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configuration, this duty cycle also regquires special start-up
considerations when converting to an LEU core.
The studies performed for the LEU conversion have included

caleculations for operation at power levels above 2 MW and for

advanced core designs. This was don to. insure that the
conversion process did not compromise the future capabilities of
the reactor. This safety analysis report however contalns aonly
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information necessary for the initia
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DESCRIPTION OF REACTOR SYSTEMS

The reactor system is described in the initial safety
analysis report /1/. Only a synopsis of system components
important to the ccnversion will be presented here.

The reactor core 3sits on a 7x9 grid plate with the four
corner grid positions occupied by the suscension frame corner
posts. These corner posts ccanect the grid plate to tha reactor
bridge which spans the open pcol. The hcllow corner posts each
contain a neutron detector reguired for the operation of the
reactor, The grid plate is suspended about 8 meters (26.33
feet) below the pool water surface,

This grid plate is installed near the bottom of a grid box
whose four sides are enclosed, top is open to the pool and

bottom connects to an enclosed plenun for coolant flow, The
grid box also contains two permanently installed shrouds in
which four boral control-safety blades (rods) move. This

arrangement is shown in Figure 1.

The grid location of the four boral control-safety Dblades
cannot be moved. The boral regulating rod, however, while fixed
in the reflector region of the HEU core, can be relocated,
While some grid positions are shown vacant for clarity, during
operation each grid position must contain a fuel element, a
reflector plece, an irradiation basket, or a plug. Otherwise
the coolant flow will by-pass the core through the vacant grid
position.

The HEU fuel element consists of 18 flat aluminium plates
with a thickness of 1.52 mm (.060 inches). The fuel meat is
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0.508 mm (.020 inches) and consists of 93% enriched uranium in
UAlx matrix. The clad is 0.508 mm (.02C inches) and consists ~f
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aluminum, The zpacing between fuel plates dis 2.54 mm (0.1
inches). When new, each plate contains 6.889 grams of Uranium

.

235 for a total Uranium 235 element weight of 124 gm.

J

.

' The operating HEU core is made up of these fuel elsments

and consists of between 28 and 35 elements surrsunded on four
gsides by graphite reflector pie

CE&s
ry low powe: density resulting

®

characterized as large with a v
in a low thermal flux per unit power. The lightly loaded fuel

e

elements makes the core large enocugh to encompass
control blades. Even with extra ordinary techniques, the
maximum burn-up achievable is about 14%. Posirions in the gr
plate not containing a fuel element <r a reflecter plece are
filled with an irradiation basket. Figure 2 presents a
30 elemenrt HEU core.
Operation is also permissible with water reflection of the
;' reactor. During the initial startup of the reactor, many
: measurements were made of the characteristics of a water
reflected core. However, such a core has never been cperated
above 100 KW because of the requirement of the expecsimental
program and the lack of sufficient irradiation baskets to plug
grid positions vacated by graphite reflectors. (Operaticn using
natural convection cooling is limited to a maximum power level

j of 100 KW).
i The core may be positicned anywhere on the center line of a
three section, interconnected pool. Operation using forced

convection is only possible in the circular end section where a
connection can be made to cooling pipes. In this high power
section, the core neutrons are available to six radial beam
tubes (three in use), a through tube, a graphite thermal cclumn
through which a hole has been cut creating an additional radial
beam tube, and the termirals of two pneumatic irradiation
(rabbit) system.. Between the graphite thermal column and the
core 18 a permanently installed slab of lead serving as a
. thermal shield. The thermal shield is cooled by water which is
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currently forced arourd the shield using the pressure difference
between the inlet and ocutlet primary coolant lines.

The control of make-up water to the pool is automatic using
a float activated motorized valve. This systesn activates for a

drop in pool level of 2.54 om (1 ingh). For a drop of 5.08 on

P&

{2 inches), the reactor, if running, will scram,
The neutron detectors in each cornexr poest provide signals

1

to- the control and safety system, ithough most of this system

=

18 the original eguipment, it has been well maintaisr oA and is
reliable.

Using a primary pump the core is cooled at 2 megawatts by
downward flow of 0.109 m3/sec (1730 gpm). Using a -~ “"nless
steel heat exchanger, the heat in this primary «.  .r is
transferred to a seccondary cooling system operating with a
nominal flow of .0631 m?/sec (1000 gpm) and using a forced draft
gecling tower.

The reactor is housed in a semi gas-tight, windowless
building which uses the confinement concept for the controlled
release of radiocactivity in the unlikely event of a reactor
acciient. The controlled release is produced by a blower and is
through HEPA and charcoal filters and a stack. The release
creates a negative pressure differential between the atmosphere
and the building insuring that leaks thrcugh the building are
inward.

During the initial start-up phase for the reactor,
criticality Jdeterminations were made for 17 graphite and water
reflected cores. Excess reactivity measurements were made as
the core size increased towards the operating core. In
addition, control blade calibrations and the core thermal flux
distribution were experimentally determined.

CONVERSION CRITERIA AND OBJECTIVES

There are six basic criteria and »bijectives of the LEU
conversion program. These are:

:
®
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d., graphite and beryllium reflectors
e. re.ocation of the regulating rod positicn,
if necessary
f. use of stainless steel as the regulating rad,
The neutronic calculations have been performed by Asgonne

National lLaboratery using the EPRI Cell, DIF 2D, nd VIM Monte
carle Codes. Incorporating all of the information gathered
during these sccping studies and remembeéring the six zonversion

criteria snd objectives, a LEU conversion design has emerged.
LEU CONVERSION CORE

The LEU conversion core consists of a compact configuration
using 22 standard plates per fuel element and a combination of
graphite and bery’.lium reflectors.

Figure 4 gresents the startup version of the conversion
core which ¢.nsists cf 14 fuel elements, The elements contain a
total of 75 grams of U~235 each. A central beryllium plece
with a 38mm hole is incorporated as a flux trap. The regulating
rod 4is stainless steel and has been moved one grid position so
as to be adijacent to the compuct core. The LEU fuel used is the
uraniun silicide-aluminum dispersion fuel approved for use by
the NRC under NUREG-1313,.

Table 3 presents reactivity data on this core. The core is
graphite and beryllium reflected with an excess reactivity of
3.1% a regulating rod worth of 0.45%, a shutdown margin with
blade 3 struck out of 6.7% and a total power peaking factor of
2.64. This design allows the use of existing graphite
reflectors along wit . ‘1ly acquired beryllium reflectcrs.

Because of the i@ shift operator, the xencn behavicr of
this core is cyclical and this core can be operated as long as
it is possible to operate on Friday moraning. Using computer
simulation, this core has been "run down" until a Friday morning
startup is no longer possible. The reactivity balance is shown
in Table 2.

The reactivity requirements for Xe, Sm, long lived fission
products, control, and the cold-hot swing is approximately 3%

. |
:
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Figure 3 - Description of HEU and LEU Fuel Elements

HEU LEU

Niwmber of Fueled Plates/Element i8 &2
Fissile Loading/Element, g <-50 124 275
Fuel Meat Composition UAly-Al UaBiz-aAl
Cladding Material 1100 Al 6061 ALl
Fuel Meat Dimensions 3

thickness, mm Q.508 508

width, mm 52,1 » $1.0 62.7 = 71,1

length, mm §59 =597 $72 - €10
Cladding Thickness, mm 0.50e 0.381

i1 10 ppm natural boron was added to the composition of the cladding
and all fuel element structural materials to represent the
alloying materials, boron impurity, and other impurities in the
1100 Al of the HEU elemen"s.

2 20 ppm natural boron was added to the composition of the cladding
and structural macerials of the LEU elements to represen: the
alleying materials, boron impurity, and other impurities in €061
Al. Aluminum with no boron or other impurities was used in the
fuel meat of both the HEU and LEU elements,.

3 Reference Drawings:
HEU : EG&G #411647
Plate
LEU " EG&G #422873
plate



EQUILIBRIUM CORE

& \ad Core Lifetime: - 57 Wxs (- 2300 Full Power Hours
Core Litetime: - 80 Wks (-~ 400 Full Power Hours
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THeE AL

27s | 200 | 230 | 242 | 278
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TABLE 2

Reactivity Balances on the Friday Morning of the Last Week of Operation for Ten Cores from
Startup o Equilibrium

Fresh Cold Clean
Reactivity Losses
Burnup

Xe
Sm

Long Lived F .

Cold-Hot Swiny
Contro!

Reflecior Changes Only

Sta tup Core 2 Core 3
% sk/k % Ak/k % Ak/k

3.00 5.19 692
0.30 1.85 3.17
1.54 1.54 1.54
0.57 0.73 673
0.09 057 0.97
0.30 0.30 6.30
0.20 0.20 0.20
300 519 6.91

4 Bumed Elememts Removed and 4 Fresh clements Added in Comers

Corce 4 Core 5 Core 6 Cowre 7 {Core 8 Core 9 Core 10

% Ak/k % Ak/k % Ak/k % AK/K % AK/K % AK/K % Ak/K

692 642 652 6 92 692 692 692
108 109 3.12 167 3 06 1 06 1 06
i.54 1 .54 1.54 1.54 1. 54 54 I 54
0.73 0733 073 073 173 0n 73 973
106 103 1.03 .07 106 t G7 1 67
030 0 30 0 30 0 30 £ 10 0 30 6 34

0.20 0.2¢ 020 020 020 020 0.20
691 6 X9 692 691 6 X9 L ) H 9t
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For the LEU cores, additicnal kinetic parameters and reactivity
coefficients were calculated by ANL. The comparisong are sghown in
Table 4.

Table 4
HEU LEU LEU LEU
Ref. startup Transition gquilib,
‘\;:E "\:E ™A " oy
) L s ; ¢ wiils LI
Delayed Neutron C.762 0.782 0.7786 0,764
Fraction, P-eff, &
Prompt Neutron 76.3 66.2 £€6.0 €8.3
GCeneration Time, s
i T i : 20-40°C

Change in Water
Temperature Only

3Ak/k % 10°4/9C

cocolant -1.51 -0.80 ~0 .86 <.88
Change in Water

Density COnly

$4k/k x 10°4/°C

Coolant =0.44 =Q.82 =873 =69
Coolant Coeff.,

2Ax/k x 10-479C

Coolant -2.0 -1.6 -1.6 -1.6
Doppler Coeff.,

RAk/k x 10°%/9C

Fuel £.0 ~0,18 -0.18 -0.18
Temperature Coeff”,

%Ak/k = 10-4/9C -2.0 -1.8 -1.8 -1.8
8Ak/k/% Veid 0.0015%5 0,0027 0.00L25 0.0023

*Fuel and coolant temperature changes were assumed to be the same

here. The fuel tempecrature rise will be larger than that of the
coolart, Change in Reactivity = (Coolant Coefficient) x ATasslan:

4+ (Doppler Coefficient) x ATfuel-

It can be seen that there are no significant differerices between
the HEU and LEU kinetic and reactivity parameters.



START-UP ACCIDENT

This accident was analyzed using a digital computer program

PARET/3/. The accident iy pstulated to proceed under the

i The reactor 48 in the oold clean condition with power at
source level.

il The serve regulating rod is withdrawn, followed !

continuous withdrawal of all safety blades in succession at

their maximum ra%e.

iii. Period sciam protection taiils.

iv. The reactor is scrammed by the high flux sensor
instrumentation when the power level reaches 2.4 MW (20%

cverpower) .

V. The delay time from generation of a high flux scram signal
to the instant when the safety blades are free to drop is
conservatively taken as 0.5 seconds.

The analyses indicate that the maximum fuel temperature
(i.e., hot spot in the hottest channel} reaches §67.3°C (153°F) for
the HEU fuel and 88.1°C (191°F) for the LEU fuel. Thus, it can be
concludedtt 7 hat this accident results in no harm to the reactor.

