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Contract No. NRC-04-98-045
Modification No. Three (3)
Page 2 of 2

The purpose of this modification is to: (1) exercise Option Year 2 (Task 4.(1)), thereby extending
the period of performance until December 31, 2000 and Increasing the total estimated amount
{ceiling) for performance of the subject contract by $151,800 from $545.072 to $736,872;

(2) obligate FY2000 funds in the amount. of $191,800; (3) revise Section B.3. Consideration and
Obligation to reflect 2 downward adjustment in the estimated cost for Option Year 2: and

(4) modify Section C to add work requirements for Task 4.(1) and revise the reporting
requirements and deliverables reflected in Section F.4 for Task 4, per the attached Statement of
Work, Accordingly, the following changes are hereby made:

1. See the attached Statement of Work for work requirements to be performed during Option

Year 2 (performance of Task 4. (1), and revisions to Section F.4, “Reporting Requirements
and Deliverables” for Task 4.(1) of this contract.

2. Under Subsection B.3, “Consideration and Obligation - Cost Reimbursement,” delete
paragraphs (a), (c), and (f) in their entirety and substitute the following in lieu thereof:

‘(@) The total estimated amount of this contract (celling) is $736,872, which includes the
basic contract ($303,072), Option Year 1 (242,000), and Option Year 2 ($191,800)."

"(¢) QOption Year 2 is hereby exercised at a total estimated cost to the Gaovernment of
$191.800."

“(f) The amount abligated by the Government with respect to this contract is $736.872."

3. Under Section F - "DELIVERIES OR PERFORMANCE." paragraph F.8 entitied “DURATION
OF CONTRACT PERIOD" is hereby deleted in its entirety and the following is substituted in
lieu thereof: .

“F.8 DURATION OF CONTRACT PERIOD (MAR 1987)
ALTERNATE 2 (MAR 1987)

The contract shall commence on July 28, 1998 and will expire on
December 31, 2000. The term of this contract may be extend at the
option of the Govenment for 2 additional one-year options.”
All other terms and conditions remain unchanged.
A summary of obligations under this contract is as follows:
Total FY1998 Obligations:  $303,072
Total FY1999 Obligations: $242,000
Total FY2000 Obligations:  $181,800

Total Obligations under this contract: $736,872.
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STATEMENT OF WORK FOR

MODIFICATION 3 TO CONTRACT NO. NRC-04-98-045

Task 4.(1) Option Year 2 - PERFORM AND ANALYZE SEPARATE-EFFECTS TESTS

The contractor will perform a series of critical flow tests. The objectives of these tests are to!

(i) Obtain critical flow data in a pipe having an arifice or nozzle as a break with well deﬁqed
upstream and downstream boundary conditions, and advanced two-phase instrumentation.

(ii) Obtain data on critical flow for high inlet flow quality (~100%), medium inlet flow quality
(5-80%) and low inlet flow quality (~0-5%).

(Ilf) Evaluate the hydrodynamic aspect of the critical flow model in the TRAC-M code using new
adiabatic (air-water) critical flow data.

(iv) Evaluate the thermal non-gquilibrium aspect of the critical flow madel in the TRAC-M code
using new steam-water critical flow data with two different break geometries (orifice and nozzle).

(v) Develop a new critical flow model based on critical flow data at low pressures using 3
relaxation madel.

WORK REQUIREMENTS:

The contractor shall perform and analyze separate-effects tests providing low-pressure data for
single-phase and two-phase critical mass flow rates. These data are needed for TRAC-M model

development and code agsessment.

The contractor shall use the data obtained to assess current models in TRAC-M. identify
deficiencies, and propose corrections to the medels. The main purpose of collecting the data is
to use it to correct current TRAC-M models, not to develop new models.

The critical flow model in TRAC-M shall be assessed in two ways. First, adiabatic data {air-
water data) shall be used to assess the hydrodynamic part of the critical flow model. This
eliminates the effects of thermal non-equilibrium in the assessment process. Second, steam-
water data shall be used to assess the thermal non-equilibrium critical flow model in the code.
The effect of thermal non-equilibrium on critical flow at low pressure conditions shall then be
obtained by comparing with the hydrodynamic model. The required empirical constants to
aceount for thermal norequilibrium shall be first obtained from the data, and then a new
relaxation model developed by modifying the model in TRAC-M.

