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1. The Facility

1.1 Introduction

The Kansas State University nuclear research reactor is owned by Kansas State University (K-
Statc), and operated by the Department of Mechanical and Nuclear Engineering. The reactor was
obtained in 1960-1962 through a grant from the United States Atomic Energy Commission and is
currently operated under Nuclear Regulatory Commission License R-88 and the rcgulations of
Chapter 1, Title 10, Code of Federal Regulations. The facility supports education and training,
rescarch, and public service activitics. The reactor facility is located on K-State campus in
Manhattan, Kansas, a city of approximately 50,000 residents and 20,000 students, as described in
Chapter 2, Site Characteristics.

This rcport is based on the Kansas State University TRIGA Mark 11 Hazards Summary Report
{1961) for the initial operation of the reactor at 100 kW thermal power, the 1968 Safety Analysis
Report and Safcty Evaluation Report for license amendment to allow 250 kW steady state thermal
power (250 MW pulsing capability), and subscquent analyses supporting steady state operations
to a maximum of 1,250 kW (pulsing to a nominal $3.00 rcactivity insertion. A $3.00 reactivity
inscrtion is expected to result in a peak thermal power of approximately 1,340 MW). Based on
proposed reactivity limits, the KSU reactor will only be able to achieve about % the proposed
maximum power level for steady state operation; therefore thermal-hydraulic and consequence
analyses arc conservative by at least a factor of 2.

The 1961 KSUTMII Hazards Summary Report identificd a sct of potential hazards associated
with opcration of the reactor. The U. S. Atomic Energy Commission reviewed the report and
concluded that there is “reasonable assurance that the reactor can be operated at the designated
location without undue risk to the health and safety of the public.” In 1968, a Safety Analysis
cvaluated changes in the original hazards analysis for operation a higher steady state power level
and the addition of pulsing capability to support a license amendment for operation at 250 kW
with pulsing to 250 MW. The U. S. Atomic Energy Commission revicwed the requested
amendment and concluded that there is “reasonable assurance that the seactor can be operated at
the designated location without undue risk to the health and safety of the public.”

This rcport addresses safety issues associated with operation of the reactor at steady state
power levels up to 1,250 kW, and increased pulsing capabilities. The maximum excess reactivity
permitted by Technical Specifications cannot achieve a continuous steady state power level
greater than about 500 kW; therefore analysis performed for steady state operations at 1,250 kW
is extremely conservative in evaluating conscquences and characteristics of normal and accident
scenarios. This report reflects the as-built condition of the facility, and includes expericnce with
the opcration and performance of the reactor, radiation surveys, and personnel exposure histories
rclated to opcrations to a maximum of 250 kW steady-state power. Where appropriate,
radiological characteristics have been extrapolated to reflect operation to a maximum of 1,250
kW. The conscquence of routine generation of radioactive cffluent and other waste products from.
steady statc operation to a maximum of 1,250 kW is addressed in Chapter 11, Radiation worker
and public doses from radiation associated with routine operations are well within the limits of
Title 10, Codc of Federal Regulations, even under extremely conservative scenarios. The
conscquence of accident scenarios from opcration at 1,250 kW steady-state power and pulsing is
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presented in Chapter 13. The consequences of accidents postulated to occur under extremely
conscrvative conditions are well within limits. Therefore, analysis demonstrates that there is still
a “reasonable assurance that the reactor can be operated at the designated Jocation without unduc
risk to the health and safety of the public.”

The description of the reactor core and thermal hydraulic analysis prcscntcd in Chapter 4, the
Secondary Cooling System in Chapter 5, and the Reactor Control System in Chapter 7 are based -
on 1,250 KW operations. .

1.2 Summary & Conclusions on Prmcnpal Safety
Considerations

Design basis parameters of the KSUTMI are (1) power level, (2) fuel .tempcmture, and (3) fuel

loading rcquxrcd to achieve desired power, Limits on the amount of fuel loaded in the core and .

on the maximum power level ensure the KSU TRIGA Mark II nuclear reactor is an mhcrcntly
safe reactor.

1.2.1 Safety Considerations

As of July, 1999, therc were over 70 TRIGA reactors in use or under construction at universities,
government and industrial laboratories, and medical centers in 24 countries. Historically,
analysis and testing of TRIGA fuel has demonstrated that fuel cladding integrity is not challenged -
as long as stress on the cladding remains within yield strength for the cladding temperature,
Elevated TRIGA fuel temperaturcs evolve hydrogen from the zirconium matrix, with concomitant
pressure buildup in the cladding. Therefore, the strength of the clad as a function of temperature
cstablishes the upper limit on fucl temperature. Fuel temperature less than limiting values will
ensure clad integrity (as evaluated in NUREG 1282) and thercfore contain radioactive materials
produced by fission in the reactor core.

As a npatural-convection cooled system, heat removal capacity is well defined as long as the
primary coolant is sub cooled, restricting potential for film boiling. Limiting the potential for
film boiling assures fuel and clad temperatures are not capable of challenging cladding-integrity.
The maximum heat gencrated within a fuel element and the bulk water temperature determines
the propcnsxty for film boiling. The design basis analysis in Chapter 4 indicates that steady state
operation at power levels greater than 1,250 kW in natural convective flow will not lead to film
boiling. Analysis indicates that transition boiling may occur during the maximum pulse, but that
this condition will not evolve to film boiling.

Negative fuel temperature feedback inherently limits the operation of the reactor. Increases in
fuel tempemturc'associatcd with operation at power regulate maximum possible stcady state
power, as described in Chapter 4. This coefiicient of feedback is a function of the fuel
composmon and corc geometry; within established core systems, the negative temperature
coefficient is rather constant with temperature, as described in chapter 4. Excess fuel (above the
amount required to establish a critical condition) is required to overcome the negative
tempcrature feedback as opcranon at power (or pulsing) causcs the fuel to heat up. Consequently,
maximum poss'blc powcr using TRIGA fuel is controllcd by hmxtmg thc nmount of fuel Joading.

SIS Limits on total
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fucl loading and excess reactivity ensure that the maximum power level will not lead to
conditions under which design basis tempcratures are possible. A limit on the maximum pulsing
reactivity ensures pulsed operations do not lead to conditions under which design basis
temperatures are possible.

1.2.2 Consequences of Normal Operations

As indicated in Chapter 11, radiation sources are discharged from the reactor facility in gaseous
(airborne), liquid or solid form. Thesc forms are treated individually in subsections of Chapter
11. Airborne radiation sources consist mainly of Argon-41, Nitrogen-16 and Tritium, with Argon
41 the major contributor to off site dose. Limits on Argon-41 and Tritium are tabulated below,
with Cesium 137, the other significant isotope of intcrest for the KSU reactor.

10CFR20: Appendix B to Part 20—-Annual Limits on Intake (ALIs) and Derived Air Concentrations (DACs) of
Radionuclides for Occupational Exposurc; EfMuent Concentrations; Concentrations for Release to Sewerage

Table 1 fable2 Yable 3
Occupatlonal Values Concentrations Reslz:v_r.:; to
At;;:ﬂc Radionuclidel  Class Col.1 J Col.2 | Col.3 | Col.1 | Col2
* Oral Inhalatlon A Monthly
Ingestion r Water Average
AL | oo b wern | wovmh Jwcymd | concentration
(uCi) (LCl/mi)
18 Argon-41 JSubmersion? - - 3E-6 1€-8 - -
Water, DAC
1 Hydrogen-3 Includes 8E+4 8E+4 2E-S 1E-7 1E-3 1E-2
absorption
D, all .
55 Ceslum-137 o m;l;ounds 1E+2 2E+2 6E-8 2E-10 1E-6 1E-5

Gas (HT or Tz) Submersion 1: Use above values as HT and T; oxidize In alr and In the body to HTO

A general limit on off site doses from gascous cfflucnts is also contained in § 20.1101 Radiation
protection programs:

d) To implement the ALARA requirements of § 20.1101 (b), and notwithstanding the
requircments in § 20.1301 of this part, a constraint on air emissions of radioactive
material to the environment, excluding Radon-222 and its daughtcrs, shall be established
by licensees other than those subject to § 50.34a, such that the individual member of the
public likely to reccive the highest dose will not be expected to reccive a total effective
dosc cquivalent in cxcess of 10 mrem (0.1 mSv) per year from thesc emissions.

Argon 41 is the major contributor to radiation exposure incident to the operation of the K-State
reactor. Argon 4] is attributed to ncutron activation of natural argon (in air) in the reactor bay
atmosphere, rotary specimen rack adjacent to the core, and dissolved in primary coolant. Argon
41 has 1.8 h half-life. Calculations bascd on 1,250 kW steady state continuous operations show
that doses in the reactor bay remain below inhalation DAC. Using extremely conservative
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assumptions of operational conditions in concert with the worst-case wind stability class, the off
site dose from Argon 41 is slightly less than 10% of the 10 mrem/year limit. A summation of all
relative frequencies for winds under Pasquill stability category A (Table B-3) indicates frequency
less than 0.6%, i.c., the contribution to off site doses from Argon 41 produced during a year of
full power, steady state operations accounts for less than 0.6% of the total dose. All other
atmospheric dispersion calculations show that the off site dose from Argon 41 is well within
limits, and daoses in the reactor bay are below the levels requiring controls of an airbomne
radioactivity area. Chapter 11 Appendix A shows peak off-site activity concentration during
normal operations would be about 4.5 x 107 pCi/mL at 53 m downwind under extremely unstable
atmospheric conditions, less than the effluent limit of 0.01 pCi/mL. A full year exposure to
cquilibrium argon concentration for 1,250 kW operations under normal atmospheric conditions
would lead to an cffective dosc of Jess than 7 mrem, well within applicable limits.

Nitrogen 16 is the major contributor to radiation ficlds directly over the reactor pool during
operation. Nitrogen 16 is produced by a fast neutron reaction with oxygen (as a natural
component of water in the core). Nitrogen 16 bas a 7:1 second half-life, and consequently docs
_not remain at concéntrations capable of contributing significantly to off-site dose. Chapter 11
shows very conscrvative calculations lead to an expected exposure rate of slightly less than 100 -
mrem/hr at onc meter above the center of the reactor tank during sustained operation at 1,250 kW
thermal power. The 22-foot level has radiation monitors directly above the pool and at the rail
surrounding access to the pool, Measured exposure rates directly above the pool surface are about
20-30 mR/h at 250 KW operations, and measurements at the rail approach 2 mR/hr. During
normal, steady state 500 kW operations dose rate can be expected to achieve 40-60 mrem/hr, and
during steady statc operations at 1,250 kW the area directly above the pool surface may become a
high-radiation area. Therefore, radiation dose rates directly above the reactor pool during
expected operations at levels up to 500 kW “are within requircd levels for a radiation area as
defined in 10CFR20, and additional administrative controls for access to the area directly above
the reactor pool 500 kW to the maximum license power level of 1,250 kW may be required.
Installed monitoring systems provide information nccessary to identify appropriate access
controls. ) :

Tritium is gencrated by sequential activation of hydrogen (in watex? in the corc area. Measured
tritiurn specific activity in primary coolant is less than S x 10™ pCi/g. If thé reactor bay
-atmosphere were saturated with this water at 30°C, the water concentration in the air would be
less than 3 x 10”° g/mL and the activity concentration in the atmosphere 1.5 x 10”7 pCi/m), well
below the DAC limit and well below the atmospheric effluent limit with the dilution factor of 200 .
for discharge from the top of the reactor bay. Even under the extremely conservative assumption |
that the complete tritium inventory of the reactor pool is released into the reactor bay atmosphere,
the tritium concentration would be within limits for an unrestricted area.

No liquid radioactive material is routinely produced by the normal operation of .the KSU TRIGA
reactor except for miscellancous neutron activation product impurities in the primary coolant.
Non-routine liquid radioactive contamination may be produced during dccontamination,
maintenance activities (such as resin’changes), or occasional level adjustments in the reactor tank
or bulk-shicld tank. Most releases occur because of condensation in the air-handling unit during
summer months. Liquids in the reactof bay floor drains are collected in the reactor bay sump,
along with condensate from the air conditioning system. Quantities arc small, and these liquids
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arc released to the sanitary scwerage system afier assay and filtration.

Most of the impuritics produced in the primary cooling system are deposited in the mechanical
filter and demineralizer resins. Thercefore, these materials are dealt with as solid waste. The only
radionuclides observed are tritium and trace quantitics of *’Cs. Typically there are three rcleases
of liquids annually, each amounting to 2.5 m>. Even without dilution, concentrations of these
isotopes are well below 10CFR20 Appendix-B cffluent concentration limits and monthly
sewerage limits. Even unfiltered, untreated primary coolant would meet the liquid effluent limit
without further dilution.

1.2.3 Consequences of Potential Accidents

Safety Analysis, Chapter 13, recognizes three classes of accidents for which analysis is required.
The maximum hypothcetical accident is a fuel element failure with maximum release of fission
product inventory, from which the radioactive materials can migrate into the cavironment.
Complete loss of coolant from the reactor pool is the sccond accident analyzed. The final
accident is an insertion of the maximum available positive reactivity. Analysis demonstrates the
conscquences of reactor accidents are acceptable.

a. Maximum Hypothetical Accident.

Source quantities of radioactive noble gases and iodine are computed and tabulated in
Chapter 13 for 2 maximum hypothetical accident involving cladding failure in a single
TRIGA fuel clement and the escape of the radionuclides into the environment. Two
limiting cases of opcration are considered. For short-lived radionuclides, source terms
arc computed for element failure subscquent to eight hours full-power opcration per day
for five days. For long-lived radionuclides, source terms are computed for clement
failure subsequent to continuous operation for 40 years at the average power experienced
by the reactor aver its first 33 years of operation. Also examined are residual sources still
present in fucl, but gencrated in reactor opcrations prior to local receipt of the fucl in
1973. Potential consequences of radiological releases are examined.

Under extremely conservative assumptions, potential relcase and dispersion of a few
radioiodines and radioactive strontium inventories exceeds activity levels that permit
normal occupancy of the reactor bay. In a 100% relcase of the inventory of these
specices, the Derived Air Concentrations for these radioisotopes in the reactor bay could
require worker access to be controlled to prevent excceding the Annual Limit of Intake.
The K-Statc Reactor Emergency Plan controls responses to accidents involving fuel
element failure as well as recovery and reentry operations. Unrestricted, uncontrolled,
and unmonitored access to the reactor bay following a fuel handling accident is not
permitted. ’

Under cxtremely conscrvative assumptions, only a few radionuclides exceed permissible
concentrations for release to unrestricted arcas, even within the reactor bay. Even in the
cxtremely unlikely event that 100% of the radionuclide inventory is released from a
damaged fuel clement to the outside atmosphere, very conservative calculations reveal
that radionuclides inhaled by persons downwind from the release would lead to organ
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_ doses or effective doses very far below regulatory limits.

Even in the maximum hypotbetical accident, no workers or members of the public are at
risk of receiving radiation doses in excess of limits prescribed in federal regulations.

-b. Loss of Coeolant .
Although total loss of reactor pool water is considered to be an extremely improbable
event, calculations have been made to determine the maximum fuel temperature rise that
could be expected to result from such an event taking place aficr long-term operation at
full power of 1,250 kW. Even under extraordinarily conservative assumptions and
approximations, the maximum fuel temperature reached in a loss of coolant accident is
Jess than 300°C, well below any safety limit for TRIGA reactor fuel.

Radiation doses from loss of coolant accident under extremely conservative assumptions
are computed nnd havc been tahulated in Chapter 13. SRS e Caks
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c. Insertion of Excess Reactivity

Two reactivity accident scenarios are presented. The first is the insertion 0f2.1% ($3.00)
reactivity at zero power by sudden removal of a control rqd. The second is the sudden
removal of the same reactivity with the core operating at a power level equivalent to the
remainder of the core excess reactivity. Analysis shows that peak fuel temperatures in
the first case does not reach fuel temperature limits, with a maximum temperature less
than 750°C at the peak in the hot channel for conditions where initial steady state power
level is rcgulatcd only by the balance of core excess reactivity, while claddmg
temperature remains below S00°C. In the sccond case, maximum fuel tcmpcrature is
ca]culatcd at a maximum of less than 870°C at the pcak in the hot channcl again with
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1.3 General Description of the Facility

1.3.1 Geographical Location

The reactor is located on the campus of Kansas State University, in the City of Manhattan, in
Riley County, Kansas. The licensee (through the University Police Department) controls access
to Kansas State University facilitics and infrastructure. County, city, and universily maps are
supplicd in Chapter 2. The reactor is located in the north wing of Ward Hall. Latitude and
longitude, Ward Hall building plans, universal Transverse Mercator coordinates, population
details, ctc. are provided in Chapter 2.

The operations boundary of the reactor facility encompasscs the reactor room and control room.
The site boundary encompasses the entire building and adjacent fenced areas controlled by
management of the facility.

1.3.2 Principal Characteristics of the Site

The site is in the Flint Hills uplands of northeast Kansas, characterized by glacial sediments. Soil
borings reveal modest topsoil, varying levels of silt and clay loams overlying bedrock, limestone,
and shale. Groundwater is cncountered in sand or gravel layers 18 to 35 feet below existing
grade.

The reactor site is located on high ground in the northwest sector of the university campus.
Climate is temperate, with typically 32 inches of rain annually. Storm drainage is cxcellent and
sanitary sewerage from the reactor building is collccted by a system serving the entire university.

The site is in a seismic risk zonc 2. Liqucfaction potential of local soils is minimal.

1.3.3 Principal Design Criteria, Operating Characteristics, & Safety
Systems

The KSU TRIGA reactor is a water-moderated, water-cooled thermal reactor operated in an open
pool. The scactor is fucled with heterogencous clements clad with stainiess steel, consisting of
nominally wmchcd uranium in a zirconium hydride matrix. In 1968, the KSUTMII
was licensed to operate at a steady-state thermal power of 250 kW with a pulsing thermal power
limit of 250 MW. Application is made concurrently with license renewal to operate up to a
maximum steady state power level of 1,250 kW steady-state thermal powers and pulsing to $3.00
(nominal 1,340 MW pecak power). Reactor cooling is by natural convection. The 250-kW core
consists typically o lements (a minimum olﬁﬂplnnncd for the 1,250-kW core), cach
containing as much as)Bbgrams of 2*U. The reactor core is in the form of a right circular
cylinder abdut 9 in. (23 cm) radius and 15 in. (38 cm) depth, positioned with axis vertical ncar the
basc of a cylindrical water tank 1.98 m (6.5 R.) diameter and 6.25 m {16 1t.) depth. Ciriticality is
controlled and shutdown margin assured by control rods in the form of aluminum or stainless-
steel clad boron carbide or borated graphite. The 250 kW core originally used threc control rods,
the 1,250-kW core will be controlled by four. The reactor tank is surrounded on the side and at
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the base by a bxologlca] shield of :cmforced concrete at Jeast 8.2 ft (2.5 m) thick. The tank and
shield arc in a 4078 m® (144,000 {*) dynamic confinement building made of reinforced concrete
and structural stecl, with.composite sheathing and aluminum siding. Sectional views of the

rcactor are shown in Figures 1.1 and 1.2, with a floor layout in Figure 1.3 showing the 0-foot, 12-
foot and 22-foot levels of the facility.

1 3.4 Engineered Safety Features

Thc design of the XSU ']'RIGA Reactor, licensed in 1962, and the power upgradc to 250 kW in
1968 imposed no requircments for enginecred safety features. As discussed in Chapter .13, and
from previous analysis, neither forced cooling flow nor shutdown emergency corc cooling is
required for operation at steady state thermal power as high as 1900 kW, a large margin over the
1,250 kW steady state operations.

1.3.5 Instrumentation and Control (I&C) and Electrical Systems

Instruments and controls are described in Chapter 7, with the electrical power system described in
chaptcr 8. The reactor instrument and control systems include the reactor control system, process
instruments, reactor protection system, and radiation safety monitoring systems. As previously
noted, there are no engineercd safety fcamres at the KSUTMII and therefore no associated
instrumentation.
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Figure 1.1, Cutaway i’iew'of the K—Staté Reactor.
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The bulk of the reactor 1&C systems arc hard-wired analog systems (primarily manufactured by

Gencral Atomics) widely used at various NRC-licensed facilities. A comprehensive upgrade of
the reactor’s original reactor control system and reactor protection system was accomplished

during control room modifications in 1993 and 1994. The original console and vacuum tube

instruments were replaced by a solid-state console (previously uscd in the U.S. Geological’
.Survey’s TRIGA Mark I rcactor). New General Atomics neutronic measuring channels (N-1000

serics) were installed. These channcls have optically isolated outputs, allowing other devices to

utilize the neutronic data. Installation of a fourth control rod is planned for the near future, with

design and hardware supplied by GA. Improvements to air monitoring were accomplished during
a modification to the rcactor bay HVAC system in 1998.

a.

c‘

Reactor Control System

The reactor control system includes the mechanical and electrical systems for control rod
drives, and instruments that monitor control rod position. Each contrel rod can be
indcpendently manipulated by pushbutton ‘console controls. Onc control rod can be
operated in an automatic modc to regulate reactor power according to a manual setpoint,
indicated power on the lincar power level monitoring channel and a wide range power
leve!l monitoring channel (period) fecdback. The wide range power level monitoring
channcl of the reactor protection system provides interlock signals and actions to the
reactor control system. The reactor control system is also interconnected to the reactor
protection system through a manual scram bar above the control rod drive switches
(allowing the rcactor protection system to be actuated manually) and the automatic mode
control (as described above).

Process Instruments

Primary water temperature is measured in the water box and displayed on the console. A
manomcter indicates flow rate through the cleanup loop locally. Conductivity probes
measure water purity at the entrance and cxit of the clcanup loop. A level alarm/switch
alerts the operator when the reactor pool water level is low. Primary and secondary flow
rates arc indicated on local-monitors. The makeup water system is instrumented with a
flow meter/totalizer to measure water added to the reactor pool or bulk shicld tank. Level
switches providc indication for low sccondary surge tank water level and high reactor bay
sump levels. Fuel temperatures for two clements can be monitored on the reactor control
console and on an auxiliary pancl; the fuel temperature indicator on the auxiliary pancl
provides input to the reactor protcction system.

Reactor Protection System

The rcactor protection system is designed to ensurc reactor and personncl safety by
limiting parameters to operation within analyzed operating ranges. Process parameters
that can automatically initiate rcactor protection system actions include neutron level, rate
of rise (period) and fuel temperature. Circuit provisions allow additional, extemal scrams
to be installed when personnel, facility, or experiment protection might require rapid
shutdown bascd on instrument-monitored parameters. A bar above the control rod drive
switches allows the scram system to be actuated manually by the reactor operator at the
controls.
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Figure 1.2, Top View of K-State Reactor.

Three neutronic instruments measure reactor power scparately: a wide-range logarithmic
channel, a multi-range linear channel, and a percent power channel. These provide at
least two indications of reactor power from source range to power range. The nuclear
instruments of the reactor protection system are integrated into the reactor control system
through the automatic power level control system and through rod control interlocks. Ifa
reactor pulse is performed another channel is added to the central thimble to record pulse
data. One fuel temperature indicator has a trip rclay built into the meter movement fora -
high fuel element temperature trip. Most of the components of the reactor control system
are located within the same enclosure as sections of the reactor control system, although
the reactor safety system fuel temperature indicator is mounted on the auxiliary control
panel. Since the core is cooled by natural convection, no engineered safety features are
necessary for safe reactor shutdown.

Radiation Safety Monitoring Systems

Radiation monitors are installed to monitor radiological conditions at the facility. One
monitor is stationed on the top of the reactor, with alocal, high range indicator and alarm
(at 5 R/hr) to initiate evacuation of the reactor bay. One monitor is stationed at the
control room door 1o the reactor bay, with a 2.5-mrem/hr-alarm setpoint. Electrical
connections are installed near each beam port, permitting control room and local
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indication of radiation levels near an open beam port. The remaining radiation monitors
have indicators and alarms both locally and at a central location in the control room.

e. Electrical Power

Primary clectrical power is provided through the Kansas State University power grid,
supplied by an on-campus plant and commercial generators. Main power lines traverse
underground tunnels, inhibiting tampering. Loss of electrical power will de-energize the
control rod drives, causing the rods to fall by gravity into the core and placing the reactor
in a subcritical configuration. Since the core is cooled by natural convection, no
emergency power is required for reactor cooling systems. Loss of clectrical power does
not represent a potential hazard to the rcactor. Backup battery systems are provided for
emergency lighting and the sccurity system.

——

1.3.6 Reactor Coolant and other Auxiliary systems

The reactor coolant and auxiliary systems arc very simple in design and operation. These systems
are required for operation, and not for safety. Many of these systems have been upgraded in
recent years to permit extended full power operation of the reactor. Detailed descriptions of the
coolant and auxiliary systems cquipment and operation asc provided in Chapters 4, 5 and 13 of
this report.
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a. Reactor Coolant System.

During full power operation, the nuclear firel elements in the reactor core are cooled by
natural convection of the primary tank water. To remove this bulk heat to the
cnvironment, the primary water is circulated through a heat exchanger where the heat is
transferred to a secondary cooling loop. A cleanup Joop maintains primary water purity
with a filter and demineralizer to minimize corrosion and production of long-lived
radionuclides that could otherwise occur. The primary coolant provides shielding directly
above the reactor core.

b. Sccondary Cooling System

The sccondary cooling system provides the interface for heat rejection from the primary
coolant system to the environment. The secondary system is an open system, with the
" sccondary pump discharging through a primary-to-secondary hecat exchanger, then
through a forced-draft cooling tower., Water returns to an open surge tank (focated inthe ~
reactor bay) by gravity.

c. Bulk Shield Tank.

The bulk shield tank provides radiological controls for an experimental facility, the °
thermalizing column. Irradiated fuel elements can be stored in the bulk shield tank, or
alternately in dry fuel storage pits.

d. Malkeup

A distillation unit in a room adjacent to the reactor bay provides makeup water through 2
ﬁltcr dcmmcrahzcr unit to the reactor pool or bulk shicld tank.

1.3.7 Radioactive Waste Management and Radiation Protection

Operation of the K-State TRIGA reactor produces {low concentration) routine discharges of
radioactive gases, periodic batch .discharges of (sometimes) slightly contaminated water to
* sewcrage, and small quantitics of solid waste. Details of the waste management and radiation
protection procedurcs at the KSU TRIGA reactor are provided in Chapter 11 of this rcport.

a. _ Gascous Waste
Maintaining negative pressure ‘controls concentrations of radioactive gases in the reactor
bay during opcrations. An exhaust fan in the roof of the reactor bay, directly over the
reactor pool, maintains negative pressure in the reactor bay to ensure that discharges are
controlled under conditions of analysis.
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C.

Liquid Waste

Liquid sources arc limited generally to tritium-bearing condensate water from the facility
air handling system, and occasional relcases of tritium-bearing primary coolant from
level adjustments in the reactor tank or bulk-shield tank. All reactor bay floor drains and
the HVAC condensate drains discharge to a reactor bay sump. Contents of the reactor
bay sump are sampled and assaycd to assurc limits for discharge arc met prior to
discharge. Sump cfflucnt is filtered prior to discharge to meet NPDES requirements for
discharge to campus scwerage. Liquid wastes are released through the sanitary sewcrage
system after filiration and assay for beta, gamma, and alpha activity.

Solid Waste

Solid waste is very limited in volume and specific activity. Solid wastes include ion-
cxchange resin used in reactor-water cleanup, contaminated tools, lab-ware, samples and
sample handling material for completed experiments, and anti-contamination clothing
associated with rcactor experiments and surveillance or maintenancc operations.
Shipments of solid waste to commercial disposal facilitics are made infrequently. Solid
wastes shipments arc coordinated with the University Radiation Safcty Office, Division
of Public Safety.

1.3.8 Experimental Facilities and Capabilities

Standard experimental facilities in the KSU TRIGA rcactor, as supplied by the vendor, General
Atomics, include the central thimble, rotary specimen rack, pneumatic specimen tube,
thermal/thermalizing columns, and four beam tubes. Experimental facilitics arc described in
Chapter 10, with auxiliary systcms supporting beam tubes in Chapter 9.

H

Central Thimble

The reactor is equipped with a central thimble for access 1o the point of maximum flux in
the corc. The central thimble consists of an aluminum tube that fits through the center
holes of the top and bottom grid plates tcrminating with a plug below the lower grid
plate. The tubce is anodized to retard corrosion and wear. The thimble is approximatcly
20 ft. (6.1 m) in length, made in two scctions, with a watertight tube fitting. A removable
screen covers the top end of the tube to allow gas relief and to prevent objects from
falling into the reactor tank. Although the shicld water may be removed to allow
extraction of a vertical thermal-neutron and gamma-ray beam (not currently done at the
KSU l‘acility at the time this report was completed), four 0.25-in (6.3-mm) holes are
located in the tube at the top of the core to prevent cxpulsxon of water from the scction of
the tube within the reactor core.

Rotary Specimen Rack

A 40-position rotary specimen rack (RSR) is located in a well in the top of the graphite
radial reflector. A rotation mechanism and housing at the 22-ft level of the reactor allows
the specimen to be loaded into indexed positions and also rotation of samples for more
uniform exposure across the sct of co-irradiated samples. The RSR allows large-scale
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production of radioisotopes and for activation and irradiation of multiple material
samples with neutron and gamma ray flux densities of comparable intensity.

c. Pneumatic Specimen Tube

A pneumatic transfer system, permitting applications with short-lived radioisotopes,
rapidly conveys a specimen from the reactor core to a remote receiver. The in-core
terminus is normally located in the outer ring of fuel-element positions.

d. ThermaVThermalizing Columns

The KSU TRIGA Reactor has two graphitc modcrated cxperimental facilitics for
spcctrally tailored experiments requiring well thermalized neutrons. The thermal column,
shown in Figures 1.1 and 1.2, has a concrete door acting as shielding. The thermal |
column is accessible by winching the door, mounted on rails. The space occupied by the
rails is covered with steel plate when the thermal column s not in use, shown as the
rectangle attached to the reactor pedestal in the 0-foot section of Figure 1.3; towards the
top of the ﬁgurc The other facility is the thennahzmg column, shown in Figures 1.1 and
1.3. Shielding for the thermalizing column is provided by vater in the bulk shield tank.

€. Beam Tube Facilities

The KSU TRIGA Reactor is provided with four bcam tubes. Beam-tube sleeves are
welded to thie outside surface of the tank and extcnsions (on axis) arc welded to the inside
surface. The beam tubes provide beams of ncutrons and gamma rays for a varicty of
experiments. They also provide irradiation facilities for specimens as large as 6 in. (15.2
cm) in diameter. Three of the beam tubes are aligned radial with respect 1o the center of
the core. Onc of the radial beam tubes is aligned with cylindrical void in the reflector
graphite, while the remaining radial becam tubes terminate at the outer edge of the
reflector assembly. The fourth beam tube is oriented !angcnua]ly with the outer edge of
the core. .

1.4 Shared Facilities and Equipment
. -~ =
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1.5 Comparison with Similar Facilities

The design of the fucl for the KSU TRIGA is similar to that for fuels used in 70 reactors in 24
nations (Gencral Atomics July 1999 data). Of total number of reactors, 45 are currently in
operation or under construction with 40 rated for steady-state thermal powers of 250 kW or
greater, 22 at 500 kW or greater, and 20 at 1 MW or greater.  Ninc of the larger power reactors
arc TRIGA Mark 1I. The TRIGA Mark Il design is a substantial fraction of the 70 reactors using
TRIGA fuel world-wide.

In the United States, there have been 26 TRIGA reactors built, with 19 currently in operation (5
TRIGA facilitics and 3 non-TRIGA reactors converted to operate with TRIGA fucl at power
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levels greater than 1,000 kW, as indicated in Table 1.1).

Tnble 1 1, U.S. TRIGA REACTORS AT 500 k\W OR GREATER.

u’ﬁé; "g i Zgéi%@ gf-é}xf‘u:-,&r; ISR POWERILEVELS SRSk Rﬁ@.ﬁux&mﬁi
f AT s *fo;}‘g:' ZATIONS, Gkﬁ\fiﬁ;w 3375‘%2‘5 5 55“ .,%_9}?.‘%’ LINT INHIA ‘f’.

%’ "%?ah ;g:txf& "‘@'i‘ﬁz?i, - }!ﬂn%’tﬂng ‘;"{~%£ T ""‘Er "v;:\ ?t'»: Rr{}mw
Pullman, Washington State .

Washinston  [University Conversion] 1,000 2,000 1967
Madison, University of .

Wisconsin Wisconsin Conversionj 1,000 2,000 1967
Collcge Texas A&M )

Station, Texas [University Conversion] 1,000 2,000 1968
Bethesda, Armcd Forces

Maryland Radiobiology Res. | Mark F 1,000 3,300 1962

Inst. (AFRRI)
D A U.S. Geological
Icg;‘:;;c, Survey D00 | Markl | 1000 | 1,200 1969
i !

[Corvallis, |Orcgon State Markll | 1,000 | 3,200 1967
Oregon University

University Pennsylvania State

Park, University Mark 111 1,000 2,000 1965
Pennsylvania

Austin, Texas ITJ"""”S”Y of Mark1l | 1,100 1,600 1992

cxas

g‘;‘l’:;‘.‘:;f;“’ UC Davis Mark1l | 2,300 1,200 1990
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Table 1.2, U.S. MARK II TRIGA REACTORS.T

;;; e epg, HELHP ORI R?é“nﬁw §~€§fm‘ﬁ£‘i¢

Ao ke .sraAuY HPULSESSE| e STATUSIIES §
nm«n\.-u 'f’z“ S % “Ef ‘fﬁ%ﬁ""“ BredstkiE tk;/ii! AW >??.S.Eh~xsi§5"f‘& gz&ium %«A—’{a{
Urbana Nlinois University of Nlinois - | 1,500 6,500 Shutdown 1960
Ithaca, New York (Comell University .500 .| 250 Opcrating 1962

. Oregon State . : y
LCorvalhs, Oregon nisc rsity 1,000 | 3,200 | Operating 1967
acramento, - .

E‘alifomia McClellan AFB 2,300 | 1,200 | Operating 1990
[Austin, Texas University of Texas 1,100 | 1,600 Operating 1952

Major design parameters for the KSU TRIGA are given in Table 1.3. Fuel for the KSU reactor
lS standard TRIGA fucl havmg pof uranium, by weight, enriched up to in the

25U isotope. TRIGA fuel is characterized by inherent safety, high fission product
retention, and the demonstrated ability to withstand water quenching with no adverse
reaction from temperatures to 1150°C. Theinherent safety of TRIGA rcactors has been
demonstrated by extensive experience acquired from similar TRIGA systems throughout
the world. This safety arises from the large prompt negative temperature coefficient that
is characteristic of uranium-zirconium hydride ‘fucl-moderator elements used in TRIGA
systems. As the fuel temperature increases, this coefficient immediately compensates for
reactivity insertions. This results in a mechanism whercby reactor power excursions arc
limited/terminatéd quxcldy and safely. Table 1.2 indicates research reactors at S00 kW or
above usmg TRIGA fuel in the U.S. .

Table 1.3, KSU TRIGA Reactor Principal Design Parameters

tParamelersds Bl an b Rb s bt WV allie R 125320 P adameter R X I2R IValoe BRI e BESE

Max steady-state thermal power 1,250 kW R
Maximum pulsc reactivity - 3.008
Maximum excess reactivity 2.8 % AWk
Number of control rods 4

Regulating rods 1

Shim rods 2

Transient {pulse) rods ] -
Minimum shutdown margin 0.71 % Ak/k cactor cooling Natural convection
Integral fuel-moderator material U-ZtH,¢y9 | Extemal moderator Light water
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1.6 Summary of Operations
Reactor utilization since 1980 is summarized in Table 1.4.

Table 1.4, Two-dccade operating history for the KSU TRIGA Reactor Facility.

B A A

3‘%5:‘5; aLyEss ';:vm TOGT ﬁg@%@r o Mymwg:;lf 1;@7@%9&5; TF Nu’gl,car ggg ]
2 T 3(&,:": -‘g ".‘y.‘f »? ﬁ..l ".'b_’ 1 a;i 5 %3 : Yl 5! N s fai
1081 398 30 8 62
1982 440 47 .3 52
1983 501 58 10 51
1084 40} 36 8 55
1985 410 36 8 20
1986 469 52 9 22
1987 . 44] 43 o 18
1988 308 31 6 25
1989 257 26 5 27
1990 370 26 7 24
199] 411 35 8 38
1992 449 35 9 38
1993 209 34 * 37
1994 363 38 7 41
1995 394 27 8 29
1996 309 40 6 33
1097 388 28 8 36
1998 458 26 9 26
1999 346 25 7 10

Utilization low in 1993 because of remodeling, console replacement and cooling system replacement.
Since 1980, the following outside users made dircct use of the KSU TRIGA reactor services:

University of Kansas

University of Nebraska at Lincoln
Purduc University

Regional Kidney Discase Program
Kansas Jr. Academy of Sciences
National Transportation Safety Board
Boeing Corporation

Wolf Creek Nuclear Operating Corp.
Armed Forces Radiobiology Res. Inst.
SE Kansas Agricultural Exp. Station
Kansas Highway Patrol

Washington University of Saint Louis
State University of New York
University of Chicago

University of Nebraska at Lincoln

® & & ¢ © &6 & & o 5 & B 5 0 o
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Since 1980, the followmg outside university users made usc 61‘ the KSU TRIGA reactor’s neutron
activation analysis services in cooperation with the Geology Department at Kansas State

University.

University of Kansas
University of Southern California
University of Georgia
Louisiana State University
Cincinnati University

- Nevada-Reno University
Wichita State University
Baylor University
Carleton University

1.7 Compliance with Nuclear Waste Policy Act of 1982

Compliance with Section 302(b)(1)(B) of the Nuclear Waste Policy Act of 1982 for disposal of
high-level radioactive waste and spent nuclear fuel is cffected through contract between Kansas
State University and the U.S. Department of Energy. A copy of the fuel cycle assistance contract
is found in Appendix B of this report.

' Tab]c 1.5,-Major Facility Modifications.

B R Y e s S | N R ATV A S S s R e T—'\%S““ "’.r’i’;ﬁi.» POy
1960 Authorization of Construction .
1962 Initial Criticality, 100 kW
1968 License Amendment for 250 kKW and pulsing
1973 Replaced Mark 1l elements with Mark 111
1975 Added new wing to Ward Hall
Replaced secondary cooling system
1993 Replaced yeactor console
Installed new power level detectors
Enlarged control room
1999 Chariged reactor bay HVAC.from positive_pressure, distributed unit
4 HVAC system to negative pressure confinement, rcca!culanug HVAC
2001 Increased cooling tower capacity
Replaced heat exchanger
2004 Replace gccondary pump
Install 4" control rod
2005 (sche&?u!cd) Convcrsxon 10 1,250 kW steady state, $3.00 pu]smg license
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1.8 Facility Modifications and History

Criticality was first achicved on October 16, 1962 at 8:25 p.m. In 1968 pulsing capability was
addcd and the maximum stcady-state operating power was increased from 100 kilowatts (kW) to
250 kW.

The original aluminum-clad fuel elements were replaced with stainless-steel clad elements in
1973. With support from the U.S. Department of Energy, coolant sysicm replacement was
complcted in 1993, as was replacement of the reactor operating console, and enlargement and
modemization of the rcactor control room. All neutronic instrumentation was replaced in 1994.
the secondary cooling system capacity was increasced in 2001. Addition of a 4™ control red is
scheduled for fall 2002. This description of major facility modifications is presented in tabular
form (Table 1.5) to illustrate the timcline.
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2. SITE CHARACTERISTICS )

2.1 Geography and Demography

2.1.1 Site Location and Description

a.

Spéciﬁcation and Location.

The reactor is located on the campus of Kansas State University, in the
City of Manhattan, in Riley County, Kansas. It is located in the north
wing of Ward Hall, which faces onto 17th St., about 180 meters south of
Claflin Rd. Latitude and Jongitude coordinates of the site are 39°11'30"
N, 96°352" W, The reactor site, in Universal Transverse Mercator
coordinatcs, is (§ .
Landmarks and nominal locations relative to the reactor arc as follows:

gl_'h,, N ee ISR T T IV ey YL Tiate Bl

Kansas River — 3kmSE
Tuttle Creek Reservoir - 7kmN
Interstate Highway 70 —~ 13kmS
State Capitol, Topcka - 82kmE
Fort Riley Military Reservation — 2kmWwW
Manhattan Airport - 9kmSW"

U.S. Army Marshall Field Airport-- 22 km SW
‘Boundary and Zone Area Maps.

Manhattan is in Riley County, a northeast county in the State of Kansas.
The location of Manhattan relative to other counties in’ the State of
Kansas is shown in Figure 2.1 and Chapter 2, Appendix A, Fxgure 2A.1,
along with major highway access to Manhattan.

Manhattan is in the southeast portion of Riley County, with pdrts-of the
mctropohtan area insidc Pottowatomie County. The location of Riley
County in Kansas is shown in Figure 2.1; with the location of Manhattan
inside Riley County shown in Chapter 2, Appendix A, Figure A2.2.

The location of airports, waterways and public highways surrounding
Manhattan is shown in Figurc 2.2, and Chapter 2, Appendix A, Figure
2A3. )

The location of the reactor near the center of the city of Manhattan is
shown in Figure 2.3. Highways and aquatic features directly
surrounding the city of Manhattan are shown in Figurc 24. The location
of the reactor on the Kansas State Umvcrsxty campus is shown in Figure
2.5 .
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CHARACTERISTICS

The first floor and basement plans for Ward Hall are displayed in Figures
2.6 and 2.7, with the “Reactor Bay” in Figure 2.8. For emergency
planning purposes, the operations boundary encompasses the Reactor
Facility, Room 110 of Ward Hall; the site boundary encompasses Ward
Hall and any adjacent fenced areas, access to which and evacuation from
which may be controlled by the management of the Reactor Facility.

K-State Reactor 2-5 Original {9/02)
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CHARACTERISTICS

—

2.1.2 Population Distribution

Manhattan, Kansas, home of Kansas State University and the TRIGA reactor, is in Riley
County. Junction City, 29 km SW of Manhattan, is located in Geary County. The town
of Wamego, 22 km E of Manhattan, is located in Pottawotamie County. Population
characteristics of the three counties are described in Table 2.1, A more detailed
tabulation of data for Riley County is found in Chapter 2 Appendix B, based on year
1990 census data (year 2000 census data is only partially complete).

Chapter 2, Appendix A, Figures 2A.4 and 2A.5 jdentifies Census blocks and 1990
population densities in zones extending to & maximum of 12 km and & km respectively
from the TRIGA Reactor Facxhty The census data do not allow for students resident in
dormitories on the university campus. As noted above, year 2000 census data is not
completely analyzed for distribution but shows a slight decrease in population densities
over arcas closest to KSU. Population data, prepared for use in accident analysis and
listed by radial sector and azimuthal scctor, on the smccn~pomt compass, arc listed in |
Table 2.2.

K-State Reactor 2-7 * Original (8/02)
Safely Analysis Report .



B O N B

{

{

CHAPTER 2
Table 2.1, Population Characteristics of Riley, Geary,
and Pottawatomie Counties.

Riley Geary Pottawatomic
Families 13,450 (12,262)° 8,191 (7,578) 4,390 (4,931)°
Houscholds 21,280 (22,137)° 10,676 (10,458)° 5,938 (6,771)°
Urban population 49,743 21,287 3,849
Rural population 17,405 9,166 12,279

Total population 67,139 (62,843)" 30,453 (27,947)" 16,128 (18,209) "
*1990 U.S. Census Data, Database C90STF1C;Ycar 2000 Data in Parcnthesis

TABLE 2.2, Population Distribution Radially from the Reactor Site.

Radial distance from reactor (km)
Scctor 0-1 1-2 2.4 4.6 6-8 8-10 10-12 Total
N 91 0 182 107 372 42 0 794
NNE 9 485 1741 27 104 2 0 2368
NE 245 201 2032 0 - 41 180 6 2705
ENE 272 237 . 1187 271 372 749 503 3591
E 607 969 2238 179 156 388 1709 6246
ESE 439 2134 1863 287 325 88 150 5286
SE 412 2431 2036 14 41 10 68 5012
SSE 586 1900 558 0 0 3s 0 30679
S 651 3331 682 77 49 0 0 4793
. SswW 254 947 849 96 351 449 11 2957
SwW 610 437 © 1412 101 1924 409 683 5576
\YSW 645 448 158 0 57 663 0 1971
v 1601 2568 3542 546 33 611 0 8901
WNW 233 610 3741 388 25 271 360 5628
NW 312 222 1096 11 17 161 78 1897
NNV 347 148 801 22 137 14 37 1506
Total 1317 17068 24118 2126 4004 4072 3605 62310

Source: 1990 U.S. census data, processed using the ArcView Graphical Information
System.
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2.2 Nearby Industrial, Transportation, & Mxlltary y
Facnhtles '

2.2.1 Locations and Routes

Manhattan, Kansas, hosts light manufacturing and service industries, but no chemical
plants or refineries, and no minirig or significant quarrying operations. There are no
missile sites near the city and no docks, ports, or railroad yards. Natural gas pipelines are
for local service, as are electrical distribution lines. The Manhattan airport, which
provides general aviation and feeder-airline service is located 9 km from the nuclear
reactor. Marshall ficld, on the Fort Riley military reservation, and 22 km from the
nuclear reactor, is a base for rotary-wing army aircraft.

2.2.2 Air Traffic

While the Manhatian airport is located less than 9 km from the nuclear reactor, actual and
projected commercial or military aircraft movements are far less than 16,000 annually,

2.2.3 Analysis of Potential Accidents

There are no nearby industrial, transportation, or material facilities that could expericnce
accidents affecting the safety of the nuclear reactor.

2.3 Meteorology
2.3.1 General and Local Climate!

Manhattan is located near the geographical center of the United States, and the middle of
the temperate zone. For the most part, the city is located along the north bank of the
Kansas River, which flows in an easterly direction, and the west bank of the Big Bluc
River, which flows southerly into the Kansas River. The river valleys, two to four miles
wide, are bordercd by rolling prairie uplands. Flooding is always a threat along river
valleys, but construction of a levee around the city of Manhattan, and the Tuttle Creek
Reservoir, on the Big Blue River, has largely alleviated the threat. Kansas State
University, site of the TRIGA reactor, is located approximately 25 meters in elevation
above the rivers and has never been under threat of flood. Even during the 500-year
flood of 1993, which” impacted the entire Midwest, the TRIGA reactor was never
threatencd. Flood waters never penctrated the reactor bay or the basement of Ward Hall,
Seventy percent of the annual precipitation normally falls during the months of April
through September. The rains of this period arc usually of short duration, predominantly
of the thunderstorm type. They occur more frequently during the nighttime and early
morning hours than at other times of the day. Excessivc precipitation rates may occur -
1.

' Adapted from Local Climatological Data  for Topeka Kansas, supplied by the National Climatic
Data Center, National Qceanic and Atmosphenc Administration, Asheville, North Carolina, ISSN
0198-2192 (1995) .
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with warm-scason thunderstorms. Rainfall accumulations of over eight inches in 24
hours have occurred. Tomadoes have occurred in the area on several occasions and
causcd severe damage and numerous injuries.

Individual summers show wide departures from average conditions. Hottest summers
may produce temperatures of 100°F or higher on more than 50 days. On the other hand,
25 percent of the summers pass with two or fewer 100°F days. Similarly, precipitation
has shown a wide range for June, July, and August, varying from under three inches to

more than 27 inches during the threce months. Summers arc hot with low relative

humidity and persistent southerly winds. Oppressive warm periods with high relative
humidity are usually of short duration.

Winter temperatures average about 45°F cooler than summer. Cold spells are scldom
prolonged. Only on rare occasions do daytime temperatures fail to rise above freezing.
Winter precipitation is often in the form of snow, slect, or glaze, but storms of such
scverity to prevent normal movement of traffic or to interferc with scheduled activity are
not common.

In the transitional spring and fall scasons, the numecrous days of fair weather are
interspersed with short intervals of stormy weather.  Strong, blustery winds are quite
common in late winter and spring. Autumn is characteristically a scason of warm days,
cool nights, and infrequent precipitation, with cold 2ir inversions gradually increasing in
intensity as the scason progresses. '

Nearly all crops of the temperate zonc can be produced in castem Kansas, Wheat and
other small grains, clover, soybeans, fruit, and berries do well, and the area supports
extensive dairy and beef cattle operations.

Based on the 1951-1980 period, the average first occurrence of freezing in the fall is
October 14, and the average last occurrence in the spring is April 21.

Historical data for severe weather phenomena during the 50-year period ending in 1995
are presented in Table 2.3. Except as indicated, data are from the National Climatic Data
Center, National Occanic and Atmospheric Administration.

2.3.2 Site Meteorology

Multivariate frequency distributions for wind spced, wind direction, and atmospheric
stability (Pasquill catcgorics A through G) are listed in Chapter 2, Appendix C. These
data were processed from 1991-1996 data and were prepared especially for this report by
the National Climatic Data Center, U.S. Oceanic and Atmospheric Administration. They
may be uscd in conjunction with population data prescnted in Scction 2.1.2 to evaluate
potential radiation doscs associated with hypothetical accidental releases of radionuclides
into the atmosphere. The svind-speed data are summarized in a wind rose presented in
Figurc 2.9. Thc shading moves from calmest at center to strongest at the isobar lines ncar
the edges of the construct. Using the scale and measuring from the perimeter of the Calm
circle, fractional frequencies of occurrence for any direction on the sixtcen-point compass
may be derived. Directions from which the wind arrives are shown.

K-State Reactor 2-10 Original (9/02)
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Table 2.3, Severe Weather Phenomena for Topeka, Kansas.

Phenomenon Magnitude Date
Mean wind speed and direction 9.3 mph at 180° —
Maximim 2-minute wind speed 44 mph at 340° June, 1984
Maximum 5-sccond wind speed 66 mph at 350° June, 1984
Maximuin 24-hour rainfall® 552 in. ’ Junc, 1967
Maximum 24-hour snowfall’ 152 in. Fcbruary, 1971
Maximum snow depth 18 in. March, 1960

*Record-breaking incidences fn Manhattan are 6.28 in. rainfall in Junc, 1977 and
18.0 in. snowfall in February, 1900 [Goodin, ct al., 1995).

Topeka, Kansas
1992-1996

Cam

0-3 .
= 4-6

7-10 Frequency
11-16 I O O O
> 16 knots S 0 0.04 0.08

BERARBD

Figurc2.9, Wind-Speed Frequency Data for Topeka, Kansas.
National Climatic Data Center, 1).S. National Occanic and Atmospheric
Administration
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2.4 Geology, Seismology, and Geotechnical Engineering

Test drillings in the vicinity of the reactor reveal a thin layer of topsoil with varying
levels of glacial deposits overlying bedrock, limestone and shale. Subsurface water is
encountcred 18 to 35 feet below existing grade in thin sand and gravel layers near the
bedrock surface. The sand and gravel aquifer acts as a temporary trap that could, if
charged with radioactively contaminated watcer, cventually discharge radionuclides into
the water-bearing veins underlying the Blue River valley. The city of Manhattan, as well
as the university, draws water from wells in this same river valley. It is possible, but
highly improbable, that a gross lcak of soluble radioactive materials into the ground at the
rcactor site could cventually deliver contamination to these wells. That such a Ieak could
occur undetected, unchecked, and in sufficient magnitude to produce measurable
contamination in a potable water supply appears to have a vanishingly small probability.
Operation, surveillance, monitoring, inspection, and auditing procedures in place at the
Reactor Facility assure that encapsulated sources are regularly inspected and monitored,
and that uncncapsulated, soluble radicactive materials are not held in inventory.

2.4.1 Regional Geology

The general physiography of the region is illustrated in Chapter 2, Appendix A, 2A.6.
The city of Manhattan, in Riley County, is located in the Flint Hills uplands. To the east
is a glaciated region, to the west the Smoky Hills.

2.4.2 Site Geology

As illustrated in Chapter 2, Appendix A, Figures 2A.7 and 2A.8, the university is located
in a region of quaternary glacial-fluvial unconsolidated sediment, which is characteristic
of much of the city of Manhattan. To the cast and south, along the beds of the Big Blue
and Kansas Rivers is also unconsolidated terrace deposits and alluvium beds of scdiment.
The Flint Hills surrounding the city arc composed of limestones and shales of the
Pcrmian System, sholes interleaved with limestone, with regions of unconsolidated
scdiment along strecams.

2.4.3 Seismicity

As seen in Figure 2.10, Manhattan, Kansas is Jocated in seismic risk zone 2, so classified
because of scveral modified Mercali VII-VIII carthquakes that have occurred in the past.
Thirty felt carthquakes with epicenters in Kansas have been documented since 1867.
Thesc are illustrated in Figure 2.11.

Earthquakes of modified Mercali intensity greater than IV arc identified in Figure 2.11.
It appcars that quakes of intensity VI or greater occur irregularly at intervals of 20 t0 40
years.

K-State Reactor . 2-12 Original (9/02)
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Figure 2.10, U.S. Scismic Risk Map Source: 1997 Uniform Building Code.
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Figure 2.11, Recorded Earthquakes in Kansas.
Source: DuBois and Wilson, 1978.
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CHARACTERISTICS

2.4.4 Maximum Earthquake Potential

According 10 Steeples et al. [1988), the most serious of the recorded earthquakes in
Kansas were the intensity V11 events that occurred in 1867 and 1906 in the vicinity of
Manhattan. Although the structures responsible for these two earthquakes have not been
positively identified, the source of seismic activity appears to be movement on the
Nemaha Ridge, a buried Precambrian granitic uplift, or the Humboldt Fault along the
castern boundary of the Nemeha Ridge. The Midcontinent Geophysical Anomaly
(MGA) is also known to be an important structural feature in the region. The MGA
extends from Lake Superior southwestward through central Kansas into Oklahoma.
Surface structures associated with the MGA are present in the Manhattan arca. These are
the Abilene Anticline and the Riley County kimberlite intrusives. Work is under way by
the Kansas Geologic Survey, begun under the support of the Nuclear Regulatory
Commission, to gain a better understanding of the seismicity of the region and the link
betwéen the scismicity and the tectonic setting of the region. DuBois and Wilson [1978]
describe the most scvere earthquake recorded in Kansas in Figure 2.11; an isoseismal
map of the earthquake is illustrated in Figure 2.13

lntcnsity. . MM V1]-VII1
Time 2:30 p.m., 24 April 1867
Epicenter Lat 39°10', Loong 96°18' near Alma,

Kansas, 32 km SE of Manhat{an
Feltarca ) 300,000 sq. mi.

NE

P 6
A
5
Ks :
j oK .
4 . ,

)

A\

L4 1 4

F}gure 2.12, Ground-Acccleration Map for the Region.
Source: Underwood, 1990.

'
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ISOSEISMAL MAP OF THE
APRIL 24, 1867 EARTHQUAKE IN KANSAS
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2.13, Map of the Most Severe Earthquake Recorded in the Region.
2.4.5 Vibratory Ground Motion

Maximum accelerations have been estimated using methods of Algermissen and Perkins
[1976]). Figure 2.13, presented by Underwood [1990] from the data of Algermisson and
Perkins, is a map of potential maxima in the region. Contour lincs represent a probability
of no more than 10 percent in 50 years of exceeding in an acceleration expressed as
percentage of the acceleration of gravity,
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2.4.6 Surface Faulting

There arc no known faults within 8 km of the TRIGA reactor site. Historically reported
carthquakes in the region are previously cnumerated.

2.4.7 Liquefaction Potential

The phenomenon of soil liquefaction is associated primarily with medium to fine grained
saturated cohesionless soils [Das, 1993]). As indicated in the soil map presented in
Chapter 2, Appendix A, Figure 2A.8, such conditions are not met at the site of the
TRIGA reactor. Soils are loams, silty loams, and clay loams. Though the reactor is
located some 25 meters above the levels of local rivers, and though groundwater depths
do vary, sandy soils in the saturated zone are not expected at this sxtc, hence, the
liquefaction potcmxal of local soils is qmtc minimal.

2.5 Hydrology

This topic was addressed in the Hazards Summary Report [Clack et al., 1961] seviewed
. by the Atomic Energy Commission prior to their granting the original 40-ycar license for
aperation of the reactor. Extracts from that report are repeated here.

The reactor sitc is located at an elevation of 1,082 feet above mean sea level,
. approximately 65 feet above the lnghest recorded flooding in the area. Average annual
“rainfall amounts to about 32 inches in the Manhattan area, with April, May, and Junc
ordinarily being the wetter months.

Terrain features arc illustrated in Chapter 2, Appendix A, Figure.2A8." Soxls in the

reg:on are pnmanly silt and clay loams of various classifications. The reactor site is in a

region of the university campus thaf is convex upward, a circumstance that minimizes the

probability of local flooding. Surface water not absorbed drains into storm sewers on the

campus. The storm sewer system runs through the city of Manhattan and discharges into

the Kansas River south of the city. The Kansas River flows castward through Topcka
and Lawrence, joining the Missouri aner at Kansas City.
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Chapter 2 Appendix A: Color Plates
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Figure 2A.2, Highway access to Manhattan from ;i‘opcka and Kansas City.
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Figure 2A.3, The city of Manhattan, Kansas State University,
the TRIGA reactor and nearby transportation features and waterways
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Figure 2A.4, Population Density to About 12 Kilometers from the Facility.
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Figure 2A.7, Physiography of Riley County. .

Source: Kansas Geologic Survey
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Chapter 2 Appendix B
Population Distribution in Riley County, Kansas

1990 US Census Data, Databasc: C90STF3B

ZIP Code 66502: ZIP=66502

PERSONS

Universe: Persons
Total......I..............lI.l......O.....Il."....'......l......ll..l..sozzg
FAMILIES ™~ : :

Universe: Families

Totaloo-..oo.o...--..oo.o.o-.oooco..:oooa.0.-.....-..-0‘...-&---...-....10598

HOUSEHOLDS
Universe: Households

Tptal................-..o.......-.o-....-...-.....................-.....17977

URBAN AND RURAL
Universe: Persons
Urban: .
Inside urbanized Aref..ccecesceccvecssccesncasoscasssssscassssscssssnnseasned
Outside urbanized Bred...ccecccecccceeccscancscrsacsosscsoncavassnssecsed??dd
Rural:

Farm-.....-.........-.-.....-..----....o-...........-....‘....-.........302

Nonfarm...............................................................12183
SEX :
Universe: Persons
Maleo..oo......Q..l.........o-......l.'..Q.-QOIQ..Q..'lo......l.....000.26004
Pemale...o..l....l..lil..0..0...-..‘.0.....Q....I-.l....‘l...‘l....h-lhizczzs
RACE .
Universe: Persons
White---.........-....-............v:............-..-.-o.-o-.....---.....45178

BIBCk---.----.....------....-..-.-.--2.-..-.....-..:-.--.-....-..........2296

American Indian, Eskimo, OF AleUL...cececveccccsnssccasssccscasscsnsscesesad03
Asian or Paclific Islander.ceeececacacecsacancsccosncscnnnrcsscsansacsaccascscsesaslBI
Other TACE.aieecvrevcccscscnccocrscsssosassssarassccocsscccovesssscccsacessdDS
AGE )

Universe: Persons .

Under 1 year.-......................-........-............-.........6.....645
1 8Nd 2 YearSeeccesccssccacccsossnsscstsacvsonascsascnsonssssccssesasssesesld06
3and4 years...‘t-..'i..l-..“'...‘.......‘-400...“.‘....‘..l...l...‘..1163
5 years..................‘................................................546

5 years-....--......--.-o-...........-.........-....---..--......-.....-..689
7 to 9 years.-.....--ooo-....-..o....‘.ooooo-.oo.la.0..0--....--o-.o.-l-.1537
10 and 11 years..-‘...-oo.......................-....o....-....-..-..-.--1095

- 12 and 13 years.....--.-.................................................1032 B e

14 years...-......-.--..-.-;.-......-...---.--..-...-.................:...465

15 years.....-.-.....----.-..--.o.............--..-.--.--.-.....--...-....467

K-State Reactor 1.B-1 Original (8/02)
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16 YEALS.sueeoencescncnessssssscsassscnsasssacsassosasesscssscansssnscnsascesdld
B B - T B - U £ 1.
18 YEALS.c:eecceceactcasecnessncanarecessacsssnccsssssssscsosnnsssscansscesscldB6
19 YeArS.cceeescncicacaccrsscretossnsacncrasessonccacsnasacsssasnsnsaneesssdl3d3
20 YEAIS..scvacsanccacascsacsssassssssesassnansnsssasssassactassascaceseedl7
2] YEArS...sccacncecrrscecetcrsctctcssracesssssacsesnsststcnscscscessarsss 3210
22 0 24 YRATS.eceeesecrsscececassscnctsccccancsssasanntansscscsaceceessss553l
25 t0 29 YOALS.icecrossssesccssscrssccasacsncsssscsssasassnancncnsssasassesoo1ld
30 to 34 YeArS.ceesocceccaccnsasascacesssscencccccnssannssscsssassascsacedldd
35 tO 39 YRArS.cveecceescesasecscsasasscssascssnascsssscsrsacssnsssssncscsssesdl7B
40 tO 44 YEAIS.ceeeveceaaseccsccnsnonssresssssesassnssssnssncseseccscansssldlll
45 t0.49 YeAIrS.ceccoessansasessssesncsncsssasassassssasnansassnccssasceaccslBE7
50 tO 54 YeArS..ueeecocescasssnnnnsnssosaanssscccsssascssssscsscscsanesassllB7
55 tO 59 YeAIS.ceeerescsscasssoncncsassanssscssasassssasssssccsnncsacsascsnsasdlldf
60 and 61 YeAYSeacaccocsacasscsnancnanssssssssesacncsasscasassnsasscnanssseedBd
62 tO €64 YEALS.e.cevenssacssecsnsveassssacscssasssacsasscsasnssenssacssssncas060
65 tO 69 YEArS.c.evcecerecetcscnsccncsosccsnssncnssosvsenssancssscscacossasssllB6
70 O 74 YOALS.c.sceocccooccasscvnnsossanscsnassoscasnsnscccsassssscnsnsasssa850
T5 O 79 YOBLS.eeescosonsassssocsesassanssssesnsnssosssnesscssnacssssnnssesesbdB
B0 tO 84 YEAILS.e.e.veteauscrsonnscsnasancsasssncsnonosassacsccnsscassasasasnsesa53B
85 years 8Nd OVEL..eceescecccscenccsnsssssacsssasacscsnssssnsssassscsasscsasddd
SCHOOL ENROLIMENT AND TYPE OF SCHOOL )
Universe: Persons 3 years and over
Enrolled in preprimary school:
Public SChOOl..cicevcereetorsccnccccncacacncecasacssascacaasaososnasacasesd3d
Private SCho0)....ececcvcccconcesacccnacsnssesoscccscnnasssscscecsasnssss20B
Enrolled in elementary or high school:
Public sSchoOl. .. ucicicnroasecorscncessersasocasnsncsssnaansasnanasnssssadlB7
Private SChOO)l..iccvecesanscencesasscsccsoscecessasacsssassnsasnnnsneesalld
Enrolled in college:
Public SChOOLl.iicunecccansessccssnsasnsnsssososnsscconsssannssnseasssesassl743B
Private SChoOl.iceccccnenscesccanrascosacssuassnssansacsanssavoassasnannelld
Not enrolled in SChOOl..ceeeeecceaccnaccensscesncsascssnnsancascescaasasss23717
EARNINGS IN 1989
Universe: Households
With €arningsS..cccscsececcccscscsasoscascoscsnccnssassonsessnscavscsassssssssl5831
NO @8rNingS.cccvecenccccescsacsnsacnanccsceccosscsnsccnsscssscesccanescasalldf
WAGE OR SALARY INCOME IN 1989
Universe: Households
Hith wage or salary AN COME. v eneeneescoeecansavasccasassneascnnneaceseeess15494
No wage or Salary InCome... l iieecsvecccccassssansncssansscscasscsnassassss2d83
AGGREGATE WAGE OR SALARY INCOME IN 1989
Universe: Households
TOLAlieeeesnonscaanssoecancsssannssassnssossnssassasovnsssrocssnsssssasascscasse3d3
136419
PER CAPITA INCOME IN 1989
Universe: Persons
Per capita income in 1989....ceetntsccssctsassccscnnsasassssssscnsesssssl071B

!
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Chapter 2 Appendix C ’
Mecteorological Frequency Distributions

Table B-1. Wind rose data excluding calms, for Topeka, Kansas, 1992-1996. -

Wind speed (knots)

Direction 0-3 4-6 7-10 11-16 37-21 2)-
N ) 0.00740 0.01608 0.02543 0.03054 0.00698 0.00125
NNE 0.00523 0.01359 0.02044 0.01683 0.00299 0.00000
NE 0.00515 0.01060 0.01633 0.00723 0.00099 0.00000
ENE 0.00693 001695  0.01609 0.00785 0.00025 0.00000
E 0.01956 0.02830 0.02556 - 0.00897 0.00000 0.00000
ESE 0.01822 0.02294 0.02469 0.00997 0.00012 0.00000
SE 0.01371 . 0.02880 '0.02942 0.01247 0.00000 0.00000
SSE 0.00649 0.01309 0.02019 0.01296. 0.00050 0.00000
S 0.01333 0.02244 - '0,04189 0.04837 0.00835 0.00050
SSw 0.00998 0.01396 0.01820 0.02368 0.00349 0.00087
SwW 0.01018 0.01084 0.01010 0.01334 - 0.00174 0.00050
WSW | 0.00664 0.00848 0.00685 0.00473 . 0.00050 - 0.00000
w 0.00798 0.01521 0.01296 = 0.00984 0.00187 0.00075
WNW 0.00927 0.01421 0.01434 001234 . 0.00212 0.00037
NWV 0.00553 0.00910 0.01571 0.01209 0.00124 0.00000
NNW 0.00415 0.00810 0.01433 0.01259 0.00411 0.00175

Source: National Climatic Data Center, U.S. National Oceanic and Atmospheric Admmwtmnon,
Station 13996, Topeka, Kansas, 1992-1996.

-

Table B-2. Wind rose cumulative data including calms, for Topeka, Kansas, l§92-1 996.

Wind speed (knots)

Direction 0-3 4-6 7-10 11-16 - 1721 21-
N 0.01338 0.02946 0.05489 ~  0.08543 0.09241 0.09366
NNE 0.01121 0.02480 0.04524 0.06207 * 0.06506 0.06506
NE 0.01113 0.02173 - 0.03806 0.04529 0.04628 0.04628
ENE 0.0129]1 0.02986 0.04595 0.05380  -0.05405 0.05405
E 0.02554 . 0.05384 0.07940 0.08837 °  0.08837 0.08837
ESE 0.02420 0.04714 0.07183 0.08180 0.08192  .0.08192"
SE 0.01969 0.04849 0.07791 0.00038 '0.09038 0.09038
SSE 0.01247 0.02556 - 004575 " 0.05871 0.05921 - 0.05921
S 0.01931 0.04175 0.08364 0.13201 -0.14036 0.14086
SSw 0.01596 0.02992 0.04812 0.07180 0.07529 0.07616
Sw 0.01616 0.02700 0.03710 0.0504 0.05218 . 0.05268
WSW - 0.01262 0.02110 0.02795 0.03268 0.03318 0.03318
W 0.0]396 0.02917 - 0.04213 0.05197 0.05384  0.05459
WNW 0.01525 0.02946 -0.04380 0.05614 0.05826 -0.05863 _
NwW 0.01151 0.02061 0.03632 0.04841 0.04965 0.04965
NNW 0.01013 0.01823 0.03256 0.04515 0.04926 0.05101
Source: National Climatic Data Center, U.S. National Oceanic and Atmospheric Administration,
Station 13996, Topeka, Kansas, 1992-1996. . -
K-Stale Reactor 2.C-1 Original (9/02)
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Table B-3. Relative frequency for winds under Pasquill stability catcgory A, for Topeka, Kansas.

Wind speed (knots)
Direction 0-3 4-6 7-10 11-16 17-21 21-
N 0.00045 0.00012 0.00000 0.00000 0.00000 0.00000
NNE 0.00013 0.00025 . -0.00000 0.00000 0.00000 0.00000
NE 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
EN 0.00013 0.00025 0.00000 0.00000 0.00000 0.00000
E 0.00013 0.00025 0.00000 0.00000 0.00000 0.00000
ESE 0.00077 0.00037 0.00000 0.00000 0.00000 0.00000
SE 0.00033 0.00062 0.00000 0.00000 0.00000 0.00000
SSE 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
S 0.00019 0.00000 0.00000 0.00000 0.00000 0.00000
Ssw 0.00007 0.00012 0.00000 0.00000 0.00000 0.00000
sSw 0.00026 0.00012 0.00000 0.00000 0.00000 0.00000
wsSwW 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
A\ 0.00007 0.00012 0.00000 0.00000 0.00000 0.00000
WNW 0.00026 0.00012 0.00000 0.00000 0.00000 0.00000
NwW 0.00026 0.00012 0.00000 0.00000 0.00000 0.00000
NNW 0.00020 0.00037 0.00000 0.00000 0.00000 0.00000

Source: National Climatic Data Center, U.S. National Oceanic and Atmospheric Administration,
Station 13996, Topcka, Kansas, 1992-1996.

Table B-4. Relative fr:;qucncy for winds under Pasquill stability category B, for Topcka, Kansas.

o e e

Wind speed (knots)
Direction 0-3 4-6 7-10 11-16 1721 21-
N 0.00089 0.00100 0.00062 0.00000 0.00000 0.00000
NNE 0.06039 0.00087 0.00062 0.00000 0.00000 0.00000
NE 0.00102 0.00087 0.00100 0.00000 0.00000 0.00000
ENE 0.00045 0.00112 0.00100 0.00000 0.00000 0.00000
E 0.00122 0.00287 0.00150 0.00000 0.00000 0.00000
ESE 0.00108 0.00112 0.00125 0.00000 0.00000 0.00000
SE 0.00143 0.00125 0.00137 0.00000 0.00000 0.00000
SSE 0.00067 0.00075 0.00112 0.00000 0.00000 0.00000
S 0.00065 0.00187 0.00262 0.00000 0.00000 0.00000 .
SSw 0.00067 0.00137 0.00062 0.00000 0.00000 0.00000
Sw 0.00038 0.00025 0.00050 0.00000 0.00000 0.00000
Wwsw 0.00036 0.00137 0.00037 0.00000 . 0.00000 0.00000
w 0.00067 0.00075 0.00037 0.00000 0.00000 0.00000
WNW 0.00102 0.00087 0.00112 0.00000 0.00000 0.00000
NW 0.00039 0.00087 0.00075 0.00000 0.00000 0.00000
NNW 0.00032 0.00062 0.00075 0.00000 0.00000 0.00000

Source: National Climatic Data Center, U.S. National Occanic and Atmospheric Administration,
Station 13996, Topcka, Kansas, 1992-1996.
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Table B-5. Relative frequency for winds under Pasquill stability category C, for Topeka, Kansas.