If assumption "4iii" is mcauified to < "period and high flux
scram protection fails" - then reactcr power wculd continue to
rise beyond the trip point (2.4 MW) until the negative reactiviiLy
intrecduced by the void and temperature coefficients is greater
that the net positive reactivity inserted by blade withdrawa..
Table I provides the peak power and the maximum cladding
temperature reached in the cladding for both HEU and LEU fuel
cases. In each case, the maximum cladding temperature is less
that 150°C (302°F) = much lower than the S84°C (1080° ) melting
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(4)
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(9)

ASAE;, T74-PUP-44, "Stress and Deformation Analysis  or

Irridation Induced Swelling" by B, V. Winkel, 1374

"Surveillance Testing and Property Evaluation of Beryllium in
-

Tesr Reactors", <.M. Beeston, MR, Martin, L.H. Brinkman,
G.E. Korth, &and W,C:; Francis, Aercjet Nuclear Company, Idah
Falls, Idaho (U, 5. Atemic Energy Commissicn Idahe Operations

(ot

'E )

Dffice under sontract number AR!ID«1)=1

The Mechanical Properties o¢f 3Scme Highly Irradiated
Beryllium, J.B. Rich, G.P. Walters and R.3. Barnes, Atomic
Research Establishment, Metallurgy ODivision, March 1361

Properties of Irradiated Beryllium Statistical Evaluation
J.M, Beeston, EG&G ldaho, October 1976

Missouri University TM-ERS-62-1, MOU-30203, June 22, 1962,
"Stress and Thermal Analysis of the Beryllium Reflector for
the University of Missouri Reactor®

General Electric Co. Atcmic Power Eguipment Department
Standard 788, "Beryllium, Hot Pressed, Nuclear Grade"

“The Effects of Neutron Irradiation on Beryllium Metal", B.5.
Hickman, The Institute of Metals Conference on the Metallurgy
of Beryllium, October 1961

"The Effect of High-Temperature Reactor Irradiation on Scome
Physical and Mechanical Properties of Beryllium, J.R. Weir,
The Institute of Metals, Conterence on the Metallurgy of
Beryllium, October 1961

"The PBRehavior of Irradiated Beryllium, R.S. Barnes, The
Institute of Metals, Conference on the Metallurgy of
Beryliium, October 1961
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rart B Thermal Hydrauli. Analysis
INTRODUCTION
The thermal hydrauvlic siudies for the LEU core have ceen
+

2 = y -~ : | p LS B g .~
4 joint effcrt by =he Rhode Tiland Nuclear fclence | ter

(RINSBT) and Argonne National Laboratory. Thé proposed nhew

te, channel dimensions and octher parameters used in

v
1
’,J
-
s
o

the thermal hydraulic studies are hereby referenced in the

Appendix A documents,

DESCRIPTION OF COMPUTER PROGRAMS USED
IN THE THERMAL HYDRAULIC ANALYSIS

The computer programs used by the Rhode Islanc Nuclear
Science Center Steady-State Analysis, Hot Channel Analysis
and Natural Convection Analysis were cbtained from Argonne
National Labofatory. The programs were supplied as a
VAX/Fortran Version and were subsequently converted for use
on an Apple (Macintosh 1II) computer using the "Absoft
Compiler". This was performed so that the staff could
ut.lize in-house computers.

The program entitled "PLTEMP"™ was used to perform the
"Strady~Stace” and single Hot Channel Analyses.

The program entitled "NATCON" was use to perform the
Natural Convection Calculations.

e e e
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LEU PARAMETERS

The parametoers used in the Y“PLTEMF" and "NATCONY programs
were calculated using the "LEU Fuel Element” and the proposed tore
¢ {lguravions. Previous sections addresa nurlear parameters,
T..w Physical dimensions of ccre components used were cbtained fiom
current Grawings,

In addition to the normal dimenaions of ccre companents used
af the Thermal-HKydraulic Analysis, the LEU fuel therma
conductivity was calculated. This information {8 as shown i
Appendix A.

Ancther parameter studied is the "Critical Veleocity for Fuel
Plate Deformation®. This analysis is shown In "Appendix 8",
Below is a list of core components and their respective drawing
numbers used as referesnce data.

i

LSEE _COMECHENT SEARING MUMEEER
LEU Fuel Plate EGEG #411650
Radiation Basket (w/orifice plate) GE #798D4L3
Control Blade GE #197E647

Servo Contrul Element (Regulating Blade) GE #6120964, 7670407 |
Graphite Reflector (also Be reflector) GE #985C248
Antimony Beryllium Source GE #655C4130
Radiation Basket (center hole type) GE #798D413
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I MW

TABLE A
DF (MPA) | Core Flow By Pass Total Flow | Core Flow By -Pass Total Flow
tkg/s) Flow (kg/s) JIGPM) (GPM) (GPM)
(kg/s)
8025 431 %1 2549 69 30 HOK 00 407 00 1165
DO3N 4% S6 2R 15 7671 714 (0 449 00 1223
RE RS 52 9% 063 LEXH | X34 S 4R% S0 1333
004N 57.14 31166 9 RO 9108 536 20 1447
D04s 6107 3513 96 20 9735 559 50 1533
0050 64 83 37.21 102 04 1633 4 59131 60 1627
00ss 68 43 39.19 762 1090 4 624 20 1715
60 T1.89 4109 112 98 114600 654 06 1800
eSS 75.23 24.77 1IR.16 1199 00 684 0O 1R%3
TABLER
AP By Pass Corz Flow | Total Flow | Outlet Bulk Plate Outlet Bulk Plate
MPAS l-;h'w ‘ . Temp OC Susface Temp OC Surface
{GPM) {GPM) {GPM} Temp OC Temp °C
F axial=1132 I F axial=132 {F axial=1536]F axial=1535
002s 407 0 HYR 0 1§05 5470 74 06 54 70 77.52
0030 449 0 7740 1223 53 49 71.49 5344 74 71
0035 4%8 5 R44 5 13313 52.56 69 69 52.56 72 49
0046 S3in2 9108 1447 Si.K81 68 03 5181 70 69
2045 5595 973 5 15313 51.20 66 65 5120 69 iR
0S50 59316 N33 4 1627 S0 .69 65.29 50 69 67 89
(155 624.2 1090 % 1715 50.25 64 7% SO 25 66 78
OH060 654 0 1146 0 IR0 49 R6 63 56 49 86 65 RO
0065 684 0 11990 J8K3 49 53 62.77 49 53 64 94
0070 7190 12500 1669 49 21 6207 4923 4 16
NOTES i} Normal Primary

$2)

Pump Opecration 1730 GPM
Calculations Based on Inlct Temp to Core of 42 19C







JABLE D

AXIAL DiSTRIBUTION
INTERFACE RELATIVE DISTANCE BLADE OUT BLADE IN 50%

1 000 4105 553

2 605 5506 2682

3 010 6816 4759

1 015 8176 6744

5 620 9219 %597

5 025 1 6228 i 0283

7 030 11111 11770

8 015 : 1850 1.302%

9 0 30 1.2435 1 4032

1 045 i 2KS8 14764
o 050 1.3200 1 Siel
- T2 055 1 JRSK 4764
13 0 60 12435 1 4032
14 0 6s 1 1850 i 328
15 o 70 'WITE 11770
1% 075 1622 10283
17 80 9219 X597
T 0K 8076 144
10 0 9 HE 1% 4759
20 0 as 5506 J6R?
21 00 1105 0553










NNE pe—
F AXIAL = 1.536
AP Total Flow T Serface T Swerface T Serface T  Surface T SAT T onb
(MPA} (GPM) 2 i 24 z.
MW MW MW MW
D025 1105 122.2 122.57 122 86 12319 115.82 122.1
034 1223 122.27 122 57 122.87 123.18 115 82 122.1
D035 1333 11827 122 58 122 88 12316 115 82 122.1
0040 1447 ;14 99 121 .60 122 89 123.17 115 82 122.1
0045 1533 111 44 117.7% 122 90 123.19 115.82 122.1
0050 1627 108 40 114 4} 120.36 §123.20 115 .82 122.1
0N0ss 1715 05 14 1] 54 117.24 122.93 115 82 122.1
OO60 1 8O3 103 39 109 00 i14 53 120 00 11582 122.1
DO6S 18813 191 30 106 75 112.10 117.39 115 82 122.1
0070 1963 wg 42 104 71 09 93 115 06 115 82 122,
F AXIAL = 1.32
AP Total Flow T  Serface T Serface T Serface T Serface T SAT. T onb
T {GPM) 2 22 2.4 26 oc or
(MPA; . MW - MW
0025 1105 120 80 12209 122.36 122.62 1iS R2 122.1
0030 1223 11sm 12152 122.37 12263 1§iSR2 1221
(i35 1333 110 36 116 52 122 18 122 64 1i5.82 122.1
0040 1447 106 55 112 49 1i8 16 122 .65 115 82 122 .1
0045 1533 s 3% 108 94 114 44 119 86 §i1SR2 122.1
0050 1627 100 67 10S 99 i1l 26 116 48 1S K2 122.1
AM)SS 1715 9% 103 43 108 49 i13 51 IS K2 122}
(60 TR0 9621 13 I8 106 07 110 96 115 82 122.1
0065 1881 Q3 16 g 17 108 9% JO3K S§ 115 K2 1221
00 7o (AT 169 G7 1% 01 a7 N6 S| 11S R2 §122.1







NATURAL CONVECTION

The present HEU core has a licensed limit of 100 kw
operation for the reactor in the natural convection mode (No
Primacry Pump Operation).,

The Natural Convection Analysis for the LEU core was
performed using the NATCON Program. The program was run for
both the regular channel and the "hot channel® conditions.
Both cases were run for the blade oyt siryation (F axial =
1.32) and the blades 50% in (F axial = 1,536),

The results are shown in Table F. Note that for the
most conservative case; (hot channel) the power level s
217.3 kw, using incipient boiling as the limiting parameter.

The maximum wall temperature was calculated as a
function of axial length and the value was tabulated from

-*
®

data. The program run terminates when the fuel surf
temperature reaches incipient boiling.
Since the 217.3 kw exceeds the current licensed power

o
L

c

level of 100 kw for natural convection, no change s deened
necessary in the licensed maximum natural convection power
level of 100 kw.

il




TABLE ¥

-

REGULAR CHANNEL FAXIAL = 1 536
Power Level Fant Maximum Incipient §T sat- T wali Rad:al Margin to
(kw) Temp. Wali Boiling O [(11734.TW)| Peaking Incipremt  Boi'ing
Temp ¢ Factor °%c

10 5193 S2.01 117.57 65 34 2 65.56
100 6R 41 71.22 118 2R 46 .12 2 46 D6
200 71.29 8471 118 &% 3263 2 34 17
300 83 R0 96 48 11921 20 86 2 22.73
SO0 93 /9 117 85 119 85 - 51 2 20
504 44 56 119 89 119 89 -2.55 P 0m

HOT CHANNEL

Y 59 1% SR %9 117.72 58 45 2 S8 83
100 R6 63 92 %1 118.56 24 .53 2 25.75
2091 N2 11 119 3a 1920 -2.00 2 -0 46

NATURAL CONVECTION
REGULAR CHANNEL FAXIAL = 1L.32
Power Level Exn Maximum Incipient | T sat-T wall Radial Margin to
ikw) Temp. ©C Wall Boiling ¢ % Peaking |lIncipient Boiling
Temp ¢ Factor e &

i 5204 5226 117 60 65 0% 2 65 34
100 oK 72 7158 IR 19 45 76 2 46 61
200 7768 8425 118.72 33 09 2 34 47
60 84 26 G511 119 00 22.23 2 23 89
00 R9 6] 1065 28 119 35 12 06 2 14 67
S00 94 24 114 45 119 67 I 89 2 $.22
358 45 G HU 119809 119 80 248 2 LLRE 1)

HOT CHANNEL

1o 59 3% 59 80 117 65 57.54 2 57 &S
100 R7.12 9292 11K 413 24 42 2 5.5
2173 103 66 119 14 119 03 1.%0 2 0 00




RHODE ISLAND NUCLEAR SCIENCE CENTER WATER SUPPLY

The Wakefield Water Company supplies water to the
University of Rhode Island (URI) Narragansett Bay Campus.
The water is pumped to the 300,000 galion watar storage via a
8" feedline. Water is then distributed to the URI Bay Campus
{including the Rhocde lIsland tluclear sSclence Canter RINSCY)
through a 12" main. Water is supplied to the RINSC through
an 8 line which feeds fire protection (6" line) and potable
supply (2% line) and a reasctor bullding fire hose (4" line).
The entire pumping system has backup generators for total
sSuppiy reliability.

