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Chapter 1
10 THE FACILITY.
14 . Introduction

The Rhode Island Nuclear Scnence Center (RINSC) open pool reactor is owned and :
operated by the State of Rhode Island. The reactor facility is located in Narragansett,
Rhode Island on the Umversrty of Rhode Island Narragansett Bay Campus (NBC)

As ongmally mstalled the reactor and support systems bu1lt by General Electnc- :
Company were adequate for operation at one (1) MW thermal (t) under license number -
R-95 issued on July 21, 1964. At present, an amendment issued on September 10,
1968 permits operation up to a maximum- of two (2) MW,. The Nuclear Regulatory
Commission (NRC) conversion order to switch from high to low enriched uranium fue!
was issued on March 17, 1993 following approval of the revised Safety Analysis Report,
(SAR). |

This SAR is submitted pursuant to 10 CFR 50.64 by the Rhode Island Atomic Energy" -
Commission to apply for a twenty-year license renewal. The analyses required for the
preparation of this report have been a joint project of the Reduced Enrichment-for:
Research and Test Reactor (RERTR) group -at Argonne National Laboratory and the.
staff at the Rhode Island Nuclear Science Center (RINSC). The Rhode Island Atomlc :
Energy Commnssnon is responsible for the contents of this report. .

1.1.1 Location of the Facility

The RlNSC |s located on ‘a three-acre. srte sntuated on the NBC off South Ferry Road in .
Narragansett Rhode Island 02882. . Thls three-acre parcel,. listed in:the Town -of .

Narragansett tax assessor’s office as Map N C,-Lot 7, is leased from the Rhode Island
Department of Higher Education. The reactor buﬂdlng and the NBC are located on a - -
portion of a 27-acre former mllltary reservatlon originally called Fort Kearney. ‘

1.14.2 Purpose of the Facility

The Rhode Island l_eglslature created the Rhode Island Atomlc Energy Commrssron
under the General Laws of Rhode Island, which states (in part), “to. contract for, -

construct and operate a nuclear. reactor wrthln ‘the state for the purpose of research, .

experimentation. . ., to co-operaté with’and make available, under proper safeguards
the use of said reactor by the colleges, universities and industries of this state a

Today, the’ Rhode Istand’ Nuclear Smence Center (RINSC) after more than 38 years of -'

successful operatlon provrdes research reactor operatlon services to both the research .
and mdustnal commumtles i s pme e , o e

1.2 General Descnptlon of‘tltezl-;ac‘tli;ty RPN
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1.2.1 Introduction

The reactor was initially licensed to operate at one (1) MW,). The original design of the
reactor permits later conversion to five (5) MW, operation after specific NRC review and
approval. It operates with forced-circulation cooling, with optional natural convection
cooling at power levels below 0.1 MW,. It is presently licensed to operate at two (2)
MWy. ' '

In general, the facility provides six beam tubes for neutron experiments, a thermal
column for thermal neutron use, gamma ray experiment facilities and two pneumatic
tube systems for activation analysis. Laboratory support services are also made
available for researchers.

The reactor facility is composed of five basic systems: (1) the pool and biological
shielding; (2) the reactor core, core suspension, drives, and drive shatts; (3) the controls
and instrumentation systems; (4) the experiment facilities; and (5) the process and
cooling systems.

1.2.2 Reactor

The reactor is a heterogeneous open pool, water-cooled (natural and forced convection

mode) type, with capability of being operated at 5 MWy. The fuel is LEU and is
reflected with a combination of graphite and beryllium. The reactor core is located near
the bottom of a 32-foot deep; aluminum-lined concrete pool. Normal operation is with
the core in the high power section (Figure 1-1).

The core consists of fuel elements in a rectangular array, surrounded on four sides by
reflector elements. Four safety control blades and a servo-actuated regulating blade
control the reactivity. The control blades move vertically within a pair of shrouds that
extend the length of the core. Core elements are contained in a grid box that is enclosed
on four sides to confine the flow of cooling water between elements. A suspension frame
supports the grid box, core, and the drive mechanisms.

With the award of a Department of Energy (DOE) grant, work began in August 1986 to
convert the fuel system from 93% enrichment UAI, fuel to a less than 20% enrichment
U3Siz-Al fuel. As part of the conversion, priority was given to designing the core for
greater flux at existing power levels. Also, consideration was given to ensuring that the
new core would be capable of operating at power levels up to 5 MWy,

Direct visual and mechanical accesses to the core and mechanical components are
available from the top of the pool for inspection, maintenance, and fuel handiing. The
pool water provides adequate shielding of personnel standing over the pool. The
mechanical components of the bridge and frame are of a design that permits the
structure to be mechanically moved along a rail system mounted on thé top of the pool
walls. The mechanical components are described in greater detail in Chapter 4, Reactor
Description.

Revision 0.2 1-3 3/26/04
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The pool area is lined with an alummum llner that alds in mamtalnlng water purity and .
minimizes . water leakage into the concrete. . Coolant piping protrudes through the .
concrete shield structure to allow connections 'to the core. .-Major experiment facilities
converge -toward - the .core, -and. afford . ample opportumty for the simultaneous
performance of a number of different expenments , :

The heart of the reactor consists of a core supported by a suspension frame, in an open
pool of water. The frame is bolted to a bridge, movable from one end of the pool to the - -
other by means of a hand crank that, when turned, moves the wheel-mounted brldge :
along rails provnded at the top of the concrete structure. S :

The reactor core snts on a 7 X9 gnd plate with the four comer. gnd posmons occupled by ’
the suspension frame support posts. These support posts connect the grid plate/box to -
the reactor bridge that spans the open pool. The support posts are water-filled,
providing a convenient neutron detector.location. The gnd platelbox is suspended about : -
8 meters (26.3 feet) below the pool water surface TR "
ThlS gnd plate is installed at the bottom of a gnd box whose four s1des are enclosed 4
The top of the. gnd box is open to the pool and the bottom connects to an enclosed
plenum for coolant flow. The grid box. also contalns two permanently installed. shrouds - -
in wh:ch four boral control blades move. , . . :

The stalnless steel regulatlng blade m the reﬂector region . of the LEU core can bef-
relocated. While' some grid positions are shown vacant for- clanty in Figure 1-2, clunng.

operation each grid ‘position must contaln either-a fuel element, a reflector, or-an .

irradiation basket. Otherwise, the coolant flow would by-pass the active core through the -
vacant grid position. A three-inch lead thermal shield, with coolmg plplng, is posmoned
in the pool between the grid box and the  thermal column .

i-

Surroundmg the. reactor at the mam ﬂoor level |s approxumately of remforced G;:

concrete. The basic purpose of the massive concrete structure is to provide shielding for

personnel working in the reactor building. The massiveness and also the location of the’

structure on a heavy concrete substructure (a concrete gun mount from the former Fort

Keamey), prowdes excellent protectlon for the reactor core agamst natural phenomena

The reactor control room is looated at the pool level Two outsnde walls of the control'
room are the confinement bunldmg walls and two_ ‘interior walls are standard 2 x-4 wood_

construction. The reactor control’ console is located in the cantrol room and manages all .
control blade movements and contains devnoes that .provide - interlocks, scrams, -and_ . -

systems indication. It processes and displays information on control blade positions,
power level, and coolant system parameters. ; The reactor instrumentation includes chart .
recorders to display mformatlon graphlcally and the data can also be.saved for future.
reference. : e P

1 2 3 Reactor Conf’ nement Bunldmg oy

The reactor confi nement bunldmg is a remforced concrete bunldmg 69 feet long by 62 feet o
wnde by 51 feet high that houses the open pool research reactor as shown in Figure 1-3.

Revision 0.2 4 3/26/04
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The reactor confinement building exhaust system is designed to provide a slightly
negative pressure ‘with respect to’ surroundmg areas to prevent the release of any
radioactive gases that are produced through any penetration other than through the 115
foot exhaust stack. The off-gas systems remove radioactive gases from expenment
facilities and helps to maintain concentrations of gases below limits of 10 CFR 20 in the
reactor confinement building.

The biological shield nding the pool is reinforced concrete that varies in thickness
from approximately "at the reactor base, to approximately at the pool
level. The biological shield is designed to keep personnel exposures as low as
reasonably achievable and to protect the reactor from natural phenomena and has been
shown to be effective by the results of surveys taken during the operational history of
the facility.

The RINSC reactor is housed in a building specificaily desngned for reactor operation. It
includes the many systems needed to support this type of operation. The RINSC facility
consists of one building which houses the reactor and support areas. The confinement
building (reactor building) is a concrete building normally maintained under a negative
pressure. Normal operation results from reactor room exhaust air being removed by the
reactor room exhaust blower, through the butterfly valve at the building wall penetration,
and into the reactor exhaust stack. Confinement air intake comes through a butterfly
valve at the building wall penetration into the building heated air duct. The two butterfly
valves close air tight on activation of the emergency exhaust system. Additionally, off-
gas is removed from experiment facilities by an off-gas blower and filter system. The
blower removes gases from the thermal column, beam port drain and vents, etc. and
discharges into the reactor room exhaust piping. A pneumatic system blower discharges
its gas removal into the off-gas’'discharge line. The off-gas and pneumatic systems
operation are more fully described in Chapters 9 and 10. A dilution air blower provides
additional airflow and discharges into the stack at its base. Normal building differential
pressure (Ap) is measured at two locations, (1) in the control room, and (2) in the
adjacent lab wing outside of confinement.

The pool is divided into three interconnected sections: (1) the high-power section, (2) the
storage section, and (3) the low-power section. A movable gate can be used to
separate the sections and allows for individual draining of the high and low power
sections. The reactor core is moved to the high-power section and coupled to the
coolant lines for operation in power ranges above 0.1MW, using forced circulation. For
operation in power ranges of 0.1MWy, and below, the reactor may be operated in any of
the sections using natural convection cooling.

As spent fuel elements are generated, they are placed in the fuel storage racks located
in the storage or low-powerisections of the pool. The spent elements may be used as a
source of gamma radiation.””

The facilty has a radiation monitoring system consisting of area monitors with

audible/visible warnings to prevent personnel from inadvertent exposure to high.

radiation levels. Beam port override shutter controls and position indication are in the
control room. Some beam port experiment areas have individual shutter operating
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controls and indications. The pneumatic system sample stations have lead receiving

boxes and radiation monitors for personnel protection. Manual reactor scram buttons are - |
located in the control room and on the mstrument bridge over the pool. :

The facility contains proven and reliable electrical, water, makeup water and waste
water systems. In addition, the facility has fire detection and suppression systems,
intercom system, radiation monitoring systems, security system and an emergency
evacuation system. . .Primary and secondary.cooling systems and a primary water
cleanup system are used for heat removal and pool water punf' cation. -

1.2.4 .Shared Facllltles _ o

The RINSC facallty has a shared heatmg system with the adjacent University of Rhode
Island Center for Atmospheric Chemlstry Studies (CACS) burldmg This bu1ldmg supplies
heat (circulated hot water) directly into the existing reactor building heat piping. The hot
water heating supply is generated by the CACS dual unrt gas-fi red boiler system

The RINSC provides de-mineralized water to the CACS. . The makeup de-mineralizer
system’ for the reactor has suffi crent capacrty to allow a portron for Iaboratory use in the .
CACS. The CACS laboratories can 'store’additional de-mineralized water.in case the
RINSC shuts down its makeup system for resin recharge The CACS de- mineralized

water demand is 'small'and may be isolated, if necessary, from the loop’ through the .

piping system.
1.2.5  Laboratories

The facility provides a variety of laboratories operating under an Agreement State
license issued by the Rhode Island Department of Health. The facrhty houses several
chemistry laboratories. In addition to standard equipment such as air, gas, vacuum, and
water lines, some laboratories are equipped with hoods that exhaust through absolute
particulate and charcoal filters.

1.3 Comparison with Similar Facilities

The LEU fuel, described in chapter 4, has been developed and tested and is now being
used in the RINSC reactor at its present operating licensed power level of 2 MW,. The
operation and accident conditions of the RINSC are no greater than those of similar -
reactors using the same fuel systems, and therefore present no undue nsk to the health” -
and safety of the public. -

The LEU fuel, control-blade drives, -control blades, and experimental systems are similar
to systems in other reactors (University of Massachusetts at Lowell etc) These |tems -
have well establrshed operatmg expenence i

14 3ummary and Conclusnons on Prmclpal Safety Consrderatrons

»‘!.~ .

141 . Nuclear .‘ |
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The analyses presented in this report demonstrate that the RINSC reactor has been
designed and constructed and can be operated, as described herein, without undue risk
to the health and safety of personnel in the facility and the general public.

The approach taken in this document to demonstrate the safety of the RINSC reactor
is to show that:

e The RINSC reactor fuel and instrumentation and control systems are of proven
design, based on past operating experience of systems with the same or similar
designs, which have been approved for operation by U.S. Government agencies;

e The operating and accident conditions of the RINSC reactor are no greater than
those of other similar reactors using the same fuel systems, and therefore
present no undue risk to the health and safety of the public;

e The RINSC has been maintained and its components and systems have been
updated and/or replaced as needed;

¢ The RINSC has safely operated for more than 38 years.

The RINSC reactor fuel, control-rod drives, control rods, and experiment systems are
similar to many other systems used throughout the United States. These items have
well-established operating experience. Conversion of the RINSC reactor to LEU fuel
was accomplished in 1993. The reactor operates at a nominal steady-state power of 2
MW(:).

Abnormal conditions or postulated accidents discussed in this report (See Chapter 13)
include:

Maximum Hypothetical Accident (MHA);
Reactivity insertion;

Loss of coolant;

Loss of heat-removal system;

Fuel cladding failure, and;

Pyrotechnic detonation.

The limiting fault condition (i.e., the Maximum Hypothetical Accident), which assumes
failure of fuel cladding and an air release of all the fission products from a single fuel
plate, will result in radiation doses to RINSC personnel and the general public for both
thyroid and whole body that are acceptable. Chapter 13 contains a detailed discussion
of this accident scenario.

Radiation exposures to personnel working in the RINSC from both direct and airborne
radiation during normal operation have been analyzed. In addition, actual radiation
levels have been measured. This analysis and measurements show that the highest
exposures occur when personnel are working on the beam floor when the reactor is
operating. Under these conditions, personnel will be subjected to a maximum radiation
field of less than 0.5 mrem/hr. Chapter 11 contains the personne! exposure analysis.
All personnel entering radiation areas will be closely monitored, exposures kept as low

Revision 0.2 1-7 3/26/04




- - ——

-

(-

[(NENRENENENESCESESE SR SN OGNNSR N el e ot
HBAWNSOOVENANAWN=OVEONAAUMAWVWNN=OOVRRINANWNDAWN -~

W L W
S oG

W W
\O o0

B I
OB WN—-O

RI Atomic Energy Commission - ~ - Safety Analysis Report
RI Nuclear Science Center C

as: possible,-and in no case will they be allowed to - exceed the 10 CFR Part 20 -
guidelines. . . o Boeo cia : S

‘\-n; .

The effects of A*! and N16 concentrations dunng normal operat|on of the reactor have .

also been evaluated for both RINSC personnel and the general public. These: isotopes ..
result in exposures of only a few mrem/yr-to RINSC personnel -Their release to the -
atmosphere, \via .the exhaust :stack; results in a- maximum down wind- concentration ..

below.the 10 CFR Part 20 gurdehnes for unrestncted areas, see Chapter 11 and
Appendix A for analysis. LT S .

Radiation-monitoring equipment has been installed at key locations to monitor radiation -
Ievels and to sound alarms if preset values are exceeded S

Loy -
h

1.5 Summary of Operatlons

The Rhode Island Atomlc Energy Commnssuon has been operatlng the only state-owned' :
research reactor for more than 38 years.  As one of the higher flux reactors (when .

compared with other. Umversnty Research’ Reactors [URRY]), the RINSC has significant -
potential to carry out a wide range of research and educatlonal programs. Since the . .-

RINSC operates the only nuclear reactor in the State, it is responsible for providing -
tours, briefings and training to high schools, college classes and the general pubhc from
a large geographical area. ‘

The operating schedule makes the reactor available for full power operation durmg most -

of the year on a daily (one shift) basis. Reactor utilization by outside users is fostered
and encouraged e e -

1. 6 Comphance Wlth the Nuclear Waste Pollcy Act of 1982

The RINSC has an agreement wrth EG&G Idaho lnc under subcontract No 088-_ :

101958 (DE-AC07-76ER03488) for reactor .fuel assistance AR-80-88. - The contract is - -

for the disposal of spent fuel. A copy of the contract is enclosed herein and satisfies the
requrrements of the Nuclear Waste Pollcy Act of 1982

17 Faclhty Modlflcatlons and Hlstory

171 Introduction . ._.,.‘i. ‘

Hlstoncally, RINSC had been utilized for research in environmental chemistry. Since the -

facility is located at the, Umversnty of Rhode Island Graduate School of Oceanography, it - -

enjoyed  a. large; user group of enwronmental researchers. . Graduate students.and .
several research groups employed neutron. actlvatlon analysis extensuvely ' The RINSC

has several laboratories, a clean room, and a mass spectrometer. room. A-Center for .

Atmospheric Chemistry Studies bunldmg adjacent to the RINSC provrded ready access ‘
for faculty, students and others doing environmental monitoring. .- .. = | E

The Physics Department of the University of Rhode Island developed an exten'siye
neutron scattering program at RINSC. This program attracted physicists from several

Revision 0.2 1-8 L 3/26/04
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different countries and many doctoral students and graduate students have obtained
their degrees based on research conducted at the RINSC. In addition to the high flux
necessary for this work, RINSC offers these students the opportunity to obtain extensive
daily neutron beam time on three instruments. Availability of reactor services to a broad
spectrum of users stimulates creativity. As in the case of chemists, physics students get
much hands-on experience working with nuclear technology. Such opportunities are not
as readily available at the federal reactors. Department of Energy grants have been
received to upgrade reactor systems. This support will ensure the continued strong
development of the basic research programs at the RINSC.

The RIAEC has developed a research plan that supports a wide range of bio-medical
science research. Due to the unique nature of the RIAEC's organizational structure, it
has been able to attract researchers from across the United States and internationally. A
mandate to serve all research endeavors enables the facility to attract a broad spectrum
of users as evidenced by the new initiatives in bioscience and medicine that are being
developed by private companies and collaborations of government and educational
institutions. Because the facility is not part of any one educational institution, it is not tied
to one specific program. The RIAEC has demonstrated the ability to rapidly enter into
cooperative agreements with a broad spectrum of users and provide support to all
researchers.

Some example of current research initiatives include:
Boron Neutron Capture Therapy:

Neutron beams at URRs have been used in clinical trials to study the efficacy of boron
neutron capture therapy for the treatment of brain tumors. To minimize collateral damage
to healthy tissues in such procedures, an advanced epithermal neutron filter has been
designed by Dr. Karl Ott of Purdue University for installation in the thermal column of the
RINSC reactor. Epithermal neutrons are expected to penetrate healthy regions of the
brain with minimal collisions and deposit the bulk of their energy in malignant cells. Dr.
Ott's filter design is predicted to significantly improve performance over previous beams.
It will provide a 5 to 7 fold enhancement of the dose-rate of the reactor beam specifically
in the epithermal neutron energy range. Concomitantly, a great reduction in the intensity
of associated gamma rays and of high energy and thermal neutrons should be achieved.
For cancer therapy, these results will produce increased beam penetration and
decreased side effects due to radiation damage to normal tissues around tumors.

Dr. Ott has been working closely with Argonne National Laboratory (ANL) in the design of
the filter and he has signed a fifteen-year lease with the state of Rhode Island for use of
the RINSC facility. He has also ‘contracted out work on an improved boron based
compound and is collaborating with a team from Brown University (BU) that is developing
a gadolinium based compound for use in the treatment of brain cancers.

Assay of Tissue and Fluids Utilizing Neutron Activation Analysis (NAA) of Stable
Isotopes:

Revision 0.2 1-9 3/26/04
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Over the past several years, the RINSC has worked with BioPal, Inc. in the development
of a new application for NAA that has the potential fo generate significant usage of even
the lowest flux URR's. This technique is a new generation, high-precision alternative to
traditional, radio labeled research products that provrdes a state-of-the-art assay service
based on NAA technology There are several major advantages to this approach whrch :
include: - S :,’_,;u., ,1:. . , A ,
. Non radloactlve - Stable 1sotopes are used as labels. No NRC llcense or
. - expensive Iaboratory equipment required by users. :
+ . No shipping of radioactive material is required. - T
o . High"-.Sensitivity - Slgnlﬁcant enhancement in- sensrtlvrty over tradntronal
.+ radioimmunoassay. - o .
» - Multiple Labels - A large number of stable |sotopes can be used
* " Archiving and Re assay NAA is non-destructive. S
+ High Throughput Ultlmately thousands of samples/day can be processed at one '
- reactor. -
e Low Cost - Recent rmprovements in detector technology and electronics have™
. improved throughput effi crency and sensitivity. :
Platform Technology many research and clmlcal assays can be adapted to thls .
technology o .

t

This technique is currently utilizing stable labeled micro-spheres and stable markers for .
a number “of deposmon ‘studies” and _for. DNA synthesis. Custom NAA servrces are
available. Stable lsotope labellng kits" are being developed to measure” antibodies,
peptides, ‘and other cellular probes. Methods are being tested that focus on cancer . .
detection, measurement of extra-cellular-space and blood volume and protéin-bound
iodine.

Advanced Isotope Research:

Many URRs have active programs to produce radlorsotopes for scientific and industrial .
applications. " Some of these isotopes are used,as tracers in chemical, nutritional, and"’
environmental studies, while others are used ‘in'the synthesis of radropharmaceutrcals
Radiopharmaceuticals are used both  as diagnostic and. as therapeutic ~ agents. .
Significant funding will be required to develop fully functlonal radlonsotope productron

Environmental Research:

The sngnlf icant environmental expertise_of RINSC researchers has resuited in the
formulation of a commercial venture called Mrcromorgamcs Inc. This company has two
laboratories at RINSC and has become actively involved in’ envrronmental ‘'sampling
work for state and federal agencies. Current projects include sampling of the Providence
River and Narragansett Bay for the Department of- Envrronmental Management and the
Environmental Protection Agency, trace metal work for the Narragansett Bay
Commission and other projects associated with water supplies and landfills. This highly
successful and envrronmentally important project was able to succeed because of the
expertise resident in the researchers at the RINSC and the support of the facility.

Revision 0.2 . 1-10 o 3/26/04 .
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1.7.2 Original Design and Construction

The RINSC has successfully been in operation for more than 38 years. Over the years,
The State of Rhode Island has provided significant financial support toward
improvement of the facility through a capital budget program and increased operating
support. Recently, all four roofs of the RINSC facility have been replaced and the
building exterior has been restored and painted. New security and fire alarm systems
have been installed. A new central air conditioning system in the office wing was
recently installed. The de-mineralized water system was replaced and an emergency
core cooling system has been installed. Private funds were utilized to completely
refurbish four laboratories. Underground radioactive waste storage tanks were removed
and replaced by tanks located inside the facility. The Rhode Island Cancer Council
provided a grant to equip the new biomedical laboratory. Dr. Karl Ott is currently
evaluating bids to construct an extensive medical treatment building adjoining the
reactor building. It is evident from these investments that there is a long-term
commitment to the continued success of Rhode Island's only nuclear facility.

The following two sections detail the chronology of the amendment and changes to the
facility Technical Specifications approved by the NRC and a brief listing of the facility
modernization.

The listing highlights mostly new equipment replacements and facility system upgrades.
Minor equipment upgrades (e.g., switches, charts, gauges, meters, etc.) are not
included. Any work on safety items pertaining to the operation of the reactor are kept
tract of by utilizing a work permit and QA/QC program.

Fuel replacements and graphite reflector replacements are not addressed in this section.

1.7.3 License Amendments

1. Change #1 - Change delay tank to Aluminum 11-19-64

2. Change #2 - Liquid radioactive waste goes to 4-14-65
retention tanks

3. Change #3 - Change heat exchanger to stainless 4-14-67

steel, revise secondary coolant activity limit,
change area monitoring system, and modify the
requirement for HV scram

4.  Amendment #1 - Allow 2-MW operation 9-10-68

5. Change #5 - Change inlet alarm from 110°F to 113°F 1-22-69

6. Amendment #2 - Increase U235 from 4.0 Kilograms 10-21-70
to 7.5 Kilograms

7. Change #6 - Allow use of irradiated fuel in 12-15-71
determining core reactivity

8.  Amendment #3 - Increase U235 from 7.5 Kilograms 7-14-73
to 10.0 Kilograms

9.  Change #7 - Remove 30-element core size limit 5-21-73

Revision 0.2 I-11 3/26/04
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10.
1.
12.

13..
14..

15.
16.- -

17.
18. ;-
19.
20.

21.
22; .

23.
24.

25:
26,

27.
28.

29, .

30.

31.
32.

33.
34.

and restate blade drop times - : .
Amendment #4 - Increase U235 from 10 0 Kilograms 12-06-74
to 10.4 Kilograms .

'Amendment #5 - Replacement of stack momtor S 1-10-78

- Amendment #6 - Removes U235 core weight limit ‘ -~ 10-02-78
. Amendment #7 - Changes to Security Plan - . -6-17-80
 Amendment #8 - Allows use of UAly or U308 '7-31-80
fuel elements o : : :
Amendment #9 - Changes to Secunty Plan 5-12-81
Amendment #10 - Replaces specification for the ‘ : 3-02-82 -
- primary water makeup and cleanup systems" E L S
: Amendment#11 AIIows use of drfferent graphlte ‘ - '10-18-82
reflectors -~ - C
Amendment #12 Changes to hqurd waste efﬂuents : - -4-13-84
Amendment #13 - Adds 1% shutdown margin =~ - 2-19-85
Amendment #14 - Changes secondary pH upper limit =~~~ - -5-20-85
from 7.5 10 9.0
. Amendment #15 - Redefine restricted area ' - - 10-27-87
Amendment #16 - Clarify the exhaust sources S © 10-20-88
. ~and rates entering the stack - ~ ... ' ‘ » -
. Amendment #17 - Change order to LEU fuel - - 3-17-93 ¢
.Amendment #18 - Complete revrsmn of T. S » : 3-09-94?
..to standards : . : S L
- Amendment #19 - Delete requ«rement for da|ly \ B 1-19- 95 .
- - measurement of secondary activity - T -
- Amendment #20 - Clanfy operatlon of the ‘ ' S -22 95 o
stack monitor - ' : :
Amendment #21 - Change RSC&RUC to NRSC 2-12-96
- .Amendment #22 - Change to extend specuf c o 12-18-96
. 'annual tests for 1996 only © .-« v =& o : " "
- Amendment #23 - Remove Inlet temperature scram : 6-17-97

as a safety limit and limiting safety system'

setting; add pool temperature scram -

Amendment #24 - Re-word Airborne Eff., 9-23-97
Emergency Exhaust System, Remove Inlet- - . : oL
Temperature as a LSSS and minor syntax and

- -reference changes . - e

Amendment #25 - Correct omrssuon of Amendment #24 11-12-97 -

Amendment #26 - Change bases of emergency generator 11-22-99
system; change Director & RSO qualifications .. .-~ A
Amendment #27 — Extends the Ilcense explratlon date . 7-28-2000
To July 21, 2004 4 , o
Amendment #28 — Change pool water level scram check . 8-2-2001
Frequency . '

1.7.4 Reactor Systems Modifications

Revision0.2 1-12 D 3/26/04
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1.7.4.1 LEU Conversion and Power Upgrade Program

As part of the LEU core design process, critical operating parameters for operation at 5
MW, were determined. The studies for the LEU conversion included calculations for
operation at power levels up to 5 MW, and for the advanced core design. This was
done to ensure that the process did not compromise the future capabilities of the
reactor. The studies for the LEU conversion contain all core information necessary for a
safety analysis supporting an upgrade to 5 MWy,

The LEU conversion program consisted of several phases: design of the new core,
completion of a Safety Analysis Report (SAR), shipment of the spent HEU fuel,
modifications to reactor systems and new core loading and the test program. The power
upgrade program consisted of adding an additional cooling loop and an emergency core
cooling system, (ECCS not required for reactor operation at 2 MW, and below), and
calculations to verify actual system performance with model predictions. This phase is
described in further detail in Chapter 5.

The reactor shutdown time for conversion of the new fuel was utilized to install a new 3-
MW, cooling tower and new wide range power level instruments and a larger secondary
piping system which were provided through DOE Reactor Instrumentation Program
grants. Following conversion to LEU, efforts continued to develop the systems
necessary to upgrade to a proposed 5 MWy, operation. An Emergency Core Cooling
System (ECCS) was designed and installed in 1994-1995. A second primary loop and
associated secondary system were installed in 1995 and 1996. In addition, the primary
pump diaphragm isolation valves were replaced with low d/p butterfly valves. As part of
the primary flow upgrade, new components with a larger range were added to the
reactor flow sensing circuits to monitor the increased flow capability.

Throughout the upgrade program, valuable assistance was received from Argonne
National Laboratory in conducting extensive thermo-hydraulic, nucleonic, and accident
analysis studies that refined the new system operating characteristics. Valuable funding
support was received from the Department of Energy throughout this endeavor.

1.7.4.2 LEU Conversion - Design Phase

The design phase focused on six basic criteria and objectives of the conversion
program. These were:

Use the standard design DOE fuel plate;

Fuel bum-up greater than the 14% of the HEU fuel;
Optimize the thermal flux in the beam ports;
Include a flux trap for small sample irradiation;
Maintain 5§ MW,, capability; and

Cost similar to a replacement HEU core.

® & & & o

Revision 0.2 1-13 3/26/04




oD T

(G

O oo Nnh W -

RI Atomic Energy Commission - Safety Analysis Report
RI Nuclear Science Center L

The neutronic core design was performed using the standard LEU fuel plate provided by

DOE. i is thinner an ntains considerably more uranium-235 than the HEU
plate Because of the heavier
fuel loading of the plate, a major concern was that the core might become so small

that the coqtrol blades might lose their effectiveness. Many core configurations were
considered.” These studies included consideration of:

18 fuel plate elements;

22 fuel plate elements; ‘

several fuel element arrangements;

graphite and beryllium reflectors;

relocation of the regulating blade position; and
Use of a stainless steel regulating blade.

The final LEU installation resulted in a 22-plate fuel element, a stainless steel regulating
blade with a relocated position in the core, and various fuel and reflector arrangements.
The facility now has satisfactorily operated with the LEU fuel since September 24, 1993.

m DiMeglio, A.F., Matos, J.E., and Freese, KE.: Conversion, Core Redesign and Upgrade of
Rhode Island Atomic Energy Commission Reactor, Proceedings of the 1987 International
Meeting on Reduced Enrichment for Research and Test Reactors, Buenos Aires, Argentina, 28
September - 10 October, 1987.

1.8 FACILITY MODERNIZATIONS AND HISTORY DATE
Reactor Room Exhaust Isolation Valve - Installation 1966
Fire Sprinkler - South Basement Area 1968
Reactor Room Intake Isolation Valve 1969 & 1973
New Laboratory Building Addition 1971
Cleanup Demineralizer Tank-Replaced 1977 & 1978
Primary System Heat Exchanger-Replaced 1973
Fire Sprinklers - North Basement Area 1984
Reactor Room Crane Upgrade - (Analysis in 1987) 1988
Reactor Building Roof Surface-Replaced 1991
Reactor Room Air Intake Isolation Valve & Duct-Replaced 1992
Regulating Rod-Replaced 1993
Cooling Tower #1-Replaced 1993
Shared Heating System Installation 1993
LEU (Fuel & Beryllium Reflectors) Upgrade 1993
Emergency Core Cooling System 1995
Primary Pump Replace & Piping Upgrade 1996
Heat Exchanger #2-Installation 1996
Primary System Diaphragm Valves-Replaced with 1997
Butterfly Valves

Makeup Demineralized Water System-Replaced 1997
Reactor Console Equipment 1997
Area Radiation Monitors-Replaced 1998
Fire detection and alarm system replaced 1999
Revision 0.2 1-14 . 3/26/04
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Vehicle Barriers installed @ front & rear of confinement building 2003
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Chapter 2

2.0 'SITE CHARACTERISTICS . . .«

This chapter discusses and describes the geographical, geological, seismological,
hydrological, and meteorological characteristics of the reactor facility site and vicinity in. -
conjunction with present and projected populatton dtstnbuttons mdustnal faculltles land
use, and site activities and controls. - : : :

The conclusion reached in this chapter and throughout the SAR is that the'.s‘ite is Weil -
suited for the location of the facility when; consndenng the relatrvely bemgn operatlng
characteristics of the reactor, including the MHA - R g

2.1 Geography and Demography PR
2.1. 1S|te Locatlon and DescnptlOn RN ,

The RINSC is located on a three-acre site in southern Rhode Island. Figure 2-1 shows
the site relative to Narragansett Bay (scale: 1in.= 2,000 ft). The three-acre. parcel is
listed in the Town of Narragansett tax assessor’s office as Map N-C, Lot 7 and isleased
to the Rl Atomic Energy Commission from the Ri Department of Higher Education. ltis
located in the Town of Narragansett in Washington County. The location of the reactor
building and nearby URI Narragansett Bay: Campus (NBC) buildings -are depicted on
Figure 2-2 (not to scale) and the reactor building is shown on the aerial plan (Figure 2-3,
scale 1 inch = 400 feet). The reactor building sits atop a hill; about 70 feet above mean
sea level, overlooking Narragansett Bay. . The site area was ongmally a part of a 27-acre
former military reservation (Ft. Kearney) that consists of old concrete bunkers and gun
mounts. -The area below the reactor building consists of .concrete above dense soil.
Figure 2-4 shows the location of the site as outlined on the FEMA flood map. :Note the
reactor building is suted at Ieast 56 feet above the nearest ﬂood elevatcon (V 10) of 14
feet. TR LI Lo :

2.1.2 Operational Boundary and Zone Area Maps

There - are -three areas -of . concem regarding. the normal_operation, safety, and :

emergency actions assoc:ated with the reactor facility: (1) the area within the operations . -

Boundary, (2) the area within the S|te boundary. and (3). the Emergency Plannmg Zone -
(EPZ). ; ‘

i . I e [
The operatlons boundary lS deﬁned as the reactor conf nement burldlng The area wnthm
this boundary is a “restricted access” area over which the Director of the RINSC has
direct authority and control of all activities, normal and emergency. - There are pre-
established evacuation routes and procedures known to personnet frequentlng this area.
The operations boundary is within the sute boundary. :

The site boundary is delineated on. Flgure 2-5. The minimum distance.from the

operations boundary to the site boundary is approxmately 140 feet to the southeast of -
the RINSC facility. o v , L o :

Revision 0.1 2.2 ¢ 3/26/04
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The EPZ boundary is also the reactor confinement building. Emergency plans have
been developed to ensure that prompt and effective actions can be taken to protect the
public in the event of an accident.

2.1.3 Population Distribution

The Rhode Island Statewide Planning Office has provided the following data for the
Town of Narragansett:

The 1990 census population was 14,985
The 1995 census population was 14,878
The 2000 census population was 16,361.

The area is well developed and no great changes in population are projected. Most of
the surrounding areas are residential. Existing land use surrounding the facility is as
follows:

Narragansett Bay Campus: Figure 2-2 shows the buildings on the campus that
services 200-300 students and faculty;

Narragansett Industrial Park: located less than 1/4 mile west along South Fermry
Road that houses several light industrial buildings and businesses;

West Passage Estates: a residential area to the north of South Ferry Road
containing single family homes of about one (1) unit per 1/2 acre; and

Areas within one mile: scattered residential units and a small business strip along
Route 1A to the west.

2.2 Nearby Industrial, Transportation And Military Facilities
221 Industry

There are no major industrial facilities in the Narragansett area that need be of concern
from the safety standpoint. The area’s economy is mostly based on tourism, with some
small-town government jobs and most jobs concentrated in the infrastructure supporting
tourism (e.g., restaurants, shopping, etc.). The Port of Providence and the Port of
Davisville are the closest locations for shipping, with most water {raffic entering
Narragansett Bay on the East Passage (i.e., the east side of the Island of Jamestown).

2.2.2 Transportation
2.2.2.1 Highway Transportation
The Narragansett Bay Campus is accessed by South Ferry Road, a small road east of

U.S. Scenic Route 1A which connects Narragansett to Saunderstown and Wickford
(small towns to the north). A larger road, U.S. Route 1 which is a half mile to the west of

Revision 0.1 2-3 3/26/04
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1A, is accessed by Bridgetown Road. - U.S. Route 1 connects points south, such as

South Kingstown.and Westerly, to major cities to the north such as Warwick and .-
Providence. Interstate Route 95 which is- approximately 20 miles to the west can be -

accessed using Rhode Island Route 138 from u. S Route 1 (See Figure 2_1)
2.2.2.2 Airports ‘ ST

There are two state airports within 20 miles of the facility. The closest is a seldom-used
airport named Quonset State Airport in North Kingstown, approximately 10 miles to the
north. Generally this airport used by the Air National Guard. The T..F. Green Airport in
Warwick, approximately 20 miles to the north, is the main Rhode Island airport for
passenger and commercial flights. There are two small private airports about 20 miles
to the west, Richmond and Westerly Airports. Due to the distance, number of flights, or
size of aircraft, these airports are not considered to present a credible hazard to the
RINSC.

2.2.2.3 ;Wétér‘frahep’brtétidn '

fishing craft, some cargo transportation and pleasure boating form most of the water

traffic that is mostly seasonal. The main shipping traffic, to and from the Port of
Providence, takes place on the area of the bay between Conanicut Island and
Aquidneck Island (East Passage).

2.2.24 Rail Transportation
The only rail system nearby is the Amtrak Railway located in West Kingstown,'
approximately 6 miles to the west. The rail runs approximately north and. south and
handles passenger and shipping service from the south (Westerly) and into’
Massachusetts to the north. The RINSC is not on the notification list for any shipments
of hazardous materials along this route. .

2.2.3 - Military Facilities

There is one military facility in the vicinity of Narragansett. The Naval Education and

Training Center at Newport is the home for the Naval War College, the Naval

Underwater Weapons Center and several school commands. While there are no active .
navy ships at the piers, several Coast Guard ships are home—ported at the base. There

are no threats posed to the RINSC from’ this’ facnhty There is also an Air Na’uonal Guard
facmty at the Quonset Pomt All’ Port o -

2. 2 4 Analysus of Potentlal Accndents at Facuhtles B
There are no nearby industrial, transportation, or military facilities thh the potentnal of
causing a credible accident (which could prevent a safe reactor shutdown or result in a

release of radioactive material from the reactor facility) that would exceed the general
public exposure limits of 10 CFR 20.
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The basic design and structure of the facility provides significant protection for the
reactor. The core is located near the bottom of a 32-foot deep, aluminum-lined concrete
pool. This and the immense size of the biological shield coupled with its being
constructed atop a military concrete bunker and gun mount provide excellent protection
against natural phenomena that could result in damage to the reactor core.

The front and rear of the confinement building is protected at a minimum of 50 feet with
vehicle barriers of the bollard type at the front and the jersey type at the rear.

23 Meteorology

2.3.1 General and Local Climate
2.3.2 Site Meteorology
2.3.21 Temperatures

Figure 2-9 shows average temperatures, maximum and minimum, and a two-year-in-ten-
year maximum and a minimum on a month by month basis. During the reporting period,
the highest temperature was 93°F, occurring in July. The lowest recorded temperature
was -8°F, occurring in January.

2.3.2.2 Precipitation

Figure 2-9 shows the average precipitation, maximum and minimum, and a two-year-in-
ten-year maximum and minimum on a month-by-month basis. The average annual
precipitation is about 48.0 inches per year. The highest monthly averages occur in
November and December.

2.3.2.3 Humidity
2.3.2.4 Winds

Figure 2-9 shows the data relative to Washington County. The prevailing winds are from
the southwest and northwest.

2.3.2.5 Severe Weather

Tornadoes have been rare in Rhode Island. [IF they do occur, they are generally not
severe and, in most cases, cause only minor damage to trees or light buildings. The
reactor building has survived past hurricanes with only damage to the reactor building
roof in 1991. Snow storms and severe cold weather have not presented problems in the
past. The emergency generator provides adequate backup for the emergency lighting
and the evacuation system, if required.

2.4 Hydrology

2.4.1 Surface Water

Revision 0.1 2-5 3/26/04

 — e —

/
—

Ay




G

e

HLH DB AL AELLLWLWWLWWWLLWWWRNDDRNNDKNDNDDNDNDND e e e S o el ok el el
NOWMBWN=OVRONAMABAWN—=OWONOAUVMBEWN=OWRNNOAMUMBWLWN=OWVWONIAAWNI_WN -

RI Atomic Energy Commission .. Safety Analysis Report
RI Nuclear Science Center

There are no major streams or rivers in. the area and Iocal ﬂoodmg is not possible.
Natural runoff flows away from the site towards Narragansett Bay as can be seen from-
the general topography (Figure 2-1). . .

2.4. 2 Storm Water Dramage System ; -

Surface ﬂoodmg is not a factor since the Bay Campus has a storm dramage system that .
intercepts local runoff and discharges it away from the site. Storm water pzpmg is below .
the lowest RINSC floor level. ‘ .

2.4.3 Sanitary Sewer System
2.4.4 Ground Water
2.45 Flooding .

The Flood Insurance Rate Map is deprcted in Flgure 2-4. It shows that the RINSC is . .
situated at an elevation of about 70 feet above mean sea level and that the nearest
flood elevation (V10) is at 14 feet. The highest historic storm tide for the Narragansett
Bay Shore has been 25 feet during the Hurricane of 1938. Due to the lack of nearby
streams and the adjacent down slope to the shoreline, no credible source of flooding
exists.

2.4.6 Accidental Release of Liquid Effluents

The probability of an accidental release of radioactive liquid effluents from the RINSC in
surface waters is extremely low. Two RINSC systems may contain radioactive liquid:
(1) the reactor coolant and (2) the reactor water clean up system. All of the components
for these systems; reactor tank, pumps, heat exchangers, filters, resin tanks, valves,
and piping, are located within the RINSC reactor and equipment rooms. Any
contaminated water leakage from this equipment will be wiped up and disposed of as
discussed in Chapter 11.

2.5 Geology, Seismology, And Geo-technical Engineering

2.5.1 Regional and Site Geology

The geology of the state was taken into account in determining the potential for an
amplification of ground motions during a seismic event. Most of the state is
characterized by glacial till plains overlaying rock of the Esmond Igneous Suite. Till is
generally composed of unsorted rocks of varying sizes and is typically a stable,
consolidated geological formation. Figure 2-6 shows the basic geology of Rhode lIsland.
2.5.2 Seismology

The Narragansett area is located in Seismic Zone 2 of the Rhode Island Building Code.
In general, seismic activity is low (See Figure 2-8). Rhode Island is located on the North
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American Tectonic plate in the northeastern United States. Historically, there has been
little seismic activity centered in the state. Only a few earthquakes of modified Mercalli
(MM) intensity V or greater have been centered within Rhode Island during the past 200
to 300 years. Figure 2-7 presents the locations of some of the stronger earthquakes in
Rhode Island. According to a recent Seismic Vulnerability Study of Rhode Island by
George Tsiatas, a modified Mercalli intensity level VI was about the strongest. The
report summarizes the possibility of MMI VIl earthquake. The state classifies buildings
according to class. The reactor building can be classified as a Class 81 (reinforced
concrete, low-rise building).

2.5.2.1 Summary and Conclusions

Although some seismic activity occurs in Washington County, it is relatively mild and the
probability of damage to the RINSC remains light. The distance from the closest known
fault to the RINSC far exceeds the siting requirements of the ANSI/ANS 15.7, Section
3.2(1) that states “No proposed facility shall be located closer than 400 meters from the
surface location of a known capable fault.”
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1. Pell Marine Science Library 17. Marine Building

2. Watkins Laboratory 18. Bunker C

3. Horn Laboratory 19. Perkins Small Boat Facility

4. Fish Laboratory 20. Maintenance Building/Marine Office
5. Marine Resources Building 21. Furado Building/Central Receiving
6. Coastal Institute Building 23. Research Vessel Pier

7. Mosby Center/Food Services 24. EPA/Environmental Research Lab
8. Marine Ecosystems Research Lab 25. NOAA/NMF S/NorthEast Fisheries
9. Aquarium Building 26. Ocean Technology Center

10. Aguarium Annex

11. Center for Atmospheric Chemistry Studies
12. Rhode Island Nuclear Science Center

13. Middleton Building/South Laboratory

14. Sheets Building/Ocean Engineering

15. Marine Geological Samples Laboratory
16. Technical Services Building

Figure 2-2
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Chapter 3:
3. 0 DESIGN OF STRUCTURES COMPONENTS EQUIPMENT AND SYSTEMS

This chapter |dent|t‘ es and descrlbes the pnncrpal archltectural and engmeenng deS|gn; i
criteria for the structures, systems, and components that are required to ensure reactor
facility safety and protection of the public. The material presented emphasizes the
safety and protective functions and related design features that help provide defense-in-
depth against the uncontrolled release of radioactive material to the environment. - The -
bases for some of the systems discussed in this chapter are developed in other chapters i
and are’ appropnately cross-referenced where requured : .

P

."l .‘

3.1 Desrgn Cnterla ~,-' ,:'—,,n:-;-,':

l. g

The RINSC is desngned and Ilcensed for operatlon at a maximum- steady-state power -

level of 2 MW. -Thus, its fission-product-inventory is substantially less than- that of -.-

conventional .nuclear, power plants. --In addition, a conservative upper limit of energy
released - for an ientire :year of- operatlon ‘would -be about 700 - MW—Days =These -

comparisons illustrate why the RINSC- should be placed ina much lower rlsk category:_ :
than conventlonal nuclear power plants v : : : _

N iy

The RINSC reactor does not have structures components or systems that are.'

important to safety in the'same context as nuclear power plants.. For the RINSC, a loss -

of coolant event, failure of the protection system, or-any other credible accident does not - .

have the potential for causing off-site.-exposure .comparable to those listed. in the :

gurdellne for accrdent exposures of ANSl 15 7

Thus the RlNSC does not- have structures components and systems requmng a -

Category | classification.. However,:certain structures, components, and systems have. - -

been designed. to withstand natural: phenomena.n These design. considerations are ..
dlscussed in the followung subsectlons : L S

3.2 Meteorologlcal Damage

Tornadoes are rare in Rhode Island. Based on the small probability of occurrence,

postulated low intensity, the intermittent type of reactor operation and low fission-product
inventory, no criteria for tornadoes have been established for the RINSC structure. The
RINSC reactor core is protected from damage by high winds or tornadoes by virtue of its :
location in the thick reinforced concrete structure surrounding the reactor tank. The
superstructure of the RINSC has ‘been designed for. area wind loads :including those .

associated with the infrequent hurricanes reaching the Rhode Island coast..- The reactor .

building has survived past hurricanes with .only light damage to the facrhtylroof in 1991, -
Facility design also -accounts for: snowstorms and severe cold weather whlch has: not
presented significant problems in the past S Lo

3.3 Water Damage
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As discussed in Chapter 2, flooding is not expected at the RINSC site. However, even if
flooding occurred, reactor safety would not be an issue since the core is located in a
water pool. In the event of a severe storm or flood, the reactor will be shut down and
locked if there appears to be even a remote chance of danger in operating the reactor at
the time.