- Wind speed (knots)
.Direction 0-3 4-6 7-10 11-16 17-21 21-
N 0.00059 0.00137 0.00337 0.00112 0.00025 0.00000
NNE ~ 0.00029 0.00125 0.00511 0.00062 0.00012 0.00000
NE 0.00022 0.00062 0.00312 0.00037 0.000312 0.00000
ENE - 0.00027 0.00224 0.00362 0.00050 0.00000 0.00000
E 0.00091 0.00175 0.00386 0.00087 0.00000 0.00000
ESE 0.00040 0.00100 0.00362. 0.00112 0.00000 0.00000
SE 0.00068 0.00212 0.00449 0.00100 0.00000 0.00000
SSE 0.00043 0.00125 0.00461 0.00137 0.00000 0.00000
S 0.00040 0.00212 0.00898 0.00337 000112 . 0.00000
SSwW 0.00035 0.00175 0.00374 0.00162 0.00037 0.00000
Sw 0.00054 0.00100 - . 0.00249 0.00112 0.00012 0.00000
wWSwW 0.00037 0.00075 0.00162 0.00037 0.00000 _0.00000
v 0.00031 0.00137 0.00337 0.00062 0.00012 0.00000
WNW 0.00054 0.00212 0.00337 0.00037 0.00000 0.00000
NwW : 0.00015 70.00125 0.00187 0.00050 0.00012 0.00000
NNW 0.00028 0.00112 0.00137 0.00050 0.00012 0.00000

Source: National Climatic Data Center, U.S. National Oceanic and Atmospheric Administration,
Station 13996, Topecka, Kansas, 1992-1996. L

Table B-6. Relative frequency for winds under Pasquill stability category D, for Topeka, Kansas.

Wind speed (knots) :
Direction 0-3 * 4.6 . 7-10 11-16 17-21 21-
N 0.00121 0.00711 0.01770 .  0.02942 0.00673 0.00125
NNE 0.00081 0.00424 0.01184 0.01621 0.00287 - 0.00000
. NE . 0.00088 0.00362 0.00957 0.00686 0.00087 . 0.00000
ENE ° 0.00124 0.00598 0.01097 0.00735 0.00025 0.00000
E 0.00194 0.00910 0.01870 0.00810 0.00000 0.00000
ESE 0.00114 0.00636 0.01683 0.00885 0.000]12 0.00000
SE 0.00132 0.00686 0.01970 0.01147 0.00000 0.00000
SSE 0.00096 0.00299 - 0.01047 0.01159 0.00050 0.00000
s 0.00097 0.00449 0.02082 0.04500 0.00723 0.00050
SSwW 0.00036 0.00237  0.00898  0.02206 0.00312 . 0.00087
sw . 0.00024 0.00112 . 0.00424 0.01222 0.00162 ° 0.00050
wWsw 0.00012 0.00125 0.00299 0.00436 0.00050 0.00000
w 0.00042 0.00299 0.00436 0.00922 0.00175 0.00075
WNW 0.00059 0.00337 0.00648 0.01197 0.00212 0.00037.
Nw 0.00035 0.00224 0.01072 0.01159 0.00112 0.00000

NNW 0.00030 0.00324 0.00997 0.01209 0.00399 0.00175

Sourcé: National Climatic Data Center, U.S. National Oceanic and Atmospheric Admxmstmnon,
Station 13996, Topeka, Kansas, 1992-1996. - .
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Table B-7. Relative frequency for winds under Pasquill stability category E, for Topeka, Kansas.

Wind speed (knots)

Dircction 0-3 4-6 7-10 11-16 17-21 21-
N 0.00000 0.00212 0.00374 0.00000 0.00000 0.00000°
NNE 0.00000 0.00287 0.00287 0.00000 0.00000 0.00000
NE 0.00000 0.00237 0.00224 0.00000 0.00000 0.00000
ENE 0.00000 0.00362 0.00050 0.00000 0.00000 0.00000
E 0.00000 0.00648 0.00150 0.00000 0.00000 0.00000
ESE 0.00000 0.00474 0.00299 0.00000 0.00000 0.00000
SE 0.00000 0.00760 0.00386 0.00000 0.00000 0.00000
SSE 0.00000 0.00274 0.00399 0.00000 0.00000 . 0.00000
S 0.00000 0.00536 0.00947 0.00000 0.00000 0.00000
SSwW 0.00000 0.00262 0.00486 0.00000 0.00000 0.00000
Sw 0.00000 0.00274 0.00287 0.00000 0.00000 0.00000
wsw 0.00000 0.00112 0.00187 0.00000 0.00000 0.00000
w 0.00000 0.00337 0.00486 0.00000 0.00000 0.00000
WNW 0.060000 0.00162 0.00337 0.00000 0.00000 0.060000
NWwW 0.00000 0.00150 0.00237 0.00000 0.00000 0.00000
NNW 0.00000 0.00150 0.00224 0.00000 0.00000 0.00000

Sourcc: National Climatic Data Center, U.S. National Oceanic and Atmospheric Administration,
Station 13996, Topcka, Kansas, 1992-1996.

Table B-8. Relative frequency for winds under Pasquill stability category F, for Topcka, Kansas.

o e (o (e

(

l

Wind speed (knots)

Direction 0-3 4-6 7-10 11-16 17-21 21-
. N 0.00108 0.00436 0.00000 0.00000 0.00000 0.00000
NNE 0.00162 0.00411 0.00000 0.00000 0.060000 0.00000
NE 0.00144 0.00312 0.00000 0.00000 0.00000 0.00000
ENE 0.00126 0.00374 0.00000 0.00000 0.00000 0.00000
E 0.00302 0.00785 0.00000 0.00000 0.00000 0.00000
ESE 0.00329 . 0.00935 0.00000 0.00000 0.00000 0.00000
SE 0.00318 0.01035 0.00000 0.00000 0.00000 0.00000
SSE 0.00125 0.00536 0.00000 0.00000 0.00000 0.00000
S 0.00316 0.00860 0.00000 0.00000 0.00000 0.00000
Ssw 0.00176 0.00573 0.00000 0.00000 0.00000 0.00000
Sw 0.00159 0.00561 0.00000 0.00000 0.00000 0.00000
wWsw 0.00101 0.00399 0.00000 0.00000 0.00000 0.00000
w 0.00133 0.00661 0.00000 0.00000 0.00000 0.00000
WNW 0.00163 0.00611 0.00000 0.00000 0.00000 0.00000
NW 0.00159 0.00312 0.00000 0.00000 0.00000 0.00000
NNW 0.00066 0.00125 0.00000 0.00000 0.00000 0.00000

Source: National Climatic Data Center, U.S. National Oceanic and Atmosphcnc Administration,
Station 13996, Topeka, Kansas, 1992-1996,

K-State Reactor 2C4 Original (8/02)
Safety Analysis Report



y o

Table B-9. Relative frequency for winds under Pasquill stability category G, for Topeka, Kansas.

. ' Wind speed (knots)
Direction 0-3 4-6 7-10 11-16 1721 2]-
N 0.00318 0.00000 0.00000  0.00000 0.00000  0.00000
NNE 0.00199 0.00000 0.00000 0.00000 0.00000 0.00000
. NE 0.00159 0.00000 0.00000 0.00000 0.00000 0.00000
ENE 0.00358 0.00000 0.00000 0.00000 " 0.00000 0.00000
E 0.01234 0.00000 0.00000 0.00000 0.00000 0.00000
" ESE 0.01154 0.00000 0.00000 0.00000 0.00000 0.00000
SE 0.00677. 0.00000 0.00000 0.00000 0.00000 0.00000
SSE 0.00318 0.00000 0.000600 0.00000 0.060000 0.00000
S 0.00796 0.00000 0.00000 0.00000 0.00000 0.00000
SSw 0.00677 0.00000 " 0.00000 0.00000 0.00000 0.00000
Sw 0.00717 0.00000 0.00000 0.00000 0.00000 0.00000
WSswW 0.00478 0.00000 0.00000 0.00000 ~ 0.00000 0.00000
w 0.00518 0.00000 0.00000 "0.00000 0.00000 0.00000
WNW - 0.00518 0.00000 0.00000 0.00000 0.00000 0.00000 ~
NwW . 0.00279 0.00000 0.00000 0.00000 * 0.00000 0.00000
NNW 0.00239 0.00000 0.00000 0.00000 0.00000 0.00000

" Source: National Climatic Data Center, U.S. National Oceanic and Atmospheric Admm:stranon,
Station 13996, Topcka, Kansas, 1992-1996.

Table B-10. Relative frequency of occ;m'cnce of Pasquill stability categorics, for Topcka, Kausas.

Pasquill stability category

Direction A B - C D E F G
N 0.00057. 0.00251 0.00670 0.06342 °0.00586 0.00544 0.00318
NNE 0.00038 0.00188 0.00739 0.03597 0.00574 0.00573 0.00199
NE 0.00000 0.00289 0.00445 0.02220 0.00461 0.00456 0.00159
ENE 0.00038  0.00257 0.00663 0.02579 0.00412 0.00500 0.00358
E . 0.00038 0.00552 0.0073% 0.03784 0.00798 0.01087 0.01234
ESE 0.00114 0.00345 0.00614 0.03330 0.00773 001264 001154
SE 0.00095 0.00405 0.00829 0.03935 0.01146 0.01353 0.00677
.SSE 0.00000 0.00254 0.00766 0.02651 0.00673 0.00661  0.00318.
S 0.00019 0.00514 . 0.01599 0.07901 001483 0.01176 0.00796
SSw .0.00019 0.00266 0.00783 0.03776 0.00748 '0.00749  0.00677
sSw 0.00038 0.00113 0.00527 "~ 0.01994 0.00561 0.00720 0.00717
WsSw 0.00000 0.00210 0.00311 0.00922 0.00299 0.00500  0.00478
W 000019 000179 0.00579 0.01949 0.00823 0.00794 0.00518
WNW | 000038 0.00301, 0.00640 0.02490 0.00499 000779 0.00518
Nw 0.00038 . 0.00201 0.00389 0.02602 0.00387° 0.00471  0.00279
NNW -0.00057 0.00169 0.00339 0.03134 0.00374 0.00191  0.00239
Total 0.00608 0.04501 0.10632 0.53206 0.10597 0.11818 0.08639
. Calms" 0.00212 0.00611 0.00324 .0,00686 0.00000 0.01795 0.05934

*Relative fréquence of calms distributed within stability category.
Source: National Climatic Data Center, U.S. National Oceanic and Atmospheric Administration,
_ Station 13996, Topeka, Kansas, 1992-1996. -

K-State Reactor - 2.C-5 T * Original (9/02)
Safely Analysis Report : .



3. DESIGN OF STRUCTURES, SYSTEMS, &
COMPONENTS

This chapter describes the principal architectural and cngincering design criteria for the
structures, systems, and components that arc required to ensure reactor facility safcty and
protection of the public.

The KSU TRIGA Mark I Nuclear Reactor Facility, which houses the TRIGA reactor, is located
in a building constructed for that purposc. The building was constructed in two phases. The first
phase was built in 1961 and was idcntificd formally as “Nuclear Science and Engincering
Laboratories.” The building was named Ward Hall, to honor the late Professor Henry T. Ward,
Head of the Chemical Engincering Department from which, in 1958, the Depariment of Nuclear
Enginecring was cvolved. Construction was completed in 1972 for a major addition to the
nuclcar science and engineering facilitics, known formally as the “Addition to Ward Hall.” The
original building and the addition arc now identified collectively as a single building, namely,
Ward Hall.

Building areas include office space, laboratory space, shop facilities, utility service areas, and
classrooms, many of which support the activitics of the Nuclcar Reactor Facility. The TRIGA
reactor itsclf establishes the fundamental requirements for two specific rooms, Room 110, the
Reactor Bay, and Room 109, the Control Room. The geographic placement of Ward Hall and the
TRIGA rcactor are described in Chapter 2. Figures 3.1 and 3.2 illustrate layout of rooms in Ward
Hall. The northern wing (Figure 3.1) is the 1961 structurc; the southem wing the 1972 addition.

3.1 Design Criteria

3.1.1 General Conditions

The basic design goal of a TRIGA reactor is integrity of the fucl by cladding, acting as a physical
containment system for fission products. Fucl design prevents the release of radioactive fission
products during routine reactor operation and potential accident conditions. Limits on the amount
of fuel loaded in the core (i.c., reactivity) establish a maximum steady state and transient power
levels. Maximum possible power levels limit maximum fuel temperatures, which are the basic
design constraints for the fuel. Design constraints are described in 3.5.1, Fucl System. Fuel
design is detailed in Chapter 4, Reactor Description.

The rcactor control system maintains safe shutdown conditions. Since operational limits prevent
achieving conditions that could lead to fuel clement failure, control system response speed is not
significant to protection of fuel integrity. However, 10 ensure the control system is functioning
normally, a test circuit measures rate of drop from full out to full insertion. Design constraints
arc discussced in 3.5.2, Control Rod Scram System; system design is discussed in Chapter 4,
Reactor Description and Chapter 7, Instrumentation and Control Systems.

Facility design also controls personnel exposure to radiation associated with use of the fuel in
reactor operation, and the release of effluents such as radioactive gases during normal operation
or potential accident conditions. Design of the rcactor bay as an air confincment system protects
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CHAPTER 3

opcrating personnel and the §cnem1 public against any operational hazards such as release of air
activation products, namely, *' Ar during normal operation and fission products, namely, hn]ogens
and noble gases, during accident conditions. . Design Constraints arc discussed in 3.5.3,
Confinement and Ventilation System. Release criteria are bascd on 10 CFR 20. Chapter 11,
Radiation Protection Program and Radiological Waste Management, describe contml of mdxauon
levels.

Building and structure design for meteorological, hydrological, and seismic effects are discussed
in the following sections.

3.1.2 Architectural and Engineering Design Criteria

The reactor vendor was General Atomics Division of General Dynamics Corporation, San Diego,
California. Architect-Engineer was Uel. C. Ramey and Associates, Wichita, Kansas. Reactor
constructor was Holmes and Narver, Inc., Orange, California. The building code for the State of
Kansas at the time of the construction of| the original building was the National Building Code,
latest edition, as adopted by the Kansas Legislature (according to the State Architect 1960/1961).
The Uniform Building Code (UBC) gradua_lly replaced the National Building Code in the late
" 1960’s through the carly 1970°s. The Design Architect of Record has identified the UBC as the -
code used to construct the 1972 addition to the original building. The UBC is still the primary
code used by the State of Kansas. Table 3.1 lists all codes currently used by the State of Kansas.
All statc property is exempt from all other Jocal codes per state statute.,

‘The University Architect in office during construction of both the 1961 and 1972 structures has
identified practice during the pcnod of construction as.developing building programs for each
prolcct the programs outlined in broad terms the spaces required to be designed and any special
requircments needed to comply with the applicable rcgulations (in this case, the Atomic Energy

" Commission). Copies of the programs are no longer available for review in the State archives.
Both the Architect-of-Record and the then-University Architect state that the State Architect's
office did not have a detailed manual of its expectations of design firms during that time. -

The design services provided by both the 1961 and 1972 design teams were those typically
delivered by architects and engineers after WWIL. The design criteria from the period were
cventually codified in the National Building Code, the Uniform Building Code, etc. with
augmentation through University programs for construction-on campus. However, formal design
constraints of the 1961 structure are not available (the architect firm has ceased business, and the
Architect-of-Record for the 1961 structure has since died). The Structural Engineer-of-Record
for the 1961 building is no longer available; although his firm still performs design services in
Kansas. A building program from the University described the design criteria to be used on the
addition, according to the Architect-of-Record for the 1972 addition. The Structural
Engincer-of-Reécord for the 1972 addition has retired and closed his practice.

However, some of the structural design constraints were incorporated into building plans, and are *
therefore available for review. These design constraints include such items as the soil boring log,
the allowable maximum soil pressure, drilled pier conditions and various guides for placement
and splicing of reinforcing steel design stresses and loads for concrete and structural steel. .-
Selected design constraints applying to the 1961 structure, including the reactor bay and control

K-State Reactor 3-2 Original (12/04)
* Safely Analysis'Report



DESIGN OF STRUCTURES, SYSTEMS, AND COMPONENTS

room are listed in Table 3.2. Design constraints applying to the 1972 addition arc available for
inspection. A comparison between drawings for the 1961/1972 constructions and other more
recent campus constructions show striking similarities (as noted in section 3.4).

Table 3.1: Codes and their editions used by the State of Kansas.

1. Uniform Building Code, 1997

2. Uniform Building Code Standards, 1997

3. Uniform Mechanical Codc, 1997

4. Uniform Plumbing Code, 1997

5. National Electric Code, 1999

6. Kansas State Boiler Code, 1988

7. American with Disabilitics Act Accessibility Guidelines for Buildings and Facilitics
(ADAAG), without the clevator exemption, published in the Federal Register
7-26-9] (KS.A. 58-1301 ct scq.). Uniform Federal Accessibility Standards apply to
agencics covered by Section 504 of the Rchabilitation Act of 1973

8. ASHRAE/IES Standard 90.1-89

9. Kansas Firec Prevention Code

10.  Undenwriter’s Laboratories Fire Resistance Directory, 1997

11.  National Fire Protection Association, National Fire Codes and Standards, Latest
Edition at Date of Original Contract

12.  American Welding Socicty, AWS D-10.12-89, AWS D-1.1-96, AWS A-5.8-92,
AWS D-10.80 '

13.  Amecrican Institute of Steel Construction-Ninth Edition, as

14.  required

15. Amecrican Concrete Institute, ACI Standards 318-95

16.  Safety Code for Elevators And Escalators, ASME A17.1 Code, 1996

17. ASME Boiler and Pressure Vessel Code, 1995
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-

Table 3.2: Sclected design guides for the 1961 structare.
(G. Hartwell & Co., Structural Engincers)

1. Allowable maximum soil pressure = 4000 psf. Pootings balance for DL.

2, Piers shall be drilled to material capable of supporting 4000 psf. Bottom of piers shall
be belled to indicated sizes and any loose material removed from bottom of excavation
before placement of concrete.

3. Grade beams, wall footings, & tunnels may be poured to lines of next excavation.
4, Design stresses: concrete - 3000 psi min. at 28 days; reinforcing and structural steel -
20,000 psi min.

5. Design loads: 100f LL -30 psf; floor LL - 100 psf’!"; loading dock - 7000 1b.
concentrated load; crane capacity - 7000 1b,

6.  Concrete columns supporting roof are 12 in. x 12 in. w/4 #5 vertical and #2 ties @ 12 in.
centers. .

NOTE [1]: This value Is extremely conservative; the current Ur;lva:l{y Archltect bas performed an independent
calculation using current methodology showing a floor loading of approximately 350 psfis acceptable

3.1.3 Structural System Design of the 1961 Building -

The structural system of the 1961 building is primarily poured-in-place concrete except for the
structural steel octagonal shaped dome over the actual reactor. The concrete foundation in the
reactor bay has poured-in-place concrete walls 1-0* thick sctting on a continuous footing of 2-6"
W x 1'-0* D. The floor slab is 4" thick, wire-mesh reinforced concrete. The main 1961 building
has 30" diameter drilled piers that have a 66" diameter bell resting on bedrock. Connecting each
pier is a grade beam upon which rest the remainder of the poured in place columns and beams
supporting the main floor and roof structure. The 1961 building was inspected in 1999 for
degradation, with no sign of structural movement or damage to the primary structured system of
the building and reactor bay. The 1961 building is typical in its detailing and requirements to the
poured-in place reinforced concrete structural systems still being designed in the year 2000. There
are no evident signs of any special stmctural design constraints placed on the 1961 building by
the Atomic Encrgy Commission.

The design of thc exterior walls are masonry block inﬁlling the area bctweca the concrete
columns with 2 limestone exterior face, extending up to the roof. In the reactor bay the masonry,
stone and window wall is 7-0" tall with the remainder of the walls and roof of the octagonal
dome being clad in a metal insulated panel. Visual inspection of these components of the building
indicate no signs of structural movement or damagé. Except for the normal aging of the exterior
stone, windows and related components exposed to the elements, the 1961 building in its cntxrety
s in excellent structural condition. -

K-State Reactor 3-6 .Original (12/04)
Safety Analysis Report



DESIGN OF STRUCTURES, SYSTEMS, AND COMPONENTS

3.1.4 Structural System Design of the 1972 Building

The structural system of the 1972 building is pourcd-in-place concrete throughout the building.
The building has a full basement and onc story above grade. The structural design criterion for
indicates the building was designed to support additional floors that have never been constructed.
The building, like its 1961 predecessor, is supported on piers that have been drilled into the
bedrock. These piers vary in diameters from 26" to 4'-0" depending upon location and loading
condition. The exterior foundation walls are gencrally 1'4" thick and extend approximatcly 150"
below grade to the drilled piers. The foundation walls are heavily reinforced, as are the bascment
level beams and columns to support the anticipated loads of a three story (above-grade) building.

The bascment floor is 6" thick and also heavily reinforced. A 28'-0" square arca of the bascment
was designed to function as a "hot cell” arca with the sidewalls varying in thickness from 2°-0" to
50" thick. Additionally a poured-in-place roof structure above the “hot cell® was cast-in-place
and mecasures 5-0" thick. In the center of the "hot cell” room is a 5'-0" diameter by 15-0" deep
well with a 1'-0" diameter by 10°-0" stainless steel auxiliary well extending below the foundation
of the first well. The lowest point of the auxiliary well is approximately 250" below the
basement floor level. The exterior of the foundation walls and underside of the basement floor
were provided with damp-prooﬁng and a foundation underdrain system. Ground water problems
have not occurred in the main basement arca. Howcvcr, ground water is sometimes found in the
main well and auxiliary well structures to varying dcplhs depending upon subsurface water
conditions.

The first floor and roof framing system is pourcd-in-place concrete. beams, columns and
reinforced floor slabs. One limited area of structural steel beams, columns and bar joists exists in
the small arcas where the 1972 structure abuts the 1961 building. Visual inspection of the 1972
building in 1999 indicates no sign of structural movement or damage to the primary structural
system of the building. This building like it's predecessor, is typical in its dctailing and
requirements to the poured-in-place reinforced concrete structural systems being designed in the
ycar 2000. There are numcrous signs of special design constraints being placed on the 1972
building by the Nuclear Regulatory Commission. The ‘construction documents contain extensive
details on the construction of the "hot ccll* arca as well as the immediately ndjaccnt bascment
level laboratories for the “hot cell* lab, neutron generator lab, fucl processing lab, nuclear
chemistry lab and radioisotope appllcahon lab. The design of the exterior walls matches those in
the 1961 building-masonry block infilling the arca between the concrete columns with a
limestone exterior face extending up to the roof. Visual inspections of these components of the
building indicate no signs of structural movement or damage.

3.1.5 Sanitary Sewer System

Ward Hall and the TRlGA Reactor are at the hngh cnd of a branch

samtary sewer lmc whxch

' Manhannn samtary sewer nnd cxns campus. 'lhc Cxty of Manhattan sanitary scwer
continues on an cast/southcasterly direction for approximately 7 miles cxiting at the new water
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~ treatment facility constructed by the City of Manhattan in 1995, At this point, after treatment, the
water is placed in the Kansas River. A map of the system appears in Figure 3.3.

3.1.6 Storm Sewer

Ward Hall and the TRIGA Reactor are located along some of the higher land of the Kansas State
University Campus. Storm sewers do not serve the building. All rain and storm water flows run
on grade to the west and north, flowing onto adjacent campus streets. Storm water flows along
these streets for approximately 1/4 mile to the north then 1/2 mile to the east/northeast where they
enter Campus Creek, an open year around creek flowing through campus. The creek flows in a
southeasterly line until it reaches the border of campus where it goes underground into the City of
Manbhattan storm sewer system. The City of Manhattan storm scwer system extends underground
approximately 6 miles to the Kansas River. A map of the system appears in Figure 34.

3.2 Meteorological Damage

The available design criteria of both the original buzldmg and its addition do not provide any
specific insight into how historical data factors on wind velocity, gust factors, recurrence
intervals, tornado loading or other factors may have entered into the original design team's
consideration. However, in the 30-year life of the 1961/1972 buildings and the direct experience
of the current University Architect the entire building complex has an excellent history in
* withstanding meteorological damage. In the decade of the 90's the building has withstood a snow
in excess of 18 inches, rains that came at the equivalent level of one 1000-year, two 500-year and
many 100-year rainfalls, wind gusts in excess of 110 mph, nearby lightning strikes and severe
hail. Except for the minor interior damage that would come from aging roofing materials, no
effect to the building structure or any of its infrastructure system was noted. The current
University Architect assesses that: "It can be reasonably assumed based on the KSU TRIGA
REACTOR building's performance that the original design of the 1961 and 1972 structures were
more than adequate for their intended use.”

3.3 Water Damage

The University Architect notes that the mid 90s were exceptionally wet years culminating in the
floods of 1993 when many areas of Manhattan were under water. This building is located on,
some of the highest ground in the city and campus. Only the reactor bay of the original 1961
structure was designed to be 12'-0" below prade as the remainder of the 1961 building was
constructed “on grade.” ‘However, the 1972 structure was designed to have a full and occupizble
basement: During this period, when all of the Midwest was flooded for weeks on end, no
difficulties were noted with water entry to the building from any point, at or below grade, except
for the minor damaged areas in the roofing previously addressed. The University Architect
believes that while the water table in the area of the building was higher during the period of the
flood the location of the building on high ground helped kecp underground water pressure from
buxldmg up and seeping into the 1961 reactor bay and the 1972 foundation walls. Additionally,
the existing sloped grade around both buildings allows surface water to run off quickly.
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DESIGN OF STRUCTURES, SYSTEMS, AND COMPONENTS

3.4 Seismic Damage

The structures associated with the TRIGA reactor were designed in accordance with codes and
standards applicable for the seismic zone designation at time of construction. This ensures that
the reactor can be returned to operation without structural repairs following an carthquake likely
to occur during the lifetime of the plant. Failure of the reactor tank and loss of the coolant in the
cvent of a very large carthquake has been considered in Chapter 13 and the consequences found
acceptable for the standpoint of public safety.

Boring logs for the 1961 structure and the 1972 structure are available for inspection, as are logs
from the 1999 Ackert Hall Addition sitc immcdiately Northwest of this building and slightly
downbhill. In the vicw of University Architect (Gerald Carter), the logs arc remarkably consistent.
All of these soil borings indicate a modest amount of topsoil, varying levels of glacial deposits
overlying bedrock, limestone and shale. The 1999 Soils Report notes that, "Cohesionless
materials are gencrally encountered at depths near the bedrock surface.” The 1961 boring log
notes this level near the bedrock surface as being sand and gravel, the 1969 boring logs make the
same comparison. Typically, this is the level where subsurface water is encountered. The 1999
Soils Report notes that ground water was cncountered at depths ranging from 180" to 34-6"
below the existing grade. This reflects the ground water level typically found in this arca of
campus.

The 1999 Soils Report details the recommendations for design of a major multistory addition to
the primary biology tcaching and rescarch facility, Ackert Hall, on campus. It details the most
current requirements for design and construction of structural systems that are typical to those
uscd in the design and construction of the original 1961 building and the 1972 addition. With the
solc exception of a 1999 recommendation to use a below grade vapor and drainage system for the
foundation floors and walls, a preventative measure now being used around many major
structures after the 1993 floods, there are few differences to be noted. The similarity of the 1999
rcquirements to the 1961/1972 design criteria and actual design is striking to Mr. Carter. The
original structural designs of the G. Hartwecll and Joseph C. Weakly firms are remarkably similar
to the current structural designs of the Ackert Hall Addition. Chief among these similarities is the
usc of drilled piers extending down to the limestonc bedrock. In order to absorb the type of live
and dcad loads typically found in major structural systems most Kansas Statc University
buildings have utilized drilled picrs being cut into the limestone bedrock.

This resolves not only the building loads but also the additional requirements placed on structures
for carthquake loads and potential liqucfaction problems. However, the potential for liquefaction
is so remote in this area that it is not mentioned in the 1999 soil report, nor in any other buildings
soil report on the main campus property.

The design recommendations for spread footings, such as those found in the rcactor bay are also
very similar to those used in the Ackert Hall Addition project as well as other adjacent projects.
The only arca of difference noted is that current guidelines call for 18" of fill materials is now
placed under bascment slabs instead of the 2" to 6" typically used in the 1950's and ’60's. This
difference reflects both the experiences with the recent floods plus the knowledge that some soils
in the immediate arca are subject to volume change (shrink/swell) with variations in moisture
content. It does not appear that the Hartwell firm considered expansive clay soils of its 1961
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CHAPTER 3

design. However, in 39+ years there is no evidence of distress or movement caused by expansive
soils anywhere around the original building or reactor bay. Given the recent climatological
conditions of drought, flood, and then drought again therc has been ample time for any soils
problem to present itself.

35 Systems and Componénts

-The reactor facility design uses a defense in depth concept to reduce and control the potcntial for

exposure to radioactive material generated during reactor operation. Fuel cladding *is the
. principal barrier to the release of radioactive fission products. Shielding (including biological
shielding, reactor pool water and bulk shield tank water) controls exposure of personnel to
radiation associatéd with operation of the reactor (during operations, and also to activated
material). The control rods assure safe shutdown conditions are maintained when reactor
operation is not required. If radioactive material releases associated with reactor operations
occur, a dynamic confinement system controls release to the environment.

Cladding integrity is ensured by the fuel system (fuel rod and core design). Fuel cladding
surrounding fndividual fuel elements is the primary barrier to the release of radioactive fission
products. The fuel system maintains cladding integrity through interrclated limits on temperature,
reactivity, and power to ensure cladding integrity is not capable of being challenged.

Shutdown reactor conditions are initiated and maintained by the control rod scram system. Since
inherent shutdown mechanisms of the TRIGA prevent unsafe excursions, the TRIGA system does
not rely on speed of control as paramount to the safety of the reactor. The control system ensures
reactor shutdown conditions, and controlling power level during operation.

The confinement and ventilation system maintains airflow from the reactor bay to induce a
negative air pressure in the bay. A confinement exhaust fan located in the center of the
confinement dome normally aperites during operation to provide the negative air pressure.

3.5.1 Fuel System .

Production of hydrogen from a high temperature zirconium-water reaction is a well-known
phenomenon. Zirconium hydride does not exhibit the same chemical reactivity as zirconium, and
this reaction is not an issue for TRIGA fuel.

The reactor design bases are prcdxcatcd on the maximum opcrauonal eapabxhty for the fuel
elements and configuration described in this report. The TRIGA reactor’system has threc major
and interrelated areas that are used to define the reactor design bases:

a. Fuel temperature,

b. "Prompt negative temperature coefficient,

¢. Reactor power.

Of these three, fuel temperature is the most amenable basis for establishing design constraints
fuel temperature is a limit in both steady state and pulse-mode operation. A summary is presented
below of the conclusions obtained from the reactor design bases described in this chapter.
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Fuel growth and deformation can occur during normal operations at steady state fuel temperatures
of 750°C or greater, as described in Gencral Atomics technical report E-117-833. Damage
mechanisms include fission recoils and fission gases, strongly influenced by thermal gradients.
Opcrating with maximum long-term, steady state fuel temperature of 750°C does not have
significant time- and temperaturc-dependent fucl growth. Since the KSU reactor will not be
opcrated in the regime vulnerable to this degradation, the damage mechanism is not applicable.

The fuel temperature limit for pulsed mode operation is related to outgassing of hydrogen from
the fucl and the subscquent stress produccd in the fuel element clad material at clevated
temperatures. The strength of the clad as a function of temperature can set the upper limit on the
fucl temperature. Fucl temperature limits of 1150°C (with clad < 500°C) and 950°C {with clad >
500°C) for U-ZrH (H/Zr, 45) have been set to preclude the loss of clad integrity (NUREG 1282).

The basic parameter that provides the TRIGA system with a large safety factor in steady-state
operation and under transient conditions is the prompt negative temperature coclficient that is
rather constant with temperature (-0.01% Ak/k°C). This-cocflicient is a function of the fucl
composition and core geometry. As power and temperature increase, matrix changes cause a shift
in the neutron cnergy spectrum in the fuel to higher encrgics. The uranium exhibits lower fission
cross scctions for the higher encrgy neutrons, thus countering the power increase,

The KSU TRIGA reactor, operating at 500 kW thermal power, is designed to use stainless-steel

clad TRIGA fucl clements, wnh crcent by weight uranium in a ZrH, s matrix, the uranium
cnriched up t bercent in 2°U. Element outside diameter 1sm. “cm) and claddmg
thickness is R m). Details of the fuel system are prcscmcd in Chapter 4, as is

fuc] thermal characteristics during steady-state and pulsc-mode operations, Fucl system behavior
in accident conditions is addressed in Chapter 13.

Therefore, the basic safety limit for the TRIGA reactor is the limit on the fuel temperature for
both steady state and pulsed-mode operations. Temperature is limited to prevent fucl expansion
through phasc changes, and to prevent gas pressure buildup.

a. Potential for Zr-\Vater Reaction

Among the chemical propertics of U-ZrH and ZrH, the reaction rate of the hydride with
water is also of interest.  Since the hydriding reaction is exothermic, water will react
morc rcadily with zirconium than with zirconium hydride systems. Zirconium is

* frequently used in contact with water in reactors, and the zirconium-water reaction is not
a safcty hazard. . Experiments carried out at GA Technologies show that the zirconium
hydride systems have a relatively fow chemical reactivity with respect to water and air.
These tests have involved the quenching with water of both powders and solid specimens
of U-ZrH after heating to as high as 850°C, and of solid U-Zr alloy afler heating to as
high as 1200°C. Tests have also been made to determine the extent to which fission
products arc removed from the surfaces of the fuel clements at room temperature.
Results prove that, because of the high resistance to leaching, a large fraction of the
fission products is rclaincd in even completely unclad U-ZrH fuel,

NN A G A A A AN
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Therefore, temperatures and chemical reactivity of TRIGA fuel matrix ensure that a
zirconium water reaction will not occur at magnitudes that could cause hazard to the
reactor. Additionally, a large fraction of fission products will be retained in the matrix.

b.  Phase/Volume Changes

Two limiting temperatures are of interest, depending on the type of TRIGA fuel used.
The TRIGA fuel that is considered low hydride, i.c. with an H/Zr ratio of less than 1.5,
has a lower temperature limit than fuel with a higher B/Zr ratio. Figure 3.5 indicates that
the higher hydride compositions are single phase, not subject to the large volume changes
associated with the phase transformations at approximately 530°C in the lower hydrides.
Also, it has been noted {Merton 1962] that the higher hydrides lack any significant
thermal diffusion of hydrogen. These two facts preclude concomitant volume changes.
The important properties of delta phase U-ZtH are given in Chapter 4, Reactor
Description, Table 4.1.

For the rest of the discussion of fuel temperatures, we will concern ourselves with the
higher hydride (H/Zr > 1.5) TRIGA fuel clad with 304 stainless steel @.020 in. (0.508]
mm) thick, or a cladding material equivalent in strength at the temperatures discussed. At |
room temperature the hydride is like a ceramic and shows little ductility. However, at the
elevated temperatures of interest for pulsing, the material is found to be more ductile.
The effect of very large thermal stress on hydride fuel bodies has been observed in hot
cell observations to cause relatively widely spaced cracks which tend to be either radial .
or normal to the central axis and do not interfere with radial heat flow. Since the
segments tend to be orthogonal, their relative positions appear to be quite stable.

Therefore, volume and other physical changes associated with phase change or
mechanical deformation of the fuel at high temperatures for the fuel in use at the K-State
reactor do not have the potential 1o mechanically challenge the cladding or affect the
ability of the fuel to transfer heat.”

c. Internal Fuel Rod Pressure

The limiting effect of fuel temperature is hydrogen gas overpressure. Figure 3.6 relates:
equilibrium hydrogen pressure over the fuel as a function of temperature for H/Zr ratio of
1.65.

The hydrogen gas over pressure is not in itself detrimental; however, if stress produced
by gas pressure within the fuel exceeds ultimate strength of the clad material, a rupture of
the fuel clad is possible. While the final conditions of fuel temperature and hydrogen
pressure in which such an occurrence could come about are of interest, the mechanisms
in obtaining temperatures and pressures of concern are different in the pulsing and
steady-state mode of operation, and each mechanism will be discussed independently of
the other. In this discussion it will be assumed that the fuel consists of U-ZeH (H/Zr =
1.65) with the uranium beingEB:}vt. %, and further that the cladding can is 304 stainless

~ steel. The clad thickness im\'ﬁh an inside clad diameter of RGNS
. These fuel parameters have been chosen since they represent the nominal
specifications for TRIGA fuel elements. Figure 3.7 shows 304 stainless-stec] yield and
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ultimate strengths as a function of temperature. In determining hoop stress on the
cladding from the internal hydrogen gas pressure the following equation applies [Harvey
1974):

i

Temperaturs (deg F)
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Figure 3.5: Zr-Hydride Phase Diagram

in which S is the stress, P is the internal pressure (in the same units as the stress), r is the
(inside) radius of the cladding, and # is the cladding thickness. Thus, for the TRIGA
cladding, §=36P.

It is of interest to rclate the strength of the clad material at its operating temperature to the
stress applied to the clad from the internal gas pressure associated with the fuel
temperature. Figure 3.8 illustrates the stress applied to the clad as a result of hydrogen
dissociation for fuel having a H/Zr ratio of 1.6 to 1.7 as a function of tcmpcmturc

There are several mitigi\ting faclors’lhat would cause gas prcssure to be lo'(vcr for
transient conditions as compared to (predicted) equilibrium values. For example, the gas
diffusion rates arc finite; surface cooling is belicved to be caused by endothermic gas
emission, which tends to lower the diffusion constant at the surface; re-absorption takes
place concurrently on the cooler hydride surfaces away from the hot spot; there is

K-State Reactor 3-15 Original (12/04)
Safety Analysis Report

e e



CHAPTER 3

evidence for a low permeability oxide film on the fuel surface; and some local heat
transfer does take place during the pulse time to cause a less than adiabatic true surface

temperature.

* EQUILIBRIVH HYDROSEN PRESIURE = P§|

GAE-117.833
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Figure 3.6: Pressure versus Temperature for ZrH g

" The limiting design parameter for TRIGA fuel is therefore related to buildup of pressure
through disassociation of hydrogen in the matrix. This free hydrogen is heated by fuel
temperature, causing a buildup of pressure on the internal surfaces of-the cladding. As
illustrated in Figure 3.8, cladding temperatures exceeding about 1000°C (based on a H/Zr
ratio of 1.6 to 1.7) has potcntlal tolead to prcssurcs that cxcccd ultxmalc tensile strcngth

-

R
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d. Conclusion

Calculations show that a fully bonded fucl element (i.c., cladding temperature at fucl
temperaturc) will not fail at fucl temperatures below about 1000°C. Thereforc, design
limits for the TRIGA fucl are based on fucl temperature.
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Fig.3.T: 'l'empcra.tux"c dependent stress vs. Figure 3.8: Stress Versus Temperature
UTS for type 304 SS cladding At Hydrogen Compositions

3.5.2 Shielding

Design bases for TRIGA shiclding derive from General Atomic shielding design analysis for the
1 MW reactor, which is similar construction and dimensions as the KSU TRIGA reactor. Design
basis radiation levels at the core level and at 1 MW, are as follows:

s =1 Mrad/h at the core boundary

¢ =40 rad/h at the tank boundary
o <1 mrem/h outside the biological shield

Design requirements allow access through the shiclding to experimental arcas, and permit
extracting beams of radiation form the shiclded volume into the reactor bay.

3.53 Control Rod Scram System

The KSU TRIGA reactor, operating at 500 kW thermal power, is designed to be operated with
three standard and one transient (pulsing) control rod.  Standard rods arc nominally 0.875 in.
(2.22 cm) outside diameter, the pulse rod is nominally 1.25 in. (3.18 cm) outside diameter. Both
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CHAPTER 3

are 20 in. (50.8 cm) long and are clad with 30 mil (0.0762 ¢m) aluminum. The contro} material is
cither boron carbide or borated graphnc. During operation, standard rods are held in place by
electromagnets, the pulse rod by air pressure, All are manually withdrawn or inserted by motor-
driven gear mechanisms. .Upon a scram signal, power to electromagnets is interrupted and air
pressure is vented, with all control rods descending by gravity into the core. Standard rods have a
maximum drop time of 1 sccond and the pulse rod has a comparable drop time. Details of the
control rod scram system are addressed in Chapters 4 and 7. .

3.5.4 Confinement and Ventilation Systems

The confinement and ventilation systems are intended to control the level of airbome radioactive
contaminants in the restricted area, and to release reactor bay air in unoccupied area at the top of
the confinement structure. .

The reactor bay is sirrounded by a roughly dome shaped building, as shown in Figure 3.9. As
described in Chapter 11, Appendix A, the reactor bay dimensions are approximately as follows:
The reactor bay (Ward Hnll Room 110) is approximated as a right circular cylinder 36 ft (10.973
m) high and 36.68 ft (11.18 m) radius. The reactor vessel structure is approximated as a right
circular cylinder, co-axial with the bay, 22 ft (6 706 m) hngh and 11fi (3.3528 m) radius. The
free volumc is 144 000 n’ (4078 m ) mcanTet .

: L it The rcactor bay is mamtmncd at a shght
ncgatwc prcssurc, thc mcasurcmcnt is obtamcd across the scparauon of the control room and the
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Figure 3.9: Reactor Bay Confinement Structure
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In addition to artificial lighting, a serics of plate glass windows surround the reactor bay, allowing
ambicnt light into the reactor bay. A sccurity fence restricts access to the windows from the
outside.

el e S AV e THT

The ventilation system for the reactor bay exhausts from a roof vent approximately 11 m above
grade. As discussed in Chapter 11, Appendix A, this d:schargc during opcration maintains a slight
negative pressure on the reactor bay, and controls *'Ar concentrations within the bay and at the
sitc boundary to within all applicable limits.

The control room has a separate fan system that can be uscd on demand for ventilation. The

control room has a window to the cnvironment that may be opencd at discretion of the facility
staff.
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4. Reactor Description

4.1 Summary Description

The Kansas State University (KSU) Nuclear Reactor Facility, operated by the Department of
‘Mechanical and Nuclear Engineering, is located in Ward Hall on the campus in Manhattan,
Kansas. The Department is also the home of the Tatc Neutron Activation Analysis Laboratory.
The TRIGA rcactor was obtained through a 1958 grant from the United States Atomic Energy
Commission and is operated under Nuclear Regulatory Commission License R-88 and the
regulations of Chapter 1, Title 10, Codc of Federal Regulations. Chartered functions of the
Nuclear Reactor Facility are to serve as: 1) an educational facility for all students at KSU and
ncarby universitics and colleges, 2) an irradiation facility for researchers at KSU and for others in
the central United States, 3) a facility for training nuclear reactor operators, and 4) a
dcmonstration facility to increase public understanding of nuclear cnergy and nuclear secactor
systems, '

The KSU TRIGA reactor is a water-moderated, water-cooled thermal reactor operated in an open
pool and fucled with heterogencous elements consisting of nominally. rcent enriched
uranium in a zirconium hydride matrix and clad with stainless stecl. Principal experimental
features of the KSU TRIGA Reactor Facility are:

¢ Central thimble
* Rotary specimen rack
¢ Thermalizing column with bulk shiclding tank
¢ Thermal column with removable door
» Beam ports
. Radial (2)
. Piercing (fast ncutron) (1)
- Tangential (thermal neutron) (1)

The reactor was licensed in 1962 to operate at a steady-state thermal power of 100 kilowatts
(kW). The rcactor has been licensed since 1968 to operate at a steady-state thermal power of 250
kW and a pulsing maximum thermal power of 250 MW. Application is made concurrently with
license rencwal to operate at a maximum of 1,250 kW, with fucl loading to support 500 kW
stcady state thermal power with pulsing to $3.00 reactivity inscrtion. All cooling is by natural
convection. The 250-kW core consists of 81 fucl clements typically (at lcnsm:mncd for the
1,250-kW corc), cach containing as much asii#rams of *U. The reactor core is in the form of
a right circular cylinder about 23 cm (approximately 9 in.) radius and 38 cm (14.96 in.) depih,
positioned with axis vertical ncar the basc of a cylindrical water tank 1.98 m (6.5 R.) diameter and
6.25 m (20.5 ft.) depth. Criticality is controlled and shutdown margin assured by control rods in
the form of aluminum or stainless-stec] clad boron carbide or borated graphite. Reactivity
requirements (i.e., minimum shutdown margin with the most reactive rod fully withdrawn and
maximum excess reactivity) can be met for 250 kW with three control rods, but reactivity
required to compensate for fucl temperature and fission products for operations at power levels of
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CHAPTER 4

500 kW requires four control rods to meet reactivity requirements. A biological shield of
reinforced concrete at least 2.5 m (8.2 ft) thick provides radiation shielding at the side and at the
base the reactor tank. The tank and shicld are in a 4078-m’ (144,000 ft%) confinement building
madc of reinforced concrete and structural steel, with composite sheathing and aluminum siding.
Sectional views of the reactor are shown in Figures 4.1 and 4.2,

Criticality was first achieved on October 16, 1962 at 8:25 p.m. In 1968, pulsing capability was
added and the maximum steady-state operating power was increased from 100 kW to 250 kW.
The original aluminum-clad fuel elements were replaced with stainless-stee] clad elements in
1973. Coolant system was replaced (and upgraded in 2000), the reactor operating console was
replaced, and the control room was enlarged and modemized in 1993, with support from the U.S.
Department of Energy. All ncutronic instrumentation was replaced in 1994.

North
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Fi'gure 4.1, Vertical Scction Through the KSU TRIGA Reactor.
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REACTOR DESCRIPTION

4.2 Reactor Core

The Gencral Atomics TRIGA rcactor design began in 1956. The original design goal was a
completely and inherently safc reactor. Complete safety means that all the available excess
reactivity of the reactor can be instantancously introduced without causing an accident. Inherent
safcty means that an increasc in the temperature of the fucl immediately and automatically results in
decreased reactivity through a prompt negative temperature coefficient.  These features were
accomplished by using enriched uranium fuel in a zirconium hydride matrix.
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Figure 4. 2, Horizontal Scction Through the KSU TRIGA Reactor.

The basic parameter providing the TRIGA system with a large safety factor in steady state and
transient operations is a prompt necgative temperaturc cocfficient, relatively constant with
temperature (<0.01% Ak/k°C). This coefficient is a function of the fuel composition and core
geometry. As power and temperature increase, matrix changes cause a shift in the neutron
cnergy spectrum in the fucl to higher energics. The vranium exhibits lower fission cross sections
for the higher cnergy ncutrons, thus countering the-power increase. Therefore, fuel and clad
temperature auiomatically limit operation of the reactor. '
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1t is convenient to set a power level limit that is based on temperature, The design bases analysis
indicates that opcration at up to 1900 kW (with an@& clement core and 120°F inlet water
temperature) with natural convective flow will not allow film boiling; therefore high fuel and clad
temperatures capable of causing loss of clad integrity cannot occur. An lement core
distributes the power over a larger volume of heat generating elements, and therefore usin
elements in analysis results in a less favorable, more conservative thermal hydraulic response.

4.2.1 Reactor Fuel!

]

TRIGA fuel was developed around the concept of inherent safety. A core composition was
sought which had a large prompt negative temperature coefficient of reactivity suchthat if all the
available excess reactivity were suddenly -inserted into the core, the resulting fuel temperature
would automatically cause the power excursion to terminate before any core damage resulted.
Zirconium hydride was found 1o possess a basic mechanism to produce the desired characteristic.
Additional advantages were that ZrH has a high heat capacity, results in relatively small core
sizes and high flux values due to the hngh hydrogen content, and could be used cffectxv:ly ina
rugged fuel element size.

TRIGA fuel is designed 1o assure that fuel and cladding can withstand all credible environmental
and radiation conditions during its lifetime at the reactor site. As described in 3.5.1 (Fuel
System) and NUREG 1282, fuel tempcrature limits both steady-state and pulsc-mode operation.
The fuel temperature limit stems from potential hydrogen outgassing from the fuel and the
subsequent stress produced in the fuel element clad material. The maximum temperature Yimits
- of 1150°C (with clad < 500°C) and 950°C (with clad > 500°C) for U-ZrH (H/Zr; ¢s) have been set
to limit internal fuel cladding stresses that might challcngc clad integrity (NUREG 1282). These "
limits are the prmcxpal design bases for the safety analysis.

a. Dimensions and Physicnl Properties.

The KSU TRIGA reactor is fucled by stainless steel clad Mark 111 fuel-elements. Three,
instrumented aluminum-clad Mark 1l elements are still available for use in the core.
General properties of TRIGA fuel are listed in Table 4.1. The Mark 11l elements are
illustrated in Figure 4.3. To facilitate hydndmg in the Mk Il elements, a zirconium rod
is mscrted through a 0.635 cm. (1/4-in.) hole in the center of the active fuel section.

Instrumented elements have three chromel-alumel thermocouples embedded to about
0.762 cm (0.3 in.) from the centerline of the fuel, onc at the axial center plane, and one
each at 2.54 cm. (1 m) above and below the ceater plane. Thermocouple leadout wires

- pass through a seal in the upper end fixture, and 2 Jeadout tube provides a watertight
conduit carrying the leadout wins‘ above the water surface in the reactor tank.

Unless otherwise indicated, fuel proi)crtics are taken from the General Atomics report of Simnad [1980)
and from authorities cited by Simnad.
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Graphite dummy elements may be used to fill grid positions in the core. The dummy
clements are of the same gencral dimensions and construction as the fucl-moderator
clements. They arc clad in aluminum and have a graphite length of 55.88 cm (22 in.).

Table 4.1, Nominal Propertics of Mark Il and Mark III TRIGA Fucl Elcments
in use at the KSU Nuclear Reactor Facility,

G Property s Fes Na I M D S RN Mk I R RIS S B MG T TR 3 8]

Dimensions
Outside diamcter, D, = 2r,
Inside diameter, D,=2r;

Overall length
Length of fuel zone, L N3 TR T e , {
Length of graphite axial reflectors 4 in. (10.16 cm) 3 44 in(8 738 cm)
End fixturces and cladding alummum 304 stainless steel
Cladding thickness U SEIEI e (825
Burnable poisons Sm wafcrs None
Uranium content —
Weight percent U [0 &
ns 22U enrichment percent = £

254 content s an
Physical properties of fuel excluding cladding
H/Zr atomic ratio 1.0 1.6
Thermal conductivity (W em™ K) 0.18 0.18
Heat capacity [T 20°C] (J em® K) 2.04+0.00417T
Mechanical properties of delta phase U-Zri*
Elastic modufus at 20°C 9.1 x 10° psi
Elastic modulus at 650°C 6.0 x 10° psi
Ultimate tensile strength (to 650°C) 24,000 psi
Compressive strength (20°C) . 60,000 psi
Compressive yicld (20°C) 35,000 psi

*Source: Texas SAR [1991]).

b.

Composition and Phase Properties

The Mark 111 TRIGA fuel element in use at Kansas State University contains nommn]ly

by weight of uranium, enriched to E>*U, as a fine metallic dispersion in a
zirconium hydride matrix. The H/Zr ratio is nominally 1.6 (in the facc-centered cubic
delta phase). The equilibrium hydrogen dissociation pressurc is governed by the
composition and temperature. For ZrH, ¢, the equilibrium hydrogen pressure is one
atmospherc at about 760°C. The single-phase, high-hydride composition eliminates the
problems of dcnsny changes associated with phasc changes and with thermal diffusion of
the hydrogen in carlicr designs. Over 25,000 pulses have been performed with the

TRIGA fuel clements at General Atomic, with fuel temperatures rcachmg peaks of about

1150°C.
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CHAPTER4 T

The zirconium-hydrogen system, whose phase diagram is illustrated in Chapter 3, is
essentially a simple eutectoid, with at least four scparate hydride phases. The delta and
cpsilon phases are respectively face-centered cubic and face-centered tetragonal hydride
phases. The two phase delta + epsilon region exists between ZrH,; ¢4 and ZrH, 54 at room
temperature, and closes at ZrH; 5 at 455°C. From 455°C to about 1050°C, the delta
phase is supported by a broadening range of H/Zs ratios.
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Figure 43, TRIGA Fuel Element.
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c. Core Layout

A 1typical layout for a KSU TRIGA 1I 250-kW core (Core 11-18) is illustrated in Figure
4.4. The layout for the 1,250-kW core is expected to be similar, except that the graphite
elements will be replaced by fuel elements, onc additional control rod will be added, and
control rod positions will be adjusted..

The additional fucl elements are required to compensate for higher operating temperatures from
the higher maximum steady state power level. The additional control rod is required to meet
reactivity control requircments at higher core reactivity associated with the additional fucl. The
control rod positions will be different to allow a higher worth pulse rod (the 250 kW pulse rod
reactivity worth is $2.00, the 1,250 kW core pulse rod reactivity worth is $3.00), balancing the
remaining control rods werth’s to meet minimum shutdown margin requirements, and meceting
physical constraints imposed by the dimensions of the pool bridge
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4.2.2 Control Rods

Control rods are 50.8 cm. (20 in.) long boron carbide or borated graphitc.; clad with a 0.0762 cm.
(30-mil) aluminum sheath. The pulse rod is 3.175 cm. (1.25 in.) diameter. Other rods are 2225
cm (7/8 in.) diameter. .

The control rod drives are connected to control rod clutches through three extension shafts. The
clutch and upper extension shaft for standard rods extend through an assembly designed with
slots that provides a hydraulic cushion (or buffer) for the rod during a scram, and also limits the
bottom position of the control rods so that they do not impact the bottom of the control rod guide
tube (in the core). The buffers for two standard rods are shown in the left hand picture below
(slotted tubes on the right hand side) along with the top section of the pulse/transient rod
extension. The pulse rod drive clutch connects to a solid extension shaft through a pneumatic
cylinder; the dimensions of the cylinder limits bottom travel. .

)

Shim Rod Pilse

Figurc 4.5, Control Rod Upper Extension Assemblies

The lower extension of the pulse rod is shown on the left hand side of Figure 4.5. - The upper
extension shaft is a hollow tube, the middle extension is solid. The upper extension shaft is
connected to the middle extension shaft with lock wire or a pin and lock wire for standard rods,
with a bolted collar for the pulse rod {the mechanical shock during a pulse requires a more
durable fastener). Securing the upper control rod extension to the middle extension at one of
several holes drilled in the upper part of the middle extension (Figure 4.6) provides adjustment
for the control rods necessary to ensure the control rod full-in position is above the bottom of the
guide tube.

. - av

K-State Reactor ~ 48 ' Original (12/04)
Safety Analysis Report < e .



REACTOR DESCRIPTION

YR R e S e PGP B I AWIITE QN Te fy PLRE DAy
I G e R
el NN S e A 3 5

e TG e

RN o RORE T B R 3

ARG O toh

Figure 4.6, Middle Extension Rod Alignment Holes

The middle (solid) extension is similarly connected to the lower extension. The lower extension
is hollow, the middle extension fits into the lower extension and a hole drilled in the overlap
sccures the lower extension to the middle extension. Typically the lower extension has a tighter
fit than the upper extension because the lower and middlc extension arc not separated for
inspections and because the interface with upper cxtension is used to sct the bottom position of
the control rod. Pictures of the lower connector for the pulse rod and one standard rod are shown
atthe left in Figurc 4.7.. '
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Figure 4.7, Standard & Pulse
Rod Lower Coupling

The bottom of the lower extension attaches dirccily to the control rod. Pictures of the control
rods taken during the 2003 control rod inspection are in Figure 4.8. The rods move within control
rod guide tubcs, shown in Figure 4.9. The guide tubes have perforated walls. Alignment pins in
the bottom cnd fitting of the guide tube fit into holes in the lower guide platc. The alignment pins
have a small metal wire in the tip that fits into the lower grid platc; a setscrew inside the bottom
of the guide tube pushes the wire against the lower grid plate to sccure the guide tube,

( (-~
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REACTOR DESCRIPTION

a‘

b.

Control Function

While three control rods were adcquate to meet Technical Specification requircments for
reactivity control with the 100 kY and 250 kW cores, reactivity limits for operation ata
maximum power level of 1,250 kW requires four control rods (three standard and one
transient/pulsing control rod). The control-rod drives are mounted on a bridge at the top
of the rcactor tank. The control rod drives are coupled to the control rod through a
connccting rod assembly that includes a clutch. .The standard rod clutch is an
electromagnet; the transicnt rod clutch is an air-aperated shuttle. Scrams cause the
clutch to release by de-cnergizing the magnetic clutch and venting air from the transient
rod clutch; gravity causes the rod to fall back into the core, Interlocks ensure operation
of the control rods remains within analyzed conditions for reactivity control or limit
potential for accident scenarios, while scrams operate at limiting safety system settings.
A dctailcd description of the control-rod system is provided in Chapter 7; a summary of
interlocks and scrams is provided below in Table 4.2 and 4.3. Note that (1) the high fucl
temperature and period scrams are not required, (2) the fuel temperature scram limiting
setpoint depends on core location for the sensor, and (3) the period scram can be
prevented by an installed bypass switch.

Table 4.2, Summary of Control Rod Interlocks
SRt INTERLOCK 23 233 | AR LI SETPOINT 15243 PR P& FUNCTION/PURPOSEAS AT
Inhibit standard rod motion if nuclear
instrument startup channel reading is less
than instrument sensitivity/ensure nuclear
instrument startup channel is operating

. Prevent applying power lo pulse rod unless

Pulse Rod Interlock Pulse rod inserted rod inserted/prevent inadverient pulse
. Withdraw signal, Prevent withdrawal of more than | rod/Limit
Muliiple Rod Withdrawal ~more than | rod maximum reactivity addition rale
Pulse Mode Interlock Mode ;\rlizh inHi :urclsv::; :;x;hdnwmg standard control rods in

Pulsc-Power Interdock 10kW :’;‘:““ pulsing if power level is grealcr than

Source Interlock 2¢eps

NOTE: Pulse-Power Interfock normally set at 1 kW

~ Evaluation of Cdntrol Rod System e

The reactivity worth and speed of travel for the control rods arc adequate to allow
complete control of the reactor system during operation from a shutdown condition to
full power. The TRIGA system docs not rcly on speed of control as significant for
safety of the rcactor; scram times for the rods are measured periodically to monitor
potential degradation of the control rod system. The inherent shutdown mechanism
(temperature fcedback) of the TRIGA prevents unsafe excursions and the control system
is uscd only for the planned shutdown of the reactor and to control the power level in
steady statc opcration.

K-State Reactor * 4-11 Original (12/04)
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' CHAPTER 4

Table 4.3, Summary of Reactor SCRAMs

m"’*‘} MLxmmng Tnp Setpoint§e: ,jg‘it-m L ESREAE, FTETEAE R *;:
el meme
&|EXStat e e A -%{. f‘!’*g'.r.if., .:J!'-«:.‘;szﬂ : '&.s&'ﬁ \f
Linear . )
Channel High 110% NA - . . 104%
Power '
Power Channel
High power 110% N/A 104%
ol I I 90%
600°C B Ring element
High Fuel 555°C CRingelement | - 450°C
Temperature 480°C D Ring element
380°C E Ring element : 350°C
Period NA | N/A ' 3 sec

NOTE: Period trip and temperature trip are not required

The reactivity worth of the control system can be varied by the placement of the control rods in
the core. The control system may be configured to provide for the excess reactivity needed for
approximately 500 kW opcratxons for eight hours per day (including xenon ovcmdc) and will
assure a shutdown margin of at least $0.50. .

Nominal speed of the standard control rods is about 12 in” (30.5 cm) per minute (with the stepper
motor specifically adjusted to this value), of the transient rod is about 24 in. (61 cm) per minute,
with a total travel about 15 in. (38.1 cm). Maximum rate of reactivity change for standard control
rods is specified in Technical Specifications.

4.2.3 Neutron Moderator and Reflector

Hydrogen in the Zr-H fuel serves as a neutron moderator, Demineralized Iight water in the reactor
pool also provides neutron modcration (scrvmg also to remove heat from operation of the reactor
and as a radiation shicld). Water occupies approxnmatcly 35% of the core volume, A graphite
reflector surrounds the core, except for a cutout containing the rotary specimen rack (described in
Chapter 10). Each fucl element contains graphite plugs above and below fuel approxlmatcly 34
in. in length, acting as top and bottom rcﬂectors]

The radial reflector is a ring-shaped, almmnum-clad, block of graphite surrounding the core
radially. The reflector is 0.457-m (18.7 in.) inside diameter, 1.066-m (42 in.) outside diameter,
and 0.559-m height. Embedded as a circular well in the reflector is an aluminum housing for a
" rotary specimen rack, with 40 evenly spaced tubular contamcts, 3.18-cm (1.25 in.) inside
diameter and 27.4-cm (10.8 in.) hcxght. The rotary specimen rack housing is a wntemght
assembly located in a re-entrant well in the reflector.

K-State Reactor 412 Original (12/04)
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REACTOR DESCRIPTION

The radial reflector assembly rests on an aluminum platform at the bottom of the reactor tank.
Four lugs arc providcd for lifting the assembly. A radial void about 6 inches (15.24 cm) in
diameter is focated in the reflector such that it aligns with the radial pxcrcmg beam port (NE bcam
port). The reflector supports the core grid plates, with grid plate positions sct by alignment
fixturcs. Graphite inserts within the fuel cladding provide additional reflection. Inscrts are
placed at both ends of the fuel meat, providing top and bottom reflection.

4.2.4 Neutron Startup Source

A 2-curie americium-beryllium startup source (approximately 2 x 10° n s™) is used for reactor
startup. The source material is encapsulated in stainless steel and is housed in an aluminum-
cylinder source holder of approximately the same dimensions as a fuel clement. The source
holder may be pasitioned in any onc of the fuel positions defined by the upper and lower grid
plates. A stainless-steel wire may be threaded through the upper end fixture of the holder for use
in relocating the source manually from the 22-fi Jevel (bridge level) of the reactor.

4.2.5 Core Support Structure

The fucl elements are spaced and supported by two 0.75-in. (1.9 cm) thick aluminum grid plates.
The grid plates have a total of 91 spaces, up to 85 of which are filled with fucl-moderator
clements and dummy elements, and the remaining spaces with control rods, the central thimble,
the pneumatic transfer tube, the ncutron source holder, and one or more voids. The bottom grid
plate, which supports the weight of the fucl clements, has holes for receiving the lower end
fixturcs. Space is pmvxdcd for the passage of cooling water around the sides of the bottom grid
plate and through 36 experiment penctrations. The 1.5-in. (3.8 cm) diameter holes in the upper
grid plate serve to space the fuel clements and to allow withdrawal of the elements from the core.
Triangular-shaped spacers on the upper end fixtures allow the cooling water to pass through the
upper grid plate when the fucl clements arc in position. The reflector assembly supports both grid
plates.

4.3 Reactor Tank

The KSU TRIGA reactor core support structure rests on the base of a continuous, cylindrical
aluminum tank surrounded by a reinforced, standard concerete structure (with a minimum concrete
thickness of approximately 249 cm. or 8 ft 2 in), as illustrated in Figures 4.1 and 4.2, The tank is
a welded aluminum structure with 0.635 cm. (1/4-in.) thick walls. The tank is approximately 198
cm (6.5-ft) in diameter and npproxlmatcly 625 cm (20.5-ft) in depth. The exterior of the tank was
coated with bituminous material prior to pouring concrete to retard corrosion. Each experiment
facility pcnctmuon in the tank wall (described below) has a water collection plenum at the
penetration. AN collection plenums are connected to a leak-off volume through individual lines
with isolation valves, with the leak-off volumes monitored by a pressurc gauge. The bulk shicld
tank wall is known to have a small leak into the concrete at the thermalizing column plenum,
therefore a scparate individual leak-off volume (and pressure gauge) is installed for the bulk
shicld tank; all other plenums drain to 2 common volume. In the event of a leak from the pool
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CHAPTER 4

through an experiment facility, pressure in' the volume will increase. Isolating individual lines
allows identification of the specific facility with the leak,

A bridge of steel plates mounted on two rails of structural steel provzds support for control rod
drives, central thimble, the rotary specimen rack, and instrumentation. The bridge is mounted
directly over the core area, and spans the tank. Aluminum grating with clear plastic attached to .
the bottom is installed that can be lowered over the pool. The grating normally remains up to
reduce humidity at electro-mechanical components of the control rod drive system and to prevent
the buildup of radioactive gasses at the pool surface during operations. The grating can be
lowered during activities that could cause objects or material to fall into the reactor pool.

Four beam tubes extend from the reactor wall to the outside of the concrete biological shield in
the outward direction. Tubes welded to the inside of the wall extend toward the reactor core.
Three of the tubes (NW, SW, and SE) end at the radial reflector. The NE beam tube penetrates
the radial reflector, extending to the outside of the core. Two penctrations in the tank allow
ncutron extraction into a thermal column and a thermalizing column (described in Chapter 10).

4.4 Biological Shield

The reactor tank is surrounded on all sides by a monolithic reinforced concrete biological shield.
The shielding configuration is similar to those at other TRIGA facilities operating at power levels
up to 1 MW. Above ground level, the thickness varies from approximately 249 cm. (8 f# 2 in.) at
core level to approximately 91 em. (3 ft.) at the top of the tank.

The massive concrete bulk shield structure provides additional radiation shielding for personnel
working in and around the reactor laboratory and provides protection to the reactor core from
potentially damaging natural phenomena.

4.5 Nuclear Design

The strong negative temperature coefficient is lhc principal method for controlling the maximum
power (and consequently the maximum fuel temperature) for TRIGA reactors. This cocfficient is
a function of the fuel composition, core geometry, and temperature. For fuels with,

enrichment, the value is nearly constant at 0.01% Ak/k per °C, only weakly dcpcndcm on
geometry and temperature.

. Fuel and clad temperature define the safety limit. A power Ievel limit is calculated that ensures
that the fuel and clad temperature limits will not be exceeded. The design bases analysis
indicates that operation at'1,250 kW thermal power with lement across a broad range of
core and coolant inlet temperatures with natural convective flow will not allow film boiling that'
could Iead to high fuel and clad temperatures that could cause loss of clad integrity.

Increase in maximum thermal power from 250 to 1,250 kW does not affect fundamental aspects
of TRIGA fuel and core design, including reactivity feedback coefficients, temperature safety
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REACTOR DESCRIPTION

limits, and fission-product release rates, Thermal hydraulic performance is addressed in Section
4.6.

4.5.1 Design Criteria - Reference Core

The limiting core configuration for this analysis is a compact core defined by the TRIGA Mk 1
grid plates (Section 4.2.5). The grid plates have a total of 91 spaces, up to 85 of which are filled
with fuel-moderator elements. and graphite dummy elements, and the remaining spaces with
control rods, the central thimble, the pneumatic transfer tube, the neutron source holder, and one
or more voids in the E or F (outermost two rings) as required to support experiment operations or
limit excess reactivity. The bottom grid plate, which supports the weight of the fuel elements, has
holes for receiving the lower end fixtures, .

4.5.2 Reactor Core Physics Parameters

The limiting core configuration differs from the configuration prior to upgrade only in the
addition of a fourth control rod, taking the place of a graphite dummy clement or void
experimental position. For this reason, core physics is not affected by the upgrade except for
linear scaling with power of neutron fluxes and gamma-ray dose rates.

For comparison purposes, a tabulation of total rod worth for each control element from the K-
State reactor from a recent rod worth measurement is provided with the values from the Comell
University TRIGA reactor as listed in NUREG 0984 (Safety Evaluation Report Related to the
Rencwal of the Operating license for the Comell University TRIGA Research Reactor).

Table 4.4, 250 k\V Core Paramecters.
B (efTective delayed neutron fraction) 0.007-
¢ {cfTective neutron lifetime) 43 puS
) -$0.017EC"
(].'l'f (pmmpl lcmpemlm cncfﬁctcnt) @ 2 SOkW ~27SEC
Qy (void coefficient) -0.003 1% void
. . -$0.006 kW™ to—
ap {power temperature coeflicient — weighted ave) . $0.01 kW

Table 4.5, Comparison of Control Rod Waorths.

[ZEEKSURTRIGAIL (250 KW RS | S ComelLUNiversit (SO0 RWYH:
C-3, Shim | $2.88 D-16, Shim S2.20
D-16, Regulating $1.58 D-4, Safety $1.99
D-10, Pulse $1.96 D-10, Transient $1.88
~TBD - : TBD E-1, Repulating - $0.58 -
K-State Reactor 4-15 Original (12/04)
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CHAPTER 4

The pulse rod is similar to a standard control rod, and the worth of the pulse rod compares well
with the comparable standard control rods in similar ring positions. A maximum pulse is
analyzcd for thermal hydraulic response and maximum fuel temperature.

453 Fuel and Clad Temperatures

This section analyzes expected fuel and cladding temperatures with realistic modeling of the fuel-
cladding gap. Analysis of steady state conditions reveals maximum heat fluxes well below the
critical heat flux associated with departure from nucleatc boiling. Analysis of pulsed-mode
behavior reveals that film boiling is not expected, even during or afier pulsing leading to
maximum adiabatic fuel temperatures, ' :

Chapter 4, Appendix A of this chapter reproduces 2 commonly cited analysis of TRIGA fucland
cladding temperatures associated with pulsing operations. The analysis addresses the case of a
fuel element at an average temperature of 1000°C immediately following a pulse and estimates
the cladding temperature and surface heat flux as a function of time after the pulsc. The analysis
predicts that, if there is no gap resistance between cladding and fuel, film boiling can occur very
shortly after a pulse, with cladding temperature reaching 470°C, but with stresses to the cladding
well below the ultimate tensile strength of the stainless steel. However, through comparisons
with experimental results, the analysis concludes that an effective gap resistance of 450 Btu hr' ft”
2op! (2550 W m™ K™) is representative of standard TRIGA fucl and, with that gap.resistance,
film boiling is not expected. This section provides an independent assessment of the expected
fucl and cladding thermal conditions -associated with both steady-state and pulse-mode
operations.

a, Heat Transfer Models

The overall heat transfer coefficient relating heat flux at the surface of the cladding to the
difference between the maximum fuel (centerline) temperature and the coolant
temperature can be calculated as the sum of the temperature changes through each
clement from the centerline of the fuel rod to the water coolant, where the subscripts for
each of the AT’s represent changes between bulk water fempcerature and cladding outer
surface, (bro), changes between cladding outer surface and cladding inner surface (ror),
cladding inner surface and fuel outer surface ~ gap (g), and the fuel outer surface to
centerline (ricl):

T,=T,+AT, +AT, +AT +AT, - O

A standard heat resistance model for this system is:
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REACTOR DESCRIPTION
r

T_T+ " ___+r.ln( rl)+ r- + ro (2)

«=hTe 3 rh 2k,

and heat flux is calculated directly as:
T, -T, ‘
qn= UAT= mag ] , (3)
T abin) n  n

h k, rh, 2k,

in which r, and 7, are cladding inner and outer radii, b, is the gap conductivity, % is the
convective heat transfer coefficient, and %, is the fuel thermal conductivity. The gap
conductivity of 2840 W m? K (500 Bru b f 2 °F") is taken from Appendix A. The
convcective heat transfer coefficient is mode dependent and is determined in context.
Parameters are cross-referenced to source in Table 4.6.

Table 4.6: Thermodynamic Values

S25cParameter i as | \Symboli | E¥Value TR S {Units s [ZaRe ference &
Fuel conductivity ke 18 Wm'K! Table 13.3
14.9 Wm'K'(300K) | Table133
Clad conductivity K, 16.6 Wm' K (400 X) Table 133
198 |Wm'K'(600K) | Table133
Gap resistance h, 2840 Wm‘K' Appendix A
Clad outer radius “To 0.018161 M Table 13.1
Fuel outer radius e} 0.018669 M Table 13.1
Active fuel length L - 0.381 M ‘Table 13.1
No. fuel elements N = N/A Chap 13
Axial peaking factor | APF /2 - N/A Table 13.4

General Atomics reports that fuel conductivity over the range of interest has little
temperature dependence, so that:

r. m'K ' @)
—-=5.1858E-04——
2k, - W .
Gap resistance has been experimentally determined as indicated, so that:
r . m'K . ()
—-=3.6196E-04——
b, A4
K-State Reactor 4-17 Original (12/04)
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CHAPTER 4

Temperaturc change across the cladding is temperature dependent, with values quoted at -
300 K, 400 K and 600 K. Under expected conditions, the value for 127°C applies so that:

e

%1a ®)

~

mK
£ =3.103e -5 ——
T 3l3e,5W

Table 4.7, Cladding Heat Transfer Cocflicient

#%Temp (CK)$| E3835Temp (CC)F{25Im” K wRb§]
300 27 3:457e-5
‘ 400 127 3.103e-5
600 327 2.6D1e-5

1t should be noted that, since tl;esc values are less than 10% of the resistance to -
heat flow attributed to the other components, any etrors attributed to calculating this
factor arc small.