The contractor shali ensure ¢leaniiness of the boundary conditions by using on-line instruments
to make measurements just upstream of the choking plane. Measurements shall also be taken
just downstream of the choking plane because of the possiblity of thermal non-equilibrium at the
choking ptane, Mass flow shall be measured downstream of the choking plane as well as
upstream.

The effects of non-condensibles on two-phase flow and the non-equilibrium aspect of two-phase
flow shall be determined by injecting air into a two component discharge line, taking appropriate
measurements, and analyzing the data.
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Four kinds of critical flow tests shall be considered: (1) air-water critical flow at various pressures
(150 psia and less), (2) stéam critical flow at various pressures (150 psta and less), (3) two-
phase (steam/liquid) eritical flow at various pressures (150 psia and less), and (4) subcooled
and saturated liquld eritical flow at various pressures (150 psia and less, with various degrees of
subcooling) '

The contractor will measure the follawing parameters, which are the same as these used in the
TRAC-M code to calculate critical flow; individual phase velocities, void fraction, flow quality,
pressure, temperature, and enthalpy. Instantaneous mass flow rate will also be measured.
Measurements shall be taken mainly upstream of the critical flow location using on-fine
instrumentation. The contractor wlli specify the instrumentation {o be used and their accuracy.

As critical flows in a nozzle and abrupt orifice are differant, experiments shall be conducted
using both a nozzle and an arifice. Two-phase flow through an orifice is much more likely to be
in thermal non-equilibrium than through a nozzle.

The proposed test matrix is:

Tesl Break Type RPV No. of Tests

Pressure

(psia)
Air/Water Critical | Two Component 150, 100, | 8 {one each for an orifice and a
Flow Discharge Line §0, 30 nozzle with L/D<1.5} + 2 repeats

at 100 psia (ene each for an
orifice and a nozzle) + 1 at 100
psia with nozzle, L/D > 1.5
Steam Critical Main steam line/or any | 150, 100, 8 (one each for an orifice and a
Flow single phase steam line | 50, 30 nozzle with L/D<1.5) + 2 repeals
at 100 psia (one each for an
orifice and a nozzle} + 1 at 100
psia with nozzle, L/ID > 1.5

Steam/Liquid Two Phase Discharge 150, 100, 8 {one each for an orifice and a
Mixtures Critical Ling 50, 30 nozzie with L/D<1.5) + 2 repeats
Flow at 100 psia (one each for an

orifice and a nozzle) + 1 at 100
psia with nozzle, L/D > 1,5
Subcooled/Satura | Two Phase Discharge 150, 140, 12 {one each for an orifice and a

ted Liquid Critical | Line 50, 30 nozzle with L/D<1.5, 150 psia, 50

Flow psia, 30 psia, saturated, 5°C) +
0. 2,5, 8 (one each for an orifice and a
10°C nozzle with L/D<1.5, 100 psia,

saturated, 2, 5, 10°C) + 2
repeats at 100 psia (one each for
an orifice and a nozzle) + 1 with
nozzle, L/D>1.5, 100 psia, 5°C.
Total Tests: 46

S8
(2]
[2]
-
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REPORTING REQUIREMENTS AND DELIVERABLES

The contractor will prepare a final report to summarize and analyze the test data. This report
should Include: (1) a state-of-the-art survey of all the low-pressure critical flow data available in
the open literature including the PUMA data, (2) a description of the PUMA components {e.g.,
RPV, drywell, and connecting piping) and instrumentation involved in the tests, (3) detailed
figures showing the exact location of gach instrument, (4) maasurement uncertainty of each
instrument, (5) test conditions such as pressure, temperature, gas quality, and mass flow rate, (6)
comparison between the PUMA data and code models, and (7) conclusions and
recommendations for model improvement.

PERIOD OF PERFORMANCE
Task 4.(1) shall be completed by December 31, 2000.

TOTAL P.B86
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