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INTRODUCTION

The Rhode Island Nuclear Science Center research reactor has a
design capability of 5 MW (thermal power) level. The current
license level of operation is 2 MW. The recent conversion to
the LEU fuel necessitated a Safety Analysis Review (SAR) which
addressed a postulated loss of coolant. The Nuclear Regulatory
Commission approved the SAR and related information for the 2

MW case,

Thig report addresses the 3 MW situation and the proposed
emergency core cooling required. Since the original GE reactor
design did not include provisions for emergency cooling, it was
necessary to originate a design plan which would incorporate

gsome of the positive features available at the site.

1f the basic plan, herein described, is acceptable, a final
refined version can be formulated in order to obtain a higher

power license (3 MW) in the future.



B e e e e e e B A R S e B S Sl B R Ear-eainmmnten ha b ol Bm mben B milmi- B

LOSS OF COOLANT REVIEW

The SAR (Part B, Section X) calculated that the loss of ‘
coolant from the pool could cccur through a 1/2" diameter
hole in a beam port experiment and the 1" beam tube wvent ]
drain. The calculation from Section XIII1, Appendix C of the
SAR showed that a minimum of 3.76 gpm was needed to keep the
core box full (assuming water was directly flowing into the |
core box). A typical calculation to determine what flow rate
would be required to keep the pool full while the maximum

draining is taking place is shown below: |

F=.61al2g8]1/2 = .61(006176) [2 x 32.2 x (139.917-114.463) ]

P = .15 x 7.48 x 60 = 67,78 gal/min |

Using this equation, A "flow rate vs. elevation”" table was
developed (see Table A of this report). In addition to the
normal make-up water system, the proposed ECCS is basically a
"redundant" water supply line, a 2" line which serves as a
deluge type of discharge to the pool (thereby eliminating an
expensive piping system fabrication to the suspensinn frame and
down to the core).
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FACILITY WATER SUPPLY

The Wakefield Water Supply Company provides water to the
University of Rhode Island Bay Campus. The Rhode Island
Nuclear Science Center facility is located on the Bay Campus.

The water is supplied to the Bay Campus at 30 psi to the
30,000 gallon tanks. The tank bocster pump delivers water at
55 psi to the distribution system. If pressure drops or more
flow is needed the fire pump comes on boosting flow rate and
pressure to 85 psi. All 3 pumps in the system have emergency
generator backup. The Bay Campus demand (1992 records) is
about 83 gallons/minute, including the reactor building.
This means that a reserve supply in the tanks exists for 602

hours for normal Bay Campus demand.

A copy of the fire pump test results conducted for the system

by Keily Associates, the d=~ign firm, is enclosed.

The reliability of the system was discussed in the SAR dated
December 1992 in Section B, IX.

Refer to the plans in the appendix for the system piping.
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KIELY ASSOCIATES LTD.
FANES

LOWISQUISSET FREEWAY + MINERAL SPRING INTERCHANGE + P O BOX 4644, PROVIDENCE, RHODE ISLAND 02940 + TELEPHONE 724-8850

January 30, 1985

Otis C. Wyatt Jr., Chief
Narragansett Fire Department

4C Caswell Street
Narragansett, Rhode !sland 02882

et Fliyre Pump Teut
Graduate School cf Uceanography
University of Rhode Island
Narragansett Bay CAmpus

Dear Chief Wyatt:

We would like to acknowledge and thank you and the members

of your staff for their attendance and interest during the

January 29, 1985 fire pump test at Narragansett Bay Cam-
pus, University of Rhode Island.

The Peerless fire pump, Model 8AF20F, nominal capacity of
2000 GPM vs 85 psi, 1775 RPM, 12% 4P, 3P, 60C, equipped
with a Firetrol Model FTA 1500/FTA 900 Controller, was dis-
charged thru a bieterich Model ANR permanent flowmetler and

produced the following results:

2000 GPM - 2200 GPM at 85 psi
3000 GFM - 3200 GPM at 55 psi

It would be appreciated if you would attest to the observed
results, Ly countersipgning this correspondence and return-
ing to our office at the above address.

