB
DE-PC-O01C
DE-PC-002A
DE-PC-002B

DE-PC-002C
DE-PC-105
DE-PC-205
FEP165-F1-22
FE-PC-002A

FE-PC-002B
FE-PC-002C
FE-IST-O01
FE-1ST-002
FR-PC-201

FR-PC-205
FR-PC-206
FTP165-F122
FT-PO04-012
FT-PO04-72-2

FT-P128-085
FT-P128-104
FT-P139-27-1
FT-P139-27-2
FT-P139-27-3

LEPDT-P139-007
LE-ECC-O1A
LE-IFIO
LE-1ST-001&2
LE-3F10

LE-3UP-001
LIT-P120-013
LIT-P120-014
LIT-P120-089
LT-PO04-008A

Measurement
Descri pti on

CHORDAL
CHORDAL
CHORDAL
CHORDAL
CHORDAL

DENSITY-INTACT
DENSITY-INTACT
DENSITY-INTACT
DENSITY-INTACT
DENSITY-INTACT

LOOP CL
LOOP CL
LOOP CL
LOOP HL
LOOP HL

CHORDAL DENSITY-INTACT LOOP HL
AVERAGE DENSITY - INTACT LOOP CL
AVERAGE DENSITY - INTACT LOOP HL
FLOW RATE Fl HEATING GAS LINE
VELOCITY-INTACT LOOP HOT LEG BOTTOM

VELOCITY-INTACT LOOP HOT LEG MIDDLE
VELOCITY-INTACT LOOP HOT LEG TOP
VELOCITY DOWNCOMER STALK 1
VELOCITY DOWNCOMER STALK 1 LOWER
MASS FLOW RATE - HL TURB*DENS

MASS FLOW RATE - HL DD*DENS
MASS FLOW RATE - HL TURB*DD
ANNULUS GAS FLOW RT ORFICE DELTA P
FLOWRATE-STEAM FLOW CONDENSER IN
FLOWRATE-SCS FEEDWATER

FLOWRATE-HPIS PUMP B
FLOWRATE-HPIS PUMP A
FLOWRATE-INTACT LOOP
FLOWRATE-INTACT LOOP
FLOWRATE-INTACT LOOP

DISCHARGE
DISCHARGE
COOLANT
COOLANT
COOLANT

QUID LEVEL - PRESSURIZER CH.B
ACCUMULATOR A LIQUID LEVEL
COOLANT LEVEL-FUEL ASSY 1 LOC F1O
COOLANT LEVEL-INSTR STALK 1 LP & D
COOLANT LEVEL-FUEL ASSY 3 LOC F1O

COOLANT LEVEL-UPPER PLENUM
LIQUID LEVEL A - BWST
LIQUID LEVEL B - BWST
LIQUID LEVEL - ACCUMULATOR B
STEAM GENERATOR LEVEL NARROW RANGE
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TABLE B-2. (continued)

Measurement
Identification

LT-PO04-008B
LT-PO04-042
LT-PO04-O8AA
LT-PO04-O8BB
LT-P138-033

LT-P138-058
ME-PC-002A
ME-PC-002B
ME-PC-0022
ME-PC-002

ME-1ST-001
NE-2H08-26
NE-4H08-26
NE-6H08-26
POE-BLH-O01

PDE-BLH-002
POE-BLH-003
PDE-BLH-004
POE-BLH-005
POT-P139-006

PDT-P139-007
POT-P139-030
PDT-P139-30A
PDT-P139-30B
PE-BLH-O01

PE-BLH-002
PE-BLH-003
PE-BL-001A
PE-BL-002A
PE-PC-002

PE-PC-005
PE-PC-006
PTP165-01-19
PTP165-Dl-20
PTP165-01-2

Measurement
Description

LIQUID LEVEL-SCS SECONDARY WIDE RANGE
CONDENSATE RECEIVER LEVEL
STEAM GENERATOR LEVEL NARROW RANGE
STEAM GEN LEVEL WIDE RANGE
LIQUID LEVEL-BST A

LIQUID LEVEL-BST 8
MOMENTUM FLUX-INTACT LOOP HL BOTTOM
MOMENTUM FLUX-INTACT LOOP HL MIDDLE
MOMENTUM FLUX-INTACT LOOP HL TOP
AVE MOMENTUM FLUX-INTACT LOOP HL

MOMENTUM FLUX-INSTR
NEUTRON DETECTOR IN
NEUTRON DETECTOR IN
NEUTRON DETECTOR IN
DIFF PRESS LPIS BRK

STALK I DC
CORE FA#2
CORE FA#4
CORE FA#6
LN VENTURI HIGH

DIFF
DIFF
DIFF
DIFF
DIFF

PRESS LPIS BRK LN VENTURI LOW
PRESS LPIS BRK LN VENTURI HIGH
PRESS LPIS BRK LN VENTURI LOW
PRESS LPIS BRK LN ACROSS FILTER
PRES ACROSS PRESSURIZER CHANGE

DIFF PRES ACROSS PRESSURIZER CHANGE
DELTA P - REACTOR VESSEL
DELTA P-PRIMARY COOLANT PUMP
DELTA P-INTACT LOOP SG
ABS PRES LPIS BRK LN UPSTRM VENTURI

ABS PRES LPIS BRK LN
ABS PRES LPIS BRK LN
PRESSURE-BROKEN LOOP
PRESSURE-BROKEN LOOP
PRESSURE-INTACT LOOP

UPSTRM FILTER
UPSTRM VENTURI
COLD LEG
HOT LEG
HOT LEG

PRESSURE-INTACT LOOP REF.
PRESSURE-INTACT LOOP.REF.
PRESS-PCS ON 01 SAMPLE LINE
PRESS-N2 SUPPLY-D1 SAMPLE LINE
Dl PURGE GAS PRESSURE
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TABLE B-2. (continued)

Measurement
Identification

PTP165-F140
PTP165-Fl-5
PTP165-F1-8A
PTP165-'F1-88
PTP165-F1-8C

PTP165-F2-43
PT-PO04-O1OA
PT-PO04-022
PT-PO04-034
PT-PO04-085

PT-P120-029
PT-P120-043
PT-P138-056
PT-P138-057
PT-P139-004

PT-P139-042
PT-P139-05-1
RE-T4-096
RE-T-77-lAl
RE-T-77-1A2
RE-T-77-2A1

Measurement
Description

RECOMBINER PURGE GAS PRESSURE
ARGON SUPPLY PRESSURE
PRESS-Fl CARRIER GAS LINE
PRESS-Fl LINE-UPSTM FLOW ORIFICE
PRESS-Fl CARRIER GAS LINE

PRESS-F2-LINE-UPSTM FLOW ORIFICE
PRESSURE-SCS 10 INCH LINE FROM SG
CONDENSATE RECEIVER PRESSURE
PRESSURE-SCS FEEDWATER
PRESSURE-SCS 12 INCH CONDENSOR IN

PRESSURE-ECCS ACCUMULATOR B
PRESSURE-ECCS ACCUMULATOR A
PRESSURE-BST VAPOR SPACE CH 8
PRESSURE-BST VAPOR SPACE CH C
PRESSURE-INTACT LOOP HOT LEG CHANNEL C

PRESSURE CONTAINMENT CHAN B
PRESSURE-PRESSURIZER
BST RAM
NIS-POWER RANGE CHANNEL A PEAK
NIS-POWER RANGE CHANNEL A LEVEL
NIS-POWER RANGE CHANNEL B PEAK

RE-T-77-2A2
RE-T-77-3A1
RE-T-77-3A2
RE-T-85-1
RE-T-85-2

RE-T-86-3
RE-T-86-4
RE-T-87-4A1
RE-T-87-4A2
RPE-PC-O01

RPE-PC-002
RP-CRDM2-PT
RP-CRDM2-TC
RP-CRDM4-PT
RP-CRDM4-TC

NIS-POWER
NIS-POWER
NIS-POWER
NIS-SOURCE
NIS-SOURCE

RANGE
RANGE
RANGE

RANGE
RANGE

CHANNEL B
CHANNEL C
CHANNEL C

CHANNEL 1
CHANNEL 2

LEVEL
PEAK
LEVEL

NIS-INTERMEDIATE RANGE CHANNEL 3
NIS-INTERMEDIATE RANGE CHANNEL 4
NIS-POWER RANGE CHANNEL 0 PEAK
NIS-POWER RANGE CHANNEL D LEVEL
PUMP SPEED-PRIMARY COOLANT PUMP 1

PUMP SPEED-PRIMARY
ROD POSITION ROD 2
ROD POSITION ROD 2
ROD POSITION ROD 4
ROD POSITION ROD 4

COOLANT PUMP 2
CRD PULSE TOTALIZER
TURNS COUNTER
CRD PULSE TOTALIZER
TURNS COUNTER
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TABLE B-2. (continued)

Measurement
Identification

RP-CRDM6-PT
RP-CRDM6-TC
RP-CRDM8-PT
RP-CRDM8-TC
SP-BLH-O01

SP-BLH-O02
SP-BLH-003
SP-BLH-004
SP-BLH-O05
SP-BLH-006

SP-BLH-007A
SP-BLH-007B
SP-BLH-008
SP-PC-002B
SP-P139-019

SP-P139-020
SP-SG-003
SP-SG-004
SP-lST-0O05
ST-BLH-0O01

ST-BLH-002
ST-BLH-003
ST-BL-OO1A
ST-BL-002A
ST-PC-002

ST-PC-005
ST-P139-05-1
TC-5108-27
TC-SK08-27
TC-SM04-27

TC-SM08-27
TEP165-Dl21B
TEP165-Fl30A
TEP165-Fl-38
TEP165-FI-8A

Measurement
Description

ROD
ROD
ROD
ROD
SAT

SAT
SAT
SAT
SAT
SAT

POSITION ROD 6
POSITION ROD 6
POSITION ROD 8
POSITION ROD 8
PRESS-LPIS BRK

CRD PULSE TOTALIZER
TURNS COUNTER
CRD PULSE TOTALIZER
TURNS COUNTER
LN INLET

PRESS-LPIS
PRESS-LPIS
PRESS-LPIS
PRESS-LPIS
PRESS-LPIS

BRK
BRK
BRK
BRK
BRK

LN
LN
LN
LN
LN

INLET
GAMMA
GAMMA
FILTEF
VENTUF

S

S

I

PEECTPECT
INLET

INLE

INLE
INLE
OUTL

HL

SAT PRESS-LPIS BRK LN VENTURI
SAT PRESS-LPIS BRK LN VENTURI
SAT PRESS-LPIS BRK LN VENTURI
SATURATION PRESS-INTACT LOOP I
SATURATION PRESS-PRESSURIZER

SATURATION PRESS-PRESSURIZER
SATURATION PRESSURE, STEAM GENERATOR
SATURATION PRESSURE, STEAM GEN, MIDDLE
SATURATION PRESS-DOWNCOMER STALK 1
SAT TEMP-LPIS BRK LN UPSTRM VENTURI

SAT TEMP-LPIS BRK LN UPSTRM FILTER
SAT TEMP-LPIS BRK LN UPSTRM VENTURI
SAT TEMP-BROKEN LOOPCL
SAT TEMP-BROKEN LOOP,HL
SATURATION TEMP, INTACT LOOP, HL

SATURATION
SATURATION
TEMP FUEL
TEMP FUEL
TEMP FUEL

TEMP, INTACT LOOP,
TEMP, SG INLET

CENTERLINE/FA5 PIN
CENTERLINE/FA5 PIN
CENTERLINE/FA5 PIN

CL

I8
K8
M4

27
27
27

TEMP FUEL CENTERLINE/FA5 PIN M8 27
NITROGEN PURGE GAS PIPE TEMPERATURE
TEMP-Fl LINE-OUTLET RV
PIPE TEMP DS OF DILUTION FILTER Fl
TEMP-Fl CARRIER GAS LINE
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TABLE B-2. (continued) ri
SI-

Measurement
Identification

TEP165-F1-8B
TEP165-F1-8C
TEP165-F2-38
TEP165-F2-45
TE-BLH-O01

TE-BLH-002
TE-BLH-003
TE-BLH-004
TE-BLH-005
TE-BLH-006

TE-BLH-007A
TE-BLH-007B
TE-BLH-008
TE-PC-002A
TE-PC-002B

TE-PC-002C
TE-PO04-054
TE-P120-O01
TE-P120-027
TE-P120-041

TE-P120-102
TE-P139-019
TE-P139-020
TE-P139-029
TE-P139-28-2

TE-P139-32-1
TE-P141-094
TE-P141-095
TE-SG-O01A
TE-SG-002A

Measurement
Description

TEMP-Fl LINE UPSTM FLOW ORIFICE
TEMP-Fl CARRIER GAS LINE
TEMP-F2 LINE-UPSTM DILUTION FILTER
TEMP-F2 LINE-UPSTM FLOW ORIFICE
WALL TEMP LPIS BRK LN INLET

STM TEMP LPIS BRK LN INLET
STM TEMP LPIS BRK LN GAMMA SPECTROMETER
WALL TEMP LPIS BRK LN GAMMA SPECTROMETER
STM TEMP LPIS BRK LN FILTER INLET
WALL TEMP LPIS BRK LN FILTER INLET

STM TEMP LPIS BRK LN VENTURI INLET
STM TEMP LPIS BRK LN VENTURI INLET
WALL TEMP LPIS BRK LN VENTURI OUTLET
TEMP-INTACT LOOP HL BOTTOM
TEMP-INTACT LOOP HL MIDDLE

TEMP-INTACT LOOP HL TOP
CONDENSATE RECEIVER TEMPERATURE
LIQUID TEMP-BWST
LIQUID TEMP-ECCS ACCUM B
LIQUID TEMP-ECCS ACCUM A

LIQUID TEMP-ECCS LPIS HX B OUTLET
TEMPERATURE-PRESSURIZER VAPOR
TEMPERATURE-PRESSURIZER LIQUID
COOLANT TEMP-INTACT LOOP COLD LEG
TEMPERATURE-INTACT LOOP COLD LEG

PRIMARY COOLANT HOT LEG TEMP CHANNEL
PCCS HEAT EXCH INLET TEMP
PCCS HEAT EXCH OUTLET TEMP
COOLANT TEMP-IL SG INLET PLENUM
COOLANT TEMP-IL SG OUTLET PLENUM

Ii

TE-SG-003
TE-SG-004
TE-SG-005
TE-SV-O01
TE-SV-002

LIQUID TEMP-SCS SG DOWNCOMER
LIQUID TEMP-SCS SG DOWNCOMER
LIQ - TEMP SCS SG DOWNCOMER
LIQUID TEMP-BST STALK 1-107.2
LIQUID TEMP-BST STALK 1-93.0

I
I
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TABLE B-2. (continued)

Measurement
Identification

Measurement
Description

TE-SV-003
TE-SV-004
TE-SV-0O05
TE-SV-006
TE-SV-007

TE-SV-008
TE-SV-009
TE-SV-010
TE-SV-011
TE-SV-012

TE-T055-002
TE-1A11-030
TE-1B10-037
TE-1B11-028
TE-1B11-032

TE-1C11-021
TE-1Cl1-039
TE-1F07-015
TE-1F07-026
TE-IST-O01

TE-1ST-002
TE-lST-003
TE-IST-004
TE-IST-005
TE-1ST-006

TE-1ST-008
TE-1ST-009
TE-IST-010
TE-1ST-011
TE-IST-012

TE-IST-013
TE-IST-015
TE-IUP-O01
TE-1UP-002
TE-1UP-005

LIQUID
LIQUID
LIQUID
LIQUID
LIQUID

LIQUID
LIQUID
LIQUID
LIQUID
LIQUID

TEMP-BST
TEMP-BST
TEMP-BST
TEMP-BST
TEMP-BST

TEMP-BST
TEMP-BST
TEMP-BST
TEMP-BST
TEMP-BST

STALK
STALK
STALK
STALK
STALK

STALK
STALK
STALK
STALK
LTALK

1-74.7
1-57.2
1-39.0
1-14.7
2-107.2

2-93.0
2-74.7
2-57.2
2-39.0
2-14.7

TEMPERATURE-CONTAINMENT AMBIENT
TEMP-CLADDING/FAl PIN All 30 IN.
TEMP-CLADDING/FAl PIN B10 37 IN.
TEMP-CLADDING/FAl PIN B1l 28 IN.
TEMP-CLADDING/FA1 PIN B1l 32 IN.

TEMP-CLADDING/FAI PIN
TEMP-CLADDING/FAl PIN
TEMP-CLADDING/FAl PIN
TEMP-CLADDING/FA3 PIN
COOLANT TEMP-RV INSTR

Cll 21 IN.
Cli 39 IN.
F7 15 IN.
F7 26 IN.
STALK 1 DC

COOLANT
COOLANT
COOLANT
COOLANT
COOLANT

COOLANT
COOLANT
COOLANT
COOLANT
COOLANT

COOLANT
COOLANT
COOLANT
COOLANT
COOLANT

TEMP-RV
TEMP-RV
TEMP-RV
TEMP-RV
TEMP-RV

TEMP-RV
TEMP-RV
TEMP-RV
TEMP-RV
TEMP-RV

INSTR
INSTR
INSTR
INSTR
INSTR

INSTR
INSTR
INSTR
INSTR
INSTR

STALK
STALK
STALK
STALK
STALK

STALK
STALK
STALK
STALK
STALK

1
1
1
1
1

1
1
1
1
1

DC
DC
DC
DC
DC

LP
LP
LP
LP
LP

TEMP-RV INSTR STALK 1 LP
TEMP-RV INSTR STALK I DC
TEMP-UPPER END BOX
TEMP-UPPER END BOX
TEMP-ON DTT FE-1UP-1
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a
TABLE B-2. (continued)

Measurement
Identification

TE-1UP-006
TE-1UP-007
TE-2E08-045
TE-2F07-015
TE-2F08-032

TE-2F09-026
TE-2G14-011
TE-2G14-030
TE-2G14-045
TE-2HO2-028

TE-2H13-021
TE-2H13-049
TE-2H14-028
TE-2H14-032
TE-2H15-026

TE-2H15-041
TE-2114-021
TE-2114-039
TE-2LP-001
TE-2LP-002

TE-2LP-0O03
TE-2UP-0O01
TE-2UP-002
TE-2UP-003
TE-2UP-004

TE-2UP-O05
TE-3A11-030
TE-3B11-028
TE-3B11-032
TE-3Cl1-021

TE-3C11-039
TE-3F07-026
TE-3UP-0O01
TE-3UP-006
TE-3UP-008

Measurement
Descri pti on

METAL TEMP-SUPPORT
METAL TEMP-SUPPORT
TEMP-CLADDING/FA2
TEMP-CLADDING/FA2
TEMP-CLADDING/FA2

TEMP-CLADDING/FA2
TEMP-CLAOOING/FA2
TEMP-CLADDING/FA2
TEMP-CLADDING/FA2
TEMP-CLADDING/FA2

TEMP-CLADDING/FA2
TEMP-CLADDING/FA2
TEMP-CLADDING/FA2
TEMP-CLADDING/FA2
TEMP-CLADOING/FA2

TEMP-CLADDING/FA2
TEMP-CLADDING/FA2
TEMP-CLADDING/FA2
COOLANT TEMP-LOWER
COOLANT TEMP-LOWER

COOLANT TEMP-LOWER
COOLANT TEMP-UPPER
COOLANT TEMP-UPPER
COOLANT TEMP-UPPER
METAL TEMP-SUPPORT

COLUMN FA1
COLUMN FA1

PIN E8 45 IN.
PIN F7 15 IN.
PIN F8 32 IN.

PIN
PIN
PIN
PIN
PIN

PIN
PIN
PIN
PIN
PIN

PIN
PIN
PIN

END
ENE

F9 26 IN.
G14 11 IN.
G14 30 IN.
G14 45 IN.
H2 28 IN.

H13
H13
H14
H14
H15

H15
114
114

BOX
BOX

?1
49
28
32
26

IN.
IN.
IN.
IN.
IN.

41 IN.
21 IN.
39 IN.

END BOX
END BOX
END BOX
END BOX
COLUMN FA2

METAL TEMP-SUPPORT COLUMN
TEMP-CLADDING/FA3 PIN All
TEMP-CLADOING/FA3 PIN Bll
TEMP-CLADDING/FA3 PIN Bll
TEMP-CLADDING/FA3 PIN Cll

FA2
30 IN.
28 IN.
32 IN.
21 IN.

L
L
It
L

TEMP-CLADDING/FA3 PIN Cl 39 IN.
TEMP-CLADDING/FA3 PIN F7 26 IN.
COOLANT TEMP-UPPER END BOX
METAL TEMP-SUPPORT COLUMN FA3
TEMP-COOLANT LLT ABOVE FA3

uj~;
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TABLE B-2. (continued)

Measurement
Identification

TE-3UP-010
TE-3UP-011
TE-3UP-012
TE-3UP-013
TE-3UP-014

TE-3UP-015
TE-3UP-016
TE-4E08-045
TE-4F07-015
TE-4F08-032

TE-4G08-021
TE-4G14-011
TE-4G14-030
TE-4G14-045
TE-4H13-015

TE-4H13-037
TE-4H14-028
TE-4H15-026
TE-4H15-041
TE-4114-039

TE-4LP-O01
TE-4LP-003
TE-4UP-0O01
TE-4UP-002
TE-4UP-003

TE-4UP-004
TE-4UP-005
TE-5C06-027
TE-5C06-066
TE-5C07-042

TE-5C09-010
TE-5C09-027
TE-5C10-027
TE-5C12-010
TE-5C12-027

Measurement
Description

TEMP-COOLANT
TEMP-COOLANT
TEMP-COOLANT
TEMP-COOLANT
TEMP-COOLANT

LLT
LLT
LLT
LLT
LLT

ABOVE
ABOVE
ABOVE
ABOVE
ABOVE

FA3
FA3
FA3
FA3
FA3

TEMP-COOLANT LLT ABOVE FA3
TEMP-COOLANT LLT ABOVE FA3
TEMP-CLADDING/FA4 PIN E8 45 IN.
TEMP-CLADDING/FA4 PIN F7 15 IN.
TEMP-CLADDING/FA4 PIN F8 32 IN.

TEMP-CLADDING/FA4
TEMP-CLADDING/FA4
TEMP-CLADDING/FA4
TEMP-CLADDING/FA4
TEMP-CLADOING/FA4

TEMP-CLADDING/FA4
TEMP-CLADDING/FA4
TEMP-CLADDING/FA4
TEMP-CLAODING/FA4
TEMP-CLADOING/FA4

PIN
PIN
PIN
PIN
PIN

G8 21 IN.
G14 11 IN.
G14 30 IN
G14 45 IN.
H13 15 IN.

PIN F
PIN
PIN
PIN
PIN

END
END
END
END
END

113
114
115
15

114

37
28
26
41
39

IN.
IN.
IN.
IN.
IN.

COOLANT
COOLANT
COOLANT
COOLANT
COOLANT

TEMP-LOWER
TEMP-LOWER
TEMP-UPPER
TEMP-UPPER
TEMP-UPPER

BOX
BOX
BOX
BOX
BOX

METAL TEMP-SUPPORT COLUMN FA4
METAL TEMP-SUPPORT COLUMN FA4
TEMP-GUIDE TUBE FA5 LOC C6 27"
TEMP-GUIDE TUBE FA5 LOC C6 66 IN
TEMP-INTERNAL CLAD FA5 PIN C7 42"

TEMP-INTERNAL CLAD FA5 PIN C9 10"
TEMP-INTERNAL CLAD FA5 PIN C9 27"
TEMP-GUIDE TUBE FA5 LOC C10 27"
TEMP-INTERNAL CLAD FA5 PIN C12 10"
TEMP-INTERNAL CLAD FA5 PIN C12 27"
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TABLE B-2. (continued)

Measurement
Identification

TE-5009-027
TE-5D13-042
TE-5E05-027
TE-5E11-027
TE-5E-010

TE-5E-027
TE-5E-032
TE-SE-042
TE-5FO0-027
TE-5F09-010

TE-5F09-027
TE-5F13-066
TE-5G04-010
TE-5G04-027
TE-5G12-01O

TE-5G12-027
TE-5G13-027
TE-5H06-027
TE-5H08-027
TE-5H10-027

TE-5H12-027
TE-5103-027
TE-5104-042
TE-5112-042
TE-5J03-066

Measurement
Description

TEMP-INTERNAL CLAD FA5 PIN D9 27"
TEMP-INTERNAL CLAD FA5 PIN D13 42"
TEMP-GUIDE TUBE FA5 LOC E5 27"
TEMP-GUIDE TUBE FA5 LOC Ell 27"
SHROUD TEMP EAST SIDE 10 IN.

SHROUD TEMP EAST SIDE 27 IN.
SHROUD TEMP EAST SIDE 32 IN.
SHROUD TEMP EAST SIDE 42 IN.
TEMP-GUIDE TUBE FA5 LOC F3 27"
TEMP-INTERNAL CLAD FA5 PIN F9 10"

TEMP-INTERNAL CLAD FA5 PIN F9 27"
TEMP-GUIDE TUBE FA5 LOC F13 66"
TEMP-INTERNAL CLAD FA5 PIN G4 10"
TEMP-INTERNAL CLAD FAS PIN G4 27"
TEMP-INTERNAL CLAD FA5 PIN G12 10"

U
L
U

TEMP-INTERNAL CLAD FA5 PIN
TEMP-INTERNAL CLAD FA5 PIN
TEMP-INTERNAL CLAD FA5 PIN
TEMP-GUIDE TUBE FA5 LOC H8
TEMP-INTERNAL CLAD FA5 PIN

G12 27"
G13 27"
H6 27"
27"
H1O 27"

TE-5J07-010
TE-5J07-027
TE-5J09-042
TE-5Ji13-027
TE-5K05-027

TE-SK11-027
TE-5L07-010
TE-5L07-027
TE-SL08-027
TE-5L09-042

TEMP-GUIDE TUBE FA5 LOC H12 27"
TEMP-INTERNAL CLAD FAS PIN 13 27"
TEMP-INTERNAL CLAD FA5 PIN 14 42"
TEMP-INTERNAL CLAD FA5 PIN 112 42"
TEMP-GUIDE TUBE FA5 LOC J3 66"

TEMP-INTERNAL CLAD FA5 PIN J7 10"
TEMP-INTERNAL CLAD FA5 PIN J7 27"
TEMP-INTERNAL CLAD FA5 PIN J9 42"
TEMP-GUIDE TUBE FA5 LOC J13 27"
TEMP-GUIDE TUBE FA5 LOC K5 27"

TEMP-GUIDE TUBE FA5 LOC Kli 27"
TEMP-INTERNAL CLAD FA5 PIN L7 10"
TEMP-INTERNAL CLAD FA5 PIN L7 27"
TEMP-GUIDE TUBE FA5 LOC L8 27"
TEMP-INTERNAL CLAD FAS PIN L9 42"

L
L
L
L
L
L
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TABLE B-2. (continued)

Measurement
Identification

TE-5MO6-027
TE-5M07-010
TE-5M07-027
TE-5M09-042
TE-5M10-066

TE-5N-010
TE-5N-027
TE-5N-032
TE-5N-042
TE-5S-010

TE-5S-027
TE-5S-032
TE-5S-042
TE-5UP-004
TE-5UP-017

TE-5UP-019
TE-5UP-023
TE-5UP-024
TE-5UP-025
TE-5UP-026

TE-5UP-027
TE-5UP-028A
TE-5UP-028B
TE-SUP-029A
TE-5UP-O29B

TE-5UP-030A
TE-5UP-030B
TE-5UP-031A
TE-5UP-031B
TE-5UP-032A

TE-5UP-032B
TE-5UP-033A
TE-5UP-033B
TE-5UP-188A
TE-5UP-188B

Measurement
Description

TEMP-GUIDE TUBE FA5 LOC M6 27"
TEMP-INTERNAL CLAD FA5 PIN M7 10"
TEMP-INTERNAL CLAD FA5 PIN M7 27"
TEMP-INTERNAL CLAD FA5 PIN M9 42"
TEMP-GUIDE TUBE FA5 LOC M1O 66 IN

SHROUD
SHROUD
SHROUD
SHROUD
SHROUD

SHROUD
SHROUD
SHROUD
COOLANT
COOLANI

TEMP
TEMP
TEMP
TEMP
TEMP

NORTH
NORTH
NORTH
NORTH
SOUTH

SIDE
SIDE
SIDE
SIDE
SIDE

SIDE
SIDE
SIDE

END
END

10
27
32
42
10

IN.
IN.
IN.
IN.
IN.

