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ACRONYMS
Acronym Description
GA General Atomics
GPM Gallons Per Minute
HX Heat Exchanger
LOPF Loss of Pump Flow
Mo-99 Molybdenum 99
MURR Missouri University Research Reactor
P&ID Piping and Instrumentation Diagram
PSI Pounds per Square Inch
PSIA Pounds per Square Inch Absolute
PSID Pounds per Square Inch Differential
PSIG Pounds per Square Inch Gauge
TA Target Assembly
TCS Target Cooling System
TCSTL Target Cooling System Test Loop
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1 PURPOSE AND SCOPE

As with all nuclear fission assemblies, cooling must be provided to remove heat generated from
fission reactions. Validating the analysis of the target system cooling water flow behavior is vital
to ensuring proper function of the cooling system when it is installed in the MURR pool. The
specific purpose of these tests was to confirm the analysis of the flow and pressure drop through
the target assembly (TA), to measure and validate the bypass flow through the cartridge, and to
measure the pump coast-down time during a simulated loss of pump flow (LOPF) event. This
report describes these tests in detail and provides the results.

2 APPLICABLE DOCUMENTS

A list of applicable documents is provided below.

DOCUMENT NUMBER DOCUMENT TITLE
30441P00026 Target Cooling System Flow Test Procedure
30441R00017 ANSYS Target Cartridge, Housing Structural Analysis Design
Calculation Report
30441R00019 Target System Cooling Calculation Report
30441R00032 RELAP Accident Analysis and FRAPTRAN Target Rod Transient

Analysis Design Calculation Report

30441R00038 Computational Fluid Dynamics Analysis of Target Housing Design
Calculation Report

QAPD-30441- Quality Assurance Program Document QAPD-30441-II Reactor-
Based Molybdenum 99 Supply System (RB-MSS)

3 FULL SCALE SYSTEM FLOW TESTING

The main objective of the target cooling system (TCS) flow testing was to validate the pressure
drop through a target assembly, simulate a loss of pump flow (LOPF) event, and measure the
bypass flow through the labyrinth seal.

3.1 Description of Test Rig

The TCS tests were conducted at the General Atomics (GA) Torrey Pines campus in Building
G35. The target cooling system test loop (TCSTL) duplicates as best as possible the piping
system, location of target assembly at proper water depth, key flow instrumentation, and primary
parameters to be implemented at MURR. Table 1 shows a parameter comparison between the
TCSTL at GA and the reactor system at MURR.

s
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Table 1: GA Test Pool and MURR Pool Comparison

Parameters GA Test Pool MURR Pool
Diameter 6 feet 10 feet
Depth 27.5 feet 30 feet
Target Assembly
Water Depth Same as MURR 25.8 feet
Number of Target
Assamblios 1 TA and 1 bypass valve 2
Pipe Size Same as MURR 3 inches
Pump Same as MURR Model: 3796 MTi Size: 3x3-13
Heat Exchanger Pressuvr:hclj(;cz%\s;_nswglsa)ted e HX is part of cooling skid
. 5.5 nominal pH Conductivity 5.5 nominal pH
¥eater Chamistyy ~ 2 uS/cm Conductivity < 2 uS/cm

The target assembly water depth (25.8 feet) was measured from the top of the operating water
level at MURR to the bottom of the TA. An underwater pressure transducer (PT-335 with + 0.1%
accuracy), was attached to the target inlet which is approximately three feet above the bottom of
the TA.

The process flow is detailed in Figure 1 with the piping and instrumentation diagram (P&ID).
Figures 2 and 3 show the TCSTL setup. It is important to note that the suction line in the TCSTL
has the same overall size and liquid volume as the layout at MURR required to ensure proper
pump priming. The supply line from the pump to the TA is slightly shorter in length compared to
the MURR design and does not contain the main heat exchanger (HX). As a result, a valve (HV-
305) was added to simulate the highest system pressure drop. The water pH and conductivity
were tested weekly to ensure the water chemistry standards were maintained. Appendix A
specifies the equipment and instrumentation used for testing.

The test equipment in the TCSTL consists of:

e One fiberglass surrogate pool

e One target assembly (consisting of a cartridge, diffuser, target housing, and 11 stainless
steel surrogate target rods)

¢ One surrogate bypass valve (HV-200 shown in Figure 1)

e One self-priming pump (refer to Appendix B for pump specifications and performance test
from pump manufacturer)

e Target cooling system piping (PVC), support structures and valves designed to mimic the
setup at MURR.

e s
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e Instrumentation (including flow meters, pressure gauges, and an underwater pressure
transducer).
e Transparent graduated standpipe.
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Target Cooling
System
Piping

Bypass Valve
(HV-200)

GA Test Pool
Diameter: é feet
Depth 27.5 feet

Target Assembly

Figure 2 — 3D Model of the Target Cooling System Test Loop Design
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Transparent Graduated
Standpipe

Target Cooling —
System
Piping

Bypass Valve

— Main Cooling
{Hv-200)

Pump

GA Test Pool

- Carfridge

Surrogate Target Rods

Target Assembly
Location

Figure 3 — GA Target Cooling System Test Loop Setup
3.2 Test Procedures
3.21 Target Assembly Pressure Drop Test

The objective of this test was to verify the pressure drop from the target inlet through the diffuser
outlet as a function of flow rate. Test flows values were set to 85%, 100% and 115% of the
nominal target assembly flow rate (107 GPM at 100%), which is the calculated nominal flow rate

| from analysis document 30441R00021. This flow rate was measured to within the +0.5%

accuracy of the flowmeter used for the tests. A gasket seal was placed on the TA upper and
| bottom cartridge flanges to ensure that accurate flow and pressure drop measurements were

‘ made by eliminating these as potential bypass paths. Figure 4 shows the upper and lower gasket
seal locations. The diffuser outlet pressure was calculated by taking the measured absolute
pressure reading from PT-335 and subtracting 14.7 psi (to convert the pressure from absolute to
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gauge) and 9.9 psi (to account for the 22.8 feet of static water head above the transducer). The

raw data from the pressure transducer were automatically recorded on a data logger and are
summarized in Appendix C.

