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Contract No. NRC-04-76-21o

O
SUPPLEMEiiTAL AGREEMENT

BETWEEN
GENERAL ELECTRIC COMPAt1Y

AND-
ELECTRIC POWER RESEARCH ItiSTITUTE, INC.

.AND

THE V.S. NULEAR REGULATORY COMt41SSION

This SUPPLEMENTAL AGREEMENT, effective the 17th day of April,- 1981, by and between
-the UNITED STATES OF AMERICA (hereinafter referred to as the " Government"),
as represented by the UNITED STATES tlUCLEAR REGULATORY COMitISSION (hereinafter
referred to as the " Commission"), and GENERAL ELECTRIC COMPANY, a corporation
duly organized and existing under the laws of the' State of New York with its
principal offica in Fairfield, Connecticut (hereinafter referred to as the
" Contractor"), and ELECTRIC POWER RESEARCH INSTITUTE, INCORPORATED, a not-
for-profit corporation duly organized and existing under the laws of the
District of Columbia, with its principal office in Palo Alto, California
(hereinafter referred to as the " Institute"),

WITNESSETH THAT:

UHEREAS, the Contractor has- been performing work under Contract No. NRC-04-76-215;

WHEREAS, the parties desire to modify Contract No. NRC-04-76-215 as hereinafter
provided, and this supplemental Agreement is authorized by law, including the
Federal Property and Administrative Services Act of 1949, as amended, the
Atomic Energy Act of 1959, as amended, and the Energy Reorganization Act of
1974, as amended:

NOW THEREFORE, said Contract, as amended, is hereby further amended as follows:

1. Regarding ARTICLE II - STATEMENT OF WORK

The objectives set forth in the original work scope have been
' accomplished as stated in Appendix A to this i4odification 11.

However, with the insight gained from the TMI incident and the
results of this TLTA program, it is new necessary to redirect
the efforts in order to fully accomplish the objectives of the
TLTA program. Therefore, the redirected effort, to be referred
as " BUR FULL INTEGRAL SIMULATION TEST (FIST) PROGRAM" is hereby
incorporated by the addition of the following new paragraph 4.

"4 BWR FULL INTEGRAL SI!*ULATION TEST (FIST) PROGRAM

The contractor shall perform the following Tasks to achieve the
objective stated for each task.

OVERALL PURPOSE
q

The. purposes of the EPRI/NRC/GE BWR FIST test program are to: ,;!fy/<
Y O6R.1. Implement the major modification to build the4 FIST Facility .

capable of simulating a spectrum of' SWR loss-of-inventory O
and li d operation transiants (e.g. , natur c c la )*
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2. Obtain and evaluate basic data from the test system configuration
which has calculated performance characteristics similar to a
BWR with 8x8 fuel bundles during hypothetical loss-of-inventory
and limited operation transients.

! 3. Provide phenomanological understanding and data to assess
available best estimate models for SWR system and fuel bundles
and, as necessary, reccmmand model improvement needs.

TASK 1 - PROGRAM' PLANNING AND ADMittISTRATION

0_BJECTIVE: Provide the overall planning, personnel supervision and
- program management for the BUR FIST Program.

.

1.1. Prepare a detailed test plan which describes both the facility
shakedown and performance tests as well as the complete integral
simulation tests. The test plan shall include the test
objectives, test description, test matrix, parameter ranges-
and reasons for selection, test execution plan, planned
utilization of the data and the planned schedule for comple-
tion of the SWR FIST Program.

1.2 Following PMG review, modify the test plan, as required, and
prepare the document as approved by the PMG for publication
(see Task 2.2).

1.3 Provide the supervisorial and program management functions
for this program. Prepare the required periodic technical
and administrative status reports.

1.4 Provide technical representatives to the PMG and other
programmatic meetings, and as approved by the PMG, attend
pertinent technical society meetings.

TASK 2 - FACILITY DESIGN, PROCUREMENT AND FABRICATION
.

OBJECTIVE: Design and build the BWR FIST Facility test section with
improved feedwater system which has appropriate scaling
to allow full integral simulation tests in a single- g' g
bundle BWR system configuration.