The enclosed letter from the URI Graduate Schoel of
Qceancgraphy which oversees the Bay Campus water supply, can
meat a minimum demand of 5 GPM or greater for 24 hours, cvenr
in the event of a power fallure.

The Bay Campus can provide uninterrupted water supply in
the event of a line rupture or planned shutdown by utilizing
various cross ceonnections and hydrant connections located in
the system network.
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July 12, 1991

Mr. Eugene F. Spring, Sr. Reactor Facility Engineer
Nyt ear Science lenter
South Ferry Road

Narragansett, Rl O288Z-119)

=
a
.
w
c
-
L 4

subject: Emergency
oear tugene:

The chart below indicates that our water system, which ir iges
1

t
generator, will full€11! your cooling water requirements under various

conditions.

Pressure (PS]) Volume (Gal)
Condition w/o Firg Pump Available
Horma)
Town supplyeReservoineBooster Pumps 70 4
Feservoir
With Booster Pumps 70 300,000
Town Supply
With Booster Pumps 70 *
Town Supply Only 30 *

* = Unlimited within present demand

Campus (Max) 200 GPM
Reactor (Min) 5 GPM

——

Total 205 GPM

.
B

Kenneth W. Morrill
Asst., Dir. Physical Plant

16
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LOSS OF COOLANT ANALYSIS

Followiay & postulated loss of cocolant accicent, the pood
drain time is calcu ted by using the falling head calculatiocnal
method. 3 This is considered the maximum credible accident (refer

to SAR Part A-Section XI). It is assumed that water drains from
the beam tube (8%") from the peol surface (el.13%.417) to the 1op
of the core box (115.91€). Water then draing from the L/2“
diameter hole in the core bLoOxX, Water cannot drain below the
bottom (invert) of the 8" beam tube and therefore about 7' of

water remaing in the core box above tue active fuel plate edge.

Appendix C shows the schematic and the calculations
determining the peool drain time and the flow rate to keep the core
box full. This is the minimum drain time, canservatively asauming
that the beam port shutter is up, no plugs are in the tube, and no
flange cover bolted cver the cutlet flange.

The original RINSC license amendment for ¢ MW operation
calculated the decay generation and heat removal following a
postulated LOCA for the HEU core. The proposed HEU core has a
higher heat density per plate,

Appendix D shows the same simplistic calculation. The
results show that the heat removal is not sufficlent to remove the
decay heat after a LOCA. The conclusion {3 that an emergency core
cooling system is necessary.

The design and operation of such a system is discussed in
Section X,

(1) Handbook of Hydraulics, Ernest F. Brater, 6th Edition, McGraw-
Hill Book Company, 1976







N a—— e e R =

WATER SUPPLY ANALYSIS

The analysis of the facility water supply Ssystem was
performed using a computer program called “Service Sizer".
It calculates pipe size anc demand. The program has built in
piping tables, valve and fitting tables and fixture unit

tables, Standard computaticon technigques are usgsed ¢
determine losses. The program allows any fixture to be
specified in either a public or private use situation. Input

to the pipe size calculation includes demand flow, demand
pressure elevation difference, supply pressure, pipe length,
other equivalent pipe length losses, numbers of valve and
fittings and alsc a permitted velocity. The rrogram
calculates pipe size, actual velocity, head loss and demand
pressure.

The demand cetlculation includes options for flushometer
units; public use or private use., Input for the calculation
in:ludes numbers and types of fixtures, a continuous demand
flow arnd adaitional fixture option., The program calculates
total fixture units, continucus and fixture demand and total
demand.

The enclosed report shows both the demand and calculated
supply size for a proposed water )ine extension to insure an
adegquate supply to the reactor core in case of a LOCA.

The report shows that a 2" line will produce 42 GPM.
This line size is adequate for normal reactor pool supply and
certainly for a 5 GPM supply in a LOCA situation.

(1) Parkcon, Inc., 250 N. Center Street, P. O. Box 5980,
Woodland Park, Colorado 8086~5980
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#8IZING CALCULATION = wmvevesnmensnssnnesnnanmsnnsven sasfpinted On:  7/18/159

P,

: .S\mplv Location:
E0.¢ pei, supply presesure available duriag demand
Demand Location:

42, 0 gpa demand flowing at 40.9 pel pressure

~-Head Lose Data-«---~ A 010 e - “n
Elevation Difference: 30.9 £t (minus if demand location lower than aupsrly)
Pipe Length: J142.9 ft Other Loss In Equivalent Pipe Length: £t

Number of Valves & Fittings:

:Corp Stop :Curdb Stop 3:Gate Valve 1Globe Valv tAngle Valv
:Bfly Valve :Swing ~hk :8ide Tee :Straight T 13:8t4 Elbow
:Long Elbow 3:48 Elbow 3 : !
Backflow Frev: 1.© pei Water Meter: pei PRV: pei Other: pei
~=DOdign CAloulation e ror s s rrnas s
Permitted Velocit,: fre Pipe Type: CUM Calculated Pipe Size: 2 in

‘I’ Actual Velocity: 4.2 fpe Head Lose: 17.1 psi Pree at lemand: 42.9 ps’

==DEMAND CALCULATION«=swowe cmx o o e e
Predominantly Flushometers: N Public Use: N
~~Number of Fixtures-------- Y T 0 0 0 0 0 e
' :Bathtub :Bar Sink :Bidet :Clothes Washr
:Cuspidor :Dishwasher 1:Drinking Ftn :Hose Bib
| i:Kitchen Sink .Lavatory :Laundry Tub 1:Shower Head
1:Service Sink :Urinal Pedret 2:Urina; Wall ‘Urinal Tank
:Waer Sink :WC Flushometr 2:WC Tank :
| Additional. fixture unite Total: 23.0 fixture units
Continuous Pemand: 25.9 gpm Fixture Demand: 17.¢ gpm
| . Total Demand: 42.9 gpm



e e B e e e A e e
:
|
‘|
| . APPENDIX A
:
LEV THERMAL CONDUCTIVITY CALCULATION
t " ke il "
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\
)

rsants are taken frim refeéerence
-

&1 Lo the uranium density, Pu,

where VI is the volume frectaion Of the duispersant

for the purposes fuel loading of 12.5 g/8g . (22 plave element,
279 g U=23%) piate

tie U densicy ig 3.4682 per reference (2)
the volume fraction of J35i7 in fuel meat is
,a8ip
. Ve - j...‘m - .30R8 or 3D.68%
11 28

From reference (3), page 1.

Up = 072 VI ~ ,275 V€2 4+ 1,32 ved
therefore Vp = ,072(.3068) - ,275(.3068)2 + 1.32(.3068)3 = .0342

where Vp and VI ave volume fractions or porccity and fuel in
tha meat, respectively.

Lhezmald Loonducniviiy of Ui242

Velume fraction of fuel »nlus voids = 3068 + .0343 = 3411
the thermal conductivity is obtained from Figure 6, page 16 of
reference (3)

| K = 8% W/m.k

S R T N N — PP BN S . gl sl R W N m— —r - N -
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PLanean e

SUBFACE ABEAS

Area
. Area
Area
Area
Area

T..,e data elevation of 114.13

water will not drain below this elevation in the event of shear

of
of
of
of
of

APPENDIX C

CQ s "o - P

!

1

e
e !

Bea |

3 -.’-—1-"5 ny (4%

T e mela

w4118 1Y

- By NN,

e e o ——— <\

entire pool surface
core bhox
core (loaded)

1/2 diameter hole in core box

A" pipe

of the 8" beam tube.

(FREE FLOUW AREA)

;;}-——“ Vil g
- .y

A" gass TuB

i8 used due to the assumption tl.at

The amount of water remaining in the core box after draining =
114.13

113,213 = 917"

LSSUMRTIION:

Gravity draining of pool from pool surfaces to the top of

the core box out the 8" beam tube which has no plug in
There is no

place and the shutter in the up position.

cover flange.
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CAMPITMTYNNAL Q:n‘-‘h:

Discharge under falling head(d)

t =20 [y -oiia]
cal2qg)
cf bottom of 8" beam tube)

Catum {8 el.114.13 (invert
Hi = 132.417 = 25,287

-

HE = 115.713 = 114.13 = 1,583

te 2x180 [ (25.2871/2-(1.583)1/2] = 673.15 sec
6x.349 (2x32.2.2)+¢ »11.219 min

Braln Tixe of Corg Box (loaded with compouents)
ts = 2x.917 [4H1b1#-¢ﬁ;)i‘]
Hi = 115.713 - 114.130 = 1.583
Hz = 117,130 - 114.130 = 0
ty = 335.6 sec/60 = 5.59 min
TOTAL TIME = 16.8 min

Minimum required water flow rate to keep the core box full

From (1) a
F e .61A(2gH)*/2 where H = 115.713-114.13 = 1,583

Fe .61 x 00136 (64.4 x 1,583)172
F= .61 x 00136 x 10.097 = 008376 cfs

008376 ££3 x 7.48 gal x 60 sec = 3.76 gpmt
sec £¢3

"
)

(this assumes core is full)

rad
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For an average sine

i

For

Qmax = Qave x []/2

ubstituting equation (2) into equaticn (1) we cbtain:

g1l =« Qave . M2

conduction downwards (=~x direction) and using the
heat conduction efjuation from reference (1)

der = =Qada 1)
dxe Kt

kf = fuel plate thermal conductivity
for a sinuscidal heat jeneration
Qi « Qmax . sin [Ix/1 (§)

substituting eguation (3) into equation (%) we obtain

QM = gave . [l/2 . sin [Ix/! ()
d.w.t
substituting (6) into (4) "
det/dx? = <Qave/l.w.t . I172 . 1/kf . sin [Ix/2 (7

integrating (7)

oy

dt/dx = «[1/2 . Qave/l.w.t.kf (=cos [lx/1) . 1/[1 +Cy
eval ating €3 dt/dx = 0 AT x = ] (i = top of fuel)
Ci = Qayezz w.t.kf
then
dt/dx = Qave/w.t.kf . cos [Ix/1 - Qave/2 wt.kf

then integrating with the limits

T = 1200°F at vop of fuel plate X = 2!
T = 212°F at surface of water in core box X = 7
then Qave = 013 Btu/sec
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i

(5)

(6)
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Since tiiis value is less than the deca, heat generation
of .114 Btu/sec, it is assumed that melting will occur,

DECAY TIME TO HAVE GENERATION EQUAL TC REMOVAL

The length of time thay Ccore cooling would be needed to nave
the decay heat to reduce to 049 Btu/sec can be calculated
using Table 5.1.

the Power Ratic = .049./6.187 = 00782
A time = 2x109 sec = 5.%6 hrs

therefore emergency core cocling is require. for

at leyst 5.56 hours. Water supp. y can be supplied

for at least 24 hours.
TOTAL CORE COOLANT LOSS UNRER LOCA CONDITIONS
Total 'loss would include evaporation of the water from the
core box (assumed to be ~he rate at the maxim. . wvalue
asgociated with the initial LOC at time egual to the drain
time, or 16.3 min).
From Table 5.1 - Py/Fy = 0185 @ T = 1008 sec
The heat generation then = 0185 X 6.87 Btu/sec

= ,.144 Btu/sec
The maximum evapcoration rate for water at atmospheric
saturation (100°C) = ,1144 Btu/sec x 1/970 Btu/lb
Then: 00011794 1b/sec x 60 sec/min x 1 ft3/59.8 1lb/ft3
x 7,48 gal/ft3 = ,000851277 gal/min (liguid)

This is added to the drainage loss and the cotal loss is
still apout 2.76 * gpm.
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{4) HEAT

A,

€3

CONDUCTION TO THE WATER IW CCRE BOX FROM THE NON FUEL

ALUMINUM IN THE ELEMENT

Calculation Basis - Per Plate

Non Fuel Plate Cross Section
Plate Cross Section = 05" x 2.798" = _139§"¢
Max Fuel Cross Section = 02" x 2.47" = ,04%4"7

Nor Fuel Plate Cross Section = L1395 - 0484 = L08n1ne

2 plates x .0%0]1 = 1.9822%2

Side Plates of the Element
Average width = 187"
22 grooves (.187-.088) x .053"

Cross Section

2 Side Plates X [ (.187" x 3.045")-22 x (.87-.088) x .056) ]

Area = .B8862"7

Total Area for the Element
Area = 1.9822 + .B8862 = 2,£8684
FPer Plate Basis
A= 2,8684/22 = ,130368"2/144 = ,0004054'%
Hea Conducted from the Aluminum to the Water
Q = kae A dt/dx
Q = ka)A (Tmax~-Tsat/1)

0 =~ 131x0009x{1200-212) = 89,604 Btu/hr x 1/3€00
l= (2-,7) = 1.3

Q= .02489 Btu/sec

total heat conducted = fuel + aluminum
= 013 + .02489 = ,0378% Btu/sec

From the original SAR it was assumed that about 30% of
the heat was used in steam formation

therefore .3 x .03789% = ,011367 Btu/sec
and the total heat removal = .03789 + ,011367

= 049 Btu/sec

30
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Part C Techanical Specifications Review and Modification

There are numerous Technical Specification changes
required as a result of the use of the LEU fuel in the Rhode
Island Nuclear Science Center reactor.

