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1. INTRODUCTION

This report describes the TRIGA (Manufactured by GA Technologies Inc.)
Mark 1 reactor facility proposed for construction at Arkansas Tech University as
part of the Center for Energy Studies, and provides a safety evaluation which shows
that the reactor facility does not cause undue risk to the health and safety of the
public. A reactor with some common components to this reactor was licensed and
operated under the same conditions at Michigan State University since 1967 and was
decommissioned in 1989, Safe operation of the reactor for steady power levels of
250 kW (thermal) and pulse powers of 300 MW (thermal) was established by
Michigan State University. This safety analysis demonstrates safe operation at ther-
mal power levels up to 250 kW steady state and 300 MW pulse power.

1.1 PRINCIPAL DESIGN CRITERIA

The reactor will be operated in two basic modes: steady state and pulsing.
Reactor power levels in the steady state mode will range up to and include 250
kW(1). Pulsed mode operation will take place by step reactivity insertions with the
reactor initially at a power level less than 1 kW. The maximum step reactivity inser-

tion will be 1.4 %k [%k ® % Qk—"] ($2.0), which will produce a peak reactor power

of approximately 300 MW(t) and a pulse width at half maximum of 30 ms with a
prompt energy release of approximately 8 MW-s. A summary of principal design
parameters for the reactor is given in Table 1-1.

1.2 DESIGN HIGHLIGHTS

The reactor will be located in a pool structure, Reactor cooling will be
provided by natural circulation of pool water which is cooled and purified in exter-
nal coolant circuits. Reactor experimental facilities will include a rotary specimen
rack, ¢ pneumatic transfer system, and core irradiation tubes,

The inherent safety of this TRIGA reactor has been demonstrated by the
extensive experience acquired from similar TRIGA systems throughout the world.
Forty-eight TRIGA reactors are now in operation throughout the world and of
these, 31 are pulsing. TRIGA reactors have more than 450 reactor years of operat-

SAR ATUTR 141 9/89



Table 1-1 Principal Design Parameters

Reactor type
Suadyuﬁs?anu er (max)
Pulse power '(,l(:\wu) b
Maximum step reactivity

Ise width at half maximum
nergy released

Fuel element design :
uel-moderator Material
Uranium content
Uranium enrichment
L-235 in each element

Sha
un‘;:h of fuel
Diameter of fuel
Cladding material
Cladding thickness
Fuel element total mass
Number of fuel elements
Critical core
Operational core
Uranium inventory
Excess reactivity
Shutdown Margin
Number of control rods
Safety-Transient
Safet¥ Shim
Regulating

Prompt negative
temperature coefficient

Delayed neutron fraction (5)
Neutron source
Reflector

Reactor cooling

TRIGA Mark |
Steady-state, pulse
250 k vy

300 M tz)

1.4 %k ($2.0)

= 30 ms

= 8 MW

!l‘J-ZrH %SZr/H = 1.6 nominal, 1.65 max)

5wt
19.7% U.23§
= 3§
linSrical . ,
38.1 em (15 in.) active length
783 em (29.63 in,) overal
363¢ni(1.43in) O.D.
304 Stainless steel
0.081 em (0.020 in.)
32kg

=~ 64
=70
= 245 kg U-238

2.25 %k maximum
(.44 %k

3
%k pneumatic

.

1 1.40
1 212 %k rack-pinion motor
1 1.29 %Kk rack-pinion motor

.

= (.11 %k/C

0.007

Americium-Beryllium 1.88 Ci
Graphite, Water

Natural convection of pool water
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Table 1-1 Principal Design Parameters (continued)

Pool tank Aluminum 1/4 in thick (10) ft dia
surrounded by 3 ft of concrete
provides 20 ft of shielding water

Heat exchanger Tube-Shell type
Pipes 3 in, aluminum
Coolant purification Demineralizer, Filter
Experimental facilities Rotary specimen rack

Pneumatically operated rabbit
Central thimble

ing experience, over 30,000 pulses, and more than 15,000 fuel years of operation,
The safety arises from a large, prompt negative temperature coefficient that is char-
acteristic of uranium-zirconium hydride fuel-moderator elements used in TRIGA
systems. As the fuel temperature increases, this coefficient immediately compen-
sates for reactivity insertions, The result is that reactor power excursions are ter-
minated quickly and safely.

The prompt shutdown mechanism has been demonstrated extensively in
many thousands of transient tests performed on two prototype TRIGA reactors at
the GA Technologies laboratory in San Diego, California, as well as other pulsing
TRIGA reactors in operation. These tests included step reactivity insertions as large
as 3.5 %k with resulting peak reactor powers up to 8400 MW(t) on TRIGA cores
comaining similar fuel elements as are used in this TRIGA reactor.

Because the reactor fuel is similar, the previously cited experience and tests
apply to this TRIGA system. As a result, it has been possible to use accepted safety
analysis techniques applied to other TRIGA facilities to update evaluations with
regard to the characteristics of this facility [1-8],

1.3 CONCLUSIONS

Past experience has shown that TRIGA systems can be designed, con-
structed, and safely operated in the steady state and pulsing modes of operation.
This history of safety and the conservative design of the reactor have permitted
TRIGA systems to be sited in urban areas using buildings without pressure type
containment,

SAR ATUTR 1-3 9/89



Several abnormal or accidem conditions were analyzed (see section 7). A
step insertion of the maximum excess reactivity and a complete loss of coolant water
were analyzed, and in both cases fuel and clad temperatures remain at levels below
those required to generate stress conditions which would cause loss of clad integrity.
Failure of a fuel element clad and release of fission products into air was also
analyzed, and it was shown that such a failure will not cause excessive radiation
exposures 10 operating personnel. Also it was found that loss of pool water will not
cause excessive radiation exposure to operating personnel. Production of argon-14
and nitrogen-16 during normal operation of the reactor will not present any hazard
to persons in the reactor room or to the general public.

Results of this safety analysis indicate that the TRIGA Mark | reactor system
proposed for construction and operation will pose no health or safety problem to the
public during normal operations or during abnormal conditions.
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2. SITE DESCRIPTION

2.1  GENERAL LOCATION AND AREA

The reactor facility is to be located in a new building (Center for Energy
Studies) scheduled to be constructed on the northeast corner of ihe Arkansas Tech
University (ATU) campus. The physical plant of ATU currently includes 61 build-
ings located on a tract of 500 acres near the northern boundary of the city of Rus-
sellville, Arkansas in southwestern Pope County.

Russellville is situated between the mou=tains of the Ozark National Forest
to the north and the mountains of the Ouachita National Forest to the south. It is
approximately midway between the state’s two largest population centers, Fort
Smith, 85 miles to the west, and Little Rock, 75 miles to the east. Interstate High-
way 40 (a major East-West artery) passes just over one-half mile north of the ATU
campus and connects these two cities. Arkansas Highway 7 (a state North-South
highway) passes through the ATU campus and adjacent to the proposed site of the
reactor facility.

The Arkansas River runs south of Russellville and forms the southern bound-
ary of Pope County. It is approximately 4 miles south-southwest of the ATU cam-
pus at its closest point. The Dardanelle Lock and Dam on the Arkansas River
created Lake Dardanelle, a 36,000 acre lake, which is a major recreational attraction
in the Russellville area. Lake Dardanelle borders the west edge of the ATU campus
and some of the water and shoreline areas have been assigned by the U.S. Corps of
Engineers to ATU for use by several of the academic departments.

Russellville is located on the Missouri-Pacific Railroad’s main line which is
part of the Union Pacific system. The rail line is located approximately one-half
mile south of the ATU campus.

The nearest airport is Russellville Municipal Airport, located approximately
3 1/2 miles southeast of the ATU campus, which can accommodate small jets (4,450
ft runaway). There are no major airports with a control tower within 50 miles of the
ATU campus.
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Arkansas Nuclear One, Units 1 and 2, built by Arkansas Power and Light
Company, is located approximately 6 miles west-northwest of the ATU campus. It
represents one of the largest employers for Russellville-area residents and is a fre-
quent user of the ATU educational facilities. Additional data about the Russellville
area can be found in the Safety Analysis Reports for Arkansas Nuclear One, Units 1
and 2 [1,2).

The area surrounding the ATU campus can be generally described as mixed
commercial and residential. The city of Russellville is due south of the campus,
Lake Dardanelle and associated state parks are to the west, Interstate Highway 40
and mixed commercial properties are to the north, and primarily rural areas are to
the east. A map of the ATU campus is shown in Figure 2-1, a map of the area
around Russellville is shown in Figure 2-2, and a map of Arkansas is shown in
Figure 2-3,

22  POPULATION AND EMPLOYMENT

Russellville is a growing industrial, financial, medical, educational, recrea-
tional and retail center of the Arkansas River Valley. It is approximately midway
between the state's two largest population centers, Fort Smith, 85 miles to the west,
and Little Rock, 75 miles to the east. Many of the people in the local labor force
are employed in such areas as frozen food preparation, poultry processing, inner
tube production, custom forging and shoe manufacturing. Other large segments of
the local labor force are smployed in the electric utility industry, primarily as-
sociated with Arkansas Nuclear One, and in the education field associated with
Arkansas Tech University. Poultry, cattle, soybeans, cotten, and lumber are the
principal money crops in the area.

In 1980 the population of Russellville was 14,031 and the population of Pope
County wae 39,021 [3]. The “urban population” of Pope County (defined as being
all persons who live in places of 2,500 or more whether incorporated or not) was
43.7 percent, while the rural population was 56.3 percent [3]. Due to annexations by
the city of Russellville through 1986, the most recent population of Russellville is
listed as 17,650 (4],

The population density of Pope County was calculated to be 47.6 persuns per
square mile in 1980 [3) which was an increase from the 1970 population density of
35.2 persons per square mile [5). The highest population density in Arkansas is
444.2 persons per square mile [3), in Pulaski County where Little Rock, the State
Capitol, is located. The lowest population density in Arkansas is located in Newton
County which is north of and adjacent to Pope County. The population density in
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Newton County is 9.4 persons per square mile [3). Figure 2-4 shows the population
densities for all counties in Arkansas based on 1980 census data.

The city of Russellville had a net population gain of 19 percent during the
decade from 1970 to 1980 compared to a 23 percent gain from 1960 to 1970 [3).
Pope County had a gain of 36 percent from 1970 to 1980 (3] compared to a 35
percent gain from 1960 io 1970 [5]. The 1990 popuiation projection for Pope Coun-
ty is 45,197 (or a 16 percent gain from 1980 to 1990) and for 2000 the population
projection is 51,700 (or a 14 percent gain from 1990 to 2000) as shown in Table 2-1
[6]. Figure 2-5 shows the percent change in population for all counties in Arkansas
from 1970 to 1980.

The student population at ATU during the 1989 spring semester was ap-
proximately 3,500. The faculty and staff population is 377. The majority of students
at ATU live off campus. The on campus student population is 820 (7).

Figure 2-6 shows the Russellville area census tract/block numbering areas
used to collect census data, and the relative location of the ATUproposed reactor
facility to these census tracts. Table 2-2 lists the resident population within each
tract. Figure 2-1 shows the ATU campus and relative location of dormitories and
classrooms to the proposed reactor facility site.

23 CLIMATOLOGY

Since the state of Arkansas has hoinogeneous climate conditions, the boun-
daries of the state may be used to delineate the general climatic region of the Rus-
sellville area. Arkansas experiences a continental type climate with large diurnal
and seasonal variations in temperature. Because of the proximit to the Gulf of
Mexico, there are occasional intrusions of maritime tropical air masses during all
seasons, but most frequently in the summer. During fall, winter and spring, the
weather conditions in Arkansas exhibit frequent wide variations due to synoptic
scale events, such as cold frontal passages from the north and northwest, and the
development of warm frontal activity or extra tropical cyclones in the Gulf of
Mexico and the southern states. In the summer season, most of the weather varia-
tions are due to local showers and storms rather than to synoptic scale events.
Tropical hurricanes moving north out of the Gulf of Mexico occasionally cause
widespread rain in late summer or fall, but hurricane wind conditions are
ameliorated before reaching the region [2].