Target Inlet

Underwater Pressure
Transducer Location
PT-335
Diffuser Outlet ( )

Diffuser Lower
Flange

Cartridge
Upper Flange

Upper Gasket Seal

Lower Gasket Seal

Cartridge
Bottom Flange

Plenum Plate

Figure 4 — Gasket Seal Location

Procedure:
1. Install the target assembly into the pool.
2. Check to see that the cartridge is secured in the housing and that the locking
mechanism is engaged.
3. Check the fill level of the surrogate pool to the normal MURR operating pool level
(water height = 25.8 feet).

e s
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4. Open system valves and control frequency of pump to 85% flow through the
system.

5. Turn on pump.

6. Record start and stop times to calculate duration. Manually record system
pressures, pressure drops, and temperature data from the instrumentation gauges
every 5 mins. Pressure to the target assembly will be recorded electronically at 1
sec intervals. Run flow test for 15 min.

7. Turn off pump.

8. Control frequency of pump to increase the flow rate to 100% flow through the
system.

9. Turn on pump.

10. Record start and stop times to calculate duration. Manually record system
pressures, pressure drops, and temperature data from the instrumentation gauges
every 5 mins. Pressure to the target assembly will be recorded electronically at 1
sec intervals. Run flow test for 15 min.

11. Turn off pump.

12. Control frequency of pump to increase the flow rate to 115% flow through the
system.

13. Turn on pump.

14. Record start and stop times to calculate duration. Manually record system
pressures, pressure drops, and temperature data from the instrumentation gauges
every 5 mins. Pressure to the target assembly will be recorded electronically at 1
sec intervals. Run flow test for 15 min.

15. Turn off pump.

16. Secure all equipment.

3.2.2 Pump Coast-down Test

The objective of this test was to record the flow rate entering a target assembly as a function of
time during a simulated loss of pump flow (LOPF) event at room temperature with the decay heat
removal valves in the closed position. Valve HV-320 was adjusted in order to test for the worst
case system pressure drop by analysis in document 30441R00019. This system pressure drop
analysis has 25% margin built into it for the 85% and 100% flow cases and 13% margin for the
115% flow case. The margin on the 115% case was limited by pump performance. Table 2
provides a summary of the flow and pressure drop parameters used for this test. The decay heat
removal valve (FV-105), in the test rig remained closed during this test to ensure all the flow went
through the target assembly.

Procedure:
1. Install the target assembly into the pool.

R
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2. Check to see that the cartridge is secured in the housing and that the locking
mechanism is engaged.
3. Check the fill level of the surrogate pool to the normal MURR operating pool level
(water height 25.8 feet). |
4. Open all system valves and control frequency of pump to 85% flow through the
target assembly.
5. Turn on pump.
6. Open all bleed valves to release any trapped air. Once all the air is released, close
the bleed valves.
7. Adjust valves HV-100 and HV-200 to have equal flow for each flow meter.
8. Adjust valve HV-305 and increase the frequency of the pump to obtain the
expected AP (see Table 2) across PI-335 and PI-302.
9. Manually record system pressure data from the instrumentation gauges (PI-335,
PI-302, and DPI-310).
10. Ensure data loggers are connected to the flow meters.
11. Turn off power to the pump.
12. Record flow rate manually at 1 sec intervals until the flow reaches 0 GPM. Flow
rate will also be recorded electronically at 1 sec intervals.
13. Turn on pump.
14. Repeat steps 7-12 for the 100% and 115% flow cases shown in Table 2.

Table 2 - Test Cases

E P
Test Case Description xpect.e 4 Source
(psid)
85% Flow with 25% Margin on AP 27 4 30441R00019
5a,d, e, f
100% Flow with 25% Margin on AP 5 3] 30441R00019
115% Flow with 13% Margin on AP EE Pump limit

3.2.3 Labyrinth Seal Bypass Test

The objective of this test was to measure the bypass flow between the cartridge bottom flange
and the target housing lower plenum. The full scale test was performed with the locking
mechanism torqued to 30 in-Ibs (each bolt). The lower gasket seal (Figure 4) was removed and
the outlet of the diffuser was blocked such that the water volume lost was through the labyrinth
seal and the pins in the cartridge. The expected bypass through the cartridge pins is small (much
less than 1 GPM), as the internal pressure should help “self-seal” the leak path (Figure 5). The
leak through the pins and the leak through the labyrinth seal were measured as a single leak.

B e
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5a,d, e, f

Figure 5 — Bypass Flow Paths for Labyrinth Path and Cartridge Pins

Procedure:

Remove the cartridge from the pool.

Block the diffuser outlets to prevent water flow.

Remove the lower gasket seal on the cartridge bottom flange.

Insert cartridge back into the housing inside of the pool.

Check to see that the cartridge is secured in the housing and that the locking

mechanism is engaged. Torque down cartridge locking mechanism to 30 in-Ibs.

6. Check the fill level of the surrogate pool to the normal MURR operating pool level
(water height = 25.8 feet).

7. Torque down cartridge locking mechanism to 30 in-Ibs.

8. Turn on pump.

9. Fill the pipe going to the target assembly with water. The transparent graduated
standpipe should be filled to approximately 42 inches of water (Figure 9).