We have enclosed, for your record and file, a copy of results
of Test #1692u8, as performed by the Peerless Pump Company,
manufacturer of the fire pump.

Very truly yours,

KIELY ASSOCIATLS LTD Attest:

[

\ (| (,\7( i ( ’, { \ ' :
‘Daniel J Kiely ) :
DIK/fa FAE L. WEAAT. .

enclosure Narragan *
ec: Mr. Richard McGannon, GSO, URI Departme

Mr George Lrban, GS0, URI

Mr. Robert Stewart, URI




PRESENT POOL FILL SYSTEM OPERATION

The existing pool is filled through the make-up line from the
make-up demineralizer. The system has an automatic
electrically operated valve which opens when the pocl level
float switch 3 activated due to a drop in pool level. The
pool fill wvalve has a manual by-pass valve in case the
electric valve fails. At the present time the electrically
operated float switch and electrically operated wvalve "do

not" have emergency power.

It is proposed that, for 3 MW or higher, these components
should be tied into the facility emergency generator power
supply system. Measurements reflect that the system can

provide 2% gpm (minimum) to the pool.

PROPOSED EMERGENCY CORE COOLING SYSTEM OPERATION
(Refer to the Emergency Core Cooling System (ECCS) Schematics
in the Appendix)

In addition to the present pool fill (make-up) system, major
components of the ECCS will operate under AC power with
emergency power backup from the emergency generator. This
assures operation of electrical components with loss of AC

power .,

The reactor control system will regquire the addition of two
scram circuite to be used for 3 MW or higher. The first is
the ECCS water line pressure sensor which monitors the feed
line. A drop in normal water pressure below a preset valve

will scram the reactor.

The second scram function would be that of the autcomatic (AV)
ECCS water line valve opening, either from a signal from the

(L8) low pool level switch or an electrical malfunction.
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The proposed pressure sensor, level sensor, automatic valve
(position indication) components will have remote readout
capability for both the control room and the Emergency
Control Center (ECC). The line also contains a flow meter
for actual flow measurement during testing or a pool fill
event. This unit can also have a remote readout capability.

The (AV) has a manual override in case of the failure of the
electrical activator. The manual valves #2 and #3 are used

for a system by-pass flow test,

Manual valve #1 is used to isolate the system. It is to be
locked open, It is proposed to provide "after hours"
monitoring of the ECCS by integrating it to the facility
surveillance system. All the other components are located in
the reactor room.

Proposed activation of the opening of the ECCS AV is from the
low pool switch. The unit has a low level setting (10"-254")
which would be set for a drop in pool level of 6 feet (el.
133'4%). While filling the pool to a 3 feet rise (el.
136'4";, the unit would shut off and reset. This prevents an

overflow situation,




ECCS8 WATER SUPPLY ANALYSIS

An analysis of the 4" supply with the proposed 2" line supply
to the core, was performed using a computer program called
*Service Sizer*. (1)

The program has built-in piping tables, wvalve and fitting
tables and fixture unit tables. Input to the pipe size
calculation includes demand flow, demand pressure elevation
difference, supply pressure, pipe length, other equivalent
pipe length losgses, numbers of value and fittings and also a
permitted velocity. The program output includes calculated
pipe size, actual velocity, head loss and demand pressure.

The pressure {(supply) at the 4" pipe entering the building is
based on the accompanying fire test report. Due to high pump
pressure available, the proposed 2" line (ECCS) should have a
pressure reducing value. A 55 psi setting is more than
adegquate for expected demand. The wvalve would prevent
excessive line pressures when the Pay Campus fire pumps are
in use or when testing is conducted,

The analysis was performed with a 55 psi supply pressure. The
enclosed computer printout summarizes the results,

{1) Parkcon, Inc., 250 N. Center Street, P, 0. Box 5980,
Woodland Park, Colorade 8086-5980
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TABLE A

