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1. INTRODUCTION

1.1

1.2

Description of the Proposed Issue or System

Testing will be required to develop the technologies needed for the NGNP Project
and to move the components, subsystems, and systems from their current
Technology Readiness Levels (TRLs)" to the levels needed to deploy the NGNP
reactor and related systems. The types of tests range from determining material
properties of exotic alloys to transient testing of complete systems to simulate off-
normal operations. A wide variety of research and test equipment will therefore
be needed to accomplish this testing. A specific test facility has not yet been
identified for this testing, so reference will be made in this report to a generic
Component Test Capability (CTC), which could be provided by test facilities
distributed across the country at various vendors’ shops, foreign test facilities, or a
new Department of Energy (DOE) test facility.

The issue to be addressed in this evaluation is the initial concept development for
the circulation loops that will be needed to advance the TRLs of some of the
components and subsystems of the NGNP. These loops will provide flowing
helium to test articles at pressures of up to 9.0 MPa and temperatures up to 950°C.
Power (heat) inputs to the test articles will be in the range of 1 MW to 30 MW.
This study identifies and discusses various solutions to provide the necessary flow
configurations and capacities over the range of flow rates and power inputs.

Problem Statement

Identify and discuss flow configurations for component and subsystem testing that
will effectively support the technology development needs for the current NGNP
Project reference designs, potential future NGNP reference designs that may
extend the reactor outlet temperatures to 950°C and employ alternative power
conversion systems, and other applications.

The requirements for the technology development testing are still being defined
and in some cases cannot be defined until further design has been completed. The
preconceptual designs of the pebble bed and prismatic block core NGNP
(Reference NGNP_WEC, NGNP_AREVA, and NGNP_GA) and the
preconceptual designs of the Component Test Facility developed by AREVA and
Westinghouse (CTF_AREVA 2008; and CTF_WEC 2009) have been used to
establish the requirements for this study. These designs, along with the options
developed in this study, will be evaluated in a facilitated Value Engineering study
during subsequent evaluation or design efforts.

a.

The TRL is a way to measure the maturity of a technology, that is, the extent to which the technology has been

proven by analysis, demonstration, or deployment. See Reference 1 for additional description of TRLs.
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1.3

Definitions/Glossary

For the purposes of this report, the size of the test loops will be designated by the
power input of the main heater(s). In other words, a loop with a 30 MW main
heater would be designated the 30 MW loop, even though the actual power
demand of the loop would be much higher.

2. BACKGROUND

2.1

Facility, Structure, System, Component Functions

The technology development needs for the 950°C reactor configuration, as of
January 2009 [Collins], were grouped into the 18 systems, subsystems, and
components (SSCs) listed in Table 1. These SSCs were designated as the critical
SSCs. There are many other SSCs not addressed in Table 1 that may also require
technology development. Table 1 also lists some anticipated requirements for
testing of the critical SSCs, but it is not an exhaustive listing. Rather, the intent of
this table is to present the range and types of tests that will require flow loops of
some sort.. These SSCs have been organized by test type as low flow, low heat
input tests, high flow, low heat input tests, and high flow, high heat input tests.
Note that low heat input does not necessarily imply low test temperatures. Low
heat input only means that the test article does not require substantial heat transfer
from a primary to a secondary fluid. For example, a test of the cross vessel piping
to determine temperature distributions and heat loss to the environment would
have relatively low heat losses, hence a low heat input.

Table 1. Critical subsystems or components.

System | Subsystem/Component| Tests Required Test Type Test Requirements
Nuclear Heat |Reactor Pressure Vessel |Materials testing  |low flow, low heat |Size <1 MW
Supply Fluid Helium
System Pressure 9 MPa

Inlet Temp 950°C

Nuclear Heat |Reactor Vessel Internals |Materials testing  |low flow, low heat | Size <1 MW
Supply Form/fit Fluid Helium
System Warping at high Pressure 9 MPa
temp Inlet Temp 950°C

Nuclear Heat |Reactor Core and Core |Materials testing  |low flow, low heat |Size <1 MW
Supply Structure Form/fit Fluid Helium
System Warping at high Pressure 9 MPa
temp Inlet Temp 950°C

Nuclear Heat |Fuel Elements Possibly graphite  |low flow, low heat |Size <1 MW
Supply testing at temp Fluid Helium
System Pressure 9 MPa
Inlet Temp 950°C
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System  |Subsystem/Component| Tests Required Test Type Test Requirements
Nuclear Heat |Reactivity Control Control rod low flow, low heat |Size <1 MW
Supply System insertion (form Fluid Helium
System ffittwarping) Pressure 9 MPa