Table 2-3 lists the climatological data for Russellville, including temperature
and precipitation data from the U.S. Department of Commerce, Weather Bureau,
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Table 2 1 Pope Coumy Data Summaxy

(Source: University of Arkansas at Little Rock, State Data Center/Small Business
Development Center, Rescarch and Public Service, Little Rock, AR)

Census Erojection
19720 1980 1490 2000
POPULATION: 28,607 39,021 45,197 51,700
ﬁ Srs. 14,897 21,293 26,250 31,158
65 & Over 3,190 4,607 5,609 6,467

[Census of Population, Ceneral Population Characteristics, Arkansas 1970 and 1980,
Estimates and projections prepared by Division of Demographic Research, Center
for Research and Public Pohcy. Umvermy of Arkansas at Lmle Rock. ]

WQMEBLSQU&C&% Percent
of Total

Earmni_s by Place of Work $378,085 80.2
31,747 6.7
Manufactunng 79,324 16.8
Transportation & Utilities 60,250 12.8
Retail Trade 38,009 8.1
Finance, Ins. & Real Estate 8,642 1.8
Services 61,112 13.0
Government 46,544 9.9
Dividends, Interest & Rent 66,345 14.1
Transfer Payments 83,756 17.8
TOTAL PERSONALINCOME 471,546 100.0
PER CAPITA PERSONAL INCOME 10,855

[Census of Population, General Social and Economic Characteristics, Arkansas,
1980.Regional Economic Information System; Bureau of Economic Analysis;
Washington D.C.; April, 1988. Note: Totals for "Earnings by Place of Work" and
"Total Personal Income" include sources of income not shown in table.]

Percent
‘ of Labor
LABOR FORCE: 1987 Force
Civilian Labor Force 23,075 100.0
Employment 21,550 93.4
Unemployment 1,525 6.6

["Revised Labor Force Statistics, Annual Averages, 1987", Arkansas Empioyment
Secumy Dwmon ]
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. Table 2-1 (continued)

BUSINESS CENSUSES: 1282
TOTAL RETAIL TRADE (000s) $18¢,555
General Merchandise 22,920
Food Stores 40,117
Automotive Dealers 52,887
Gasoline Service Stations 11,612
Eating & Drinking Places 13,649

[1982 Census of Retail Trade, Arkansas)

TOTAL WHOLESALE SALES (000s) 83,168
[1982 Census of Wholesale Trade, Arkansas)

RECEIPTS FROM SERVICE INDUSTRIES:

Total Receipts (000s) $ 39,378
Motels & Hotels 5,769
Automotive Repair 1,794
Amusement 1,417
‘ Health Services Except Hospitals 15,959
Legal Services 1,551

(1982 Census of Secvice Industries, Arkansas)

EDUCATION: 1980

YEARS OF SCHOOLS COMPLETED BY
POPULATION 18 YEARS AND OVER:
Percent Completing 4 Yrs of Hi%h School 61.4
Percent Completing 4 Yrs of College 10.5

[Census of Population and Housing, Summary Tape File 3-A, Arkansas, 1980)

LARGEST MANUFACTURERS:

Name Product

ConAgra Frozen Foods Frozen dinners

Tyson Foods, Inc. Poultry processing
irestone Tire & Rubber Inner tubes

Ladish Co. Custom forgings

Frolic Footwear Men'’s shoes

' [Unpublished data, Arkansas Industrial Development Commission)
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Table 2-2 Vicinity of Russellville Block Numbering Areas and Populations

Tract/Block Total
Numbering Area ion
BNA 9901 4 875
BNA 9902 4,868
BNA 9903 6,117

NOTE: The Block Numbering Areas (BNAs) include boundaries beyond the
Russellville city limits and therefore do not compare directly to the
Russellville city population census numbers,

SOURCE: Census of Population and Housing, 1980 - P.L. 94-171 Counts, Pope
County, Arkansas (State Data Center, UALR)

Washington, D.C. [2]). The annual mean daily temperature at Russellville is 73 F;
minimum is 49.4 F. The highest temperature on record is 113 F and the lowest is
-15 F. Russellville has 92 annual mean number of days with temperatures equal to
or greater than 90 F and 74 days equal to or less than 32 F [5].

The estimated annual mean precipitation for Russellville is 49 inches [2) and
the annual precipitation extremes range from approximately 23 inches to about 80
inches [5]. The snow and sleet season runs from November through March with an
annual mean of 5.7 inches [2].

Figure 2-7 shows the January mean temperature for the state of Arkansas,
Figure 2-8 shows the July mean temperature, and Figure 2-9 shows the mean annual
precipitation [3].

In the one degree latitude-longitude square including the city of Russellville,
wind storins with wind speeds 50 knots or greater have been reported about once a
year [2]. The prevailing wind direction is from the east, with a secondary maximum,
almost as large, from the east-northeast. The annual mean speed is 5.86 mph and
the percentage of calm is 1.6 percent [2]. Wind direction and speed data collected
at nearby Arkansas Nuclear One are listed in Table 2-4.

Table 2-5 provides the monthly and seasonal distribution of tornado occur-
rence for Arkansas. An analysis was performed for the Arkansas Nuclear One site
0 determine the probability of a tornado hitting the site in any given year. The
value calculated was 0.00137 with a return frequency of once every 730 years [2].
Since the ATU campus and the city of Russellville are located within the 3900
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Tablz 2-3 Climatological Data for Russellville, Arkansas

TEMPERATURES (2]
DEGREES FAHRENHEIT
Average Average
Daily Extreme Daily Extreme

Month Maximum  Minimum
January $1.2 82 29.8 -11
February 53.6 87 31.3 -15
March 64.1 9§ 40.2 7
April 74.0 96 49.7 235

ay 81.7 100 58.1 32
June 89.3 107 66.5 37
July 93.2 113 66.5 49
August 92.7 113 68.5 46
September 86.6 110 61.2 32
October 75.9 98 48.5 23
November 62.7 88 3.7 12
December 5 8. 86 31.7 0
ANNUAL 73.1 113 494 -15

PRECIPITATION [2) Extremes of
Normal No. of Days Precipitation

Month '
January 3.99 2 12.81
February 3.86 3 10.20
March 4.76 3 16.05
April 4.87 - 12.45

ay 5.70 3 11.34
June 4.25 3 8.97
July 4.06 3 9.62
August 3.55 2 12.58
September 3.63 2 8.01
October 3.11 2 11.13
November 3.98 3 10.94
December 3.40 2 7.52
ANNUAL 49.16 32 16.05
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Table 2-4 Relative Frequencies of Annual 40-Foot Wind Direction and
Speed (Collected at Arkansas Nuclear One, February 7, 1572 to February 7, 1973 )
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Table 2-5 Monthly and Seasonal Distribution of Tornado Occurrence for
Arkansas (1955 - 1967) (2]

Number of Mean Frequency
Qgeurrences of Occurrence
January 13 1.0
February 34 2.6
March 38 2.9
April 50 38
ay 67 5.2
June 19 1.5
July 11 0.8
August 7 0.5
September 7 0.5
October S 0.4
November 21 1.6
December 5 0.4
Season
Spring  (MAM) 185 11.9
Summer glw 37 2.8
Autumn (SON) 33 K.
Winter (DJF) §2 4.0

square mile boundary of the calculation, the tornado probability would also apply to
the ATU reactor facility.

24 GEOLOGY

Russellville is situated in the center of the Arkansas Valley section of the
Ouachita physiographic province (Figure 2-10). The Arkansas Valley is a gently
rolling east-west plain or lowland 25 to 35 miles wide that extends from near Searcy
westward beyond Fort Smith. Many long, sharp ridges and several broad-topped
hills rise above the general level of the valley. In most parts of the valley the topog-
raphy is an expression of the east-west trending structure. Broad, open synclines are
expressed by high, flat-topped mountains; steeply tilted limbs of anticlines and
synclines are generally expressed by sharp ridges, some of which are miles long [2].

Sedimentary rocks of the Pennsylvanian System and unlithified sediments of
the Quanternary System crop out in the Russellville area. The Pennsylvanian rocks
consist of (1) the Atoka Formation, which is mostly shale but which also contains
sandstone and shale; (2) the Hartshorne Sandstone; and (3) the McAlester Forma-
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tion, which is mostly shale but which contains siltstone in the Russellville area. The
Quanternary deposits consist of terrance alluvium deposited during the Pleistocene
Epoch and flood plain alluvium of recent age. [5)

As shown in Figure 2-11, the ATU campus and the city of Russellville lie on
the upper portion of the Atoka Formation which crops out in the Russellville area.
The base of the Atoka is not exposed; therefore the Atoka ranks as the oldest
bedrock in the area. The formation probably is about 6,000 feet thick in the Rus-
sellville area [S).

The nature of the structural features of the Arkansas Valley and their rela-
tion to the structure of the adjacent Ouachita (to the south) and Boston Mountains
(to the north), show that the dominant force in the production of those features was
horizontal pressure exerted from the south. The folding and thrust faulting were the
product of the Cua.iita orogeny on Middle Pennsylvanian time (290 - 300 million
years ago). The norma. faults were also connected with this episode of deformation,
The folds and faults of the Arkansas Valley cannot be precisely dated, but it is
known that they are very old geologic structures and probably were formed during
the Ouachita orogeny and immediately thereafter due to the relaxation of compres-
sive stress [11].

The nearest faults to the Russelilville area are the Prairie View fault, and the
London fault and its branch faults (see Figure 2-11). The last movement of these
faults occurred prior to Cretaceous time, or over 135 million years ago [2].

25 HYDROLOGY

The ATU campus is located adjacent to Prairie Creek which is the watershed
for the campus area and for a large portion of the city of Russellville. The natural
mouth of Prairie Creek is blocked by the Russellville Dike which was built to
protect the city of Russellville from combined overflows from Dardanelle Lake and
the lllinois Bayou. All streamflow from Prairie Creek is now pumped under the
dike by the Corps of Engineers built pumping station with a capacity of 150,000
gpm. A large sump area is adjacent to the dike and stores floodwater when the
capacity of the pumping station is exceeded [8).

Based on data from the Corps of Engineers on flood plain information for
Russellville, the worst expected 100 year flood (i.e., the "Intermediate Regional
Flood") for the ATU campus would be up to elevation 334 ft, MSL, while the ex-
tremely rare flood (i.e., the "Standard Project Flood") would be up to 338 ft. Al-
though portions of the ATU campus are below these elevations, primarily on the
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west side of the campus, the area of the proposed site for the ATU reactor facility is
approximately at elevation 348 ft, or approximately 10 feet above the worst expected
flood level of 338 ft. Figure 2-12 shows the areas of potential flooding based on the
Corps of Engineers’ study, and Figure 2-13 shows the high water profile for Prairie
Creek.

The most severe flood reported for the ATU campus area in the Corps of
Engineers’ report (8] occurred in August 1957 and reached approximately up to 334
ft at the campus location (see Figure 2-13). Another severe flood occurred in
December 1982 and reached a depth of just under 335 ft based on observed flood
water depth relative to the ATU buildings on the west side of the campus [9].
Therefore, based on both historical data and the Corps of Engineers’ study results,
no significant general site flooding at the proposed ATU reactor facility is an-
ticipated.

From test boring data for the Tucker Coliseum located near the proposed
site of the reactor facility (see Figure 2-14), permanent ground water exists at depths
greater than the 20 ft depth explored by the borings. However, some perched water
exists in the clayey silt and organic silts in the upper 2 ft during wet seasons of the
year and in localized seams in the shale strata [10].

The surface drainage from the proposed reactor facility site is into Prairie
Creek, which ultimately is pumped into Dardanelle Lake as discussed previously.
The source of local city water is the Illinois Bayou, north of Dardanelle Lake, which
also feeds into Dardanelle Lake. However, the water from Prairie Creek discharges
into Dardanelle Lake at a point downstream of the city water supply from the Ii-
linois Bayou such that it is not used for human consumption.

26 SEISMOLOGY

An evaluation of the seismic activity of the Russellville area was required by
the Atomic Energy Commission prior to the construction of Arkansas Power and
Light Company’s Arkansas Nuclear One, which is located approximately 6 miles
west-northwest of the ATU campus. Therefore, the seismic evaluation of the
Arkansas Nuclear One site can be applied directly to the evaluation of the seismicity
of the ATU reactor facility site.