TEMP SOUTH
TEMP SOUTH
TEMP SOUTH
F TEMP-UPPER
* TEMP-UPPER

27 IN.
32 IN.
42 IN.
BOX
BOX

COOLANT
COOLANT
COOLANT
COOLANT
COOLANT

COOLANT
COOLANT
COOLANT
COOLANT
COOLANT

COOLANT
COOLANT
COOLANT
COOLANT
COOLANT

COOLANT
COOLANT
COOLANT

TEMP
TEMP
TEMP
TEMP
TEMP

TEMP
TEMP
TEMP
TEMP
TEMP

TEMP
TEMP
TEMP
TEMP
TEMP

TEMP
TEMP
TEMP

UPPER
UPPER
UPPER
UPPER
UPPER

UPPER
UPPER
UPPER
UPPER
UPPER

UPPER
UPPER
UPPER
UPPER
UPPER

END
END
END
END
END

END
END
END
END
END

END
END
END
END
END

BOX
BOX
BOX
BOX
BOX

BOX
BOX
BOX
BOX
BOX

BOX
BOX
BOX
BOX
BOX

UPPER END BOX
UPPER END BOX
UPPER END BOX

METAL SURFACE TEMP-UPPER END BOX
METAL SURFACE TEMP-UPPER END BOX
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TABLE B-2. (continued)

Measurement
Identification

TE-5UP-188C
TE-5UP-188D
TE-5UP-194G1
TE-5UP-194G2
TE-5UP-197B1

TE-SUP-197B2
TE-5UP-212G1
TE-5UP-212G2
TE-5UP-215B1
TE-5UP-215B2

Measurement
Description

(-1~

1!i

ri

METAL
METAL
METAL
METAL
METAL

METAL
METAL
METAL
METAL
METAL

METAL
METAL
METAL
METAL

SURFACE
SURFACE
SURFACE
SURFACE
SURFACE

SURFACE
SURFACE
SURFACE
SURFACE
SURFACE

SURFACE
SURFACE
SURFACE
SURFACE

TEMP-UPPER
TEMP-UPPER
TEMP-UPPER
TEMP-UPPER
TEMP-UPPER

TEMP-UPPER
TEMP-UPPER
TEMP-UPPER
TEMP-UPPER
TEMP-UPPER

TEMP-UPPER
TEMP-UPPER
TEMP-UPPER
TEMP-UPPER

END
END
END
END
END

END
END
END
END
END

END
END
END
END

BOX
BOX
BOX
BOX
BOX

BOX
BOX
BOX
BOX
BOX

BOX
BOX
BOX
BOX

F t
ITE-5UP-250G1

TE-5UP-25OG2
TE-SUP-251B1
TE-5UP-251B2
TE-5W-010

TE-5W-027
TE-5W-032
TE-5W-042
TE-6E08-045
TE-6F07-037

TE-6F09-041
TE-6G08-039
TE-6G14-011
TE-6G14-030
TE-6G14-045

TE-6H13-015
TE-6H13-037
TE-6H14-028
TE-6H14-032
TE-6H15-026

TE-6114-021
TE-6114-039
TE-6LP-0O1
TE-6LP-002
TE-6LP-003

SHROUD TEMP WEST SIDE 10 IN.

SHROUD TEMP WEST SIDE
SHROUD TEMP WEST SIDE
SHROUD TEMP WEST SIDE
TEMP-CLADDING/FA6 PIN
TEMP-CLADDING/FA6 PIN

TEMP-CLADDING/FA6 PIN
TEMP-CLADDING/FA6 PIN
TEMP-CLADDING/FA6 PIN
TEMP-CLADDING/FA6 PIN
TEMP-CLADDING/FA6 PIN

TEMP-CLADDING/FA6 PIN
TEMP-CLADDING/FA6 PIN
TEMP-CLADDING/FA6 PIN
TEMP-CLADDING/FA6 PIN
TEMP-CLADDING/FA6 PIN

27
32
42
E8
F7

F9
G8
G14
G14
G14

H13
H13
H14
H14
H15

IN.
IN.
IN.
45 IN.
37 IN.

41 IN.
39 IN.

11 IN.
30 IN.
45 IN.

U

I
I
U
I

3

i

15
37
28
32
26

IN.
IN.
IN.
IN.
IN.

TEMP-CLADDING/FA6
TEMP-CLADDING/FA6
COOLANT TEMP-LOWEF
COOLANT TEMP-LOWEF
COOLANT TEMP-LOWEF

PIN 114 21 IN.
PIN 114 39 IN.

END BOX
END BOX
END BOX

I
t
t
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TABLE B-2. (continued)

Measurement
Identification

TE-6UP-O01
TE-6UP-002
TE-6UP-003
TE-6UP-004
TE-6UP-005

TT-PO04-004
TT-P139-032
TT-P139-033
TT-P139-034
XEP165-F1-42

XEP165-F1-44
ZLP165-D15A

Measurement
Description

COOLANT TEMP-UPPER
COOLANT TEMP-UPPER
COOLANT TEMP-UPPER
METAL TEMP-SUPPORT
METAL TEMP-SUPPORT

END BOX
END BOX
END BOX
COLUMN FA5
COLUMN FA5

LIQUID TEMP-SCS FEEDWATER
COOLANT TEMP-INTACT LOOP HOT LEG
COOLANT TEMP-INTACT LOOP HOT LEG
COOLANT TEMP-INTACT LOOP HOT LEG
PERCENT WATER Fl LINE

PERCENT WATER Fl LINE
MOTOR POSITION
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M. L. Carboneau
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APPENDIX C

DETAILED ORIGEN2 RESULTS

A microfiche copy of the ORIGEN2 calculation made for the LP-FP-2

center fuel module, showing the detailed input and output of the computer

code, is attached to the back cover of this report in a pouch. This

microfiche card is titled: "FP2 EDR ORIGEN2 CALCULATION."
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APPENDIX 0

AIRBORNE RADIOIODINE MEASUREMENTS FOR THE LOFT LP-FP-2 EXPERIMENT

J. W. Mandler
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LAPPENDIX D

AIRBORNE RADIOIODINE MEASUREMENTS FOR THE LOFT

LP-FP-2 EXPERIMENT

A microfiche copy of the report titled: "AIRBORNE RADIOIODINE

MEASUREMENTS LOFT FP-2 TEST" is attached to the back cover of this report

in a pouch.
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APPENDIX E

CALCULATION OF STEAM AND ARGON FLOWS IN THE Fl AND F2 SAMPLE LINES

J. P. Adams
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APPENDIX E

CALCULATION OF STEAM AND ARGON FLOWS IN F1 THE

AND F2 SAMPLE LINES

This appendix presents the details of the calculations performed to

determine the flows in the F1 and F2 sample lines during Experiment

LP-FP-2. The algorithm that is presented was developed by V. J. Novick.

Description of the calculational algorithm is presented in Section 1 of

this appendix. Details of the calculation of steam and argon mass and

volumetric flows are included in Sections 2 and 3 for the F2 and F1 sample

lines, respectively.
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Control of the flows was provided by visco jets manufactured by the

Lee Company, Westbrook, Conn. The flow calibrations provided by the

company were considered to be insufficient for the flow calculation since

the equations were not adequately documented nor was there sufficient

information to calculate flows of a mixture of gases. For this reason, it

was decided to treat the visco jets as simple critical orifices and use the

equation for gas flow through such an orifice. The equations are written as

rj
G i,, J

rj
rj
rj; = [PAKI[(KRT)-1/2]([2/(k + 1 )][(K+1)/2(K-1)]} (E-1)

where

M = mass flow rate through a critical orifice (kg/s)

P = pressure upstream of the orifice (Pa)

K = specific heat ratio (C p/C v)

R = gas constant (J/kgK)

Ii
in

I
I-

T = gas temperature (K)

A effective flow area of orifice (m2).

For a mixture of gases, we have

ZM.

M-

E (Mi/Mi)

(E-2)
I

I_
where

M molecular weight of mixture I
M.1 = molecular weight of ith component

E-4 I



M. mass flow of ith component

R = R/M (E-3)

where

R = gas constant of the mixture (J/kgK)

R = universal gas constant = 8.3143 J/mole-K

M.i K

SMi K i -I

K= (E-4)

K 11

M M i

where

Ki = specific heat ratio of ith component

and

MW SQ = MWt Q- War Q- (E-5)

where

L MWt Q = total gas flow/through the final orifice (kg/s)

MWar Q = dilution gas flow through dilution orifice (kg/s)

! 0
P = depressurization gradient (Pa/s)

V = total volume of FPMS sampler from sampling point to
2._ !, final orifice (m )

MW Q = mass flow of ýteam (kg/s).

1l E-5



The last term in Equation (E-5) is necessary to account for the lack of

steady state conditions. Because the pressure is decreasing, continuity of

mass flow between the measurement station and the orifice cannot be -

assumed. The magnitude of this last term, however, is approximately a

factor of 100 smaller than either argon or steam mass flows (10- 6 kg/s
lO4 kg/s)-

compared with I ) and was, therefore, neglected in this calculation.

The use of these equations depends on a knowledge of the effective

orifice diameter for the individual visco jets. Laboratory testing was

performed on the jets used in the LOFT experiment to determine the actual

flow rates through the jets at pressures between 0.34 and 1.03 MPa. The

data from these tests were used to calculate the effective orifice area to

be used in Equation (E-1). It was recognized that the actual areas that

were manifest during the actual experiment might vary from those measured

in these tests because of upstream pressure variations, downstream pressure

variations, experimental accuracy and reproducibility, and aging. In order l

to determine the possible effects of these variances, additional tests were

conducted on a visco jet similar to those used in Experiment LP-FP-2.

The effect of pressure variations was no more than 4% for the upstream

pressure range and 2.5% for the downstream pressure range experienced

during the experiment. The error caused by experimental measurements and

reproducibility was <1% for flow rates measured at a given pressure during (
a single day. r

The area uncertainty caused by aging, however, was of the order of 20%

for measurements taken months apart. The exact cause of this variation is [
not known because of the conflicting trends and poor statistics. Part of

this aging process is probably caused by microcontamination that occurs

over a period of months. Contamination would tend to decrease the |
effective orifice area over time and in fact most of the measurements

indicated a decrease in effective area over time. However, there were two [
data points that were at variance with this; one indicated an increase in

effective area, and one indicated no change. The visco jets were removed I

E-6
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from the system a few days prior to conduct of the experiment and were

cleaned in an ultrasonic bath. This should reduce the effects of aging but

the amount of reduction is not known and it must be assumed that the

L t uncertainty in the flow is of the order of 20%, though this is most

certainly an upper bound.

The dilution orifices were calibrated in the laboratory with upstream

pressures up to 4.13 MPa. The actual upstream pressure exceeded 4.13 MPa

from the time the F1 line was opened until -1250 s, or for the first 4 min

of flow. This is illustrated in Figure B-4, which shows the argon gas

pressure upstream of the dilution gas orifices. The effect of this higher

pressure is not known since the calibration was not performed above

j 4.13 MPa. Again, a similar visco jet was used to perform further studies,

especially on the effects of downstream pressure on the flow rate. It was

determined that the effective area was 10% less for a downstream pressure

of 1.44 MPa compared to 84 kPa, as designed. Furthermore, the effective

area varied up to 3% for the pressure range of 1.03 to 1.45 MPa that was

experienced during the experiment. The 10% change in effective area caused

by the higher than anticipated downstream pressure was accounted for by a

bs10% reduction in the effective area used in the calculation. The remaining

errors are inherent in the data. The effects of aging could be up to 20%

and mask all other sources of data error. Therefore, since the uncertainty

in flow area is directly reflected in the uncertainty in the flows

themselves, an uncertainty of ±20% is assigned to all flows calculated for

the F1 and F2 lines. This uncertainty is an upper bound but the degree of

conservatism represented by this uncertainty is not known.

The effective areas used in this calculation are

F1 iine orifice 1.28 x 10-7 m2

U F1 dilution orifice 1.24 x 10-8 m2

F2 line orifice 9.67 x 10-8 m2

E-7



2.0 F2 FLOWS

The F2 sample line did not have any dilution gas. Therefore, the

calculation of the steam flow in this line was straight forward and

consisted of using Equation (E-1) with input data

I

P = measured upstream pressure PFPI65-F2-43M

\--\

T = measured upstream temperature TEP165-F2-45

A = F2 line orifice area = 9.67xi0-8 m2

R = gas constant = 461.5 J/kg-K

K = specific heat ratioa

ii
I

The

and E-2,

resulting steam mass and volumetric flows are shown in Figures E-1

respectively. The intergrated mass flow is shown in Figure E-3.

L
[LI-
IL

a. The specific heat at constant pressure (C p) was determined from the

steam tables in the computer using the upstream pressure and temperature.
The specific heat at constant volume (C v), however, are not part of the

steam tables in the computer and were calculated from a third order
polynomial fit to the steam table values. This polynomial fit is valid for
the temperature range 573.15 to 753.15 K and the pressure range 1.0 to
2.0 MPa.

E-8
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3.0 FI FLOWS

The presence of argon in the F1 line makes the calculation of steam

flow in this line complex. Since such things as the specific heat ratio

and gas constant are needed in Equation 1 to calculate the flow and these

two variables can only be determined if the flows are known, an iterative

approach was used. First, the argon mass flow was calculated using

Equation (E-i) and the measurements

P = argon pressure upstream of the dilution orifices

PTP165-F2-8A and PTP165-F2-8C (simple average of these two

measurements)

T = argon temperatures upstream of the dilutions orifices

TEP165-F2-8A and TEP165-F2-8C (weighted average using the

two orifice areas as the weights)

K specific heat ratio = 1.658

R = gas constant = 208.15 J/kg-K

A = effective total flow area for the two orifices = 1.24 (E-8)
2m.

The resulting argon mass flow is shown in Figure E-4. The volumetric

argon flows in the F1 sample line and downstream of the critical orifice

(i.e. in the vicinity of the G2 gamma spectrometer) are shown in

Figures E-5 and E-6, respectively.

Having calculated the argon mass flow, which is a simple, straight

forward calculation, this flow was then used to calculate the steam mass

flow as follows:

1. The argon volumetric flow in the F1 sample line (i.e. downstream

of the dilution orifices and upstream of the critical orifice)
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SFigure E-6. Calculated argon volumetric flow rate in the
F1 sample line (downstream of the critical orifice).

was calculated using the argon density in this line determined

Sfrom pressure and temperature.
2. The initial guess for the steam volumetric flow was made by

4 assuming that the total mixture flow was 2 u/sin

(3.33 x Eq-5 m3s) and subtracting the argon flow.

3. The initial steam mass flow was calculated using this volumetric

1l flow and the steam density determined from pressure and

temperature.

5 4. The molecular weight of the mixture was calculated using

Equation (E-3).

5. The gas constant for the mixture was then calculated using
_• >' Equation (E-3).
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6. The specific heat ratio for the mixture was then calculated using

Equation (E-4).

7. The total mixture flow through the critical orifice was then

calculated using Equation (E-1) and the gas constant and specific

heat ratio for the mixture determined in Steps 5 and 6 together

with the upstream pressure (PTP165-F1-88M), temperatureI

(TEP165-F1-8B), and orifice effective area (1.28 x 1 im2 ).

8. The next value for the steam mass flow was the difference between

the total mixture flow (from Step 7) and the argon mass flow.

This value was compared with the mass flow determined in Step 3

and used in all subsequent steps. If the difference exceeded 5%,

the new steam mass flow was substituted into Step 4 and the

process was repeated.

The algorithm converged within 4 iterations for all time steps. The

resulting steam mass flow is shown in Figure E-7. The steam volumetric

20.0 IL

18.0 0.0004 ,

16.0

0
0

14.0 -
U , 0.0003

12.

10.0
1000 1200 T4 (s 1600 10ooTime (s) •?

Figure E-7. Calculated steam mass flow rate in the F1 sample line.
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flow is shown in Figure E-8. The ratio of steam and argon mass flows is

shown in Figure E-9. As seen in Figure E-9, the steam mass flow exceeded

the argon mass flow throughout the transient. The F1 sample line was

designed for argon mass flows that would exceed the steam mass flows by up

to a factor of 8. The reason why this design objective was not met is that

the primary coolant system did not depressurize as rapidly as expected and

thus there was a much larger steam mass flow than expected. This is judged

not to have adversely affected the outcome of the experiment in general or

the FPMS operation in specific since the reason for the dilution flow was

to avoid plugging of the F1 sample line and this line did not plug.

I?0
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E
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3.0

2.0

1.0
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- 0.01

(0

E
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It 0.00
1000 1200 1400
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1600 1800

(s)
Figure E-8. Calculated steam volumetric flow rate in the

F1 sample line (upstream of the critical orifice).
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APPENDIX F

DETAILED LOFT REACTOR OPERATING HISTORY AND POWER MAP DATA

The operational history of the LOFT core, from the time of initial

nuclear power operation in October 1978 through the LP-FP-2 experiment, is

tabulated in Table F-I. Figure F-I shows the relative radial power

distribution, and Table F-2 shows the relative axial power distribution for

the LP-FP-2 experiment. Table F-3 shows the average core power prior to

the LP-FP-2 experiment. Using the data in Table F-3, the decay heat at

reactor scram was calculated to be 1729.8 kW, and the decay heat at 200 s

into the transient was 684.8 kW.

FI
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TABLE F-1. LOFT REACTOR OPERATING HISTORY FOR ALL PAST EXPERIMENTSa

Test

PR-PT
L2-2
L2-3
L3-1
L3-2
L6-5
L3-7
L3-5/1
L3-5/2
L6-2
L3-6/L8-1
L9-1
L6-7
L5-1
L8-2
L9-3
L2-5
L6-8 Ser
L9-4
LP-FW-1
SB-i
SB-2
L2-6
LB-i
SB-3
FP- 1
FP-2

Date of
End of Test

Shutdown Period
following Test-(s)Test EFPHb

Accumulated EFPH
for

Peripheral
CFM Core

10/8/78
12/9/78
5/12/79
11/20/79
2/6/80
5/29/80
6/20/80
9/24/80
9/29/80
10/10/80
12/10/80
4/15/81
7/31/81
9/24/81
10/12/81
4/7/82
6/16/82
8/31/82
9/24/82
2/20/83
6/23/83
7/14/83
10/3/83
2/3/84
3/5/84
12/19/84
7/15/85

190
27
38
65
55
21
91
45
41
30
83
54
37
42
27
39
28
60
77
59
56
45
57
98
74

430.2
123.3

5.17
1.31
1.60
6.37
9.69
1.49
7.96
2.84
8.42
4.89
1.045
9.245
4.752
1.55
1.51
6.05
6.134
2.07
1.296
1.041
1.61
6.836
1.042
2.24
2.46
1.619

190
217
255

65
120
141
232
277
318
348
431
485
521
563
590
39
67

127
204
263
319
364
421

98
172
430.2
123

190
217
255
320
375
396
487
532
573
603
686
740
776
818
845
884
912
972
1049
1108
1164
1209
1266
1364
1438
1868.2
1991.5

a. Most of the information in this table
report, "Radiological Risk Assessment for
Test LP-FP-2", OECD LOFT-I-11-5178, June

was obtained from page 13 of the
the LOFT Fission Product Release

14, 1985.

b. EFPH values based on a power level of 50 MW.
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1.830 1.835 1.637 1.825 1.813 1.801 1.775 1.743

1.236 1.247 1.254 1.233 1.218 1.209 1.170 J.129

1.862 1.882 1.895 1.861 1.838 1.824 1.760 1.693

1.263 1.267 1.241 1.220 1.152 1.095

1.917 1.925 1.85 1 .8500 1.7411 1.646

1.236 1.236 1.224 1.193 1.16 1.104 1.053

1.881 1.883 1.664 1.814 1.761 1.670 1.585

1.168 1.154 1.167lX 1./160 1.11 1.060 9.009
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r Figure F-1. Best estimate calculated
distribution.
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TABLE F-2. BEST ESTIMATE CALCULATED RELATIVE AXIAL POWER DISTRIBUTIONS
RODS AT 55.81, CORE FLOW = 3.61E6 Ibm/hr, Tin = 539 0 F,

POWER = 31.5 MW

Depletion Block Widths and
Locations from the bottom

of the Core

Relative Power Density (RPD)

RPD - Ave. Pow. In Fuel Pin Block
Average Core Power

Block
No.

1
2
3
4
5

6
7
8
9

10

11
12
13
14
15

16
17
18
19
20

21
22
23
24
25

26

Axial
Width
(mm)

20.6
44.4
87.4

152.4
101.6

35.8
44.4
46.7
38.1
38.1

38.1
38.1
38.1
38.1
38.1

63.8
44.4

158.5
152.4
66.3

30.5
14.0
41.7
46.0

106.4

152.4

Midpoint
Location

(mm)

10.3
42.8

108.7
228.6
355.6

424.3
464.4
510.0
552.4
590.5

628.5
666.6
704.7
742.8
780.9

831.9
886.0
987.4

1142.9
1252.3

1300.7
1322.9
1350.8
1394.6
1470.8

1600.2

Hot Pin
No. 14

1.233
1.163
1.528
2.220
2.754

2.903
2.923
3.106
3.228
3.291

3.331
3.351
3.352
3.334
3.296

3.191
3.012
2.928
2.466
1.966

1.672
1.558
1.453
1.245
0.887

0.462

Ave. Pin
In Center
Assembly

1.133
1.046
1.422
2.076
2.578

2.717
2.717
2.908
3.024
3.081

3.117
3.135
3.135
3.119
3.085

2.985
2.797
2.736
2.303
1.835

1.549
1.445
1.359
1.171
0.842

0.436

0.482
0.477
0.677
0.998
1.238

1.299
1.292
1.392
1.452
1.481

1.500
1.510
1.512
1.506
1.491

1.442
1.346
1.334
1.132
0.902

0.754
0.701
0.657
0.538
0.337

0.162

Ave. Pin
In Core

Ii
I I

2

E~
I
I1
K

It

II

12

I'
Reference: B. L. Rushton, J. B. Briggs "PDQ-7 Calculated Results
Safety Analyses Evaluations for the FP-2 Reload Core at Beginning
OECD LOFT-I-08-5118, December 1984.

for
of Life," I

V
It
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TABLE F-3. AVERAGED LOFT
CALCULATION

POWER HISTORY ASSUMED IN THE LP-FP-2 DECAY HEAT

End of the Time Interval
Date

Time Interval of
Power Block

76.63
23.66
1.05
1.00

1 .82
16.54
1.06
1.08
1.00

1.00
1.00
1.42
1.00
1.33

11.27
63.84
1.08
2.92
69.03

1.67
1.17
1.08
1.92
1.25

1.25
1.67

76.15
1.67

91.05

1.58
1.08
1.74
1.17

Hours

169
172
173
173
173

173
174
174
174
174

174
174
174
174
174

175
178
178
178
181

181
181
181
181
181

181
181
184
184
188

188
188
188
188

11
16
15
17
18

19
12
13
14
15

16
17
17
19
21

8
0
1
4
1

3
4
5
7
8

9
11
15
17
12

13
14
16
17

Minutes

42
19
59
2
2

51
23
27
32
32

32
32
57
57
17

33
23
28
23
25

5
15
20
15
30

45
25
34.
14
17

52
57
42
52

Year

1985
1985
1985
1985
1985

1985
1985
1985
1985
1985

1985
1985
1985
1985
1985

1985
1985
1985
1985
1985

1985
1985
1985
1985
1985

1985
1985
1985
1985
1985

1985
1985
1985
1985

Power Level

0.00)

0.00

0.01
2.61
4.97

3.84
0.00
3.98
12.31
13.50

16.67
20.68
25.16
26.97
29.46

31 .29
31.70
25.37
3.83
0.00

1.60
7.81

14.79
13.12
19.00

24.11
26.70
26.40
24.71
0.03

0.27
7.29

15.03
17.09

F-7
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TABLE F-3. (continued)

ii
End of the Time Interval

Date
Time Interval of

Power Block(h)

1.00
1.42
1.00

24.58
1.00
1.00

2.00
6.00
1.38
2.03
2.00

0.85

Day

188
188
188
189
189
189

190
190
190
190
190

190

Hours

18
20
21
21
22
23

1
7
9

11
13

14

Minutes

52
17
17
52
52
52

52
52
14
16
16

7

Year

1985
1985
1985
1985
1985
1985

1985
1985
1985
1985
1985

1985

Power Level
(MW)

21.93
25.79
30.05
31.98
30.20
27.23

26.24
26.82
26.83
26.79
26.72

26.71

U
U
U
[4
[2

a. Downtime between LP-FP-1 and the pre-conditioning phase of LP-FP-2.

Note: Based on the above power data, the the total core decay heat at
200 s into the LP-FP-2 transient was calculated to be 684.8 kW.

U

[3
U
U
L
L
L

[3"sh

[3..,.

F-8

I



* APPENDIX G

DETAILS OF THE FPMS SYSTEM

G-1



U

APPENDIX G

DETAILS OF THE FPMS SYSTEM

[ This appendix describes the basic design and operation of the Fission

Product Measurement System (FPMS) that was used during Experiment LP-FP-2.

[I The FPMS consisted of three basic subsystems: the aerosol sampling system,

which was operated during the transient phase only, and the gamma detection

and deposition coupon systems, which collected data during both transient

and posttransient phases. Figure G-1 shows a schematic of the FPMS showing

the location of each of the individual measurements. Detailed drawings of

the FPMS are contained on 5 microfiche cards attached to the back cover of

this report in a pouch. Most of the information contained in this appendix

was obtained from Appendix B of the LP-FP-2 Quick Look Report.

F2

G2

-10G3

Figure G-1. FPMS schematic.
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1.0 DEPOSITION COUPON SYSTEM

Stainless steel deposition coupons were positioned in the reactor

vessel upper plenum region to provide postexperiment information on fission

product plateout. These were designated D1 and are shown in Figure G-1 or U
Figure 2 of the main text. Two coupons were located at each of three axial

elevations, corresponding to 0.152, 0.61, and 1.65 m (6,24, and 65 in.)

above the upper tie plate. Both coupons at each elevation were exposed to

the reactor environment during the heatup. One coupon at each elevation U

was isolated and sealed prior to initiation of reflood, while the second

coupon remained exposed. Consequently, the plateout effects that occurred

during the heatup phase could be distinguished from the plateout/leaching

that occurred during and after the reflood phase.

The D1 deposition device was a hollow rod containing deposition

coupons. At experiment initiation, the D1 deposition device was full of

water. A nitrogen purge gas system was connected to the rod to ensure dry

coupons for fission product plateout. The hollow rod was pushed down

before reflood to isolate the protected coupons. At that time, the

nitrogen gas purge was restarted to remove steam, which could condense on

the coupons. The nitrogen gas supply to the rod was then to have been

controlled at 1.4 MPa (200 psia) above reactor pressure to ensure that any

leakage of the deposition rod seals was outward, thereby maintaining a dry I
atmosphere for the protected coupons. Ii

The 02 and 03 spool pieces were located upstream and downstream of the

simulated LPIS header, respectively. To allow only high quality steam to

flow in the line, it was not opened until the primary system mass inventory

had decreased. In addition, the line was isolated prior to reflood so that

these deposition spool pieces were protected from water flow.

Iu
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2.0 FILTER SAMPLING SYSTEM

There were filter sampling systems installed for LP-FP-2 experiment.