The convection heat transfer coefficient was calculated at various steady state power .
levels. A graph of the calculated values results in a nearly linear response function.

Convection Heat Transfer Coefficient

TRENILEE:
yo 008328« » 988838
85003 s mn‘
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Figure 4.10, Convection Hear Transfer Cocfficient versus Power Level
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REACTOR DESCRIPTION

The reference core contains 83 fuel elements; temperature calculations using the
reference core are conservative because at least 83 elements are required for steady state
500 k\V operations, while analysis assumes 1.25 MW operation. Actual heat production
will be less than heat calculated in analysis, so temperatures will be lower. More than 83
elements will distribute heat production across a larger number of fuel clements so that
heat flux and temperatures will be Jower than calculations based on the reference core.
Average heat flux per fuel rod is therefore:

_power P - @®)
~  area 2:er

. With the maximum hcat flux of: _
P ux_ P . ®
=0.423m>pP
83%2ml, 2 3321l "

q."=q "*APF =
Therefore, core centerline temperature for the fuel rod producing the maximum heat as a

function of power can be calculated as: ,

1
0.0326 P + 16985

10
7',=7',+0.423P[ -!-3.103e-_5+3.620e—4+5.186e-4]( )

For the purposes of calculation, the two extremes of cladding thermal conductivity were
assumed (300 K value and 600 K valuc) to determine expected centerline temperature as
a function of power level. Calculations using both vales are provided graphically, and
shows the effect of thermal conductivity changes are minimal. The graph also shows that
fuel temperature remains below about 750 °C at power levels up to 1900 kW with pool
temperature at 27 °C (300 K), and 1700 kW with pool temperatures at 100 °C.

Finally, temperature calculations for the hottest location in the core were made assuming
1.25 MW steady state power at 20°C and 100°C with the following results;

Table 4.8, Caleulated Temperature Data for 1,250 kYW Operation

FHFFucl i Fucl/ GapR [ Gap/CladiH[{Clad/Wat IC%'-:W_:
Centerline °CflInterface ° 2liInterface °Cl -}Imcrfacc fg ulk Water O\C

503.2 229.0 37.7 21.2 20.0

582.0 307.8 116.4 __100.0 100.0
K-State Reactor 4-19 ' Original (12/04)
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CHAPTER 4

Hot Fuel-Rod Centerline Temperature at Power
{Temperature Bevation over Pool Water Temperature)

K
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Conterline Fuel Tznporature (K)
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Lo 83888 8 8
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00 300 500 700 900 1100 1300 1500 1700 1.900

Reactor Power (kW)

Figure 4.11, Hot Fuel-Rod Centerline Temperature

For subcooled boiling, with water at ambient temperature Ty, the critical heat flux is
calculated by (Ivey and Morris 1978)

3
) e (Tor - 1)
(@"ay ) = (8" )¥| 1+ 01*[;’-) = an
4

in which ¢ is the heat capacity of the coolant. At the depth of the reactor core in the
KSU TRIGA, static pressure is 0.153 MPa and coolant ambient temperature is taken to be
27°C. Thermodynamic and physical properties of water under these conditions are
tabulated in Chapter 4 Appendix B.

b.  _Spatial Power Distribution

The following conservative approximations arc made in characterizing the spatial
distribution of the power during steady-state opcrations.

. The hottest fuel element delivers twice the power of the average.
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Classically, the radial hot-channel factor for a cylindrical reactor (using R as the
physical radius and R, as the physical radius and the extrapolation distance) is

given? by:
R . Q2
o 1 (5) .

Ee=)

with a radial peaking factor of 1.93 for the KSU TRIGA 1l geometry,. However,
TRIGA fuel elements are on the order of a mean free path of thermal neutrons,
and there is a significant change in thermal neutron flux across a fuel element.
Calculated thermal neutron flux data’ indicates that the ratio of peak to average
neutron flux (peaking factor) for TRIGA cores under 2 range of conditions
(temperature, fuel type, water and graphite reflection) has a small range of 1.36
to 1.40.

Actual power produced in the most limiting actual case is 14% less than power
calculated using the assumption; therefore using a peaking factor of 2.0 to
determine calculated temperatures and will bound actual temperatures by a large
margin, and is extremely conservative.

The axial distribution of power in the hottest fuel element is sinusoidal, with the
peak power a factor of /2 times the average, and heat conduction radial only.

The axial factor for power produced within a fuel element is given by:

icras 1.__2__)
g(2)=1514 co{z i) (13)

in which £=1L/2 and ¢_,is the extrapolation length in graphite, namely, 0.0275
m. The value used to calculate power in the limiting location within the fuel

’

element is therefore 4% higher a power calculated with the actual peaking factor.*

Actual power produced in the most limiting actual case is 4% less than power
calculated using the assumption; therefore calculated temperatures will bound
actual tempcratures.

At full power, the thermal power of Py = 1,250 kW is distributed over 83 fuel
elements, with a maximum heat flux given by:

¢ rr ot cr tccCrccrercrcCcrCCCCCCCLOLCACEEEEEE

/

2 Elements of Nuclear Reactor Design, 2* Edition (1983), J. Weisman, Section 6.3
3 GA-4361, Calculated Fluxes and Cross Sections for TRIGA Reactors (8/14/1963), G. B. West
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(14)

» ”‘P—

=2 T =2 Vm*
bl 414e6W m

The radial and axial distribution of the power within a fucl element is given by
q"(n2)=q,.1(r)g(z), (15)

in which r is measured from the vertical axis of the fuel element and z is
measured along the axis, from the center of the fuel element. The axial peaking
factor follows from the previous assumption of the core axial peaking factor, but
(since there is a significant flux depression across a TRIGA fuel element)
distribution of power produced across the radius of the fuel the radial peaking
factor requires a different approach than the previous radial peaking factor for the
core,

‘The radial factor is given by:

_atcerder?

f(")-m. Q6)

in which the parameters of the rational polynomial approximation are derived
from flux-depression calculations for the TRIGA fuel (Ahrens 1999a). Values
are: a8 = 0.82446, b = -0.26315, ¢ = -02]869, d = -0.01726, and ¢ = +0.04679.
The fit is illustrated in Figure 4.11.

"a 4 | B % L B ) 4 ¢ ] | 3L | SN ] | B L] 4
u -
1 -
”~
E e o
L 3
oS0 .
oso | -
°.7° 1 11 L1 | S T | 1] A S [l 1 2 1] 1 11
00 OZ0 DAD Q&0 OBO 10 12 14 16 18 20

. r (cm)
Figurc 4.12, Radial Variation of Power Within a TRGIA Fuel Rod.
(Data Points from Monte Carlo Calculations [Ahrens 1999a])
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c. Steady-State Mode of Operation

Table 4.9 tabulates critical heat flux as a function of coolant temperature from the
assumed inlet temperature to the saturation temperature. Also shown in the table is the
CHFR, i.c., the ratio of the critical heat flux and the maximum heat flux at full powcrl

Table 4.9: Critical Heat Flux and CHFR for 1.25 MY
Opcration at Sclected Coolant Temperatures.

AR COTR] C)IF% a5, MW m?)REICHERTE
27 84.9 6.02 58

30 81.9 . 5.86 56

40 719 ° 533 . 5.1

60 51.9 4,26 4.1

100 11.9 2.43 2.0

111.9 0.0 149 14

It is clear from the table that there is a very wide margin between the operating heat flux
and the critical heat flux even to unrealistically high pool water temperature, so that film
boiling and excessive cladding temperature is not a consideration in steady-state
operation. A parametric variation of this calculation for various power levels shows
margin to DNBR up to 100°C pool temperature for power levels greater than 1.9 MW.

Critical Heat Flux Ratio _

(S0 JW e s PSO MW o o 100 MVY MRS § 25 AT eoeme @ .50 M o @——ee 173 MW |
13
g s~ !
g 1" —_—
INE= ——
% \\
[T | 4 — \
8 |- ] o
é e N‘ ’\F f— 4; S
I e e B i e A Bl
| g = ] — ™
E 2 ‘——-\:'a
1 ! { I3 —
o I D i
- E ] 38 L 43 80 83 ® [ ] n k£ ] ] [ ] 20 ] W 105 110
Bulk Pool Temperaturs (C)
Figure 4.13, Ratio of Departure from Nuclcate Boiling to
Critical Heat Flux at Various Power Levels
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CHAPTER 4

d. Pulscd Mode of Operation

Transient calculations have been performed using a custom computer code TASCOT for
transient and steady statc two-dimensional conduction calculations (Ahrens 1999). For
these calculations, the initial axial and radial tempcrature distribution of fuel temperature
was based on Egs. (6) and (7), with the peak fuel temperature set to 746 °C, i.c., a
temperature rise of 719 °C above 27 °C ambient temperature. The temperature rise is
computed in Chapter 13, Section 13.2.3 for a 2.1% ($3.00) pulse from zero power and a
0.7% ($1.00) pulse from power operation. In the TASCOT calculations, thermal
conductivity was set to 018 W cm" K“ (Table 4.1) and the overall heat transfer
coefficient U was set to 021 W cm™ X!, The convective heat transfer coefficient was
based on the boiling heat transfer coefficient computed using the formulation (Chen
1963, Collier and Thome 1994)

=k (T, ~To)=hT,~T). 17)

1000
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400 |

Temperature (°C)
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— f4s
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Figure 4.14, Midplane Radial Variation of Tcmperature Within the
Fuel Subscquent to a S3. 00 Pulse.

The boiling heat transfer coefficient is given by the correlation (Forster & Zuber 1955)
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k0.79 * cOAS * lO.SI

0.75
05 » 024 TD.'IS
4 ‘U p f 4 * ( = vv) * sot

B, = 0.00122* *(1,-1.)",

in which T, is the cladding outside temperature, T, the saturation temperature (111.9°C),
and T,, the coolant ambient temperature (27°C). Fluid-property symbols and values are
given in Appendix B. Subscripts fand g refer respectively to liquid and vapor phases.

The overall heat transfer cocfficient U vancs negligibly for ambient temperatures from 20
0 60°C, and has the value 0.21 W cm™ K at 73 =27°C.

Figure 4.14 illustrates the radial variation of temperature within the fuel, at the midplane
of the core, as a function of time after the pulse. Table 4.8 lists tcmpcmturcs and heat
fluxes as function of time after a 2.1% (§3.00) reactivity inscrtion in a rcactor initially at
zero power. The CHFR is based on the critical heat flux of 1.49 MW m™ from Egs. (3)
and (4) and from Table 4.2 for saturated boiling. Figure 4A.3 of Appendix A, using the
Ellion data, indicales a Leidenfrost temperature in excess of S00°C. Thus transition
boiling, but not fully developed film boiling might be expected for a short time after the
end of a pulse.

4.6 Thermal Hydraulic Design and Analysis

A balance between the buoyancy driven pressure gain and the frictional and acceleration pressure
losses accrued by the coolant in its passage through the core determines the coolant mass flow
rate through the core, and the corresponding coolant temperature rise. The buoyancy pressure
gain is given by

Ap, = p,B,ATEL, (19)

in which p, and B, are the density and volumetric expansion cocfi' cient at core inlet conditions
(27°C, 0.15285 Mpa), 8 is the acceleration of gravity, 9.8 cm® s, AT is the temperature risc
through the core, and L is the height of the cofe (between grxdp!ates), namely, 0.556 m. The
frictional pressure loss is given by

Apy =L @0)

/" 24°D,p,’

in which mis the coolant mass flow rate (kg s') in a unit cell approximated as the cqmvalcnt
annulus surrounding a smgle fuel element, 4 is the flow area, namely, 0.00062 m?, and D, is the
hydraulxc diameter, name y 0.02127 m. The friction factor f for laminar flow through the annular
area is given by 100 Re™ (Shah & London 1978), in which the Reynolds number is given by
Dyl Ay, in which g, is the dynamic viscosity at core inlet conditions.
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CHAPTER 4

Table 4.10, Heat Flux and Fuel Tcmpcraturcs Following a §3.00 Pulsc from Zero Pow er, )
with 27(°C) Coolant Ambicnt Tcmpcraturc.

R Tina (D ke 'zfr-*«wzrﬂ“gff‘*"‘"' S FUe OIS Ige P N Clat STt
cf X] - »é :;' s o -
BRI O R

0 . 053
1 3.57 xlo’ 42 . 781 224
2. 7.34 x10° 2.0 683 432
4 8.52x10° 17 - 574 498
8 7.54x106° ° 2.0 461 . 443
16 5.71 x10° 2.6 344 342
32 3.46 x10° 43 224 218
64 1.04 x10° 14.4 " 100 84

Entrance of coolant into the core is from the side, above the lower grid p]ate (see Section 4.2.5),
and the entrance pressure loss would be expected to bc negligible. The exit contraction loss is
given by

:2
m'K
=— 21
@l 2p‘ Az ( )
The coefficient X is calculated from geometry of an equilateral-triangle spacer m a circular
opening, for which
2
4, 3+ .R2 sin60° cos60°
|- R 22
] e e

where R is the radins of the opening in the upper grid plate, Equations (11) through (13), solved
simultaneously yield the mass flow rates per fuel element, and coolant temperature rises through
the core listed in Table 4.9,

Table 4.11, Coolant Flow Rate and Temperature Risc for Natural-Convection
Cooling the TRIGA Rcactor Dunng.Stcady-Stntc O cratnons

AT LR 55 e c@%‘%&

50 0047

100 0.061 4.7
200 0.077 2.5
300 0090 9.6
400 0.100 115
500 0.108 13.3
750 0.125 172
1000 0.139 - 20.6
1250 0.150 23.8
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4.7 Safety Limit

As described in 3.5.1 (Fuel System) and NUREG 1282, fuel temperature limits both steady-state
and pulse-mode operation. The fuel temperature limit stems from potential hydrogen outgassing
from the fuel and the subscquent stress produced in the fuel element clad material by heated
hydrogen gas. Yield strength of cladding material decreases at a temperature of 500°C;
consequently, limits on fuel temperature change for cladding temperatures greater than 500°C. A
maximum temperature of 1150°C (with clad < 500°C) and 950°C (with clad > 500°C) for U-ZrH
(H/Zr, ¢s) will limit intemnal fuel cladding stresses that might lead to clad integrity (NUREG 1282)
challenges.

4.8 Operating Limits

4.8.1 Operating Parameters

The main safety consideration is to maintain’the fuel temperature below the value that would
result in fuel damage. Setting limits on other operating parameters, that is, limiting safety system
settings, controls the fuel temperature. The operating parameters established for the KSU TRIGA
reactor are:

»  Steady-state power level
e Fuel temperature measured by thermocouple during pulsing operations
s Maximum step reactivity insertion of transicnt rod

4.8.2 Limiting Safety System Settings

Heat transfer characteristics (from the fuel to the pool) controls fuel tempcrature during normal
opcrations. As long as thermal hydraulic conditions do not cause critical heat flux to be exceeded,
fuel temperature remains well below any limiting value. Figure 4.13 illustrates that critical heat
flux is not rcached over a wide range of pool temperatures and power levels. As indicated in
Table 4.9, the ratio of actual to critical heat flux is at least 2.0 for temperatures less than 100°C
bulk pool water temperature for 1.25 MW operation. Operation at less than 1.25 MW ensures fuel
temperature limits are not exceeded by a wide margin.

Limits on the maximum excess reactlivity assure that operations during pulsing do not produce a

power level (and generate the amount of energy) that would cause fuel-cladding temperature to
exceed these limits; no other safety fimit is required for pulsed operation.

4.8.3 Safety Margins

For 1,250 kW steady-state operations, the critical heat flux ratio indicated in Table 4.9 ranges -

from 15.3 for pool water at room temperature (20°C) to 10.2 at 60 °C (pool temperatures are
controlled to less than 48°C for operational concerns). Even at pool water temperatures
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CHAPTER 4

approaching bo’lmg, the margin remains above 3. Therefore, margins to conditions that could
cause excessive temperatures during steady state operations while cladding temperatures is below
500°C are extremely large.

Normal pulsed operations initiated from power levels below 10 kW with a $3.00 reactivity
insertion result in maximum hot spot temperatures of 746°C, a 34% margin to the fuel
temperature limit. As indicated in Chapter 13, pulsed reactivity insertions of $3.00 from initial
conditions of power opcration can result in a maximum hot spot temperature of 869°C. Although
administratively controlled and limited by an interlock, this pulse would still result in a 15%
margin to the fuel temperature safety limit for cladding temperatures below 500°C.

Analysis shows that cladding temperatures will remain below 500°C when fuel is in water except
following large pulses. However, mechanisms that can causc cladding femperaturé to achieve

- 500°C (invoking a 950°C fuel temperature limit) automatically lumt fuel temperature as heat is
transferred from the fuel to thc cladding.

Immediately following a maximum pulsed rcactxvny additions, heat transfer driven by
fuel temperature can cause.cladding temperature to rise above 500°C but the heat transfcr
simultaneously cools the fuel to much less than 950°C.

If fuel rods are placed in an air environment immediately following long-term, high
power operation, cladding temperature can essentially equilibrate with fuel temperature. In
worst-case air-cooling scenarios, cladding temperature can exceed 500°C, but fuel temperature is
significantly lower than the temperature limit for cladding temperatures greater than 500°C.
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Appendix 4-A
Post-Pulse Fuel and Cladding Temperature

. This discussion is reproduced from Safety Analysis Reports for the University of Texas Reactor
Facility (UTA 1991) and the McClellan Nuclear Radiation Center (MNRC 1998).

The following discussion relates the element clad temperature and the maximum fuel
temperature during a short time after a pulse, The radial temperature distribution in the fuel
clement immediately following a pulse is very similar to the power distribution shown in Figure
4A.1. This initial steep thermal gradient at the fuel surface results in some heat transfer during
the time of the pulse so that the true peak temperature does not quite reach the adiabatic peak
temperature. A large temperature gradient is also impressed upon the clad which can result in a
high heat flux from the clad into the water. If the heat flux is sufficiently high, film boiling may
occur and form an insulaling jacket of steam around the fuel elements permitting the clad
tempcrature to tend to approach the fuel temperature, Evidence has been obtained experimentally
which shows that film boiling has occurred occasionally for some fuel elements in the Advanced
TRIGA Prototype Reactor located at GA Technologies [Coffer 1964]. The consequence of this
film boiling was discoloration of the clad surface.

Thermal transient calculations were made using the RAT computer code. RAT isa 2-D
transient heat transport code developed to account for fluid flow and temperature dependent
material propcnics. Calculations show that if film boiling occurs after a pulse it may take place
cither at the time of maximum heat flux from the clad, before the bulk temperature of the coolant
has changed appreciably, or it may take place at 2 much later time when the bulk temperature of
the coolant has approached the saturation temperature, resulting in a markedly reduced threshold
for film boiling. Data obtained by Johnson et al. [1961] for transient heating of ribbons in 100°F
- water, showed bumnout fluxes of 0.9 to 2.0 Mbtu fi** hr' for e-folding periods from S to 90
milliscconds. On the other hand, sufficient bulk heating of the coolant channel between fuel
clements can take place in several tenths of a second 10 Jower the departure from nucleate boiling
(DNB) point to approximately 0.4 Mbtu f2 hr'. It is shown, on the basis of the following
analysis, that the second mode is the most likely; i.c., when film boiling occurs it takes place
under essentially steady-state conditions at local water temperatures near saturation.

A value for the temperature that may be reached by the clad if film boiling occurs was
obtained in the following manner. A transient thermal calculation was performed using the radial
and axial power distributions in Figures 4A.1and 4A.2, respectively, under the assumption that
the thermal resistance at the fuel-clad interface was nonexistent. A boiling heat transfer model, as
shown in Figure 4A.3, was used in order to obtain an upper limit for the clad temperature rise.
_ The model used the data of McAdams [1954] for subcooled boxlmg and the work of Sparrow and’
Cess [1952] for the film boxlmg regime, A conservative estimate was obtained for the minimum
heat flux in film boiling by using the correlations of Speigler et al. {1963}, Zuber [1959], and
Rohsenow and Choi [1961] to find the minimum temperature point at which film boiling could
occur. This calculation gave an upper limit of 760°C clad temperature for a peak initial fuel
temperature of 1000°C, as shown in Figure. 4A 4. Fuel temperature distributions for this case are
shown in Figure 4A.5 and the heat flux into the water from the clad is shown in Figure 4A.6. In
this limiting case, DNB occurred only 13 milliseconds after the pulse, conservatively calculated
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CHAPTER 4 APPENDIX A

assuming a steady-state DNB correlation, Subsequently, experimental transition and film boiling
data were found 1o have been reported by Ellion [9] for water conditions similar 1o those for the
TRIGA system. The Ellion data show the minimum heat flux, used in the limiting calculation
described above, was conservative by a factor of 5. An appropriatc correction was made which
resulted in a more realistic estimate of 470°C as the maximum clad temperature expected if film
boiling occurs. This result is in agreement with experimental evidence obtained for clad
temperatures of 400°C to 500°C for TRIGA Mark F fuel elements which have been operated
under film boiling conditions [Coffer et al. 1965].
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The preceding analysis assessing the maximum clad temperatures associated with film boiling

assumed no thermal resistance at fuel-clad interface. Measurements of fuel temperatures as a
function of steady-state power level provide evidence that afler operating at high fuel
temperatures, a permanent gap is produced between the fuel body and the clad by fuel expansion.
This gap exists at all temperatures below the maximum opcrating temperature. (See, for example,
Figure 16 in the Coffer report [1965].) The gap thickness varies with fuel temperature and clad
temperaturc so that cooling of the fuel or overhcatmg of the clad tends to widen the gap and
decrease the heat transfer rate. Additional thermal resistance due to oxide and other films on the
fuel and clad surfaces is expected. Experimental and theoretical studies of thermal contact
resistance have been reported [Fenech and Rohsenow 1959, Graff 1960, Fenech and Henry 1962
which provide insight into the mechanisms involved. They do not, however, permit quantitative
prediction of this application because the basic data requircd for input are presently not fully
known. Instead, several transient thermal computations were made using the.RAT code. Each of
these was made with an assumed value for the effective gap conductance, in order to ‘determine
the effective gap coefficient for which departure from nucleate boiling is incipient. These results
were then compared with the incipient film boiling conditions of the 1000°C peak fuel
temperature case.

For convenicnce, the calculations were made using the same initial temperature
distribution as was used for the preceding calculation. The calculations assumed a coolant flow
velocity of 1 ft per second, which is within the range of flow velocities computed for natural
convection under various steady-state conditions for these reactors. The calculations did not use
a complete boiling curve heat transfer model, but instead, included & convection cooled region
(no boiling) and a subcooled nucleate boiling region without employing an upper DNB limit. The
resulls were analyzed by inspection using the extended steady-state correlation of Bernath [1960]
which has been rcported by Spano [1964] to give agreement with SPERT 1I burnout results
within the experimental uncertainties in flow rate. .

The transient thermal calculations were performed using effective gap conductances of
500, 375, and 250 Btu fi’2 hr! °F, The resulting wall temperature distributions were inspected to
determine the axial wall position and time afier the pulse which gave the closest approach
between the local computed surface heat flux and the DNB heat flux according to Benath. The -
axial distribution of the computed and critical heat fluxes for cach of the three cases at the time of -
closest approach is given in Figures 4A.7 through 4A.9. If the minimum approach to DNB is
corrected to TRIGA Mark F conditions and cross-plotted, an estimate of the effective gap
conductance of 450 Btu fi’? hr'! °F! is obtained for incipient bumout 50 that the case using 500 is
thought to be representative of standard TRIGA fuel.

- The surface heat flux at the midplane of the element is’shown in F‘gurc 4A.10 with gap
conductance as a parameter. It may be observed that the maximum heat flux is approximately
proportional to the heat transfer coefficient of the gap, and the time lag after the pulse for which
the peak occurs is also increased by about the same factor. The closest approach to DNB in these
calculations did not necessarily occur at these times and placcs, however, as indicated on the
curves of Figures 4A.7 through 4A.9. The initial DNB point occurred near the core outlet fora
local heat flux of about 340 kBt fi® hr'' °F! according to the more conservative Bemnath
correlation at a Jocal water temperature approaching saturation.
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This analysis indicates that after operation of the reactor at steady-state power levels of 1
MW(t), or after pulsing to equivalent fuel temperatures, the heat flux through the clad is reduced
and therefore reduces the likelihood of reaching a regime where there is a departure from nucleate

boiling. From the foregoing analysis, a maximum temperature for the clad during a pulse which'.

gives a peak adiabatic fuel temperature of 1000°C is conservatively estimated to be 470°C.

As can be seen from Figure 4.7, the ultimate strength of the clad at a temperaturc of
470°C is 59,000 psi. If the stress produced by the hydrogen over pressure in the can is less than
59,000 psi, the fuel element will not undergo loss of containment. Referring to Figure 4.8, and
considering U-ZrH fuel with a peak temperature of 1000°C, one finds the stress on the clad to be
12,600 psi. Further studies show that the hydrogen pressure that would result from a transient for
which the peak fuel temperature is 1150°C would not produce a stress in the clad in excess of its
. ultimate strength. TRIGA fuel with a hydrogen to zirconium ratio of at least 1.65 has been pulsed
to temperatures of about 1150°C without damage to the clad [Dee et al. 1966].
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Appendix B
Water Properties at Nominal Operating Conditions

The following data are from the NBS/NRC Steam Tables, by L. Haar, J.S. Gallagher, a;xd G.S.

Kell, Hemisphere 1984. :
Saturated ' Water at 0.153 MPa
TEMPERATURE, T 111.9 °C
PRESSURE, P 0.153 MPa
HEAT OF VAPORIZATION, A ° 222E1+03 X kg™
SURFACE TENSION, ¢ 5.66E-02 o Jm*
B A N R N A R S e e T S e A (e TR S D SRR
__p, density (kg m™) 9.50E+02 8.78E-0]
C, heat capacity (k] k™' K™) 3.71E+00 1.55E+00
C, heat capacity (kJ kg™ X) 4.24E+00 2.09E+00
s, entropy (kJ kg™ K™) 1.44E+00 7.22EH0
i, cnthalpy (kJ ke™') 4.70E+02 2.69E+03
u, intenal energy (kJ kg™) 4.69E+02 2.52E+03
sonic speed (m s™) 1.53E4+03 4.79E402
k, thermal conductivity (W m™ K) 6.82E-01 2.65E-02
~ p, dynamic viscosity (kg m™s™") 2.50E-04 1.27E-05
v, kinematic viscosity (m?s™) 2.64E-07 1.45E-05
a, thermal diffusivity (m’s™) 1.70E-07 1.44E-05
Pr, Prandtl Number 1.55E+00 1.00E+00
B, volumelric expansion coefficient 8.14E-04 2.86E-03
Subcooled Water at 27°C, 0.153 MPa
TEMPERATURE (T) - 27°C
PRESSURE ®) 0.153MPa
DENSITY () 9.97E+02 kg m*
C,,heat capacity (kJ kg K*) EAHBETa0
C,.heat capacity (K kg K) S
s, entropy (K kg™ K™) S a90E|
i, enthalpy (kJ kg™) BEL0 2
u, internal energy (KJ kg™) B
sonic speed (ms™)
k, thermal conductivity (W m™K™?)
.M, dynamic viscosity (kg m’s™)
* v, kinematic viscosity (m*s™)
a, thermal diffusivity (m?s™)
Pr, Prandt! Number
B, volumetric expansion coefficient
K-State Reactlor 4841 . Revised 12/23/04
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5. REACTOR COOLANT SYSTEMS

The reactor coolant systems are very simple in design and operation. These systems are required
from an operational standpoint, and not safety. Potential hazards associated with the primary
cooling system are minimal. Many of these systems have been upgraded in recent years to permit
extended full power operation of the reactor. A general overview of the reactor coolant system is
follows.

During full power operation, the fucl elements in the reactor core are cooled by natural
convection of the primary tank water. To remove bulk heat to the environment, primary water is
circulated through' a heat exchanger where the heat is transferred to a secondary cooling loop.
Water passing through the'secondary side of the heat exchanger is then passed through a forced-
draft cooling tower to transfer heat to outside air.

A cleanup loop maintains cleanliness of the primary water to minimize production of long-lived
radionuclides and minimize corrosion. Radioactive contamination of the primary water does not
present a hazard to workers (in fact, activitics are low enough to be directly released to sanitary
sewcerage). Primary coolant does provide shiclding directly above the reactor core, and loss of
this shielding would elevate radiation levels in the reactor bay, especially directly above the
reactor tank.

Loss of primary water would also deprive the reactor fuel of its principal means of cooling.
However design analysis of TRIGA fuel shows that it may be cooled by natural convection in air,
without risk of fuel failure. In the event of a water loss, makeup water for the primary system is
available from a still or the bulk shield tank. If repairs of the primary tank require draining, fuel
clements can be stored in either dry storage pits or the bulk shield tank.

The primary and sccondary cooling system flows are isolated by a plate-type heat exchanger, A
rupture in the heat exchanger could cause mixing of the coolant streams. Therefore, although the

primary coolant is of little radiological significance, the secondary coolant is monitored
periodically for radioactivity to detect cven a small breach between the two systems.

5.1 Summary D'és'cription

The reactor cooling system serves five major functions:
1. ch.mvc and ;!issipate heat generated in the reactor |
2. Provide radiation shiclding from the core area

3. Control primary water conductivity (to minimize corrosion of reactor components,
particularly the fuel elements) .

_ 4. Control primary water radioactive contamination (by removing nearly all particulate
and soluble impurities)

5. Maintain optical clarity of the primary water

‘K-State Reactor 5-1 Original (12/04)
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CHAPTER 6

The primary system contains de-ionized water and is open to atmosphcrc The reactor core is

.coolcd by natural convection alone, To pcrrmt extended operation at full licensed power, bulk
heat is transferred by forced convection actoss 2 heat exchanger to the sccondaxy cooling system
The secondary cooling systeni then transfers the heat to the environment via 8 coohng towcr,
using service water treated for corrosion and biological growth.

This cooling system combination provides enough heat semoval for continuous full-power
operation. In addition to the cooling system, the reactor is provided with a bulk-shielding tank.
This 6500—gnlion (25 kL) tank contains distilled water, and can be used to supplement make-up
water for the primary tank (using a makeup water system Jndepcndent of the above drawing) or
provide temporary fuel storage. Makeup watcr far bolh systems is provided by a steam-powered
still.

In normal (automatic) control of the cooling systems, a single backlit pushbutton switch on the
control console energizes the primary and secondary pump, and the cooling tower fan control
system. Individual controls for system components are located on the 0-foot Jevel, In addition to
control systems, several cooling system parameters can be monitored in the control room.
Measurement functions available to the'reactor operator are presented in Teble S.1.

- .‘. .
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REACTOR COOLANT SYSTEMS

‘Table 5.1: Control Room Instrumentation - °

Measurement Location Device / Qutput
Primary Water Conductivity =~ Cleanup Loop Inlet ’ Platinum Probe / Meter
Cleanup Loop Outlet Platinum Probe / Meter
Primary Water Temperature Water Box RTD / Meter
. Heat Exchanger Inlet - Transducer/ Computer
Heat Exchanger Outlet Transducer / Computer
Reactor Tank (x 2) ) 2 Transducers / Computer
Primary Flow Rate Orificc 2 Transducers / Computer
Primary Radioactivity Water Box G-M Tube / Mcter
Pool Surface w. — .. G-M Tube/ Meter
Secondary Water Temperature  Heat Exchanger Inlet Transducer / Computer
Heat Exchanger Outlct Transducer / Computer

5.2 Primary Coolant System

Principal functional requirements of the primary coolant system are to (1) transfet heat from the
reactor core to the sccondary cooling system, and (2) provide radiation shxcldxng dircctly above
the reactor core. Although natural corvection cools ‘the reactor core, primary bulk water
temperature should be kept below 130°F (48.9 °C). This limit could easily be reached during
extended operation at full licensed power, hence the need for a heat transfer loop. The second
requircment involves the 16-fect (4.9 m) of shielding that the water provides.directly above the
reactor core,

The primary coolant system layout is shown in Figure 5.1. The system consists principally of a
reactor tank, a ccntrifugal pump, a pressure orificc, one side of the heat exchanger, and a cleanup

. loop (described in Section 5.4). -Since the primary coolant is de-ionized water, system

components and piping are constructed of cither aluminum or stainless steel. Most of the piping
is aluminum of nominal 2.5-in (6.4 cm) diameter.

Cooling system inlet piping has two suctions, one just under the water surface and a second
suction through a skimmer, which collects foreign particles on the pool surface. An installed
valve may be used to isolate the skimmer. The tank itself provides 22-ft (6.7 m) of head (9.5
psig). This water is pulled into a self-priming, direct-coupled, centrifugal pump located on the 0-
foot lcvel of the reactor bay. The pump boosts water prcssurc to about 60 psig (410 kPa), with a
flow rate of approximately 110 gallons per minute (6.94 L s%).

From the primary pump, thc flow is split, with about 10 gallons per minute {0.63 L s) diverted
through a cleanup loop and the remaindcr passing through an orifice to the heat exchanger, also
located on the 0-foot level. The orifice provides the necessary pressure drop to flow water
through the cleanup Joop. Exit pressure on the orifice (and hence the entrance pressure to the
heat exchanger) is approximately 30 psig (210 kPa).

A plate-type compact heat cxchangct is used to remove heat from the primary coolant (see anurc
L) 2) The heat exchanger consists of sandwiched stainless steel plates alternately carmrying
primary and secondary cooling water. .The heat exchanger has a transfer capacity of 682 kW

¢t r o rffCCCCcCccCCfe«rC_CCCl(CCCCCEEEEEEE
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(2 327,080. BUT h™) under normal conditions. The unit was originally pressure tested at 130
psig (0.89 MPa) Four temperature transducers are located in both inlet and outlet streams, as
well as two in the reactor tank, for performance monitoring of the heat exchanger. Additional
plates may be added to the heat exchanger to provide expand cooling capacity. The compact heat
exchanger and temperature probes were installed in 1993, .

In addition to cooling functions, the primary tank provides 16 &t (4.9 m) of shiclding directly
above the reactor core. Water level is normally kept within a few inches of the top of the reactor
tank. To prevent loss of primary coolant during maintenance operations, four valves allow
isolation of the heat exchanger or reactor tank. In the cvent of a rupture in the primary piping, a
siphon break is located about one foot below the water surface of the tank. The siphon break is a
small holc in the pipe that allows air into the pipe if water level drops below the break point,
breaking the siphon. The beam ports, when closed, are sealed on the outside by a gasket. A
system of pipes connects the beam ports to the manifold with a pressure gauge, where any rupture
would be indicated as increased pressure.

If 2 major loss of coolant were to occur, thére are three level sensors that would illuminate lights
on the control panel. Two sensors are located in the reactor bay sump, activating when the sump
level is high. Since all floor drains in the reactor bay connect to the sump, any leaks would
accumulate there. A third sensor is located at the top of the tank, activating if the tank level drops
a few inches below normal operating levels. If these indicators fail, loss of coolant would be
apparent by increased radiation readings on the remote area’monitors. The increased radiation
levels directly abovc the reactor core could present a radxologxcal hazard on the 22-foot level.

‘The primary rcactor tank scrvcs asa sbmdown cooling pool and spent fuel pool, therefore the -
impact of loss of primary water on cooling fuel elements was evaluated. General Atomics
calculations for.aluminum-clad fuel show that after shutdown from infinite operation at 250 kW
that the maximum temperature at the fuel cladding interface would be less than 150°C. .For these
conditions, the pressure exerted by trapped air.and fission products is about 660 psi (4.6 MPa),
Avhereas the yield stress for the aluminum cladding is >5000 psi (34 MPa) at 150°C. The -
Division of Reactor Licensing validated these findings in the 1968 Safety Evaluation. Current
fuel inventory has stainless steel cladding, with two spare aluminum clad instrumented elements.
... Stainless steel has greater yield strength, hence greater resistance to cladding failure. Technical
Specification G.2 allows for spent fuel elements to be stored in air or water.

5:3 Secondary Cooling System R L o

The sccondary cooling system is designed for continuous operation at approxlmatcly 2,431,500
_BTU ! (723 kW). The secondary cooling System circulates water from the heat cxchangcr

® o o

through a cooling tower. The system uses service water that is treated to minimize corrosionand . -

bacteriological growth. The system consists of-a surge tank, centrifugal pump, heat exchanger, .
" and cooling tower.” The system is regulated by an automatic ‘control system consisting of several
temperature sensors, a pncumatxc three-way valve, and electrical controls. - With the exception of
the cooling tower, all equipment is Jocated on the 0-foot level of the reactor bay.

- K-Slate Reaclor 54- Original (12/04)
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5.3.1 Secondary-Cooling System Flowvé

Water is drawn into the secondary cooling system from a surge tank. The tank has a volume
greater than that of the cooling tower and stores this water when the tower is not in use. The tank
has a sight gauge that is visible from the control room, and an indicator on the control console,
which illuminates on low water Jevel. Scrvice water makeup can be initiated from the control
room by resetting a five-minute timer (to prevent overfilling) that energizes an electric valve
connected to potable water. The makeup line terminates above the tank; providing an air-gap for
protection of potable water. . :

The water from the surge tank is then drawn into the system by a direct-coupled, self-priming,
centrifugal pump’(see Figure 5.3). When the controls ar¢ in a normal configuration, the pump is
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CHAPTER 5

encrgxzcd (with the primary pump ‘and cooling towcr fans) from a backlit push button SW](Ch in
the control room. Normal flow’ rate through ‘the systcm is250 gallons per minute (15.8 L-s™).

F‘gurc 5.3 Sccondary Cooling Pump

e -

After leaving the pump the water passes through the heat exchangcr, receiving heat from the
primary loop. The temperature transducers on the heat exchanger provide tcmpemmre data in the
control room. Several manual tcmpcraturc gauges are also locatcd at various locations in the
reactor bay.

Normally, water lwvmg the bcat exchanger is then sent to the coolmg tower (Figure 5 4) and -
retumed to the surge tank. However during cold weather conditions (when outside air is less .
than —10 °F, -23 °C), the’ wntcr bypass&s the cooling tower at a three-way valve and is retumed
dxrectly to the pump.Any water in the cooling tower then drains into the surge tank. The cooling
tower is an induced-draft, crossflow ‘design constructed of galvnmzed steel with a 146-ton cooling
capacity. Itis located outside the reactor building, outside a fenced area at about the 12-foot level
of the reactor. The¢ tower contains 142 gallons (538 L) of water during operation. It has a two-
speed fan controlled by the sccondary automatic control system. The tower was replaced along
with the surge tank in 1991, The tower was upgraded in 2001 to permit 500 kW operations.

5.3.2 Secondary Cooling Automatic Control System
The sccondary automatic control system has three basic control functions: =~ :
"’ 1.” Tomaintain the primary water at a set temperature,
2. Tocontrol the cooling tower fan si:ccd tl’; maintain secondary watcr ata set tcm;)eramré.

3.. To prevent coolmg water frecze-up during cold weather operation (less than -10 "F {23
°c}). .

The secondary automatic control system performs thesc functions by pncumatically controlling
_the three-way valve and electrically controlhng the coolmg tower fan. The secondary automatic
" control system is normally initiated by energizing the primary cooling pump. The three-way

K-State Reactor 5-6 Original (12/04)
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valve allows sccondary water to flow to the cooling tower under normal conditions. If the outside
air temperature is less than =10 °F (-23.3 °C), then the three-way valve stops cooling tower flow.
This outside air temperature limit is bypassed when the primary water temperature exceeds 110
°F (43.3 °C) thus rcestablishing cooling tower flow. The temperature of the secondary water
returning from the cooling tower controls cooling tower fan speed. At 70 °F (21.1 °C), the
cooling tower fan starts at low spced and switches to high speed when the temperature reaches
90°F (32.2 °C). Manual control of fan speed is available at the 0-foot Jevel breaker.
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53.3 Secondary Water Qualuy --"'-’

Secondary water chemistry analysis is typlcnlly pcrformcd twice a month. Items tested are pH,
chlorine, conductivity, and total alkalinity. Suggested manufacturers limits on pH are 7.6 to 8.6,

and our typu:al values are 7.5 to 8.0. Chlorine levels and conductivity should be Iess than 4 times
the maximum city concentration. Chlonnc levels and conductivity of the cxty water arc 2-4 ppm
at point of usc and 0.4 to 0.7 mS ecm’’. Upon reaching a conductivity value 4 times that of service
water, the cooling water is replaced. Total alkalinity should be less than 270 ppm, although this
limit has never been reached during normal operation.

To detect possible leaks in the heat exchanger, the secondary water is tested monthly for
radioactivity. Since the primary tank has 22-feet (6.7 m) of static head, as opposed to 3 to 9-feet
(0.9 to 2.7 m) in the secondary (depends on surge tank level), a breach in the heat exchanger
would result in flow from the primary to secondary cooling system when the cooling system is
secured. Leaks while the cooling system is operating arc unlikely; the heat exchanger was

rrrr/rrrrrrrrr(rLLLLLL;;gQée&&%%%%
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pressurc tested to 150 psig, and the maxlmum pressure differential across thc heat exchanger
(primary pump running, sccondaty pump oft) is 30 psig.*A small breach in the heat exchanger
would be evidenced by tritium contamination of the secondary water. A larger breach would be
indicated by .loss of primary coolant.from the reactor tank. Primary water typically remains
.within 10CFR20 lxmxts for relcase 10-sanitary sewers, and is not a hazard cven if a leak were to
occur. .

5.4 Primary Coolant Cleanup SySteni' 3

Technical Spccxﬁcanon requires average monthly water conductwny be kept below 2 uS cm™ to
minimize corrosion of reactor components and production of radioactive materials, as well as
maintaining optical quality of the coolant. To m:untam this Jow conductivity the primary coolant
system was constructed with an infegral clcanup loop, located.on the O-foot level of the reactor
bay. Asshownin Fxgurcs 5.1 and 5.5, this cleanup loop consists of a water box, a fiber cartridge
filter, a mixed-bed resin demincralizer, a flow meter, two conductivity probes, a RTD temperaturc
probe, and a chgcr tube. Conductivity, measurement cquipment was replaced in 1990.
Connecting piping is I-m (2.5 cm) alummum

e . s

Water is drawn out of lhe pnmary system after leavmg the pnmary pump and retumns to the

system with the water exiting the beat exchanger. A flow orifice (Figure 5.6) is installed in the

main primary loop before the heat cxchangcr to provide the necessary pressure drop to force
water through the clcanup loop. Upon entering the cleanup loop the water passes throigh the
water box, where tempcraturc conductivity, and radxoacuvxty arc measured. Normal inlet
conductivity is 0.8 to 1.3 puS cm

The water is then passed through a mtcr - dssembly that contains two rcplaceable cartridges of at
Ieast S-micron rating. Pressure gauges are supplied on either side of the filter to indicate
clogging. In addition to improving the optical clarity of the water in thc reactor tank, the removal
of solid particles cxtends the llfc of the demlncrnhzcr fesin.”

The water then passcs through a mxxcd-bcd demineralizer to remove soluble impuritics. The
typical resin in use is Amberlitc ARN-150. After the dcmmcrahzcr, the water passes a second
couducthty probe. Typical exit conductivity is 0.05 to 0.2 pS cm 1. Flow rate through this loop
is regulated by a plug-type flow meter with a 0 to 28 gallon pcr minute range. A manual valve
accomplxshcs rcgulanon. Normal flow rate through this loop is 10 gallons per mxnutc Normal
pressure in the loop is 55 to 60 psxg

ana:y coolant is sampled every month for radloactmty The only nuclide of significance that
is normally detected in the coolant is tritium arnid is usually in the range of 200 to 1500 pCi- mL™.
In the event of a fuel cladding faxlurc, the clcanup loop could be used to remove radioactive
contaminants. .
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Figure 5.5: Primary Coolant Cleanup
Loop -

5.5 Makeup Water System

Makeup water for the primary system and the bulk shield tank is provided by a still located in the
basement adjacent to the reactor bay (Figure 5.7). The still is a stmxn-powcred unit, with steam
supplied by the University’s power plant. The steam is distributed in undcrground passages
making service relatively secure from ordinary hazards of weather. The still is rated to produce
50 gallons distilled water per hour (3.2 L min™) and has a storage capamty of 80 gallons (300 L).
Input water to the still is conditioned by a water softener to minimize scaling in the boiler section.
In addition to the still, the bulk shield tank contains 6500 gallons (25 kL) of distilled water, which
could be used as makcup water.
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V'I‘he coolmg systems retum lmc to the reactor pool enters thc pool ﬁn’ough a diffuser. The
diffuser is constructed to induce a helical flow pattern in the reactor tank. This extends transport
time of-the convection flow of water from the core to allow much of the mtrogcn-16 generated -
-during operation to decay before reaching the pool surface. * A radiation monitor directly above
the pool surface provxdts the control room operator with information to prompt exposure controls
(gencrally energizing the primary cooling pump to initiate the helical flow for dccay, or limiting
access to the area directly over the pool). Pool surfate monitor radiation measuremeénts at 250
kW directly above the pool surface arc typically 20 to 30 ‘mR-h? from a1l sources with the
primary cooling system operating, and is expected to be 90 mR-h™! at 500 kW opemtnon, expected
tobe approximately 350 mR-h™ at l 250 kW opcranon (slnghtly less than 100 mR h at 1 meler
nbovc the bridge). -

‘A radiation” monitor at the rail around.ihe pool 'ptovidts the- control room operator with
information to prompt exposure controls for personnel on the 22-foot level but ‘not dlrectly over
the reactor pool At 250 kW radnatxon lcvcls at the rail are less than 2 mR/bre - -

.

.5 7 Aumhary Systems Usmg anary Coolant -

Although the bulk shield tank does not circulate w:th thc primary coolant, it can be used as a
source of distilled water. Shielding of the thcrmahzmg column by this tank is only needed for
operation. ‘The bulk shicld tank water circulation sysiem has the provision to allow for water to
be pumped directly from the bulk shield tank into the primary tank, providing 6500 gallons (25
kL) of makeup water. The bulk shield tank ean also be used for temporary fuel storage during
maintenance operations involving the pnmary tank. *. Makeup water for the bulk shicld tank is
provided by the same still as used for the primary system.
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6. Engineered Safety Features

As discussed in Chapter 13, from previous analysis, and from experience at other TRIGA
reactors, emergency core cooling is not required for operations at steady state thermal powers
below 1900 kW. No engineered safety features are required for the KSU reactor because the
steady state power limit is 500kW.

6.1 Bibliography

Kansas State University TRIGA Mark Il Reactor Hazards Summary Report, by R.W. Clack, J.R.
Fagan, W.R. Kimel, and S.Z. Mikhail, Licensc R-88, Docket 50-188, 1961.

Analysis of Certain Hazards Associated with Operation of-the Kansas State University TRIGA
Mark If Reactor at 250 K1Y Steady State and with Pulsed Operation to $2.00, by R.W. Clack, et
al., and the Safety Evaluation by the U.S. Atomic Energy Commission Division of Reactor
Licensing, License R-88, Docket 50-188, 1968.

NUREG-1282, *“Safety Evaluation Report on High-Uranium Content, Low-Enriched Uranium-
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7. PPINSTRUMENTATION AND CONTROL
SYSTEMS

Much of the reactor’s originnl instrumentation and control (I&C) systems were replaced during
the control room modifications in 1993 and 1994.  The original console and vacuum-tube
instruments were replaced by a surplus solid-state console obtained from U.S. Gcologlcal
Survey’s TRIGA Mark I reactor. This console was then outfitted with new N-1000 series
neutronic channels from General Atomics. These channcls have optically xso]atcd outputs,
allowing other devices to utilize the neutronic data.

7.1 Summary Description

The bulk of the reactor I&C systems are hard-wired analog systems primarily manufactured by
General Atomics and widely used at various NRC-licensed facilities. The general layout of these
systems is shown in Figure 7.1. .

: REACTOR OPERATOR INPUTS | CONTROL CONSOLEOUTPUTS
= | | ComtoiRod Furctormt | tretcaioes Pea Radizton| NWE1000  |B2R-1000 !mmo Terpeeature
1] Balackr Odve Baliches Swiiches g . Meritors Log Channel Percant Geuges
=
Reactor Bscordery
SCRAM Coallng
Contrd
o, I Raiys 8yrtam
| Cortrol Rod | [ Rudtser i Radiztin Punpel {S200 piunﬁi
REACTOR COOLING SYSTEM

Figure 7.1, Inter-connectivity Diagram.

The reactor control system (RCS) consists of the instrumentation channels, the control rod drive
circuitry and interlocks, and an automatic flux controller. The RCS measures several key reactor
parameters including power, fuel temperature, water temperature, and water conductivity. Three
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CHAPTER 7 ) '

neutronic instruments measure reactor power separately: a wide-range logarithmic channel, a
multi-range linear channel, and a percent power channel. These provide at least two indications
of reactor power from source range to power range. Additionally, if a reactor pulse is performed
another channel is added to the central thimble to record pulse data, Fuel temperatures can be
monitored on both the console and on an auxxhaxy panel. . Primary water temperature is displayed
.on the console and measured by an RTD in the water box. Titanium electrodes at.the entrance
‘and exit of the cleanup loop measure water conductivity.

..Thc contro! rod drivm and 1heir associated circuitry are simple in design. A rotary switch

configures the primary mode of operation, namely automatic, steady-state, or pulse mode.
Numerical indicators give drive position, with illuminated switches to manipulate the rods and to
indicate rod and drive status. Several interlocks are mcoxporatcd to prevent unintentional rapid
insertions of reactivity, except in pulse mode. An automatic control system links the RCS with
the neutronic channels providing regulation of the power level.

The reactor protection system (RPS) is a component of the RCS instruments. The RPS will
initiate a reactor scram if any of several ‘measured parameters in the RCS are outside of their
limited safety system settings. The reactor scram effectively places the reactor in a subcritical
configuration by releasing the control rods from their respective drives. Since the rods are no
longer physically attached to the drive, they fall into the reactor core by gravity. High reactor
power, high fucl temperature, loss of detector high voltage, loss of building power, and short
reactor period will automatically cause all-of the control rods to be dropped into the reactor corc.
A bar above the control rod drive sivitchies allows this systemto be actuated manually, Since the
core is cooled by natural convection, no other cngmccrcd safety features are necessary for safe
reactor shutdown

The control console and display instruments are primarily housed in a control console, with
auxiliary instruments located in a rack next to the console. At the console, the reactor operator
has direct control over mode of operation, control rod drive positions, cooling system operation,
opening of reactor bay doors, and manual scram of the reactor. Display instruments located in the
control console provide measurements of reactor power, control rod positions, primary water
temperature, and fuel tfemperature. Indicators in the console display scram information; low air
pressure, low primary water level, high reactor sump water level, sump high water level, sump
overilow water level, secondary surge tank level low, source interlock status, reactor bay upper
door open, reactor bay lower door open, thermal column door open, person on stairway, and rod
drive status. Secondary surge tank makeup is controlled with a backlit pushbutton that indicates
surge tank Jow level and surge tank makeup valve operation. An intercom system on the console
provides communication to numerous locations around the reactor bay and staff offices. In the
auxiliary rack, the operator can control pneumatic transfer system opcrahon actuate timers, and
add water to the sccondary cooling system. Display instruments located in this rack include, °
primary water conductivity, water activity, remote area radiation monitors, fuel temperature, and |
a strip-chart output of reactor power. Several audible alarms indicate high radiation Jevels in the
primary coolant and at various Jocations throughout the reactor bay. A breaker-box in the control
room providcs contro] over clcctrical devices in the reactor facility, including ventilation systems.

Radiation protection instruments are distributed throughout the reactor bay. All instruments have
visual indication of radiation level, visible alarm conditions, and audible alarms. Radiation arca
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monitors (RAM) strategically cover potential radiation areas throughout the reactor bay. A
combined pool surface and primary water monitor indicated water activity. A 5 R-h! evacuation
alarm is located on the 22-foot level. A continuous air monitor (CAM) is energized during
reactor operation. :

The human-machine interface principles incorporated into control room design allow the reactor
to be operated by a single individual. All monitoring instruments are visible to the reactor
operator at the console. The instruments and controls necessary for reactor operation are within
reach of the operator, including an intercom and telephone. Surveillance instruments are located
next to the console, with visual and audible alarms to signal the operator to abnormal conditions.

7.2 Design of Instrumentation and Control System

7.2.1 Design Criteria

Reliability of essential equipment is.ensured through redundancy. Multiple instruments and
safety systems perform similar functions for all modes of reactor operation. The construction
and installation of instruments was performed according to applicable regulations at the time of
introduction. However, all crucial instruments arc checked daily for calibration and operability.
Testing and calibration procedures exist for repair and general service, The-majority of these
1&C systems were manufactured by General Atomics, or other industrial manufacturers of
nuclear equipment. Crucial systems to be considered include neutronic instruments, control rod
drives, radiation monitors, and control systems.

Redundancy is designed into each of these systems. During steady state operation, a minimum of
two neutronic channels provide reactor power level indication, two of which provide high power
level RPS actuation (scram). Thesc neutronic instruments are tested prior to reactor operation for
demonstration of scram capability. Two arc also tested for operability by internal calibration
tests. There are two fuel temperature indications. The control rod drives drop their rods into the
reactor core upon loss of power or RPS actuation, providing sufficient shutdown margin with
even the most reactive rod stuck out. Multiple remote area radiation monitors cover important
areas, including two directly above the reactor core and two monitoring primary coolant activity.

The maximum steady state power level for KSU TRIGA Mark I reactor is proposed to be 500
kW. Similar reactors operate up to 2 MW with 2 GW pulses. Therefore, the limited safety
systems settings associated with reactor are extremely conservative when compared to the safety

*  limits of the reactor. Thus the reactor has a considerable safety margin.

7.2.2 Design-Basis.-Requirements

The primary function of the RCS is to govern the manner in which reactivity is varied in the
reactor core. The RCS system should prevent the reactor operator from unintentionally inserting
large amounts of reactivity, through various interlock systems. The operator should only be able
to remove one rod at a time from the reactor core, preventing large insertion rates. The pulse rod
must not be able to be rapidly ejected from the core while in steady-state operation. Furthermore,
the pulsc rod should be the only rod that can be withdrawn in pulse mode, preventing
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CHAPTER 7

supercritical pulses. There should also be an interlock to prevent startup without a power level
signal above the minimum instrument sensitivity, preventing unmonitored or unanticipated

“criticality. Rod position indicators should show the rod position to 0.2% or total travel for

accurate reactivity calculations.

Another primary function of the RCS is to provide the reactor operator with reactor status
information. Reactor power, a crucial parameter, rcquntcs at least two instruments to provide
confirmation of reactor power from shutdown to operating levels. Three instruments are used 1o

- cover this range: a wide-range logarithmic channel, a multi-range linear channel, and a percent

power channcl. Accuracy of measurement at full rated power increases accordingly with the
refinément of scale. The log channel provides gross reactor power indication and is accurate to
20% of scale, the linear channel is accurate to 5% of scale, and the percent power channel is
accurate to 3% of scale. The percent power channel will also display pulse parameters for large
pulses. These instruments are calibrated annually and checked for operability at the start of each
operating day. An additional channel is installed and calibrated in the central thimble to record
pulse data. Fuel temperature must be monitored during pulsing operation.

The primary function of the RPS is to automatically insert the control rods into the reactor core
when ‘ceitain parameters deviate from limited safety system settings. Several scrams involve the
neutronic channels in the RCS. 1f 110% rated power level is exceeded in steady state mode, one
of two tripcpoints will scram the reactor.  Failure of the high voltage power supplics for
operating neutronic channels will also cause a scram. Manual scram will be available in all modes
of rcactor opcration. Rod drop times for the standard rods will be measured regularly to ensure
proper RPS function. No other ESF features are required in this desxgn.

The primary function of the radiation momtonng instruments is for personnel protection measures
and emergency assessment actions. - The area monitors provide the reactor operator with °
information regarding the actual radiation environment inside the reactor bay. With this
knowledge, reactor users can be informed of possible hazards. A 5 R+ monitor on the 22-foot
level signals personnel to evacuate the reactor bay. A number of survey instruments (ion
chambers, rem balls, G-M counters) are also available to personnel.  Other instruments such as
the constant air monitor, pool surface monitor, and.water box monitor indicate the presence of
dispersible radioactive materials, an indication of possible fuel cladding failures.

The control room is designed so a single operator can manipulate all significant controls without

-Jeaving the room. The reactor operator should be able to de-energize all equipment and

experiments in the reactor bay. The control room should provide sufficient ventnlatxon to provide ~
cooling of the reactor mstrumcnts
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7.2.3 System Description

The overall system layout is depicted in Figure 7.2. The majority of the RCS is housed in a
General Atomics (GA) console originally manufactured for the USGS reactor, which is shown
with modifications in Figure 7.2. A detailed description of this figure is provided in Table 7.1.
Figure 7.3 shows a representative layout of the auxiliary instrumentation rack. Since the
instrument racks are general use equipment, configuration may be changed to allow better
utilization of space, installation of new equipment, support specific equipment modifications, etc.
without affecting function. The functions of each piece of equipment in this configuration are
discussed in following sections with additional figures showing location and layout.

7.2.4 System Performance Analysis

The system performance of the current 1&C systems surpasses the original equipment. Reliability
has been high, with few unanticipated reactor shutdowns. Since daily checkouts are performed,
any discrepancies would be observed and corrected in a prompt manner. The opto-isolated
outputs of the neutronic channels allow the data to be utilized by other devices without concern
over those devices affecting the channels. A line conditioner provides regulated power to the
instruments, protecting the equipment from clectrical disruptions.

7.2.5 Conclusion

The current 1&C systems outperform the original equipment supplied with the reactor, while
mecting all of the necessary design bases for the facility. The human design factors used in
control room development allow the reactor to be operated by 2 single individual. Checkout and
testing procedures ensure that all equipment is maintained in operational status.

Figure 7.2, USGS TRIGA Console with Modifications.
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Table 7.1, Description of Figure 7.2

Number Function Description
1 Console Power Push Button Switch
2 . Magnet Power/ Scram Reset Key Switch
3 Control Rod Drive Position Push Button Switches
4 Apply Air to Pulsc Rod Push Button Switch
S Rod Position Indicators LED Displays
6 Mode Selector Rotary Switch
.7 Removed Backup Range Switch
9 Automatic Power Demand Control 10 Tumn Potentiometer
10 Manual Scram Bar ‘Bar Covering Scram Switches
11 (not used) Backup Period Channel
12 Fuel #2 & Water Temperature Display and Selector Switch
13 Scram Status, Source Interlock, Low  Indicators and Control
Air Pressure, Hi & Hi-Hi sumpleve], Switches
surge tank level & makeup, Upper &
Lower Doors, and Cooling System
Power .
14 (not used) Backup Count Rate Channel
15 (not used) Backup Log Channel
16-17 (not used) Backup Percent Power
. . Channel
18 (not used) N/A
20 Wide Range Log Power Channel GA NLW-1000 Channel
v 21 Multi-Range Linear Power Channel GA NMP-1000 Channel
- 22 Percent Power and Pulsing Channel ~ GA NPP-1000 Channel
23 . Source Interlock Override Key Switch
24 . Period Scram Ovérride Key Switch

7.3 Reactor Control System

The bulk of the reactor control system (RCS) is housed in the USGS console shown in Figure 7.2.
The remainder is contained in the auxiliary rack-mount panel next to the console, shown in
Figure 7.3. The RCS consists of the instrumentation channels, the control rod drive circuitry and
interlocks, and an automatic flux controller. These are shown in Figure 7.4. The RCS-measures
several key reactor parameters including power, fuel temperature, water temperature, and water
conductivity.

7.3.1 Neutronic Instruments (Reactor Power)

Three neutronic instruments measure reactor power separately: a wide-range iogariihmié channel,
a multi-range linear channel, and a percent power channel, as shown in Figure 7.5.- Wiring
diagrams and calibration proccdures are found in the instrument maintenance manuals listed in
the bibliography.
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CHAPTER 7 .. .

The wide-range log channel uses a fission counter for detecting thermal ncutrons in the range of
1.4 to 1.4 x 10° nv, and provides approximately 0.7 counts-nv™, The detector has an aluminum
case, an aluminum electrode, a U305 (>90% enriched in 2*U) coating as the neutron sensitive
material, and an argon-nitrogen mixture for a fill gas. A preamplifier is used to minimize noise
and signal loss from the detéctor to the console, and it is Jocated on the 12-foot Jevel.

- - . . .
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The remainder of the channel circuitry is located in the NLW-1000 unit in the central console.

The NLW-1000 unit supplies the high voltage for the detector and power for the preamplifier.
The instrument switches from pulse mode operation to current mode as reactor power increases
out of the source range, aliowing the instrument to measure reactor power in the upper ranges.
Three displays indicate reactor power, high voltage, and reactor petiod. The power signal is
permanently recorded via an opto-isolated output to a strip-chart recorder located in the
instrumentation rack. The period meter has a scram at 3 sec and there is 2 high voltage scram,

- both of which are bypassed in pulse mode. This channel also provides a protective interlock

which prevents rod withdrawal when indicated neutron flux is <2 cps, which is also activated in
pulse mode to prevent removal of the shim, safety and regulating rods. Another interlock
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prevents pulsing when reactor power is above 10 kW (normally set at 1 kW). The unit has two
calibration checks in pulse mode, two in current mode, and checks for the period and high voltage
scrams. :
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Figure 7.5,

The second channel provides multi-range lincar power indication.. This channel uses a
compensated ion chamber for detection of thermal neutrons. The linear channel detector signal
goes directly to the NMP-1000 unit in the center console, which in tum supplies high and
compensation voltages. This unit features automatic or manual ranging to select the appropriate
decade of power displayed. The instrument provides two indicators, power and high valtage.
The power signal is permanently recorded via an opto-isolated output to a strip-chart recorder
located in the instrumentation rack. In addition there is also a high power level scram (normally
set for 104% nominal rated power) and a high voltage scram. The signal from the detector and
the high voltage scram are bypassed in the pulsing mode. The unit has two calibration checks, an
auto-ranging test feature, and checks for high power level and high voltage scrams.

" Power range indication of neutron flux is provided by an uncompensated fon chamber signal,

which indicates percentage- of power in the upper two decades of the power range. The.

uncompensated jon chamber is virtually ideatical in construction to the compensated ion
chamber, but no gamma compensation is provided in the circuitry. The detector sends its signal
to the NPP-1000 instrument in the center console, which provides a visual indication of reactor
power, high voltage, nv, and nvt measurements. The NPP-1000 supplies the high voltage for the
detector. There is a high power scram (normally sct for 104% of full power) and a high voltage

scram. In pulse mode, the channel is designed to read off the maximum power and integral -

output of a reactor pulse. However, the pulse output readings are measured in reference to the
250 MW maximum. Hence an additional channel is added to the central thimble to permit
recovery of data from pulses of various magnitudes. The unit has checks for high power and high
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CHAPTER 7 '

voltage scrams. '

An added pulsing channel consists of a small BF; chamber, which can be inserted into the central
thimble of the reactor core. A separate high voltage supply powers the instrument and a multi-
range plcoammctcr reads the detector current. A reference voltage output of the pxcoammctcr is
sent to a computer in the control room, which collects the pulse data. This channel is calibrated
prior to pulsing operations and range sclected in advanoc based upon the anticipated peak power.

-
»

732 Temperature

- Temperatufe indications for the primary water and specific B-Ring fuel elements are provided on -~
the front section of the control panel and in the instrumentation rack. . The instrumented fuel
"elements have three -chromel-alumel thcrmocouplw in the fuel clement that are used for
temperature indication on.the console or in the instrumentation rack. The thermocouples are
located 0.76 cm (0.3-in) below the fuel surface, spaced at the midpoint of the element and at &, -
2.5 (1 in.) cm from the midpoint}an avcmged value from all three thermocoupls is typically used
for instrument readings. The temperature in the primary cleanup loop is a nickel alloy thermistor,
and is displayed on a console meter, which is shared with fuel temperature viaa rotary switch.
Another indication of fuel temperatitre is located in the instrumentation rack with the capability of
initiating reactor scram if the measured fuel temperature exceeds a preset value (normally 400

°C).. . N

Several other lcmpemturc measurements can be obtamcd from the computcr in the control room.
The computer can read two additional fuel thermocouples from other fucl elements in various
positions in the reactor core. Addmonally ADS590 temperature transducers are located on the
inlet and exit of both the primary and sccondary sides of the heat exchanger to evaluate

. performance. Two other transducers are located in the rcactor tank for bulk pool temperaturc
measurement and high temperature alarm

7.3.3 Water Conductivity : )

Primary water conductivity is measured at the inlet and ouilet of the purification loop by titanium
electrode cells that send signals to 2 bridge circuit in the instrumentation rack. The bridge circuit
is automatically temperature compensated and nulled to provide good conductivity measurements
over all reactor conditions. The inlet and outlet conductivities provide a good indication of the
overall purity of the primary water and the effectiveness of the ion exchanger.

.. ;734 Contfoigod Drives ‘ | ) L.

Four control rods are required for reactor operations at 1,250 kW to meet reactivity control
requirements: a shim rod, a regulating rod, a transient rod, and a safety rod. The shim, regulating
. +and safety rods share identical control circuitry (Fxgure 7.7) and provide coarse nnd fine power |

* * control. Two of the rod drives are original, analog systems. One of the rod drives uses a stepper
motor. Drive position is determined by, voltage drop across a potentiometer that 1 is adjusted as the
control rod drive is moved. The position indicator for the analog motors is attached to a shaft

K-State Reaclor 7-10 . Original (12/04)
Safety Analysis Report . .



L

INSTRUMENT AND CONTROL SYSTEMS

" coupled to the drive motor shaft with a setscrew, while the stepper motor is connected to the
position indicator with a chain drive. The pulse rod is designed so that it can be rapidly ejected
from the corc to a presct height to initiate a reactor pulse. However, it still functions as a normal
control rod in steady state mode. All rods can be individually scrammed without shutting down
the reactor.

a, . Standard Control Rod Drives

The rod drive mechanisin (sce Figure 7.6) is an electric motor actuated linear drive,
equipped with a magnetic coupler. Its purpose is to adjust the reactor control rod
position. In the analog drive motor, a 110-V, 60-cps, two phase motor drives a pinion
gear and a 10-tumn potentiometer. The potentiometer provides rod position indication.
The pinion engages a rack attached to the magnet drawtube. An electromagnet mounted
on the lower end of the drawtube engages an iron armature that screws into the end of a
long connecting rod which terminates (at its lower end) in the control rod.

The magnet, armature, and upper portion of the connecting rod are housed in a tubular
barrel that extends well below the reactor water line. Located part way down the
connecting rod is a piston equipped with a stainless steel-piston ring. Rotation of the
motor shaft rotates the pinion, thus raising or lowering the magnet draw tube. If the
magnet is energized, the armature and connecting rod will follow the draw tube so that

the control rod is withdrawn from or inscrted into the reactor core. In the event of 2

reactor scram, the magnet will be de-energized and release the armature. The connecting
rod, piston, and control rod will then drop, thus reinserting the control rod into the
reactor. Since the upper portion of the barrel is well ventilated, the piston will move
freely through this range. However, when the connecting rod is within 2-in (5 cm). of the
bottom of its travel, the piston is restrained by the dashpot action of the restricted ports in
the lower end of the barrel. This restraint cushions bottoming impact. Control rod drop
times are measured scmi-annually and must be less than one second.

The analog rod drive motor is dynamically braked and held by an electrically locked
motor. In the static condition, both windings are energized with the same phase (sce
Figure 7.7), electrically locking the motor. Clockwise (up) or counter-clockwise (down)
rotation is enabled by shifting the phasc between the windings with a 1-pF capacitor;
motor control switches allow the appropriate phase shift. The stepper motor opcrates
using phase switched direct current power. The motor shaft advances 200 steps per
revolution (1.8 degrees per step). Since current is maintained on the motor winding when
the motor is not being stepped, high holding torque is maintained. A translator module
drives the stepping motor. .

Three microswitches limit and control the travel of the magnet drawtube. Actuation of
the magnet up limit microswitch (S901) applies line voltage to one winding therefore
allowing only the phase shift, which gives counter-clockwise rotation.

Actuation of the magnet down limit microswitch (§902) applies line voltage to the other
winding therefore allowing only the phase shift that gives clockivise rotation. Actuation
of the rod down microswitch (S903A) causes the phase shift for counter-clockwise
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CHAPTER 7

rotation. Therefore, if the control rod drops, the magnet drawtube drives down until the
magnet down limit microswitch locks the rotor. Since the rod down microswitch drives -
the magnet draw tube down, then the rod down microswitch must be open before the
magnet down microswitch during coupled withdrawal of the control rod.

Three lights indicate that, 1) the magnet drawtube is full up, 2) the magnet drawtube is
full down, and 3) the armature and magnet are coupled. When the magnet drawtube is
full up, microswitch (S901) is actuated opcning the short across the magnet up light
(D532l) When the magnet draw tube is full down, microswitch (S902) is actuated
opening the short across the magnet down light (DS324). When the control rod drops,
the non-actuated magnet down microswitch (S902) and the actuated rod down
mxcrosthch {S903B) short the contact light (DS317) indicating separation of the magnet
and the armature.

Other featurcs of the circuit are an adjustable bias resistor (R802), a 220-ohm surge
resistor, 50-ohm current limiting resistors. The adjustable bias resistor compensates for -
the torque applied by the weight of the control rod and the magnet drawtube. The 220- -
ohm surge resistor limits the capacitor current surge during switching. The 50-ohm
current limiting resistors limit the currents in the 12-volt indicating circuits when the
indicating lamps are shorted.

The unconventional circuit employed in the Tod-drive system minimizes the number of
switch contacts required. Thercfore, relays with their attendant reliability problems are
not required. 1t should be noted that the rod drive units arc identical both mechanically
and electrically (with the exception that one unit uses a stepper motor) and they are,
thercfore, interchangeable.

The rod position indicators are three dxgxt, LED display indicators that receive a variable

- DC voltage input from 10-tum potcntlom:tcrs that are driven by the respective rod drive
motors. The digital display is Simply & voltmeter, since the voltage across the
potentiometer is directly related to the control rod position. The position indicators have
their own variable power suppllcs and are therefore completely indépendent. The
indicator systems are located in the control conscle except for the 10-tum potentiometers
on the drive and the associated wiring.

Normal rod motion speed is about 12-_in.°pcr' minute. Using rod spec'd, rod position
indication at UP and DOWN limit switch positions, and respective rod worth curves, the
operator can determine the reactivity insertion rate for a given interval of rod motion.
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Transicnt Rod Drive

“The transxent rod-drive (F:gun: 7.8) is an electrically controlled, pncumatwnlly operated,

mechanically limited system. The transient rod and’ aluminum extension rod are
mechanically connected to'a pncmnatmlly driven piston inside a worn gear and ball-
screw assembly. The system is housed on a steel support structure mounted above the
reactor tank. A three-way solenoid valve mounted below the support controls air to the
piston. The throw of the piston, and hence the amount of reactivity inserted into the core
during pulsing operations, is regulated by adjusting the worm gear and ball-screw
assembly. The adjustment is made from the central console by actuating a reversible
motor drive, which is coupled to 2 worm gear and a 10-turn potentiometer for position
indication. The operation of the position indicator is identical to that of the shim, safety

* and regulating control rods., The drive circuitry is identical 1o the shim, safety and

regulating rods (Figure 7.7), except for that the motor is not continuous energized.
Rclays in the drive unit allow it act similarly to the electrically locked motors. Since air

.. is used to support the rod, there is no compcnsauon for rod wcnght. The remaining

differences involve the pneumatic relay controls. *

”’
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C.