10. Turn off pump and close valves HV-200 and HV-302.

11. Pressurize the pipe going to the target assembly with compressed air to the value
obtained for the pressure drop through the target assembly for the 115% flow case,
which is the highest pressure and flow conditions the cartridge will ever see.

o khoop =~

12. Measure and record the water drop in the transparent standpipe as a function of
time ensuring static pressure stays above the required value.

e
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13. Let system run for 30 sec.
14. Secure all equipment.
4 TEST RESULTS

4.1 Target Assembly Pressure Drop Test

The design analysis of the pressure drop from the target inlet through the diffuser outlet detailed
in document 30441R00038 has been validated by agreement to within 2% of the expected range
of the extrapolated test data. The tests were run at slightly higher volumetric flow rates when
compared to the values used in the analysis. The polynomial equation shown in Figure 6 was
obtained from the test data in Appendix C — Raw Pressure Drop Data Summary. The polynomial
equation was used to determine the pressure drop at 20°C for each corresponding flow rate. The
results are shown in Table 3. All tests at GA were run with an inlet temperature to the target of
20°C. During normal operation at MURR however, the target inlet temperature will be 29°C with
a TA average temperature of 34°C, which was the temperature used in the ANSYS-FLUENT
analysis. To account for the temperature difference between the operating conditions at MURR
and the test conditions at GA, the calculation detailed in Appendix D was applied to extrapolate
the test values to a system with an average temperature of 34°C. Table 3 lists the test values at
20°C, and both the extrapolated test values and the analysis prediction values at a TA average
temperature of 34°C. The test data extrapolation resulted in a less than 2% decrease in the
pressure drop values when adjusting the temperature from 20°C to 34°C.

The flow values used in the analysis did not include the bypass effect and assumed all the flow
would go through the cartridge to cool the target rods. For 100% flow (107 GPM) at 34°C average
TA temperature, ANSYS-FLUENT predicted - psi and the extrapolated test value at 34°C

average TA temperature yielded [l psi. The difference between the two values is 1.5%. Figure |5a, d,
6 shows the pressure drop through the TA as a function of flow rate for both the analysis and test | €. f
values. It also shows that the pressure drop values are within the design limit of [} psi for the
target housing, which has built in margin (refer to Table 2 in document 30441R00017 for more
details). For reference, the test data sheets have been provided in Appendix E — Target Assembly
Pressure Drop Test Data Sheets.
Table 3 — Pressure Drop Data Summary
AP at AP at AP
AP Source 91 GPM 107 GPM 123 GPM
(psi) (psi) (psi)
Test Values (20°C) 2.9 EE EE
Test Values (Extrapolated to 34°C) 5.7 EE 7.4 5a, d, e, f
ANSYS-FLUENT Prediction (34°C) EE ER 7 1

I
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AP as a Function of Flow Rate

y =0.00109x* + 0.00976x - 0.00111 &
R*=0.99998

. e TestValues (20°C)
ANSYS-FLUENT Prediction {34°C)

Extrapolated Test Values (34°C)

----- Target Housing Design Limit

Flow Rate (GPM)

Figure 6 - Target Assembly Pressure Drop Test Results

4.2 Pump Coast-down Test Results

A loss of pump flow (LOPF) event can be caused by loss of electrical power, pump failure, or
system blockage. This test only covered the loss of electrical power event. The LOPF impacts
both target assemblies and includes pump coast-down and fluid momentum to ease the transition
from forced flow to natural circulation flow. Although the decay heat removal valves in the MURR
system can be opened to improve the natural circulation cooling during LOPF, the butterfly valve
(FV-105) remained closed during this test.

This test measured the amount of time it takes the pump to coast down to 15% flow when the
pressure drop through the system is increased to the highest value by analysis which has 25%
margin (see Table 2 for values). The pump coast-down times for three different flow cases are
shown in Figure 7. It took approximately 9 seconds for the flow rate to decrease significantly from
100% flow (~112.8* GPM — see Table 4 for flow values with bypass flow included) to about 15%
flow (16.2 GPM).

B oo S
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Pump Coast-Down at Varied Flow Cases with 25% Margin on AP

- 85% Flow w/Margin
100% Fow w/Margin

---g+-- 115% Flow w/Margin

FT-100: Volumetric Flow Rate (GPM)

0 1 2 3 - 5 6 7 8 9

Time (sec)

Figure 7 — Pump Coast-down Results at Various Flows with 25% Margin on AP

4.3 Labyrinth Seal Bypass Test Results

A bench test was initially conducted to obtain the required torque value for the final system to
produce an acceptable leak rate through the labyrinth seal. The results from the bench test
demonstrated the labyrinth seal required a torque of 30 in-lbs to each bolt in the final system in
order to operate below the maximum 5% total flow. An image of the bench test article can be
seen in Figure 8. The torque value from the bench tests was then applied and used on the locking
mechanism in the full scale test.

13
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Figure 8 — Bench Bypass Test Article Setup

Figure 9 shows the setup for the full scale test. Similar to the bench test, a transparent standpipe
was installed in the location shown in the P&ID. The standpipe is made from clear PVC to be
able to measure the water that is going through labyrinth seal and the cartridge pins.

14
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P~ 18.5 psi here

Initial Water Level

lS'fondpipe ’

— Ot
e
:
o

ED

Standpipe

Plugged
Diffuser

Figure 9 — Full Labyrinth Seal Bypass System Setup with Standpipe

The maximum allowed bypass for the three different flow cases and the pressure requirements
for the labyrinth seal are summarized in Table 4. The tests were run at the worst case pressure
condition which was derived from the 115% case shown in Table 4. The tests ensure that the
pressure was always greater than 17.4 psi, for instance Run 1 was executed at 18.6 psi (Table
5). The cartridge was unlocked, lifted out of its seating position, re-seated and locked back down
again to thirty in-lbs for each test to simulate and measure the consistency of the seal through
several runs. Eleven cartridge lifting and re-seating operations were performed and results can

be seen in Figure 10.