These systems provided samples of the vapor and aerosols generated during

the heatup phase of the experiment. Both of these constituents were

expected to combine to provide the medium for transport of the fission

products. Figure G-2 is a schematic representation of the design of the F1

and F2 sample lines. The filter sample locations were:

1. F1--in the reactor vessel upper plenum at 1.80 m (70.75 in.)

above the top of the lower tie plate

2. F2--in the broken loop hot leg spool piece just outside of the

upper plenum

3. F3--in the exit of the broken loop hot leg.

The Fl system consisted of the following major components: sample line

probe, cyclone separator/isolation valve, dilution filter, virtual

impactor, collection filters, infrared moisture aetectors, recombiner,

critical flow orifice, and a gamma spectrometer.

The sample line probe, shown in Figure G-3, diluted the vapor/aerosol

sample with an inert gas to minimize sample line deposition and to inhibit

interactions within the sample.

The cyclone separator/isolation valves, shown in Figure G-4 isolated

the filter assembly before and after the heatup phase and removed particles

with an aerodynamic diameter larger than 30 micrometers.

The dilution filter reduced the mass loading of the aerosols to

prevent plugging of the virtual impactor.

G-5



-1- 1 1 --------6
F1 sample line F2 sample line

I II IDil
I1 I I tiller

Collection
fillers

XEP165-F1-44 \PTP165-F1-I8C PTP1655Dl-20 PTP165-F2-43
moisture ~"- 7 PTP165-Dl-19

analyzer

PTP165.FI-8B FEP165-Fl-22
TEP165-Fl-BB PTP165-D1-2T

Fl healing iCondenser

Condenser gas line
Broken loop 

Pne

hot leg

Argonp To BST

To BST 
0• y I5 0974

Reactor vessel I

Figure G-2. Schematic of the F1/F2 aerosol sample system.
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Sheath gas In

Mixture out

Heatinglcooling
gas out._

,H eatinglcooling
gas in

INEL 4 4962Sample flow

Figure G-3. Sample line probe.
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Pneumatic operator

probe

5 4060

Figure G-4. Cyclone separator/isolation valve.

The filter train, shown in Figure G-5, consisted of the dilution

filter, the two stage virtual impactor, shown in Figure G-6, and the

collection filters. The filter train separated the aerosols into size

ranges of 7 to 30 jim, 2 to 7 pm, and <2 wm with each size range being

collected on a separate filter.

The recombiner contained cupric oxide, which converted the hydrogen to

water. The infrared moisture detectors then were to provide quantitative

data on the amount of argon, hydrogen, and steam entering and exiting the

recombiner. These data would have provided the necessary input for

calculating the amount of hydrogen and the dilution ratio of argon/hydrogen

sampled during the transient.

The critical flow orifice provided a mass flow out of the line during

the transient.

G-8
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Three-stage
virtual
impactor

Dilution
filter

Sample in -- I •=

Collection Flow-control
filters 0 orifices

1.7-6 Mm I moH'u fluent
t

5 4064

Figure G-5. Impactor and filter train.

The F2 line was similar to the F1 line except for the deletion of the

moisture analyzers and the inert dilution gas. The F3 line, shown in

Figure G-7, also designated the simulated LPIS line, contained the

following components: deposition spool pieces (02 and 03) upstream and

downstream of the gamma spectrometer (G5), filter (F3), and flow venturi.
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1.5-in. dia.
0.094 in.

II

HI"Is

1.600 in. 
L

0.048 in.n

id = 0.071 in. id = 0.025 in. dia 0.026 in,

J.c-O0.325 In. j-0.500 in.

5405 L

Figure G-6. Three stage virtual impactor.
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Figure G-7. Simulated LPIS line components.
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3.0 FPMS GAMMA DETECTION SAMPLING SYSTEM 'I

Details of FPMS gamma spectrometer system are given in Appendix A, a

short description of the basic system is presented here. r

Four gamma spectrometers and one gross gamma monitor were used in the

FPMS to provide a real time quantitative measurement of the radioisotopes -i

present in the LOFT system during the transient and posttransient phases of

the experiment. Two of the five spectrometers (G5 and G2) were operated

during the transient phase. The sample points are shown on Figure G-1 and

are as follows: [!

1. G1--spectrometer operated only during post-experiment: reactor

vessel lower plenum at 0.584 m (23 in.) below the core, or I',
alternately from the primary coolant hot leg in the horizontal

PC-3 flange

2. G2--spectrometer operated during transient (combined F1 and F2 -

sample lines effluent) and postexperiment: vapor space of the BST

3. G3--spectrometer operated only during postexperiment: liquid

space of the BST

4. G5--spectrometer operated during transient: upstream of the

filter in the simulated LPIS line L

5. G6--gross gamma monitor operated during transient: viewed the

sample drawn by the F1 sample line located in the reactor vessel L

upper plenum, which is 1.80 M (70.75 in.) above the lower tie

plate.

The gamma spectrometer sample systems included valves for isolation II
and sample point selection, pumps to provide flow, and pressure and

temperature instruments. The samples were returned to the same source that j'J

G-12



was being sampled. the G1, G2, and G3 spectrometers were enclosed in a

tent, to which an Inert gas purge was applied to minimize the buildup of

background contamination that occurred during Experiment LP-FP-1.

Additionally, the liquid and gas sample lines were purged with clean water

and inert gas, respectively, in order to measure plateout.

Each gamma spectrometer was designed to operate remotely over a broad

range of sample intensities. To improve accuracy, the spectrometer was

calibrated during the experiment (also remotely) using a thorium 228 source

mounted on the collimator wheel and background radiation levels were -

recorded.
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APPENDIX H
MICROFICHE COPIES OF PIE COMPONENT

AND SAMPLING P&ID DRAWINGS

the PIE Component and Sampling P&ID Drawings listedMicrofiche copies of

below are attached to the back cover of this report in a pouch.

Drawing 213884 entitled
Open Position."

Drawing 214001 entitled
Cyclone/Isolation Valve

Drawing 214002 entitled
Assembly."

Drawing 214003 entitled
Assembly."

Drawing 214004 entitled

Drawing 214005 entitled
Filters."

Drawing 214096 entitled

Drawing 214132 entitled
Piece 0-2 and 0-3."

"LOFT FP-2 Test Deposition Sampler Assembly

"OECD LOFT

Assembly."

FPMS F1 and F2 Filter Systems

"OECD LOFT FPMS F1 and F2 Dilution Filter

"OECD LOFT FPMS F1/F2 Final Filter Details and

"OECD

"OECD

"OECD

"OECD

LOFT

LOFT

LOFT

LOFT

FPMS

FPMS

FPMS

LPIS

Virtual Impactor Assembly."

F1/F2 Collection and Dilution

Separator Mounting Assembly."

Break Header Deposition Spool

Drawing 214259 entitled "OECD LOFT Low Pressure Injection System Break
Header Water Shield Tank."

Drawing 214290 entitled "OECD LOFT FP-2 LPIS Break Header Installation."
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Drawing 650-P-136 entitled "Containment and Service Building Primary

Coolant Sampling System P&ID." "

Drawing 650-P-138 entitled "Containment and Service Building Blowdown

Suppression System P&ID."

Drawing 650-P-140 entitled "Primary Coolant Purification System P&ID."

Drawing 650-P-165 entitled "OECD LOFT FPMS Piping and Instrument

Diagram."
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(APPENDIX I

RADIATION MEASUREMENTS LABORATORY
GAMMA RAY SPECTROSCOPY PROTOCOL

All gamma ray measurements of nuclide activities from the posttest

samples were made at the Radiation Measurements Laboratory located at the

Test Reactor Area. All samples were measured in a geometry for which the

detection efficiency was known and where counting times of up to 1 h

provided optimized data for the range of activities in the sample. The

exceptions to the I h count time were the tellurium separation samples
L• where the count time extended to 16 h. The reported uncertainties

associated with the results are those associated with gamma ray

spectrometry including both random and systematic components at the one

sigma confidence level.

Ly The germanium detector-based gamma spectrometer systems in the

Radiation Measurements Laboratory have an energy resolution of -2 keV

(FWHM) at 1.33 MeV, and an energy range of from -50 keV to 3 MeV. The

energy detection calibrations of various geometries are checked and

verified each day. Measurement conditions are operator monitored and

controlled to optimize data acquisition.

Once collected, the spectral data are transferred to a laboratory

computer where each spectrum is analyzed by a peak search routine, peak

area and shape routines, activity calculation routines, gamma ray nuclide

identification routines and decay correction routines. Each spectrum is

also stored on magnetic tape and plotted on a hard copy. A typical

spectrum is shown in Figure I-I. Results of the analyses are then checked

for accuracy, corrected if necessary and appropriately summarized.
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Figure I-I. Typical gamma ray spectrum.



In order to verify correct nuclide identification, samples were

sometimes measured at different times to ensure that identified nuclides

followed the appropriate decay and were not interference contaminated.

Most of the nuclides observed in these samples had at least one major

photopeak which was not contaminated by another nuclide and the clean

photopeaks were used to quantify the activities.
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APPENDIX 
J

PROCEDURE USED FOR ALPHA ANALYSIS

L The water sample from FP-2 was acidified with 1 mL of HCl and let

stand for -10 days to dissolve any hydrolyzed compounds. An aliquot of the

L sample was evaporated to dryness with 200 UL of 70% NaHSO 4 in a 60-mL

perfluoralkoxy (PFA) jar. The residue was dissolved in 4 mL H2 0 and

*,, 0.5 mL HCl and the solution transferred to a 60-mL polymethylpentene (PMP)

centrifuge tube. Three drops of 20% TiCl 3 and 3 drops of 3M CrCl 2 were

)added to include uranium, protactinium, and all other reducible actinides

in the precipitate along with the other ter- and quadrivalent nuclides.

The solution was heated in a boiling water bath for 3 min, cooled to room

temperature and 200 vL of 0.50 mg/mL NdCl 3 were added. While swirling

the solution, I mL of HF was added and the solution was set aside for

20 min to ensure complete precipitation of the actinides. The solution

,r. contai.ning the fluoride precipitate was filtered through a Gelman 25-mm

HT-200 filter paper containing 100 ug NdF 3 substrate. The dried filter

paper containing all the actinides was placed in an alpha spectrometer and

J analyzed by high resolution alpha spectrometry. Since all samples

contained Pu-238 and/or Am-241, an Am-Pu separation was performed as

follows: The HT-200 filter paper containing the actinides was pretreated

with 3 drops of HNO 3 and wet ashed with 25 mL HC10 4 in a 60-mL PFA

jar. The perchloric acid solution was evaporated to 0.5 mL, cooled, 4 mL

of H2 0 were added, and the solution transferred to a 60-mL PMP centrifuge

tube. Three drops of 0.5% NaMnO 4 were added, and the tube was placed in

1a boiling water bath for 3 min. After cooling the solution to room

temperature, the fluorides were precipitated with 1 mL HF and mounted to

give a fraction containing americium, and the other nonoxidizable ter- and

quadrivalent actinides, particularly thorium and curium. The Pu-238

activity is obtained by the difference of the Am-241 and/or Pu-238 activity

in the gross fraction and the Am-241 activity in the americium fraction.

KJ-



If the major activity of zne Am-241 and/or Pu-238 2eak was Am-241, the

filtrate from the Am-Pu separation was collected in a 60-mL PFA jar, 1 mL

HC1O 4 and 4 drops of 30% H2 02 were added, and the solution was

transferred to a 60-mL PMP centrifuge tube. Plutonium was reduced with

3 drops of 20% Fe(Cl0 4 ) 2 . After boiling for 3 min in a water bath, the

solution was cooled, 200 pL of 0.5 mg/mL Nd(CI0 4 ) 3 were added, and the

fluorides were precipitated by addition of 1 mL of HF. After 20 min, the

plutonium fraction was mounted and analyzed as described above.

Smaller uncertainties are always obtained by subtracting the minor

fraction from the gross rather than by taking the difference between two

major fractions.

LI
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APPENDIX K

ANALYSIS OF STRONTIUM 89 AND 90 IN WATER SAMPLES

Principle:

Strontium is separated from all interfering elements by precipitation

as the phosphate, nitrate, and finally as the carbonate for beta counting.

Barium is removed by precipitation as barium chromate. The strontium

carbonate is counted to determine total strontium activity, and the sample

is set aside for yttrium in-growth. Yttrium 90 is separated and counted

for strontium 90 determination, and strontium 90 activity is subtracted

from the total strontium to determine strontium 89. The lower level of

detectability is -2 x 10-4 iCi.

Procedure

1. Add 40 mg of strontium carrier and acidify the sample

2. Add 6 to 8 drops of phosphoric acid and heat to near boiling

3. Add 2 to 3 drops of thymol blue indicator and ammonium hydroxide to a

permanent blue color

4. Set in a water bath to cool and allow the strontium phosphate to settle

5. Decant and discard the supernate

6. Transfer the precipitate to a 90-mL centrifuge tube and centrifuge at

2000 RPM for 5 min

7. Decant and discard the supernate

8. Add 1 mL of nitric acid to dissolve the precipitate and, if necessary,

enough water to make -5 mL total volume
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Fjr
9. Add 30 mL of fuming nitric acid to precipitate strontium nitrate and A

cool for 10 min in an ice bath J

10. Centrifuge at 2000 RPM for 5 min. Discard the supernate rj
11. Dissolve the strontium nitrate in 5 mL water and add another 30 mL of

fuming nitric acid. Cool and centrifuge as before li-

12. Dissolve in 10 mL water, add 20 mg barium carrier, 2 to 3 drops [j
metacresol purple and 10 N sodium hydroxide to the purple color of the

indicator I

13. Add 1 mL of 1 M sodium-Acetate buffer (pH 4.2) and 1 mL of 1.5M sodium

dichromate

14. If the yellow barium dichromate does not precipitate--add one or two L
drops of ammonium hydroxide

15. Heat in a water bath for 10 min, cool in a water bath for 5 min, and

centrifuge I
16. Retain the supernate and discard the barium precipitate

17. Add 2 or 3 drops of MCP indicator and 10 N sodium hydroxide to the

purple end point I
18. Add 5 mL of 10% sodium carbonate to precipitate the strontium L

19. Heat in a water bath, cool and centrifuge. Discard the supernate L

20. Dissolve the strontium carbonate in 10 mL of 1 N nitric acid and heat

over a burner to eliminate the carbon dioxide [
21. Add 5 mg of iron carrier and note the time

4L
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22. Add ammonium hydroxide to the blue color of thymol blue indicator

L 23. Heat in a water bath, cool, and centrifuge

fur 24. Decant the supernate through a filter paper and retain the supernate.

Wash the ferric hydroxide filter and discard

L

25. Add 3.0 mL of 10% sodium carbonate to the filtrate

26. Heat in a water bath, cool and filter on a preweighed glass fiber

filter paper. Dry, mount and count

*1 27. Record the total strontium count and weigh to determine the strontium

chemical recovery

28. After about one week for the in-growth of yttrium 90 daughter, place

the strontium carbonate filter in a 50-mL centrifuge tube tipped on

its side

29. Shake as much of the precipitate off the paper into the tube as

possible and dissolve the strontium carbonate remaining on the paper

with 1 mL (10 mg) of yttrium carrier, 5 mL of 1 N nitric acid, and a

few milliliters of water

30. Discard the paper and add 2 or 3 drops of phenolphthalein indicator to

the solution

31. Add ammonium hydroxide to the pink indicator color

32. Record the time for the end of the yttrium in-growth

33. Heat in a water bath, cool, and centrifuge

34. Decant into another 50 mL centrifuge tube and retain the supernate

which has the strontium
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35. Dissolve the yttrium hydroxide in 5 mL of I N nitric acid and dilute ii
to 10 mL

36. Add 2 to 3 drops of phenolphthalein and ammonium hydroxide to the pink

color

37. Heat, cool, and centrifuge as before

38. Dissolve the hydroxide in 5 mL of 1 N nitric acid, add 10 mL water,

and 2-3 drops MCP indicator L
39. Add 10 N sodium hydroxide cautiously to the red to yellow end point. L

If yttrium hydroxide precipitates add 1 N nitric acid until redissolved

40. Heat in a hot water bath for 10 min and add 5 mL of 5% oxalic acid,

and continue heating for 2 to 3 min and cool in a water bath

41. Filter the yttrium oxalate on a preweighed glass fiber filter paper

and wash with a little acetone

42. Dry, count, and weigh the precipitate L

43. Calculate the strontium 90 content from the yttrium count L

44. Subtract this from the total strontium count and calculate the Ii
strontium 89 content.

L
I
I:
I
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-! APPENDIX L

FISSILE ANALYSIS

1. Measure up to 3 mL of liquid sample into an ATR pneumatic rabbit. If

<3 mL are used, make up to 3 mL with water

2. Seal the screw cap with Teflon tape and place the sample in a CFRMF

pneumatic rabbit for double containment

3. Irradiate in the CFRMF for 60 s, allow to decay for 40 s, and count

j-"for 60 s

4. Compare the sample counts with standards and blanks

1 5. Report answers in nanograms of U-235 equivalent

6. The detection limit for U-235 is 50 ng.

-L-

J

]
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DETERMINATION OF 1-129 BY ACTIVATION ANALYSIS
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APPENDIX M
DETERMINATION OF 1-129 BY ACTIVATION ANALYSIS

L 1. Receive sample in an alkaline solution of sodium sulfite.

2. Add 20g of iodide carrier and known aliquot of iodine 131 or

iodine 125 tracer.

3. Add 15 mL of 6% NaOCl, shake well, and let stand for 1 to 2 h.

1 4. Ac.idify with HNO 3 and transfer to a 250-mL separatory funnel.

5. Shake well and vent the Cl2 through the stop cock.

6. Add 15 mL CCI 4 and saturated NH2OH'HC1 dropwise until the purple

3 color of 12 is evident in the CCL 4.

- 7. Add one additional drop of NH OHHC1 and shake for 1 min.

8. Drain CCl 4 into another separatory funnel containing 25 mL of 1 N

H2So4 wash solution.

J 9. Add another 10 mL CCl 4 to the original funnel, add a drop or two of

NH2OH'HCl and extract again.

10. Drain the CCI 4 into the first extract and discard the aqueous.

Clean the funnel.

11. Shake the wash solution, allow to separate, and drain the CCI 4 into

the original funnel. Discard the wash.

12. Add 10 mL H2 0, 1 drop NH4OH and 1 drop of 20% Na2 SO3.

13. Shake and allow the phases to separate and discard the CCI 4 .

j M-3
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14. Pass the aqueous through a small column of Dowex-i (NO3 ) resin.

15. Dry the resin with a little acetone and a current of air. Transfer

the dry resin beads to an activation capsule.

16. Seal the capsule and count to determine the chemical recovery of the

tracer.

17. Place the capsule in an activation rabbit and activate in a nuclear

reactor for 1 h. (The ATR rabbit is typically around

1 x 1013 n/cm2/ /s.)

18. Allow to cool 6 to 8 h for 1-128 to decay and count with a gamma

spectrometer for 1-130.

19. Compare with 1-129 standard activated at the same time and calculate

the 1-129 content.

[ML
L
F
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APPENDIX N

TELLURIUM SEPARATION AND ANALYSIS PROCEDURE

OUTLINE

I. Applicability - Good separations from mixed fission product samples.

II. Yield Detn - Te123m 120 day half life Spike Source ORNL Te122

irradiated in ATR for 6 h.

III. Sample Size - Up to 20 mL is convenient for evaporation in 40 mL

centrifuge tubes and heating block.

IV. Decontamination Factor - 3000 from Cesium on a single pass through

column;

V. Procedure -

I
I

1. Pipet sample to 50 mL centrifuge

tube and add sufficient Con HNO 3 to

adjust sample to 1 M HNO 3. Spike

with known quantity of Te1 2 3m.

2. Evaporate to dryness in heating

block.

3. Cool, add 2 mL of 4 M HBr and

evaporate to dryness.

Te halides are somewhat

volatile but nitrates are

not. This prevents major

sample losses during

sample concentration.

Do not bake.

Use care not to overheat

or bake dry.

4. Repeat Step 3.

V
I

5. Dissolve sample in 1 mL of 4 M HBr

and load on a 0.75 x 6 cm column of

1 x 8 anion resin (50-100 Mesh) Br-

form.

Convert resin to Br- form

by passing 10 column

volumes of 6 M HBr thru

column.

N-3



6. Rinse sample tube twice with 1 mL

of 4 M HBr and load on column.

7. Wash column with 20 mL of 4 M HBr.

8. Elute Te with at least 20 mL of

demin H20 and collect in a 60 mL

poly bottle for counting.

9. Dilute to 60 mL and count twice.

Count overnight (16 h) for Te in

sample. Count for 20 min at

10 cm for Te1 2 3 m yield.

Te sticks, most other

fission products wash

through.

Eluting with 40 mL of

demin. H2 0 gives

increased Te yields.

Yields of 90% are typical.

N-4
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APPENDIX 0

ELECTRON AND ION MICROPROBE RESULTS

DEPOSITION COUPON 194U

This coupon was an unprotected coupon located 0.15 m above the center

fuel module upper tie plate. Figure 0-1 shows the relative reactor vessel

location. The surface examined was the top surface as mounted in the

coupon viewing box. See Figure 142 of the main text. This was the surface

parallel to the reactor vessel flow. Energy dispersive x-ray analysis

(EDS) with a Si(Li) detector revealed large quantities of silver, indium,

and cadmium. Small amounts of silicon and molybdenum along with the

characteristic peaks of the stainless steel substrate

(chromium-iron-nickel) were also evident.

A second area (B) was also examined by the wavelength (crystal)

dispersion technique. This analysis confirmed the EDS results and in

addition identified traces of tin, manganese and possibly sulfur.

Secondary electron pictures and x-ray scanning images (dot-maps) of the

major constituents are shown in Figures 0-2 and 0-3. Examination for other

elements of interest indicated they were below the limits of photographic

detection.

Using wavelength dispersive x-ray analysis the cadmium distribution

cannot be shown in the presence of large amounts of silver because of the

unresolved overlap of the AgL 1 line and CdL . The CdL 1 line is

beyond the instruments spectrometer range and the CdL 2 line is

overlapped by a strong second order FeK line.

In general the coupon surface appeared uniformly covered with small

particles of control rod material.

0-3



Station*

347.913
340.669 InternalS hoIddown

335.913 spring and shim plates 1.
325.65a ovUper core support32s~~e• • !--U~stru.ctureor •o,

307-00 -_Flow 
skirt assembly

300.00 -Upper section

Reactor V*ssel

288.38 . Core support barrel

Brknlc o o c 00 Broken loop cold leg

264.00- Elevation [1

00 ccSta-253

243.300 -

Sta-212

200.240

191.810 Sta-194 r

163.49j0- -zr

149.925

125 430

113.24? -

96437 
L•

82 .8 5 0 - -. _ .

74.50
8782
84 00 Reactor vesselbottom

Station numbers a(e a dimensionless measure of L

relative elevation within the reactor vessel. They
are assigned in increments of 2.54 centimeters with
station 300.00 defined at the core barrel suppo I
ledge inside the reactor vessel flange.

Figure 0-1 Deposition coupon sample location. I
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LOFT- FP-2
DEPOSITION COUPON 194U

I- AREA A

L•Sq.c. El ectron 200)X

Li'

rL Sec. Electron 1000X

17

Lb
12

Silver 1O00X

,:rBi Indium 1000X

Figure 0-2. Photomicrograph of deposition co,
lO00Ox).

0-5

Chromium 1000X

Iron IO00X

Nickel 1000X
upon 194U--Area A (200 and



LOFT FP-2

DEPOS ITION COUPON 194U

AREA B

Sec. Electron 200X

Sec. Electron 1O00X Chromium 1O00X

<A

Q
F'
6
F'

[3

[s~

U
U
U
U
Ii

Sliver IO00X Iron 1000X

Indium 1O00X Nickel 10OX

Figure 0-3. Photomicrographs of deposition coupon 194U--Area B (200 and
100Ox).
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The coupon was then examined with an ion-microprobe mass analyzer.

General observations tere: (a) Moderate amount' of boron were found.

(b) Silver and indium were very abundant. (c) Zirconium, molybdenum, and

Lcadmium were present in moderate amounts. (d) Fission products detected

were Ru-103, Sb-125, Te-129m, Cs-137, Ce-141, and Ce-144. (e) Very small

quantities of 1-129, uranium and possibly plutonium were present.

L

J

,i
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DEPOSITION COUPON 212U

Deposition coupon 212U was an unprotected coupon located 0.61 m above i
the center fuel module upper tie plate. Figure 0-1 shows the relative

reactor vessel location. The surface examined was parallel to the reactor

flow. This coupon was found to be similar to 194U in that a thick coating

of silver, indium and cadmium particles was present. Energy dispersive [2
x-ray spectra taken from an 80 micron x 100 micron area indicated a higher

indium content than deposition coupon 194U. Additionally several spot

analyses showed some variation in the silver/indium ratio.

0

I
7W

I
I
I
I

L
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DEPOSITION COUPON 253U

Deposition coupon 253U was an unprotected coupon located 1.65 m above

the center fuel module upper tie plate. Figure 0-1 shows the relative

reactor vessel location. The surface examined was parallel to the reactor

vessel flow. This coupon was relatively free of deposits. A scattering of

one micron to 20 V particles was found with the smaller sizes consisting of

silver and indium. The larger particles tended to composed of low atomic

number elements such as calcium, potassium and phosphorus.

A wavelength dispersive element scan of a 160 . x 200 U area did not

show any unusual features. Energy dispersive x-ray spectra on randomly

selected large particles clearly indicated the presence of several light

elements. Small particles appeared to vary in silver and indium content.

A typical sample area is illustrated in Figure 0-3.

0-9



DEPOSITION COUPON 212P

Deposition coupon 212P was a protected coupon located 0.61 m above the

center fuel module upper tie plate. Figure 0-1 shows the relative reactor

vessel location. The surface examined was one parallel to the reactor r

vessel flow. A visual observation indicated a sharp demarcation line

between a zone of heavy deposits and the base material. The deposited area

covered approximately 80% of the total area with the relatively clean area

closest to the coupon spacer shown in Figure 142. L

The deposits were qualitatively analyzed by both the energy dispersive

x-ray and wavelength dispersive techniques and found to contain large

amounts of silver and indium in addition to the usual stainless steel

components. A small amount of tin was observed on the wavelength L
dispersive scan.

Areas A and C in Figures 0-4 and 0-5 show the line of demarcation.

Area B, shown in Figure 0-6, is representative of the majority of the

surface area.

The coupon was then examined with an ion-microprobe mass analyzer. U
General observations were: (a) Much larger quantities of silver and indium

were present than were seen on deposition coupon 194U. (b) Fission i
products of tellurium, iodine, cesium, and cerium were also more abundant

than on deposition coupon 194U. IL

L
IL
IL
IL
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LOFT FP-2
DEPOSITION COUPON 253U

AREA A

Sec. Eledron MOOX Sec. Eledron 1000X Chromium W00oX

0
I-

Calcium 200C Silver Io0X Iron lODX

Calcium IDOX Indium 1000X Nickel 10OX

Figure 0-4. Photomicrographs of deposition coupon 253U--Area A (200 and

100Ox).
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DEPOSITION COUPON 212P

AREA A
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L

L
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graphs of deposition coupon 212P--Area A (1000x).
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LOFT FP-2
DEPOSITION COUPON 212P

AREA C

1000X 80um X 100umr

Sec. Electron Chromium

Sliver Iron

Indium Nickel

Figure 0-6. Photomicrographs of deposition coupon 212P--Area C (1000x).
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FILTER DEBRIS F1-DF2

Filter debris sample F1-DF2 refers to the 3-mm wide by 19-mm long

section of stainless steel fiber metal felt that was removed from the large 11
dilution filter in the F1 aerosol sample train. Secondary electron

pictures and x-ray scanning images (dot maps) of the major constituents

were taken at three locations approximately equally spaced along the length

of the long thin sample. See Figures 0-7 through 0-12. These pictures

resembled a pile of salted pretzel sticks. The salt consisted of <5 micron ri

particles of cadmium distributed on the sticks of stainless steel. Small

particles of silicon-bearing material were also seen. A few uranium r

particles were detected on the x-ray scanning image. Very little silver or

indium could be found on this sample.