3.4 Seismic Damage

The Rhode Island area is classified as being in Seismic Zone 2, as defined in the
Uniform Building Code (see Figure 2-8). The RINSC building, reactor foundation,
shielding structure, reactor tank, and core support structure have been designed and
constructed in accordance with this code. Seismic activity in the region has registered
as high as Richter 5 in historical time, which indicates an upper limit on the most likely
seismic event. Due to design, there is ample conservatism in the design for the
maximum expected event and it is most likely that the reactor can be returned to
operation without structural repairs following an earthquake likely to occur during the
plant lifetime. The RINSC structures may suffer some damage from a seismic event of
the highest possible yield, but, as previously noted, even in the event of the incredible
seismic scenario, the resultant radiological doses would be within the ranges evaluated
in Chapter 13 and the consequences found acceptable from the standpoint of public
safety. In the event of a beyond design basis earthquake, the frequency of vibration of
the pool unit may well be different from that of the building, causing dislocations between
the reactor and immediate surroundings. Any resultant break in the primary coolant

pipes would allow the pool to drain no lower thariii . cue to the pipe
location in the pool concrete and anti-siphon provision.

The facility has a seismic detector (switch) mounted on the biological shield which, when
tripped, initiates an automatic reactor scram. Maintenance and testing of the detector is
preformed in accordance with the RINSC Operating Procedures and Technical
Specifications. The switch is set to scram at a Modified Mercalli's 1V, ANSI/ANS-15.7,
(rev. 1977) section 3.2 (2) requires a reactor scram for intensities V or greater.
Therefore, this requirement is met. The reactor would not be started up again until an
examination of the structure could be made to insure that no damage had occurred to
the reactor.

3.5 Systems and Components
3.5.1 Instrumentation and Control

The instrumentation and control system for the RINSC is a traditional analog system.
The RINSC reactor can be operated in two control modes: manual and automatic. The
operations are controlled from the reactor console mode control and the blade control
panels. The manual and automatic control modes are used for reactor operation from
source level to 100% power. These two modes are used for manual reactor startup,
change in power level, and steady-state operation.

The RINSC has five independent reactivity control blades: four safety control blades
and one regulating blade. Each of the blades has its own drive mechanism and control
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circuit and they are operated mdlvrdually The control and regulating blades and drives -
are similar.. The regulating blade 'is . used to control power -either manually or. by
automatic control.

The control- blade-dnve ‘assemblies are mounted on the reactor bridge structure. The.

drives are standard drive mechanisms.- The mechanism for the control blade is shown . -

in Flgure 3-1. .The mechanism consists -of an AC motor and reduction gear, a rack and .

pinion, an electromagnet and -armature,  a dashpot assembly, and a control-blade . -

extension shaft. - Blade- posntron data are obtamed from potentiometers. Limit switches .,
are provided to indicate the positions Ilmlts of the blades. The normal drive speed for
the control blade is 3.6 inches per minute. The normal _drive speed for the regulating .
blade is 78 mches per minute.

During a scram, the control blade, blade extensron and magnet armature are detached. ,'

from the electromagnet and drop by gravnty The dashpot assembly slows the rate of.

insertion near the bottom of the stroke to limit deceleration forces. Upon receipt of a
scram signal, all the control blades are released from their drives and dropped into the
core. Insertion of at least three of the control blades ensures reactor shutdown. . Total -
worth of the blades is more than adequate to maintain the core at a sub-critical level,

with the most reactive blade stuck out of the core. : :

No concelvable malfunctlon of the reactlwty control systems could result in a reactrvrty
accident worse than the conditions encountered during the startup accident. As shown
in Chapter-13, neither continuous blade withdrawal nor loss of coolant will cause undue -
heating of the fuel. Identified accidents will not result in significant movement of
adjacent fuel elements or otherwise dlsturb the core so as to add reactivity to the
system. . . . . e . ‘ o -

Since the pnmary coolant system operates at atmosphenc pressure control blade'_». N
eJectron is nota credible event. The control blades and the regulating blade cannot drop .-
out of the core because the blades in the full ‘down position are approximately one inch

above the safety plate located near the bottom of the tank travel out of the core in the '

downward position is therefore ellmlnated

There are two scram loops, using different input signals, to provide redundancy in scram_
capability. The protection and reactivity control systems satisfy all existing design
standards. Periodic checks (i.e., startup, shutdown, and maintenance procedures) of all
reactor protective system channels and reactrvrty control systems demonstrate that they _
perform their intended function.

R -
R R

Protection System Functlo'ns.:: -

The RINSC Reactor Protection éystém {has:‘been'desrgned to initiate automatic actions
to assure that fuel design limits are not exceeded by anticipated operational occurrences

or accident condrtlons The Reactor Protectlve System automatrcally scrams the control o

blades when trip settings are exceeded (Chapter 7). There are no other automatrci
actlons requrred by the protectlve systems to keep fuel temperature limits from -being
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exceeded. The Reactor Protective System satisfies the intent of IEEE-323-1974 in the
areas of redundancy, diversity, power-loss fail-safe protection, isolation and surveillance.

The RINSC Reactor Protection System is designed to be fail-safe: any sub-channel loss
that causes the channel to lose its ability to perform its intended function results in
initiation of shutdown action. Protective action is manifested through several
independent scram inputs arranged in series such that action by any one interrupts
current to the scram magnets resulting in shutdown of the reactor. Redundancy of
channels is provided and in addition, a loss of any channel due to open circuit or loss-of-
power will result in a scram. Scram action is, therefore, on a one-out-of-one basis. All
instrumentation is provided with testing capability.

The Reactor Protective System and the magnet power supply are, for the most part,
physically and electrically isolated from the remainder of the control system. The cables
between the control room and reactor bridge are supported by two separate cable trays,
isolating instrumentation cabling from power cabling.

3.5.2 Environmental and Missile Design Bases

The construction of the facility precludes catastrophic rupturing of the reactor tank.
There is no source in the reactor room for generating large, sustained, positive pressure
differentials that would breach the reactor confinement integrity.

The amount of explosive materials allowed in the reactor room has been minimized to
preclude damage to the reactor should they detonate. Each experiment containing
explosives will be analyzed to show that detonation will not produce pressure or
fragments that will damage the reactor. The reactor core is protected from external
missiles by being surrounded by a large block of reinforced concrete. The piping
systems are anchored and are imbedded in the concrete bioshield walls so that they
could not conceivably affect the reactor if damaged. The probability of an event or
condition resulting from dynamic effects of missiles, aircraft, etc., causing a reactor
incident, is very small. In addition the confinement building is surrounded with vehicle
barriers to prevent an explosive laden vehicle from getting within 50 feet.

3.5.3 Reactor Design

Safety limits are established for the reactor for period, excess reactivity, and fuel surface
temperature.

Accident analyses presented in Chapter 13 show that under credible accident
conditions, the safety limits will not be exceeded. Consequently, there would be no
fission product release that would exceed allowable radiation levels.

Because of the fuel material and core design, there is a significant prompt negative
temperature reactivity coefficient. Routine steady-state power operation is performed
with the shim and regulating blades partially withdrawn. As shown in Chapters 4 and 13,
the most rapid possible reactivity insertion rates are adequately compensated for by
period alarm and trip provisions.
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3.5. 4 Electric Power Systems

AN Srgny T ’
The pnmary power dlstnbutlon system that supphes commercnal electrlc power to the
RINSC is maintained by electrical ut|l|ty mamtenance crews.

In case of a power failure, the RlNSC is provrded wnth a 15 kW emergency backup'-'
power system (see Chapter 8). .

Inspection and Testing of Electric Power Systems: .
Routine '~ surveillance and- mspectlon .of : the - electric power system mcludmg the .

emergency backup power system is conducted weekly and after any maintenance that .

could affect system Operablllty

3.5. 5 Flurd Systems
A coolant system is utlllzed to cool reactor pool water dunng normal operation of the -
reactor. The RINSC requires no auxiliary cooling system for cooling of reactor pool
water ‘upon shutdown “Natural convection cooling is adequate to dissipate core
afterheat : L S

The reactor pool a‘n'd cooling systems operateatulow pressur.eand temperature The ", | )
pool is open to the atmosphere, and there are no means for pressunzmg the system.

The reactor ‘pool-.is -constructed .-of;:aluminum .and the primary - coolant.-system . .

components are - aluminum or- stainless steel.. The system components outs:de the .

reactor pool have a low probability of serious leakage or of gross failure. Further, the .
design of the system is such that even though a line or component ruptures, only a small ..

amount of water would be removed from the tank (~3 ft) (Chapter 5). Rupture of the
tank is virtually impossible, since it is supported on the bottom and sides by reinforced

concrete. All components containing primary coolant (i.e., reactor pool, primary coolant - -
system,. and:the purification system) are constructed of alumrnum and stainless steel,

using standard codes for quality control. .There is no requirement for leak detectlon in - |

the primary coolant or purification loop since no, conceivable leak condition can result in oo
the pool water level to lower more than-16-* below the suspension frame base plate-

elevation with out a scram. There is also a requrrement to test the secondary water for
sodium —24 which would indicate a leak from the primary water into the secondary
water.

The reactor pool is an open system and the maxnmum pressure in the pnmary system is.
that due to the static head..- The _primary,’ secondary, and punﬁcatlon systems are
pressurized by their. circulating pumps Piping and, valves in the primary .and purification
systems are stainless steel or. alumlnum and of such size to provide adequate operating ’
margins. - The: secondary - system components are PVC & carbon steel Chapter 5 .
describes the coolmg system in detail. - SR . :

The RINSC water punﬁcatlon system desrgn mcludes an Auxrllary Make Up Water
System for makeup of primary coolant water.
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Cooling equipment used in normal operation of the reactor is located either in the reactor
room, equipment room, or outside the building with adequate space provided to permit
inspection and testing of all components. Operation of the bulk coolant and cooling
tower system is checked on a daily basis prior to reactor operation. During this
checkout, the performance of each system is monitored with emphasis on pump outlet
pressures, pressure differentials and system flow rates.

3.5.6 Reactor Confinement

The structure surrounding the reactor constitutes a confinement building rather than
providing absolute containment. Because of the low fission-product inventory, leakage
from the structure can be tolerated. Accident analyses are presented in Chapter 13.

Under the conditions of a loss of coolant, it is conceivable that the temperature at the
reactor room could increase slightly due to heating of the air flowing through the core.
However, since the building is not leak tight, it will not pressurize from the heating of the
air.

Further, there is no requirement from a radiological-exposure viewpoint for a
containment structure; hence, only confinement capability is provided. In addition, there
is no source of energy (from an accident) that would provide a significant driving force
(AP) if no corrective action was taken.

The confinement structure (the reactor building) is a reinforced poured concrete
structure with a conventional built-up roof. The entire structure is exposed to only
normal external environmental conditions and internal environmental conditions are
maintained at regulated conditions.

Provisions for Confinement Testing and Inspection:

The reactor room confinement capability is checked on a daily basis prior to reactor
operation and routinely during reactor operations. This check involves monitoring the
pressure differentials between the reactor room and the surrounding areas. The reactor
room exhaust system is checked weekly to confirm proper operation.

Control Room:

In the event of an accident where operational instructions require shutdown of the
reactor, continuous or even partial occupancy of the control room is not a requirement
since the reactor has been shut down and experiments in progress terminated.
Exposure levels from radiation sources resulting from an accident would be significantly
reduced in magnitude (due to location of the control room with respect to the reactor
room). Consequently, control room radiation levels may not be higher than the allowable
tolerance levels. Nevertheless, the RINSC Emergency Plan describes actions for
mitigating accident situations that require control room evacuation.
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3.5.7 Radloactlvuty Control

There is no readuly available path for radioactive liquid waste to be dascharged dsrectly to-
the environment. : Liquids in the reactor room that could subsequently be released into
the environment may result from spills, washdown of the floor, etc. These liquids are
collected in storage tanks within the RINSC, analyzed for radioactivity and dlsposed of
accordingly accordmg to procedures. ,

Fuel Storage and Handling and Radloactivit Control:

3.5.8 Missile Protection

As discussed in 3.52, Missile protection is provided for the RINSC reactor by virtue of
the reinforced poured concrete building design and the location of the core that is
surrounded by a thick reinforced concrete biological shield (see Chapter 1 for buuldmg
design).
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'1Chapter4 L -
40 REACTOR DESCRIPTION -

This chapter discusses and descnbes the pnncnpal features operatlng charactenstncs o
and parameters of the reactor. The analysis in this chapter supports the conclusion that
the reactor is conservatlvely ‘designed for-safe operation and shutdown under all credible. :
operatmg conditions. * The information :in - this -chapter provides the design -bases for R
many systems, subsystems, -and functrons dlscussed elsewhere in the SAR and for :

many of the Technical Specifi catlons el : : .

o
SO

4.1 Summary Description

The RINSC contains a 2 MW, open—pool water-cooled (natural and forced convection

mode) reactor. Since the conversion from HEU in 1992, the core consists of LEU fuel .-

reflected with a combination ‘'of graphite and beryllium. - The fuel is Uramum Silicide-. : .
Aluminum (U,Si,-Al) enriched to less than 20% Uranium-235. :

The reactor core assembly is located near the bottom of a 32-foot deep, alumlnum-lmed
pool. It can be moved into‘any of threesections by means of a:mechanical rail system -,

located ‘on top of the pool wall. The three sections are the -high-power section-(for::;. -
operatlon at ‘power ‘levels above 0.1:MWy.with forced circulation), the dual-storage o
section, and the low-power section. : At power levels below 0.1 MWy, the reactor may be - .-
operated, with core cooling by natural convection, in any of the sections. As spent .fuel . ‘

clements are generated they are placed in the fuel storage racks located in the dual
storage section and in the low-power sectlon The spent elements may be used-asa .-
source of gamma radratron ‘ KR R :

The reactor accommodates an expenments posntron (ﬂux trap at peak ﬂux Iocatlon) at.,-,
the center of the core within a beryllium reflector element. This flux trap has a 38mm

(1.5 inches) diameter and is supplied with a beryllium plug when not being used. ‘Incore -

devices can be placed in irradiation baskets along the edge of the core opposite the

thermal column. - These. devices are ‘designed for.large capacity of samples and.long . -

duration irradiations. ‘The ‘reactor.also provides irradiation. for:experiments by utilizing .
two pneumatnc tubes for small targets; 6-horizontal beam ports for long-term irradiations -
and neutron beam extraction  experiments -‘'such ‘as :neutron - scattering and neutron
spectroscopy; a thermal column ‘¢ontaining graphite for neutron radiography, etc.; and a .
dry irradiation room ‘located adjacent to- the Iow power sectlon of the pool for gamma :
irradiations. S N K L :

The reactor core is based on fuel elements .in -a rectangular. array, .surrounded on four
sides by reflector-elements. ' Four safety-control blades and a servo- -actuated regulatmg
blade control the reactlvrty ‘The control blades :move vertically: within -a pair of shrouds -
extending the length ‘of the ‘core.:: Core :élements are contained:in a-grid box that-is
enclosed on four sides to ‘confine the flow of coohng water between elements..- The grid .
box assembly, including the drive mechanisms, ‘is:supported by the suspension frame.
The elements that make up the core sit on a 7 x 9 grid plate with the four corner
positions occupied by the suspension frame corner posts. These corner posts connect

Revision 0.1 4-2 e 3/28/04



S0V w IR —

AL LA, LEDE,LELWWWUWWWLWWWERNDNENRNDNNDDNNRND = = —————
NOUMEBEWINN=—=OVRXRNNANANNAERVIVOV—~,OOVORINOAN NP RO VRN NEWN -

RI Atomic Energy Commission Safety Analysis Report
RI Nuclear Science Center

the grid plate to the reactor bridge that spans the open pool. The neutron detectors are
suspended within the water filled corner posts. The grid plate is suspended about l
H below the pool water surface. The core suspension system includes
the reactor bridge, the suspension frame, the locating plate, and the blade drive
mechanisms.

The core assembly is cooled by water under either natural or forced convection mode.
Single primary pump operation circulates approximately 1,950 gpm of coolant through
the grid box assembly. The heat from the pool and primary coolant systems is
transferred to the secondary coolant system by means of heat exchangers. The heat is
then dissipated to the atmosphere through cooling towers.

4.2 Reactor Core

The core assembly consists of the following components: the reactor fuel, the control
blades, the neutron moderator and reflector, the neutron source, and the core support
structure. The control blade system is described in greater detail in Chapter 7,
Instrumentation and Control Systems.

The core consists of a 7 by 9 array of 3-inch-square elements, with the center array filled
with fuel elements, and the four corners occupied by the suspension posts. Graphite
and beryllium reflector elements surround the fuel section while five radiation baskets
normally making up row 9 (Figure 4-1). A beryllium reflector with flux trap occupies core
position D-5 in the center of the core.

The locating plate, made of heavy steel, spans the upper end of the suspension frame to
provide support and location for the control blade drive mechanisms (Section 4,2,2
below). The control blade drive guide tubes are flanged to the bottom of this locating
plate.

4.2.1 Reactor Fuel
Each fuel element consists of two aluminum side plates and 22 equally spaced flat LEU

fuel plates. The fuel, with an active length of 24 inches, is sandwiched between
aluminum cladding on each side. When assembled in the fuel element, the plates are

separated by a gap for water passage. Two identical end boxes position the fuel
elements in the grid m The elements are approximately
40 inches long, including the end boxes. The elements may be inverted and rotated 180

degrees to achieve more efficient utilization of fuel.

The core elements are supported and enclosed on four sides by the grid box (Figure 4-
1). The grid box is approximately 28 inches long, 24 inches wide, and 36 inches high.
The bottom is an aluminum grid plate with a 7-by-9 array of square holes, spaced to
conform to the basic 3-inch element module. Four corner posts, attached to the lower
end of the suspension frame, support the grid box and can contain neutron detectors. All
of the grid box components are made of aluminum.
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Currently two core configurations are authorized for used in the RINSC reactor. These .
being the 14 element LEU startup.and subsequent cores analyzed during the HEU to
LEU conversion process and the larger 17 -element core designed to produce a higher

neutron leakage flux into the thermal column Wthh is discussed in sectlon 47. : '

4.2, 2 ~ Control Blades

Reactor control for startup and shutdown is accompllshed by four blade-type control .
blades working vertically within a pair of shrouds located parallel to the major-axis of the . .
core.” Blades and shrouds are depicted:in Figure 4-1 by the two vertical sections that ..

divide the core into three regions. The poison material of the blades is-boron carblde_- iy

and aluminum that is sandwiched between aluminum side plates. The poison section is
40.5 inches long; 25 inches of which provide:active control of the core; the remaining

15.5 inches connect the poison section to the drive tube. The shrouds act as guides for . -
the control blades throughout its travel. “When a control blade is fully withdrawn from the . ...

core, at least 3 inches of the control blade remains engaged in the shroud.. The shroud
consists of two thin aluminum plates 38 inches high, separated by aluminum spacers to
provide an eighth-inch water annulus around the blade.- The shroud is fastened to the“
sides of the gnd box by screws. Small flow holes at the bottom of the shroud minimize

the effect of viscous damping on the blade drop time.- : :

These four control blades are actuated by electromechanical drives that position, hold,
and scram each control blade.” The ‘drives, mounted on the ‘locating plate above the ..

core, are coupled to the control blades through electromagnets that.provide gravnty,'f;
scram when’ de-energized. The drive mechanisms include a drive motor, worm-gear

reducers, slip’ clutch, ball-bearing-screw.assembly, limit switches, scram magnet, and

assembly housing.” Related instruments to:the drives give a continuous indication of '
position within 0.02.of an inch. The drive.motor is a reversible electric motor with an .
integral worm-gear assembly to reduce .speed and prevent drift of the control blade. ‘A ..

mechanical slip clutch on the output shaft limits the force on the control blade to
approximately 75 foot-pounds. . A ball- bearmg screw and nut are utilized to raise and
lower the control blade S . . , ‘ -

In order to minimize fnctlon and possrble bmdmg, large clearances are prowded in gunde .
bearings of the control shafts. All lubricants are-sealed to prevent leakage into the ~

reactor pool. The working parts of the drive are enclosed in the drive tube, which is -
sealed off at the lower end by attachment to the scram magnet assembly, or.to'the solid

coupling in the case of the regulating blade. The vertical travel of the drive does not
allow the magnet assembly to enter.the, pool water.. These design factors preclude any
significant ‘contamination:of the pool water with lubricants from the drive mechanisms.
The control drive mechanism can:operate through a stroke of 32 inches at a maximum
speed of 3.6 inches per minute in either direction. Coastmg of the mechamsm is limited
to less than 0.1 of an inch of blade travel.

Limit switches at the ends of the stroke de-energize the dnve motor-and .operate the .
indicating lights. In addition, a limit switch- within the scram magnet gives remote
indications when the magnet engages the control blade. Scram .action is initiated by de-
energizing the holding magnet, which -releases the extension shaft and control blade. .
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The release completely separates the blade from the drive mechanism. The blade is
free to fall after de-energizing the holding magnet, and at this time the blade drops into
the core under the force of gravity. In the case of power failure, the blades drop
automatically. To recover the control blade after a scram, the drive mechanism is run
down and the magnet attaches to the top of the control blade shaft.

The regulating blade is actuated by an automatic servo control system to compensate
for small changes in reactivity. The blade has a maximum worth of 0.7% Ak/k. The
blade is a 25-inch long by 2%-inch square stainless steel channel, lock-screwed to the
servo regulating drive shaft. The element guide tube is a 3-inch square aluminum shell
seated in the reflector rggion of the grid.

The servo-controlled drive automatically regulates reactor power within closer limits than
those attainable by using the control blades. The regulating blade is driven by a stepper
motor-controlled mechanism. Remote position indication is provided to the control
console. A solid coupling replaces the holding magnet; therefore the regulating blade
does not scram. The maximum speed of travel of the regulating blade is 78 inches per
minute, with a total stroke of 22 inches.

4.2.3 Neutron Moderators and Reflectors

The graphite reflector element is a block contained in a 3-inch square aluminum can
equipped * to facilitate handling. AGOT reactor-grade graphite is used. By
reducing neutron flux leakage from the active core, the reflector elements increase the
neutron flux at the core perimeter and improve utilization of the fuel. The graphite in the
reflector element extends about 3 inches above and below the active 24-inch length of
the adjacent fuel elements. The thin-walled aluminum can is evacuated to collapse the
walls onto the graphite and thus provide good heat transfer to the pool water. Flexure of
the thin wall will accommodate swelling of the graphite under irradiation.

The design of the element allows for this thermal expansion to a maximum increase in
graphite dimensions of 1.1% due to irradiation growth and gas evolution from an
integrated flux of 2x1021 nvt (expansion based on a more than two-year, full-power
operation factor). Numerous tests under conditions similar to those expected in an open
pool reactor reveal no significant changes in graphite properties in this application.
Because of the longevity of the use of graphite, new replacement elements were
installed after existing elements reached their life expectancy.

As a result of the LEU studies and conversion, beryllium reflectors were introduced into
the new cores for efficiency and operational purposes. All the new reflectors are
handled with the existing facility handling tools. For the 17 fuel element core, three
graphite reflector elements facing the thermal column are removed and replaced with
three additional fuel elements.

4.2.4 Neutron Startup Source

An antimony-beryllium neutron source is provided for routine startup of the reactor. This
main source consists of an antimony bar that is one inch in diameter by six inches long,
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surrounded by a thick beryllium cylinder and sheathed in a watertight aluminum jacket.
Provision is made for.remote handling. Operation of the reactor at an average power of
10 kilowatts will-maintain the neutron source strength at 10 curies, and this source

strength will produce over. 0.3 milliwatts in the reactor when it is shut down with the
control blades in-the core. The source assembly rests inside an irradiation basketona’ *
support bar, whose posrtron ensures that the source is.in the active region of the core.” =’
The irradiation basket is an aluminum shell,-3 inches square by 42 inches long, located ™ -

in row 9-of the core :assembly..In addition to the main neutron source indicated ‘above, o
two ‘'small-capsulated -plutonium-beryllium ‘neutron sources (1.3.x 108 nfcm?2/sec each) . ~

are: provrded “for. initial - startup- and low-power operatlon of the reactor. The. smaller'_g '

sources ‘are placed |

- - i rce. The -
must be .
removed at power levels above ilowatts. -

PuBe source holder

4.2, 5 Core Support Structure

The frame suspended from the bndge IS an all-alumrnum rectangular column burlt upof
four square corner posts that form a rigid structure to which the core box is attached at
the :lower end. "Cross braces ‘and stiffeners :provide structural rigidity and alrgnment in
the upper half of the frame, while coolant flow channels provide this function in the lower
portion of the frame. As illustrated (Figure 5-3), stiffeners are provided on three sides of §
the frame,  while the fourth side is open to provrde access to the core. Thls open srde‘ '
allows ready access to any one of the spaces in the grid box.

4, 3 Reactor Pool

The reactor core sits on a 7 x 9 grid plate near the bottom of a 32-foot deep pool This "

pool is lined with an aluminum liner that aids in.maintaining water purity and .minimizes
water leakage into the concrete. - Piping penetrates the pool liner structure to allow for

process systems lead-ins ‘and experimental_piping to the core grid .box.area. Major;..:
experiment facilities converge toward the :core, and afford ample- opportunlty for -the .
srmultaneous perforrnance of a number of drfferent expenments o ,

There is a bndge assembly over the pool to provrde worklng surfaces for mspectron '.
maintenance, and fuel handling. The design of the bridge and frame are such that it can

be mechanrcally moved along a rail-system on top of the pool-level wall. The rigid steel .

structure is a unique double bridge, with:a second floor above the component support .
level.” The second floor is supported independently over the bridge wheels, .and allows -
easy access to all reactor components wnthout danger of, Vlbratlon-lnduced shutdown of.
the reactor. SRt e . . .

The entire bridge can be moved by a-hand crank and gear drive between the high-power -
and low-power pool sections.’: The bridge moves on rails that.rest on the parapet walls
of the pool.”-The bridge position is interlocked with the reactor scram circuit to prevent ..
movement during operations. The volume of the reactor pool, including the pool coolant'-.i :
systems, is approximately 40,000 gallons. '

4.4 Biological Shield
Revision0.1 - | 4-6 : 3/28/04
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The reactor is shielded so that radiation levels at all points above and outside the pool
are kept below one mrem/hr. In order to achieve the required shielding, the reactor core
assembly is maintained below 24 feet of water. The shield to the side of the core
consists of at least three feet of water in addition to [Jjjjj of concrete or equivalent
shielding in the low-power section of the pool. The beam ports and the thermal column
are shielded by dense concrete plugs and steel door, respectively. The purpose of the
biological shield is to provide radiation shielding for personnel working in and around the
reactor facility and is adequate to meet the applicable personnel radiation protection
requirements of 10 CFR 20. The immense size of the biological shield also provides
excellent protection against natural phenomena that could result in damage to the
reactor core assembly.

4.5 Nuclear Design

The initial core and a subsequent improved flux core have been analyzed and
authorized for use in the RINSC. The LEU conversion core consists of a compact
configuration using 22 standard plates per fuel element and a combination of graphite
and beryllium reflectors. Figure 4-1 shows the startup configuration of the conversion
core that consists of 14 fuel elements. The fuel elements contain a total ofm of
U-235 each. A central berylium piece with a 38mm diameter vertical hole is
incorporated as a flux trap. The regulating blade is stainless steel and was moved one
grid position from the original HEU core so as to be adjacent to the fuel elements. The
LEU fuel used is uranium silicide-aluminum dispersion fuel approved for use by the NRC
under NUREG-1313. The core design allowed the use of the existing graphite reflectors
along with beryllium reflectors.

Because of the one shift operation, the xenon behavior of this core is cyclical and this
core can be operated as long as it remains possible to achieve start-up on a Friday
morning. Using computer simulation, this core has been “run down” until a Friday
morning startup is no longer possible. The reactivity requirements for Xenon, Samarium,
long lived fission products, control, and the cold-hot swing is approximately 3% which
allowed for approximately four months of operation before it is not possible to start up.
The reactivity balance is shown in Table 4-1.

After this initial operation, ten beryllium and ten graphite reflector elements are
reconfigured to provide additional reactivity. Figure 4-6 also presents this second core
showing the fuel remaining in each fuel element after the initial startup core operation.
This configuration allows for an additional 70 weeks of 7-hours/day, 5-days/week
operation. The reactivity balance is shown in Table 4-2.

Following this second phase of operation, the graphite and beryllium reflectors are again
reconfigured. This third core is shown in Figure 4-6 that also shows the fuel in each
element at the start of this phase. Table 4-2 again presents the reactivity balance that
allows for an additional 60 weeks of operation.
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Fresh Cold Clean
Reactivity Losses

Burnup ...
Xenon
Samarium
Long-Lived F.P.,
Cold-Hot Swing
Control

Total Losses

Startup
Core 2
Core 3
Core 4
Core 5
Core 6
Core 7
Core 8
Core 9

* . TABLE 4-1 .
Reactnvnty Balances on the Friday Mornmg of the Last Week of Operatlon

- for Ten Cores from Startup to Equrlrbrlum

X 4 Bumed Elements Removed and 4 Fresh elements

Reﬂector Changes Only ;
& ) Added in Comers L
C Core ,‘Core.; ; Core "Core ~ Core Core Core _Core - 'Core
Statup 2 3|4 5 ' 6 7 8 9 10
% AWk %Aklk %Ak | %Akk %Ak %Ak - %AkIKk T %Akl - %AKK T %Ak/k
3.00 519 6.92 | 692 . 692 6.92 6.92 6.92 6.92 6.92
030 185 317 | 308, 309 312 307 306 306 3.06
1.54 154 154 | 1647 154 154 1564 154 154 154
0.57 073 073 | 073 073 073 073 073 073 073
0.09 057 097 | 106, 103 103 107 106 107 107
030 030 030 | 030 030 030 030 °030 030 030
0.20 020 020 | 020 020 020 020 020 020 - 0.20
3.00 5.19 6.91 6.91 6.89 6.92 6.91 6.89 6.90 6.90
TABLE 4-2
Calculated Data and BOC Excess Reactivity for First Ten Cores
Core Lifetime Accum. Operation ‘BOC Excess
Weeks- Weeks Years YAkik
14 14 0.3 3.0
70 84 1.6 41
60 144 2.8 3.7
33 177 34 3.0
51" 228 ° 4.4 .. 3.6
66 294 57 . 40
54 348 6.7 3.9
53 401 1.7 - 3.9
57 458 8.8 - 4.0
57 9.9 . 4.0

Core 19

Note that the core is now almost completely berylllum reﬂected The core has operated

-515‘ <

for several years and refueling is now required. Refueling consists of removing the four

elements with the most burn-up, .placing four fresh elements in the core corner positions,

and placing the remaining- used fuel elements-in the remaining posrtlons ‘with those
elements containing the least fuel nearest;the center of the core. - This process provndes ';

the flattest flux and greatest neutron Ieakage Eventually an. equuhbnum core wrll be.
reached S ; . o ‘ o .

ot \ y‘ .~~.’
Ui

. e

oo

[

Flgure 4- 6 presents thls eventual equnllbnum core where the four elements wrth the most
burn-up have been discharged and four fresh elements have been added to the edge of
the core. The average discharge burn-up for this equilibrium core is about 21%.
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Reactivity coefficients were calculated separately for changes in coolant temperature,
coolant density, and fuel temperature using a 3D diffusion model of the LEU core. The
three physical effects contributing to these coefficients are: (1) hardening of the neutron
spectrum due to increasing the water temperature only, (2) the increase in neutron
leakage due to decreasing the water density only, and (3) the increase in absorption due
to doppler broadening of the U-238 resonance as the temperature of the fuel meat
increases. The reactivity coefficients between 20°C and 40°C are shown in Table 4-3
along with the void coefficient for a uniform 1% change in the coolant density for all fuel
elements.

TABLE 4-3

LEU LEU LEU
Startup Core Transition Core 2 Equilib. Core 10
Kinetics Parameters

Delayed Neutron Fraction, p-eff, % 0.782 0.776 0.764
Prompt Neutron Generation, time, ps 66.20 66.00 68.30

Reactivity Coefficients : 20-40°C

Change in Water Temperature Only -0.80 -0.86 -0.89

Ak/k x 107 /°C
Change in Water Density Only -0.82 -0.75 -0.69

Ak x 107 °C
Coolant Coeff., -1.60 -1.60 -1.60

Ak/k x 10™ °C
Doppler Coeff., -0.18 -0.18 -0.18

Ak/k x 107 /°C Fuel

Temperature Coeff*, -1.80 -1.80 -1.80

Ak/k x 10™ 1°C

AKK% Void -0.0027 -0.0025 -0.0023

*Fuel and coolant temperature changes were assumed to be the same here. The fucl temperature rise will be larger than that of the
coolant. Change in Reactivity = (Coolant CocfTicient) X AT oo + (Doppler Cocfficient) X ATsuq

Because of their harder neutron spectrum, the LEU cores have smaller reactivity
coefficients due to changes in water temperature only, but larger reactivity coefficients
due to changes in water density only. As burnup increases in the LEU cores, the
neutron spectrum becomes softer, the reactivity coefficient due to changes in water
temperature increases, and the reactivity coefficient due to changes in water density
decreases. The RINSC Technical Specifications reflect these calculated values.
Measurements of the coefficients are taken to confirm the calculated values when
appropriate.
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Power distributions and nuclear power peaking factors were calculated using the
diffusion theory mode! for the LEU cores. - From the’ pomt of view of thermal-hydraulic
safety margins, the most important neutronic parameter is the total 3D power peaking
factor (the absolute peak power density in a fuel assembly divided by the average power
density in the core). The total power peaking factor is defined here as the product of
two components: (1) a radial factor deﬂned as the average power density in each
assembly divided by the average power density in the core and (2) an-assembly factor
defined as the peak power density in each assembly divided by the average power
density in that assembly. The assembly factor is a point-wise factor.computed at the
mesh interval edge and includes both planar and axial power peaking. Power
d:stnbutlons for the LEU cores are shown'in Tables 4-4A, 4-4B, and 4-4C.

TABLE 4-4A
RINSC LEU STARTUP CORE POWER PEAKING FACTORS
wo All Blades Fully Wlthdrawn

Areé — Average Power Peak Power, e Radial Element Total

E3 43.0178 100.295 0.86 2.33 2.00
E4 51.8491 115.751 1.03 2.23 2.30
E5 58.2067 128.071 1.16 2.20 2.55
E6 52.0210 115.829 1.04 2.23 2.31
E7 42.6059 100.259 0.85 2.35 2.00
D3 45.4918 86.962 0.91 1.91 1.73
D4 58.7650 131.842 1.17 2.24 262
D6 50.0484 132.027 1.18 2.24 2.63
D7 44.4948 76.501 0.89 1.72 1.52
c3 43.0178 100.295 0.86 2.33 2.00
ca 51.8491 115.751 1.03 2.23 2.30
c5 58.2067 128.071 1.16 2.20 2.55
) 52.0210 115.829 1.04 2.23 2.31
c7 42.6059 100.259 0.85 2.35 2.00

FUEL 50.2287 132,027

All Blades 50% Withdrawn

Area Average Power Peak Power Radial Element Total
E3 40.7418 110.359 0.81 2.71 2.20
E4 50.3451 126.867 1.00 2.52 2.53
E5 57.5876 148.542 1.15 2.58 2.96
E6 50.4967 126.946 1.01 2.51 2.53
E7 40.3213 110.301 0.80 2.74 2.20
D3 48.8511 96.835 0.97 2.02 1.97
D4 63.9026 153.397 1.27 2.40 3.05
D6 64.1589 153.570 1.28 2.39 3.06
D7 47.4674 _87.542 0.94 1.84 1.74
c3 40.7418 110.359 0.81 271 2.20
c4 50.3451 126.867 1.00 2.52 2.53
C5 57.5876 148.542 1.15 2.58 2.96
c6 50.4967 126.946 1.01 2.51 2.53
Cc7 40.3213 110.301 0.80 2.74 2.20

FUEL 50.2404 153.570
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TABLE 4-4B

RINSC LEU EQUILIBRIUM CORE 10 POWER PEAKING FACTORS
All Blades Fully Withdrawn

Area Average Power Peak Power Radial Element Total
E3 45.0534 106.770 0.90 237 2.12
E4 51.2560 116.395 1.02 2.27 2.32
E5 53.9262 108.068 1.07 2.00 2.15
E6 51.3449 111.248 1.02 217 2.21
E7 47.7459 111.585 0.95 2.34 2.22
D3 45.3506 87.860 0.90 1.94 1.75
D4 54.7329 118.019 1.09 2.16 235
D6 56.6276 118.874 1.13 2.10 2.36
D7 48.4466 83.877 0.96 1.73 1.67
c3 45.0534 106.770 0.90 2.37 2.12
c4 51.2560 116.395 1.02 2.27 2.32
C5 53.9262 108.068 1.07 2.00 2.15
c6 51,3449 111.248 1.02 217 2.21
C7 47.7459 111.585 0.95 2.34 2.22

FUEL 50.2722 118.874
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-All Blades 50% Wlthdrawn

Area Average Power Peak Power Radial Element Total
E3 42.8196 ..119.259 0.85 2.79 237
E4 49.5608 129.708 099 2.62 2.58
ES 53.0974 128.564 - 106 2.42 2.56
E6 49.7684 125.308 0.99 2.52 2.49
E7 45.6472 124.949 - 0.91 2.74 2.49
D3 48.8135 101.667 0.97 2.08 2.02
D4 59.4384 139.914 1.18 2.35 2.78
D6 61,5902 141,058 1.23 2.29 2.81
D7 52,0959 96.088 - - 1.04 1.84 1.91
C3 42,8196 119.259 0.85 2.79 2.37
C4 49,5808 129.708 0.99 2.62 2.58
c5 53.0974 128,564 1.06 2.42 -~ 256
C6 49.7684 125.308 0.99 2.52 2.49
C7 456472 124.949 - 0.91 2.74 2.49

FUEL 50.2661 141.058 ‘ -

TABLE 4-40
RINSC LEU TRANSITION CORE 2 POWER PEAKING FACTORS
All Blades Fully Withdrawn

Area Average Power Peak Power Radial Element Total
E3 42.8832 - 104.661 . - 0.85 244 . ~ 2.08
E4 52.4493 122,084 - - - 1.04 2.33 243
ES 59.0606 127.120. .. 1.18 215 2.53
E6 52,6646 _ 122232 1.05 2.32 243
E7 42,5705 "104.825 -0.85 2.46 ~ 209
D3 444891 84043 - 0.89 191 - 1.89
D4 57.8374 130.228 1.15 225 . 2.59
D6 58.1548 130.437 1.16 2.24 2.60
D7 43.6143 75.018 0.87 1.72 ~ 149 - -
C3 42,6832 104.661 0.85 2.44 2.08
c4 - 524493 ~ 122,084 -~ 1.04 - 2.23 . 2.43
C5 . 59.0606 127120 1.18 2.15 2.53
C6 - 52,6646 122232 1.05 2.32 2.43
C7 42,5705 104.625 0.85 2.46 209

FUEL 50.2394 130. 437 : ‘

’ Al Blades 50% Wlthdrawn .. : ‘ L

Area Average Power ‘| -+ Peak Power -’ | ‘Radial | ‘Element Total
E3 40.6936 116.990 0.81 2.87 2.33
“E4 .- 50.8722__ - 135749 © . .| - 1.01 2.67 2.70
E5 58.3491 149.086 1.16 2.56 297
E6 51.0585 135917 1.02 - 266 —.2.70
E7 40.3526 117121 - © .0.80 . ©2.90 "2.33

‘D3_- 47.9444 797535 - - -0.95 . 203 . . [ 194
D4 - 63.0423 153222 - .. 1.25 2.43 3.05
D6 63.3316 153422 . 1.26 2.42 3.05
D7 46.6823 87.388 - * 0.93 1.87. 1.74 .
c3 40.6936 116.990 0.81 2.87 2.33
c4 50.8722 135.749 1.01 2.67. 2.70
c5 58.3491 149.086 1.16 2.56 2.97
C6 .51.0585 135917 1.02 2.66 2.70
C7 40.3526 17421~ 0.80 2.90 -2.33

FUEL §0.2609 153.422 i - , -
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Blade worth calculations were performed with the regulating blade inserted in the core.
The individua! blade worths were not calculated because of flux shifting (tilting). It is
important to note that the LEU shutdown margin calculation conservatively exceeds the
RINSC Technical Specification of a minimum shutdown margin of 1% with blade 3 full
out and the regulating blade full out. Table 4-5 shows the LEU reactivity data.

TABLE 4-5
LEU Reactivity Data and Power Peaking Factors

Start-up Core Core 2 Core 10
Excess Reactivity 3.1 41 4.0
Shutdown Margin 6.25 5.69 5.93
Reg. Blade Worth 0.41 0.41 0.47
Total Power Peaking Factor/Grid 2.64/D6 2.6/D6 2.36/D6
Position (Control Blades Full Out)
Total Power Peaking Factor/Grid 3.06/D6 3.05/D6 2.81/D6

Position (Control Blades 50% Out)
4.6 Thermal-Hydraulic Design

The thermal hydraulic studies for the RINSC reactor have been a joint effort by the
RINSC staff and by Argonne National Laboratory (ANL). The RINSC primary and
secondary coolant systems have been updated providing redundant coolant loops.
Although not required for operation at 2 MW, two-loop operation is possible. Core flow
and bypass flows were calculated. The analysis at 2 MW is for either loop #1 or #2 over
a range of flows. For the primary loop (steady-state operation), the measured nominal
flow is about 1,950 gpm for single pump operation.

The computer codes used for the analysis are PLTEMP, and NATCON. Data
generation and code runs were performed by either RINSC or by ANL. The LEU core
was rigidly remodeled by ANL with small inconsistencies corrected from previous
analyses. Bypass flow was determined to be very important in determining actual core
flows. Steady-state hot channel and natural convection computations were performed
for the LEU startup core prior to conversion from HEU to LEU fuel. Additional
calculations were performed for the larger 17-fuel element core.

The parameters used in the “PLTEMP” and “NATCON" programs were calculated using
the LEU fuel element and the two core configurations. The physical dimensions of core
components used were obtained from current drawings. In addition to the normal
dimensions of core components used in the thermal-hydraulic analysis, the LEU fuel
thermal conductivity was calculated and, the “Critical Velocity for Fuel Plate
Deformation” was studied (See Reference 4-Y).

4.6.1 Hot Spot Factors

The use of LEU fuel elements necessitated an evaluation of the engineering hot spot
factors to be used in the single channel analysis. The RINSC prepared a report entitied
"Report on the Determination of Hot Spot Factors for the Rhode Island Nuclear Science

Revision 0.1 4-13 3/28/04
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Research Reactor Using LEU Fuel (Reference 4-Y) This report ylelded the followmg
results: s g s .

Fo (Bulk Water Temperature Rise )
Fq (Heat Flux) : X
Frn (Heat Transfer) .. L et

4

Il Il ll

16
14
14

.-xcnm_ 3

These factors were used in. the followmg sungle channel (Hot Channel) analyS|s to
determine a "llmmng power level" based upon mcrplent boiling utlllzmg the PLTEMP
Program L r S

g-.
L

462 Steady State Smgle Hot Channel Analysns

Computer runs usmg PLTEMP were “run : for the smgle channel analysus usmg the .
derived hot channel factors. ~ Flow ‘ratesiand power levels ‘were varied to provide
sufficient mformatlon for limiting power level and:core flow determlnatlons The hot -
channel ‘occurs with the blades in a'50%:out condition, F2 = 1.536 in D-6 position.
(From Table 4-5, the total power peakmg 'factor ='3.06). The values i in Tables 4-9.and
4-10 reﬂect thls data as well as the engmeenng hot spot factors.

The tabulated results for axial factors of 1 32 (blades full out) and for axxal factors of _> '

1.536 (blades 50% out).-are‘shown .in: Tables:4-9 and:4-10. The resuilts are also"‘
presented as a:“Hot .Channel Fuel- Surfaoe Graph” depicting “Fuel Temperature vs
“Total Core Flow.” (See Figure 4-7). _

TABLE 4.9
STEADY STATE HOT- CHANNEL ANALYSIS
FAXIAL 1,536 S
AP Total - T . -T-. - T T T.SAT | Tonb

(MPA) Flow Surface. ‘Surface | Surface | Surface
(GPM) 2 MW 22MW | 24MW | 26 MW

0.0025 | - 1105 | 122.26 |.:122.57 : | 122.86 123.10 | 116,82 | 122.1 |:-

0.0030 ‘|- 11223 . | "122.27 : | 122.57::] 122.87 .| .123.15 :|.115.82 : .122.1 | -

0.0035 | 1333 | 119.27 -|:: 122.58.:]|’ 122.88 | :123.16 | 115.82 | -122.1

0.0040 1447 1. 114.99 | 1 121.60 . |:.-122.89 : | 123.17- .| 115.82. | 122.1 .