Table 4 - Bypass Test Loading Conditions and Requirements

5% Max ;
Flaidiace Flow Rate Allowed Bvpass Cartridge Pressure
(GPM) " Report 30441R00017
(GPM)
85% 95.9* 4.8 I 5a,d, e, f
100% 112.8* 5.6 EE
115% 129.7* 6.5 174 |

*Flow values include the 5% maximum bypass flow through the cartridge pins and labyrinth seal.

s
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Table 5 - Bypass Test Results
9/12/2017 9/14/2017 9/15/2017 9/17/17
Runl @ Run2@ | Run3@ | Run4@ | Run5@ | Run6@ | Run7@ | Run8@ | Run9 @ Run 10 Runl1l @
18.6 psi 18.8 psi 19.2 psi 19.0 psi 18.8 psi 19.0 psi 18.6 psi 18.9 psi 18.8 psi @ 18.7 18.6 psi
back back back back back back back back back psi back back
pressure | pressure | pressure | pressure | pressure | pressure | pressure | pressure | pressure | pressure | pressure
GPM GPM GPM GPM GPM GPM GPM GPM GPM GPM GPM
3.78 4.43 3.96 4.23 3.41 3.38 3.43 3.21 3.29 4.23 3.09

The tests confirm that the labyrinth path slows the amount of water bypassing the cartridge,
satisfying the maximum design requirement of 5%. The allowed bypass at 115% flow case is 6.5
GPM and the highest bypass measured in the tests is less than 4.5 GPM, including the cartridge
pins. The average of the eleven runs is 3.7 GPM providing margin to the design requirement.

16
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Full System Bypass Test Results for 115% flow for
a torque of 30in-lbs

7 =
6.5
PR ey TaAR o, NS R 's:’;‘f;’;ﬁt,'j;v:-*,? - A A RN TIa T
s Run 1 @ 18.6 psi back pressure
6 -
B Run 2 @ 18.8 psi back pressure
g Besssd Run 3 @ 19.2 psi back pressure

&= Run 4 @ 19.0 psi back pressure

B Run 5 @ 18.8 psi back pressure

s Run 6 @ 19.0 psi back pressure

s Run 7 @ 18.6 psi back pressure

Bypass Measured (GPM)

& Run 8 @ 18.9 psi back pressure

ed Run 9 @ 18.8 psi back pressure

& Run 10 @ 18.7 psi back
pressure

B Run 11 @ 18.6 psi back
pressure

«yy=allowed bypass (5%) GPM

Runs

Figure 10 — Full System Bypass Test Results
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APPENDIX A — Equipment and Instrumentation Used in Testing

Gauge (DPI-320)

PN: DPG409-050DWU

Equipment / Instrument Make / Model Measuring Range
OMEGA Pressure Range: £15 psi

PISESURS GEUGR (FI=A5) PN: DPG409-015CG Accuracy: + 0.08%
OMEGA Pressure Range: 0 to 60 psi

Pressure Gaugs (P502) PN: DPG1001B-60G Accuracy: + 0.10%
OMEGA Pressure Range: 0 to 60 psi

Prassure Gauge (P-308) PN: DPG1001B-60G Accuracy: + 0.10%
Analog Pressure Gauge Ashcroft Pressure Range: 0 to 30 psi

(E452434) PN: 45 1082AS 02L XC4 30# Accuracy: + 0.25%
Differential Pressure OMEGA Pressure Range: 0 to 30 psi

Gauge (DPI-302) PN: DPG409-030DWU Accuracy: = 0.08%
Differential Pressure OMEGA Pressure Range: 0 to 30 psi

Gauge (DPI-310) PN: DPG409-030DWU Accuracy: + 0.08%
Differential Pressure OMEGA Pressure Range: 0 to 50 psi

Accuracy: £ 0.08%

Pressure Transmitter

Keller Preciseline

Pressure Range: 0 to 100 psi

PN: 25B-D037N114

(PT-335), DL PN: 0308.00301.051307.54 Accuracy: + 0.1%
Flow Meter McCrometer 100 (I;I:m’ tF;irLgOe:GPM
(FT-100), DL PN: VWO3AE14AA Accuracy: + 0.5%
Flow Meter McCrometer Flow Range: 100 GPM to 140
(FT-110), DL PN: VWO3AE14AA GPM, Accuracy: + 0.5%
Speed: 1770 RPM
Goulds Pumps Flow: 250 GPM
Pump Model: 3796 MTi Head: 102 FT
(P-310) Pump Size: 3x3-13 Efficiency: 48.0%
Self-Priming Pump Total Power: 13.5 HP
NPSHr: 7.8 FT
Allen Bradley 480 VAC, 3 Phase
VFD PowerFlex 525 AC Drive 25 HP, 18.5 kW Normal Duty