The sample was then examined by an ion-microprobe mass analyzer.

General observations were: (a) Cesium was present in substantial amounts. I
(b) Silver and indium were present but in very small amounts. ,

IL
IA

0-L
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LOFT FP-2

DEPOSITION COUPON 212P
AREA B

2000X 40um X 50urn

Sec. Electron Chromium

Silver I ron

'I

Indium Nickel

Figure 0-7. Photomicrographs of deposition coupon 212P--Area B (2000x).

0-15



LOFT FP-2

FILTER DEBRIS FI-DF2

AREA NO. I

0
I- Sec. Electron 500X Sec. Electron 1000X

Cadmium 500X Cadmium IOGOX
Area No. 1 (500 andFigure 0-8.

.•-"i• • •, n_. !!_ ('i_
Photomicrographs of filter debris F1-DF2
lO00Ox).
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LOFT FP-2

FILTER DEBRIS FI'-DF2

AREA NO. I

2000X 40um X 50um

Sec. Electron Molybdenum Chromium

0
b-
i..1

Cadmium Silicon I ron

Indium Uranium
Nickel

Figure 0-9. Photomicrographs of filter debris F1-DF2 Area No. I (2000x).



LOFT FP-2

FILTER DEBRIS FI-DF2

AREA NO. 2

C

co Sec. Electron 200X

Sec. Electron 500X Cadmium 500X

Figure 0-10. Photomicrographs
500x).

of filter debris F1-DF2 Area No. 2 (200 and
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LOFT FP-2

FILTER DEBRIS FI-DF2

AREA NO. 2

100oX 80um X 100um

Sec. Electron Cadmium Chromium

0

tD

Silver Molybdenum Iron

Uranium Silicon Nickel

Figure 0-11. Photomicrographs of filter debris F1-DF2 Area No. 2 (lO00x).



FILTER DEBRIS FI-DF2
AREA NO. 3

Sec. Electron 200X

Ii
iF;
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I-
I
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Sec. Electron 500X Sec. Electron 5000X

Cadmium 500X Cadmium 5000X
Figure 0-12. Photomicrographs of filter debris F1-0F2 Area No. 3 (200, 500,

and 5000x).
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FILTER DEBRIS Fl-B

Filter debris sample F1-B refers to the 8 mm square piece of bonded

stainless steel fiber~ffetal felt that was removedl}•from the B aerosol

collection filter in the F1 sample train. The B filter was downstream of

the virtual impactor and was to collect particles and aerosols in the size

range of 7 to 30 V. The sample Figures 0-13 and 0-15 do not show any

collected particulate matter. Energy dispersive x-ray spectra of randomly

selected areas showed a fairly high concentration of silicon along with

lesser amounts of aluminum, phosphorus, molybdenum and calcium. A spot

energy dispersive x-ray analysis in what appeared to be a grain pit

indicated a reduced amount of silicon.

This sample was also examined by an ion-microprobe mass analyzer.

General observations were: (a) Fission products of ruthenium, cesium, and

cerium were relatively abundant with rubidium possibly present. (b) Iodine

and tellurium were also possibly present.
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LOFT FP-2
FILTER DEBRIS FI-DF2

AREA NO. 3

100oX BOum X 100um

Cadmium Nickel

0

Silicon Uranium Molybdenum

Silver Indlum

Figure 0-13. Photomicrographs of filter debris F1-DF2 Area No. 3 (lO00x).
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LOFT FP-2

FILTER DEBRIS R-B

AREA NO. I

0
Ca

Sec. Electron 500X

Sec. Electron IO00X Sec. Electron 2000X

Figure 0-14. Photomicrographs of filter debris Fl-B Area No. 1 (500, 1000,
and 2000x).



LOFT FP-2

FILTER DEBRIS FI-B

AREA NO. I

I00X 80urn X 10Oum

Sec. Electron Silver Chromium

0
"'

Silicon Cadmium Iron

Molybdenum Indium Nickel

Figure 0-15. Photomicrographs of filter debris Fl-B Area No. 1 (1000x).
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Mo DEPOSITION SPOOL PIECE 02A

Deposition spool piece sample D2A refers to the small undisturbed

section of stainless steel type 316 pipe removed from the D2 spool piece in

the simulated LPIS line. The fission products were below the limits of

detection for the energy dispersive x-ray spectrometer. The inner surface

showed some intergranular attack giving the surface a checkered appearance

as shown in the secondary electron Figure 0-16. Energy dispersive x-ray

spectra taken from area scans indicate the usual stainless steel components

but only cadmium of the three control rod materials. The cadmium was

generally located in the grain boundary as shown in the accompanying

photographs. Energy dispersive x-ray spectra from area 5 illustrate the

cadmium concentration difference between the stainless steel grains and the

intervening cracks. See Figures 0-17 and 0-18.

This sample was also examined by an ion-microprobe mass analyzer.

General observations were: (a) Yields of chromium, iron, and nickel were

appropriate for stainless steel. (b) Rubidium and cesium were very

abundant among the fission products. (c) Silver and indium were found in

7' abundance. (d) Small amounts of iodine and tellurium were detected.
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LOFT FP-2

FILTER DEBRIS F-3

AREA NO. 2

500X 160um X 200um

Sec. Electron Magnesium

Cadmium Silicon

Iron Aluminum

Figure 0-16. Photomicrographs of deposition spool piece D2A--energy

dispersive x-ray (500x).
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Figure 0-17. Deposition spool piece D2A--energy dispersive spectra.
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FILTER DEBRIS F-3

Filter debris sample F-3 refers to the debris removed from the low

LI pressure injection break header filter and collected on a glass fiber

filter paper. Approximately 0.40 grams of debris was present which was far

-j imore than could be examined on a microscale and so a small amount was

removed from the center of the filter paper. This small sample was

dispersed ultrasonically in amyl acetate and the slurry deposited on a thin

film of collodion spread on a blank aluminum sample mount. To ensure

electrical conductivity, a 200 angstrom layer of nickel was vacuum

deposited on the surface.

The secondary electron Figures, 0-19 and 0-20, showed a tangled web of

fibers with small particulate matter (<10 micron) adhering to the

j "surfaces. The particles were either cadmium or iron. The aluminum

detected probably came from the underlying sample mount. Spot energy

j dispersive x-ray analysis at several locations showed variable amounts of

several light elements. Silver, indium and all fission product elements

were below the limits of detection.

This sample was also examined by an ion-microprobe mass analyzer.

General observations were: (a) Magnesium, aluminum, and silicon were very

abundant. (b) Zirconium, tellurium, cadmium, cesium, barium, and cerium

Swere present in much lesser amounts. (c) Uranium was possibly present.

J
J

t
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FILTER DEBRIS F-3

AnCA MIA I

Sec. Electron 250X Sec. Electron IOOWX Magnesium iO00X

D
0

Oxygen IO00X Cadmium I000X Silicon IO00X

Iron IO00X Aluminum 0O00X

Figure 0-19. Photomicrographs
100Ox).

of filter debris F1-3 Area No. 3 (250 and
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LOFT FP-2

DEPOS ITION COUPON D2A

AREA 4

Sec. Electron 50OX Cadmium 500X

AREA 5

Sec. Electron 2000X Cadmium 2000X

AREA 8

Sec. Electron 500X Cadmium 50OX

Figure 0-20. Photomicrographs of deposition coupon D2A (500 and 2000x).
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APPENDIX P

LOFT REACTOR VESSEL UPPER PLENUM SURFACE AREA

FOREWORD

The surface area in the upper plenum of the LOFT reactor vessel has

been determined in magnitude and distribution in conformance with the

RELAP5/MOD2 model of Experiment LP-FP-2. This information, previously not

known to this degree of detail, is necessary for fission product transport

and deposition calculations in the separate fission product codes and in

the SCOAP/RELAP5 integrated code. The surface area results are contained

in the attachment.

A further analysis was undertaken wherein the surface area,

corresponding to each of the RELAP5/MOD2 model volumes, was partitioned

based on approximate values of the surface/volume ratio. The principal

flow characteristic within those volumes (free, restricted, or stagnant) is

also identified. This information could be used to optimize the surface

areas and their characteristics for fission product transport and

deposition code calculations which would utilize, as input, the mass flow

calculations from the RELAP5/MOD2 code. This information is also contained

in the attachment.
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LOFT REACTOR VESSEL UPPER PLENUM SURFACE AREA

Introduction

Surface area information on the LOFT PWR has been reported in Table X Fj
of Reference P-i and also in Reference P-2. The surface area information

from these references is presented here in Tables P-i and P-2. Base, or (j
reference, information on how the reported values in the various regions

of the LOFT PWR were determined is not available. Several of the more

easily determined surface areas were calculated in order to assess the

accuracy of the values. The results confirmed those values. However,

for the complex upper plenum region, there remains large uncertainty in

which surface areas were factored into the reported values. In

Table P-i, the fuel assembly upper end box surface area was confirmed; I
however, there is large uncertainty in both the definition and value for

the "upper core support structure". Additionally, Experiment LP-FP-2 II
included a new CFM which is not reflected in the values in Tables P-1

and P-2.

Reasonably accurate surface areas in the upper plenum are necessary

for fission product transport and deposition calculations and in analysis

of experimental data. The available information is not sufficient for

these purposes. Therefore, a determination of the surface area magnitude U
and distribution in the LOFT upper plenum must be made which is

specifically oriented toward the Experiment LP-FP-2 configuration.
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TABLE P-I. REACTOR VESSEL COOLANT CHANNEL SURFACE AREAa

Approximate
Area

[m 2(ft 2 )]Surface

Inlet

Downcomer

Inlet distributor

Downcomer annulus [50.8-mm (2.0-in.)
annulus only]

Vessel to filler [(approximately 6 mm

(0.25 in.) wide]

Lower Plenum

Vessel bottom

Filler ID

Lower core support structure

Core region

Fuel assembly lower end boxes

Fuel pins and flow skirt between end boxes

Fuel assembly upper end boxes

Upper core support structure

6.6

23.3

(66)

(251)

52.6 (566)

0.7

1.4

4.6

(7)

(15)

(49)

(15)

(1043)

(23)

(950)

1.4

96.9

2.2

88.3

(a) From Reference P-I.
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TABLE P-2. LOFT SURFACE AREAa

Surface

Hot Leg Piping

Steam Generator

Cold Leg Piping

Pump PC-P-1

Pump PC-P-2

Reactor Vessel

Vessel Filler

Core Support Barrel Assembly

Lower Core Support Structure

Flow Skirt Assembly., Lower and Intermediate
Sections, each

Flow Skirt Assembly Upper Section

Fuel Rods of all Fuel Modules

Non-fuel Portion of all Fuel Modules

Approximate
Area

[m2 (ft 2)]

5.39 (58)

311.78 (3356)

10.03 (108)

1.58 (17)

1.58 (17)

29.64 (319)

39.02 (420)

40.60 (437)

6.04 (65)

23.04 (248)

rj
1~

(a
Ii
j~1
r
F
*1

I
I
El

I-
I
1-

I

14.75

80.73

71.54

(137)

(869)

(770)

a. From Reference P-2.
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Upper Plenum Surface Area for Experiment LP-FP-2

Calculation of the surface area is based on the following assumptions:

1. The surface area distribution will be defined consistent with the

RELAP5/MOD2 modeling of the upper plenum.

2. The surface areas will be defined as lower bound values. Small

component surfaces, such as locknuts, and instrument surface

areas will not be included.

3. References for the surface area determination will be the FP-2

assembly drawings (Reference 3) and the section titled, "Reactor

System", in Reference 1.

Information from the references listed in item 3 above were used to

generate the specific area reference (base) information listed in

Tables P-3 and P-4. The information in Tables P-3 and P-4 is in a form

which can be used to determined surface areas for the RELAP5/MOD2 volumes

shown in Figure P-I. The volumes shown comprise the modeling scheme for

the upper plenum. Revisions were made to the reference (base) information

as required when structural changes occurred, an example of which is the

upper end of the control rod guide structure at station 258.

The surface areas corresponding to the upper plenum volumes in the

RELAP5/MOD2 model are listed in Tables P-5 and P-6. Also contained in

these tables is a breakdown of the surface area for each model volume for

which approximate surface/volume ratios and principal flow characteristics

are given. This latter information is given in order to provide

characterization of the surface areas for possible optimization schemes in

the fission product code models.
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TABLE P-3 REFERENCE SURFACE AREA INFORMATION FOR RELAP5/'1O02 VOLUMES
ABOVE THE PERIPHERAL FUEL MODULES

A1  = outer surface of corner fuel assembly support tube

55.9 in. 2/in. elevation (all calculations are for 4 corner
assemblies)

A2  = Inner surface of corner fuel assembly support tube F
= 40.8 in 2 /in. elevation (ends at ST247)

NOTE: Area of holes in support tubes are approximately offset by
surface areas of flow boundaries through support tubes

A3  = Triangular surface of control assembly support tubes

- 103.2 in 2/in. elevation I>
A4  = Inner surface of control assembly support tubes

= 131 in 2 /in. elevation (ends at ST258) I
A = Control rod guide tube outer surface area

- 180.8 in 2 /in. elevation (ends at ST258)

A6  Control rod guide tube inner surface area

- 166.4 in 2 /in. elevation (ends at ST258)

A7  Surfaces between square assembly support tubes and filler pieces

- 64.4 in 2 /in. elevation

A8  = Rods and tubes
CROM rods (4)
TIP tubes (2)
lead tubes (5)

- 29 in 2 /in. elevation if
A9  : plates .

- 284 in 2 /plate (sum of 4 plates at each elevation)

- 142 in 2 /plate (highest plate elevation before blockage) I-
A10  = spider assembly (4)

= 700 in. 2  
L

A 11  upper end boxes

= 2945 in. 2 IL

P-8
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TABLE P-4. REFERENCE SURFACE AREA INFORMATION FOR RELAP5/M002 VOLUMES
ABOVE THE CFM

A1  = Support tube inner surface

= 31.9 in. 2 /in. elevation

A2  = Control rod guide tubes (inner and outer surfaces)

= 84.5 in.2/in. elevation

A3  = Rods and tubes (TIP (2), lead (2), deposition, CRDM)

= 13.5 in. 2/in. elevation

1 A4  = Support plates (upper and lower surfaces)

= 71 in. 2/plate

= 35.5 in. 2 /plate (plate next to upper end box and at ST192)

I A5  = Surface between square assembly support tubes

= 67.4 in.2/in, elevation

A6  = Spider assembly

= 175 in. 2

1A 7  = Upper end box

= 465 in. 2

3
Li
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Station Elevation
Inlet OutletVolume Height (m)

260
255
256,257
250,254
252,253
245,246
240,241
232,238
231,237
230,236
229,235
228,234
227,233
224
222
214
220

0.7144420
0.7045530
0.1412000
0.1412004
0.8337300
0.8294730
0.1571770
0.3775000
0.2794030
0.2794030
0.2794030
0.2794030
0.2794030
0.3260000
0.1940000
0.3600000
0.3700000

297.30
269.56
264.00
258.44
225.62
192.96
186.77
171.91
160.91
149.91
138.91
127.91
116.91
104.08
96.44
82.26
67.70

325.42
297.30
269.56
264.00
258.44
225.62
192.96
186.77
171.91
160.91
149.91
138.91
127.91
116.91
104.08
96.44
82.26

Upper head elevation
Surface area
calculated for
these volumes
in this study.

Upper end box region

Core region

Lower plenum region

Volumes 227-256 are the CFM and volumes above the CFM

Volumes 233-257 are the peripheral fuel modules and the volumes above them

Vol umes
piping

250,254,256, and 257 are within the elevation range of the hot leg

IL
I'

Figure P-i. Partial RELAPS/MOD2 nodalization of the LOFT system
for experiment LP-FP-2 I

1oL•
-.- L
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TABLE P-5. LOWER BOUND SURFACE AREAS ABOVE THE LOFT PERIPHERAL FUEL MODULES

LOFT RELAP5
Model Volume

241

246

253

254

257

TOTAL

Total Surface
Area

2

1.9

17.05

16.06

2.71

2.71

40.43

Area
2

(m"L
1.9

6.72

1.42

8.91

3.92

1.42

10.72

2.47

.24

2.47

.24

40.43

Surface Area Physical

Surface/Volume Ratio

(Approx), (m-1 )

85

72

787

93

72

787

91

85

787

85

787

Characteristics

Principal Flow
Characteristic

free

free

restricted

free

free

restricted

stagnant,
thermal,
density
gradient
mixing only

free

restricted

free

restricted
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TABLE P-6. LOWER BOUND SURFACE AREAS ABOVE THE LOFT CFM

LOFT RELAP5
Model Volume

240

245

Total Surface
Area
(2)

0.3

4.43

4.36

0.48

0.48

7.21

Area
2

0.3

0.707

1.392

2.331

1.435

2.920

0.48

0 .48

1.79

252

Surface Area Physical

Surface/Volume Ratio

(Approx), (m-)

83

132

787

100

787

102

130

130

787

40

Principal Flow

Characteristic

free

free

restricted

free

restricted

free

free

free

stagnant:
thermal,
density
gradient
mixing only

stagnant:
thermal,
density
gradient
mixing only

Characteristics

250

256

2 5 5a

F'

r:

IL

IL
At

I-

5.42

TOTAL 17.26 17.26

plenum cross-section.a. Includes entire upper

P-12



Confirmation of Surface Areas

In Table 2, the last item, non-fuel portion of all fuel modules, was used

in an attempt to assess the calculations presented in Tables 5 and 6. The

total surface area in the upper plenum (defined as a lower bound value) is

57.69"m2 . The identified item from Table 2 is 71.54 m2 and includes

the surface area of non-fuel components down to and including the lower end

boxes of the fuel modules. However the new FP-2 module is not included in

the 71.54 m2 value whereas it is in the 57.69 m2 value. The following

additions and subtractions were made to bring the 71.54 m2 value in

correspondence with the 57.69 m 2 value:

(M2

Upper plenum surface area, this study (total) 57.69

Table 2 value for non-fuel surfaces of

fuel modules 71.54

less:

lower end boxes (Table 1) 1.40

spacer grids 11.32

guide tubes 9.01

plus:

upper plenum periphery 4.40

CFM control rod guide structure 3.27

CFM control rod spider assembly 0.11

CFM support plates 0.34

CROM, deposition rods 0.25

Total surface area 58.17

P-13



The two total surface area values agree within 0.5 m2 (within 1%). This

agreement provides confirmation that the surface areas are approximately

correct and that the lower bound values are actually very close to the _

actual values.

i

ri

r

P-,

If
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- P-1. D. L. Reeder, LOFT System and Test Description (5.5-ft Nuclear Core 1

LOCE's), NUREG/CR-0247, TREE-1208, Change One, September 1980.

(I P-2. W. T. Shurtliff, "Request for Shielding Analysis for Use in Design
of a Transfer Cask for the LOFT Flow Skirts and Lower Core SupportIStructure," EG&G internal letter WTS-8-80, June 26, 1980.

P-3. EG&G drawings 213231, 213232, and 213233.
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APPENDIX Q

DETAILS OF THE GI DATA

The GI gamma spectrometer data corrected for background or plateout

activity was presented in Section 4.4 of the main text. The corrected data

indicates the fission product activity in the primary coolant. Table Q-1

presents further details of the G1 data, including the background

measurements. Before taking a background measurement, the sample line was

purged for 30 s with clean water. Flow was then stopped and the background

count was taken. The background count is a measure of plateout in the

sample line near the G1 spectrometer. Table Q-1 can also be used to

compare measurements from different parts of the primary coolant system,

for instance the hot leg and the lower plenum.
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TABLE Q-1. OECD LOFT FPMS G-I SPECTROMETER: INDICATED CONCENTRATIONS UNCORRECTEU FOR PLATEOuT

t-to

hours

File T1/ 2 -

PUG09 4.03- 9
PUG09 5.33 7
LPGO9 5.75ý' 92
PUG09 6.20 ' 77
PUG09 7.12 61
LPGO9 7.58 52
PUG09 8.02 48
PUG10 23.66
LPGIO 24.40
PUGIO 24.90
PU11G 45.73
LPG11 47.27
PUG11 48.44
PUG14 116.75
LPG14 117.53
PUGI4 118.35
PUG16 164.79
LPG16 165.76
PUG16 166.85
PUG17 192.10
LPG17 193.13
PUG17 193.87
LPG18 212.62
PUG18 213.91
PUG19 239.57
HLG19 240.21
PUG19 240.91
PUG20 260.23
HLG20 263.15
PUG20 264.10
PUG22 306.94
HLG22 @308.02.,
PUG22 I308.980,
LPG22 T309.151ý
PUG22 .10.99k

peC/m1 (% standard deviation)

Rb-88
17.7 min

•0009o00
2600
7000

100
2300
S200

30.2
32.8
24.1

4J41
2ý
2
1.3)
21
2
3)
71
5

Tc-99m
6.02 h

33.3 (4)
32.6 (4)
30.6(3

14.1 (4)
17.6 (8)
15.3 (5)
8.7 (6)
8.5 (5)
7.9 (5)
7.4 (5)
7.2 (5)
6.9 (5)
5.5 (8)
5.6 (4)
5.2 (4
4.0 7
4.3 8)

3.4 (6)
2.7 11
2.0 (17)
2.5 (14)
2.5 (15)
2.5 (10)

Ru-103
39.4 daM

6000 (10)
7520 10
7830
7850 (10)
7880 (10)
6280 (11)

22.5 (10)

42.7 (11)

30.7 (9)

1-131
8.04 day

180 (2)
976 (1.5)
260 (2.3)

3733 (5)
4248 (1)
3740 (5)
1896 (4)
2090 (3)
2380 ý4)
2660 1.5)
3120 (1.5)
2815 (1.2)
2830 (1)
2850 (2)
2720 (1)
2410 (4)

22610 (1)2340(1

2425
2350 (2.2)
2075 (1)
2160 (1.1)
2055 (1)
1780 (1.2)
1870 (3)
1860 (1)
1930 (1.2)
1830 (1)

1-132
2.29 h

1500 (4)
537 (10)

1440 (4)

700 (9)
1070 (3)

18.5 (3)
410 (1.2)
84.7 2)

382 (5)
625 (2)
511 (4)

11.8 (4)

358 (4)
5.67 (2.4)

154 (1.6)
188 (1.4)

4.54 (3)
126 (2)
135 (1.5)
97.0 (1)
110 (1)3.1 4
81.4 (1.2)

127 (2
2.73 3

104 (.2)
106 (1)

1.71 (5)
52.7 (3)
69.6 (1.1)

1.39 (1.61
52.5 (1)

1-133
20.8 h

45600 iý6)
2217
4360 (4)

4030 (3)
870 (5)
451 (2)

2190 J2).3)
610 1.

4770 (3)
4320 3

517
622 (5)
528 (4)
92.1 (1)
97.9 (3)
86.8 (3)
42.1 (2)
41.2 (4)
38.4 (2)
20.9 (1)
19.5 3)8.3 3)

8.46 3)
8.27 4)
4.1 3)
3.7 4)
3.6 (4)

5.9 (8)

1-135
6.585 h

4340 (9)

4150 (6)

2680 (7)

84.9 (2)

421 I42110 1.6)1

186 (3
151 (4)
151 (4)

Te-13Z
78 h

14.7 (6)

14.1 (5)

15.6 (7)
16.4 (14)
14.2 (14)
9.5 (10)

lU., (lu)
9.9 (10)
8.7 (9)
7.U (11)
6.6 (111)
8.9 (10)
8.8 13)
4.5 12
4.5 18)
6.6 12)
3.7 11)
3.6 20)
3.7 (12)

Ba-14U
12.79 day

530 (5)

117 (5)

615 k8)

246 (2.5)

134 (5)
62 01.2)

29" (1./)
119 (2.4)
2o8 (1)
330 (1.5)
146 (1.6)
267 (1)
243 (1.2)
115 (2)
259 (16)
190 (4)
76.1 (2)

242 (2)
110 (1.3)

54 (2.6)
210 (2.4)
86.8 (1.2)

225 (1.2)
91 (1)

La-I4O
40.2 n

67.7 (2)
137 12)
17id 1)
502 (4)
70s (1.5)

11u t(3.b)
78u jz)

9ýv (2)
1l~bu k.ej

186 (J~
IU4 (1)11140 ii)

9)7 11)
1075 (1.1)l07s (I)

933 (1)

672 (1)W I )

860 ( )

840 (1)
830 (1)
435 (1)
530 (e)
5bu ())
628 I)
596 (1)

Note: PU - purge sample; LP - lower plenum sample; HL - hot leg sample.

IM PU,4-" IL - rn rm- rw t:mY ~
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APPENDIX R

DISCUSSION OF THE CONTROL ROD FAILURE DURING LP-FP-2

Analysis of the thermal-hydraulic data has shown probable control rod

melting near 1300 s, and control rod rupture at -1500 s. The first

radioactive nuclide coming from the control rod material was measured by

the G5 gamma spectrometer at 1431 s. The nuclide identified was 116 In,

which is an activation product of 115 1n:

1 15 1n + in -- > 1 16 1n* -- > 1 16 Sn (stable) + e-

The initial activity level measured for 1n was 12.3 Ci/m 3 .

If the release was from the 40 in. (1.02 m) elevation in the CFM, then

-19 s of time would elapse before the nuclide reached the G5

spectrometer. Thus, the time of release is estimated to be 1412 s.

Summarizing the known information about control rod failure indicates

melting of the Ag-In-Cd alloy began at -1300 s. Measurable release of

radioactive nuclides to the flow stream occurred near 1400 s, and dramatic

bursting occurred near 1500 s. Thus, -200 s were required for the complete

failure to occur. It should be noted that small releases could have

occurred somewhat earlier than the estimate given here.
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APPENDIX S

DETAILS OF THE CALCULATION OF THE MINIMUM DETECTABLE

CONCENTRATION OF NOBLE GASES FOR THE G5 GAMMA SPECTROMETER

The minimum detectable concentrations for the noble gases at the G5

gamma spectrometer were determined as follows:

Let,

E energy of a principal gamma ray from the particular

nuclide under consideration (MeV).

n(E) = G5 count rate at energy E (counts/s/channel).

A(E) total area (or counts) under the photopeak, centered at

energy E.

tL live time of the count (s). Note that the clock time

of each spectra was 60 s.

b(E) branching ratio (fraction of gammas of energy E emitted

per decay).

e(E) = efficiency of counting the gamma ray of energy E for

the particular collimator of interest. Note that the

data results reported in Table 11 are only for

collimator number 6.

3.7E4 = number of disintegrations/uCi.

S = source strength (uCi/cm 3).