The Arkansas Nuclear One seismic evaluation noted that the generally good
foundation conditions and general quiescence of the area permitted the selection of
a low earthquake intensity. However, considering that the epicenter of the large
New Madrid earthquake of 1811 and 1812 is only 220 miles from the Russellville
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area, a maximum intensity of VII (Modified Mercalli Scale) was determined to be
within reasonable probability [3].

Locations in Arkansas where earthquakes that ovcurred between 1843 and
1952 were felt are shown in Figure 2-15. These earthquakes probably were also felt
in the Russellville area.

The seismic risk map shown in Figure 2-16 (prepared by Dr. S.T. Algermis-
sen, et. al,, of the U.S. Coast and Geodetic Survey, January 1969) shows the Rus-
sellville area lies within Zone 1 where minor damage may occur due to seismic
activity. Zone 1 corresponds to intensities of V and VI on the Modified Mercalli
Scale (2].

The maximum predicted earthquake intensity map (prepared by the U.S.
Geological Survey, June 1986), shown in Figure 2-17, identifies Pope County to be
in a maximum intensity zone of VII bordering on a zone of VI (Modified Mercalli
Scaie). This further reinforces the conclusions in the Arkansas Nuclear One safety
analysis [2] that Russellville is in a low earthquake intensity region.
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EXPLANATION

ZONE 0 - No damage

ZONE 1 -~ Minor damage. distant earthquakes may cause dainage to structures with funda-
mental periods greater than 10 seconds, cnrresponds to intensities V and VI of the MM * Scale
ZONE 2 ~ Moderste damage, corresponds to intensity VIl of the MM * Scale

ZONE 3 -« Major damage. corresponds to intensity Vil) and higher of the M M* Scale

This map is based on the known distribution of damaging earthquakes and the MM*
intensities associated with these earthquakes, evidence of strain release. and
consideration of major geologic structures and provinces believed to be associated
with earthquake activity The probable frequency of occurrence of damaging earth-
quakes in each zone was not considered in assigning ratings to the various zones

* Modified Mercalll Intensity Scale of 1931 REFERENCE Siesmic Risk Studies
in the US ST
0 100 200 300 4CO 500  MILES Algermi_sen, 1969

L8

Figure 2-16 Seismic Risk Map (prepared by Dr. S. T. Algermissen. et. al,, U. S.
Coast and Geodetic Survey, January 1969)
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3. TRIGA MARK 1 REACTOR

3.1  INTRODUCTION

The TRIGA Mark I reactor was developed by General Atomic Division of
General Dynamics Corporation for use by universities and research institutions as a
general purpose research and training facility. Design data for the reactor are sum-
marized in Table 1-1. Figure 3-1 Shows the TRIGA Mark I reactor.

3.2 REACTOR MECHANICAL DESIGN AND EVALUATION

3.2.1 Reactor Fuel Elements

3.2.1.1 Fuel-Moderator Element

The active part of each fuel-moderator element, shown in Figure 3-2, is ap-
proximately 1.43 in. (3.63 ¢m) in diameter and 15.0 in. (38.1 ¢m) long. The fuel is a
solid, homogeneous mixture of uranium-zirconium hydride (U-ZrH16) alloy con-
taining 8.5% by weight of uranium enriched to 20% U-235. The hydrogen-to-zir-
conium ratio is 1.6 and each element contains = 35 g of U-235. To facilitate
hydriding, a small hole is drilled through the center of the active fuel section and a
zirconium rod is inserted in this hole after hydriding is complete.

Each element is sealed in a 0.020 in. (0.0508 ¢m) stainless steel cladding,
which will retard wear and corrosion, and ali clos:res are made by heliarc welding.
Two sections of graphite are inserted in the can, one above and one below the fuel,
to serve as top and bottom reflectors for the core. A molybdenum disc separates the
lower graphite section from the fuel.

Stainless steel fixtures are attached to both ends of the can. The lower end
fixture supports the element on the bottom grid plate and the upper end fixture
consists of a knob for aitachment of the fuel-handling tool and a triangular spacer
which permits cooling water to flow through the upper grid plate. The overall
length of the element is about 29.63 in. (75.3 cm) including the stainless steel fix-
tures attached to both ends and the total weight of a fully-loaded tuel element is = 7
Ibm. (3.18 kg). Table 3-1 summarizes the fuel element specifications.
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T 31 Summary o Posl Womont Spocifioations

Fuel-Moderator Material
H/Zr ratio 1.6 nominal, 1.65 maximum
Uranium content 8.5% wt
Enrichment (U-235) 1972 02
Diameter 1.43in.
Length 15.0in.
Graphite End Reflectors
Porosity 20%
Diameter 1.43in,
Length JASin Top
2.56 in. Bottom
Cladding
Material Type 304 S§
Wall Thickness 0.020 in,
Length 22.in,
End Fixtures and Spacer Type 304 §§

Overall Element

Qutside diameter 147 in.
Length 29.63 in, overall
Weight P O AL e

32,12  Instrumented Fuel Moderator Assembly

Instrumented fuel-moderator elements, shown in Figure 3.3, are provided
with the core of each TRIGA pulsing reactor. These instrumented elements have
the same dimensions and fuel material as standard elements, but they contain three
chromel-alumel thermocouples embedded in the fuel located about 0.3 in. (0.76 ¢m)
from the vertical centerline and 1 in. above, 1 in, below, and at the horizontal
centerline of the fuel. The thermocouple electrical leads pass through a seal in the
upper end fixture. A water tight aluminum conduit carries the electrical leads to the
surface of the reactor pool. Thermocouple specifications are listed in Table 3-2.
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Table 3-2 Thermncouple Specifications

Type Chromel-alume!
Wire Diameter 0.008 in.
Resistance 24.08 ohms per double foot at 68 F
Junction Grounded
Sheath Material Stainless Steel
Sheath Diamete 0.040 in,
Insulation MgO
Lead-out Wire
Material Chromel-alumel
Size 20 AWG
Color Code Chromel - Yellow (positive)
Alumel - Read(negative)

Resistance 0.59 ohms per double foot at 7S F

3.2.1.3  Graphite Dummy Elemenis

Graphite dummy elements are used to fill grid positions not filled by the
fuel-moderator elements or other core components. They are of the same general
dimensions and construction as the fuel-moderator elements, but are filled entirely
with graphite and are clad with aluminum,

322  Reactor Core Assembly

The reactor core consists principally of a lattice of fuel-moderator elements,
graphite dummy elements, and control rods surrounded by a graphite reflector (Fig-
ure 3-4 and Figure 3-5). A typical core arrangement is shown in Figure 3-6. The
core is cooled by natural circulation of water and the coolant occupies about 1/3 of
the core volume,

322! Grid Plates

The top grid plate (Figure 3-7) provides accurate lateral positioning of the
core components (fuel-moderator elements and dummy elements, control rod guide
tubes, central thimble, neutron source tube and the prneumatic transfer tube). It is
an anodized aluminum plate 5/8 in.( 1.59 ¢cm) thick. Pads welded to the top surface
of the reflector container and anodized to resist wear and corrosion support the grid
plate. Stainless steel dowe! pins orient the grid.

SAR ATUTR 3-6 8/88



CONTRDL
hoos

o

CEnThA,
.. ”.‘(

Ml
Woaew Ty
agrLEcToe

.~y

Figure 3-4 Cutaway View Showing TRIGA Mark I Core Arrangement with Rolary
o .n Rack

SAR ATUTR 3-7 9/89



Figure 3-5 Typical Reactor Core and Reflector Assembly
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Ninety one (91) holes, 1.505 in, (3.82cm) in diameter, are drilled into the top
grid plate in five circular bands around the circular hole which is 1.515 in. in
diameter. Small holes at various positions in the top grid plate permit insertion of
foils into the core to obtain flux data.

The differential area between the triangular-shaped spacer flutes at the top
of the fuel element and the round holes in the top grid plate permits passage of
cooiing water through the plate.

The bottom grid plate (Figure 3-7) is an anodized aluminum plate 3/4 in.
(1.9 em) thick which supp urts the entire weight of the core and provides accurate
spacing between the co'e components. L-shaped lugs welded to the underside of
the reflector contains ¢, support the bottom grid plate. Countersunk holes in the
bottom grid plate are aligned with fuel element holes in the top grid plate and
receive the adapter end of the fuel-moderator elements and the pneumatic transfer
tube. Numerous cooling holes in the bottom grid plate allow flow around the fuel.

323  Neutron Source and Holder

An americium-beryllium neutron source, double encapsulated to ensure
leak-tightness, will be used for startup. Its initial strength at manufacture was 3 Ci
(curies) and the current source strength is estimated 1> be 1.88 Ci. This source has a
nominal outside diameter of 0.7 in. and a height of ' 7 'n..

The neutron source holdei shown in Figure 3-8 is the same general size and
shape as a fuel element and it can be placed in any vacant fuel or graphite element
location. The upper and lower portions of the holder are screwed together to
enclose a cavity that contains the source. Water leakage into the cavity is prevented
by a soft aluminum ring seal. A shoulder at the upper end of the holder supports
the source holder in the upper grid plate and the source is positioned at the horizon-
tal centerline of the core. The upper end fixture of the source holder contains a
knob similar to that of a fuel element so that the source holder can be installed or
removed with the fuel handling tool. A steel wire may be inserted through a small
hole in the upper end fixture 10 handle the source from the top of the tank.

324 Recctor Reflector Assembly

The reflector (Figure 3-4 and Figure 3-5) is a ring-shaped block of graphite
that surrounds the core radially. It is 12 in. thick radially with an inside diameter of
18 in. and a height of 22 in.. The grapkite is protected from water penetration by a
leak-tight welded aluminum can. A ‘well’ on the inside diameter in the top of the
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. Figure 3-8 Neutron Source Holder
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graphite reflector is provided for the rotary specimen rack which is self-contained
and does not penetrate the seuled reflector at any point. The reflector has one
leak-tight penetration lined with aluminum to serve as a beam port. Since this
penetration will not be used, it will be capped and sealed before installation. The
reactor core and reflector assemb'y forms a cylinder approximately 43 in, in
diameter and 23 in. height. Three Lugs are provided for lifting the assembly. Four
vertical tubes attached to the reflector assembly permit accurate and reproducible
positioning of neutron detectors used fur monitoring reactor operation,

324.1 Reflector Platform

The reflector assembly rests on an aluminum platform shown in Figure 3-8,
It is a square all-weided aluminum frame structure and rests on the floor of the tank
on four legs secured by aluminum anchor bolts welded to the tank bottom, This
platform raises the lower edge of the reflector assembly about 24 in. (60 ¢m) above
the tank floor.

325 Reactor Pool Tank

The reactor pool tank (Figure 3-1) consists of an aluminum vessel installed
below ground and surrounded ( bottom and sides) by 3 ft (0.91 m) of reinforced
concrete (density 2.4 g/cm3). The tank has an outside diameter of 10 ft (3.05 m) and
a depth of 25 ft (7.6 m) and a wall thickness of 0.25 in. (0.625 e¢m). The tank is
water-proofed by continuous welded joints. The integrity of the joints wil' be
verified by leak testing. The outside of the tank is coated for corrosion protection.

An aluminum angle used for mounting the neutron detectors, underwater
lights, and fuel storage racks is welded on to the top of the tank. Demineralized
water in the tank provides approximately 20 ft (6.1 m) of shielding above the core.

The center channel assembly is located at the top of the reactor tank directly
over the reactor core. It provides support for the isotope production facility drive
and indicator assembly, the control rod drives and the tank covers. The assembly
consists of two 8 in. (20.3 ¢m) structural steel channels covered with steel plates 16
in. (40.7 em) wide and 5/8 in (1.6 ¢m; thick. This assembly is 12 ft long and is
designed to support a shielded isotope cask weighing 3.5 tons (3175 kg) placed over
the specimen removal tube.

Six aluminum grating covers that are hinged and installed flush with the floor
close the top of the reactor. Lucite plastic, 1/4 in. thick, attached to the bottom of
the grating prevents foreign matter from entering the tank while permitting visual
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observation. Radiolytic gases released during reactor operation are ventilated
through a gap between one edge of the plastic and the grating. Two flush lifting
handles are pr ovided on each cover to facilitate its movement.