HEAD ABOVE CENTER CALCULATED MAXIMUM
...OF BEAM PORT FLOW RATE (GPM) FROM BEAM PORT
24.954 67.78
22 63 .64
20 60.68
5 57.57
16 54.27
14 50.76
12 47
10 42.9
a 38.38
f 33.23
4 27 .14
1.25% {(top of core box) R
It is assumed that (1) the gate valve to the beamport wvent

line is not shut

Y

(2) The beamport "shutter” 1s not in the
down position



B L IANG . CALCULAT IO Smiorer o o e s ooy i e S e oy o6 o5 ke 0k e o s 4 Printed On: &§/713/199%
Supply lLocation: Reactor building 4"supply line
55.0 psi, supply pressure available during demand
Demand Location: Reactor pool
47 .0 gpm demand flowing at 37.0 psi pressure

e B L OBE DAL S 1o o ot s sy oo i o e o b o ¢ o 9 b ot e e Sy st e s e 0 s e g
Elevation Difference: 20.0 ft  (mirnus if demand location lower than supply
Pipe Length: 150.0 ft Other Loss In Equivalent Pipe Length: f

Number of Valves & Fittings:

Corp Stop s CUYD S5top 3:Gate Valve :Globe Valv :Angle Vil
Bfly Valve :Swing Chk 1:5ide Tee iStraight T 10:5td Elbow
tLong Elbow :4% Elbow % 3 :
Backflow Prev: psi Water Meter: psi PRV: 1.0 psi  Other: PS
~~Dagign Calculation-=>w—mrwrervenw- e o e o e b g e e - +
Permitted Velocity: fps Pipe Type: CUM Calculated Pipe Size: 2 it

actual Velocity: 4.8 fps Head Loss: 17.8 psi Pres at Demand: 37.2 ps

“=DEMAND CALCULAT LON= = = = = o e o i o s o o s i e —m———

Predominantly Flushometers: N Public Use: N

~=Number of Fixturas-==ssssvre oty e Sy TP YA A P o e i ey e R i e
:Bathtub .Bar Sink :Bidet :Clothes Washr
:Cuspidor :Dishwasher :Drinking Ftn iHose Bib
:Kitchen Sink Lavatory :Laundry Tub :Shower Head
Service Sink tUrinal Pedest iUrinal wall iUrinal Tank
iWagh Sink ‘WC Flushometr WC Tank ; :

= ¥ -

Additional: fixture units | Total: fixture units

Continuous Demand: apm Fixture Demand:

Total Demand:
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CONCLUSIONS

A postulated "Loss of Coolant® accident to power levels above
the existing 2 MW licensed power level would lead to possible
reactor cose damage due to heat generation. The decay analysis
define« the need for additional emergency cooling water during
decay times up to 20 hours after shutdown at 3 Mw. The
existing pool feed system is capable of supplying about 25 gpm,
enough water to maintain the cntire reactor pool at about 2
feet above the core box (see Table A). The proposed emergency
core cooling system could provide about 47 gpm, enough water to
maintain the pool level at about 10 1/2 feet above the core box
at maximum water loss. Together the two systems could provide
about 62 gpm. In the unlikely case of a simultaneous loss of
coclant accident and termination of water to the Wakefield
Water Company, the Bay Campug storage tanks are capable of
supplying reserve water for an extended time sufficient to
reduce decay time to below the minimum for core damage.

The above analysis is conservative in a number of areas. The
LOCA assumes maximum drainage times with no operator actions to
close the beamport shutter, close the vent line drain, etc.
The water supply and the proposed ECCS are safeguarded from
electrical power loss with emergency power backup.

It is our conclusion that the proposed system can sustain the

proper level of cooling reguired and maintain acceptable levels
of reliability within minimum risk.
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ECCS MAJOR EQUIPMENT AND COMPONENTS
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* + 2% Accuracy of Read]

* Ball Bearing Design for
Economy

e Non-Metallic 8(‘(!7017;;
Retainers for Long Life

* Replacement Bearings
Field Installable Without
Loss of Calibration

* Disassembles Quickly for
Easy Maintenance

* Deflector Cones Stabhilize
the Low Mass Rotor for
Increased Bearing Life
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SURBINE FLOWMETER SYSTEMS