Now, the count rate and source strengths can be written as

n(E) = A(E)/tL = S - b(E) • e(E) - (3.7E4)

S-3



A( E)
SMOA = tL ° b(E) • e(E) • (3.7E4)

We obtain SMDA (the source strength at the maximum detectable activity)

by estimating the minimum number of counts (A(E)MDA) that a peak at

energy E would have to have in order to be detected at some confidence

level. Consider Figure S-1. To detect the gamma ray of energy E, we

assume that the number of counts at E in the gamma ray spectra has a peak L
height H(E) above the background NB, as measured at the centroid that is

k standard deviations of NB above NB (see Figure S-1) For example, L
H(E) = k(NB) 1 /2 . For the purposes of this analysis we have assumed

that k = 2. Now, let W(E) be the full width at half maximum (FWHM) of a Lu
peak at energy E (in channels). Then the peak area (using a triangular

shape for the peak) is L

AMDA = W(E) - H(E) = k * W • (NB)I/ 2

Hence, the minimum detectable activity = L

MOA = k * W (NB)I/2  
L

tL * b(E) • e(E) - (3.7E4)

Note that this formulation assumes that the value of NB at E is known,

i.e. one has a measured spectrum, and that b(E), e(E), W, tL, and k are

all known. Table S-i contains the data on E, b(E), e(E), W, tL, that was -

used to generate the minimum detectable concentration activities reported

in Table 11. 1

SAMPLE CALCULATION: I

Using the information contained in Table S-I for 13 5 Xe, we compute

the value of SMDA as

S-4



N Qounts
channel

Na

W - FWHM t
H

4L

E

Channel or energy

Figure S-i.' A sample gamma-ray spectrum illustrating the notations
used to identify principal features for the data.

b(E) = 0.902

e(E). = 6.30E-7

W = 6.26

tL = 49 at1607 s

NB = 290 at 1607 s

Therefore,

(2)(6.26)(290)1/2-MDA =(49)(0.902)(6.30E-7)((3.7E4)

3
where k = 2. Hence, SMDA = 207 Ci/m , which is reported in Table 11

for Xe-135 at 1607 s.
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TABLE S-1 SPECTROMETER DATA USED TO CALCULATE THE MDA CONCENTRATIONS REPORTED IN TABLE 11

Time of Spectra
(s)

1607 1667 1728 1789 1850
t
(sý

49 47 44 44 44

(counts/channel)

Nuclide

Kr-85M
Kr-87Kr-88
Kr-89

Xe-131M
Xe-133M
Xe-i 33
Xe-135M
Xe-135
Xe-138

E(keV)

151.2
402.6

2392.1
220.9

163.9
233.2
81.0

526.6
249.8
258.3

.755
.495
.354
.204

.0196

.103
.372
.812
.902
.315

e (E)

7.05E-7
4.65E-7
1.48E-7
6.80E-7

7.25E-7
6.70E-7
1 l.OE-7
3.90E-7
6.30E-7
6.20E-7

Wa

6.20
6.36
7.64
6.24

6.21
6.25
6.15
6.44
6.26
6.27

NB

290
185

3
360

360
330
290
150
290
290

NB

600
300

3
540

600
550
450
220
470
450

NB

780
360

4
700

780
680
570
300
570
550

NB

840
380

4
800

840
750
650
300
650
58U

N8

850
380

4
780

850
740
620
290
600
600

a. The units associated with W reported in this table are channels.

14m" 177 L71 t77 f"71 L='
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APPENDIX T

LOFT CONTAINMENT VESSEL RADIOLOGICAL CONDITIONS

FOLLOWING LP-FP-2 EXPERIMENT

SUMMARY

The original scope of the LP-FP-2 Experiment was to identify and

quantify fission products released from the center fuel module (CFM) and to

define the distribution of these fission products within the primary

coolant system (PCS) and the Blowdown Suppression System (BSS). The

original scope did not include the identification or quantification of

fission products releases to the LOFT Containment Vessel (CV). This

Appendix provides data to show that a significant quantity of the volatile

fission products (Xe, Kr, and I) were released to the CV. Evidence

suggests that the majority of this release occurred from the PCS although

some occurred from the blowdown suppression tank (BST) through the Fission

Product Measurement System (FPMS).

Data are presented that shows the quantity of noble gases released to

the CV is comparable to that quantity contained within the BST. The data

for noble gas and iodine isotopes show that the maximum CV concentration

occurred at t0 + 47 h and amounted to a CV inventory at that time of

approximately 780 Ci of Xe-133 and 4.3 Ci of 1-131. A time history of

these volatile fission product CV concentrations is presented. A

comprehensive reduction of the data has not been accomplished to shown an

accurate quantity released, or to attempt to correlate CV concentration

growth with potential PCS leak rate. The presented data were initially

used for effluent management and health physics purposes following the

experiment. However, because of the magnitude and potential duration of

the release to the CV, a more detailed analysis of the data should be

performed to quantify this release.
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1. INTRODUCTION AND SCOPE

The LOFT LP-FP-2 Experiment was conducted to provide data concerning

the transport of fission products and aerosols within a closed (integral

reactor) system. This closed system consisted of the Primary Coolant FT
System (PCS) and the Blowdown Suppression System (BSS). The main focus of

the experiment was on the characterization and quantification of fission

products released from the fuel and transported through the reactor piping

to a location outside of the reactor vessel. For the LP-FP-2 Experiment,

access to an external reactor vessel location was provided through the [
LPIS (Low Pressure Injection System) simulation line to the Blowdown

Suppression Tank (BST). .r

During the period following the LP-FP-2 transient, a significant L
amount of radioactive fission products, primarily those of the volatile

species, were released (or leaked) from the PCS, the BSS, and from the

Fission Product Measurement System (FPMS) to the containment vessel (CV).

This release was anticipated based on measurements performed following the

relatively benign release of the LP-FP-1 Experiment. For the

LP-FP-2 Experiment, the accurate prediction of amounts, types of

radioactive material, and the leakage rates of this material to the CV were L
important for three basic reasons:

1. The stack monitoring instrumentation, once the CV venting

operations had begun following the experiment transient, by

design had to be capable of monitoring adequately the CV release

of all radioactive material to the environment

2. Following the LP-FP-2 transient, an accurate, rapid prediction

capability of the release rate for a given venting operation had I
to be developed such that upon occurrence, the actual venting

operation would not exceed preestablished technical specification

release rates

3. To preplan the time, operations, and personnel entry requirements ..
for the initial reactor building entry following the experiment,

T-4 I



Kan accurate knowledge of radioactive material releases to the

reactor building was mandatory.

From the standpoint of the above three reasons, the radiological

predictions and measurements were adequate and reasonably accurate for

operational purposes following the experiment. Radiological effluent

* management occurred as planned, CV contamination levels at the time of the

first CV entry were within a factor of three of the predicted levels, and

the first reactor building entry occurred on to + 29 days. Planned

schedule for this event was t0 + 30 days.

This Appendix documents the radioactive material concentrations in the

CV as a function of time following the LP-FP-2.Experiment. Section 2 of

this Appendix describes the systems and system parameters that potentially,

or do, have an effect on the CV airborne concentration. Section 3 is a

discussion and brief description of the radiological instruments that were

used to acquire. the CV concentration measurements. Section 4 is a

description of the sequence of events concerning the venting of the CV.

Containment vessel concentration data acquired for health physics and

airborne effluent management purposes are presented in Section 5.

Section 5 also includes a presentation of the radiological information

(contamination levels and airborne concentration data) that was acquired

during the first and second CV entries of t0 + 29 days and

t + 38 days, respectively. Section 6 provides a discussion of the data

and potential additional analyses that could be done to improve

interpretation of the experiment results. The data presented in this

Appendix covers the period from the time of the experiment transient (to)

to t0 + 30 days.

LiI>
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2. PARAMETERS/SYSTEMS AFFECTING CONTAINMENT VESSEL

AIRBORNE RADIOACTIVITY CONCENTRATIONS

Other than radioactive decay, a number of factors need to be

considered in describing the airborne radioactive material (RM) jj
concentrations within the CV. Systems (such as the PCS, the BSS, and the

FPMS) and the respective system parameters (such as system radioactive

material concentration, temperature, pressure, and leakage rate, if any)

are factors that potentially increase RM concentrations within the CV.

However, deposition (for iodine and particulates) within the CV and various I
operational modes of the CV ventilating systems affect a decrease in the CV

airborne e rate, if any) are factors that potentially increase RM I
concentrations within the CV. However, deposition (for iodine and

particulates) within the CV and various operational modes of the CV L
ventilating systems affect a decrease in the CV airborne concentration.

This section describes those systems and system parameters that increased

or decreased CV airborne RM concentrations. Other factors enhance iodine

deposition onto surfaces; i.e., CV humidity. However, CV humidity was not

one of the measured variables. This section provides the necessary

Information to permit computer modeling of the CV airborne RM

concentrations with respect to time following the fuel temperature transient. L

2.1 Containment Vessel and Associated Ventilating Systems L

The CV is a gas-tight structure that completely contains the reactor

vessel and the remaining portions of the PCS, the BSS, and the

fission-product-containing portions of the FPMS. The CV consists of two

volumes: a bottom section (basement) and an aboveground section with the L
capability of isolating one section from the other. The aboveground

section into which fission products leaked following the transient was L
isolated from the bottom section and is calculated to have a free-air

volume of 9.12 x 103 m3 (322,000 ft 3 ).T- L

Associated with the CV are two air handling systems that were designed

to handle radioactive airborne effluent. Both systems, HV-8 and HV-9, are .11-
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diagrammatically represented in Figure T-1. The HV-9 System is designed to

ventilate the CV and operates in one of four modes: filtered or unfiltered

exhaust, or filtered or unfiltered recirculation. It is capable of

removing air from the CV at a maximum rate of 3.78 m3/s (8000 cfm) while

in the filtering modes. Air handled by the HV-9 System in the filtering

modes passes through a high efficiency particulate air (HEPA) filter, then

through a silver zeolite (AgX) iodine absorbing filter, and finally through

an additional HEPA filter. Moisture is removed from the air stream

entering this filter bank by moisture separators located just upstream of

the filter units. In the unfiltered ventilation modes, the HV-9 System can

remove or recirculate CV air at the rate of 6.14 m3 /s (13,000 cfm). The

system was, however, not used in an unfiltered mode during the 30-day

posttransient period. A more detailed description of the HV-9 System is

contained in Reference T-2.

Figure T-1. Simplified CV heating and ventilating system flow diagram.
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The other air-handling system, HV-8 can be used to a limited extent

for releasing airborne RM from the CV and was designed principally for

ventilating areas of the service building where airborne radioactfve

contamination was likely to occur. Airborne effluent handled by the

HV-8 System also passes through a HEPA and an AgX filters before being Ft
released to the environment. This system is connected to the CV by means

of a 5.1-cm (2-in.) diameter pipe installed to depressurize the CV.

Figure T-1 shows this 5.1-cm (2-in.) depressurization line connected to the

CV at a point between the two HV-9 System isolation valves CV-HV-9 and

CV-HV-1O and discharges into the HV-8 System upstream of the HV-8 filter

banks. The positive pressure differential across the CV boundary causes

flow through this depressurization line. The flow rate depends upon the CV i
pressure differential as illustrated in Figure T- 2 .T- 3 A more detailed

description of the HV-8 System is provided in Reference 4. 1
For about 75 h after to, the CV was isolated except for intermittent 1

releasing of airborne activity via the 2-in. depressurization line that was

open for 59% of this period. During this period, the maximum flow rate

through this line, because of a maximum measured CV pressure differential

of 3.8 psi (at -t0 + 30 h), was -0.104 m3/s (220 cfm). During this

time, the measured stack flow rate, diluted by the 0.104 m3/s was I
-2.12 m3 /s (4500 cfm). At about t0 + 76.5 h, the operatio,1 of the

HV-9 System was started in the filtered recirculation mode. In this mode, I
the CV air was drawn through the HV-9 System filter bank at a flow rate of

3.78 m3/s (8000 cfm) and then returned to the CV. Because of the

positive pressure differential inside the CV, some of this flow was vented

to the stack, having passed through the HV-9 filters to allow the CV

pressure to return to atmospheric pressure. During the period of filtered

recirculation, the stack flow rate was measured at 3.30 to 3.78 m3 /s

(7000 to 8000 cfm), which is equivalent to 1.18 to 1.65 m 3/s (2500 to

3500 cfm) being released from the CV. Therefore, using an average initial

CV flow rate of 1.42 m 3 /s (3000 cfm), the depletion rate of noble gas N
based on a CV volume of 9.12 E+3 m3 is calculated to be 0.93%/min. The

CV iodine depletion rate, for filtered recirculation at 3.78 m3 /s
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(8000 cfm) and a measured filter bank decontamination factor for

methyliodide of 30,000 is calculated to be initially about 2.5%/min.

This depletion rate is irrespective of any deposition that may have

occurred inside the CV.

At -tO + 84 h, the HV-9 System was switched into the filtered

exhaust mode, and all of the effluent was released to the environment. In

the filtered exhaust mode, the stack flow rate was measured to be

-6.14 m3 /s (13,000 cfm), varying from 6.04 to 6.28 m3 /s (12,800 to

13,300 cfm). Filtered exhaust was maintained at this rate for the L]

remainder of the 30-day period. With 3.78 m3 /s of the 6.14 m3 /s

originating within the CV, the initial depletion rate of both the noble gas III
and the halogen components is calculated to be -2.5%/min. A more detailed

account of the CV venting sequence is given in Section 4.

2.2 Blowdown Suppression Tank Concentration, Temperature,

and Pressure Histories

As previously described, the BSS/BSTduring the LP-FP-1 experiment was

demonstrated to be the major source of radioactive material release to the

CV.T6 Because of this demonstrated effect, a substantial effort was I
made prior to the LP-FP-2 Experiment to reduce the BST leak rate.

Comparison of BST pressure profiles for the two experiments indicates that I
the work performed to reduce the BST leakrate was effective. However, as

mentioned in Section 4.4 of the Data Report, the G2 portion of the FPMS

leaked BST vapor sample radioactivity directly into the CV. As illustrated

in Figure T-3, which shows the BST pressure superimposed on the CV

pressure, the BST pressure took nearly 21 days to reach CV atmospheric [
pressure, indicating a relatively gas-tight pressure boundary had been

maintained. BST temperature with respect to time is illustrated in L
Figure T-4. The leakage of radioactivity from the G2 (spectrometer) sample

line is possibly the major significant BST contributor to the CV airborne [
radioactivity concentration. Since the G2 (spectrometer) sample line was

isolated and was not used to acquire BST vapor space data after the leak
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Figure T-3. BST and containment vessel pressure.

was discovered, the only BST vapor data available are those acquired from

two BST vapor space grab samples taken at to + 28 days, on August 6,

1985. Results of these sample analyses are presented in Section 4 of the

Data Report, and are presented also in Table T-1.

Because of the heavier-than-air density of the noble gases, the 28-day

period before the samples were acquired, and the fact that the BST vapor

sample is taken from the top of the BST, the sample results shown ih

Table T-1 are not representative of the BST vapor volume. Experience with

noble gases, especially when contained In stagnant volumes, shows that

noble gases will stratify and settle to the bottom of a container as they
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would have done in the BST. Also, in the decay-corrected values of

Table T-1, the correction to account for the higher BST pressure of July 9,

1985, has not been applied.

2.3 Primary Coolant System Concentration, Temperature,

and Pressure Histories

Leakage from the PCS is known to have occurred at least at two

locations. Prior to the final reactor operation just before the thermal

transient, the two Traversing In-core Probe System (TIPS)T-7 tubes that

served the center fuel module were cut and capped to prevent a

fission-product pathway from the core to a location outside the containment

vessel. The TIPS tubes were capped but not sealed. The resulting leakage

T-12
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TABLE T-1. BST VAPOR SPACE GRAB SAMPLE RESULTS FOR TWO SAMPLES
ACQUIRED ON 08/06/85 (t 0 + 28 days)

(Values given as iiCi/cc (or Ci/m 3) in BST Vapor Space)

As of 08/06/85:
(as measured)

Cr

U
Vapor Sample

Isotope No. 1

Kr-85 6.0 ± 0.6 E-3
Xe-131m 1.4 ± 1.0 E-2
Xe-133 9.4 ± 0.6 E-1
Xe-133m 1.3 ± 0.2 E-4

1- 13 1a (1.1 ± 0.07 E-5)

Ba/La-140a (6.1 ± 1.3 E-8)

Vapor Sample
No. 2

5.6 ± 0.5 E-3
1.4 ± 0.9 E-2
8.6 ± 0.5 E-1
1.2 ± 0.2 E-4

As of 07/09/85:
(decay corrected)

Vapor Sample Vapor Sample
No. I No. 2

6.0 E-3 5.6 E-3
7.1 E-2 7.1 E-2
3.79 E+1 3.47 E+1
9.2 E-1 8.5 E-1

(1.23 ± 0.07 E-4)

(2.8 ± 1.3 E-7)

J
a. Values determined on filters located upstream of gas sample bombs.

from the PCS after the experiment transient extensively contaminated an

estimated 5 m2 area with PCS radioactivity that was expelled from the

capped TIPS tubes.

Other minor leakage points noted after the first reactor building

entry and during subsequent decontamination efforts were around PCS valve

items.

The activity concentrations in the PCS are indicated in Tables 4.4-1

through 4.4-3 of the Data Report. Although the data are not complete, they

do give some indication of the concentrations of isotopes that would be

released to the CV. The prime driving force for release of this activity

to the CV Is the PCS pressure that is shown in Figure T-5. The release

rate from the PCS would be proportional to the positive pressure

differential between the PCS and the CV and, according to Figure T-5, would

decrease to a negligible valve beyond t0 + 600 h. At t0 + 600 h, the

PCS pressure had decreased to -1.6 MPa (232 psia) and thus still have
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provided a force for leakage from the PCS. PCS temperature with respect to

time is given in Figure T-6. Any free leakage from the PCS when the

temperature was above the boiling point would vaporize to become airborne

within the CV.
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3. RADIOLOGICAL INSTRUMENT SYSTEMS FOR CONTAINMENT VESSEL

AIRBORNE ACTIVITY MONITORING JI

Radiation measuring instrumentation that was installed in the LOFT

Facility for the purposes of assessing radiological conditions within the

CV consisted of the following types of instruments: remote area

monitoring (RAMs) for measuring direct gamma radiation fields, constant air

monitors (CAMs) for measuring airborne beta-gamma particulate activity, and

an Air Particulate Detector (APD) System for assessing in-containment

radiological conditions. The APD provides continuous indications of

beta-gamma activity levels of airborne particulates and gaseous components

inside the CV and allows the acquisition of samples of these activities F
such that they could be quantitatively analyzed with a gamma spectrometer.

In addition to the above mentioned instrumentation intended for use in

assessing in-containment radiological conditions, all gaseous effluent

exhausted from the CV was monitored by two stack effluent monitors: an r
Eberline SPING (special particulate, iodine, noble gas) monitor and a

Victoreen stack effluent monitor. Although the stack effluent monitors .

sampled the effluent downstream of the Heating and Ventilating (H&V) System

filters, knowledge of the component flow rates of streams feeding into the

stack flow rate allows a reasonable assessment of the CV noble gas I
concentrations. Likewise, when the decontamination factors of the filters

are known, a reasonable assessment of the CV halogen concentration can be I

made.

With respect to the seven RAMs located within the CV (five permanent -•

and two temporary), calculations were performed to indicate sensitivity of

airborne activity levels expected within the CV related to direct radiation L
fields created by fission product concentrations that were expected in the

PCS hot leg piping and the simulated Low Pressure Injection System (LPIS) L

line.T- 6 Direct radiation from these components overwhelmed the

contribution due to airborne activity levels and/or surface contamination J

levels that would eventually accumulate within the CV. Therefore, RAM data

have not been included in this Appendix although the data are available

should they prove useful in the future.
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With respect to the three CAMs located within the CV, predictions

based on Experiment LP-FP-1 results and expectations of occurrences during

the LP-FP-2 Experiment indicated these instruments would also be useless

for measuring airborne activity levels. T-6,T-8 The main reason these

instruments would be useless is that CAMs are designed for personnel

protection purposes and are not built for even moderately high noble gas

concentrations. The detection channels are sensitive to noble gas

concentrations and were expected to over-range because of noble gas

concentrations that would be released to the CV. Trial operations of these

CAMs during the posttransient period vindicated these expectations.

The APO System and the stack monitors were, therefore, the remaining

instruments useful in assessing the CV air activity concentrations.

3.1 Air Particulate Detection System

The APO System was designed to monitor radioactive airborne

contamination separately in either the CV basement or in the aboveground

portion of the CV during reactor operation or during loss-of-coolant

accidents (LOCA) tests. The system possesses two independent sampling

lines for sampling these two areas of the CV and also two independent lines

for returning sampled atmosphere back to the respective volumes that

provided a recirculation capability to ensure the acquisition of

representative samples. Each of the lines leading to, and from, the CV

contains isolation valves that are part of the CV isolation system. The

system is capable, when the isolation valves are open, of continuously

monitoring in-containment airborne activity levels by using the system

detectors and recorders or allowing an independent sample of the activity

levels to be taken that could then be analyzed with gamma spectroscopy for

determination of activity levels. T-9 Because of the relatively high

airborne radioactive material (RM) concentrations expected in the CV

following the LP-FP-2 transient, the continuously monitoring capability was

not used. Each time a sample of the CV airborne activity was taken, the

respective isolation valves had to be opened, CV atmosphere was

recirculated for a period of 5 min to assure a representative sample,
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and then the isolation valves were reclosed. Since the aboveground portion

of the CV was the only volume to which RM activity leaked and because (-

isolation between the two compartments of the CV was effective, this report Ii
describes only the sample results for those samples taken from the

aboveground portion of the CV. Thus, the data acquired by the APO System [}
involved only the sampling line connected to the CV. This sample line is a

1-in. diameter, stainless steel line that is estimated to be -21.3-mr

(70-ft) long from the point in the CV where the sample is drawn to the

point in the APD glovebox where the gas sample bomb is located. This

sample line is not heat traced or heated above ambient to elinminate iodine L
deposition within the line. Once the appropriate line isolation valves are

opened, air is withdrawn using a centrifugal pump located within the APO L

glovebox and recirculated through the return line back to the CV until a

representative sample is assured. At this time, a bypass line is opened L

that routes the air through the appropriate sample filters and into the gas

sample bomb. The isolation valves were then closed, the pump was stopped,

and the samples were removed from the glovebox and analyzed with the LOFT

gamma spectrometer that had been calibrated against known standards for the

applicable sample geometries. A more detailed description of the

APO System is given in Reference T-9.

L

3.2 Stack Effluent Monitoring System

The Stack Effluent Monitoring System consists of a sample line that L

takes suction from the duct into the station stack at a location downstream

of the exhaust filter bank and routes the sample stream through the L
sampling components of two independent stack effluent monitors: The SPING

(special particulate, iodine, and noble gas) monitor and the Victoreen L

stack effluent monitor. Each of these monitors routes the sample flow

through a particulate filter, through a halogen cartridge filter, to a 3 1
noble gas counting chamber, and back to the stack duct through a sample

return line. The total sample flow rate is controlled such that the U
acquired sample is isokinetic with respect to the stack flow rate. This L

isokineticity is effected by a signal generated by a stack velocity probe

that is sent to an actuator that controls a variable flow Dahl valve that
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controls flow into the sample line. Just upstream of the stack effluent

monitors, the sample line branches and diverts a portion of the sampled

effluent to each of the stack effluent monitors. The samples are filtered

nthrough a particulate filter followed by an iodine absorber cartridge of

U silver zeolite (AgX). The sample then passes through a gas sampling

chamber for detection of noble gases in the sampling stream. At this

point, the effluent is either returned to the sampling stream or a sample

is collected in a gas cylinder for further analyses. Each system has

detectors that provide the capability for continuous read out of sampling

stream activity as well as the capability to remove any filter for further

:1• analyses. The Stack Effluent Monitoring System is described in more detail

in Reference T-9.

1The Victoreen Sampling System uses a thallium-drifted sodium-iodide

[Nal (Tt)] scintillation detector 3.8 cm (1.5 in.) in diameter 2.5-cm

S(1 in.) long coupled to Victoreen Model 842-1 Ratemeters to detect stack

halogen and stack gas activity. A continuous print-out of halogen and gas

.i 1 activity is recorded on strip-chart recorders located in the LOFT Health

Physics Office and LOFT Main Control Room.

1The Eberline SPING has a microcomputer that interfaces with specific

channels of stack measurement. The SPING used for monitoring the LOFT

stack effluent contained seven measurement channels. Channels 1 and 2

interface with a solid state alpha detector and a beta scintillator. The

aloha detector measures the radon/thoron contribution to the beta

contribution on the particulate filter and thus provides a method of

background subtraction to the system. The beta scintillator detects the

beta particulate on the filter, and the microcomputer corrects for the

appropriate background measurement, thus providing a continuous indication

_ of particulate activity in the sampling stream. Channels 3 and 4 interface

with a 5.1 x 5.1 cm (2- x 2-in.) Nal (TE) detector that monitors the iodine

Jm absorber cartridge (AgX). Measurement of iodine in the sampling stream is

accomplished using two single-channel analyzers. One analyzer is

I_ calibrated for 1-131 with the second analyzer calibrated at an energy

greater than 1-131 to provide a background subtraction capability in the

iodine window. Channels 5, 6, and 7 interface with beta detectors and a
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Geiger-Mueller (GM) detector. The GM detector provides a background

subtractioh mode for measuring noble gases in the effluent stream. The

beta detectors provide both a low and high range of noble gas detection in

the effluent stream by monitoring the gas chamber that is downstream of the

particulate and halogen collection media. The SPING has a direct print-out

capability located in the LOFT Health Physics Offices which enables

personnel to obtain data on demand for all channels of measurement.

Sampling flow rate and stack flow rate are factored into each measurement

channel to provide the appropriate activity levels for halogens, noble

gases, and particulates in the effluent stream.

Collection of samples (particulate, iodine, and noble gases) from each

stack monitoring system provides additional confirmation of effluent

activity when these samples are analyzed on the LOFT gamma spectrometer. r
Prior to the LP-FP-2 Experiment, both stack monitoring systems were r!

calibrated using known concentrations of Kr-85 and Xe-133.

T:

r'
r:

T-20 I!



AK

4. SEQUENCE OF CONTAINMENT VESSEL VENTING OPERATIONS

Before the LP-FP-2 Experiment, an agreement was established between

DOE and LOFT Operations that airborne effluent Technical Specification

(Tech Spec) release ratesT-1O would not be exceeded for periods of CV

venting following the experiment. These Technical Specifications limiting

Urelease rates were:

F A. 0.18 Cl/s for noble gases

B. 5.2 x 10-7 Ci/s for halogens

C. 4.8 x 10-5 Ci/s for particulate activity (exclusive of halogen

activity).

Also, before the experiment, predictions of CV airborne activity
levels indicated that total noble gas concentrations could increase inside

3athe CV to 0.6 Ci/m and that the 1-131 dose equivalent concentrationa
could increase to -1.5 x 10-2 Ci/mr3 depending on the CV venting
sequence and the expediency with which these operations could

Scommence. T-6,T-8 Therefore, because of the relatively high postulated CV

concentrations and the relatively low allowable release rates, the
relatively slow release rate resulting from venting initially through the

5.1-cm (2-in.) depressurization line would allow a more controlled way to

verify that Technical Specifications allowable limit would not be
exceeded. Once CV concentrations had been verified by the 5.1-cm (2-in.)
line venting operation, then, if predictions allowed, venting could be
performed at a higher rate using the HV-9 System in filtered recirculation
or in the filtered exhaust mode. Before any operation of the HV Systems

could be started, an analysis had to be performed based on APO sample

results and the intended operation to assure that the intended operation

would not violate Tech Spec limiting release rate limits.

a. The 1-131 dose equivalent concentration factored into the resultant
concentration the biological effectiveness of each iodine isotope
(I-131,-132,-133,-143, and -135) for potential environmental releaseI? purposes.
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The CV venting sequence is tabulated in Table T-2. As previously

stated the CV was vented intermittently through the 5.1-cm (2-in.)

depressurization line for 45 h and 20 min of the 75-h period following

to. Then, at -1700 h on 07/12/85 (at t0 + 75 h), the HV-9 System

exhaust fans were started, and the system was operated in filtered

recirculation with regular intermittent opening of the IV-31 butterfly

valve that allowed excess CV pressure to be vented to the stack. The

effect of this intermittent opening of this valve on the Victoreen stack

monitor is shown on the Victoreen stack monitor recording, page 6 of

Supplement Ti. At -1 h and 20 min later (-t0 + 76.5 h), filtered

recirculation was fully established. At 1840 h, the supply valves were

opened allowing some air to be vented into the CV to replace that which was

exhausted to the stack. A requirement during the period of filtered

recirculation was to maintain a slight negative pressure within the CV so

no leakage occurred from the HV-9 ducting. During the 7.25-h period of

filtered recirculation, flow from the CV increased to -0.363 m3/s

(770 cfm). At t0 + 85 h, HV-9 operation was switched into filtered

exhaust with flow out of the CV at 3.78 m3/s (8000 cfm). Filtered

exhaust continued at this rate from the CV essentially uninterrupted for

the duration of the 30-day period following to.