0.0045 1633 111.44 117.71 122.90 123.19 115.82 | 122.1

0.0050 1627 | 108.40 ".1-114.41 -} ' 120.36 ;] . 123.20. | 115.82.] 122.1

0.0055 | "1715 | 105.74 | 11154 0| 11724 |:1122.93 | 115.82 | 122.1

0.0060 1800 103.39 109.00 114.63 |°.120.00 .| 115.82 |+ 122.1 |-

0.0065 1883 101.30 106.75 112.10 117.39 115.82 | 122.1

0.0070 1963 99.42 104.71 109.93 115.06 | 115.82 | 122.1

P .
PEE A A
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TABLE 4-10
STEADY STATE HOT CHANNEL ANALYSIS
F AXIAL = 1.32
AP Total T T T T TSAT | Tonb
(MPA) Flow | Surface | Surface | Surface | Surface
(GPM) | 2MW 22MW | 24 MW | 26 MW
0.0025 11056 120.80 122.09 122.36 122.62 115.82 | 122.1
0.0030 1223 115.01 121.52 122.37 122.63 115.82 | 122.1
0.0035 1333 110.36 116.52 122.38 122.64 115.82 | 122.1
0.0040 1447 106.55 112.40 118.16 122.65 115.82 | 122.1
0.0045 1533 103.38 108.94 114.44 119.86 115.82 | 122.1
0.0050 1627 100.67 105.99 111.26 116.48 115.82 | 122.1
0.00585 1715 98.30 103.43 108.49 113.51 115.82 | 122.1
0.0060 1800 96.21 101.18 106.07 110.90 115.82 | 122.1
0.0065 1883 94.36 99.17 103.91 108.58 115.82 | 122.1
0.0070 1963 92.69 97.36 101.97 106.51 115.82 | 122.1

The normal primary flow rate for the reactor is about 1950 gpm. From the data it can be
seen that incipient boiling (T.np) occurs at about 2.6 MW or 130% of the normal 2 MW
power level. At a reduced flow of about 1700 GPM incipient boiling is reached at about
2.4 MW or 120% of normal power. The limiting safety settings are then set at the values
as shown below:

Normal Power Level Over Power Trip (scram)

2 MW 120% (2.4 MW)
Normal Flow Reduced Flow Trip (scram)
1950 gpm 1700 gpm

The hot channel surface temperature of the fuel resulting at the 1580 GPM pump flow is
from Table 4-9 about 110°C. The corresponding coolant velocity from the PLTEMP
output for 1533 GPM (AP = 0.0045) = 1.44 M/S and for 1627 GPM (AP = 0.0050) = 1.53
m/s. An extrapolated value for the 1580 GPM condition is about 1.48 m/s.

Based on the average and hot channel studies the LEU fuel plates remain below ONB
temperatures at all operating and scram settings and are acceptable for the startup and
subsequent cores for 2 MW operation.

4.6.3 Steady State Full Core Analysis

The PLTEMP Program was used to analyze the full core for the axial peaking factors of
1.32 (blades full out) and 1.536 (blades 50% out) core conditions. The full core analysis
included the various components (fuel elements, reflectors, baskets etc.) as shown in
Figure 4-1. This analysis initially determines the flow rates for the fuel portion of the
core, the by-pass flow through the other components and the total core flow versus the
pressure drop across the core. This data is tabulated in Table 4-11. The fuel plate

surface temperature versus flow rate is shown in Table 4-12. It is important to note the
Revision 0.1 4-15 3/28/04
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maximum fuel plate surface temperature does ‘not vary by more than +3.5 degrees
centigrade for the two axial factors (F axial = 1.32 and 1.536). From the :

TABLE 411
LEU FULL CORE ANALYSIS — 14 ELEMENT CORE 2 MW
DP Core | ByPass | Total |CoreFlow | By-Pass Total
(MPA) Flow Flow Flow (gpm) (gpm) Flow
(kals) |" (kals) | (kgls) i (gpm)
0.0040 57.14 33.66 90.80 910.8 . 536.2 1447
0.0045 61.07 35.13 96.20 973.5 559.5 1533
0.0050 64.83 37.21 102.04 10334 593.6 1627
0.0055_ 68.43 39.19 —107.62 1090.8 624.2 1715__°
0.0060 71.89 41,09 - 112.98 1146.0 654.0 _ 1800
0.0065 7523 24.77 118.16 1199.0 684.0 1883
0.0070 , 1250.0 719.0 1963
B . TABLE 442 -
DP | By- | Core Total | Outlet Plate Outlet | Plate
(MPA) .| Pass | Flow Flow Bulk Surface Bulk Surface
Flow | (gpm) | (gpm) | Temp Temp Temp Temp
(gpm) L5 °C °C °C °C -
o F axial | Faxial | F axial | F axial
=1.32 =132 | =1536 | =1.536
0.0040 536.2 910.8 1447 51.81 £686.03 51.81 70.69
0.0045 [ 559.5 | 9735 | 1533 .| - 61.20 66.65 51.20 69.18
0.0050 593.6 1033.4 1627 50.69 65.20 50.69 67.89
0.0055 624.2 1090.8 1715 . 50.25 64.28 50.25 66.78
0.0060 654.0 1146.0 1800 —49.86 63.56 49.86 65.80
0.0065_ |  684.0 1199.0 1883 49.53 62.77 49.53 64.94
0.0070 719.0 | 1250.0 1969 49.23 62.07 - 49.23 64.16

Notes: (1) Normal primary pump operatron 1950 gpm
(2) Calculations based on inlet temperature to core of 42.3°C
(3) Fuel element data based on the radial factor of 1.18

tabulated data and 6Ur »'pump flow of about;1950 gpm, the core flow (1243 gpm *) and a
by-pass flow (707 gpm %) was determined... The correspondrng AP = 0.0055 MPA. The
results are graphically deplcted as LEU core “Flow” vs “DP." (See Figure 4-8).

The output of the program also determmes a number of other parameters A list of
these for the steady state 2 MW operatlon case is shown in Table 4-13. This “full core”
computer run produces this type of data.for all of the 14 fuel elements. Table 4-13
shows typical output data for the element #8 (D-6 core position).” A program option can
also produce data along a selected “single channel" of a fuel element. The axial peaking
factor vs. relative blade position for the core is tabulated for both the blades full out
condition (F axial = 1.32) and the blades’ 50% out (F axial = 1.536). This data was
obtained from the nucleonic studies of the core described in. Sectlon 4.5. Table 4-14
gives the power fraction and peaking factors of each element. Table 4-15 shows the
axial distribution for the blades out and blades 50% out conditions. This data was input
to the PLTEMP Program to calculate the various parameters at a point-by-point basis
along the axial plate length. Table 4-16 shows the output data for a typical single
channel (not a hot channel) for an arbitrarily selected element at the normal core flow

Revision0.1 4-16 3128104
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(DP = 0.0055 MPA). It should be noted that the highest power peaking factor occurs in

core position D-6, for both blades full out and blades 50% out situations.

The PLTEMP full core analysis for each fuel element calculates additional parameters. Typical output

TABLE 4-13

values are shown for these parameters. (Core Position D-6 data)

PARAMETER

Clad Temperature (average)
Channel Flow Rate
Velocity

Qutlet Pressure

CHF (Critical Heat Flux)
Flow Instability

Exit Saturation Heat Flux
Minimum DNB Ratio

F axial

F radial

Average Heat Flux

DP

Average Surface Temperature

°C
°C
(kals)
(m/s)
(MPA)
(MWIM?)
(MWIM?)
(MWIM?)

(MWIM?)
(MPA)

VALUE
64.45
64.78

0.2298
1.605
0.1727
2.39
0.889
1.087
8.461
1.32
1.18
0.100241
0.0055

Core position D-6 has the highest fraction of power generation (0.084) in the core. (F radial = 1.18)

TABLE 4-14
FRACTION OF | CORE POSITION PEAKING
POWER IN FACTORS
FUEL
0.0613334 E3 0.86
0.0734574 E4 1.03
0.0827287 E5 1.16
0.0741706 E6 1.04
0.0606202 E7 0.85
0.0648993 D3 0.91
0.0828908 D4 1.17
0.0841551 D6 1.18
0.0634729 D7 0.89
0.0613334 C3 0.86
0.0734574 C4 1.03
0.0826898 C5 1.16
0.0741706 Cé 1.04
0.0606202 C7 0.85
Revision 0.1 4-17 3/28/04
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- TABLE 4-15
AXIAL DISTRIBUTION . -

e RELATIVE BLADES FULL | BLADES 50%

| ___INTERFACE _DISTANCE |-~ . OUT 2 OUT.
’ ' 1 - 0.00 o~} - 04105 0.0553
2 005 - .---1- - 0.5506 0.2682
‘ .3 010 - - . 0.6836 0.4759
- 4 -0.05, . .- 0.8076 . 0.6744
) 020 -~ . 0.9219 : 0.8597
6 . 0.25 & _~1.0228 - 1.0283
-7 030 - S P e O 11770
8 . <035~ - 1.1850 . 1.3028
. 9 - 040 ..~ 12435 1.4032
R --10 0457 - 1.2858 - 1.4764
P <11 - 050 ~1.3200 _1.5360
' 12 ~. 0.85 - . '- 1.2858 . 1.4764
- 13 060 . 1.2435 __1.4032
- 14 ~0.65- "= - 1.1850 ~1.3028
15 .. 070" RO P e K - 1.1770
16 075 ~. . 1.0228 1.0283

- 17 . 080~ |- - 09219 - 0.8597 .“|

18 0.85 . i . 0.8076 0.6744 - .

19 0907 - = 0.6836 (. 04759 -}

20 095~ - - 0.5506 . 0.2682 -

21 1.00 0.4105 0.0553
Revision 0.1 4-18 0 3/28/04
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TABLE 4-16
TYPE 1, ELEMENT 8
PLATE 21, SIDE 2 CHANNEL. 22 PLATE 22, SIDE 1

a-MwMm2  T°C T°C HWIM2/K T°C HWM2IK T°C T°C Q-MW/M2
HEIGHT HTFLUX FUEL CLAD <-—-> COOLANT <-—> CLAD FUEL HTFLUX

0.0148 0.0191 44.27 44.20 10285 42.34 10285 4553 4564  0.0338
0.0443 0.0440 46.91 46.76 10299 42.49 10299 49.82 50.07 0.0755
0.0738 0.0690 49.56 49.33 10323 42.74 10323 54.04 5444  0.1167
0.1033 0.0906 5216  51.85 10357 43.10 10357 5811 5863  0.1554
0.1329 0.1115 54.66 54.29 10402 43.57 10402 61.96 62.60 0.1913
0.1624 0.1304 57.03 56.60 10450 4412 10430 65.52 66.27 0.2237
0.1919 0.1466  59.20 58.71 10503 44.75 10503 68.70 69.54 0.2515
0.2214 0.1600 61.13  60.60 10563 45.45 10563 7143 7235 0.2745
0.2510 0.1703 6279 6222 10628 46.20 10628 73.68 4.66 0.2921
0.2805 0.1781 64.24 63.65 10699 47.00 10699 7555 6.58 0.3055
0.3100 0.1781 64.94 64.34 10772 47.80 10772 7617 7.20 0.3055
0.3395 0.1703 64.88 64.30 10845 49.60 10845 7554 652 0.2921
0.3691 0.1600 64.55 64.02 10914 49.36 10914 7450 543 0.2745
0.3986 0.1466  63.91 63.42 10971 50.06 10971 72.88 3.83 0.2515
0.4281 0.1304 6296  62.52 11023 50.69 11023 7098 173 0.2237
0.4576 0.1116 6170 61.33 11069 51.24 11069 68.54 9.18 0.1915
0.4872 0.0s07 60.17 59.87 11107 51.70 11107 65.71 623 0.1556
0.5167 0.0680 58.40 58.17 11138 52.06 11138 62.54 293 0.1167
0.5462 0.0440 56.41 56.26 11160 52.32 11160 59.08 9.34 0.0755
0.5757 0.0191 54.24 54.18 11172 52.46 11172 5540 5.51 0.0328
0.5805 0.0065  53.11 53.09 11176 52.51 11176 53.51 3.55 0.0112
(OUTLET)

46.4 Rising Power Transient Analysis

Since the plate temp program is a steady state analysis program, the determination of a
transient involving a rising power scram is not possible. However, with a few simple
assumptions, an estimate can be made of the fuel surface temperature at the projected
power level at the scram condition.

RISING POWER TRANSIENT CALCULATION

Assumptions:
¢ The reactor period rises on a period of slightly greater than the blade rundown
override of 7 seconds.
o Reactor power increases until the 2.4 MW scram setting is reached, and the
blades drop to the full-in position within 1.0 second.

The actual trip power level can be calculated as follows:

P=Pe’ =24e"7 =2.4(2.718)"% =2.78 MW

From Table 4-9, a power level of 2.6 MW has a calculated surface temperature of
122.93°C, which is slightly above ONB (normal flow). The expected temperature at 2.78

Revision 0.1 4-19 3/28/04
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MW would be slightly higher, but for a hot. channel analysus the ONB reglon would not
present a problem for the LEU fuel. - ,

465 Natural Convectlon l

o

The Natural Convection Analysis for the, LEU _core was performed using the NATCON

Program. The program was run for both ‘the regular channeland the’ “hot channel” " -
conditions. Both cases were run for the blades full out situation (F axial = 1.32) and the- :
blades 50% out (F axial = 1.536). The results are shown in Table 4-17.

TABLE 4-17
Ces e e NATURAL CONVECTION
REGULAR CHANNEL “ . " BLADES 50% OUT, FAXIAL = 1.536
Power : -, | Maximum Inclplent Tsat-T | Radial | Marginto |
Level . EXlt o wall, Bonlmg | ~wall | Peaking |  Incipient -
(kw) - Temp- - | Temp.°C | -..°C . | (117.34-_| ‘Factor | Boiling°C"
10 . 5193 . { . 5201 | .117.57 . | .6534. 2 __65.56
100 . '6841. |- ...71.22 |-~ 118.28 - .| . 46.12 2 - '46.06 .
200 7729 .| 8471 .]-:118.88: 32.63 2 - 34.17 .
300 83.80 96.48 119.21 20.86 2 22.73
500 93.69 117.85 119.85 -0.51 2 ...2.00
520.4 94.56 119.89 119 89 -2.55 2 0.00
HOTCHANNEL -~ .- "= .= o e , S
10 - |- - 59.18 - |- 58.89 -.-::117 72 -] 5845 . 1. - 2 - 58.83 -
100 ‘8663 | 9281 | ©118.56:] 24,53 | - 2 .- 25,75
209.1 102.11° 119.34 | = 119 20 2. 00;- ‘ 2 o -0 40
REGULAR CHANNEL BLADES FULL OUT FAXIAL 1 32
Power™ |~ Exit ° | Maximum |:Incipient | Tsat-T-'| Radial’ | Marginto’
Level . | Temp Wall = Bonlmg = wall- Peaking' Incipient
(kW) | Temp °C|; °C, (117 34- Factor | Boiling °C’
10 52.04 52.26 ' | “117.60 | :65.08 : 2 - 65.34:-
100 68.72 71.58 ~1-118.19° | - 45.76 2 46.61
200 . 77.69 . 8425, 118.72 33.09 2 34.47
300 8426 .| 9511 | '119.00 | . 2223 ° 2 '23.89
400 . 89.61. 10528 " | 11935 | 12.06° 2 - 14.07
500..- | 9424 | 11445 | . 119.67 289 | "2 5.22:
558.45 96.69 ..119.80..]. 119.80 .. - -246 | .2 0.00
HOTCHANNEL e e L -
10 . 59.38 59.80 | -117.65 .| 57.54 -. 2 . 57.85
100 - -~ 87;12' - 9292 :..:118.43 .| .24.42 2 . 25.51
217.3 | 10366 -{ - 119.14 | -119.03 | . -1.80 . . 2. 0.00
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Note that for the most conservative case, (hot channel) the power level is 209.1 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 form the data. The
program run terminates when the fuel surface temperature reaches incipient boiling.

Since the 209.1 kW exceeds the current licensed power level of 100 kW for natural
convection, no change is deemed necessary in the licensed maximum natural
convection power level of 100 kW.

4.7 Improved Flux Core Modification

The main objective in the modification of the RINSC core was to find a technically and
economically feasible model that, without changing the operating power, would increase
the leakage of fast neutrons from the core to the thermal column for research and other
reasons. Several options were considered, including removing graphite reflectors near
the thermal column and moving the fuel matrix toward the thermal column. However,
many of these options were found to be technically infeasible and overly expensive. A
suggestion by the ANL RERTR group eventually lead to an expanded core design, in
which three graphite reflector elements near the thermal column would be replaced by
three fresh LEU fuel elements (see Figure 4-1). Such an arrangement leads to a
significant increase in neutron leakage from the core into the thermal column.

4.8 Thermal Analyses

Two fresh core models were chosen for the thermal hydraulic calculations that would
produce highest possible fuel and cladding temperatures under normal reactor operation
at 2 MW reactor power. The upper diagram in Figure 4 represents the original RINSC
startup core, while the lower diagram represents an expanded startup core with the
three additional fuel elements on the thermal column side.

A full core model of the RINSC reactor was run using the PLTEMP® code in an iterative
manner to determine the pressure drop that would yield the flow rate corresponding to
one pump operation. A single plate model for the hot channel was then run to determine
the peak fuel, clad and coolant temperatures. The coolant inlet temperature was
assumed to be 42.2°C (108°F) because it is the design inlet temperature. The hot
channel factors, bypass flow geometry, and axial power distribution remain unchanged
from current operating conditions in the 14 fuel element core.

Figure 4-5 shows the power peaking factors obtained from the DIF3D diffusion theory
calculations with the control blades 50% withdrawn. From the point of view of thermal-
hydraulic safety margins, the most important neutronic parameter is the total 3D power
peaking factor (the absolute peak power density in a fuel assembly divided by the
average power density in the core). The total power peaking factor is defined here as
the product of three components: (1) a radial factor defined as the average power
density in each assembly divided by the average power density in the core, (2) a planar
factor defined as the peak power density in the limiting plane in each fuel assembly
divided by the average power density in that plane, and (3) the axial peak to average
power density in the assembly defined as the maximum ratio of the peak to average
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power densnty in the plate. The planar- and axial factors are point-wise factors computed
at the mesh mterval edge and rncludes both planar and axial power peaking.

Tables 4-18 and 4-19° show the results of the thermal analysis for both core

confi guratlons with ' the control blades ‘withdrawn :50% and fully out There is a
substantral margrn to borllng and ﬂow mstabllrty |n all cases :
Table 4-18
Power Peaking Factors and Thermal Hydraulic Parameters in Hot Channel
Calculatrons
No. of | Control Coolant
Elements | * Rod Peakmg Factor Pressure Drop | Flow Rate
in Core | Positio Radial Planar Axial Total | Mpa psi gpm
. < "“;‘ri':‘ . L ‘
14 . [ 50% Out | 1.258 1 562 1.536 | 3.02 | 0.00677 | 0.98 1870 ..
14 Out 1.178 | 1.695 | 1.32 | 2.64 | 0.00677 | 0.98 1870
17 50% Out | 1.424 | 1.493 | 1.536 | 3.27 .| 0.00677 | 0.98 2195
17 . |- Out -} 1.330 ] 1.621 | 1.32 | 2.85 | 0.00677 | 0.98 2195

'Extimated for 17 element core.
" Fp (hot channel factor for bulk water temperature rise) = 1.25.
" 'Fq (hot channel factor for heat flux) = 1.26., = -
- Fn(hot channel factor for heat transfer coeﬁrcuent) 1 33

TABLE 4-19
Safety Margms and Peak Temperatures in Hot Channels
{ Margin [, - - . | Marginto | . : _
No. of | Control | to Onset ‘Margln to | Departure | Maximum Temperatures °C/°F
Elements | 'Rod - of Flow from
in Core | Position | Nucleate Instabrhty Nucleate Fuel Clad Coolant
o Borllng .| Boiling S o
14 50%Out | = 1.80 450 . 16.96 89.5/193 |88.4/191 | 52.8/127 :
14 Out 2.14 5.14 7.96 84.8/185 | 83.8/183 | 53.1/128
17 50% Out | 2.13 5.03 7.80 84.9/185 | 84.0/183 | 52.1/126
17 Out 239. | 578 18. 95 ' 80 6/177 79.8/176 | 52. 3/126

Replacrng three graphrte reflectors wath fuel elements would ‘lead to lower average fuel
cladding, and coolant temperatures, because the reactor’ power would be spread over
more fuel elements .and because there ‘Would be an increase in the total coolant flow
through the core dueto the i increase in'the'number of flow channels available. Results of -
the thermal analysis show there is substantial margin for boiling and flow instability in all
cases.

The addition of three fuel elements near the stainless steel regulating blade in position
D2 would cause an increase in the blade worth. The safety specifications require the
worth of the regulating blade to be less than B (the prompt neutron fraction).
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Calculations were performed to predict the worth of the regulating blade in the expanded
core. Results of these calculations are summarized in Table 4-20. The calculated worth
of the regulating blade in the expanded core is estimated to be about 0.5%Ak/k. The
determination of the actual effect that the expanded core configuration would have on
the regulating blade can only be made by making the core change, and performing a
control blade calibration. If the calibration were to show that the regulating blade had a
measured worth close to the safety limit, the reflector elements could be rearranged to
reduce the worth of the regulating blade.

TABLE 4-20
Regulating Rod Worth in the Expanded Core

DIF3D Ak/k MCNP Ak/k

CORE 2 EOC
Equilibrium Xe : 0.281% 0.198 £0.071%
No Xe 0.387%

Expanded Core with 3 new fuel elements

No Xe 0.586% 0.508 +0.056%

Table 4-21 shows total excess reactivity in terms of Kesr. The initial estimates were
made with diffusion theory calculations, which are in good agreement with results of
more detailed Monte Carlo calculations. Both computational methods suggest that the
expanded core would have approximately 1.6%Ak/k greater excess reactivity at
equilibrium Xenon, than the present core under the same conditions, and that the
expanded core would have a total excess reactivity of 4%Ak/k with no Xenon poisoning
in the core.

TABLE 4-21
K obtained from DIF3D and MCNP Calculations
DIF3D MCNP
Core 2, EOC, equilibrium Xe 1.00028 0.99312 +£0.00049
Expanded Core, 3 New Fuel, equilibrium Xe 1.01689 1.00915 10.00052
Expanded Core, 3 New Fuel, No Xe 1.04402 1.04250 £0.00054

Table 4-22 shows the shutdown margin calculation for the expanded core. The
calculations took into account the depletion of the fuel in core 2 and assumed that the
core was at room temperature, with no Xenon poisoning, and that an experiment worth
limit of +0.6%Ak/k was present at the core. The most reactive control blade and
regulating blade were assumed to be fully out of the core. The estimated shutdown
margin of 4.83%Ak/k is far more conservative than the 1%Ak/k technical specification
limit.
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TABLE 422

Reactor Shutdown Margin'in the New Expanded Core
Reactivity Worth
. ‘ Ak/K
Core excess reactivity (cold/no Xe) 4.1%
Worth of control rods with the most reactlve rod (CR2) and -9.8% .
regulating rod fully out L g : ‘ ‘
Worth of experiments = . L e e : - 0.6%
Shutdown Margin = |- = -5.1%
4.9 Conclusnons . -

Expanding the RINSC core confguratlon to mclude three fuel elements ln place of
graphtte reflector. elements along the thermal column side of the core is expected to
increase fast neutron leakage into the thermal column by over 300%. The worth of the
current regulatlng blade would increase ! from 0.2%Ak/k to about 0.5%Ak/k. The
estimated core excess reactuvnty for thls conf guratlon is about 4.1%Ak/k without Xenon
poisoning. The predncted shutdown margin is about 4.8%Ak/k subcntncal with the
assumption that the core is loaded with a maximum positive worth’ experlment All of
these reactlvmes are within the Ilmlts lmposed by | the facnhty hcense :

4.10
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Figure 4-3

Power Peaking Factors in the Thermal Hydraulic Calculations
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STARTUP CORE

Excess Reactivity = 3.0%Ak/k
Core Lifetime: ~14 Wks (~560 Full Power Hrs)
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Excess Reactivity = 4.1%Ak/k
Core Lifetime: ~70 Wks (~2800 Full Power Hrs)
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Chapters
50 = REACTOR COOLANT SYSTEMS .

51 Summary Descnptlon

0 ) .. .'_‘ e \

The RlNSC reactor is an open pool type reactor that uses de mlnerallzed water for, '.

primary coolant -shielding, and reactor moderator; and city water for secondary coolant.

The core may be cooled by natural convection at power levels up to 0.1 MWy, and.is

cooled by forced ‘convection at power levels above 0.1 MWy, In natural convection
mode coolmg, heat from the core is transferred to the primary cooling water in the pool,”
where ‘it is dlssmated to the: surroundlng environment. In forced convection mode
cooling," ‘heat is transferred from the:primary cooling water to two heat exchangers,
which pass the heat to secondary coollng water. loops, which in turn, dissipate the heat " -
to the surrounding ‘environment via two ‘cooling -towers. Past operating history has -
shown that only one coohng loop is necessary to prov:de sufficient heat removal for 2
MW(,) operatlon B 4 sl g : .

Flgure 5-1 shows a cutaway view of the RlNSC reactor pool.- Since the pool isopento

the atmosphere the depth of water actsas radiation shielding to personnel at the pool -

top.” “The primary make-up system .maintains -the pool water level so that’it is

approximately 25 feet above the core.-. Makeup water is supplied from the normal czty.' ;

water supply, and is passed through a de-mlnerallzmg system as generally described in
Section 5.5. Pool water quality is maintained with a dedicated cleanup.system as -
generally descnbed in Secﬂon 5.4.

5.2 anary Coolant System ' ‘
5.21 Primary Coolant System Components
5.2. 1 ‘l Reactor Pool

Lo~

Flgure 5-2 shows the reactor pool whlch consnsls of three sechons The ﬂrst sectlon ls a

circular high-power section, which opens into a rectangular fuel storage section, whichin -

turn opens into another ‘rectangular. low-power section. The sections can be separated
by divider openings that allow for individual draining of either the high or low power
section. The pool is lined with a 1/4-inch aluminum liner to minimize water leakage into
the concrete walls. The dimensions of each of the sections are:

A v
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restrictions in the width of the pool. The gate is constructed of watertig
aluminum, and is capable of covering the gate openings to permit independent draining
of either of the power sections.

A iool divider gate opening is located between each pool section. The openings are,!

There are no penetrations in the pool floor. The pools walls of the high power section
are penetrated by the primary coolant inlet and outlet connections, six beam ports, a

through port, two rabbit tubes, and a thermal column. The thermal column penetration is
at H The fuel storage section and low
power section walls have no penetrations. penetrations are seal welded.

The concrete walls of the pool and the water within serve as the biological shield for
personnel in the reactor building. Consequently, in order to prevent the possibility of
accidentally siphoning water out of the pool, the primary coolant inlet and outlet lines
have anti-siphon loops to prevent siphoning through the primary coolant lines in the
event of a piping failure. Each anti-siphon loop consists of a three-inch line that goes
from the respective inlet or outlet line in the concrete, to above the water level, and then
out through the pool wall. The anti-siphon loop associated with the inlet line has a check
valve on it to prevent water from the inlet line from bypassing the inlet flow channel by
going through the loop. The loop associated with the outlet line extends down below the
water surface to prevent air from getting sucked into the line when the primary pump(s)
is (are) running. If the primary system has a piping failure that causes a siphon to start,

as the water level falls, air will be drawn through the anti-siphon loops and break the
siphoning action.

A dry irradiation facility is encased in the pool wall at the end of the low power section
(east end of the pool). There is no penetration between the wall and the room. Reactor
operation up to 0.1 MW,, is permitted in this section, to provide gamma and neutron
radiation to this facility. Also, spent fuel elements may be used to supply gamma
radiation to the facility.

The core is suspended from the top of the pool, and may be positioned anywhere along
the center line of the pool. Operation using forced convection is only possible in the
high power section, where a connection is made between the primary inlet and outlet
coolant pipes, and the coolant flow channels of the suspension frame.

5.2.1.2 Coolant Flow Channels

The primary inlet and outlet pipes from the primary cooling loops extend through the
west end of the high power section pool wall, 12 feet below the surface of the pool
water. The pipe ends are fitted with 10-inch pressure couplings. When the core is
positioned in this section, the couplings mate with corresponding inlet and outlet flow
channel connections. The flow channels are made of aluminum, and are positioned on
opposite sides of the core suspension frame, as shown in Figure 5-3. The inlet flow
channel opens to the pool, just above the top of the core. The outlet channel draws
from a plenum below the core.
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Each flow channel is equipped with a coolant header gate, which is a hinged gate
between the flow channel and the open pool. The gates are located approximately two
feet below the couphngs to the inlet and outlet pipes, on the west faces of the flow
channels. The inlet channel gate opens into the channel so that at the designed coolant
flow rate, the gate is pushed closed by the force of the water against it. When flow
drops below 1,000 gpm, a counter weight causes the gate to open. The outlet channel
gate opens to. the .outside of the channel, and it has a paddle that extends into the
channel flow stream.  When coolant is- flowing through the channel at the designed
coolant flow rate, the gate is forced closed by water flow against the paddie. The weight
of the paddie causes the gate to open under low flow conditions. Both gates are
connected to float switches that change state when their respective gate changes state,
providing an indication of low flow through the channels.

5.2.1.3 Delay Tank

Primary cooling water from the pool outlet plpe flows to a 3000-gal|on delay tank, which |
delays the coolant water sufficiently for the N'® radioactivity in the water fo decay The
inlet and outlets to the tank have a baffle plate to reduce mixing of the incoming water
with the water that is ready to exit the tank.  The tank is made of aluminum. The top of -

the tank is vented through+a 3 inch diameter aluminum pipe extending above the pool

water - level; and into the suction line of the reactor room exhaust blower, which -

discharges to the stack. There is a manual gate valve on the delay tank mlet and
manual butterfly valves in the primary pump loops so that the delay tank can be isolated
if needed. Coolant flow from the delay-tank outlet is directed to the suction side of the
pnmary pumps Refer to Figure 5-4

5.2.1. 4" anary System Coolmg Loops el

From ‘the delay tank the pnmary coohng system is divided into two loops. Each’ Ioop 2

consists of a'primary pump, and a heat exchanger. The two loops circulate primary

water independently, from the delay tank to the heat exchanger associated with the loop..
From the heat exchangers, the loops merge to form the primary inlet line that feeds the. .
cooled water to the reactor pool. . Refer to Figure 5-4. Since the | primary coohng system
is a closed loop system, “any radioactive -materials that diffuse into the primary coolant
are confined to the pool, delay tank, and:primary loops, while allowing heat transfer to"
the non-radioactive secondary side of the heat exchangers. Past operating history has
shown that single loop cooling is sufficient for 2 MW, operation of the reactor.

5.2.1.5 Primary Cooling Pumps

The primary pumps are located in the primary system between the delay, tank and the
heat exchangers. They are stainless steel construction. Iadividual pump measured -
flows are approx:mately 1,950.gpm, and combined flow is approximately 3,600 gpm with
both units running. Past operating hlstory has shown that the’ location of the pnmary ‘
pumps’ downstream of the delay -tank prov:des an adequate means “of m|n|m|zmg

radiation damage to the pump seals. . .. - . :

N
BN
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5.2.1.6 Heat Exchangers

The loop #1 heat exchanger is a plate type, single pass unit that is sized to transfer
equivalent heat for operation up to 3 MW,,. It is stainless steel construction, rated at
2,000 gpm on the primary side, and 1,600 gpm on the secondary side.

The loop #2 heat exchanger is a shell and tube exchanger, sized to transfer equivalent
heat for operation up to 2.5 MW,,. It is stainless steel construction, rated at 1,500 gpm
on both, the primary and secondary sides.

Past operating history has shown each of these to provide sufficient heat removal for 2
MW,, operation of the reactor, independently of each other.

5.2.2 Primary Coolant System Operation
5.2.2.1 Natural Convection Mode (< 0.1 MW Operation)

In natural convection cooling mode, the rise of heated water through the core causes
water to be drawn from the pool, into the outlet flow channel through the open flow
channel gate, down through the channel to the plenum beneath the core, and back up
through the core. Any water rise in the inlet channel is directed back into the pool
through the open flow coolant header gate.

5.2.2.2 Forced Convection Mode (> 0.1 MW Operation to 2 MW)

In forced convection cooling mode, the inlet flow channel takes cooled water from the
inlet pipe, and guides it down to the top of the core, where it is drawn through the core
as a result of suction on the outlet flow channel, provided by the primary pumps. Heat
from the reactor core is transferred to the water, which is drawn into the plenum beneath
the core, and directed up through the outlet flow channel and, into the outlet pipe. From
the outlet pipe, the primary water is circulated to the delay tank, where circulation is
delayed for approximately 90 seconds. From the delay tank, the water is directed
through the cooling pumps to the primary heat exchangers where the heat from the
primary coolant is transferred to the secondary coolant. Primary water from the heat
exchangers merges into the inlet pipe, which carries the water back to the pool.

5.3 Secondary Coolant System

5.3.1 Secondary Coolant System Components

5.3.1.1 Secondary Coolant Pumps

The secondary coolant system transfers the heat from the primary coolant system to the
cooling towers. Refer to Figure 5-5. The secondary coolant pump for each cooling loop
is located in the return line from the cooling tower to the heat exchanger. Operating

data indicates that the loop #1 pump provides a flow rate of approximately 1100 gpm,
while the pump for loop #2 provides a flow rate of approximately 1300 gpm. These flow
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rates, in conjunction with the heat removal capacmes of the cooling towers, have proven
to be sufficient for removing enough heat from the primary system to operate the reactor
at 2 MWy, during the summer, with only one cooling loop running.

5.3.1.2 Cooling Towers
The cooling tower for loop #1 is an induced cross flow unit with vertical air drscharge

through a belt driven axial flow fan. The fan is equipped with a 20 hp (1800 rpm) main*
motor-and a 5 hp (1200 rpm) secondary_motor. This allows for two air-flow speeds to ‘,

control  temperature. Pnncupal structural construction is - -of type 304 stainless steel '~
anglés and channels. The casing is made of fiber reinforced polyester panels Thecold =~
water basin is also fiber reinforced polyester. panels with a hot d|p galvanrzed steel -~

support structure. . The wet deck and eliminators are PVC. "The unit is rated for cooling -~ -

water from 103.1°F to 90.2°F at a wet bulb ambrent temperature of 76°F, at a flow rate '
of16009pm DN : s e , ' .

The cooling- tower for Ioop #2 is a- oounter-ﬂow mduced draft coollng tower The '
induced draft fan has a 20 hp variable speed drive motor for temperature control.  The

construction is largely fiber reinforced polyester.and PVC. The unit is rated for cooling -~

water from 106.89F to 86 3°F at a 77°F ambrent wet-bulb temperature at a flow rate of
10009pm A ‘ T P _ _ A

5.3.2 Secondary Coolant System Operatlon |

Each primary cooling loop has a secondary loop associated with it that begins at the -

secondary side of the heat exchanger, and has a secondary pump and a cooling tower.”
Heat from the primary side of the heat exchanger is transferred to the secondary.
coolant, which is pumped out to the cooling tower, where the heat is d:ssnpated to the -

atmosphere'through evaporatlon coolrng Clty water is used as secondary coolant for.' o
both loops X noe : '

5. 4 f Prlmary Coolant Cleanup System

The primary coolant cleanup system mamtams the ‘water purrty in the pnmary system to .
reduce the ‘potential for the: development of corrosion on the core-components. The ..
system circulates water from the 10 inch pool inlet line, through the cleanup pump,,.,'
through a mixed bed de-mineralizer, and back into the pool through the makeup /
cleanup return line. Water conductivity and pH are measured.to ensure that hlgh water
quality is maintained. Historically, conductivity has been limited to a maximum of 2
micro-ohm/cm, and pH has been limited to a range between 5.5 and 7.5. This has
proven to be’sufficient for- mrnrmrzrng corrosion. ; When  the de- mmeralrzer resin has
become spent, as indicated by an‘increase in conducttvrty, the old resin is removed from
the de-mineralizer, and is replaced with new resin. : Bulk pool temperature is limited to

less than 140°F to avoid damaging the resin.- Quarterly isotopic analysis is performed _

on the pnmary water |n order to venfy that none of the fuel elements’ are Ieakrng o

©oodle L
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In addition to the de-mineralizer loop, there is also a surface filtration system that skims
water from the surface of the reactor pool through a filter to remove any dust and debris
that gets into the pool and floats on the surface.

55 Makeup Water System
5.5.1 Primary Makeup Water System

The primary makeup system provides a supply of purified water to replace water losses
in the primary coolant system. Refer to Figure 5-6. The system is supplied from city
water, which enters through a backflow-preventer, and is then split into two separate
systems. The water in each system goes through a five micron filter, an activated
charcoal filter, two mixed bed de-mineralizers, a one micron filter, and a conductivity
indicator, before merging into the makeup / cleanup return line. The two systems are
independent of each other, so that one line can be used until it no longer provides the
desired water purity, at which time it can be isolated, and the other system can be used.
The makeup water system is controiled by a float switch, located at the surface of the
reactor pool. When the switch senses a drop in the water level of one inch, it opens a
solenoid valve in the makeup line to allow water flow into the pool. When the float
senses that the pool is full, it closes the solenoid valve to shut the water supply off.
There is a manual bypass valve that can be used to control the water flow in the event
that the solenoid valve fails. There is also a check valve to prevent primary water from
back flowing through the make up system.

5.5.2 Secondary Makeup Water System

City water supplies the makeup water to the secondary coolant system. Each cooling
tower basin has a resistive level sensor that opens a solenoid valve to provide makeup
water flow into the basin. When the basin is full, the level sensor closes the valve to the
supply. Both cooling towers also have a solenoid valve controlled drain line. The drain
valves are on timers that can be set to open at desired intervals to provide blow-down.
Historically the blow-down interval has been set such that the pH of the secondary water
has been maintained between 5.5 and 9.0, which has kept mineral buildup and corrosion
to a minimum. The drain lines from the towers merge, and the water is either directed to
the storm drain, or to a 3000 gallon holding tank, depending on whether or not re-use of
the water is desired.

5.6 Nitrogen-16 Control System

The buildup of nitrogen-16 in the reactor pool, as well as in the primary system
components is limited by the fact that the primary coolant flows from the reactor pool
outlet to the delay tank that is described in section 5.2.3. The delay tank serves as a
temporary holding area that allows most of the radioactive nitrogen in the water to decay
before the water is circulated through the primary pumps, heat exchangers, and back to
the pool. The baffle plate at the inlet of the delay tank separates the incoming water
from the existing water in the tank. The separation of the water, in addition to the
natural delay that the tank volume provides, causes the mean residence time for any
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given nitrogen atom to be about 90 seconds, thus allowing time for most of the nitrogen
to decay prior to exiting the tank. An analysis of dose rates from nitrogen-16
concentrations in the primary coolant system is presented in section 11.1.3.2.

5.7 Auxiliary Systems Using Primary Coolant

There are no auxiliary systems that use primary coolant directly, however the
Emergency Core Cooling System is related to the Primary Cooling System because it
serves as an independent means of adding water to the primary loop in an emergency.

5.7.1 Emergency Core Cooling System (ECCS)

The Emergency Core Cooling System provides an independent source of water for
adding water to the poo!l in the event of a loss of coolant accident. Water is supplied
from the fire sprinkler system supply, through a series of manual valves, up to the top of
the pool. Since the water from this system does not go through a clean-up system, it is
for emergency use only, and can only be turned on manually.
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6. 0 ENGINEERED SAFETY FEATURES S

This chapter dnscusses and descrrbes the Englneered Safety Features- (ESF) for the g
reactor facilty. The ESF are active or passive features designed to mitigate the
consequences of accidents 'and to keep radlologrcal exposure to the: pubhc the facility -
staff, and the environment-within-acceptable limits. The concept for ESF evolved from
the . defense-in-depth  philosophy  of multiple’layers of design features to’ prevent or
mitigate - the : ‘release --of ‘radioactive materials “to the ‘environment" dunng accident -
conditions.  The need-for'ESF ‘is determined by analyzing accidents that could occur,
even though prudent and conservative ‘design “of ‘the reactor facility has made the
mcrdence of an accrdent very unltkely

6. 1 Summary Descnptlon - “ R

From the ongrnal operatronal hcense and |ts hlstory of operation, the basrc ESF ‘of the
reactor ‘are its containment, conﬁnement and - associated emergency electncal power -
system. " The desrgn of these safety features’is based on the maximum hypothetical : -
accident -(MHA). : The  function"‘of the containment, confinement ‘and associated - -
emergency electrical power system is to 'assure that in the event of an accident which®
could involve the release of radioactive material, that the confinement building air is °

exhausted through a clean-up system and stack. This is assured by creating a flow of air
into the building with a negative differential pressure between the building and the -

outside atmosphere. The building is required to be gas tight in the sense that a negative
differential pressure can be maintained dynamlcally with all gas leaks occurfing inward..
The confinement and ‘emergency exhaust system becornies operative when a building n

evacuation button is pressed. “This:action ‘shall: (1) turn off all ventilation fans and the =

air: conditioner system in the reactor :building and (2) close the dampers on the‘ N

ventilation intake ‘and exhaust,’ other:than those that are a part of the emergency N
exhaust system. “No further action is requured to establish confinement and place the

emergency exhaust system in - operation. :: An ‘auxiliary "electrical power -system rs”;:’
provided at the site to insure the availability of power to operate the emergency exhaust
system The general descnptron of each ESF is drscussed in subsequent sectrons -
6.2 Detalled Descrlptrons ' ‘-i‘i‘ff?‘f?? BT

6.2. 1 Confrnement

.t e T R
RERAR
.

Conf nement (figure: 6- 2) is the |solat|on of the reactor bunldrng and malntalnlng a

negative pressure within.: When ‘an unsafé radiological situation develops as defined in -

the facility operating and emergency procedures (such as the breach of fuel element -
containment) the confinement system is activated by depressing any one of five .
emergency -evacuation buttons.:The" evacuatlon -alarm *horns are sounded and
personnel respond in accordance wrth the' operating and emergency procedures. “Inthe
unlikely event of a release of fission products, or other airborne radioactivity, the
confinement isolation system secures the normal ventilation exhaust fan, bypasses the
normal ventilation supply up the stack, and closes the normal air inlet and exhaust
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valves. In confinement mode, the emergency, exhaust system maintains a negative
building pressure with a combination of controls designed to prevent escape of any large
quantity of airborne activity. The emergency exhaust system filters the building air
through charcoal and absolute filters and dilutes the discharge air with a supply of air
from another source and then exhausting through a 115-foot tall stack. -

The confinement building (reactor building)-is a concrete building normally maintained

under a negative pressure. Normal building air flow operation, shown in figure 6-4,
results from reactor room air being removed through the reactor room exhaust blower,
through the butterfly valve into the reactor exhaust stack.- Air intake comes through a
butterfly valve into the building heated- air duct. The normal inlet and outlet butterfly
valves close air tight on activation of the emergency exhaust system. .

Off-gas (figure 6-4) is removed from experiment facilities through an off-gas blower and
HEPA filter system. The blower removes gases from the thermal column, beam tube
drains and vents etc. and discharges into the reactor room exhaust piping before the
reactor room discharge butterfly valve. The pneumatic system blower also discharges its

gas removal into the off-gas dlscharge line. The off-gas and pneumatic systems -

operation are more: fully described in Chapters 9 and 10. The dilution air blower
provides additional airflow and discharges into the stack at its base. Normal building
differential pressure (dp) is measured at two locations, one in the control room, and one
in the adjacent lab building. .

6.2.2 Emergency,Evacua'tion' System
Figures 6-2.and 6-3 show the makeup of the emergency -exhaust system. Upon

activation of confinement, the reactor bu:ldmg exhaust system butterfly valve and. the
intake air butterfly valve close. - The dilution air blower comes on or stays on. The off-

gas blower and pneumatic system blowers are de-energized. The emergency exhaust

blower is energized. The emergency exhaust blower exhausts. the reactor room through
the emergency filter system The emergency filter system directs. air. from the reactor
buﬂdmg through a roughing filter, an_ absolute partlculate filter, a charcoal filter for

removing rad|010d|ne and an absolute -filter for removing charcoal dust that may be -

contaminated with radioiodine. Each absolute filter cartridge is.individually tested and
certified by the manufacturer to have an efficiency of not less than 99.97% when tested
with 0.3 micron diameter dioctylphthalate smoke. The minimum removal efficiency of
the charcoal filters is 99% based on ORNL data and measurements performed locally.

The exhaust air is diluted and then discharged into the stack. The building differential
air pressure during confinement is >0.5 inches. water, gauge. Filtration efficiency is
determined annually. The system is tested weekly in accordance with the facility
operatlng procedures, Section 10.

Flgure 6-1 shows the emergency power supply interface with the equipment operating
the confinement system and auxiliary equipment (dilution blower).
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The facility emergency power supply system provides backup power for the operation of
the RINSC confinement and emergency exhaust system on loss of power. (See Section
6.2)

The generator is an ONAN Electrlc Generatmg Plant series RJC 15 KVA, Power Plant
(120/208-volt, 60-cycle, 3-phase). The unit is the original unit for the facility that has
been maintained in accordance with manufacturer’s recommendations .throughout its
lifetime. The unit provides emergency power to the emergency exhaust system blower,
the ECCS electrical components, and other facility components as described in Chapter ,
8, and as shown in Figure 6-1. The emergency power system ‘is considered a part of °
the reactor confinement system. System performance and reliability is assured through ‘
routine testlng and maintenance in accordance with manufacturer recommendations as
implemented in the facility operating procedures

The generator is start-tested in accordance with operating procedures (reference:
Operating Procedures, Section 10) and load-tested monthly by initiating the emergency
evacuation system during generator test operation. Maintenance is conducted annually.
The emergency power plant operates on bottled propane gas. The gas bottles are
located outside reactor building near the generato (Maximum operating
time with ﬂ of propane gas is approximately ). Reactor operating
procedures preciude reactor startup if the generator falls to start or is undergoing
maintenance. Section 3.3.4 of the “Emergency Plan” describes actions to be taken
during a power loss.

6.2.3 Containment
Cohtain'ment is also considered |r1 the design of the fuel elements, under normal -

conditions, the fuel plates will contain and prevent the escape of radioactive products
resulting from the fission process.
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7.0 INSTRUMENTATION AND CONTROL.

71 lntroductlon . STR
The mstrumentatnon and control systems of the reactor measure and display neutron
flux levels in the core and supply proportional signals for interlock, alarm and scram -
circuits. In-addition,  control and position-indication is provided for the safety control
blades and:the regulating :blade. ‘Instrumentation also monitors, coollng systems
radlatlon and confinement ventllatlon systems

{

: \_,nllv\..