Parts A and B of the Safety Analysis Report touch on
iany of them, As a result of the Rhode 1Island Nuclear

3

Y

Science Center review process, additional changes whic

.
-

=

reflect current conditions or clarifications of some
Technical Specificaticon sections are also included in the
final Technical Specification versicon. Appendix A is a copy
of the Rhode Island Nuclear Science Center current Technical
Specifications. Appendix B is a copy of the Technical
Specifications with the changes included as a result of the
SAR and review process, The double vertical lines a
tc a section designates the section which has the proposed
changes.,

Implementation of the final approved Safety Analysis
Report will be a difficult task for the Rhode Island Nuclear
Science Center. Conditions outside the contrel of the

e

licensee, such as key staff retirements, budget cuts, small

operating staff etc,, increase the difficulty nd will
curtail the operation of the facility duriang the conversion

2 |

process. The Rhode Island Nuclear Science Cente

acknowledges the assistance of Argonne National Laboratory in

the preparation of the Safety Analysis Reporrx.




APPENDIX A



ITE

Location

Exclusion Area
Restricued Area
Principal Activities
Figure A.l

& Lo P e In

CONTAINMENT
L.Reactor Building

REACTOR POOL AND PRIMARY COOLANT SYSTEM

1. General

- o Reactor Pool

3, Shielding

4. Primary Cpoolant System

Heat Exchanger

Primary Pump

Delay Tank

Primary Recirculation Piping

Make-up System

Clean~up System for Primary Coolant System

A BN

SECONDARY COOLANT SYSTEM

REACTOR CORE AND CONTROL ELEMENTS
Principal Core Materials

Fuel Elements

Reflector Elements

Ceontrol Elements

Servo Regulating Element
Control Element Drive

Servo Regulating Element Drive
Neutron Sources

L IR N U I P

REACTOR SAFETY SYSTEMS

1. Modes of Power Operation

a, Power Operation - Natural Cirgulation (NC)
b. Power Operation - Forced Circulation (FC)
Design Features

The Reactor Control System

Process Instrumentation

Master Switch

Fower Level Selector Swaitch

Contrul Element Withdrawal Interlocks
Servo System Control Interlock

Table F 1 Reactor Safety System

Table F.2 Reactor Nuclear Instrumentation

ro

N. (S s 2

WASTE DISPOSAL AND FACILITY MONITORING SYSTEMS

> e Waste Disposal Systems Design Features

a. Liquid Radioactive Waste D.1posal System
b. Gaseous Radicactive Waste Disposal System
¢. Solid Radicactive Waste Storage

Area and Exhaust Gas Monitor Desigrn Features
Other Radiation Monitoring Equipment

High Radiation Area

O

-
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South Ferry Road

919’

675

Narragansett
Research
Center
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525"
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Center Site

Reactor
Building
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:
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FIGURE A,l PORTION OF NARRAGANSETT RESEARCH CENTEF SHOWING LOCATION OF REACTOR BUILDING
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The primary coolant system shall consist of the reactor pool,
delay tank, heat exchanger, coclant pump, and the asspciated
valves, piping, flow ¢hannels and sensors,. Cuting forced
genvectisn cocling, coolant water shall be supplied to the core
by an aluminum line ¢connected to the inlet flow channel which
i3 on one side of the suspension frame. The coolant water
shall €flow from the inlet flow channel downward tnrough the
core td a plenum below the grid box. The coolant water siall
then flow into tha outlet flow charnel on the oppuairs side of
the suspension frame and then through a discharge line o the
delay tank, cooclant pump, heat exchanger and cthen return Lo the

soolant inlet line.

The zeactor pool shall be constructed of ordinaiy concrete with
1/4" thick 6061-T8 aluminum liner and shall have a volume of
approximately 36,300 gal.

The reactor pool and primary system shielding shall be adeguate
to meet the applicable personnel radiaticn protection
requirements of 10 CFR 20,

Brizary Coolant System

The primary coolant system shall conform to the following:

a. Heat Exchangex

The heat exchanger shall be designed to remove heit
at the rate generatecd by the reactor at maximum
licensed steady state power from the primary water
and shall be designed to perform under the maximum
primary system operating terperature and pressure.
Replacement heat exchanger shell and tube bundles
shall be constructed from stainless steel according
to the requirements of Section I1I, Clasas C cf the
ASME Boiler and Pressure Vessel Code.

0. Eximazy Pumg
Number of pumps 1
Type Horizontal mounted,
Centrifugal, Single
suction

Change 3,4
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he reactor core and control elements shall have the following
hacacteristics and nominal 5

'
)
)
)
£ 4
E

Futl matrix Ailoy, UAlyg,Ux0a

J=-235 enrichment Approximstely 93

Fuel clad 1100 and/or 6081 alun it
Fuel element side plates 6061 aluminum

End fittings 356=T6 or 6061 aluminum
Moderator Nater

Raflector AGOT grade (or egquivalent)

graphite and/or water

Control elements Mixture of B4C and aluminum,

1

¢lad with aluminum

Serve Element Mixture of B4C and aluminum,
clad with aluminum.

2. Eusl Rlamsnts

Plate width overall 2.8 inches
Active plate width 2.2 inches
late length overall 25 inches
Active plate length 24 inchea
Plate thickness 0.06 inch
Clad thickness 0.024 inch
Fuel matrix thickness 0.012 inch

o

Wwater gap between plates .1 inch

Anendmen~ 5,11



Number of plates per fuel

alament 18
U=235 per fuel element 124 grams, nominal
Overall fuel element dimernsions 3 in 2 3 in. x 40
; mllsoior L.emanls
overall reflector element in ¥ ir < 4
dimensions, nominal
Nominal clad thickness 1 i
Nominal graphite dimensions 2.8 in 8 in

as
»
3
*
A
)
9
3
*

i

Thickness 0.38 in
Overali 1 ,th 54,1 an
Active length §2.1 in.
S, 3 y ] ine El nt
Shape Square boral tube

Width - e O © .
Cverall length 28.8 in.
Active 24.9 in,
6. Contral Elament Drive
Type Electromechanical

Drive to safety elament Electromagnet
connaction

Stroke 32 in. maximum

Amendment 11

v
0
"



Py TS

Type Electromechsnical scorew
Drive to elenen. connecticn Tioh ===ax (N0 sSCram)
Stroke 23 maxioun

Position indication agcouracy > ¢ i1

Number -
Type Plutenium-peryllium
Unit Source Strength 1 = 10® neutrons/sec.

Maximum Power Level with
Plutonium=berylliium sources

installed 10 Kw
Operaticnal Source
Numbe r 1
Type Ant mony=-beryllium

Scurce Strength

F. BEACIOR SASELY JZSIEMI

s

Change 4

Medes of Power Qpaxation

There shall be two modes of power operation:

a. Eower Qparxation = Natural Clroulation (NC)

2 x .06 neutronsa/sec.

m

in

Power operation =~ NC shall pe any reactor operation
performed with the reactor cooling provided by natural

A

circulation, The reactor power shall not exceed 0,1

during NC operation.

b. Eowex Qpaezaljon - fad :

MW

Power operation ~ FC shall by any reactor operation
performed with reactor cooling provided by forced

circulation. Tha reactor power shall not exceed 2

during FC operation.

MW

iMmu
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a. ZIhe Beactor Contzol Systen

b,

L

The reactor safety aystem shall consist of sensing devices
and associated ¢ircuits which automatically sound an alarm

and/or produce » reactor scram, The systems: shall be
designed c¢n the fail-safe principle (Jde-anergizing shall
cause a scram), Tfable F.1 and F.2 describe the

arrangement and regiirements of the Jalaty system.

E‘N-.a' vna::qmﬁnznx.«n

Process instrumentation with readout in the contre TS om
shall be provided tc permit messurement o0f the flow rate,
temperature, and conductivity ¢f the primary cooclant and
the flow rate of the secondary coolant, In addit.sh, a
second primary flow indicating device with readout in th

control coom shall be located between the reactocr .utlet
plenum and the reactor cutlet header.

After normal working hours, an independent protection
system, Separate from the system described in 3Secticn
K.3.,a, shall be used to monitor certain items in the
reactor building and alarm in the event of an sbnorral
conditien., The alarm channels provided are:
(1) A fire in the reactor room,
(<) A fire in & location other than the reactaor room,
(3) A decrease of 2 inches in reactor pool water level,
(4) A puwer tfailure in the reactor building,

{3) An alarm condition from the radiaticon menitors
reading out in the control room,

{6) An alarm condition from any other selected feature.
Masrez Switlh
A key lock magtev switch shall be provided with three
positions; "off"™, “test", and “on“, These positions shall

have the following functions:

{li The "off" position shall de-energize the reactor
control circuit.

T
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Change 4

(2) The "test" position shall energize the reactor
gontrol circuit exclusive of the contreol blade
magnets.

t3) The “on" position shall energize the reactor
centrol circuit including the control blade
magnetrs.

e ~ leave:. Salacrtnr = -~
-

v

A power level selector switch shall be provided with f¢
pesitions; "0.1 MW", ™1 MW", "2 MW", and "S$ MW", h
positons shall have the followving functions:

@& r
L]

=

t1) The “0.1 MW" position shall activate all safery
system sen. )rs except those indicated in Table F.1l,

(2) The "1 MW" and "2 MW positions shall activate all
safety system sanscrs,

{(3) The "S MW" position shall scram the reactor.

8., Cent 1 - ~

Interlocks shall prevent control rod withdrawal unless all
of the following condicons exist:

{1) The master switch is in the "on"™ position,
(2) The safecy system has been reset,

{3) The Log N amplifier switch is din the "operate®
position,

{4) The startup channel neutron count rate is three
counts per second cor greater, and

(5) The start-up counter is not being withdrawn.

It shall not be possible to withdraw m¢ 2 than one control
element at a time.