326 Experimental Facilities

Several Experimertal facilities are available in the reactor. For isotope
production, a rotary specimen rack is located in a well in the reflector assembly. A
pneumatically operated “rabbit” transfer system, which penetrates the reactor core
lattice, is provided for the production of very short-lived radioisotopes. A central
thimble that enters the center of the core lattice mekes possible the extraction of a
highly collimated beam of radiation or insertion of small samples into the region of
maximum flux, There are no beam ports in this an» \gement of the reactor.
Evacuated vertical tubes inserted into the reactor and located on the top, ¢ the
side, of the reflector may be used to obtain @ collimated beam of radiation. Special
shielding may be recuired whenever this is done. Large samples in water tight con-
tainers may be lowered into the space around the reflector for irradiation. If neces-
sary, the core tank may be used to store samples after irradiation.

326.1  Rotary Specimen Rack

The rotary specimen rack assembly (Figure 3-9 and Figure 3-10) is a ring-
shaped, seal-welded aluminum housing containing an aluminum rack mounted on
special bearings. There are 40 evenly spaced tubular aluminum containers that
serve as receptacles for the specimen containers. All positions are exposed to
neutron fluxes of comparable intensity. The specimen rack assembly can be rotated
around the core manually, or by motor from the top of the reactor tank through a
drive shaft. A water tight aluminum tube encloses the drive shaft and a positioning
shaft that orients each specimen container with the specimen removal tube. Since
this tube is in a straight line from tne reflector, shielding is provided by S ft (1.5 m)
of polyethylene in the tubing.

The drive and indicator assembly is mounted on the center channel assembsly.
It has an indicator dial with 40 divisions, a crank for rotating the specimen rack, a
motorized gear train, and a locking rod handle. The motorized drive permits con-
tinuous rotation of one revolution per minute. It consists of a fractional horsepower
motor, a worm gear, and a slip clutch located inside the drive-and-indicator assemb-
ly box, Use of the motor assures a uniform average flux to all samples in the rack.

The specimen removal tube, located 180 degrees from the tube and shaft
assembly, ierminates below the center channel assembly, The tube has an internal

SAR ATUTR 3-14 9/89




Mle®

Figure 3-9 Rotary Specimen Rack Assembly
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diameter of 1.3 in. (3.4 cm) and an axial offset of approximately 18 in. (35.7 em)
between the top and bottom tube to avoid radiation streaming from the reactor,
Loading and unloading of the 40 specimen positions in the rack take place through
this tube,

A standard fishing pole, shown in Figure 3-11, serves as a specimen lifting
ussembly and enables the operator to keep the isotopes at a distance. An electric
cable attached to the reel serves as a hoisting cable for the specimen container and a
power conductor for actuating the specimen pickup tool. The specimen pickup tool
is a small solenoid-operated, scissors-like device that fits into the upper end of the
specimen container. The pickup solenoid is actuated from a buwon on the reel.

The irradiation specimen container, shown in Figure 3-12, consists of a
cylindrical body and screw cap which is formed to fit the pickup tool. Two con-
tainers may be screwed together and used as a single unit in each of the 40 positions.
Dimensions of the container are given in Table 3-3. For short duration experiments
polyethylene containers may be used. Aluminum containers are recommended for
long term experiments, or when fissionable or heat producing materials, are ir-
radiated.

Table 3 3 lrradwuon Spec&men Comamer Dnmensnons

Overall length 5-1/2in. (14 cin)
Overall length double 9-3/16in. (23.3 ¢m)
Qutside diameter 1-1/4 in. (3.2 ¢m) max
Inside diameter 15/16 in (0.94 ¢m)
Usable inside height L12i ip. (8.9cm)
Total msnde volume 24in, (40 cc)

3.26.2 Pneumatic Transier System

The pneumatic transfer system rapidly conveys a specimen to and from the
reactor. It consists of a blower, filter, solenoid valve, control box, and associated
tubing, as shown in Figure 3-13, The in-core terminus can be installed in one of the
outer lattice positions provided in the top grid plate (see Figur 3-1), and the
receiver/sender unit may be located at any point where the total one-way travel of
the specimen capsule does not exceed 125 ft The blower provides a pressure dif-
ferential for injection or ejection of the specimen by means of vacuum. The
aluminum connecting tubing has an outer diameter of 1.25 in. (3.18 em.). Effective
space inside the specimen capsule shown in Figure 3.14 is 0.58 i in, (1.7 cm) diameter
by 4-1/2 in. (11.4 ¢m) length, giving a capsule volume of 1.6 in.’ 327 em?). Wheo
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the polyethylene “rabbit” (Figure 3-14) containing the specimen tube is injected into
the core it comes to rest in a vertical position approximately at the mid plane of the
core. The specimen may be ejected from the core manually or automatically after a
predetermined time. A solenoid-operated valve controls the air flow direction.
Since the system is always w1 der negative pressure, any leak will be into the system.
All the air from the pneumi tic system is passed through a filter before it is dis-
charged.

3263 Central " himnble

The central thimble (Figure 3-1) is an aluminum tube with an inside
diameter of 1.33 in. (3.38 ¢m) and 1.5 in. ( 3.81 em) ouwide diameter. It extends
from the top of the reactor tank through the central hole in the top and bottom grid
plates and terminates in a plug below th: bottom grid plate. Four 1/4 in. (0.63 ¢cm)
diameter holes are drilled in the tube a the top of the active lattice. Compressed
air supplied by a hose attached to a fitting at the top of the tube expels water that
fills the tube normally. This provides a highly collimated beam of neutrons and
gamma radiation, The location of the holes prevents expulsion of the water from
the section of the tube located within the active lattice. The centrai thimble may
also be used to irradiate small samples in the region of maximum flux.

327 Reactor Control Syst m Design
3.27.1 Control Rods

The reactor uses three control rods: a regalating rod, a shim rod and a safety-
transient (pulse) rod. They are sealed aluminum alloy type 6061 tubes approximate-
ly 20 in. long by 1.25 in. (1 in. for the safety-transient rod) outer diameter. The tube
is filled with powdered boron carbide as a neutron absorber. A typical control rod is
shown in Figure 3-15. Each of the rods pass through and are guided by perforated
aluminum guide tubes, which pass through the top grid and fit into the bottom grid.
Control rods are connected to their individual drive units by screwing the upper end
of the rod into a control rod drive assembly connecting rod. Vertical travel of each
rod is approximately 15 in. (38.1 cm). Reactivity worths and core positions for each
rod are summarized in section 3.4, The regulat' ng and shim rods are opcrated by an
electromechanical (rack-and-pinion) drive unit. The pulse rod is operated by a
pneumatic drive unit. The pulse rod cylinder is operated by an electromechanical
drive unit.
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Figure

3-15 Typical Control Rod
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3272 Regulating and Shim Rod Drive Assemblies

Drive assemblies (Figure 3-16 and Figure 3-17) for regulating and shim rods
are moenied on the central channel assembly (Figure 3-1). They consist of a motor
and reduction gear driving a rack-and-pinion. A helipot connected to the pinion
generates the position indication. The pinion gear engages a rack attached to a draw
tube supporting an electromagnet. The magnet engages the armature which is at-
tached 10 the connecting rod above the water level. The magnet, its draw tube, the
armature, and the upper portion of the connecting rod, are housed in a tubniar
barrel. The barrel extends below the water level with the lower end of the barrel
serving as @ mechanical stop to limit the downward travel of the control rod assemb-
ly. Below the armature is a piston that travels within the barrel assembly, Since the
upper portion of the barrel is well ventilated by large slots, the piston moves freely
in this range. When the piston 1s within 2 inches of the bottom of its travel, its
movement is restrained by the dash pot action of the grated vents in the lower end.

When the electromagnet attached to the draw tube is energized, the arn.a-
ture aitached to the connecting rod is coupied with the magnet, and then the drive
motor can move the control rods up or down, In the event of a power failure or
scram signal, the control rod magnets are deenergized, and the rods fall by gravity
iinto the core, From full out position it will take about one second for each od to
drop into the core. The rod drive motors are nonsynchrorous, single-phase, and
instantly reversible, and will insert or withdraw at a rate of 19 in, (48 cm) per minute
for the shim rod and 24 in. (61 cm) per minute regulating rod. A key locked switch
on the control console power supply prevents an unauthorized operation of all con-
trol rod drives. Electrical dynamic and static braking on the motor are used for fast
stops to prevent the rods from coasting. Limit switches mounted on the drive as-
sembly indicate the following at the console:

1. The up position of the magnet,

2. The down position of the magnet and thus the down position of the con-
trol rod,

3. The magnet in contact with the rod,

3273 Safety-Transient Rod Drive Assembly

The safety-transient rod drive assembly (Figure 3-18 and Figure 3-19) is
mounted on & steel frame on the central channel assembly. The pneumatic portion
of the pneumatic-electromechanical drive is a single-acting pneumatic cylinder with
its piston attached to the transient rod through a connecting rod assembly, The
piston rod passes through an air seal at the lower end of the cylinder. Compressed
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air, at about 75 psi, is supplied to the lower end of the cylinder from an accumulator
tank mounted beneath the cente. channel assembly, when a three-way solenoid
valve located in the piping between the accumulator and cylinder is energized. The
compressed air drives the piston upward in the cylinder and causes the rapid
withdrawal of the transient rod from the core. As the piston rises, air trapped above
it is pushed out through vents at the upper end of the cylinder. At the end of its
travel the piston strikes the anvil of an oil-filled hydraulic shock absorber, which has
a spring return, and which decelerates the piston at a controlled rate over its last
inch of travel. When the solenoid is de-energized by a scram signal or loss of power,
the valve cuts off che compressed air supply and exhausts the pressure in the
cylinde:. This allows the piston 1o drop by gravity and thereby fully inserting the
safety-transient rod into the core in about 1 second.

The extent of the transient rou withdrawa! from the core during a pulse is
determined by raising or iowering the cyvlinder. The position of the cylinder deter-
mines the distance the piston travels, The rod may be withdrawn from zero to a
maximum of 15 inches from the core; however, administrative control is exercised to
restrict the travel so that the maximum permissible step insertion of reactivity (1.4
%k or $2.0) will not be exceeded.

The electromechanical portion of the transient rod drive consists of an a-¢
electric motor, a ball-nut drive assembly, and the eaternally threaded air cylinder,
The threads on the cylinder engage a seri2s of ball bearings contained in a ball-nut
assembly mounted in the drive housing. As the ball-nut assembly is rotated by a
motor driven worm gear, the cylinder, which is prevented from rotating, moves up
or down depending on the direction of the worm gear rotation. The cylinder may be
raised or lowered independently of the piston or control rod by means of the electric
drive. The distance the transient rod will be ejected from the reactor core is deter-
mined by the position of the cylinder. Limit switches actuated by the drive cylinder
indicate up and down positions of the cylinder. The rod down nosition switch is
actuated by the piston when it reaches its lower limit of travel. A helipot connected
to the ball-nut drive worm gear generates the drive cylinder position indication.

The rod guide support attached to the rod drive housing serves several pur-
poses. An air inlet connection to the cylinder project through a slot in the rod guide
preventing the cylinder from rotating. A flanged connector at the lower end of the
piston rod, that is used to attach the piston rod to the connecting rod assembly,
strikes a damp pad at the bottom of the rod guide support and stops the downward
movement of the transient rod. A microswitch is activated when the flange engages
its actuating lever and indicates on the instrument console that the rod is in the core,
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328  Detectors

The detectois (Figure 3-20) used are standard commercial units (one fission
and two ionization chambers), and are enclosed in seal-welded aluminum cans to
provide shielding from spurious noise, complete moistire proofing, and physical
support uf the detector and the cable. This construction improves reliability and
life of the detector assembly. Helium leak testing is performed on all assemblies
after welding. No plastic or gasket type joints are used in a locat.on where they are
subject to radiation.

Electrical connections for each chamber are contained in a 3/4 in. offset
aluminum pipe ~hich terminates above the water level at the side of the tank. A
flanged, gasketed joint is provided below the offset. Each chamber is positioned
adjacent to the core reflector inside an aluminum guide tube attached to the outer
edge of the reflector assembly.

329  Accessories
329.1 Underwater Light Assembly

Illumination of the reactor core is provided by 300-W lights in three
waterproof aluminum housings. An aluminum pipe extending to the top of the reac-
tor tank supports the housing and encloses the electrical wiring.