7.1.1 . DeS|gn Ba5|s |

The mstrumentat:on and control system for the RINSC reactor lS desngned to perform
the following functions: R O ,

. Provide the operator with |nformat|on on the status of the reactor and |ts
secondary systems.
. Provide the means for insertion and withdrawal of control blades
» .- Provide for manual and automatic control of the reactor power level. :
* .- Provide sensing and control to prevent overpower conditions and automatlcally
. inserting control blades to termlnate the overpower condltlon

,,._'.(

The mstrumentatlon and control systems of the reactor lnclude
.a.” . Nuclear instrumentation, to measure neutron flux at the core and to supply
: sugnals for alarm and scram circuits;

b Area radiation monitors outside the pool
. C.. Controls for the safety blades .and the regulating blade
d. Cooling system instrumentation; . ,-
d Alarm and Indicator systems;
e. Process Control systems;

Each area, and the components within that area, is defined in the following
subparagraphs The .controls:and instrumentation of the reactor are outlined in block"
form in figure 7-4.-The reactor controls ‘and instrumentation are assembled in-two -
cabinets: the reactor control console (Figure 7-1) and the amplifier cabinet (Figure 7-3).
The process control cabinet and the motor control center are descnbed in the follownng
paragraphs, Process Control and Instrumentatlon L o
721 Control Console

The control console serves as a central pomt for. locatlon of operating controls and
instrumentation. The operator is provided with a vantage point from which to
conveniently observe reactor performance and.the pool area. The operator can adjust
operating parameters to varying reqmrements when needed for tests, expenments and
power Ievel requirements. - TR A C S
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The control console consists of a desk-type cabinet 71 inches wide, 44 inches high, and
31 inches deep. The controls and instruments required for operation of the reactor are
contained in a control panel that slopes upward from the rear of the desk surface.
Located on the right of the console control panel are the control blade selector switch,
manual rundown switch, control blade manual control switch, and the control blade
position indicators. Mounted with the position indicators are the power ON indicator,
and the blade limit indicators for each control blade.

The central portion of the console is.occupied by the annunciator panel. In addition to
the alarm/scram indicator lights are the reset switch, the annunciator acknowledge
switch, and the scram reset switch. Mounted below the annunciator panel is the manual
scram switch.

Below the scram switch, in the center portion of the control panel, is the regulating
blade position indicator panel. On this panel are located, below the digital readout, the
mode transfer switches and the regulating blade limit indicators. The log count rate and
period, wide range log count rate and period, and the linear power level indicators are
located on the left side of the control panel. Below these indicators, are mounted the
linear range switches, and the reactor ON indicator switch.

7.2.2 Amplifier Cabinet

The amplifier cabinet (Figure 7-3), located to the right of the control console, serves as
an assembly point for location of the amplifiers, recorders, and other components used
for measurement and control of reactor power. The instruments are mounted in a three-
bay, relay-rack type cabinet. The upper panel of the cabinet contains the period, linear
power, log count rate, and wide range log recorders. The fuses, power level selector,
and master switch occupy the center of the upper panel.

The right lower bay contains the primary scram logic and the Neutron Flux Monitor. Two
wide range linear channels occupy the lower panels of the center bay. The trip
amplifier, servo power schedule meter and control power circuit breakers are mounted
on the left bay of the cabinet. Cooling fans are mounted at the lower end of each bay to
provide circulation of cooling air to the electronic components as required.

7.23 Power Distribution System

Power for operation- of the reactor equipment is supplied through the control-power
circuit breaker and the master switch from a 115-volt, 60-cycle unregulated supply, as
indicated in (Figure 7-3). The master switch is key-locked in the "off" position to prevent
reactor start up. The switch also provides an "on" for normal operation, and a "test"
position in which the control drives may be exercised without energizing the scram
magnets and withdrawing the blades. Whenever the master switch is turned "on" from
"test" or "off", an interlock causes the alarm buzzer to sound for 10 seconds to warn
personnel of impending startup. A time-delay mechanism prevents the control drive
motors from withdrawing the blades during the 10-second delay period.

7.24 Unregulated Control Power Supply

Unregulated 115-volt, 60-cycle control power is supplied to the operating components
of the reactor control system through circuit breaker CB2. This unregulated power is
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supplled to the cubrcle blowers to the lnput of the 24 volt DC power supply and to the =
master control components e -

Master switch 4S2 controls the unregulated power to the control blade drlves the power :
level interlocks, regulatlng blade drive: and position indicators, and to the annunciation,:
pool level control, and trip actuation circuits.

oL
| RS

725 Neutron Flux Monitor

The Neutron Flux Monltor channel contams the 'source range wrde range and a linear.
range. The common. input to each _range is the same fission counter detector. The. .
source range provrdes for the. mlnlmum count rate to withdraw blades. The wide range -
provrdes alarm and penod scram functlons -The Imear range. provrdes for an addrtronal .
hi-flux alarm ‘and scram C ot - :

7.2, 6 i Control Blade Drive'vSystem s

The four control blades are controlled by two swnches one. selects the blade to be -
moved ‘the other, a switch with a spring return, has positions "OUT", "OFF", and "IN",
and actuates the selected control blade. Only one blade may be raised at a trme drgltal
readouts indicate the position (inches of travel) of each safety.blade. ,

lndlcator lights on the reactor control console show when a control blade has reached
either limit .of its travel. The control blade. drive can be overridden by an automatic or.:.-

manual scram. Control bladé drive motors are interlocked against withdrawal of blades "

during a 10-second delay perlod subsequent to reactor startup, and when the log count
rate meter is below the minimum number of counts per second. _ O
A position indicator is provided for each control blade drive, to show drrve posrtlon
relative to the fully inserted position. Digital indication to the resolution of .0.01.inch is !
furnished by numbér wheels on a mechanical counter that is chain-driven from the ball- :
bearing screw of the drive. The indication is transmitted electrically through a
segmented commutator in the counter to a "wrthdrawal in.inches" . mdncator on the
control console.

All control blades may be inserted sumultaneously by usrng the manual rundown swrtch
("MANUAL RUNDOWN“) located on the control console

727 Servo Controlled Regulatmg Blade Dnve System

The regulatlng blade system provrdes automatrc control of reactor power Ievel by a.
servo system that responds to changes of neutron flux level in the reactor. The. o
automatic system is composed of the following: - S

. Gamma-compensated |on|zatron chamber and wrde range Imear channel
o Servo amplifier which respondsito:the wide .range. channel signal and controls - -
the speed and dlrectlon of the regulatmg blade. motlon through aiservo motor,

.and v coa v cr L

. Power schedule selector swrtch that sets the reference power level."

N
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The ‘regulating blade motion’is powered by a stepper motor control. The motor is
provided with an interlock against initiation of automatic control if the reactor period is

less than 30 seconds'and the servo blade is not fully withdrawn. The method of position
indication is by linear potentiometer and dlgltal readout wnthAa resolution of 0.01 inches.

7.2.8 Automatic Power Level Channel

The purpose of the automatic power level channel is to hold the reactor at a pre- .

selected flux level. The-units forming the channel include the power schedule set
switch, the power schedule indicator ("% FULL POWER"), and a servo controller. One
of the wide range linear channels provides input to a closed-loop servo system that
monitors the flux level; when the mode transfer circuit is set for automatic operation, the
servo system operates the servo control drive attached to the regulating blade.

The desired power level is selected by means of the power schedule set switch and is

indicated on the power level indicator. This establishes a reference signal for the servo

amplifier, which is compared with the actual power level signal from the wide range
linear channel. The difference 'between the two S|gnals generates an error signal. The
error ‘signal drives the regulating blade drive motor in the proper direction to adjust the
reactor power level to the reference value.

The automatic power level channel may be activated at any time provided the’ reactor
period is greater than 30 seconds and the regulatlng blade is fully withdrawn. Once
placed in automatic control, the system remains in automatic until the mode transfer
("MAN") button is pressed or a scram trip is initiated.

7. 2 9 Wide Range Channel

The Wide Range Log Channel is used to provide period safety (scram) action as well
as neutron monitoring over a wide power range. The functions are:

1. Indicate percent power.
2. Indicate power rate of change (period).
3.- Provide period scram.

The intermediate range log power functions are provided by a Wide Range Channei of
the Neutron Flux Monitor. The'channel provides the wide-range log power function and

the period scram trip signal. Reactor power level is covered from source level to 150%

power. Using the AC signal from the a fission chamber, the channel combines a pulse
log count rate technique for the lower five decades with a log Campbell technique for
the upper five decades.

The circuitry is all solid-state modular construction; the reliability is high and the
response time is adequate for any power reactor transient. The system can be
calibrated. and checked (including the testing of trip levels) prior to operation. Test and
calibration circuits are provided which feed appropriate signals into the input of the
preamplifier for checking the electronics (including the preamplifier), and a positive test
for chamber and cable integrity is also provided.

7.2.10  Flux Level Safety Channels

Revision 0.1 7-5 3/29/04

HT&T




r— -

{7~

ol 2N o WV BRI S

RI Atomic Energy Commission . -.. - Safety Analysis Report
RI Nuclear Science Center ' C

The units that form the safety channels are: two compensated ion chambers mounted
in corner posts of the suspension frame, two wide range linear channels (including the -
two. power level indicators and range .selector. switches mounted on the control
console) ‘a trip amplifier, a-safety selector. switch, .and-a linear power recorder. The
channels .monitor power level over the total flux range produced by the core. They
therefore overlap the source range and the wide range.

The safety channel signals are combined with signals from the wide range and period
amplifier in a trip amplifier. The trip ampllf er scrams the reactor on high-flux or short
period. L - .

7.2.11  Scram Circuits e
The scram circuits initiate either relay andlor electronlc scram. Each circuit is discussed
in a separate subparagraph below. "~

7.2. 12 Relay Scram Crrcunt

The relay scram crrcurt controls lnput power to the trip ampllt” er. Interruptron -of this
power de-energizes the scram magnet/amplifier and automatically shuts down the
reactor. . The manner in”“which the‘relay scram circuit is actuated ‘under certain
conditions is summarized below.

e« Manual - Manual scram is initiated at the operator's discretion by actuation of the
manual scram push-button that opens the relay scram circuit and de-energlzes
the scram relays.

e Period - Relay scram occurs when the penod alarm relay in the wide range
channel period amplifier is de-energized by a reactor period less than the preset
value.

o Bridge, Gate, or Coolant - Relay. scram occurs if the brldge is moved out of
position, if the coolant header gates are opened, or if the prlmary coolant
temperature or flow is abnormal.

e Neutron Flux - Relay scram occurs when the high flux relays in either wide range-
linear are de-energized by high flux signals in either safety channel.

« Seismic Disturbance - Relay scram occurs when a seismic disturbance closes
the seismic trip detector. contact that short-clrcurts the seismic trip relay corl

7.2, 13 : Electronlc Scram
Electronlc Scram is. caused by a ﬂux level exceedlng a preset value on any range in
either of the wide range linear safely channels, or by exceeding-a reactor period in the |
wide range channel. Electronic scram is initiated by electronically (b| -stable transrstor-
controlled amplifier) cutting off the current in each scram magnet. - »

7.214 Alarm and Indlcator System R

The alarm system is lelded into two sectlons one for the coolant vanables and the
other for the nuclear vanables_,The, section used for cooling system alarms will be
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operative only when the power schedule switch is set to positions above 0.1 MW. When

an abnormal condition develops, abuzzer sounds and the appropriate indicator light -

energizes to full brightness. The operator may press the acknowledgment button to
silence the buzzer. When the alarm condition is corrected, and the reset button is
pressed the light goes dim. The following conditions will actuate the alarm system:

Any scram;

neutron flux exceedmg the preset value;

reactor period less than seven seconds;

safety blade disengaged from magnet;

water level in pool 2 inches below normal;

neutron channel amplifier failure;

regulating blade at either limit of travel, when on automatic control;
high area radiation;

seismic disturbance;

cooling system trouble, including high conductivity, high temperature, low flow in
primary or secondary system, bridge or gate out of position.

To provide operating information for the reactor operator, the following indicating lights
are provided:

Scram,;

scram reset;

regulating blade at either end of travel;
regulating blade automatic control;

safety blade magnet engaged;

console power on;

safety blade “IN” (distinct light for each); and
safety blade “OUT” (distinct light for each).

7.2.15 Radiation Protection Instrumentation

The area radiation monitor system includes a remote area monitor indicating gamma
radiation levels at four representative points-around the reactor pool and cooling
systems. An additional area monitor indicates neutron flux at the thermal column door

area. The individual meters, located in the control room amplifier cabinet, indicate the -

gamma or neutron radiation level from the corresponding sensing element. Some
channels have remote indicators and alarms. The preset level at which an alarm occurs
is established from guidelines.

7.2.16  Process Control and Instrumentation
Control of the cooling system and the monitoring of its operating conditions are

accomphshed through the process control and instrumentation system. Except for
sensing elements, instrumentation for the system is concentrated in the process control

cabinet (Figure 7-2). Motor control unit relays and circuit breakers are on the panel of
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the motor control center, W|th remote start—stop buttons mounted on the process control
cabinet. The process control cabinet,is .installed. ‘beside the amphfer cablnet and is -
accessible to the operator in the control room. ; : :

i
¢ N

7.2. 17 Process Control Cablnet

The process control cablnet is a sheet—metal cablnet wrth front panel and rack-type }
mounting provided for process and coolmg system instrumentation. The cabinet serves -
as an assembly. point for location of flow. and temperature indicators, beamport control, -
pneumatic system control, motor controls and primary water conductivity indication.:

7.2.18 Motor Control Center'

e

Each of the motors is controlled by a set of remote "START" and "STOP" mdlcatlng
push buttons on the process control panel located in the control room.

7.2.19 _ Coolant Monitoring Channels

To monrtor the condltlons of flow, temperature and conductnvrty of the coolant system
the process system is provrded with sensing, transmlttmg, and display instruments for
each channel. The modules provide alarm and scram contacts. - . K

7.220 Conductlvrty Channel,

Coolant conductivity is measured at three points; one in the delay tank, one in the pool
cleanup system, and one in the pool makeup system. The primary coolant is examined
for dissolved solids by measuring the conductivity of the water at the clean up system
de-mineralizer input (T-1 port). If the conductivity increases to a preset limit, the reactor
is manually shutdown.

7.221 Temperature Channel

The temperature-sensing, resistance temperature detectors (RTD)'s operates on the
principle that resistance in a wire varies in relation to temperature. The output of the
RTD is connected to a process monitor/control instrument. The output is converted from
resistance, digitized and displayed in degrees Fahrenheit (°F). Relay outputs interface
with the alarm and scram circuits. The scram relays are setup in the fail-safe mode of
operation, the relay trips when:

e The display value reaches or exceeds the set-point;

e The displayed value exceeds the high/low range of the meter.
o The meter cannot perform an A/D conversion;

o The power to the unit is off.

7.2.22 Flow Channel

Revision 0.1 . . 7-8 3/29/04
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A stainless-steel calibrated knife edged measuring orifice is installed in each primary
coolant loop. The upstream pressure is directed to the high-pressure side of a
differential pressure transmitter. The downstream pressure is directed to the low-
pressure side of the transmitter. Any change in the differential pressure across the
orifice produces a proportional output signal from the d/p cell. This output is connected
to a signal conditioner then to a process monitor/control instrument. The signal is
digitized and displayed in inches of water. Relay outputs interface with the alarm ‘and
scram circuits. The scram relays are setup in the fail-safe mode of operation, the relay
trips when:

The display value reaches or exceeds the set-point;

The displayed value exceeds the high/low range of the meter.
The meter cannot perform an A/D conversion;

The power to the unit is off.

7.2.23 Pool Water Level Indicator

Equipment is furnished for monitoring the level of the reactor pool water. This includes '

float-actuated switches, immersed in the pool. For automatic filling of the pool, a
decrease of one inch from the normal water level will energize a normally closed
solenoid valve in the make up system to start filling the pool from the makeup water de-
mineralizer. Two floats are arranged to ensure the valve de-energizes and closes when
the pool is returned to normal level. A pool water level 2 inches below normal will
cause a scram condition. There is no remote pool level indicator.

Revision 0.1 7-9 3/29/04
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Chapter 8.
8.0 ELECTRICAL POWER SYSTEMS

This chapter discusses and describes the electrical power systems designed to support
reactor operation at the facility. The information in this chapter is provided under two
categones normal and emergency electncal power systems

R . A :
8.1 Introductuon ST

The normal electrical - power for the RINSC facnllty is desngned to supply continuous -
electrical power_ to all reactor components while the reactor is in operation. The -
interconnections -between the  main transformer and the RINSC are designed 'in
accordance with the following codes and standards:

. National Electrical Code — NFPA-70;
‘National Electrical Safety Code and
NEMA Standards

The desrgn of the RINSC reactor does not require electrical power to safely shut down -
the reactor, nor.does it require’ electrical power to maintain acceptable shutdown
conditions. - However, the RINSC facility is equnpped with an emergency generator that
will supply vital equrpment durlng abnormal Iosses of power (refer to Section 8 3 for
details).

8.2 Normal Electrrcal Power Systems

Power is supplled from the local: utlllty via a transformer located onsite. The -
transformer then feeds the RINSC facrllty main disconnect switch (600-VAC, 800-AMP).
The maln dlsconnect and assocuated wrnng was upgraded in June 1998 '

Flgure 8.1 |llustrates the RINSC electncal dlstnbutlon system ‘Electrical power enters \
the RINSC via the main disconnect and is routed to various  480-VAC motor control
centers and two individual’ step-down transformers.’ The transformers convert the 480
VAC to 220/110 VAC that ‘is' then supplied to ‘various 'breakers ‘and motor control
centers. 480 VAC IS supplied to the larger reactor loads such as the primary and
secondary ‘pumps. ~ 220 VAC is supplied to the smaller loads, for example,’the
emergency exhaust blower'and the ‘reactor water- cleanup pump. Finally, 110 VAC is
supplied to the reactor control system and to area llghtlng. etc

The reactor control system receives 110-VAC 60-cycle unregulated power to a SOLA
transformer which,-in turn, supplles the console instrument racks, blade drives, and the
supply side of the 24-VDC:power system. -The 24-VDC system supplles the control
system curcuntry that mcludes scrams, alarms and rnterlocks C ‘
The :electric and wmng cables from the control room to the various' instruments and
control blade drive'mechanisms in and around the reactor pool are routed underneath
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the control room floor in cable trays that travel around the concrete reactor shield and
up to a standpipe arrangement. The standpipe penetrates the walkway around the
reactor pool and allows movement of the bridge/core throughout the length of the pool
without wiring interference.

8.3 Emergency Electrical Power Systems

The safe shutdown of the reactor does not rely on continuous electrical power. If
normal power is lost, the reactor is instantly shut down. The reactor control blade
mechanisms (electro-magnets) are designed to release upon a loss of electrical power
and subsequently insert all control blades instantly, thus making the reactor subcritical.
Power would also be lost to the forced cooling systems (no flow), however, any residual
heat from the core is dissipated into the pool water and eventually into the reactor room
air space.

A lengthy interruption of electrical power does not pose any significant problems to the
safety of the reactor. The reactor is supplied with an emergency generator that will
automatically start (10-second time delay) after a loss of normal power. The main
purpose of the generator is to supply power to the emergency exhaust blower. The
exhaust blower draws a negative pressure on the reactor building, through charcoal and
absolute filters, and discharges to the 115-foot tall stack. Routine and uncontrolled
releases of radioactive material are mmgated by the exhaust blower and associated
equipment. Monitoring of any release is via the stack monitor that can be powered by
the emergency generator (requires operator action to manually shift the stack monitor
from normal to emergency power).

Figure 8.2 illustrates the RINSC emergency power supply. The primary design and use
of the emergency power source (15-kW generator) is to supply the emergency exhaust
system/evacuation system in the unlikely event of a release of fission products or other
airborne radioactivity. Additionally, the emergency generator supplies a dilution. blower
(Chem Lab blower), emergency lighting, communication equipment, and various
electrical outlets that may be utilized for effluent sample retrieval and monitoring. The
generator is capable of supplying power to the designated loads indefinitely if fuel
(propane) is available. The RINSC facility maintains sulfficient fuel inventory onsite for
the performance of mitigation strategies specified in this SAR.

The emergency generator will automatically start and assume the loads, as necessary,
upon a loss of normal electrical power. The automatic bus transfer switch will transfer
the load to the generator and back again as normal electric power is restored. The
generator, however, must be manually stopped.

The ability of the emergency power generator to assume the emergency load is tested

and normal operability checks are performed. The operability checks indicate that the -
emergency power generator is available and provide reasonable assurance that the .

emergency power generator will remain available. A periodic load test provides
reasonable assurance that the emergency power generator’s electrical control and
dlstnbutlon system remains operable. Periodic maintenance is performed according to
the manufacturer's recommendations.
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.Chapter 9

R

9.0 AUXILIARY SYSTEMS

9.1 Heating and Ventilation Systems

9.1. 1 General Descrlptlon

RN

The heatlng system described as. a shared system with the URI/CACS burldlng in’
Section 1.4, is a forced hot water crrculatmg system. The reactor confinement building *
has unit heaters with thermostatically controlled fans to circulate warm air. The reactor
control room has both a forced hot water unit and an electric heating unit. The reactor’

building air intake system, ‘which: has: a . butterfly damper as described in the
confrnement system, includes a hot water heating coil.

The incoming-air is warmed

across the hot water coil and is thermostatically controlled with a by-pass air damper. -

There is no central air conditioning or; humrdlty control for the reactor confinement

building. The control room has a window air conditioner that does not penetrate the
confinement building wall. It maintains temperature and humrdlty for | proper operatlon of
the control room electronic components.~ - ; ;. t

The reactor building ventilation system consists of exhaust blowers which discharge into

the exhaust stack. The stack also receives dilution air from a blower-in the basement

area outside of the reactor confinement building. Air from the pneumatic blower system

is discharged into the stack via the off-gas suction line. (See Section 10.4)  The off-gas *

blower removes gases from the thermal column, beam tubes and the pneumatic system
and discharges into the suction line of the reactor room exhaust blower. In addition, the
reactor room exhaust blower constantly exchanges the air from the reactor confinement

building.

essentially sweep air across the pool surface which helps remove airborne activity at
The discharge goes through the air-exhaust duct, through the exhaust -
system butterfly damper, and into the stack:-The stack is a 115-foot steel unit about 20"
in diameter through which the total conﬁnement buxldlng exhaust is released mto the

the pool level.

envrronment

A constant air- monltorrng system monltors gaseous radloactlvrty that is exhausted to the -

IR

stack. A continuous stream of gas is withdrawn from the stack through an isokinetic :
sampling tube and passed through the monitoring system. The stack monitoring
system consists of a Nal crystal gaseous detector and-a plastic scintillator. particulate”
detector. A continuous graphical readout with alarm is located in the process control
panel.in the control room.with remote readouts .located .in ithe- Emergency .Support -
Center. A constant air monitor detects airborne radioactivity in the reactor building. . It is
located on the main reactor floor and consists of an end window G-M detector wnth
filter. The unit has an audible alarm with local and remote readouts.’ :

The dilution air blower removes _air. from-a basement lab,and. surroundlng areas and
dlscharges directly into the base of the reactor, stack. The dilution air blower is required
during normal operatlon since it dilutes the radioactive exhausts from other sources and
also prevents radioactive exhausts, from flowing downward in the stack.into the :
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laboratory and surrounding areas. This blower is part of the confinement and
containment systems as described in Chapter 6.

9.1.2 Design Basis, Surveillance and Testing

The heating system is used for personnel comfort and also for maintaining proper
operating environment for equipment. The heating system plant supply (hot water
circulating system) is monitored by the University of Rhode Island / Graduate School of
Oceanography maintenance service personnel. The Emergency Plan details the
actions to be taken if heat is lost to the building. (Reference No. 9-1)

The ventilation system design basis is to insure safety of personnel and assure
compliance with the 10 CFR Part 20 limits for the release of airborne radioactivity. The
Technical Specifications describe the confinement and emergency exhaust systems
and the applicability and specifications of the monitoring systems for airborne effluents
to comply with the 10 CFR Part 20 limits. (See Chapter 14)

The operating procedures assure reliability of the stack monitor system through monthly
testing. (Reference No. 9-2) The operating procedure limits reactor operation without
the stack monitor.

9.2 Fuel Handling
9.2.1 General

The LEU core contains fuel elements that can be in use or stored in the underwater
storage racks (See Section 9.2.3). Additional fresh fuel elements can be stored in the
fuel safe.

Generally speaking, the types of fuel movements consist of (1) receiving fresh,
unirradiated fuel elements and.transferring them into the reactor pool storage racks
and/or loading them into the reactor core grid; (2) unloading irradiated fuel elements
from the reactor core into the storage racks; (3) relocating fuel elements within the core;
(4) removing fuel elements from the reactor into storage racks and vice versa; (5)
transferring spent fuel from the storage racks into the fuel cutoff assembly; and (6)
transferring cut-off fuel into the cask for shipment.

9.2.2 Fuel Handling Equipment

The fo_llowing is a general description of the handling devices used in routine fuel
movements in the pool.

Revision 0.1 9-3 3/29/04
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9.2.2.4 Viewing Box

The viewing box is a floating device that has a clear plastic viewing area in direct -
contact with the water, thereby reducing reflection and eliminating ripples that would
otherwise interfere with underwater visibility. - Lifting eyes on opposrte sides of the"
viewing: ald provrde a means of lifting it from the water or securing it in a set posmon

9.2.2. 5 Cutoff Fuel Handlmg Tool

9.2.2.6 Overhead Crane

The reactor burldmg has an electncally dnven 15-ton overhead bndge crane. The crane.~
is a Zspeed type -with a hand held., control box for controlling trolley. and hook -
movements. The most recent. modemlzatlon of the crane system was performed in
1988. The unit was upgraded to 15. tons and all work performed in accordance with.
OSHA 29 CFR 1910 and was also.- load .tested (To 125% of Capacny) in accordance - .

t f the crane is specific in that it is limited in travel location when
% It is also limited to path and wind load criteria. -
Is information is the basis for the operatlonal procedures for the use of the crane.
(See Reference No. 9-2) :

9.2.3 Pool Fuel Storage Racks

Revision 0.1 9-4 3/29/04 -
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The single row racks (9 element capacity), Figure 9-1, top view ‘and Figure 9-2, side
view, (Ref. GE DWG 192C580) and the double row rack (18 element capacity), Figure
9-3, (GE DWG 192C581) are designed with a cadmium sandwich (poison) along the
entire back of the units. (Part 1 of GE DWG 192C581 and Part 6 of 192C580) These
are original design components of the facility and have been used satisfactorily for
many years. ‘

9.2.3.1 Storage Rack Design Bases

GE performed the original design of the single and double row racks as part of the
original license. The racks are attached to the pool walls and/or bottom of the pool at
the wall (see Figure 9-4). The racks were designed with sufficient spacing between fuel
elements to insure that the array, when fully loaded, will be substantially subcritical.

The racks are located deep enough below the pool surface to assure adequate
radiation shielding to personnel at the pool level. The racks are designed to permit
proper handling during insertion, removal or interchange movements and to allow visual
inspection for proper identification and seating in the bottom grid to prevent tilting or
interfering with adjacent elements.

9.2.3.2 Rack Description

The racks are made of aluminum and have stainless steel hardware. The cadmium
sandwich has aluminum plates on both sides and all screwed together. All materials of
construction are compatible with reactor in-core components and also fit the graphite
and beryllium reflectors, aluminum radiation baskets and, of course, fuel. The fuel racks
have a Ak/k < 0.8 and are safe for use with the LEU fuel. (See Chapter 13) and (See
Reference No. 9-9)

9.2.4 New Fuel Receipts and Storage

Cold, fresh fuel being received by the facility is handled in accordance with
administrative controls and procedures. Vendor quality assurance and facility quality
assurance, accounts for proper delivery and receipt at the reactor facility. Once the
shipment has arrived, the facility implements a quality assurance procedure (See
Reference No. 9-2). The procedure documents vendor delivery submittals, packaging

and: shipping, surface finish and defects and fuel element cleanliness and surface

contamination. The procedure was developed in accordance with Reference No. 9-3.
The: elements are tested for core fit in accordance with the operating procedures. The
elements are then stored in the fuel safe in accordance with Technical Specn” cations or
stored in underwater storage racks. These storage devices assure that ke is less than
0.8% Ak/k. (Reference 9-9) documents previously analyzed acceptablhty for ke being
less than 0.8%. The reactor room has a criticality monitor located in the vicinity of the
fuel safe (meeting 10 CFR Part 70.24) which has audible alarm, setpoints and readout
features.

9.2.5 lIrradiated Fuel Handling

Revision 0.1 9-5 3/29/04
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9.2.5.1 Normal in Pool Handling * - . -

All rrradlated fuel movements are performed underwater and all are Iogged in: the facrlrty :
logbook. All core loadrng changes shall be performed under the immediate supervision
of a licensed senior operator. At least one other technically qualified person shall act
_as an observer. All work and required systems are controlled by implementation of the -
facility operating procedures. (Reference No. 9- 2)

Radrologrcal safeguards systems (e g radratlon monrtors etc. ) are in use as descrrbed-.-.-
in the operatlng procedures A licensed senior reactor operator determines the exact .-
procedure for routrne fuel movements, :such as- reloading the core. Operational -
procedures assure that the reactor core is at least 3% Ak/k subcritical at:all times. . -
Technical Specifications -(See .Chapter.14) describes the . surveillance .of ‘LEU . fuel
elements. The underwater storage racks have been used for over 38 years. Téechnical ::-
specification/administrative control section describes all necessary review requirements
for all the operational procedures necessary for the safe handling of irradiated fuel..

9.2.5.2 Preparatlon for Shrpment

lrradrated fuel which has reached rts useful Irfetrme is stored in the underwater storage
racks. The preparation and shrpment of irradiated fuel is‘a task that is performed in
accordance with the facility's operating procedures, an NRC approved quality
assurance program for which ever fuel shipment method and container is approved and
certified at the time of shipment for this particular LEU fuel type. The program must be
approved for use through -up-dated.-certificates of ; complrance specrf cally for the
desrgnated shrpprng package before spent fuel can be shrpped :

oY ool Lo e

Revision 0.1 - - 9-6 3/29/04



LA

DO et et et et Pt pd et et et et
OV WN=—=0OVOONIOWL S WK »—

NN NN
N A WD -

W NN
S O o

W WLWUWLWWW
NN BN -~

B WLW
OO

S
LN -

N
o\

RI' Atomic Energy Commission Safety Analysis Report

RI Nuclear Science Center

9.3  Fire Protection System and Programs

9.3.1 Design Basis

The design basis for the Rhode Island Nuclear Science Center fire protection systems
is to provide a detection and suppression capability which will mitigate any losses
should a fire develop. It should be noted that fire protection is not required to
accomplish a safe shutdown condition. If a loss of electrical power occurs the reactor
automatically scrams. '

9.3.2 Description

The Rhode Island Nuclear Science Center has fire protection from various sources. A
wet pipe sprinkler system using water flow is the most effective system. Some spaces
are monitored by heat sensors that detect a fire based on a'rise in temperature. In
addition a secondary Aerotherm fire detection system that monitors the reactor
containment building is described below.

The: fire protection systems are monitored by a private security company using a
dedicated telephone modem.

a. Aerotherm System

This system consists of a small copper tube that surrounds the reactor
biological shield within the confinement building. A rise in pressure within
the tubing causes a local and remote alarm (alarms at “SC"). The system is
tested in accordance with the RINSC operating procedures.

b. Fire Sprinkler System

- A wet pipe (city water supply) system employing fire sprinkler heads. A~
locked standpipe post indicator valve outside the building assures proper
valve positioning for water supply to the facility sprinkler system. The valve
has a supervised tamper switch. There is a sprinkler flow alarm. A fire

- hydrant is located: about 50 feet from the reactor building. (See Figure 9-6
for the fire protection system schematic.)

The reactor building has a fi re’ detection system and also has portable carbon dioxide

and dry chemical extinguishers deployed at strategic locations.- The reactor control -
room has the Aerotherm system a portable extinguisher, and an emergency escape

door to a fire escape, and a series of spnnkler heads around the biological shield and
building wall perimeter. The escape door is a metal fire door. The automatic fire
detection systems are monitored 24 hours per day.” The reactor room portal has fire
doors at each end. The local fire department is the Narragansett Fire Department. |t
can be summoned by phone or by using a fire alarm box. In addition, there is a

Revision 0.1 9.7 3/29/04
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The facility has offsite agreements with the local Fire Department, Police Department
and other agencies, as described in the Emergency Plan, who will respond in case of
fire. The facility Emergency Plan and the contracted alarm monitoring company have
written’ procedures to follow in:case of fire. . The Facility, Emergency Plan.procedures -
(Reference No. 9- 1) and the Facility. Securrty Plan (Reference No. 9-4) define the fire -
response and approprrate notification procedure. The facility safety plan addresses the -
facility fire safety program (See Reference No. 9- 8) : :

The facrlrty mmrmnzes the storage of combustrbles and does not allow explosrves into -
the reactor. building in accordance with the facility safety program and operating
procedures. Reactor staff response, by. performing in accordance .with its above
referenced procedures, further minimizes the possibility or limits the consequences of a -
fire. The reactor operator in accordance with operating procedure shuts the reactor
down if a fire occurs in the .reactor.room or control-room. A-fire in other parts of the
building may also requrre a.shutdown on notlf cation by personnel. Since the building -
and blologrcal 'shield is concrete, as well as other sections of the facility, the fire
potential is lessened. Irradiated fuel is stored in the reactor pool and does not
represent a fire hazard. New fuel is stored in a locked steel fire resistant vault. No other..
quantities of radioactive materials are stored in the reactor room that, if released due to
a fire, represent a serious threat to personnel

9.3. 3 Evaluatron N

)'.-r‘r 7

‘ The fire proteotron program and systems have been desrgned to meet and exceed the

design’ basis. .

R

9.4 Commu'nication System

The facrlrty has an Unrnterrupted Power Supply (UPS) system for the telephonelpager
system. The facility also has a phone system equipped with local paging. Information
regarding the status of reactor operations, normal reactor startup and shutdown,
emergencies and other announcements are made using the general paging system
accessed from any telephone. The telephone system can also be used, but the
speakers are only at the local telephones, whereas the general paging can be heard
throughout the facility. Direct communication using both the pager and telephone
systems are shown in Figure 9-7.

The Emergency Plan Implementing Procedures (EPIP) discuss the actions to be taken
upon loss of telephone service. In case of a required notification to the NRC, the EPIP

Revision 0.1 9-8 - 3/29/04
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specifies what type of communication is required (see Reference No. 9-1). Other
specific emergencies are discussed separately in the EPIP. General verbal
communication between operating personnel such as Senior Reactor and Radiation
Safety Officer, experimenters etc. are discussed in various sections of the facility
operating procedures.

Changes in shifts, core loading operations, critical experiments, bridge movements and

other reactivity changes required direct communication between the reactor operator

and other personnel. The operating procedures spell out how this is accomplished.
Using the intercom at the two- stations performs direct communication between the
Reactor Operator and experimenters using the pneumatic system. Other
experimenters as necessary use a phone in the reactor room main floor. Emergency
testing of the emergency evacuation system is performed weekly and the paging

sistem is used to notii all iersonnel in the buildini that a test is beini conducted. The

These systems have performed satisfactorily in the past and the reliability has improved
greatly with the addition of the UPS and power supply back up systems a few years
ago.

9.5 Building Water System
The facility water system consists of an 8" combination fire and domestic supply from a

12" University of Rhode Island Bay Campus supply system. That system is supplied via
the Wakefield Water Company. The supply from the Wakefield Water Company goes

to a 300,000 gallon storage tank. Water is stored and pumped to the Bay Campus .

through an array of three domestic water pumps and a fire pump. All pumps are
equipped with emergency generator backup power. The supply to the Rhode Island
Nuclear Science Center is a 6" fire sprinkler system, a 4" standpipe/fire hose in the
reactor building and a 2" line supplying all other facility uses including cooling water.

(See drawing “URI Bay Campus Water System”, Figure 8-8). The facility ECCS supply

is described in Chapter 6 and 13. The pool makeup system is described in Chapter 5.

Revision 0.1 9.9 3/29/04
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Double Row Fuel Element Storage Rack (top view)

Figure 9-1
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10.0 EXPERIMENTAL FACILITIES AND UTILIZATION

This chapter descrlbes and dlscusses the expenment facrlltles at the reactor facnllty, therr
intended uses, and the expenment program.. :

10.1. Summary Descrlptlon

The experlment program at the Rhode Island Nuclear Smence Center (RINSC)
continues to provide a wide range of analytlcal radiographic, and irradiation services to
the educational, research, and commercial sectors. . The RINSC is designed to provrde :
these services through the use of the followrng experlment facilities: . )

e Six beam ports for neutron beam |rrad|at|on a through port under the reactor
~ .core, is also available for use;: -
.o Two pneumatlc systems provrde d|rect |rrad|at|on of: small samples for neutron
-activation; e
- A thermal column," composed of graphlte is avallable for varlous types of
- neutron radiography and other types of irradiations;
e ».A dry irradiation room, located- behlnd the fuel storage end of the pool can be
- ‘used for gamma irradiations; ' -
* A flux‘trap in a beryllium reflector element located in the center of the core for’
- “high flux irradiations; the radiation baskets on the perlmeter of the core also are
available for sample‘irradiations: and - '
e A fuel storage rack, fitted with a pipe (glory-tube), extends to the pool surface
that is used for gamma irradiations; samples can be lowered down the tube and
suspended next to fuel elements (stored in the rack) that provide decay gamma
rays to the samples R
To meet the needs of the user groups the reactor operates one shlft per day Radlatlon ,
protection, surveillance and experiment revrew over the operatlng hlstory of the reactor
meets all current llcensmg reqwrements i

' .
SR ST

10.2 Experlment Facllltles

1021 Beam Ports P SR RS U S B

e . R R
. L. o R 'N

10.2.1.1 Descrlptlon o

The reactor is designed to accommodate two sets of three (total of six) horizontal beam
ports.” These hollow ports provnde a controlled pathway through the biological shield for
neutrons with minimum scattenng from'the reactor core to beam’ ports located outside
of the biological shield:” Also prowded in: the orlglnal facility desrgn is a through port; a
structure similar to the beam ports.’ The ‘beam ports ‘can be utlllzed for Iong-term
irradiations and neutron beam" extractlon expenments such as’ neutron ‘'scattering,
neutron spectroscopy and’ raduorsotope productlon Thermal neutron flux at the core
end of the beam ports vanes between 1E12 n/cm /sec and 4E12 n/cm /sec o
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The biological shield contains two sets of three beam ports; one set is located on the
north side and the other is located on the south side of the reactor pool. Each set is
composed of one 8-inch diameter beam port and two 6-inch diameter beam ports. The
beam ports are positioned radial with respect to the reactor core and are spaced at 30-
inches in the horizontal plane as shown in the pool outline drawing (GE198E273) and
Figure 10-1. Figure 10-2 shows the location of the beam ports each of which penetrates
the reactor pool wall and terminates on a face of the core. Each port is made up of four
major sections: 1) an aluminum inner tube, 2) a lead shutter, 3) an aluminum shutter
assembly, and 4) an outer steel tube.  Figure 10-3 shows the port construction
assembly. The end thimble ‘extends into the pool. The inner tube extends to the
shutter, a lead shield to which'is attached a cable used for raising or lowering the
shutter. The shutter sits in an aluminum housing which has a drain leading to the waste
water retention facility. The shutter assembly has a vent leading to the off-gas removal
system The vent removes radioactive gases formed in the beam port when the reactor
is in operation. The end of the beam port has two heavy concrete plugs fitted with an
instrument lead tubes, skewed to limit radiation levels. An outer cover is bolted to the
flange at the biological shield. It provides a positive seal and can withstand' system
pressures. The primary function of the plugs is to minimize radiation levels at the
biological shield, even with the shutter open. Any.experiments using the beam ports
without the plugs in place require special design of the shielding. The radiation
protection program provides proper control aver this type of use. The possibility of loss
of coolant, as analyzed in Chapter 13, is limited based on the design of the cover plate
flange having a maximum of ane-half inch diameter hole penetration.

10.2.1.2 Evaluation

The beam ports, by the use of the shutter and plug assembly in their design, provide
the necessary shielding for personnel working on the main reactor floor in and around
the beam port. The thimble end of the beam port is seal-welded to the outer tube and
no leaks have occurred during the operation history of the reactor. Gas removal and
liquid removal capability control the generation of any activated effluents created in the
port. The beam port shutter provides the main attenuation of the neutron and gamma
radiation beam. The shutters can be raised and lowered automatically by the
experiment operator only after requesting and receiving permission from the reactor
operator. Shutter operations are under supervision of the control room by permissive
switches. The reactor operator in the control room activates the shutter control motor to
raise and lower the unit and can override an up command from the experiment operator
with a down drive command. In summary, reactor operator procedures are in place and
are used to control the opening of each beam port shutter. The radiological safety
program is used to set up and test new experiments and associated shielding
configurations prior to initial shutter openings during reactor operation. New beam port
experimental shield configurations are typically and routinely meter-surveyed at low
power levels. Survey results are mapped and documented. Dose assessments are
then projected to higher working-power levels and additional shielding is added, if
necessary, and controlled areas are defined, marked and mapped before going to the
targeted higher working power level(s). A final health physics survey of floor areas in
and around the beam port area of the experiment is conducted to assess the previous
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projections.- Periodic health physics re-surveys ‘are conducted and documented to-
assure that on-t" le radiation levels remain the same. :

1022 Through-port
10221 Descrlptlon s -t:i:ti"- B

The through port Iocatlon is shown in Flgure 1 0 2 The sux-lnch drameter through port"" "
construction is shown .in GE:drawing number.: 762D250 ThlS IS an onglnal facrllty‘"f-
deSIgn structure SImllar to the beam- ports rle '
The snx-rnch horlzontal through port passes through the pool and each end termmates B
at the outside face of the biological shield. Figure 10-4 shows the details. Since it is
located beneath .the core and therefore could drain the pool below the bottom of the
core, each end of.the port is.assured:to:be watertight by bolted:blind :flanges or a -
manual ‘operated gate valve (closed :position) during reactor operation. " If the through- -
port is being used, administrative -controls-are :established ‘to-assure that the through- *

port-flanges _are -bolted water tight:and/or the valves are:closed prior:to “reactor-
operation...Radioactive gases are removed by the off-gas blower. For the experimental -
use of the. facrluty, safeguards against loss of coolant, will be assured, by administrative ™
control and .surveillance, and also .that'the through-port be opened in accordance with" --
written procedures and: secured prior :to’ reactor operation. *Appendix' C and D of =
Reference 3 address calculations: relating to-the decay heat:aspects of'a LOCA. In"

order to assure that no loss of coolant could occur through an:open through-port prior to :
the decay heat not being low enough to cause fuel melting, the opening of the through-
port should be delayed after a reactor shutdown. A conservative time based in the SAR "’
is 12 hours. Since personnel would be working at the through-port during the removal
and installation- of the' experiment;:.experiments ‘in.the »through port may ‘require -

instrument leads to extend out the ﬂanged ends. The total openrng sizes should be
restricted, (S|mrlar to the beam ports) to 1/z-lnch dlameter . : v
10222 Evaluatlon \ B RS e R 'f‘~"3

-

A recent 10 CFR 50 59(5) review was conducted on 6/19/96 for replacement of the -

through port cover.flanges (steel):with--a PVC plate -type:flange.. Based-on:this :-:

evaluation, no technical specification;changes: are required ‘and no changes.to:the *
current SAR were necessitated.

Telve.

10.2.3 Pneumatic System

10.2. 3 1 Descrlptlon

The pneumatrc tube system shown lnvFlgure 10 6 IS desrgned to qurckly transferr,
individual samples to and from positions adjacent to the reactor. core for irradiation.
The thermal neutron flux in the pneumatlc tubes ranges from 3E12 n/cm Isec to 4E12
nfcm¥sec.: - - B B ST LT I L
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Two pneumatic  tubes are provided for rapid movement of small experimental

specimens to and from the high flux region adjacent to the core in the high power

section of the pool. Each system includes a sending and receiving station on the main
reactor room floor (south side). The sample travels through' the inner concentric
aluminum tube. The tube extends from the station into the pool down to the reactor. A
2-inch diameter inner tube guides the sample. The 3-inch outer tube is connected
through suitable solenoid air control valves to the exhauster (turbine blower). The
system schematic is- shown in Figure 10-6. The control air is maintained via the
solenoid cabinet operation. ' The exhaust gases are sent through a HEPA filter to the
reactor room exhaust system to the stack via off-gas system blower. Solenoid valves
direct flow through the inner tube to either send or receive a sample. The sending unit
positions the sample for transfer to the terminus at the end of the tube near the core.

The shielded receiving uvnit holds the sample after irradiation. The maximum speed of

the sample is about 50 feet per second. Samples can be sent to the terminal in each -

system with a payload. of about 2 pounds. Manual ball valves are located in the
pneumatic air lines in case of a.tube leak below the pool water elevation. The valves
can be manually closed to prevent pool drainage or siphoning. The samples can
receive irradiation for certain lengths of time by presetting the automatic mode system
timer. The samples are automatically returned to the receiver when the time period
ends. Manual operation is provided. The controls are located in each system control
panel. The operator has overall control of the system. Radiation levels near the
receiver are sensed by the local area monitors that provide an audible alarm and
flashing light when "returned” samples exceed preset radiation levels.

10.2.3.2 Evaluation

The system has operated successfully from the initial license. The reactor facility has
added a “sample” hood in the reactor room for experimenters to transfer and open
samples from the receiver to allow transport of samples to the facility laboratories. The
hood is vented through a HEPA filter exhausting near the building exhaust system
intake, in case of sample spillage or gaseous release. The pneumatic tube system is
the most used experimental device for neutron activation. All of the items referenced in
10.2.1.3 are applicable. The receiver shielding limit the personnel radiation levels. Use
of the:pneumatic system and the type of materials irradiated are controlled by operating
procedures and the facility radiation safety program.

10.2.4 Thermal Column

10.2.4.1 Description

The design basis for the thermal column is to provide a thermal neutron flux for
experiments such as neutron radiography. Thermal neutron flux in the thermal column
is approximately 4E06 n/cm?/sec.