£. Sexvg Syatem Contzol Ioterlogk

Interlocks shall prevent switching to serve contrel unless
the period as indicated by the Log N channel is thirty
seconds or greater. The Servo control system shall be
designed so that immediately following a scram the Servo
control shall automatically return to the manual mode of
operatior



Sensor or Trip Device

of Switches
or Sensors

No,

Short Period

High Neutron Flux

High Temperature of Primary
Coslant Entering Core During
srced Convection Cooling®
High Temperature of Primary
Coblant leaving Core During

Forced Convection Cocling®

Low Flow Rate of Primary
Coolant*

Low Pool Water Level

Seismic Disturbance

Bridge Misalignment®*
Coolant Gates Open*
Neutron Detector High
Voltage Failure in Linear
Level Safety Channels

Manval Scram (Switch at
cridge and on console)

High Conductivity of
Primary Coolant

Safety Blade Disengaged

Log N - Period Amplifier
Failure

Regulating Rod at Either
Limit of Travel

Low Flow Rate of Secondary
Coolant*

Bridge Movement

No Flow Thermal Column*

P

*

-

1

1 per gats
i per
power
supply

2

-

f—

=

1l

Trip Set

gint
J sec. min
Max. of .30% of
full scale with
a 2.6 W max,

125°F max.

2" max.decrease
IV on Modified
Mercalli Scale
max.

X

X

Decrease of
50 volts max.

X

X

1300 max,
2 39F max

1350 gpm,
min

2" max.decsreass

Equivalent
to Zpmho/om

ar 29%9C, max.

X

800
min.

gem,

X

X

*These functions are bypassed when the Power Level Selector Switch 18 in the

"0.1 MW" position.
Change 3,4,5
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Change 4

["UEEShnei Deteclor Sensitivity T Range Information
to
Jperator
Retractable Neut rons- Source ‘Reutron o
gas filled approximately level Flux
Start-up § B-10 filled 12 counts/nv to full
proportional power
- Neut rons- " Source Power l=vel |
Log N Fixed fission| approximately ievel to Period
counter .7 cpa/nv 3x108
watts
P s o B e e e —
Linear Compensated Neut rons- i watt
level ion chamber approximately te Power level
safety 4x10-14amp/nv 3Ix106
wattrs
Linear Compensated Neut rons- 1 wate | ]
level ion chamber approximately to Fower level
safety ax10- Mamp/nv Ix10®
warrs

Information
to
Logic Element
(Scram)

None

P L

Period =cram

-]

O S S

skt

Level scram

ie#vel scram

-

informarion
te
Servo System

e S —————

None

Power level

I e N—

SRR g
Recorded 1
Informat ion

”ﬁEIéiiJE’
power leve]
on log
Scale

e ik A

Fower level

log scale

and period

R

Fu;eQ_ievei
linear scale
(either
(Channel)

i o B
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All ligquid waste (except s=anitary waste) from the reactor
building shali flow to retention tanks. These tanks shall
be located either underground with a dirt cover or in a

locked roomia) in the reacter builiding.

-‘I:..\I: n'dl -._, "’ﬂ..iﬁ'l"li ™4 Q'\»::.' ?,.:rﬁm

All gasecus radivcactive waste from *he beam prrts, thermal
column, pneuma*;: irradiaion system and all other
radicactive gas exhaust points associated with the reactor
tself shall be collected in ma ifold and discharged 9o
thé reactosr stack through an abselute filter, blower and
damper.

2ml Al A * S

Solid Radicactive wastes shall either be stc:ed in
radiocactive waste storage containers located within the

reactor building or removed from the site Ly a commercial
licensed organization,

Three fixed gamma monitors employing suitable detectors
shall be employed in the reactor building. Each of these
ahall have the following characteristics:

1) A range consistent with the expected radiation

lavels in the area to be monitored (0.01 to 10
mr/he, 0.1 to 100 mr/hx, or 1 te 1,000 me/hr).

Z) A radiation dose rate ocutput indicated in the
control room.

3) An adjustable high radiation alarm which shall be
8 Junjicated in the contzrol room.
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New fuel shall be stored in a security container in “egg crate"
boxes, Sheet cadmium at least 0.020 inthes thick shall be
fastened arsund the ocuiside ¢f the boxes in the region whioh
contains the fuel. The number of fuel elements which can be
placed in each box shall not exceed three, For all conditions
of moderation possible at the site Kesf thall be less than 0.8,

Two types of irradiated fuel 2lement storage racks shall b
provided, One type of rack shall contain spaces for ninz fue
assemplies and shall have approximate over-all Jdimension
35.% in. wide by 26 in. high by 6.25 in, thick, and shall be
fixed to the poel wall., At lesst two of these racks shall be
provided., The second type of rack shall consiat of two of the
nine fuel assembly racks described above attached together with
a minimum space bhetween the centarlines of fuel assemblies in
adjacent racks cof 12 iuches, This 18 fuel assembly rack shall
be covered on the twe 35.5 x 26 in. cutside faces with a
neutron sbsorbing material., At least one 18 fuel assembly rack
shall Le provided, and the rack may be moved w.ithin the pool.
The fuel storage zracks may also be used to store core
components other than fuel assembli.s, The irradiited fuel
storage racks shall have a maximum Keg¢g of 0.8 for all
conditons of moderation possible at the site. Storage spaces
shall be provided for at least 36 fu.. assemblies,

o
i
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EXPERIMENTAL FACILIIIZS

The permanent experimental facilities shall consist of the
following:

1. Thermal column.

2. Beam ports; two £ inch dia, ard four & dia.
5. A 8ix inch diameter through port.

4. Radiation baskets.

S. A two~tube pneumatic tube system,

6. Dry gamma cave.
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Change 4
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b. Approve or disapprove preposed use of the reactor.

Review a%t least annually the operating and emergency
procedures and the cverall radiation safety aspects
of the facilivy.

o

The Reactor Utiligation Committed shall maintain a Titten
resord of 4t findings regarding the ablive.
a, The Direstor of Cperations shall have at least 3 bachelcors

degree in ¢ne of the physical sciences or engineering, and
he shall be trained in reastor technolegy and be »
licensed senior ocperator,

b. The staff Mealth Physicist shall be professicnally trained
and shall have at least a bachelors degree in one of the
physical or biological sciences or engireering. He shall
have experience such as may have been gained through
employment in a responsible technical position in the
field of heaith physics.

e The reacter operators and senicr cperators shall be
licensed in accordance with the provisions of 10 CFR 55,

d. In the event of temporary vacancy in the position of
Direstor of Operations ot the Health Physicist, the
funcetions of that position shall be assumed by qualifled
alternates appointed by the RIAEC.

Esaponalibilisies of Ferasnusld
. Rizectos

{1) The Director shall have responsibility for all
activities in the reactor facility which may
affect reactor cperations or involve radiation
hazards, including contrelling the admission of
personnel to the building, This responsibility
shall encompass administrative centrol of all
experiments being performed in the facility
including those of outside agencies.

(2) It shall be the responsibility of the Director
to insure that all proposed experiments, deaign
modifications, or changes in opervating and
emergency procedures are performed in accordance
with the license. Where uncertainty exists, the
Pirector shall refer the decision to the Reactor
Utilization Committee.

e



(1

(el

A lizensed senictr reac’or operatotr shall be
assigred each shift and be responsibhle for all
agtivicsies during his shift which may affect
teactor operat.on or invoive radiation hazards.
The reactor operators on duty shall be
responsible directly to the senicr operator,

The reactor operations which affect core
reactivity shalli not be performed without the
senior operator on duty ot -eadily aveilable on
sall. The senior cperatoa2r ahall be present at
the facility during initial startup snd approach
to power, recovery from an unpianned or
urischeduled shutdown or asignific.nt reduction in
nower, and refueling. The name of the person
serving as senior operator as well as the time
he assumea the duty shall be entered in the

teactor log. When the senior operator s
relieved, he shall turn the operation dutie,
over to another licensed senior operator. in

such instances; the change of duty shall be
logged and shall be definite, clear, and
expiicit. The senior cperator being relieved of
his duty shall insure that all pertinent
informavion ia logged. The senior operator
assuming duty shall check the log for
information or instructions,

¢. BaASLOX ORSXALosa
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(2)

{3)
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The responsible senicr operator shall designate
for his shift a licensed operator (hereafter
called "“operator“) who shall have prinary
responsibility under the senior cperator for the
cperation of the reacter and all assoclated
control and safety devices, the proper
functioning of which is essential to the safety
of the reactor or personnel in the facility.
The operator shall be responsible directly to
the senior operator.

Only cone operatcr shall have the above duty at
any given time. Each operator shall enter in
the reactor log the date and time he assumed
duty.

When operations are performed which may affect
core reactivity a licensed operator shall be
stationea in the control room, When it dis
nycessary for him to leave the countrol room
during such an operation, he shall turn the
reactor and the reactor controls over to a
designated relief, who shall also be a licensed
operator. In such instances, the chaige of duty
shall be definite, clear, and explicit, The
relief shall acknowledge his entry on duty by
proper notation in the reacter 1l¢g.
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The foll.wing administrative controls shall be employed t:
assure the safe cperaticn of the facility:

.
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The teac.sr shall nct be cperated whenever thete are any
significen: defects (n fuel elements, ¢ nteol rods, ot
gantrol citeuitry.

The teactor control and sefety system must be turned
and Jdnetiening properly and & appropriste neutron scurce
must be in the ¢core during any change which can affect
Core reActivity.

During cperations which could affect core reautivity, a
licensed cperator shall be stationed in the centrol room.
Communications be'ween the control foodh and the senior
reactor operator directing the operation shall be
maintained.

The operster shall not attempt to start up Lhe reactor
following an automatic scram or unexplained powe - decrease
un®*il the senior operator has determined the cause of tne
scram or power dec.ease and has authorized a stazrt-up

The initial starte-up of the roactor shall be performed in
conjunction with perscnnel of the OGeneral Elec ric

Company .

The reactivity of all core loadings te be utilized in
operating the reacter shal!l be determined using
unirradiated fuel elements or elements containing fissicn
products in which the effect of xenon peisioning on total
cory reactivity has decayed to 0.05% delta k/k or less.

Critical experiments shall be performed u.der the
supervision of the Director or cther competent supervisory
scientist licensed a8 a senior reactor operstor. During
the experimont there shall be present, in additon to this
licensed supervisor, at least one other technically
qualified person who shall act as an independent observer.
Each step in the procedure shall be considered in advance
by both persons, each calculation shall be checked by both
persons, and no step shall be taken without the
concurrence of both., A written record shall be made at
the time of each fuel element addition ot other coure
change which could significantly affect core reactivity.

The basic coperating principles for the assembly and
reloading of cores whose nuclear properties have been
previously determined from critical experiments shall be
as follows:

All core loading changes shall be performed under the
supervision of a person having a seniocr operator's
license. During the rperation there shall be present
in addition to the designated senior reactor operator
at least one other technically qualified person who
shall act as an observer.
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No experiment shall be performed involving materials
used in such & way that they might credibly result in
an expiosien.

No experiment shali be performed invelving materials
which c¢ould c¢redibly contaminate the reactor pool
saUBing corrosive action on the reactor components.,

Experiments shall nct be performed involving egquipment
whose failure could credibly result in fuel element
damage .,

There shal. be no more than one vasant fuel element
position within the periphery of the active section of
the core.

wpBLALasna
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Control of access to the reactor facility shall be the
responsibility of vhe Director of Operaticons.

=entalooant

(1) During &%y operation in which the control roeds are
withdrawn from the core containing fuel, the following

condisions shall be satisfied:

a. Confinement building penetraticns which
are not designed and set to close
automatically on actuation of the
evacuation button shall be sealed, except
that doors other than the truck dcor may
be ocpened during reactor operation. If a
door is to remain open, an indivitual from
the reactor operations staff is
continuously in attendance at the door.

b. The building clean-up system is operable.

(2) Reguizemenia £or Reteat of Confinement
(a) Method of Eeteal
The building cleanup system shall be
retested by pressing an evacuation butten
and ohserving that the following functions
ocour automatically!
1. Evacustion horn blows.

2. air conditoning and normal
ventilation has turned off.