3.29.2 Fuel Element Storage Racks

Fuel storage racks cach capable of holding 10 fuel elements are located un-
derwater along the walls of the reactor tank to provide temporary storage of fuel
elements. Each rack is 20 in. (50.8 ¢m) high, 22-1/2 in. (57.2 ¢m) wide, with 1-5/8 in.
(4.1 em) diameter cutouts, and is made of 16 gauge aluminum. Two 3/4 in. (1.9 ¢em)
diameter, 15 ft (4.6 m) long aluminum rods are used to suspend each storage rack.
These rods are fastened at their lower ends to the rack and at the upper ends to
brackets on the tank lip angle. To facilitate extra storage, two racks may be attached
to the same connecting rods by locating one rack at a different vertical level and
offsetting the horizontal position slightly,. A minimum of 8 ft of water above the
racks will be maintained to provide shielding.

3293 Fuel Flement Handling Tool

The fuel element handling tool (Figure 3-21) is used for repositioning the
fuel-moderator and graphite dummy elements, and ti.e neutron source holder. This
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tool is made of stainless steel and consists of 2 grapple mechanism, a weight, a
handle, a grapple release, and a flexible control cable.

33  REACTOR THERMAL AND HYDRAULIC DESIGN AND EVALUATION

The characteristics and operating parameters of this reactor have been es-
timated or extrapolated based on experience and data obtained from existing
TRIGA reactors [1-3]. A reactor of the same power and same core-reflector
relationship has been operated at Michigan State University from 1967 [2] and was
decommissioned in 1989, The maximum licensed steady-state operating power is
250 kW (thermal).

The ATUTR reactor will be operated with natural convective cooling by pool
water, Analysis [1] indicates that operation at up to 1900 kW (with an 85 element
core and 120 F inlet water temperature) with natural convective flow will not allow
film boiling. Therefore, high fuei and clad temperatures that may leac to loss of
clad integrity could not occur at 250 kW. The average coolant mass flow is es-
timated to be about 17500 Ibm/hr and the temperature rises from 100 F to about 150
F. The average power density in this core is 3.57 nW/element and each element has
a heated surface area of 0.4826 ft° (0.0448 m“). The maximum power density is
found by multiplying the average power density by « radial peak-to average power
generation ratio of 1.6 and an axial value of 1.25.

The fuel temperature is a limit in both steady state and pulse mode of opera-
tion. This limit stems from the out-gassing of hydrogen from U-ZrH fuel and the
subsequent stress produced in the fuel element clad material. The U- ZrH fuel with
zirconium-hydride ratio of 1.6 is composed of a stable gamma phase ZrH that does
not undergo phase transition below 1250 C. The stress produced on the clad and
the yield strength of the stainless steel clad are shown in Figure 7.1. The point at
which these two curves intersect, 920 C, may be taken as the safety limit, even
though it can be shown that the the clad will not be ruptured even for temperatures
as high as 1250 C. Measurements show that during a transient, the gas pressure is
much lower than predicted by calculations. The adiabatic fuel temperature to be
allowed during a transient may be taken as 1150 C. For steady state operation at
250 kW the average and peak fuel temperatures are about 180 C and 265 C respec-
tively. During pulsing operation (1.40 %k) the peak temperature is about 349 C. It
is concluded from analysis and experience at several operating facilities that
temperatures resulting from normal or abnormal operations are wel! below safety
limits.
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34 REACTOR NUCLEAR DESIGN AND EVALUATION

The operational loading is about 70 uranium-zirconium hydride fuel ele-
ments and a total core loading of about 2.5 kg of U-235. The fuel elements contain
8.5 wt % uranium and are enriched to about 20% in U-235. The approximate U-235
weight per element is about 0.035 kg. The cold clean ciitical loading is about 64 fuel
elements. The effective deiayed neutron fraction, 8, is 0.007. and the prompt
neutron lifetime is = 41 us,

The basic parameter which allows the TRIGA reactor system to operate safe-
ly with large step insertions of reactivity is the prompt negative temperature coeffi-
cient, a, associated with the TRIGA fuel and core design. This temperature
coefficient also allows a greater freedom in steady state operation as the effect of
unexpected reactivity changes occurring from experimental or other devices in the
core is greatly reduced. The main contribution to this temperature coefficient
comes from a loss of absorption in the fuel as the fuel temperature is increased.
The rise in temperature in the fuel moderator mixture increases the probability for a
neutron to be scattered by the Zr-H and to gain energy irom the excited state of an
oscillating hydrogen atom in the lattice. This increases the probability for the
neutrons to escape from the fuel, and the spectrum in the fuel hardens. In water,
the neutrons are rapidly rethermalized so that the capture and escape probabilities
remain the same. This brings about a shift in core neutron balance, giving a loss of
reactivity, In additio, Doppler broadening of U-238 resonances and temperature
dependent leakage from the core ulso result in loss of reactivity. These effects
produce a temperature coefficient of approximately 0.01 %k/C, which is rather con-
stant with temperature.

The reactivity associated with the control rods is of interest both in the shut-
down margin and in calculations of possible abnormal conditions related to unex-
pected reactivity insertions, Table 3-4 gives approximate reactivity values associated
with a total control rod travel of 15 in. (38.1 c¢m) in the core.The total reactivity
worth of the control system is about 4.81 %k. With the core maximum excess reac-
tivity of 2.25 9k, the shutdown margin with all rods down is about 2.56 %k and with
the most reactive rod stuck out is about 0.44 %k (8§ 0.63). These values are given for
a typical core configuration shown in Figure 3.6 [4]. The maximum reactivity inser-
tion rate for the safety-shim rod is about 0.045 %k/s and that of the regulaiing rod is
about 0.034 %k/s. The safety-transient rod may be removed from the core in 0.1 s
producing an average reactivity insertion vate of 14.0 %k/s.

The reactivity worths of fuel element are dependent on their positions within
the core. Table 3-5 indicates the values that are expected in this installation.

SAR ATUTR 3-34 9/89



Table 3-4 Estimated Control Rod Net Worth

Control Rod Location Y%k

Safety-shim C3 2.12
Safe!x'transiem D10 1.40
Regulating E21 1.29

Table 3-5 Estimated TRIGA Fuel Element Reactivity Worth Compared
with Water

Core position %k Number of
fuel positions

B ring 1.07 6

C ring 0.85 12

D ring 0.54 18

E ring 0.36 24

F ring 0.25 30

The estimated reactivity effects associated with the introduction of some of
the experiments in the reactor core are given in Table 3-6. The effects of materials
not given here must be investigated before insertion into the reactor core.

Table 3-6 Estimated Reactivity Effects Associated with Experimental
Facilities

Location Tk
Central thimble, TRIGA fuel vs H20 +0.90
Central thimble, void vs H20 - 0.15
Pneumatic transfer tube,

(Fring) void vs H20 - 0.10
Rotary specimen rack,

void vs H20 - 0.20
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Average thermal neutron flux (n’cmz-s) is expected to be about 1 x 10" at
the central thimble, about 1.75 x 10" at the rotary specimen rack, and about 4 x 10"
for the whole core.

35  SAFETY SETTINGS IN RELATION TO SAFETY LIMITS

Fuel temperature is the main consideration ir the operation of a TRIGA
system. The temperature of the fuel may be controlled by setting limits on other
parameters given below.

Maximum licensed steady-state power level = 250 kW (thermal).
Fuel temperature measured by thermoccuple - 500 C,
Maximum reactivity worth of transient rod - 1.4 %k ($2.0).
Core inlet coolant water temperature - 50 C,

ap e

Maximum steady-state power level is set at 250 kW (thermal), and maximum
fuel temperature is set at 500 C and if exceeded the reactor will scram. Administra-
tive limitations are set on the maximum worth of the transient rod as 1.4 %k, and
maximum core inlet water temperature is set at 50 C,

These safety settings are conservative in the sense that if they are adhered to,
the consequence of normal or abnormal operation would be fuel and clad tempera-
tures well below the safety limits. Because of the conservatism in these safety set-
tings, less restrictive safety system settings could reasonably be assigned at some
later date in conjunction with upgrading the reactor to operate at higher steady-state
power levels or in the pulsing mode, while maintaining the same fuel and core
configuration,
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4. INSTRUMENTATION AND CONTROL SYSTEM

4.1 CONTROL CONSOLE

The complete operating and protection system for the TRIGA reactor is con-
tained in a typical desk type operating console. The console cabinet is 82 in. (208
c¢m) long, 40 in, (102 ¢em) deep, and 40 in. (102 em) high. It is positioned in the
control room such that the operator can easily observe both the reactor experimen-
tal area and the console instruraents, The electronic modules, logic system, and
relays are contained either in pull-out drawers or on swinging doors at the back of
the console, to allow easy and complete access to the equipment. This aids in main-
tenance and adjustment procedures. The meters, switches, and recorder used to
operate the reactor are mounted on the console control pane!s.

A percent power meter, a fuel temperature or log power meter, and a period
meter are mounted on the left front panel. Switches to provide calibration and test
signals to the various channels are also mounted on this panel.

The center-top panel contains the scram annunciators on the 1op left side and
alarm annunciators on the top right side. A mode switch to select the reactor opera-
tion mode (steady state manual, steady state automatic, or pulsing) is located on the
lower left side. A percent demand control for use in the automatic mode of opera-
tin is located on the lower right side. The important parameters of log and linear
power vver the entire range are displayed on the same chart paper of the dual-pen
strip-chart recorder so that the reactor power may be determined at a later time,
Digital rod position indicators for the safety-shim rod, the regulating rod, and the
pulse rod cylinder are also mounted on this panel.

The rod control panel consists of a console POWER ON switch, a magnet
power key switch, a pulse rod FIRE switch, a linear power multi-position REAC-
TOR POWER range switch, a set of control rod and pulse rod cylinder position
adjustment (UP, DOWN) switches, and rod status indicators. The POWER ON
switch controls primary a-c power to all circuits except = 25 V d-¢c power supply, ion
chaniber p.ver supply, and bulk water temperature monitor. Current to the magnet
power supply and recorder chart drive motor is controlled through the magnet
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power key switch. The 15-position linear REACTOR POWER range switch is used
in conjunction with the multirange linear power channel. It also provides the
calibration and test signals for the linear recorder.

The right front panel contains a percent power meter, a fuel temperature
meter, and a temperature meter. The temperature meter reads bulk pool tempera-
ture, primary inlet or primary outlet temperawure depending on the position of a
selector switch, Calibrate/test switches are also mounted on this panel.

42  REACTOR INSTRUMENTATION

The reactor instrumentation consists of the neutron monitoring channels,
servo channel, fuel temperature channels and nonnuclear instrumentation, The
neutron monitoring channels consist of a wide range log power channel, a mulli-
range linear power channel, and two percent-power channels. All neutron-sensing
chambers are sealed in aluminum cans and mounted on the outside of the reflector
so that their positions are adjustable vertically to change sensitivity and to calibrate
the channels. Table 4-1 summarizes operadng ranges and set points of the neutron
channels. Figure 4-1 gives the neutron channel operating range.

Table 4-1 Operating Ranges and Set Points for Neutron Channels

Channel Detector Range Set points
Wide range b
log power Fission < source level to 250 kW 2. ¢cps
Multirange .
linear power Fission source level to 250 kW none
(same as above)

Percent Power lon 1% to 110% 110%

#1 (275 kW)
Percent power

#2 lon 1%to 110 % 110%

(275 kW)

4.2.1  Wide Range Log Power Channel

The wide range log power channel consists of a ten-decade NLW-2 [1] chan-
nel which covers bhoth log count rate source range and intermediate range. This
channel uses coundng and Campbelling, or statistica! techniques tn produce an ac-
curate reading of log power over 10 decades, even in the presence & higt gamma
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background of 10° R/, It operates from a single fission chamber. The output is
displayed on one pen of the dual pen recorder. This channel covers a power range
from less than source range to above full power. A bistable trip driven from the
output of the wide-range channel provides a source interlock signal to prevent rod
withdrawal unless the source level is above a preset limit. An interlock provided in
the pulse mode nrevents movement of the transient rod unless power is less than 1
kW. Period is also derived from the log power channel and can be used as a scram
input to the safety circuit. A period meter indicates reactor period from -30 to « to
+ 3 seconds. This circuit also provides the derivative contro! for the servoamplifier
in the automatic power regulating circuit.