The solenoid valve is actuated by means of the console mounted transient rod fire and air
release (scram) switches. When the rod fire switch is depressed, the solenoid valve
opens, admitting air to the cylinder, coupling the piston and rod to the shock absorber.
Depressing the air release switch de-energizes the solenoid valve, which removes air
from the cylinder and vents air to the atmosphere. In the event of a reactor scram, the
solenoid will be de-cnergized via the scram circuitry, which will allow the transient rod
to drop into the core afier the air is removed. Micro-switches are used to indicate the
extreme positions, up or down, of the shock absorber. In steady state mode, an interlock
prevents actuation of the rod firc switch if the drive is not in its fully down position.

In the pulse mode, a variable timer (usually six seconds) de-energizes the solenoid valve
after the pulse is initiated. The shock absorber will remain in its preset position until the
mode selector switch is taken to steady state. In the steady state mode of operation, the
adjustable (normally six second) timer is disengaged and the cylinder remains
pressurized. 1f the air supply for the pulse rod drive should drop below approximately 45
psig, an amber low air pressure waming light will be actuated on the control console.
Loss of air pressure will cause the rod to fall into the core.

Interlocks

Several interlocks are built into the control system of the reactor to prevent improper
operation. These interlocks are hard-wired into the control rod drive circuitry. They are
stated below:

1. No control rod withdrawal (shim, reguiaﬁng and safety rods only) is possible
unless the count rate neutron channel is indicating > 2 cps. This interlock
prevents the possibility of a startup without a functional power level startup
channel.

The low count rate interlock may be bypassed during fuel loading operations
when core inventory is not high cnough to multiply the source above 2 cps.

2, Air may not be applied to the pulse rod if the pulse rod shock absorber is above
its full down position and the reactor is in the steady state mode. This interlock
prevents the inadvertent pulsing of a reactor in the steady state mode.

3. There is no simultancous withdrawal of two or more control rods when the
reactor is in the steady state mode. This interlock prevents violation of the
maximum reactivity insertion rate of the reactor.

4. The pulse rod is the only control rod that can be withdrawn when the reactor is in

the PULSE mode (this does not prevent the scramming of any control rod). This .

interlock minimizes the possibility of pulsing a supcreritical reactor. This
interlock is provided by the source interlock, which is engaged when the log
channel is placed in pulse mode.

K-State Reactor . 7-15 Original (12/04)
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_ Figure 7.8, Transient Rod Drive.

.f\ddition'ally, there is an interlock that prcvcnté reactor pulses from being fired if the reactor
. power is above 10 KW (normally set at 1 KW), There is‘also a key switch for bypassing the
source interlock during fuel loading operations to check for eriticality.
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7.4 Reactor Protection System

The reactor protection system (RPS) will initiate a reactor scram if any of scveral measured
parameters are outside their limited safety system settings (LSSS). The reactor scram effectively
shuts down the reactor by de-energizing portions of the shim, regulating, transient, and safety rod
drives, causing the control rods to drop into the reactor core by gravity. The shim, safety and
regulating rod drives utilize electromagnets to hold up their respective control rods. The pulse
rod drive utilizes an electric solenoid to apply compressed air to the pulse rod. High reactor
power, high fuel temperature, loss of detector high voltage, or short reactor period will
automatically cause the control rods to be dropped into the reactor core. The reactor operator
may mnnually scram the reactor as well by means of a scram bar on the console. If beam ports
are in use in their open configuration, an additional reactor scram may be added to rcducc
radiation levels if personnel attempt to enter the beam area. .

During steady state operation, the high reactor power scram, the high voltage power supply
failure scrams for all neutronic channels, and the manual scram are required for operation.
Although the period scram is normally in operation, it can be bypassed provided that the reactor
operator calculate reactor period for each rod movement and that the calculated reactor period is
greater than one second. The fuel tempcerature scram is active, but it is not necessary since the
fuel temperature setpoint (usually set for 400°C) will normally not be reached during steady state
mode.

In pulse mode, the mode selector switch is set to the HI PULSE position, interrupting detector
signal to the linear channel. When the pulse interlock is activated (to initiate the source interlock)
to prevent withdrawal of the shim, safcty and regulating rods, the detector signal to the
logarithmic wide range detector is interrupted. Conscquently, the period scram and the linear high
power scrams are disabled. High voltage. scrams for the linear and log channels are also
disconnected as large pulscs produce detector currents that may temporarily overload the power
supplies. The percent power channel increases its range to the pulse range (the percent power
channel high voltage power supply scram remains active). The uncompensated ion chamber for
the percent power channel is positioned further away from the reactor core, allowing for
measurements of both steady state and pulsing power levels without excessive current from the
high voltage supply.

7.5 Engineered Safety Features Actuation Systems

There are no enginecred safcty features actuation systems. Control rod insertion is provided by
gravity and core cooling is provided by natural convection in water or air. Therefore, ESF
systems are not required in this design.

7.6 Control Console and Display Instrtiments. e

The control console and display instruments are shown in Figures 7.2-7.5, 7.9, 7.10 and 7.12.
Their layout (Figure 7.11) provides a single operator with all relevant reactor information. All
push buttons required for general operation are located on the control console, within easy reach
by a seated operator. All instruments on both the console and instrumentation rack are visible

(— (¢
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CHAPTER 7

from this seated position. In addition to the various analog displays, a computer display on top of
console can also be used to show rclcvant reactor status ml’ormauon on a single screen.

Thcrc are several additional pieces of ‘equipment in the control room. eI
byt o mtcn’upt power to electrical devices in the control room and

rcactor bay (see Flgurc 7 13:1) A halon fire extinguisher is located next to the breakers for use in

ﬁgbtmg clectrical fires. Currcnt core and 'facnlxty coni' iguration is shown ina dx pla mbmct

I L T TR

ocated abovc lhcoor id thc control room to the reactor bay
7.7 Radiation Monitoring Systems

Radiation monitoring systems are employed throughout the reactor facility: G-M detectors at the
reactor pool surface and cleanup loop, 7 remote arca monitor channels (3 general arca or process
monitors, 4 channels for beam ports — 11 beam pori channels is currently instrumented, with the
remainder scheduled for instrumentation near term), a 5 R cvacuation alarm, several air
activity monitors, and numerous portable radiation monitors, including those for contamination
monitoring. Additionally, an independent monitor with visual and audible alarms is located
above the door to the reactor bay.
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Figure 7.9, Control Room Overall View.
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Figure 7.10, Control Console Operator's View.
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Figure 7.12, Instrumentation Rack
Operator's View.
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Figure 7.13a, Control Room Behind Opefator. = Figure 7.13b, Core Map.

The radiation monitor in the instrumentation rack provides an indication of radiation levels
dircctly above the primary pool water surface. A meter on the right-hand section of the rack
indicates a radiation dose rate of 100 mR-h™ full scale, utilizing a GM tube detector measures

coolant activity in the cleanup loop water box. The water box monitor has an audible alarm, with
areset button.

“The remote area monitors utilize G-M detectors located thrdughout the reactor bay (typical unit
illustrated in Figurc 7.14). Permanent locations are: at the top of the reactor tank, above the bulk
shield tank, and near the fon exchanger in the primary coolant system, and directly over the

primary water tank. Each beam port has signal and power lines to support installing a beam port .

. monitor.. The detectors feature an analog readout in both the control room and locally with
visual indicators for normal, alert, and alarm conditions. The control room alarm has an audible

signal as well. .
K-State Reactor 7-20 Original (12/04)
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. Figure 7.14, Typical Area Monitor Instillation.

A 5 R monitor on the 22-foot level serves an evacuation alarm. The alarm signals a 100+ dB
audible alarm in the reactor bay.

There are numerous ion chamber and G-M portable survey instruments through the reactor bay
and control room for gamma and beta surveys. These instruments arc calibrated semi-annually.
A rem-ball and a Bonner Sphere set are located in the reactor bay for neutron measurements. The
rem-ball is calibrated annually. Low-level G-M counters in the reactor bay used for
contamination monitoring. These are calibrated annually. *Neutron and gamma sensitive pocket
fon chambers are available in the control room for tours and personnel monitoring, and are
calibrated semi-annually. Film and ring badges are issued to regular staff, which are read monthly
and quarterly respectively. . .
An air monitoring system (Figure 7.15) samples air over the reactor pool. These monitors should
sense any changes in radioactive discharge from the reactor pool to the environment. Channels
are provided for monitoring particulate, noble gas and iodine attivity.

An independent air monitoring system, a continuous air monitor (Figure 7.16), is stationed on the
12-foot level. This monitor should sense any changes in airbome contamination in the reactor
bay. The continuous air monitor has active background discrimination. One channel monitors
radioactive contamination on a filter cxposed to airflow from the reactor bay. A second channel
monitors background radiation levels for a background subtraction

ST
R ERARIXT

Figure 7.15: Figure 7.16: Continuous
Air Monitoring System Air Monitor
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7.8 Bibliography

250-k¥ TRIGA Mark 1l Pulsing Reactor Mechanical Maintenance and Operanon Manual for
KSU, General Atomics, GA-3399; 1 August 1962

NMP-1000 Linear Power Channel: Operation and Maintenance Manual General Atomics, , E-
117-1017 Rev. 1; 1991,

NLW-1000 Log Power Channel Operation and Maintenance Manual, General Atomxcs, E117-
1019; 1992. ’

NPP-1000 Percent Power Channel: Operation and Mamtenance Manua] Gcncral Atomics, ,
E117-1010, Rev. 2; 1992,

TRIGA Mark 1 Reactor Instrumentation Manual for USGS, General Atomics, GA-9039; 1
Noveniber 1968. (For console acquired from USGS)

TRIGA Mark II Pulsing Reactor Insm:mentarion Maintenance Manual for KSU, General
Atomlcs GA-3114, no date.

’

K-State Reactor ' 7-22 . Original (12/04)
Safely Analysis Report . S



=

8. ELECTRICAL POWER SYSTEMS

Primary electrical power is provided through the Kansas State University power grid, supplied by
an on-campus plant and commercial gencrators. Main power lines traverse underground tunnels,
thus inhibiting tampering. Loss of electrical power automatically places the reactor in a
subcritical, secured configuration. Loss of electrical power will de-energize the control rod
drives, causing the rods fo fall by gravity into the core, and thereforc does not represent a
potential hazard to the reactor. Since the core is cooled by natural convection, no emcrgency
power is required for reactor cooling systems. Backup battery systems are provided for
emergency lighting, the security system, and the 22-foot level evacuation alarm. )

8.1 Normal Electrical Power Systems

The design basis for the normal clectrical power systems is to provide sufficient current for
normal operations. The original instrumentation and control systems were mostly vacuum-tube
designs; hence there is more than adequate supply for the newer solid-state devices. Safe-
shutdown is an automatic consequence of loss of clectrical power and hence there are no major
electrical backup systems. The reactor has no exclusive electrical supply and distribution, but
derives from the building transformers. Supplicd power is standard 60 Hz AC, availablein 110 V
single phase, 220 V single phase, and 480 V threc phase configurations.
Gid
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Figure 8.1, Electrical Distribution Layout.

Utility voltage (4160 kV) is delivered via underground cables to three oil-filled switches inside a -
locked, fenced arca immediately outside the reactor bay, but within the facility boundary (Fig
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CHAPTER 8

8.1). These switches connect power to step-down transformers for the original Ward hall
(including control room power), reactor bay service loads, experiment services, the 1972 addition
to Ward Hall, and Cardwell Hall (math and physics building, north of Ward Hall).

_ One transformer supplies building power and the control room breaker box. A second primary
transformer supplies the breakers in the reactor bay for the cooling system and recirculation

-ventilator. A third dedicated service located in the reactor bay can be used to supply reactor
experiments requiring large amounts of electrical power, whxch is normally disconnected at the
transformer. . .

Thc control room breaker box supplies all electrical outlets throughout the facxhty, llghtmg, a llnc
conditioner, and the reactor bay crane. From this source, a line conditioner in the reactor bay
provides isolated, rcgulaled power for reactor instruments and control systcms, such that they are |
not affected by minor electrical fluctuations.. An interruption of electrical power will cause the °
line conditioner to de-¢nergize and it must be manually resct to resume operations.  All standard
reactor experiments utilizing the outlets in the reactor bay can be dc-cncrgxzcd from the control
room breakers.

Although the cooling system control brcakcxs are supplied from a separate line, 2 rclay network

“ provides control from a switch located on the control console. Another breaker” supplies a .
recirculation ventilator inside the reactor bay, which cannot be de-energized from the control
room. A large electrical distribution center is located near the cooling system breakers in the
reactor bay that can be used to supply reactor experiments, allhough this 'system is normally
disconnected at the transformer.

The bulk of electrical -wiring is in shielded conduits as per -commercial electrical codes.
Instrument wires from the reactor instrumentation and control system run through a sub floor
conduit in the control room into a wire tray leading to the upper level of the reactor bay. A
secondary tray runs the perimeter of thé 12-foot level of the reactor. Most instruments use sclf-
shiclded cables. The signal cable for the log power channel, being sensitive to electrical noise,
runs inside a flexible metal conduit in the wire tray from the upper level of the reactor to the
control console. Grounding straps are used to ensure common ground between the coatrol room
and instrument locations.

All electrical devices were installed according to the electrical codes in existence at the time of
their introduction. During the control room modifications in 1993, the control room wmng was
inspected and scveral systems were re-wired 10 meet current clectrical codcs -

8.2 Emergency Electrical Power Systems

The design basis for emergency electrical power systems is to provide lighting and surveillance
- for emergency conditions and to maintain physical security. Consequently, battery backup power
is used for emergency lighting, the University fire alarm system, the evacuation alarm, and the
security system.  All backup systems have regular mamtcnancc schedules and are periodically
tested for opcmuon

lntcmal batteries supply emergency lighting at the upper level of the reactor and at all exits to ' the
reactor bay. Exit signs are similarly illuminated. The fire alarm system has battery backup for

K-State Reactor 8-2 - Original (9/02)
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ELECTRICAL POWER SYSTEMS

sensors and pull-stations. These systems are maintained and periodically tested by KSU Fire
Safety personnel.

Backup batterics supply the security system, but description of the system is limited to our

Physical Security Plan as per 10CFR2.790.d. Maintenance and testing of the batteries is
performed annually.

8.3 Bibliography
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9. AUXILIARY SYSTEMS

The systems covered in this chapter are not directly required for reactor operation, but are used in
support of the reactor for normal and emergency operations.

9.1 Heating, Ventilation, and Air Conditioning Systems

Heating and air conditioning of the reactor bay and control room is provided by either steam or
chilled water from the University Physical Plant. Because of this design, heating and cooling
cannot be simultaneously provided. Consequently, the system gets changed over from steam to
chilled water and vice versa twice a year.

The reactor bay was specifically designed for handling radioactive materials, The reactor bay
was originally equipped with four unit ventilators on the 12 foot level which drew intake from
outside air and discharged into the reactor bay. These units have been disabled, removed and
blocked. In-leakage and a single exhaust fan at the top and center of the confinement dome
provides outside air to the reactor bay. Prior to disabling the unit ventilators, a large unit
ventilator was installed to support an cxperiment in the reactor bay with adjustable ducting
between the 12-foot Ievel and the top of the reactor bay. The unit has a coil connected to the
HVAC lines and is now used for heating and cooling in the reactor bay. A thermostat was
installed 1o permit temperature adjustments. The clectrical disconnect for the unit is located near
the cooling system breakers, behind the heat exchanger. The condensate line drains into the
reactor sump. Routine maintenance and service of these systems is the responsibility of the KSU
Department of Facilitics. All ventilator filters in the reactor bay are surveyed for radionuclide
deposition upon removal.

The control room features a single thermostat that can vary the temperature of the air coming
from the main intake unit located in room 108, adjacent to the control room. The main intake unit
supplies the bulk temperature change and sccondary coils inside the control room duct allow zone
control. The control room also features an exhaust fan, which ducts out of the roof immediatcly
above the control room. A switch on the control room wall manually controls the exhaust fan. A
single window to the outside may be opened from the control room; the window is covered with a
metal barrier for sccurity.

9.2 Handling and Storage of Reactor Fuel

‘The majority of the reactor fuel is stored in the reactor tank, either in the reactor core or racks
surrounding the reactor tank. Racks may be added to the bulk shield tank for fuel storage during
fuel transfer operations. The racks are fabricated of aluminum and allow only for single row
spacing of up to six elements, whose spacing in the rack is sufficiently far apart to prevent
accidental criticalities.

Fuel may also be stored in 10 fuel storage pits which extend 3 m below the floor of the 0 foot
level of the reactor bay, The fuel storage pits are constructed of 25.4 cm diameter Schedule 40
stecl pipe, welded closed at the base with lockable covers. Due to water seepage into one of the
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CHAPTER 9

pits, the pits are inspected annually. These pits are currently used to store elements that were
damaged in handling or shipping. There are also two 25.4 cm beamport plug holders built into
the walls of the reactor bay, one of which is used to store new fucl elements. ;

Fuel is individually handled by means’of a standard TRIGA clement tool that gmpples the end
fitting on the clement. The tool is 7.6 m long and requires two persons when moving fuel. One
. person is required to be a senior reactor operator, the other trained in fuel handling operations.
Addmonally, a reactor operator is also required to bc at the rcactor console to monitor conditions
in the rcactor and reactor bay.

To facilitate transfers of activated fuel elements, a single fuel element cask is used. The reactor
bay crane is used to move the cask. The fuel element is drawn in through the base of the cask and
a shutter is slid under the elcment. The cask is steel over lead. The cask is 35.6 cm in diameter
and 1 min height, has 2 5.1 cm internal cavity and wcighs 1134 kg (2500 1bs).

For fuel mspccuon, there is a periscope mounted in the reactor ‘tank for visual inspection of
cladding. The pcnscopc is counterweighted, and can be lowered all the way 6 the reactor core
level. It offers a 24° view in water, with a 48° apparent ficld of view. For fuel element gauging,
a too! is permanently mounted to the side of the tank. A GO-NO-GO tube is used to check for
swelling or bowing within 1.57 mm of manufactured tolerances. The technical spécification
limitation is 1.59 mm. A dial indicator is used to measure element lengths to the nearest 0.03 mm
_against reference standards. Fuel elements elongation is limited by technical specification 10 2.54
mm. :

With a very small bum-up of fissile material per year, the KSU reactor has mfrcqucnt'shxpmchts
of ‘fuel elements off-site. Commercial NRC-certified transport casks are_used for’ off-site
transport of used fuel, principally the Battelle BMI-1 cask (to be rcplaccd by the GE-2000 or
other suitable cask). New fuel elements are delivered by General Atomxcs in their own licensed
container.

9.3 Fire Protection Systems and Programs

Fire protection systems arc maintained and serviced by the Campus Fire Safety, Department of
Environmental Health and Safety, Division of Public Safcty. The building firc alarm system was
installed in 1995 and is part of a campus-wide network. Fire alarm signals are sent to the campus
police station via a line-monitored system, where the locations ‘of the alarm as well as building
maps are dnsplnycd on a computer terminal. The reactor has two pull-stations one in the control
room and one in the reactor bay. There are two smoke detectors located about at the 20-foot level
inside the reactor bay on the north and south walls. The reactor also has an additional system,
coxmstmg of seven smoke detectors in the reactor bay and onc in the control room. This system
is associated wnth thc reactor Physical Security systcm and wxll also noufy the campus police. B
Thcrc are clght ﬁrc extmguxshers readily available 10 rcaclor personncl A halon extinguisher is

Jocated in the control room for electrical fires. For general purpose fires, carbon dioxide fire

extinguishers are located in the hallway outside the control room, on the 22 foot level of the

reactor bay, on.the 12 foot level, and on the 0 foot level. For equipment fires, dry chemical .
extinguishers are located on the 12 foot level, on thc 0 foot stairs, and next to the cooling system
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pumps. Reactor personnel visually inspect all extinguishers monthly. Campus Fire Safety
performs pressure testing and general maintenance on an annual basis.

9.4 Communication Systems

The reactor facility has an intercom system controlled by a 3M D-120 commercial unit, installed
in 1996. The control unit is mounted immediately above the control console, with a foot switch
undemeath the console for hands-free communication. Speaker locations include: Reactor
Manager’s Office, Reactor Operators® Office, control room door, lower Jevel door to reactor bay,
Neutron Activation Analysis laboratory, 22 foot level above tank, 22 foot level near pool surface,
and one next to cach of the four beam ports.

Telephones at the facility share a common line. They are located in the Reactor Manager’s
office, the Reactor Operators’ office, the control room, at the 22 foot level of the reactor bay, and
at the 0 foot level. The NAA lab has a telephone with a separate line. ‘The offices and control
room also have high-specd Ethemect conncctxons that cdin link with the reactor computer or
outside machines.

9.5 Possession & Use of Byproduct, Source, & Special Nuclear
Materml

Reportable quantities of radioactive materials arc possessed under the University’s State
Radioactive Materials license, the Reactor Facility License, and a separate NRC special nuclear
materials license. The reactor fuel is the property of the Department of Energy. Several
radioactive sources are owned by Kansas State University. Radioactive materials, including
special nuclear material (SNM) are inspected for contamination and inventoried on a quarterly
basis. Several areas are designated for storage of these materials.

Byproduct material produccd in the reactor for research pusposes is transferred to the State
Licensc and recorded in a radioactive transfer log. The State license is maintained by the KSU
Depariment of Environmental Health and Safety, Division of Public Safety and administered by
the University Radiation Safety Committee. Only individuals listed under the license are
permitted to receive materials. Normally, a member of reactor staff is also approved by the
Committee to receive byproduct and special nuclear material under the state license. Possession
limits arc set by the State, and the University Radiation Safety Committee determines use limits.
Transfers off-campus to other licensees must first go through the Department of Environmental
Health and Safcty, Division of Public Safety. The facility has several sources for reactor startup,
research, and instrumentation calibration purposes that are possessed under this license. Low-
level wastes generated under the State of Kansas license are transferred to the Department of
Public Safety for disposal under the State license. Disposal of low-level wastes generated under
the rcactor license is coordinated with the Department of Environmental Health and Safety,
Division of Public Safety.

SNM inventory is reported to the Nuclear Assurance Corporation under Reporting Identification
Symbol (RIS) ZKL. The rcactor fuel comprises the bulk of SNM at the facility. This fuel is
owned by the Department of Energy and possessed under the Reactor Facility license R-88. Also
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CHAPTER 9

under license R-88 are fission chambers contammg SNM, owned by KSU. Possession limits are
set by the license R-88 at 3.98 kg ?°U in enrichments less than 20% and 0.02 kg **U in
enrichments up to 100%. Small quantitics of SNM for cxpenmcnts arc owned by KSU under the
Statc of Kansas SNM license 38-C011-01,

Storage locations for radioactive materials include the reactor bay, source cave, safe, and
designated laboratorics. Fuel storage locations are listed in Section 9.2, A shielded source cave,
located in the northeast comer of the reactor bay, is-used for storing large sources and low level
wastes. A shiclded, locked safe in the reactor bay can be used to store small sources..
Laboratories storing radioactive materials include the Panoramic Irradiation room, the Beta
Shielding Laboratory, the Radiation Detection Laboratory, and the Neutron Acuvanon Analysxs
Laboratory. - .

9.6 Cover Gas Control in Closed Primary Coolant Systems

The KSU reactor has an open primary coolant system and hence has-no cover gas control.
Nitrogen 16 is controlled as described in Chapters 5 and 11 by forcing convection cooling flow
form the reactor core into a helical pattern (to enhance time delays for more decay). Using
helium in the pncumauc system (instead of air) controls the possible mvcntory of radioactive
argon.

9.7 Other Auxiliary Systems

9.7.1 Reactor Sump System

All floor drains and the rccnrculatmg ventilator condcnsate line feed into thc mctor sump 'l'he
reactor sump is a square cavity covered by steel plates has a capacity of 3.8 kL. It is also
connected to the sub-floor tracks used for moving the thermal column door, giving it an overall
capacity of 4.5 kL. A sump discharge system was installed in°1997 that permits the sump to be
recycled through filters and discharged through a separate filter to ensure -that insoluble
radioactive materials are not discharged to sanitary sewers. Before discharge, liquid samples are
drawn for analysxs of spccxf‘ c actmty Historically, the only isotope normally dxschargcd was
tritium from primary water, in quantities well bclow lOCFRZO hmlts

9 7.2 Rez;ctor Bay Polar Crane

A po]ar crane in the reactor bay is used to manipulate loads of up to 3630 kg (8000 Ib). Various
lifting straps and attachments are available for handling varied Joads. A breaker in the reactor
control room supplus power to the crane, A lockable breaker on the west wall of the reactor bay
permits securing power to the crane. A discconect on the crane pcnmts personnel servicing the
cranc a local and positive control over power 1o the crane. A basket is attached 10 the outside
edge of the crane for changing light bulbs in the ceiling of the reactor bay. Due to safety
concerns, lighting was installed around the periphery of the réactor bay, rcducmg the need for the
overhead lights and the basket.

K-State Reactor 94 Original (12/04)
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AUXILIARY SYSTEMS

9.7.3 Beam Facilities

A complete description of the beam tube facilities is provided in Chapter 10. Auxiliary systems
that support the beam tubes are described below.

a. Thermal Column Door

The thermal column door rolls on railroad tracks, which are deeply recessed, into the
floor. It is opened and closed by means of steel cables and a winch. A key lock secures
the winch. The stecl cables were replaced in 1997. Indicator lights on the control
console indicating the position of the door were also added when the cables were
replaced.

b. Beamport Plug Handling

A special cask is available for use in removal and storage of beamport plugs. It allows
the plugs to be drawn directly from the port into the cask. A lead shutter can be closed
over the open end, further reducing expostres.

c. Beam Facility Vents and Drains

All air-filled spaces in beam facilities are connected by pipes to a manifold mounted on
the outside of the reactor. Additional pipes near the beamport doors have valves that can
be opened to allow insertion of a tool to open the Jead shield doors or to vent the
beamport. Beamport doors are padlocked shut. Over the last several years, the void
space necar the thermalizing column has been collecting water. The source of the water is
likely from the bulk shield tank, since the maximum observed pressures correspond to the
level of the bulk shicld tank and not the primary. With the bulk shield tank water level
about 6 in. below the top of the tank, the water Icakage is essentially secured. Regardless
of the source, there was concern that this water might pass through the manifold and fill
the other beam lines, or obscure evidence of leakage from other experimental facilities,
Hence in 1996, the thermalizing column beam port line was connected to a scparate
manifold to permit collection of fluids.

d. Pneumatic Transfer System (Rabbit)

The pneumatic transfer system or rabbit is used to rapidly transport samples between an
in-core location and the Neutron Activation Analysis Laboratory. From commercial
cylinders, compressed helium fills small tanks at either end of the system. Pressure is
limited by rclease valves at 275 kPa (40 psi). The system is opcrated from the
instrumentation rack (Fig 7.3) in the control room, where the reactor operator sets the
direction of motion by posmonmg vent valves and applies the helium by another valve.
Indicator lights show position of valves A light indicates low helium pressure.

€ CCC ol =
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CHAPTER 9
9.7.4 Associated Laboratories . . . -

The C.C. Tate Memorial Neutron Activation Analysis Laboratory is located in the basement of
Ward Hall. It features scveral germanium detectors and associated electronics for gamma ray
spectroscopy. There is also an alpha counter with béta and gamma discrimination. The Radiation
. Detection Laboratory is & student lab, but contains many additional pieces of detection
equipment. Another room contains a panoramic irradiator for performing gamma-ray instrument
calibrations. NBS-traceable alpha, beta, and neutron sources are also available.

9.8 Bibliography -

None
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10. Experimental Facilities and Utilization
10.1 Summary Description

10.1.1 Experimental Programs

The K-State reactor provides educational and training services to support the Department of
Mechanical and Nuclear Engineering Bachelor of Mechanical Engineering with a Nuclear Option
as well as Masters and Doctoral programs in Nuclear Engincering. Other K-State departments
with nuclear, radiation or instrumental analysis components in other curricula are also supported.

The K-State reactor produces radioisotopes for research, including both tracer/gauging and
radioanalysis applications. The K-State reactor performs extracted beam research.

10.1.2 Experimental Facilities

Sectional views of the reactor are shown in Chapter 1. For orientation of experimental facilities
with respect to the reactor tank and concrete shield, the reader is referred to Figs. 1.1 and 1.2 of
Chapter 1. Components of experimental facilities located in the reactor pool are illustrated in
Figure 10.1. Principal experimental features of the KSU TRIGA Reactor Facility include:

Central thimble .
* Rotary specimen rack
Thermalizing column (with bulk shielding tank)
“Thermal column (with removable door)
Beam ports
Radial (2)
Piercing (fast neutron) (1)
Tangential (thermal neutron) (1)

10.1.3 Experiment Monitoring and Control

Monitoring requirements for individual experiments are identified in the applicable experiment
procedure. Experiment monitoring which is a routine part of facility equipment includes a system
to detect Icakagc from reactor pool.-wall into the beam tubes or thermal/thermalizing column, and
to minimize lmkagc into the reactor bay, capabilities for installing an area radiation monitor
channel in the vicinity of an open beam port, and the capability for installing an external scram in
the reactor protection system.

a. Leak Detection System

The interface of cxpcnmcntal facxhucs (bcam ports, thcrmal column and thcrmahzmg
column) and the reactor pool liner contains an open plenum with piping connected to a
leak off volume.. The leak detection piping is connected to a single volume, except that a
separate leak off volume and pressure gauge has been installed for the thermalizing
column. If the pool leaks into the experiment facilities, the water will overflow the

* K-State Reactor 10-1 Original (12/04)
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plenum and fill the leak off volume. Pressure monitors in the leak off volume indicate
when the volume is partially or fully filled. The léak off volumes and the pressure
monitors are Jocated on the north wall of the biological shielding near the northwest
(radial) beam port. : :

Watertight seals are installed at the intérface between the beam ports and the reactor bay.

. With the original seal attached to the inside of the beam port door, the seals are designed
. to be used when beam ports are not in usé. If the pool wall fails, this seal will prevent
‘complete loss of water from the pool.

-
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Figure 10.1: Experiment Facility Components in the Reactor Pool

. b. Area Radiation Monitor .

Electrical lines are installed to support area radiation monitors at each beam port.

. .
. . . *,
- . . e . ™.
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EXPERIMENTAL FACILITIES AND UTILIZATION

C. External Scram

One scram relay has been designated as the “external scram channel.” The external
scram channel is not normally in use. In the event that potential consequences associated
with an experiment requires protection for the facility, personnel or the expcriment,
sensors may be connected to cause a reactor scram based on significant parameters.

10.1.4 Experiment Review and Approvals

- -Experiments arc reviewed and approved by the Reactor Safegdards Committee prior to
performance as a reactor experiment procedure. The Reactor Supervisor or Nuclear Reactor
Facility Mamgcr may schedule an approved experiment for performance.

The Reactor Safeguards Committee approves reactor opcrzmons pnor to pcrf'onnnncc via Reactor
Opcr.mng Procedures. Operations supporting cducation, training and requalifi muon without
insertion of material in the cxpcnmcntnl facilities is considered an operation.

10.2 Experimental Facilities

The K-State reactor is a flexible, multi-use facility with irradiation facilities inside the core
boundary, in the reflector, outside the reflector, and outside the biological shielding. One of the
in-core facilities is a pneumatic sample delivery system capable of providing samples dircectly to
the neutron activation analysis laboratory.

10.2.1 In Core Facilities

Irradiation facilitics within the core boundaries include ava’lab]c upper grid plate fuel clement
penetrations, a series of smaller penetrations in the upper grid plate, and the ccntml thimble,

a, Available Fucl Element Spaces G
Experiments may be inserted in spacesdesigned for fuel elements. Core 18-11 has one
empty space, two spaces occupied by graphite “dummy™ rods, and one space occupxcd by
a dry tube. Typical dry tube configuration uses a modificd “S™ bend to minimize
streaming radiation at the pool surface. One dry tube is lined with cadmium to support
spectrally tailored neutron irradiations.

b. sz;ll Upper Grid Plate Penctrations

The upper grid plate was fabricated with a serics of small (slightly larger than %) holes
to permit flux-mapping experiments. These penetrations may also be used to irradiate
targets with suitable geometry.

K-State Reactor . 103 Original (12/04)
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CHAPTER 10

c. Ccntral Thimble

The reactor is equipped with a central thimble for access to the point of maximum flux in
the core. Procedures limit the maximum power permitted with fueled experiments in the
central thimble. A removable screen at the top end of the thimble allows gas rchcf and
prcvcnts objects from falling through the rcactor tank covers.

The ccntml thimble is an aluminum tube that f ts through the center ho)cs of the top and
bottom grid plates terminating with a plug at a point approxtmntcly 7.5 in. (19 cm) below
the Jower grid plate. The tube is anodized to retard corrosion and wear. Although the
shield water may be removed to allow extraction of a vertical thermal-neutron and
gamma-ray beam (not done at the KSU facility), four 0.25-in (6.3-mm) holés are located

.- in the tube at the top of the core to prevent expulsion of water from the section of the tube

. within the reactor core. Dimensions of the tube are 1.5-in. OD (3.81 cm), with 0.083-in
(2.0 mm) wall thickness. The thimble is approxlmatcly 20 ft. (6.1 m) in lcngtb made in
two sccuons, witha watcmght tube fitting.

10.2.2 -In Tank, Ex Core Facilities

Experiment procedurcs authorize irradiations above and below the core (note that the fuel contain
san intemnal reflector at the top and bottom of each element) and adjacent to the radial reflector.
Irradiation is also authorized in the bulk shield tank, and at the outer face of the thermal column.

10 2.3 In Reﬂector Facxhtles v e .o

The pnncnpal traditional xn-rcﬂector facilities -include a “thermal column” wuh dry mdxntxon
space, and a thermalizing column provides irradiation space in the bulk shncld tank. A thxrd
facility is nested inside the radial reflector, the rotary specimen rack.

a.-. Thermal Column

The thcmml column is a largc, boral-lmcd "graphite-filled alummum container, wnth
outside dimensions 4 ft (1.2 m) square in cross section and approximately 5.35 ft (1.6 m)
in length. The thermal-column liner is a seal welded container fabricated from 0.5-in.
(12.7-mm) aluminum plate. The outer portion is cmbedded in the concrete shicld and the
inner portion is welded to the aluminum reactor tank., The exterior.surfaces-are coated
with plastic for corrosion protection. The portion of the thermal column welded to the
aluminum tank extends to the graphite reflector and matches the contour of the reflector
over a 100-degree angle. In a vertical plane, the column extends approximately 13 in. (33
cm) above and below the reflector, with the centerlines of the column and reflector
comcldcnt.

. The aluminum container is open toward the_reactor room. Blocks of nuclear-grade
graphite occupy the entire void except for a 2-in (0.79 cm) thick lead curtain located
within the column. The indiyidual blocks are approximately 4-in (10.2-cm) square in
cross sechon, the longest being 50 in. (1.27 m) in Jength.

- K-State Reactor 104 Original (12/04)
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EXPERIMENTAL FACILITIES AND UTILIZATION

c.

Twelve graphite blocks serve as removable foil stringers. These blocks are machined
1/16 in. (1.6 mm) undersize for easy removal and insertion. The central block is aligned
with a stringer-access plug in the thermal column door. To gain access 1o other than the
central stringer, it is necessary to roll out the thermal-column door on its tracks.

Surrounding the graphite on the inside of the aluminum caﬁing on all sides are 1/8-in. (3.2
mm) sheets of boral. This is done to reduce capture-gamma-ray production in the
surrounding concrete shield.

Thermalizing Column

The bulk-shiclding experimental tank is 12 ft (3.7 m) dccp, 8 f (2 46 m) wide, and 9 ft
(2.8 m) long. The tankis watcxproofcd with an epoxy coating and is filled with water for
shiclding. The thermalizing column is similar to the thermal column, but smaller. Its
outer section extends from the bulk-shiclding cxpcnmental tank through the concrete
shiclding and to the aluminum reactor tank. The inner section of the column is welded to
the tank, and extends to the reflector asscmbly and matches its contour. The division of
the column into two sections allows for thermal expansion during reactor operation. The
column is 2 ft (61 e¢m) squarc in cross section by approximately 4.33 ft (1.32 m) in
length. It is fabricated from 0.5-in. (12.7-mm) thick scal-welded aluminum. The
horizontal centerline is coincident with the centerline of the activé fuel lattice. The
exterior surfaces in contact with concrcte are coated with plastic for corrosion protection.

An aluminum cover plate 0.625 in. (15.8 mm) thick, held in place by twenty 5/8-in.
anodized aluminum bolts, keeps water out of the thcrmnhzmg column. A 0.25.in. (6.44-
mm) neoprene gasket provides the scal. In the region of the concrete shield, the
aluminum container is lined with 0.125-in. (3.2-mm) boral sheets that extend 3 ft. 2,125
in. (96.8 mm) inward from the bulk-shiclding tank.

At the inner end, nearest the reactor core, the column s filléd with graphite blocks to an
axial thickness of 8 in. (20.3 cm). All blocks are nuclear-grade graphite, 4-in (10.2-cm)
square in cross section. This wall of graphite is backed by a 2-in. (50.8-mm) slab of lead.
In the outer portion of the container, where the aluminum is lined with boral, 1 in. (2.54
cm) thick polyethylene sheets linc the boral. The graphite, in the form of 4-in (10.2-cm)
square blocks, is stacked 24 in. (61 cm) thick from the outer edge of the column.

Rotary Specimen Rack

A rotary, 40-position rotary specimen rack (RSR) is located-in a well in the top of the
graphite radial reflector. The RSR allows large-scale production of radioisotopes and for
activation and irradiation of multiple material samples with neutron and gamma ray flux
densitics of comparable intensity. Specimen positions are 1.25 in. (3.18 cm) diameter by
10.8 in. (27.4) cm depth. Samples are manually loaded from the top of the reactor
through a water-tight tube into the RSR. The rack may be rotated (repositioned)
manually from the top of the reactor. Figure 10.2 illustrates the design features of the
RSR, and Figs. 10.3 and 104 are respectively photographs of the RSR during
construction and the rotation mechanism and housing at the 22-fvlevel of the reactor.
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EXPERIMENTAL FACILITIES AND UTILIZATION

10.2.4 Automatic Transfer Facilities

A pneumatic transfer system, permitting applications with short-lived radioisotopes, rapidly .

conveys a specimen from the reactor core to a remote receiver. The in-core terminus is normally
located in the outer ring of fucl-element positions. The sample capsule (rabbit) is made of
polyethylene, approximately 14.2 mm ID and 100 mm length. It is conveyed to a receiver/sender
station via aluminum and polycthylene tubing nominally 1.25-in. OD (3.18 cm) and at least 1.08
in. (27.4 mm) 1D, with radii of curvaturc no less than 2 ft (61 cm). Figure 10.4 is a schematic
diagram of the transfer system, as originally supplicd. The gas supply has been replaced by
compressed helium gas. The in-tank and in-core portion of the pneumatic transfer system is
illustrated in Fig. 10.5.

. R
Figure 10.5: In-tank and ln-:orc pomons of the pneumatic transfer
svifem.

10.2.5 Beam Ports

The KSU TRIGA Reactor is provided with four beam tubes. Beam-tube sleeves are welded to
the outside surface of the tank to allow extraction of ncutrons and gamma rays for a varicty of
experiments, and nmdlatxon faciliti¢s for specimens as large as 6 in. (152 cm) in diameter. Three
of the beam tubes are oriented radial with respect to the cénter of the core. The fourth is
tangential to the outer cdgc of the core. All radial tubes terminate at the outer edge of the
reflector assembly, but one is ahgncd with cylindrical void in the reflector graphite. In order that
this void clears the rotary specimen rack in the reflector, all beam-tube axes are 2.75 in. (7 0 cm)
below the centerline of the core.

The four beam tubcs are in two sections within the concrete shield. The inner section is 6.065 in.
(15.2 cm) inside diameter, The sleeve has a 6.315-in (16 cm) diameter., A step is mcoxpomtcd
into the design, with the outer section 8 in. (20.3 cm) in diameter. The outer section is made of
cadmium plated steel. A 0.5-in. (12.7-mm) line in the argon vent system leads from the outer
section, thus pcrmxttmg purge of accumulated gases, The inner sections of the beam tubes are
aluminum, coated on the outside with plastic to prevent corrosion when in contact with concrete.
The gap between the inner tube and the slceve prevents stresses rcsultmg from thermal expansion
inthe alumxnum tank.

I
[3
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CHAPTER 10 '

A 4-in. (10.2-cm) thick steel shadow shield, 40-in. (102 cm) square, is placed around each beam
tube in the concrete shicld to provxde addmonal shiclding for the arca adjacent to the beam port.
The shicld is placed around the inner tube, at its juncture with the outer.  When beam tubes are
not in use, spccxal shielding is provxdcd along the tube axes. The original shiclding configuration
" is fabricated in four sections: an inner concrctc-f llcd plug, an outer wooden plug, a lead-filled
shutter, and a Jead-lined door. co.

The inner. scctxon of the beam-tube shlcldmg is a concrctc-ﬁllcd aluminum plug (Fig. 10.6) -
approxxmatcly 48 in. (122 m) long Tt consists of a 42.5-in. (1.08-m) long 6-in. (15.2-cm)
diamcter inner portion, which is rigidly joined to a 5-in (12.7 cm) long, 7.875-in (20-cm)
diamcter steel outer porhon The plug weighs approximately 180 pounds (82 kg). The shxc]dmg
in the inner plug consists of 1/8 in. (3.2 mm) of boral on the inner end, followed by 4 in. (10.2
cm) of lead, 36 in. (0 .92 m) of borated normal-density concrete, and the 5-in. stecl outer portion.
This outer portion is equipped with a threaded hole for attachmg the bcam—tubc-plug handling
tool. . . . . .
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Figure 10.6: Inner beam tube plug.

Thc outer bcam-tubc shncldmg (Fig. 10.7) is 2 woodcn plug, 48 xn (1.20 m) long and 8 in."(203
cm) diameter. The plug weighs about 45 pounds (20 kg) and has a handle for manual removal.
Experience has shown the outer wooden beam port plug is not rcquxrcd to control rad:atnon lcvcls
at acccptablc lcvcls and the use of wooden plugs in the beam ports is opuonal te

The outer end of the beam tube is equipped with 2 lcad-ﬁllcd safety shutter and door to provndc
limited gamma ray shielding when the plugs are removed. The shutter (Fig. 10.8) is contained in
- arectangular steel box recessed into the outer surface of the concrete shield. The shutter is 9 in,
(23 cm) squarc and 4.5 in. (11.4 cm) thick. It is welded from 0.25-in (6.3-mm) stcel plate and
filled with lead. On one side of the shuuer is welded a thrcadcd socket for connoctnon of a push
cerod. L - v i . . )
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EXPERIMENTAL FACILITIES AND UTILIZATION

Ve "

Figure 10,7: Outer beam tube plug.-

The shutter box is equipped with a door made of 0.375-in (9.5 mm) steel lined with 1.25 in. (3.2
cm) of lead for additional shiclding. The door is hinged at one side and equipped with a rubber
gasket and six clamps that permit the door to be scaled against the possibility of rapid loss of
shielding water in the cvent of 2 major beam-port leak. A valve mounted to the side of the steel
box (not shown in the figure) provides access for the push rod operator (open position) and
maintains the water seal on the safety shutter (closcd position).

Figurc 10.8: Beam
tnbe safety shutter.
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10.3 Experiment Review .’
A wide armay of experiments have been documented and approved for execution in the
operational history of the facility. The experiment review and approval process is conducted in’
accordance with approved facility administrative procedures. If an experiment falls within the
scope of an approved experiment, a request for operation is submitted to the Reactor Supervisor.
(or designated alternate). The Reactor Supervisor (or designated altemate) verifies that operation
is within the scope of an approved experiment, and approves the request by signature so that the -
experiment may be scheduled. Ifit is determined that the proposed experiment does not fall with

K-State Reactor 10-9 Original (12/04)
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n the scope of a prcvxously approve cxpcnmcnt or 1f thc expcnmcnt potcnually involves an
unreviewed safety question, thc experiment is considered a "ncw experiment, «

10.3.1 Planning and Scheduling 6f New Expenmgnts L

New expcnmcnts require approval of the Reactor Safeguards Commmcc pnor to unplcmcntahon. )
As noted in Chapter 12, the Radiation Safety Officer, must concur for permissive decisions. To
support -Committec review, a written déscription of each proposed new experiment must be
prepared, with sufficient detail to ‘enable evaluation of experiment safety. The Committce shall
make an cvaluatxon as tp whether new contcmplatcd experiments, procedures, facility
modifications (and/or changes thereto) meet review criteria, and approve expcnmcntal operations
(with or without changes or additional constramts) or prohibit the experiment from bcmg
performed. The following mformatxon is a minimum for the proposcd cxpcnment

e Purpose of the experiment’ : »

.- Background (xf appropnatc)
e Procedure - to' include a description of the experimental mcthods to be used and a
y dmnptxon of the equipment to be used. ‘A sketch of the physical layout and a tabular lxst
of equipment necessary for the cxpcnmcntxsrccommcndcd if appropnate- et )

e A summary of various effects that the cxpcnmcm could cause, or that could i mtcxact w:th

the experiment, or including: -~ . “ -
- Reactivity Effccts ’ - . :
- Thermal-Hydraulic Effects © ¢ .- . .- . LY.
- Mechanical Stress Effects - . ¢ N
e References. ' ‘ . e T, _'. K B

The Reactor Safeguards Committee may require additional information to detefmine that an
experiment is acceptable; the experiment shall not be scheduled until the Committee has reviewed
the proposed experiment, including any supplcmcntal mformauon rcqucstcd by the Commmec.

103.2 Revneantena . RN S

-

The Reactor Safeguards Committee shall consider new experiments in terms ‘of effect onreactor
operation and the possibility and consequences of failure, including, where significant,
consideration of chemical reactions, physical integrity, design dife, -proper “cooling, interaction
~ with core components, and reactivity effects. Before approval, the Committee shall conclude that
in their judgment the cxpcnmcnt by virtue of its naturc and/or design will pot constitute a
significant hazard to the integrity of the core or to the safety of personnel. Evaluation of the
proposed experiment shall include (as 2 minimum, not limited 10) that the likelihood of
occurrences listed below are minimal or acceptable in both normial and failurc modes:

= Breach o[ﬁguon groduct bameg (whxch could occur through rcactmty effects thcrmal
effects, mechanical forces, and/or chemical attack)

K-State Reactor - 1010 Original (12/04)
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= Interference with reactor control system functions (which could occur through local flux
perturbations or mechanical forces that can affect shielding or confinement)

= Introduction or exacerbation of radiological hazards (which could occur through
irradiation of dispersible material, mechanical instability, madcquatc shielding and/or
inadequate controls for safe handling)

= Interferences with other experiments of'opcrations activities (which could occur through

reactivity effects from more than one source, degradation of pcrform:mcc of shared
systems - ¢.g., electrical, potable water, etc., physical interruption of operational activities
or egress, toxic or noxious industrial hazards, unanticipated effects of pulsing. Note this
cvaluation should also consider potential for fire or personnel exposure to toxic/noxious
material)

»  Determination that the proposed activity is in compliance with Technical Specifications

If an event or new information challenges the original cvaluation, the Committee shall review the
experiment approval and determine if the original approval is still valid prior to a continuation of
the experimental program. When container failure is discovered that has released material with
potential fo damage the reactor fuel or structure (by corrosion or other means), physical
inspection shall be performcd to determine the corisequences and need for corrective action. The
results of the inspection and any corrective action taken shall be reviewed by the Reactor
Safeguards Committee and determined to be satisfactory before operation of the reactor is
rcsumcd

10 4 Blbhography

“250-kW TRIGA Mark 1l Pulsing Reactor Mechanical Maintenance and Operating Manual,”
Report GA-3399, Gencral Atomic Division, General Dynnmxcs, 1962

“License R-88, Docket 5 0-1 88, Amended Facility License for the KSU TRIGA Mark Il Nuclear
Reactor,” Nuclear Regulatory Commission, Revised 21 Dec 1998 including Amendment 12,

“Kansas State University TRIGA Mark 1l Reactor Facility Operations Manual.”
“Kansas State University TRIGA Mark 1l Reactor Facility Administrative Plan.”

USNRC Regulatory Guide 2.4, “Review of Experiments for Research Reactors” (July 1976)
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11. Radiation Pi‘otegtiq_q and Waste Management

This chapter deals with the overall radiation protection program -for the KSU TRIGA Mark I -
Nuclear Reactor Facility and the associated practices for management of radioactive wastes. The
Chapter identifies radiation sources that may be present during normal opcranon of the reactor and
.on the various proccdures followed 15 mgmtor and- control these sources. 'The chapter also
“*identifies cxpected pcrsonncl radiation” exposures due to normal opcrat:ons Supporting
calculations are found in thc Safety Analysis Repoit Appendix A. ’

111" Radiation Protection '
The Rndxauon Protccuon Progmm for the K—Statc nuclear rescarch reactor Tacility was prepared
_tomeet the rcqmrcmcnts of Title 10, Part 20. 1]01 Code of Federal chu!ntnons (10CFR20). The.
" Prograin also incorporates rcqmrcmcnts “of the State of Kansas. The Program seeks to control
radiation exposures and radioactivity releases to a level that is As Low As Reasonably
Achievable (ALARA) without signifi cantly rcstnctmg opcration of the Facility for purposes of
~education and rescarch. The Program is executed in coordination with the Office of Radiation
Safety, Department of Public Safety, for Kansas State University. The Program is reviewed and
approved by the Reactor Safeguards Comnuttcc for the Reactor Fncnhty .

*"Certain aspccts of the Program deal with mdxoactwe matcnals xcgulated by t thc Statc ‘of Kansas
(an ,Agreement state) under license C0011-01. Thcrcfore, the University ‘Radiation Safety
) ,Commmcc (rcSpons’blc for admmxstrauon of the Statc lxccnsc) reviewed the Program. The
Rndmnon Protection Program was dcvelopcd followmg the gundnncc “of the American National
Standard Radiation Protection at Research Rcactor I-‘ac:lzlxes [1] and chulntory Guxdcs issued by
‘the NRC [2-7] '_ .

1111 Radiation Sources ©’ o i

Radiation sources present in the reactor, facxhty may be in gaseous (aubomc), liquid, sohd or

form. Thcsc forms arc treated mdmdually in sx;cccsswe subsections. .ot

’ A:rbomc sources consist mainly of *'Ar (1.8 h ‘half-lifc), ann‘bmablc to neutron activation of
natural “Ar in air in the reactor bay, in the rotary specimen rack adjacent to the core, and
dissolved in th¢ primary coolant. The nuclide "N (7.1 § half-lifc) is producedin the primary
coolant as a result of the **O(n,p)'°N-reaction. Because of its short half-life, “N contributes
negligibly to ‘off-site radiation exposure, but is the major source of madiation dose to the area
above the rcactor pool

.
.« ® H . %

_ Liquid® sources are pnncxpally limited to condcnsatc water from the facllny air handling system, .

" which occnsxonally contams “small concentrations of tritium: Theré are. occasional releases of .
tritium-bearing primary coolant from’level adjustments in the reactor tank or bulk-shxeld tank o
support mmntcnzmcc and opcmuons '

Solid soiirces consist ofrcnctor fuel, e stanup neutron source, and ﬁxcd radxoxsotopc sources such .8

as those used for instrumentation calibration,* Solid waste is another solid source, very limitedin -
volume and specific activity. Solid wastes include, jon-exchange resin used in reactor-water -
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CHAPTER 11

clecanup, and contaminated tools, labware and anti-contamination clothing associated with reactor
experiments and surveillance or maintenance operations.

a.  Airborne Radiation Sources

During normal operation of the reactor facility, there are three major potential airbomne
sources, °H, "N, and 'Ar. Airbome tritium occurs with evaporation of primary coolant,
and contributes negligibly to personncl dr public radiation exposure. Assumptions and
calculations used to assess production and radiological impact of *N, and *'Ar sources
during normal operations are discussed in Chapter 11, Appendix A and summarized here.

Fuel element failure, although not expected, could occur while the reactor is operating
normally (e.g., associated with manufacturing defects or cladding corrosion), and would
result in a small penetration of the cladding through “which fission products would be
slowly released into the primary coolant. Some of these fission products, primarily the
noble gases, would migrate from the coolant to 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 until the failed clement were located and removed
from the core. Thus, failure of a single element is evaluated in Chapter 13 as an
abnormal, accident situation.

Tritium in the Reactor Bay

A S-year average of tritium assay (performed monthly) indicates specific activity in the -

primary coolant of 228 pCi/ml for 250 kW opcrations. If the reactor bay atmosphere
were saturated with this water at 30°C, the water concentration in the air would be less
than 3 x 10 g mL™! and the activity' concentration in the atmosphere would be less than
6.84E-09 uCi/ml. Based on history, tritium concentration at 500 kW would be less than

1.37 x 10" uC/ml, and tritium concentration at 1,250 kW would be less than 3.42 x 10*

pCi/ml. In all cases, tritium concentrations are well below the 10CFR20 Appendix-B
DAC of 2 x 10°pCi mL™ and the atmospheric effluent limit of 107 uCi mL". Even the
primary coolant would meet the liquid effluent limit of 10° pCi mL*! without further
dilution. . : :

Y Ar in the Reactor Bay

Production of *!Ar arises from neutron absorption in natural argon present in air spaces,
notably the rotary specimen rack (RSR), and dissolved in primary-coolant. Occupational
exposure to *'Ar during normal operation of the KSU TRIGA reactor can therefore occur
in the reactor bay. According to Appendix B of 10CFR20, the submersion DAC for
occupational exposure is 3 x 10°pCimL" and the effluent limitis 1 x 10 pCi mL™.

Exhaust of the rotm_'% specimen rack:l As shown in Chapter 11 Appendix A, the

equilibriutn activity of “'Ar in the RSR is 0.56 Ci for sustained operation at 500 kW

IExhaust of other air volumes, e.g., beam tube or pneumatic transfer system, would release lesser quantities
of *'Ar into the reactor bay. .
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thermal power, 1.4 Ci at 1,250 kW If this activity were instantly dispersed into the
reactor bay atmosphere, under. normal” ventilation conditions, and a worker were
contmuously exposed thereafier, the ciimulative exposure would be at 4.4% 107° pCih
mL", well below the occupational exposure limit for 2000 hours at thc DAC 3x10%
uCih 'L,

Release from primary coolant:* As shown in Chapter 11 Appcndzx A, even with
extremely conservative assumptions, during sustamcd opcxatxon at full power with
ventilation, the steady-state activity concentration of *'Ar in the reactor-bay atmosphcrc
would be 7.2 x 107 uCi mL™, less than the occupational DAC.

Offsite Impact of 2!Ar. As shown in Chapter 11 Appendix A, the peak oﬂ‘ site
activity concentration during normal operations would be ebout 0.003903 pCi mL? at 135
‘m downwind under shghtly unstable atmospheric conditions, occurring 0.6% of total *

. time. This concentration is less than the effluent limit of 0.01 pr mL, A full year of

- operation at the maximum power level maximum concentration, would, result in an
effective dose at the receptor.with the maximum concentration of only about 0.16 mrem,
well within applicable limits. The hxghcst dose to a location occurs at 2140 meters with a
dosc of 3.8 mrem, well below the maximum allowed 10 mrem from effluents.

‘o

- 3N in the Reactor Bay

An additional source of airborne radioactivity dunng normal rcactor opcrahons is N,
which is generated by absorption of fast neutrons in 'O present in the pnmary coolant
within the core. Compared to molecular oxygen, dissolved oxygen or oxygen in the RSR
airspace is of negligible significance.

After YN is produced in the core regnon, it rises 16 the tank surface ahd ‘spreads to form a
cylindrical volume source within'the reactor tank, thereby lmdmg:o sxgmﬁcant exposure
rates above the tank. As discussed in Chapter 11, Appendix A, "N created in the coolant
is likcly to remain in anionic form and in solution, with ncghg‘blc release in the gaseous
" state.  Furthermore, becanse of the only 7.13-second “halflife: of N; airbome
conocntrauons, on-site and oﬁ'-s:tc, are of negligible sngmﬁcancc comparc to the direct
dose from "N dissolved in the primary coolant.

As shown in Chapter 11 Appendix A, couscrvatxve calculations lead to an expcctcd

exposure rate of approximately 25 mR h™! at one méter above the center of the reactor

tank during sustained operation at 500 kW thcrmal power, mcrcasmg to nearly 100 mR b
Tat1,250 kw.

* Liquid Radioactive Sources .
" During norma) operation of the XSU TRIGA reactor, the only producnon of- lnqu:d
radioactive materials occurs through neutron activation of impurities in the pnmary
“coolant. Most of this material is captured in mechanical filtration or ion exchange in
demincralizer resing thercfore, thése materials are dealt with as solid waste. Non-routine
liquid radioactive material could result from decontamination or maintenance activities
such as resin changes. These liquids are collected in sump tanks along with condensate
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CHAPTER 11

from the air conditioning system. Quantities are small and these liquids are released to
the sanitary sewerage system after assay and filtration. Most of these are generated from
condensate drains of the air-conditioning system. The only radionuclides observed are
tritium and (sporadically) trace quantities of "*’Cs. Typically there are threc releases of
liquids annually, each amounting to 2.5 m®, Typical concentrations are 2 x 10™ pCi mL™
of °H and 2 x 107 pCi mL™? of '’Cs. Even without dilution, all these are well below
10CFR20 Appendix-B effluent concentration limits of 1 x 10? pCi mL™!" of *H and 1 x
10®uCi mL? of "¥'Cs, and monthly sewerage limits of 1 x 102 pCi mL? of’Hand 1 x
10° pCimL™? of ¥Cs. :

The only significant liquid radioactive source at the KSU TRIGA reactor is the primary
coolant. The only measured radionuclides are *'Ar, !N, and °H, and their consequences
are examined in Section Chapter 11 Appendix A. Activation products such as Mg,
2841, and 3Mn, while undoubtedly present, arc of such low concentrations and bave such
short half-lives that they are not detected in surveillance programs. Similarly, *N present
in primary coolant as it passes through the cooling system undoubtedly contributes to
ambient dose rates inside the reactor bay but surveillance at full power reveals no
contributions of 1 mR h'? or greater.

c. Solid Radioactive Sources

The solid radioactive sources associated with KSU TRIGA reactor operations are
summarized in Table 11-1. Because the actual inventory of fuel and other sources
continuously changes in normal operation, the information in the table is to be considered
representative rather than an exact inventory. - )

r et o rrl rceccrc

Solid and liguid wastes are not included in Table 11-1a and 11-1.b. These sources are addressed
in Section 11.2.

11.1.2 Radiation Protection Program

The Radiation Protection Program was prepared by personnel of the Kansas State University
TRIGA Mk II Nuclear Reactor Facility in response to the requirements of Title 10, Part 20.1101,
Code of Federal Regulations (10CFR20). The goal of the Program is the limitation of radiation
exposures and radioactivity releases to a level that is as low as reasonably achievable without
seriously restricting operation of the Facility for purposes of education and rescarch. The
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! RADIATION PROTECTION AND WASTE MANAGEMENT

Program is executed in coordination with the Office of Radiation Safety, Department of Public
Safety, Kansas State University. It has been reviewed and approved by the Reactor Safeguards
Committee for the Reactor Facility, Certain aspects of the Program decal with radicactive
materials regulated by the State of Kansas (an Agreement state) under license C0011-01 and the
Program has been reviewed by the University Radiation Safety Committee, which is responsible
for administration of that license. The Radiation Protection Program is designed to meet
requirements of 10CFR20. "1t has been developed following the guidance of the American
National Standard Radiation Protection nt Research Reactor Facilities [1] and Regulatory Guides

issued by the NRC [2-7).

a.

Manngemcni and Administration

Preparation, audit, and review of the Radiation Protection Program is the responsibility of
the Nuclear Reactor Nuclear Reactor Facility Manager. The Reactor Safeguards
Committee (chaired by the Head of the Department of Nuclear Engineering) reviews the
activities of the Manager and semi-annual audits prepared by the Manager. The Reactor
Safcguards Commitiee examines records required by the Radiation Protection Program as
well as audit reports by the Manager during their semi-annual inspections.

Training, surveillance and record keepmg are the responsibility of the Reactor Supervisor
who reports to the Nuclear Reactor Facility Manager. ALARA activities, for which
record kecping is the particular responsibility of the Reactor Supervisor, are incumbent
upon all radiation workers associated with the Reactor Facility.

Substantive changes in the Radiation Protection Program require approval of the Reactor
Safeguards Committee. Editorial changes, or changes to appendices, may be made on the

authority of the Nuclear Reactor Facility ‘Manager. - Changes made to the Radiation - -

Protection Program apply automatically to operating or emcrgency procedures;
corresponding Program changes may be madc without further consideration by the
Reactor Safeguards Committee. As with procedures, the Reactor Supervisor or Nuclear
Reactor Facility Manager may override clements of the Program on & temporary

K-State Reactor 115 Original (12/04)
Safety Analysis Report .



CHAPTER 11 o

b.

cmergency basis so long as the emergency changes are brought promptly to the attention

_ of the Safeguards Committec.

Training

Implementation of training for radiation protection is the responsibility of the Reactor

Supervisor. There are two categories of radiological training at the K-State reactor.
Personnel who need access to the facility, but are not reactor staff, are either escorted by
trained personnel or provided unescorted access training. Radiation training for licensed
operators and staff is integrated with the training and requalification program.

The goal of unescorted access training is to provide knowledge and skills necessary to

control personnel exposure to radiation associated with the operation of the KSU nuclear
reactor. Specific knowledge and skills required to meet the goal have been developed as
Icamning objectives, and training material is based on these learning objectives. Specific
training requirements of 10 CFR 19, 10 CFR 20, the Radiation Protection Plan, and the
Emergency Plan are explicitly addressed. A facility walkthrough is incorporated.

All persons granted unescorted access to the Reactor Facility must receive the training
and must complete without assistance a written examination over radiation safety and
emergency preparedness. An examination scorc of at least 70 percent is required.
Examinations must be retained on file for audit purposes for at least three years.

The reactor staff accomplishes health physics functions at the K-State reactor following
approved procedures. Therefore, proccdm'c training for the licensed reactor staff tmnmg
includes additional radnologxcal training. Examinations for reactor staff training are
prepared and implemented in accordance with the K-State reactor requalification plan.

11.1.3 ALARA Program

a. Policy and Objectives

Management of the Reactor Facility is committed to keeping both occupational
and public radiation exposure as low as is reasonably achievable (ALARA). The
specific goal of the ALARA program is to assure that actual exposurcs are no
greater than 10 percent of the occupational limits and 50 percent of the public
limits prescribed by 10CFR20, namely, ALARA goals of:

Workers: < 500 mrem annual TEDE
< 5 rem annual dose equivalent to any organ except the lens of
the eye
< L.5 rem annual dose equivalent to the lens of the eye
< 5 rem annual dose equivalent to the skin
< 50 mrem dose equivalent to the fetus during pregnancy

Public: < 50 mrem annual TEDE
K-State Reactor 11-6 Original (12/04)
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RADIATION PROTECTION AND WASTE MANAGEMENT

b.  Implementation of the ALARA Program

Planning and scheduling of opcrations and experiments, education and training,
and facility design are the responsibilitics of the Reactor Supervisor and/or the
Nuclear Reactor Facility Manager. Any action which, in €ither of their opinions,
might lead to as much as half the annual ALARA dose limit (Section 6.1) to any
one individual in oné caléridar quarter requires a formal ALARA review and
report.  Any staff member or experimenter, or any member of the Reactor
Safeguards Committee may call for an ALARA review of a propased action.
Under any of these circuinstances, it is the responsibility of the Reactor
Supervisor to conduct an ALARA review and report. Only with the approval of
the Reactor Supervisor and the endorsement of the Nuclear Reactor Facility
Manager, may the action proceed. .

c. Elements of the ALARA Revig:\;' and ch(;rt

The following topics shall be considered, if applicable. The report shall include
discussion of how these ‘topics affect personnel exposure and specific actions
recommended, categorized by topic: ) .

Features for External Radiation Control

Shielding and construction materials

Radioactive material storage and disposal
- Monitoring systems

Facility layout

Control of access to high and very high radiation areas

Contamination Control .-

Ventilation and filtcation
- Containment of contamination
Confinement of contamination spread
Construction materials to facilitate decontamination
Facility layout

Efflucnt Control p

Gaseous effluents oo
Liquid effluents
Effluent monitoring

Ope_rations and Operations Planning

Assessment of potential individual and colleciive exposures
Application of shielding, time, and distance for dose reduction .
Use of ventilation and decontamination to reduce collective dose
Provision of special radiac or communications instrumentation
Provision of special personnel training and practice

Provision of special supervision and surveillance
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d.

Provision of special clothing or other protective gear

Review and Audit

. Implementation of the ALARA Program is audited semi-annually by the Nuclear

Reactor Facility Manager as part of the general audit of the Radiation Protection
Program.

11.1.4 Radiation Monitoring and Surveillance

The radiation monitoring program for the KSU reactor is structured to cnsure that all three
categorics of radiation sources—air, liquid, and solid—are detected and assessed in a timely
manner. Surveillances are

a.

Surveillances

Radiation monitoring surveillance requirements are imposed by the Reactor
Safeguards Committee through the Radiation Protection Program (independent of
the Emergency Plan) for:

Monthly Wipe test reactor bay and control room
Quarterly Source inventory and leak test

Semi-annually Environmental surveillance (radiation levels at full
power) .

Radiation Monitoring Equipment

Radiation monitoring equipment used in the KSU reactor program is summarized
in Table 11.2. Because equipment is updated and replaced as technology and
performance requires, the equipment in the table should be considered as
representative rather than exact. .

Instrument Calibration

Radiation monitoring instrumentation is calibrated according to written
procedures. Whenever possible, NIST traceable sources are used for the
calibration. The Nuclear Reactor Facility or the University Radiation Safety
Office (Office of Public Safety) are responsible for calibration of the Table 11.2
instruments on site. Calibration records arc maintained by the facility staff and
audited annually by the Nuclear Reactor Facility Manager. Calibration stickers
containing pertinent information are affixcd to instruments.

K-State Reactor . 11-8 Original (12/04)
Safety Analysis Report

Ot CCAAAAA ol Cl o Com o e o e



RADIATION PROTECTION_AND WASTE MANAGEMENT -

Tablc 11.2, Radiation Monitoring and Surveillance Equipment at the KSU TRIGA.

Item Location Function
Continuous air monitors (2)
Effluent monitor . 22-filevel Measure radioiodine, noble gases,
' and particulates
Reactor room air monitor 12 ftlevel Measure radioiodine in room air
O-ftlevel Measure gamma-ray exposure
Arca radiation G-M monitors (3) 12-ft level rates in accessible areas of the
. 22-ft level * reactor room
~ X . Measure exposure rate at pool
Pool surface G-M monitor 22-fi level surface (N-16 and Ar-41)
TPy . ; Measure high level gamma-ray
Evacuation alarm G-M monitor 22-fi Jevel exposure rate (S R 1)
. E . . Measure exposure rate at reactor
Entrance G-M monitor Control room room entrance ‘
. ) Measure gamma-ray exposure
Portable ion chamber meters (3) 0, 12, 22-ft levels rate, sense beta particles
! . _ Measure gamma-ray exposure
Portable G-M survey mctc.rs ®3) 0, 12, 22-ft levels rate, sense beta particles
Portable neutron survey meters (2) ?c. \11.::1? 24 Measure ambient dose rate
Fixed alpha/beta counter Room 1]l Ward  Wipe-test assay
) ’ . Hall
Liquid scintillation spectrometer University Counts liquid and wipe-test
Radiation Safety  samples
Office
Gamma-spectroscapy systems (3) Room 11 Ward Gamma-ray assay
Hall
Direct reading pocket dosimeters Controlroom = Personnel gamma/neutron dose
Hiph volume air sampler - Control room Emerpency sample collection

11.1.5 Radiation Exposure Control and Dosimetry

Radiation exposure control depends on many different factors including facility design features,
operating procedures, training, proper equipment, etc. Training and procedures have been
discussedin Section 11.1.2. This section deals with design features such as shiclding, ventilation,
containment, entry control for high radiation arcas, protective equipment, personnel exposure,
and estimates of annual radiation exposures for specific locations within the facility. Dosxmcuy
records and trends are also included.

a. Shielding
The biological shiclding around the KSU TRIGA reactor is the principal design feature

for control of radiation exposure during operation. The shielding is based on TRIGA
shicld designs used successfully at many other similar reactors.
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The reactor is designed so that radiation from the core arca can be extracted into the 0
foot level for research, education, and training purposes. When the beam port shielding
is removed, additional measures are required to control radiation exposure by either
restricting access to areas of elevated radiation fields or providing a new shielding
configuration for access. When 2 new shielding configuration .is established (or
modified), radiation surveys are required to determine access and monitoring
requirements. When a specific configuration is used power levels higher than previous
testing, additional radiation surveys are required to ensure adequate controls at the new
power level. Monitoring is not required for a well-defined shielding configuration that
previously met radiological limits, but is not prohibited.

Personnel Exposure

Regulation 10CFR.20.1502 requires monitoring of workers likely to receive, in one year

from sources external to the body, a dosc in excess of 10 percent of the limits prescribed
in 10CFR20.1201.

The regulation also requires monitoring of any individuals entering a high or very high
radiation area within which an individual could receive a dose equivalent of 0.1 rem in
one hour. According to Regulatory Guide 8.7 [2], if a prospective evaluation of likely
doses indicates that an individual is not likely to exceed 10 percent of any applicable
limit, then there arc no requirements for rccordkeeping or reporting. Likewise,
Regulatory Guide 8.34 [3] indicates that, if individual monitoring results serve as
confirmatory measures, but monitoring is not required by 10CFR20.1502, then such
results are not subject to the individual dose recordkeeping requirements of
10CFR20.2106(a) even though they may be used to satisfy 10CFR20.1501 requirements,

Table 11.3 lists results of a 12-year survey of occupational exposures at the KSU TRIGA
Reactor Facility. There have been no instances of any exposures in excess of 10 percent
of the above limits. Thus, rctrospectwcly, only confirmatory monitoring is required and
10CFR20.2106(2) rccordkccpmg reqmrcmcnts do not apply, so long as therc are no
significant changes in the facility, operating procedures, or occupanonnl expectations.
For opcrat:on at 500 kW, records of exposure are not likely to result in increased record
keeping requirements. If in the view of supervisory personnel (Reactor Supcmsor,
Nuclear Reactor Facility Manager, or Radiation Safety Officer), any action under
consideration might Icad to exposurcs in excess of 10 percent of any applicable limit,
then the ALARA program is triggered. A consequence of ALARA program planning,
which is described in Section 11.1.3, might be the imposition of federally required
recordkeeping procedures.
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RADIATION PROTECTION AND WASTE MANAGEMENT

Table 11.3, Representative Occupational Exposures at 250 k\W.
Numbers of persons in annual-dose categories

Year Immeasurable <01rem 0.1-05rcm > 0.5 rem
1992 28 0 0 0
1991 . 23 0 0 0
1990 20 0 0 .0
1989 19 1 0 0
1988 23 3 1 0
1987 23 .0 0 0
1086 . 26 1 0 0
1985 31 8 0 0
1984 33 1 0 0
1983 29 2 0 0
1982 26 . . 7 0 0
1981 11 23 0 0

Monitoring of workers and members of the public for radiation exposure required by the
Reactor Safeguards Committee and is described in Facility Procedure 9. Principal
objectives of Procedure 9 include:

Authorization for Access

Personnel who enter the control room or the reactor bay will either hold authorization for
unescorted access, or be under direct supcrvision of an escort (i.c., escorted individuals
can be observed by and hear instructions of the escort) who holds authorization for
unescorted access,

Access Control During Operation

When the reactor is operating, the licensed reactor operator (or senior reactor operator) at
the controls shall be responsible for controlling access to the control room and the reactor
bay.