20 HP, 15 kW Heavy Duty

A-1




Target Cooling System Flow Test Report

Attachment 11

APPENDIX B — Goulds Pump Specification and Test Data

30441R00045/B

Model: 3796

Size: 3x3-13

Group: MTi

60Hz

RPM: 1770

Stages: 1

Job/ing.No

Opti-Temp- HEX Feed Pumps

Purchaser : OPTI TEMP
End User ; Opti-Temp Issued by : Brandon Bond Rev.: 0
ltenvEqQuip.No. :  ITEM 001 (Base Offer) Quotation No. : DF16-10-25 01 Date: 01/25/2017
Service : Self Priming to HEX Skid
Order No. : 6058869 Certified By - Brandon Bond SN/SO : N736H003
Operating Conditions Pump Performance
Liquia: Water Published Efficiency: 485 % Suction Specific Speed: 5,018 gpm(US) ft
Temp.: 1100 deg F Rated Pump Efficiency: 480% Min. Hydraulic Flow: 56.9 gpm
S G.\Visc. 1.000/1.000 cp Rated Total Power: 135hp Min. Thermal Flow: N/A
Flow: 250.0 gpm Non-Overloading Power: 154 hp
TOH 10201 Imp. Dia_ First 1 Stg(s):  11.7500 in
NPSHa: NPSHr: 78N Shut off Head: 12711
Solid size: Max. Solids Size: 0.3750 In % Susp. Solids
(by wig):
Vapor Press:
Notes: 1. Elevated temperature effects on performance are not included
CENTRIFUGAL PUMP CHARAC TERISTICS vBascd on CDS 23113
» L@GOULDS PUMPS | pyrsoemance Standant M1 148 18 basis pover R 1770
70 Model 3796 ‘
ft ~ Size: 3X3-13 Y
60/ 200 80
70
+- 60
+ 50
- 40
30
20
10
m
t -6
15
b4
10
-2
5
100 200 300 400 500 600 700 800 gpm
o) 25 50 75 100 125 150 175 o

Viscosity corrections have been performed in accordance with HI 9.6.7-2015

I maaaaa
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6.63
(168)
APPROX

PLAN 01 m;s n?l - ARMORED lﬂ;lN[UOSI CONNECTIONS TABLE wIGHTS WEIGHTS ARE APPRONIMATE
L] L Powe L A
(RECIACULA '°:"°" ' .‘:5’( o:’ S v [ s TieL | o PURPOSE STATUS | FOR USE BY | .0y st L
—— T |t2] w1 | CASING TILLER PLUGGED | CUSTONER 7
NSt 316358/ ml!rll"'(a w04{ mile | 9. Powe T 218 "s T
JEILOn QO T TR | 1-1/2 Ry |3 CASING DRAIN PLUGGED CUSTONER
1111868 A-20 T = COUPL 196 2 1 2 !
TC 112 NPT ! 1 CASING BYPASS PLAN 01 GOULDS DRIvER M 22 0 22
T | 142 WP |1 BEARING FRANE DRAIN PLUGGED CUSTORER [eesarl ™ 1o o - =
Ty | 34 T3] | 1 oL FiLL PLUGGED | CUSTOMER [Total 894 05 837 378
COUPLING SPECIF ICATIONS
WiR. 1.8, WOODS SizE. e
TeE- S
cuasp proviote:  ves (K] wo [
MATERIAL. CARBOW STECL
b 2400 WECHARICAL SEAL SPECIFICATIONS

[610)

CARBON STEEL

o

L

22.63 6.75
(575] (17
[95)
CLASS 1508 F F
COUPLING GUARD— 3° SUCTION

65.00

B (1521

§ O % __‘__
10.00

[254]

}

4.13
(1051

49.50
(12571

CLASS 1508 F
/3' D1SCHARGE
{1

-

MIR: JOuN CRANE
TYPE: SINGLE CARTRIDGL

GLAXD TYPL: FLUSH QUENCH DRAIN
DRIVER SPECIFICATIONS
wiR - WG
POWCR: 20 WP FRANE - 2561
PHASE: 3 wPm: 1800
NIRIZ: &0 VOLTS: 460
IACL05URE: SIVERT BUTY/MILL AMD CHIMICAL PREWN EFFICHERCY
MOOEL 3796 GROUP Nt
SIZC. 31313

LUBRICATION: FLOOD O1L
BEARING ARRANGEMINT: SALL/SALL
BASCPLATE - CAST 1ROM

CERTIFIED FOR CONSTRUCTION ONLY WHEN SIGNED

SIGNATURE

DATE 1

CUSTOMER  DATA

End User. Opti-Temp
Service: Sef Priming to HEX Skid

NOTES

HOLES STRADDLE ¢

DISCHARGE

GLAND DETAIL

(B16.5 STLEL

- FLANGES CONFORM O ANS! STANDARDS BOLT

OR B16.1 IRON
ROTATION CCw vILWLD FROM COUPLING [ND

- DIMENSIONAL TOLLRANCE TO PIPLD CONNECTIONS
1S £0 50 113) [XCEPT FOR PUMP SUCTION AND

- ROUTING OF PIPELINES 1S APPROXIMATE AND MAY
VARY AFTER ASSEMBLY
- REFER TO MECHANICAL SEAL DRAWING FOR

PUMP QUTLINE DRAWING
MODEL 3796

®ITT

QOULDS PUMPS
DRAw NG SCALE: 0.0
DINENSIONS 0 1uCH Siam)
210 ocntd rravip COPYRIGHT
e kit |88 vtk | e AL 2001
o Ny