U

U
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TABLE T-2. LOFT VENTING OPERATIONS SEQUENCE FOLLOWING LP-FP-2 EXPERIMENT

m~ 777 ,~

Event
No. Event Time

to (1404 h)

Description of Event

1 Test initiation

2 APD Sample No. 1

3 CV vented through
HV-8

4 Counted stack monitor
filter

5 APD Sample No. 2

6 CV vented through HV-8

7 Counted stack monitor
filters

8 CV vented through HC-8

t + 2h 5min Acquired first APO sample to determine if CV
depressurization could occur through 5.1-cm
(2-in.) line without exceeding Tech Spec limits.

to + 3h 53min

to + 4h

Commenced venting of CV through 5.2-cm (2-in.)
line to HV-8 system.

Counted stack monitor filters on the gamma
Spectrometer for determination of stack halogen
concentrations.

Acquired second API sample for determination if CV
depressurization could continue through HV-8.

Continued CV depressurization thru 5.1-cm (2-in.)
line to HV-8.

to + 4h 41min

to + 6h 41min

--1
t\

(,J to + 8h 5min Counted stack monitor filters on the gamma
spectrometer to verify that stack eff uent are
within Tech Specs.

Notes

CV aP at this time - 0.5-U.t psi.

Continueo venting for %17 min.

iaimna scanned tihe stack monitor filters
to assure that Tech Spec release rates
had not been exceedeo.

At to + 6h tile CV pressure, determineo
from average of CV pressure
chan. A, B, & C is 13.5; CVaP-U.2 psi.

This venting operation continued for I nand 24 mmn CVaP at to + 6 h IS1.4 psi.

HV-8 depressurization was shut aown forabout 6 min during this evolution.

Depressurization continued essentially
unstopped until 0145 h on ?/l/UI8
(t& 1 1h 41 min). At 2257 h on 7/9/85
SP NG stack monitor read 10 PCi/m for
the halogen channel and 8 x lob MCIl/ifur trle noble gas channel.

Results of this sample inuicated IShalogen release rates were being exceedeo.

Indications on SPIhb and Victoreen
filters indicated tnat Iodine release
rate of 5.2 x 1O-7 Cl/s had been
exceeded according to the Victoreen AgXfilter results TS halogen allowable
release rate had been exceeded by a
factor of 3. According to the SPItNt AgA.the halogen release rate was only
5.4 x 10"- 1/s 1-131 UE. CV aP atZJOO It on 719185 was 0.9 psi.

to + 8h 11min Continued CV depressurization through HV-8.

9 Changed out Victoreen
AgX filter

10 Changed out Victoreen
AgX filter

11 Shutdown CV
depressurization

to + 9h 36min

to + lOh 46min

to + llh 44min

Counted the Victoreen AgX filter to verify Tech
Spec compliance.

Counted Victoreen AgX filter on gamma spectrometer
to verify Tech Spec (TS) compliance.

CV depressurization was stopped because Iodine Tech
Spec release rates had been exceeded.



TABLE T-2. (continued)

Event
No. Event Time Description of Event

Acquired APO sample for determining CV concentration.

--4

12 APO Sample #3

13 Restarted CV
depressurizatlon
momentarily

14 Counted stack monitor
filters

is Restarted CV
depressurizatlon

16 Stopped CV
depressurization

17 RestartedrCV
depressurizatlon

18 Stopped CV
depressurization

19 Restarted CV
depressurization

20 Began intermittent
venting with HV-9

21 Established filtered
recirc with HV-9

22 Continued filtered
recirc for %8 hrs

23 Started filtered
exhaust Using HV-9

24 Continued filtered
exhaust

to + 24h 43 min

to + 24h 57 min

to + 27h 11 min

to + 28h 28 min

to + 28h 43 min

to + 29h 41 min

to + 45h I min

to + 50h 41 min

CV depressurization operated for
15 min to determine how
venting would comply with Tech Specs.

Stopped depressurization to await results of gamna
spectrometor counting of stack filters to
determine compliance with Tech Specs.

Started CV depressurization and continued essentially
uninturrupted for about 16 h as shown on stripchart
of Supplement TIl, to + 29 to to + 45 h.

Restarted CV depressurization and continued
essentially without stop for 423 i)
(until %t0 + 74h 30 min).

Notes

Bottom trace of Supplement TI. o t* Z4 h
to to + 28 h shows the response of
the noble gas channel returns to
background relatively soon after hV-8 )s
clo-s-ed. owever, the top trace that shows
the iodine accumulation on the iodine
filter indicates filter break through.

-t0 + 74 h
+ w0 min

to + 76h 28 min

to + 76.5 h

to + 84h 15 min

Stack flow rate started out at I.b9
0 3 /s (4000 cfm) and increased over
-.5 miln to 3.59 m3 1s (/600 cfm.)

to + 85 h Verified OF of HV-9 filters and continued filtered
exhaust for remainder of 30-day period.
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5. CONTAINMENT VESSEL AIRBORNE RADIOACTIVITY CONCENTRATION DATA

The most direct method of assessing of the CV airborne radioactive

material concentrations was with the system designed for that purpose, the

APD System. This system was operated by a reviewed and approved procedure

to assure accurate data would be provided by the system enabling compliance

with Technical Specification release rates.

CV air activity concentrations can be, and were, assessed using the

data derived from the stack monitoring systems. This methodology relies on

an accurate interpretation of HV System flow rates and on time dependent

exhaust system filter bank decontamination factors (OF). The exhaust

system filter bank OF values are provided by Reference T-11, which also

calculates the CV iodine concentrations following the LP-FP-2 Experiment

transient. Since the APD System takes suction directly from the CV,

interpretation of the APO System data does not rely on HV System flow rates

or filter bank OF valves.

5.1 Air Particulate Detection System Data

As previously stated in Section 3, only the APD sample line portion of
the system was used to acquire CV concentration data. The system

iodine/particulate sampling and associated monitors were not used. Once

samples had been acquired with the system, the samples were analyzed with1the LOFT gamma spectrometer that had been prpviously calibrated for the

specific sample geometries applicable to the APO samples. These samples

consisted, for each of the sampling operations, of an aluminum gas sample

bomb, a particulate sample collected on Gelman Type E glass filters, and an1iodine sample collected on silver zeolite cartridges.

Noble fission gas data acquired by the APO system are tabulated in

Table T-3. The data are plotted for the xenon isotopes shown in
Figure T-7. According to the data, a sizable release of activity to the CV

occurred between t 0 + 85 and t 0 + 134 h. Presented in Figure T-7, on
the abscissa, is a bar indicating the time period when CV venting
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TABLE T-3. LP-FP-2 CV NOBLE GAS CONCENTRATIONS MEASURED USING AP) SYSTEM

Sample

AOP-1

-2

-3

-4

-5

-6

-7

-8

NOTES:

Sample Time
(Hours Post to)

2

4.75

24.75

47.25

73.25

85

134

159.25

(1) 1.255-3-1.255

Xe-133 Xe-133m

1.255-31(0.182) 1.770-5 (14.58

2.134-4 (17.18) 1.687-2 (0.11)

6.162-2 (0.06) 8.909-4 (2.94)

8.525-2 (0.06) 9.562-4 (1.86)

9.853-4 (0.25) 1.142-5 (6.04)

5.580-6 (2.69) NO

3.295-4 (0.37) 2.597-6 (6.45)

1.001-6 (14.41) ND

x 10-3; (2) Value within parentheses

Concentrations (Ci/mr3 or 4CI/cc)

xe-135 Xe-135m

1.030-3 (0.13) 4.225-5 (3.36)

2.789-4 (4.72) 4.113-3 (0.35)

1.493-2 (0.09) 1.065-4 (14.69)

3.897-3 (0.21) No

9.146-7 (1.85) NU

NO Ito

4.362-8 (28.53) NU

No ND

Kr-85m

3.419-4 (0.29)

1.273-3 (1.70)

5.855-4 (1.14)

2.)66-5 (18.Zli)

NU

No

Nu

NU

Kr-87

2.837-4 (0.60)

NU3

NU

NU

NU

NU

NU

NU

Kr-86

8.k55-4(0.72)

6.933-!i ju.6u)

ND

NU

NU

-i-

Is the % error, for counting statistics only; (3) NU - not detecteo.

(0.07
,r It
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occurred. As indicated on this figure, the noble gas concentration inside

the CV reached a maximum at about t0 + 47 hours.

Iodine isotope data acquired by the APO system are tabulated in j
Table T-4. To avoid complicated figures, only the first three iodine

isotope concentrations are plotted in Figure T-8. As stated previously,

plateout of iodine in the 21.3-m long APO sampling line did occur. Since

the deposition rate in this line is uncertain, the magnitude of the CV

concentration is difficult to surmise. However, the concentration is

certainly as great as shown in Figure T-8. Also, the peak iodine

concentration appears to have occurred around to + 48 h, a time

consistent with the occurrence of the maximum noble gas concentration.

According to the APO data, the maximum CV concentration occurred 17 hours

later than reported in Reference T-11, and is greater by at least a factor

of three.

APD particulate filter results are presented in Table T-5. Not all of

the isotopes identified on particulate filters are presented in this table;

the iodine quantities were included with the results of the APO AgX iodine

concentrations. More APO samples were taken at times greater than those

reported. However, the data are no longer available.

t
5.2 Stack Monitoring System Data

Much more CV activity concentration data are available from the LOFT L

Stack Monitoring System than were acquired using the APO System. However,

proper interpretation of this data relies on accurately applying dilution L

factors applicable to the various HV Systems as well as applying the proper

time-dependent HV System filter bank decontamination factors appropriate to L

the respective filter bank.

To determine the flow rate through the 5.1-cm (2-in.) depressurization

line, the data shown in Figure T-2 were used. Since a 6 K (100 F)

difference in the CV temperature is equivalent to only a 2% change in the

flow rate assuming all other factors were constant, an average CV 0
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TABLE T-4. LP-FP-2 CV IODINE ISOTOPE CONCENTRATIONS MEASURED USING APO SYSTEM

-I

Sample

APD-1

-2

-3

-4

-5

-6

-7

-8

NOTES:

Sample T
(Hours Pos

2

4.75

24.75

47.25

73.25

85

134

159.25

( 1.71-5 =
(3) ND - Not

ime
+ +1

Concentrations (Ci/mr3 or uCil/cc)

'0 0 1-131 1-132 1-133 1-134

1.71-51 (0.63)2 2.35-5 (0.67) 6.94-5 (0.33) 2.61-5 (1.12) 6.

1.76-4 (0.18) 1.35-4 (0.31) 6.86-4 (0.10) 4.19-5 (2.11) 5.

3.05-4 (0.14) 5.83-6 (3.63) 6.48-4 (0.11) ND3  1.:

4.66-4 (0.14) 2.48-6 (7.76) 5.14-4 (0.16) NO 1.

1.34-5 (0.27) 6.34-8 (6.47) 6.86-6 (J.46) ND 1.

1.13-7 (2.95) ND 4.03-8 (5.52) ND

1.02-7 (4.09) NO 8.38-9 (17.36) ND

5.49-8 (4.20) ND 1.31-9 (46.0) ND

1.71 x 10-5; (2) Value within parentheses is the % error, for counting statistics only;

Detected.

1-135

49-5 (1.00)

39-4 (0.31)

22-4 (0.80)

98-5 (2.58)

88-8 (40.65)

N)

ND

NO
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TABLE T-5. CV AIRBORNE PARTICULATE ACTIVITY CONCENTRATION AS DETERMINED WITH APO SYSTLM

Sample APD-1 APD-2 APD-3 APD-4 APD-5 APO-6 APD-7 APLN-8

Sample Time 2 4.75 24.75 47.25 73.25 85 134 159.-25
(Hours Post to)

Isotope Concentration (Cl/m 3 or PCi/cc)

Rb-88 1.96-31 (0.482) 4.28-3 (0.70) 2.68-4 (0.88) 1.78-6 (37.57) No No ND NO
Y-88 5.27-5 (0.59) 1.43-5 (0.74) 1.36-5 (0.99) 3.98-8 (19.92) NO NIO No NO
Y-91m 3.26-7 (33.6) 1.28-6 (8.79) 1.61-7 (29.89) ND ND NO No NU
Rh-106 3.81-6 (17.02) 5.26-7 (50.03) ND ND NU NO ND NU
Cs-137 ND3 ND NO 1.28-8 (70.57) NO 6.75-11 (180.4) ND NU
Cs-138 8.93-5 (0.91) ND NO ND NO No No NO
Ba-139 8.69-8 (57.10) ND No NO ND NL) ND MO
Ce-139 5.23-8 (57.10) NO ND ND ND HNO NU N
Te-132 3.93-6 (3.36) ND NO ND NO NU hu Wui
Sr-91 No 4.20-7 (25.63) ND NO NO NV) No NO
Ba-140 NO 4.38-7 (14.77) 5.70-7 (16.46) 3.11-7 (8.91) 1.19-9 (55.36) 7.32-10 (34.76) NU 7.98-iu (2z.69)
La-140 No NO 1.19-7 (54.99) 3.01-7 (6.51) 4.12-9 (14.14) 9.83-10 (20.02) 2.04-9 (14.43) b.b9-10 133.89)

NOTES: (1) 1.96-3 - 1.96 x 10-3; (2) value in parentheses is the % error for counting statistics only; (3) Ni = Not Detectea.

-I
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temperature of 316 K (110'F) for the first 70 hours after t0 was used in

the calculation. The resulting calculated flow rate is correlated with the

CV pressure plot of Figure T-9. Also illustrated on this figure by solid

bar segments along the abscissa are the periods of time when the CV was

being vented through the 2-in. depressurization line to the HV-8 System.

The correlation indicates the effectiveness of this line for the intended

purpose. r

Flow from the 5.1-cm (2-in.) line dumped into the HV-8 System 0.305 m

(12-in.) duct, containing a flow of 0.472 m3 /s (1000 cfm). After the

flow passed through the HV-8 System filter bank, it was mixed with the

HV-7 System flow rate of 1.18 m3 /s (2500 cfm) before entering the stack. r
The total rated flow of 1.65 m3/s (3500 cfm) agrees with the measured

stack flow rate plotted at the bottom of the graphs in Supplement T2.

To obtain the applicable HV system filter bank decontamination r,

factors, the data of Reference T-11 were used. The HV-8 System filter bank

halogen decontamination factor (OF) was measured at two different times

during HV-8 System venting using the 5.1-cm (2-in.) depressurization line;

once at to0 + 8 h and once at -to + 32 h. The first measurement yielded

an average OF of 135; the second measurement yielded an average OF of 102.

In other words, as indicated by references in the literature, the OF

decreases with time, perhaps because of humidity (moisture loading of the

filter).

5.2.1 Stack Monitoring System Iodine Data

Stack effluent iodine concentrations downstream of the HV-8 or L

HV-9 System filter banks, as determined from Victoreen and SPING AgX

filters, are presented in Table T-6. Each Victoreen sample tabulated in

Table T-6 corresponds to an AgX filter replacement indicated on the

Victoreen instrument trace in Supplement TI. Each SPING sample tabulated

corresponds to an AgX filter replacement indicated on the SPING instrument

data plot in Supplement T2.
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TABLE T-6. LOFT STACK EFFLUENT IODINE CONCENTRATIONS AS MEASURED FROM VICTOREEN AND SPINS FILTEkS

Sample Sample Time
Type (Hours Post to0 )

Concentration (Cl/m3 or lCi/cc) Tot. I on

1-131 1-132 1-133 1-134 1-135 Filter (pCi)

Tot I DE(3) Ratio: Instr.
on Filter Tot I DE Response

(nUci) Tot I Jmci)

I:

Vict.-F
Vict.-F
SP-F
Vict.-F
Vict.-F

SP-F
Vict.-F
Vict.-F
SP-F
Vict.-F

SP-F
Vict.-F
SP-F
Vict.-F
Sp-F

Vict.-F
Sp-F
Vict.-F
SP-F
Vict.-F

Sp-F
Vict.-F
Sp-F

Vict.-F
SP-F
Vict.-F
SP-F
Vict.-F
SP-F

Vict.-F
SP -F
Vict.-F
SP-F
Vlct.-F
Vict.-F

4.15
8.1
8.)
9.6
10.75

12.1
13.1
28.6
28.6
30.3

30.3
32
32
33.5
33.5

35.1
35.1
36.7
36.7
38.3

38.3
40.3
40.3

42.3
42.3
43.75
43.75
50.6
50.6

66.5
66.5
73.8
73.8
82.4
106.4

1.19-8)
1.58-8
1.81-8
9.93-8
1.38-7

1.02-7
1.47-8
1.16-9
6.42-10
4.67-9

1.82-8
1.85-10
3.51-8
1.07-B
4.00-10

9.29-9
4.46-9
5.13-9
1.67-8
1.73-8

4.85-8
5.66-8
6.40-8
3.36-7
4.44-7

7.33-9 3.17-7
1.14-9 4.52-8

2.33-9
1.30-9

2.74-11 9.17-9

3.54-9
2.33-10

(2)

3.84-8
3.52-8
3.90-8
1.86-7
2.19-7

1 .35-7
1.91-8
3.70-10
2.31-10
1.30-9

4.66-9
4.92-9
8.05-9
2.12-9
7.18-10

0.2175
3.1997
1.6949
7.3/98
6.9756

7.804
1.4160
4.933-2
0.1212
0.1789

0.3080
0.5432
0.5832
0.3327
0.1644

0.6635
8.Z47
4.332
I).9tb
16.3112

17.318
3.1378
8.335-2
0.2U86
0.2979

0.5092
1.0407
0.9471
0.5303
0.2727

3.051
2.b77
2.556
2.433
2. 138

2.219
2.216
1.690
1.721
1.665

1.653
1.916
1.624
1.594
1.659

0.391 nV-8 on 88sHV-d on s7.9%
Hv-d on 10.2Z7

0.185 HV-d on 1.71.
HV-8 on 42.1%

Lumment

NV-b on tivX
tiV-S ol 4U;6
HV-8 on 31.1%
tiV-8 oil IuuA
"V-d on 1001

1.14-10
7.91-11
1.89-10
4.86-11
1.49-13

3.45-8
3.97-8
6.51-8
1.89-8
3.43-8

3.14-10 1.23-10 5.38-8

3.05-8 8.90-11 4.73-8
4.68-10 2.01-10 9.15-8
3.50-8 1.08-10 5.27-8

5.31-9 0.7434

4.12-9 1.0357
8.09-9 0.5566
4.24-9 1.1517

1.3835 1.861

1.5799 1.525
1.0229 1.838
1.1383 1.bu9

4.51-10
7.26-9
4.01-8

3.93-8
9.40-8
6.09-8
1.01-7
5.77-11
1.44-8

6.21-9
9.30-9
7.14-9
1.18-8
5.92-9
2.44-9

1.34-10 7.50-8
3.21-11 1.05-8
1.42-10 5.71-8

1.20-10
2.55-10
1.62-10
2.48-10

5.16-8
1.21-7
7.55-8
1.26-7
1.03-8
1.48-8

0.148

6.02-9
7.07-10
3.93-9

2.54-9
6.54-9
3.32-9
6.35-9
2.98-10
4.20-IU

0.4437
0.2893
0.6884

1.447
1.509
1.549
1.123
0.5151
0.680U

0.8060
0.4291
1.0196

2.u754
2.1693
2.1912
1.6016
0.9660
0.9302

U. b8 U
0.5bj69
0.9963
0.6746
0.6778
0. 6116

1.817
1.483
1.481

1.434
1.438
1.,415
1.426
1 u083

S.247
).213
1.203
1. 170
1.100

0.154

0.326

0.310

0.390

0.451

0.378

0.455

0.355

0.310

0.204

U. 172

HV-8
HV-8
HV-8HV-bHV-8

hV-b on 96.1%
HV-8 on 1uU0
HV-8 on IUU).

"V-d on WuO-
HV-8 on IUU7.
HV-8 on 90.W.
t1V-8 on 9b.o 4
iIV-8 on I d.4.
tiV-8 on 18.J4,

tV-b oi I UUo
lIV-d on 1 00.
tiV-8 on IUU10
1V-8 on 10u7.

HV-8 on 42.1%
HV-8 on 10U%
HV-8 on 100i
HV-8 on 100%
HV-8 on 100"

on 100%
on I00W.
on 10U7.

on 1UU0.
on 9o.1ik

3.89-9
5.90-9
3.61-9
5.92-9

1.01-11 2.32-9
2.12-12 4.58-10

3.U1-11 0.b112
5.19-11 0.4304
2.86-12 0.8212

0.5607
0.5791
0.5560

Notes: (1)
(2)
(3)
(4)

1.19-8 - 1.19 x 10-8.
Blanks in Table indicate undetected quantities.
I DE is the 1-131 detection equivalent.
Comments refer to percent of the time of which the sampling filter was in place that the 5.1-cm (2-inch) depressurization line was open.
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Before the LP-FP-2 Experiment, considerable effort was expended to

assure that the stack monitoring instrumentation would give reliable
,V information. This was especially true of the SPING since calibration data

for this instrument indicated that it was the more stable of the two

instruments. Because of this relative stability and the fact that the

SPING sampling system was more reliable than the older Victoreen

instrument, the SPING was chosen as the primary stack effluent monitor; the

Victoreen monitor was used as a backup instrument. Because of the

reliability of the SPING instrument, an attempt was made to correlate the

SPING iodine data with CV iodine concentrations measured with the

APD System. Data for this correlation are tabulated in Table T-7. For

this correlation, only the 1-131 data from the SPING AgX filter were used

because of the longer half life for this isotope. Throughout the 74-h

period when the CV was being vented to the HV-8 System, the decontamination

factor for the system AgX filters was assumed to be 100.

The 5.1-cm (2-in.) depressurization line flow rate was calculated from

the data of Figure T-2 using the CV pressure presented in Figure T-9. The

stack flow rate was measured by the FR-6 flow indicator. The calculated CV

1-131 concentration from Table T-7 is plotted in Figure T-10. Also plotted

on the figure are the APO 1-131 values for comparison. As indicated on
Figure T-10, the APD 1-131 data and the CV 1-131 concentrations

extrapolated from SPING data compare favorably. The apparent decrease in
the CV 1-131 concentration as indicated by the SPING data around

to + 34 h may be real. Since APD data are lacking for this period of

time, the decrease at t 0 + 34 h may be explainable because the cooler

night-time temperatures at this period of time (which corresponds to 2400 h

on July 10, 1986) may have condensed iodine onto the wall of the 5.1-cm

(2-in.) depressurization line and onto the CV shell or both that would also
have been cooled by the early morning temperatures.
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TABLE T-7. DATA FOR EXTRAPOLATION OF SPING 1-131 DATA TO APPLICABLE CV CONCENTRATION

Sample Meas. 1-131 Calc. 5.1-cm (2-in.) Stack

TieStack Cnc. Line Flow rate Flow rate Dilution

(0 o (Ci/m ) (cfm) (cfm) Factor

8.1 1.81 E-8 140 5800 41.4

12.1 1.02 E-7 112 2800 25.0

28.6 6.42 E-1O 220 4700 21.4

30.3 1.82 E-8 210 4500 21.4

32.0 3.51 E-8 194 5000 25.8

33.5 4.00 E-10 184 4700 25.5

36.7 4.68 E-10 170 5000 29.4

38.3 4.51 E-10 160 4300 26.9

40.3 4.01 E-8 145 3500 24.1

42.3 9.40 E-8 132 5000 37.9

43.75 1.01 E-7 125 5400 43.2

50.6 1.44 E-8 75 4800 64.0

66.5 9.30 E-9 37 4800 130

73.8 1.18 E-8 26 5740 220

(1) Dilution factor is (stack flow rate/5.1-cm (2-in.) line flow rate).
2ý) Venting factor is (100%/% that 5.1-cm (2-in.) line was open).
3 Calculated CV concentration = (Col. 2) x (Col. 5) x (Col. 6).

Ventin
Factor

2.7

1.14

58.8

2.38

1.0

1.0

1.0

1.0

1.0

1.0

1.0

5.5

1.0

1.0

Calc. CV
Concentration (3)

(Ci/m
3 )

2.0 E-4

2.9 E-4

8.1 E-5

9.3 E-5

9.1 E-5

1.0 E-6

1.4 E-6

1.2 E-6

9.7 E-5

3.6 E-4

4.4 E-4

5.1 E-4

1.2 E-4

2.6 E-4
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Figure T-10. CV 1-131 concentration as determined with APO and SPING data.
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5.2.2 Stack Monitoring System Noble Gas Data

Because the noble gas channels of the SPING and Victoreen instruments

detect gross gamma (and beta in the case of the SPING instrument),

individual isotope concentrations cannot be measured with these systems.

However, once the isotopic composition of the gaseous effluent has been U
determined for several periods of time when the isotopic distribution

differs, the detector response can be accurately correlated with the noble

gas concentration. Prior to the LP-FP-2 Experiment, the SPING was

calibrated with Xe-133 and the response was checked using Kr-85 and

Xe-133.T-1 2 At the time of calibration, the response of the SPING to L
Xe-133 was (TBD) and the response to KR-85 was (TBO). Just prior to the

experiment transient on (TBD), the SPING was again checked using Xe-133 to

determine the response of the newly added Channel 7, a mid-range noble gas

channel.T- 1 3 The response of Channel 7 was determined to be 2.7 x 1C 3

Ci/m3 /cpm (counts per minute). Correlating an instrument response for an

instrument such as the SPING or Victoreen, calibrated with one or two U
specific isotopes, with a noble gas concentration such as the one

encountered after the LP-FP-2 Experiment is complex. The complexity arises

from the many noble gas isotopes present, their differing emitted gamma

energies, the intensity with which emitted gammas are emitted, and the

radiological half lives of the respective noble gas isotopes. At short

decay times following a transient, these factors produce a rapidly changing

environment for any detector designed for monitoring noble gas isotopes.

The effect of these factors can readily be seen by examining Channels 5

(beta gas) and 7 (gamma gas) of the SPING data In Supplement Ti. At

t0 + 7 h, the difference between these two channels is more than a factor

of ten, whereas at t0 + 70 h, the two channels are nearly the same.

Using the calculated flow rate through the 5.1-cm (2-in.)

depressurization line and the appropriate APD noble gas concentration

values, the following noble gas release quantities were calculated for the

initial 74 h after the transient. L

T-38 L



Ci Released

Isotope Minimum Maximum

Xe-133 472.2 515.7
Xe-133m 5.90 6.15
Xe-135 62.7 236.2
Xe-135m 0.036 0.53
Kr-85m 6.2 --
Kr-87 1.6
Kr-88 0.11

At t0 + 45 h, 5.1-cm (2-in.) line was closed and was not opened again

until 6 h later, i.e., at to + 51 h. From this time until t0 + 74 h,

the release rate to the stack dropped by a factor of 4 which is

proportional to the change in flow rate indicated in Figure T-9.

From t0 + 77 h until t0 + 84 h, when the HV-9 System was used in

filtered recirculation the noble gas channel of the Victoreen monitor

dropped from 1.0 x 105 cpm to 5 x 104 cpm as indicated in

Supplement Ti. This change indicates that about one CV volume

(9.12 x 103 m3 ) was exhausted in the 7-h period. The calculated flow

rate of 0.363 m3 /s (770 cfm) agrees with the measured value of

0.368 m3/s (780 cfm).

During the period of filtered exhaust following t0 + 84 h, the

CV is ventilated at the rate of -2.5 min, i.e., 227 m3/min

9.12 x 103m3

At this rate, a CV volume is exchanged every 40 min. Review of the gas

channel trace shows that the CV noble gas concentration drops by a factor

of two every 40 to 45 min, thus verifying this depletion rate.

Over the next 14 days foI which the Victoreen gas channel trace is

available, the data show significant activity releases to the CV occurred

at the following times: t0 + 117 h, t0 + 141.75 h, to + 165.75 h,

t + 193 h,t 0 + 212.5 h, to + 216 h, t0 + 236.25 h, t0 + 261.5 h,

t + 308 h, and t0 + 310 h. More releases during the 30-day period may
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have occurred, but the data are missing. These periods of release should .fl
be quantified to the extent possible, and their origin should be identified.