The 22-foot level access has a line of sight to the control room, and has radiation
monitoring positioned directly over the pool surface and mounted on the rail surrounding
the pool. The operator at the controls is responsible for appropriately controlling access
to thc 22-foot Ievel based on radiological conditions. .

N cutron Dosimetry

If there is potential for exposure of personnel to neutrons within the reactor bay;
personnel who enter the reactor bay shall have neutron sensitive individual monitoring;
this individual monitor shall be assigned to single individuals

Exposure Records for Access During Operation

Personnel who enter the reactor bay dunng reactor operation shall have a rccord of
accumulated dose measured by a gamma sensitive individual monitoring device; at the
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discretion of the reactor operator at the controls, a single individual monitoring device
may be used for individual monitoring of no more than two people who agree to stand
together in the reactor bay.

Exbosurc Records for Access During Non-Operating Conditions

Personnel who éater the reactor bay while the reactor is secured shall have a record of
accumulated dosc either by measurement through individual monitoring or based on
assessment of data from individual monitoring devices or surveys.

Record Keeping

Although the Reactor Facility is likely exempt from federally required record keeping
requirements of 10CFR20.2106(a), certain records are required in confirmation that
personnel exposures are less than 10 percent of applicable limits.

Records of Prior Occupational Exposures

These records (NRC Form 4) are initially obtained, and then maintained permanently by
" the Office of Radiation Safety.

- Records of Occupational Personnel Monitoring

The Office of Radiation Safety permanently maintains these records (NRC Form 5).
Forms in use include monthly report for the University as a whole, monthly summary
report for the Nuclear Reactor Facility, and quarterly report on extremity exposures for
the University as a whole.

Records of Dases to Individual Members of the Public

Sclf-reading dosimeter records are kept in a logbook maintained by the Nuclear Reactor
Facility. Such records are kept permanently. Results of measurements or calculations
uscd to assess accidental releases of radioactive effluents to the environment arctobe
retained on file permanently in the Reactor Facility.

11.1.6 Contamination Control

Potential contamination is controlled at the KSU TRIGA reactor by using trained
personnel following written procedures controls radioactive contamination, and by
opcrating a monitoring program designed to detect contamination in a timely manner.

There .are no areas within the reactor laboratory with continuing removable
contamination. More likely sites of contamination are sample poris at the rotary
specimen rack (RSR) and central thimble (CT) and at a sample-handling table for
receiving irradiated samples.  These sites are covered by removable absorbent paper pads
with plastic backing, and are routinely monitored on a periodic basis, In some cases, an
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enclosed work area is provided. If contaminated, pads are remoyed and treated as solid
radioactive waste. While working at this or other potentially contaminated sites, workers
wear protective gloves, and, if necessary, protective clothing and footwear. Workers are
required to perform surveys to assure that no contamination is present on hands, clothing, -
shoes, etc., before leaving workstations where contamination is likely to occur. 1If
contamination is detected, then a check of the exposcd areas of the body and clothing is
rcquxrcd with monitoring control pomts established for this purpose. Materials, tools,
and equipment are monitored for contamination before removal from contaminated areas
or from restricted dreas likely to be contaminated.

Reactor Facility staff and visiting researchers arc trained on the risks of contamination
and on techniques for avoiding, limiting, and controlling contamination. *

Table 11.4 lists sample locations for routine monitoring of surface and waterborne
contamination control measures. On 2 monthly basis, 100 cm? swipe tests and 1 mL water
samples are analyzed for contamination.

Table 11.4, Representative Contamination Sampling Locatnons
SWIPE TESTS \WATER SAMPLES
0-foot Ievel ‘ Bulk shield tank
Floor Primary coolant
Door handie Secondary coolant
3Cf Irradiator '
*  Source safe
Source cave
Sink
Cleanup system
12-foot level
Floor
Door handle
Control room
22-ft 1evel . . -
. Floor
Sample table . .
RSR loading port
CT loading port

Acceptable surface contamination’levels for unconditional release are given in Table.
11.5, as provided in the approved Radiation Protection Program, XSU TRIGA Mark 11
Nuclear Reactor Facllity. Limits on average contamination lcvcls for unconditional
rclease are calculated based on survey areas smaller than 1 m®. Limits on maximum
contamination levels for unconditional release arc calculated based on survey arcas
smaller than 100 cm?, . :
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CHAPTER 11

_11.1.7  Environmental Monitoring

Environs monitoring is required to assure compliance with 10CFR20, Subpart F and with
Technical Specifications for the Facility operating license. Installed monitoring systems include
area radiation monitors, airbome contamination monitors, and a radiation monitor at the pool
surface. The Reactor Safeguards Committee may require additional monitoring and has (via the
Radiation Protection Program) established requirements for contamination and radiation survey
surveillances.

a.

d.

Area Radinti_on Monitors -

Area radiation monitors at the 22-ft level (and the 0 foot level; if beam ports are
open) are requircd for reactor operation. Arca radiation monitor calibration I
accomplished as required by Technical Specifications in accordance with facility
procedures.

Airborne Contz;mination Monitors

The facility uses two air monitoring systems, one on the 12-foot lcvel and one in the
exhaust-plume path from the rcactor pool to the reactor bay exhaust system.
Airbome contamination monitor calibration is accomplished as required by Technical
Specifications in accordance with facility procedures.

Pool Surface Monitor

A radiation monitor is stationed directly over the pool surface. The pool surface
monitor is calibrated in accordance with requirements of the Radiation protection
program using facility procedures,

Additional Monitoring * .
The Reactor Safeguards Committee imposes additional requirements through the
Radiation Protection Program.

Contamination Surveys

Contamination monitoring requirements and surveillances .addressed in 11.1.6
prevent track-out of radioactive contamination from the reactor facilities to the
environment. The K-State Division of Public Safety, University Radiation Safety
Office, maintains an indcpendent contamination-monitoring program under the
Kansas State radioactive material license.,

As required by 10 CFR 20.1501, contamination surveys are conducted to ensure
compliance with regulations reasonable under the circumstances to evaluate the
magnitude and extent of radiation levels; concentrations or qunntitiw of radioactive
material; and potential radiological hazards.

Guidance has been promulgated in IE Circular No. 81—07 (Control of Radioactively
Contaminated Materials) for rcleasing materials from restricted to unrestricted areas:
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RADIATION PROTECTION AND WASTE MANAGEMENT

Based on the studies .of residual radioactivity limits for decommissioning
(NUREG-06132 and NUREG-07073), it can be concluded that surfaces
uniformly contaminated at levels of 5000 dpm/100cm2 (beta-gamma aclivity
Jrom nuclear power reactors) would result in potential doses that total less than
S mremfyr. Therefore, it can be concluded that for the potentially undetected
contamination of discrete items and materials at levels below 5000 dpm/100cm?2,

the potential dose 1o any individual will be signifi icantly less than 5 mrem/yr even
if the accumulation of numerous items contaminated at this level is considered.

The contamination monitoring using portable survey instmments or laboratory
measurements should be performed with instrumentation and technigues (survey
scanning speed, counting times, background radiation levels) necessary to detect
5000 dpm/100 cm2 total and 1000 dpm/100 cm2 removable beta/gamma
contamination. Instruments should be calibrated with radiation sources having
consistent energy spectrum and instrument response with the radionuclides being
measured. If alpha contamination is suspected appropriate surveys andor
laboratory measurements capable of detecting 100 dpm/100 cm2 fixed and 20
dpm/100 cm2 removable alpha activity should be performed.

Radiation Surveys .
Semi-annual environmental monitoring is conducted, involving measurement of both
gamma-ray and ncutron dose rates within the facility opcmuons boundary and at the
site boundary with the reactor at full-power opcration.

Monthly survcys are conducted at the KSU TRIGA reaétor for radiation levels with
the reactor not in use. These arc supplemented by semiannual monitoring of both
neutron and gamma radiation levels during full power operations. Neutron dosc rates
are entirely negligible.

Gamma-ray exposure-rate data, based on semi-annual mcasurcmcnts over the ten-
year period 1988-1998 (250 KW operation) is indicated in Table 11.6. Uncertainties
are 1 standard deviation.. Source terms are related to reactor power levels; thercfore

* maximum radiation levels during operation at 500 kW should not exceed twice the
maximum historical values In Table 11.6. .

Monitoring for Conditions Requiring Evacuation

An evacuation alarm (high radiation level) is required at the 22-ft level of the reactor.
Response testing of the alarm is performed in accordance with facility procedures.
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CHAPTER 11 .
Table 11.6, Radiation Survey Resnlis for 250 k\W Operation.
Level Location Ma:;':::“(':‘ngg? sure
Pool surface 3819
22-ft  1-mabove pool o35
Above bioshield 1%1
Above BST 13£10
128t Outside bxoshxcld 2%2
. Control room entry 0.07£0.04
Site boundary” 0.03+0.02
Outside bioshield 0.0210.02
0-ft Source cave 343
: Cleanup/lab space 111

11.2 Radioactive Waste Management

The KSU TRIGA reactor generates very small quantities of radioactive waste, as indicated in
Section 11.1.1. Training for waste management functions are incorporated in operator license
training and requalification program.

11.2.1 Radioactive Waste Management Program

Liquid wastes are relcased through the sanitary sewerage system after filtration and assay for
beta, gamma, and alpha activity. Solid wastes generated under the Kansas State license are
transferred to the University Radiation Safety Office, Division of Public Safety, where they are
combined with other solid radioactive wastes from the University, allowed to decay, and disposed
of under the acgis of the State of Kansas. Solid wastes gencrated under the reactor license are
generally allowed to decay, with subsequent disposal coordinated by thc University Radiation
Safety Office.

11.22 Radioactive Waste Controls

Radioactive solid waste is generally considered to be any item or substance no longer of use to
the facility, which contains or is suspected of containing radioactivity above background levels.
Volumes of waste at the KSU TRIGA Reactor are small, and the nature of the waste items is
limited and of known characterization, there is rarely question of what is or is not radioactive
waste. Equipment and components are categorized as waste by the staff. Consumable supplies
such as absorbent materials or protective clothing are declared radioactive waste if radioactivity
above background is found to be present.

When possible, solid radioactive waste is initially segregated at the point of origin from items that
are not considered waste. Screening is based on the presence of detectable mdxoacthty using
appropriate monitoring and detection techniques and on the future need for the items and
materials involved. Kansas being an “agreement state,” radioactive materials generated for

Yy r r r r rr r rr r°r o rr
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RADIATION PROTECTION AND WASTE MANAGEMENT

rescarch and experiments under the federal byproduct material license of the Reactor Facility are
transferred 1o State of Kansas license for conduct of the activities. Solid wastes resulting from
experiments and activities conducted under the State of Kansas license are then physically
transferred to the University Radiation Safety Office (RSO), Division of Public Safety, with
representatives of the RSO and the Reactor staff certifying the transfer, Solid reactor waste is
stored for decay until disposal, coordinated through the RSO. '

Liquid wastes in the Reactor Facility are held in temporarily in storage tanks within the facility
until pumped into the sanitary sewerage system of the University. Liquid wastes are primarily
condensate from the building air-conditioning system and are very slightly radioactive because of
the presence of tritium due to evaporation from the primary coolant and the bulk shield tank. To
assure compliance with 10CFR20.2003, liquids wastes are assayed for alpha, beta, and gamma
activity prior to release and are filtered to assure that no particulates are released along with
liquids. '

Although *'Ar is released from the KSU TRIGA Reactor Facility, this release is not considered to
be waste in the same sense as liquid and solid wastes. Rather, it is an effluent, which is routine
part of the operation of the facility. A complete description of *'Ar production and dispersal is
provided in Chapter 11 Appendix A.

11.2.3 Release of Radioactive Waste

The history of liquid releases since 1995 is tabulated in Table 11.7. Note the seasonal release of
air-conditioning condensate.

Table 11.7, Liguid Releases.

Date Quantity Measured pCi m™' L above backeround
released (m?) Alpha Beta" Gamma®
11 Aug 99 . 25 0 38 0
6 Jul 99 .25 0 26 0.034
26 Aug 98 25 0 55 0.10
27 Jul 98 25¢ 0 67 0
21 Jul 98 25 0 206 023
26 Jun 98 2.5 0 89 027
16 Oct 97 .27 0 120 : 0
8 Aug 97 23 -0 250 0
27 May 97 © 07 0 0 0
5 Dec 96 33 0 150 0
12 Aug 96 3.0 0.004¢ 193 0
26 Jun96 - 32 0 116 0-
5Sep 95 30 0 135 0
15 Aug 95 42 0 138 0
17 Jul 95 42 0 54 0
7 Jun 95 ‘ 32 0 54 0
b’{;gg;xgxng;ssl:‘ro {(L.SC analysis)
¢ Draining bulk shield tank

9Unidentified anomaly
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Chapter 11 Appendix A

Radiological Impact of !Ar and N
During Normal Operations .

A.1 Introduction

Normal operation of the KSU reactor results in two potential source terms for radioactive gaseous
efflucnt at significant levels, *’Ar and "*N. There arc variations in experimental configuration and
possible scenarios where the production of *?Ar may be different than the routine operations;
these scenarios do not produce not long term, routine radioactive effluent but are assessed to
determine if the amount of radioactive effluent is so high as to impact the annual exposure that
might result from routine operations.

A.1.1 Purpose

The purpose of this appendix is to show the methods and calculations used to predict the
production, concentrations, and dose rates from “’Ar and **N associated with normal operation of
the KSU TRIGA Mk. Il nuclear reactor.

The nuclide *'Ar is produced by thermal neutron absorption by natural “°Ar in the atmosphere and
in air dissolved in the reactor cooling water. The activation product appears in the reactor room
(bay) and is subscquently released to the atmosphere through the reactor bay ventilation exhaust
Stream.

The nuclide "N is produced by fast neutron interactions with oxygen. The only source of N in
the reactor that needs consideration results from interactions of neutrons with oxygen in the
cooling water as it passes through the reactor corc. Any interaction with oxygen in the
atmosphere is relatively insignificant and is neglected in this analysis.

A portion of the '*N produced in the core is eventually released from the top of the reactor tank
into the reactor bay. The half:life of '*N is only 7.14 seconds, so its radiological consequences
outside the reactor bay are insignificant.

Although not expected, the cladding of a fuel element could fail during normal operations as a
result of corrosion or manufacturing defect. Should a failure occur, a fraction of the fission
products, essentially the noble gases and halogens, would be released to the reactor tank and, in
part, ullimately become airbome and released to the atmosphere via building ventilation. This
operational occurrence, taking place in air, is addressed in Chapter 13 as the design basis accident
for the TRIGA reactor. ‘ - R

Neutron interactions with structural and control materials, including cladding, as well as materials
irradiated for experimental purposes, result in the formation of activation products. These
products are in the nature of fixed sources and are mainly a source of occupational radiation

CCCCL L ateceaaeaettaeas &
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CHAPTER 11 APPENDIX A

exposure. Administrative controls preclude the significant formation of airbome activation
products, other than the aforementioned *!Ar. )

A.1.2 Radiological Standards

The concentration to dose rate (effective dose equivalent) conversion factor for submersion in an
- infinite atmosphere of *!Ar is as follows: 2.17 x 10" Sv k' per Bq m?, or 0.803 mrem/h per
pCi/ml (EPA 1993). For 2000 hours annual occupational exposure and 50 mSv maximum
permissible annual exposure, this translates to a derived air concentration of 1.15 x 10° Bqm™ or
3.1 x 10 uCi em™ (3 x 10 pCi em™ as specified in 10CFR20). For 8766 hours annual public
cxposure and 1 mSv maximum permissible annual exposure, this translates to a derived air
concentration of 526 Bq m™ or 1.4 x 10® uCi cm™ (1 x 10® uCi cm™ as specificd in 10CFR20).

A.13 XSU TRIGA Design Bases

General System Parameters

The calculations for ! Ar and "N releases during normal operations are based on the folloiving *
system parameters.

Table A.1, General System Parameters for Normal Operations at 500 k\Vt Full Power.

Parameter Symbol ~ Value

Reactor steady power L P 1,250,000 W
Core coolant mass flow rate" w 0.150 kg s*

Core coolant density p 1.0gcm®

Core avg. thermal neutron flux at full power (E ting)® ¢y, 2,05 x 10" n cm™s
Core avg. fast neutron flux at full power (E ring)° b 3.00 x 10" n ems?!
Thermal neutron flux in RSR at full power drse  9.00x 10¥ nem’s?
Total neutron flux per watt at fast (piercing) beam port 4250 ncms? (0.5 MeV avg)
Total neutron flux per watt at tangential beam port 1400 ncm™s? (0.1 MeVavg)
Fuel element heated length L 0381 m

Flow cross sectional area per fuel element® 4 62cm?

Mass flow rate per fuel element® m 108 g s

Reactor tank diameter =~ ° 1.98 m

Reactor tank depth . 625m

Reactor tank water depth above core 488m(16 ft)
Coolant volume in reactor tank Ve 192 x 10" cm’
Air volume in reactor bay (144,000 ft%) © Vi, 4.078x10°cm’
Air volume in rotary spccimen rack Vex  3.75x10'cm’
Ventilation rate for reactor bay (air changeshourly)! A, 0368 b

*See §4.6 of this report. 4

*See §5.8 of Operations Manual.

“See §13.2.2.2 of this report

9See letter B.C. Ryan (KSU) to Theodore Michaels (NRC) 15 Jan 99.
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RADIOLOGICAL IMPACT OF *'AR AND '*N DURING NORMAL OPERATIONS

Reactor Core Parameters

Modeling of the reactor core for radiation transport calculations is based on the following
_approximations. For purposes of radiation shielding calculations the TRIGA reactor core may be
approximated as a right circular cylinder 0.4572 m (18 in.) diameter (OD of F ring). The fuel
region is 0.381 m (15 in.) high. On each end axially is a graphite zone 0.0874 m (3.44 in.) bigh
and an aluminum grid plate 0.0191 m (0.75 in.) thick. cations, there ar el
elements, 3 standard control rods and 1 transient control rod, 1 void location, 1 central thimble
(void), 1 source (assume void), and 1 pneumatic transfer site (assume void). The fuel region may
be treated as 2 homogeneous zone, as may be the axial graphite zones and the grid plates.

Fuel elements are 1.43-in. (3.6 cm 3 1D and 1.47-in (3 .7 cmp) OD, clad with type 304 stainless
steel'. Fuel dcnsxt? xs 5996 k. m>, Fuel composition x%mnm, H,¢s. The
uranium i *U. Steel density is 7900 kg m rd control rods are
0.875-in. OD, the tmnsxc rod 1.25-in. OD. Both types of rods are clad with 30-mil thick
aluminum (2700 kg m> dcnsny) The control material may be approximated as pure graphite,
with density 1700 kg m?

In radiation transport calculations, the core is modeled conservatively as a central homogenous
fuel zone (air density neglected) bounded on either end by a homogeneous axial reflector zone,
and by a 0.75-in. thick aluminum grid plate, treated as 2 homogeneous solid. Densities of the
homogenous zones are as follow:

Fuel 3602kg m
Reflector 1147kg m
Grid Plate * 22700kgm*
Composition of the three zones, by weight fraction, are given in the following table.

Table A.2, Compositions of Homogenized Core Zones.

Element Mass Fraction Element Mass Fraction
Fuel Zone +Axial Reflector Zone
C 0.0617 C 0.7920
Al 0.0010 Al . 0.0033
H 0.0139 Mn 0.0041
Zr 0.7841 Cr 0.0368
Mn 0.0013 Ni 0.0164
Cr 0.0117 Fe 0.1474
Ni 0.0052 '
Fe 0.0469 Grid Plate
U 0.0741 Al 1.0000

! Composition, by weight, 2% Mn, 18% Cr, 8% Ni, balance Fe.
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CHAPTER 11 APPENDIX A

Reactor Bay Parameters

For purposes of radiation dose calculations within the reactor bay, the dimensions are
approximated as follows: )

The reactor bay is approximated as a right circular cylinder 36 ft (10.973 m) high and 36.68 ft
(11.18 m) radius. The reactor vessel structure is approximated as a right circular cylinder, co-
axial with the bay, 22 ft (6.706 m) high and 11 ft (3.3528 m) radius. The frce volume is 144,000
ft* (4078 m’). The site boundary, at its nearest approach to the reactor bay, is about 2 m beyond
the bay boundary, that is, at a radius of 13.13 m from the center of the reactor.

A.2 Radiological Assessment of 1A¥ Sources

A.2.1 Production of “*Ar from Beams

Operation with 2 fully open beam port is not & routine operational condition. Beam port
operations normally have shielding, collimation and beam stops that prevent a full beam from
penetrating the column defined by the beam port into air volume between the reactor and the
reactor bay wall. Operating experience with neutron radiography performed at 10 kW involves a
neutron flux of 2 x 107 cm™® s or less. We assume here that this is the flux density along the
beam port, which has a cross sectional area of 324 cm® (8-in diameter). In other words, in a
radiography operation S = 6.48 x 10° neutrons per second enter the atmosphere essentially in a
parallel beam. The microscopic cross section for thermal neutron absorption in “Ar is 0.66
barns, so the macroscopic cross section for thermal neutron absorption in “°Ar in air (0.0129
weight fraction) is p=1.54 x 107 em™. The maximum distance of travel of a neutron is from the
reactor tank wall to the exterior wall of the reactor bay, namely, about Ly = 1020 cm. The decay
constant for *'Ar is A, = 0.380 k" and the ventilation rate is A, = 0368 k™. The volume of the
reactor bay is V g = 4.08 x 10° cm®. Thus, the activity concentration of airborne *'Ar after
_ sustained operation with an open beam port at 10 kW is given by:

SA,(1-e")

- 0-4 <3
AR 127 x 10*Bq cm 1)

C(Bq/m’)=

or 3.42 x 10 pCi mL™! in conventional units. Operations at maximum power are not performed
for radiography, and radiography is not performed long enough to achieve equilibrium *'Ar.
. Therefore, scaling the calculation for sustained operations at 1,250 kW provides an extremely
conservative bound on *'Ar production. Scaling the 10 kW “'Ar production value-to 1,250 kW
“results in 4.28 x 107 pCi mL"' which is slightly above submersion DAC for occupational
exposure; however, conditions for the source term are related 1o a very unusual set of conditions .
(open beam port with no shiclding) that are not continuous in two respects. Shielding for
radiography external to the bema port limits the beam to less than % of the analyzed volume.
Radiography configuration is implemented only for radiography operations, a small fraction of all
operations. Typically radiography occurs less than 1 day per month. Radiography opcrations are
inherently discontinuous as the purpose of individual opcrations are met when the ‘image is
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RADIOLOGICAL IMPACT OF 'AR AND "N DURING NORMAL OPERATIONS

obtained. Typically a day of radiography operations involves less than 4 hours of operation at full
power. These conservatisms assure DAC and effluent limits are met with no further
consideration. .

A.2.2 Production of "'Ar in Rotary Specimen Rack

The air volume in the rotary specimen rack does not freely exchange with the air in the reactor

bay; there is no motive force for circulation and the rotary specimen rack opening is routincly .

covered durmg operation. If the rotary spccxmcn rack were to flood, water would force the air
‘'volume in the RSR into the reactor bay. The air volume of the rotary specimen rack (RSR) is
approximately? Fpsp = 3.75 x lO‘ em® (HSR p. 28) and the thérmal neutron flux density in the
RSR is ¢a= 9.0 x 10u 25 at 1,250 kW thermal power. . Afier sustained operation at full
power, the cquilibrium *'Ar acuvxty (Bq) in the RSR volume is given by .

Ay = H* §*Vyg = 52x10° ‘ 2

or, 1 .4 Ciin conventional units. If this activity were flushed in to the reactor-bay atmosphere as a
result of a water leak into the RSR, the initial activity concentration would be 4,/V3,, = 3.5 x 10*
pnCi mL' This would instantancously be well above even the occupahonal DAC for “Ar.
However, with radioactive decay and ventilation, the concentration would decline in time
according to -

A=A ey, 06)

If a worker weré exposed to the full course of the decay, cumulative concentration (uCi h mL™)
in the reactor bay would be

l *o Ag -4 o
—* |dt* A(f) = ——"——=1.6x10"" yCi h ml @
Vioy ! ( Vhy.(’lr'!'l') ) )

The value 1.6 10% pCi s mL", or 4.4x 101 pCi h mL", is well below the 3 x 10° pCi
h mL™ annual limit of 2000 DAC hours specified in 10CFR20/EPA-~520/1-88-020.

A.2.3 Production of *!Ar from Coolant Water

The reactor tank water surface is open to the reactor bay. Radioactive “!Ar is circulated in the
pool by convecuan hcalmg, and freely exchanges with the reactor bay atmosphere durmg normal
opcrnuon. The *'Ar activity in the reactor tank water results from irradiation of the air dissolved
in the water. The following calculations evaluate the rate at which **Ar escapes from the water
mto the reactor bay. The following variables plus those in Table A.1 are used in the calculations
of “'Ar concentrations in the core region, in the reactor tank outside the core, and in the reactor
bay air.

2 Approximated as a section of a cylindrical annulus, with 28-in. OD, 24-in. ID, and 14-in. height.
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CHAPTER 11 APPENDIX A

Vewe=  volume of core region (chcmcnts) =M< AxL m)

Cio = “Aratomic density (cm™) in coolant

o = microscopic cross section (cm?)

p = density(10gem®)

v = volumetric flow rate through core (cm® s)

1 = residence time for coolant in core at full power (s)

T = out-of-core cycle time for coolant.

Although {iBiclcments are assumed for thermal hydraulic analysis, the actual core water to non-
water ratio 1s 33%; thercfore, the active region of the core contains 5160 cm’® of water, The
saturated concentrations of argon in water at the coolant inlet temperature of 27°C  is
approximately 6.1 x 10°° g per em® of water (Dorsey 1940). If it is assumed that air is saturated
with water vapor above the water tank (27 mm Hg vapor pressurc at 27°C) and that the mole
fraction of argon in dry air is 0.0094, the partial pressurc of argon in air above the tank is
0.0094(760 - 27) = 6.9 mm Hg. By Henry’s law, the concentration in water at the inlet
temperature is 6.1 x 10 x 6.9/760 = 5.5 x 107 g cm™ (C,o = 8.3 x 10" atoms cm™).

The number of atoms per second of *'Ar produced in the core is Cyp X Vegre X O = 2.25 x 10°,
Activity is calculated as the product of the isotope concentration and the mean lifetime. If it were
assumed that all atoms escape to the containment volume, the steady-state activity concentrations
in the reactor bay atmosphere would be: ’

Y, 040 él’l z't

40 ° core

Bg,, = Viay (gt 1)

)

Table A.2, Variables in Ar®’ Calculations

Variable Units Basis
Cyp =83 107 cm?. | Calculated above
V oore = 5160 cm’ 33% of core volume
G4 = .66 10 cm? Cross section
$, =.205.10" em?s? | Table A.
A, :=.000106 5! Radiological decay constant
Vba.\- = 4077625909 10" cm’ 144,000 cu ft
A,=.000102 | g1 | Bayeffluent flow constant

The equilibrium “'Ar concentration during full power steady stite operation at 1,250 kW in the
reactor bay would be 0.072Bq cm™ (1.9 x 10 puCi mL™) without ventilation and 0.027 Bq cm™
(7.2 x 107 uCi mL™) with ventilation.
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RADIOLOGICAL IMPACT OF /AR AND N DURING NORMAL OPERATIONS

Environmental Protection Agency, Federal Guidance Report No. 11 (EPA FG 11 — Limiting
Values of Radionuclide Intake and Air Concentration and Dose Conversion Factors for
Inhalation, Submersion, and Ingesuon) lists the DAC for *'Ar as (Table 1.b) 3X10° RCi/ml, or 3
pCi/ml. Therefore, equilibrium *'Ar concentration dunng full power, steady state opcration at
1,250 kW is less th:m DAC and there are no restrictions on activities in the reactor bay imposed
by the normal Ar* producuon mode,

Even with the extremely conservative approximation of 100% release of 'Ar to the atmosphere,
the estimated steady state concentration, under ventilation, is less than the DAC.

A24 Maximum Impact of *Ar Outside the Operations Bouxidnry

Although therc are three modes of “'Ar production, only the release of radioactive argon
dissolved in water occurs routinely. The *'Ar produced in the reactor bay during normal
operations is relcased to the almosphcrc viaan exhaust fan at approximately height /= 11 meters
above gradc. The flow rate is 4.17 x 10° cm® s (884 cfim). At the steady statc concentration
computed in the previous sccnon, the release ratc would be 0 = 1.29 uCi s’. The maximum
downwind concentration (pCl cm™), at grade, may be computcd using the Sutton formula (Slade
1968):

20 C,
T e:mh’C

(6)

in which # is the mean wind speed (m s™), e = 2.718, and C, and C; are diffusion parameters in
the crosswind and vertical directions respectively. The maximum concentration downwind
occurs at distance d (m) given by

2
d=(h/C)", Q)]
in which the parameter n is associated with the wind stability condition. In this calculation, we
adopt the values of n and C; use in the McClellan AFB SAR. Mean wind speeds, by slabxlxty
class are inferred from the data in Chapter 2. Calculations are shown in Table 2.3

Table A3, Atmospheric Dispersion Calculations.

Pasquill

stability u(ms n Gy (m™) G (m™) m) Caox(pCicm"
la:-l- ( I) . w2 ( a2 d ( ) (p . ))
Class

Extremely R

unstable (A) 1.6 0.2 031 031 53 0.003903
Slightly

unstable (C) 4,0 . 0.25 0.15 0.15 135 0.001560
Slightly . - - . ) :
stable (E) 3> 033 4c, 0.075 393 0.000445
Extremely . .

stable (G) 0.77 0.5 8C, 0.035 2140 0.001013
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CHAPTER 11 APPENDIX A

The dose conversion factor provided by EPA FG 11 for *'Ar (Tablc 2.3) is 2.17 X 10 Sv/hr per
Bg/m’, or (using the provided conversion factor of 3.7 X 10) 8.03 X 10° mrem/hr per pCi/em®,
8.03 X 10" mrem/hr per pCifem’. Using the highest maximum concentration of Table A3
(0.003903 pCi cm™) at steady state full power operation for a full year (8760 hours) with
observed frequency of class A stability (see Appendix 2.C) would result in a dose less than 1
mrem/year. Frequency of occurrence and the concentration at the maximum dose will occur froni
class C conditions, with a maximum annual dose of 1.7 mrem. The maximum concentration at
the highest frequency (class G) is 0.001013 pCi cm®, with a dose of 3.8 mrem.

The assumed 24-7 operating history is not feasible for the KSU reactor, which has an
average operaling time for two decades of about 8 hours/weck. Additionally, a full power,
continuous operation would require a significant quantity of new fucl.

Note that over the full range of conditions examined in Table 2.3, the peak downwind
concentration is substantially below the DAC of 3 pCi cm? established in 10CFR20 Appendix B,
_ and Jess than the permissible effluent concentration of 1 X 10® pCi/em’ for all meteorological
conditions except the set of conditions with the lowest frequency of occurrence; for that stability
classification, the instantaneous effluent concentration is slightly higher than the DAC. -

A.2.5 Radiological Assessment of N Sources

Nitrogen-16 is generated by the reaction of fast neutrons with oxygen and the only significant
source results from reactions with oxygen in the liquid coolant of the reactor. The nuclide has a
half-life of 7.13 s (decay constant 455 = 0.0972 st=350 1) and emits, predominantly, 6.13-MeV
gamma rays. According to the McClellan AFB SAR, the cffective cross section for the

O(n,p)"*N reaction, averaged over the fast-neutron energy spectrum in the TRIGA or over the
fission-neutron spectrum is o,, = 2.1 x 10%cm’.

The atomic density Cy (cm™) of the nuclide as it leaves the reactor core is given in terms of the
oxygen density in water, Co= 3.34 x 102, a3 )
O . : .
_____¢J o Onp *(l-e'“) ©®)
A

where time in the core is represented by £. Fast-neutron flux varies lincarly with reactor power.
Time in core is a function of convection flow rate, a function of reactor power (see Chapter 4).
As power increases, the rate of production increase from increascd neutron flux is mitigated by a
reduced time in the core from the increase in core cooling flow rate.

Cy

As the warmed coolant leaves the core, it passes through 1.5-in diameter (4, =114 cm?)
channels in the upper grid plate, but the triflute upper end fixture of the fuel element restricts the
flow. This leaves a flow area for each element of:

Az A, *[1- (%) *5in30° "‘cosBD'] = 669cm* - ©)

K-State Reactor TT11AS Original (12/09)
Safety Analysis Report



RADIOLOGICAL IMPACT OF 'AR AND *N DURING NORMAL OPERATIONS

. Operation at power requires primary cooling; primary cooling enters the pool through a flow
diverter approximately 2 feet (61 cm) above the core exit, 14 feet (427 cm) below the pool
surface. Core exit is at 16 feet (488 cm) below the pool surface. The flow diverter induces mixing
‘and avoids the direct rise from the core to the pool surface (which could otherwise occur through
a chimney effect from core heating). A rough estimate of hydraulic diameter of the core exit
(based on total flow area) is about 13 em; calculations show the contributions to total dose rates at

the pool surface are ncgligible at 160-200 cm below the surface of the pool, 22-25 times the -

hydraulic diameter of the exit into the pool. Exit flows are a small fraction of mixing flow, and
under these conditions it is considered adequate to use a nuchdc concentration reduced by the
ratio of the total core exit surface area (approxlmately 555 cm? for 83 clements) and the pool
(with a total surface area of approximately 30900 cm?); mixing reduces the concentration of *N
from the core exit by 0.018. Therefore, concentration of the radionuclide used in calculation is
reduced from core exit by dilution.

Because of the short ¥ life, the concentration of "N is also reduced by decay during transit.
Since it is difficult to characterize flow velocity ficld from core exit to total mixing, flow rate
from the core to the surface is conservatively assumed as core exit flow rate for dose rate
calculations.

Dose rate calculations were modeled as a set of disk sources, cach disk containing the appropriate
volume source term multiplied times the difference between the disk locations. The appropriate
volume source strength for cach disk source calculation was modified by exponential decay of

SN, with the time element calculated from core exit surface area, flow rate, and distance form the
core exit. Does rate calculations were based on the two major emissions, 6.13 MeV (69%) and
7.11 MeV (5%). Total dose rate at each disk (wbcrcx is the distance form the disk to the pool
surface) was therefore calculated as:

»

D= Z;[k(E) * 1; *S,Ad £ 4i* (E,(p,x)-:(E,(y,x* sece)] (10)
Where:
-1
. KE)——R*E

MeV*cm™ * 571

e S,=85, (ﬂow)‘cx;{"ﬂ.* X* Atree (sce Chapter 4 for coolant flow ratc)
tiyo® Pn,o

o A, Taylor buildup factor
e 1, dinear attenuation coefficient,modified byTaylor buildup factor a,

‘ x
o @ =arctan —
M{Rw]
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CHAPTER 11 APPENDIX A

Parametric’ variation on the distance between the disk sources showed little improvement in
convergence for separations smaller than 2 cm, and essentially no improvement below 1 cm;
therefore ¥: cm was used for final calculations. Locations of interest for dose calculations include
30 cm (1 ft) above the pool surface (i.e., pool surface monitor), waist high (approximately 130
cm/51 in. above the pool, 100 cm/39 in. above the bridge), and at the ceiling over the pool.(549
cm/18 fi above the pool). :

Table A.4, Dosc Rate (mR h™) Above Pool

KW 30cm 130em 549 cm
50 0.5 02 0.0
100 35 1.1 13
200 158 4.7 0.5
300 35.7 10.5 12
400 60.0 17.5 19
500 872 253 . 28
750 1663 417 52 .

1000 2553 72.8 7.9

1250 347.9 98.8 10.6

Only a small proportion of the '*N atoms present near the tank surface arc actually transferred to
the air of the reactor bay. Upon its formation, the "N rccoil atom has various degrees of
ionization. According to Mittl and Theys (1961) practically all '*N combines with oxygen and
hydrogen atoms in high purity water, and most combines in an anion form, which has a tendency
1o remain in the water. In this consideration, and in consideration of the very short half life of the
nuclide, the occupational consequences of any airborne '®N are deemed negligible in comparison
to consequences from the shine from the reactor tank. Similarly, off-sitc radiological
consequences from airbomne **N are deemed negligible in comparison 1o those of *!Ar.
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12. CONDUCT OF OPERATIONS

This chapter describes the conduct of operations at the KSU TRIGA Mark 1I Nuclear Reactor
Facility. The conduct of operations involves the administrative aspects of facility operations, the
facility emergency plan, the physical security plan, and the requalification plan. This chapter of
the Safety Analysis Report forms the basis of Section 6 of the Technical Specifications (Chapter
14).

12.1 Organization

The operating Jicense R-88, Docket 50-188, for the reactor is héld by Kansas State University.
Kansas State University is a land-grant institution governed by a Board of chcnts {appointed by
the Governor of the State). The Chicf Executive Officer of the university is the President. The
organizational structure (as shown in Fig. 12.1) identifies the President (a representative of the
State of Kansas via the Board of Regents) as the licensee for the KSU Nuclear Reactor Facility.

A University Provost administers academic instruction and research for the University.
Individual colleges manage these functions, with the College of Engineering responsible for the
Department of Mechanical and Nuclear Engincering. The Department of Mechanical and
Nuclear Engincering is directly rcspons:blc for management of the reactor.

The Decpartment of Nuclear Engmcenng appoints a Nuclear Reactor Facility Manager
(unclassified appointment, equivalent to a faculty appointment) for direct management of the
reactor.  The Nuclear Reactor Facility Manager delegates a Reactor Supervisor with the
responsibility for direct supervision and coordination of daily operations (the Nuclear Reactor
Facility Manager may hold these functions). The Nuclear Reactor Facility Manager and the
Reactor Supervisor hold Senior Reactor Operator licenses issued by the USNRC. Additional
licensed Reactor Opcrators (or Senior Reactor Operators) perform opcmuons and mamtenance
functions under supervision of the Reactor Supervisor.

The Vice President for Administration and Finance is responsible for safety at the university.
Kansas State University provides management and independent environment, safety and health
oversight functions for the University, implemented though the Division of Public Safety, Safety
functions arc administered by two sections of the Division of Public Safety: the University Police
Department and the Department of Environmental Health and Safety.

The University Police Department is responsible for law enforcement functions and institutional
physical security. The University Police Department provides support for response to events,
University Police Department is the primary interface for external agencies during fesponse to
events at the reactor facility.

The Dcpartment of Environmental Health is responsible for compliance issues related to
environment, safety and health. To meet these requircments, the Division maintains a Radiation
Safety Officer, Occupational Safety Manager, Hazardous Material Manager, and (fire) Safety and
Security Officer. A partial listing of germane Department of Public Safety management functions
include (but are not limited to):

S rre r oror
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CONDUCT OF OPERATIONS

o Environmental management (air, water, & waste)
o Ionizing & non-ionizing radiation

» Sanitation and water quality

» Fire prevention and emergency equipment

o Accident prevention and investigation

e Occupational safety and health

o Industrial hygiene and toxicology

« Indoor air quality

s Asbestos & PCB's (TSCA)

» Laboratory safcty & chemical hygiene

A Reactor Safeguards Committee (composed of members of the Mechanical and Nuclear
Engineering Department and other K-State faculty appointed by the President, the MNE chair, the
University Radiation Safety Officer, and the Reactor Superwsor) performs the review and audit
of nuclear opcratlons for the President. The committee mcets at frequencics specified in
Technical Specifications. The Committee reports to the President, but also advises the Nuclear
Reactor Facility Manager and the Hcad of the Department of Mechanical and Nuclear
Engineering, )

Responsibility for facility operations therefore cxtends from the government of the State of Kansas through
the Board of Regents, the President of Kansas State University, the Provost of Kansas State University, the
Dean of the college of Engincering, to the operating unit (Department of Mechanical and Nuclear
Engineering) and the reactor staff, including the Nuclear Reactor Facility Manager, the Reactor Supervisor
and Reactor Operators. .

Ls

_ 12.1.1 Structure

" As indicated on Figure 12.1, Organization structure for the KSU TRIGA Mark 1l Nuclear Reactor
Facihry. the K-State President is the licensee for the KSU Nuclear Reactor Facility. The reactor
is under the direct control of the Nuclear Reactor Facility Manager, who reports lhrough the
academic administrative structure to the President.

Environmcnt, safety and health oversight and expertise is provided through the Vice Presidcnt for
Administration and Finance, independent of fatility line management. In addition to the reactor
license, Kansas State University administers a broad radioactive material license. The Radiation
Safety Officer is the University broad licensee, and manages radioactive material (i.e., byproduct
and non-reactor special nuclear material) inventory and the University radxatxon safety program
for jonizing radiation.’

A University Radiation Safety Committee (reporting to the Vice President for Administration and
Finance) maintains oversight and control of radiation protection functions for the University. .°
Radiological controls for possession and use of radioactive materials at K-State in the University
Radiation Protection Program are prepared and distributed by the University Radiation Safety
Committee. The University Radiation Safety Committee has authorized the Nuclear Reactor
Facility Manager to possess and transfer radioactive material under the State broad license,-
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President
Kansas State
University
Vice President for Provost
Administralion ~ Chief Academic
and Finance Officer
Director Dean
Division of Public Safety College of Engineering
| I | I
University Department of Head, Department of
Police Environmental Mechanical & Nuclear
Department Health and Safety Engineering
N [
University . Manager, KSU
Radiation Safety Nuclear Reactor
Officer , Facility
| .
Reactor
Supervisor
Reactor Saleguards
Committee Reactor
Operators

Figure 12.1: Organization and Management Structure for the K-State Reactor

University requirements and 10CFR requirements are combined in a comprehensive Reactor
Radiation Protection Program. In accordance with the Reactor Radiation Protection Program,
the reactor staff fulfills most routine radiation protection functions at the X-State reactor, with
review and oversight by the Radiation Safety Officer. The Radiation Safety Officer manages the
radiation worker exposure monitoring system (and distribution of related records), as well as
radioactive material inventory control.
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CONDUCT OF OPERATIONS

12.1.2 Responsibility

A description of responsibilitics is provided in three categories. Responsibility for safe operation
of the reactor is described in Section 1. Independent environment, safety and health compllancc
and oversight is described in Section 1I.  Advisory and oversight commmecs are described in
SectionIIL. _ .

a. Reactor Operations Line Management
President:

As chicf executive officer for the University, the President is responsible for safe
operation of the reactor, protection of the health and safety of the public, and protection
of the environment. The line of authority and responsibility for reactor operations
extends through the Provost and Déan of Engineering to the Head of the Department of
Mechanical and Nuclear E _Engineering.  Environment, safety and health compliance
- management and independent oversight functions.are distributed through the Vice

President of Administrafion and Finance to the Manager of the Division of Pubhc
Safetv, Départment of Environmental Safetv and Health.

Head of the Dcpartnicnt of Mechanical and Nuclear Engincering

The Dcpartment Head is the appointment authority for the Nuclear Reactor Facility
Manager, Reactor Supervisor, and all Reactor Operators and Senior Reactor Operators.
" The Department Head is responsible for providing resources required for safe operations
of the reactor facilitics. The Department Head is the Chair of the Reactor Safeguards
Comumittee, which reports to the President, and which is responsible for approval of all
plans and procedures for reactor operations and for audit of reactor operations and record

keeping.
Nuclear Reactor Facility Manager

The Nuclear Reactor Facility Manager, who may also serve as Reactor Supervisor, is
directly responsible to the Head of the Department of Mechanical and Niiclear
Engineering for all aspects of facility operation. The Manager may hold academic and
research responsibilitics beyond those associated with the Reactor Facility. The Nuclear
Reactor Facility Manager is authorized to delegate responsibility for operation and use of
the reactor to the Reactor Supervisor.

Reactor Supervisor

The Reactor Supcrvisor has such duties, in regard to the operation of the reactor, as may
be delegated by the Nuclear Reactor Facility Manager but whose nominal duties include

reactor scheduling, Tesponsibility for all fecords with régard 10 reactor operation as are

. required by appropriate federal licenses and regulations, laws and regulations of the State
of Kansas and regulations of Kansas State University including the Kansas State
University TRIGA MARK 11 Reactor Operations Manual.
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CONDUCT OF OPERATIONS

b.

The Reactor Supervisor is responsible for assuring that the reactor is operated only while
a properly qualified and licensed Reactor Operator is present. The Reactor Supervisor is
responsible for maintenance of a Reactor Operations Manual, the manual to include
prescribed operating procedures for all routine modes of operation of the reactor,
procedures for loading and unloading, start-up procedures, maintenance schedule, testing
procedures, operational references, and other appropriate information as determined by
the Reactor Supervisor and the Nuclear Reactor Facility Manager. The Reactor
Supervisor is responsible for determining that the reactor is operated in strict accordance
with the Operations Manual and the Facility License.

Reactor Operator

Operators (Reactor Operators and Senior Reactor Operators) report directly to the
Reactor Supervisor and/or the Nuclear Reactor Facility Manager. Operators are
responsible for knowing the status and condition of the facility, and ensuring that both
personnel within the facility and the general public are protected from exposure to
radiation consistent with approvcd policics and procedures. Operators are responsible for
operation of the reactor in accordance with Technical Specifications, operating
procedures sand experiment procedures.

Operators arc responsible for ensuring only authorized personnel (trainees for senior
operator and operator positions, as well as students enrolled in academic courses making
use of the reactor, as permitted by 10CFR55) manipulate controls under the direction of a
Jicensed reactor operator or scnior operator. Operation includes start-up, shutdown,
routine instrumentation and control checkout, record keeping, routine maintenance and
such other duties as may be described in the Operations Manual and/r as directed by the
Reactor Supervisor.

During fuel movement, a reactor operator must be at the reactor operating console, and a
senior operator inside the reactor bay directing fucl operations.

Environment, Safcty, and Health Staff

Vice President for Administration and Finance

The Vice President for Administration and Finance is responsible for safety at the

university. Kansas State University provides management and independent environment,
safety and health oversight functions for the University. This responsibility is
implemented though the Department of Environmental Safety and Health, Division of
Public Safety. Safety functions are administered by two sections of the Division of
Public Safety, the University Police Department and the Department of Environmental
Health and Safety.

University Police Department
The -University Police Dcpartmcnt is responsible for Jaw enforcement functions and

institutional physical sccunty The University Police Department is the pnmary
interface for external agencies during response to events at the reactor facility.

( C C (. C(—C(-C
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CONDUCT OF OPERATIONS

. Manager, Department of Environmental Health and Safety

The Department of Environmental Health and Safety is responsible for compliance issues
related to environment, safety and health. To meet these requircments, the Department
has positions for a Radiation Safety Officer, Occupational Safety Manager, Hazardous
.Material Manager, and Safety and Security Officer. A partial listing of germane
Dcpartment of Public Safety management functions include (but are not limited to):

. Environmental management (air, water, & waste) ]
. Ionizing & non-jonizing radiation
. Sanitation and water quality
. Fire prevention and emergency equipment
‘e Accident prevention and investigation
. Occupational safety and health
. Industrial hygiene and toxicology
. Indoor air quality

. Asbestos & PCB's (TSCA)
. Laboratory safety & chemical hygiene

Radiation Safcty Officer

The Radiation Safety Officer reports to the Manager of the Dcpartmcnt of Environmental
Health and Safety. The Radiation Safety Officer, or an authorized representative, shall be
available (upon due notice) for advice and consultation regarding radiation surveys and
radiation safety in connection with isotope production and radiation streaming problems
as might arise in connection with reactor operation or experimentation. The Radiation
Safety Officer is ex officio a member of the Kansas State University Radiation Safety
Committee. The Radiation Safety Officer serves ex oﬁicio as a member of the Reactor
Safeguards Committee,- with any action (i.c., conccmmg potential radiation exposure or
glc};oacnvc emucnts) of the Committee requiring approval of thc Radiation Safety
icer. -

c. Principal Advisory and Oversight Committces
Reactor Safcguards Committee

The Reactor Safeguards Committee is composed of members appointed by the President
of the university, upon the recommendation of the Chairman of the Committec, and ex-
officio for specific positions. Composition and membership qualifications of the
Committec are explicitly stated in Technical Specifications. The Reactor Safeguards
Committee is responsible for approval of all plans and procedures for reactor opcrauons
and for audit of rcactor operations and record kccpmg :
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University Radiation Safety Committce

The University Radiation Safety Committec is an advisory committee for the Vice
President for Administration and Finance and the Radiation safety Officer. Under
authority of the Vice President of Administration and Finance, the Radiation Safety
Committee authorizes conditions for use of radioactive material at K-State, and
authorizes users (by name) to acquire and posses radioactive materials. The Reactor
Radiation Protection Program incorporates requirements of the Radiation Safety
Committee.

12.1.3 Staffing

Whenever the reactor is not sccurcd the reactor shall be under the direction of a (USNRC
licensed) Senior Opcmtor who is designated as Reactor Supcrvnsor The Supcmsor shall be on
call, within twenty minutes travel time to the facility, and cognizant of reactor operations.

Whenever the reactor is not secured, a (USNRC licensed) Reactor Operator (or Senior Reactor
Operator) who meets requirements of the Operator Requalification Program shall be at the reactor
control console, and directly responsible for control manipulations. A call list of Reactor Facility
Personnel, management, and radiation safety personnel shall be available in the reactor control
room for use by the Reactor Operator at the controls.

During fuel movement, a reactor operator shall be at the reactor operating console, and a senior
opcrntor inside the reactor bay dxrccung fuel operations.

Only the Reactor Opcmtor at the controls or personnel authorized by, and under direct
supervision of, the Reactor Operator at the controls shall manipulate the controls. Whenever the
reactor is not secured, operation of equipment that has the potential to affect reactivity or power
level shall be manipulated only with the knowledge and consent of the Reactor Operator at the
controls. The Reactor Operator at the cortrols may authorize persons to manipulate reactivity
controls who are training either as (1) a student enrolled in academic course making use of the
reactor, (2) to qualify for an operator license, or (3) in accordance the approved Reactor Opcmtor
requalification program.

12.1.4 Selection and Training of Personnel

The KSU Reactor Facility maintains a training and selection_program to prepare trainees for
examination by the Nuclear Regulatory Commission in pursuit of operator or senior operator
permits. Medical qualification for operator license program is described in Section 12.10.

Access is permitted to the reactor bay for personnel qualified for uncscorted access or under the
direct supervision of personnel qunliﬁed for unescorted access. Unescorted access qualification
is granted after training and examination in knowlcdgc and skills necessary to control personnel
exposure to radiation associated with the operation’ of the KSU nuclear reactor.  Training
includes familiarization with salient sections of 10 CFR 19 Notices, Instructions and Reports to
Workers, and Investigations, 10 CFR 20 Standards for Protection Against Radiation, the KSU
Radiological Protection Program, and the KSU Reactor Emergency Plan. The KSU Radiological
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CONDUCT OF OPERATIONS

Protection Program requires specific instruction in the risks of occupational exposure, the sisks of
prenatal exposure, provisos of 10CFR19 and 10CFR20, and a tour of the reactor facility.

12.1.5 Radiation Safety

“The Radiation Protection Program for the Kansas State University TRIGA Mk 11 Nuclear Reactor
Facility was prepared in response to the requircments of Title 10, Part 20.1101 (Code of Federal
Regulations, 10CFR20). The ‘Radiation Protection Program was developed following the
guidance of the American National Standard Radiation Protection at Research Reaclor Facilities

_ and Regulatory Guides issued by the NRC. The Program also deals with radioactive materials

rcgu]atcd by the State of Kansas (an Agreement state) under license 38-C011-01. The goal of the

Program is the limitation of radiation exposures and radioactivity releases to a Jevel that is as low
as reasonably achievable without seriously restricting operation of the Facility for purposes of
education and research. The Program is executed in coordination with the Kansas State
University Departirient of Environmental Safety and Health, Division of Public Safety, Radiation
Safety Office. The program was been reviewed and approved by the Reactor Safeguards
Committee for the Reactor Facility; the University Radiation Safcty Committee has

independently reviewed the program.

The reactor staff fulfills most of the functions described in the program. The Radiation Safety
Officer maintains oversight of the facility by direct observation and review of specific activitics,
and by acting as a member of the Reactor Safeguards Committee and the University Radiation
Safety Committee. Radiation Safety Officer approval is rcquired for Reactor Safeguards
Committec approval of any item under review. The Radiation Safety Officer is empowered to
stop, in the interest of safety, any experiment involving radiation on the K-State campus. All
campus radioactive materials users are required to eliminate any known unsafe practice or report
thc issue to the Radiation Safety Officer.

The details of the radiation safety program are described in Chapter 11,

12.2 Review and Audit Activities

Review and audit activities arc oversight actions essential to the safe operation of the facility and
the protection of the health and safety of the public. The Technical Specifications, Emergency
Plan, Radiation Protection Program and the Reactor Administrative Plan require a set of internal
surveillances, reviews and audits conducted by the reactor staff’ and Nuclear Reactor Facility
Manager, culminating in a semi-annual management audit of operations.

The Reactor Safeguards Committee holds oversight mp’onsibility and authority. Oversight of the
Manager’s performance and review of managerial audits is the responsibility of the Safcguards
Committee, evaludted formally at pcnodxc intervals. In addition to periodic, scheduled reviews,
the Reactor Safeguards Committee is available to conduct reviews on request. Review and
approval of administrative controls, such as programs plans and procedures, is performed by the -
Reactor Safeguards Committee prior to implementation.

The Radiation .Safety’ Officer conducts periodic laboratory safety audits, and participates in
radiation survcillances on a periodic basis to review facility staff conduct of radiation surveys.
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12.2.1 Reactor Safeguards Committee Composition and Qualificitions

With the exception of ex-officio members, Reactor Safeguards Committee members are appointed
by the President of the University, upon the recommendation of the Chairman of the Committee.
Composition and membership qualifications of the Committee (as specified in the proposed
Technical Specifications) provide éxpertise to evaluate reactor management, plant facilities,
experimental programs, operating and experiment procedures, and radiological hazards.

The Head of the Department of Mechanical and Nuclear Engineering is the Committee Chair, and
has the authority and responsibility to allocate resources that ensure safe reactor operations. The
University Radiation Safety"Officer is also an ex officio member of the Committee, with veto
power over permissive Committee decisions. The Nuclear Reactor Facility Manager is also an ex
officio member, non-voting, of the Committee. These ex officio Committee members (or

designated alternates) are required to attend all mectings where permissive Committee decisions

are made.

At least one Committec member shall be a Mechanical and Nuclear Enginecring faculty member
with expertise in reactor physics, nuclear engineering or nuclear science. At Ieast one Committee
member shall have expertise in chemistry, geology, or chemical engineering. At least one
Committee member shall have expertise in the biological effects of radiation. One individual
may have and represent expertise in more than one area, but the Committee shall consist of at
least seven members.

a. Charter and Rules

The Committee is required to meet semi-annually, asa’ minimum. Specific review and audit
activities are prescribed for these mectings, described in Sections 12.2.3 and 12.24. The
Chair of the Committee or his designee may call additional meetings. At the discretion of
the Chair or his designee, the Committee may be polled in lieu of a meeting; such a poll
shall constitute Committee action subject to the same requirements as for an actual meeting.

Any pemmissive action of the Committee requires affirmative vote of the University
Radiation Safety Officer as well as a majority vote of the members present. A quorum
consists of not less than a majority ot‘ the full Commmcc, .including ex officio voting
members.

Minutes of meetings of the Reactor Safeguards Committee are distributed to the Dean of
Engineering, the Provost, and the President of the University. Recorded affirmative votes on
proposed new or revised experiments or procedures shall indicate that the Committee
determines that proposed actions do not involve unreviewed safety questions, changes in the
facility as designed, or changes in Technical Specifications, and could be taken without
endangering the health and safety of workers or the public or constxtutmg a sipgnificant
hazard to the mtegnty of the reactor core.

b. Review Function

The responsibilities of the Reactor Safeguards Committee shall include but are not -
limited to the following:
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CONDUCT OF OPERATIONS

Review of proposed new or revised experiments.
Review of proposed new or revised procedures.

Review of proposed modifications of the reactor, the reactor bay, or the reactor control
room.

Determination of whether jtems 1 through 3 involve unreviewed safety questions,
changes in the facility as designed, or changes in Technical Specifications. The Nuclear
Reactor Facility Manager miay make this determination in the form of verifying an
evaluation/determination.

Review of proposed revisions to Technical Specifications
Review of proposed changes .tojtlie Safety Analysis Report

Review and approval of audits of the Radiation Protection Program, the Physical Sccurity
Plan, and the Emergency Plan performed by the Nuclear Reactor Facility Manager.

Review of all operating anomalies and equipment failures.

Review of all reportable events, '

Review of results of NRC inspections.

Review of critiques 6f emergency exercises.

Requalification of the Nuclear Reactor Facility Manager or Reactor Supervisor.!

c. Audit Function

The Reactor Safeguards Committee shall audit reactor operations and health physics
during semi-annual inspections. The inspections shall include but are not limited to the
following:

Inspection of reactor operating records

Inspection of maintenance activity records

Inspection of health physics records.

Review of the effectiveness of training and réqualiﬁcation'nctivitics.
Review of radiological surveillance records

Inspection of the reactor facility.

12.3 Procedures

" Written procedures shall be prepared and approved prior fo initiating any of the activities listedin

this section. The Nuclear Reactor Facility Manager and the Reactor Safeguards Committee shall

11t is the responsibility of the Safeguards Committee to reach a decision on the tequaliﬁca.tion ofthe ~
licensed person administering examinations to other operators and senior operators.
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approve the procedures. Under conditions specified by the Reactor Safeguards Committee, the
Nuclear Reactor Facility Manager may make changes in procedures or experiments subject to

validation by the Reactor Safeguards Committee. A periodic review of procedures will be

performed and documented in a timely manner to assure they are current. Procedures shall be
adequate to assure the safe operation of the reactor, but will not preclude the use of independent
judgment and action, should the situation require. The following are actions that will typically
require reviewed written procedures.

12.3.1 Reactor Operations

1. Startup, operation, and shutdown of the reactor

2. Fuel loading, unloading, and movement within the reactor.

3. Control rod removal or replacement.

4. Routine maintenance, testing, and calibration of control rod drives and other systems
that could have an effect on reactor safety.

5. Administrative controls for operations, maintenance, conduct of experiments, and

conduct of tours of the Reactor Facility.
6. Implementing procedures for the Emergency Plan or Physical Security Plan.

12.3.2 Health Physics

1. . ..Testing and calibration of area radiation monitors, facility air monitors, and fixed and
portable radiological surveillance instruments.

Conduct of radiological surveillance measurements.

3. Release of contaminated materials to the University Radiation Safety Office.
4. Accountability for special nuclear materials.

12.4 Required Actions

Two categories of required actions are addressed, violations of facility safety limits and
reportable events.

4

12.4.1 Violation of Facility Safety Limit
In the event that a Safety Limit is not met,

a. The reactor shall be shutdown; and reactor operations secured.
b. The Reactor Supervisor and Nuclear Reactor Facility Manager shall be notified.

K-State Reactor 12-11 Original (12/04)
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CONDUCT OF OPERATIONS

c. ‘The safety limit violation shall be reported to the Nuclear Regulatory Commission
within 24 hours by telephone, confirmed via written statement by email, fax or
telegraph

d. A safety limit violation report shall be prepared within 14 days of the event to
describe:

(1) Applicable circumstances Ieading to the violation including (where known) cause
and contributing factors

(2) Effect of the violation on reactor facility components, systcms, and structures

(3) Effect of the violation on the health and safety of the personnel and the public

{4) Corrcctive action taken to prevent recurrence

e. The Reactor Safety Review Comrmttee shall review the report and any followup
reports

f. The report and any followup rcports shall be submitted to the Nuclear Regulatory
Commission.

g. Operations shall not resume until the USNRC Managcr of the Division of Reactor
Licensing approvcs resumption.

12.4.2 Occurrences Reportable to the U.S. Nuclear Regulatory
Committee

In the event of a rcponablc occumrence, as defined in the Technical Specifications, and in addition
to the reporting requirements,

a. The Reactor Supervisor and Nuclear Reactor Facility Manager shall be notified

b. Ifareactor shutdown is required, resumption of normal opcrations shall be
authorized by the Nuclear Reactor Facility Manager

c. The event shall be reviewed by the Reactor Safeguards dunng a normally scheduled
mecting

12.5.Reports to the Nuclear Regulatory Commission

Al written reports shall be sent within prescribed intervals to the United States Nuclear
* Regulatory Commission, Washington, D.C., 20555, Attn: Document Control Desk.

All reports shall address (to the extent known or possible) the impact of the event on safety and
health of the pubhc, workers and the facility (e.g., whether or not the event resulted in property
damage, personal injury or exposure). Reports (including initial reports, to the extent possible) ©
shall describe, nnalyze, and evaluate safety implications, and outline the com:ctwe measures
taken or planned to prevent recurrence of the event. .
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12.5.1 Immediate Notification

A report shall be made within 24 hours of discovery of a violation of safety limit or reportable
occurrence by (1) telephone and (2) fax, telegraph or electronic mail to the NRC Operation
Center.

12.5.2 14-Day Notification

A report shall be made within 14 days in writing to the NRC Operatxon Center for any vxolauon
of safety limit or reportable occurrcnce

1253 Thirty-Day Notification

A report shall be made within 30 days in writing to the Manager, Non-Power Reactors and
Dccommissioning Project Manager, US. Nuclear Regulatory Commission, Washington, D.C, for:

a) Any permanent changes in Nuclear Reactor Facility Manager or Head of the Department
of Mechanical and Nuclear Engineering

b) Any significant variation of measured values from a corresponding predicted or
previously measured value of safety-connected operating characteristics occurring during
operation of the reactor;

b) Any significant change in the transient or accident analysis as described in the Safety
Analysis Report.

12.5.4 Other Reports

A repont is required within 60 days after criticality of the reactor in writing to the NRC Operation
Center rcsulnng from a receipt of a ncw facility license or an amendment to the license
authorizing an increase in reactor power level or the instaliation of a new core, describing the
measured values of the operating conditions or chnmctcnshcs of the reactor under the new
conditions.

A routine report is required to the US. Nuclear Regulatory Commission, Document Control Desk,
Washington, DC 20555, within 60 days after completion of the first calendar year of operating
and at intervals not to exceed 12 months, thereafter, providing the following information:

a) A namative summary of reactor operating experience

b) The energy generated by tlie reactor (in megawatt-hours);

©) Unscheduled shutdowns, including corrective action taken to prcvcnt recurrence

d) Major preventative and corrective mmntcnancc with snfety significance:

¢) Major changes in the reactor facility, mcludmg a summary of safety evaluations leading
to the conclusions that no Unreviewed safety questions were involved

r r r r r r r rr r rcro/
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CONDUCT OF OPERATIONS

D Major changes in procedures, including a summary of safety evaluations leading to the
conclusions that no Unreviewed safety questions were involved

g) New tests or experiments (or both) that are significantly different from those previously

" performed and are not described in the Safety Analysis Report, including a summary
" of safety evaluations leading to the conclusions that no unrevicwed safety questions
were involved )

h) A summary of the naturc and amount of radioactive efflucnts rcleased or discharged to
environs beyond the effective control of Kansas State University determined at or
beforc the point of release or discharge.

The summary shall include, to the extent practicable, an estimate of individual
radionuclides present in the effluent. 1f the estimated average release is less than
25% of the allowed or recommended value, a statement to this effect is sufficient.

i) A summarized result of environmental surveys performed outside the facility
J) A summary of rdiation exposures received by facility personnel and visitors where such
exposures arc greater than 25% of that allowed or recommended.

12.6 Record Retention

There are three categories of record retention. General operating records (as noted) are required
to be kept for five years. Records related to requalification arc kept for the duration of the
individuals® employment or for a complete training cycle. Records related to radiation (releases
or exposure) are kept for the life of the facility.

12.6.1 Five-Year Retention Schedule

In addition to the requirements of applicabie Code of Federal regulations (Title 10, Parts 20 and
50), records and logs shall be prepared and retained for a period of at least 5 years for the
following items as a minimum.

2) Normal plant operation, including power levels;
b) Principal maintenance activities;

. ©) Reportable occurrences;
d) Equipment and component surveillance activities;
¢) Experiments performed with the reactor;
f) Allemergency reactor scrams, including reasons for emergency shutdowns.

12.6.2 Certification Cycle .

Records of retraining and requalification of certified operations personnel shall be maintained at
" all times the individual is employed or until the certification is rencwed.

" K-State Reactor ' 1214 . " Original (12/04)
Safely Analysis Report



CONDUCT OF OPERATIONS

12.6.3 Life-of-the-Facility Records
The following records shall be maintained for the life of the facility:

a) Gaseous and liquid radioactive efflucnts released to the environs

b) Offsite environmental monitoring surveys required by Technical Specifications
c) Fuel inventories and transfers

d) Facility radiation and contamination surveys

¢) Radiation exposures for all personnel monitored

f) Corrected and as-built facility drawings

12.7 Emergency Planning

An emergency plan shall be established and followed in accordance with NRC regulations. The

‘plan shall be reviewed and approved by the Reactor Safeguards Committec prior to its submission .

to the NRC. In addition, emergency procedures that have been reviewed and approved by the
Reactor Safeguards Commiittee shall be established to cover all foreseeable emergency conditions
potentially hazardous to persons within the Laboratory or to the public, including, but not limited
to, those involving an uncontrolled reactor excursion or an uncontrolled release of radioactivity.

12.8 Secilrity Planning‘

Administrative controls for protection of the reactor plant shall be established and followed in
accordance with NRC regulations.

12.9 Operator Training and Requalification

The KSU Reactor Facility maintains a training and sclection program to prepare trainees for.
. examination by the Nuclear Regulatory Commission in pursuit of (senior) operator permits.
Examinations are based on those of the Nuclear Regulatory Commission and include both written
and practical tests. In preparation, trainees must satisfactorily complete study for the following
areas:

1. Theory and opcrating principles

2. Operating characteristics

3. Instrumentation and contro}

4, Protection systems

5. Openrating and emergency procedurcs

6. Radiation control and safety

7. Technical specifications

8.  Title 10, Code of Federal Regulations--
K-State Reactor ) 12-15 Original (12/04)
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CONDUCT OF OPERATIONS

12.9.1 Requalification Program

The proposed Requalification Program follows a two-year cycle as of 1 Jan 1974. The program
*provides for operator medical certification, on the job training elements and proficiency, lectures,
examinations, ‘and records. The proposed Program identifies periodic and special reqmrements
associated thh medical certification, maintaining operational proficiency, operator examinations,
training lectures, and records.

a. Medncal Certification

'l'hc USNRC lnccnscs opcrators based on pbysxclan evaluatxon and facility management

_ certification that the licensee’s medical condition and general health will not adverscly
affect the performance of assigned .operator job duties or causc operational errors
endangering public health and safety.

The Nuclear Reactor Facility Manager has primary responsibility to assure medically
qualified personnel are on-duty. Medical qualification of the Nuclear Reactor Facility
Manager, if licensed, is the responsibility of the Chair of the Reactor Safeguards
Committee.

The propose'd-chualiﬁcation Program identifies requirements to maintain medical
certification that the licensed operator is medically qualified to operate the reactor,
including annual rcexamination and notifications of significant changes (should they
occur).

* b. Proficiency

During each two-year cycle, each licensed operator will maintain proficiency in reactivity
manipulations by pcrfonmng manipulations that demonstrate skill with reactivity control
systems, as specified in the Requalification Program. Changes in facility design,
operating procedures, facility license, and abnormal or emergency procedures will be
documented and distributed to ensure all licensed operators are cognizant of facility
conditions and requirements.

¢. .. Examinations

The proposed Requalification Program specifies two sets of annual examinations, written

exams and operating exams. The program specifies that examinations should be based on

a representative sample of questions covering areas in depth rcquxrcd to evaluate trainee

understanding and capabilities. The program specifies that examinations should be based

on "evaluating knowledge, skills, and ability required to pcrform as a reactor
operator/senior reactor operator, os appropriate.

Requirements “for attending formal training lectures will be determined based on the
results of annual written examinations administered to all licensed personnel, according
to criteria specified in the Requalification Plan. The examinations will be prepared and
graded by the Nuclear Reactor Facility Manager or the Reactor Supervisor.
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Requirements for additional training will be determined based on the results of annual
operational examinations covering normal, abnormal and emergency operating
procedures (according to criteria specified in the Requalification Plan). The Nuclear
Reactor Facility Manager or the Reactor Supervisor will prepare and administer the
opcrational examinations, as specified in the Requalification Program.

?

c. Lectures

The proposed Requalification Program provxdcs guidance for preparing training material
based on objectives based on operational needs, i.¢., objectives based on how the material
relates to job performance.

d. Records

-Records demonstrating successful participation the Reunification Progmm will be
maintained as specified in the Program, which includes operator training record folders,

_ records of Reactor Safeguards Committee reviews, operating logs, annual training
records, and retention of operator biennial requalification records for one completed
cycle.

" 12.10 Medical Certiﬁcatiox'l of Licensed Operators and Senior
Operators

“The primary responsibility for assuring that medically qualified personnel are on-duty rests with
the Nuclear Reactor Facility Manager.: Medical qualification of the Nuclear Reactor Facility
Manager, if licensed, is the responsibility of the Chair of the Reactor Safeguards Committee.

Licensed personnel should be examined biennially for continued medical qualification. Medical
Examination Report Forms are supplied by the Facility and must be signed by the examining
physician, with the physician’s license number noted on the form.

The Nuclear Reactor Facility Manager reviews the medical report forms and makes a
determination of whether the licensee (a) should be denied a license on medical grounds, (b)
should have no license restrictions on’ medical grounds, or (c) should have certain specified
restrictions. This information is entered on a Facility Medical Examiner Review Form and signed
by the Nuclear Reactor Facility Manager. The Chair of the Reactor Safeguards Committee must
approve the recommendation of the Manager, with signature on the same form.

The approved recommendations of the Nuclear Reactor Facility Manager are submitted to the
Nuclear Regulatory Commission using NRC Form 396.

12.11 Bnbhography

ANSIANS-15.1, “Development of Technical Spec:f cations for Research Reactors,” Amcncan
National Standards Institute/American Nuclear Society, La Grange Park, lllinois, 1990.
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ANSIV/ANS-15.11 (Final Drafi), “American National Standard Radiation Protection at Research
Facilities,” American Nuclear Society, La Grange Park, llinois, October, 1992,
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13. ACCIDENT ANALYSIS

- This chapter provides information and analysis to demonstrate that the health and safety of the
public and workers are protected in the event of equipment malfunctions or other abnormalities in
reactor behavior. The analysis demonstrates that facility design features, limiting safety system
settings, and limiting conditions for operation ensure that no credible accident could lead to
unacceptable radiological consequences to people or the environment.

13.1 Accident Initiating Events and Scenarios

This chapter deals with analysis of abnormal operating conditions and consequent effects on
safety to the reactor, the public, and operations personnel. Three conditions to be analyzed are:

e Lossof coolant
o Insertion of excess reactivity
s  Fuel encapsulation failure — the maximum hypothetical accident (MHA)

_These are the three conditions considered in the initial licensing of the Reactor Facility in 1962

for 100-kW steady-state operation and in the 1968 upgrade of the license permitting 250-kW
steady state operation and 250-MW pulsing operation. The analysis prescnted here treats the
same conditions, but for stcady-state operation at 1,250 kW and pulsing operation to a $3.00
reactivity insertion, estimated peak power of 1,340 MW.

The maximum hypothetical accident for a TRIGA reactor is the failurc of the encapsulation of

one fuel element, in air, resulting in the release of gaseous fission products to the atmosphere.-

Failure in air could result from a fuel-handling accident or, possibly, failure in the event of a loss
of rcactor coolant. Failure under water, leading ultimately to atmospheric release of fission
products, could possibly result from insertion of excess reactivity or operation with damaged fuel.
This chapter addresses the several scenarios potentially leading to fuel failure, and then the
potential consequences, should failure occur in air.