422  Multirange Linear Power Channel

The multirange linear power channel NML-2 [1] uses the signal from the log
wide range channel preamplifier. This channel also uses counting and Campbelling
techniques, operates over 10 decades, and is not affected by gamma background up
to 10° R/hr. It is mounted in the same front panel drawer as the wide range log
power channel. Because of buffering, no failure of the linear channel will affect the
correct operation of the log power channel. This channel covers a range from
source level to full power. The range switch has two ranges per decade to provide
accurate power measurement. The output is recorded by the second pen of the dual
channel recorder. It also furnishes power level information to the automatic
regulating servochannel.

423 Percent Power or Safety Channels

The two safety channels are all solid state, high reliability current amplifiers
which obtain their signals from two ion chambers. Both channei amplifiers feed
solid state bistable trip circuits and percent power meters. Power indication is
provided from a few percent to 110% of full power. Scrams are set at 110% of full
power on both channels. The two safety channels are mounted in separate drawers
on either side of the console and are completely independent and redundant.

In the transient mode, one of the percent power channels is connected to a
peak flnx (nv) circuit which measures the neutron flux pulse height and records it on
the lin~ar power recorder.

424 Servo Channel

The servo channel consists of the servoamplifier, power demand control unit
and the regulating rod drive motor. In the steady-state automatic mode of operation
the servo channel operates as an automatic reactor control system that regulates the
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reactor power to a preset value (1 W to 250 kW) established by the operator. A
comparator circuit in the servo amplifier compares input signals from the power
demand potentiometer and power information from the the multirange linear power
channel and adjusts the regulating rod in the appropriate direction to compensate
for any difference in power signals. This servo system and regulating rod drive use
tachometer feedback from the rod drive to make - high performance servo without
overshoot. The period information from the period channel automatically limits the
maximum rate of change in reactor power to a preset period of 30 s.

425 EuelTempetature Channel

There are two fuel temperature channels connected to two thermocouples in
the fuel elements. Both channels are connected to meter readouts and provide an
indication of fuel temperature in all three modes of reactor operation. In the tran-
sient mode of operation the log power recorder is disconnected from the log power
circuit and is connected to read the output of a fuel element thermocouple, thus
giving a recording of fuel temperature. The recorder is not fast enough to follow the
initial rise of the temperature of the fuel element, but it will correctly record the
maximum fuel temperature which is reached a few seconds after the pulse is com-
pleted. Both channels provide scram signals when the fuel temperature exceeds a
preset value, aormally set at 500 C. Both channels are provided with test switches
on the front panel to allow check-out of the fuel temperature scram circuits.

4.2.6 Nonnuclear Instrumentation

Instruments to measure other process variables such as bulk pool tempera-
ture, pool inlet and outlet temperatures, pool level, primary pressure, and conduc-
tivity at the demineralizer inlet and outlet are described in section 5. Radiation
monitoring instrumentation is described in section 10. Displays for these are
mounted on a panel located adjacent to the reactor console.

43 REACTOR CONTROL SYSTEM

The control of reactor flux is accomplished by the use of control roc- The
control rods are moved through the operation of the motors which control the
safety-shim rod, regulating rod, pulse rod cylinder, and the operation of the
pneumatically driven pulse rod. Manual rod control is accomplished by the lighted
UP and DOWN pushbuttons on the rod control panel. In the automatic mode of
operation the regulating rod is moved by a servo channel automatically. The annun-
ciator light under the push-button switch illuminates when the rod reaches the full-
out (UP) or full-in (DOWN) position. Safety-st'm and regulating rod position may
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be determined by a digital position indicator, connected to helipots, accurate to
within 0.2%. The CONT side of the double push-button CONT/ON switch indicates
contact between the control-rod assembly armature and the control-rod drive
electromagnet. The ON side of the switch indicates that the electromagnet power is
on. Depressing any one of the CONT/ON push- buttons will interrupt the cuirent to
that magnet and will extinguish the magnet current ON indicator. If the rod is
above the down limit, the rod will fall back into the core and the CONT light will be
extinguished until the magnet is driven to the down limit where it again contacts the
armature. Releasing the button closes the magnet circuit, and the magnet current is
reset. By pushing the scram bar all rods may be inserted simultaneously in a manual
scram,

Thie transient rod cylinder is moved UP and DOWN using lighted pushbutton
switches. The transient rod is moved up either pneumatically using the FIRE button
or electromechanically by moving the rod cylinder drive. The position of the
cylinder and the DOWN position of the rod are also indicated at the console.

Several interlocks prevent the movement of the rods in the UP direction:

Scrams not reset,

Any calibrate or test switch on,

Magnet not coupled to armature,

Source level below minimum count rate,
Two UP switchies depressed at the same time,

Mode switch in PULSE position (An interlock prevents the withdrawal of

all rods except safety-transient rod),

7. Mode switch in PULSE position (An interlock prevents the withdrawal of
safety-transient rod if the power level is greater than 1 kW),

8. Mode switch in STEADY-STATE MANUAL OR AUTOMATIC posi-

tion (An interlock prevents the withdrawal of safety-transient rod unless

transient rod cylinder is down).

R N

There is no interlock inhibiting the movement of the rods in the DOWN
direction except in the case of the regulating rod while in the AUTOMATIC mode

4.3.1  Modes of Operation

The reactor may be operated in three different modes: steady-state manual,
steady-state automatic, or pulse.
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43.1.1 Steady-State Manual

This mode is used for reactor operations from source level to full power, for
reactar startup, change of power level, and steady-state operation. With all the rods
in, the safety-transient rod is withdrawn from the core first, and in effect, becomes a
safety rod. Other rods are withdrawn slowly by manual control until the desired
power level is reached. The safety-shim and regulating rods may be droppec by
pressing the CONT/ON buttons, Pressing the scram bar inserts 2ll rods simul-
taneously. Figure 4-2 shows the integration of the control and safety circuits during
steady state manaal or automatic operation,

43,12 Steady-State Automatic

This mode of operation may be used from about 1 W to about 100% power
for automatic operation of the reactor at a presct power level during longterm
power runs. All of the instrumentation, safety, and interlock circuitry for the
manual mode applies to, and is in operation, in this mode. However, the regulating
rod is now controlled automatically in response to a power level and pericd signal by
means of a solid state servo amplifier. Reactor power level is comnpared with the
demand level set by the operator. The difference is used to bring the reactor power
to the demand level on a fixed preset period. The demand level is determined by
the range switch position and the percent demand pctentiometer. The perind signal
fed into the servo amplifier allows power level changes within reactivity limits of the
regulating rod to be made automaticzlly on a constant period. Limit switches inhibit
the servoumplifier control when the regulating rod reaches the down limit.

43.13 Pulse

This mode i. used to produce short duration pulses of high peak powers. A
maximum step reactivity of 1.4 %k (82.) may be inserted to produce the pulse. In
the steady-state mode the reactor is made critical by withdrawing only the safety-
shim and regulating rods. The safety-transient rod is left fully inserted in the core.
After a moderate power ievel of less than 1 kW is established, the mode switch is
changed to the pulsing mode so that the reactor can be pulsed. When the switch is
turnad to the pulsing mode, all the low-level power monitoring channels are discon-
nected and made inoperative. The ion chamber used in one of the percent pewer
channel provides signal for the peak reading and memory circuit (nv circuit) which
measures the peak power (nv) of the pulse. The nv circuit records the peak pulse
after a few seconds of the pulse on the linear power recorder connected to it during
the pulse mode of operation. Only the transient rod can be moved during pulsing
operation. In this mode, the transient rod is reinserted after a preset time delay
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(15 s). In addition, fuel tcmperature is recorded on the dual pen recorder, and the
two adjustable fuel temperature scrams are in effect.

An nvt circuit will integrate and store the total energy under the pulse. This
circuit receives an input from the same detector as the nv circuit and displays the nvt
on a meter. A block diagram of the control and safety circuitry during the transient
mode is shown in Figure 4-3,

44. REACTOR SAFETY SYSTEM

The reactor safety system prevents reactor conditions from deviating beyond
safe limits and mitigates the consequences if the safe limits are exceeded. A reactor
protective action interrupts magnet current to the safety-shim and regulating rods
and releases air pressure to the safety-transient rid resulting in the immediate inser-
tion of all rods. All scrami conditions are indicated automatically by the annun-
ciators located in the control console. Appropriate checks, tests, and calibrations
are provided to verify the operability and satisfactory performance of the scram
functions, The following conditions will ===<ult in the immediate insertion of all
rods. These represent the minimum safcty channels required for operation.

1. Power on one of the two percent power (safety) channel exceeds 110% of
the full power (275 kW) during steady state operation and power on one
percent power channel exceeds 110% of full power during pulsing opera-
tion.

2. High voltage power supply to the fission or ion chambers is less than 90%
of the normal operating voltage.

3. Fuel temperature measured by one of the two thermocouples is greater
than 500 C during steady state or pulsing operation.

4. Loss of magnet current,

wn

Loss of console power.

6. Manual scram may be initiated by pressing the console scram button,
turning the magnet current key switch off, or by activating an optional
external scram.

The fol'owing conditions cause an alarm which is visually and aurally annun-
ciated at the console. Manual scram may be 1nitiated if necessary.

1. Bulk pool temperature above 50 C.
2 Pool level not within 0.5 ft of normal operating level.
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3. Pump pressure less than 90% of normal operating pressure which init:ites
pump trip,
4, High radiation level (see section 10).

45 DESIGN EVALUATION

The TRIGA reactor console has developed through the successful operation
of many installed facilities throughout the world. The instrumentation system
provides reliable nuclear and temperature measurements through redundant and
overlapping channels. Reactor control systems provide safe startup, operation and
shutdown of the reactor. The redundant safety system is sufficient to shut down the
reactor automatically during an abnormal condition.
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5. REACTOR WATER COOLANT AND PURIFICATION SYSTEMS

The reactor is designed for operation with cooling provided by natural con-
vective flow of demineralized water in the reactor pool. Reactor pool water is
cooled by forced circulation through the tube side of a heat exchanger. The shell
side is cooled by chilled water. The water cooling and purification system is located
above grade on the south wall of the reactor room.

The primary function of the cooling system is to dissipate the heat generated
in the reactor. Suitability of natural convective type cooling for this reactor has
been demonstrated by numerous TRIGA installations throughout the world, In ad-
dition, approximately 20 ft (6.1 m) of water above the core provides vertica! radia-
tion shielding. The cooling system also provides flow through a diffuser to increase
the nitrogen-16 (N-16) decay time.

A water purification system associated with the coolant system maintains low
conductivity of the water to minimize corrosion of all reactor components, par-
ticularly the fuel elements. It also reduces the radioactivity in the water by removing
nearly all particulate and soluble impurities. A third function of the purification
system is to maintain optical clarity of the pool water.

5.1  PRIMARY COOLING SYSTEM

Principle components of the primary cooling system are shown in Figure 5-1.
It consists of the aluminum reactor pool tank, the primary pump, heat exchanger,
associated valves and piping, N-16 diffuser, temperature, pressure, and flow probes,
Or monitors.

Suction of water from the pool is provided by a bulk flow inlet that extends
no more than 6.6 ft (2 m) below the top of the reactor tank and a limited flow inlet
that provides water surface skimming. A centrifugal type pump draws the coolant
and forces it through the tube side of the heat exchanger at 150 gpm. Return of
cooled water to the reactor pool is provided by discharge through a diffuser nozzle
above the reactor core.
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Nitrogen-16 is produced through the (n, 8) reaction with the oxygen present
in the reactor water. Since the half life is only 7 seconds, the transport time from
core to surface permits the decay of much of the N-16. A water jet created by the
diffuser nozzle above the reactor core increases the diffusion of the core convective
coolant columr and thus increases time for the decay of the N-16. Flow through the
diffuser nozzle is a Jjusted by a valve near the edge of the tank.

Siphon breaks provided by 0.5 in. (1.27 e¢m) holes located on both suction
and discharge lines approximately 1.6 ft (0.5 m) below normal water level prevents
accidental siphoning of reactor pool water.

The heat exchanger is a tube and shell type. It providzs heat removal of 250
kW from the reactor tank water. All parts in contact with the demineralized
primary water are made of stainless steel. A positive pressure difference of 1 psi
(7 kPa) between the shell side outlet and the tube side inlet is designed to prevent
the leakage of primary pool coolart into the secondary water system.