3. Dampers on all ventilating ducts
leading to the cutside have closed.

4. Building cleanup system-air scrubber
and fresh air blower come on,

o I B e e NN PR——— R — e



b

. 1h The negative differential pressure
between the inside and outside of
the building is at least 0.% inches
~f water. This shall be determined
by reading the differential
manometer located in the control

room,

{b) { so of *

The building cleanup eystem including

the auxiliary electrical power system

shall be retested at leaat weekly
The exhaust rate through the sleanup system shall fot
exceed 4500 cfm with not more than 1500 cfm coming
from the reactor building and passing through the
charcoal scrubber. The remaining air wili: be
provided by a separate blower from an uncontaminated
source., This shall create a pressure in the huilding
which is equivalent to at least 0.5 inch of water
below atmospheric pressure,

¢,  RedmAsy.Soclant Syaten

(1)

(2)

{3

(4)

(5)

Amendment 10

Change 4

The minimum depth of water above the top of the
sctive core shall be 23 feet.

No piping shall be placed in the pool which could
cause or fail so as to cause a siphon of the pool
water to belcow the level of “he ten inch coolant line

penetrations,

Makesh oyalen

The effluent water of the primary coolant
water makeup system shall be of a quality to
insure compliance with K.3.¢.(5) and (§)
below.

Cdsanup Syaten

The effluent water of the primary coolant
water clean up system shall be of a gquality
to insure compliance with K.3.c.(5) and (6)
velow,

The primary coolant shall be sampled at a minimum
frequency of once per week and the samples snalyzed
for gross radicactivity, pH, and conductivity in
accordance with written procedures. Corrective
action shall be taken to avoid exceeding the limits

listed below:
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PH
sonductivity 2 wmho/em

|
\
\
(6) The radicactive materiais contained in the pool |
water and in the primary coclant water shall be
such that the radiation level cne meter above the
surface of tue pocl shail be less than 10 mram/hr.
|
J

{7} During the forced cirsulation mode of operatiocn,
the primary coolsnt flow rate shall not be .ess
then 1200 gpm. During determinations cf reastor
powe~ by coolant heat balances, the coolant f{low
rate may be reduced to 600 gpm providing all other
aspects of these Technical Specifications are met.

4. SsSondasy Lasiing Syalenm

(1 Tre secondazry cooclant shall be sampled at a
minimum frequency of once per week and the samples
analyzed for pH in sccordance with written
procedures. Corrective action shall be taken to
avoid exceedirs the pH limit given below:

pH 8.5 ¢te 9 |

{2) The concentration of vradionuclides in the
secondary water shall ve determined at least once
each day the reactor coperates using forced .
convestion sooling. The concentration shall be
determined aL least once per week when not being
operated using forced convection cooling.

(3) If the radioactive materials contained in the
secondary coolant exceed a radionucliide
concentration in excess of the values in 10 CFR
20, Appendix B, Tasble I, Column 1II, above
Lackgreund, the reactor shall be shutdown and the
condition corrected before operiation using the

| secondz.y cooling system resumes.

(4) The secondary coclant system shall be placed in
operation as raguired during power operation
utilizing forced convection in order to maintain a
primary coolant core cutle. temperature of 1250F
or below.

e. Reactor Loze asd Cootzal Elements

; (1) The reactor shall not contain in excess of 35 fuel
elements. There shall be a minimum of four
operable control elements.

Amerdment 6,14

Change 3,4,7 .






Change 4,7

{¢c)

“28=
Bsaciluiy coslllclents
% Temperature coefficient approximately
0.5 x 10-4/0C
{caleuiated)
- 4 Void coefficient approximately
{core average) «1.80 x 10=3/% woid

(caltulated)

(4) Redacipal Core Cperating LAimitatlicons

(a)

(b)

()

(d)

"l L s -\;‘,1 k.m‘.‘., Lé ' E'IKIEI

Tha (00l water temperature shall not exceed
130°F.

Lo Racsas Beactivaiy

The cold, clean excess reactivity for any
core used in the reactor shall not exceed
0.047.

Maolun Shuldown Margd.

All reactor cores used shall be such that
they would be subecritical if any single
control element and the serve regulatiug
@lement were withdrawn,

g s Augdiias Lini

The reactor power coafficent (as inferred by the
control rod movements required to compensate for
changes in power) shall be negative,

Cantzol Element Drlive Performance Reguilamenta

All control element drives shall meet the
following specifications:

L

r 88 The control drive withdrawal rate shall not
be more than 3.6 inches per minute.

2., For the clectronic scram system, the time
from initiation of a scram condition until
control element release shall not exceed 100
milliseconds,

3 The time from initiation of a scram condition
until the cont:ol element is fully inserted
shall not exceed 900 milliseconds.

4. It shall be demonstrated at least every 3
months that the above specifications are met.
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The liquid waste retention tank dischargye shall flow to
a4 moritor staticn in the reactor building where the
effluent shall be batch sampled and the gross activity
per unit volume determined before release. All off~

site releases shall be directly into Narragansett Bay.

Gagsecus radicactive wapste shall be disposed of aing
the reactdr stack, RPisposal limits shall conform te
the following table In this table, the MPC stated i
for individual isctopes and mixtures contained in

telumn 1, Table 1I, Appendix B of 10 CFR 20,

R

1 T2
Type of Activity Maximum Curies Curies per second to
per second to b be released averaged
released over one year

Particulate Matter and
Halogens with half«lives 140 X MPC (uc/ce) 14 X MPC (ue/ec
lenger than 8§ days

e n ol ———

Aill other Radiocactive 109 X MPC (uc/ce) 104 X MPC (uc/ce)
lsotopes
i, .
(3) All radiocactive ligquid and solid wastes disposed o

(4)

(5

Amendment 12

£
off-gite shall be within the limits established by 10
CFR 20 or shall be removed from the gite by a
commercial licensed organization.

The exhaust gas monitor shell be calibrated to alarm
at an instantanecus release rate which instantaneously
axceeds the limits stated ir Column 2 for the annual
average release rate, If the maximum permissible
stack release rate stated in Column ] is exceeded, the
reactor shall immediately be placed in the shutdown
mode of operation and the situation investigated,

The area, primary and secondary coolant system and the
exhaust gas monitors shall be in operatiocn at all
times when control elements or the servo regulating
elements are withdrawn; however, indivdual area
coolant system monitors may be taken out of service
for maintenance and repair if replaced with portable
radiation de.ection eguipment. Adejuate spare parcts
shall be on Jand to allow necessary repairs to be made
during the majintenance or calibration outages of the
monitors.
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(7)

The area and the primary and secendary coclant ayatem
monitors shall be asdiusted to alarm at a maximum
reading of 2 me/hr or 2008 of the normal rvadiation
ievels in their area, whicthever is larger.

The door which gontrcis entrance to the "maze" lesding
to the delay tank shall be locked with the key in the
possessiocn of the Director o1 a lidensed seéenioy
operator., Entrance t¢ the delay tank high rsdiation
area shall reguire the presence of the Health
Physicist or a licensed senior cperator and the use of
dizect teading portable radiation monitoring

equipment .

h, Lusk-SLozage

(i)

(2)

. (3)

4. Maiotenanca

New fuel shall be stored in egqg Ccrate boxes located in
a4 security container. Access to the security
container shall be restricted, through use of a lock,
to the Direutor of Cperations and the licensed senior
Teactor operators,

Irradiated fuel, not in use in the reactor core, shall
be stored in the criticality wsnfe storage cacks
described in Section M, Only one fuel assembly may be
inserted or moved from a storage rack at a time.

Safety egainst inadvertent criticality shall be
provided by limiting the number of fuel assemblies per
rack to nine and then positively securing such racks
at least 30 om, apart, or by limiting the number of
fuel assemblies to 18 per rack and then covering the
two large faces of each rack with a sheet of aluminum
covered cadmium,

(a) The electronic control and the process control aystem shall be

checked

for proper operation and calibration before each

reactor start-up. If maintenance or recalibration is required,
it shall be performed before reactor start-up proceeds,

(k) Maintenance shall be performed with the approval of the

Director.

Equipment and system maintenance records shall be

kept to facilitate ascheduling and completion of all necessary
| maintenance.

{¢) Routine

maintenance on all contrel and process system

i components shall be performed in accordance with written
| schedules and with written procedures,

SR SRR,
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Locatien

Exclusion Area
Restricted Area
Principal Activities
igute A1l

B

EACTOR POOL AND PRIMARY COOLANT SYSTEM
Sengrail
Reactor Poo
Shielding
Primary Coolant System
a. reat Exchange:r
b. Primary Pump
G Delay Tank
d s Primary Recirculation Piping
&, Make~up System

FE e

£, Ciean~=up System for Primary Coclant System

SECONDARY COQLANT TYSTEM

REACTOR CCRE AND CONTROL ELEMENTS
Principal Core Materials

Fusl Elements

Peflector Elements

Control EClements

Servo Regulating Element
Control Element Drive

Servo Regulating Element Urive
Neutron Sources

@ 2 8B WP

BEACTOR SAFETY SYSTEMS
1. Modes of Power Cperation

4, Power Operation = Natural Circulation (NC)
b, Power Oparation - Forced Circulatien (FC)

2. Design Features
a. The Reactor Control System
b. Proceas Instrumentation
8, Master Switch
d. Power Level Selector Switch
. Control Element Withdrawal Interlocks
4 Servo System Control Interlock
Table F. 1 Reactor Safety System
Tabie F.2 Reector Nuclear Instrumentation

WASTE DISPOSAL AND FACILITY MONITORING SYSTEMS
1. Waste Disposal Systems Design Features

a. Ligquid Radiocactive Waste Disposal System
b. Gaseous Radicactive Waste Dispcsal System

¢. BSolid Radicactive Waste Storage

Other Radiation Monitoring Equipment
High Radiation Area

o to

Area and Exhaust Gas Monitor Deaign Features
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The reactor shail ke housed in a building capable of meeting
the following functaonal reguirements:

In the event of an accident which couid involve the
release of rvadicactive material, the coifinement
building air 2hall be exhausted through & clean-up
aystem and stack creating a flow of alr into the
building with & negative differential pressure between
the building and the outside atmosphere, The bullding
shall be gas tight in the sense that & negative
differential pressure can be maintained dynamically
with all ¢78 leaks occurting inward, The confinement
and clean-up systems shall become operative when a
building evacuation button is pressed, This action
shalli: (1) turn off all ventilaticn fane and the airs
conditioner system and (J) clese the dampers on the
ventilation and air conditioning system intakes and
exhaust, other than those which are a part of the
clean~up system. No further agtion shall be required
to astablisr finement and place the tlean=up system
in operation an suxiliary eledtrical power aystem
shall be provided at the site to . insura the
Avajilability of power tec operate the clean-up system.

The reactor Luilding exhaust blower, which is designed to
sxhaust at Jleagt 4000 ecfm, operates in conjunction with
additicnal exhaust blower(s) which provide an additicnal
axhaust of at least 10000 cofm from non-reavtor bullding scurces
and in conjunction with the aiyr handling unit which takeés sir
into the reactor building at less than 4000 cfm. The total
éxhaust rate through the stack ir at least 14000 cfm, Dusing
notmal speration, the building i1s at 2 pressure somewhat balong
atmospheric., The control room air ¢onditicner shall be o self-
gontailred unit, thermestatizally vontrolled, providing cénatant
air tomperatuze for the contiol room, If it i installed with
a penetration through the wall of tne reactor tuilding, it
shall have a damper at this penetration which czlcses wheo an
esacuation button is pressed.