13.2 Accident Analysis and Determination of Consequences

13.2.1 Notation and Fuel Properties

Tables 13.1-13.3 identify physical characteristics of the TRIGA Mark II fuel. Table 134
identifies the assumptions and design basis values used in the accident analyses.
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CHAPTER 13

Table 13.1, Dimensions of TRIGA M&II ZrH, s Fucl Elements.

Property of Individual Element Symbol Value
Length of fuel zone L 0381 m.
Fuel radius n 0.018161 m
Clad outside radius R 0.018669 m
Fuel volume - _ v, .  0.000417m’
Clad volume V. . 0.0000224 m*
Fuel mass M, 2.5014kg -
Clad mass M. 0.1845kg
‘Wt. Fraction U in fuel Xy

WX, Fraction ZrH, ¢ in fuel X

Source: Training Manual, KSU TRIGA Nuclear Reactor Facility, 1998.

Table 13.2. Neutronic Properties of TRIGA MK1I ZrH; ¢ Fucl Elcments.

Property Symbol Value

Effective delayed neutron fractions B 0.007
Effective neutron lifetime 4 43 psec
Temperature coefTicient of reactivity a -0.000115 K"

Source: West et al. (1967).

Table 13.3, Thermal and Mechanical Properties of TRIGA MKII ZrH, ¢ Fucl
Elements and Type 304 Stainless Steel Cladding.

Property Svmbol Value Temp..
Fuel
Density pr 5996 kg m™*
Thermal conductivity k 18 W m'K? All
Heat capacity, ¢r=340.1 + 0.6952T(°C) Gy 340.1 Jkg'K? 0°C
Cladding o
Density ' Pe 7900 kg m 300K
Thermal conductivity . k. 149 Wm'K?! 300K
16.6 400K
. 19.8 600K
Heat capacity : Cpe 477 1xg'K! 300K
‘ 515 400K
Yield strength 250 Mpa 400 °C
Tensile strength 455 Mpa 400 °C

Source: fuel properties from Simnad (1980); cladding properties from Incropera and

DcWitt (1990) and from Metals Handbook (1961).
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Table 13.4, KSU TRICA Corc-Conditions Basis for Calculations,

Steady state maximum power, P, . 1259 kW

Fuel mass per element 2367kg

Heat capacity per element at T'(°C) 805.0 + 1.646T (J K)
Minimum number of fuel elements, N

Core radial peaking factor _ 2

Axial peaking factor /2

Excess reactivity $4.00 (2.8% Ak/K)
Maximum pulsing reactivity insertion $3.00 (2.1% Ak/K)
Excess reactivity at 500 kW maximum power" $1.16 (0.81% Ak/k)
Fuel average temperature at 500 kW maximum power* 285°C

*Source: Data from GA Torrey Pines TRIGA reactor
13.2.2 Loss of Reactor Coolant

Although total loss of reactor pool water is considered to be an extremely xmprobablc event,
calculations have been made to determine the maximum fuel temperature rise that could be
expected to result from such an event taking place after long-term operation at full power of 500
kW. Limiting design basis parameters and values arc addressed by Simnad (1980) as follows:

Fuel-moderator temperature is the basic limit of TRIGA reactor operation. This limit
stems from the out-gassing of hydrogen from the ZrH, and the subsequent stress
produced in the fuel element clad material. The strength of the clad as a function of
temperature can set the upper limit on the fitel temperature. A fuel temperature safety
limit of 1150°C for pulsing, stainless steel U-ZrH; s ... fuel is used as a design value to

preclude the loss of clad integrity when the clad temperature ts below 500°C. When clad
temperatures can equal the fuel temperature, the fiel temperature limit is 950°C. There
Is also a steady-state operational fuel temperature design limit of 750°C based on
consideration of irradlation- and fission-product-induced fuel growth and deformation....

As this section demonstrates, even under extraordinarily conservative assumptions and
approximations, the maximum fuel temperature reached in a loss of coolant accident is 290°C,
well below any safety limit for TRIGA reactor fucl. Conservatism notwithstanding, the margin

between computed temperature and design limits is sufficiently great to accommodate a design

margin of at least a factor of two.
a. Initial Conditions, Assumptions, and Approximations

The following conditions establish an extremcly conservative scenario for analysxs of the
loss of coolant accident.

o The reactor is assumed to have been operating for infinite time at power P, = 500 kW
at the time coolant is Jost.

e Coolant loss is assumed to be instantaneous, "

s Reactor scram is assumed to occur simultaneously with coolant loss,

DD
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CHAPTER 13

o Decay heat is from fission product gamma and x rays, beta particles, and electrons.
Effects of delayed neutrons are neglected.

e ‘Thermal power is distributed among N =‘1fucl elements, with a radial peak-to-
average ratio of 2.0. In individual elements, thermal power is distributed axxally
accordingtoa smusoxdal function.

¢ Cladding and gap resistance are assumed to be negligible, i.e., cladding temperature
is assumed to be equal to the temperature at the outside surface of the fuel matrix.

» Cooling of the fuel occurs via natural convection to air at inlet temperature 7 =
300°K. Radiative cooling and conduction to the grid platesare neglected.

" e Heat transfer in the fuel is one dimensional, i.e., axial conduction is neglected, and
fucl is assumed to be uniform in thermophysical properties.

o Heat transfer in the fuel is treated on the basis of pseudo-steady-state behavior, i.e., at
any one inlstant, heat transfer is described by steady-state conduction and convection
cquations.

b. Core Geometry

The following data on core geometry are derived from the KSU TRIGA Mechanical
Maintenance and Operating Manual (1962). The core contains 90 fucl posmons in five
circular rings (B - F), plus the central thimble (A ring). The upper grid plate is 0.495 m
in diameter and 0.019 m thick. Holes to position the fuel are 0.03823 m diameter and the
central thimble is very slightly larger in diameter, 0.0384 m.

Cooling water passes through the differential area between the triangular spacer block on
the top of each fuel element and the round holes in the upper grid plate. The nominal
diametral clearance between the tips of the spacer blocks and the grid plate is
approximately 0.001 m.

The lower grid plate is 0.405 m diameter, with 36 holes, 0.0159 m diameter, for water
Alow. However, the bulk of the water flow is through the annular space provided between
the top of the lower grid plate and the bottom of the reflector. The radial reficctor is D, =
0.457 m inside diameter and 0.559 m height.

The effective hydraulic diameter for flow through the core, with an experiment in place
in the central thimble, is given by

n‘"

-91*z *r?),

P avg,, 4% :
= = 0.02127m (Equation 13.2.2.1)

D Pt -,-_‘__’F_','D,'f9ilf"2_f_’§_*ro

! See Todreas & Kazemi (1990) or E1-Wakil (1971) for steady-state conduction equations.
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c.

If, in thermal-hydraulic calculations, one approximates conditions as flow through an
annular section around any one fucl element, the outer radius of the annulus, say r,, is

given by
. .2
, = 47"(;'.2 A ), or

,
r,=Dr, 12417 =002339 m,

(Equation 13.2.2.2)

The flow area 4. per fuel rod is x(r? —r}) =, D, / 2.=0.0006238 m’.

The total length of a fuel rod is 0.7206 m (28.37 in.), of which the length of the fuel
matrix, the heated length, is L, = 0.3810 (15 in). The lengths of upper and lower axial
reflectors, L, and L,, are each 0.0874 m (3.44 in). Beneath the lower reflector is a bottom
end fixture of length L, about 0.0824 m (3.245 in.). Above the upper reflector is a
triangular spacer of length L, about 0.0191 m (0.75 in.) and an upper end fitting of length
L, about 0.0634 m (2495 in). The =zone between grid plates is
L=L+L+L +L =06382m. :

Decay Power

The time dependence of the thermal power in the core as a function of time afier
shutdown is based on calculations by the CINDER code [England et al. 1976] as
repoited by George, LaBauve, and England [1980, 1982]. Sample results are presented
in Figure 13.1 and Table 13.5 as the function R(f) defined as the ratio of the thermal
power Py(f) from gamma ray and beta particle decay at time ¢ after shutdown to the
steady power P, prior to shutdown, bascd on 200 McV energy release per fission.

For the purpose of this analysis, the time dcpcndcne'c function for 1 to 10¢ s may be
approximated as

0.04856 +0.1189x —0.0103x* +0.000228x*

R()= .
() == 25481 - 019632¢* 7 0.05417%°

(Equation 13.2.2.3)

in which x is the natural log of the time after shutdown, in seconds. Time dependence of
the thermal source in the worst-case element is given by

};(:):3;733(1),  (Equation 13.22.4)

in which the worst case element generates twice the power as the core average, P, is the
total-core thermal power prior to shutdown (1,250 kW), and N E83)}s the minimum
number of fuel elements required for operation.
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107} T Ty

w-J T BTN ST T Y BRI BT BT TT ST
w ' W . v K W
Tine (s)

3.1. v Heat ti
Table 13.5, Dec i st b l}ncuo Yoroa) Function R rsy,

Time ¢ (s) R(f) = PP,
R 0.0526
1 (10 . 0.0486
10 (10 0.0418
100(1 0.0282
1000 (10°) 0.0172
10,000 (10* ) . 0.0087
100,000 (10 ’2 0.0044
1,000,000 (10%) 0.0025

d. Maximum Air Temperature

The fundamental relationships between buoyancy. driven differential pressure and
pressure, losses from friction provide an mdcpcndcnt verification for results of the
previous calculations.

Buoyancy Driven Pressure Differcnce

The total mass flow rate w (kg/s) associated with thc worst-case fuel element is
determined by a balance between the buoyancy driven pressure difference vertically
across the core and the frictional pressure loss within the core, which is discussed in the
next section. The lcmpcmturc rise across the core is

£ _2E 10

oir ¥
wc,_ .ch,_

AT()=T)-T =22 (Equation 13.2.2.5)
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in which the heat capacity of the air evaluated at the inlet air tcmpcrature At time zero,
for cxample,

AT (0)=T,(0)~7,=0.6153/w. (Equation 13.2.2.6)

Air inlet temperature 7; is assuméd to remain constant at 27°C. Supposc p; and p, are
respectively the densities of air at the inlet and outlet temperatures.? Suppose further that
the effective chimney hcnght is H. The chimncy height is the distance between the center
of the zone in which the air is heated and the center of the zone in which the air is cooled.
Evaluation of the latter is difficult to determine because of uncertainties in mixing of the
air after it leaves the upper grid plate. Here we follow the lead of the UT SAR (1991)
and choose 10 hydraulic diameters as the cffective distance. Thus, H is given by L;/2 +
L,+10D,= 0.422 m. and the buoyancy pressure difference is given by

Apy = (p-po)*g*H (Equation 13.2.2.7)
in which g is the acceleration of gravity, 9.8 m s, Since

353*(Z,-T) :
Py =Po E ———?2————, (Equation 13.2.2.8)

and 7;=300 X, it follows from Egs. (13.2.2-5) and (13.2.2-8) that

Ap,(0)=0.190R()/ w, (Equation 13.2.2.9)
Frictional Pressure Difference . |
In this calculation, only frictional loss;s within the core, computchon the basis of the

equivalent annulus model, are accounted for. Based on air inlet density and an air mass
flow rate per fuel rod of w, the frictional pressure difference is given by

L fiv? .
Ap, = m. . (Equation 13.2.2.10)

The laminar-flow (Moody) friction factor f for the equivalent annulus model, with
r,/r, =1193 is given by Sparrow and Loeffler (1959) as

S=100/Re, (Equation 13.2.2.11)

Re, the Reynolds number, is given by D,w/ p,;l‘, and g, is the dynamic viscosity of the
airat the inlet temperature.? Equation (13.2.2-10) may be rewritten as

2 Density at 1 atm, for air as an ideal gas, is given by p (kg/m’) = 353.0/7(°K). Heat capacity, from 300 to
700 °K is 1030 J/kgK £ 3% (Incropera and DeWitt, 1990)

3 Dynamic viscosity, over the range 250 - 1000 °K is given by 10’p (Ns/m?) =-106.2941 +
16.81986[TCCK)]"? or pt=1.85x 10" Ns/m?® at 300 °K. (Incropera and DeWitt, 1990).
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CHAPTER 13

ap, = MASLALW _ 1700, (Equation 13.22.12)

A%

Equating the frictional.pressure drop with the buoyancy pressure driving force, using
Equations (13.2.2-9) and (13.2.2-12),

w= 0.0103,/R(! , (Equation 13.2.2.13)
or
T(O)-T,=AT(f)= 1140/R(0). (Equation 13.2.2.14)
Results

For R(t) at time zero of 0.0526, maximum air temperature rise above 300 K is 261 K.

€. Fuel and Cladding Te¢mperature Distribution

With design power P, = 1,250 kW, a factor of two radial'peak to average power, and a
fuel surface arca in the heated zone equal to A, =27, L, = 0.04469 m’, the worst-case

average heat flux at post-accident time 7 in the heated zone is:
© g"_=2%1.25¢6* R(1)/ A N =3.37e5 Win'. (13.22-15)

. With the conservative approximation that the axial variation of heat flux is sinusoidal, the
local value of the heat flux (W/m?) is given by: :

g"(2)=g"sin(z=/ L), (132.2-16)

in which z is the distance alzmg the fuel channel, measured from the inlet and '
q" = (w1 2)g", .= 4.235x10° R(¢) W/m’. Similarly, the local value of the air
temperature in the coolant channe! is given by

T.(2)= 2;+551—"’233-(’—)[1-cos(m/1,,)]. (132.2-17)

According to Dwyer and Berry (1970), the Nusselt niamber for Jaminar flow in a cooling
* channel is approximately Nu=4.24, The comrcsponding heat transfer cocfficient is

Py, (13.22-18)

(]

l] .
By using as an approximation the air thermal conductivity* of 26.3 W/mK at 300°K, one
compules k= 5240 W/m’K, and the cladding surface tcmperaturc )

* For the range 200 to 1000°K, data of Incropera and DeWitt (1990) is very well fit by the formula
K, =-22.055 +2.8057-JT (K) in units of W/mK.
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T,.(@)=T. () +g"C)/h. (132.2-19)

By using the fuel thermal conductivity &k = 18 W/mK, and neglecting the temperature
drop across the cladding, one computes the fuel centerline temperature as

T () =T @)+ "(z)' ' (13.2.2-20)

Fuel and cladding temperatures arc reported in Table 13.6 and illustrated in Figure 132
for the case of zero time post accident. This is based on three conservative assumptions:

cquilibrium fission product buildup at full power, instantaneous loss of coolant when the
reactor scram occurs, and equilibrium temperature based on initial decay heat production.

Table 13.6, Post-Accident Fucl and Cladding Temperatures.
2L q"(Wim') Top(°K) Tuat(K) _ Tpa (°K)

0.00 0 300 300 . 300
0.10 17200 306 309 318
0.20 32733 325 331 348
030 45053 354 362 385
0.40 52963 390 400 427
0.50 55688 431 441 470
0.60 52963 471 481 508

. 0.70 45053 508 516 539
0.80 32733 536 542 559
0.90 17209 555 558 567
1.00 0 561 561 561

The K-State feactor does not operate 24 hours per day, 7 days per week, so that the total
inventory of fission products is significantly lower than the assumed value. During actual
loss of coolant, overall heat transfer coefficient will be based on water rather than air.
There is at least 16 feet of water over the core that has to drain before the corc is
uncovered. Experiments reported in GA-6596 “Simulated Loss-of-Coolant chidcnt for
TRIGA Reactors” (General Atomics, August 18, 1965) demonstrated that with a
constant and continuous heat production, temperature rises to about 50% of the
cqunl'bnum temperature in approximately 30 minutes (1800 seconds). At 10° seconds,

-R(t) is 0.0172, 33% of the heat production following shutdown. Equilibration takes a
significant amount of time, while heat production is decaying.

(. (_
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Figure 4.13, Axial Variation of fucl, cladding, and air lcnfpcrnturc immediately
following a loss of coolant accident, with equilibrium fission product heating.

Radiation Levels from the Uncovered Core

Although there is only a very remote possibility that the primary coolant and reactor
. shielding water will be 1otally lost, direct and scattered dose rates from an uncovered core
following 1,250 kW operations have been calculated.

This section describes calculations of on-site and off-site radiological consequences of
the loss-of-coolant accident. Extremely conscrvative assumptions arc made in the
calculations, namely, operation at 1,250 kW for one year followed by instant and
simultaneous shutdown and loss of coolant. The reactor core’ is homogenized and the
ORIGEN-2 [CCC-371] is used to define gamma-ray source strengths, by energy group.

- Radiation transport calculations are performed using the MCNP code (Briesmeister
1997), with doses evaluated at the 22-ft elevation of the rcactor (one meter above the
operating deck), in the reactor bay at the 0-foot elevation (onc meter above the floor, 30-
em from the outer wall, and at one-meter above ground level at the site boundary and at
points beyond the site boundary extending to 100 m radial distance from the core.

Modclmg of the reactor core for mdlauon u'anspon calculations is based on the following
approximations. The TRIGA reactor corc is approxunntcd as a nght circular cylinder
0.4572 m diameter (OD of F ring). The fucl region is 0.381 m (15 in.) high. On each end
axially is a graphite zone 0.0874 m (3.44 in.) high and an aluminum grid plate 0.0191 m
'(0.75 in.) thick. 1 uel locations, there fuel elements, 3 standard control rods
and 1 transient control rod, 1 void location, 1 central thimble (void), 1 source (assume
void), and 1 pneumatic transfer site (assume void). The fuel region may is treated as a
homogencous zone, as are the axial graphite zones and the grid plates.
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Fuel elements are 1.43-in. ID and 1.47-in OD, clad with type 304 stainless steel’, Fuel
density is 5996 kg/m®. Fuel composition is y: uranium, ¢ ZtH) ¢s. The uranium
is {5 2°U and jf§ 2'U. Steel density is 7900 kg/m®. Standard control rods are 0.875-
in. OD, the transient rod 1.25-in. OD. Both types of rods are clad with 30-mil thick
aluminum (2700 kg/m® density). The control material may be approximated as purc
graphite, with density 1700 kg/m’.

In radiation transport calculations, the core is modeled conscrvatively as a central
homogenous fuel zone (air density neglected) bounded on either end by a homogeneous
axial reflector zonc, and by a 0.75-in. thick aluminum grid plate, treated as a
homogeneous solid. Densities of the homogenous zones are as follow:

Fuel 3602 kg/m’
Reflector 1147 kg/m’
Grid Plate 2700 kg/m’

Composition of the three zones, by weight fraction, are given in Table 13.7.
Table 13.7, Compositions of Homogenized Core Zones.

Element Mass Fraction Element °  Mass Fraction
Fuel Zone Axial Reflector Zone
C 0.0617 C 0.7920
Al 0.0010 Al 0.0033
H 0.0139 Mn - 0.0041
Zr 0.7841 Cr 0.0368
Mn 0.0013 Ni 0.0164
Cr 0.0117 Fe 0.1474
Ni 0.0052 -
Fe - 0.0469 Grid Plate
U 0.0741 ‘ Al 1.0000

The reactor bay is approximated as a right circular cylinder 36 ft (10.973 m) high and
36.68 ft (11.18 m) radius. The reactor vessel structure is approximated as a right circular
cylinder, co-axial with-the bay, 22 ft (6.706 m) high and 11 ft (3.3528 m) radius. The
free volume is 144,000 fi* (4078 m®). The site boundary, at its nearest approach to the
reactor bay, is about 2 m beyond the bay boundary, that is, at a radius of 13.13 m from
the center of the reactor. _ - :

Gamma-ray source strengths vs. times after shutdown are listed in Table 13.8 for an
operating time of one year and a thermal power of 1,250 kW. The source strengths are
gamma rays per second, by group, for the entire reactor core. In the MCNP calculations,
the source is assumed to be uniformly distributed within the core.

* The roof of the reactor bay is modeled as a coricrete slab 10 cm thick and with density
235 glcm’. In fact, the roof is a composite structure, so reflection from the concrete slab
conscrvatively models gamma-ray transport and dose rates at the site boundary.

C
\

/

3 Composition, by weight, 2% Mn, 18% Cr, 8% Ni, balance Fe.
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Table 13.9 reveals substantial dose rates above the void reactor tank with long-term 500-
kW operation. One day after loss of coolant, the dose rate is 17 Sv/h (1700 rem/h).
However, dose rates inside the reactor bay at the 0-fi. and 12-fi. elevations are only about -
4 rem/h immediately after coolant loss, declining to about 1.5 rem/h after 1 hour and 100
mrem/h after 30 days.” These dose rates show that personnel could occupy the reactor
bay shortly after the loss of coolant to undertake mitigating actions without exceeding
NRC occupational dose limits.

Dose rates at other receptor locations are shown in Table 13.9 as indicators of dreas that
should be checked following a loss of reactor pool water event. These dose rates are
unrecalistically conservative in view of the assumption of one-year operation at full power
(not possible) and scattering from a thick concrete roof. Dose rates at the site boundary
(facility fence) decline from about 3 rem/h immediately after the loss of coolant to 350
mrem/h after 1 day. Kansas State University has complete control over access to campus
locations within the zongs defined by receptor locations in the analysis. |

Table 13.8,. Full Core Gamma:Ray Sources Strengths (Number Per
Sccond) Following Operation for Onc Year at 1,250 KW Thermal Power.

Time after shutdown

E (McV) - 0 1h 24h 30days _ 180days
J.00E-02  B.72E+l5  292EH1S  1.0SEHIS  243EHl4 620EH3

250E02  209E+15  750E414  304EHl4  S9TEH3  132E413
375E-02  1J4E415  T3TE4l4  39TEHI4  GTIEHI3  LASE4I3
575E02  18IEH1S  SSOE+14 " 177E+14  AISEHI3 120413
850E02  1.S0E+15  S20E+14  233E+14  321EH3  839EH2
125E01  1S0EHIS  7.6SE+14  48IE+14  BOSEHI3  131EHI3
225E-01  3.MIEHS  LO3EHS  AA4EH4  242E413  GRIEH2 .
375E-01  194EH1S  ST2EHI4  220E+14  3BIEH3  3AIEH2
S7SE01  325EH5  L7IEH)S  7.54E+14  101E+14  1OSEH3
850E-0]1  4J6E+1S  226E+15  BS4EHI4  4SIEHI4  LISEHM4
125E400 222415 SIASEH14  7.83EH3  LE2EH2  .6OIEH
175E400  930E+14 - S.A4E+14  223E414  ATBEH13  72EHD
225E400  SO0EH14  209EH14  669EH2  LI2EH2  322EH)
275E+00  199EH4  732E413  B3EH2  I82EH12  LSSEHD
350E400  LIGEH14  L72E#13  TA2E+10  1SO0E+10  937E+407
SO0E+00  G23E+13  242E+#11  6O6EH08  AGTEH00  A.63E400

7.00E+00 5.05E+11 S27E-0) 527E-01 526E-01 522E-01
9.50E+00 949E+07. S98E-02 .. 5598E-02 _.598E-02 . S5.93E-02.

Total 339E+16  13SE+16  S27TEH1S  120E+15  261E+l4
MeV/s 143E4+16  628E+15  202E+15  S77E+14  LI3Etl4
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Dose rates vs. post accident times are listed in Table 13.9 for a number of receiver
locations. Locations are specified at radial distances from the center of the reactor bay.
The22-foot level provides direct access to the reactor pool, the 12-foot level access to
valves controlling water flow to the reactor pool. The O-foot level provides access to
valves and pumps, which allow water to be added to the reactor pool. The 13-meter
distance marks a zone defined by the fence surrounding the reactor bay.

Conclusions

Although a loss of pool water is considered to be an extremely improbable event,
calculations show the maximum fuel temperature that could be expected to result from
such an event (after long-term operation at full power of 1,250 kW) is 294°C, well below
any safety limit for TRIGA reactor fuel.

Maximum possible dose rates resulting from a complete loss of pool water permit
mitigating actions. The area surrounding the reactor is under control of the Xansas State
University, and cxposures outside the reactor bay environment can be limited by
controlling access appropriately. Kansas State University has complete authority to
control access to campus locations.

Table 13.9, Gamma-Ray Ambient (Dcep) Dosc Rates (R/h) at Selected Locations for Times
Following Loss of Coolant After Operation for One Year at 1,250 kW Thermal Power.

F ¢ r rc c 7 CrCrC

Time post accident
0 1h 24h 30d 180d
On-site (elev.)
22 ft. (center) 3.75E+06 1.38E406 42SE405 . 1.03E+05 1.98E+04
12 ft. (boundary) 1.08E+03 4.00E402 143E+02 3.25E401 7.00E+00
0 fi. (boundary 9.75E+02 3JSEH2  1.23E+02 3.00E+0} 6.25E+00
Off -site (radius from center of reactor bay) .

13m 6.75EH02 2.75E+02 8.75EH01 2.15EH01 4.50E+00

15m 5.00E+02 200E402°  6.75E+D1 1.60E+01 325E400 .
20m 2.50E+02 1.00E+02 3.50E+01 8.75E+00 1L.73E+00
30m 8.25E401 3.25EH01 1.10E+0] 2.15E4+00 5.50E-01
40m 3.15EH01 1.40E+01 525E+00 1.18E+00 2.33E-01
50m 1.93E+01 725E+00 2.43E+00 6.25E-0] 1.23E-01
70 m 6.50E+00 2.75E+00 9.00E-01 2.18E-01 4.00E-02
100 m 235EH00  9.50E-01, 2.75E-01 6.75E-02 133E-02
K-State Reactor 13413 Original (12/04)
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CHAPTER 13
13.2.3 Insertion of Excess Reactivity

Rapid compensation of a reactivity insertion is the distinguishing design featurc of the TRIGA
reactor. Characteristics of a slow (ramp) reactivity insertion arc less severe than a rapid transient
" since temperature feedback will occur rapidly enough to limit the maximum power achieved
during the transient. Analyses of plausible accident scenarios reveal no challenges to safety limits
for the TRIGA. The fuel-integrity safety limit, according to Simnad (1980), may be stated as
follows:

Fuel-moderator temperature Is the basic limit of TRIGA reactor operation. Thls limit
stems from the out-gassing of hydrogen from the ZrH, and the subseguent stress
" produced in the fuel element clad material. The sirength of the clad as a function of
temperature can set the upper limit on the fuel temperature. A fuel temperature sofety
limit of 1150C for pulsing, stainless steel U-ZrH, 45 ... fitel is used as a design value to
preclude the loss of clad integrity when the clad temperature is below 500°C. When clad
temperatures can equal the fitel temperature, the fuel temperature limit is 950°C. ...

Two reactivity accident scenarios are presented. The first is the insertion of 2.1% reactivity at
zero power by sudden removal of a control rod.- The second is the sudden removal of the same
reactivity with the core operating at the maximum power level permitted by the balance of the
core excess rmctivity (i.c., core excess less $3.00). Movements of control rods for the first case
are controlled, in part, administratively, while movements for the sccond are preventéd by control
circuit dwgn. .

As the analysis shows, in neither scenario does the peak fucl temperature approach the
temperature limit. The nearest approach is 869°C, incurred by a pulse insertion 0f 0.7% while the
reactor is operating at a steady power of 94 kW, an action prevented both by administrative
requirements and by interlocks.

a. Initial Conditions, Assumptions, and Approxiniations

The following conditions establish an extremcly conservative scenario for nna]ysls of :
insertion of excess reactivity.

The reactor operates with a minimum of N =@fuc1 rods.
Reactor and coolant ambient (zero power) temperature is 27°C.

e Maximum reactivity insertion for pulsing or for the worth of experiments is set at
$3.00, 8kax = 2.1% OF P = 0.021.

. * Reactor power equxvalent to the core excess rcacuvny of $1.00, i.c., 8k = Ok - ke
=0.7% (p = 0.007) is P, =.107 kW and the maximum fuel temperature at that power
is T, = 150°C. Basis: Data for the Torrey Pines TRIGA as included in the KSU
TRIGA Operations Manual.

e A control rod interlock preventing pulsmg opcratnons from p power levels grcatcr than o

a maximum of 10 kW is not _credxted
e Conscrvative hot channel factors as'calculated in 4.5.3 are used

K-State Reactor* : 1314 . Original {12/04)
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b.

Computational Model for Power Excursions

The followmg relationships are “for the Fuchs-Nordheim model, modified by Scallctar for
power excursions, as described for the TRIGA reactor by West et al. (1967).

If the heat capacity of the fuel is given by, c,r=340.1 + 0 69521(°C) (J/kg°K), and there
are N fuel elements, each of mass my= 2.367 kg, then the overall core heat capacxty is
given by

K@ IK)=mNe,=C,+GT(C) (1323-1)

in which C, = 6.682 x 10" and C; = 136.6. If P, (W) is the reactor power at the initiation
of the pulse power excursion, and p, is the magnitude of an initiating step change in
reactivity, then the maximum power increase (W) is given by

(p-ph)C,
P —~P=
2af 6a’t

A maximum pulse of $3.00 would rcsult in a power rise of approxxmatcly 1430 MW(t)
If T, is the average core temperature at the start of the excursion, the maximum
temperature rise (°K) is given by

% 3

in which

o=—0C
(r-PG’

and the “+" sign applies when o> 1. Although there are nonlinear terms in the mode],
calculation of temperature chnnge as a function of temperature shows a nearly lincar
response. - Therefore the major factor in dctmmmng core-average peak temperature is the
amount of reactivity avanlablc to pulse, To remain within 1000°C at all locations,.core
average temperature cannot exceed 318°C (based on Table 13.2.1.4 peaking factors).

(1323-9)

.The maximum worth of the pulse rod is $3.00, thercfore peak tcmpcramre following a

pulse was calculated based on a maximum reactivity available from the pulse rod at
reference core temperature (27°C). The core-average temperature change is 229°C, with
a hot spot change of 716°C (based on Table 13.2.1.4 pcaking factors). Therefore, core-
average peak temperature for a $3.00 pulse from 27°C is 256°C, with a hot spot
temperature of 746°C.

With $3.00 reserved for a maximum pulse, the reactor has remaining reactivity $1.00
greater than critical to support operation at power. Reactivity of $1.00 allows operation
94 kW; 94 kW operation results in an average fuel temperature of 48°C, and a hot-spot

(=

M ik < (13232)

=T = [ﬂlgﬁ]*[-%*(a- l)i%*J(a’- 1)? +£*0J(1323.3)
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fuel temperature of 150°C. A $3.00 pulse increases this hot spot tcmpcmturc from 150°C

to 869°C.
Change in Peak Temperature Versus Pulsed Reactivity
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Figure 13.3, Change in Peak Tcxi;pcmturc Versus Pulscd Reactivity Inscrtion ~

The postulated scenarios do not result in fuel damage, but physical aspects of system
prevent these scenarios from occumng Itis not poss’blc to achieve full power Opmtxon
with the pulse rod fully inserted; since the pulse rod is partially withdrawn with air
applied to the pulsc solenoid, it physically ‘cannot be pulsed. Although not required to
ensure the safety of the reactor, an interlock prevents pulsing fmm power levels greater
thanammumum of 10 kW,

c. Conclusions

[N

Inscrtion of the maximum possible reactivity without initial temperature feedback (i.c.,
fuel temperature is too low to limit core available reactivity) results in a peak hot spot
fuel temperature of 746°C, well below the safety limit.

Insertion of the maximum possible reactivity with initial temperature feedback (i.c., fuel *
temperaturc limits available) results in a peak hot spot fuel temperature of 869°C, well
below thie safety Jimit.

13.2.4 Single Element Failire in Air .

Source quantities of ridioactive noble gases and mdmc arc computed and tabulated for a
maximum hypothetical accident involving clnddmg failure in a single TRIGA fuel element and
the escapc of the radionuclides into the environment. Two limiting cases of operation are
considered. For short lived radionuclides, source terms nre computed for element failure
subsequent to eight hours full-power operation per day for five days. For long-lived
radionuclides, source terms are computed for element failure subsequent to continuous operation
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for 40 ycars at the average power experienced by the reactor over its first 33 years of operation.
Also examined are residual sources still present in fuel, but generated in reactor operations prior
to local receipt of the fuel in 1973. Potential consequences of radiological relcases are examined.
Even in the maximum hypothetical accident, no workers or members of the public are at risk of
receiving radiation doses in excess of limits prescribed in federal regulations.

a,

Assumptions and Approximations

Following are assumptions and approximations applicd to calculations.

1.

2.

" For long-lived radionuclides, calculations of radionuclide inventory in fuel are

based on continuous operation prior to fuel failure for 40 years at the average
thermal power experienced by the reactor during its first 33 years of operation,
namely, 3.50 kW.

For short-lived radionuclides, calculations of radionuclide inventory in fuel are
based on operation at the full thermal power of 1,250 kW for eight hours per day,
for five successive days prior to fuel failure, an average of 31.25 kW-hr/day.

Radionuclide inventory in one *“worst-case” fuel element is based on 81 elements
in the core for the historical period and Wclcmcms for full power operation,
which is the case for core 1I-16, m grams of 2°U per element [NUREG-2382],
and a value of 2.0 as a very conservative value of the ratio of the maximum
power in the core to the average power. Thus, for the historical period, the worst

case element has operated at a thermal power of (3500/81)x2 = 86.42 W, and for

the one-week full-power operation, (500’::2 = W.

The fraction of noble gascs and iodine contained within the fuel that is actually
released is 1.0 x 107, This is a very conservative value prescribed in NUREG
2387 [Hawley and Kathren, 1982] and may be compared to the value of 1.5 x 10

% measured at General Atomics [Simnad et al., 1976] and used in SARs for other
reactor facilities [NUREG-1390, 1990].

The fractional release of particulates (radionuclides other than noble gases and
jodine) is 1.0x 10%, a vcxy conservative estimate used by Hawley and Kathren
[1982).

Radionuclide Inventory Buildup and Decay

Consider a mass of 2U yxcldmg thermal power P (kW) due to thermal-neutron induced
fission. The fission rate is rclated to the thermal power by the factor k = 3.12 x 10"
fissions per second per kW.* Consider also a fission product radionuclide, which is
produced with yield Y, and which decays with rate constant A. It is easily shown that the
cthbnum activity 4, (Bq) of the fission product, which exists when the rate of creation
by fission is equal to the rate of loss by decay, is given by 4, =kPY. Here it should be
noted that the power must be small enough or the uranium mass large enough that the

¢ Note that the product of k and yield Y may be stated as 3,12 x 10" x ¥ Bg/kW or 843 x Y CV/kW.,
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depletion of the ¥°U is negligible.? Starting at time ¢ =0, the buildup of activity is given
by .

A= 4, *(0-e) (132.4-1)

For times much greater than the half-life of the radionuclide, A = A4_, and for times much

less than the half-life, A(t) = Aa* 3.* t. If the fission process ceases at time #,, the
specific activity at later time 7 is given by

A(t)= 4, *(1- ) xe 0 (13422)

Consider the fission product !!I, which has a half-life of 8.04 days (A = 0.00359 h) and

a chain (cumulative) fission product yicld of about 0.031. At a thermal power of 1 kKW,

the equilibrium activity is about 4, = 9.67 x 10" Bq (26.1 Ci). After only four hours of
* . operation, though, the activity is only about 0.37 Ci. For equilibrium operation at 3.5
kW, distributed over 81 fuel elements, the average activity per clement would be 26.1 x
3.5 + 81 = 1.13°Ci per fuel element. The worst case clement would contain twice this
activity. With a release fraction of 1.0 x 10, the activity available for release would be
about 1.13x2x1.0x10* = 226 x 10 Ci. This type of calculation is performed by the
ORIGEN code [CCC-371] for bundreds of fission products and for arbitrary times and
power levels of opcration as well as arbitrary times of decay after conclusion of reactor
operation. The code accounts for branched decay chains. It also may account for
depletion of U and ingrowth of 2°Pu, although those features were not invoked in the
calculations reported here because of minimal depletion in TRIGA fuel elements.

c. Data From Origen Calculations

ORIGEN-2.1 calculation output files are included as Appendices A and B; App. A
contains data for the buildup of long-lived radionuclides over the 40-year entire operating
history of the KSU TRIGA reactor, modeled as 86.42 W continuous thermal power. App.

- B contains data for the buildup of relatively short-lived radionuclides during a worst-case
scenario modeled as 8-hours/day operations at 12.05 kW thermal power for five
consccutive days. Tabulated results for Appendices A and B are pCi activities, by
nuclide, immediately after reactor shutdown, and at 1, 2, 3, 7, .and 14 days after
shutdown. In Appendix A, which deals with relatively long-lived radionuclides, data arc
provided only for those nuclides present at activities greater than 100 mCi in a single fuel
clement at 1 day afier reactor shutdown. In Appendix B, which deals with relatively
short-lived radionuclides, data arc provided only for those nuclides present at activities
greater than 100 mCi in a single fucl element immediately after reactor shutdown. In both
Appendices A and B, the activities per element are multiplied by the rclease fractions
previously cited, thus yielding maximum activities available for release in a maximum
hypothetical accident,

? Negligible bumup is modeled in ORIGEN calculations by setting the fuel mass very large (1 tonne) and
the thermal power very low (1 kW or less).
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Reference Case Source Terms

Appendices A and B data for worst case TRIGA fuel element are compared; greater
values for any one isotope are selected as reference case source terms for maximum
hypothetical accident. Data are presented in Table-13.10 for halogens/noble gases, and
Table 13.11 for particulate radionuclides.

Derived Quantities

The raw data of Tables 13.10 and 13.11 are activities potentially released from a single
worst-casc fuel element that has experienced a cladding failure. This activity may itsclf
be compared to the annual limit of intake (ALI) to gauge the potential risk to an
individual worker. By dividing the activity by the 144,000 f£’ free volume of the reactor

bay in the Nuclear Reactor Facility, one obtains an air concentration (specific activity)

that may be compared to the derived air concentration (DAC) for occupational exposure
as given 10CFR20 or in EPA federal guidance [Eckerman et pl., 1988].
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Table 13.10, Reference Case Halogen & Noble Gas Activitics Potentially Relcascd in
Maximum Hypothetical Accident at KSU TRIGA Mk. 1l Nnuclear Reactor. !!

Available activity (uCi) at time in days after reactor shutdown

Element  Nuclide 0 1 -2 3 7 14 28
Br - &3 12110 - 13- 0 0 0 o . 0
Br 84 25388 0 0 b 0 0 0
- 1 131 8490 8245 7695 7130 5125 2810 840
1 132 23280 20943 16930 13685 5838 1318 68
1 133 69950 33530 15073 6773 278 0 0
1 134 192228 0 0 0 0 0 0
1 135 98750 7980 645 53 0 o . 0
Kr 85 45 45. 45 45 45 45 45
Kr 87 64498 0 0 0 0 0 0
Kr 88 79048 225 0 0 0 0 0
Kr 83M 9953 48 0 0 0 0 0
Kr 8sM 23368 580 15 0 0 0 0
Xe 133 20363 24105 24010 22390 14110 5673 895
Xe 135 58955 30518 6595 1195 0 0 0
Xe- 138 158548 0 0 0 0 0 0
Xe 133M 35 33 28 20 8 0 0
Xe 135M 20 .15 0 0 0- - 0 0

NOTE: Available activity (> 10 pCi) is from a single worst-case fuel element as a function of time after
reactor operation. Data are derived from ORIGEN 2.1 calculations [CCC-371] as summarized in

" Appendices A and B. Data are raw computational results and the number of significant figures exceeds the
precision of the calculation.
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Table 13.11, Refcrence Case Particulate Activitics Potentially Released in a
Maximum Hypothetical Accident at the KSUTRIGA Mk. II Nuclear Reactor.

Available activity (uCi) at time in days after reactor shutdown

Element Nuclide 0 1 2 -3 7 14 28
BA 139 1605 0 0 ] 0 0 )
BA 140 128 120 s 108 88 60 28
BA 141 1480 "0 0 0 0 0 0
BA 142 1470 0 0 0 0 0 0
CE 141 43 s3 s3 50 45 40 30
CE 143 553 340 205 125 18 0 0
cs 138 1713 o 0 0 0 0 0
A 140 68 88 98 103 95 68 k3
1A 141 1140 18 0 0 ] "0 0
LA 142 1455 0 0 0 0 0 0
15§ 143 1493 0 0 0 ] 0 0
MO 99 395 308 240 185 6 13 0
MO 101 1273 0 0 0 0 0 0
NB 97 598 248 93 35 0 o 0
NB o8 1463 0 0 0 0 (i 0
ND 147 55 50 48 45 35 23 10
ND 149 263 0 0 ° 0 0 0
ND 151 105 0 0 0 0 0 0
PM 151 40 23 13 ] .0 ] 0
PR 143 70 &8 o8 100 92 6s 13
PR 145 638 40 3 0 0 o 0
FR 147 51 0 ] 0 ) 0 0
RB a8 200 3 0 0 0 0 0
RB 89 1213 0 0 0 0 0 0
RH 105 78 68 40 25 ‘s o 0.
RH 107 40 o 0 o 0 0 0
RU 105 188 5 0 0 o 0 0
SE 81 53 ° 0 0 0 0 0
SE 83 50 0 0 0 0 0 o
SN 128 83 0 0 0 0 0 0
SR 89 28 28 28 28 28 23 20
SR 9 95 133 25 5 0 0 ]
SR 92 1325 3 0 0 ] 0 )
Tc 101 1273 0 0 0 0 0 0
TC 104 460 0 0 0 0 0 0
TE 129 95 3 0 0 ] 0 ]
TE 131 628 5 3 3 0 0 0
TE 132 250 203 165 133 s8 13. 0
TE 133 965 0 0 0 0 0 0
TE 134 - 1713 0 0 0 0 0 0
Y 92 848 33 0 0 ] 0 0
Y 93 863 170 3 8 0 0 0
Y 54 1583 0 0 0 0 0 0
Y 95 1613 ] .0 ] 0 0 0
Y 91M 423 28 15 3 0 0 0
ZR 95 30 30 30 28 28 25 1]
2R 97 658 245 93 s 0 0 0

Available activity (> 10 pCi) Is for a single worst-case firel element as a function of time afer
reactor operation. Data are derived from ORIGEN 2.1 calculations [CCC-371] as summarized in
Appendices A and B. The table includes only those nuclides with activities in excess of 10 uCi.
Data are raw computational results and she number of significant figures exceeds the precision of -
the calculation.
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CHAPTER 13 ' T

1. Comparison with the DAC and the ALI

The ALLI is the activity that, if ingested or inhaled, would lead to either (a) the maximum
permissible committed effective dose equivalent incurred annually in the workplace, -
-nominally 5§ rem, or (b) the maximum permissiblc dose to any one organ or tissue,

. nominally 50 rem. The DAC is the air concentration that, if breathed by reference man
for one work year (2000 h), would result in the intake of the ALI. ALI does not apply to
noble-gas radnonuclxdcs

Potential activity releascs are compared to ALIs, and air concentrations in the reactor bay

are compared to DACs in Tables 13.12 and 13.13. Only for radioiodine does the
. available activity exceed the ALl. However, there is no credible scenario for accidental

inhalation or ingestion of the undiluted radioiodine rclcased from a fuel element.

When one compares with DACs the poumhal axrbomc concentration of radionuclides in
the reactor bay, only the P'I, '], -and I isotopes plus ¥Kr and *Kr are of potential
consequence. However, annual-dose limits could bc attained only with a constant air
concentration over a long period of time. The *'] released in the failure of a single
element, for example, would decay with a half-life of 8.04 days. Thus, even the
undetected failure of a fuel element would not be expected to lead to violations of the
occupational dose limits expressed in 10CFR20 or in other federal guidance.

ge. “Comparison with the effluent concentration

Effluent concentration, listed in the last columns of Tables 13,12 and 13.13, are defined
in continuous exposure (8760 hours per year) rather than 2000 hours per year
occupational exposure. Exposure to a constant airborne concentration equal to the

. effluent concentration for one full year results in the annual dose limit of 100 mrem to

" members of the public. As is apparent from Tables 13.12 and 13.13, the reactor bay
average concentrations immediately after fuel element failure exceed the effluent
concentrations for several radionuclides. Thus, only for these radionuclides is it
necessary fo consider radioactive decay and almospbcric dispersal after release in
estimating potential risk to members of the public. For posting purposes, concentrations
relative to DACs are additive. For dosimetry purposes, products of conccntmtnons and
times, relative to DAC-hours, are additive.

h. Potential downwind dose to a meniber of the public

In this dose assessment, it is assumed that the available activity in a failed fuel element is
released instantaneously and immediatcly after reactor shutdown. It is further assumed
that a member of the public is positioned directly downwind from the Nuclear Reactor
Facility and remains in placc during the entire passage of the airborne radioactivity. The
very conservative approximations of Hawley and Kathren [1982] are adoptcd in the
asscssmcnt namely, that the atmospheric dispersion (3/Q) factor is 0.01 s/m® (2.78 x 10
m®) and the breathing rate ¥ is 1.2 m*h. No credit is taken for partial containment,
plalcout, or other potential mitigating mechanisms, however realistic and probable.
Let the activity of nuclide 7 released be 4 (uCi) as given in Tables 13.12 and 13.13. If
one neglects radioactive decay, the activity inhaled during passage of the airborne
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activity is 4 ¥(x %/Q) [Faw and Shultis, 1993]. The product of the activity inhaled and
the dose conversion factor R (mrem/uCi) [Eckerman et al., 1988] yields D, (nrem), the
more critical of the organ dose or the effective dose equivalent to the total body. Results
of such calculations are presented in Table 13.14. As is apparent from the table,
individual organ doscs as well as the total committed effective dose equivalent are well
below any regulatory limits. Entries are shown only for doses of 0.001 mrem or greater.

Table 13.12, Comparison of Halogen and Noble Gas Available Activitics Immediately
After Reactor Shutdown with ALIs and Reactor Bay Concentrations with DACs and
Effluent Concentrations.
. | A | i | pac | Restor [ Emue | RERO | REOL0
Elemeny | MeBe | Hallfe ) 3800 | Ao | Gicvent) | p225 | o | DAC | Limi
Br 83 2.3%h 12100 } 6.E+04 | 3.E-5 | 3.00E-06 | 9E-08 0.1 3313
Br 84 |'31.8m 25375 | 6.E+04 | 2.E-5 | 62SE-06 | 8E-08 03 78.1
I | 131 8.04d 8500 { 5.E+01 | 2.E-8 | 2.08E-06 | 2E-10 | 103.8 | 10375.0
I 132 230h 23275 | 8.E+03 | 3.E-6 | 5.75E-06 | 2E-08 19| 2875
I 133 20.8 h 69950 | 3.E+02 | 1.E-7 | I.73E-05 | 1E-09 | 1725 | 172500
1 134 52.6m | 192225 | 5.E+04 | 2.E.5 | 475E-05 | 6E-08 24| 7917
1 135 6.61h 98750 { 2.E+H03 | ‘7.E-7 | 243E-05 | 6E-09 34.6 | 40417
Kr | 83m 1.83 h 9950 1.E-2 | 245E-06 | 5E-05 0.0 0.0
Kr { 85m 448 h 23375 2.E-5 { 5.75E-06 | 1E-07 03 575
Kr 85 10.7 y 50 1.E4 | 125E-08 | 7E-07 0.0 0.0
Kr 87 | 763 m 64500 5.E-6 | 1.58E-05 | 2E-08 321 7875
Kr 88 284h 79050 2.E-6 | 195E-05 | 9E-09 9.8 | 21667
Xe ] 133m 2.19d 0 1.E-4 | 1.00E-08 | 6E-07 0.0 0.0
Xe 133 525d 20350 1.E-4 | S.00E-06 | 5E-07 0.1 10.0
Xe | 135m 153 m 25 | 9.E-6 | 625E-09 | 4E-08 0.0 0.2
Xe 135° |_95.09h 58950 1.E-5 145E-05 | 7E-08 15| 2071
*Bay concentration excecds DAC.
*Bay concentration exceeds effluent concentration.

K-State Reactor 13-23 Original (12/04)
Safety Analysis Report

r ¢ r r ¢ ¢ r r ¢ rr ¢ ¢ ¢ ¢ 7 7 C (7 r /(o

Y A

s



CHAPTER 13

Table 13,13, Comparison of Particulatc Available Activitics (> 100 pCi) with ALIs and -
Reactor Bay Concentrations with DACs and Effiuent Concentrations.

Element Nuclide Half-life ﬁi??é?;‘ K‘E‘;:g‘) mgi’,‘:n,) Rea:;z:.b:y e Ratioto  Ratfoto E
(1Ci) (1Ci/em’) (pCifem®)
Ba 139 827m 1600 75000  0.00001 AEQ7  2E-09 4.00E-02 2.00E+02
Ba 140 127d 125 2500 6E-07 3E08 2E-09 5.00E-02 1.50E+01
Ba 141 . 1475 175000 000003 35E-07 4E-O7 1.47E-02 350E+00
“Ce 141 50 4500 2E-07 1.23E-08 ~8E-10 6.13E-02 1.53E+01
Ce 143 330h 550 5000 7E-07 135607 2E-09 1.93E-01 675E+01
Cs 138 322m 1700 150000 0.00002 - 425E-07 BE-08 2.13E-02 531E+00
La 140 - 75 2500 5E-07 1.85E-08 2E-09 3.70E-02 9.25E+00
Lta 141 .393h 1150 22500 0000004 2.756-07 1E-08 6.88E-02 2.75E+01
La 142 925m 1450 50000 0000009 3.5E-07 °~ 3E-08 3.89E-02 1.47E+01
La 143 ) 4500 225000 000004 3.75E-07 1E-07 §.38E-03 375E+00
Mo 89 66.0h 400 2500 6E-07 9.75E-08 2E-09 1.63E-01 4.88E+01
Nb 98 1475 425000 0.00002 35E-07 7E-08 1.75E-02 5.00E+00
Nd 147 1.73h 50 2000 AE-07 123E-08 1E-09 3.06E-02 1.23E+01
Pm 151 50 7500 0.000001 1.23E-08 4E-D9 1.23E-D2 3.06E+00
Pr 143 75 1750 3E-07 1.85E-08 9E-10 6.17E-02 2.06E+01
Pr 145 598h 650 20000 0000003 1.66-07 1E-08 5.33E-02 1.60E+01
Rb_—_88__17.8m 800 -——150000 —0.00003 -—1.95E-07— 9E-08 —6.50E-03 2.17E+00
Rb 89 1225 250000 000006  3E07 ~2E-07 5.00E-03 1.50E+00
Ru 105 444h 200 25000 0.000005 SE-08 2E-08 1.00E-02 2.50E+00
Se 81- 185m §0 500000 000009 1.23E-:08 3E-07 1.36E-04 4.08E-02
Sn 128 5914m 75 75000 000001 1.856-08 4E-08 1.85E-03 4.63E-01
Sr 89 25 250  6E-08 625603 2E-10 1.04E-01 3.13E+01
Sr 91 95h 800 10000 0.000001 1.956-07 S5E-09 1.95E-01 3.80E+01
Sr 92 271h 1325 17500 0000003 325E-07 OE-09 1.08E-01 3.61E+01
Te 129 696m 100 150000 0.00003 2.45E-08 SE-08 B.17E-04 2.72E-01:
Te 131 250m 625 -12500 0000002 1.53E-07 1E-09 7.63E-02 1.53E+02
Te 132 782h 250 500 OE-08 625608 BOE-10 6.94E-D1 6.94E+01
Te 133 125m 975 50000 0.000009 24E-07 8E-08 2.67E-02 3.00E+00
"Te 134 418m 1728 50000 0.00001 4256-07 7E-08 4.25E-02 6.07E+00
Y 9im 497m 425 500000 000007 1.056-07 2E-07 1.50E-03 §25E-01
St .91 95h " 800 10000 0.000001 4.95E-07 SE-09 1.95E-01 3.90E+01
St 92 271h 1325 17500 0000003 325607 OE-09 1.08E-01 3.61E+01
Te 129 69.6m 100 150000 0.00003 245608 OE-08 B.A7E-04 2.72E-01
Te 131 250m 625 12500 0.000002 1.53E-07 1E-09 7.63E-02 1.53E+02
Te 132 782h 250 500  OE-08 625E-08 OE-10 6.94E-01 6.94E+01
Te 133 125m 75 50000 0000009 24E-D7 BE-08 2.67E-02 3.00E+00
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Table 13.13, Comparison of Particulate Available Activities (> 100 pCi) with ALIs and
Reactor Bay Concentrations with DACs and Effluent Concentrations.

Element Nuclide Halflife A&ﬁ?ff m““’:‘g; mg“,‘:n,) Ru:;ﬁ;b:y e Ralioto Ratio toEAT
(1Ci) (1Ciem’) (uCifem®)
Te 134 418m 1725 50000 000001 425607 7E-08 4.25E-02 6.07E+00
Y 91m 497m °© 425 500000 000007 1.05E07 2E-07 4.50E-03 5.25E-0%
Y 92 354h 850 20000 0000003 2.08E-07 1E-08 6.92E-02 2.08E+01
Y 93 101h 850 5000 0.000001 2.08E-07 3E-09 2.08E-01 6.92E+01
zZr .95 25 250  SE-08 G625E-09 4E-10 1.25E:01 1.S6E+01
Zr 97 169h 650 2500  5E-07 1.6E-07 2E-09° 3.20E-01 B.0OE+01

i. Residual Activity from Fuel Utilization Prior to Receipt

All but a few instrumented Mark-1I fuel elements in the original 1962 core loading were replaced
by Mark-111 elements on July 10, 1973. The replacement elements had seen considerable use
prior to their installation at Kansas State University. The two most heavily used elements, with
serial numbers 4078 and 4079, had experienced, respectively, consumgtion of 1127and 1033 g
of 2°U. Even after about 25 years of subsequent use, considerable *'Cs, *°Sr, and ¥*Kr remain
from fission during the pre-1973 use. However, the ¥Kr atmospheric concentration inside the
reactor bay immediately after release would be orders of magnitude lower than the DAC.
Therefore only *'Cs and ®Sr offer a potential for occupational or public risk. In the absence of
knowledge about the pattern of early fuel utilization, it is assumed that all the generation of
fission products took place in 1973 and that fission product decay took place over the period of
28 ycars from 1973 until 2001.

If Y is the fission yield, A is the decay constant (s), and N, is Avogadro’s number, the activity 4
(Bq) of any one radionuclide immediately after fissioning of mass m (g) of ®*U is

N,
A= E—m}'ﬂ. (13.2.4-3)

Activity calculations using this formula and consequences, as computed in 13.14 are réportcd in
Table 13.15.
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CHAPTER 13

Table 13.15. Worst Case Source Terms and Conscqucnce Calculations for a Single
TRIGA Fucl Element Experiencing 11.27 g of ®*U Consumption 28 Years Prior to

ElementFafllure.
. RADIONTICLIDE

FACTOR . *Sr Pics
Half life (y) ) 29.12 30.00
Decay constant 2. (s™) . 7.54x101° 7.32x 10™°
Fissionyicld Y 0.0577 0.0615
Releasc fraction " 1.00x10% 1.00x 10°%
Initial Bg/g contained in element * .+ Li2x 10" 1.15x 10*"
Initial pCi available for rclease . 340 352
pCi available for release in 28 y 174 184
AL] (1Ci) 4 200
Reactor bay concentration (uCi/cm’) 43x 10% 45x10%
DAC (uCi/cm®) 2.x10% 6x10%
Tissue at risk Bone surface Total body
Dose conversion factor (mrem/pCi) - 2690 32

Maximum downwind dose (mrem) 0.16 . 0.0020

Whereas the *°Sr activity available for release would exceed the occupaﬁonal ALl and, if
dispersed within the reactor bay, would have a concentration in excess of the DAC,
credible mechanisms for ingestion or inhalation of the full available acuvxty or evenits
full dispersion are not apparent. Thus, neither the *°Sr nor the 'Y’Cs would pose a
significant occupational threat. Even if the total available activity were somehow
dxsperscd to the free atmosphere, no person downwind of the accidental release would
receive doses even approaching regulatory limits.

Conclusions

Fission product inventories in TRIGA fuel elements were calculated with the ORIGEN .
code, using very conservative approximations. Then, potential radionuclide releases
from worst-case fucl elements were computed, again using very conservative
approximations. Even if it were assumed that releases took place immediately after
reactor operation, and that radionuclides were immediately dispersed inside the reactor
bay workplace, few radionuclide concentrations would be in excess of occupational
derived air concentrations, and then only for a matter of hours or days. Only for certain
nuclides of iodine would the potential release be in excess of the annual limit of intake.
However, there is no credible scenario for- accidental inhalation or ingestion of the
undiluted radioiodine that mxght be rclcnscd from a damaged fuel element.

For the residual ®Sr and "Cs remaining in fucl elements from cousumptxon of %y prior
to receipt of the fuel at Kansas State University, only the former would pose any
conceivable occupational threat. Howecver, the total %Sr activity available for release is
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estimated to be at most about 4 times the ALI and there is no credible scenario for its
consumption by a worker.

As far as potential consequences to the general public are concemed, only for the few
radionuclides listed in Table 13.14, are maximum concentrations inside the reactor

facility in excess of effluent concentrations listed in 10CFR20 and potential doses 0.001

mrem or greater. However, even in the extremely unlikely event that radionuclides
released from a damaged fuel element were immediately released to the outside
atmosphere, very conservative calculations reveal that radionuclides inhaled by persons

downwind from the release would lead to organ doses or effective doses very far below -

rc7gulatory limits. As is shown in Table 13.15, the same is true for residual ®Sr and
17Cs remaining in fuel elements from carly operations.
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Days. '
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K-State Reactor Original (10/04)
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CHAPTER 13 APPENDIX A

ORIGEN Input file for 1 tonne U-235 at 1 watt for 40 years

-1
-1
RDA ORIGEN2, VERSION 2.1 (8-1-91) TRIGA REACTOR REFERENCE PROBLEM
RDA UPDATED BY: Richard E. Faw, Kansas State University
BAS ONE TONNE OF U-235
RDA Continuous operation for 40 years at 1 watt
RDA WARNING: VECTORS ARE OFTEN CHANGED WITH RESPECT TO THEIR CONTENT.
RDA THESE CHANGES WILL BE NOTED ON RDA CARDS.
cuT -1 °
RDA LIBRARY PRINT (1=PRINT,O0=DON'T PRINT)
LIP 000
RDA DECAY LIBRARY CHOICES (0=PRINT; 1 2 3 DECAY LIBRARIES; 601 ...
RDA CROSS SECTIONS; ETC, SEE P, 47)
LIB 0 123 201 202 203 © 3 0 1 38
PHO 101 102 103 10 <<< PHOTON LIBRARIES, P. 47
TIT INITIAL COMPOSITIONS OF UNIT AMOUNTS OF FUEL AND STRUCT MAT'LS
RDA READ FUEL COMPOSITION INCLUDING IMPURITIES (1 G)
INP -1 1 -1 -1 1 1 .
TIT IRRADIATION OF ONE TONNE U-235
MOV -1 1 0 1.0
HED 1 CHARGE
BUP
IRP 5 .000001 1 2 52 31 W/Tonne FOR 5 YEARS
IRP 10 .000001 2 1 50 1 W/Tonne FOR 5 YEARS
IRP 15 .000001 1 2 50 1 W/Tonne FOR 5 YEARS
IRP 20 .000001 2 h | 50 1 W/ Tonne FOR § YEARS
IRP 25 .000001 1 2 50 1 W/Tonne FOR 5 YEARS
IRP 30 .000001 2 1l 5 0 1 W/Tonne FOR 5 YEARS
IRP 35 .000000 1 2 S5 0 1 W/Tonne FOR ‘5 YEARS
IRP 40 .000001 2 1 _5 0 1 W/Ténne FOR 5 YEARS .
BUP
OPTL 24+*8 ACTIVATION PRODUCT OUTPUT OPTS P. 56
OPTA 24+*8 ACTINIDE OUTPUT OPTIONS P. 58
OPTF 6*8 S 17*8 FISSION PRODUCT OUTPUT OPTIONS P. 59
RDA DECAY TO 28 DAYS
DEC 1 p 2 4 2
DEC 2 2 3 4 0O
DEC 3 3 4 4 0
DEC 7 4 5 4 0
DEC 14 5 6 4 0
DEC 28 6 7 4 0
ouT -7 1 -1 0 .
ouT 7 1 -1 0
END . -
2 922340 0.0 922350 1.E06 922380 O. 0 0.0 PURE U-235
0
K-State Reaclor 13.A-1 Original (10/04)

Safety Analysis Report
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CHAPTER 13 APPENDIX B

ORIGEN Input File for 1 tonne U-235 at 1 watt
8 hours per day for 5 days

¢ 1 e o OO

-1
-1
-1
RDA ORIGEN2, VERSION 2.1 (8-1-51) TRIGA REACTOR REFERENCE PROBLEM
RDA UPDATED BY: Richard E. Faw, Kansas State University
BAS One tonne U-235
RDA -1 = Fuel composition
cur -1
RDA LIBRARY PRINT (1=PRINT,D=DON'T PRINT)
LIP 000
RDA DECAY LIBRARY CHOICES (O0=PRINT; 1 2 3 DECAY LIBRARIES; 601 ...
RDA CROSS SECTIONS; ETC, SEE P. 47) )
LIB 0 123 201 202 203 9 3 O 1 238
PRO 101 102 103 10 <<< PHOTON LIBRARIES, P. 47
TIT INITIAL COMPOSITIONS OF UNIT AMOUNTS OF FUEL AND STRUCT MAT'LS
RDA READ FUEL COMPOSITION INCLUDING IMPURITIES
INP -1 1 -1 -1 1 1
TIT One tonne U-235 8 h/d for 5 days at 1 kWt
MOV -1 1 0 1.0
HED 1l CHARGE
BUP
IRP 8.0 0.001 1 2 3 2 OPERATE FOR 8 HR AT 1 kW
DEC 24.0 2 3 3 0 COOL FOR 16 HOURS
IRP 32.0 0.001 3 4 3 0 OPERATE FOR 8 HR
DEC 48.0 4 5 3 0 COOL FOR 16 HOURS
IRP 56.0 0.001 ) 6 3 0 OPERATE FOR 8 HR
DEC 72.0 6 7 3 0 COOL FOR 16 HOURS
IRP 80.0 0.001 1 8 3 0 OPERATE FOR 8 HR
DEC 96.0 8 9 3 0 COOL FOR 16 HOURS
IRP 104.0 0.001 9 10 3 0 OPERATE FOR B HR
OPTL 24*8 ACTIVATION PRODUCT OUTPUT OPTS P. 56
OPTA 24*8 ACTINIDE OUTPUT OPTIONS P. 5%
OPTF 6*8 S 17*8 FISSION PRODUCT OUTPUT OPTIONS P, 59
RDA MOVE COMPOSITION VECTOR FROM 10 TO 1
MoV 10 - 1 0 1.0
RDA DECAY TO 0.1 UNITS (2=MINUTES) FROM COMP VEC 1 TO VEC 3
DEC 1 1 2 4 2 :
DEC 2 2 3 4 0
DEC 3 3 4 4 0
DEC 7 4 5 4 0
DEC 14 5 6 4 0
DEC 28 6 7 4 0 . .
ouT -7 1 -1 0 -
ouT K 1 -1 0
END . .
2 922340 0.0 922350 1.E6 922380 0.00 0 0.0 1 g U-235
0 -
K-State Reaclor 13.B-1 Orginal (10/04)

Safety Analysis Report

Ve



CHAPTER 13 APPENDIX C

- o

ORIGEN Output File Extracts for 1 tonne U-235 at 1 watt for 40 Years

NUCLIDE TABLE:

Time post discharge

RADIOACTIVITY,

CURIES

Safely Analysis Report

0 1.0 D 2.0D 3.0p 7.0 D 4.0 D 28.0D
AG 111  1.6SE~04 1.51E-04 1.37E-04 1.25E-04 B8.62E-05 4.50E-05 1.22E-05

BA 140 5.23E~02 4.96E-D2 4.70E-D2 4.45E-02 3.58E-02 2,45E-02 1.15E-02

BA 137 2.93E-02 2.93E-D2 2.93E-02 2.93E-02 2.93E-02 2,93E-02 2.92E~02

CE 141 4.93E-02 4.85E~02 d4.75E-02 "4.65E-02 4.27E-02 3.68E-02 2,73E~D2

CE 143 4.98E-02 3.03E-02 1.83E-02 1.11E-02 1.47E-03 4.32E-05 3.72E~08

CE 144 4.56E-02 4.55E~02 4.54E-02 4.53E-02 4.48E-02 4.41E-02 4.26E~02

€S 137 3.10E~02 3.10E~02 3.09E-02 3.09E-02 3.09E-02 3.09E-02 3.09E-D2

EU 155 2.7SE-04 2.75E~D4 2.7SE-04 2.75E-04 2,75E-04 2.74E-04 2.72E~04 .