B1-736H003 (0

=28

[P v

Hoday 189 Mo|4 wa)sAg Buljoo) yebie |

a/5¥000d L v10€

L1 JusWyoeny
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Goulds Pumps

INSPECTION AND TEST PLAN

Form E=3170, Rew. 1
15443y-2008

CUSTOMER PROFESSIONAL PUMP
O #

T DaTE: 1172017
REVISION: [] MODEL 3796 MTi
N L s [SSUED BV B LUCCHEST | PUMP SIZE 3:3-13
SERVICE Self Priming to HEX Skid
Qc % est Codes
INSPECTION - Character to be S N
REF.J REQUIREMENTS PROCEDURE Acceptance Criteria Checked Form/Verifying Notes
Document
OCP. REPRESENTS A GOULDS QUALITY CONTROLLED PROCEDURE.
E THME LATEST PROCEDURESTD. REVISION WILL BE APPLICABLE ¥ NO
SPECIFIC MAS BEEN FOR TMrs A
1 Configure order per customer Purchase Order
specfcatons.
2 Casting inspecton requrements ITT Engnesrng Stassard €-2373 MES5-0P45S Responsibity of
Casting Suppliers
3 Y
impelier Balance jacP. 841 1SO 1340 GA.3
4 . 1SO 1340 Resdual Unbalance Regort ' R
lacP 551 N Leakage Integrity of
5 |Assembied Hydrostatic Test assembied pump NA i NA
- and seal installaton
Hydrautc Performance Test [GCF S50 Hyorauic insanse Pump Head- Ferormance Curve
é Capacity-Power Test Report [ A Asgrovs Brorte
Shpment
Blast and Coating Complance T
Gowas sTandars ANSI pant system ——
’ Motor Pairt Thickness A ’ R
[WEG standarg sant
Documentaton Revew N4 Customer Orger Accuracy’
Completeness of
) documents NA R R
Shipment Preparaton |QaCP-s22 NA Adequacy of
¢ packaging anc NA
shipment
PrepaTRion
Confirmation of Conformance 1 PO [CUSTOMER PO [Customer PO
10 Centificate of
Cenformance
Release To Ship [CUSTOMER PO Performance Curve, AH
1" Approval
= = Hoid Point W = Wilress S = Surveifance A = Approval
1 = inspection V= venty R = RecordReview

Rev O - Inital submttal

Hoday 1s8] mo|4 walsAg Buljoo) 1ebie

g8/5v000d L v¥0€

L L juswiyoeny



Attachment 11

Target Cooling System Flow Test Report 30441R00045/B
> g 30
dOPTITEVP 393
CERTIFICATE OF CONFORMANCE
Date: February 28, 2017
Supplier: Opti Temp Inc

1500 International Drive
Traverse City, M! 49686
PH: 231.946.2931

General Atomics Purchase Order: 4500066103
Part Number: (Below)

Main Pump
1 MODEL 3796 MTi SIZE 3x3-13_ Self Priming Pump w/ I-Alert
1 Drive (Motor) 480V/3phv60Hz
1 25B8-D037N114, PowerFlex 525 AC Drive, 480 VAC, 3 Phase, 25

HP, 18 5 kW Normal Duty, 20 HP, 15 kW Heavy Duty Frame E
1P20 NEMA / Open Type, Filter

1 Crating

1 Testing
Serial Number- Motor: 1033917920, Pump: N736H003, Coupler: No Serial Number
Quantity: 1 Each hems Above

I hereby certify that all Hems fumished sgainst your contractpurchase order 4500066103 are in
conformance with the requirements, specifications, and drawings applicable to that order

Vice President,
Engineering

ngnature Title Date

1500 International Drive, Traverse City, MI 4968¢
F 231.94€&.291] F: 231.946,0128
www . optitemp. com



Attachment 11

Target Cooling System Flow Test Report 30441R00045/B
4o 30
a(39>
& TTT/Gouids Pumps Per. rmance 1es! Repor!
ITT  Engineered Products Division  se S sseiqeee
ICustomes Professional Pump Test Type: Non-\Witness
Work Order No.: 5417 Model: 3796 Seal Desc Single Cart
jOrder 1Senal No.: NT3GH003 Size: 3313 Imp. Dia 1.780 in
info. litem No. 0 Pump Mat 318 Ord. Imp. Dia. 11750 ir
{Quantity: 1 Construction: Dwg. No.: 100-539
Test Test Location:  ANSI-Stanc2 ’?bw Meter.  4in Mag Gauge Corr..  0.00 fn
J' afo Torque Shaft:  TS3 Suct. Gauge: ABS Suct |.D: 3066 in
" {Rotation oW Disch. Gauge: D1 Disch, LD.: 3.068 in
Rated Speed 1770 rpm  |TestSpeed: 1770 rpm  [Cust Mir. & Svc 2001.25
Rating Rated Flow: 250 gpm |TestFlow. 250 gpm |Factor
info Rated Head: nozn TestHead: 102 #f Cust. §G.: 1.00
Rated Eff.: 48 % Atm. Press.: 3303 f Seal Type: Single Cart
Rated Power: 13.50 bhp Torgue Residual .00
Acceptance
Remarks _ Grade. B
sesteseessPerformance at Test Speed and Specific Gravity = 1, v
Suct.  Spec Vel Disch Total Temp Caga-Torque
PLNO. Lasd Gravty MHead Head Head DegF city Comec <O Speed EN
(abs ft) {ft) LI ] {gem) (indbs) (bnp) (rpm) (%)
1 561 0.8980 00 1547 13186 : 0 289 81 1765 0.1
2 558 0.9990 0.0 1488 1287 764 58 323 2.1 1768 205
3 §56 09990 00 1450 1228 765 112 382 10.1 1785 343
4 550 08990 0.0 1411 1181 786 157 383 110 1785 428
3 542 09990 0o 1326 1115 766 208 438 123 17685 478
(-] §32 09990 00 1208 1006 767 280 479 134 1784 492
7 525 09980 0.0 11198 825 767 298 504 141 1764 480
B 515 09990 00 887 813 768 26 8§32 149 1763 464
[As-Buit Performance at Rated Spd = ~AT770 rpm Notes
revvees Ang Specific Gravity = 1.000 sessssss] EM = (Capacity X Tota! Head X Spec Grav){(Power X 3960)
" Tota!
Pt. No Capacity Head Power Ef
{gpm) (") {shp) (%)
1 0.3 1325 82 0.1
2 58.2 12786 g1 205
3 1127 1234 102 343
4 157.1 1200 1.1 428
H 208.9 1123 124 478
[ 2806 1014 138 492
7 287.0 933 143 490
e 3373 82.0 151 46.4
Tested By: Test Date: 2817 Test Number
IApproved By Witnessed By
Customer. OPT1 TEMP