5.3 In-CV Measurements Conducted at To + 29 days and Later

During the first CV entry at t0 + 29 days, radiation field

measurements and smears were taken. These measurements were made to

characterize the CV radiological conditions.

In preparation for this entry, APO samples were taken, and all U

available data that could be assembled from outside the CV were reviewed.

APO samples were taken at t 0 + 623 h, t 0 + 624.5 h, t0 + 625.5 h,

t + 643.5 h, and t 0 + 647.5 h to determine the stability of the in-CV

noble gas atmosphere. The Xe-133 measurements for these samples gave L
3.2 E-6, 2.8 E-6, 2.4 E-6, 5.2 E-6, and 2.7 E-6 Ci/m 3 , respectively.

Only one of these (last one), gave positive results for 1-131 at (2.
2.8 E-8 Ci/m 3 .

During the entry at t 0 + 697 h, the radiation field and smear survey

results for the reactor top and top of the BST shield are shown in

Figure T-11. Readings for the CV main floor are given in Figure T-12. For

each of these figures, the values outside the circles are general field

radiation measurements in mrem/h. The values within the circles (smears I
taken from horizontal surfaces) or squares (smears taken from vertical

surfaces) give the contact radiation readings for the removable activity L4

that was picked up by these smears. Also, during the first entry, a high

volume air sample was taken to determine the airborne iodine levels. IL
Results of this high volume air sample showed 1-131 was present at a

concentration of 6.83 E-8 Ci/m 3 with a counting error of 2.68%. L

On t0 + 38 days (912 h), the second reactor building entry took

place. During this entry, several samples of stripable paint 5 x 5 cm were

taken from the CV and counted in the gamma spectrometer. Results of gamma

spectrometer determinations are tabulated in Table T-8.
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All radiation field values (numbers outside circles
or rectangles) are in mrem/hr and were made with

a Zetex Teletector.

Values In circles (rectangles) are horizontal
(vertical) contamination values determined from

smears with an Eberline RO-2A, open window/closed
window., or In cpm with a Tennelec Smear Counter.

Figure T-11. Radiation field and surface contamination readings taken
during the first CV entry at t. + 29 days.
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Notes:
1. All radiation field values (numbers outside circles

or rectangles) are in mremlhr and were made with
a Zetex Teletector.

2. Values in circles (rectangles) are horizontal
(vertical) contamination values determined from
smears with an Eberline RO-2A. open window/closed
window, or in cpm with a Tennelec Smear Counter.

surface contamination readings taken
entry at t0 + 29 days.

r!dFigure T-12. Radiation field and
during the first CV

I
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TABLE T-8. HORIZONTAL SURFACE CONTAMINATION LEVELS OETERMINED FOR TWO

25 cm2 SAMPLES OF STRIPABLE PAINT

vCi/100 cm2

Isotope Sample 1 Sample 2

1-131 1.797 E+O (0.17)a 1.892 E+O (0.16)
Cs-136 2.409 E-4 (94.76) NO
Cs-137 8.084 E-3 (5.04) 8.108 E-3 (4.56)
Ba-139 9.048 E-2 (7.81) ND
Ba-140 2.254 E-2 (4.59) 2.556 E-2 (4.93)
La-140 4.600 E-2 (2.38) 4.884 E-2 (2.45)
Ce-139 7.652 E-3 (7.81) ND

a. Value within parentheses is percent error and includes only counting
statistics. ND means not detected.
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6. CONCLUSIONS AND RECOMMENDATIONS F
Radioactive airborne concentrations inside the CV have been measured

and show a considerable amount of radioactive material was released from

the PCS to the CV. These data have only been presented; further analysis

and interpretation may be useful. Most of the evidence suggests the

majority of the resulting CV airborne activity originated from the PCS.

However, as discussed in the FP-2 Data Report, leaks probably occurred from

the FPMS. These releases are confirmed by a one-to-one correspondence of

LOFT Operations log notes and increases in the stack gas activity as

recorded by the Victoreen monitor (see Section 5.2). r

A considerable quantity of Xe-131 (470 to 520 curies) was vented

through the CV depressurization line. Addition of the Xe-131 remaining in r

the CV after depressurization to the amount exhausted during

depressurization totals nearly 1300 curies, which is comparable to the ri

quantity assigned to the BST. Additional releases of xenon to the CV U.

occurred. These releases occurred from various components of the FPMS as

well as from the PCS. For completeness, releases from the CV should be

integrated to determine accurate quantities of noble gases released to the
cv. Pj

Although deposition of iodine in the APD sampling line was expected to r

have occurred, some information can be gained from the xenon/iodine

ratios. The releases to the CV should be closely correlated with the ri

sources to illustrate the relative magnitudes of the isotopic releases. A

careful analysis of the CV airborne activity will aid in describing the

total fission product releases during the LP-FP-2 Experiment, and thus

enable a more precise description of the overall release, transport, and

deposition that occurred in the experiment.

T-44



T-7. REFERENCES

_T-I. LOFT Integral Test System Final Safety Analysis Report, Rev. 1,
Volume 2 of 4, Section 6, pg 6-6, August 1977.

V T-2. "Test Chamber and Basement Heating, Ventilating, and Halogen and
Particulate Removal System," LOFT Integral Test System (LITS) System
Design Description, SOD 1.2.3C, October 30, 1981.

T-3. K. H. Liebelt ltr to J. C. Stachew, "OECD LOFT H&V 8 Analysis,"
KHL-12-84, October 5, 1984.

' T-4. "Heating and Ventilating and Air Conditioning for Continuous Sampler
Monitor Area and Exhaust to Stack System (HV 8)," LITS System Design1Description, SOD 1.2.14C, April 15, 1982.

T-5. J. W. Tkachyk ltr to J. H. McDaniel, "LOFT Ventilation Filter
Methyliodide Test Results," JWT-1-85, January 2, 1985.

T-6. "Radiological Risk Assessment for the LOFT Fission Product Release
Test LP-FP-2," by H. K. Peterson, June 14, 1985, OECD LOFT-I-11-5178.

T-7. "Safety Assessment of the Traversing In-Core Probe," by J. A. Rose
and G. A. Dinneen,LOFT FSAR, Supplement No. 2, Rev. 1, June 9, 1977.

T-8. "Best Estimate Radiological Hazards for HV-8/HV-9 Exhaust/Recirc
Mode and Other Operations for Test LP-FP-2," by H. K. Peterson, June

-1 14, 1985, OECD LOFT-I-11-5185.

T-9. "Plant Radiation Monitoring System," LITS System Design Description
SDD 1.3.22B, March 23, 1982.

T-1O. LOFT Technical Specifications, DRR-L-6753, Rev. 5, dated July 9, 1985.

T-11. "Airborne Radioiodine Measurements, LOFT FP-2 Test," by J. W.
Mandler, et. al., October 1985.

T-12. H. K. Peterson ltr to J. C. Stachew, "LOFT Stack Monitoring
Instrumentation Review," HKP-1-84, dated October 31, 1984.

T-13. J. T. Case ltr to G. C. Junkert, "LOFT SPING Calibration,"
JTC-11-85, dated July 2, 1985.

I

T-45



SUPPLEMENT TI

VICTOREEN STACK MONITORING DATA

IODINE AND NOBLE GAS CHANNEL TRACES

(on microfiche attached to the back cover of this report in a pouch)
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SUPPLEMENT T2

SPING STACK MONITORING DATA

Consists of 10-min average values printed out from:

rChannel No. I - Stack flow rate (cfm)
Channel No. 3 - Iodine on SPING filter (microcuries)

F'" Channel No. 5 - beta gas (microcuries/cc or Curies/m3)

Channel No. 7 - gamma gas (mlcrocuries/cc or Curies/m3)

T

3
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Legend:
* Iodine on filter (microcuries) - Channel 3

Beta gas (mtcrocuries/cc or C/4 3) - Channel S

Gamma gas (microcuries/cc or Cl/M3 ) - Channel 7

Solid bar at bottom, on abscissa, indicates period of
time that CV venting occurred through two-inch line.
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APPENDIX U

KEY FEATURES OF THE LOFT FACILITY INCLUDING

CHANGES FOR THE LP-FP-2 EXPERIMENT

The LOFT PWR is an -1/50 size model of a commercial 4-loop PWR that

has been used to study phenomena associated with loss of coolant,

subsequent ECC injection, and finally fission product transport with

aerosols at the initial stages of core damage. Several key design

Uparameters for the LOFT facility are given in Table U-1 and Figures U-i

to U-6. Further details are available in the "System Description",

TREE-NUREG-1208.

Some important changes were made to the facility in order to perform

the LP-FP-2 experiment. These included a special center fuel module (CFM),

removal of the so-called broken loop cold leg and the simulated steam

generator, installation of a simulated LPIS line and addition of the

fission product measurement system.

The special CFM was shown in Figure 3-1. The outer two rows of fuel

pins were removed so that a thermal shroud could be installed and a high

temperature zone created. The shroud is described in the

OECD-LOFT-I-14-5170 report. The fuel in the CFM was enriched to -10 wt %

U2 3 5 . Some special Ag-In-Cd control rods were also placed in the CFM to

simulate aerosol sources in large PWRs under degraded core conditions. As

modified, the CFM used in LP-FP-2 had 100 active fuel rods, and the total

core had 1196 fuel rods.1
The simulated LPIS line has been shown in Figures 53 and 54 of the

] main text. This simulated the flow path followed under an interfacing

systems LOCA, or the V-sequence. The line was 1-1/4 in. schedule 160

(I.D. = 0.0295 m, 1.16 in.) with a total length of 21.3 m (70 ft). There

were 18 bends in the LPIS line, 16 horizontal segments, and 4 vertical

sections. Also included was a break header filter near the end of the LPIS

line which is described in the specification ES-60392.
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TABLE U-I. LOFT FACILITY DATA

r,.
W-4,

Fuel Rod Parameters

Active Length
Cladding 00
Cladding Thickness
Cladding material
Gap thickness

Fuel Bundle Parameters

1.67 m
10.7 mm
0.62 mm
Zr-4
0.905 mm

Number of Fuel Rods, Outer Square Bundles
Number of Fuel Rods, Corner Bundles
Number of Fuel Rods, Center Bundle
Total number of Fuel Rods
Rod Array, Square and Center
Rod Array, Corner
Rod Pitch, in.

204
70
100
1196
15 x 15
12 x 12, triangular
0.563

(4
ii
I
II

I-
Fuel Parameters

Total U02 per pin
Fuel Density
Enrichment

Control Rod Parameters

CFM Peripheral

1.137 kg
93%
9.744 wt%

1.134 kg
93%
4.05 wt%

Total control rods in core
CFM control rods for aerosol source
Cladding material
Cladding thickness
Poison Material
Poison Rods per Cluster

80
10
304 SS
0.51 mm
80Ag-151n-5Cd
20

-d

CFM Thermal Shield

Cladding material
Outer Cladding thickness, mm
Inner Cladding thickness, mm
Insulation material

Insulation density

lower section (0-0.30m)
second section (0.30-0.91m)
third section (0.91-1.42m)
top section (1.42-1.76m)

Total shield thickness, mm
Total shield height, m

Zr-4
3.175
0.62
ZrO2

2160-2480 kg/m3

2000-2160
2160-2480
2480-2720

29.2
1.76

I
I
I_
I-.'

I
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TABLE U-I. (continued)

Fluid Volumes, m

PCS Total 7.28
Hot Leg 0.38
Pressurizer liquid and steam 0.94
Steam Generator Primary 1.45
Cold Leg including PCPs 0.87
Downcomer 1.02
Lower Plenum 0.68
Core 1.03
Upper Plenum 0.90
LPIS line 0.0145

BST liquid, m3

initial volume/final volume 29/57

BST gas, 3

1 initial volume/final volume 56/28

K>
3

j

ii
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Figure U-i. Axonometric representation of the LOFT primary coolant system.
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Figure U-3. LOFT reactor vessel cross section.
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APPENDIX V

LPIS LINE VENTURI FLOW CALCULATIONS

-. A calculation of the LPIS line flow was made using the differential
-! pressure, pressure, and temperature data from the LPIS venturi. Volumetric

opt, flow was calculated using the adiabatic gas expansion factor, Y, as

determined below

1/2Y = [A/B]

where

Awh [1-(d/D) 4][k/(k-1)](p 2 /Pl) 2 /kl-(p2/Pl)(k-l)/k]

B = [1-(d/D) 4 (p 2/P l )2 /k](1-P 2 /P l )

j d = bore diameter = 0.930 in.

D = inlet diameter = 1.160 in.

k = isentropic exponent = 1.3

P2/Pl = 1 - (pl-P 2 )/pI = 0.95

Y = 0.951

Assuming pure steam flow gives,

Q = O.0243x[Ap/p]1/ 2  Q in m3 /s, pressure, or, change in pressure
in kPa, density in kg/m3

-- Data for differential pressure was available from channel PdE-BLH-003.

Density was determined from the state relations for steam and the measured

temperature and pressure (TE-BLH-007A and PE-BLH-O01). Pure steam was
assumed with the data showing saturated conditions from 975 s until 1200 s

_ and superheated conditions from 1200 s to 1750 s. Flow calculations were

very nearly the same during 1200 s to 1400 s regardless of the assumption

of saturated or superheated steam. The results are shown in Figure V-I.
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APPENDIX W

L• POSTTEST GAMMA SPECTROSCOPY EXAMINATION OF THE LOFT

FP-2 CENTER FUEL MODULE

_INTRODUCTION

Total gamma and gamma spectroscopy examinations of the LOFT FP-2

center fuel module were performed to evaluate the distribution of gamma ray

emitting radionuclides in the fueled and upper plenum regions of the fuel

module. Specific objectives of the examinations we-e: (a) to determine if

jfuel material or fission products had been relocated in the fueled portion

of the module, (b) to evaluate relocation of fission products radially

Jacross the face of the module at several selected locations, and (c) to

evaluate the relocation of fission products into the upper plenum region of

the module. Fuel relocation was evaluated by determining the relocation of

gamma ray emitters which were expected to be retained with fuel material

(e.g., Ce-144).

The examination plan for the LOFT FP-2 center fuel module was

developed to meet the specific objectives of the examination program. It

was determined that the most practical location for the measurements to be

j performed was the Test Area North large hotshop facility and that the most

practical method was to translate the fuel module axially passed the front

of the collimated, gamma ray detector used for data collection. To allow

for translation of the module in front of the detector system, the gamma

spectrometer was mounted on a platform 4 m above the floor of the

jfacility. This approach made it possible to lift the fuel module

vertically in front of the detector and to characterize the fueled portion

of the module (1.68 m) and -2.3 m of the upper plenum.

Three types of measurements were made on two opposing faces of the

module (90 and 270 degrees). The first measurement performed was a

continuous axial scan of the fuel module to profile the gross gamma ray

U• emissions from the fuel module and to identify locations where isotopic

measurements should be performed. The second type of measurement performed
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was a point isotopic analysis at -25 cm intervals axially along the face of

the module. The third type of measurement utilized a secondary collimator

to isolate radial points across the 20.3 cm face of the module.

The subjects discussed in this appendix are: the description of the

measurement system, the methods used to estimate count rates, the detector

system resolution (i.e., the area of fuel module measured through the r
collimator), mass attenuation corrections, the analysis results, and the

conclusions developed from the examinations.

IL

II

W
I

I
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MEASUREMENT SYSTEMS DESCRIPTION

The gamma spectroscopy system used for the examination of the LOFT

FP-2 center fuel module is composed of a hyperpure germanium detector, a

collimator system, and a personal computer based data acquisition and

analysis system. The detector used is a high resolution, high count rate

Germanium detector (EG&G ORTEC, special design).

The front of the detector is shielded from background radiation by a

massive, tungsten collimator. The collimator drum has four remotely

accessable positions: two slits, 0.125 cm x 5 cm and 1.0 cm x 5.0 cm, a

blank (no slit) for background determinations, and a thorium-228 check

source. The check source provides a known spectrum for energy calibration

and may be used for general check-out of the spectrometer system. All

sides of the detector are shielded by lead 20 cm or more thick with the

exception of directly behind the detector. Directly behind the detector is

a 2 in. tungsten cylinder that shields the detector from possible

background radiation passing through the liquid nitrogen-cooled cryostat

and detector housing.

The spectrometer data acquisition and analysis instrumentation was

specifically designed to accommodate very radioactive specimens. Pulses

detected by the germanium detector are processed using a transistor-reset

preamplifier (ORTEC special) and spectroscopy amplifier (ORTEC 673). The

spectroscopy amplifier's gated integrator output was used, so that the

highest possible count rates could be measured with minimum pulse pile-up.

The detector-preamplifier-amplifier combination is rated at

1 x 106 MeV s-1. The amplifier output was converted to digital data

using a Nuclear Data 575 analog-to-digital converter (ADC) and a Nuclear

Data micro-MCA multichannel analyzer. The ADC provides for a 5 to 45 ms

conversion time per count. Since the large majority of the detected pulses

had energies below 200 keV, the average ADC conversion rate was estimated

to be between 3 to 5 x 104 counts s- . The micro-MCA is capable of

processing digital pulses at a rate of -5 x 104/s.
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3ecause of the high rates expected frcm the LOFT FP-2 fuel module, a

pulse injection technique was used to correct for pulse pile-up and to

establish the spectrometer live time. Pulses from a free-running "tail

pulse generator" (Berkeley Nucleonics BH-1) were injected into the spectrum

at the preamplifier. During later analysis, the ratio of the number of L
detected pulses found in the spectrum to the total injected pulses was used

to correct the calculated peak areas for pulse pileup and dead time losses.

An IBM PC/AT data system was used for spectrum storage and provided a

real-time display of the spectrum. During acquisition, the spectrum

display is updated every 4 min with the currently stored spectrum and other F
parameters such as: gross count rate, pulse injection rate, real and live

times. Two types of data files were generated for each measurement. The

first file contained the spectrum and a header table that contains [
information that was manually entered or automatically input from the

spectrometer. The second file was a log file containing a record of the

commands entered to acquire and store the spectrum. As a back-up, the

operator also recorded spectrum file names, analysis locations, times, etc.

in a laboratory notebook.

[

C.
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ESTIMATED RADIATION FIELDS

The FP-2 fuel module is unique in that the specimen's physical size

and radiation levels at contact are considerably greater than most samples

analyzed by gamma spectroscopy. Detailed analyses were performed to

I determine the expected radiation field and isotopes measurable at various

distances from the fuel module. Analysis techniques included both simple

J geometric calculations and QUAD (a shielding and gamma ray transport

analysis code) results. Both analyses were based on DRIGEN-2 radionuclide

inventories and included realistic estimates for internal mass absorption

in the bundle. The radionuclide inventories were obtained from an ORIGEN-2

analysis that included actinides, fission products, and activation products

at 600 days after the FP-2 test. Count rates in gammas/s (q s -1) and

keV sI were calculated for six energy groups based on the ORIGEN-2

jresults. These calculated gamma ray emission rates listed in Table W-1 are

the bases for all subsequent calculations:

TABLE W-1. EXPECTED GAMMA RADIATION FLUX FOR THE LOFT FP-2 CENTER FUEL
MODULE

Energy E

Range (keV) (keV) q s-1 keV s-1

0 to 250 127 6.14 x 1012 7.77 x 1014

250 to 500 443 1.42 x 10OI 6.31 x 1013

500 to 700 661 5.42 x 1012 3.59 x 10i

700 to 1000 759 4.20 x 1012  3.19 x 10is

i 1000 to 1400 1054 6.27 x 1010 6.61 x 1013

1400 to 3000 1993 3.98 x 1011 7.93 x 1014

Totals 1.58 x 1013 8.07 x 1015

Two possible fuel module conditions were considered: an intact module

containing undamaged rods (1.07 cm diameter x 1.68-m long) and a damaged

- module where all the fuel material was relocated into a consolidated mass

in the bottom of the assembly. The first case assumed that the cladding
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1.43 cm pitch) containing 100 fueled ana 2! unfueled pos;t1ons. The entire

bundle was surrounded by a 0.30 cm zircaloy shroud (modeled as pure

zirconium). The second case assumed that the UO2 and structural

materials melted and filled the lower module with solid debris (no voids).

The actual assembly conditions are likely to be between the two cases.

Intact Center Fuel Module

To evaluate the total gamma ray emission rate from the fuel module r
using QUAD, the intact module was treated as 11 vertical slab sources, each

of which contained 1/11 of the total radionuclide content as determined

from ORIGEN-2. A simple self-attenuation correction was applied to the

inventory in each fuel rod (1/121 of the total). Contributions from each

of the 11 rows of rods were summed and an average radiation flux per cm2

of exposed bundle surface area was calculated for each energy group.

Additional mass attenuation caused by the shroud and fuel rod cladding was

included. Contributions of each of the 11 rows to the flux reaching the

detector face were calculated using geometrical optics. The results for

11 rows x 6 energy groups were summed to yield the total flux for a

specific collimator and distance. Results for several distances are listed

in Table W-2.

TABLE W-2. ESTIMATED TOTAL RADIATION FLUX FROM THE INTACT FP-2 MODULE

Module/Spectrometer 0.127 x 5 cm 1.0 x 5.0 cm
Distance Collimator Collimator

(cm) (MeV s-1) (MeV s-I )

20 6.71 x 104 5.26 x 106

50 4.40 x 104 3.45 x 106 [
100 2.66 x 104 2.08 x 106

200 1.43 x 104 1.15 x 106 I6
300 1.02 x 104 7.91 x 10 5

500 6.29 x 10 ---3
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These data are based on the fission product distribution for an intact

fuel module. Any melting or rearrangement will result in a nonuniform

distribution and higher or lower count rates. Since the detector has a

maximum rate of 1 x 106 MeV s-1 and has been tested to

3 x 105 MeV s- 1 , rates of the order of 2 x 104 MeV sec" 1 using the

0.127 x 5 cm slit are acceptable. The module probably could not be

examined using the large slit because count rates would exceed the

capability of the measurement system. At 300 cm, the 0.127-cm high slit

views a total length of 5.13 cm.

The estimated total radiation flux data listed in Table W-3 were

combined with representative intrinsic (germanium) detector efficiency

data. Estimated count rates from 137Cs and 144Ce-Pr were calculated

using the net inventory, branching ratios, geometrical efficiency, and

detector efficiency data.

TABLE W-3. ESTIMATED COUNT RATES FOR SOME
FP-2 FUEL MODULE

RADIONUCLIDES FOR THE INTACT

Nucl ide

137 CS
144 Ce-Pr

Gamma Ray
Energy

(keV)

661.6

80.12
133.5
695.5

1489.1
2185.6

Count Rate
Count

(s-1.

1400

21.5
137.
115.
37.1
63.5

The total count rates from the module were addressed in Table W-2.

Melted Center Fuel Module Geometry

The gamma radiation flux was also computed assuming that all material

melted and settled to the bottom of the module; thereby consolidating all
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of the activity into a single area. To make the problem amenable to

geometrical interpretation, the module contents were modeled as 100 slab

sources, each of which was 0.152-cm thick. The emitted fiux per cm 2 for

each slab was calculated from the total inventory. An attenuation

correction was applied based on the shroud slab and spectrometer geometry.

(Clearly, the bulk of the gamma ray emission rate was from the first few

slab sources, since the UO2 has a high density and consequently a large I

mass attenuation coefficient. The slab contributions were estimated using

geometrical factors, and summed over 6 energy groups x 100 slabs. The

results are listed in Table W-4.

TABLE W-4. ESTIMATED TOTAL RADIATION FLUX FOR THE MELTED FP-2 CENTER

FUEL MODULE

Module/Spectrometer 0.127 x 5 cm 1.0 x 5 cm
Distance Collimator Collimator

(cm) (MeV s-I) (MeV s-)1

1 4 06.. .
20 8.49 x 10 4.16 x I10

50 5.58 x 104  2.72 x 10 6

100 3.35 x 104  1.65 x 10 6

200 1.85 x 104  9.13 x 105

300 1.27 x 104  6.31 x 105r

500 7.87 x 103

The 0.127 x 5 cm collimator would be appropriate for the melted fuel

module because the rates are within the capabilities of the system using

this collimator and not within the capabilities using the large collimator.

Estimated radionuclide count rates for several radionuclides were

calculated for this case also. These differ somewhat from those estimated

for the intact bundle case, primarily because of the greater

self-attenuation of the melted mass; however, at gamma ray energies

>1.0.MeV, the higher concentration of material results in greater i,
external count rates, because there is more penetration at these energies.

Table W-5 lists the count rates for Cs-137 and Ce-144 for the melted FP-2

module case.
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TABLE W-5. ESTIMATED Cs-137 AND Ce-144 COUNT RATES FOR THE MELTED FP-2
FUEL MODULE

Radionuclide

137 Cs
144 Ce-Pr

Gamma Ray
Energy

(keV)

661.6

80.12
133.5
696.5

1489.1
2185.6

Count Rate
Counts

(s-1)

181

15.4
98.1
21.3
47.5
81.3

These calculations were checked using the QUAD computer code. At a

200 cm spectrometer-module distance, QUAD predicted an incident flux at the

detector of 2.478 x 104 gammas s-1 cm- 2 (3.69 MeV cm- 2 s- 1 ); the

background flux through the lead sections of the detector housing was

calculated to be 5.8 x 101 gammas cm- 2 s-1 (i.e., 1.16 x 102 MeV

cm-2 s- 1 ). These estimates apply to the front face of the detector:

since the bundle is long and narrow and no other sources were present,

gamma flux to the sides and rear of the spectrometer was negligible. The

estimate of direct flux through the 0.127 x 5 cm slit using QUAD was

1.59 x 104 MeV s-1 at 200 cm, which is in reasonable agreement with the

Table W-2 estimate (1.43 x 104 MeV s-l).
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DETECTOR RESOLUTION AND MASS ATTENUATION CORRECTOCNS

The detector resolution calculations were performed for both the

narrow (0.127 cm) and wide (1.0 cm) collimator slits. At a distance of

3 m, the axial length of the FP-2 center fuel module measured using the

narrow collimator was -5.13 cm. The entire cross section of the module is

measured as the collimator slit has a width of 5 cm that will completely

encompasses the assembly width at 200 cm. For the wide collimator, the

area measured at 200 cm is -40 x 201 cm, which would provide littleIL

resolution of interior structural components in the module. Therefore, all

reported measurements were made with the 0.127-cm slit.

Using the data from a specific location in the fuel module, an

approximate efficiency curve was generated using the gamma ray emission

energies and measured count rates from Ce-Pr 144 and Ta-182. This method

allows the results from the various module locations to be corrected for

mass attenuation and compared with the reference location. The measured

efficiency data was fit using various exponential functions and was most-0.5065 L• I"
closely approximated with an efficiency function e All data were

corrected to approximate this efficiency curve; thereby making all ol the

data relatively intercomparable. This analysis does not provide an

accurate quantitative analysis but does allow a semiquantitative

approximation of the distribution of radionuclides in the test assembly to

be made.

L
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EXAMINATION RESULTS

Three types of gamma spectroscopic examinations were performed on the

LOFT FP-2 center fuel module. A gross gamma spectroscopic profile was

first obtained to characterize the distribution of gross fission products

in the fuel module. Second, isotopic analyses were obtained at -25 cm

intervals along the full measurable length of the module (-3.1 m).

Finally, the test assembly was profiled radially at three locations. These

transverse measurements were obtained using the 2 x 2 in. collimator to

restrict the spectrometer's view to a section corresponding to

Cl approximately 1/3 of the module's width. These spectra were designated as

left, center, and right.

I Measurements were performed on two faces of the fuel module; one which

had visible surface damage (the 90 degree face) and the opposing face that

had no visible surface damage (the 270 degree face).

,Z:.)•• Gross Gamma Spectroscopy Analysis Results

1The gross gamma spectroscopy analyses were performed by continuously

scanning the fuel module with an indexing system attached to the module.

The index location and gamma scan results were correlated to define the

gross gamma profile of the assembly. Figures W-1 and W-2 show the gamma

scan results for the two faces of the module being scanned. Also included

Iin-the figures is the neutron flux profile as determined from the the

incore detectors. These data allow a direct comparison between the intact

j geometry as indicated by the flux profile and the posttest gamma scans that

indicate material relocation. Underlying the scan data is a graphic

J depiction of the module, which allows the gamma scan data to be correlated

with physical locations on the module.