Inlet Temp 950°C
Probably full height
BOP Instrumentation and Instrumentation low flow, low heat |Size <1 MW
Control performance Fluid Helium
Pressure 9 MPa
Inlet Temp 950°C
Nuclear Heat |Reserve Shutdown Materials testing | high flow, low heat |Size <1 MW
Supply System Form/fit Fluid Helium
System Pressure 9 MPa
Inlet Temp 950°C
Possibly full height
Heat High Temperature High temp, helium | high flow, low heat |Size <1 MW
Transport Valves (Isolation, environment Fluid Helium
System Flapper, and Relief) Pressure 9 MPa
Inlet Temp 950°C
Heat Cross Vessel Piping Insulation testing | high flow, low heat |Size <1 MW
Transport Hot spot testing Fluid Helium
System Temp distributions Pressure 9 MPa
Inlet Temp 950°C
Nuclear Heat |Core Conditioning Circulator high flow, low heat |Size <1 MW
Supply System (Shutdown performance at also lower temp | Fluid Helium
System Cooling) temperature Pressure 9 MPa
Valves at Inlet Temp 400°C
temperature Flow rate  full flow?
Heat Circulators (main) Circulator high flow, low heat |Size <1 MW
Transport performance at also lower temp | Fluid Helium
System temperature Pressure 9 MPa
Inlet Temp 400°C
Flow rate  full flow?
5 MW electrical power
for circ
Heat Intermediate Heat Plate thermal high flow, high heat |Size 1.5 MW up
Transport Exchangers performance, to 30MW
System module thermal Fluid Helium
performance, Pressure 9 MPa
Stress, fatigue at Inlet Temp 950°C
temp, other Outlet Temp 450°C
Power Steam Generator Heat transfer high flow, high heat |Size 1.5 MW up
Conversion structural issues to 30MW
System Dissimilar metal Fluid Helium
weld steam

Pressure 9 MPa
Inlet Temp 900°C
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System  |Subsystem/Component| Tests Required Test Type Test Requirements
Nuclear Heat |Reactor Cavity Cooling | Possibly verification No requirement for
Supply System testing but would flowing helium
System not require high
temp or helium flow
Balance Of |Fuel Handling System No requirement for
Plant (BOP) flowing helium
Heat Mixing Chamber TBD
Transport
System
Hydrogen Hydrogen Production Production TBD
Production | System Components demonstration
System
Power PCS Equipment for Would require very TBD
Conversion  |Direct Combined Cycle [high He flow, very
System (Brayton cycle high heat input but
compressors, not currently
turbines,...) considered for
NGNP

2.2

2.3

24

3.1

Previous Studies

The design of loops for testing high temperature components have been the
subject of a number of previous studies (CTF_AREVA 2008; CTF_WEC 2009;
2MW_BEA 2006) and the concepts described therein have been used to the extent

practical.

All these studies have concluded that the most cost effective and reliable approach
is to use off-the-shelf components wherever practical. In particular, use of
commercially available circulators and valves should be accommodated by
designing the loops such that these components are not subjected to the extreme
temperatures of the test sections of the loops. The loop configurations described
in this document use that approach to the extent practical.

Facility, Structure, System, Component Classification

The CTC test loops will be Quality Level (QL) QL-2. This study will be used as a
supporting document in a future procurement and is QL-3

Operational Overview

Not applicable

Limitations

LIMITATIONS AND ASSUMPTIONS
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3.2

The heat allowed for the largest single component or system will be limited to the
maximum power input of the primary heater(s) of a 30 MW test loop.

There is insufficient data available at this time to select the optimum solution. An
effort is currently underway to determine the number and sizes of test loops
needed to support the technology development for NGNP, but that information
will not be available in time for this report.

Assumptions

The size of the test loop needed for the largest single component or system will be
30 MW.

For concepts that employ multiple identical small loops to provide additional
testing capability, a total of two small loops will be provided.

Intermediate heat exchanger (IHX) testing requirements shall be based on a
compact heat exchanger concept that will require unit cell testing (approximately
1.5 MW) and testing of a number of combined unit cells (modules).

4.  PROPOSED SOLUTION(s)

4.1

Elements/Functions of Proposed Solution(s)

This section describes four options, in addition to the Westinghouse and AREVA
concepts previously referenced, for providing hot helium to test articles over a
range of flow rates and heat inputs. These possible solutions are intended to be
used to explore requirements, capabilities, and limitations of the loops and serve
as a basis for future design efforts. It is not the purpose of this report to select the
optimum solution. Rather, as noted previously, the solutions discussed here (and
possibly others) will be the subject of a facilitated Value Engineering effort to
more fully develop functions and evaluate solutions.

This section also goes on to provide a discussion on another circulating loop, the
circulator test loop, and a sixth discussion that is related to the acquisition strategy
for any of the loops rather than a specific option to be considered. These latter two
are included in this report for future consideration.

4.1.1  Design Specific Capability Now (Small and Large Thermal Loops)

This proposed solution provides the nominal capability in the form of
two small (nominally 1.5 MW heater capacity) loops and one large 30
MW heater capacity loop and builds all of the loops as a single project.
The flow sheets for this solution are similar to the concept developed in
the “NGNP Component Test Facility Loop Pre-Conceptual Design”
(CTF_AREVA 2008). The small loops are intended for early testing of
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materials, helium purification system qualification, and IHX preliminary
testing. The 30 MW test loop is intended for large-scale testing, code
validation, and qualification of reactor components that are subjected to
high temperatures (IHXs, steam generators, hot gas duct, coaxial pipes,
high temperature valves, etc.).

4.1.11 Small Loop Capability

Each small loop is made up of a primary test loop that can
be coupled to a secondary test loop as shown in Figure 1.