FTB-100 Series

CONDITIONERS CONTROL

Puiss Pulse Output
Page J-19
y itage or Current Output

Pages J-20

DISPLAY, TOTALIZF
AND BATCH CONTROL

Scaled Pulse or Current Output
Pages J-15 and J-16

of Construction: Body: 304

steel Rotor: 17-4 PH s

E The FTB-100 Turbine Meters are SPECIFICATIONS: Materials
available with integral =igna Finlingine todad
E conditioners which provide scaled Repeatability: 4 eading e e

stainiess stee

b and L.ﬂ\,k.( aled frequencies,. 4-20 m/ Maximum Temperature Range
0(05 YOIt OUtDULE ney re sf ! '
E onpage F-11. Units wit L ihe Maximum Intermittent Qverrange

b Integral signa Jiioner are - . § For fluids other than water, refer I
& Supplied with their matir nr { Minimum Output Amplitude: 30 n Pages F-5 thru F-7 and consult
for two wire hook-uj Peak 1o Peak ¢ v Engineering Department

‘ To Order (Specify Model Number) HIGHLIGHTED MODELS STOCKED FOR FAST DELIVERY

13,000

640

! 245" | 10000 |

R S e | s2 | 2e | 0w |
{ P& 18 200 4100

oo P os0 | so o | a2st | 2200




NEMA 4X WATERTIGHT PRESSURE SWI TCH ‘

For Harsh or Corrosive Environments

Low Pressure Ranges
30" Hg Vac to 150" H20 §
High Pressure Ranges 15
to 3000 PSI

Buna-N or 3165S
Diaphragm

I0A SPDT Switch
Tamper/vibration
resistant setpoint
adjustment 20 to 100%
range

Fixed or Adjustable
deadband

Watertight
Neoprene

Gasket

SPECIFICAT IONS

Apprc .
Storage Temg 01

Ambient Temp. Limits

Setpoint Repeatability
Switch Qutput

e WIre

Eiectrical Rating

Enclosure: Epoxy
jaskete

W?th‘?

Electrical Connectior

Pressure Connecti




HIGHLIGHTED MODELS STOCKED FOR FAST DELIVERY |
3 ADJUSTABLE RANGE DEAD BAND |

F MODEL PRICE ENGLISH METRIC ENGLISH PROOF
] N UNITS PRESSURE SWITCH

g {

—_——

{

’ ',‘“ \
E PSW-301 $235 6t 30 IN Hg Va 20 1 kf to 24 250 PS 10A SPDT
LPSW-302 610 30 IN H 510 75 k 11027 | 20PSI |  10A SPD
| PSW-303 235 1210 60 IN H: - " 5 10 54 20PSI | 10A SPDT
PSW-304 235 0 10 150 IN H: K 810 1 | 20 PS
B Psw-305 205 015§ . 251013 | 500PS|I | 10A SPDT
EPSW-306 205 61 ; K 500 4 10A SPD1
" -307 205 2010 1 f 40 1 Kt o 9 1000 P 10A SPDT ‘
IPSW-308 205 to : Kk to 16 " 1000 F V 10A SPDT ‘
PSW-309 80 to 4 - 15 10 3¢ 2400 PSI | 10A SPDT |
PSW 310 260 ' O § ' Y a0 14 G 12000 PS 10A SPDT
EPSW-311 60 ' . 21 M¥ . 2000 PSI | PO
Dual f F ‘ i
PSW-321 $265 61 30 IN Hg V 20t kb 1014 | 250 PS TWO 15A SPDT ‘
PSW.322 265 61 N H: h 10 1.4 20PSI | TWO 15A SPDT

W-323 26¢ to 60 IN H 5 kF 018 | 20PS | TWO 154 SPDT |

PSW.324 to 150 IN H . kF i ; 20 PS TWO 154 SPOT |




DUAL-POINT LEVEL SWITCH

on-Contact Ultrasonic Level Sensors

LV-220 Series

i ,» Integral Electronics/
Non-contact Sensor

‘ Design

b ,» No Reference Targets

Required for Calibration

Microprocessor Control

Rugged Sensor Design in

¢ CPVC or Kynar

i »» Dual SPDT Relays for
Hi/Lo Failsafe Indication

A

Units designed for liquids with vapor
pmuuvn equal ‘o or less than water
For other applications consult
: Engineering