The thermal column is a graphite-filled horizontal penetration through the biological

shield that provides neutrons of the thermal energy range (about 0.025 ev) for
experiments. The column is approximate 56 inches x 56 inches square and 8 foot long.

Revision 0.1 10-5 3/29/04
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It extends from the reactor core to the outer face.of the biological shield. A ‘water- "

cooled léad shield adjacent to the core .attenuates: gamma radiation, thereby reducing

heat generation within the column without:seriously impeding the transmission of -
neutrons. Removable stringers in the graphite pack provide-a 16-inch square opening - :

for experiment samples, thus providing flexibility of radiation experiments :by changing.

the speed and thermal energy range of the neutron flux through the column. A small

experimental air chamber between the face of the graphite and the thermal.column has . :

conduits for service connectlons (alr water electncny) to the blologlcal shleld face

Personnel m the reactor burldlng are protected agalnst radlatlon by a heavy concrete -
door that closes the thermal column at-the biological shield. .Each of the 16 graphite ...
stnngers consists_of. two, jinterlocked - sections of .equal length: Except for.a 1-inch-

diameter hole in the end of the outer sections, the 2 sections of each stringer are

identical. The hole is tapped to accommodate a customer-supplied handling tool. Each:

stringer in the central array weights approximately 94 pounds. When the reactor is

operating at licensed power, cooling air is required to prevent-heat generated by: :

gamma radiation from raising the graphite temperature above 107°C (225°F) and to

remove radioactive gases and airborne-corrosion products from the -thermal column.- .
Reactor room- air -is drawn into the expenmental chamber through the clearance gap -
between the thermal column door and  casing. :- An aluminum- cooling - plate ‘in -the -

graphite pack allows the air to flow downward through the graphite and out the

ventilation tube on ithe floor of the-chamber.- A pipe manifold to the ventilation tube.

leads the - air away._ to the off-gas blower..from -which the .air. is exhausted to the
ventllatlon stack R e T : o

The blower runs continuously while the reactor is operating, and also wh'en ‘the thermal
column door is open during reactor shutdown in accordance with the RINSC operating . :

procedures. The thermal column door is approximately 57.5 inches, square by 21

inches thick. . The door is mounted on four flanged, railroad-type wheels running on rails ",
set mto the concrete floor, and can be. moved perpendicular.to the shield face by means ...
of .a motor-operated chain drive mounted on :the door face. Flgure 10-2 shows the- .
location of thermal.column.on the reactor. room main- floor. The.construction of the . -
thermal ‘column is shown in Flgure 10- 5 The thermal column door is shown in GE;-'

drawnng 762D410.. - - . oo e
10.2.5 Dry Gamma Room

10.2.5.1  Description

A room adjacent to the spent fuel pool that can be used by moving the reactor b‘ridge‘

over to the low-power section of the pool. . It has a leak proof aluminum window (part of .
pool liner) that is available to provide bulk irradiation of experiments in air by moving the .

core adjacent to the window.

ir' 1, LEe ~

The dry gamma room WhICh was bunlt lnto the reactor blologrcal shleld is located as: .
best shown .in Figures 1-1. or: 10-1 The room floor is about 1: foot above the bottom of -
the Iow-power pool section. The window into the gamma room is made of double-thick: -

aluminum window designed to withstand the static water pressure and any foreseeable -
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abuse. The dry gamma room is presently un-vented (the vent line is closed off). The

personnel access opening on the north side of the reactor room main floor, has been
sealed shut. Concrete blocks, with a sealing plate inside the frame, were installed
years ago to provide a structurally sound secondary containment barrier in the event of
a pool leak into the gamma room.

10.2.5.2 Evaluation

This original design experimental facility is not in use at this time. The design was such
that, if in use, the reactor can only be operated at 100 kW adjacent to the room. The
production of small amounts of Argon-41 could be vented. Any future use by personnel
would require the proper safety evaluations by the facility radiation protection program.

10.2.6 Gamma Tube
10.2.6.1  Description

The gamma tube is a three inch dlameter aluminum tube extending from the low-power
section fuel storage rack (north side) to above the pool surface that provides gamma
rays from stored fuel elements to samples lowered into the tube.

The gamma tube is usually positioned into the north rack into a fuel element storage
space. The tube has an anti-flotation collar to overcome buoyancy and can be moved
into different rack positions. The samples can be monitored during irradiation to
provide the proper total dose.

10.2.6.2 Evaluation

Monitoring at the top of tube reveals dose rates below those at the pool surface level
during normal reactor operatlon thereby making them acceptable. There are no
radioactive gases produced in the tube that require special venting. Normal
surveillance utilizes the reactor room monitoring equipment (e.g. area monitors, vamps
etc.). Prior to using the gamma tube, appropriate analysis and experiment review must
be performed to satisfy the requirements of the Technical Specifications, operating
procedures.

10.2.7 Radiation Baskets
10.2.7.1  Description

Aluminum baskets that fit the grid box and have an open top that provides for in-core
irradiations.

There are five baskets, interchangeable with fuel elements and reflector elements,
placed into the reactor grid box. Although the baskets can be placed at other locations

in the core, the design of the LEU core allows baskets to be located in core positions -
9B, 9C; 9D, 9E or 9F. The aluminum baskets provide a chamber of about 2 5/8-inch -
square by 33 inches long for experiments. The baskets, including experimental -
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contents, are cooled- by pool water, flowing.through the -primary coolant system. An
aluminum orifice plate in the bottom of each-basket permits the water to pass through
the experiment chamber. A Ilftlng bail at the top of the basket is provided by use of the
remote handling tools. e : .

10.2.7.2 Evaluation ST S

The radlatuon baskets have successfully been used for many experlments over the
years “Prior to the use of any of the baskets, appropriate analysis and an experiment
review must be performed to satisfy the requirements of the Technical Specifications,
operatmg procedures, 10 CFR 50.59 and other applicable, regulatlons The experiment
review process defines the insertion, removal and radioactive handling procedures,
mcludlng radratlon monrtonng. for the specrf c m-core expenment (See Chapter 11).

10.2.8 Flux Trap )
10 2 8 1 Descrlptron

A ﬂux trap in a specual berylhum reﬂector element designed with a removable plug
provides for hlgh flux experiments. The thermal neutron flux at the center of the core in
the flux trap is approximately 5E13 n/cm?/sec.

The flux trap in a special beryllium reflector is called a “plug type” reflector and is
capable of fitting into a standard grid box opening. The reflector has a removable
center plug of about 1% inches in diameter and 29 inches long which can be remotely
removed by use of the facility fuel handling tool. Flux measurements were made
showing that samples irradiated could receive peak thermal fluxes of up to 5E13
n/cm2sec.

10.2.8.2 Evaluation

Since the use of the experiment device is considered an in-core experiment, the same
evaluation applies to experiments as in 10.8.3. This device was approved for use in the
1992 Safety Analysis Report Part A, VII.

10.3 Experiment Review

The Nuclear & Radiation Safety Committee is responsible for the review of all
experiments prior to initial performance at the RINSC. New types of experiments or
experiments of a type significantly different from those previously performed shall be
described and documented for the study of the Nuclear & Radiation Safety Committee.
The documentation includes the purpose of the experiment, a description of the
experiment, and an analysis of the possible hazards associated with the performance of
the experiment.

All uses of experimental facilities shall be approved by the Director to ensure that:

Revision 0.1+ 10-8 L 3/29/04 -
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the absolute value of the reactivity worth of any single independent experiment
or the combination of’connected experiments that can be added to the core
simuitaneously does not exceed 0.6% Ak/k; ‘

the calculated reactivity worth of any single independent experiment not rigidly
fixed in place or the combination of connected or related experiments that can be
added to the core simultaneously will not exceed 0.08% Ak/k;

experiments installed in the reactor do not shadow the nuclear instrumentation

" such that erroneous or unreliable information is given to the control system

safety circuits; '

experiments installed in the reactor can not fail in a manner that interferes with
the insertion of a reactor control element;

experiments do not involve materials that might credibly result in an explosion; .
experiments do not involve materials that could contaminate the reactor pool with
corrosive agents;

experiments are not performed that could credibly result in fuel element damage;
and,

experiments are not performed that result in more than one vacant fuel element
position within the periphery of the active section of the core.

Revision 0.1 10-9 3/29/04 .
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Figure 10-2
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Chapter 11 :
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11.0 RADIATION PROTECTION PROGRAM AND WASTE MANAGEMENT

This chapter discusses and analyzes all radiological consequences related to normal
operation of the reactor. -The principal-discussions ‘of the facility program to control -
radiation and expected exposures due to:operation, maintenance, ‘and -use of the -
reactor are included. This chapter outlines the methods for quantitative assessment of
radiation doses in the restricted and unrestricted areas, appllcatlon of these methods to
all apphcable radiation sources related to the full range of. operation, and the program
and provisions for protecting the health and safety of the publlc (mcludmg workers) and
theenvnronment ST : : . : L

111 Radlatlon Protectlon
The purpose of the 'RINSC Radratlon Protectlon Program (RPP) is to regulate the
activities of, and protect the health and safety of, the RINSC staff, the research
associates; the students, the general public, and the environment. * In accordance with-
10.CFR 20.1101, this program has been developed documented, and implemented to -
a level commensurate with ;the scope :and ;extent of licensed activities at the RINSC, -
and is sufficient to ensure compliance: wrth regulatlons in:10 CFR 20 as well:as the.
State .of Rhode Island Rules and Regulations. A primary component of this program-is
the fundamental principle of maintaining individual exposures and radioactive effluents
as low as is reasonably achievable (ALARA). Responsibility for maintaining the RINSC
ALARA Program extends to all individuals who are granted unescorted access to the
reactor facnllty S o ;;;;,9 BRIARS L Co SR
All. personnel usmg radloactlve matenals or radlatron sources shalI become famlhar wnth ..
the requirements of the RINSC RPP and shall conduct their operations.in accordance : "
with said program. However,-the Health Physics Staff has the -authority to interdict or’: -
terminate the .use- of radioactive materials ‘or: radiation sources- if adequate health .
physrcs support is not.available or if srgnlf cant devnatlons from estabhshed procedures :
have occurred or are hkely to occur.. TN . ' :

1141 Radlatlon Sources « - - :

3 ~d
V4

The radlatlon sources present at the RINSC can be categonzed as alrborne solld or
hqund While each -of these categones erI be- discussed individually-in -Sections
11.1.1.1 through 11.1.1.3,:the. major- contributors to each category can.be summarized
as follows: Airborne sources consist malnly of Argon-41 (Ar-41,- half-life 1.8 hrs), due

Iargely to neutron activation .of airin-reactor..beam ports and experiment sample.- .

positions along with air- dlssolved in the reactor's primary coolant, and Nltrogen 16 (N--
16, .half-life 7.1 sec.),.due to. neutron -interactions with -oxygen in-theprimary coolant.
Solid sources -for the most part:are very:typical of .a ‘research reactor, facility. Such
sources include the fuel in use, spent fuel, and fresh un-irradiated fuel. In addition,
other solid sources are present such as the neutron startup source,- small fission
chambers for use with nuclear instrumentation, irradiated samples, irradiated
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components subjected to neutron radiography, other items irradiated as part of normal
reactor use, and small instrument check and calibration sources.

1.1.11 Airborne

During normal operation of the RINSC reactor, there are two sources of atrborne
radioactivity, namely Argon-41 and Nitrogen-16.

e Argon-41 produced by activation of natural argon (a normal trace element-m
atmospheric air). (Argon-41 decays to Potassium-41 with a half-life of 100
minutes by the emission of a 1.2-MeV beta particle and a 1.3-MeV gamma ray.)

e Nitrogen-16 produced by the activation of Oxygen-16. (Nitrogen-16 decays to
Oxygen-16 by beta decay accompanied by the emission of 6-7 MeV gamma rays
with a half-life of approximately seven seconds).

The assumptions and calculations used to assess the production and radiological impact
of these airborne sources during normal operations are detailed in Appendix A.
Therefore, that information will only be summarized in this section.

Argon-41 is not a serious problem. Comply Code calculations show a projected dose
equivalent of 0.021 mrem per curie of Argon-41 released. Using the 10 mrem: per
annum limitation of projected dose’equivalent to the maximally exposed individual, the
facility can release up to approximately 476 curies of Argon-41. Historic generation
rates of Argon-41 show 0.14+ 0.03 Curies per MW-hour permitting operation up to
approximately 3400 MW-hours or 1700 hours of operation at full licensed power.

Although producing very energetic gamma photons, Nitrogen-16 is not a serious
problem. At low power levels during convection cooling, production is limited and
diffusion through twenty-three feet of water allows time for decay. During forced

convection coolini| the reactor coolant iumis circulate water at about 1950 iim

core, the water passes through a-delay tank (allowing the Nitrogen-16 to decay for at
least 90 seconds) and a heat exchanger and re-enters the core. The circulation is
designed so that water re-entering the core is essentially Nitrogen-16 free.

Fuel element failure, although not expected, could occur while the reactor is operating
normally. Such a failure would usually occur due to a manufacturing defect or corrosion
of the cladding and would result in a small penetration of the cladding through which
fission products would .be slowly released into the reactor coolant. Some of these
fission products, primarily the noble gases, would migrate from the cooling water into the
air of the reactor room. Although this type of failure could occur during normal
operation, its occurrence is not normal and no normal operation would take place after
such an event until the situation had been eliminated (i.e., the failed element located
and removed from the core.) As a result, the failure of a single element (for any reason)
is evaluated as an abnormal situation or an accident, and is discussed in Chapter 13

11.1.1.2 Solid
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Because the actual inventory of reactor.fuel and other radioactive sources continuou_sly
changes as part of the normal operation; the information in this section should be
considered representative rather than an exact inventory.
The principal solid radioactive sources associated with the RINSC reactor operation are
the mixed fission products produced:and:retained within the fuel duringthe ‘normal
operation of the reactor. At shutdown_following a seven-hour run-at 2:MW, the fission
product inventory is ‘approximately uries. -Following an "hour of decay, the -
remaining fission- product mventory IS ‘approximately uries. F sixteen
hours of decay, the remalmng fission product mventory 1S approxrmately curies.
Other solid radloactrve sources are summarlzed in the followmg table.
Source Radionuclides | Nominal Physucal W% .Ap—prox'imate Original
Description - - -4 - |- Activity | Characteristics | Uranium - Total Grams _
A T (1) I I ’ Total U
14 Fuel . | .u-235, U238 - - Uranium :‘,::'. Less than - : -
Elements - | and their- |‘(excluding’ srlrcide- 20 N Coe
© " | natural decay | the activity aluminum '
products. from the dispersion fuel
: mixed " elements '
fission contalnmg 22.
products) | Standard
Co ‘ plates per fuel
' element |
# Fission o
Chambers - o
Reactor [sb-125 |} Alumlnum- SINA | NA INA.
Startup encapsulated
Source - | R - Antrmony-
s beryllium |
Instrument : A‘variety of sealed ‘sourcesare possessed under Rhode Island Department of
Calibration Health chense Number 3K-063 01 The sources are used for survey and other
Sources - instrument calxbratrons ' ‘ =
v oie N R L !.;':,- . IR L ' B
Hrstoncally. solid waste has been limited in volume and actlvrty RINSC routmely
produces low-level dry active waste including paper towels, plastic bags, rubber gloves,

and other materials used for contamination control or decontamination. Tl_te activity of
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this material is normally in the microcurie range, and historically about one to two
regular 55-gallon drums of this material are generated each year.

11113 Liquid

No liquid radioactive material is routinely produced by the normal operation of the
RINSC except for miscellaneous neutron activation product impurities in the reactor
coolant, most of which is deposited in the mechanical filter and the demineralizer
resins. Therefore, these materials are dealt with as solid waste (Section 11.1.1.2).
Non-routine liquid radioactive waste could result from decontamination or maintenance
activities (i.e., filter or resin changes). The amount of this type of liquid waste is
expected to remain small, especially based on past experience.

11.1.1.3.1 Radioactivity in the Reactor Coolant

As mentioned above, the only significant liquid radioactive source at the RINSC is the
reactor coolant. Radioactivity in this liquid source occurs due to neutron activation of
Argon-40 in entrained air (creating Ar-41); neutron interactions with oxygen in the water
molecule (creating N-16); and neutron interactions with tank and structural components
with subsequent transfer of the radioactivity into the primary coolant. Radionuclides
such as Manganese-56 and Sodium-24 are common. examples of waterborne
radioactivity created in this manner. Tritium is also present in the coolant due to
activation of D,O and other mechanisms.

As noted, other sources of liquid radioactivity are not currently projected for the RINSC
reactor system, and no radioactive liquid effluents and no liquid wastes have been
generated as part of the current 2 MW operation.

Radionuclides and their concentrations in the primary coolant vary depending on
reactor power, reactor operating time and time since reactor shutdown, assuming that
other variables (e.g., the effectiveness of the water purification system) remain
constant. Historically, measured concentrations of radionuclides in the primary coolant
have remained very low. The principal radionuclide routinely noted in the primary
coolant is sodium-24 (with a half-life of 14.96 hours) at a concentration of approximately
uCi/ml. In addition, small quantities of Tritium are produced ﬂ.lCi/ml).
As mentioned, it is RINSC policy not to release liquid radioactivity as an effluent or as
liquid waste. Therefore, the reactor coolant does not represent a source of exposure to
the general public during normal operations. Furthermore, occupational exposure from
liquid sources is also limited because there are few operations that require contact with
the primary coolant. In cases where contact is a potential, such as in certain
maintenance operations, the reactor coolant is allowed to decay for several days or
more to significantly reduce radioactivity concentrations. Because of the short half-life
of the predominant radionuclide in the primary coolant, after 48 hours, sodium-24 would

be reduced by about a factor of 10, and experience at other research reactors has
shown that Tritium is not a source of significant occupational dose.

11.1.3.2 N-16 Radiation Dose Rates from Reactor Cooling System Components

Revision 0.1 11-5 3/29/04
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N-16 has been addressed previously in Section 11.1.3.1. However, the potential for N-
16 radiation dose rates from primary coolant system components and from the heat
exchanger were not included in that discussion. Measurements of gamma dose rates
at contact with those cooling system components after extended operation at 2 MW
show typical contact dose rates in the range of 5 to 6 rem/hour at the Delay Tank, 1to 2
rem/hr at the heat exchanger, and less than 1 remlhr at the secondary pumps, These
radiation levels are not considered abnormal and do not represent a radiation’ protectlon
problem since they are expected and they occur msrde the posted radratlon area |n the
reactor building.

11. 1‘2 : Radlatlon Protectron Program f

Ry
H

The rules mstructrons and procedures for procurement, dlsposal and safe handlrng of
radronuclrdes are contalned in the Radratron Safety Guide.

11.1.2.1 Radlologlcal Safety Orgamzatron
The Radrologlcal Safety Organlzatlon at the RINSC is comprised of the followrng

o Rhode Island Atomic Energy Commrssron (RIAEC),

« Nuclear and Radiation Safety Commlttee (NRSC)

» Nuclear and Radiation Safety Subcommrttee (NRSSC)
e Radratron Safety Officer (RSO), - ... I

‘¢ Radiation Safety Staff, .-, .\ .. ... o g

» Health Physicist,and . : . : )
. Health Physics Techmcran/Reactor Operator (Health Physrcs Specralty)

The RIAEC is an agency of the government of the State of Rhode Island The RIAEC

operates the RINSC. The:legal basis. of the RIAEC is Trtle 42 Chapter 27 General

Laws and Chapter 142, Laws of 1958 o '
The RIAEC consrsts of f ive (5) rndrvrduals appornted by the Governor one of whom :
he/she appoints as Chairperson. The RIAEC employs a Director who is responsible for

implementing :and coordinating -all decisions .of the Commission: For the operation of :
the RINSC, the Commission employs anAssistant-Director for Reactor Operations who

is responsible for the. day-by-day operatlons of the facrllty, 'rncludrng the use of

radioactive materials. RETHTR PO , .
11.1.2.2 - Nuclear and Radratron Safety Commlttee and Subcommrttee L

BT TE AE f.ll’ ’.?‘.'.:f?.’)' v

The Nuclear and Radratron Safety Committee is appornted by and reports to the Rhode
Island Atomic Energy Commission (RIAEC). The Nuclear and Radiation Safety
Committee (NRSC) has the followrng membershlp, functions, method of convenrng, and o
reportlng dutles - el : = : o

The NRSC is appornted by the Rhode Island Atomlc Energy Commrssron and has o

Revision 0.1 - 11-6 Tl 3/29/04 .. .
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membership as follows:

Director, RIAEC;

Assistant Director for Reactor Operations;

Assistant Director for Radiation and Reactor Safety (Radiation Safety Officer);
A representative from the University of Rhode Island;

A representative from Brown University;

A representative from Providence College; and,

A representative from the Rhode Island academic community at large.

Members serve until replaced. The NRSC and RIAEC review representation every 5
years. The NRSC may request funds from the RIAEC to employ consultants as required
to assist in its determinations.

The function of the NRSC is to insure compliance with all federal, state, and RINSC
regulations as follows:

N =

> »

4

© © N o

11.

Oversight and review of reactor operations.

Review of any tests, experiments or modifications involving the reactor under 10
CFR 50.59.

Administering a broad RINSC radioactive material license, source and special
nuclear material licenses, and specific licenses.

Considering in advance and approving (or disapproving) the production,
procurement, use, and ultimate disposal of radioactive materials at the RINSC
from the standpoint of radiological and nuclear safety.

Prescribing special conditions and regulations such as physical examinations,
additional training, designation of location of use, disposal methods,
accountability, etc. as necessary for use and control of radioisotopes.

Reviewing the qualifications of persons applying for permission to use
radioactive materials and approving or denying applications for experiments.
Overseeing the maintenance of records of actions, approving or disapproving the
use of radioisotopes and of other transactions, communications, and reports.
Receiving reports from the Radiation Safety Officer (RSO) and auditing RSO
records and performance.

Overseeing the maintenance of records, and performance of physical inventories
and radiation surveys of radioactive materials at the RINSC.

Recommending appropriate action to the RIAEC for an individual who fails to
observe safety recommendations, rules, or regulations when using
radioisotopes.

Conducting an annual review of the entire radiation safety program, including
records required to be maintained, possible improvements to the safety program,

and changes to the Radiation Safety Guide.

As a general rule the committee grants authorizations only to fully qualified individuals.
The committee evaluates the applicant's relevant training and experience prior to
granting authorization. When the committee judges an applicant has insufficient training
and experience for the proposed use, the applicant may be advised to work under

Revision 0.1 11-7 3/29/04
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superwsron of an authonzed user to.: galn expenence Acceptable tramlng and~"

experlence will mclude butis not limited to: .

3 !t -~

L Safety Analysis Report. :

. Pnncuples and practlces of radratron protectron as they apply to the requested'-

~radionuclide, actrvrty, and procedure : ,
;2. Radioactivity 1 measurement technlques and mstruments Lo
- 3...Mathematics basic to measurements of radloactlwty Lol
4 Radroblologlcal effects. ST .

5 s', . . o ‘ ey :

The NRSC authorizes all radloactlve matenals produced or utlllzed in the. experlment

programs involving the reactor (e.g., neutron activation analysis, neutron spectroscopy,

etc.).- All use of radioactive materials in the facility is authorized-by the NRSC based on *
requests- submltted by experimenters... The authorizations are ‘for, ‘specific isotopes in ;-

specific quantities. The-NRSC will not issue authorization for materials not contained in .

the license .and will not lssue authonzatlon for. materials for. which "the cumulative-
quantrty, both mdrvrdually .and:in the: -aggregate, exceeds the license. . All-radioactive | =

materials, whether purchased from the outside or locally produced in the reactor, are

ordered through the Radiation Safety .Officer.: ‘All. materials received are: processed v
through the .RSO. . Al disposals,-are ::also- accompllshed through the :RSO.: For* -
radioactive materials produced as part of the neutron activation -analysis process, the :

irradiation record will serve as the inventory record. For radioactive materials produced

as part of the neutron spectroscopy.process,;the experiment approval will serve as:the -
inventory. record.. For all other radioactive ‘materials, the RSO maintains a -decay--
corrected . mventory broken down by, users. : :At its: quarterly meeting, the- NRSSC ..

(subcommlttee) wrll review the lnventory to venfy compllance W|th Ilcense reqwrements

ot 0

The Radratlon Safety Off ce provrdes an appllcatron for possessmn and use of -
radloactlve matenals Appllcants are: requested to provide considerable detail because- ::
the commlttee evaluates the .qualifications, .facilities, ‘proposed ‘uses;; .and:-radiation -
safety 'measures. primarily on .the information provided on the form. The -application -
must demonstrate sufficient knowledge of the RINSC -policies and- procedures-and."

radiation safety practices so as to keep doses ALARA and maintain compliance for the

specific radionuclides, activities, sources of radiation, and procedures requested. The: :

Radiation Safety Officer reviews the application and forwards it to each member of the

committee. .Authorization - requires -unanimous approval -of the ;voting members. The .-
Radiation Safety Office issues an authorlzatron that may mclude specral condltlon3;

imposed by the committee. - - i) FER TR ER PR

’t;‘-i‘ B R

Investigators wishing to add a new rad|onucl|de to therr authonzatlon complete anew’

appllcatron for . possession and use rOf radioactive. material form for- committee
review. Investlgators wushlng to increase an authorized limit for.a radionuclide complete
an appllcatron for.increase in quantity of radloactlve material form. The Radiation Safety
Officer is authorized to approve the .increase temporanly provided the 'applicant: has

demonstrated that.any :additional. radlatlon :safety precautions:-have been.addressed. .

The Radiation Safety Offlcer submlts apphcatlons for increase to the commlttee for final
approval The Radlatlon Safety Offlcer or. commrttee may |mpose new. condmons

- ,v e

The NRSC has apponnted a subcommlttee consrstmg of the Chalrperson the Radlatlon
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Safety Officer, and one. other Committee member selected by the committee. The
NRSC has delegated to this subcommittee the responsibility for the review of the
qualifications of applicants and the review of the radiation hazards associated with a
proposed experiment. ' The subcommittee possesses the authority to approve
applications without convening the committee if (a) an application of similar nature has
already been approved by the committee, (b) the application falls within approved
guidelines set down by the committee, or (c) the radioisotope quantities requested by
the applicant are less than-or equal to those given in 10 CFR 20, Appendix C and the
Rhode Island "Rules and Regulations for the Control of Radiation", Part A, Appendix C.
The full committee must review all other proposals and all disapprovals.

The NRSC holds meetings as often as necessary to discharge its responsibilities. The -

Radiation Safety Officer- or Chairperson will call a meeting' to process pending
applications or review reports. The full committee will meet at least annually. Committee
deliberations will follow the Roberts Rules of Order if so requested by a member. The
Chairperson of the Committee reports to the Rhode Island Atomic Energy Commission.

When the Committee members are replaced, the technical-competence and character
of the Nuclear and Radiation Safety Committee and its Subcommittee will remain
similar to that submitted.

The NRSC voted unanimously to appoint the Subcommittee to periodically review the

detailed records required by the licenses. This review will be accomphshed during the
quarterly meeting of the Subcommittee. In addition, the Subcommittee reviews the list
of authorized experiments and determines the status of each authorized experiment.
The Subcommittee transmits the results of this review to the remaining committee
members in oral and/or written form. At its annual meeting, the NRSC receives and

reviews the reports of the Subcommittee and the RSO. At its discretion, the NRSC will

select one or more of the detailed records to compare with the reports presented by the
Subcommittee or the RSO. Based on the reports, the NRSC will determine what
changes, if any, may be necessary in the safety program.

11.1.2.3 Radiation Safety Off' icer

The Radiation Safety Officer (RSO) is the chief admnnlstratlve officer of the radiation
safety program. The RSO:
1. Prepares and maintains a Radiation Safety Guide for the Center;
2. Administers the Center's ALARA Program;
3. ' Establishes and administers a radiation dosimetry program, including a record-
keeping system, issuing and processing of personnel dosimeters, notifying
individuals of exposures at least annually and more frequently when warranted:;
- Establishes procedures for, and causes to be made, periodic surveys of areas
- where radioactive materials are used or stored;
Submits necessary documents (with the cooperation of affected individuals) for
licensing of radioactive materials and registration of radlatlon -producing devices;
Develops and administers a calibration program for survey instruments;
Prepares and presents briefings and training sessions for RINSC personnel and
others who might use or be exposed to radiation;

No o &
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8. Maintains an emergency.call list providing 24 hours: per day coverage in the
.+ . event of accident or other abnormal occurrence; ,
9. Reviews and approves procedures ‘and documents wrth radiation safety
implications prior to implementation by the RINSC users;
10. Encourages compliance with procedures outlined in this Safety Analysis Report -
and with regulations of appropriate government agencies; and
11.. Audits, as appropriate, records of possession and use of radioactive materials:
' and radiation-producing devices. Such audits include a review of departmental
procedures, manuals, logs, emergency plans, and other documents relevant to
compliance with appllcable standards

The Radiation Safety Oﬁ" icer reports to the Dlrector The Health Physncrst and the
Heaith Physics Technician report to the Radiation Safety Officer.

11.4.2:4 ‘Health Physics Staff - ..

The health physics activities at the RINSC are performed by a staff consisting of the
RSO a Health Physucrst and a Reactor Operator (Health Physrcs Spec1alty) Two of the

Radlatlon Safety Officer.
11.1.2.,5 Radiation Protection Training.

The Radiation Safety Office provides radiation safety training for individuals who work
with or around radioactive materials or.other generators of ionizing radiation. Authorized
Users ‘and workers using radioactive materials’ must have ‘initial training. before using
radioactive materials. Annual retraining is required for the continued use of and
authorization to possess radioactive materials and/or use radiation-producing . -
equipment. ‘Non-radiation workers (for example custodial and security personnel) are
retralned annually Ancillary tralnlng is tallored to specmc job functlons ,

11.1.2.6 Health Physics Procedures

The Radiation Safety Office describes its health physics activities in standard ’operating
procedures. An administrative procedure .describes the development review and
approval steps for those standard operating procedures.

11.1.2.7 He-'alth'Physics' Audits

Audits of the’radiation protectlon program are performed to verify compllance with
applicable federal and state’ regulations and to determine the effectiveness of the
program.

11.1.2.8 Health Physics Records

Revision0.1 . - 11-10 . 3/29/04 - -
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Health Physics records related to personnel exposures, routine and special surveillance
activities, environmental releases, etc. are maintained as permanent facility records.
Health Physics records are retained electronically and as hard copies.

11.1.3 ALARA Program

The ALARA program at the Rhode Island Nuclear Science Center consists of the
following elements:

e A training program for individuals using radiation sources so that they can
recognize and protect themselves for sources of ionizing radiation.

¢ A comprehensive program of dosimeter services including badge monitoring and
bioassays. Using the results of these services, the Radiation Safety Officer will
investigate any exposures that are not ALARA.

e A survey program to check each area where radiation sources are used for
radiation and contamination levels. Laboratories are checked to ensure proper
techniques 'are used during procedures involving radiation sources. The
Radiation Safety Officer also provides advice and assistance to personnel using
radiation sources.

o The Radiation Safety Officer reviews effluent releases and investigates releases
over 10% of the limits.

e A review process whereby the Radiation Safety Officer and the NRSC musf
approve the use of radioactive material and audit the Radiation Safety Program.

The RINSC is committed to ALARA. All radiation workers shall use procedures and
engineering controls based upon sound radiation protection principles to achieve
occupational doses and public doses that are ALARA. The radiological safety
organization works to achieve that goal.

11.1.4 Radiation Monitoring and Surveying

11.1.4.1 Radiation and Contamination Surveys

A survey is an evaluation of the radiation hazards associated with the presence of .

radioactive materials and/or radiation sources under a given set of circumstances. The
Radiation Safety Office conducts routine radiation and contamination surveys described
in standard procedures to evaluate basic radiological conditions at the RINSC.

ol

11.1.4.2 Radiation Monitoring Equipment
Radiation monitoring and survey equipment is available for reactor operation fuel

movement and handling of radioactive material in the reactor building. Some are
required by Technical Specifications. When the reactor is operating, gaseous and
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partlculate sampling of the stack effluent is monitored by a stack monitor with a remote
readout in the control room. -A constant air monitoring unit is located in the confinement
building. Area monitors are installed throughout the reactor building as part of the
reactor.system.. These instruments are equtpped with a remote readout in the control
room. : Area momtors are also- installed ‘in -the vicinity- of the pneumatic: systems to™
monltor samples coming out.of the:reactor. 'Radiation monitors’ are installed near.the
door from the reactor room. . This monitor.is-intended for use as'a hand and ‘foot :
monitor and-to provide an alarm for the inadvertent removal of a “hot" sample from the
reactor room. Other portable survey meters are avaltable for contamlnatlon monttonng
o . t

The followmg tabte shows representatlve radlatlon momtonng eqmpment used in the i

RINSC:

" Radiation -

~.

Type of Instrument Use
Detected

Continuous Air Monitors -Beta:gamma -  'Particulate, lodine, Noble Gas

monitoring in gaseous effluents
Area Monitors - -«.Gamma . - - - Areadose rate monitoring
Area Monitor Neutrons Area dose rate monitoring
Gas Flow Proportional Counter... . Alpha, Beta - Activity measurement -
Gamma Spectroscopy Analyzer Gamma Activity measurement
System. ... - S
Neutron Survey Meter e Neutrons Dose rate measurement

Radiation/Contamination Monitors

Beta, Gamma

Contamiination surveys

Air-equivalent lonization Chamber  Alpha, Beta &  Dose rate measurement

Survey Meters : “Gamma’. "~ - S e
Survey Meters equipped wnth Alpha, Beta, & Dose rate measurement” -~ "
Geiger-Mueller Probes Gamma

11.1.4.3 Instrument Calibration

The RINSC calibrates all survey meters used .in its routine and.special surveillance
programs. The RINSC possesses a calibrated s-137 source, a — Cs-137
source and a Co-60 source, all are traceable to NIST, capable -of -calibrating
instruments with gamma exposure rates of 100 R/hr to <0.1. mR/hr. At present this
range is sufficient for all survey instruments at the RINSC. If for some reason the
RINSC is unabte to callbrate the mstrument the Radlatlon Safety;Off cer will return the -

Calibration procedures are’ attached “for’ ‘each’ source. Results of each lnstrument .
calibration are recorded on’Form. NSC- 7.’ The formulae used for each source is given .
on the attached sheets The dose rates are decay corrected to the day of calibration at
which'* time' the dlstances are. catcutated . Calculations ™ necessary for. calnbratrngt
instruments’ in an’ ‘integrating” dose mode requrre obtalntng the .correct distance and .
calculatmg an approprlate exposure tlme Survey meters that are ‘used only for the :
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purpose of detecting contamination will be electronically calibrated and checked with an
appropriate source of radiation to determine if the probe is functional.

Technically qualified personnel under the supervision of its Radiation Safety Officer
perform all survey meter calibrations at the RINSC. Survey instruments, if required,

(i.e., GM meters, ionization survey meters) will be calibrated every 6 months during the"

time of use of hard beta and gamma emitters. Instruments that are used for dose rate
measurements and for detecting contamination will be' calibrated at the RINSC. A
reference check source should be read at the time the instrument is calibrated. A
reading should be taken with the check source placed in a specific geometry relative to
the detector. A reading of this reference check source should be taken as follows:

» Before each use and also after each survey to ensure that the instrument was
operational during the survey, and

o After each maintenance and/or battery change.
1115 Radiation Exposure Control and Dosimetry

Rules and regulations for protection against radiation hazards have been established by
the Rhode Island Department of Health. A copy of these regulations is available from
the Radiation Safety Officer. These regulations specify limits for exposure in restricted
and in unrestricted areas. These limits will be discussed briefly in the following
sections.

11.1.5.1  Radiation Shielding

Shielding design considered the seven principal sources of radiation produced by
operation of the RINSC reactor:

Prompt fission neutrons

Delayed fission neutrons

Prompt fission gamma rays
Fission product decay gamma rays
Inelastic gamma rays

Capture gamma rays

Activation gamma rays

The reactor is shielded to maintain radiation levels from those sources at all points
above and outside the pool below one millirem per hour. The reactor is kept beneath
twenty-four feet of water. The sides of the core are shielded by at leasfijjiii] feet of
water in addition to . feet of concrete or equivalent shielding in the low-power section
of the pool. Dense concrete plugs shield the beam ports. Steel doors shield the thermal

column. During routine operation, radiation surveys are performed to ensure that

radiation levels do not exceed design requirements. If the radiation levels ever exceed
design requirements, the reactor would be shut down and/or additional shielding would
be provided to reduce the radiation levels to design requirements.

Revision 0.1 11-13 3/29/04




-

—

C

[

c— .

"

c—

NoleBEN B WU TN SN VS B S

RI Atomic Energy Commission ' _ < "Safety Analysis Report
RI Nuclear Science Center A

11. 1 5 2 ¢ Ventllatlon System

The reactor buﬂdlng ventilation system conS|sts of exhaust blowers WhICh discharge lnto 3
the exhaust stack. The stack also receives:dilution air from a blower in the basement -
area outside of the reactor confinement building. Air from the pneumatic blower system .
is discharged into the stack via the off-gas suction line. (See Section 10.4) The off-gas "
blower removes gases from the thermal column, beam tubes and the pneumatic system

and discharges into the suction line of the reactor room exhaust blower. -In addition, the

reactor room exhaust blower constantly. exchanges the air from the reactor confinement -
building. --The -exhaust blower, inlet: plenum. is ‘located ‘near the pool- platformto

essentially sweep -air across the pool surface which helps remove airborne:activity at
the pool level. The.discharge goes through the -air exhaust duct, through the exhaust .-
system butterfly damper, and into the stack. The stack is a 115-foot steel unit about 20
inches in diameter through Wthh the total cont’ nement burldlng exhaust is released mto”‘
the envrronment \\\\\ : NCTERY : . SR oo , -

A constant air monitoring system monitors gaseous. radioactivity that is discharged from - :
the confinement. building. -~ A continuous- stream.of gas is' withdrawn through.an' -
isokinetic sampling.tube and passed through the monitoring system. -The monitoring -
system consists of.a Nal crystal gaseous detector and a plastlc scintillator particulate

detector.-. A continuous :graphical readout with-alarm is located .in the:process controf - -

panel. in. .the -control .room ;with remote, readouts.located ‘in the 'Emergency" Support ¥
Center. A constant air monitor detects _airborne radioactivity in the reactor room: It is -
located on the-main reactor floor and:consists of an open. wmdow G M detector The. ‘
unit has an audlbie alarm and Iocal graphrcai readout '
11. 1 53 Conf’nement Conn S
The confinement buﬂding (reactor buridlng) is a concrete bunldlng normally malntained

under a negative pressure. Normal operation results from reactor room exhaust air * i
being removed through the reactor room blower, through a butterfly valve into the
reactor .exhaust stack. -Air.intake-comes_through-a’butterfly:valve .into the building
heated air duct. . The valves close -air tight. on activation of the -emergency exhaust
system. o T o

Additionally, off-gas is removed from experimental ‘facilities through -an off-gas blower. " *
and filter system. The blower removes gases from the thermal column, beam tube
drain-and .vents ‘etc. and discharges,into the reactor.room-exhaust piping before the *
reactor room.discharge:butterfly valve:; A-pneumatic system blower-discharges its gas
removal into the off-gas dlscharge line. The: off-gas and pneumatic -systems and :.
operation are more fully described in Chapters 9 and 10. A dilution air blower provides
additional air flow and discharges into the stack at its base. Normal burldmg differential
pressure is measured at two Iocatlons one in the controi room, and one in the adjacent-
lab building: - :o-icl ar e straen con e s L Bl g N
i S N : N

11.1.5.4 Entry Control
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Only trained personnel are granted unescorted access to radiologically controlled areas
within the facility. Radiation Worker Training provides the training required to obtain
unescorted access to the reactor facility. The Radiation Safety Office provides radiation
safety training to all individuals who in the course of their employment are likely to
receive an occupational dose in excess of 1 mSv (100 mrem) in a year. The training is
provided, as part of the facility's As Low As Reasonably Achievable (ALARA) Program
and to meet regulatory requirements.

In determining candidates for the training, the Radiation Safety Office considers
assigned activities. during normal and abnormal situations involving exposure to
radiation and/or radioactive material that can reasonably be expected to occur during
the life of the licensed facilities. The extent of the training is commensurate with
potential radiological health protection problems present in the work place.

The radiation safety training keeps those individuals informed of the storage, transfer,
or use of radiation and/or radioactive material. The training also instructs them in the
health protection problems associated with exposure to radiation and/or radioactive
material, in precautions or procedures to minimize exposure, and in the purposes and
functions of protective devices employed. The training also instructs the individuals in,
and requires them to observe, to the extent within the workers control, the applicable
provisions of the federal and state regulations for the protection of personnel from
exposure to radiation and/or radioactive material and the reactor and radioactive
materials license conditions. They are instructed of their responsibility to report promptly
to RINSC management any condition that may lead to or cause a violation of federal or
state regulations and/or the reactor or radioactive materials license or lead to an
unnecessary exposure to radiation and/or radioactive material. They are instructed in
the appropriate response to warnings made in the event of any unusual occurrence or
malfunction that may involve exposure to radiation and/or radioactive material and
advised as to the radiation exposure reports which they may request.

11.1.5.5 Protective Equipment

Radiation workers wear lab coats, disposable gloves, and protective eyewear when
handling unsealed radioactive materials. Ventilation controls are used to minimize
exposures to airborne radioactive materials.

11.1.5.6  Annual Radiation Dose Equivalents

Personnel at the RINSC have been monitored for radiation exposures for nearly forty
years. Measured external dose equivalents have consistently met regulatory standards
in effect at the time of the dose determlnatlon

External and internal dose equwalent determinations were made separately untnl-
changes in the regulatory requirements became effective in 1994. The monitoring:
program was adjusted in response to those regulatory changes to include an annual -
determination of the total effective dose equivalent (TEDE).
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Since 1994, total effective dose equivalents have shown a log-normal distribution with -
an average deep dose equivalent less:than 100 :mrem and maximum committed dose -

equivalents less than 1,000 mrem.

11.1.6 Contamlnatron Control

Radloactlve contamrnatron is controlled at the RINSC by using wntten procedures for

radioactive material handling, by using trained personnel, and by operating a monitoring -

program desrgned to detect contamination in a timely manner. The program for routine
monitoring to detect:and identify fixed -and:loose contamination is described in Section -
11.1.4.1. In addition to.this monitoring program, the following |tems are also part of the
program for contamrnatron control at the RINSC - : ,

AL

The RINSC standard operatmg procedures contaln specrt” c procedures for worklng with

radioactive material and for working with experiments that originate from in-pool or from
the pneumatic transfer system hood.- For other work where contamination is considered -
likely, a detailed written procedure provides the necessary.contamination controls. Al
work requires oversrght by a qualified ‘health physics technician ‘and all material which

must be removed from a contaminated area with suspected loose contamination is -

appropriately monitored and contarned to minimize potentlal spread, or is
decontammated : ; R ; T

After worklng |n contamlnated areas personnel are requrred to perform surveys to

ensure that no contamination is present on clothing, shoes, etc., before leaving the

work location.  Additionally, personnel :exiting -controlled.” areas - surrounding a::

contaminated area are required to frisk themselves using an appropriate survey meter
located at an exit. The RINSC personnel are not-exposed:to sources of radioactivity - .
likely to result in internal exposure.

i - O T TR PRy

Antr-contammatlon (Antr C) . clothrng desrgned to ‘protect personnel‘ agalnst

contamlnatlon is used as appropriate. . Normally, Anti-C clothing .is specified in the .
written procedure governlng the work. Antr-C clothrng is monltored after each use..

The RINSC standard operatlng procedures contarn procedures for monltonng and
handling contaminated equipment and components. . : S

Procedures for classifying contaminated. material, equipment and working areas and "~
managing, controllmg storing, and dlsposmg of- identified. contamlnated materlal are -
contalned in the RINSC Health Physrcs Procedures SRR

Staff and users are tralned on the rrsks of contamlnatlon and on the technrques for-

avoiding, limiting,- and controlhng contamlnatlon as specified in-the RINSC Health
Physrcs Procedures S e s owthinloonl e

Contamlnatron events are documented rn a radrologrcal rncrdent report These reports

help avoid repeating events which caused unplanned contamination. The reports are»

maintained by the Radiation Safety Office and are retained for the life of the facility.
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Encapsulation requirements for items likely to cause contamination during or after
irradiation are included in routine irradiation procedures for those items.

11.1.7 Environmental Monitoring

A stack monitor monitors airborne effluents during reactor operation. Limits are
established in the Technical Specifications.

The concentration of radioactive materials in the effluent released from the facility
exhaust stack shall not exceed the concentration specified in 10 CFR 20, Appendix B,
Table Il where the plume first touches the ground following its release. A suitable
dilution factor is used to calculate the maximum ground concentration down wind for
noble gases. Offsite projected .doses are calculated annually using generally accepted
models and conversion factors. Projected doses from the Comply Code show annual
doses consistently less than 10 mrem for operations between 1997 and 2001.

Liquid Effluents - The liquid waste retention tank is batch sampled and the gross activity-

per unit volume determined before release. The concentrations are within the limits of
Appendix B, Table Il of Subpart A, “Rhode Island Rules and Regulations for the Control
of Radiation.” . '

Environmental Doses - Doses outside the facility are monitored at certain locations
using quarterly Optically-Stimulated Luminescent Dosimeters. These doses are within
the limits of 10 CFR 20 for the general public taking into account the occupancy factor.

11.2 Radioactive Waste Management
11.2.1 Radioactive Waste Management Program

A waste is a material that is no longer useful. A radioactive waste is a waste containing
radioactive materials in quantities sufficient to require control in the judgment of
regulatory authorities. The RINSC may generate a variety of gaseous, liquid and solid
wastes including wastes that could contain biohazardous, hazardous and/or radioactive
materials. Since there are stringent regulatory requirements for wastes containing any
of these materials, the RINSC has established a radioactive waste management
program to meet those regulatory requirements.