1 D |
i I To He Supply, From He Supply, !
Cooling Water : == Fom Test Purification, Etc  Purification, Etc E

:  Primary Article .
Steam from | : Cooling Water 1
1 Test Article ! Helium In H 9 |
. i L |
! Condenser | i . i |_ 1] Secondary |
Water ﬂw I He Circulator i
r Water to | Treatment s |  Recuperator Condenser ) i
Test Article i . To Test Water 1
Feed Water i t___lAficle Treatment
i Fump ; NGNP IHX ! !
: Subasesmbly | Feed Water Pump |
1 TestArlicle | - |
Secondary System Concept 1 i SH931 Féejectmn :
Steam Generator Testing i : team Generator i

He Supply,
Pressure Control
Purification,

Chemistry
Control System

Figure 1. Process flow diagram of small loop.

Heat input to the primary fluid for the 1.5 MW primary test
loop is provided by main heaters (probably a two-stage
heater set) in the primary test loop hot leg, where the helium
can be heated up to 950°C. The hot helium then enters the
test article. To minimize loop heating requirements, the
helium leaving the test article passes through a recuperative
heat exchanger where a portion of the heat is recovered
(transferred to the helium entering the two-stage heaters)
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before entering the cold leg of the primary loop. Depending
on the component and the test objectives, some of the heat
in the primary fluid may be transferred to the secondary test
loop, resulting in temperatures at the outlet of the test article
that are typical of the reactor inlet temperature. In other
cases, however, the test objective may not require
significant (or any) heat rejection to the secondary side (e.g.,
hot duct testing) so the temperature of the fluid leaving the
test article may be almost as high as the inlet temperature.
Design of a single recuperator to function with this wide
range of test article outlet temperatures may not be feasible.
For the purposes of this study, connections are provided to
another heat rejection system that will reduce the
recuperator inlet temperature to a value that the recuperator
design can accommodate. Other options should be evaluated
as the conceptual design of the CTC continues.

In the cold leg of the primary loop, the helium passes
through a low temperature heat exchanger where it is cooled
to a temperature that will allow use of a helium loop
circulator made of more conventional moderate temperature
materials. The helium leaving the circulator then passes
back through the recuperative heat exchanger where the heat
from the fluid leaving the test article is transferred to the
cooler circulator outlet stream prior to entering the main
heaters.

The purpose of the 1.5 MW secondary test loop is to remove
heat from the test article. As currently envisioned, the
secondary loop must be able to accommodate test articles
representing a steam generator or test articles representing
an IHX. Thus, two different secondary loop configurations
must be provided, as depicted in Figure 1. The design for
the steam generator configuration for NGNP provides feed
water to a steam generator test article. The steam exits the
test article, is condensed in a condenser, and returned to the
feed-water pump. This system also contains the associated
utility systems such as water chemistry control, deaeration,
and the like.

The other secondary heat rejection design is intended to
represent an IHX, which will have helium on the secondary
side of the heat exchanger. This design includes a secondary
helium circulation system and an ultimate heat rejection
system. The secondary helium circulation system is similar
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4.1.1.2

to the primary system in that it is designed so that
components such as circulators and valves are operated at
lower temperatures, allowing use of more conventional
materials. Flow from the circulator is routed to the cool side
of the recuperator, where it picks up heat to meet the
specified test article inlet temperature. The helium picks up
heat in the test article and will exit the test article at
temperatures up to 900°C. This high temperature helium
flows through the hot side of the recuperator where its
temperature is reduced, and then through a heat rejection
heat exchanger (depicted in Figure 1 as the heat rejection
steam generator) where it transfers its heat to a third heat
transfer fluid. For the purposes of this study, the tertiary
fluid is assumed to be steam, although other options,
including pressurized water or air could also be used. The
final selection of the fluid will be performed in the next
phase of this project.

The design conditions for the 1.5 MWt test loop are:
o Fluid Helium

o Temperature range ~ 300-950°C

o Operating pressure ~ 4-8 MPa

J Design pressure 10 MPa
J Flow range 0.04-0.4 kg/s
o Power range 1-1.5 MWt

When certain components have the proper design and
specification (most notably the loop circulators), the
primary and secondary loops of the two 1.5 MW systems
could be connected to a header and used in parallel to
supply a single larger component.

The connections for the helium purification and inventory
control system are located near the inlet to the helium
circulator.

Large Loop Capability

For this study, the large loop is sized to provide 30 MW of
heat to the helium, heating 10 kg/s of helium to a maximum
of 950°C.
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The flow diagram for this test loop, shown in Figure 2, is
very similar to that of the 1.5 MW loop and consists of a
primary loop and two secondary loops, one for testing steam
generator components and another for testing IHX
components. The primary helium loop includes the primary
helium circulator, electric heaters capable of delivering

30 MWt power to the primary helium fluid, the test article, a
recuperator, and a cooler.

i
!
Cocling Water 1
|
1
i
Condenses i
Water 1
Treatment |
Gaaling Wateg] n Faad Water :
o t Rejection  Pump
He Supply, ToiFrom He ea 1
Pressure Control Supply and Presspre  Steam Generator !
Aaan, Controf System i

Intermediate BExchamger mrq

— Cooling Water
m{-. [ Steam from
1 Test Article
! Condenser |
Hallum a. ! Water
- —!‘WQ_. Treatment
Test Article
Feed Water
NGNP Sieam Pump
Generalor
Subassembly
Toat Arlicle Secondary System Concept

Steam Generator Testing

Figure 2. Process flow diagram of 30 MW test loop.