/ 66K
2.1 Perform scaling and design analyses for the FIST configuration 43to evaluate the reactor simulation accuracy. Particular M "-

attention shall be given to attaining a real time simulation
of calculated BWR system and fuel bundle thermal-hydraulic
response. Apply appropriate analytical methods including
TRAC and/or other non-proprietary codes used for BWR performance
analyses to obtain best estimate performance predictions of the
EUR reference plants and the test system configuration.
Differences in anticipated dynamic response of the test
apparatus as compared to a BWR shall be identified by

. appropriate analysis. :*3asurement requirements and an
instrumentation plan shall be developed to meet the program
objectives. ~

*
t
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Prepare a facility description report which presents the
scaling and technical basis for the Sh'R FIST Facility and

2.2
Following PMG review,

documents the results of Task 2.1.
modify the description document, as required, and prepareThethe' document as approved by the PMG for publication.
PMG has the option to combine this report with the test
plan report in' Task 1.

Design the hardware and develop the software necessary for2.3
the data' acquisition ~.nd measuremant systems.

Provide the data reduction program to calculate the measured2.4 and derived quantities in engineering units for the Bh'R FIST
configuration and measurement system.

/kWDismantle the existing TLTA-test section and salvage reusable gg2.5
components for use in$e.IST R6Cg.F

w- D. . .
.

Complete the detailed design, procurement and assembly 'of2.6 Assemble the componentscomponents for the SWR FIST facility.
and prepare the facility for conducting shakedown tests.

TASK 3 - FACILITY SHAKEDOUN AND PERFORMANCE TESTING _

Verify the design capabili'., of the BWR FIST FacilityOBJECTIVE: hardware and instrumentation for conducting full
integral simulation tests and establish the system
operational characteristics.

Prepare the facility and auxiliary equipment for system3.1
hardware and instrumentation checkout and shakedown tests.

Perform the system hardware checkout and shakedown tests,3.2
including the adequacy of the heated feedwater system and
BUR FIST heater bundle design. Verify the operation.of
the process instrumentation and controls and the test

,

instrumentation.

3.3 Perform the system performance tests per the approved test
These performance tests shall include hydrostaticplan.

tests, flow calibration tests, transient startup tests and
These testsother system operational characteristic tests.

are expected to determine heat loss, flow vs. pressure drop
characteristics, instrumentation capability and performance
characteristics to provide the basis for interpretation
of the SWR FIST results.

3.4 Provide data from the facility shakedown and performance
tests as an informal data report.

TASK 4 - TESTING

OBJECTIVE: Obtain experimantal data from th's BUR FIST Facility.

4.1 Prepare the facility and instrmetaLion and perform the
simulation tests par the approved test plan (Task 1),~,

i
including acquisition of the appropriate pre- and post-test '

.

P00R OR2iAL
measurement calibration data. -
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,

4'.2. Reduce the data, as appropriate, to obtain:
~

system effluent (break and. steam ifne) flow ratesa.
and.enthalpies,

~b. feedwater and ECC flows and enthalpies,

regional (lower plenum guide tube, core, core bypass,c.
upper plenum, steam dome, and downcomer) fluid pressures,

' fluid -temperatures and two-phase mixture levels,

d. differential pressure distributions within the regions
and associated masses, density and void distributions
and (where possible) internal flow rates between the
regions, and

heater rod temperatures and surface heat transfere.
coefficients.

4.3 . Verify the test data as specified in the approved test plan -
to ensure quality and consistency.

4.4 Process and store the measured and derived data on. computer-

tape, and make available through the INEL Data Bank System.

TASK 5 - DATA ANALYSIS AND REPORTING

OBJECTIVE: Evaluate the data to interpret the phenomena governing
the system performance and bundle heat transfer behavior
and use the data to assess available best estimate BWR
transient thermal hydraulic methods.

5.1 Evaluate the test apparatus design for meeting program
objectives on t!.e basis of system performance tests and,
as appropriate, recommend any adjustments to the test
facil ity..

5.2 Analyze and evaluate the experimental data to determine the
governing phenomena for each test. Document the results of
each test in data reports, in accordance with the approved
test plan (Task 1.2).

,

5.3 Provide the experimental data base for the assessment of
available best estimate BWR transient thermal-hydraulic
methods. The assessment includes pre-test predictions,
comparisons with the data, and post-test analyses for the
types of tests specified by the PMG in accordance with
the approved test plan. The 'results of the assessment
should identify areas in which the models can be improved
for BWR performance evaluations.