EU 156 1.13£-04 1.10E~04 1.06E-04 1.01E-04 B.43E-05 6.13E-05 3.23E-05 .
I 131  2.37E-D2 2.20E~02 2.03E-02 1.87E-02 1.33E-02 7.28E-03 2.18E-03

I 132 3.56E-02 2.9SE~02 2.39E-02 1.93E-02 8.23E-03 1,.86E-03 9.45E-05

I 133 5.6BE-D2 2.62E~02 1.18E-02 5.29E-03 2.16E-04 8.00E-07 1,30E-11

I 135 S5.31E-02 4.29E-03 3.46E-04 2,BOE-05 1.19E-09 2.66E-17 1.34£-32

KR 85  2,10E-03 2.10E~03 2.10E-03 2.10E-03 2.10E~03 2.10E-03 2.09E-03

KR 85 1,07E-02 2.64E~04 6.44E-06 1.S7E-07 S5.58E-14 2.88E-25 0.00E+00

1A 240 5.24E-02 5.19E~02 5.06E-02 4.89E-02 4.08E-02 2.82E-02 1.32E-02

12 141 4.93E-02 7.77E~04 1.13E-05 1.64E-07 7.27E-15 9.89E-28 0.00E+0D

MO 99  5.06E-D2 3.94E-02 3.06E-02 2.38E-02 8.€8E-03 1.49E-03 4.36E-0S

ME 95  5.38E-02 5.38E-02 5.38E-02, 5.37E-02 S.35E-D2 5.28E-02 5.04E~02

NB 97. 4.93E-02 1.85E-02 6.90E-03° 2.58E-03 S5.03E-05 S.14E-08 S,70E-14

NB 95M 3.78E-04 3.77E-04 3.76E-04 3.74E-04 3.64E-D4 . I.41E-D4 2.55E-D4

NB 97H 4.66E-02 1.74E-02 6.51E-03 2.43E-03 4.74E-05 4.84E-08 5.01E-14

ND 147 1.90E-02 1.79E-02 1.68E-02 1.58E-02 1,23E-02 7.91E-03 3.29E-03

PM 147 1.51E-02 1.51E-02 1.51E-02 1.91E-02 1.91E-02 .1.90E-02 1.B9E-02

PH 149 9.11E-03 6.89£~03 S5.04E-03 3.68E-03 1.05E-03 1.17E-04 1.46E-06

PM 151 3.52E-03 1.97E-03 1.10E-03 6.11E-04 5.86E-05 9.70E-07 2.65E-10

PR 143 4,.98E-02 4.93E-02 4.80E-02 4.64E-02 3.86E-02 2.71E-02 1.33£-02

PR 144 4.56E-02 4.S5E-02 4.54E-02 4.53E-02 4.48E-02 4.41E-02 4.26E-02

FR 145 3.29E-02 2.06E-03 1.27E-04 7.89E-06 1.1€E-10 4.06E-19 S5.14E-36

PR 144 5.4BE-04 5.46E-04 5.45E-04 5,.43E-04 5.38E-04 S5.29E-04 .S.11E-04

RH 305 8.53E-03 6.09E-03 3.83E-03 2.35E-03 3.64E-04 1.35E-05 1.86E-08 .
R 106 3.27E-03 3.26E-03 3.26E~03 3.25E-03 3.23£-03 3.18E-03 3.108-03

RE 103 2.37E-02 2.33E-02 2.29E-02 2.25E-02 2.09E-02 1.85E-02 1.45E-02

RU 103 2,63E-02 2.58E-02 2.S4E-02 -2.49E-02 2,32E-02 2.05E-02 1.60E-02

RU 105 B,53£-03 2.08E-04 4.90E~06 1.16E-07 3.576-14 1.44E-25 0.00E+00

RO 106 3.27E-03 3.26E-03 3.26E~03 3.25E-03 3.23£-03 3.1BE-03 3,.10E-03

SB 125 2.49E-04 2.49E-04 2.49E~04 2.49E~04 2.4BE-D4 2.47E-04 2,.45E-04

SB 327 1.10E-D3 9.28E-04 7.75E~04 6.47E-04 3.15E-04 B.93E-05 7.18E-06

SB 125 5.33E-03 1,15E-04 2.4SE-06 5,20E-08 1.06E-14 2.08E-26 0.00E+DC .
SM 151  9.34E-04 9.348-04 9.34E~04 5.J4E-04 95.34E-04 9.33E-04 5.33E-D4

SH 153 1,36E-03 9.55E-04 6.69E~04 4.68E-D4 1.13E-04 9.30E-06 £.34E-08 .
SN 125 1,13E-04 1.0SE-04 9.75E~05 9.07E-05 6.80E-D5 4.11E-05 1.50E-DS
SR 89  4,05E-02 3,99E-02 3.94E~02 3.89£-02 3.68E-D2 3J.34E-02 2.76E-02

SR 90  2.97E-02 2.97E-02 2.97E-02 2.97E-02 2.97E-02 2.97E-02 2.97E-02

SR 91  4.94E-02 8.59E-03 1.49E-03 2.59E-04 2.35E-07 1.12£-12 2,51E-23

SR $2  5,04E-02 1.09E-04 2.35E-07 S5.07E~10 131.10E-20 O.0OE+00 0.G0E+00

TC 994 4.43E-02 3.76E-02 2.9SE-02 2.29E-02 8.36E-03 1.43E-03 4.20E-0S

TE 127 1.09E-03 1,.02E-03 8.88E-04 7.68E-04 4.49E-04 2.27E-04 1.37E-04

TE 129 S.25E-03 6.43E-D4 4.99E-04 4.BEE-04 4.48E-04 3.B8E-04 2.90E-04

TE 131  2,13E-02 3.95E-04 2.27E-04 1.30E-04 1.42E-05 2.92E-07 1.24E-10

TE 132 3.54E-02 2,86E-02 2.32E-D2° 1.B7E-02 7.95E-03 1.80E-03 9.17E-05

TE 127 1,53E-04 1.53E-04 1,52E-D4 1.52E~04 1.50E-04 1.44E-04 1.33E-04

TE 129 7.91E-04 7.78E-04 7.63E-04 7.47E-04 6.88E-04 S5.95E-04 4.46E-04

TE 131 3.04E-03 1,75E-03 1.01E-03 S5.79E-04 6,30E-05 1.30E-D6 35.52E-10

XE 133 S,6BE-02 S5.47E-02 S,03E-02 4.52E-02 2.74E-02 1.09E-02 1.72E-03

XE 135 5,52E-02 2.02E-02. 4,15E-03 7.39E-04 5.35E-07 1.47E-12 1.09£-23

XE 131 2,63E-04 2.62E-04 2,61E-D4 2.58E-04 -2.41E-D4 1.97E-04 1.11E-04

XE 133 1.65E-03 1.51E-03 1,24E-03 9.6SE-04 2.96E-04 3.27E-05 3.90E-07

XE 135 9.52E-03 6.87E-04 S5.S5E-0S .4.48E-D6° 1.91E-10 4.27E-18 2.14E-33

Y 90  2.97E-02 2.97E-02 2.97E-02 2.97E-02 2.97E-02 2.957E-02 2.97E-02 .
Y 81  4.94e-02 4.91E-02 4.86E-02 4.B0E-D2 4.SBE-02 4.21E-02 3.57E-02

Y 9  5,05E-02 1.60E-03 1,70E-05 1.60E-07 1.10E-15 S.65E-30 0.00E+00

Y 53  5.44E-02 1.06E-02 2,04E-03 3,93E-D4 5.41E-07 5.32E-12 S$.15E-22

Y 91M 2,86E-02 5.46E-03 5.47E-04 1.64E-04 1.49E-07 7.09E-13 1.60E-23

ZR 95  5.38E-02 S5,32E-02 5.26E-02° S$.21E-0D2 4.99E-02 4.62E-02 3.97E-02

2R 97° 4,92E-02 1.B4E-02° 6.87E-03 2.57E-03 S.00E-05 S5.11E-08 5.29E-14 )
K-State Reactor 13.C1 Original (10/04)
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CHAPTER 13 APPENDIX D

ORIGEN Output File Extracts for 1 tonne U-235 at 1 W for 8 h/d, 5 Days
NUCLIDE TABLE: RADIOACTIVITY, CURIES
Time post discharge

0 1,0 D 2,0D 3.0D 7.0 D 14.0 D 28.0 D
AS 78 1.24e-01 2,17E-05 5.66E-10 1.16E-14 1.11E-33 0.00E400 0.00E+00
BA 139 S.33E401 3.47E-04 1.99E-03 1.14E-14 1.28E-35 0.00E+00 0.00E+00
BA 140 4.22E+00 4.00E4+00 3.79£+400 23,.S9E400 2.89E400 1.98E+00 9.27E-01
BA 141 4.91E+01 O0.00E+00 O0.00E400 0.00E+00 0.00E400 0.00E+00 0.00E+00
BA 142 4,88E+01 O0,00E+00 O0.00E4+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00
BR 83 4,02E+00 4.13E-03 3.%2E-06 3.72E-09 3.01E-21 O.00E+00 0.00E+00
BR 84 B8.43E+00 2,.19E-13 5.13E-27 O0.00E+00 0.00E+00 O0.00E+00 0.00E+00
CE 141 1.57E+400 1.74E400 1,71E+00 1.67E400 1.54E+00 1.32E+00 9.81E-01
CE 143 1.84E+01 1,13E+01 6.83E4+00 4.13E400 S5.49E-01 1.61E-02 1.39E-05
CE 144 1.85E-01 1.84E-01 1.84E-01 1.83E~-01 1.82E-01 1.79E-01 1.73E-01
CS 138 5.68E+01 3.40E-12 1.17E-25 O0.00E+00 0.00E+00 O0.00E+00 O0.00E+00
b g 131 2.82E+00 2.74E400 2.SS5E+00 2,37E+400 1.70E+00 9.33£-01 2.,7SE-01
1 132 7.7384+00 6.95E400 S5.62E400 4.54E400 1.94E+00 4.37E-01 2.22E-02
I 133 2.32e+01 1.11E401 5.00E+00 2.25E+400 9.17E-02 3.40E-04 4.66E-09
I 134 6.38E+01 1.62E-06 9.36E-15 S$.37E-23 0.00E+00 0.00£+400 0.00E+00
1 135 3.28E+401 2,65E+400 2.14E-01 1.73E~-02 7.35E-07 2.65E-14 B8.26E-30
KR 87 2.}4E+01 4.51E-05 9.39E-11 1.96E-16 0.00E+00 0.00E+00 0.00E+00
KR 88 2.62E+01 7.49E-02 2.14E-04 6.05E-D07 4.03E-17 6.19£~35 0.00E+00
KR  83M 3.30E+00 1.39E-02 1.65E-05 1.S8E-08 1.25E-20 0.00£E+00 0.00E+00
KR 85M 7.76E+00 1.93E-01 4.70E-03 1.15E-04 4.07E-11 2.10E-22 0.00E+00
LA 140 2.2SE+00 2.88E+00, 3.22E+00 3.J3B8E+00 3.15E+00 2.27E400 1.07E+00
LA 141 J.79E+01 6.11E-01 8.86E-03 1.29E-04 S5.72E-12 7.77E-25 0.00E+00
LA 142 4.83E+01 1.15E-03 2.43E-08 S5.12E-13 1.01E-31 0.00£400 0.00E+00
1A 143 4,.96E+01 O,.00E+00 O.O00E+00 0.00E+00 0.00E:00 O0.00E+00 0,.00E400
MO 59 1.31E+401 1,02E+01 7.93E+00 €.17E+00 2.25E+00 3.85£-01 1.13E-02
MO 101 4.23E401 0.00E400 O.00E+00 O0.00E+00 0.00E+00 O0.00E+00 0.00E+00
NB 57 1.98E+01 8,19E400 3.06E+00 1.14E+00 2.23E-02 2.2BE-05 2.53E-11
NB 98 4.86E401 0.00E+00 O0.00E+00 0.00E+00 O0.00E+00 0.00E4+00 0.00E+00
ND 147 1.79E+400 1.69E+00 1.5%E+00 1.49E+00 1.16E+00 7.S0E~-01 3.12E-01
ND 149 8.74E+00 S5.96E-04 3.98E-08 2,65E~-12 5.23E-29 0.00E400 0,00E+00
ND 151 3.S0E400 O0.00E+00 O.00E+00 0,00E+400 0.00E+00 0.00£E+400 0.C0E+00
ep 109 1.198-01 3,50E-02 1.02E~02 2.95E-03 2.11E-05 3,.69E~03 1.13E-16
P4 151 1.36E4060 7.72E-01 4.30E-01 2.39E~01 2.30E-02 3.80E-04 1.04E-~07
PR 143 2.31E+00 2.92E+00 3.22E+00 23.33E+00 3.03E+00 2.16E400 1.06E400
PR 144 1.B6E-01 1.84E-01 1.84E-01 1.83E-01 1.82E-01 1.79E-01 1.73E-01
PR 145 2.12E+01 1.33E+00 B8.25E-02 S5.11E-03 7.52E-08 2.63E-16 3.22E-33
PR 147 1.90E+01 O0.00E+00 0.00E4+00 0.00E4+00 O0.00E+00 0.00E+00 0,.00E+00
RB 88 2,.65E+01 8.,37E-02 2.39E-04 6.80E-07 4.50E-17 7.40E-35 0,.00E+00
RH 105 2.57E+400 2.17E400 1.37E+00 8.55E-01 1.30E-01 4.84E-03 6.68E~06
RH 107 1.37E+00 1,.84E-20 O.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00
RU. 103 7.45e-01 7.33E-01 7.20E-01 7.08E-01 6.S59E-01 5.83E-01 4.55E-~01
RU 105 6.23E+400 1.54E-~01 23.62E-02 8.54E-05 2.64E~11 1.07E-22 0.00E+00
S§B 127 2.19E-01 11.96E-01 1.63E-01 1.36E-01 6.64E-02 1.88E-02 1.51E-03
SE 81 1.76E+00 2.49E-09 6.77E-17 1.84E-24 0.00E+00 0.00E+00 0.00E+00
SE 83 1.64E400 8,98E-20 0.00E+00 0.008400 0.00E+00 0,005400 0.00E+00
sS4 153 4.27E-01 3.01E-01 2.11E-01 1.48E-01 3,.55E-02 2.93E-03 2.00E-0S
SM 155 2.76E-01 8.53E-21 0.00E+00 0.00E+00 O0.00E+00 O.00E+00 0.00E+00
SN 127 6.52E-01 2.37E-04 8.5%9E-08 3.128~11 5.40E-25 O0.00E+00 0.00E+0D
SH 128 2.78E+00 1.25E-07 5.62E-15 2,53E-22 O0,.00E400 0.00E4+00 0.00E+00
SR 89 9.30E-01 9.27E-01 9,15E-01 9.02E-01 8.54E-01 7.76E~01 6.40E-01
SR 91 2.64E+01 4,.60E400 7.99E-01 1.39E-01 1,26E-04 S5.98E-10 1.35E-20
SR 92 4.40E+01 9.50E-02 2.05E-04 4.42E-07 9.S9E-18 1.62E-36 0.00E+00
TC 101 4.23E+401 0.00E400 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
TC 104 1.53E401 0.00E400 0.00E+00 O0.00E+00 O©0.00E+00 O.00E+0D - 0.00E+00
TE 127 1.61E-01 1.77E~01 1.5SE-01 1.31E-01 6.49E-02 1,94E-02 2.81E-03
TE 129 3.11E400 1.18E-01 1.87e-02 1.62E~02 1,.49E-02 1,295-02 9.65E-03
TE 131 2.09E+01 1.51E-01 8.6BE-02 4.99£-02 5.43e-03 1.12E-04 4.76E-08
TE 132 8.32E+00 6.74E400 5.45E+00 4.412+400 1.88E+00 4.24E-01 2.16E-02
TE . 133 3.20E401 6.42E~08 9.€1E-16 1.44E-23 0.00E+00 0.00E+00 0.00E+b0
TE 134 5.6%E+01 2.42E~09 1.03E-19 4.40E-30 O0.00E+00 O0.00E+00 0.00E+00
XE 133 6.76E+00 8.00E400 7.97E400 7.43E+00 4.68E+00 1.88E+00 2.97E-01
XE 135 1.96E+01 1.01E+01 2.19E400 3.97E-01 2.91E-04 7.99E-10 5.94E-21
XE 138 5.26E+01 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00
Y 91 7.71E-01 9.16E~01 9.328-01 9.25£-01 8.84E-01 8.13E-01 6.85E-01
b 4 92 2.81E+01 1.258400 1.35E-02 1.28E-04 8.81E-13 4.51E-27 0.00E400
b ¢ 93 2.86E+01 5.64E+00 1.09E400 2,09£-01 2.B8E-04 2.83:-0%9 2.74E-19
b 4 94 S.26E401 O0.00E400 O0.00E+00 0.00E+00 O0.00E+00 O0.00£E400 O.00E+00
Y 95 5.35E401 O.00E+00 O.00E+00 O0.00E+400 0.00E+00 0.00E400 0.00E+00
K-State Reactor 13.D-1 Original (10/04)
Safely Analysis Report
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CHAPTER 13 Py e

Y S1M 1.41E+01 2.93E+4D0 5.08E-01 B8,.81E-02 B.0DE-DS 3.80E-10 B8.56E-21
ZR 95 9.72e-01 9.6BE-01 9.58E-01 9,47e-01 9.07E-01 8.41E~-D1 7.23E-01
ZR  S7 2.18E401 B,1SE+D0 3.05E+00 1.14E+400 2.22E-D2 2.27E-D5 2.34E~11

K-State Reaclor ' 1302 Original (10/04)
Safety Analysis Report .
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ACCIDENT ANALYSIS

CHAPTER 13 APPENDIX E

Maximum Activity Available for Release

One TRIGA Element at B6.42 W for 40 Years
(Release fractions: 1E-04 for halogens and noble gases, 1E-06 for particulates)
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. CHAPTER 13 APPENDIX F

Haximum Activity Available for Release
One TRIGA Element at 31,125 kW, 8 h/d, S Days

(Release fractions: 1E-04 for halogens and noble gases, 1E-06 for particulates)

S EASA ; S {nitial Bay ghsieait
“,,a:?&'-ﬁ.;‘::-g‘g a”‘ X 57 NTRX. :(ﬁwm on“f; LRSI
SEEEOAE : : Wmmézﬂm
AS 78 0 0 0 2.E+04 BS.E-06 9.25E-10 NA
BA 139 1604.3 . 0 0 0 6 - 0 0 3.E+04 1.E-05 4.00E-D7 NA
BA 140 127,25 120.5 114.3 108.3 B7.25 59.5 28 1.E+03 6.E-D7 3.00E-D8 NA
BA 141 1480.3 0 0 () 0 ) 0 7.E+04 3.E-05 3.75E-07 NA
BA 142 1470.5 0 [\ 0 0 (] 6 1.E+05 6.E-05 3.50E-07 HNA
BR 83 12110 12.5 0 () o 0 0 6.E+04 3.E-05 3.00E-06 MNA
BR 84 25386 ) 0 ) 0 ° 0 6.E+04 2.E-05 6.25E-06 NA
CE 141 47.25 52,5 51.5 50.25 46,25 39.75 29.5 6.E+02 2.E-07 1.15E-08 NA
cE 143 553.5 340.75 205.8 124.3 16.5 0.5 0 2.E+03 7.E-07 1.35E-07 RA
CE 144 5.5 5.5 5.5 5.5 5.5 5.5 $.25 1.E401 6.E-09 1.38E-03 NA
cs 138 1711.8 0 0 0 0 0 0 6.E+04 2.E-05 4,25E-67 NA
1 131 8489.3 8245.3 769¢ 7131 5124 2810 B840.5 S.E+D1 2.E-08 2.08E-06 103.8
1 132 23281 20943 16530 13686 S838 1317 67 8.E+03 3.E-06 S5.75E-06 1.9
1 133 69950 33529 15072 6772 276.3 1 0 3.E+02 1.E-07 1.73E-05 172.5
1 134 192228 0 0 0 0 0 0 S.E+04 2.E-05 4.75E-05 2.4
1 135 98750 7980 644.3 52 0 0 0 2.E403 7.E-07 2.43E-05 34.6
KR B7 €4498°  0.25 () 0 () o . () na 5.E-0D6 1.58E-05 3.2
KR 88 79048 225.75 0.7S 0 0 0 [ na 2.E-06 1.95E-05 9.8
KR 834  9953.3 47.75 () o, o [ o na 1.E-D2 2.45E-06 NA
KR B85M 23368 580.25 14.25 0.25 0 0 0 na 2.E-05 S5.7S5E-06 NA
1A 140 67.75 86.75 97 101.8 96 68.5 32.25 1.E4+03 S.E-07 1.68E-D8 NA
LA 141 1140.3 18.5 0.25 0 ) 0 0 9.E+03 4.E-06 2.7SE-07 NA
1A 142 2454.5 0 0 (] (] [ 0 2.E+04 9.E-06 3.50E-07 NA
1A 143 1493.3 0 0 () 0 0 0 9.E+04 4.E-05 3.7SE-07 NA
MO 99 '395.5 307.5 239 185.8 67.75 11.5  0.25 1.E+03 6.E-07 9.75E-08 NA
40 101 1272.8 0 0 0 0 () 0 1.E+05 6.E-05 3.00E-07 NA
NB 57 596.75 246.75 92.25 34.5 0,75 o 0 7.E+04 3.E-05 _1.4BE-07 MA
NB 98 1463.5 0 0 ] 0 (] 0 5.E+04 2.E-05 3.50E-07 NA
. ND 147 53.75 51 48 45 35  22.5 8.5 B8.E+02 4.E-07 1.33E-08 MA
ND 143 263.25 0 ()] () 0 0 0 2.E+08 1.E-05 6.50E-08 NA
ND 151 105.5 0 [} 0 0 0 0 2.E+05 B.E-05 2.50E-08 NA
PD 109 a.s .1 0.25 ) 0 0 0 5.E403 2.E-06 8.75E-10 NA
™ 151 41 23.25 13 7.25 0.75 0 0 3.E+03 1.E-06 i.00E-08 A
PR 143 69.5 g8 97 100.3 91.25 €5 31.75 7.E402 3.E-07 1.70E-08 NA
PR 144 5.5 $.5 5.5 5.5 5.8 5.5 5.25 1.E+0S S.E-05 1.38E-09 NA
PR 145 638 40.25 2.5 0.25 0 0 0 8.E4+03 3.E-06 1.58E-D7 NA
PR 147 572 0 ° ‘0 ) 0 © 2.E405 8.E-05 1.40E-07 NA
R8 88 799 2.5 0 () 0 0 0 6.E+04 -3.E-05 1.95E-07 NA
RH 105 77.5 65.25 41.25 25.75 4 0.25 0 6.E+03 2.E-06 1.50E-08 NA
RH 107 41 0 () () 0 0 0 2.E+05 1.E-D4 1.00E-08 MA
RU 103 22,5 22 21.75 21.25 19,75 17.5 13.75 6.E+02 3.E-07 5.S0E-09 NA
RU 105 187.5 4.5 0 0 0 0 0 1.E+04 S.E-06 4.50E-08 NA
sB 127 6.5 6 3 4 2 0.5 0 5.E402 4.E-07 1.63E-09 WA
st 81 53 0 0 0 0 0 0 2.E+05 1.E-04 1.30E-08 NA
SE 83 49.5 0 -0 () 0 0 0 1.E+05 S.E-05 1.23E~08 NA
SM 153 12.75 9 6.25 4.5 1 ) 0 2.E+03 1.E-06 3.25E-09 NA
SM 155 8.25 0 )} ) () 0 0 2.E405 9.E-0S 2.05E-09 NA
SN 127 19.75 0 0 0 0 0 0 2.E+04 8.E-06 4.75E-09 HMA
SN 128 83.75 0 ()] 0 0 0 0 3.E+04 1.E-05 2.05E-08 NA
SR 89 28 28 27.5 27.25 25.75 23.25 19,25 1.E+D2 6.E-08 6.7SE-03 NA
SR 81 796.25 138,75 24 4.25 0 o 0 4.E+03 1.E-06 1.9SE-07 MA
SR 92 1325.8  2.75 0 ()} 0 0 0 7.E403 3.E-06 3.25E-D7 MA
1C 101 1273 0 0 0 ( 0 3.E405 1.E~04 3.00E-07 NA
TC 104 459.75 0 0 [ ‘0 0 0 7.E404 3.E-05 1.13E-07 WA
TE 127 4,75 5.25 4.75 4 2 0.5 0 2.E404 7.E-06 1.18E-09 NA
TE 129 83,75 3.5 0.5 0.5 0.5 0.5 0.25 6.E+04 3.E~05 2.30E-08 NA
TE 131 628.75 4.5 2.5 1.5 0.25 0 0 5.E403 2.E-06 1.55E-07 NA
K-State Reactor 13.F-1 Original (10/04)
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CHAPTER 13

52U~ Potential Activity Release (Ci)is G I TEa R sk 2802 Initial Bay X T iefsrs
e fﬂﬁﬂmepssrmef’; e e T
SR a5 afs) dxild diigy28 ds ‘7’- C.ﬁ.u" Cilem S Clem & {1 ssuen
203 164.3 132.8 56.75 12.75 0.75 2.E+02 9.E-08 6.25E-08 NA
0 0 0 0 ) 0 2.E404 9.E-06 2,38E-07 WA
0 ] [} 0 0 0 2.E+04 1.E~05 4.25E-07 NA
XE 133 20362 24106 24010 22389 14111 5673 894.75 na 1l.E-04 S.00E-06 NA
XE 135 58955 30517 6594 1185 1 0 0 na 1.E-05 1.45E-05 1.5
XE 138 158548 0 0 0 0 0 0 na 4.E-06 4.00E-05 10.0
Y 91 23.25 27.5 28 28 26.5 24.5 20.75 1.E+02 5.E-08 .5.75E-09 WA
Y 92 846.75 37.75 0.5 0 0 0 0 8.E403 3.E-D6 2.08E-07 NA
Y 93 861.25 169.75 32.75 6.25 0 0 0 2.E403 1.E-06 2.10E-07 NA
Y 9 1583.8 0 0 0 0 0 0 8.E404 3.E-0S 4.00E-07 NA
Y 95 1613 0 o 0 0 0 0 1.E40S 6.E~05 4.00E-D7 NA
Y 91M 423.5 88 15.25 2.7% ] 0 0 2.E405 7.E-05 1.0S5E-07 NA
ZR 95 29.25 29.25 28,75 28.5 27.25 25.25 21.75 1.E402 S.E-08 7.25E-09 MA
ZR 97 657 245.5 91.75 34.25 0.75 0 0 1.E403 S5.E-07 1.60E-07 NA
K-State Reactor 13.62 Original (10/04)
Safety Analysis Report

CCC L CCCCCEEEEEES

/(o CCCC 0 (0_C(C



SAFETY ANALYSIS REPORT

This page intentionally blank

K-State Reactor



k

. CHAPTER 14

TECHNICAL SPECIFICATIONS

SEPARATELY PUBLISHED AS REPORT KSUNE-00-05
DEPARTMENT OF MIECHANICAL AND NUCLEAR
ENGINEERING, KANSAS STATE UNIVERSITY
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15. Financial Qualifications

15.1 Financial Ability to Operate the Reactor

The KSU TRIGA Reactor has been in continuous operation since 1962. From 1962 until 1997,
the Department of Nuclear Engineering operated the Reactor at the University. In 1997, the
Departments of Mechanical and Nuclear Engineering merged to become a single department.
The budget for the reactor is integrated.into the department budget. The department has
substantial resources, in that it supports a student body of 424 undergraduate students and 61
graduate students, a full-time faculty of 24, and $2.5 million of external funding for research

support.

Appendix A contains information related to demonstrating financial ebility of Kansas State
University to operate the K-State reactor:

o Fuel Cycle Assistance Contract (including compliance with the Nuclear Waste Policy Act
of 1982) and Amendments thereto

e Support and Responsibility for Decommissioning
¢ Nuclear Liability Insurance Indemnit); Agreement and Amendments thereto

15.2 Financial Ability to Decommission the Facility

As indicated in Appendix C, the university administration intends to support extension of the

operating license of the TRIGA reactor. Whenever a decision is reached to decommission the

reactor, the university will request legislative appropriation of funds, or otherwise provide funds
. sufficiently in advance of decommissioning to prevent delay of required activities.

15.3 Bibliography

NUREG/CR-1756 “Technology, Safety, and Costs of Decommissioning Reference Nuclear
Research and Test Reactors, ” U.S. Nuclear Regulatory Commission,, March 1982; Addendum,
July 1983,

K-State Reactor 15-1 . Original (9/02)
Safety Analysis Report
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EINANCIAL QUALIFICATIONS

Appendix 15.A, Financial-S'fatements

K-State Reactor 15.A . Original (9/02)
Safety Analysis Report



FINANCIAL QUALIFICATIONS
. - HOV 11 95 :z:mamsmxv_umwmmnn. P.39°*
had org Mewsns! Lagacuring Labersery

July &, 1988

Hr. Warren Strayss, Cosptroller
Kansas State Unfversity
Manhattan, Kansas 66506 *

TASK ORDER M0. 1 WNDER SUBCONTRACT KO, :u:mass {DE-ACO7-76ERO2082) WITH
THE KAMSAS STATE LMIVERSITY FOR REACTOR FUEL ASSISTANCE - AR-69-83

Daar Mr. Strauss:
1. This Task Ordar Re. 1, effective July 1, 1588, 1 §n accordance with:
. A. The teres of Subcontract Mo, €88-101856,

B. The Subcontractor’s letter $a continue the Reactor Fue)
Assistancs Progran,

. 2. As & result of this Task Order, the Subcoatracter will provide for

. utilization of the reactor cwned by the Subceatractor In 8 progran of
education and training of studests $n autlear science and

- engineering, 3ad for faculty aad studeat research. The tontract
provides for the continued possession and use of DOE-cwned puclear
waterfals, $acluding: enriched uraaiun ia reactor fusl without
charge of use, burn-up, or reprocassing whils used for raseirch,
education and tnhlng {:rpo:ls. A report shall de subaitted
annually on tha use of the 1e1aed pateria) during the past yur.

3. ERLG 1dako Adainistration,

A. Contractsa) responsibilities under this Task Order shall be
sdatnlstered by Ann Rydalch, -

B. A1 work to be perforzad under this Task Order shall be ender the
technical Jurisdiction a3ad direction of Kaith Srown,

4. Subcontractor Administratien.

A. The Subcontractor’s contract respeasibilities under this Task
Order sh2ll ba adaiafstered by Varren Strauss,

SN EGG e POSerims  kiabofaits 10 2usS

K-State Reactor 15.A-ii
Safety Analysis Report

Original (9/02)
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FINANCIAL QUALIFICATIONS

« HOV 18 96 12185PH ATR & LMIVERSITY FERCTCR FUIL

. ll.- -..bn_.~*

250
t,'_: ¥r. Warren Strauss
Jdaly 6, 1988

AR-89-88

Page 2

B. Technical Adnfagstratien: All work to be perforzed under this
Task Ordar shall ba under the tachnical Jurisdictica and
directicn of the Director of the Reactor Fue) Assistance Progrim.

Subjoct to the terns and cenditions of.Subcaatract Mo, (88-1018%6,
the Scheontractor shall use all reasinable efforts 1o ceeplete the
Scope of Work by Octobar 30, 1993,

The total estizatad cost and celling azoumt for this Task Ordar 1s

=0.. Funds may be providad at any tizs under this agreeneat, 1f, and

a3 needed.

The asount currently obug:tld for perfornance of this Task Order is
the maxizun anount cbligatad and must mat be exceeded without the
grier approval of tha Subcontratt Adalaistrater designatsd hersin.

f at any tise the Subcontractor-his retsca ta believe that the total
cost to the Centractor will be greater thaa tha eblfgatad amsont
and/or calling amomnt shown on this Task Order, the Subcontractor
$hall natity the Coatractor {a writing to that effect, giving the
mised estiaite of sc2h tatal cost far the perforaince of Tast

er, “

Title to 211 spaclal muclear matarfal Joaned 4o the Subcontractor
under this Tazk Order shall al 211 tiaes be and recala in the United
States Govermaent, . . :

The Contractor wil1 not charge the Subcontractor for such amoont of
material as i3 {)) coasuned §» the pperation of the facility pnti})

Jratica of this Task Ordar, and ?lh“t recoversd 1n reprocessing
subsequent to0 the xitizate nim of the special nuclear mterial,
wil) waive al) use charges pa the material unti] expiration ef this
Task Mr{r:nd will, at the Contracter’s option, eilber raixburse
the Subcontractor for cost of shippieg speat fuel for chezieal
reprocessing er accest return of material a% the Subcoatractor’s
facility., The Subcostracter’s odligation iz to vatwrn material ia
the fora defined above, a3 affected by nse for tha contract purposss,
and, therefors, the Subcontracter has mo responsidility for
reprocssing of such material,

Except 28 otherwise provided bertin, the Schcontractor s rasponsitle
for and w11) pay the Lontractor any chargas $moosed by the Contractor
for matarial delivered to the Subcontractor and mot uiltisately
returned to the Contractor.

P49

5.

6.

. 7.

8.
K-State Reactor

" 15.Aiii .

Safety Analysis Report

Original (9/02)



FINANCIAL QUALIFICATIONS

. MOV 1] #56 121847 ATR & WNIVERSITY RERCTCR FUEL

A
‘1-

-

Mr. Warrean Strauss
July 8, 1988
AR-89+B8

Page 3

9. Upen cxflratteu of the tarcs of this Task Order, the Subcoatracter
may continua to use tha matarial under 1ts licanss and {n such avast,
the Contractor has the option 2s 'r:guin the Subcontractor 1o be
rasponsible for 311 ebarges reguired by tha Contractor relating to
tha material frea the date of expiratica, including charges for use
and consumption. . R

10. Notwithstanding any other provision of this ecatract or Task Order,
the Coverarent shall mot bs Tesponsibla for or have sny ob} Extlw to
the Subcontractor for dacontaminatien or decesmissioning (013) of any
of the Subcontractor’s ficilities. .

11. The Subcoatractor is respoasible for verification and accountahilit
of n{ubos-ma nuclear mater{als 3 1tx possessfan. A raport shall
bs submitted annually on the use of the 1oansd material during the
gast yaiy, [a the avent the terms and conditiens of this contract or

ask Ordar are not §n 3grsement with NRC rulss and regulatiens, the
NRC requirscants will tata precedence.

12. Invoices for servicas previded sader this Task Ordar whars .
atpllmh, mty be accempanied by 2 certified statezent of costs in
} [ {omt. set forth In Appendix A3 howeyer, must accompany the fimal
avaics.

Tha original and two coplies of this Task Order are forwarded. Please
execute the eriginal and oae copy and return them to £G1G Idaho, Inc, The

rezafaing copy, axecuted by EGRG ldshe, Inc., pay be retained for your
records.

EG1G 1DAHD, InC, XANSAS STATE DMIVERSITY

» .
By__@M_ By

Ana ch Wacren Strauss
Tile .msmﬂn.munnm_ m;.-,_mm__&_w

Js
cc:  Xalth Brown

P.53

K-State Reactor 15.A-iv
Safety Analysis Report

Qriginal (9/02)
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FINANCIAL QUALIFICATIONS
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INEk

oo Natiorsl (ngmeenng Laborstery

. November 29, 1993

Kr. Richard E. Faw
Xansas State Unlversity .
Hanhattan, KS 66506

HODIFICATION HO. 1 TO TASK ORDER N0, 1 UKDER SUBCONTRACT NO. C88-101856 (DE-
AC07-76ER02436) WITH KANSAS STATE UHIVERSITY FOR REACTOR FUEL ASSISTANCE - .
KF-201-93  “3o%2. S

Dear Mr. Faw: )

This Hodification Ho. 1 to Task Order No. 1 under Subcontract No. €83-101856,
effective’November 1, 1993-.4s to:

1. Expand the scope of work to include additional compliance requiresents,
2.  Wodify the EGAG Tdaho Administration,

3. Extend the tern five years,

OV, THEREFORE, the partfes mutually agree to the following:

1. Jtem 2 - i3 expanded to include the Attachment A - UNIVERSITY REACTOR
FUEL ASSISTANCE PROGRAM - Subcontract Materials Management Requirements. .

2. Item 3 - EGAG Idaho Administration is wodified to change the ccntractua‘l
representative and the technical representative as follows:

A. Contractual Responsibilities under this task order modification
3hall be administered by Ken Feliciano. .

B. AN work to be performed under this task order modiffcation shall
e: un_cl!er the technical Jurisdiction and direction of Anthony
nnola,

3. Item § 15 modified to extend the term five years. Therefors, Item 5 is
modified to read as follows:

Subject to the'terms and conditiens of Subcontract No. €88.101856, the
subcontractor shall use all reasonable efforts to complete the Scope of

Work by October 30, 1998, EECEIVED

’ DEC 07 533

orgEERGmu. £.0. Box 1625 Idaho Falls, ID £3415 —5‘737:33*""1@ Experiment Statien
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Hr. Richard E. Faw_
Hovexber 29, 1993
KF-201-53

Page 2

Except only as changed by this Modification No. 1, a1l of the terms and
conditions of Task Order Ho. ) Under Subcontract No. €88-101856 shall remain
in full force and effect.

Two coples of Lthis Modification Ho. 1 .to Task Order Ho, 1, executed by EGiG
Idaho, Inc., are forwarded. Please execute one copy and return it to E63G
Idaho, Inc. One copy may be retained for your records.

KANSAS STATE l!gmlERS!TY EGLE IDAMO, ING.

By M&‘Z\_ By n
£173akts Shanteau Ked FeliTlano .
Title ) *Title Subcontract Administrator
In;erh Assoec, Vice

Date pate A/ '30%’3
K-State Reactor 15.A-vi Original (9/02)
Safety Analysis Report

r e e 600 CCCCC(CCCCCCEEEEGESES

I'd



*~

TN N e

NN NN

\.

(A N O N A

L

~

FINANCIAL QUALIFICATIONS

Ollice of the Provost

AndersonHall
Manhaitan, Kansas 68506
9138328224

" July 17, 19%0

United States Nuclear -

Regulatory Commission, Region IV
611 Ryan Flaza Drive, Suite 1000
Arlington, TX 76012

orem se

" RE: License R-88
Docket 50-188

Desr Sirs:

This concterns the ultimate decommizsioning of the Kansas
State University TRIGA Nuclear Reactor Facility, currently
licenged for operation by the University until August 15,
2001. Pursuant to Federal Requlations, Title 10, Part 50,
this iz to assure that the University, &n eatity of the
State of Kensas, will obtain the funds for decommissioning
when necessery.

It i= our intention, at the sppropriate time, to xeguest an
extensicn of the Reacter Facility operating license beyond
the August 2001 termination of the current license. Never-
theless, whensver a decislion is reached to decommission the
facility, the University will regquest legisiative appropri-
ation of funds, or otherwise provide funds gufficlently in
‘:33::1 of decommissioning to prevent deley of required
2 2Se

Enclosed ig 2 preliminary cost estimate for decommissioning
of the Reactor Facility. The cost estimate was prepared on
the basis of the methods described in the May 1989 Nuclear
Regulatory Commission Draft Regulatory Guide on “As

the Availability of Funds for Decommissioning Nuclear Reac-
tors.” Cost escalation factors other than those prescribed
in pudblicatiens cited by the Guide are based on U.S.
Department of Labor statistics.

¥ith sassurance that I have the =2uthority to sign this
statement of :lntent,. I am

K-State Reactor

15 Avii Original (9/02)

Safety Analysis Report
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3 ", UNITED STATES
] 3 NUCLEAR REGULATORY COMMISSION
g & f .sg WASHINGTON, D, . 20358
~ et HOV 27 1989 -

Docket Mo, 50-188

Dr. Richard E. Faw, Director
Nuclear Reactor Facllity
Department of Nuclear Eagineering
WNard Hall 3
Kansas State University !
Harhattan, Kansas 66506 ;

Dear Dr. Faw: o
SUBJECT: XANSAS STATE ‘UNIVERSITY - AMENDHENT TO IMDEMNITY AGREEMENT

Ye are enclosing herewith an amendment o your indemmity agreement reflecting

- the changes to 10 CFR Part 140, “Financial Protection Requirements and

Indemnity Agreements,” effective July 1, 1589. The azendzents to Part 140
reflect the increase from $160 millicn to $200 million in the primary layer of
nuclear energy 1{ability insurance provided by Azerican Nuclear Insurers and
Hutual Atemic Energy L1ability Underwriters. The amendment also conforms to
changes made to the Price-Anderson Act by "The Price-Anderson Amerdments Act
of 1958* which was enacted on August 20, 1588. :

Please signify your acceptance of the amendment to your indemnfty agreement {a
the space grwided and return one signed copy to Ira Dinitz, Senlor Iasurance/
Indemnity Speclalist, U, S. Nuclear Regulatory Comissfon, Fail Stop 12E-4,
Washington, D.C, 20555, .If you have any questions about the foregoing,”
please contact Mr, Dinitz at 301-492-1289,

Sincerely, .

Al 1l

Theodore S. Hichaels, Project Manager
Hon-Power Reactor, Decomissicning and
Envircnmental Project Directorate
Division of Reactor Projects - III, 1V,
Y and Special ProjJects
O0ffice of Nuclear Reactor Regulation
Enclosure:
Amendzent to Indexnity .
Agreement .

cc w/enclosure:
See next page
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Xansas State Unfversity tocket No, 50-188

cc: O0ffice of the Governor
State of Xansas
Topeka, Kansas 66612 -

Mayor of HManhattan
P. 0. Box 748
Hanhattan, Kansas 66502
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& e, UNITED STATES
s 2 NUCLEAR REGULATORY COMMISSION
s f £ WASHINGTON, D, C. 20553
LY ~
1" LYY Ad f

Docket Mo. 50-188

Amendment to Indemnity ﬁremﬂt Ho. E-1
Jmencment No. 13

Effective July 1, 1589, Indesnity Agreement MNo. E-1, between Kansas State
University of Argricultlre and Applied Science, and the Atemic Energy Coemission,
dated June 18, 1962, asiaunded. is hereb,g further amenced as follows:

The azount 'sxso.obo.ooo' 1s deleted wherever it appears and
the amount *$200,000,000° {s substituted therefcr.

The amount "$124,000,000° §s deleted wherever 1t appears and
the amount *$155,000,000° s substituted therefor.

. The amount *$36,000,000° {s deleted wheraver 1t appears and
the amount *$45,000,000% is subs_tituted therefor.

Paragraph 1, Article I s modiffed to read as follows:

1. "Nuclear reactor,” “byproduct material,” “perscn,” "socurce materjal,”
*special nuclear materfal,” and "precautionary evacuation® shall have
the meanings given them in the Atoafc Energy Act of 1954, as amended,
and the regulatfons 1ssued by the Corajssion:

The definition of "public Hebiii * {n paragraph 7, Article I {s deleted,
and the follewing 12 substituted therefor:

*public 1{ability® means any legal 1{ability arising out of or resu’ltin? {from
& nuclear incident or precautionary evicuation {including all) reasonable
additfonal costs incurred by a State or a political subdivision of a State,

fn the course or respending to a nuclear {ncident or precautfonary evacuation),
except (1) clains under State or Federa) Vorkoen's Compensation Acts of employees
of persons indemnified who are erployed (a) at the locatfen or, if the puclear
incident occurs in the course of transportation of the radioactive material, on
the transporting vehicle, and {b) in connection with the Iicensee's possession,
use or transfer of the radicactive xaterial; (2) claims arising out of an act

of war; and {3) clains for loss of, or damage to, or 1oss of use of (2) property
which fs Tocated at the Tocation and used fn connection with the licensee's
possessfon, use, or transfer of the radicactive material, and (b} {f the

nuclear incident occurs in the course of transportation of the radioactive
materfal, the transporting vehicle, containers used in such transportation,

and the radicactive material,

Paragraph 4(c), Article 11 is revised to read as follews:

{c) Any issue or defense based on any statute of limitations if suit is
instituted within three years frem the date on which the claimant
first knew, or reasonably could have known, of his injury or dirage
and the cause thereof.

r/rr/‘/f(r'/fff‘(ff'((_(_.(
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2

. Paragraph 1, Article IV is revlse& to read as follows:

1. Yhen the Comission determines that the United States will probably be
required to mpake fndemnity pa{mnts under the provisfons of this agreement, the
Coomission shall haye the right to collaborate with the 1fcensee 2nd other
gersdns indemnified 1a the settlement and defense of any claim (including such
ecal costs of the 1icensee as are spproved by the Cocmission) and shall have
the right (2) to require the prior approval of the Commissfon for the settlement
or payment of any claim or action asserted agafnst the Jicensee or other persoen
{ndemnif{ied for gubﬂc 1{edility or damage to property of persons legally 1iable
for the nuclear §ncfdent which claim or action the Iicensee or the Commission
w2y be required to {ndeznify under this agreement; and (b) to appear threugh
the Attorney General of the United States on behalf of the Jicensee or other
person indemnified, take charge of such action and settle or defend 2ny such
action. If the settlezent or defense of any such action or claim 1s undertaken
by the Commission, the 1{icensee shall furnish all reascnzble assistance in
effecting a settlement or asserting 2 defense. .

In paragraph 1, Article VIII, the ambunt ®$5,000,000" is deleted and the
emount *$63,000,000° {5 substituted therefor. .

FOR THE U.S. NUCLEAR REGULATORY COMMISSION

C . omas e
Polfcy Developu;ut and Technical Supgort Branch
Progran Hanagement Policy Developmen
. _and Analysis Staff .
Office Kuclear Reactor Regulation

/]
Accepted : ‘71// ? // ’ 1939-
nsas Sta .n vegdity ©
. {euTture and Applied Science

K-State Reactor ) 15.Axi Original (9/02)
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a3 UNITED STATES
s %g 2 NUCLEAR REGULATORY COMMISSION
s : WASHINGTON, D. C. 20558
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Docket Ho. 50-188

Aperduent to Indemnity Agreement No, E-1
Arendment No, 13

Effective July 1, 1989, Indemnity Agreexert No. E-1, between Kansas State
Uniyersity of Argriculture and Applied Science, ard the Atomfc Energy Commission,
dated June 18, 1962, as amended, ¥s herehy further amended as follows: |

b The amount *$160,000,000° is celeted wherever it appears and
the amount "$200,000,006* fs substituted therefor.

The amount *$124,000,000° is deleted wherever it appears and
the amount "$155,000,000° is substituted therefor.

The amount “$36,000,000° Is deleted whereyer it appears and
the amount “$45,000,000" {5 substituted therefor.

Paragraph 1, Article I is modified to read as follows:

1.  "Huclear reactor,® "byprocuct paterfal,” "person,” "source raterial,”
"special nuclear naterial,® 2nd "precauntionary evacuation® shall have
the meanings given thew in the Atcmic Energy Act of 1954, as axended,
and the regulations {ssued by the Commission,

The definition of “public 1ability" in paragraph 7, Article 1 is deleted,
and the followling is schstituted therefor:

*Public J1ability® means 2ny legal Jability erising out of or resu'mng {ron .
3 nuoclear incident or precautionary evacuation {including al) reasonable
additional costs incurred by a State or a political subdivision of a State,
in the course or responding to a puclear incident or precautionary evacuation),"
except (1) clains under State or Federal Workmen's Compensation Acts of exployees
of persons {ndemnified who are employed (2) at the Tocation or, if the nuclear
incident occurs in the course of transportation of the radioactive material, oo
the transporting vehfcle, and (b} in connection with the l{censes's possessfou.
use or transfer of the radicactive raterfal; (2) claims arising ocut of an act
of war; and {3) claims for loss of, or damage to, or loss of use of {a) property
which 1s located at the location and used in connection with the licensee's

. possession, use, or transfer of the radicactive materfal, and (b) if the
nuclear {ncideat occurs fn the course of transportatfon of the radioactive
xaterfal, the transporting vehicle, containers used in such transportation,
and the radjoactive material, .

Paragraph 4(c), Article I {s revised to read as fo)lows:

(c) Any {ssue or defense based on any statute of Yimitations 1f suit is
instituted within three years from the date on wvhich the claimnt
first knew, or reascnably could have known, of his {njury or damage
and the csuse thereof.

e r' r r.c.c.c.c.c
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ﬁaragraph 1, Artfcle 1Y is revised to read as follows:

1. Vhen the Cormission determines that the United States will probably be
required to make indensity payments under the provisfons of this agreement, the
Cormission shall bave the right to collaborate with the licensee and other
gersons indemnified {n the settlement and defense of any clafm {including such
egal costs of the 1{censee as are approved by the Commission) and shall have
the right {a) to require the prior approval of the Comissfon for the settiement
or'payment of any tlain or action asserted against the 1icensee or other person

indesnified for pudblic 1{ebility or dizsge to property of persons legally
for! the nuclear incident which claim or action the 1fcensee or the Comiss
pay be required to {ndesnify under this agreement; and (b} to appear throu
the Attorney General of the United States on behalf of the 1icensee or oth
person {ndemniffed, take charge of such action and settle or defend 2ny su
action. If the settlement or defense of any such action or claim is under
by the Commission, the 1{censee shall furnish all reasonable assistance in
effecting 2 settlement or asserting a defense.

In paragraph 1, Article VIII, the amount ®$5,000,000° 1s deleted and the
awount *$63,000,000* 4s substituted therefor.
FOR THE U.S. NUCLEAR REGULATORY COHMISSION

.

ecil 0. Thomas, Chie
. Palicy Development and Technical Support Branch
Program Managezent Policy Development
and Analysis Staff
Office Nuclear Reactor Regulation .

Accepted 71/ 17 l/ . 193@

By . Lt
%as 5%6 zn%naiﬁ'of
Ajriculture and Applied Science
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Safety Analysis

Report:
Additional
Information

Kansas State University
-~ TRIGA Mark II Nuclear Reactor Facility

License R-88
Docket 50-188

21 December 2004
Department of Mechanical and Nuclear Enginccrixig K-State Nuclear Reactor Facility
Kansas State University 110 Ward Hall
302 Rathbone Hall Manhattan, KS 66506

Manhattan, XS 66506
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This report is based on the Xansas State Urmmlo» TRIGA
Mark Il llazards Summary Report (1961) for the initlal
operation of the reactor at 100 kW thermal power, the 1968
This report is based on the Kansas State Unlversity Safety Analysis Report and Safety Evaluation Report for
TRIGA Mark Il Hazards Summary Report (1961) for the license amendment to allow -250 kW steady sfate thermal
initial operation of the reacior at 100 KW thermal power, power (250 MW pulsing capability), and subsequent analyses
11 L1 the 1968 Safety Analysis Report and Safcty Evaluation 11 L1 supporting steady state operstions at 1,250 kW (pulsing to 2 Clarifieation
* Report for license amendment to allow 250 kW steady : nominal $3.00 reactivity insertion. A $3.00 reactivity insertion !
state thermal power (250 MW pulsing capability), and {s expected to result in a peak thermal power ol approximately
subsequent analyses supporting steady state operations st 1,340 MW). Based on proposed reactivity limits, the KSU
500 kW (pulsing to a nominal $3.00 reactivity insertion. reacior will only be able fo achieve about % the proposed
. maximum power fevel for steady state operation; therefore
thermal.hydmulie  and  source term  calculations are
, conservative by a factor of 2 in analysis,
This report addresses safety issues assoclated with operation of
the reactor at 1,250 kW, including increased pulsing
This report addresses safety Issues nssociated with capabllities, The maximum excess reactivity permitted by
operation of the rescior at 500 kW, including increased Technical Specifications cannot achleve a continuous steady
pulsing capabilitfes, This report reflects the as-built state power level greater than about 500 kW; therefore analysis
condition of the facility, and includes experience with the performed for steady stale operations at 1,250 kW is extremely
operalion and performance of the reacior, radiation conservalive in evaluating consequences and characteristics of
surveys, and personnel exposure histories related fo normal and accident seenarios. This report reflects the as-built
operation of the resctor at 250 kW steady-state power. condition of the facility, and includes experience with the
Where appropriate, radiological characteristics have been operation and performance of the reactor, radiation surveys,
11 LI extrapolated to reflect operation at 500 KW, The 11 L1 and personne! exposure histories related to operation of the | Power level for bounding
' consequence of routine generation of radioactive effiuent ' reactor at 250 kW steady-state power, Where appropriate, | analysis
and other wasie products from steady sfate operation at radiological characteristics have been extrapolated to reflect
500 kW is addressed in Chapter 11, Radiation worker and operation at 1,250 KW, The consequence of routine generation
public: doses from mdistion ascociated with routine of radioactive effluent and other waste products from steady
operations are well within the limits of Title 10, Code of state operation at 1,250 KW is addressed in Chapter L1,
Federal  Regulations, cven under  unrealistically Radiation worker and public doses from radiation associated
conservative scensrios, The consequence of accident with routine operations are well within the limits of Title 10,
scenarios from operation at 500 KW steady.state power Code of Federl Repulations, even under unrcalistically
and pulsing is presented in Chapter 13, conservalive scenarios. The consequence of accident scenarios
from operation at 1,250 KW steady-state power and pulsing is
presented in Chapter 13,
‘The description of the reactor core and thermal hydrmulic The deseription of the reactor cors and thermal hydraulic
11 L1 analysts presenied in Chapter 4, the Secondary Cooling 12 L1 analysis presented in Chapter 4, the Secondary Cooling Power level for bounding
- * System in Chapter S, and the Reactor Control System in * System in Chapter 5, and the Reactor Control System in amlysis
Chapter 7 are based on S00 KW operations. Chapter 7 sre based on 1,250 KW operations,
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* | AsofJuly, 1999 there were ovcr66'l'RlGA mctors in
use or under construction at universilies, government and As of July, 1999, there Wwere over 70 TRIGA rcaclors.m usc or
industrial laboratorics, and medical centers in 24 under copslmcllon at universitics, govemment and industrial
countries. Historically, analysis and testing of TRIGA laborntorics, nnd.medml centers in 24 countries, Historically,
fucl has demonstrated that fucl cladding integsity s not analysis and testing of TRIGA fuel has demonstrated that fuel
challenged as long as stress on the cladding remains cladd!ng intcgr!ty is not challenged as long as stress on !hc
within yield strength at eladding temperature, Elevated cladding remains within yicld strength for the cladding i
12 121 TRIGA fuel temperatures evolve hydrogen from the 12 12 temperature,  Elevated .TR!GA fuel _ femperatures cvolve | Power level for bounding
zirconium matrix, with concomitant pressure buildup in hydrogen from the zirconium matrix, with concomitant | analysis
the cladding. Tbe;'erore. the strength of the clad asa pressure buildup In the cladding, Thercfore, the strength of the
fnction of femperature establishes the upper limit on fuel clad as a function of temperature establishes the upper limit on
temperature, Fucl femperature less than li;n'c;ti ng values fuel temperature, Fucl temperature less than limiting valucs
will ensure ::l 2 intcgrity (os evalusted in NUREG 1282) will ensurs clad integrity (as cvaluated in NUREG 1282) and
and therefore contan radioactive materfals produced by therefore contain radioactive materials produced by fission in
fission in the reactor core, r the reactor core.
. L.2.1 1.2.1 Power level for bounding
12 Para 2 1,000 12 Para2 1,250 . : analysis
" | woe  Consequently, maximum possible power using «ese  Conscquently, maximum possible power using TRIGA
12 1.2.1 TRIGA fuel is controlled by the amount of fuel loading. fuel is controlled by limiting the amount of fucl loading. A | Powerlevel for bounding
para3 A minimum of eighty-three elements is required to allow minimum of eighty-three clements is required to allow | analysis
operation at 500 kW. ... operation at 1,250 kW.. ...
As indicated in Chapter 11, radiation sources are discharged
As indicated in Chapter 11, radiation sources are from the reactor facility in gascous (airbome), liquid or solid
discharged from the reactor facility in gaseous (sirbome), form. These forms are treated individually in subsections of
liquid or solid form. These forms arc treated individually Chapier 11,  Alrborne radiation sourccs consist mainly of -
12 1.2.2 1-2 122 Clarification
. in subscctions of Chapter I1. Airborne radiation sources Argon-41, Nitrogen-16 and Tritium, with Argon 41 the major
consist mainly of Argon-41, Nitrogen-16 and Tritlum, contributor o off sitc dose. Limits on Argon<41 and Tritium
Argon 41 is the major contributor to ofT site dose. arc tabulated below, with Cesium 137, the other significant
isolope of interest for the KSU reactor.
1-3 1.2.2 NA 1-3 1.2.2 Added chart of J0CFR20 App B values & related information | Clarification
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Argon 41 is the major contributor to radiation exposure
incident to the operation of the K-State reactor, Argon 41 is
attributed to neutron activation of natural argon (in air) in the
reactor bay atmosphere, rotary specimen rack adjacent to the
core, and dissolved in primary coolant, Argon 41 has 1.8 h
Argon 41 is the major contributor to radiation exposure halflife, Caleulations based on 1,250 kW steady state
Incident to the operation of the K-State reactor. Argon 41 continuous operations show that doses in the reactor bay
is attributed to neutron activation of natural argon (in air) remain below inhalation DAC, Using extremely conservative
in the reactor bay atmosphere, rotary specimen mack assumplions of opcrational conditions in concert with the
adjacent to the core, and dissolved in primary coolant, worst-case wind stability class, the off'slte dose from Argon 41
Argon 41 has 1.8 h half-life. Tven under unrealistically is slighily Jess than 10% of the 10 mremyear limit. A
conservative assumplions of operational conditions, the summation of all relative frequencies for winds under Pasquill
off site dose from Argon 41 is well within limits, and stability catepory A (Table B-3) indicates frequency less than
1-3 122 doses in the reactor bay are below the levels requiring | 1-3 1.22 0.6%, I.e., the contribution to off site doses from Argon 41

controls of an aitbomne radioactivity area, Chapter 11
Appendix A shows pesk ofF-site activity concentration
during normal operations would be about 6 x 10 pCl/mL
at 135 m downwind under siightly unstable atmospheric
conditions, less than the efTTuent limit of 0.01 pCi/mL. A
full year exposure at the maximum concentralion would
lesd to sn effective dose of only about 3 mrem, well
within applicable limits

produced during a year of full power, steady state operations
accounts for less than 0.6% of the total dose. All other
atmospheric dispersion calculations show that the off site dose
from Arpon 41 is well within limits, and doses in the reactor
bay 2re below the levels requiring controls of 'an afrbome
radiosctivity area, Chapter 11 Appendix A shows peak off-
site activity concentration during normal operations would be
about 4.5 x 10 pC/mL ot 53 m downwind under extremely
unstable atmospheric conditions, less than the effiuent limit of
0.01 pCi/mL. A full year exposurc o equilibrium argon
concentration for 1,250 kW operations under normal
atmosphetic conditfons would lead to an effective dose of less
than 7 mrem, well within applicable limits.
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Nitrogen 16 is the major contributor to radiation ficlds dircctly
over the reaclor pool during operation, Nitrogen 16 is
produced by a fast neutron reaction with oxygen (as a natural
component of water in the core). Nitrogen 16 has a 7.1 second
half-life, and consequently docs not remain at concentrations
capable of contributing significantly 1o off-site dosc. Chapter
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Nitrogen 16 is the major contributor to radiation ficlds 11 shows very conscrvative calculations Iead to an expected

dircctly over the reactor pool during operation. Nitrogen exposure rate of slightly less than 100 mrem/hr at one meter

16 is produced by a fast neutron reaction with oxygen (as above the center of the reactor tank during sustained operation

a natural component of water in the core). Nitrogen 16 at 1,250 kW thermal power, The 22.foot level has radiation

has a 7.1 sccond half-life, and conscquently does not monitors directly above the pool and at the rail surrounding

contribute to off-site dose, Chapter 11 shows very access to tho pool, Mcasurcd cxposure rates dircctly above the Power level for boundin

1.3 122 conservative calculations lead 1o an expected exposure 13 1.2.2 pool surface arc about 20-30 mR/h at 250 kW opcrations, and analysi ing

rate of 40 mR/h at onc meter above the center of the measurements at the ril approach 2 mR/hr. During normal, ysis
reactor tank during sustaincd operation at 500 kKW thermal steady state 500 kW operations dose rate can be expected to

power. Mcasured exposure rates are about 20 mR/h at achicve 40-60 mrem/hr, and during steady state operations at

250 kW operation, Therefore, radiation dosa rates directly 1,250 kW the arca dircetly above the pool surface may become

above the reactor pool during operation aro within a high-radiation arca. Therefore, radiation dose rates dircctly

required Ievels for a radiation area . above the reactor pool during expected operations at levels up

to 500 kW are within required levels for a radiation area as
defined in 10CFR20, and additional administrative controls for
access 1o the arca direcetly above the reactor pool 500 kW to
the maximum license power fevel of 1,250 kW may be
required. Installed monitoring systems provide information
necessary to identify appropriate access controls.

Tritium {s generated by sequential activation of hydrogen (in
water) in the core area. Measured tritfum specific activity in
primary coolant is less than 5 x 10 pCi/g. If the reactor bay
. here were saturated with this water at 30°C, the watcr
reactor bay atmosphere wero saturated with this water at atmosphere we !

o y s concentration in the air would bo less than 3 x 10 g/mL and
30°G, l}\e water concentration In the air would be less than the activity concentration in the atmosphere 1.5 x 10 pCi/ml, :
13 122 3 x 10° g/mL and the activity concentratlon in the 13 122 well below the DAC limit and well below the atmospheri Power level for bounding

) tmosphere, well below the 10CFR20 Appendix-B DAC o e iyt g o antie e e ok Tl | analysis
:nd the stmospheric efMuent limit, Even under the c/Muent limit with the dilution factor of 200 for discharge from
unrealistic assumption that the complete tritium inventory g‘f fop l?f the tca;lor“:ntyl.h Evcn, :mglc: the cxt:cmcl);
f the reactor pool is released into the reactor bay nservallve assumption [hat the compicta tntium inventory o
0 the reactor pool is relcased into the reactor bay atmosphere, the

atmosphere, the tritium concentration would be within A A ‘ A .
limits for an iricted arca, :tirgum concentration would be within limits for an unrestricted

Tritium {s generated by sequential activation of hydrogen
(in watcr) in the core area. Mcasurcd tritium specific
activity in primary coolant is less than 10”* uCi/g. Ifthe
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Although total loss ormclorpool wateris consldmd to Although total loss of reactor pool water is considered to be an
bo 2n extremely improbable event, cafculations have been extremely improbable event, calculations have been made to
made to‘geéemine lhcz muim;ngo fuel tempemh turcris: determine the n}aximum fuel temperature rise that could be

at cou expected to result from such an event taking expected to result from such an event taking place afler fong.

14 :‘2'3 bP | tlace aficr long-term operation at full power of SOOXW | 1-6 :‘2‘3"’ P | term operation at full power of 1,250 k\‘y. Even under P°‘¥""m' for bounding
under extraordinarily conservative assumptions and extraordinarily conservalive assumptions and approximations, Snalysls
approximations, the maximum fuel temperature reached the maximum fuel temperature reached in 2 loss of coolant
in aJoss of coolant accident is fess than 290°C, well accident is less than 300°C, well below any safety limit for
below any safety limit for TRIGA reactor fisel, TRIGA reactor fusel,

Radiation doses from loss of coolant accident under Radiation doses from loss of coolant accident under extremely
extremely conservative assumplions are computed and conservative assumptions are compuied and have been
have been tabulated in Chapter 13, Water injection into tabulated in Chapter 13, Water infection into the reactor pool
1§ 1.23b | the reactor pool Is accomplished by operating valves and 1235 | is sccomplished by operating valves and pumps on the 12.foot | Power level for bounding
2 pumps on the 12-fool and 0-foot fevels, Radiation levels p2 and O-foot levels, Radiation levels calculated under these | analysis
caleulated under these assumptions are calculated to be assumpiions are high, but valve operation can be accomplished
lc;s than ’500 mR/he on the 0 2nd 12 foot levels at the time in a time ;'»e‘tiod which will ensure doses do not exceed
of waferloss,.. JOCFR20 limits .
Two reactivity accident scenarios are presented, The first is the
insertion of 2.1% ($3.00) reactivity at zero power by sudden
Tivo reactivity accident scenarios are presented. The flrst mm:::nmﬁgim g‘?::::"d fs ‘3: sﬁd:n prcmumova” clvg
is the insertion 0f 2.1% ($3.00) reactivity at zero power fvalent to the remainder of t:ze?mgumss reactivit
by sudden removal of a control rod. The second is the Zq:alysis shows that peak fisel temperatures in the first cnze
sudden removal of the same reactivity with the core does not reach ruelple:m rature ml with 2 maximum
Opmﬁng atn powet Tevel equlva‘mt totho balance of the 1 Tess th 7soope h % cs' the h h 11
core excess reaciivity, Movements of control rods for the emgztature ;::e i"l‘li 1 'C 3' t f lp eak 'e c;lic annc‘ :&’
}-5 1.23.¢ | first case are controlled, in part, administratively, while 15 123¢ | Sononons W nitia] steady state power ‘eve’ 's regual Clarification
only by the balance of core excess reactivity, while cladding
movements for the second are prevented by contro! clreuit ) ins below' 500°C. In th d
desipn. Analysis shows that (in nefther scenario) peak fuel er:xg;mmr: ﬁ“’ ns ! °‘;’ leulated "t the ’i"" F,”e’
temperatures reach limits, with a maximum of 869°C for m mm? uel temperalure Is ca culated al & maximum of ‘ess
conditions where initial steady state than 870°C at the peak in the hot channel, apain with cladding
power levelis ) .
regulated only by the balance of eors excess reaetivily (a temperature less than 500°C, A.hhough the two scenarios meet
condition prevented by Interlocks). criteria required to ensure fuel integrity, movcmcnts.ol' control
rods for the first case are controlled (in part) administratively,
whllc; movements for the second case are prevented by control
circult design.
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1.33

The KSU TRIGA reactor is a water-moderated, water-
cooled thermal reactor operated in an open pool. The
reactor is fucled with hetcrogencous elempents clad with
stainless stecl, consisting ofnom!nalbﬁmzm
enriched uranium in a zirconium hydride

the KSUTMII was licensed to operate at a steady-state
thermal power of 250 kW with a pulsing thermal power
limit of 250 MW, Application is made concurrently with
leense renewal 1o operate at S00 kW steady-state thermal
power and nominal 1000 MW pulsing maximum power.

matrix, In 1968,

1-6

133

The KSU TRIGA reactor is & water-moderated, water-cooled
thermal reactor operated in an open pool. The reactor is fucled
with heterogencous ¢l ts clad ‘with stalnless steel,
consisting of nominally ent cnriched uranium in a
drconium hydride matrix. In 1968, the KSUTMII was
licenscd to operate at a steady-state thermal power of 250 kW
with a pulsing thermal power limit of 250 MW, Application is
made concurrently with license renewal to operate up to a
maximum steady state power level of 1,250 kW steady-state
thermal powers and pulsing 1o $3.00 (nominal 1,340 MWV peak
power). Reactor cooling is by natural convection, The 250-
core consists typically of 80 fire] elements (a minimum of
lanned for the 1,250-kW core), each containing as much as
of ¥*U. The reactor core s in the form of a right
circular cylinder about 9 in. (23 cm) radius and 15 in, (38 em)
depth, positioned with axis vertical ncar the basc of a
cylindrical water tank 1.98 m (6.5 fL.) diameter and 6.25 m (16
) depth,  Criticality is controlled and shutdown margin
assured by control rods in the form of aluminum or stainless-
steel clad boron carbide or borated graphite. The 250 kW core
originally used three control rods, the 1,250-kW core will be
controlled by four. The reactor tank Is surrounded on the side
and at the basc by a biolopical shield of reinforced concrete al
least 8.2 ft (2.5 m) thick. The tank and shicld are in 2 4078 m’
(144000 %) dynamic confinement building made of
reinforced concrcte and structuml steel, with composile
sheathing and aluminum siding. Sectional views of the reactor
are shown in Figurcs 1.1 and 1.2, with a floor layout in Figure
13 |showing; the O-foot, 12-foot and 22-foot levels of the
facility.

Clarify Power Ievel for
bounding analysis

134

Reference to 500 kW

134

Changed to 1,250 kW

Powecr lcvel for bounding
analysis
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The reactor control system includes the mechxnlcal and
electrical systems for control rod drives, and instnments The reactor contro] system includes the mechanical and
that monitor control rod position. Each control rod can be electrical systems for control rod drives, and instruments that
independently manipulated by pushbutton console monitor contro) rod position. Each control rod can be
controls, One conirol rod ¢an be operated in an sutomatic independently manipulated by pushbutton console controls,
mode to regulate reactor power according to a manual One control rod can be operated In en sutomatic mode to
setpoiny, indicated power on the linear power level regulste reactor power according 1o a manual setpoint,
monitoring channel and & wide range power level indicated power on the linear power level monitoring channel
147 1352 monlioring channel (period) feedback. The automatic 18 1352 and a wide range power level monitoring channel (period) Editorial
portion of the reactor control system {s interconnected ' feedback. The wide range power level monitoring channel of
thorough the automatic mode, The wide range power the resctor prolection system provides interlock signals and
tevel monitoring channel of the reactor protection system actions to the reaclor control system. The reactor control
provides Interlock signals and actions to the reactor system {s also interconnected to the reactor protection system
control system, The resclor control system is also through a manual scram bar above the control rod drive
interconnected to the reactor protection system through a switches (allowing the reactor protection system to be actuated
manual scram bar above the control rod drive switches, mamnlly) and the =ntomatic mode control (as described
allowing the reactor protection system fo be actvated above).
manusally,
Primary water femperature is measured in the water box and
&“;ggg;::g%%ﬁﬂ;’:’:&mﬁ?mw displsyed on the console, A manometer indicates flow rate )
1-8 1.35b displayed on the console. A manometer Indicates flow 1.9 1.3.5b | through the cleanup loop locally. Equipment modifications
mte tlmugh the clcanup lOOp Tocally. Chanped “level® 10 “levels.
The reactor protection system is designed to ensure
reacior end personnel safety by limiting psrameters to ;:‘;m?,“np;:g ctl’l;'mhs")‘r‘s(t;‘r; ‘;;’;:;%?; ':' omo;“c:md&?&'}:
1-8 1.53.c operation within analyrc:i.opm!mg ranges. Parameters 1-9 1.53.c | analyzed operating ranges, Process parsmelers that can | Editorial
that c2n automatically initiate reaclor protection system _ eutomatically initiate react tecti " tions Includ
include neutron level, rate of rise (period) and fuel caly iniliate Ot protection sysicm ac nelude
temperature, neutron level, rate of rise (period) and fuel temperature,
X “ -« Deleted “Additionally,” introduced “although™ to identify e
1-8 153.C 2o Additfonally, 19 153.c Jocation of the temperature seram switch Editorial
Radiation monitors are installed to monitor radiological
conditions at the facility. One monitor Is stationed on the top
of lh; mi&cloir. witha loc:l. high range indl:ator and alarm (at ’5
A system of fixed and moveable radiation monitors are R/hr) to initiate evacuation of the reactor bay, One monitor is
1-8 1.53d in:g:led {o monitor... stationed at the control room door to the reactor bay, with a Modification in progress
2.5-mrem/ralamm  sctpoint,  Electrical connections are
Installed near exch beam port, permitting control room and
local indication of radiation levels near an open beam port.
“...subcrilical, secured...” and reference to backup power Removed secured; reserved term; evacuation atarm does not .
19 1358 | forevacustion alarm PPe 1-10 135 | puve backup power supply st this time Lditorhal
««o Potential concemns over these systems are address3ed
.10 . 1.3.6 in this chapter of the Safety Analysis 1-11 13.6 Removed sentence; typo, shonld be and vice an Editorial
/ Report....”...cquipment an operaton...”
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Water returns to an open surgc tank (locnted in the ,
111 1.3.6b | Water relums to an open surge tank vity, 1-12 13.6. . 1 l
pen SUTE by gravily. ! © | reactor bay) by gravity. Claificatlon
111 1.3.6.d4 Rcfc.rcncc touse of 'wn.ler lmpsfcr sysiem l.o recirculate Deleted System chanpes
gm“: watcrl :”m‘.::::mg:;ﬁl&a;l‘{ l‘:;nlgg:'g“;:::;:g Liquid sources arc limited genenlly to tritium-bearing
and occasional releases of ritium-bearing primary coofant condensate water (rom the facility air handling system, and
from lcvel adjustments in the reactor tank or bulk-shicld ;’w“ls:i‘f“‘ releasels of lnliumobcar;:\g ';,“m ‘:,?hm frm;}
tank, All reactor bay floor drains and the HVAC cvel adjustments in the reactor tank or bulk-shicld tank, A
condensate drains ditcharge to a reattor bay sum reactor bay floor drains and the HVAC condensate drains
111 13.7b | Discharges form the reactor bay sump are sampl 31 and L1l 1376 discharge to a reactor bay sump, Contents of the reactor bay | Clarification and system
e assayed (o assure limits for discharpe are met prior to o0 sump are sampled and assayed to assure limits for discharge | changes
discharge. A recirculation system filtcrs sum ; waterto arc met prior to discharge, Sump cfflucnt is filtered prior to
allow discharge to campus sewerage (when radiological dischargo to meet NPDES requirements for dischargo to
requirements are met). Liquid wastes are relcased through campus scwcrage, Liquld wastes are released through the
the sanitary g system alter fltration and assay for sanitary scwerage system after filtratlon and assay for beta,
beta, s Enn“ Ed' !alpha activity. gamma, and alpha activity.
1-12 1.3.8 Left justified 112 13.8 Full justification Editorial
«.Although the shicld water may be rcmovcd 10 allow «.Although the shicld water may be removed to allow
cxtraction of a vertical thermal-neutron and gamma-ray extraction of a vertical thermal-neutron and gamma.ray beam
112 13.8a beam (not done at the KSU facility), four 0.25-in (6.3- 113 1384 (not currently done at the KSU facility at the time this report | Prevent inhibiting the
* mm) holes arc located in the tube at the top of the core to * was completed), four 0.25-in (6.3-mm) holes are focated in the | experiment
prevent expulsion of watcr from the scction of the tube tube at the top of the core to prevent expulsion of waler from
within tha reactor core. the scetion of the tube within the reactor core.
1-12 13.8b A rotary 40-position rotary specimen rack (RSR) is 113 1386 A 40-position rotary specimen rack (RSR) is located in a well Editorial
52 | located in a well in the top of the praphite radial reflector. > | inthe top of the praphite radial reflector. fona
: The design of the fucl for the KSU TRIGA is similar to that
‘ for fuels used in 70 reactors in 24 nations {(General Atomics
3 . July 1999 data). Of total number of reactors, 45 are currently
;2;: g::‘&tzrg;r?:g?ﬁ;;gg‘g?g%:;:;’gg;;g in opcration or under construction with 40 rated for steady-
Atomics July 1999 data). OF fotal number of reactors, 45 statc thermal powers of 250 kW or greater, 22 at 500 kW or
aro :ntly in operation or under construction with 63 greater, and 20 at 1 MW or greater, Nine of the larger power
- ulwlflorm steadyostale thermal ers of 250 kW or reactors are TRIGA Mark II. The TRIGA Mark Il designis a
6t 5’60 W or mtc?"’nm have been 35 substantial fraction of the 70 reactors using TRIGA fucl world-
113 15  |TRIGA rexctors in the US, with 21 cumently in | 114 |15 | Wde Clarificaon, correction for
operation.  As indicated in Table 1.1, 11 Unlted States In the United States. th .
, there have been 26 TRIGA reactors built,
}&lg& installations operate at pawer levels of at least with 19 curmrently in opcration (5 TRIGA facilitics and 3 non-
T e TRIGA reactors converted to operate with TRIGA fucl at
Principal design parameters for the KSU TRIGA are power levels preater than 1,000 kW, as indicated in Table
glven in Table 1.3, Lo
Major design parameters for the KSU TRIGA are given in
Table 1.3.
1-14 . ’lr.nlble Table number & placement 1-15 {;mc Table number & placement g::';‘ri::&z' correction for
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. Table Table Table 1.2, US. MARK Il TRIGA REACTORS. <lnscmd Clarification, correction for
I-14 1.1 Table LI, US. MARKIT TRIGA REACTORS. [-15 12 bottom line in table> use of tables, edilorial
115 Table Table 1.2, US, TRIGA REACTORS AT 500 k\WV OR 1-14 Table Table 1.1, US, TRIGA REACTORS AT 500 kW OR | Clzarification, correction for
1.2 GREATER. 1.1 GREATER. use of lables
. Table Table 1.3, KSU TRIGA Reactor Prineipal Desipn . Table Deleted footnotes, added linc at bottom of table, reformatted . e
1-16 1.3 Parameters at 500 k\V Stexdy-State Power 15 1.3 table RAT# 1 & cditorial
1-16 16 Listof outside users 17 |16 fddeq University of Chicago & Unlversity of Nebrasia o Update user base
117 Table [ 1998 value for MW of thermal energy: 154 117 | T8 1 1998 value for MWHh of thermal energy: 26 Correction
14 14
1-18 '{;ble Year:2002 Scheduled activities 1-17 I’sb"’ Revised to reflect accomplishment & current estimates Overtaken by events
{GHAPTER 27 NG CHAMFES 057, oo oLt G b ALy D ML e T 4 e T e ey G B Gt v P G TR T, S e
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Production of hydrogen from a high temperature zirconjum.
: water reaction is a well-known phenomenon,  Zirconium
3-12 3.5.1 Original printing showed “is”™ ae =" superimposed on *'s™ | 3-12 35.1 hydride does not exhibit the same chemical reactivity as | Editorial
: zirconium, and tests demonstrate this reaction is not an fssue
: for TRIGA furel,
i Fuel growth and deformation can occur during normal
operations, as described in General Atomics technical report
T E-117-833, Damage mechanisms include fission recoils and
i fission pases, strongly influenced by thermal gradients,
3-13 3.5.1 No corresponding text 3.13 35.1 Operating  with maximum long-term, steady state fuel | Add information
’ temperature of 750°C does not have significant time- and
temperature-dependent fue] growth, Since the KSU reactor
will nol be operated in the regime vulnerable to this
, degradation, the damage mechanism is not applicable,
Therefore, temperatures and chemical resctivity of Therefore, tem .
‘ . , temperatures and chemical reactivity of TRIGA
3.13 3.5.1n %GA‘ fel m::ﬂ X en::!t; lh:‘t‘;zm?;iu:\:wahgrggor 3-14 3.5.0.a | fuel matrix ensure that a zirconfum water reaction will not | Typogmphical error
the gﬂt::cur magnituces that could cause occur at magnitudes that could cause hazad to the reactor.
O A TR R A e T T e R T A e B T R e P T T e T,
41 41 k:;‘t;’n';"gfm"“"' Tciliis, “Tangenil (e PR Y “Tangenttal (thermal neutron) (" Typozmph!ca! error
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The re?clor was licensed in 1962 fo opemc ata stwdy-sule
. . thermal power of 100 kilowatts (kW). The reactor has been
The reactor was licensed in 1962 to operateata -
state thermal power of 100 kilo:/nus m). 'l!h e’rl:::!!); r licensed since 1968 10 operate ata stcady-state thermal power
has been licensed since 1968 to operate at a steady-state + of 250 kW.am_l 3 Pulsing maximum thcr!nal power of 250
thermal power of 250 KW and a pulsing maximum MW. Application is made concurrently wn_lh license rcpcwal
thermal power of 250 MW, Application is made to operate at a maximum of 1,250 kW, with fuel loadlng to
concurrently with license renewal to operate 500 kW support 500 kW steady state themal power with pulsing to
: $3.00 rcactivity Insertion. All cooling is by natural
steady stats thermal power with pulsing to $3.00 ion. Th W 81 fuel cl P tevel for boundi
4-1 4.1 reactivity insertion. All cooling is by natural convection, | 4-1 4.1 conveetion, - The cors consisis o ucl clements | Power tevel for bounding
The 250-KW core consists of 81 fiel elements typlcally typically (at leas anned for lhe 1,250-kW corc), cach | analysis
(at feas ed for the S00-kW corc), cach containin containing as much rams of ®*U, The reactor core is in
. 8 the form of a right circular cylinder about 23 cm
as much as@krams of ®*U. The reactor core is in the imately © inY radius and 38 1496 in) d
form of 3 right circular cylinder about 23 cm radius and (zpproximately 9 in.) radius em (14.96 in) depth,
. et e e positioned with axis vertical near the basc of a cylindrical
38 cm depth, positioned with axis vertical near the base 1ank 1.9 A
of a cylindrical water tank 1.98 m diamcterand 625 m water tanx .l' 8 m (65 N) diameter and 6.25 m.(20.5 r)
depthon.. depth, Cnncah'ty is controlled and shutdown marpin assured
e by control rods in the form of aluminum or stainless-steel ¢lad
. boron carbide or borated graphite
«»oCriticality is controlled and shutdown margin assurcd by
. ‘ control rods in the form of aluminum or stainess-steel clad
o boron carbids or borated graphite, . Reactivity requirements
««=:Critlcality is controllcd and shutdown margin assured (i.c., minimum shutdown margin with the most reactive rod
4. 41 by three control rods in the form of aluminum or 41 4.1 fully withdrawn and maximum excess reactivity) can be met | Clarification
stainless-stee! clad boron carbide or borated graphite, for 250 kW with three contro] rods, but reactivity tequired to
compensate for fuel femperature and fission products for
opcrations at power levels of 500 kW requires four control
rods to mect reactivity requirements.
The tank and shicld arc in a 4078-m3-containment The tank and shicld are in a 4078-m’ (144, 000 f1.’) .
4.l 4.‘ b““_‘!ii‘go.-- 4.2 4" mﬁnm‘m‘ bul‘d“‘g COI!‘CC( tcmlnology
4-2 4.1 In 1968 pulsing... 4-2 4.1 In 1968, pulsing... Editorial
It is more convenicent 1o sct a power level limit that is It is convenient to sct a power level limit that is bascd on
based on temperature, The design bascs agalysis indicates temperature, The design bas lysis indicates that operation
that operation at up to 1900 kW (with fement coro at up to 1900 kW (with u@l:lcmcm core and 120°F inlet
and 120°F inlet water temperature) with natural waler temperature) with natufal conveetive flow will not allow
43 42 convective flow will not allow film boiling therefore high 44 42 film boiling: therefore high fuel and clad temperatuggs capable Editorial
fusel and clad temperaturcs whigh could causc loss of clad * of causing loss of clad integrily cannot occur, A lement !
inteprity could not occur, A lement core distributcs core distributes tho power over a larger volume of heat
the power over a larger volumb of heat generating gencrating clements, and therefore using elements in
clements, and therefore results In a more favorable, analysis results in a less favorable, more con tive thermal
more conscrvative thermal hydraulie response. hydraulic response,
4.4 4.2.1.a Various 4-5 4.2.1.a Addcd S or SAE units, as appropriate Add inforiation
4-5 4.2.1.b | Refercnco 1o problems of density changes 4-5 4.2.1.b | Added “in earlier designs.” Clarification
()
()
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A typieal layout for a KSU TRIGA II 250-kW core (Corc it-
The layout ofr the 250-kW core {s {lustrated in Figure 18) is illustrsted in Figure 4.4.: The layout for the 1,250-kW
49 4210 4.4, The layout for the 500-kW core Is expected to be 421c | is expected to be simlilar, except that the praphite Correct error
) very similar, with about 4 graphitc elements replacing : elements will be replaced by fuel elements, one additional
three fue] elements and one control rod. control rod will be added, and control rod positions will be
adjusted..
The additional fue] elements are required to compensate for
higher operating temperatures from the higher maximum
steady state power level, The additional control rod is required
to meet reactivity control requirements at higher core renctivity
associated with the additionel firel, The control rod positions
47 42.1,c | Nocorresponding text 4.7 42.1.c | will be different to allow a higher worth pulse rod (the 250 kW | Clarification
; pulse rod reactivity worth is $2.00, the 1,250 kW core pulse
rod resctivity worth is $3,00), balancing the remaining control
rods worfh’s to meet minimum shutdown margin
requirements, and meeting physical constraints imposed by the
) dimensions of the pool bridge
The pulse rod is 1,25 in. dismeter, Otherrodsare 7/8 in. :
47 422 diamec:’cr. ‘Control rods are 20 in. fong boron catbide or 4.8 422 With exception of initial paragraph, extensive re-write, RAI#2
borated praphite, clad with a 30-mil aluminum sheath, :
While three control rods were adequate to meet Technical
Specification requirements for reactivity, operation at 500 kW
requires control by four control rods (three standard and one
transient/pulsing control rod)..... Interlocks ensure operation
of the control rods remains wilh;n nnalyzedidcondiﬂons for
tivity control or limit potential for accident scenarios,
Reactivity of the KSU reactor Is controlled by up to four :;:' o serams . N .
operate at limfting safety system settings. A | Correct error & clarify use of
43 422 ;t;:dard control rods plus one transient (pulsing) control | 4.10 4222 | yemited description of the control-rod system is provided in | interlocks
Chapter 7; a summary of interlocks and scrams is provided
below In Table 4.2 and 4.3, Note that (1) the high fuel
temperature and period scrams are nol required, (2) the fuel
temperature scram limiting setpoint depends on core location
for the sensor, and (3) the period scram can be prevented by an
’ installed bypass switch.  *
4.8 4.2.2.9 No corresponding text 4-11 422.a Table4.2 & 4.3 added Add information
4-8 4.2.2.b Reference to SO0 kW operation 4.12 42.2.b | Added approximately to qualify 500 kW Clarification
' Nominal speed of the standard control rods is about 12 in.
m?xmh%ﬂggémﬁ:mtﬁg’m‘gém (30.5 em) per minute (with the stepper motor specifically
A N ’ adjusted to this valuce), of the transient rod Is sbout 24 in, (61 . .
4-8 4225 | withatofal imvel about 15 in. Maximum rateof 4.12 422b cm) per minute, with a total travel about 15 In. (38.] cm). Add information
mc’l‘h:ity change forlslandnrd control rods fs specified in * | Maximum rato of reactivity change for standard con!rol rods is
Tec mcgl Specifications. specified in Technical Specifications.