The main heaters provide up to 30 MW to the helium flow
of nominally 10 kg/s to provide an outlet temperature from
the second heater of up to 950°C. Figure 2 shows two main
heaters but physical constraints may require four or more
heaters in a series/parallel arrangement. This design will be
updated as details are obtained from suppliers.

The hot helium passes through the test article and enters the
recuperator where some of the energy is conserved by
transferring it to the cold stream from the circulator outlet.
The helium is then routed to the cooler where the
temperature is reduced to the allowable conditions for the
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circulator inlet. Similar to the 1.5 MW loop shown in Figure
1 above, the inlet temperature of the circulator is maintained
at a temperature that permits use of common materials of
construction.

The system on the secondary side of the test article again
depends on the type of component to be tested. Steam
generator testing will be supported by a water/steam system
consisting of a feed-water pump, feed-water heaters if
required (not shown in Figure 2), a condenser, and the
associated utilities. For IHX testing, the secondary side
consists of a helium loop similar to the primary loop, but
without heaters, and a tertiary steam loop consisting of a
heat rejection steam generator and the associated feed water,
condenser, and utilities.

Optional connections to a heat rejection system that can
reject the 30 MW to the environment are provided for
testing of the hot gas duct, valves, and other large
components that will not result in a significant temperature
loss through the test article.

The design conditions for the 30 MWt test loop are shown
in Table 2.

Finally, although not developed in detail, the 30 MWt loop
design also provides supply and return taps that could be
used by another user of high temperature helium.
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Table 2. Design conditions for the 30 MWt test loop.

1. Primary Loop:

Fluid

Maximum Temperature
Flow rate

Pressure

Temperature Transients

Power

Helium

950°C

10 kg/s

7 MPa

not specified at this time
30 MWt

Fluid

Maximum temperature
Flow rate

Pressure

2. Secondary Loop (IHX component testing):

Helium
950°C
10 kg/s
7.5 MPa

Fluid
Maximum temperature
Flow rate

Pressure

3. Secondary Loop (Steam Generator component testing):

Water/steam
TBD°C
TBD kg/s
7.5 MPa

4.1.2

This concept provides for a single conditioning loop that operates within

Design Specific Capability Now (Large with Turn Down)

the conditions of commercial-off-the-shelf (COTS) technology. As such,

high pressure and low temperature will be supplied by the conditioning
loop. With only the conditioning loop in operation, the circulators and
preheaters can go through start-up and continually run as tests are taken

on and off line as shown in Figure 3.

Independent inner branch loops are provided for fractional flow and turn

down, high pressure and high temperature SSDT3, and technology

development loop testing. As such, piping and valving are not COTS
and, as an option, may be provided by the vendors. The branch loops
contain control and isolation valves, heater section, cooler, test vessel,

and purge/relief lines as shown in Figure 4.

An outer branch loop is provided for fractional to full flow high

temperature and high pressure IHX, HYTEST, and CQLI testing. As

such, piping and valving are not COTS, and, as an option, may be

provided by the vendors. The branch loops contain control and isolation
valves, heater section, cooler, IHX (once established), and purge/relief

lines as shown in Figure 5.
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4.1.3  Build Multiple Small 2MW) Loops Now and Gang Together

As noted previously, an independent effort is underway to determine the
testing schedule and number of test loops that will be required to support
it. If the results of that effort indicate that several small loops are
required, it may be that the need for the smaller loops will diminish at
about the same time as the need for larger loop testing increases. If that
is so, combining the smaller loops to provide a larger capacity may be
cost effective.

The “large capacity with turn down” solution described previously is one
way of providing this capability. Another, which will be the basis for this
solution, is to design and build completely independent loops as depicted
in Figure 6 combined.

i o He Supply, From He Supply,
i Purification, Elc  Purification, Etc

I
i
From Test Cooling Water |
Aange for &w Article |
Comeclion : 1
/ Diher Lses: :
I i
To Test Recuperator Condenser !
Adticle Water [
Flange for Fretum ] ‘—Bi Treatment |
Diher Uses | |
/ 5 i Feed Water Pump i
g Bi Heat Rejection i
g £ Steam Generator i
0 =] |B" |
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D Lo .
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Main Healers - Couling Waler |
] H 1
8| |2 i
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Figure 6. Multiple small loops combined to provide higher heat input.

In this solution, the high temperature helium from the individual loop
heaters is combined in a header that can supply a test article that requires
a larger helium flow than would be possible from any single loop. Flow
returning from the test article would be routed to an exhaust header,
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4.14

which is in turn connected to the multiple primary loops. Flow in each
primary loop is controlled by the circulator speed.

The secondary side for the IHX test component is also fairly
straightforward, connecting to a secondary exhaust header, which is in
turn connected to the secondary circulation loops. The secondary side for
the steam generator test component may present more of a problem.
Depending on the ultimate heat sink, it may be more difficult to control
the flow splits between multiple steam/feed water loops and the multiple
secondary loops may have to be replaced with a single larger loop.