5.4 Prepare an interim report, a's directed by the PMG, covering
the progress on the SWR FISf Program.

~

5.5 Prepare a topical (Final) report covering EUR FIST Program."
,

P00R OfGI N L
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:2. Regarding ARTICLE III , PERIOD OF PERFOR:*.ANCE

The period of performance under this contract was extended by p^g
modification No. 10 throughcJune 15, 1981. Contract costs from
the effective date of this modification No. 11 through June 15,
1981 shall not exceed $205,000.00. The total contract cost of s10,980,73').00

ggremains unchanged.
_ ,, .,

3. Regarding ARTICLE IV - ESTIVATE OF COST, CBLIGATION OF FUNDS, sk's.-
XTfD FIXED FEE

~

In accordance with Article IV, Fart 9,- Parts 10, and 11 are hereby -
added as set forth below. Parts 1 threugh 9 hereof remain unchanged.

"10. Cost Ceiling for Period of Acril 17, 1981 through June 15, 1981_
_

Over the period of April 17, 1981 through June 15, 1981, the
contractor shall not incur costs in excess of $205,000.00.
The costs incurred over this period shall be shared by the
parties hereto in accordance with ARTICLE IV, Part 1."

"ll. TASK COST LIMITATIONS

The following estimated costs sre assigned by the PMG to
each of the Tasks listed bele i.

Estimated
Task (BUR FIST PROGRAM) Cost

i. Program Planning _and Administration S 406,120.00
2. Facility Design, Procurement and Fabrication 2,312,098.00
3. Facility Shakedown and Performance Testing 272,243.00
4. Testing 572,183.00
5. Data Analysis and Reporting 465,402.00

Total $4,028,046.00

The above estimated costs are to be regarded as ceilings which.

may not be exceeded without prior approval by the Contracting
Officer and the Authorized Representative of the Institute
as coordinated with the PMG. Such approval, if granted, shall
be effected by a contract modification changing the above
estimated costs.

If at any time the Contractor has reason to believe that the
ccsts expected to be incurred in the performance of any task
will exceed the ceiling amount then assigned to that task,
the Contractor shall verbally notify the PMG, the Contracting
Officer and the Authorized Representative of the Institute
to that effect. This notification shall be canfirmed in
writing. The notice shall state the estimated amount of
additional funds required to cceplete performance of the
task and the manner in which those funds will 'e expandedb

by cost element. The Cocmission and the Institute shall
not be obligated 'n excess of the ceiling amounts, without
the abcve indicated approval, for. each task set forth above,
nor shall the Contractor be obligated to perform beyond

' 'those ceiling amounts.

P003, DPd8E !
-
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The above provisions are in addition to the requiremani.s of
' ARTICLE IV, Part 5,-hareof and other provisions of the contract."-

?4. Regarding ARTICLE VIII - REPORiS

Part a. is' hereby divided into parts a.l. and a.2. , with the original
part a. language constituting part a.l. . Part a.2. is added to
incorpo ate "BWR-FIST DOCUMENTATION"_ reporting requirements'as follows:

"a.2. Raporting Schedule and Requirements for SWR-FIST PROGRAM

: The folicwing reporting' requiremants apply to technical, administrative
and financial reports, and are in addition to any other applicable
provisions of this contract with regard to reports and reporting
requiramants.

2.1 Raports

a. Monthly Progress Reports

The Contracto'r shall prepare and distribute an informal letter
progress report each month. These reports will cover technical
and administrative matters and indicate the status of program
activities by active Task. Preliminary test results may be
included, if available.

b. Monthly Financial Reports

reports that include current year information for active program /'p/.g'
The Contractor shall furnish to EPRI and NRC monthly financial

tasks and the total program. For sich active program, task 8(4
graphs will be provided that include current year cumulative 4"'cost to date, projected costs to current year completion and
budget monthly costs for the current year.

In addition, the Contractor shall furnish by program task
current year and current month cost information by cost.

elemant (direct labor, overhead, materials and equipment,
services performad by outside sources, graphics and computer,
travel and living, other direct costs and other allowable
expenses).