+
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Hydrogen in the Zr-H fuel serves as a neutron modcmor.
Demincralized light water in the reactor pool also provides
ncutron moderation (serving also to rcmove heat from
operation of the reactor and as a radiation shicld). Water
occupies approximately 35% of the core volume. A graphite | Add information consistent
48 423 No comesponding text 412 423 reflector sﬁounds theycore. except for a cutout containing the | with revicw standard
rotary specimen rack (described in Chapter 10). Each fuel
clement containg graphitc plugs above and below fusel
approximately 3.4 in. in length, acting as top and bottom
reflectors]
4.8 4.2.4 Sl and SAE units uscd 4-12 424 Added S or SAE units parenthctically Add information
;I::h‘ii:: :{m::;?;m %f:% (;t ;;‘at?s' h“::co;‘,s The fuel e!]cments are Spacgd ml:ad supported Py two 0'.;540.
total of 91 spaces, up to 85 of which are filled with fuel- (e i'sn‘gcs“""",‘;"“oggg plates. he griq plates have 8
modc::;o; clm&xmmﬁ?:;m g?mbl o modcrator clements and dummy clcmcn}s, and the remaining
lh' c:uupn ’plic“lmnsul'crmbe. lhcnct;lmn source holder. spaces with control rods, the central thimble, the pnecumatic .
4.9 425 and one or more voids. The bottom grid plate, which' 4-13 425 transfer tube, the neutron source holder, and one or more | Editorial
supports the welght of the fuel demg‘u.gu o for voids. The bottom grid plate, which supports the weight of the
recclving the lower end fixturcs, Space Is provided for fuel cl?mcnls,_ has holcs for recciving lhc's lIower end fixtures.
the passage of cooling water around the sides of the Space is provided for tho passago of cooling water around the
bottom grid plate and through 36 special holes int. The sides of the bottom grid plaic and through 36 experiment
1.5-in. diameter... penctrations. The 1.3-in. (3.8 cm) diameter...
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43

The KSU TRIGA reactor core support structure rests on
the base of a continuous, cylindrical atumimm tank
surrounded by a reinforced, standard concrete structure
(with a minimum thickness of 8 ft 2in.), as ilfustrated in
Figures 4.1 and 4.2, The tank is a welded aluminum
structure with 1/4-in, thick walls, The tank Is 65-R in
dismeter and 20.5-ft In depth, The minimum thickness of
concrete shielding atthe core levelis 8 1. 2 In.

413

43

The KSU TRIGA reactor core suppon stmctutc rests on the
base of a continuous, cylindrical aluminum tank surrounded by
a reinforced, standard concrete struclure (with a minimum
concrefe thickness of approximately 249 cm, or 8 N 2 in), 88
{llustrated in Figures 4.1 end 4.2. The tank it a welded
aluminum structure with 0.635 em. (1/4-in.} thick walls, The
tank s spproximately 198 em (6.5-f) in diameter and
approximately 625 cm (20.5-R) in depth, The exterior of the
tank was coafed with blfuminous material prior to pouring
concrele fo retard corrosion, Each experiment [acility
penetration in the tank wall (described below) has & water
collection plenum at the penetration, All collection plenums
are connected (0 a leak-off volume through Individual lines
with isolhtion valves, with the leak-off volumes monitored by
apressure pange, The bulk shield tank wall s known {o have a
small leak inlo the concrete at the t(hermalizing column
plenum, therefore a separate Individual leak-off volume (and
pressure gauge) Is installed for the bulk shield tank; all other
plenums drain fo a common volume, In the event of a leak
from the pool through an experiment facility, pressure in the
volume will increase, Isolating individual lines allows
{dentification of the specific facility with the leak,

A bridge of steel plates mounted on two rails of structural steel
provides support for control rod drives, central thimble, the
rolary specimen rack, and instrumentation, The bridge Is
mounted direclly over the core area, and spans the fank,
Alominum grating with elear plastic attached to the botiom is
installed that can be lowered over the pool. The grating
normally remains up to reduee humidity at electro-mechanical
components of the control rod drive system and to prevent the
buildup of radiesctive gasses at the pool surface durinp
operstions. The grating can be lowered during activilies that
could cause objects or material to fall into the reactor pool.

Four beam tubes extend from the reacior wall fo the outside of
the concrele biological shield in the outward direction. Tubes
welded to the inside of the wall extend toward the reactor core,
Three of the tubes (NW, SW, and SE) end at the radial
reflector. The NE beam fube penetrates the radial reflector,
extending to the outside of the core. Two penetrations in the
fank allow neutron extraction into a thermal column and a
thermalizing column (described in Chapter 10).

Add information consistent
with review standard

4.9

44

Sl and SAE units used

4-13

44

Added SI or SAE units patenthetically

Add information
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49 45 nearly constant al .Ol/c per °C, and varics only 414 45 constant at 0.01% per °C, only weakly dependent on | Editorial
weakly dependent on peometry and temperature. peometry and femperature,

«+-The design bases analysis ipdicates that operation at
500 kW thermal power with an{§tIcment across a broad
range of core and coolant inlet temperaturcs with natural
convective flow will not allow film boiling lcading to
4.10 45 high fuel and clad temperatures that could cause loss of | 4-14 4.5

The design bases analysis indicates that operation at 1,250 kW
thermal power with an @ilelement across a broad range of core
and coolant inlct tcmperatures with natural convective flow
will not allow film boiling that could fead to high fuel and clad | Power level for bounding

clad integrity. temperatures that could cause loss of clad integrity. analysis
' . Increase In maximum thermal power from 250 to 1,250 kW

Increase in maximum thermal power from 250 to 500 kW

KW docs not aflect fundamental... docs not aflect fundamental...

‘The limiting core configuration for this analysis isa te . ..

compact core defined by the TRIGA Mk 11 grid plates The limiting core configuration for lhis analysis is a compact

core defined by the TRIGA Mk Il grid plates (Scction 4.2.5).
The grid plstcs have a total of 91 spaces, up o 85 of which are
filled with fucl-moderator eclements and graphite dummy
elements, and the remaining spaces with control rods, the

{Scction 4.2.5), namely ......

The grid plates have a total of 91 spaces, up to 85 of
which are filled with fucl-moderator clements and

4-10 45.1 . . 4-15 4.5.1 central thimble, the pncumatlc transfer tube, the neutron source | Clarification

g&'{:’;ﬁ;’ds'""”m"’e m&mg&mu?mmm h'oldcr. and one or more voids in the B or F (outcrmost two

tube, the neutron sourcs holder, and ono or more voids. rings) as required 1o support experiment operations or limit

The i)ouom grid plate, which s&ppom the weight of the “‘;053 t&;;l‘lvlly.l 'I"hc bouo?as g:d pla;e, wlmi;:'\i suppoﬂls the

t?xetluig.mmb’ has holes for receiving the lower end :V:dg}";&e s_e fuel clements, oles for recclving the lower
4.10 e | Posttion change a5 | 19% | position change Editorial
4.12 4532 | No corresponding text 4-16 4.53.a | Substantial rewrite, lncolpomlmgslcady state calculations Add information

Power level for bounding

4.12 4.5.3b | Substantlal re-write 420 }453b | Substantial re-write analysis; RAT#3 & 21
4-14 453c | Substantisl re-write 423 | 453.c | Substantialre-write f:n“";s'i'f"" for bounding
417 Table | Upper power level 500 kW 426 |41 | Tobleextended to higher maximum power et) or bounding

N
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. As described in 3.5.1 (Fucl System) and NUREG 1282, fuel
As deseribed in 3,51 (Fuel System) and NUREG 1282, temperature limits both steady-state and pulse-mode operation.
firel temperature limits both steady-state and pulse-mode The fucl temperature 1imit stems from pofential hydrogen
operation. The fuel temperature limit stems from outgassing from the fuel and the subsequent stress produced in
pot!;nlial hydrogen pgu;g::‘s’ing fmr‘r.l lllle 'mcl and the the fuel element clad material by heated hydrogen gas. Yield
subsequent stress in the fuel element clad strength of cladding material decreases at a temperature of A
417 47 material, The maximum temperature limits of 1150°C 47 500°C; consequently, limits on firel lmmmhange for RAT1#4 &35, Clarification
(with clad < 500°C) and 950°C (with clad > 500°C) for cladding temperstures greater than S00°C. A maximum
U-Zri1 (H/Zry¢5) have been set to limit internal fuel temperaifure of 1150°C (with clad < 500°C) and 950°C (with
cladding stresses that might Jead to clad Integrity clad > 500°C) for U-ZeH (H/Zry ¢5) will limit intemal fuel
(NUREG 1282)... cladding stresses that mipht fead to clad integrity (NUREG
1282) challenpes.
4-18 4382 Substantiaf re-write 4.26 482 Substantial re-write RAL#6-10
4.13 4.83 Substantial re-write 4-27 4.8.3 Substantial re-write RAL# 6,7
418 a1 | peteted 421 |NA Removed table RAIA 8
CCHA P T ER S 3 Ty R L A A B e ol e R R N N R i A e
This cooling system combination provides enough heat
removal for continvous full-power operstion. In addition This cooling system combination provides enough heat
to the cooling system, the reactor is provided with & bulk- removal for continuous full-power operation. In addition to
shielding tank, This 6500-gallon (25 kL) tank contains the cooling system, the reactor ie provided with a bulk-
distilled waler, and ean be used to supplement make-up shielding tank, This 6500-gallon (25 kL) tank contains
52 5.1 water for the primary tank or provide temporary fuel 52 5. distilled water, and can be used to supplement make-up water | Clarification
. storage. Makeup water for both systems is provided by a for the primary (ank (using a makeup watcr system
steam-powered still.... Although the cooling system is not independent of the above drawing) or provide emporary fitel
required to be operating during reactor operation, there is stornge. Makeup water for both systems is provided by a
an administrative requirement that the system be capable steam-powered still....In...
of operation (operable). Innomal...
Principal fimetional requirements of the primary coolant .
system sre to (1) transfer heat from the reactor core to the P';?g::g‘;:cg‘;?::g?::mﬁ; l;:‘ter‘c’;{c'::;'y cr:‘:g"l‘!:e
: secondary cooling system, and (2) provide radistion szconda cooling system, and (2) provide ra d'ct(: shieldin
53 52 shielding dircetly above the reactor core. Although 53 52 Hireetly thove “',‘fgm;m Mg"gu‘"h"m:‘“;:m;ﬁ;f Correction
natural convection cools the reactor core, proposed cools l{e reactor core, prima .bulk wafer temperature should
Technical Specifications require primary bulk water be kent below 130°F 248 0 ,g) pera
temperaturs be kept below 130°F (48.9 °C). v e
A plate-type compact heat exchanger is used fo remove A plate-type compact heat exchanper is used to remove heat
heat from the primary coolant (see Figure 5.2). The heat from the primary coolant (see Figure 5.2). The heat exchanger
54 52 exchanger consists ol sandwiched stainless steel plates 53 52 consisis of sandwiched stainfess steel plates aliemately Modification
altemately carrying primary and secondary cooling water. " carrying primary and secondary cooling water, The heat
Tha heat exchanger has a transfer capacity of” (2,327,080, exchanger has a transfer capacity of 682 kW (1,709,000, BUT
BUT k) (500 kW) under normal conditions, ") under normal conditions. *
If  major loss of coolant were to occur, there ere two Ir 2 major loss of coolant were to occur, there are three level
Tevel sensors that would illuminate a light on the control sensors lha!’wou:l’ i'!lu:;:ina!e lights on the control panel.h‘rwo
anel, One sensor {s focated in the reactor bay sump, sensors are Jocated in the resctor bay sump, activating when
54 52 btivating when the sump I ull, Sinceall foor drinein | 54 | 52 the sump level is high. Since all floor drains in the reactor bay | Equipment modification
the reactor bay connect to the sump, any leaks would connect to the sump, any Teaks would accumulate there, A
accumuliate there, A second sensor is located at the top of third sensor is located at the top of the tank....




the tank....

Cooling tower capacity was upgraded

54

53

The sccondary cooling system is designed for continuous
opecration at approximately 723 kW.

The watcr from the surge tank is then drawn into the
system by a dircet-coupled, self-priming, centrifugal
pump (sce Figure 53). When the controls are in a normal
configuration, the pump {s encrgized (with the primary
pump and cooling tower fans) from a backlit push button
switch in the control room. Normal flow rate through the
system is 176 gallons per minute (11.1 L-s).

5.3.1

The water from the surge tank is then drawn into the system by
a dircct-coupled, self-priming, centrifugal pump (sce Figure
5.3). When the controls are in a normal configuration, the
pump is encrpized (with the primary pump and cooling tower
fans) from a backlit push button switch in the control room.
Normal flow rate through the system is 250 gallons per minute
(15.8 Ls").

New picture

5.6

Fig5.3

New picture

To detect possible leaks in the heat exchanger, the
secondary water is tested monthly for radioactivity. Since
the primary tank has 22-feet (6.7 m) of static head, as
opposed 10 3 10 9-feet (0.9 10 2.7 m) in the sccondary
(depends on surge tank level), a breach in the heat
exchanger would result in flow from the primary to
secondary cooling system when the cooling system is
secured. Leaks as a result of system operating pressure
are unlikely test pressure was 150 psig while since the
maximum pressure dilTerential across the heat cxchanger
(primary pump running, secondary pump off) is 30 psig.
A small breach in the heat exchanger would be evidenced
by tritium contaminalion of the sccondary water, A larger
breach would be indicated by loss of primary coolant
from the reactor tank, Repardless, primary water
typically remains within 106CFR20 limits for release to
sanitary scwers, and is not scen as an eminent hazard,

5-8

533

To detect possible leaks in the heat exchanger, the secondary
water Is tested monthly for radioactivity, Since the primary
tank has 22-fect (6.7 m) of static head, as opposed to 3 10 9-
feet (0.9 10 2,7 m) in the sccondary (depends on surge tank
level), a breach in the heat exchanger would result in flow
from the primary to secondary cooling system when the
cooling system is sccured. Leaks while the cooling system is
operating are unlikcly; the heat exchanger was pressure tested
to 150 psig, and the maximum pressure differential across the
heat exchanger (primary pump running, sccondary pump off)
is 30 psig] A small breach in the heat exchanger would be
cvidenced by tritium contamination of the secondary water, A
larger breack would be indicated by loss of primary coolant
from the reactor tank, Primary water typically remains within
10CFR20 limits for release to sanitary sewers, and is not a
hazard even ifa feak were to occur.

The cooling systems retumn line to the reactor pool cnters
the pool through a diffuser. The diffuscr is constructed to
induce a helical flow pattem in the reactor tank. This
extends transport time of the convection flow of water
from the core to allow much of the nitrogen<16 generated
during operation to decay beforo reaching the pool
surface,. A radiation monitor dircctly above the pool
surface provides the control room operator with
information to prompt exposure controls (gencrally
cnergizing the primary cooling pump to Initiate the helical
flow for decay, or limiting access to the area directly over
the pool). Waist-level radiation measurements at full
licensed power directly above the pool surface arc
typically 5 to 10 mR-h! (10 pGy-h"') form all sources,

59

56

The cooling systems return line to the reactor pool cnters the
pool through a diffuser, The diffuser is constructed to inducc a
helical flow patten in the reactor tank. This extends transport
time of the convection flow of water from the core to allow
much of the nitrogen-16 gencrated during operation to decay
before reaching the pool surface, A radiation monitor dircetly
above the pool surface provides the control room operator with
{nformation to prompt cxposure controls (gencrally encrpizing
the primary cooling pump fo initiate the helical flow for decay,
or limiting access to the arca dircctly over the pool). Pool
surface monitor radiation measurcments at 250 kW dircetly
above the pool surface are typically 30 to 40 mR-h"! from all
sources, and fs expected to be 60-80 mR-h? at 500 kW
operation,

A radiation monitor at the rail around the pool provides the
contro! room operator with information (o prompt exposure
controls for personne] on the 22-foot level but not directly over
the reactor pool. At 250 kW, radiation levels at the rail are’

less than 2 mR/hr.

Clarification
Equipment modification
Equipment modification
Clarification
Clarification
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7-2

(A

The control console and display instruments are primarily
housed in a control console, with auxiliary instruments
locaied in n rack next to the console. At ths console, the
reactor operator has direet control over mode off
operstion, control rod drive positions, cooling system
operation, opening of reactor bay doors, and manual
scram of the reactor, Display instruments located inthe
control eonsole provide measurements of reactor power,
control rod positions, primary water temperature, and fusel
temperature, Indicators inthe console display scram
fnformation, low alr pressure, low primary water [evel,
high reactor sump water Tevel, sump fhll, secondary surpe
tank level low, source interlock status, reactor bay upper
door open, reactor bay lower door open, thermal column
door open, person on stairway, and rod drive status,

72

1.1

The control console and dnsplay instruments are primarily
housed in a control console, with suxiliary instruments located
in a rack next to the console. At the console, the reactor
operator has direct control over mode of operation, control rod
drive positions, cooling system operation, opening of reactor
bay doors, and manual scram of the reactor, Display
Instruments located in the conlro) console provide
measurements of reaclor power, control rod positions, primary
waler femperature, and fuel température, Indicators in the
console display scram Information, low sir pressure, low
primary water level, high resctor sump water level, sump high
water level, sump overflow water level] secondary surge tank
Tevel low, source interlock status, reactor bay upper door open,
reactor bay lower doot open, thermal column door open,
person on stairway, and rod drive sfatus, Secondary surge tank
makeup is controlled with a backlit pushbutton that indicates
surge tank Jow level and surpe tank makeup valve operation.

Equipment modifications

7-3

722

The primary function of the RCS {s {o govem the manner
in which reactivity Is varied in the reactor core, The RCS
system should prevent the reaclor operator from
unintentionally Inserting large smotnts of reactivity,
through various interlock systems, The operater should
only be sble to remove one rod at a time from the rexctor
core, preventing large Insertion rates, “The pulse rod must
not be able 10 be rapidly ejected from the core while in
sleady-state operation, Furthermore, the pulse rod should
be the only rod that can be can be moved in pulse mode,
reventin itieal pulses.

73

722

The primary fimction of the RCS is to povern the manner in
which reactivity is varied in the reactor core. The RCS system
should prevent the reactor operator from unintentionally
inserting large amounts of reactivity, through varfous interlock
systems. The operator should only be able to remove one rod
at a fime from the reactor core, preventing large inseriion rates,
The pulse rod must not be able to be rapidly ejected from the
core while In steady-state operation, Furthermore, the pulse
rod should be the only rod that can be withdrawn in pulse
mode, preventing supercritical pulses.

Correct wording

74

722

The primary function of the RPS {s 10 automatically insert
the control rods into the reactor core when certain
parameters deviate from limited safety system settings,
Several scrams involve the neutronic channels n the
RCS. If 110% rated power level is exceeded in steady
state mode, ong of two trip-polnts will scram the reactor.
Faflure ol the high voltage power supplies for operating
neutronic channels will also cause a seram, For pulsing
operations, a scram will be actuated when the fuel

74

722

The primary function of the RPS is to automatlcally insert the
control rods into the reactor core when certain parameters
deviate from limited safety system settings, Several scrams
involve the neutronic channels in the RCS, If 110% rated
power fevel is exceeded in steady state mode, one of two trip-
points will scram the reactor. Failure of the high voltage
power supplies for operating neutronic channels will also
cause a scram,

SCRAM removed form
Technlcal Specifications

7-S

7.2’3

temperature {8 In excess o' 450°C,

The overall system layout is deplcted in Figure 7.2, The
majority of the RCS {s housed in a General Atomics (GA)
console originally manufactured for the USGS reactor,
which Is shown with modifications in Figure 7.2, A
detailed description of this figure is provided

7-5

723

The overall system 1ayout is depicted in Figure 7.2, The
majority ol the RCS is housed in a General Atomics (GA)
console originally manufactured for the USGS renctor, which
is shown with modifications in Figure 7.2. Adetailed
deseription of this figure is provided in Table 7.)] Figure 7.3
shows a representative Iayout of the auxitisry Instrumentation
rack,

Clarification

76 .

FIg 73

Labels changed

7-8

Fig7.3

Timer & Pool Light controls removed

Equipment modifications

7-1

Table
1.1, No,
13

Secram Status, Source Interlock, Low Air Pressure, Person
on Stairway, Upper & Lower Doors, and Cooling System
Power -

1-7

Table

7.1, No,

13

Scram Status, Source Interlock, Low Alr Pressure, Hi & Hi-H}
sump Jevel, surpe tank level & makeup, Upper & Lower
Doors, snd Cooling System Power

Equipment modifications




ind . e e g . The remainder of the channel circuitry is located in the NLW-
LhLQW-IOOO u:ﬁf;‘:ﬁ: }cnenm(r:‘l gm‘g '%wm%?,tggo 1000 unit in the central console. The NLW-1000 unit supplics
unit supplics the high voltage for the detector and power the high voltage for the detector and power for the
for the preamplificr. The instrument switches from pulse preamplificr, The instrument switches from pulse mode
mode operation to current mode 8 reactor power operation to current mode as reactor power increascs out of the
increases out of the source range, allowing the instrument source range, allowing the instrument to measure reactor
0 measurs reactor power in the ranges. Tt power in ths upper ranges, Three displays indicate reactor .
displays indicate reactor power, high voltage, and reactor power, higlh voltage, and reaclor period, The power signal is
period. The power signal Is permanently recorded via an pemmanently recorded viaan oplooisolalu_l output to a strip- .
7-9 7.3.1 opto-isolated output to a strip-chart recorder located in the 7-8 7.3.1 chart recorder focated in the instrumentation rack. Thepetiod | Clarification
instrumentation rack, The period meter has a scram at 3 meter has a scram at 3 scc and there is a high voltage scram,
sec and there is a high voltage scram, both of which arc both of which are bypasscd in pulso modc. This channcl also
bypassed in pulss mode, This chanm'zl also provides a provides a protective interlock which prevents rod withdrawal
protective interlock which prevents rod withdrawal when when indicated neutron flux is <2 cps, whi_ch is also activated
indicated neutron flux is <2 cps, which is also activated in pulse mode to prevent removal of the shim, safcty and
in pulse mode o prevent removal of the shim, safety and regulating rods. Another interlock prevents pulsing when
regulating rods, Another interfock prevents pulsing when reactor power is aboyc 10kW (normally set at 1 KW). The
reactor power i above 1 kKW, unit has two calibration chccl.s in pulsg mode, two in current
: mode, and checks for the period and high voltage scrams.
The original instruments that the N-1000 series units
replaced are still housed in the control console for backup
use. These older analog devices have all of the same
measurement and RPS fealvres, except that they lack
oplo-isolatcd outputs for computer acquisition of reactor
data, They also require more manual input as the linear
7-11 7.3.1 channel 'does not possess sulo-ranging featurcs. These | 7-9 7.3.} Deleted Not needed
instruments were used for many years at USGS and for -
onc year at K-State until the N-1000 units arrived, and
provide adcquate backup for an interim time while the N-
1000 series umits are scrviced. Wiring disgrams and
calibration procedures for these instruments are located in
the maintenance manual for the USGS console.
‘Temperature indications for the primary watcr and
specific B-Ring fie] elements are provided on the front Temperature indications for the primary watcr and specific B-
scction of the contro} panel and in the instrumentation Ring fuel elements are provided on the front scction of the
rack. The instrumented fuel elements have three chromel- contro] panc! and in the instrumentation rack, The
alumel thermocouples in the fuel clti'meng that are used for instmmcnto;i fuicl :I:‘lcmcnts have three chromel-alumel
temperature indication on the console or in the . ’ thermocouples in the fucl clement that arc used for -
71 132 instrumentation rack. Since all three thermocouples ars 710 132 temperature indication on the console or in the instrumentation Clasification
located 0.76 ¢m/0.3-in below the fuel surface and with rack. The thermocouples ars located 0,76 em (0.3-in) below
two spaced only 2.5 cm from the third at the midpoint of the fucl surfacelfspaced at the midpoint of the clement and at
the clement, an averaged value from all three #, 2.5 cm from the midpoint; an averaged value from all three
thermocouples for a single clement is typlcally used for thermocouples is typically used for instrument readings,
instrument readings.
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733

Four control rods are required for rezctor operations at
500 kW: a shim rod, a regulating rod, & transient rod, and
a safety rod. The shim, regulating and safety rods share
fdentical and circuitry and provide coarse and fine power
control. Two ofthe rod drives are oripinal, analog
sysiems. One of the rod drives uses a stepper niotor.
The pulse rod {s designed so that it can be rapidly ejected
from ths core to a preset height to inftfate a reactor pulse,
However, it still functions as a normal control rod in
steady state mode, All rods canbe individually scrammed
without shulting down the resctor.

71

734

Four control rods are required for reactor operations at 1,250
kW fo meet reactlvity control requirements: a shintrod, a
regulating rod, a transient rod, and a safety rod, The shim,
regulating and safety rods share fdentical control circuitry
(Figure 7.7) and provide coarse and fine power control, Two
of the rod drives are original, analog systems, One of the rod
drives uses 8 stepper motor, Drive position is determined by
voltage drop across a polentiometer that Is adjusted as the
control rod drive {s moved, The position indicator for the
anafog motors is attzched to a shaft coupled to the drive motor
shaft with a setscrew, while the stepper motor is connected to
the position Indicator with a chain drive. ....

RAT#11,12

7-12

7342

The rod drive motor is dynamically braked and held by an
electrically locked motor, In the static condition, both
windings are enerpized with the same phase (see Figure
7.7), electrically locking the motor, Clockwise (up) or
counter-clockwise (down) rotation Is enabled by shifting
the phase between the windings with a 1-pF espaeitor;
motor control switches allow the appropriste phase shift,

"

7-1t

7.34.a

The analog rod drive motor is dynamically braked and held by
an electrically locked motor, Tn the static condition, both
windings are energized with the same phase (see Figure 7.7),
clectrically locking the motor. Clockwise (i) or counter-
clockwise (down) rotation is enabled by shifting the phase
between the windings with a 1-uF eapacitor; motor control
switches allow the appropriate phase shift, The stepper motor
operates using phase switched direct current power, The
motor shaft advances 200 steps per revolution (1.8 degrees per
step). Since current is maintained on the motor winding when
the motor is not being stepped, high holding torque is
maintained. A transiator module drives the stepping motor.

RAT#12,13

7-17

734.c4

The pulse rod is the only control rod that can bemoved
when the reactor i in the PULSE mode (this does not
prevent the scramming of any control rod).

734.c

4. The pulse rod {s the only control rod that can be withdrawn
when the reactor is in the PULSE mode (this does not prevent
the seramming of any control rod).

Correct wording

7-17

7.34

Additionally, there is an interfock that prevents reactor
pulses from being fired il the reactor power is above |
kW, There Is also a key switch for bypassing the source
interlock durinp fuel loading operations to check for
criticality.

7-16

734

Additionally, there is an interlock that prevents reactor pulses
from being fired if the reactor power is above [0 kW
(normatly sct at 1 kW)] There is also a key switch for
bypassing the source interlock during fuel loading operations
to check for eriticality,

Clatification

7-18

7.4

Jn pulse mode, the mode selector switch §s set to the 11
PULSE position, Internupting detector signal {o the linear
channel, When the pulse interlock is activated (to initiate
the source infetlock) to prevent movement of the shim,
safety and regulating rods, the detector signal to the
loparithmic wide range detector Is interrupted.

717

74

In pulse mode, the mode selector switch is set to the Hi
PULSE position, interrupting detector signal to the linear
channel. When the pulse interlock is nctivated (to initiate the
soutee interlock) to prevent withdrawa] of the shim, safety and
regulating rods, the detector signal to the logarithmic wide
ranpe delector fs Interrunted,

Correct wording

7-18

7.6

There are several additional pleces ol cquipment in the
control room. Directly behind the operator are the elrcult
breakers to interrupt powver to clectrical devicesin the
control room and reaclor bay (see Figurs 7.13). A halon
fire extinguisher is Jocated next to the breakers for use in
fighting electrical fires, Current core and facility
configuration {s shown in a display cabinet, A wall-
mounted box in the control room has flluminated switches
fo indicate personnel in the reactor bay, A radiation area
monitor is Jocated above the door in the control room to
the reactor bay,

7-17

7.6

There are several additional picces of equipment in the control
room. Directly behind the operator are the circuit breakers to
interrupt power to electrical devices in the control room and
reactor bay (see Figure 7.13]). A halon fire extinguisher is
Tocated next to the breakers for use In fighting electrica) fires,
Current core and facility configuration is shown In a display
cabinet (Figure 7.13.5). A wall-mounted box in the control
room has illuminated switches to indicate personnel in the
reactor bay. A local radiation area monitor (including
indicator and alarm) {s located above the door in the contro)
room to the reactor bay.

Clarification




The pneumatic transfer system or rabbit is used to rapidly The pneumatic transfer system or rabbit is used to rapidly
transport samples between an in-core location and the transport samples between an in-core loeation and the Neutron
Neutron Activation Analysis Laboratory. From Activation Analysis Laboratory. From commercial cylinders,
cmgnmiiall‘glingcr:. :ompmssedﬁh:lium f‘m‘s [;‘1;1:’! by compressed heliom fills small tanks at either end ol the
y tanks at either end of the system, Pressure {s limit system, Pressure is limited by release valves at 275 kPa (40
96 9.73d release valves 2t 275 kPa (40 psi). The system s operated 5 9134 psi). The system Is operated ’l[mm the instrumentation mgk Clarification
from the control room, where the reactor operator sets the (Fig 7.3) In the contro} soom, where the reacior operator sets
direction of motion by positioning vent valves and applies the direction of motion by positioning vent valves and spplies
the heliuvm by another valve. Indicator lights show the helivm by 2nother valve, Indicator lights show position of
position of valves, valves.
«CHAPTER 100 4 7ver S pASREIA2L0T 5 (AN T S T3 1 ol S0 d 07 [P T 43 7 Py 1 0e 3 iy e A 2 VIS s S & T 0 P00 U0 00 ¥ St e e A LT, LNt o et SRS
The interfice of experimental factlities (beam ports, thermal
mmx:::mlfgzggﬁg:’:dmz actor cohm:m and thermalizing column) and the reactor pool liner
pool liner contains an open plenum with piping connected containg an open plenum with p.lplng connected to 2 leak off'
{0 leak off volume, The leak detection piping fs volume. The leak detection piping is connected to a single
connected {o a single volume, excent that a separate feak volum;,aexbc:g: :hat ?'.:ap?n:; "‘:‘k ofr;;czv;nme ”I"d p"’;’"{f
10-1 10.13.8 | off volumend pressure gruge has been instaled for the | 101 | 10.13.a | STAEE 28 UOEn et e P e R T RS o fthe | Add information
thermalizing column, 17 the pool lesks Into the pool leaks fnto the experiment facilities, the water +
iment facilities, the water will overflow the plenum ovm!!ow the plenum and £ifl lhe-lcak ofl'volume, Pressure
:’n"’d'n' '" the leak ofFvolums. P monitors in the leak monitors in the leak off volume indicate when the volume is
off volume indicate when 1he volume is partially or fully partially or fully filled. The leak off volume and the pressure
filled. monitors are located on the north wall of the biological
shielding near the northwest (radial) beam port,
Various | Varions | Included both SI and SAE units Various | Various | Included both S and SAE units Add informaiton
CHAPTER:] 777 3007 1o %0 50 36 AV ¢ SO IR T W e FANGTTY, 200000 SITERAST 50900 S0a et PVIY U3 o 0 TTg i IS T e e 220 b d 23 S Y M A A T 0 L T8 ST SVRin R T e S 10y
. 1 + Because of its short half-life, "N contributes negligibly to
-1 l‘,;'”' “"%ﬁ:: :g; :;?:::g-’:,ﬂ,k' ‘ch;n tributes 111 l','z'l’l off-site radiatlon exposure, but is the major source of radiation | Clarification
negligily fo ofl- ! cxposure. dose to the arca above the reactor pool.
: A 5-year average of tritium assay (perfonmed monthly)
indicates specific activity in the primary coolant of 228 pCi/m!
' for 250 k\V opcrations. Il the reactor bay atmosphere were
":‘I-"'- ) ,'r:;"{“' saturated with this water at 30°C, the water concentration in
112 ;’::'hgm Measured tritlum specific activity in primary coolant is 12 In :hgm the air would be fess than 3 x 10 g mL" and the activity New informaiton
Reactor | 1€ than 102 uCigt oonn Reactor | COMCCRtration in the atmosphere would be less than 6.84E-09
D1 Bay pCi/ml, Based on history, tritium concentration at 500 kW
Y would be less than 1.37 x 10° uCi/ml, and tritium
concentration at 1,250 kW would be less than 3.42 x 10°*
, pCi/m). In nll eases, tritium concentrations are
During normal tion of the reactor facility, there are During normal operation of the reactor facility, there are three
12 Hbla |y ng!rbome sm,iﬂ. 4, and “'Ar. g 13 1118 | o otor potentis] aibome sources, *H, "N@:!y Yiar, Clarification
Exhanst of the rotary specimen rack;* As shown in Exhsust o[ the rotary specimen pack:’ As shown in Chapter
Chapter 11 Appendix A, the equilibrium activity of *'Ar 11 Appendix A, the equilibrium activity of “‘Arinthe RSR Is
inthe RSR is 0.56 Ci for sustained operation at 500 kW 0.56 Ci for sustalned operation at S00 kW thermal power, 1.4
thermal power. Ifthis netivity were instantly dispersed Ciat 1,250 kW, If this activity were instantly dispersed into RAIR 14 & P tevel f
112 I1.LLa | intothe reactor bay simosphere, under normal ventilation | 11.2 1L1La [ theresctor bay atmosphere, under normal ventilation boundi !"Wf" evel for
conditions, and a worker wers continuously exposed conditions, and a worker were continuously exposed ounding analysis
thereafter, the cumulative exposure would be 1.8 % 107 thereafier, the cumulative exposure would be at 4.4x 101° uCi
1CihmLY, well below 6 x 107 1Cl h mL? for 2000 hmU?!, well below the occupational exposure limit for 2000
hours occupstional exposure at the DAC. hours at the DAC, 3 x 10*uCi hmt”,




Radiation monitoring systems are employed throughout
the reactor facility: G-M defectors at the reactor pool

Radiation monitoring systems are cmployed throughout the
reactor facility: G-M detectors at the reactor pool surface and
clcanup foop, 7 remote area montitor channels (3 general arca

crane for changing light bulbs in the ceiling of the reactor
bay. Due to safety concems, lighting was installed
around the periphery of the reactor bay, climinating the
need for the overhicad lights and the basket,

r

permits personnel scrvicing the crane a local and positive
control over power to the cranc, A basket is attached to the
outside edge of the crans for changing light bulbs in the
ceiling of the reactor bay, Due 10 safcty concems, lighting
was installed around the periphery of the reactor bay, reducing
the need for the overhead liphts and the basket.

7-19 77 surface and cleanup loop, § remole arca monitor channels 18 27 or process monitors, 4 channels for beam ports — | beam port Modification in progress
(3 permanent, 1 mobile), a.... channel is currently instrumented, with the remainder
scheduled for instrumentation near term), a.....
Fig .
7-20 Fig7.13 | Changed fipurcs 7-20 7.13a & | Splitinto 2 separate picturcs Configuration change
b
ﬁumz‘f &’:" gzz;oga;u?‘;;,gMu:ﬁ‘muiglﬁ The remote 2rca monitors utilize G-M detectors Iocatcgl
Figure 7.14). Pcrmancnt locations arc; at the top of the throughout the rezctor bay (typical unit llustrated in Figure
reactor tank, above the bulk shicld tank, and near the ion 7",?)' tieﬂbu“mlklz‘:'l?rﬁms “3 al m&“’? °m“;g‘m°; ml‘:k'
exchanger in the primary coolant system, and dircctly 2 i ve lant 'el m;?h nea‘r o °3‘°x° hanger in the
7-21 7-7 over the primary watcr tank. A movable detector can be | 7-20 77 mairbcamsyp;:n h';;nsngnar:calnﬁ ;:f:er lci:es to supwpﬁ: Modification in progress
L‘:ﬁgﬁ;‘r&mﬁ" mp mo“’?af’;&c?:“gofgmdzn‘wnm? installing a beam port monitor. - The detectors feature an
room and locally with visuil indicators for normal, aler, nnn_log readout in both the control room anq locally with visual
d nlarm conditions. The contro) alarm !’\as an indicators for normal, alert, and alarm conditions. The control
udible sigmal os well yoom room alarm has an audible signal as well.
722 Fig 7.5 | Changed figures 721 | Fig715 | Changed figures gm'm‘gg;"
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Backup batteries supply the evacuation alarm; a 12V
deep-cyele battery for the alr horn and a 6 V battery for
the detector, These batterics arc tested annually and a
83 82 charger is permanently incorporated info the system, As | 8.2 82 Deleted Configuraiton change
mentioned In Chapter 7, the evacuation alarm is located at
the upper level of the reactor and signals a need to
evacuale the reactor bay.
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A polar cranc in the mctor bay Is used to manipulate Joads of
. up fo 3630 kg (8000 Ib), Various lifting straps and
mz}ﬁ;’:ﬁ gwﬁggg?g)f’y‘fomm;’;“:ﬁm tschments ar availalefor anding varicd loads. A breaker
and attachments are available for handling varied loads. 0 ficeavtor control faom supplics power 1o the cranc. A
A breaker in the reactor control room supplies power to (:u o tothe crane. A d.° eton the m
9.5 9.7.2 the crane. - A basket is attached to the outside cdge of the | 94 9.7.2 sccuring powcr {o the crane, A disccon Equipment modification
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Release from primary goolsnt: As shown in Chapter 11 Release from primary coolant: As shown in
Appendix A, even with extremely conservative Chapter 11 Appendix A, cven with extremely conservative i
. assumptions, during sustained operation at full power R assumptions, during sustained opcration at full power with | Power level for bounding
113 1LLla N . . 11-3 | JRRE by a .
}"ﬂlh ventilation, the steady-state activity concentration of ventilation, the steady-state activity concentration of *'Ar in | analysis
Ar in the reactor-bay atmospherc would bo 3 x 10° uCi the reactor-bay atmosphere would be 7.2 x 167 uCi mL”, less
mL", less than the occupational DAC. than the occupational DAC,
' Offsite Impacet of BAr, As shown in Chapter 11 Appendix A,
4 the peak offesite activity concentration during normal
Qfshe Impactof %E;rﬁlf':;‘;;; Chapter 11 operations would be about 0,003903 pCi mL™ st 135 m
d‘?ﬁp:n noxm:nl o puﬁom would be about 6 x 10° pCi downwind under slightly unstable atmospheric conditions,
mL? gt 135m dgcw:win d under slightly unstable occurring 0.6% of total time. This concentration is less than
13 1L . . Y Unsts the eMuent limit of 0.01 pCi mL™, A full year of opcration at | Power level for bounding
- J.a | atmospheric 909d1ﬁons. This con'ecnmuon is less than 113 illla the maximum power level maximum concentration would | snalysfs
:hxc cg};’::: :;;“‘:‘:ig::nf g:;l‘m mso?m ;’; dioan result in an effective dose at the receptor with the maximum
cﬂ'rzlive dose of only sbout 3 well within concentration of only about 0.16 mrem, well within applicable
anplicable limits y mrem, limits, The highest dose to a location occurs at 2140 meters
ppil . with a dose of 3.8 mrem, well below the maximum allowed 10
mrem from effluents,
As shown in chapter 11 appendix A, very conscrvative .
milculaﬁons lead to an expected exposures rate of 40 mR ?as!cu:;‘go?s i;‘ca dCh:glcrml ! cx?:}mdmaﬁ;u;m;ﬁmﬁ )
h™ at one meter above the centerof the reactor tank . Power Jevel flor bounding
113 11.L1a during sustained tions are 500 k\V thermal 113 11.1.1.a | approximately 25 mR h™ at one meter above the center of the analysis
B open 20050 kW reactor tank during sustzined operation at 500 kW thermat | ™27
I:lcasmcxposm rates arcabout 20 mR K at250K power, increasing to nearly 100 mR k! at 1,250 kW.
114 '{:l;': Gamma Ccll location as room 3 11-§ T:bllg Gamma Celt location as room 14 Change in location
1155 1L15b The 22-foot level access has a line of sight to the control room,
At;ccss ' A c.cc < and has radiation monitoring positioned directly over the pool
. surface and mounted on the mil sumounding the pool. The | Power level for bounding
n-1 CD"“."M No corresponding text n-un g‘l:'i":ol operator at the controls is responsible for appropriately | analysis
0 8 0 & controlling access to the 22-foot level based on radiological
Ps PS conditions. : .
Acceplable surface contamination levels for unconditional :&':::sp:a :!: g?\:xmm;: ';:;lt::.ml“ll?;:o:s :::vo:'lx:! cgo;nuu’:?::::\::}
release inrcﬂglw;n i"l;r F::e‘ "'5"!.:."'::;’ °ln average Radiatlon Protection Program, KSU TRIGA Mark Il Nuclear
con on feve unconciliona’ re‘ease are, Reactor Facllity. Limits on average contamination levels for
11-13 11.1.6 ulcglatcdbasgdonsuncyn{cas.smallcmmn Im' 11-13 11.1.6 unconditional release are calculated based on survey arcas RAI# )5
Limits on maximum contamingion levels for @ eas smaller than 1 m?. Limils on maximum contamination levels
unconcitiona: re ‘”‘;’ are calcu on survey for unconditional release arc calculated based on survey areas
smaller than 100 cm®, smaller than 100 sz.
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1174

No correspording text

11-14

11.1.7d

As required by 10 CFR 20,1501, contamination surveys are
conducted to ensure compliance with regulatjons reasonable
under the circumstances to cvaluate the magnitude and extent
of radiation Jevels; concentrations or quantities of radioactive
materinl; and potential radiolopical hazards,

Guldance has been promulgated in IE Cirevlar No. 81.07
{Control of Radioaciively Contaminated Materials) for
releasing materials from restricted to unrestricted areas:

Based on the studles of residual radioactivity limits for
decommissioning (NUREG-06132 and NUREG-07073), It can
be conclided that surfaces uniformly contaminated at levels of
5000 dpm/100cm2 (befa-gamma activity from muclear power
reactors) would result in potential doses that total less than 3
mrenthyr. Therefore, It can be concluded that Jor the
potentlally undetected contomination of discrete ltems and
materials at levels below 5000 dpm/100em2, the potentlal dose
1o amy Individual will be significantly less than § mremfyr even
If the accumnlation of mmerons lems contaminated af this
level Is considered,

The contaminatfon monitoring using portable survey
instruments or laboratory measurements should be performed
with instrumentation and techniques (survey scanning speed,
counting times, background radiation levels) necessary to
detect 5000 dpnv/100 ¢m2 tofal and 100D JpmV/100 cm2
removable bela/gamma contamination, Instruments should be
calibrated with radiation sources having consistent energy
specirum and instrument response with the radionuclides being
measured, If alpha contamination is suspected sppropriate
surveys and/or laboratory measurements capable of detecting
100 dpm/100 em2 fixed and 20 dpm/100 cm2 removable alpha
activity should be performed.

RAIR 5

11.A-1

Al

No coms:ponding fext

Normal operation of the KSU reactor results in two potentiai
source terms fot radioactive gaseous effuent, 'Arand "N,
There nre variations in experimental configuration and
possible scenarios where the production of ' Ar may be
different than the routine operations; these scenarios do not
produce not long term, routine radioactive effluent but need to
be assed 1o determine if the amount of radioactive efMuent is
so high as to impact the annual exposure that might result from
rouline opemtions.

Clarification

1LA-1

Al2

The concentration to dose rate (efTective dose equivalent)
conversion factor for submersion in an infinite
atmosphere of YArisas follows: 23x 10" Svh! per
Bgm"™ (EPA 1993).

11.A2

A2

The concentration to dose mte (effective dose equivalent)
conversion factor for submersion in an infinite atmosphere of
“Aris as follows: 2.17x 107 Sv k! per Bqm, or 0.803
mrem/h per pCi/mi (EPA 1993).

Power level for bounding
analysis

11-A-2

Table
A! l

Parameters for 500 kW

11-A-2

Table
Al

Changed paramelers for 1,250 kW

Power Jevel for bounding
analysis




In some cases, SI or SAE units uscd; in some cases, S00 Included both scts of units for fundamental measurements; Powecr level for bounding
Various Various kW-used Various | Various used 1.250 kW for maximum power analysis & Add infomraiton
Operation with a fully open beam port is not a routine .
operational condition. Beam port operations normally have -
11.A4 A22 No corresponding text LA 1 A22 shiclding, collimation and beam stops that prevent a fullbeam | Clarification
from pencirating the column defined by the beam port into air
volume between the reactor and the reactor bay wall,
or 342 x 10” pCi mL" in conventional units. Operations at
maximum power arc not petformed for radiography, and
radiography 1s not performed long cnough to achieve
equilibrium “'Ar.  Therefore, scaling the calculation for
or 3.42 x 10” uCi mL’! in conventional units, Operations sustained operations nl |.250 kW provides an extremely
at maximum power are not performed for radiography, conservative bound on “'Ar production. Scaling the 10 kW
and mdiognphy is not performed long enough to achieve "Ar pruduction value to 1,250 kW results in 4.28 x 107 uCi
equilibrium “'Ar. Therefore, scaling the calculation for mL? which is slighly above submersion DAC for
sustained operations at 500 kW provides an extremely occupational exposure; however, conditions for the source
conscrvative bound on 'Ar production. Fifty times the term are related to a very unusual sct of conditions (open beam Power level for boundin
11.A4 A2l |o kW “'Ar production valuc results in 1.7 x 107pCimL” | 11.A4 | A22 port with no shielding) that are not continuous in two respects. | ool 5
! which meets the submersion DAC for occupational Shiclding for radiography cxtemal to the bema port limits the ¥
exposure with no further consideration. This valueis beam to Iess than ¥ of the analyzed volume, Radiography
slightly higher than the effluent limit for continuous configuration is implemcented only for radiography operations,
release; mecting the effluent release limit id assurcd at K- a small fraction of all operations, Typically radiography
State through conscrvatisms in the calculations and occurs less than 1 day per month, Radiography operations are
because the reactor is not operated continuously, inherently discontinuous as the purposes of individual
operations aro met when the image is obtained. Typically a
day of radiography operations involves less than 4 hours of
operation at full power. These conservalisms assurc DAC and
cffluent limits are met with no further consideration.
The air volume in the rotary specimen rack docs not freely
cxchange r}v{m theairin %c reactor bay; there isno mo;ivc
. foree for circulation and the rotary specimen rack opening is A
11L.A4 A22 No corresponding text 1LA-4 | A22 routincly covered during operation. 1f the rotary specimen Clarification
rack were {0 flood, water would force the air volume in the
RSR into the reactor bay.
) a The value 1.6 x 10° pCi s mL", or44x 10 uCi hmL™ , is
as  [Azz | Jhsiswell below the 6x 10 UCLh mL" anmallimitof ) 525 ) A22 [ well belowthe 3 x 10* uCi hmL* annual limit of 2000 DAC | RAT#16
ours specl n . hours specified in 10CFR20/EPA-520/1-88-020,
;hg rcaclor l‘a‘nAk \ivalmfac::’e is ;pcn u; lbhe reactor ib::y
. adioactive Arisc ted in the pool by convection P
1LA-S A23 No corresponding text 11LA5 | A223 heating, and freely exchanges with the reactor bay atmosphere Clarification
during normal operation.
NA NA NA A6 | 00 | Added Clarification
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1LA-6

A23

See previous version

11.A-8

A23

The equilibrium *'Ar concentration during full power steady
state operation at 1,250 kW in the reactor bay would be 0,072
Bq em”® (1.9 x 10° pCi mL'") without ventilatfon and 0.027
Bgem?® (7.2 % 167 pCi mL") with ventilation,

Environmental Protection Agency, Federal Guidance Report
No. 11 (EPA FG 11 - Limiting Values of Radionuclide Intake
snd Alr Concentration and Dose Conversion Factors for
Tnhalation, Submersion, and Inpestion) lists the DAC for *'Ar
as (Tzble 1b) 3X10¢ pCi/ml, or 3 pCi/ml. Therefore,
equilibrium “!Ar concentration during full power steady state
operation at 1,250 kW is less than DAC and there are no
restrictions on eactivitles in the reactor bay imposed by the
normal Ar*! produetion mode,

Power level for bounding
analysis

1L.A-6

No corresponding text

11.A-6

A24

Although there are three modes of *' Ar production, only the
release of radioactive arpon dissolved in water oceurs
routinely,

Clarification

1LA-6

Table
A3

Concentration values for S00 kW

1LAT

Table

Concentration values for 1,250 kW

Power level for bounding
analysis

11.A-6

No corresponding text

A24

1H.A7

The doss conversion factor provided by EPA FG 1] for *'Ar
(Table 2.3) is 2.17 X 10'° Sv/hr per Bg/m’, or (using the
provided conversion factor of 3.7 X 10") 8.03 X 10° mrem/hr
per pCifent®, 8.03 X 10" mrem/hr per pClem’.  Using the
highest maximum concentration of Table A3 (0.003903 pCi
em’®) at steady state full power operation for a full year (8760
hours) with observed frequency of class A stability (sce
Appendix 2.C) would result in a dose less than { mrem/year,
Frequency of occurrence and the concentration st the
maximum dose will occur from class C conditions, with a
maximum annual dose of 1.7 mrem. The maximum

‘concentration at the highest frequency (class G) is 0.001013

pCi em™, with a dose of 3.8 mrem.

The assumed 24-7 openting history is not feasible
for the KSU reactor, which has an average operating time for
two decades of sbout 8 hourshveek, Additionally, a full power,
continuous operation would require a significant quantity of
new fuel,

Note that over the full range of conditions examined in Table
2.3, the peak downwind concentration Is substantially below
the DAC of 3 pCi cm established In 10CFR20 Appendix B,
and Tess than the permissible effluent concentration of 1 X 10°
pClem® for all meteorological conditions except the set of
conditions with the lowest frequency of occurrence; for that
stobility classification, the instantaneous effluent concentration
is sliphily highet than the DAC.

Clarification, add
information




AT |A25 | Substantial rewrite 1LA8 |A25 | Substantial rewrite RAI# 17, Clarification, add
. ) information
CHAPTER: 5. fi sy o= e s T g ¢ o o e e o o o ey e ol L e S e o 3 U, e e T s
The Radiation Safety OfTicer reports to the Manager of The Radiation Salcty Officer reports to the Manager of the
the Department of Environmental Health and Safety. The Department of Environmental Hcalth and Safety. The
Radiation Safety Olficer, or an authorized representative, Radiation Safety Officer, or an authorized representative, shall
shall be available (upon due notice) for advice and be available (upon due notice) for advice and consultalion
consultation regarding radiation surveys and radiation regarding radiation surveys and radiation safety in connection
safety in conn‘;c!ion with isotope production and radiation with isotope production and radiation streaming problems as
streaming problems as might arise in conncetion with might arisc in conncction with reactor operation or
12:6 1212b reactor operation or experimentation. The Radistion 125 12.12b cxperimentation. The Radiation Safety Officer is ex officio a RAL#18
Safety Officer is ex officio a member of the Kansas State member of the Kansas State University Radiation Safcty
University Radiation Safety Committee. The Radiation Commilice, The Radiation Safety Officer serves ex officio as
Safety OfTicer serves ex officio 2s s member of the a member of the Reactor Safeguards Committee, with any
Reactor Safeguards Committee, with any action of the action (i.c, conccming polential radistion exposure or
Comsmittee requiring approval of the Radiation Safety radioactive effluents) of the Commiltcc requiring approval of
Officer. : the Radiatlon Safety Officer.
Whenever the reactor is not secured, the reactor shall be . Whencver the reactor is not sccured, the reactor shall be under
under the direction of a (USNRC licensed) Senior the direction of a (USNRC licensed) Senior Operator who is
12-7 12.1.3 Opcrator who s designated as Reactor Supervisor, The 12.2 12,13 designated as Reactor Supervisor. The Supervisor shallbeon | Change
Supervisor shall be on call, within ten minutes travel time call, within twenty minutes travel time (o the facility, and
10 the facility, and cognizant of reactor operations. cognizant of reactor operations.
A report shall be made within 10 days in writing to the A report shall bo made within 14 days in writing to the NRC
12-13 12.5.2 NRC Opcration Center for any violation of safety limit or | 12.7 1252 Opcration Center for any violation of safety limit or reportable | RA1# 19
reportable occurrence oceumrence
1215 12.6.3 No corresponding text 1215 12.6.3.f ] Correcied and as-built facility drawinps RAL#20
. A physical sccurity plan for protection of reactor plant Administrative controls for protection of the reactor plant shall
12-15 128 shall be established and followed in accordance with NRC { 12:15 | 12.8 be established and followed in accordance with NRC Correction
regulations, repulations.
TCHAPTER I3ty iss iy Banlshy Sondilidoejode sna s lmea por o baltgtlon e ov s 2 sipn o0 o 0w tload oy aivs ol Siepd ompatis o g gV 10T 00l 008050 8 107, ontliliee Do 00w, to o Sl fe o LN RN P00 1000 00
- . o These are the three conditions considered in the initial
These aro the three conditions considered in the initial ficensing of the Reactor Facllity in 1962 for 100-kW steady-
licensing of the Reactor Facllity in 1962 for 100-kW tate ion and in the 1968 upgrade of the license
steady-statc opcration and in the 1968 upgrade of the £ i:pcn 2‘;’6.&“, stcady stat P i ¢ d 250.MW | Power level for boundi
131 13. license permitting 250-kW steady stato operation and | 13-1 13.1 permitling cacy staic opcralion an ower fevel for bounding
. pulsing operation. The analysis presented here treats the same | analysis
250-MW pulsing operation. The analysis presented hero conditions, but for steady-stale opcration at 1,250 kW and
treats the same conditions, but for steady-stale operation pulsing xt:g;etalb:m toa S’;.OO morc’livi(y ,;nserﬁon. estimated
at 500 kW and pulsing operation at 1,000 MW, peak power of 1,340 MW.
various various | S00KW various | various | 1,250kW :':;;';:ilscvcl forbounding
Fuel and cladding temperatures are reported in Table 13,2 Fuel and cladding temperatures are reported in Table 13.6 and
13-8 13.22.¢ | andillustrated in Figure 13.6 for the casc of 2cro time 13-8 132.2.¢ | illustrated in Figure 13.2 for the casc of zero time post Correct references
post accident, accident,
13-8 Tabe | Values for S00XW 138 | Too® | Values for1,250 kW ool for bounding
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:x':mglh li '°’:°%gg;’: m’:’;” ::I’"mm?wah? Although 2 foss of pool water {s considered to be an extremely
masim u:\ ‘g‘a temperature that could be expected fo improbable event, caleulations show the maximum fuel
13-13 13228 | reeylt from such an event (2Nter Tong-term operation at 1313 | 132.2¢ | temperature that could be expected to result from suchan Correction
full power of 500 kW) s 261°C, wetl;l below any safety cvent (afer long-term opmliqn ?I full power of 1,250 kW) is
{imit for TRIGA reactor fiel, 294°C, well below any safety limit for TRIGA reactor fucl,
1313 Taa° | 4table vatuesin error 1343 | Ton® | Ribrvalues, 1,250kW Correction
Rapid compensation of a reactivity insertion is the
‘ distinguishing design festure of the TRIGA reactor,
. Rapid compensation of a reactivity insertion isthe Characieristics of a slow (ramp) reactivily insertion are less
13-14 1323 distinguishing design feature of the TRIGA reactor, 13-4 1323 severe than a rapld transient since temperature feedback will RAL#24
T occur rapidly enough to fimit the maximum power achieved
during the transient....
® A control rod interfock preventing pulsing operations from
power Jevels greater than a maximum of 10 kW fs not
13-15 13.23 No comesponding fext 13-15 | 1323 credited Clarification
8 Conservative hot channel factors as calculated in 4.5.3 are
used
w . A maximum pulse of $3.00 would result in a power rise of
13-15 13230 11T, is the average core temperature at the start of the 13-15 13230 approximately 1430 MW(1). IFT, is the average core Power level for bounding
| excursion, the maximum temperature rise (°K) is given by * | temperature at the start of the excursion, the maximum analysis
temperature rise (°K) is plven by
13-15 13.23.b | Extensive rewrite 13.15 13.2.3.b_| Extensive rewrite Clarification
CASE I: Analysts of a 2.1% (53.00) Reactivity
Insertion at Zero Power
For this case, Eqs, (13.2.3-2) and (13.2.3-3) yield a power
rise of 1430 MWV and a core-averape fiel iemperaturce rise
of temperature 0f 229°K. Peak temperature rise would be
the core average mulliplied by the overall peak-to average
ratio of w, resulting In a hot spot temperature of 27 + 719 Tnsettion of the maximum . -
possible reactivity without initial
= 746°C. Therefore, insertion of the maximum possible tempetature feedback (i.e., fue] temperature Is 100 Jow to 1imit
reactivity without initial temperature feedback (i.c., fuel corc available rectivity). results in a peak hot spot fuel
13-16 1323c results in fuel temperatures well below the safety lHimit. 1316 | 1323 RAT#22,23

CASE 1I: Analysls of a 0.7% ($1.00) Resetivity
Inserilon at 93 kWY Power

For this case, Eqs, (13.2.3-2) and (13.23-3) also yield a
power rise of 1430 MW and a core-average fitel
femperature rise of temperature of 229°K. In this case,
the hot spot temperature is 150 + 719 = B69°C.
‘Therefore, insertion of the maximum possible reactivity
with Initial temperature feedback (i.c., fuel temperature
limits available) results in furel temperatures well below
the safety limit,

Insertion of the maximum possible reactivity with initial
temperature feedback (i.e., fuel temperature limits avaifable)
resulis in a peak hot spot firel temperature of 869°C, well
below the safety limit,




For short-lived radionuclides, calculations of radionuclide For short-lived radionuclides, calculations of radionuclide
132402 | 1347 inventory in fuel are based on opcration at the full thermal 13-17 | 132422 inventory in fuel are based on operation at the full thermal | Power [evel for bounding
power of 500 kW for eight hours per day, for five power of 1,250 kW for eight hours per day, for five successive | analysis
successive days prior to fuel failure. days prior to fuc! failure, an average of 31.25 kW-hr/day.
For times much greater than the haif-lifc of the For timcs much greater than the half-life of the radionuclide, c Tont hical
13-17 13240 | radionuclide, A = A, and for times muchfessthanthe | 13-17 | 13.24b | A = A, and for times much less than the half:life, A(t) = m‘:{)‘r“‘ onflypographica
half-life, A(t) = Au® 2% ¢, An* A t,
. Table Table Power fcvel for bounding
13-19 13.10 Values for 500 kW 13-20 13.10 Values for 1,250 kW analysis
Table Table Power level for bounding
13-22 13.24.h | Reference to table 12.14 incorrect 13.22 13.24.h Changed 10 13.22 Incorrect table no.
Table Table Power level for bounding
13.22 13.12 Values for 500 kW 13-23 13.12 Values for 1,250 kW analysis
Table ] Table Power level for bounding
13.23 13.13 Values for 500 kW 13-24 13.13 Values for 1,250 kW analysis
App App App Power level for bounding
App 13.F 13F Values for 500 kW 13F 13F Values for 1,250 kW analysis
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KSU Research Reactor Docket No. 50-188

REFERENCE: TAC NO. MB7966
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The bottom of this table is missm In particular footnote |
1| 16 | Table 1.3 Is missing. Please provide complete table. Table correctcd footnote added
A Please discuss the construction of the control rods. Are they
2 4-7 Scction 4.2.2 | located within gulde tubes? Arte the control rods constmucted | Section 4.2.2, Control rods, rewritten
with followers?
3 4-13 (S;::llg? ;'S’B'b The value of #/2 appears to be in error Documented use of »/2 as conservative in text
Please discuss how arbitrarily declaring the futel temperature )
4 4-17 | Section 4.7 safety limit as 3000°C *...ensures that the maximum Scction 4.7 rewritten
temperature limits indicated in analysis cannot be achieved.
Please disms(si the need for tt:rho ;iﬂ‘elrent fuel temperature
. safety limits (i.e., 1150°C with the clad <500°C and 950°C . .
5 417 | Sectiond7 . wnhbt'he clad temperature equal to the fuel temperature), Section 4.7 rewritten
Under what conditions would the latter limit be valid?
If power level is the Limiting Safety System setting (LSSS)
during steady state (SS) operation and peak fuel temperature :
. is the Safety Limit parameter please provide the correlation . .
6 | 418 (Sectiond82 |pcies oot Teve] and meah el fomperatare S8 Section 4.8.2 rewritten
operation, What is the expected highest peak measured fuel
temperature during 500 kW steady state (SS) operation?
Section 4.8.2 Please discuss how the Limiting Safety System Selting
7 4-18 1 T | (1.SSS) was determined, Please elarify the correlation Scction 4.8.2 rewrilicn
_| Table4.5 between the licensed power level, and the LSSS
Is the instrumented fuel element used with the Limited
Section 4.8.2 ls;rety S'ysten:! getﬁngi1 (LSS‘S) al(;.valyls locatedffn t:e Bring?
cction 4.8.2, not, please discuss how the radial Iocation for the
8 4-18 ) rbleds lhemo‘::ouple is In the instnmented element afTects the ratlo | Removed LSSS on fucl temperature
of measured peak fuel temperature/actual peak fuel
temperature during SS vs. pulse operation

Page 1 of 3
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Section 4.8.2 Please discuss how the LSSS of 600°C provides assurance
9 4-18 ble 4 that the safety limit is not exceeded, Ilow was the LSSS Removed LSSS on fucl temperature
Tablc 4.5 value of 600°C determined?
This table indicates that the LSSS is for the steady state
mode, however, the Technical Specification (TS) section
2.2.1, Applicability, states that the LSSS applics only in the
10 | 7-12 | Tableds pulse mode, In addition TS, Section 3.4.3, Table I indicates
that the fuel element temperature measuring channel is not
applicable during SS mode. Please discuss.
This section indicates that four control rods are required for .
1 712 734 500 kW operation. Is this also the case for operationup to | Discussed reason for 4 versus three as
- e 250 kW7 Please justify not having an LCO for the number of | related to reactivity control
control rods.
The second sentence in this section states that three control
rods have identical circuitry. In the next sentence there isa
12 712: 1734 statement that two rod drives are original analog systems.

: o Then it is statc that one drive uses a stepper motor, Please
provide a simple, circuit diagram showing the stepper motor
circuit and interface.

Please describe the drive that utilizes the stepper motor, In
particular describe the limitations on rate of speed, position
indication of the control rod to the operator, and failure

R I

Removed LSSS on fuel temperature

7.3.4 (and associated material) rewrittcn

13 | 7-12 [734 7.3.4 (and associated material) rewriften

modes and effects of the drive. .
14 11-3 [ 1®lincoftext | The value of 6X10™ pici mI™ appears to be incorrect Corrected
What is the reference for this table? Please discuss how the | Inscrted reference as approved RPP;
15 11-13 | Table 11.5 information in this table will be used in radiation and waste | included information from Generic
management Communications
16 11.A-5 | 2™ sentence The value of 6X10° pci mi™ appears (o be incorrect Corrccted
17 11.,A-7 | 1* sentence The calculation of dose appears to be in error low Corrccted
Pagc 2 of 3
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The RSO has veto powerin the chctor Sarcguards

‘18 12-6 Section Committee, IS there a process established to override the

Rcwscd to indicate veto power over

12.1.2b veto? radiation control issucs
19 12-13 | Section 12.5.2 (\!\al;:t is the reason to restrict the 14-day report to within 10 Corrccted

. . Please include the update, corrected, and as-built d\facility
20 12-15_ | Section 12.6.3 drawings in this section as indicated in TS Section 6.10.b)6 Included

| Section Please discuss the calculation of the peak to average core , . L
21 13-1 6§ 13.2.3(3) Case | temperature ratio equal to x or provide n reference. = Usc of the factor discussed in rewritten
1 and Table appears to be too high a value for this parameter for your material of Chapter 4 & referenced
13.4 reactor. .

Please discuss the limitation of the initial power for Case ]}
Section 13.2.c |09 kW. Please discuss the possibility of an experiment
C o reactivity change while at power greater than that analyzed, | Rewritten

ase IT Please correct the inconsistency between this analysis and
TS Section 3,1.5 with repard to the infiial power.

22 13-16

Scction
' Please discuss the conclusion that the core power rise will be .
23 13-16 %152113 (3) Case the same for 2,1% and 0,7% insertion of reactivity. Rewritten
Also TS Justify not analyzing a ramp accident and using the results as
S0 bases forthe LSSS and the reactivity change rate limits for . .
24 13-16 Section 5.3 moveable experiments and control rod motion. How are the Discussed ramp as being bounded by pulse

consequences of such accidents limited?
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