4

51240

RS2 ShIak wilold SPECIFICATION
tﬁCY q\, point level devics Range: 10” 1o 18 254 cm to 460 cn
By use ultras et Repeatability: 125" typica

Binology to measure leve Operation Modes: Four switchable

" YBYQ['V P — 1o P55 fram the alele [ niy £ relay outputs), M ang |
B80r face (25 dcm to 64R8cm) 1 AutoEmpty/Auto F {car be set for bott
Dinate costly vt builit - 11 IeVel FRiisate

Ultrasonic Frequency: 50 KHz

0 roce
P Beam Angle: Conical 12°(typica

b0l |bva!, ’ -.“,7'_ 4

B s e e = et bt Enclosure Type: NEMA-4 watertigi
k' ‘O : ) " W 1 1e0F ¥ exg . n-resistant: Class |. Gri up Ca
;. ¢ vre« eVt ( lass il, Group E. F. & G: Crass Il

'?ﬁf;i}'?..l pact uns """.‘45“?‘;%‘”°‘°"?°' OV o kynart HIGHLIGHTED MODELS STOCKED
Bining sensor and ol 1050 PSIG (322 kglem?) operating  £OR FAST DELIVERY

B8N be installed or removed o pressure
8 without special tools Temperature Range: Sensor: -22°F1o  How to Order
etions. Four operatior nodes +158 F (~30°C to +70 *(
Itch selectable independent Electronics: +10°F 1o 158°F (-12°C ‘ &5 i
Rand low alarm 70°C), (operating | Price |
BHatic empty i oy Weight: 8 1b (36 kg Bt
9. For a wide ranae of Operating Power: 115V, 50/60 Hz;: 230V, | | $1240 . !
RECal compatibility the se 50/60 Hz or 24 Vdc optiona Lv.222 1366 Kynar® 4
galle in Cp K Switch Contacts: 2 SPDT Independent Y :
By il y & A at 24 Vdc: 2 A at 118 g rder units with 24 Vdc power, add suffix
o ik . var, c Aal 4V 10 mode Add 872 1 st To order
v ' with 230 Vac power, add sutfix -230V 1«
Power Consumption: 2 10 5 watts Add $100 ¢
Mounting: 2" NPT Ordering Example: LV 221-24V calis for a
. P Tvpe Level Swilch with 24 Vdc Powe
e$1240 + 72 = $1312
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71-100 Series

Bronze Apollo’
With Mounting Pad

FEATURES

® Designed for deadman spring rn !
1ICTuat I ] 4nd panel n nung
® Reintorced TFE seats and stutfing box J
. !Al 1 ‘/"v .v'.‘ v . ' | &L
( ) r g t }' +
® Deadman s; ] n handle th 4
® 316 sta ball and st — i
|
® Adjustable |
® Static groundin 3 J
® Roug I piating , I
® Stex ‘ mdd ¢ ] i
e i handles t} 1 >
® Original bala ] !
L] ’\-’ | '} 1 11
i P ¢
P i s
ﬂ' 4 (| “TAPPING H N
H G / S "“”"l‘:*?‘*"z \ S
5 - - $= "\_4
{ | - . y 1 W
L(_ e ! | 7 A \ A\
I ! 1 \1“1‘
e TAPPING: H | 1 Ay | Tt 1T
| o i | - 1 A - ’/. 7
{ 1 g
\ v o J - \:‘
‘
BRONZE — THREADED
- O T ar F—
| 1 [ T
NUMBER @ SIZE* | A B I e E F G | H
T A I e (YR R 8 : + 1 »
f1-104 | 4 | 68 | ' 487 8 | | 10-24 NC
e v e i —ee—at + - . -
' y | 487 | { 24 NC
 EERESoe———— P p————t . .
i g | & | + FALs Y 5.5C i | Y%-20 NC
P 10 | 190 4 200 , 1 |
| | . 218 |- 4 - 2 | 1 | %4-20NC
—— — T - et e + ey —— : iy T T Mo e
n‘- L% 41 | % ©.UL | 2s | Ya-20 NC
—— - - + ———- —— R o et e e e -
!r | § 1 = T : 1 & "V(’
{ “t 2 “ | | 4- LU AN
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Apollo EVA Series Electric Actuators