,

The Contractor shall separately provide to EPRI and NRC
monthly information regarding projected versus actual progress
(including milestones) for the work. This fiscal informaticn
shall be provided in the cost trackinc format and set forth
in the EPRI Monthly Contractor Cost Nrformance Report
(177-11/76). In addition thereto, the fiscal planning form
" Contractor Forecast Input Form" is to be completed and
submitted to EPRI and NRC within thirty (30) calendar days
after award of contract (only NRC and EPRI cost sharing
portion of the forecast for required funds is to be shcun, i

respectively). l

1

-

'
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Providing the above'information shall not preclude the-
| Contractor from providing reports on financial matters
pertirmnt to the. contract as- reasonably requested by EPRI
and/or tiRC which are not addressed in the reporting
identified above.

c.. Infcrmal Data Reports

_ ports will document measured and derived test data
.inent associated information. Distribution will

be eade on a timely basis prior to ccepleting data analysis
and evaluation, and preparation of the associated Topical
Report.

*

Tiote:

The Test Plan, Facility Description, Interim and Topical
reports are subject to the following conditions:

1. The Contractor shall submit to the PMG, detailed outlines
of report contents at times agreed to by the PMG.
Simultaneously. the Contractor will provide-information
to the PMG on any revision of program schedule and costs
deemed necessary to complete these reports.,

2. The PMG members shall review the recormendations supplied
above by the Contractor, modify those recommendations as
deemed necessary, and mutually establish for each report
(a) the content outline, (b) the date for submission of.
the draft, and (c) that the report preparation cost
estimates are consistent with the approved program
funding levels.

The technical reports listed above are to be reviewed and
approved by the Commission and the Institute in draft form.
Com,reni.s shall be provided by the Institute and/or the,

Commission to the Contractor within thirty (30) calendar
days of the receipt of each draft report. These comments
shall be considered by the Contractor, and any disagreements
related thereto shall be referred to the PMG for resolution
within a sixty (60) calendar day period following original
receipt of each draft report by the Commission and the
Institute. Upon resolution of the comments, the Contractor
shall provide camera-ready copies of the reports to the
Com.ission and the Institute within a forty-five (45) calendar
day period. If cor . ants are not supplied to the Contractor
by the Commission or the Institute within thirty (30) calendar
days from receipt of the draft reports, then the reports will
be -deemed approved by the sponsors. The periods stated above
for review and corzant, resolution of comments, .and/or publica-
tion of reports may be changed for specific reports by the
rutual agreement of the PMG members without further arandment
to this contract.

-
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hM;d. Test Plan _R_ef_o_rt,t
& ect

:The contractor shall prepare a Test Plan Report for the FIST
Phase of the program. . This report will formally document the ck|g3

approved plan and address those items listed in paragraph
-

.l.1 of Task 1.

- e. ' Facility Description Report

This report will formally document- those aspects of the test
' facility and its operation, pertinent to the technical
interpretation and modeling of tests by independent users
of the _ data. The contents for this raport are described in
paragraph 2.1 of Task 2.

f. Interim Reports

This report will cover the program progress and will be
prepared as directed by the PMG.

g. Topical (Final) Report

This report will formally doc nt the results and pertinent /h
associated information for ths IST Phase. ggg

h. Test Data Storage and Delivery h
Engineering data obtained from tests conducted under the
contract shall be stored on rragnetic tapes or other forms
suitable for access, and shall be retained by the Contractor
during the contract period. Upon completion of the contract,
or upon request of either or both the Cormission and the Insti-
titute, a copy of the stored data shall be furnished to the
Com.nission and the Institute.

2.2 Report Schedule.

a. |*anthly Progress Reoorts - due 15 days after end of period.

b. Monthly Financial Reports - due 30 days after end of period.

c. Informal Data Reports - due 90 days after completion of
tests unless otherwise directed by the PMG.

d. Test Plan Report - due six months after cor encement of
t.o r k ,

e. Facility Description Reoort - due raven months after
corm.encemant of work.

*

f. Interim Reports - as directed by the PMG.
,

g. Topical (Final) Report - due upon ccrpletion of the contract.
A draft of this report shall be submitted to the PMG members
within 120 days of corpletion of testing.,

.
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. The specific objectives as stated in the original work ,; ope of the BD/ECC-

Frogram are shown in Table A1. Objectives 2 (7x7 CCFL Flooding Characteristics),

-3 (Sx8 BC;iT Tests), and 8 (Model Development) have been met and documanted

in Peferences 1 through 6. C-bjectives 1 (Scaling Analysis), 7 (Reporting of

Cata), and 9 (Application of Cata) are generic for each test phase and are

included in these sace references. As described in the Program Plan (Refer-

7),. objectives 4 (BD/ECC Interaction Tests) and 5 (Alternate Power Shapeence

SD/ECC) were to be met in a series of test phases using two test system and

heater bundle configurations. Objective 6 (Non-Jet Pump Plant SD/ECC) was to

be met using a further modified test system configuration.