The reactor generates short-lived isotopes. Short-lived isotopes can be decayed,
surveyed and their wastes released from restrictions due to their radioactivity. Users are
required to maintain adequate records to support disposal. To minimize the generation
of possible mixed wastes all experimental studies are reviewed to avoid hazardous
chemicals.’ |
In general, the Center’s radioactive wastes are collected from the generator, processed
and stored in a secure area within the facility and transferred to a licensed broker,
processor or burial site operator. Wastes containing radioisotopes with half-lives of less
than one hundred and twenty (120) days are held for at least ten (10) half-lives

! Chemicals subject to the Resource Conservation and Recovery Act and/or the Toxic Substances Control
Act.
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(decaying to_near background levels -as confirmed by surveys), then disposed as other !
types of wastes after -obliterating radioactive -markings. Wastes contaminated - with’
hazardous chemicals or infectious agents and short-lived radioactive materials may be
dlsposed as hazardous or mfectlous waste after decaylng to background Ievels ‘

11 2 2 : Radloactlve Waste Controls

! C T .
Operatlons are routlnely revnewed to minimize. radloactrve waste generatlon We -
separate our radioactive wastes by radioisotope and type. Separation allows proper
handling and helps reduce overall disposal costs. Short-lived radioactive wastes are:
held for decay, surveyed and released to:other waste disposal methods. Long-lived
radioactive wastes are retarned for transfer to a Ilcensed broker processor and/or‘l~
waste drsposal site. S T R

11 2 2 1 . Solid Waste,-'_'

The lowest cost disposal option for dry solid waste that is currently available is

incineration, which may reduce the volume of the radioactive waste by a factor of up to+
100 but is subject to stringent limitations. Isotopes forming volatile compounds in the
incinerator, such.as -tritium- and ‘carbon-14,-and -which would be released to the
environment cannot be incinerated.in large quantities. High activity tritium and carbon- -
14 waste cannot be incinerated. Halogenated plastics, (e.g., polyvinyl chloride or PVC
and Teflon), form volatile acids when burned which attack and damage the incinerator's
lining. -Glass and -metals form slag. " ;Slag .can attack the incinerator's firebrick ‘and :
cannot be incinerated. Incombustible. Irqmds such as water may not be present in more: -
than. |n0|dental amounts. -We visually inspect bags of dry active waste to determine if
the waste is a candidate for incineration.: We remove any bags that fail to meet the -
incinerator’s operator criteria. Candidate - materials -for incineration are packaged in
fi berboard containers acceptable to the incineration waste processing facility. Dry acttve ‘
wastes that fail to qualify for |ncmerat|on are packaged for super—compactlon TLoE

The second optlon for- dlsposal of Iong Ilved dry actlve waste is> super—compactlon

Super—compactlon .crushes waste to remove-essentially all voids and often achleves e
volume reduction factors .of between 3 and -6 depending on the original density of the -
waste and potential spring-back. Super—compactron does:not produce any -off gases.
and may be applied to higher. activity: wastes. Materials ‘which are essentially
incompressible, manufacturer's stock vials,:(EPA classified hazardous waste, toxic,
pyrophoric, explosive, or biohazards must be excluded from waste that is to be super-
compacted. Additionally, the .waste :may .not-contain more than incidental amounts of -
any liquids. Super-compaction candidate wastes are packaged in- DOT—approved 17H -
drums, (elther 30-gal|on or 55- gallon srzes) e T ; :

11 2 22 quU|d Waste RIS ERSRY:

R R ST e

quu1d radloactlve waste sources are’ qurte llmlted at the RINSC and mclude marnly the
reactor primary coolant. Any effluent ‘or liquid waste is discharged in accordance with
10 CFR 20.2003 requirements.
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The principal liquid wastes generated at the facility are aqueous liquid wastes. An
aqueous liquid waste is a radioactive liquid waste in which the waste materials are
either dissolved in water or evenly distributed in a liquid that is mainly composed of
water. Standard operating procedures require aqueous liquid wastes to have a pH
between 7 and 9 and not be contaminated with toxic, flammable, poisonous or reactive
materials. Aqueous liquid wastes are sampled and counted to determine the types and
activities of the radionuclides present. If aqueous liquid wastes meet criteria in 10 CFR
20, they are discharged to the sanitary sewer.

11.2.2.3 Gaseous Waste .

The principal gaseous waste. produced by facility operations is Argon-41. Gaseous
effluent concentrations are documented on the Monthly Information Sheets (Form NSC-
78) or equivalent. The gaseous effluents, primarily Argon-41, are typically less than 5%
of the 10 CFR 20, Appendix B, Table 2, Column 1 effluent limits and result i in offsite
doses in unrestricted areas less than 10 mrem per annum.

11.2.3 Release of Radioactive Waste

The final disposal method for Low Level Radioactive Waste (LLRW) generated at the
RINSC is dependent on the waste form. The following is a list of waste forms and the
disposal method employed.

DRY SOLID - LLRW - Two forms of dry solid LLRW materials are generated, namely,
radioactive ion exchange resins and laboratory waste materials. Radioactive, wet,
reactor-clean-up ion-exchange resins are ambient air dried for two (2) months in an
access controlled area prior to final packaging in DOT approved 30-gallon drums. This
drying time also doubles as a decay time for sodium-24 (half life = 15 hours), one of the
major radioisotopes found in the resin. A member of the health physics staff collects
laboratory waste materials from all radioactive use area locations on a weekly basis.
These collected wastes, (irradiated plastics, contaminated tools, toweling, etc.) are
added to a DOT approved 30 or 55-gallon steel drum. The contents of these drums are
compacted as much as possible to reduce void space. After each drum is full, the
drums containing gamma emitters are counted using a Ge(Li) detector to determine the
isotope contents. The dose rates on the outside of the drums are measured and total
drum activities are calculated.. In the case of beta emitters (e.g. C-14 and H-3), a
separate record of the contents of the drum is maintained.

AQUEQUS LIQUID WASTES - Highly radioactive aqueous liquid wastes are absorbed
on materials (such as speedi-dri) according to the vendor’s specific instructions and the
requirements of Chapter A.4 of the Rhode Island State Rules and Regulations. The
absorption process is accomplished under the direct supervision of the health physics
staff. The drums are packaged according to Department of Transportation regulations
and the appropriate waste manifests are completed. Low activity aqueous liquid waste
is sink-disposed to the regional sewer at concentrations below the concentration limits
for discharge to an unrestricted area (Appendix A, Table 1, Column 2).
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ORGANIC LIQUID WASTES - Liquid scintillation vials that contain C-14 and/or H-3 in
concentrations less than 0.05 uCi/gm are packaged in LSV Deregulated Drums. All

other liquid scintillation vials are packaged in LSV Regulated Drums according to the
vendor’s specifications.

SHORT LIVED RADIOISOTOPES (HALF LIFE < 120 DAYS) - Samples from short
irradiations are labeled and stored for ten half-lives until the short-lived isotopes decay.
away. Samples that are not needed are surveyed with a GM meter and, if readings are
background, labels are removed and the samples are disposed in normal trash.
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o CHAPTER 12
12.0. | CONDUCT OF OPERATIONS

This chapter describes and dlscusses the Conduct of Operatlons at the Rhode Island
Nuclear Science Center (RINSC). The Conduct of Operations involves the administrative
aspects of facility operations, the facility emergency plan, the security plan, the quality
assurance plan, the reactor operator. selection and re-qualification plan, the startup plan,
and envrronmental reports. This chapter.of the Safety Analysis Report (SAR) forms the
basis of Section 6 of the Technical Specrfrcatlons (See Chapter 14)

121 Orgamzatlon
,”1 YEY ’ T

The RINSC Dlrector reports dlrectly to the Rhode lsland Atomlc Energy Commrssnon
(RIAEC) The RINSC is organrzed and admrnrstratrvely controlled as shown in Frgure :
124.. - -4 L

' ) LTI RO B
121 1 -Structure P T D AT P
The organlzatlonal structure in Flgure 12 1 shows the RlNSC llcensee as the: RIAEC
The ‘RINSC is under.the direct control .of ‘the -Director. The Director reports'to the
RIAEC for all nuclear safety and licensing issues. T T

Both the reactor operations,- radiation and reactor’safety branches report to the RINSC
Director. : Both .the reactor. operations: supervisor and the radiation ‘and reactor safety
supervisor can go directly to the Nuclear and Radiation Safety Committee (NRSC) with
nuclear or radiation safety concerns.if they:cannot resolve the issuewith the' RINSC -
Director.

The RINSC license to operate is issued by the United States Nuclear'Regulatory
Commission (USNRC). . Licensing and.reporting mformatron goes from the RINSC
Dlrector through the RIAEC to the USNRC ~.-:;"z.f:m : S C

The RINSC Dlrector has a Nuclear and Radratlon Safety Commrttee (NRSC) that meets
at least annually. . This committee performs the review and audit of nuclear operations
for the RINSC Director. The committee issues ‘an annual audit report-to the RINSC
Director concernlng the regulatory compllance and operatron of the RINSC.

NS
i

12 1 2 ' Responsrbrlrty r
RINSC Director = - . - = :;;':r-;‘x ,f::,\:::"' Bl

a The Drrector shall have responsrbllrty for all actrvrtles in the reactor facrllty whrch
-- may affect-reactor operations or.involve: ‘radiation hazards; including controlling
- the_ admission of personnel tothe building. ; This responsrbrllty shall encompass
administrative -control of all- experlments being performed in the: facnllty including
those of outside agencies.
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b. It shall be the responsibility of the Director to insure that all proposed
experiments, design modifications, or changes in operating and emergency
procedures are performed in accordance with the license. Where uncertainty
exists, the Director shall refer the decision to the NRSC.

Senior Reactor Operators

a. A licensed senior reactor operator pursuant to 10CFR55 shall be assigned each
shift and be responsible for all activities during his shift which may affect reactor
operation or involve radiation hazards. The reactor operators on duty shall be
responsible directly to the senior operator.

b. The identity of and method for rapidly contacting the on-call senior reactor
operator shall be known to the reactor operator on duty. The on-call senior
reactor operator must be capable of being contacted by the duty reactor operator
within ten minutes. The senior reactor operator shall be present at the facility
during initial startup and approach to power, recovery from an unplanned or
unscheduled shutdown or significant reduction in power, and refueling. The
name of the person serving as senior reactor operator as well as the time he/she
assumes the duty shall be entered in the reactor log. When the senior operator
is relieved, he/she shall turn the operation duties over to another licensed senior
reactor operator.

In such instances, the change of duty shall be logged and shall be definite, clear,
and explicit. The senior reactor operator being relieved of his duty shall insure
that all pertinent information is logged. The senior reactor operator assuming
duty shall check the log for information or instructions.

Reactor Operators

a. The responsible senior reactor operator shall pursuant to 10CFR55 designate for
his shift a licensed operator (hereafter called “operator”) who shall have primary
responsibility under the senior reactor operator for the operation of the reactor
and all associated 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 reactor operator.

b. Only one operator shall have the above duty at any given time. Each operator
shall enter in the reactor log the date and time he/she assumed duty.

c. 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/her
to leave the control room during such an operation, he/she shall turn the reactor
and the reactor controls over to a designated relief, who shall also be a licensed
operator. In such instances, the change of duty shall be definite, clear; and
explicit. The relief shall acknowledge his entry on duty by proper notation in the
reactor log.
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d The operator, under the senior reactor operator on duty, shall be responsible for

the operatlon of the reactor accordlng to the approved operatmg procedures

e The operator shall be authonzed at any tlme to reduce the power of the reactor or -

. ,to scram the reactor without reference to higher authority, when in his judgment -

" such action appears advisable or.necessary for the safety of the reactor, related ::

equipment, or personnel. Any person working on the reactor bridge shall be

.., similarly authorized to scram the rreactor by pressmg a scram button Iocated on
" the bridge. _ :

[ AT R

Radlatlon Safety Off cer
The Radiation Safety Off cer shall be responsnble for assunng that adequate ‘
.radiation. monitoring. and control -are ineffect to prevent undue exposure of =
lndnwduals to radlatlon P A S ,
12.1.3 Staff'ng IV
1 ‘A list of reactor fa‘ci’lity:'pe'rs'on'nel"by'n-arne“a’nd number is available in the Eéécio'r
control room for use by the Reactor Operator whenever needed The call llst
. shallinclude:.. . .. gy o . .

IR
S I e o

U a. Managerent personnel; ;. - .
b. Radiation Safety personnel; and

c. Reactor Operatlons personnel

' reactor under the dlrect supervnsnon of Llcensed Reactor Operators T L
3. The following staffing requirements shall be satlsf' ed as a part of reactor startup,' \
‘operatlon and shutdown e o :

o0
ERD S

» An operator or senior operator licensed pursuant to 10CFFt5'5“shall be
e present in the control room unless the reactor.is secured -
A second person in the facrhty that can perform prescnbed |nstruct|ons

?

n---y aid

o A Senlor Reactor Operator shaII be readlly avallable The avallable Semor
Reactor Operator must be capable of being contacted by the duty Reactor
Operator wuthln 10 mlnutes and

. A Senlor Reactor Operator shall be present at the facmty dunng |n|t|a|,
startup and approach to power recovery from an unplanned or

.-unscheduled shutdown or significant reduction in power, and refueling.
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12.1.4  Selection and Training of Personnej

The RINSC Selection and Training Program contains the detailed information
concerning the selection, training, licensing and re-qualification of reactor personnel.
This plan addresses the qualifications, initial training, licensee responsibilities, and re-
qualification of RINSC reactor operations personnel.

The RINSC training program complies with ANSI/ANS 15.4, Selection and training of
personnel for Research Reactors. The program’s objective is to train, qualify, and re-
qualify individuals for operation and maintenance of the reactor. The content of the
training program covers the as-built and existing facility, significant facility modifications,
current procedures, and administrative rules and regulations.

In addition to actual personnel training, Reactor Operators and Senior Reactor
Operators are required to meet specific medical qualifications. ‘The physical condition
and the general health of RINSC reactor operations personnel shall be such that they
are capable of properly operating under normal, abnormal and emergency conditions.
The primary responsibility for assuring that medically qualified personnel are on duty
rests with the RINSC Director. '

In addition to the selection and training of reactor operations personnel, the RINSC
provides formal training for all facility personnel in radiation protection topics, in items
required by 10CFR19, in the As Low as Reasonably Achievable (ALARA) concept and
in other related areas.

12.1.5 Radiation Safety

The purpose of the Radiation Safety Program is to allow the maximum beneficial use of
radiation sources with minimum radiation exposure to personnel. Requirements and
procedures set forth in this program are designed to meet the following fundamental
principles of radiation protection:

+ Justification — No practice shall be adopted unless its introduction produces a net
positive benefit;

¢ Optimization — All exposures shall be kept as low as reasonably achievable,
economic and social factors being taken into account; and

e Limitation — the dose equivalent to individuals shall not exceed limits established
by appropriate state and federal agencies. These limits shall include, but not be
limited to, those set forth in the Code of Federal Regulations (CFR).

All personnel using radiation sources shall become familiar with the requirements of the
Radiation Safety Program and conduct their operations in accordance with them.

The Radiation Safety Program uses ANSI/ANS 15.11, Radiation Protection at research
reactors, as a guide.
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The details of the Radlatron Safety Program can be found in Chapter 11
12.2 Revrew and Audrt Actrvrtles

General Pollcy It is the polrcy that nuclear facrlltles shall be desrgned constructed,
operated, and maintained in such a manner that facility personnel, the general publlc
and:property -are ;not exposed to"undue risk.- These activities shall be conducted in
accordance with appllcable government regulatory requwements ’

The Rhode lIsland Atomlc Energy Commlssron (RIAEC) as the facrlrty Ilcensee has
ultimate responsibility for assuring that the above policy is followed. The Nuclear and
Radiation Safety Committee (NRSC) has been chartered to assist in meeting this
responsibility by providing timely, objective, and independent: reviews, audits, - -
recommendations and approvals on matters affecting nuclear safety. The NRSC is
established in accordance with the guidance of ANSI/ANS 15.1; The Development of -
Technical Specifications for research reactors. The following descnbes the procedures
that govern the composition and conduct of the NRSC.

12.-2.1“' | Comoosition and d'ualiﬁcatlons

The RIAEC shall appoint a Nuclear and- Radlatlon Safety Commlttee (NRSC) consrstrng
of a minimum of seven members as follows

Yo

a. The Director
‘b. : . The Assrstant Drrector for Reactor Operatlons :
;c. | The Radlatron Safety Off cer .

d. " 'A quallfled representatlve from the faculty of Brown Unrversrty

e. A qualified representative from the faculty of Providence College
f. A representative from the University of Rhode Island.
g. A representative from the Rhode Island academic community at large

A qualified alternate may serve .in:lieu of one ‘of the above.:"The Director, Assistant
Director and Radiation Safety Officer are not ellglble for Chalrpersonshnp of the
Committee. : b ngalsnog T oo

12.2.2 Direction and Rules - oo i
1. The NRSC shall review reactor. operations to assure that the facility is operated

in a manner consistent with public safety and within the terms:of the facility
license.
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2.

3.

4.

12.2.3

The NRSC shall have written direction defining such matters as the authority of
the Committee, the subjects within its purview, and other such administrative
provisions as are required for effective functioning of the committee. Minutes of
all meetings of the Committee shall be kept. All minutes of the previous Reactor
Utilization Committee shall be retained for the life of the facility.

A quorum of the NRSC shall consist of not l'ess than four (4) members and shall
include the Radiation Safety Officer or designee, the Director or the Assistant
Director for Operations and the Chairperson or designee.

The NRSC shall meet at least annually.

Review Function

The responsibilities of the NRSC shall include but are not limited to the following:

1.
2.

6.
7.

12.2.4

Review of proposed tests and experiments utilizing the reactor facilities.

Review of proposed changes to the facility systems or equipment, procedures,
and operations.

. Determination of whether a proposed change, test, or experiment would

constitute an unreviewed safety question or which may require a change to the
Technical Specifications or facility license.

Review of all violations of the Technical Specifications and Nuclear Regulatory
Commission Regulations, and significant violations of internal rules or
procedures, with recommendations for corrective action to prevent recurrence.

Review of the qualifications and competency of the operating organization to
assure retention of staff quality.

Review changes to the NRSC charter.
Review, at least annually, the radiation safety aspects of the facility.

Audit Function

The responsibilities of the NRSC shall include but are not limited to the following:

1.
2.

3.

Audit of operating and emergency procedures and records.
Audit of proposed tests and experiments utilizing the reactor facilities.

Audit of proposed changes to the facility systems or equipment, procedures, and
operations.

Revision 0 12-7 3/29/04




- -y

-

QRS T Gt R GO T AR SR SRR GRORL T S N

G

OO~ W =k W —

RI Atomic Energy Commission - -Safety Analysis Report
RI Nuclear Science Center B ~ o

12.3 - Procedures

Written procedures, reviewed and approved by the NRSC, shall be used for items 1-9
listed below. The procedures-shall-be-adequate to assure the safe operation of the
reactor, but should not preclude the use of mdependent judgment and actlon should the
situation require such. S

1. Startup, operation and shutdown of the reactor;

2. Installation and removal of fuel elements, control blades and incore devices

where necessary,

‘*( '.‘. "-’u’

3. Malntenance procedures that could have an effect on reactor safety,

EN

.- Periodic -surveillance of .reactor :instrumentation and safety systems, area
monitors, and continuous air monitors;

; lmplementatlon of the physical Secunty Plan and Emergency Plan

- t ( . s
. Radlatlon control procedures Bt

- A.' i "6 rv_ 3 . N
Recelpt mspectlon and storage of new fuel elements

l

'Storage and shlpment of |rrad|ated fueI elements and

© o .‘\!'j o o

Experiment review on a case-by-case basis assuring that section 3.8.3(2) of -
ANSI/ANS 15.1 is satisfied. Operational approval shall be by written approval by
a licensed senior operator. Written procedures should be established and -
supervision of the installation of such expenments shall be def ned ‘and
-exercised. - . - . SRR 1S R RITE

B Y U
- A + b + r

Substantive changes to the above ‘procedures sh'all be made only with the approval of
the NRSC. A Senior Operator may make temporary changes to the procedures that do
not change--their original ; intent. :; Temporary changes to procedures shall be
documented and subsequently revnewed by the NRSC Committee.

124 . Reqmred Actrons s e

12.4.11 : Reportable Occurrence \
In the event of a reportable occurrence: R

1. The Senior Reactor Operator shall be-notified promptly-and corrective action
shall be taken immediately.to place the facility in a:safe condition’until the cause
of the reportable occurrence is determlned and corrected

2. The Dlrector shall report the occurrence to the NRSC and RIAEC The report
shall include an analysis of the cause of the occurrence, corrective actions taken,
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and recommendations for appropriate action to prevent or reduce the probability
of a repetition of the occurrence.

3. The NRSC shall review the report and the corrective actions taken.

4. Notification shall be made to the NRC in accordance with Section 12.5.
12.4.2 Exceeding Safety Limit
In the event a Safety Limit has been exceeded:

. The reactor will be shut down and reactor operatlons will not be resumed until
authorization is obtained from the NRC.

2. Immediate notification shall be made to the NRC in accordance with Section
- 12.5 and to the Director.

3. A prompt report shall be prepared by the Senior Reactor Operator. The report
shall include a complete analysis of the causes of the event and the extent of
possible damage together with recommendations to prevent or reduce the
probability of recurrence. This report shall be submitted to the NRSC for review
and appropriate action, and a suitable similar report shall be submitted to the
NRC in accordance with Section 12.5 in support of a request for authorization for
resumption of operations.

12.5 Reports
Reports include the following:

1. Within 24 hours, a report by telephone through the NRC Operations Center,
Washington, DC, the NRC Region 1 and the RIAEC:

a. Any accidental release of radioactivity to unrestricted areas above permissible
limits, whether or not the release resulted in property damage, personal injury or
exposure,

b. Any significant variation of measured values from a corresponding predicted or
previously measured value of safety related operating characteristics occurring
during operation of the reactor.

c. Any reportable occurrences as follows:

i. A safety system setting less conservative than the limiting setting
established in the Technical Specifications;

ii. Operation in violation of a limiting condition for operation established in
the Technical Specifications;

Revision 0 12-9 3/29/04
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iii. A safety system component malfunction or other component or system
malfunction which™ could, orithreaten 'to, render’ the safety system
_incapable of performlng |ts mtended safety functrons i

|v Release of frssmn products from a falled fuel element

v. An uncontrolled or unplanned release of radloactlve matenal whrch results
in concentrations of radioactive materials inside or outside the restricted

5. . areain excess of the lrmlts specnﬁed in Appendrx B of 1OCFR20

N

vi. An uncontrolled or unantlcrpated change in react|V|ty |n excess of 0.5
%AK/K : Lo , .

vii. Condrtlons arising from natural or man- made events that affect or threaten
to affect the safe operatton of the facrhty, and

viii. An observed lnadequacy in the lmplementatlon of admlnlstratlve or

procedural controls such that the inadequacy causes or threatens to

A .'cause the existence or development of an unsafe condltron ln connectron
‘ &:':-ﬁ. - with the operation of the faculrty e : -

d Any vrolatron of a Safety lelt

e

: ~I Pt
-" f g

e, Dlscovery of any substantlal variance from performance specrfcatlons
contained in the technical specifications-and safety analysis.: : -

2. The written report shall be sent within 14 days. The reportshall:  ~ = ' =

olar Descnbe analyze and evaluate safety |mpl|cat|ons :“-‘r“
b. Outlrne the measures taken to assure that the cause of the condltlon is
: determrned cL .‘ _l e . ‘

C. lndlcate the correctlve actlon taken lncludrng any. changes made to the
procedures and to the quality assurance program, to prevent repetition of the
occurrence and of similar occurrences involving similar ‘components or
systems and

o ; CSTART TR B A LA S0 PR E NS MRS DU CE A

- d. ,Evaluate the safety |mpl|cat|on of : the “incident -in: Irght of the” cumulatrve o

experience obtained from the record ‘of previous failure and malfunctionis ‘of

similar systems and components.

3. Unusual Events. A written report shall be fonNarded WIthrn thlrty (30) days in the N
event of: SRR SURESE o

a. Discovery of any substantial errors in the transient or accident analysis or in
the methods used for such analyses as descnbed in the safety analysrs orin
the bases for the technical specifications; -

Revision0 - 12-10 Do 3/29/04 -
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b

C.

4. An

Discovery of any condition involving a possible single failure which, for a
system designed against assumed failure, could result in a loss of the
capability of the system to perform its safety function; and

Permanent changes in the facility organization involving the Director or
Assistant Directors.

annual repbrt shall be submitted in writing within 60 days following the 30th of

June of each year. The report shall include the following information:

a.

12.6

Tabulation showing the energy generated by the reactor (in megawatt days),
the number of hours the reactor was critical, and the cumulative total energy
output since initial criticality.

The number of emergency shutdowns and inadvertent scrams, including the
reasons.

Discussion of the major maintenance operationé performed during the period,
including the effect, if any, on the safe operation of the reactor, and the
reasons for any corrective maintenance required.

. A description of each change to the facility or procedures, tests, and

experiments carried out under the conditions of Section 50.59 of 10CFR50
including a summary of the safety evaluation of each.

A description of any environmental surveys performed outside the facility.

A summary of annual radiation exposures in excess of 500 mrem received by
facility personnel, including the dates and times of significant exposures.

A summary of the nature and amount of radioactive effluents released or
discharged to the environs beyond the effective control of the licensee as
measured at or prior to the point of such release or discharge.

Records

In addition to the requirements of applicable regulations and in no way substituting

therefore,

records and logs of the following items, as minimum, shall be kept in a

manner convenient for review and shall be retained as indicated.

12.6.1

Five Year Records

Records to be retained for a period of at least five years:

.a..

b.

Revision 0 -

Reactor operations:

Principal maintenance activities;
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. . A I .
C.: Expenments performed lncludtng aspects of the expenments that could affect
‘the safety of reactor operatlon or have radlologlcal safety lmphcatrons ‘

d. Reportable occurrences;
. &. Equipment and component surveillance activities;
f. Facility radiation'monitoring s‘ur'\./eys';' s
" g. Fuel inve;ntories:and trans)fers,andx
h. Cha:nges to procedures sys.tem_’s_flcomp.onents, and equipment.
1262  Lifetime Records "
Records to be retained for.the life of the facility:
a. Gaseous and liquid radioactive effluents released to the'envirOns;'
" b. Off-site environmental monf;gggf;ig_’sjgryé'ys;‘ 7
. C. Personnel radlatlon exposures;.

- d. Updated “as bunt” drawmgs of the facullty, and

~‘,"e.‘,M|nutes of the Nuclear and Radlatron Safety ‘Committee (NRSC) (and'
lprevrous Reactor Utlhzatlon Commlttee) meetlngs .

12.7 Emergency Planning

The RINSC Emergency Plan contains detailed information 'Co'ncerning"the RINSC
response to emergency situations.. The RINSC Emergency Plan is written to be in
accordance with ANSI/ANS 15.16, Emergency Planmng for, Research Reéactors. The
mformatron below W||| glve a general overvrew of the emergency plan '

The'RINSC Emergency Plan is desrgned to prowde response capabllrtles toe emergency .
situations involving the RINSC.' The plan deals with the RINSC facility, the spectrum of
emergency situations and accident conditions that could arise within the facility, and the
associated emergency responses that are required due to the unique nature of the
reactor facility. * Detailed emergency |mp|ement|ng procedures are referenced 'in thrs .
plan. This approach provrdes the RINSC facility’ emergency staff the ﬂexrbllrty to cope :
with a wnde ‘range of emergency srtuatlons wnthout requmng frequent revisions o the

plan. , N '

The responsibility for the plan rests with the RINSC Director who is also responsible for
response to and recovery from emergencues Implementatron of the RINSC Emergency

Revision 0 12-12 - - 3/29/04 . -
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Plan on a day-to- day basis is the responsibility of the Senior Reactor Operator on duty.
Provisions for. rewewmg, modifying, and approving emergency implementation
procedures are defined in the RINSC Emergency Plan to assure that adequate
measures to protect the staff and the general public are in effect at all times.

12.8 Security Planning

The RINSC Physical Security Plan contains detailed information concerning the RINSC
security measures. The information below will give a general overview of this plan.

The RINSC Physical Security Plan provides the criteria and actions for protecting the
facility, from acts of intrusion, theft, civil disorder and bomb threats.

Overall responsibility for facility security rests with the RINSC Director, who is
responsible for implementation of the plan. Implementation of the security plan on a
day-to-day basis during hours of operation is the responsibility of the Senior Reactor
Operator (SRO) on duty.

12.9 Quality Assurance .

The RINSC Quality Assurance (QA) Program contains detailed information concerning
the RINSC QA Program elements and their implementation.

The RINSC QA Program provides criteria for design, construction, operation, and
decommissioning of the RINSC reactor facility. The level of QA applied to RINSC
reactor activities is consistent with the importance of these activities to safety. The
activities included in the UCD/MNRC QA Program are those related to reactor safety
and applicable radiation monitoring systems The specific elements of the RINSC QA
Program are the same as those listed in ANSI/ANS 15.8,Quality Assurance program
Requirements for research Reactors.

12.10 Operator Training and Requalification

The RINSC has an established program for selection and training of reactor personnel.
This program has been established to train, qualify, and re-qualify individuals for
operation and maintenance of the reactor. The content of the training shall cover the
as-built and existing facility, significant facility modifications, current procedures, and
administrative rules and regulations as delineated in ANSI/ANS 15.4, Selection and
Training of personnel for research reactors.

The program shall carry the trainee through documented stages of classroom and on-
the-job training. The intended results shall be a candidate who anticipates conditions,
who communicates well and. who can accomplish requured tasks during normal and

abnormal operational situations. Licensing of a candidate is achieved after successful

completion of the training and subsequent testing by the NRC.

The objective of the re- quallf ication program is to refresh reactor operator's knowledge
in areas of infrequent operation, to review facility and procedural changes, to address
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subject matter not reinforced by dlrect use; and to improve performance weaknesses.
The program shall be designed to evaluate an operator's knowledge and proficiency for
his duties. The program shall take into account the specialized nature and mode of
operation of the RINSC reactor, and the background, skill, degree of responsibility, and

participation of RINSC reactor operations personnel in activities related to reactor
operations.

1211 “Startup Plan S

The RINSC has been in operation since . initial criticality was achieved in 1964
Conversion to an LEU core was accomphshed in 1993-94. For any activities that might
require a written startup plan, |t WI|| be supphed under a separate cover.

12.12 Environmental Reports |

The RINSC has retained the services of an outside contractor to produce an accurate
un-biased environmental report. The report details a historic review of data and records
that document the fact that no adverse, effects to the surroundlng environment have

been caused by the operation of the facullty This report is on file and available for
review.

T AP
oo
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13.0 ACCIDENT ANALYSIS -

134 Introduction

Nine credible accidents for research reactors were identified in NUREG 1537
(Reference 13.1) as follows: A Do
: ;the maximum hypothetlcal accrdent (MHA)
insertion of excess reactivity; - ’-».
loss of coolant analysis (LOCA)
\..loss of coolant flow;
- mishandling or malfunction of fuel
experiment malfunction;
loss of normal electrical power;
..externalevents;and : ;.- .. o o
. mlshandllng or malfunctlomng of equrpment . - ‘ -‘

For the RINSC the Desrgn Basis Acmdent is consrdered to be a loss of coolant
accrdent with the-water draining through a beam port contarnmg no plugs. The LOCA
assumes a guillotine severance of the end of a-beam port in the poo! with water leaving

an experimental beam port end and also through a drain. The MHA, is a hypothetical
accident .that involves-the highly improbable release of fission products ‘although no -

mechanlsm is identified to produce thls release Other acmdents evaluated for the -
RINSC are: SRR - . :

) lnsertlon of excess reactlvrty,
loss of coolant flow; =
_.start-up accident; g D P
loss of normal electrical power cop
external events; and
.-.mishandling or malfunctlonlng of equrpment

e o e e o =

13.2 Accrdent lmtlatmg Events and Scenarlos
13.21  Maximum Hypothetlcal Accrdent (MHA)

For the RlNSC “the Maxrmum Hypothetlcal Accrdent (MHA) is consrdered to be an'-
accident involving the release of fission products. The probability of an accident
occurnng that might result in-a significant release iof fission product from the RINSC -
core is extremely remote. Multiple barriers are present to minimize the release of flssron '
products to the envrronment should the fuel become damaged ' '

b
.f( s

The fuel is composed of uranrum-srlrcrde (UaSiz) dnspersed inan alumlnum matrix
- and clad in aluminum. This’ desrgn ‘retains - most- mlxed fission products and'
- retards the leakage of halogens and noble gas.* i -
» Fission’ products escaplng the fuel element are delayed and retamed by the pool
water. "~ R

Revision 0 13-2 Lo 3/29/04 .
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« The emergency exhaust system provides two stages’ of roughing filters and two
stages of high efficiency particulate air (HEPA) filters to remove particulates and
a charcoal filter to remove halogens and delay noble gases.

For the plate type fuel utilized in the RINSC core,. physical core damage to an element
is possible via pitting of plate cladding or inadvertent mechanical shock; for instance,
scratching of a plate surface in handling; such damage could lead to the escape of
fission products. While the real magnitude of such damage is indeterminate, it is difficult
to conceive of any situations or processes within the scope of reactor operations that
could result in the release of a large fraction of the core fission product inventory.
Experience at the University of Virginia with an earlier generation fuel design supports
the conclusion that a release of a large fraction of the core fission product inventory is
unlikely.

In a fission gas release from a fission plate at the Umversuty of Vlrglma reactor on May 3,

1968, isotopic concentrations of noble gases were measured in the reactor room,

amounting to ~0.1% of the total fission plate inventory. lodine isotope concentrations
were -too low to be detected. However, the University of Virginia concluded from
instrument readings that the iodine isotopes were released from the pool in amounts
less than 10% of the concentrations of noble gases.

In order for the RINSC to evaluate the consequences of fission product releases in the

event of some damage to an element occurring, the hypothesis is made that one plate

in an element (from the aspect of vulnerability to mechanical damage, an outside plate
would be most likely involved) is damaged to such an extent that total cladding integrity
is lost and that volatile fission products are completely ‘available for release to the
primary coolant. (This situation is difficult to conceive because even if the cladding
were completely ineffective, the metallic fuel matrix provides a substantial barrier
against diffusion of fission products within the element.)

The consequences of release of gaseous fission products to the primary coolant and
from there to the total pool volume from which escape to the confinement air occurs are
reviewed below. Release of air from confinement is assumed to occur through the
emergency exhaust system.

Off-site Dose Consequences of Re|ease of Radioactive Iodme Isotopes from a Single
Fuel Plate

According to Regulatory Guide 1.4 (Reference 13.4), only 25% of the halogens are
released in a fuel assembly cladding failure. For purposes of this assessment, the
following assumes release of 25% of the fission product radioactive iodine isotopes in
the form of elemental iodine that, in the amounts present, would readily dissolve in the
primary coolant water and be transferred by diffusion to the pool volume from which
they would - escape.to the confinement air.. In the first section of the following
calculations, complete mixing of the iodine in the pool volume is assumed, although no
correction is applied for radioactive decay during mixing. Operation at 2 megawatts with
14 elements and 22 plates per element is assumed, and iodine activities are assumed
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present in saturation quantities.” The, radioiodine ‘production and decay rate for the i*"
radioactive iodine isotope in the whole core is given by AN; where:

AN = (3.1 x 10" sec™) (2 x-10% watts) (y)

and where:
A; = radioactive decay constant for the i l radnonodme
N. = saturation number of atoms of theii" radioiodine present

= fractional fission yield for the i radioiodine
f fissions -

Table 13-1 gives values of fission yield y, and the activity of the appropriate radioactive
iodine isotopes.. The total number of iodine atoms present is i’ hence the '
number of molecules of |, present is The activity of the i radioactive iodine
isotope from a single fuel plate would be total core activity of that isotope divided by 14
fuel elements with 22 plates'each. :: -+ 0« o

e owtia

TABLE 13-1 RADIOIODINE ACTIVITY:PRESENT AT SATURATION IN THE PLATE

lodine Y Activity
Isotope fission (nCi)
yield
131 -'0.029-..
132 . |-::.0.043 - -
133 0.065
134 0.080
135 | " 0.064 "

The .pool is assumed to release 1 % of the dissolved iodines to the confinement air. - :
Based on the experience of the Umversuty of. Virginia, this assumption is conservative ::

by 'a factor of 100. Fifty percent of the iodines released to the confinement: air are

assumed to plate out and be unavailable for release to the environment outside the
building through the _emergency exhaust . system. The charcoal filter; within the: .
emergency 'exhaust system is assumed to remove 99% of , iodines. Source data: ;
consistent with the above assumptlons, are presented in Table 13-2. ~
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‘TABLE 13-2 ACTIVITIES OF RADIOIODINE ISOTOPES IN CONFINEMENT

Concentration
lodine pCilem®

Isotope
131
132
133
134
135

The release is assumed to originate from the stack and dilution is assumed to occur
under Pasquill Type F condition (inversion) and a wind speed of one meter per second.
Wind direction is assumed to be constant over the entire duration of the release. These
assumptions are conservative given the influence of Narragansett Bay and the Atlantic
Ocean on local meteorological conditions. The minimum radius defining the area under
the immediate control of RINSC is 48 meters and this is the distance at which (3/Q)es
has been calculated. ¥/Q is calculated according to

1
[To,o,u

x/Q=

Values of oy = 20 m and o, = 1.2 m for 48 meters have been estimated by
extrapolation of the curves given in Reference 13.3 for Pasquill Type F condition:

1

X = —=0.133 sec m~ or 1.33x1077 sec em™®
[1(2.0m)(1.2m)(Imsec™")

The release rate in microcuries per second for each of the iodine isotopes is given in
Table 13-3. The breathing rate is taken as 2 liters per minute. Values for conversion
factors in millirems/microcurie are taken from Reference 13.2.

Although administrative ‘control of the 48-meter radius around the reactor would be
established much sooner under the RINSC Emergency Plan, a member of the public is
assumed to be present at that distance for two hours before being discovered and
removed to a greater safe distance.
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TABLE 13 3 THYROID DOSE CALCULATION

| -~ Release Rate: . SO s et - o U Thyroid
lodine (uCilsec) Two-Hour Intake Dose ( mrem)
. (pCr) - Equivalent
’SOtOPe L L AT (mremluCr) e
131 - | 1 0.229 : 0 0592 ' 1080 82.19
.132 |- 0340 |- . 0.0877 e 6.44 0.73 |
133 - . -+ 0.514 B 0.1326 g 180 30.71: ;|
134 - | ¢ 0.632 1 01632 1.06 0.22 ".
135 | " 0.507 . 01306. | 313 527 |
e o Total:" 11942 | -

The total_commrtted dose equrvalent to thyrord IS a small fractlon of the value of 5 rems
thyroid. dose for: research reactors* (10CFR20) It should also be’ noted: that the
numbers shown in Table ;13-3 represent conservative estimates of’ commltted dose a
equnvalent based on the assumptlons and restrlctlve meteorologlcal consrderatrons '

Estrmatlon of Whole Bodv Gamma Rav Exposure Consequences of Release of
Gaseous Radloactlwtv from a Slnqle Fuel Plate

'\t. N

P ST T

In the followrng calculatrons gamma ray ‘doses are calculated on the basrs of the o

submersion dose principle wherein the concentration of radroactlvrty at the 48 meter .
location-is compared to the occupational MPC for each nuclide of interest. " The
assumptions of release and atmospheric dispersion are as .indicated above.: No
adjustments have been made to account for the fact that the cloud of radioactivity i is not
semi-infinite in extent and the doses calculated are significantly higher than would be
obtained under spatial equilibrium conditions. " Table 13- 5 shows source data for the
released gases under the earlier release assumptions; AL represents the activity (UCi) .
of species i in the confinement air‘at the instant of release.” MPCs for infinite ‘cloud
gamma submersion dose are calculated accordrng to ICRP recommendations;

where (MPC). is for an: occupatronal srtuatlon (r e., exposure to (MPC), results in 2.5
mrem h™ whole body dose) and where ZE; (E* in table) is taken as the total gamma
energy emitted per dlsmtegratlon of radionuclide, i. Table 13-5 contains pertinent data
for the nuclides of major concern used:in ‘the ‘calculations. " "Activities, ‘AN;, aré for '
release of the noble gases from a single plate as in the previous paragraph (i.e. A x
0.5). Values of AL for rad|010d|nes are.as glven in Table 13-2. (l e. A’ x 0.5x0.1)

e

Revision 0 13-6 e 3/29/04




p—
SOV NN S

11

12
13
14

15

16
17
18

19

20
21
22

RI:Atomic Energy Commission Safety Analysis Report -

RI Nuclear Science Center

- TABLE13 -5
DATA USED IN ESTIMATION OF SUBMERSION CLOUD GAMMA DOSES

A M E* (MPC), A

Nuclide (/hr) (fis. yield) | (MeV/dis) | (uCi/ml) AiN; Ci
1131 0.0035 | 0.029 0.400 - | 6.50E-06
1-132. 0.2888 ..| 0.043 2.120 1.23E-06
1-133 0.0333 - 0.065 0.550 4.73E-06
1-134 0.7920 0.080 1.250 2.08E-06
1-135 . 0.1037 0.064 1.500 1.73E-06
Kr-85m 0.1589. |- 0.013 0.190 1.37E-05
Kr-87 0.5331 0.025 0.630 4.13E-06
Kr-88 . 0.2502 | 0.036 | 2.180 1.19E-06
Xe-131m 0.0024 | 0.029 0.002 1.30E-03
Xe-133m 0.0126 - 0.065 0.006 4.33E-04
Xe-133 0.0055 . 0.065 | 0.080 3.25E-05
Xe-135m | 2.6637 |. 0.064 . 0.150 - | 1.73E-05.
Xe-135 0.0760 | 0.064 0.240 1.08E-05

Assume a reduction of 10% by pool and 50% by plateout of iodines and 50% for noble gases.

* It must be noted that E;* is the total gamma energy emitted per disintegration of the
radionuclide as distinct from the average gamma energy per dlsmtegratlon Values of E;* were
obtained by dividing the core strength at 1 MW (MeV/sec) as given in Table IV of TID-14844
(Ref"13-5) by the dxsnntegratlon rate of the particular radionuclide at saturation activity in the
core.

The instantaneous release rate, Q;, of nuclide i at time t post the accident is given by:
| Q, =k Afe (it

and tne instantaneous concentration at 48 meters is given by x;:
x, = (4.4x1078 J? o~k

whence the instantaneous dose rate attime t, R;, is

o _ (4x10°)e A e BT (2.5%107)

, : —MPC, (rem hr! )

and the integral dose fromt=0 to t = T due to nuclide | is Di:

(a.4x10° )k A2@2.5%10° ) e -
01 =""MpC,(, +K) (1-etu7)

where k (numerator) has units of sec”’ and (A+k) has units of hr'.
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Whole body gamma doses uncorrected for finite cloud size, for two hour. and infinite
times are given in Table 13-6. (0.1 rem for 2 hours and 0.2 rem for an infinite time)

TABLE 13 - 6

INTEGRAL WHOLE BODY GAMMA RAY.DOSES AT 48 METERS (REMS) -

Nuclide | . 2h .. 24h; - | .. -48h . 168h- _ Infinite
-131.. | :8.37E-04 4.10E-03:| - 4.45E-03 [ 4.48E-03 | '448E-03 |
1-132 5.06E-03 |..9.37E-03 ;| +9.37E-03 ' |: 9.37E-03. ‘| - 9.37E-03 ~
[-133 . 2.51E-03 . | 1.03E-02-- |.:1.07E-02 1.07E-02 | "1.07E-02 -
1-134 , 3.73E-03 4.48E-03 .| - 4.48E-03 4.48E-03 4.48E-03 |
[-135 . 6.30E-03 -1.87E-02 : | . 1.88E-02 '1.88E-02 1.88E-02
Kr-85m 1.54E-03 3.80E-03 3.81E-03 3.81E-03 3.81E-03
Kr-87 7.14E-03 9.94E-03 9.94E-03 9.94E-03 9.94E-03
Kr-88 4.51E-02 8.95E-02 |['..8.95E-02 - | 8.95E-02 :| 8.95E-02"-|:
Xe-131m 4 19E-05 2.07E-04 2.25E-04 2.26E-04 2.26E-04
Xe-133m ., 2.79E-04 | 1.29E-03 .- . 1.38E-03 - - - 1.38E-03 | 1.38E-03
Xe-133. - | 3.75E- 03’ 1.81E-02- -| - 1.96E-02: 1.97E-02 | 4.97E-02
Xe-135m . '| 1.38E-03 |- 1.39E-03; | -.1.39E-03 . |- ~1.39E-03 [ 1.39E-03 :
Xe-135 1.03E-02 3.44E-02 3 49E-02 3.49E-02 |  3.49E-02

Totals - 0.0880 0. 2055 : 0. 2085 0. 2087 0 2087

For a dlstance of 100 meters the above uncorrected whole body dose would be
reduced to approxrmately 0.025 and 0.05 rem, respectively. ‘

The above numbers compare to 500 mrem whole body dose to an individual member of
the general public considered limiting for research reactors (10 CFR 20). An estimate

of the actual potential gamma dose, considering the correction for the: fact that the -

cloud is, indeed, finite in size. may be -made. - If it is assumed that:atthe 48 ‘meter :
distance the cloud is of the same ‘effective;dimension (width and height) as the reactor
building we can more realistically-estimate the gamma dose. Values ‘of o, and o, are -
very small for the 48 meter distance and indeed for.a point source release the y and z -
dimension of the cloud would -be :less-than-5:meters).:. While the ‘cloud may be ’f~
considered infinite in extent in the x direction beyond the 48 meter point, it is consrdered
to extend 48 meters in the x direction toward the reactor from the dose point, 24 meters -
in the z direction, .and 12 meters in-either y:direction..: The estimated fraction of the -
semispherical -infinite cloud dose:based on these dimensions is less than 0.10. The
calculated 2 hours and infinite gamma-dose at the 48 meter distance would then be -

.

o

23
24
25
26
27
28
29

reduced to approxmately 0.01.rem and 0 02 rem respectlvely

LEU Fuel and Doses with Plutonlum Burldup i :'

b b

With the previous use 6 of HEU fuel: the. conte‘nt of 238U was small and the productlon of
plutonlum and other actinides negligible..: The LEU fuel will have a content of about
80% 2°®U and a greater potential for the-buildup of plutonium with-burn-up.: Studies
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have shown that though there may be a slight increase in dose due to plutoniurﬁ' |

buildup, the consequences are insignificant. (Reference 13.7)

13.2.2 Insertion of Excess Reactivity

Technical specification 1.25.7 sets an uncontrolled or unanticipated change in reactivity
in excess of 0.5%Ak/k as a reportable occurrence. Section 3.1.3 restricts the total
reactivity worth of all fixed experiments to a maximum of 0.6%Ak/k and moveable
experiments to 0.08%Ak/k. In order to assure that thése criteria are adequate, ANL ran
a PARET Analysis using a 200 millisecond delay to beginning of control blade insertion
(the blades actually begin to insert within 100 milliseconds of a scram).