Lrures
- {6 4 A
<

poll: | i )
Highlights and Advantages

* [ ) %
® i il JUEKE
ts 1 §ea wat 3!
M ytir
@ I .
. inai i 1000¢
L ind « J wit
L sianaat
. @ [ d lightweig I be
L ugged b motor 101
€ At 3] 1 | I'TE araw
N r
! art A st DC motor !
k il W tput ie

Specitications

Operating Temperature

Entry

Enclosure

Limit Switches LA 1]

Duty Cycle . na elow F excent #IN Seri pelow 1 F AC Reveraibli 20 starts /hr

Mounhnq

Stand_ard théopg | and_ Accessories

e Voltages 3 24, 115 & 220v 50/60 Hz, Ac & 12 & 24v DC. Reversible AC models 115v 60 Hz. DX
® Limit Switches
® Potentiometer
' ® Heaters !
® Extra Corrosion Resistant -~ NEMA 4x e re 11 i¢ 1 egistant epoxy pa
B Bor vt :
¢ NOTE
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water pressure
reducing valves

Series U5, USB
STANDARD CAPACITY Water Pressure
Reducing Valves with Integral Strainer

} ' . f1ietria
¢ ¢ | L i JuU a

Use
with Gauge
Sultix GG
OPTIONS
LP

Suthix

H¥

8 s .
OPTIONS 1 ! '

108 ar (15 3
. L 1 X ‘ ! } ew
SC - sealed 3 e USE BY PASS FEATURE
. : ’
GG with 160 1. gaupe p
AL el
» J,/
i -
Senies UGB Sizes ? ; : s — l
! ! L i ki ] 1 V ¢
' OIMENSIONS
A t { Veerght
FLOW CAPACITIES
¥ CRpACITie o pere a5 averny
¥ i i f due 10 demand. | spec.if
W vons, refer to F-US
wh Bre Disse fitterance of S0 Ibs T
eguiat . pressure. Whers
¥ . aRCity showr

Series A | 3
Us Use 1 40 8( 64 100

25AUB 16 2% 8 52 b 85

223 36 50 B¢ 132 16
NZ2238 785 375%
N223F 210
127W 25(

TR

Series US and 25AUB meals the re

ASSE Std 1003 ANSI A112

Southern Standard Piumbing Coge ang

Series 25AUB

Bronze Body
Water Pressure Regulator

For supply water pressures up to 300 Ibs. ar
25 t0 75 Ibs, The standard setting is 50 'bs
incorporated into these valves accurately contr
pressure and thermal expansi
izing the system and supply pressure whe

on Ly equa

relief setting s excess of available

pply main pressure. Max t¢ 180°F
phragm t

OPTIONS (Suffix)

S - with sweat union inlet x NPT ¢

DU - with threaded unio et and outlet

GG - with gauge tapping a 160 Ib. gauge

SC - sealed spring cage ! se applica

S-DU - Sweat union inlet and outlet

HP - High pressure range 75-125 |bs
Set for 80 Ibs. no f

Ow pressure

juirements ot

d can be sdjusted from

The by-pass feature
s build-up of system

25AUB
with Gauge
Suttix GG

Save on wastewater When we car
previously consumed, this al.D represents a

which will npt be going into SeWer system

Note: Aln "
N witer Tow
o tha
i wi
Reducing the wats

pressure w result
saving because 'ess

water tig i1 fowe
e !
Write for our "'23 U&/ brochure o

save 1/3 of the water
similar saving of water

water and enargy savings

23 - for waterworks pit installations. Mas sealed

spring cage and corrosionyesistant af ir

and cage screws %2 1 — i
Z7 - 400 tb. max. initial pressurée P

Size
No Inche DIMENSIONS linche veigt -
A § { {

26AU8 { i
25AL8 ;
25AUE y ; B8 = il | :
J5AUB 2 8% : t SN . Sy
Save on energy The EPA estimates that 30% of the water
used households is heated Red ) sumption also saves of
EMuiQy
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