Upan activation, the clean-up sys*em shall ~xhaust air from thae
reactor building through a fi'ter and a 115 foot high stack,
sreating a pregsureé less than atmospheric pressure. The clean-
up filter shall contain a roughing filter, an absalute
particulate filter, a charcoal filter for removing radiciodine,
srd an shasolute filter for removing charccal dust which may be
» ntamiatsd with radioiodins., Each absolute filter cartvidge

11l te undividually tested and certified bv the canufacture:

have an efficiency of not léss than 99.97% when tested with

3 micron diameter dicctylphthalate smoke. The minimum
cemoval efficlency of the charcoal filters shali be 59%, based
on ORNL data and measurcments performed locally,

Gases from the heam ports, thermal column, pneumatic system,
and all other radicactive gas exhaust points shall be exhausted
te the stack through a roughing and absgolute filter aystem,

e e e e e e e e
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K
Materials of construction Worthnite
Rating 1500 gpm
Head 59 feet
Dasign Pressure 78 palg minimum
Design Temperaturs 1509F minimun
Motor Type Rrip proof, induetion,
449 v, 3+-phasa,
0 cysle
Veaay. lans
Numbanr «f tanks i

Material of Jonstruction Aluminum Associstion
Alleoy 50B3 and 5086

Material Thickness

Walls 0.25% ineh

Dished Heads 0.375 inch
Capacity 3000 gal., minimum
Lailazy Beldicudation Liping
Material and ‘hickness Sch. 40 Al. type

3003 aluminum

gize b and 10 inch
Design temperature 1509F, minimum
Design pressure 10C psig: mindmum
Maks-up Surten

A check valve shall be installed in the line between the
potabla water supply and the make-up and cleanup
demineralizer Lo prevent entry of potentially contaminated
water into the potable water supply.

Water ascurce Potable water from
gity main

Mixed~bed single shell,
regenerative

Make-up demineralizer type

Make~up demineralizer capacity

Normal 28 gpm
Emergency 50 gpm
Water softaner capacity
Normal 50 gpm
R e
Cleanup pump
Capacity 40 gpm
Head 100 £t
Cleanupy demineralizer
Type Mixed-bed, single shell,

regenerative
Cleanup demineralizer capacity
Normal 40 gpm
Emergency 50 gpm

e e e e e
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. £, BRACICE Cohh AND CONIRCL RLLNMENIL

the reactor core and control elements shall hive the following
gharacteristica and nominal dimensions:

D lhkdeaide seis Malsicbes

Fuel matrix V36312=A) disparsion
U=235 enrichment Approximately 204
Fuel clad 6061 aluminam
Yual element side pli es 6081 aluminum
End fittings 156«T6 or 6061 aluminum
Modorator Water
feflecior~-Graphite AGOT grade (or equivalent
graphite and/or waier
Reflector-Reryllium Berylilum-aluminum clasd
Control alements Mixture of B4C and aluminum,
clad with aluminum
. serve Element gtainless steel 314 | |
, B Fued Eisnunis
| Plate width overall 2.81 inches
Active plate widih 2.4 inthes maximum
Flate length overall 45 inches
Active plate length 23.5 inches |
Plate thickness 0.06 ineh
Clad thickness 0.02 ineh i
Fuel matrix thickness 0.:02 inch '
Water gap between plates 0.1 ingch






Type Electromechanical screw
Drive t0 element connection LOCK screw (ne sctam)
A roke e Ar ma X 1 mum
FOSis%ion Ahdication accuraAcy r 0.08
HEGhARh < aad id
Btari=~up Bource
Hambe i
Type Plutoniumebaryllium
Unit Source Strength 1 x 108 neutrons/sec. minimum
Maximum Power Level w.th
Plutonium=-beryliium sources
installed 10 Kw
Operatioconal Svurce
Numbe r 1
Type Ant imony~beryllium
$ource Strength 2 x 108 neutrons/sec. minimum

F.  BEAGIOR SAEETY SYSTEMS

i,

Modea oL Pawel Lpeialaon
There shall be twoe modes of powar operation:

a. PRowar £ exation - Naturald Cizoulation (NC)

Power operation =~ NC shall be any reactor operation
performed with the reactor cooling provided by natural
circulation. The reactor power ahall not exceed 0.1 MW

during MNC operation,

b. PRawar Operatico - Fozced Clzoulaticn (FC)

Power operation = FC shall by any reactor operation
performed with reactor c¢ooling provided by forced

-

circulation, The reactor power shall not exceed 2
during FC cperation.

MW
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The reactor safery system shall consist of sensing devices
and associated circuits which automatically sound an alarm

and/or produce a reacter scram, The systems shall Dbe
designed on the fail-safe principle (de~energizing shall
cause a scram)., Table F.1 and F.2 describe the

arrangement and regquirements of the safety system,

EIQEIII "n! - 4~

Process instrumentation with rex gut in the zsontrol room
shall be provided te permit measurement of the fluw rate,
temperature, and conductivity of the primary coolant and
the flow rate of the secondary coolant. In addition, a
second primazy flow indicating device with readout in the

contrel room shall be located between *he reactor outlet
plenum and the reactor outlet header.

After normal working hours, an independent protection

system, separate from the system described in JSection

K.3.a, shall be used to monitor certain items in the

reactor bullding and alarm in the avent of an abnormal

coendition, The alarm channels provided are:
(1) A fire in the reactor room,
(2) A fire in a location other than the reactor room, .
{3) A decrease of 2 inches in reactor pool water level,

(4) A power failure in the reactor building,

{(S) An alarm condition from the radiatis>n monitors
reading vut in the control room,

(6) +n alarm condition from any other selected feature.
Masier Swir~™
A key lock =: er 9ewitch shall be provided with three
positions; “::”, "test™, and "on". These positicns shall

have che following functions:

(1) The "off" position shall de-.nergize tihe reactor
control circuie



d.

{2) The “test- position shall energize the reactor
control circuit exclusive of the control blade
magnets,

(3) Tne "on" position shall energize the reactor
control circuit including the control blade

magnets.
Eac.!g‘ x“vg‘ Sg]‘.—-’g; Elzu

A powet level selector switch shall be provided with four
positions;: "0,1 MW", "1 MW", Y2 MW", and "5 MW", Thess
+3itions shall have the fcllowing functions:

{1) The "0.1 MW" position shall activate all safety
system Sensors except those indicated in Table F.1,

{(2) The "1 MW" and "2 MW positions shall activate all
safety system sensors.

{3) The "5 My, poaition shall sc-am the reactor.

-~ 1 J 4 H -

Interlocks shall prevent control rod withdrawal unless all
of the following conditions exist:

(1) The master switch is in the "¢ca" position,
{2y The safety system has been reset,

{(3) The Log N amplifier switch is in the “operate"
positien,

(4) The startup channel neutron count rate is three
counts per second or greater, and

(5) The start-up counter is not being withdrawn,

It shall not be possible to withdraw more than cne control
element at a time.

derve System Contzol Ionterlack

Interlocks shall preven. switching to servo control unless
the period as indicated by the Log N channel is thirty
seconds or greater. The Serve control system shall be
designed so that immediately following a scram the Servo
conirol shall autome i-3lly return to the manual mode of
operation,
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wag-i - B BEBCQAP :BEEMI SYETEM
§eénsor or Trip Device No. of Switihes Trip Set Alarm ZSet
or Sensors Poant Point
Short Feriopd 1 3 sec. min 7 sec. min.
High Neutron Flux b Max. of 120% of 110% max. ||
full scale with
a 2.4 MW max,
High Temperature of Frimary 1139F max.
Coolant Entecring Core During
Forced Convestion CHroling™
High Temperature of Primary 125°F max <3I°F max,
Coolant Leaving Core During
Forced Convection Cooling®
Low Flow Rate of Primary 1 1580 gpm, 1650 gpm, ||
Coolant* min., min.
Low Pcol Water Level 1 <" max.decrease 2" max.decrease
Seismic Disturbance 1 IV on Modified
Mercalli lcale
max.
High Pool Temp 1 128°F 120%F | ]
Bridge Misalignment* 1 X X
Coolant Gates Open* 1 per gate | X X
»
Neutron Detector High 1 per Decrease of
Veltage Failure in Linear power 50 volts max.
Level Safety Channels supply
Manual Scram (Switch at 2 X X
bridge and on console)
High Conductivity of 1 Equivalent
Primarv Coclant to 2umho/cm
at 25°C, max.
Safety Blade Disengaged 1 X
Log N - Period Amplifier 1 X X
Failure
Regulating Rod at Either 1 X
Limit of Travel
Low Flow Rate cof Secondary 1 800 gpm,
Coolant* min .
Bridge Movement 1 X X
No Flow Thermal Cclumn* 1 X X
he

*These functions are bypassed when the Power Tavel Selector Switch is in &

"0.1 MW" position.
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b 4) The three fixed gamma monitors shall be located .
' td detect radistion as followa: At the pool
biological shield between a beam port and the
_ thermal column, abpve the storage container for
- new fue.i elements, and at the reactor bridge.

b. A gamma monitor shall be provided near the primary coolant

system, and an additional one shail be provided near the
econdary caolant system for use in determining the
resence of abnormally high concentrati~-n ol 4
adigactivity in these systems. The characteristics of
nese monitors shalli be as stated in a. above.

(6 ]

Six additional direct reading area monitors .mploying
Fiiger tube detectors shall be provided tc monitor the
[ pneumatic system receiver stations, the beam port areas,
and other areas as required. Each of these shall have the
following characteristics:

1) A range consistent with expected radiation levels
in the azea being monitotred (0 to 10 me/hyr cr 0
to 50 me/hr).

-

¢l A radiation dose rate output at the instrument.

3) An adjustable high radiation alarm to alarm at
the instrument and create both an audible and

visual signal. .
d. A stack exhaust gas monitor system shall be provided which
draws & representative sample of air from the exhaust gas,
The monitor with indicators and alarms in the control
roc, shall have the following characteristics:

1) A beta particulate monitor with an alarm.

”.

2) A gas monitor incorporating a scintillation detector
with high level alarm and a minimum detectability
level for an Argon=-41 concentration in air of 10~
fuc/cc.  The monitor shall have a range of at least
four decades.

3. Quher Badiatiog Monitering Equipment

a. Portable survey instruments for measuring beta-gamma dose
rates in the range from .01 mr/hr t2 2850 r/hr shall be
available at the facility. Portable instruments for

measuring fast and thermal neutron fluxes in the range
from 1 n/cmé~sec to 25,000 n/cm@*sec shall also be
available to the facility.

b. Reactor excursion monitors shall be placed in the facility
for measuring gamma and neutron doses in the event of an
accident .
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1. New fued SLozage
New fuel shall be stored in a security container in “egg crate®
boxes. Sheet cadmium at least 0.020 inches thick shall he
fastened around the outside of the boxes in the regicn which
containd the fuel. The number of fuel elements which can De
plated in each box shall not exceed three. For all congditions
of moderation possible at the site Keee shall be less than 0.3

2. lazadiated Fusl Siorage
Twe types of irradiated fuel element storage rtacks shall re

tovided. One type of rack shall centain spazes for aine fuel

assamblies and shall have approximate over-ail dimensigns of
35.8 in. wide by 28 din. high by 6.25 in. thick, and shall be
fixed to the pool wall. At least two of these zacks shall Le
provided. The second type of rack shall donsist of two of the
nine fuel assembly racks describved above attached together with
a minimum space between the center lines of fuel assemblias in
adjacent racks of 12 inches. This 18 fuel assembly rack shall
e covered on the two 35.85 x 26 in. outside faces with a
neutron absorbing material. At least one 18 fuel assembly rack
shall be provided, and the rack may be moved within the pool.
The fuel storage racks may also be used to store core
components other than fuel assemblies. The irradiated fusl
storage racks shall have a maximum Keg¢gf¢ of 0.8 for all
conditions of moderation posaible at the site. Storajge spaces
shall be provided for at least 36 fuel assemblies,

REEERIMENTAL FACILITIES

The permanent experimental facilities shall gsonsist of the
following:

34 hermal column.

2, . Beam ports; two B inch dia, and four 6 dia.
3. A six inch diameter through port.

4. Radiation baskets.

5. A two-tube pneumatic tube system,

6. Dry gamma cave.

=
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The Rhode Island Atomic Energy Commissiorn (RIAEC) shall have
the respensibility for the safe cperation of the reactor, The
RIAEC shall appoint a Director of Operations and a Reactor
Uriligation Committee consisting o¢f a minimum of five members,

As follows:
(1} The D resto »f Operations
(2)  The Reactor Facility Health Physicist

{(3) A gualified representative from the faculty of Brown
University

(4) A gualified representative from the faculty of

Providence College

(5) A gualified representative from the faculty of the
University of Rhode Island.