All components in the water system are made of materials compatible with
the aluminum in the reactor system. The coolant lines are 3 in. aluminum piping.
Ball valves in the system are of aluminum construction, with synthetic rubber seals.
Gate and globe valves are of aluminum construction and have teflon packings.
Specifications for the reactor coolant system components are listed in Table 5-1.

52  WATER PURIFICATION SYSTEM

The water purification system is shown in Figure 5-1. It consists of & filter, a
demineralizer, and a flow meter connected by pipes and valves. Concuctivity probes
are also provided in the line. A portion (3-10 gpm) of the primary flow is diverted
through the purification loop during the operation of the cooling system. A check
valve prevents backflow into the purification loop.

The filter element is a fiber cartridge (25 micron) that removes insolubie
particulate mat er from the reactor water system. The cartridges will be replaced
when the / become clogged. Pressure gauges on both sides of the filter measure the
pressure drop across the filter as a means of determining the extent of filter clog-
ging. Removal of solid particles from the water extends the life of the demineralizer
resin.

The demineralizer removes soluble impurities from the water in order to
maintain the conductivity of the water at a sufficiently low level to prevent corrosion
of reactor components. The mixed-bed type demineralizer contains approximately
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. Table 5-1 Reactor Coolant System Design Summary
Reactor Tank
Material Al Plate (6061)
Thickness 1/4 in, ;0 635 cm)

Valume (max) 1964 ft° §5.6 m*
Coolant Lines Al 3.0in, (7.62 cm) dia
Valves Al

Coolant Pump

Type Centrifugal

Material Stainless steel

Capacity 150 gpm 9.46 L/s

Heat Exchanger

Type Shell and Tube

Shell material Carbon steel

Tube material 304 stainless steel
. Capacity 250 kW

Sheli flow rate 150 gpm

Tube flow rate 150 gpm

Typical Parameters

Tube inlet 100. F 20 psi
Tube outlet 88.7 F 10 psi
Sheli inlet 45.0 F 45 psi
Shell outlet 56.3 F 25 psi

4 ft® of anion and cation resin. The negative ions in the water are replaced by
hydroxyl (OH) ions and the positive ions by hydrogen (H) ions. The OH and H
combine to form water. Depleted resin is removed manually and is not regenerated.

Water at the surface of the tank flows over a floating skimmer which collects
floating particles. Larger particles are retained by a plastic screen and smaller par-
ticles are collected in the filter cartridge.
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§3  PRIMARY COOLANT MAKEUP SYSTEM

Primary coolant loss by evaporation is estimated [2] to be about 150 gallons
per month. Distilled water is added manually into the pool once a month, There is
a separate water inlet from the city water, which is independent of the primary
system, to the pool. This could also serve as an emergency coolant makeup source.

54 SECONDARY COOLING SYSTEM

A 300 ton (1055 kW) water chiller provides chilled water at 45 F and 45 psi
to cool the secondary side of the heat exchanger. At reactor rated power the heat
removal capacity required is about 24% of the chilling system capacity.

55 WATER SYSTEM INSTRUMENTATION

Several monitoring sensors are installed to allow remote readout of water
system parameters in the reactor control room. Other system parameters ure indi-
cated by local monitoring devices. Parameter monitoring points are illustrated in
Figure 5-1. The parameters that are considered part of the water svstem instrumen-
tation are presented in Figure 5-2,

Indication of the reactor pool status is determined by two sensors located in
the pool. Pool level and bulk pool temperature sensors in the pool are monitored in
the control room. An annunciator and alarm indication are generated by high or
low pool levels and by high pool temperatures.

Cooling system tunction is indicated by two temperature probes, one on the
pool suction line and one on the pool discharge line. Both temperatures are ob-
served on the bulk pool temperature meter by actuation of a switch at the console.
Typical temperature probes used are resistance temperature detectors (RTD’s).

Water quality is deterrmined from two temperature compensated conductivity
cells in the purification loop. The cells are located on inlet and outlet lines of the
deminerdfizer and readouts located in the control room. Conductivity cells are
designed with platinum electrodes shielded by glass. A wheatstone bridge circuit
and display in the control room is connected to the cells by a switch for selecting
inlet or outlet conductivity.

Heat exchanger operation and coolant flow indication is generated from
pressure measurement in the primary coolant line. The pressure sensor is
monitored to provide a trip to stop the coolant pump on loss of flow pressure. An
alarm indication from the pressure loss caused by flow loss is transmitted to the
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control room. Flow is measured by monitoring the differential pressure across an
orifice plate, and is displayed locally. The pressure differential across the primary
and the secondary side of the heat exchanger is monitored by local pressure
monitors. There is no trip provided if this pressure differential is lost. However, the
pool level gives an indirect indicaton of and leakage between the primary and secon-
dary sides.

Several water system parameters are measured by local pressure or tempera-
ture sensors in the system lines. Both temperature and pressure probes are located
on the inlet and outlet lines, of the pool water side (primary) and chilled water side
(secondary), of the heat exchanger. A local indication of flow in the coolant loop is
provided by the pressure drop across an orifice in the flow path. Purification loop
flow is measured by an in-line flow meter. Water pressure before and after the filter
in the purification loop is measured for indication of filter condition.

56  WATER SYSTEM DESIGN EVALUATION

The water system including the reactor pool and the external cooling and
purification loops have similar design features as used in many other operating
TRIGA facilities. The demonstrated capability and integrity of this system provides
assurance that the coolant system will perform its function properly and safely.

Availability of pool water for ¢oo'ing and shielding is assured by designing
the system with siphon breaks on suction lines and discharge lines within 1.6 ft (0.5
m) of the normal pool level. Pool level is also monitored and provides indication
and alarm in the reactor room if pool level is too high or low. Greater losses of pool
water are extremely improbable, although they could conceivably be initiated by
rupture of the reactor tank. As shown in the loss of pool water accident analysis,
even with complete loss of pool water fuel clad integrity is not threatened.

Adequacy of reactor cooling is assured by the large amount of cooling
capacity inherent in the reactor pool volume as well as the capacity of the external
cooling circuit. At a flow rate of 150 gpm of chilled water at 45 F (7.22 C) the heat
exchanger is capable of removing 250 kW. Without external cooling or other heat
loss the bulk pool temperature will rise approximately 3.9 C in one hour of opera-
tion at a steady-state power level of 250 kW. At this rate the reactor may be
operated for about 3.2 hours without cooling before the temperature would rise
from 37.8 C (100 F) to the maximum bulk pool temperature of 50 C (122 F). If the
capacity of the heat exchanger is reduced to 100 AW, the heating rate is 2.3 C per
hour and the reactor may be operated for about 5.2 hours before the temperature
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reaches 50 C. The presence of fouling in the heat exchanger is considered minimal
based on the purity of the primary and secondary fluids.

Experience with this purification »- ..pment in other TRIGA systems has
shown that coolant conductivity can be easily maintained at levels of less than five
micromhos per ¢m using the materials contained in the coolant system design. Fur-
thermore, this experience has shown that no apparent corrosion of fuel clad or other
components will occur if the conductivity of the water does not exceed five microm-
hos per cm when averaged over a 30-day period.

Control of radioactivity in the coolant is provided by the purification system.
Should radioactivity be released from a clad leak or rupture of an experiment,
detection of the release would be signaied by the continuous air monitor or the
reactor room area monitors. Based on coolant transport time calculations in the
safety analysis section, these monitors should register an increase in coolant radioac-
tivity within 60 seconds of the release. The transport time is estimated from the
time it takes exposed coolant to reach the surface. A water activity monitor or a
GM detector may be installed to provide an alternate indication of the radioactivity.
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6. FACILITY DESIGN

The TRIGA Mark I reactor is located in the Center for Energy Studies build-
ing. Most of the building design is determined by criteria that are not necessarily
directly relar 1o the reactor. However, several design features are incorporated to
assure safe facility operation and effective use of facility equipment.

Structural engineering design of the building is specified by standard univer-
sity procedures developed from the Uniform Building Code and the State Building
Code. All elements are designed for seismic activities specified for zone 1 condi-
tions. The provisions of the Life Safety Code and National Fire Protection Code are
included in building features.

The vuilding site is located above a sub-surface that will accommodate sub-
stantial loads (1690 kg/mz). The building foundation is composed of poured con-
crete piers with a concrete slab on compacted fill. The building superstructure is
constructed of reinforced concrete. Exterior structure walls are of masonary con-
struction.

Building orientation is shown in Figure 2-1 and the floor ?lan is shown in
Figures 6-1. Total floor space of the facility is approximately 700 m* (7535 ft?).

Areas of the building include office space, general laboratory areas, special-
ized laboratory areas, support areas, and the reactor facility. Shop areas for
mechanical or electrical work and laboratories for radioiogical measurements are
operated within the building for activities of both the reactor operation, education,
and applications in engineering.

6.1  DESIGN BASES

The facility structure is designed to provide protection for the fuel elements,
special nuclear materials, and the reactor. The physical containment also controls
the release of radioactive materials during routine operation or potential accident
conditions and thereby controls the exposure of operating personnel and the public
to radioactive materials or its release. Design of access points and interior walls are
specified for security control, fire control, and ventilation control. Penetrations,
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other than deors into the reactor room and control room, are limited in size and are
sealed to limit air leakage.

62  REACTOR FACILITY

6.2.1  Physical Design

The TRIGA Mark | reactor is to be housed in Room 1 (Reactor Room) of
the western section (Reactor Building) of the proposed Center for Energy Studies
building at Arkansas Tech University. Phase | of the construction includes only the
reactor building. The reactor building (15 m X 17 m X 7 m) is a concrete structure
with block walls. In addition to the reactor and control rooms (Rooms 1 and 1A),
the building houses counting labs (Roons 2 and 3), shop and storage area (Room 4)
and utility rooms (Rooms S and SA). The reactor building has a heat pump type
heating and cooling unit,

The reactor room has 7.5 m X 7.5 m floor space and a height of 7 m. It is
enclosed by concrete blocks and the walls are painted. This room contains the reac-
tor, reactor coolant system, water purification system, and storage pipes for storing
fuel. Access to the reactor room is through the north door from the control room or
through the shutter door on the west side. Both doors can be sealed air tight. The
reactor vessel is located below grade about 2 m from the south and east walls of the
reactor room. The cooling and purification systems zre located above grade near
the south wall to the east side. The fuel storage pipes are located below grade near
the south wall to the west side (Figure 6-2).

The control room (Room 1A) is to the north side of the reactor room
separated by a glass wall and has 7.5 m x § m floor space. Access 1o this room is
through the east door. This room contains the control console and a reactor records
cabinet.

One of the counting Labs (Room 3) contains the receiver/sender end of the
pneumatic transfer system. The tubes pass through a duct in the floor. Outside the
reactor room they pass through a duct under a 2 ft thick concrete slab to provide
shielding, if the radioactive sample gets stuck in that region. The receiver/sender
end of the pneumatic tube is locked to provide access control.

6.22  Euel Storage Facilities

Storage facilities for the fuel are provided inside and outside the reactor
pool. Most routine fuel storage is intended to be inside the reactor pool. The
storage outside the reactor pool is for isolation of damaged fuel elements, tem-
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porary storage of elements transferred to or from the facility, storage of new or
expended fuel, and emergency storage. Storage racks inside the pool may also be
used for the storage of some rzactor experiment components. These are described
in section 3.2.9.2,

Storage pipes outside the pool are pits in the reactor floor. These pits are
fabricated of 10 in. diameter stainlcss steel pipes. They are 16 ft deep, and located 3
ft from the adjacent pipe. Nineteen elements may be siored in each pipe, and water
added to provide radiation shielding An element spacing rack will provide an array
for the fuel equivalent to the inner most 3 rings of the reactor core (including the
central A ring). Locked cover plates on the pipes provide access control. The cover
plates may include some shielding.