Design range of capabilities

The proposed concept shown in Figure 7 is intended to provide NGNP
with a component testing capability that starts with an initial | MWt
helium test loop that can be expanded as needed to provide increased
power and flow testing options. The expansion can be for any power and
flow increase desired, but the configuration depicted in Figure 7 begins
with a primary helium flow loop with a 1-MWt test loop (shown within
the dashed box). Each additional test loop progressing from left to right
in the figure increases the total power and flow capability of the facility
by a factor of approximately two. The total expanded power capability of
the facility shown in Figure 7, consisting of the initial 1 MWt test loop
and four expansion test loops, is therefore 31 MWt.
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Figure 7. Option for an expandable (1 to 31 MWt) CTC.

The cold side of the loop includes Water Cooler 1, the helium circulator,
and the piping feeding the heaters for the 1-MWt loop and each
subsequent expansion loop. To minimize material costs and labor
associated with subsequent expansions of the loop, the cold side
components should probably be sized to accommodate the maximum
anticipated power and flow capability of the expanded facility. For the
configuration shown in Figure 1, this means that Water Cooler 1, the
helium recuperator, the helium circulator, and the piping leading to the
individual test loops would be sized for the maximum anticipated power
and flow of the expanded system. While the initial cost of the facility
will be higher, the overall life-cycle cost of the facility should be lower
because this portion of the system will not be replaced during the life of
the facility.

The initial 1-MWt test loop (in dashed box) includes a flow control
valve, a 1-MWt heater, a test station for testing a helium-to-helium IHX,
a high-temperature component test station, and the process heat interface
for the HYTEST facility. The flow control valve is used to adjust the
helium flow rate to the test loop. Flow from the control valve then passes
through the 1-MW?1 heater that raises the helium temperature to the
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desired IHX primary side inlet temperature (950°C max.). Heat is
transferred from the primary to secondary side of the IHX, resulting in
lower temperature helium exiting the IHX primary side. The helium
exiting the IHX primary side then passes through Water Cooler 2, where
it is further cooled, and then recirculated back to the secondary side inlet
of the IHX. This helium passes through the secondary side, where heat
from the primary side raises its temperature to the desired secondary side
outlet temperature (925°C max.). This configuration eliminates the need
for a secondary helium loop, since the same helium is passed through the
primary and secondary sides of the IHX.

After exiting the IHX, the helium enters Test Station (TS) TS1, which
allows testing of components, structures, and/or materials in a helium
environment up to 900°C. Since this test station is not intended for the
testing of heat exchanger components, no cooling system or secondary
heat removal system is provided. After leaving TS1, the helium is then
delivered to the HYTEST interface where process heat at temperatures
comparable to those expected in NGNP is provided to processes being
tested in the HYTEST facility. Helium exiting the HYTEST facility then
passes through a recuperative heat exchanger to recover a portion of the
residual heat before the helium passes through Water Cooler 1, which
cools the helium to the desired helium circulator inlet temperature. The
helium circulator then delivers the helium back through the recuperative
heat exchanger, where the recovered heat increases helium temperature
before it is returned to the test loop (completing the flow circuit).

As indicated earlier, to expand the basic 1 MWt test loop configuration
to allow testing at higher power levels and flows, additional loops can be
added as shown in Figure 7. Each additional loop (proceeding from left
to right) would approximately double the power capability of the facility.
Flow control valves would be provided for each additional loop so that
all, or a portion of the total flow, could be delivered to the new loop(s).
Figure 7 shows how the loop might be configured when the 4 MWt test
loop (TL3) containing IHX3 and Test Station TS3 is added. In this case,
the primary side helium flow is delivered to the [HX3 test station at a
maximum temperature of 950°C. As indicated by the dashed lines,
secondary helium flow to the IHX3 test station is provided by flow from
TL1 and/or TL2 in a countercurrent fashion. As indicated in Figure 7,
each additional test loop has the same testing capability as the previous
loops, but with higher power and flow capability. Test stations in each of
the loops could also potentially be operated in parallel, depending on the
particular test conditions and flow rates desired at each test station.

The final test loop (TL5) is intended to provide relatively large helium
flow and power capabilities for testing of large-scale, full-length steam
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generators and/or a more traditional helium-to-helium tube and shell
IHX design. The loop contains a 16 MWt heater, but by valving five
loops together it can provide a total heater power of 31 MWt with
corresponding helium flow capabilities. Figure 7 shows TL5 with a
water/steam secondary loop for testing of a steam generator. However,
this secondary loop could be replaced with a secondary helium loop for
large-scale testing of helium-to-helium heat exchangers. A 31 MWt test
loop capability should be sufficient for large-scale testing of steam
generators and/or helium-to-helium heat exchangers since it will allow
testing of 5-10% of the tubes in the steam generator or IHX bundle at

full length.

Although detailed analyses of this proposed expandable CTC option
have not been performed, Table 1 below approximates the expected
operating conditions around the system. Future analyses to determine
component heat loads and operating conditions, piping heat losses, and
system pressure losses will help to more accurately quantify the values in

the table.

As noted earlier, as additional loops are added, the option exists to
“gang” heaters and flow loops together for larger component testing
and/or to operate loops in parallel for long-term testing of components
and/or materials. As the system expands, the HY TEST process heat
interface is maintained so that capability will exist for the life of the
facility and grows as the number of helium flow loops and heater power

1s increased.
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Table 3. Estimate of expected fluid conditions in expandable Component Test Capability option.