Figure 13.1 shows the response of core power and peak clad temperature with time.
The onset of nuclear boiling (ONB) is approached but does not occur. In fact, core

power and the clad temperature reach a peak and begin to decrease prior to control
blade insertion.

13.2.3  Loss of Coolant Accident (LOCA)

The loss of coolant analysis is-the Design Basis Accident for the RINSC and is based
upon an assumption that-the beam port end in the pool is severed and the pool drains

into the beam port and leaks out on reactor main floor and also to the beam port vent

and drain lines.

There are four (4) six inch diameter and two (2) eight inch diameter aluminum beam
ports which extend from the outside concrete wall through the pool wall liner at the mid-
level of the reactor core. If the pool water drained to this level, active fuel would still
remain immersed in about eight (8) inches of water.. A typical beam port is shown in
Figure 13-2. Figure 13-3 shows the vent and drain location and interconnection. The
one inch line then runs to the outside of the concrete shield and has a one inch manual
gate valve fitted with a one-half inch orifice. From there, all the beam port drain lines
interconnect and run to the basement area below the reactor where the vent to an off-
gas blower system which draws air through the experimental systems and discharges
the activated air to the suction side of the reactor room exhaust fan, which discharges to

the stack. It should be noted here that manual closing of the beam port 1 inch gate

valves will stop a beam port vent line or drain line leak from continuing.

The beam port itself-has four (4) basic barriers that can prevent leakage. The beam
port end in the pool is a welded cap assembly (thimble). The beam port shutter, which
can be lowered to close off the beam port, is another barrier between the pool and the
reactor room end.- A third barrier, concrete shielding plugs with a one inch spiral hole
for instrument leads; sit at the reactor room end of the beam port. During experiments
these plugs may be in place or may be replaced with an experimental facility of similar
design. The final barrier is a cover flange that bolts to the end of the beam port. This
flange is in place while the beam port is not in use for experiments. A fixed experiment
which will be placed in the beam port end will be limited to a design which allows no
more than an equivalent ¥2" diameter hole extending to the reactor room. All
experiments must be designed to withstand a backpressure equivalent of the hydraulic
head of the pool, or about 25 feet of water pressure.
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Figure 13-4 shows the schematic diagram for the postulated loss of coolant
calculations. The assumptlons used to calculate the drainage time are shown below.

o A guillotine cutoff occurs at the beam port and floods a beam port A 2 inch drop
in pool level scrams the reactor, .. B ‘

The'shutter is fully open,

The drain line manual valve is open,

An experiment is in place with an aperture of ¥ inch diameter maximum opening,

The pool fill valve does not open automatically, and
-.No operator actron to reduce or stop ﬂow

e

v IR t s !
lt is |mportant to note that the elevatlon of. the bottom of the core box is lower than the g
bottom elevation ‘of the .eight (8) inch béam port. In the event of the water of the pool
dropping to this elevation, the bottom 8 inches of the fuel element ‘plates are still
submerged in the core box 'water. Fuel plate cooling can take place due to the ¥z inch

diameter hole in the bottom of the core box, since the cooler surrounding pool water is -

available for heat removal.

SURFACE AREAS (FREE FLOW AREA)

Area of entire pool surface (A) 150 ft2
Area of two 1/2 lnch dlameter holes (a) 0.00273 ft?

; T Hie P U SR S I
A calculation was performed to determine the consequences of gravity draining of the
pool from the pool surfaces to the:middle of the core box out of the 8 inch-beam port
which has a plug in place and the shutter in the up position. There is no cover flange.
The data elevation of 114.13 is used:due to the assumption that water will not drain
below this elevatron in the event of shear of the 8 inch beam port.

Leak rate (maximum)

Datumis el. 114.1 feet (invert of the bottom of an eight-inch beam port) -
el. 139.4 feet (normal water level of pool)

head of water (h) = 139.4 - 114.1 =253 feet E
area of leak (a) = two ¥ inch diameter holes =0.00273 ft? -
standard orifice discharge coefficient = 0.61

Flow through the standard orifice: v=0.6la2gh
Covs= 30 13gpm -

Drain time of pool with two %2 inch diameter holes:

24(h1 -Jh2
Ca\f2g

=
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_ 1508.6
0.01335

=31.4hours

These calculations indicate that the pool would drain to the top of the core box in about
31.4 hours.

POOL MAKE-UP WATER

The Rhode [sland reactor has a 'pooi fill make-up systerh consisting of a 2 inch water
line from a make-up demineralizer system which provides a normal flow of 5 gallons per

minute. An automatic fill is initiated with a 1 inch drop in pool water level. A 2 inch drop :

in pool water level scrams the reactor. Manual fi illing of the pool provnded 20 gallons per
minute. The reliability of the water supply system has been described in Section 9.5 of

this SAR. The Bay Campus can provide 5 gallons per minute or more, even with a -

power failure.
DECAY HEAT CALCULATIONS

In determining the decay he'at‘genera-tion following a LOCA, the following assumptions
are made:

 The reactor has been operating for 40 houfs continuously, therefore Table 13.8
can be used in determining the power ratio P(,s)/Po,
¢ - The reactor scrams at time zero,

The reactor pool water level and corresponding dralnage time are as previously

- determined, and -

¢ Following the LOCA, the decay heat is conducted away to water in the core box
until the fuel either reaches its melting point or reaches a value that is lower.

The time to drain the pool to the mid section of the fuel elements is 31.4 hours.

2 MW Operation Heat Generation:

_ 6.86x10° Btu/hr y 1
14elements x 22 plates/element  3,600sec/hr

= 6.187 Btu/sec per plate

From Table 13.8 Time = 1.13 x 10° seconds; _11; = 0.00465

Q

§ =.00465x% 6.187 =.02876 Btu/sec

0
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This heat generatlon now must be removed by conduction and convection to assure
that fuel plate melting does not occur. To calculate what heat generation would be
required to melt the fuel, the following calculation was performed:

HEAT CONDUCTION DOWN THE PLATE (FUEL SECTION)
It is assumed that the heat generatlon sine dlstnbutlon
The volumetric heat rate Q™" is defined a

QM = Qmax = Qmax Btu/ ft? e (1)
volume |-w-t ¢ -

where Qnax = Btu/sec
and | = fuel plate length
w = fuel plate width
t = fuel plate thickness
For an average sine

Qe = Qe xI1/2 (2) .
Substituting equation (2) inte}e}qqa_tion (1) we obtain:
Q''=q,, -1/2 (3)

For conduction downwards (-x direction) and usmg the heat conductlon
equation from reference 13-X. . T

d’t - Qyyy T '
= — 4
‘dxz . kf. . ) L P ()

where
kf = fuel plate thermal conductivity

for a sinusoidal heat generation
QM =Q,,, xsinlIx/l | o (5)
. substituting equation (3) into equation (5) we obtain

Q N e '
1M _Fave /0. smrlxll (6)
l-w. t L . .

(AR

substituting (6) into(4) ¢ v

d’t -Q,,

dx? l-w-t

TH/2-1/Kf -sinTTx /2 M

Revision0. ‘ 13-12 o 3/29/04 .
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integrating (7)

%’E—=-HIZ-Q,,, Il-w-'t-kf(—co‘s‘rlxll)-lI[I+C1

evaluating C; dt/dx=0 AT x=1 (1 =top of fuel)

C1 = Qave/2 w-t-kf
then
dt Q...

12w -kf
dx w-t-k

ave

f-cosl'lxll—Q

then integrating with the limits

T = 1200 °F at top of fuel plate C x=20
T =212 °F at surface of water in core box x=0.7

then

Qave = 0.013 Btu/sec

HEAT CONDUCTION TO THE WATER IN CORE BOX FROM THE NON FUEL
ALUMINUM IN THE ELEMENT

Calculation Basis — Per Plate

A. Non Fuel Plate Cross Section
Plate Cross Section = 0.05 ins x 2.79 ins = 0.1395 sg-ins
Max Fuel Cross Section = 0.02 ins x 2.47 ins = 0.0494 sqg-ins
Non Fuel Plate Cross Section = 0.1395 ins — 0.0494 ins = 0.0901 sqg-ins
22 plates x 0.0901 = 1.9822 sg-ins

B. Side Plates of the Element
Average width = 0.187 ins
22 grooves (0.187 — 0.088) x 0.058 ins
Cross Section -
Two Side Plates x [(0.187 x 3.045) — 22 x (0.099 x 0.058)] = 0.8862 sqg-ins

C. Total Area for the Element
Area = 1.9822 ins + 0.8862 ins = 2.8684 sg-in
Per Plate Basis '
Area = 2.8684 / 22 = 0.13038 sqg-ins / 144 = 0.0008054 sg-ins
Heat Conducted from the Aluminum to the Water
Q = kae A dt/dx
Q =katA (Tmax — Tsat/ 1)

Revision 0 13-13 3/29/04
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TABLE 13.8
The Ratlo, P(ts) / Py, of the Fission Product Decay Power to Reactor Operating
" Power asa Functlon of Tlme ts, After Shutdown (ANS 1968)

- Time After . * Time After |
“Shutdown, ts " Power Ratio Shutdown ts . Power Ratio
(seconds) Pts)/Po .. . (seconds) P(ts) / Po

1x10™ 0.0675 "6 x 10* ~ 0.00566
1x10° f0062s |8l 0.00505
2 0.0590 .  1x10°. 0.00475
4 0.0552 2 '+ 0.00400 -
6 00533 | .4 0.00339 -
8 0.0512 6 0.00310 -
1 x 10" 0.0500 8 ~ 0.00282
2 0.0450 1x10° 0.00267
4 0.0396 - --.|. 2- 0.00215 -
6, £ 0.0365 + -~ |74 0.00166
8 00346 ' | 6 0.00143
1 x 10° 0.0331 8 0.00130
2 0.0275 ¢l 1% 107 000117
4 00235 = | 2 10.00089
6 100211 | 4 0.00068
8 000196 | .6 0.00062
1% 10° ‘00185 | 8 0.00057
2 0.0157 ;¢ |- 1x10° 0.000550-.
4 10,0128 i 20 . 0.000485
6 0012 4 4 7 0.000415
8 00105 | 6 0.000360
1 x 10* 0.00965: v | 8 0.000303
2 0.00795_ 1x10° ~.0.000267
4 .'-'o 00625
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The calculations for the decay heat generatlon following the LOCA indicate the
following:

e The pool would take about 31.4 hours to reach the middle of the core assuming
no operator action and a simultaneous failure of make-up water, a highly unlikely
occurrence. ,

e Further draining of the core to partially expose fuel would not lead to fuel melting.

e Administrative controls provide that proper design, installation and operation of
fixed beam port experiments.

» Operation procedures have been established to provide that necessary reactor
operator actions take place within a reasonable amount of time following a
LOCA. For example, the lowering of the shutter, closing of the beam port drain
valves, adding water to the pool if available, and repositioning the core into the

fuel storage area (radiation levels being permlssmle) and placing the gate in
place to isolate the leak.

Based upon the above analysis, the consequences of the potential LOCA are
acceptable.

13.24  L.OSS OF COOLANT FLOW

The forced convection mode of operation requires downward flow of coolant through the
core. Upon loss of flow, the reactor scrams, coolant flow stops and reverses direction
after a short time. The natural convection flow takes over and enters through the outlet
plenum and upward through the core to the pool.

13.2.41 Loss of electrical power to primary pumps

Upon a loss of electrical power to the primary pumps the coolant temperature rises as
the flow rate drops. When the flow drops to 80% of initial flow, the reactor automatlcally
scrams and within a 0.1 second time delay the control blades start to insert, resulting in
a rapid power and clad temperature drop. The power levels off at about 10% of its initial
value but the flow rate continues to drop to a stagnant condition at 3.6 seconds after
which it reverses direction. This causes the clad temperature to reach a minimum and to
begin to rise at an increasing rate until the flow reversal. After the reversal, the upward
flow increases while the power continues to slowly decrease. The clad temperature
increase then begins to slow and peaks at 103°C shortly after 9 seconds.

13.2.4.2 Failure of a pump or other component in the primary coolant system

Failure of the inlet plenum coolant gate valve to open on a loss of coolant flow would not
cause any problem with the natural circulation of the primary coolant. The natural
circulation flow is up through the core and through the open top plenum to the pool. The
coolant gates are held closed by the forced circulation and are opened by gravity.

Failure of the outlet plenum coolant gate valve to open on a loss of coolant flow would
prevent the natural circulation path of pool water into the bottom of the core causing
overheating/boiling and an erratic/uneven cooling of the fuel elements. A monthly test
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and annual inspection of the gate valves insure that they will open on a loss of coolant
flow. An automatic scram occurs |f elther gate valve is opened during forced convection
modes of operation.
Failure of an isolation or check valve in the primary cooling loops could reduce the
coolant flow without causing a scram. If coolant flow is reduced to the alarm set point of
90% of nominal flow it will alert the operator to the low flow condition. A check of primary
temperatures_and "coolant flows will indicate to the operator any trends in system
parameters. The reactor can be shutdown and the cause of the low coolant ﬂow can be'
determined. o

13.2.5  Start-Up Accident e
This accident was analyzed using a digital computer program PARET (Reference 13.8).
The accident is postulated to proceed under the follownng assumptlons

a. The reactor is in the cold clean condltlon with power at source level. '
b. The servo regulating blade is withdrawn, followed by continuous withdrawal of all
- - safety blades in succession at their maximum rate.. »
. ¢. Period scram protection fails.” =% 7 - ‘

d. The reactor is scrammed by the high flux sensor: lnstrumentatlon when the power =
~ level reaches 2.4 MW (20% overpower).
e. The delay time from generatlon of a high flux scram S|gna| to the mstant when the

safety blades are free to drop is conservatively taken as 0.5 seconds

The analyses indicate that the maximum fuel temperature (l e., hot spot in the hottest
channel) reaches 88.1°C (191°F) for the LEU fuel. Thus, it.can be concluded that thlS= :
accident results in no harm to the reactor. o
If assumptlons ‘c & d”'are’ modifi ed to - penod and hrgh flux scram protectron falls -
then reactor power would continue to rise beyond the scram trip point (2.4 MW) until the .-
negative reactivity introduced by the void ‘and temperature coefficients is greater than
the net positive reactnvnty inserted by blade withdrawal. Table 13-9 provides the peak
power and the maximum claddlng temperature reached in the cladding for the LEU fuel
cases. In each case, the maximum cladding temperature is less than 150°C (302°F) — -
much lower than the 582°C (1080°F) melting temperature of 6061 cladding. Table 13- 10 .
provndes the reactlwty addition rate and the total -energy released. The. core would
operate in the nucleate boiling | range W|thout phy3|ca| damage until the accrdent could .
be termlnated by a manual scram : :

[ RS x,'
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TABLE 13 -9
Peak Power and Cladding Temperatures

Case . Peak Power, MW Peak Cladding
~ Temperature, °C
LEU Startup 149 148.3
LEU Equilibrium 16.2 148.5
TABLE 13 -10

LEU

Startup Equilibrium
Reactivity  Addition  Rate,| 0.0196

. - %Ak/k/sec: . :
(Total Ramp Addition) 3.104 %Ak/K / 157.9 seconds

Minimum Period, seconds 0.79 -
Total Energy Release, MW 287 | 344

13.2.6 Loss of Normal Electricral Power

Loss of normal electrical power will de-energize all reactor systems with the exception of
emergency lighting, pool fill circuit, etc. switching to the emergency generator. The
reactor parameters will react in the same way as section 13.2.4.1 with the addition of the
reactor scramming upon loss of the normal electrical power.

13.2.7 External Events

Tornadoes and floods are extremely rare in the area around the RINSC reactor.
Therefore, these events are not considered to be viable causes of accidents for the
reactor facility. The RINSC facility has demonstrated it's ability to withstand the
infrequent wind storms during the hurricane season. In addition, seismic activity is low
in the area. The probability of these external events is discussed further in Chapter 2.
The RINSC site is located on the somewhat remote Graduate School of Oceanography
Campus of the University of Rhode Island and is protected by an approved physical
security plan. Overall security is far stricter than the surrounding civilian business and
residential areas. Therefore, accidents caused by human controlled events which would
damage the reactor, such as explosions or other unusual actions, are considered to be
of very low probability.
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13.2.8 Mishandling or Malfunctlon of Equipment

An analysis .was made of the possibility.that the loss of water from the reactor or from’
the radioactive Ilqu1d storage tanks could affect the environment. The reactor main floor

drain empties into the storage tanks. Should the entire contents of the reactor pool be let

out into the reactor room, some water could escape through the basement area into the

campus storm drains. The pool water would then be directed and dlluted by the campus 7
drain network and released to the Narragansett Bay waters.

Malfunction of the confinement systems would have the greatest |mpact durlng the

maximum hypothetical accident (MHA).: Surveillances are conducted on these ‘systems :
to ensure operability should an ‘accident occur. Radioactive liquid leaks have been

previously addressed.- Although no damage to the reactor-occurs as .a result of these

leaks, the detarls of the analyses provide'a:more comprehensnve exp!anatnon

13.3  Summary and Conclusions

This chapter of the Safety Analysis Report contains a conservative analysis of many
different types of hypothetical accidents as they relate to the RINSC reactor and the
surrounding environment. . . Beginning :with - the _maximum: hypothetlcal accndent ‘and
continuing on through an entire array of other-accidents, it has been’shown' that the
consequences of such accidents will not result in occupational radiation exposure of the

RINSC staff or radiation -exposure of the general publlc in excess of appllcable NRC '
limits. _
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1.0 DEFINITIONS = T
1.1 ° Certified Operator
An individual authorized by the U. S. Nuclear Regulatory Commission to carry out the
responsibilities associated with the position requiring the certification.
'1.1.1 Senior Re'éct:o'r (")perato'r VVVV
~ An mdlvrdual who is. llcensed to dlrect ‘the actrvmes of reactor operators -Such an
" individual may be referred to as a class A operator.
1.1.2 Reactor Operator
“An individual who is licensed to mampulate the controls of a reactor. Such an
" individual may be referred to asa class B operator
1.2 Confinement
Confinement means an enclosure on the overall facility which controls the movement of
* " air into it and out through a controlled path. =
1.3 Experiment
'Any operatlon component, or target (excludmg devices such as detectors, foils, etc.),
“which'is designed to investigate non-routme reactor characteristics or which is intended
,for irradiation within the pool on or in a beam tube or irradiation facrlrty and which is not
rigidly secured to a core or shield structure so as to be part of their design.
1.3.1 Experiment, Moveable
‘A moveable’ experxment 1s oné where it is intended that all or part of the expenment
may be moved In or near the core or into and out of, the reactor while the reactor is
: operatmg L
1.3.2 Experiment, Secured
‘A secured expenment is any, expenment expenment facility, or component of an
experiment ‘that is held in a stationary posmon relative to the reactor. by mechanical
means. The restraining force must be substantially greater than those to which the
experiment might be subjected by hydraulrc pneumatic, buoyant, or other forces
which are normal to the operating ‘environment of the experiment, or by forces which
~ can arise as a result of credible conditions. _
1.3.3 Exﬁeriirrentaf Facilities ':g']; '
Revision 1 14-4 . 3/29/04
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An experimental facility is any structure or device which is intended to guide, orient,
position, manipulate, or otherwise facilitate a multiplicity of experiments of similar
character. '

1.4 Explosive Material

Explosive material is any solid or liquid which is categorized as a severe, dangerous, or
very dangerous explosion hazard in DANGEROUS PROPERTIES OF INDUSTRIAL
MATERIALS by N.I Sax, third Ed. (1968), or is given an identification of Reactivity
(Stability) Index of 2, 3, or 4 by the National Fire Protection Association in its publication
704-M, 1966.

1.5 Instrumentation Channel

A channel is the combination of sensor, line, amplifier, and output device which are
connected for the purpose of measuring the value of a parameter.

1.5.1 Channel Test

Channel test is the introduction of a signal into the channel for verification that it is
operable.

1.5.2 Channel Check

Channel check is a qualitative verification of acceptable performance by observation
of channel behavior. This verification, where possible, shall include comparison of
the channel with other independent channels or systems measuring the same variable.

1.5.3 Channel Calibration

Channel calibration is an adjustment of the channel such that its output corresponds
with acceptable accuracy to known values of the parameter which the channel
measures. ~Calibration shall encompass the entire channel, including equipment
actuation, alarm, or trip and shall be deemed to include a channel test.

1.6 Limiting Conditions of Operation (LCO)

Lowest functional capability or performance levels of equipment required for safe
operation of the reactor (10CFRS50.36).

1.7 Limiting Safety System Setting (LSSS)

Settings for automatic protective devices related to those variables having significant
safety functions, and chosen so that automatic protective action will correct an abnormal
situation before a safety limit is exceeded (10CFRS50.36).

1.8 Measured Channel

Revision 1 14-5 3/29/04
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. 1.9 Measured Value = s

A measured channel is the combination of sensor, amplifiers, and output devices which
are used for the purpose of measuring the value of a parameter.
A . .

The measured value of a parameter is the value of the vanable as mdlcated by a
measuring channel. . : .

1.10 .. Operable

Operable means that a component or system.is capable -of performing its intended
function.

1.11 Operating
Operating means that a component or system is performing its intended function.

1.12 Operational Reactor Core

An operattonal core is a standard core for whlch the core parameters of excess'reactivity,

shutdown margin, fuel temperature, power calibration, and reactivity worths of control
blades and experiments have been determmed to satlsfy the requirements set forth in the

. Technical Specifications. . .- .. .«

C ':.' .
1.13 Protective Action
Protective action is the initiation of a signal or the operation of equipment within the
reactor safety system in response to a variable or condition of the reactor facility having

-reached a specrﬁed limit. R

S T

1.14 Reactmty Excess

Excess reactivity is that amount of reactivity that would -exist if all the control blades
were moved to the maximum reactive condition from the pomt where the reactor is
exactly critical. C :

1.15 . Reactlvnyerlts, o BT e

T R SRS ‘ '
The react1v1ty hmlts are those limits 1mposed on the reactor core excess reactrvxty
Quantities are referenced to a reference core condition.

1.16 . React1v1ty Worth of an Expenment b
The reacthty worth of an expenment is the maximum absolute value. of the reactmty
change that would occur as a result of intended or anticipated changes or credible
malfunctions that alter equipment position or configuration.

Revision 1 - 14-6 A 3/29/04
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1.17 Reactor Operating
The reactor is operating whenever it is not secured or shut down. The reactor has two
modes of operation: natural circulation - not to exceed 0.1 MW and forced circulation -
not to exceed 2 MW.
1.18 Reactor Safety Systems
Reactor safety systems are those systems, including their associated input channels, which
are designed to initiate automatic reactor protection or to provide information for
initiation of manual protective action.
1.19 Reactor Secure
The reactor is secure when:
1.19.1 Subcritical:
There is insufficient fissile material or moderator present in the reactor, control blades
or adjacent experiments, to attain criticality under optimum available condmons of

moderation and reﬂectlon or the following condxtlons exist:

a. The minimum number of neutron absorbing control blades are fully inserted
in shutdown position, as required by technical specifications.

b. The master switch is in the off position and the key is removed from the
lock.

c. No work is in progress involving core fuel, core structure, installed control
blades, or control blade drives unless they are physically decoupled from the
control blades.

d. No experiments are being moved or serviced.

1.20 Reactor Shutdown

The reactor is shut down if it is subcritical by at least the shutdown margin in the
reference core condition with the reactivity of all installed experiments included.

1.21 Readily Available on Call
Readily available on call shall mean a licensed senior operator shall insure that he /she,
can be contacted within ten minutes and is within a 30 minute driving time from the

reactor building when the reactor is being operated by a licensed operator.

1.22 Reference Core Condition

Revision 1 14-7 3/29/04
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.1.23 | RegulatmgBlade

The condition of the core when it is at ambient temperature (cold) and the reactivity

.. worth of xenon is neghglble <0.05% Ak/k

3 .
D -

The regulating blade is a control blade of low reactivity worth fabricated from stainless
steel and used to control reactor power. The blade may be controlled by the operator with
a manual switch or by an automatic controller.: .

1.24 Removable Experiment

A removable experiment is any 'experiment, experimental -facility, or component of an
experiment, other than a permanently attached appurtenance to the reactor system, which
can reasonably be anticipated to be moved one or more times during the life of the
reactor.

. 125 “Reportable Oceurrence' i

A reportahle occurrence is any of the following:

1. A safety system setting less conservative than the lxmltmg settmg established in
the Technical Specifications; .- .- : :

2.  Operation in violation of a limiting condltlon for operation estabhshed in the
Technical Specifications;

. 3., A safety system:component. malfunction or other component -or system
.., malfunction which could, .or threaten to, render the safety system mcapable of
-performing its intended safety functions;" :

4. Release of fission products from a failed fuel element;

5. An uncontrolled or unplanned release of radioactive material which results in
concentrations of radioactive materials inside or outside the restricted area in
excess of the limits specified in‘Appendix B of 10CFR20

6.  Anuncontrolled or unanticipated change in reactxvxty in excess of 0.5 %AK/K;

7.  Conditions arising from natural or man-made events that affect or threaten to
-affect the safe operatlon of the facﬂlty, :

8. An observed madequacy in the 1mp1ementatxon of admmlstratlve or procedural
controls such that the inadequacy causes or threatens to' cause the existence or
development of an unsafe condition in connection with the operation of the
facility.

Revision 1 - : 14-8 K 3/29/04
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1.26 Research Reactor

A research reactor is defined as a device designed to support a self-sustaining neutron
chain reaction for research, development, educational training, or experimental purposes,
and which may have provisions for the production of radioisotopes.

1.27 Rundown

A rundown is the automatic insertion of the shim safety blades.

1.28 Safety Channel

A safety channel is a measuring channel in the reactor safety system.

1.29 Safety Limits

Safety limits are limits on important process variables which are found to be necessary to
reasonably protect the integrity of the principal barriers which guard against the
uncontrolled release of radioactivity. The principal barrier is the fuel element cladding,.

1.30 Scram Time

Scram time is the elapsed time between reaching a limiting safety system set point and
specified control blade movement.

131  Shim Safety Blade

A shim safety blade is a control blade fabricated from borated aluminum, which is used to
compensate for fuel burnup, temperature, and poison effects. A shim safety blade is
magnetically coupled to its drive unit allowing it to perform the function of a safety blade
when the magnet is de-energized.

1.32 Shall, Should and May

The word "shall" is used to denote a requirement. The word "should"” is used to denote a

recommendation. The word "may" is used to denote permission, neither a requirement
nor a recommendation.

1.33 Shutdown Margin

Shutdown margin shall mean the minimum shutdown reactivity necessary to provide
confidence that the reactor can be made subcritical by means of the control and safety
systems starting from any permissible operating condition and with the most reactive
blade in its most reactive position, and that the reactor will remain subcritical without

- further operator action.

1.34 Secured Experiment

Revision 1 14-9 3/29/04
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Any experiment, experimental facility, or component of an experiment is deemed to be
secured, or in a secured position, if it is held in a stationary position relative to the reactor
by mechanical means. The restraint shall exert sufficient force on the experiment to
overcome the expected effects of hydraulic, pneumatic, buoyant, or other forces which are
normal to the operating environment of the experiment, or of forces which might arise as
a result of credible malfunctions.

S

135 StatlcReactmtyWorth

The static reactmty worth of an expenment is the absolute value of the react1v1ty change,
which is measurable by calibrated control blade comparison methods.

1.36 Standard Reactor Core

A standard core is an arrangement of (14) 22-plate LEU fuel elements in the reactor grid
plate and may include installed experiments.

1.37 Surveillance Activities

Surveillance activities (except those specifically required for safety when the reactor is
shutdown), may be deferred during reactor shutdown, however, they must be completed
prior to reactor startup unless reactor operation is necessary for performance of the
activity. Surveillance activities scheduled to occur during an operating cycle which
cannot be performed with the reactor operating may be deferred to the end of the cycle.

1.38 Surveillance Intervals

Maximum intervals are to provide operational flexibility and to reduce frequency.
Established frequencies shall be maintained over the long term. Allowable surveillance
intervals shall not exceed the following:

1. 5 years (interval not to exceed 6 years).

N

. 2 years (interval not to exceed 2 1/2 years).

(78]

. Annual (interval not to exceed 15 months).

=N

. Semiannual (interval not to exceed 7 1/2 months).

. Quarterly (interval not to exceed 4 months).

L

(=)}

. Monthly (interval not to exceed 6 weeks).

~1

. Weekly (interval not to exceed 10 days).

(o]

. Daily (must be done during the calendar day).
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1.39 True Value
.The true value is the éctua.l 'v'alue of a parameter.
41.40 Unscheduled Shutdo'wn '

An unscheduled shutdown is defined as any unplanned ’shu'td‘own of the reactor caused by
actuation of the reactor safety system, operator error, equipment malfunction, or 2 manual

shutdown in response to conditions, which could adversely affect safe operation, not
including shutdowns which occur during testing or check-out operations.

Revision 1 14-11 3/29/04
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2.0 SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTINGS

2.1 .

Revision 1

Safety lelts
2.1.1 Safety Limits in the Forced Convection Mode
Applicability:

This specification applies to the interrelated variables associated with core thermal
and hydraulic performance in the steady state with forced convection flow. These
variables are:

Reaotor Therma;l'Power P B
Reactor Coolant Flow through the Core, m
Reactor Coolant Outlet Temperature, To

Height of Water Above the Top of the Core, H
Objective:
To assure that the integrity of the fuel clad is maintained.

Specifications:
1.  The true value of reactor power (P) shall not exceed 2.4 MW,

2.  The true value of reactor coolant flow (m) shall not be less than 1580
- gpm. - SRR "

3. The true value of the reactor coolant outlet temperature (To) shall not
exceed 125 °F, '

4. The true value of water height above the active core (H) shall not be less
than 23.54 feet while the reactor is operating at any power level.

Bases:

The basis for forced convectron sa.fety- limits is that the calculated maximum
cladding temperature in the hot channel of the most compact core will not be
exceeded. The thermal hydraulic analysis (Part B, of the SAR) shows that if the

_ safety limits are not exceeded the coolant will not reach.the onset of nucleate

boiling even at the safety: Jdimit.of 2:4 MW. Additionally, the limit on coolant
outlet: temperature will prevent exceedmg the temperature limit for the cleanup
system resin. S e : ‘

2.1.2  Safety Limits in the Natural Convection Mode

Applicability:

14-12 o 3/29/04
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2.2

Revision 1

This specification applies to the interrelated variables associated with core thermal
and hydraulic performance in the natural convection mode of operation. These
variables are:
Reactor Thermal Power, P
Height of Water Above the Top of the Core, H
Pool Temperature, Tp
Objective:
1.  To assure that the integrity of the fuel clad is maintained.
2.  To assure consistency with other defined safety system parameters.
Specification:
1.  The true value of the reactor thermal power shall not exceed 217 kw.
2. The height of pool water above the core shall not be less than 23.54 feet.
3.  The pool temperature does not exceed 130 °F.
Bases:
The basis for natural convection safety limits is that the calculated maximum
cladding temperature in the hot channel of the most compact core will not reach
nucleate boiling of the water coolant at a pool depth of 23.54 feet.
Limiting Safety System Settings (LSSS)
2.2.1 Limiting Safety System Setting in the Forced Convection Mode
Applicability:
LEU Fuel Temperature - Forced Convection Mode
Objective:
This specification. applies. to the setpoint for the safety channels monitoring
reactor power, primary coolant flow, pool level and core outlet temperature to
assure that the maximum fuel temperature permitted is such that no damage to the

fuel cladding will result in the forced convection mode.

Specification:

14-13 3/29/04
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The limiting safety system settings for reactor thermal power (P), primary coolant
flow through ‘the core (m), height of water above.the top of the core (H), and
reactor coolant outlet temperature (Tg) shall be as follows:

Parameter LSSS

P (Max) 2.30 MW

m (Min) .- - o - 1600 gpm .
H (Min) 23.7 ft

To (Max) 121 °F

Bases:

‘These specifications were determined to prevent fuel temperatures from exceeding
NRC temperature limits of 530 °C." This temperature was found acceptable as a

result of NUREG-1313, "Safety Evaluation Report-related to the Evaluation of
Low-Enriched Uranium Silicide-aluminum Dispersion Fuel for Use in Nonpower
Reactors". The SAR (Part B) provides the analyses showing fuel cladding
temperatures well below the NUREG limit at normal operation. Flow and
temperature limits were chosen to prevent incipient boiling even if transient
power rises to the 2 MW trip limit of 2.4 MW Variables used in the SAR were
analyzed using uncertainties in flow measurement (3%) and temperature
measurement (3%). These uncertainties were incorporated in the hot channel
factors (1) used in the SAR thermal hydraulic studies. These same uncertainties

- were applied to the inlet and outlet temperature measurements.

i '

o The LSS'S"for the pobllé&él 1sset for a scram upon a 2 inch drop in water level.
.. The reference height of 23.7. feet (16:inches below suspension frame base plate

elevation) is the depth of water above the top of the:active fuel sitting in the
existing reactor grid box. This depth was used in the SAR Loss of Coolant
Analysis (Part B of the SAR).:, The safety limit settings chosen provide acceptable
safety margins to the maximum fuel cladding temperature. The startup accident
transient analysis (Part A, Section XI of the SAR) also provides results showing
that the cladding temperature limit is not exceeded. The LOCA analysis (Design
Basis Accident, Part A, Section IX and Part B, Section X and Appendix D of the
SAR) shows that the fuel cladding limit is not exceeded.

The LSSS for the pool level results in a higher number since the pool level scrams
upon a 2 inch drop in water level.

(DReference: Report on the Determination of Hot Spot Factors for the RINSC
Research Reactor, August 1989.

2.2.2  Limiting Safety System Settings in the Natural Convection Flow Mode

Applicability:

14-14 =i ¢ 3/29/04 -



Vo0~ b W —

RI Atomic Energy Commission Safety Analysis Report

RI Nuclear Science Center

Revision 1

These specifications apply. to the setpoint for the safety channels monitoring
reactor thermal power level (P), monitors for pool level (H), and pool water
temperature (Tp), in the natural convection mode.

Objective:

To assure that automatic protective action is initiated to prevent a safety limit
from being exceeded.

Specification:
1. The limiting safety system setting for reactor thermal power (P), height

of water above the top of the core (H), and pool water temperature (Tp)
shall be as follows:

Parameter LSSS

P (Max) 115 kw.
H . (Min) 23.7 ft.
Tp (Max) 126 °F

Bases:

The SAR has determined that up to 217 kw. can be removed by natural
convection, however, the existing license requirement of 100 kw. operation will
be maintained and with a 15% overpower trip, 115 kw. will be the LSSS. The
pool level scram (2 inch drop) is the same as the forced convection mode. The
pool temperature 130 °F safety limit, having a 3% error, results in a LSSS of 126
oF. The LSSS for natural convection assures that automatic protective action will
prevent a safety limit from being exceeded.

14-15 3/29/04
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3.0 LIMITING CONDITIONS FOR OPERATION
3.1 Reactivity Limits
Appllcablllty
Thls specxﬁcatlon applles to the react1v1ty of the reactor core and to the react1v1ty worths
of control blades and experlments ‘
Ob_]ectlve:
‘To assure that the reactor can be controlled and shut down at all times and that the safety
. limits will not be exceeded R
: 'Specmcatlon: .
o . [HA P D . N
1.  The shutdown margin relative to the reference core condition shall be at least
» 1.0 %AK/K with the most reactlve shlm safety blade and the regulatmg blade
fully withdrawn. ¥
.~.2.: The -overall core excess reactmty mcludmg movable expenments shall not
':‘exceed47%AK/K o
3. The total reactivity worth of all experiments shall not exceed 0.6 %AK/K.
4.  The reactivity worth of each experiment shall be limited as follows:
 Experiment o  Maximum Reactivity Woxth
Moveable "~ 77 70,08 %AK/K
Secured = .0.60 %AK/K .

5. The reactor shall be schriticalgby'Tat least 3.0 %AK/K d’ilri.ng ’fuel‘ loading
changes.

6. The reactivity ‘worth of the regulatmg blade shall not exceed 0.6 %AK/K

7. Expenments whlch could mcrease reacthty b)" lloodlng, shall not remain in or
adjacent to the core unless the shutdown margin required in Specification 3.1.1
would be satisfied after flooding. .

‘8. The temperature coefficient will 'be.negative and surveillance will be conducted
at initial startup and change in fuel type.

9. For operation at power levels in excess of 0.1 MW in the forced convection
mode, all grid positions shall contain fuel elements, baskets, reflector elements,
grid plugs or experimental facilities.

Revision1 - . 14-16 e 3/29/04
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10. For operation at powers in excess of 0.1 MW, the pool gate must be in its
storage location.

Bases:

Specification 3.1.1 assures that the reactor can be shutdown from any operating condition
and will remain subcritical after cool down and xenon decay even if the blade of the
highest reactivity worth should be in the fully withdrawn position. The SAR (Part A,
Section V) demonstrates that the shutdown margin conservatively exceeds the 1% in
Specification 3.1.1.

~ Specification 3.1.2 limits the allowable excess reactivity to the value necessary to

overcome the combined negative reactivity effects of: (1) an increase in primary coolant
temperature; (2) fission product xenon and samarium buildup in a clean core; (3) power
defect due to increasing from a zero power, cold core to a 2 MW, hot core; (4) fuel
burnup during sustained operation; and (5) moveable experiments.

Specification 3.1.3 limits the reactivity worth of experiments to values of reactivity
which, if introduced as positive step changes, will not cause fuel melting.

Specification 3.14 limits the individual reactivity worth of an experiment to a value that
will not produce a stable period of less than 30 seconds and which can be compensated
for by the action of the control and safety system without exceeding any safety limits.

Specifications 3.1.5 provide assurance that the core will remain subcritical during fuel
loading changes.

Specification 3.1.6 assures that failure of the automatic control system will not introduce
sufficient excess reactivity to produce a prompt critical condition.

Specification 3.1.7 assures that the shutdown margin required by Specification 3.1.1 will
be met in the event of a positive reactivity insertion caused by the flooding of an
experiment.

Specification 3.1.8 assures that the power increase is self limiting.

Specification 3.1.9 will prevent the degradation of flow rates due to flow bypassing the
active fueled region through an unoccupied grid plate position.

Specification 3.1.10 assures that the full volume of the pool water is available to provide

cooling of the core during normal operation and in the event of a loss of coolant accident.

3.2  Reactor Safety System

Applicability:

Revision | 14-17 3/29/04
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These specifications apply to the reactor safety system and other safety related
instrumentation.
1

Objective:

SRR B I
To specify the lowest acceptable level of performance or the minimum number of
acceptable components for the reactor safety system and other safety related
instrumentation. I

Specxﬁcatlon:
The reactor shall not be made critical unless:
1.  The reactor safety s&stems and safety related instrumentation are operable in
accordance with Tables 3.1 and 3.2 including the minimum number of channels

and the indicated maximum or minimum setpoint;

2.. . All shim safety blades are operable in accordance with Technical Specification
4.1.1and 4.1.2.

3. The time from initiation of a scram condition until the control element is fully
inserted shall not exceed 1 second in accordance with Technical Specification
4.2.5and 4.2.6.

4.  The reactivity insertion ;z;tes of individual control and regulating blades will not
exceed 0.02 %AK/K per second.

. Bases:

Neutron flux level scrams provide redundant automatic protective action to prevent
exceeding the safety limit on reactor power. The period scram limits the rate of rise of the -
reactor power to periods which.are manually controllable without reaching excessive
power levels or fuel temperatures.; .

The loss of flow scram assures that an automatic scram will occur in the event of a loss of
flow when the reactor is operating at power levels above 0.1 MW.

The reactivity insertion rate 11m1t was determined in the SAR, Section XI and predxcts a
safe fuel clad temperature. . - , o

Revision 1 14-18 I 3/29/04
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TABLE 3.1

REQUIRED SAFETY CHANNELS

Reactor Safety Minimum
System Component/Channel Required Function

Reactor Power Level 2 Automatic
. scram when
> 115% of
range scale
with 2.3
MW max

Coolant Flow Rate 1 Automatic
scram at
<1600 gpm

Seismic Disturbance 1 Automatic
scram at
Modified
Mercalli
Scale IV

Bridge Misalignment \ Automatic
scram

Pool Water Level 1 Automatic
scram at
16" below
suspension
frame base
plate
elevation

Coolant Outlet Temperature 1 Automatic
scram
> 121°F

Revision 1 14-19

Reactor
Operating Mode

in Which Required

Both Modes

Forced Convection
above 0.1 MW

Both Modes

Forced Convection
above 0.1 MW

Both Modes

Forced Convection
above 0.1 MW
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Reactor Safety Minimum

System Component/Channel

Required- .

- Function -

Bridge Movement AR

L A

Coolant Gates Open 1

Detector High Voltage Failufe 3

Log N Period 1

No Flow Thermal Column 1

Manual Scrz;m ' | 2
Switch (console, bridge)

Pool Temperature 1

Revision 1 14-20

Automatic

', scram

Automatic
scram if
either the
coolant
riser or
coolant
downcomer
gates open

Automatic
scram if

- Voltage
.decreases

50V max

Automatic
scram if
period

<4 sec

Automatic
scram

i

Manual
scram .

. Automatic

Scram at
2126 °F

Reactor
Operating Mode
in Which Required

Both Modes

Forced Convection
above 0.1 MW

Both Modes

Both Mddes ,. ,

Forced Convection
above 0.1 MW

Both Modes

Il

Natural Convection
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TABLE 3.2

Required Safety Related Instrumentation

Minimum Reactor
Number Operating Mode
Instrumentation Setpoint Required Function In Which Reqd.
I. Reactor Coolant < 1119F 1 Alarm FC>0.1IMW
Inlet Temperature
2. Reactor Coolant + < 119°F 1 Alam FC 2> 0.IMW
Outlet Temperature
3. Log Count Rate <3 cps 1 Blade with- Both Modes
drawal
interlock
4, Servo Control 2 30 sec 1 Auto Control Both Modes
Interlock (fullout) Interlock
Facility Radiation (a)
Monitoring System
5. Building Air Gaseous 2.5x 1 Alarm Both Modes
Exhaust (Stack) normal
particulate
2 x normal
6. Reactor Bridge 2 x normal * Alarm Both Modes
7. Fuel Safe 2 x normal * Alarm Both Modes
or SmR/hr,
which ever is
higher

Revision 1 14-21 3/29/04
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Instrumentation
8. Thermal Column
9. Heat Exchanger
10. '.'Primary _
© Demineralizer
(Hot DI)
11. Continuous Air
Monitoring Unit ,
(@)
(b)
Revision1

Minimum

Number .,
Setpoint Required
2 x normal *
or2mR/hr, -0 o e
which everis . .
higher
2 x normal *
2x ndﬁhél S
2 x normal 1

Ged
. NOTES ., .

Reactor
ca Operating Mode
Function In Which Reqd.
Alarm : Both Modes
Alarm Both Modes
Aiarm - Both Modes
Alarm Both Modes

The facility rad'iaiiori:r;lonitering "syst'er'r'l consists of 8 radiation detectors which alarm and
readout in the control room except for #11 which has a local alarm and readout only. The
normal setpoints for this system are 'shown in Table 3.2. Use of higher than normal

setpoints will require approval of the Director or the Assistant Director.

: Any senior

operator member may adjust a setpomt lower than the normal value

"4*The reactor shall not be contmuously operated wnthout a minimum of one radiation

monitor on the experlmental level of the reactor building and one monitor over the reactor

[P

14-22

. 'pool operating and capable of warming personnel of high radiation levels.
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Coolant Water
(a) Primary Coolant Water
Applicability:

This specification applies to the limiting conditions for primary coolant pH,
resistivity, available pool water volume and radioactivity.

Objective:

To maintain the primary coolant in a condition to minimize the corrosion of the
primary coolant system, fuel cladding, and other reactor components, and to
assure proper conditions of coolant for normal and emergency requirements.
Specification:

1.  The primary coolant pH shall be maintained between 5.5 and 7.5.

2.  The primary coolant resistivity shall be maintained at a value greater
than 500K ohms/cm (conductivity 2 micromhos/cm).

3.  The primary coolant shall be analyzed for radioactivity.
Bases:
Experience at this and other facilities has shown that the maintenance of primary
coolant system' water quality in the ranges specified in specification 3.3.1 and
3.3.2 will control the corrosion of the aluminum components of the primary
coolant system and the fuel element cladding. Conductivity Specification 3.3.2
also insures adequate water purity to control activation of coolant water

impurities.

The requirement in specification 3.3.3 ensures that the presence of unusual
impurities or corrosion products is detected.

(b) Secondary Coolant Water
Applicability:

This specification applies to the limiting conditions for secondary coolant pH,
cycles of chloride, resistivity and radioactivity.

Objective:

14-23 3/29/04
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- ) Objective

To maintain the secondary coolant in such a condition as to minimize corrosion
and/or scale buildup on the heat exchanger tubes and to detect a pnmary to
secondary system leak. S

Spemﬁcation

1. The secondary coolant water pH shall be mamtamed between 5.5 and
9.0.:

2. The sample will be analyzed for the presence of sodium-24.
Bases:
The facility has maintained the above coolant water conditions for many years
based on consultant recommendations and have good results in maintaining heat

exchanger tube and shell cleanliness.

Radioactivity in the secondary system would indicate a leak and therefore samples
are analyzed for detectable concentrations of sodium-24.

3.4,3.5,3.6 = Confinement and Emergency Exhaust System
and Emergency Power

Applicability:

This specification applies to the operation of the reactor confinement and emergency

..~exhaust system which must be operable during reactor operation, fuel handling-and any
: operation that could cause the spread of airborne radioactivity in the conﬁnement area.