Folicwing the TMI incident and with new insight as provided by the TLTA

expericental results (including very low cladding temperatures and relative-

importance of the various scaling comprcaises, particularly as they affect

small break simulation), the PMG recom.T.anded that objectives '5 and 6 be elimin-

ated _and that the residual of objective 4 be met using the FIST Tacility.

Furtherrore, the FMG recommended thaf. the original large break focus be changed

to emphasize other icss-of-inventory transients including small breaks,
.

natural circulation and degradad conditions.

Table A2 compares the original cost esticate, as updated in March,1979, with

the latest projections The present estimate for the BD/ECC Interaction Phase

rap esents expenditure thrcush 1980 (55,111KJ and planned expanditure to com-

plete the documentation of the ]/ECC 1A Phase (large break, small break and

"boilof f" test tcpical reports). The expenditures through 1031 include the

BD/ECC 1 A effort as well as the preliminary planning and design efforts for

the proposed FIST Tacility.
.-

,
.
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Table A1. _ Specific Objectives of 80/ECC Program+

.
.

s

.

'cvalua:e and document the scaling tasis of the TLTAin the canfiguratisns scie:ted
Sc: ling Analysis:.. M 1.
for BC/ECC interaction tests as cc: ;ared to refercn:e EWR designs.

ccnduct CCFL floeding
Countar Current-Ficw-Limited (C.CFL) Flood 90 Characteristics:

characteristic te s!s of the present TL1.t bundre gecmetry to estabbsh the need. or lack thereof, to -- 7x72.. -

3ct'on ensrimen's
rncdify the prescn1 test apparatus design .or the inrtial ED'ECC inic

~ *

conduct ExS BCHT tests for comparssenwith 7x7 SCHT ca:c and -
3x3 Etowdow.n HeatTransfer Tests:3.
to serve as a BDHT base:;ne for SC/ECC inte* action experiments.

evaluate system response and heat transfer, and evaluate effectiveness of
E D/ECC Interection Tests:
ECC during the bicwdown period,and the perice extending well beyond the initial ficw c easidew n and4.

Icwer p'enum 'fiashing" perieds of the ca:culated SWR-LOCA in one or more system configurctions.

cetermine the effects of axial pcwer shape on the system responseA!!ctnate Power Shape ED/ECC: -

5.
ar'd bund:e heat transfer behavior dunn; the calcu:ated SWR LOCA.

investigate the ECC intera etion with the system d ; ring bleweev.n in afien..r t Pump P ant ED/ECC:6. s
representatise nsn-jat pump test system configuration.

rescrt all data (including pertinent error tands) in ccnven'tional parametnc form
7. Repart:nc of Otta:

su: tab;e for corre:ation by cthers.

descicp. verify, and cecurrent an improved bund:e thermal-hycraulic model
8. I.*odt! Den sic; ment:

that ecn be in:crpora:cd into ar'a'yses of Es'.4 LOCNs.

ectric intends to use tne data te qual.fy the cegree of
9. I.;;.!!catica of Oata: s' ec.fy be.v Gen:ral Er

conservatweness el EWR LOCA evaivat on rnedels.
.

'

,
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Table A2. Cost Comparisons
.

.

.

;' arch 1979 Present
Test Phase Esticate Estimate

7x7 CCFL & BHDT 2,326 2,'32'6
(Objectives 2 & 3) --

- - - - - - - - -

B0/ECC Interaction Including 6,789 5,174- --

Alternate Pewer Shape ..-

(Objectives ,4 & 5) . _ . . . _ _ _ _ - - -

h$$
6 ex

- f;on-Jet Pump BD/ECC- 1,860- O bs(0jbective 6)

4,02'S - g f/2~~'Bh'R FIST Phase ---

6M

e..
~

510,95T)K $11,528K_

..

e _

.

s

.
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As indicated in Table A2,' the contract cost limit must be increased from thegy;

current value of $10,953X to $11,525K to' complete the modified program work.
2

This $547K difference.is comprised'of $d,0'8K for the ST Phase.and $63K to.
'

r!i-n complete the BD/ECC.lA documentation'.. g:.;,
/c

,

e

4

e
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