1 MWt TL 2MWETL | 4 MWtTL 8MWETL | 16 MWLTL

Operating Conditions (TLY) (TL2) (TL3) (TL4) (TL5)
Heater Power in MW 1 2 4 8 16
Test Loop max. pressure in MPa 7.0 7.0 7.0 7.0 7.0
Helium flow, (primary) in kg/s 0.5 1.0 2.0 4.0 8.0
Helium flow (secondary) in kg/s 0.5 0.5 1.5 3.5 7.5
IHX max. inlet temperature in °C 950 950 950 950 950
Test Station max. Inlet temperature in °C 900 900 900 900 N/A
HYTEST max. inlet temperature in °C 850 850 850 850 850
Circulator max. inlet temperature in °C 150 150 150 150 150
Circulator inlet pressure in MPa 2.6 2.6 2.6 2.6 2.6

4.1.5 Circulator Test Loop

A capability to provide a full size test loop(s) for the primary reactor
coolant circulators, shut down system circulators, and other helium
circulators will also be required to verify hydraulic designs and test
bearings, seals, and other components. This loop(s) is simpler than the
thermal loops discussed previously in that these circulators are located in
the cooler portions of the primary coolant system, operating at
temperatures in the range of 400°C. The proposed circulator test loop
could be designed without a heater because the gas compression heat can
be used to bring the entire loop to the circulator operating temperature.
However, operating conditions could be reached more quickly with the
addition of a heater. The loop, as shown in Figure 8, is adequate for
relatively steady-state testing conditions. If rapid thermal transients at the
circulator inlet are required, additional piping and control systems will
be required (dashed lines). A high temperature source (possibly a large
mass of high temperature sintered metal), control valves, and a mixing
chamber would be one way of providing temperature transients. As the
test requirement matures, the capability can be added to the circulator

test loop.
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Figure 8. Circulator test loop concept.

Build Near-Term Capability Now, Add More or Larger Capability
Later

This solution addresses acquisition strategy for multiple loops rather than
technical capabilities of those loops and could be applied to several of
the options discussed above. Simply put, deferring costs of test loops that
are not needed immediately until a later time provides a “time value of
money” advantage. The flow sheets for this solution are the same as
discussed previously. The acquisition strategy, however, involves
designing the building and infrastructure (building envelope, cranes,
electrical power and other utilities) for the future capacities but only
procuring and installing the “high dollar” test equipment and piping as
needed to support the technology development schedule. This approach
could defer the cost of the large, expensive systems for some time and
allow requirements to be developed in more detail as the design
progresses.

4.2 Detailed Evaluation

4.2.1

Advantages

4.2.1.1 Design Specific Capability Now (Small and Large)
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o Large and small components can be tested in
parallel.
. The large loop is built at the earliest possible time

4.2.1.2

4.2.1.3

4.2.14

and will be available to support testing as needed.
Design Specific Capability Now (Large with Turn Down)

. Since the majority of the piping is COTS design,
construction can occur when required.

° Cost estimates for piping, valves, circulators,
coolers, and heaters are known.

o Although the pipe diameter is larger for the low
temperature/high pressure piping, less total piping,
valving, and controls are used relative to multiple
loops making them less expensive.

o Less control algorithms relative to multiple loops.

° Maintenance and failure rates are better understood
and known to help with downtime and risk analysis.

Build Multiple Small (2 MW) Loops Now and Gang
Together

If multiple smaller loops are required to support the testing
schedule, it may be cost effective to utilizing several of the
smaller loops to provide larger capacity testing as smaller
capacity testing is completed.

Design Range of Capabilities (1, 3, 10, and 30 MW)

o Basic design employs a relatively simple single-loop
design for testing both IHX and non heat-exchanger-
component and materials.

. A building block approach is used to allow the
testing capability to be expanded as needed.

J Each building block approximately doubles the
testing capability (IHX and Test Station) of the
preceding loops.
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o Basic loop design, including circulator, coolers, and

recuperative heat exchangers, are sized for maximum
expected power and flow requirements so that
expansion (addition of loops) is relatively

straightforward.

J The design incorporates an interface to provide
HYTEST process heat that can be expanded over
time.

o As loops are added, individual loops can be ganged

together to maximize test loop flow and power
capability, or operated separately in parallel for
smaller long-term testing needs.

. High-temperature heaters at increased power levels
can be added over time to allow development of
heater technology.

4.2.1.5 Build Near-Term Capability Now, Add More or Larger
Capability Later

The advantages of this solution (more properly, this
acquisition strategy) are:

o The small test loops can be deployed earlier

o Design of the large loop can be delayed until
additional requirements can be defined

o The cost of the large loop designs and construction
can be delayed to some extent.

4.2.2  Disadvantages
4.2.2.1 Design Specific Capability Now (Small and Large)

o The design of the loops must be fixed before all the
test requirements can be defined. The design of the
CTC will have to be performed in parallel with (if
not ahead of) the design of the reactor.

. Relative to the time value of money, the large loop
will be a large capital investment that may not be
utilized immediately, depending on the schedule for
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4.2.2.2

4.2.2.3

4.2.24

preliminary smaller-scale testing and development of
the larger components. Money spent on a large idle
system cannot be used to support other tasks needed
now.