RPN DR

1 ~'I~ . v -
To assure that the conﬁnement and emergency exhaust system is capable of operation to

‘mitigate the consequences of possible release of radioactive materials resulting from

reactor operation, fuel movement and handling of radioactive material.

IR T R S S
S ED B :

Specification: " - . . o il

The reactor shall not be operated unless the following equipment is operable and/or.
conditions met:

Equipment/Condition Function -\ .-
Personnel access doors % int - T To maintain .-
to reactor closed (except -+ -confinement
for entrance and egress). system integrity
Roof hatch closed.
Revision1 . 1424 .- - 3/29/04
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Truck door closed;

Reactor Room fresh air
intake valve and exhaust

To maintain
confinement

ventilation valve to the
stack are open;

system integrity

Initiation system for To initiate
confinement isolation, system

i.e. evacuation buttons operation and
and alarm horns; alert personnel

Emergency cleanup exhaust To maintain a

system; negative building
pressure without
unloading any
large fraction of
possible airborne
activity

Emergency generator.
source to clean up

To insure power
system and other
designated systems

Bases:

The confinement system will be activated by depressing any one of five emergency
evacuation buttons when an unsafe radiological situation develops as defined in the
facility operating and emergency procedures. In the unlikely event of a release of fission
products, or other airborne radioactivity, the confinement isolation initiation system will
secure the normal ventilation exhaust fan, will bypass the normal ventilation supply up
the stack, and will close the normal inlet and exhaust valves. In confinement, the

. emergency exhaust system will tend to maintain a negative building pressure with a

combination of controls intended to prevent unloading any large fraction of airbome
activity. The emergency exhaust purges the building air through charcoal and absolute
filters and controls the discharge which is diluted by supply air through a 115 foot stack.
3.7  Radiation Monitoring Systems and Effluents

3.7.1 Radiation Monitoring Systems

Applicability:

This specification applies to the availability of radiation monitoring equipment
which must be operable during

Revision 1 14-25 3/29/04
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reactor operation, fuel movement and handlmg of radloactlve materials in the
reactor building. L

PR o
S

Objective:

;.
L

To assure that radiation monitoring equipment is available for evaluation of

- -radiation conditions  and that the release of airbomne radioactive material is
. maintained below the limits established in 10CFR20.

Specification:

1.

Bases:

When the reactor is operating, gaseous and particulate sampling of the
stack effluent shall be monitored by a stack monitor with a readout in the
controlroom. - ... . . -

oLyt
i ’

The particulate act‘i-.'v_.i‘tvy'.tnonitor and the Agaseous activity monitor for the

facility exhaust stack shall be operating. If either unit is out of service
for more than one shift (6 hours), either the reactor shall be shut down or
the unit shall be replaced by one of comparable monitoring capablhty

. When the’ reactor is operatmg, at least one constant air monitoring unit

(Table 3.2. 11) located in the confinement bulldmg shall be operating.

’ Temporary shutdown of tlus umt shall be limited as in 3.7. 1 above.

‘The reactor shall not be contmuously operated wrthout a minimum of

......

) ,_’reactor building and one area momtor (Table 3.2 6) over the reactor pool
* . (reactor bridge) operatmg and capable of wammg personnel of high
: “radratlon levels -

N

.....

failure, except that the reactor may be operated in a steady-state power
mode if the monitor is replaced with portable gamma-sensitive
instruments having their own alarm.

A B H I

A continuing evaluation of the radiation levels within the teactor building will be
made to assure the safety of personnel. This is accomplished by the monitoring
systems described in Table 3.2. o

372

a.

Airborne Effluents

Effluents’ = - = " "

Applicability:

1426 oo 3/29/04 .
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This specification applies to the monitoring or airbome effluents from the Rhode
Island Nuclear Science Center (RINSC).

Objective:

To assure that containment integrity is maintained during reactor operation and
that the release of airborne radioactive material from the RINSC is maintained
below the limits established in 10CFR20.

Specification:

1.  The concentration of radioactive materials in the effluent released from
the facility exhaust stacks shall not exceed 105 times the concentrations
specified in 10CFR20, Appendix B, Table II, when averaged over time
periods permitted by 10CFR20.

Bases:

The limits established in specification 3.7.2 incorporate a dilution factor of 4x104
for effluent concentrations released through' the exhaust stacks. This dilution

factor is based on a dlsperswn factor (X/Q = 10-5 sec/M3) calculated from actual
meteorological data, which is determined using the highest frequency of wind in
any sector. Because of the use of the most conservative measured values of wind
directional frequency and dispersion factors, this dilution factor will assure that
concentrations of radioactive material in unrestricted areas around the Rhode
Island Nuclear Science Center will be far below the limits of 10CFR20. (Refer to
letter dated April 16, 1963 sent to the NRC in connection with license questions.)
This dilution factor is used for calculating maximum ground concentration of
noble gases down wind vs. exhaust stack effluent concentrations. The SAR
contains calculations for doses from the iodine at the 48 meter distance.

b.  Liquid Effluents
Applicability:

This specification applies to the monitoring of radioactive liquid effluents from
the Rhode Island Nuclear Science Center.

Objectives:
The objective is to assure that exposure to the public resulting from the release of
liquid effluents will be within the regulatory limits and consistent with as low as

reasonably achievable requirements.

Specification:

14-27 ‘ 3/29/04
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The l|qu1d waste retentlon tank dlscharge shall be batch: sampled and the gross activity
per unit volume determined before releass: All off-stte réleases shall be directed into
the municipal sewer system.

All radioactive liquid and solid wastes disposed of off-site shall be within the
limits established by 10CFR20 or shall be removed from the site by a commercial
licensed organization.

3.8 * Limitations on Eicp'erirnent‘s' o

Applicability‘

~ This spectﬁcation apphes to expenments to be mstalled in the reactor and associated
: expenmental facrlitles

' Objectives:” T R
. .To prevent damage.to. the reactor or release of radioactive matenals in excess of
' ‘ClOCFRZO - :
- Lo . v . PSS T Lo . )
'_ Speciﬁcation: T T = y

" The reactor shall not be operated unless the followmg conditions govemmg experiments
,CXISt . . R " ’

1. All materials to be irradiated shall be either corrosion resistant or encapsulated
. within corrosion resistant containers to prevent interaction- with reactor
" components or pool water. Corrosrve materials shall be doubly encapsulated.
. o :
' 2." Irradiation contamers to be used in the reactor in whrch a static pressure will
" exist or in which a pressure butldup is predicted, shall be designed and tested for

a pressure exceedmg the maxrmum expected by a factor of 2. -

3. Fissionable materials shall have total iodine- and strontium mventory less than
that allowed by the facllity by-product license.

4, " Explosive materials",'in‘ any 'quantity, shall not be allowed in the reactor pool or
experimental facilities.

5.  All experiments shall be designed against failure from internal and external

heating at the true values associated with the LSSS for reactor power:level and
 other] process parameters

Revision1 . 14-28 e 3/29/04
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6.

10.

Bases:

Experimental apparatus, material or equipment to be irradiated shall be
positioned so-as not to cause shadowing of the nuclear instrumentation,
mterference with control blades, or other perturbations which may interfere with
safe operation of the reactor.

Cryogenic liquids shall not be used in any experiment within the reactor pool
without approval from the Nuclear Regulatory Commission.

No highly water reactive materials shall be used in an experiment in the reactor
pool.

No experiment should be performed unless the material content (with the
exception of trace constituents) is known.

If a capsule fails and releases material which could damage the reactor fuel or
structure by corrosion or other means, removal and physical inspection shall be
performed to determine the consequences and need for corrective action. The
results of the inspection and any corrective action taken shall be reviewed by the
Director, or his designated alternate, and determined to be satisfactory before
operation of the reactor is resumed.

Experimental materials, except fuel materials, which could off-gas, sublime,
volatilize, or produce aerosols under: (1) normal operating conditions of the
experiment or reactor, (2) credible accident conditions in the reactor, and (3)
possible accident conditions in the experiment shall be limited in activity such
that: if 100% of the gaseous activity or radioactive aerosols produced escaped to
the reactor room or the atmosphere, the airborne concentration of radioactivity
averaged over a year would not exceed the occupational limits for maximum
permissible concentration.

In calculations pursuant to the above, the following assumptions shall be used:
(1) If the effluent from an experimental facility exhausts through ductwork
which closes automatically on high radiation level, at least 10% of the gaseous
activity or aerosols produced will escape. (2) If the effluent from an
experimental facility exhausts through a filter installation designed for greater
than 99% efficiency for 0.3 micron particles, at least 10% of these vapors can
escape. (3) For materials whose boiling point is above 55°C and where vapors
formed by boiling this material can escape only through an undisturbed column
of water above the core, at least 10% of these vapors can escape. (4) Limits for

maximum permissible concentrations are specified in the appropriate section of
10CFR20.

Specnﬁcatlons 1 through 5, 8 and 9 are intended to reduce the likelihood of damage to
reactor components and/or radioactivity releases resulting from experiment failure and,
along with the reactivity restriction of pertinent specification in 3.1, serve as a guide for

Revision 1
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the review and approval of new and untried experiments by‘the operations staff as well as
the Nuclear and Radiation Safety Subcommittee.

Specifications 3 and 4 are self explanatory

Specification 6 assures that no physwal or nuclear mterferences compromise the safe
operation of the reactor by, for example, tilting the flux in a way that could effect the

peaking factor used in the Safety Analysns

Specnﬁcatlon 7 insures NRC rewew of expenments contammg or using cryogenic

materials. Cryogenic liquids present structural and explosive problems which enhance
the potential of an experiment failure.

Specification 10 is self explanatory.

3.9. Reactor Core Components
a.  Beryllium Reflectors
Applicability:

This specification applies to neutron flux damage to the standard and plug type
beryllium reflectors.

Objective:

To prevent physical damage to the beryllium reflectors in the core from
accumulated neutron flux exposure.

Specification:
1.  The maximum accumulated neutron flux shall be 1x1022 neutrons/cmz2.
Bases:

The RINSC SAR (Part A Section VIII) has addressed this limit as a conservative
limit.

b. LEU Fuel
Applicability:
This specification applies to the physical condition of the fuel elements.
Objective:

To prevent operation with damaged fuel elements.

Revision1 -~ 14-30 o 3/29/04
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Specification:

Fuel elements to be inspected for physical defects and reactor core box fit in
accordance with manufactured specifications.

Bases:
The RINSC inspects and tests each fuel element for reactor core box fit in

accordance with written procedures to assure operation with fuel elements
that are not damaged and meet specifications.

14-31 3/29/04
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4.0 .

'Objectiye:

SURVEILLANCE REQUIREMENTS

' Survelllance tests for Reactmty leltS (4 l) Reactor Safety System (4.2), Surverllance

of Expenments (4.8) and Reactor Components (4.9) may be deferred for periods of
reactor shutdown providing they are performed prior to restart (ANS 15.1, 4.1).

Surveillance tests for the following will be performed as stated in the appropriate
sections:

Water Coolant System (4.3)
Confinement and Emergency Exhaust System'(4.4, 4.5, 4.6)
Radiation Monitoring System and Effluents (4.7)
4.1 Reactivity Limits
Applicability: |
This specification applies to the surveillance requirements for reactivity limits.
To assure that the reactivity limits of Specification 3.1 are not exceeded.
Specification:

1.  Shim safety blade reactiyity tyorths and insertion rates shall be measured:

a. .'annu'ally; .4 ' - )

b.  whenever the core is changed from the startup .core to the three other
~ cores as analyzed and spec1ﬁed in the SAR (Part A, Sectlon V).

2. Shim safety blades shall be vrsually mspected and checked ‘for swelling at
least annually.

3. The react1v1ty worth of all expenments shall be measured prior to the
experiment's initial use. -~ - - T

Bases: : N R TI

i e ek

Specification 4.1.1 will assure that shim safety blade reactivity worths are not degraded or
changed by core arrangements

‘l"

' Shlm safety blade mspect10ns are the smgle largest source of radlatlon exposure to

facility personnel In order to -minimize personnel radiation exposure and provide an
inspection frequency that will detect early evidence of swelling and crackmg, an annual
inspection interval was selected for Specification 4.1.2:

Revision 1. : 14-32 S 3/29/04
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The specified surveillance relating to the reactivity worth of experiments will assure that
the reactor is not operated for extended periods before determining the reactivity worth of
experiments. This specification also provides assurance that experiment reactivity worths
do not increase beyond the established limits due to core configuration changes.

4.2  Reactor Safety System

Applicability:

This specification applies to the surveillance of the reactor safety system.

Objective:

To assure that the reactor safety system is operable as required by Specification 3.2.

Specification:

1. A channel test of the neutron flux level safety channels and period safety
channel shall be performed:

a.  Prior to each reactor startup following a period when the reactor was
secured;

b.  After a channel has been repaired or de-energized.

2. A channel calibration of the safety channels listed in Table 3.1, which can be
calibrated, shall be performed annually.

3.  The radiation monitoring system required in Table 3.2 shall be operable prior
to every reactor startup for which safety system channel tests are required as in
4.2.1. If the system has been repaired, the system shall be operable prior to
use.

4.  Shim safety blade release-drop time shall be measured annually.

5. Shim safety blade release-drop time shall be measured whenever the shim
safety blade's core location is changed or whenever maintenance is performed
which could effect the blade's drop time. (Specification 3.2.3)

6.  Shutdown Margin (Specification 3.1.1)

The shutdown margin shall be determined annually. It shall be determined
when a new core is configured as described in the SAR (Part A, Section V).

The determination will be made in accordance with operating procedures.

7.  Excess Reactivity (Specification 3.1.2)

Revision1 - 14-33 3/29/04
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i The excessreactivity shall ‘be determined annually. - It shall be determined
when a new-core is‘configured:as described in the SAR (Part A, Section V).
The determmatlon w111 be made in accordance w1th operatmg procedures.

-1 '!«'

8. Reactrvrty Insertlon Rate (Speclﬁcatron 3.2 4)
The reactrvnty msertlon rate shall be measured annually It shall be determined
when a new core is configured as described in the SAR (Part A, Section V).

The determination will be made in accordance with written procedures.

Bases:

Pre startup tests of the safety system channels assure their operability. Annual calibration
detects any long term drift:that.is not-detected by normal inter comparison of channels.

_The channel operability check of the neutron flux level channels assures that the detectors
oare properly adjusted to accurately monitor. the parameter they are mcasunng

:-i.' """

Radlatlon momtors are checked for proper operatlon in Specrﬁcatlon 4.2.3. Calibration

_and setpomt verification involve use of'a calibration source and significant. personnel
" radiation exposure It is determmed that annual cahbratlon of radiation momtors 1s
L ':fadequate since they dlsplayed excellent stabrhty over many years of operatlon '

‘The measured release-drop trmes of the sh1m safety b]ades have been consistent over : :

many years. Annual check of these parameters is considered adequate to detect any -

.. deterioration, which could change the release-drop time.- Binding or rubbing caused by

blade mlsallgnment could result from ‘maintenance; therefore, release drop times will be
checked after such maintenance.

4.3  Water Coolant System

a.  Primary Coolant System
S vt e

Applicability:

This specification applies to the surveillance of the primary coolant system.

: TR ORI I ET NN UL FRN TS P _—t s SR

Objéctive: ' SR

To assure high quality pool water and to detect the deterioration of components in
the primary coolant loop.

Specification:
P

1. " The pH of the pnmary coo‘,]ant_ shall he rn'easured weekly.

2.  The resistivity of the primary coolant shall be measured weekly.

Revision 1 : 14-34 S 3/29/04



OO0\ bW -

RI Atomic Energy Commission Safety Analysis Report
RI Nuclear Science Center a

3.  The radioactivity of the primary coolant shall be analyzed weekly for
gross activity and quarterly for isotopic activity.

4.  Pool water level scram switch shall be checked for operation monthly.

5. Pool inspectiohs shall be made annually in accordance with operating
procedures. -

6. Pool level shall be visually inspected daily in accordance with
operating procedures.

Bases:
Reguiar_ surveillance of pool water quality and radioactivity provides assurance
that pH and resistivity changes that could accelerate the corrosion of the primary

system. components would be detected before significant damage would occur,
and that the presence of leaking fuel elements in the reactor is detected.

The low pool level switch is checked for operation monthly. Upon a one inch pool level
drop, the automatic fill begins; upon a two inch drop, the reactor scrams (if operating)
and a local and remote alarm sounds. The remote alarm is continuously monitored
offsite.

Annual pool system inspections are made to provide assurance that other cooling
system components (eg. gate valves, gasketing etc.) are functioning properly.

b.  Secondary Coolant System

Applicability:

This specification applies to the surveillance of the secondary coolant water.
Objective:

To assure the conditions of the coolant meet specification 3.3.(b) and to detect a
primary to secondary water leak.

Specification:
1.  The pH shall be measured weekly during reactor operation.

2. A sample shall be drawn weekly and analyzed for sodium-24 activity,
during reactor operation.

Bases: -
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Proper secondary coolant conditions are obtained by blowdown and makeup water
systems which maintain the proper.water quality pH. Radioactive concentrations
are measured in accordance with wntten procedures

4.4,4.5,4.6 RlNSC Conﬂnement and Emergency Exhaust System

Appllcabxllty

Y
2t L f

This spec1ﬁcat10n applies to the survelllance of the facility opemngs and dampers.

: Obj ective:

To assure that the condition of the closure devices for the building openings are in
satisfactory condition and to assure their ability to provide adequate conﬁnement of any
airborne radloact1v1ty released into the burldmg : :

Spec1ﬁcatlon:

1. The confinement and emergency exhaust system described in Specification 3.4
shall be tested weekly for operability and after any maintenance that could
affect system operability. A The system operation is asdescribed in the

~operating procedures and as herein discussed. The building cleanup system
shall be activated by pressing an evacuation button, then automatically:

a.

b.

the evacuation horn sounds

the building ventilation blowers deenergize (air conditioner, exhaust
blower, off gas blower, rabbit system blower, heating system blowers);

the bu1ldmg ventllatlon dampers close (alr mtake and exhaust system);

the cleanup system blower (through the scrubber ﬁlter) and air dilution
blower (chem.. lab) are energized;

the negative differential pressure between the inside and outside of the
building is at least 0.5.inches of water. This is determmed by reading the
pressure gauge in the control room,;

the exhaust rate through the emergency cleanup system shall not be more
than 1500 CFM coming from the reactor building and passing through

. .the scrubber filters,, Dilution air will be provided by a separate blower

from an uncontammated source.

et

2, 'The condltlon of the folldivmg equlpment shall be mspected in accordance
with written operating procedures every 6 months.

Revision 1
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a.

b.

Building ventilation blowers and dampers (including solenoid valves,
pressure switches, piping, etc.);

Personnel access and reactor room overhead doors.

3. The testing and maintenance of the emergency generator will be performed in
accordance with the RINSC operatmg procedures and manufacturer
recommendation.

4.  The efficiency test for the charcoal filter shall be tested annually as specified
in the operating procedures.

Bases:

The weekly check of the confinement system provides assurance that the automatic
function will be actuated when confinement isolation is required. The semiannual
inspection of valves and doors will provide assurance that the closures will perform their
function of limiting leakage through these openings in the event of a release of airborne
activity into the building.

The testing of the emergency generator assures reliable response and operation. The load
testing assures proper handling of expected system loads. The emergency generator
system has maintenance performed in accordance with manufacturer recommendations.

4.7  Radiation Monitoring Systems and Effluents

a.  Airborne Effluents

Applicability:

This specification applies to the surveillance of the monitoring equipment used to
measure airborne radioactivity.

Objective:

The objective is to assure that accurate assessment of airborne effluents can be

made.

Specification:

1.

2.

Revision 1

The particulate air monitors shall be calibrated annually.
The gaseous activity monitor shall be calibrated annually.

A channel check of the stack monitor and the main floor monitor shall
be performed daily when the reactor is in operation.

14-37 3/29/04
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Bases:
Experience with the electronic reliability and calibration stability of the units used
by the Rhode Island Nuclear
Science Center Reactor.demonstrates that-.the above periods are reasonable
surveillance frequencies.

b. qullld Efﬂuents
Appllcablllty

This specification applies to the surveillance of the momtonng equlpment used to
measure the radioactivity in liquid effluents.

Objective:

-.The objective is to assure .that accurate assessment of liquid efﬂuents can be
made. '

Specification:

1. The monitoring equipment used to measure-:the radioactive
concentrations in the waste retentton tanks shall be calibrated annually.

2. .The contents of every tank released shall be sampled and evaluated for
radioactive concentrations and pH prior to its release.

Bases:

Experience with the electronic reliability and calibration stability of the units used
by the Rhode Island Nuclear Science Center Reactor demonstrates that the above
periods are reasonable surveillance frequencies. ‘ '

- 4.8  Surveillance ofExperim_ents Ty oren

-

Applicability: o ‘

This specification applies to the surveillance of experiments and the limitations on
experiments as descrlbed in Techmcal Speciﬁcation 3.8.
Lo R L RS 4 I AT PR

Objective: .- . . -~ ..k ,_,,,; U P SN

To assure that the experiments and their limitations are reviewed with respect to
10CFR50.59 for reactor operation and personnel safety and prevent release of radioactive
materials in excess of 10CFR20.

Specification:

Revision1 . . 14-38 e 3/29/04



O 00OV B W —

RI Atomic Energy Commission Safety Analysis Report
RI Nuclear Science Center : '

Experiments shall be reviewed, approved and properly installed and operational in
accordance with written operating procedures.

Experiments in progress shall undergo a review annually.

Bases:

Review of the experiments using the appropriate LCO's and the Administrative Controls
assures that the insertion of experiments will not negate the consideration implicit in the
Safety Limits.

49  Reactor Core Components

Applicability:

This specification applies to the surveillance requirements for reactor core components
affecting reactor power.

a.  Beryllium Reflectors
Applicability:

This speéiﬁcation applies to the surveillance of beryllium lifetime for the standard
and plug type beryllium reflectors.

Objective:

To prevent physical damage to the beryllium reflectors in the core from
accumulated neutron flux exposure.

Specification:

The maximum accumulated neutron flux shall be 1x1022 neutrons/cm2. The
exposure shall be determined annually in accordance with the operating
procedures. Inspections and core fit shall be conducted annually.

Bases:

The RINSC SAR (Part A Section VIII) has addressed this limit as a conservative
limit. (Annual inspections and core box fit as well as calculated total exposure
serve as a method to monitor the beryllium lifetime.)

b. LEU Fuel Elements

Applicability:

Revision 1 14-39 3/29/04
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_ box annually.

This specification applies to surveillance of LEU fuel elements.

Objective:

o

"To prevent operatlon thh damaged fuel elements: and verlfy the physxcal

condmon of the fuel element Lot

Spec1ﬁcatlon'

The fuel elements shall be v1sually exammed and functlonally ﬁt into the core grid

Bases" LS T SR

Fuel elements are 1n1t1a11y mspected for manufactured specnﬁcatlons and then
) mserted into.the grid box in -accordance with QA/QC program requirements for

functional fit. . Core reloading  is- performed -in .accordance with operating
procedures. ;Roqtine‘ fuel . movements are logged and -visual inspections are
condneted during fuel movements. Pool sampling also is used to detect a ruptured
element (Tech. Spec. 4.3.3). The fission density limit for this reactor cannot be
exceeded (reference SAR, Part A, Section VI). Burnup calculatlons are made
quarterly (4.9.1).

14-40 T 3/29/04 .
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5.0 DESIGN FEATURES

The basic design features of the facility are described in "General Electric's Operation and
Maintenance Manual-GEI-77793", Oct. 1962, also in the "Safety Analysis Report for the
Low Enriched Fuel Conversion of the Rhode Island Nuclear Science Center Research
Reactor", Rev. 1, 1992. These documents are on file at the Science Center. A general
description of the important components is included in the following sections.

5.1

5.2

53

5.4

Revision 1

Description

The reactor is located at the Rhode Island Nuclear Science Center on 3 acres of a
27-acre former military reservation, originally called Fort Kearney and now called
the Narragansett Bay Campus of the University of Rhode Island. The 27-acre
reservation is controlled by the State of Rhode Island through the University of
Rhode Island.. The reservation is in the Town of Narragansett, Rhode Island, on
the west shore of Narragansett Bay, approximately 22 miles south of Providence,
Rhode Island, approximately six miles north of the entrance of the Bay from the
Atlantic Ocean. The Rhode Island Nuclear Science Center and various buildings
used for research, education and training purposes are located on this 27-acre
campus.

Reactor Fuel

The fuel assemblies shall be of the MTR type, consisting of plates containing
uranium silicide fuel enriched to less than 20% in the isotope U-235 clad with
aluminum. Each fuel element will contain 22 plates for a total _ of U-
235 per element.

Reactor Core

The reactor core consists of a 9 x 7 array of 3 inch square modules with the 4
corners occupied by posts. The reference core for these technical specifications
consists of 14 standard LEU fuel elements arranged symmetrically within 4 safety
control blades as shown in Figure 4 of the SAR (Revision 1, Section V, Dec. 1992)
as approved by the NRC in the conversion order (letter of March 17, 1992).

Reactor Building

The reactor shall be housed in a building capable of meecting the following
functional requirements:

In the event of an accident which could involve the release of radioactive
material, the confinement building air shall be exhausted through a clean-up
system and stack creating a flow of air into the building with a negative
differential pressure between the building and the outside atmosphere. The
building shall be gas tight in the sense that a negative differential pressure can
be maintained dynamically with all gas leaks occurring inward. The

14-41 3/29/04
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confinement and cleanup systems shall become operative when a building
evacuation button is pressed. This action shall: (1) tum off all ventilation
fans and the air conditioner system and (2) close the dampers on the
ventilation intake and exhaust, other than those which are a part of the clean-
up system.. No further action shall be required to establish confinement and
place the clean-up system in. operation An auxiliary electrical power system

. shall be provided at the s1te to msure the avarlablllty of power to operate the
clean—up system. IR o

The reactor building exhaust blower operates in conjunction with additional
exhaust blower(s) which provide dilution air from non-reactor building sources.

Upon activation, the clean-up system shall exhaust air from the reactor building
through a filter and a 115 foot high stack, creating a pressure less than atmospheric
pressure. The clean-up filter shall contain a roughing . -.

- filter, an absolute particulate filter, a charcoal filter for removing radioiodine and
an absolute filter for removing charcoal dust which may be contaminated with
.radioiodine. Each absolute filter cartridge shall be individually tested and certified

by the manufacturer to have an efficiency of not less than 99.97% when tested with

- 0.3 micron diameter dioctylphthalate smoke. The minimum removal efficiency of

the charcoal filters shall be 99%, based on ORNL data and measurements
performed locally.

Sy T

‘Gases from the beam ports, thermal column, pneumatic system, and all other

radioactive gas exhaust points shall be exhausted to the stack through a roughing
and absolute filter system.

Fuel Storage |

All reactor fuel element storage' facilities shall be designed in geometrical
configuration where kefr is less.than 0.8 under flooding ‘with:water. ' A maximum

of four ‘fuel elements will be ‘stored:in the fuel safe with no two elements in

adjacent positions in the storage box: : The adjacent row will be an empty box.
Irradiated fuel is stored in the underwater storage racks as descrlbed in the SAR
(Part A, Section XII).!

Copt ot
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6.0 ADMINISTRATIVE CONTROLS

6.1

Revision 1

Organization and Management

1.

The Rhode Island Atomic Energy Commission (RIAEC) shall have the
responsibility for the safe operation' of the reactor. The organization of
RIAEC is shown in Figure 6-1. The RIAEC shall appoint a Director and a
Nuclear and Radiation Safety Committee (NRSC) consisting of a minimum
of seven members, as follows:

a.  The Director, RIAEC (Non Voting)

b.  The Assistant Direct;)r for Reactor Operations

c. Tﬁe i{adiation Safety Officer (Non Voting)

d. A qualified representative from the faculty of Brown University
e. A qualified representative from the faculty of Providence College

f. A qualified representative from the faculty of the University of Rhode
Island -

g. A qualified representative from the academic community of the State
of Rhode Island

A qualified alternate may serve in lieu of one of the above. The Director,
Assistant Director and Radiation Safety Officer are not eligible for
Chairperson of the Committee.

An operator or senior operator licensed pursuant to 10CFRSS shall be
present in the control room unless the reactor is secured as defined in these

specifications. The minimum operating crew shall be two individuals.

A licensed senior operator shall be on duty or readily available on call
whenever the reactor is in operation.

14-43 3/29/04
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4. In accordance with the emergency plan, a list of emergency personnel,

management and offsite agencies is posted in the control room.

6.2  Qualifications of Personnel

1.

At the time of appointment to the position, the Director shall have a
minimum of six years of nuclear experience. The Director shall have an
advanced degree in one of the physical sciences or engineering. The degree
will fulfill four years of the six-year requirement.

The Radiation Safety Officer shall have a master's degree in health physics
or radiological health and three years of applied health physics experience in
a program with radiation safety problems similar to those in the program to
be managed.

The reactor operators and senior operators shall be licensed in accordance
with the provisions of 10CFRS5S5.

In the event, of a temporary vacancy in the position of Director or the
Radiation Safety Officer, the functions of that position shall be assumed by
qualified alternates appointed by the RIAEC.

6.3  Responsibilities of Personnel

1.

2.

Revision 1 .

Director

a.  The Director shall have responsibility for all activities in the reactor
facility which may affect reactor operations or involve radiation
hazards, including controlling the admission of personnel to the
building.

This responsibility shall encompass administrative control of all
experiments being performed in the facility including those of outside
agencies.

b. It shall be the responsibility of the Director to insure that all proposed
experiments, design modifications, or changes in operating and
emergency procedures are performed in accordance with the license.
Where uncertainty exists, the Director shall refer the decision to the
NRSC.

Senior Reactor Operators
a. A licensed senior reactor operator pursuant to 10CFR55 shall be

assigned each shift and be responsible for all activities during his shift
which may affect reactor operation or involve radiation hazards. The
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reactor operators on duty shall be responsrble directly to the senior

', operator.

... The idéntity -of and method for rapidly contacting the on-call senior
. reactor, operator shall be known to the reactor operator on duty. The

on-call senior reactor operator must be capable of being contacted by

.. .the duty reactor,operator within ten minutes. The senior reactor

operator shall be present at the facility during initial startup and
approach to power, recovery from' an unplanned or unscheduled
shutdown or significant reduction in power, and refueling. The name

. -of the person serving as.senior reactor operator as well as the time
. . he/she assumes the duty shall be entered in the reactor log. When the

senior operator is relieved, he/she shall turn the operation duties over
to another licensed senior operator.

In such instances, the change of duty shall be logged and shall be

. definite, clear, and explicit:- The senior reactor operator being relieved

of his duty shall insure:that all pertinent information is logged. The
senior reactor operator assuming duty shall check the log for
information or instructions.

IR
,IVAV..' "

3. R'eac‘tor'Operators o

Ca. .

‘The responsible senior reactor operator shall pursuant to 10CFRS55

designate for his shift a licensed operator (hereafier called "operator")

.- who shall have primary responsibility under the senior reactor operator

for the operation of the reactor and all associated control and safety
devices, the proper functioning of which is essential to the safety of the

- Teactor.or personnel in the facility. The operator shall be responsible

directly to the senior reactor operator. .

Only one operator shall have the above duty at any given time. Each

- . operator shall enter in the reactor log thc date and time he/she assumed

duty. . ol T g

e
v .

:: '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/her .to- leave ‘the: control .room during such an

operation, he/she shall turn the reactor and the reactor controls over to
a designated relief, who shall also be a licensed operator. In such
instances, the change of duty shall be definite, clear, and explicit. The-
relief shall acknowledge his entry on duty by proper notation in the
reactor log.

TR T SR

The Operator, under the senior reactor operator on duty, shall be

. responsible for the operation-of the reactor according to the approved

operating procedures.
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e.  The operator shall be authorized at any time to reduce the power of the
reactor or to scram the reactor without reference to higher authority,
when in his: judgment such action appears-advisable or necessary for
the safety of the reactor, related equipment, or personnel. Any person
working on the reactor bridge shall be similarly authorized to scram
the reactor by pressing a scram button located on the bridge.

Radiation Safety Officer

The Radiation Safety Officer shall be responsible for assuring that adequate
radiation monitoring and control are in effect to prevent undue exposure of
individuals to radiation.

Review and Audit

1.

The NRSC shall review reactor operations- to assure that the facility is
operated in a manner consistent with public safety and within the terms of the
facility license.

The responsibilities of the NRSC include, but are not limited to, the
following:

a.  Audit of operating, and emergency procedures and records.

b. Review and audit of proposed tests and experiments utilizing the
reactor facilities.

c. Review and audit of proposed changes to the facility systems or
equipment, procedures, and operations.’

d. Determination of whether a proposed’ change, test, or experiment
would constitute an unreviewed safety question or which may require a
change to the Technical Specifications or facility license.

e. Review of all violations of the Technical Specifications and Nuclear
Regulatory . Commission Regulations, ‘and significant violations of
internal rules or procedures, with recommendations for corrective
action to prevent recurrence. :

f.  Review. of the qualifications and competency of the operating
organization to assure retention of staff quality.

g.  Review changes to the NRSC charter.

h.  Review, at least annually, the radiation safety aspects of the facility.

14-47 3/29/04
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3.

5. .

- The: NRSC shall have _written - direction deﬁnmg -such matters as the

authority of the Commlttee the subjects within its purview, and other such
administrative provisions as are required for effective functioning of the
Committee.. Minutes of all meetings of the-Committee shall be kept. All

minutes of the previous Reactor Utilization Commrttee shall be retained for
the life of the facility. .- . ..., - : :

A quorum of the NRSC shall consist of not less than four (4) members and
.. .shall include the Radiation Safety Officer or designee, the Director or the

Assistant Director for Operations and the Chairperson or designee.

The NRSC shall meet at least annua'lly

‘.J’

‘Operatmg Procedures NI

Written procedures, reviewed and approved by the NRSC, shall be used for items
1-9 listed below. The procedures shall be adequate to assure the safe operation of
the reactor, but should not preclude the use of 1ndependent Judgment and action
should the situation require such. . : - o

1.

2.

Startup, operation and shutdown of the reactor;

1,‘.
1 '

Installatron and removal of fuel elements control blades and incore devices
where necessary; : : : :

:Maintenance procedures ¥ which could have an effect on reactor safety;

Periodic survelllance of reactor mstrumentatlon and safety systems, area
momtors and continuous air momtors,

Implementatron of the physrcal Secunty Plan and Emergency Plan;

; .7

,Radratron control procedures, o

- Recerpt, mspectlon, and storage of new fuel elementsi ;

e L
LRI

: Storage. and shipr_nen_t of ,lt'radiated ‘fuel elements.

| Ekperiment review on a case-hy-cas‘e basis.assuring that section 3.8.3(2) of

ANSI/ANS 15.1 is satisfied. Operational approval shall be by written
approval by a licensed senior operator. Written procedures should be
established and supervrsron of the installation of such expenments shall be
defined and exercised. . Coa

.A’ R

Substantlve changes to the ahove procedures shall be made only w1th the approval
of the NRSC. Temporary changes to the procedures-that do not change their
original intent may be made by a Senior Operator. Temporary changes to
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6.6

6.7

6.8

procedures shall' be documented and subsequently reviewed by the NRSC
Subcommittee.

Action to be Taken in the Event of a Reportable Occurrence

In the event of a reportable occurrence:

1.

The Senior Reactor Operator shall be notified promptly and corrective action
shall be taken immediately to place the facility in a safe condition until the
cause of the reportable occurrence is determined and corrected.

The Director shall report the occurrence to the NRSC and RIAEC. The
report shall include an analysis of the cause of the occurrence, corrective
actions taken, and recommendations for appropriate action to prevent or
reduce the probability of a repetition of the occurrence.

The NRSC shall review the report and the corrective actions taken.

Notification shall be made to the NRC in accordance with Paragraph 6.8 of
these specifications.

Action to be Taken in the Event a Safety Limit is Exceeded

In the event a Safety Limit has been exceeded:

1.

The reactor will be shut down and reactor operations will not be resumed
until authorization is obtained from the NRC.

Immediate notification shall be made to the NRC in accordance with
paragraph 6.8 of these specifications and to the Director.

A prompt report shall be prepared by the Senior Reactor Operator. The
report shall include a complete analysis of the causes of the event and the
extent of possible damage together with recommendations to prevent or
reduce the probability of recurrence. This report shall be submitted to the
NRSC for review and appropriate action, and a suitable similar report shall
be submitted to the NRC in accordance with Paragraph 6.8 of these
specifications and in support of a request for authorization for resumption of
operations.

Reporting Requirements

In addition to the requirements of applicable regulations, all written reports shall be sent
to the U. S. Nuclear Regulatory Commission, Attn: Document Control Desk,
Washington, DC 20555, with a copy to the Region I Administrator. The written reports
include the following: '

Revision 1
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. Unusual Events

Within 24 hours, a report by telephone through the' NRC Operations Center,
Washmgton DC and the NRC Reglon 1:

a. Any accrdental release of radloactlvrty to unrestncted areas above
. permissible limits,: whether or .not the release resulted in property
damage, personal injury or exposure. '

b. . Any significant variation of measured.values: from a corresponding
 predicted or préviously. measured value of ‘safety related operating
characteristics occurring during operation of the reactor.

‘c.-  Any reportable occurrences as deﬁned m Paragraph 1.25 of these

- spec1ﬁcat10ns
d. Any vrolatlon of a Safcty lelt

e. Dlscovery of any substantlal variance from performance specifications
contamed in the techmcal spemfrcanons and safety analysrs

| The written report shall be sent w1th1n 14 days ‘The report shall

a. Descnbe analyze and evaluate safety 1mpllcat10ns
b.. 'Outlme the measures taken to .assure that the cause of the condition is
* determined; : . . :

-.c. - Indicate the corrective action taken, including any changes made to the

procedures and to the quality assurance program, to prevent repetition
of the occurrence and of similar occurrences involving similar
: components or systems ’

d. Evaluate the safety |mp11catlon of the incident in light of the
cumulative experience obtained from the record of previous failure and
malfunctions of similar systems and components.

A IS R Lo

A written report shall be forwarded within th1rty(30) days in the event of

a. Dlscovery of any substantial errors in the transrent or accrdent analyses
-+ or in the methods used for such analyses as .. oo
e e ,.,.“;,H...,rt'- . | S
descnbed in ithe . safety analysrs or in the bases for the technical
specifications;
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Discovery of any condition involving.a possible single failure which,
for a system designed against assumed failure, could result in a loss of
the capability of the system to perform its safety function;

Permanent changes in the facility organization involving the Director
or Assistant Director.

An annual report shall be submitted in writing within 60 days following the
30th of June of each year. The report shall include the following
information: :

Tabulation showing the energy generated by the reactor (in megawatt
days), the number of hours the reactor was critical, and the cumulative
total energy output since initial criticality.

The number of emergency shutdowns and inadvertent scrams,
including the reasons.

Discussion of the major maintenance operations performed during the
period, including the effect, if any, on the safe operation of the reactor,
and the reasons for any corrective maintenance required.

A description of each change to the facility or procedures, tests, and
experiments carried out under the conditions of Section 50.59 of
10CFRS50 including a summary of the safety evaluation of each.

A description of any environmental surveys performed outside the
facility.

A summary of annual radiation exposures in excess of 500 mrem
received by facility personnel, including the dates and times of
significant exposures.

A summary of the nature and amount of radioactive effluents released
or discharged to the environs beyond the effective control of the
licensee as measured at or prior to the point of such release or
discharge.

Plant Operating Records

In addition to the requirements of applicable regulations and in no way
substituting therefore, records and logs of the following items, as minimum, shall
be kept in a manner convenient for review and shall be retained as indicted:

Records to be retained for a period of at least five years:

Reactor operations;

14-51 ‘ 3/29/04




-y

-———

]
O WO\ W b —

WL RN NN N NN NN DN DN e et et ot ek o ok
—_ O WO~ WUNMAWN— OV Wi —

RI Atomic Energy Commission

Safety Analysis Report

RI Nuclear Science Center

Revision 1

b. Priricipél maintenance activities;

c. Experiments performed including aspects of the experiments which
could affect the safety of reactor operation or have radiological safety
implications;

d. Reportable occurrences;

e. Equipment and component surveillance activities;

f.  Facility radiation monitoring surveys;

g.  Fuel inventories and transfers; and

h.  Changes to procedures systems, components, and equipment.

Records to be retained for the life of the facility:

a.  Gaseous and liquid radioactive effluents released to the environs;

b.  Off-site environmental monitoring surveys;

c.  Personnel radiation exposures;

d. Updated, "as-built" drawings of the facility; and

e. Minutes of the NRSC (and previous Reactor Utilization Committee)
meetings.
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. CHAPTER 15

15.0 Financial Qualifications |

This chapter describes and discusses the financial information submitted to the NRC for
a non-power reactor license to establish that the applicant is financially qualified to own, -
construct operate _and decommussron .a non- power reactor Financial qualifications

cover three areas:. : ; : ' : ’

1. Financial ability to construct the non-power reactor facility authorized by the
construction permit.
.2. Financial ability to safety operate the facility.- : ‘
3. Financial ability to safety decommission the facility so that the NRC can
.termlnate the facility license at the end of the faculltys use.

151 Financial Ab|l|ty to Construct a Non-Power Reactor

The Rhode Island Atomic.Energy Commission was authorized to construct a research
reactor by Rhode Island General Law, Title 42; Chapter 142; using state bonds. These "

bonds were paid off prior to 1984. - The landis leased from the Rhode Island Higher-
Education Board of Governors The, reactor, -adjoining -offices” and ‘l1aboratories are -
owned by the State of Rhode Island under; the :control of the Rhode' Island Atomic -

Energy Commtssmn .The Commission was established pursuant to Title 42, Chapter .
27 .of the General Laws of Rhode Island. :Section.42-27-2 authorizes the Commission’ -
to construct and operate a research reactor.:  Section 42-27-4 authorized the General
Assembly to annually appropriate a sum suft" cient for the commission to- carry out the :.
purposes of the Act. The Act providing for the establlshment of the reactor is contained

in Chapter 142, Laws of 1958. L Coe '

Fuel cycle costs -have been historically covered by Department of Energy (DOE).Fuel .
Assnstance Grants. -DOE "also funded:the conversion to LEU fuel.: Given the fact that
there is currently no mventory of spent fuel, it will be several years before a shipmentis
requ:red Also, a significant amount of new fuel is being held at the vendor for future .
use. This fuel became available when the only other research reactor with 22 plates -
per element LEU fuel ceased operatlon State fundlng wrll cover any fuel cycle costs
not covered by DOE. R TIARTEE : . :

S . r. i :
15. 2 Fmancual Abllrty to Operate a Non-Power Reactor

Gt

Under Sectlon 42- 27-2 of Rhode Island General Law the Rhode Island Atomrc Energy
Commission is directed to operate a nuclear reactor within the state for the purpose of

research, experimentation, training of personnel, testing of materials and techniques

and for such other purposes related thereto which the Commission shall deem
necessary for the health, welfare, and economy of the people of the state; and in this
respect to cooperate with and make available, under proper safeguards, the use of the
reactor by colleges, universities, and industries of this state. The Commission may
charge fees for the use of the reactor facilities. Historically, the Commission has
waived or reduced fees associated with research grants in order to make them more
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competitive. Tours and training have been conducted at no cost to the citizens of the
state. Due to the small staff size, only limited commercial activities associated with the

reactor have been permitted and the fees charged for these activities have been utilized

to defray additional costs associated wrth reactor operation

The RIAEC budget is funded by an annual appropriation from the state, which is part of
the state’s annual budget as enacted by the legislature and approved by the governor.
Any funds generated from commercial activities are deposited into the state's general
funds for use by the legislature. Under Rhode Island General Law 42-27-4, the state
will meet its obligation to adequately support safe reactor operation.

Historically, approxrmately 80% of the State supported budget has been utilized for staff
salaries. The remaining 20% has been utilized to fund operations and maintenance.
Each year, the budget fluctuates based on grant money received and capital budget
projects. These two items are designated for specific purposes and are excluded from
the calculation of funds required for continued reactor operation.

In fiscal year 1999, the Commission spent $506,926 on personnel and $140,063 for

operations. In fiscal year 2000, the Commission spent $591,661 on personnel and -
$91,661 on operations. In fiscal year 2001, the state enacted legislation for $638,794
for personnel and $103,661 for operations. These figures are driven by several factors,

which will determine future funding levels. On the personnel side, union negotiated cost

of living increases usually average around 3-4%. On the operating side, energy costs.

are the major variable besides the general inflation rate. It is therefore reasonable to
assume that the operating cost of the reactor will increase by 3-4% per year over the
next several years.

15.3 Financial Ability to Decommission the Facility

Non-power reactor licensees-using a statement of intent, may be Federal, State, or

local - government entities.” The chairman of the: Rhode Island Atomic Energy
Commission has signed-a copy of the statement of intent regarding decommissioning of
the Rhode Island Nuclear Science Center reactor, which is mamtained in the licensee’s
records and is available for inspection.

While there are no current plans to decommission the reactor, the state has required
that this project be identified in the State's Annual Capital Budget for liability purposes.
The decommissioning project estimate is reviewed annually by the House and Senate
Finance Committees and is part of the Capital Budget that is signed into law by the
Governor. It is therefore prudent to consider that there is adequate assurance that
funds will be available for decommissioning when that decision is made.
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15.4 References
a. Rhode Island State General Laws
b. 10 CFR Part 50 “Domestic Licensing of Production and Utilization Facilities:
NRC Regulatory Guide DG-1106 “Assuring the Availability of Funds for

Decommissioning Nuclear Reactors”

c. Rhode Island State Budget — Rl Aiomic Energy Commission
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Chapter 16
16.0 Other License Considerations
16.1 Prior Use of Reactor Components

There are no components in use at the Rhode Island Nuclear Science Center that have
had prior use at any other facility or organization. It is conceivable that prior use
components could be integrated into the reactor systems at some future time.
Appropriate analysis and reviews of component replacement will be conducted in
accordance to applicable standards, regulations and facility procedures and licensed
technical specifications.

16.0 Maedical Use of Non-Power Reactors
The Rhode Island Nuclear Science Center is not engaged nor licensed to conduct any

activities for medical use of the facility. Future medical use of the RINSC would be

conducted pursuant to appropriate license applications and approvals as authorized by
the Atomic Energy Act of 1954 as amended.
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