A gqualified alternate may serve in lieu of one of the above,
The Director and Health Physicist are not eligible for
a1

chairmanship of the Committee. The Reactor Utilizati
Committee shall have the following functions:

A Review proposals for the wuse of the reactor
considering the suitability of the reactcr for the
proposed use and the safety factors involved.
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(1) A licensed senior reactor operator shall be
assigned each shift and be responsivle for all
activities during his shift which may affect
reactor operation or involve radjiation hazards.
The reactor operators on duty shall be
responsible directly to the senior cperator,

The reactor operations which af

reactivity shall not bhe performed without the
senior cperator on duty or readily av.ilable on
call. The senior operator shall be present at
the facility during initial startup and approach
to power, recovery from an unplanned ot
unscheduled shutdown cor significant reduction in
power, and refueling. The name of the person
serving as senior operator as well as the time
he assumes the duty shall be entered in the
reactor log. When the senior operator is
relieved, he shall turn the operation duties
over to another licensed senior operator, In
such instances, the change of duty shall be
logged and shzll be definite, clear, and
explicit. The senior operator being relieved of
his duty shall insure that all pertinent
information is logged. The senicr operator
assuming duty shall check the log for

| . information or instructions.
| c. EBsactor Qperators

(1) The responsible senior operator shall designate
for his shift a licensed operator (hereafter
called "“operator®™) who shall have primary
responsibility under the senior operator for the
cperaticon of the reactor and all associated
controel and safety devices, the proper
functinoning of which is essential to thre safety
cf the reactor or personnel in the facility.
The operator shall be responsible directly to
the senior operator.

(5
-

fect core
[

(2) Only one operator shall have the above duty at
any given time. Each operator shall enter in
the reactor log “he date and time he assumed

duty.

(3) When operations are performed which may affect
core reactivity a licensed operator shall be
stationed in the control room. When it is
necessary for him to leave the contral room
during such an operation, he shall turn the
reactor and the reactor contrcls over to a
designated relief, who shall ales be a licensed
operator. In such instances, the change of duty

. shall be definite, clear, and explicit, The
relief shall acknowledge his entry on dut. by
proper notation in the reactor log.

T e TR SRR Sl T R e
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The exact procedure to be followed for a
particular reloading operation will be determined
by the cobserver and the senior reactor operator
in charge of the operation before the operation
begina. Each step in the procedures shall be
considered by both persons, and no step shall be
taken without the cencurrence of both,

Experiments

"Experiments" as used in this section shall be
construed a3 any apparatus or device installed in the
core region which is not a component of the core,

The Reachor Utilization Committee shall review and
approve all experiments before initial performance at
the facility. New types of experiments or experiments
of a type significantly different from those
previcusly performed shall be described and documented
for the study of the Reactor Utilization Committee,
The documentation shall include at least:

(1) The purpose of the experiment,
(2) A description of the experiment, and

{(3) An analysis of the possible hazards
asscciated with the performance of the
experiment .

All use of experimental facilities shall be approved
by the Director of Operatione.

The absolute value of the reactivity worth of any
single independent experiment shall not exceed 0.006,
If such experiments are connected or otherwise related
80 that their combined reactivity could be added to
the core simultanecusly, their combined reactivity
shall not excead 0.006.

The calcuiated reactivity worth of any single
independant experiment not rigidly fixed in place
shall not exceed 0.0008. If such experiments are
connected or otherwise related sc that their combited
reactivity could be added to the core simultaneously,
thelir combined reactivity worth shail not exceed
0.0008,

No experimént shall be installed in the reactor in
suck a manner that it could shadow the nuclear
instrumentation s8ystem monitors and thereby give
erronescus or unreliable information to the control
aystem safety circuits.

No experiment shall be installed in the reactor in
such a manner that it could fail so as to interfere
with the insertion of a reactor control element.







(3)

(1)

(21

(3)

(4)

(S)

8§, The negative differential pressure
between the inside and ocutside of
the building is at least 0.5 inches
of water. This shall be determined
by reading the differential magna
helic gauge lucate? in the ventrol
room,

(b Wﬂﬁ' ) & .

The building cleanup system including
the auxiliary electrical power system
ahall be retested at least weekly.

The exhaust rate through the cleanup system shall not
exceed 4500 cfm with not more than 1500 cofm cominy
from the reactor building and passing through the
charcoul scrubbe:r. The remaining air will be
provided by 4 separate blower from an uncontaminated
source. This shall create a preasure ia tne building
which is equivalent tn at least 0.5 inch of water
below atmospheric pressure.

Erimazy Coclant System

The minimum depth of water above the top of the
active core shall be £3 feet,

No piping shall be placed in the pool which could
cause or fail so as to cause a siphon of the paol
water to below the level of the ten inch cooclant line
penetrations,

Makeup Syatenm

The effluent water of the primary coalant
water makeup system shall be of a quality to
insure compliance with K.3.c.(5) and (6)
below,

Cleanup Gyaten

The effluent water of the primary coolant
water clean up system shall be of a quality
to insura compliance with K.3.c,(5) and (6)
belcw.

The primary coolant shall be sampled at a minimum
frequency of cnce per week and the samples analyred
for gross radiocactivity, pH, and conductivity in
accordance with written procedures. Corrective
action shali be taken to avoid exveeding the limits
listed below:




{4)

(1)

pH $.5 te 7.5
conductivity & umho/cm

The radicoactive materials contained in the pool
watey and in the primary cooclant water shall
such that the radiatiosn level one meter above the

10

surface ¢f the pocl shall be less than 10 mrem/hr.

During the forced circulation mode of operation,
the primary coolant fliow rate shall not be less
than 1580 gpm.

The sec¢ondary ccolart ghall be sampled at a
minimum frequency of once per week and the samples
analyzed for pH in accordance with written
procedures, Corzective action shall be taken to
avoid exceading tne pH limit given bhelow:

DH 5.5 t0 9

The concentration of radionuclides in the
secondary water shall be determined at least once
each day the reactor operates using forced
convection cooling. The concentraticon shall ‘e
determined at least once per week when rniot being
operated using forced convection cooling.

If the radicosctive materials contained in the
secondary coolant exceed a radionuclide
concentration in excess of the values in 10 CFR
20, Appendix B, Taple I, <Column 1II, above
background, the reacter shall be shutdown and the
condition corrected before ocperation using the
secondary cool. g system resumes.

The secondary coolant system shall be placed in
operation as reguived during power operation
utilizing forced convection in order to maintain a

primary coolant core outlet temperature of 125°0F
or below,

Eeactor Core and Coatrol Elements

The reactor shall not contain in excess of 3% fuel
elements, There shall be a minimum of four
uperable centrol alements.
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(&) fpixa Beguadiong Elegent, D-lie. PRiilimibas
BaQudLemeiins
If An use during cperstion, the servo regulating
element drive shall mee: tte follow)yayg
specifications:

1. The doiive withdraval rate shall not pe mogrs than
78 inches per minute.

ro

It shall be demcnstrated at least once per month
that the above specification is met.

|

£ Egactcs 8 v 8

{(4)

(5)

{6)

The reactor safety system shall be coperable during all
reactor operation, The safety system shall Le cnecked out
bDefore each start-up and functionally tested for calibration
at leaat monthly,

It ghall be permissible to continue operations with one or
more of the safely system functions that produce only an
alarm temporarily disabled providing that additional
procedural controls axe instituted to replace the lost
safety system wlarm function(s}.

The control element withcdrawal intecvlocks awn.c the servo
aystem contr-ol interlocks shall be functionally tested at
loast once per month.

During reactor startup or during muchanical cnanges that
could affect ccre reavtivity, the startup range neutron
monitoring channel shall be cperabie and shall provide a
NEuULtron count rate i at ledst 3 eounts per second with a
aignal to noise rario at least 3 to .

The linear level safety channels shall not cead less than
15% of full scale when the reactor ia operating at power
levels above ! watt

Following a rediction in power level, the operater shall
adjust the servy power schedule to the new power level
before switching to automaticz operation.

An alarm condition from aay cone ¢f the items listed in
Sectlion F.2.b. after working hours shall fransmit coded
information to a consinususly manned ceatral station in
Providence, Rhode island. The cerntral station shall be
provided with written instructions on the steps t¢ be taken
following an alacm,
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. BAa'se Lisposal and Bsactol Mondllzlng fyalens
(i) The liquid waste retention tank discharge shall flow to

A mouitor station in the reactor bullding where the
effluert shall be batch sumpled and the gross activity
per unit volume determined before relesse, All off-
site releases shall be directly inte the municipal
sewer lystem,

(2) Gaseous radicactive waste shall be disposed of using
the reactor stack, Disposal limits shall ccnform to
the following table. In this table, the MPC stated is
for iandividual disotopes and nixtures contained in
Column &, Table II, Appendix B ~f 10 CFR 20

& R r - g .
Type of Activity Maximum Curies Curies per second to |
per second to be be released averaged
released over one yeax

Particulate Matter and
Halogens with half-li.as 140 X MPC (ua/ee) 14 X MPC - ue./ag)
longer than & days

All other fadicactive 105 x MPC (uefcey

Isotopes

10% X ¥rl (uc/ec)

(3)

(4)

(3)

All radivactive liqu.d and solid wastes disposed cf
off-site shall be within the limits established by 1
CFR 20 or shall be cemoved from the site by a
commercial licensed crganization,

The axhaust gas monitor shall be calibrated to alarm
at an instantaneous releasse rata which instantaneously
exceeds the limits stated in Colrmn 2 for the annual
average release rate. If the maximum permissible
stack release rave stated in Column 1 is exceeded, the
reactor shall immediately be placed in the ahutdown
mode of cperation and the situation investigated.

The area, primary and seccnuary coolant system and the
exhaust gas monitors shall be in operation at &ll
times when control elements or the serve regulating
elements are withdrawn; however, individual area
coolant system monitors may ke taken out of service
for maintenance and repair if replaced with portable
radiation detection equipment, Adequate spare parts
shall be on hand to allow necessary repairs to be made
during the maintenance or calibration outages of the
monitors.



(8) The area and the primacy and secondary coolant system
monitcors shall be adjusted to alarm at a maximum

aAM
« v

reading of 2 mr/hr oz % of the normal radiation
levels in thuir area, whichever is larger.

7) The acor which controls entrance to the "maze" leading
t¢ the cdelay tank shall be locked with the ksy in the
possession of the Director or a licensed senior
operw.or, Entrance tf the Jdelay tank high radiation
area shall vegquire the presence of the Health
Physicist or a licensed senior opercator and the use of
direct reading portable radiation menitoring
equipment .

h. Eusl Stoxage

-

t1) New fuel shall be stored in egy crate boxes loca'.ed in
4 SsSecurity contaicer. Access to the security
container shall be restricted, through use of & lock,
to the Director of COperations and the licensed senior
reactor operators.

{2) Irradiated fuel, not in use in the reactor core, shall
B¢ stored in the critizality safe storsge racks
described in Section H. Only one fuel assembly may be
inserred or moved from a storage rack at a time.

(3) Safety against inadvertent criticelity shall be
provided by limiting the number of fual assemblies pe:r
rack to nine and then positively securing such racks
at least 30 cm. apart, or by limiting the number of
fuel asserblies to 18 per rack and then covaering the
two large faces of each rack with a sheat of aluminum
covered cadmium,

1. Malnzsgancs

(a)

;;

(c)

A ok Lot &

The electronic control and the process control system shall be
checked for proper operation and calibration before each
reactor stagt-up. If maintenance or recalibration is required.
it shall be performed before reactor start-up proceeds.

Maintenance shall be performed with the approval of the
firector. Equipment and asystem maintenance records snall be
«ept to facilitate scheduling and completion of all necessary
maintenance.

Foutine maintenance on al' control and process system
components shall be performed in accordance with written
schedules and with written procedures.