Serial No- NT35H003

Customer P.O. No: 6058889
farw No: ITEM 001 (Base Ofler)
End User: Opt-Temp

Sarvice: Se¥ Priming o HEX Skid

e
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Attachment 11

Target Cooling System Flow Test Report

30441R00045/B

a1%4s
[Fump Serial No N736r003]!Impeller hamater /i)
Sae 3x3-13| Temperature (oF)
Type 3786)Acceptance Grade
No of Stages

&ITT

Head(ft)

P
r‘ D  E— — 1 t — {
| | |
} |
‘ 0 S R 1 — R 4 ‘
l | ] :
o B — - | I — et |
| 0 20 40 60 80 100 120 140 150 180 200 220 240 260 280 300 320 MO 280
e i G R A R B Y
- — ‘: g - S— - ™!
r 172
0
£ &
Iy z
! 1"k
H ¢
& |
|
; 1
10 W — -l —— |
o — | . 0 \

] 20 40 60 80 100 120 40

180 180 200 220 240 200 280 30C 30 K0 0 ‘
GFM

Customer. OFT) TEMP

Serel No: NTI5HO0D
Customer P O_No 6058669
Iaen No: ITEM 001 (Base Offer)
End Usee: Opt-Temp

Service: Self Prming o HEX Sk

T
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Target Cooling System Flow Test Report 30441R00045/B

Attachment 11

APPENDIX C — Raw Pressure Drop Data Summary

Fap Absolute to Static
Absolute
Time Flow Rate hiaxiins Gauge Water Head
(GPM) Reading Conve‘rsion Adjust.ment
(psia) (psig) (psig)
10:15:14 AM 0 | | B |
10:15:16 AM 0 R B i
10:15:18 AM 0 | = E
10:15:20 AM 0 B ] B |
10:15:22 AM 0 | | B E
10:15:24 AM 0 K E i
10:15:26 AM 0 | ' 5 iE ] |
10:28:06 AM 93 e BE B
10:28:08 AM 93 E BE B
‘ 10:28:10 AM 93 BE BE 10,3
| 10:28:12 AM 93 BE B HE
| 10:28:14 AM 93 N | | | BE 5a,d, e, f
} 10:28:16 AM 93 ) [y BE
10:28:18 AM 93 BE | | BE
10:55:56 AM 110 EE 2] 1]
10:55:58 AM 110 ] | 2.1, 4 EE
10:56:00 AM 110 B BY EE
10:56:02 AM 110 B B 14 4
10:56:04 AM 110 .4 = EE
10:56:06 AM 110 B BE 154
10:56:08 AM 110 |+ 4 [ 3 1 4
11:13:20 AM 126 E BE 18 4
11:13:22 AM 126 E B [ - 4
11:13:24 AM 126 B X .5 4]
11:13:26 AM 126 e >0 ) gE
11:13:28 AM 126 B EE B
11:13:30 AM 126 [ )] EE BE
11:13:32 AM 126 E EE BE

C-1
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Target Cooling System Flow Test Report 30441R00045/B

APPENDIX D - Calculation for Extrapolating GA AP Test Values at 20°C (Constant) to
ANSYS-FLUENT Prediction Values at 34°C (Target Assembly Average)

The pressure drop in a turbulent flowing fluid is governed by the equation:

AP = (f L/d + K) (pV%/2)

fis the friction factor and governs the frictional component of the flow,

The friction pressure drop is linearly a function of the density, p and the friction factor, f.

f, in turn, is approximately a function of the Reynolds number to the -0.25 power', and Re is a
function of p/p.

ThUS, (APfriction)test / (APfriction)actual = (fp)test / (fp)actual = frest / factual * Ptest / Pactual = (ptestlutest)"o'zs/

(pactua|/Uactual)'o'25 * Ptest / Pactual =

[(prest / pactual)/ (Htest/l.lactual)]'0‘25 * Ptest / Pactual

K governs the momentum and area change component of the pressure drop.
Thus, the momentum pressure drop is linearly a function of the density, p.
So, (APmomentum)test / (Apmomentum)actual = Ptest ! Pactual

Our test is basically carried out with water at 20°C, but the real flow through the target will be at
an average temperature of 34°C, with the inlet at 29°C and the outlet at 39°C.

For the target flow at 2 atm:

Test conditions Actual conditions Test/Actual
p (kg/m3)ayg 998.2536 994.4179 1.0039
p (kg/m3)iniet 998.2536 995.9924 1.0023
p (kg/m3)outet 998.2536 992.6396 1.0057
M (kg/m sec)avg 0.001002 0.000734 1.3651

e
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Target Cooling System Flow Test Report 30441R00045/B

In addition, it is noted from GA report 30441R00038 that of the total [JJili] psid target assembly
pressure drop, - psid is the momentum pressure drop at the assembly inlet, - psid is
frictional pressure drop along the target rods, and - psid is the momentum pressure drop at
the assembly outlet. Thus [JJJll of the total pressure drop is inlet momentum drop, B s
frictional pressure drop and -% is outlet momentum drop. Assuming the same pressure drop
distribution through the test configuration would mean that

(AP) test / (APactuar) = -*1 .0023 +

I (1.0039/1.3651)°25* 1.0039) +

I 1.0057
- I 0205

Thus the measured pressure drops for the target assembly will be about 2.1% higher for the test
than the actual system.

b5a,d, e, f

Blasius, P. R. H. 1913. Das Aehnlichkeitsgesetz bei Reibungsvorgangen in Flissigkeiten.
Forschungsheft 131, 1-41.