The selection of small and large loops somewhat
limits the ability to test intermediate conditions (e.g.,
10 MW) with the available turn-down of the 30 MW
test loop.

Design Specific Capability Now (Large With Turn

Down)

Larger pipe diameters will be required as opposed to
multiple loops. This low temperature/high pressure
pipe has existing dimensional and material
standards.

Build Multiple Small (2 MW) Loops Now and Gang
Together

This is an inefficient way to provide large loop test
capability because it will require more space and
more equipment than one single dedicated loop.

Even if the economics are viable, the control issues
associated with balancing a number of loops in
parallel may be significant, especially on the
secondary side of the steam generator tests.

Multiple small loops may be somewhat more
expensive than a single larger circulator.

Design Range of Capabilities (1, 3, 10, and 30 MW)

Initial design will be more expensive because major
components are sized for maximum expected power
and flow requirements.

The design includes a number of control valves and
associated piping that must be designed for high
temperatures (950°C) downstream of the heaters.

The number of control valves and complexity of the
control systems will increase as the design expands.
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4.2.2.5 Build Near-Term Capability Now, Add More or Larger
Capability Later

The project schedule may be so compressed that
procurement of the expensive long lead items (e.g., the
heaters) may have to start essentially immediately, which
means that the costs of these components cannot be delayed.

RECOMMENDATION

As noted previously, it is not the intent of this report to select a one of the solutions
discussed above as the optimum one. Rather, this study is intended to serve to evaluate
possible concepts, identify issues and concerns to be addressed in subsequent design
efforts, and stimulate development of requirements.

Nonetheless, a summary of the advantages and disadvantages of the flow loop concepts is
provided below in Table 4. The criteria were mainly selected to evaluate technical
performance because the solutions have not been developed to the point that meaningful
cost estimates could be performed, although a very qualitative cost criterion is included.
Overall ratings were also qualitatively assigned but it should be understood that much
more work is needed before selecting the optimum solution.

As this study proceeded, it became clear that the complete set of requirements for testing
of the NGNP SSCs is not yet defined and it is certain that additional needs for component
test capability will be identified as the designs of the reactors and heat transport systems
are developed. The design of the CTC should emphasize flexibility and provide ample
space and utilities to allow expansion and modification of the capability to accommodate
emerging testing needs.



Mo

MOJ-WNIpa

ybiy

wnipspy

JUSWISSASSY ||BJ9A0

"SuoIj09s
alnmesadwa) ybiy sy ul ‘xajdwod
aq [|IM SMOJ} pauiquiod apiaoid

0] sjuswabueue Buidigd Juswdinbs
10 10| e salinbal os|e sanijigeded

10 abues apim 8y} asnedaq

ubiy eq ||m 3800 [EjIde] "MOT

"MO| 8q
ueo sAepino |eyde) jeniuj "WnIpsiy

"MOJ} WNWIXew 1o} pazis
aq 0} aAey spuauodwoo
Jay}0 8wos pue J0ye|ndiIo
asneoaq Jaybly aq |im

100 [eydeo [eniu] 'smojy ybiy
JO @sneodaq aAIsuadxa aiow
aq ||Im S}s09 BuesadQ ‘Mo

"Jaje| [nuUn papasu
10U sI Ayjiqeded
}s8} Indul yesy ybiy
pue Ajea palinoul
aJe sAejino |eyded
[le Ajlenuass3y ‘mo1

aull} JOAO }S0D
wnwiuiw ay} yum Ayjigedeo papasu
a2y} apiroid 0} 1deouoo pasodoud ayy

jo Ajlige 8y :ssaudAO8YT 3S0D

xa|dwoo aq Aew uoneinblyjuod

-al Buidid ayy 1ng Aljigedeos

1s98)] 9|6uIs e apinoid 0] pauIquiod
8q ued sdoo| snolleA sy “WNIpa|A|

10edwl 1509
$S9| Yum paoe|dal 1o pauiquiod
8q p|nod sdooj [jews "wnipap|

18s aq

(™ Ajjigeded winwixew pue
Aes painoold aq 0] aAey
[[IM SJUBUOdWOD 18Yy)0 BWOoS
pue J01e|naJiD ‘Wwnipap

‘abue| 10

[lews Jayye Ajjenuassa
s11deou09 siyj Jo}
Aoedeo mojy sy ‘Mo

sjuawalinbal
Bunsa) pabueyd 1o mau
a]epowiwodoe 0] uonnjos pasodo.d

ay} Jo Ayjiqe 8y :Aujiqeydepy

s|oJ1uo9o pue buidid ur Axe|dwod

0] pea| |m sdooj| 8zIs Jualaylp O
Jaquinu e Builosuuo9I8}u| "S8jel MOJ}
1o abuels apim ay) woddns 0y a|ge

a( jou Aew 10}e|N2JI0 3IbUIS ¥ "MOT

S]0J1U02
pue Buidid ui Auxajdwod 0} pes|
[im sdooj |ajjeled jo Jequinu abieT
‘uoneinblyuod pabueb 1o} Mo
‘paziwiuiw syusuodwod
alneladwsa) ybiy ‘eidwis sydeouod
|013u0D 's}s8} [ENPIAIPUI JO} YBIH