I The 900 data shown in Figure W-1 is for the face of the module which

shows some surface damage. The location where a visible fracture occurred

is shown in the figure at approximately 127 cm from the bottom of the

V;.; assembly. Observations that can be made from these data starting from the
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bottom of the module are: (a) There is a direct correspondence between the

reduction in activity measured and the location of the spacer grid at about f
50 cm which suggests that the spacer grid is still intact and probably does

not contain significant amounts of relocated debris. (b) At the middle F'
grid spacer location, approximately 100 cm, there is no correspondence

between the neutron flux profile and the gamma scan results which suggests

that in this upper portion of the core there is relocation of fission

product bearing material into the spacer grid. (c) There is also an [

apparent relocation of material in the region where the sur'ace damage

occurred (-127 cm). The gamma scan data indicates less acz/vity in this

region than what would be expected based on the neutron flux profile.

In the'upper plenum region of the fuel module, little activity is .

present above the end fitting. The gamma scan results indicate a low,

relatively consistent reduction in activity levels suggesting that the

activity probably results mostly from activation of structural components

and possibly some surface deposition that was deposited by the cooling water.

The 270 degree gamma scan (Figure d-2) shows a similar profile to the

90 degree data except that there is no reduction in activity at about

127 cm. These data would suggest that there is a localized relocation of

fuel material on the 90 degree side of the assembly and apparent relocation fý..
of fuel into the second spacer grid location on both sides of the assembly. f

Figure W-3 shows the comparison between the 90 and 270 degree faces of

the fuel module. These data further emphasize the differences between the

faces of the module.

Axial Gamma Isotopic Analyses

Isotopic gamma spectroscopy analyses were obtained at axial locations I
up to 3.16 m from the bottom of the fuel module. The spectra obtained

cover the entire cross section of the module (21.4 cm) and an axial height I
of 5.1 cm. Therefore, the total area examined by each isotopic gamma scan

W- 16
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is -110 cm2 of module surface area. The methods used to correct the data (IS
for mass attenuation and intercomparison are discussed in a previous V

section. Table W-6 lists the isotopic data obtained for the 90 degree face .,

of the module and Figure W-4 shows the isotopic distribution along the

length of the module for several important radionuclides.•

As an indepth analysis of these data is beyond the scope of this r

report, only the more apparent observations obtainable from the data will

be discussed. The four activation products measurable are Mn-56, Co-60,

Ag-110m, and Ta-182. They are produced by neutron activation of structural

components and the control rod material. The principal areas where the

Mn-56 and Co-60 are measurable are near the bottom of the module (<14 cm) r
and above -168 cm, the top of the fueled region of the module. This is

expected for the Mn-56 and Co-60 that are concentrated in these locations; r
however, for Ag-110m and Ta-182 this is not the case. Ag-110m was produced

from the Ag-In-Cd control rods that were partially inserted into the

assembly during power operation and which were fully inserted shortly

before the transient. This material is measurable only in the bottom 14 cm

of the fuel module suggesting that either some silver has relocated into

the bottom portion of the module enhancing the amount already there from

the inserted control rods or that in the fueled portion of the module, the r

Ag-110m component of the control rods is more difficult to detect because

of the mass attenuation of the fuel. Ta-182 is an activation product

produced from activation of the tantalum instrumentation strings in the

module. This radionuclide appears to be evenly distributed throughout the

module.

For the measurable fission product radionuclides (i.e., Zr-95, Nb-95,

Ru-106, Te-129m, Cs-137, and Ce-144) there are several apparent

observations of importance. They are: (a) that there appears to be no

significant relocation of fuel material into the bottomn portion of the

module as evidenced by the the substantially lesser amounts of Ce-144 and I
Ru-106 measurable in the bottom 14 cm of the fuel module; (b) the top end

of the fueled portion of the module is 189 cm from the bottom of the

module. The measurement results indicate transport or relocation of

Ru-106, Cs-137, and Ce-144 into the upper end box and plenum region of the

W-18 I
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TABLE W-6. MEASURED RADIONUCLIDE DISTRIBUTION FOR THE 90 DEGREE FACE

Radionuclide Activity
Distance from Bottom of the Assembly

-(cm)

Radionuclide 7 14 29 a 80 105 131 156 182 192 2U7 243 258 283 3U9 Jib

5 6
Mn6 0 Co

9 5 Zr, Nb

IO6Ru

129mTe

2.5 E-1 .. b --b
6.3 E-1 1.4 E-1 .. b
3.0 E+l 7.8 Eel 2.0 E+l

--.b
7.9 E-3
2.7 E÷2

2.b -.2
-. b -. b

2.4 E+2 2.2 E+2

-- b 4.2 E-2 1.9 E-2 4.b E-3
1.4 E-2 1.1 E-I 4.6 E-2 7.8 E-3
5.7 E+1 1.6 E+l 4.0 --

-- b
2.1 E-3

1.4 E-3
-- b

_--b

.-b
1.9 E-3

-- b

.- b
2.Z E-3

-- b

--b .-b 1.8 E-1 2.3 2.1 1.7 5.6 E-1 2.4 E-2 1.0 E-1 2.u E-2
2.3 E-1 4.0 .b 5.9 Eb 2 b 15b --b 5.b 10b 2...b -b.. -.b 5.94 E+2 1.52 E+3 5.7 E+3 1.01 E+4 2.6 E+3 1.2 E+i --b _.b

-- b

.- 0

i- 137Cs 9.0 E-2 5.3 E-1 8.1 E-2
14 4 Ce Pr 9.4 1.9 E+l 4.0
182Ta 1.1 E+l 1.4 E+l 2.0

6.6 E-1
6.4 E+l
3.6 E+l

7.1 E-1 7.4 E-1
5.0 E+l 4.2 E+l
2.9 E+l 3.1 E+l

2.0 E-1 4.4 E-2 1.5 E-2 1.1 E-3 --b
1.1 E+l 3.3 9.2 E-) 2.8 E-1 1.61-1
1.6 E+l 5.6 1.1 5.4 E-2 -.

a. Measurements made at this location have a high degree of uncertainty because of problems during data acquisition.

b. Not detected.
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fuel module. Some portion of the Ru-106 and Ce-144 appear to have been

transported -0.5 m above the fueled region of the assembly, whereas

measurable amounts of cesium were transported only -18 cm above the fueled

region of the module. A comparison of the measured activities suggests

that only a small fraction of the total activity (probably much <1%) was

transported into the upper plenum. As a result of the low volatility and

chemical reactivity of the these elements and their compounds, the

relocation of ruthenium and cerium most likely occurred as the transport of

fractured fuel particulates into the upper plenum region of the fuel module.

The 270 degree face data listed in Table W-7 and shown in Figure W-5

follow similar behavior to that observed for the 90 degree results with the

exception that there is less apparent relocation of ruthenium and cerium

into the upper plenum region. The differences in isotopic activities

measured on the two faces at the same locations are probably caused by

variations in the normalization of the data and uncertainties associated

with the mass attenuation corrections.

Radial Gamma Isotopic Analyses

The radial gamma spectroscopy analysis results are listed in

Tables W-8 and W-9. \Data were obtained at two axial locations and three

radial positions on the two faces of the fuel module that were analyzed.

The locations were chosen to measure a relatively intact portion of the

module (55 cm) and to compare these data with results obtained near the

location where the surface of the module had cracked (156 cm) and finally

at a location near the top of the fueled region of the module was measured

for comparison purposes. Typically, the central location radionuclide

activities are higher than those measured for the peripheral measurement

locations that suggests that there was not significant relocation of fuel

material to the periphery of the module at 55 cm; however, at the 156-cm

location on the 270 degree face there are greater concentrations measurable

near the right of the module than were measurable at the center of the

module. These data suggest some possible relocation of fuel material in

this portion of the fuel module.
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TABLE W-7. MEASURED RADIONUCLIDE DISTRIBUTION• FOR THE 270 UEGREE FACE

Radionuclide Activity
Distance from Bottom of the Assembly

(cm)

Radionuclide 0

561n 2.9 E-1
6 0Co 7.8 E-1
95 Zr, Nb 9.5 E+1

14

8.3 E-2
2.2 E+2

29 55 80 10. 131 156

N)

106RU
I ImAN
l29mre

14CPr182Ta

1.0

3.7 E÷3

5.0 E-1
2.2 E+I
1.9 E÷I

1.5
5.7
1.0

E-1
E+4

_.a
3.1 E+2

2.4

1.1
6.6 E+1
2.7 E+l

-- a

--
a

3.1 E+2

--. a

-- a

9.7 E-1
6.9 E+i
3.3 E+I

-- a

2.6 E+2

2.9
__ a

8.9 E-1
7.1 E+1
3.5 E+l

-- a

3.1 E+2

1.7
__a

1.0
6.7 E+I
3.2 Eel

-- a
-- a

2.1 E+2

1.7
-- a

7.0 E+3

7.0 E-1
4.7 E+l
2.5 E+I

-- a
1.5 E-2

4.7 E+)

5.3 E-1

1.8 E£3

1.7 E-1
1.0 E+l
1.2 E+2

Ib2 2U0 232

3.9 E-2 .. a .-a
1.2 E-1 7.2 E-3 1.9 E-3
1.2 E+l --a __a

2568 283

1.7 E-1
-- a

1 .0 E+3

3.5 E-2
2.8
5.5

--a

-- a

2.S E-I
7.6 E-2

__a

2.2 E-3
__a

2.7 E-3
.-a

1.1 E-1
-- a

.-a
2.3 E-ý

-- a

-- a

31b

--a
-- a

-- a9.4 E-1
4.6 E+I
1.9 E+1

a. Not detected.
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TABLE W-8. MEASURED RADIONUCLIDE RADIAL DISTRIBUTION FOR
THE 90 DEGREE FACE

Radionuclide Left
6 0 Co 1.6 E-2
9 0 Zr, Nb 3.1 E+1

106 Ru 3.0 E-1

12 9mTe 9.4 E+2
1 37Cs 1.1 E-1
14 4 Ce, Pr 8.6
18 2 Ta 1.2 E+1

a. The scan information
because of data transfer

Distance

55 cm

Center

2.4 E-2

7.5 E+1

9.1 E-1

3.2 E+3

2.9 E-1

2.0 E+1

2.6

Right

7.9 E-3

7.1 E+1

8.3 E-1

2.3 E+3

2.5 E-1

1.9 E+1
3 . 9 a

Left

1.9 E-3

6.3

6.3 E-2

4.57 E+2

1.7 E-2

1.7

3.4 E-1

Radionuclide Activity
from the Bottom of the Assembly

156 cm

Center

2.3 E-3

1.0 E+1

9.3 E-2

7.6 E+2

3.4 E-2

2.5

6.6 E-1

Right

1.9 E-3

6.3

6.4 E-2

3.8 E+2

2.1 E-2

1.6

3.8

[
4
j~.

[
L
L
Ii
IL
Ifor the 183-cm distance was not

problems during acquisition.
recoverable

TABLE W-9. MEASURED RADIONUCLIDE RADIAL DISTRIBUTION FOR
THE 270 DEGREE FACE

Radionuclide Activity

Distance from the Bottom of the Assembly

55 cm 156 cm 182 cmb

Radionuclide Left Center Right Left Celter Right Cen
60 Co 1.5 E-3 1.4 E-2 1.6 E-3 --a 1.5 E-3 2.1 E-3 1.2
90 Zr, Nb 7.0 8.0 E+1 8.1 E+1 6.3 E-1 6.6 9.5 3.0

10 6 Ru 8.1 E-2 8.2 E-1 8.5 E-1 --a 7.9 E-2 1.0 E-1 8.2
12 9 mTe --a 3.6 E+3 2.4 E+3 --a 4.8 E+2 5.5 E+2 1.9

137CS 1.2 E-2 3.0 E-1 3.1 E-1 --a 1.6 E-2 3.5 E-2 7.6
144Ce, Pa 2.4 2.2 E+1 2.3 E+1 8.6 E-1 1.7 2.4 8.9
18 2 Ta 1.8 E+1 3.3 4.0 3.6 3.9 E-1 5.4 E-1 4.2

a. Not detected.

b. The left and right data for the 182-cm axial loction not recoverable
because of data transfer problems during acquisition.

ter

E-2

E-2

E+2

E-3

E-1

E-1

L
L

L

I_
I

'4
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OBSERVATIONS/CONCLUSIONS

Observations or conclusions that can be made based on these data are

limited as this is a data report and the results have not been subjected to

a rigorous analysis; however, there are a number of observations that can

be made. They are:

o The gross gamma scan results indicate that the bottom grid spacer

1is probably intact and significant amounts of fuel material have

not been relocated into this part of the fuel module.

o There is an apparent relocation of fuel material onto the grid

spacer at -90 cm as there is no observed reduction in gross

activity corresponding to the grid spacer location.

1 o On the 90 degree face of the module, there is an apparent

settling of fuel material (10 to 20 cm down) at the same height

as the observed surface cracking on the module (-130 cm) as

determined from comparisons with the neutron flux profile for the

module.

o The isotopic data for Ag-110m suggests that the silver control

1rod material present in the bottom 14 cm is measurable because

some silver control rod material may have been relocated to the

bottom 14 cm of the module.

'1 o There is no evidence that any Te-129m was transported out of the

assembly; however, there are high concentrations in the upper

:1 part of the fueled region (the 270 degree face) that was

subjected to a relatively low neutron flux. These data suggest

that some tellurium may have volatilized and deposited in the

1* upper portion of the fuel module.
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r
o The isotopic results indicate that ruthenium and cerium have been

transported up to 0.5 m into the upper plenum region of the

module probably as particulate fuel debris.

o The isotopic results indicate some relocation of cesium out of

the fuel module region (up to 18 cm). r
o A comparison of the isotopic measurements in the fueled and upper

plenum regions indicate that only a very small fraction of the r
isotopic inventory was relocated outside the fueled region,

probably significantly <1%.

II
I.
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APPENDIX X

TIP SCAN DATA

A traversing in-core probe (TIP) was used to measure the power density

along the core axis at four separate radial locations. One of these was a

redundant measurement, leaving three separate radii. Measurements were

taken in 75 axial regions. The first region included the lowest 6-in. of

the core. The other regions were 1-in. or less in height. The data thus

collected was normalized using a computer program that contained

precalculated radial power distributions for several operating conditions.

One-eighth symmetry was assumed. The TIP scan data for a given axial level

was compared with the precalculated radial distributions and the

distribution with the'closest fit to the data was then used for each

particular elevation. The axial distribution was measured directly. The

radial and axial distributions together with total core power were then

used to calculate the normalized power distribution. For the total power

of 26.8 MW, the average linear power density was 13.4 kW/m. The peak axial

power was between the 25- and 26-in. elevation in the rods identified as

14 in the tip-scan nomenclature, or as C-7 in the CFM nomenclature

(together with the 7 symmetric positions).

Figure X-1 shows, rod identifiers used with the TIP scan data.

Table X-1 gives the relative average pin power for each rod and the

relative power for each rod at the hot axial plane. It is noted that the

relative power in the CFM ranged from 1.902 to 2.217, only varying by

-17%. Relative power in fuel modules 1, 3, 7, and 9 (the triangular

peripheral modules) varied from 0.5674 to 1.133, a variation of -100% and

two to four times below the CFM. The larger, rectangular peripheral fuel

modules (modules 2, 4, 6, and 8) had relative powers ranging from 0.3472 to

1.271, a variation of 266% and up to seven times below the CFM. Relative

power was lowest in the uppermost axial level, because of the position of

the control rods. The tip-scan data gives an average power density in the

CFM of 26.9 kW/m (2_4% below the theoretical value) and a peak power

density of 44.9 kW/m (4.0% above the theoretical value). These numbers are

within the 5.2% uncertainty in measured total core power.
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TABLE X-1. RELATIVE AVERAGE AND HOT PLANE POWER AS MEASURED BY THE

TRAVERSING IN-CORE PROBE

RELATIVE AVERAGE PIN POWER

PIN 1-10

PIN 11-20
PIN 21-30
Pik 31-40
PIN 41-50
PIN 51-60
PIN 61-70
PIN 71-80
PIN 81-90
PIN 91-100
PIN 1l0-110
PIN 111-120
PIN 121-130
PIN 131-140
PIN 141-150
PIN 151-160
PIN 161-170
PIN 171-176

I.9776Et00
2.1220E+00
0.O000E-01
O.O000E-0O
1.2360E+00
1.26701E00
1.2290E+00
1.1593E+00
1.0847E+00
8.353LE-01
8.8241E-01
8.q?85E-Ot
9.3494E-01
9.6053E-01
9.1592E-01

.7.1266E-01
5.8965E-01
4.6734E-01

1.9231E#00
2.1067E100
0. OOOOE-01
1. 2175E*00
1.2474E#00
1.2710E+00
1.1976E+00
1.1720E+00
I.080dE+00
7.5366E-01
B.7482E-01
8.5655E-01
9.0956E-01
8.7413E-01
7.8195E-01
a.6742E-01
5.9473E-01
4.5843E-01

1.9092E+00
2.2162E100
O.OOOOE-0O
t.2205E+00
1.2547E100
1.2440E+00
1. 1638E+00
1. 1655E#00
I.01 IE+oo
I1.1544E+00
,J754E-01

8.268SE-01
8.5074E-01
B. 7825E-01
7.3361E-o0
6.2021E-01
5.9600E-01
4.4632E-01

1.9022E+00
2.2071E+00
0. OOOE-01
1.22t5E+00
1.2335E+00
1.2232E+00
I. 107 1E*O0
1. 1226E+00
1. 1091E+00
1.0323E+00
8. 4085E-01
B. 1012E-O0
8.0435E-01
8.0182E-01
6.B762E-01
5.6743E-01
5.0840E-0I
4.2926E-01

1.9463E+00
2.1895E+00
0.OOOOE-01
1.2139E+00
1.2186E+00
1. 1539E+00
1.0554E+00
1.0633E+00
1.I142E00
l.019BEt00
7.5969E-01
8.1O1OE-01
7.7416E-01
7.4"BE-O0
6.462E-01
7.OtZIE-01
5.6541E-01
3.9921E-01

2.0176E+00
2.1910E+00
O.OOOOE-01
1. 2063E+00
1.2091E+00
1.0969E+00
1.0246E+00
1.0114E+00
1.0247E#00
1.0356E+00
6.6253E-01
6. 8543E-0I
7.6096E-01
7.1754E-01
6.1109E-01
7.0225E-01
5.4901E-01
3.47191E-O

1.9796E+00
O.OOOE-01
O.OOOOE-0I
1. 1987E+00
1. 1696E+O0
1.0663E+uu
I.01I72E+00
9.80u3E-01
9.658hE-0I
1.0528E+00
9.8772E-01
9.3962E-01
7,5189E-01
7.0373E-01
7.7445E-01
b.B176E-0I
5.0853E-01

2.0293E+0W
0.O000E-01
O.OOOOE-0I
1.1822E+00
1. 1291E+00
i.06541+O0
1.0122E+00
9.7425E-0t
9.3570E-0l
1.0203E#00
9.6370E-01
9.1877E-01
6.9267E-01
9.2318E-01
7.7385E-01
6.6351E-01
4.4675E-01

2. 1090E+00
0.O000E-01
0. OO0E-01
1. 1630E+00
1.0996EGOO
1.240SE+00
9.8311E-01
9.7187E-01
9.3687E-01
9.6232E-01
9.8263E-01
9. 0600E-01
B.5763E-01
8. 1304E-01
7.6499E-01
6.0002E-01
4.6991E-01

2. 1191E+O0
0.OOOE-01
0. OOOE-0I
1. 1332E+V0
1.0830E#00
1.2415E+tu
1.1732E+00
9.5099E-01
9.0145E-01
9.1222E-01
9.6034E-01
9.1975E-01
8.536S5E-01
8.21B2E-O0
7.4104E-O1
5.4086E-01
4.7007E-01

r RELATIVE POWER IN PINS IN HOT PLANE

PIN 1-10
PIN 11-20
PIN 21-30
PIN 31-40
PIN 41-50
PIN 51-60
PIN 61-70
PIN 71-80
PIN 81-90
PIN 91-100
PIN tOl-1lo
PIN ttl-t20
PIN 121-130
PIN 131-140
PIN 141-150
PIN 151-160
PIN 161-170
PIN 171-176

2.9945E+00
3.2130Et0o
0.O000E-0I
O.OOOOE-01
I.8992E+00
1.9599E500
1.9083E+b0
1.7966E+00
1.6765E+00
1.284LE+00
1.35%E+00
1.3937E+00
1.4620E+00
1.3420E+00
1.2796E+00
1.t173E+00
9.2265E-01
7.3053E-01

2.9039E+00
3.1930E+00
0.OOOOE-Ot
1.9603E+00
1. 9190E÷00
1.968tE+00
1.8575E+00
.!819E.+00

1.6712E+00
I. 1 OOE+00
1.3462E+00
1.3246E+00
1.4219E+00
1.3674E+00
1.2244E+00
1.0426E+00
9.3177E-01
7.1671E-01

2.8843E+00
3.3577E+00
0.000E-0I
.1.658E+00
1.9337E*00
1.9265E+00
1.8034E+00
I.8129E+00
1.6920E+OU
1.6275E*00
1.3493E+00
1.2756E#00
1.3242E+00
1.3758E+00
1.1447E*00
9.6442E-01
9.3489E-01
6.9751E-o0

2.9744E+00
3.3598E+00
0.OOOOE-01
1.86BOE+00
1.8989E+00
t.8922E+00
1.7IOIE+00
1.7440E+00
1.7247E+00
!.5951E+00
1.2930E+00
1.2484E400
1.2468E+00
11.2512E+00
1.0679E+00
8.8045E-0I
9.0920E-01
6.7059E-01

2.9416E+00
3.3210E+00
.0.OOOOE-01
1.8563E+00
1.8755E+00
1.7809E+00
1.6235E+00
1.6461E+00
1.7353E+00
1.5795E+00
1. 1694E+00
1.2472E+00
I. 196OE+O0
1. 1636E+O0
1.0063E+00
I.lO02E+O0
8.8537E-01
6.2289E-0t

3.04871+00
3.3257E+00
O.OOOOE-01
1.8477E+00
1.8626E+00
1.6848Et00
1.5728E+00
1.5585E+00
1.5905E+00
1.6103E#00
1.0213E#00
1.0565E+00
1. 1739E+00
1. IIOOE+O0
9.4566E-0I
I. I03iE+00
8.5990E-01
5.4I1OE-01

2.9927E+00
0.O000E-01
O.OOOOE-0O
I.B336E+00
1.7978E+00
1.6347E+00
I.5&0OE+t0
1.5078E+00
1.4906E+00
1.64n0Et00
1.5270E+Ou
1.454iE+0O
1. 1591E+00
1.0870E+00
1.2159E+00
1.0704E+00
7.9456E-01

3.0681E00
0.O00OE-0E
O.OOOOE-O0
1.8077E+00
1.7303E+00
1.6320E+00
1.5519E+00
1.4957E+00
1.4401E+00
1.5997E+00
1.4938E+00
1.4233E+00
1.0682E+00
1.2875E+00
1.2154E+00
1.0412E+00
6.9605E-01

3. 1905E+00
O.OOOOE-0I
O.OOOOE-01
1.777ýE+00
1.6825E+00
1.9254E+00
1.5079E+00
1.4913E+00
1.4396E+00
1.4936 E+00
1.5306E+00
1.4070E+00
1.3326E+00
1.2709E+00
1.2013E+00
9.3005E-01
7.344LE-01

3.20u6E+00
0.OOOOE-01
O.OODOE-01
1.732&E#00
1.bSSIEtOu
1.9270Et00
1.816SE+00
1.4594E+00
1.3847E+00
1. 4093 uU
1.4075E+0W
1.4339E+oo
I.3274E+Ov
1.28OEtOE
I. 1627E+O0
B.422ME-0
7.34M7E-0!

THE MAXIMUM POWER IS 3.35981E+00 (RELATIVE) AND 1.29707E+0I (KW/FT) IN PIN NO. 14 OF
BETWEEN 2.50000E+01 AND 2.60000E+01 IN FROM THE BOTTOM OF THE CORE
REQUIRED POWER 2.68557E+01 MW AND REOUI 0 FLOW 1.07413E+06 LBMIHR
THE MAIIMUM TOTAL PIN POWER IS 4,I0762E01 IN PIN NUMBER 14 AT A REACTOR POWER OF
CORE HEIGHT a 6.59999E+01 IN ROD HEIGHT = 5.39474E+0t1 IN BCKS a 0.O0000E-Ol PPM

HOT PLANE NO. 26

2.67060E+01HiW
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ICT APPENDIX Y

ANALYSIS OF THE EXTERNAL NEUTRON DETECTOR

RESPONSE DURING LOFT EXPERIMENT LP-FP-2

As a part of the LOFT program, Pennsylvania State University (PSU)

installed five neutron detectors outside the LOFT reactor vessel. The
principal purpose of the detectors was to determine if they could be used

to indicate water levels and fluid densities or both for reactor pressure

vessels. For the LOFT LP-FP-2 experiment; however, the detector response

from the PSU instruments, and the LOFT source and intermediate range

instruments were reviewed for indications of material relocation during the

experiment. A copy of the PSU report is contained on the microfiche card
titled: "External Neutron Detector Response Report", attached to the back

0
cover of this report.

I• As summarized from the PSU report, a comparison of the neutron

detector responses from LP-FP-2 with those obtained from past LOFT

experiments shows that the PSU detectors initially followed a normal

shutdown curve. As observed in past experiments, the detectors responded

to normal core liquid level changes (e.g. boil-down and reflood events).

Furthermore, during the LP-FP-2 experiment, those instruments that did not

have gamma-shielding responded to the release of fission products at the

onset of core damage. The report also states that an analysis of the

1- detector data indicates that the majority of material relocation that

occurred in the center bundle is probably because of control rod and not

fuel material.

I

L

e Y-3



1.
I

I
L
L

I 
-'K

LL

I.'.

APPENDIX Z

BST HYDROGEN AND CFM OXIDATION CALCULATIONS

M L. Carboneau
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APPENDIX Z

BST HYDROGEN AND CFM OXIDATION CALCULATIONS

The results from the PIE analysis

Table Z-1 (or see Table 28). Based on

gas in the BST, the total amount of H2

measured H2 concentration was 3.65% by

of the BST vapor space are shown in

the measured percentage of hydrogen

are calculated as follows: The

volume. The vapor volume in the

BST following the experiment was 53.86 m3 = 53860 L (liters) (see

Table 81). The temperature of the gas in the BST (at 2000 s) was 343 K.

The pressure in the BST (at 2000 s) was 170 kPa = 1.6777 atm. The gas

constant = R = 0.082054 (L-atm)/(K-mole). Now, PV = nRT; therefore,

n = PV/RT.

TABLE Z-1. BST VAPOR GAS ANALYSIS

Volume(%)

Sample H2  N2  02 Ar CO2

A 3.7 78.0 4.0 14.2 0.06

B 3.6 78.3 3.8 14.3 0.05

Therefore,

n = (3.65%)(1.6777atm)(53860 L) = 117.2 moles
0.082054 (L-atm) (343 K)0.08054(K-mole)(33)

Since 1 mole of H2 has a weight of 2.016 grams, 117.2 moles of H2 have

a mass of 236 grams.
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P*1

Now, zirconium reacts with water according to the following equation:

Zr + 2H2 0 -* Zr0 2 + 2H 2

Consequently, 117.2 moles of H2 is formed by oxidizing 58.6 moles (or

5345 g = 58.6 x 91.22) of Zr. Since there are approximately 38,000a grams

of zirconium present in the center fuel module (CFM), the BST hydrogen data

is consistent with the oxidation of at least 14% of the CFM.

*It

h-.14

9.,

p.
a. Includes the CFM fuel rod cladding, guide tubes, and the inner wall of
the CFM shroud, but not the outer wall of the shroud.
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