5a, d,
e, f
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Target Cooling System Flow Test Report 30441R00045/B

APPENDIX E — Target Assembly Pressure Drop Test Data Sheets

DATA SHEET ‘
Target Cooling System Flow Test (30441P00026_A)
Section 3.3.2 - Target Assembly Pressure Crop Test

Operator: %M _ Date"_"‘lJL Operator: _Cacetz 2 &‘ 2 Date: 7"(47

VFD Frequency I ]
(Ha) 4o QA Review: MAwspl— oowi IE / 17
McMast Ouve Rewrled
Time Gauge EleAesmiually
Elasped | PI1-335 | PI-302 | DPI-310 | PI-308 | FT-110 | FT-100 | DPI-320 | o resoane | DPI-302 | PT-335 | L T—
Time (min) | (psig) | (psig) | (psig) | (psig) | (GPM) | (GPM) | (psig) (psig) (psig) (psig)
101294 0 -M.5 | WM |2 1.0 a3 a3 .S 0.5 My |
0.3 s |-ws | w21 | wo |2 [ad w5 | .8 .1
et
0.3 | 10 |-oub [rvat |24 weo [ A [93 [ s 10,6 3 % °S
104 15 |euab Moy 20 1.0 ad 13 VS 10.5 o 1M°F

Ten on fump D 10US YFD 2 0 W
to uaJsp-\c-

A(( Va‘uc> @res ’f‘l”j GK”BJ Wier 1‘; \6\ ased WV-200 de

LS \
alightly t taner Slow mefers

DATA SHEET
Target Cooling Systam Flow Test (30441P00026_A)
Section 3.3.2 - Target Assembly Pressure Drop Test

_)oo_,‘ Flow Case Operator: M Da(e:__"_‘_t (17 Operator: Cxﬁ ,la% pate:_ 716 r
L™ (o ] ' |
(Hz) 11 QA Review: _W“"’L— Date:_ l/kﬂ 7

Drvn Rawnrded

McMaster
Time Ghie | Sracteaantly
Elasped | PI-335 | P-302 | DPI-310 | PI-308 | FT-110 | FT-100 | DPI-320 | oy easzena | DPI-302 | PT-335 Therms covple
| Time (min) (psig) | (psig) (psig) (psig) (GPM) | (GPM) (psig) (psig) (psig) (psig) (&)

fo:1 0 ~-5.4 | 20.6 | 3.6 6.2 161 \o 2.2 "5 .7 14°F
16,52 5 ~5.% 20.5 | 3.7 e T 0w \o 2.1 .5 3 7Y
10451 10 -5.8 20.5 | 3.6 1.4 |1o% "o . .5 ) ™
ALY A 15 -5 [20M4 |20 I |vob [ o [ 2> | S -8 4

03 -20% 4 N peuket

=
Oa?tk Oudn ‘_‘,jsgr EnT - 2098
Calohration ,‘"_1116‘\8

0 U\
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Target Cooling System Flow Test Report

DATA SHEET
Target Cooling System Flow Test (30441P00026_A)
Section 3.3.2 - Target Assembly Pressure Drop Test

30441R00045/B

/
1'S % Flow Case Bl »Li‘ ‘{ g_é  pate- Tleliy Operaion; . Caceify Eﬂ; ~ oate_1lel17

VFD Frequency
(Hz) 2.1 QAReview: M A — Date: ]LL_“ =
McMaster
Time Gauge
Elasped | PI-335 | PI-302 (DPI-310 | PI-308 | FT-110 | FT-100 | DPI-320 | sy raszess | DPI-302 [ PT-335 | Tamp
Time: (min) (psig) (psig) (psig) (psig) (GPM) | (GPM) | (psig) (psig) (psig) (psig)
169 0 o N 0.1 we e | 3.0 1.0 1ol ™2
e —
LY s |-wR 210 |43 |2v.8 [n2 |'2b 2.8 \9.0 \.0 4.2
ERL 10 | 264 | 4 L we \26 2.9 19.0 1.0 LA PR
e 2% 15 |-L8 fea [ud (207 w2 12y | 2.4 a.Q .0 T4
Ar Temp  15°

niol 55 Wa

wet 5.7 He

E-2
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Target Cooling System Flow Test Report 30441R00045/B

APPENDIX F — Measuring & Test Equipment (M&TE) List with Certificates of Calibration

M&TE Name M&TE Asset No. Calibration Due Date
Pre?i)l;ig 3Gsa;uge QC-15-240 9/29/2018
Pres(;lii Osz;uge QC-15-238 12/22/2018
Pres(;ultg (%uge QC-15-239 12/22/2018
Different(ila)lpltgzszu)re Gauge QC-15-242 12/20/2018
Different(ilajlplzgslsou)re Gauge QC-15-243 12/12/2018
Different(ileslpl;rgzsou)re Gauge QC-15-246 2/20/2019
Pressure Transmitter QC-15-259 5/30/2019
(PT-335)
Torque Wrench QC-05-147 L6017

F-1
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Target Cooling System Flow Test Report 30441R00045/B

APPENDIX G - Laboratory Notebook Reference

All test data were recorded in Lab Notebook No. 13569.

Test Lab Notebook Page No.
Target Assembly Pressure Drop Test Page 8
Pump Coast-down Test Page 11
Labyrinth Seal Bypass Test Page 14

G-1