"MoJ} ainjesadway

ybiy ayy ul buneiado anea
e alinbal ||IM }I ‘JoABMOH
'sJ0)e|naJio a|diynw jeyy
|0J3U0D 0} JBISed 8q p|Noys
ssedAq pue umop-uiny

1O UoljeUIqUWIOD "WNIPSIN

paziwiuiw
aJe sjusuodwod
ainmeladwsa) ybiy
‘oldwis AjaAnejal ale
s)deouod jouo) "ybiy

‘papusiul
se wuopad 0} Jdaouoo pasodoud
ay} jo Ayjige sy :Ayjiqiseaq

‘S|oA9| Jamod
Je[lwis Jo awes 8y} Je s}sa) a|dnjnw
Jo} Ajijigedeo apinoud jou seoq "MoT

"sjuswalinbal welboid
1S9} UO paseq pajos|as ag ued
sdooj |lews Jo Jaquinu ay] "ybiH

‘[9]1eJed ul

pajelado aq 0} sdoo| |eJanas
Mo[|e |Im ssedAq pue umop
uin} Jo uoneuiquo) "ybiH

Anqixayy

Aressaoau ay) apinoid
pinoys 1daouod

siy} ‘sdoo| MIA

| Jo Jaquinu paziwndo
ay) uaAl9 "ybiH

Bl BUO e S9|oIle 1S9) JUalaylp Jo
Jaquinu e 1s8} 0} uoinjos pasodoud
ay} jo Ayjige 8y :Appiqixal4

MIN L€ pue | usamiaq
sajemoly jo abuel e sepinold ybiH

a|qisea} Jou s! (MIN
0e~) Aljigedeo 1se) able *mon

MIA 0g pue | usamiaq
abueu sapinoid "ybiH

usamjaq
Ayoedeo paywi)
nqg ‘MIN 0€ pue
| SepIACId "WNIPS

spaau Buisal ay) 198w 0} sanoeded
alnjesadwa) pue moy} o abuel

apim e apiaoid o0y uonnjos pasodoud
ay} Jo Ayige ey :Ayoeden

sanijiqedeq jo abuey ubisaqg

J1ayjabo) Bueo
pue sdoo |jews 3|dn piing

(umoq uang yym abaeq)
Aypiqede) oyioadg ubisaq

MON

(MIN o€ ‘1) Angeded
oy10adg ubisag

CITEHIT)

‘suorinjos dooj 159} JO uoren[eAd Jo Arewuuns ‘ 9[qe],

7€ J0 0¢ 98

600T/T1/80 -o¥ed SANO_YH
0 “UOISIADY
€LS-AHL Joynuap]

AdNLS NOILVINIIAINOD dOOT LSAL
ALTTIAVdV)D LSAL INANOdINOD ANON

(01 "A9Y) 60T 11 WO

K10jeI0qRT [RUOIIEN OYep]




Form 412.09 (Rev. 10)

Idaho National Laboratory

Identifier: TEV-573
NGNP COMPONENT TEST CAPABILITY Revision: 0
TEST LOOP CONFIGURATION STUDY Effective Date: 08/12/2009 Page: 31 of 32

6. FUTURE WORK

Addition requirements are needed to define the maximum heat input and flow capacity
that will be required for any test.

Areas needing additional design development include:

o Investigation of heat rejection from the secondary side. Options in addition to
those shown could include once-through air or helium to pressurized water.

o Design of the heat rejection system for hot gas ducting or other test articles that
have high outlet temperatures. Options may include designing the recuperator for
a wider range of inlet temperatures or, given a fixed recuperator inlet temperature,
pressurized water coolers or additional steam generators to remove some of the
heat.

o A concept for testing intermediate heat exchangers that uses the primary coolant
on both sides of the heat exchanger as discussed in small scale development
Test 3 for the IHX concept (CTF_WEC 2009) should be investigated.

o For the multiple loops and gang together solution, perform more detailed analysis
to assure that the primary loops and secondary loops can be operated in parallel.

o Late in the development of this study, the concept of grouping tests as low flow,
low heat input, high flow, low heat input, and high flow, high heat input, was
identified. The loop designs in the next phase should address the design of a high
flow, low heat input loop in more detail.

A number of value engineering efforts could be performed to address items like multiple
small loops vs. one large loop. Things to be considered in this study would be capital
costs of several smaller loops vs. one larger circulator with a number of outlet branches,
optimization of number of loops with testing schedule, etc. The eventual large loop
capacity will also impact these studies. It may be more effective to design the “small”
loops with somewhat larger capacity (say S MW) even though only a 1 to 2 MW capacity
is needed initially so that the number of combined loops is minimized. Combining four

5 MW loops in parallel to provide a 20 MW capacity would be more feasible than
combining ten 2 MW loops.

7. IMPLEMENTATION, SCHEDULE, AND COST

Not applicable.
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10.

CONCLUSIONS

The selection of the optimum solution from the options discussed in this report cannot be
made until more information is available. However, it does seem reasonable to conclude
that the strategy for providing the CTC should be one allows for starting small to gain
these insights early and to use or capitalize on the knowledge gained to take the next
bigger step. Each bigger step has to have the benefit of the flexibility to adapt to the
insights gained in the previous steps.

In addition, this study has been valuable in that items for additional study have been
identified.
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