6.2.3  Yeatilation Systen

The functions of the ventilation system are to provide temperawure controlled
fresh air into the reactor room, to remove the normal release of radioactive gaseous
effluents during reactor operation through a HEPA (High Efficiency Air Particu-
late) filter, if necessary, and to isolate the reactor room in the event of an abnormal
release of radioactive material,

Heated or cooled fresh air from the building heat pump unit is dumped at
the rate of 650 ¢fm into the reactor room and the control room through five (one in
the control room and four in the reactor room) wall ventilators. Remotely control-
led dampers, one on the main supply duct where it enters th. ;eactor room and one
on the duct to the control room (1 and 2 in Figure 6-3), may be closed off to isolate
the reactor room area. Air from the reactor room, control room and room 3 is
exhausted through a roof stack at the rate of 850 ¢fm to maintain a negative pressure
within these areas. The exhaust duct may be closed off with two remotely controlled
dampers (S and 6 in Figure 6-3). Dampers at the exhaust ducts from the counting
lab and the control room (3 and 4 in Figure 6-3) may be remotely closcd to isolate
these regions from the reactor room. All penetrations into the reactor room are air
tight. A high radiation level signal from an air particulate monitor initiates isolation
of the reactor room by closing all the dampers (1 through 6 in Figure 6-3). The
ventilation rate offers a minimum of 2 air changes per hour in the reactor room,
control room, and the counting room. Flow may be diverted through a high efficien-
¢y filter by remotely controlled dampers (close § and open 6 in Figure 6-3) if neces-

sary,
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624  Electric Power System

The elctrical power system for the building lighting and reactor instrumenta-
tion will be standard commercial 110/220/440 V three phase, four wire 60 Hz. Total
estimated power requirement for the reactor facility is 20 kVA. The main power
control panel is located in the electrical utility room with subpanels located in other
areas, as required.

Power from a battery systein will supply the intrusion alarm and radiation
monitors (area monitor, particulate monitor, and an optional argon-41 monitor)
under emergency conditions for about 15 hours. Because the reactor will serem in
the case of a power in' *rruption and J-cay heat generated in *lie cor’ after scram
will not cause fuel o ¢rr 2ating, no emergency power is necessary 1o operate reactor
systems.

625 Compressed Air System

A compressor located in the utility room provides 90 psig air that is piped
through a pressure reducer valve, a solenoid valve, and a surge tank to the reactor
control system for pulsing operations (Figure 6-4). Compressed air for the
pneumatic transfer system and for the central thimble is also supplied by this com-
pressor.

63 SUPPORT FACILITIES
6.3.1  Radioactive Waste Control

Gaseous radioactive effiuents from the operation of the reactor, rotary
specimen rack, or the pneumatic specimen tube are filtered with a HEPA (High
Efficiency Particulate) filter if necessary and vented through the ruc* stack. More
details are given in section 6.4,

Normal operations will nut produce any radioactive liquid waste other than
the coolant with minute amounts of trivum and waterborne activation products.
The coolant maintcnance system is adequawe to purify it on a continuous basis.
Some of the cleaning activities or irradistions may generate limited volumes of lig-
uid wastes. Liquid wastes from the reactor shield, reactor room, and sink and
shower in the counting laboratories are stored for disposal to sanitary sewer if per-
mittea by 10 CFR 20 and approvea by the university's health physics personnel.

The generation of high level radioactive waste in the form of spent fuel is not
anticipated during the term of the license. The only solid waste generated consists
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primarily of ion exchange resins, filters, potentially contaminated paper, gloves, and
small activated components, Some of the reactor-based research results in the
generation of solid low-level radioactive wastes. Solid wastes are stored by the
university's health physics personnel and transported 1o an approved radioactive
waste burial facility in accordance with applicable regulations.

632 Couvating Laboratory

Air from the counting labor: ¢y (Room 3) is exhausted through the reactor
ventilation system. A hood for handling radioactive materials, a sink for disposal of
radioactive liquids, and a safety shower for decontamination are instai' + in this
room,

64  CONTAINMENT DESIGN EVALUATIONS

Containment evaluation depends on the quantity of airborne radioactivity
release possible from the air and water that are in the region of tne reactor during
operation. Calculation, measurement and experience of similar research reactors
support the evaluation. Evaluation is limited to routine effluents and should be
supplemented for experiment conditions that present specific release problems.
Analysis of fission product releases are treated in another chapter.

Measurement and experience at other TRIGA facilities show that radiologi-
cal contributions are caused mostly by argon-41 and nitrogen-16. Argon-41 is
produced by the activation (n, ) of argon-40 present either in the air in experimen-
tal facilities or the air dissolved in water. Calculations show an activity concentra-
tion in the reactor room of 2 X 1077 «Ci/ml from the pool water and 3.6 x 107
#Ci/ml from the experimental facilities at 250 kW. The corresponding dose rates
outside the building are 0.42 urad/hr and 7.6 urad/hr respectively. Nitrogen-16 is
produced by the activation (n, p) of oxygen-16 in the reactor core region and has a
very short half life. Caleulations show that the dose from the nitrogen-16 in the
reactor roem air is orly about 0.8 urad/hr, and dose rate from the nitrogen-16
transported to the surface of the pool is cbout 600 urad/hr.

64.1  Argon-41 Activity in the Reactor Room
6.4.1.1 Activation of Air Dissolved in ths Pool Water

The release of argon-41 dissolved in reactor water depends on the gaseous
exchange rate at the air-water irterface and the change in gas solubility as a function
of temperature. As the pool water circulates through the core, the equilibrium con-
centration of argon 1s depletec to the lowest solubility value. The release of argon
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as a function of temperature and solubility approaches zero on a time scule com-
parable with the time reqiured for the argon-41 activity to reach half the equilibrium
value [1). Argon atoms exchanged at the water-air inte face depend on a water
thickness depth that is small relative io the pool dimensions, therefore, a small
fraction of the available saturated argon is exchanged with the air,

Evaluation of the water-air interface exchange rate for argon is related to an
air and water thickness depth that depends on the argon atom diffusion coefficient.
'nne total exchange rate is then a function of the pool surface arca, As ( 7.3 x 10*

cm? ), and an effective release volume Vi . The two terms are related by

Bi As = fiej Vi , 6.1

where fi (cm-s'l) is & surface exchange coefficient, and fij (s' ) is the fraction of
atoms exchanged from volume i 10 | Esummes of A for argon vary considerably
and a conservative value of 5.7 x 107 (ems”") [1-3] is assumed in the calcula-
tions,

During equilibrium conditions, and assuming no difference in the rates of
escape fractions for argon-40 and argon-4., the number of argon atoms that escape
from the water into the air equals the number of argon atoms that enter the water
from air, i.e.,

fiej ViNi = fj=i Vj N 6.2

017 015

where N, 1 X 107" argon atoms per em® of airand Nj = 7.1 x 1
per em’ 3 of water at the core inlet temperature of 38 C [4).

argon atoms

The flow channel area gsr element is 0.0us3 fi? [2) and with 70 elements the
flow area is 0.406 fi° (377.2 em ) The heatcd length of the channel is 15 in. and the
flow channel + slume is 0.5075 fi® (14371 ¢m ) At the full power operation of 250
kW the mass flow rate, w, through the reactor with natural circulation cooling is
estimated (based on calculations in reference 2) to be about 2205 g/s (17500 Ibm/hr)
and the temperature rises from 38 C (100 F) o abuut 66 C (150 F) in passing
through the core. The volume flow rate, v, is 2205 ¢m’ Y (w / density). The transit
time through the core. 1, i8 6.52 s (fiow channel volume / v). The pool cycle time, T,
is equal to 2.52 X 10%s {volume of pool / v).

The changes in argon-41 concentration in the reactor water (subscript 1), in

the pool water (subscript 2) und in the air of the room enclosure (subscript 3) are
given by
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1
Vlg-’:-‘t-VwN?"o‘o-NY‘ (v+Vwa"+1"V1) + Ny 63

Vo O L g -y (N ) -

(fz-s Ni V2~ fae2 N VS) 6.4

1

\'39%"3- « (aaNF V2 - a NE' V) - NI (3 V3w ) 68

where the superscnpu 40 and 41 are for argon tO anc 41 respectively. The volume
of the dnfferem regions are, Vi = 143/ em®, V2 = $5.6 x 10 ® ¢m® and
Vi = 394 x 10° em”, The volume flow rate from room enclosure exhaust, q, is
equal to 401 x 10° em¥s (850 ¢fm). The avera ze thermal neutron ﬂux P, is
1 2 x 10" n/em®ss, the absorpnon Cross sections, 0 is eciual o0 047 x 10 em?
1is eg.al to 0.060 x 107 # em® and the decay constant, A is 1,06 x 107457 ’n:e

fracuon 6! argon-41 atoms in region i that escape to region j per unit time, fu-o,V.. is

determined using equations 5.1 and 6.2. Since v+ Vig Ni' 4 2%y equation
6.3 may be reduced to

41

v,-‘?-’g;‘--v,pnf“o"’- (N?‘-N&‘)v 66

During equilibrium conditions the left hand side of the equations 6.4, 6.5 and
6.6 are set to zero, The resulting equations are solved to obtain an expression for

the argon-41 ccneentration in the reactor room, M1 given below.

! Vit g+fieaVa f3+2V3
f2+3 Va T AV 4+ 23 Vi
£l
Vig N o 6.7

AN Vs 4 a3 Vo

Solving for Ni! yields 86 atomscm’.

given by

The corresponding activity concentration is

41
- xch‘g- = 2.0 x 10”7 uCi/em® 6.8

A=
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where C = 3.7 x 19* dpyuCi.

These calculations show that argon-41 decays while in the water, and most of
the radiation is safely absorbed in the water. The whole body gamma ray dose 10 a
person immersed in a semi-infinite ¢loud of radioactive gases can be approximated

by
D(rad/hr) = 900 E A q ¢(x), 6.9

wherc E = the photon energy (MeV), A = activity concentration in the discharge
(CVm ) q = the building exhaust rate (m /s) and y(x) is the dilution factor at the
distance x (s/™" ) If it is assumed that the discharge is at the roof line, the dilution
factor in the lee of the building (x = 0), is given by [5],

]
v(O)-CSU =45x%x 1077 6.10
where C = (0.5, § = building cross sectional area normal to wind = 170 m® and U
= wind velocity = 2,62 m/s). The average dose rate at ground level outside the
building is

D=900x1.3x20x10"7 x 0401 x 45 x 1073,

= 4.2 X 10~ "rad/hour. 6.11

Actual dose values for argon-41 release will be substantially lower due to lower
neutron fluxes, shorter operation times and larger dilution factors.

6.4.1.2  Activation of Air in the Experimental Facilities.

The central thumble, the rotary specimen rack, and the pneumatic transfer
tube contain air. Of the radioisotopes produced, argon-41 (half-life = 110 min) is
the most significant with respect to airborne radioactivity hazarcs. Nitrogen-16
(half-life = 7.11 s) and oxygen-19 (half-life = 26.9 s) are considerably less sig-
nificant. The saturated concentration of argon-41 release from an experimental
facility is calculated from

za}i 6.12
+ q'/Vi)

Ni(atoms/ml) = ZA“

where X, = 1.59 X 10"7em™", and the volume exhaust rate, i , is assamed to be
about 4.75 x 10° em¥s ( about 10 ¢fm). The effective air volume, Vi, conservative
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estimates of average e ma' neviron fluxes for 250 kW operation, and the source
rate from the experimental voiumag, Ni X qi (atoms/s), are given in Table 6-1.

Tahle 61 Activity of Aigon-41 in ti.e Experimental Facility

Region Effective Average thermal Source

air volure flux a }50 kW atoms/s
ml (n/em®-s) x E+12 Nixgqi

Central thimble  S3E+3 54 4SSE+9
Rotary
specimen
rack J3E+4 1.7 880E +9
Pneumatic
tube 1.6E +3 1.7 433E+8
Total 1.38E + 10

The total ~stimated source of argon-41 from experimental facilities, s, is

about 1.38 x 10'" atoms/s (39.9 uCi/s). This is assumed to be released into the reac-
tor room of volume, V = 394 x 10°cm® and is removed by ventilation exhaust
rate, q =4.07 X 10° emYs, from the reactor room and decay (decay constant

A=106x10"s""). The rate of change of argon-41 concentration with time is
equated to the source minus the removal rate and the resulting differertial equaticn
is solved with zero iniual conditions Assuming saturated conditions the argon-4 |
concentration in the reactor room and the building exhaust air is given by

sdl

g —— 104
GvV+a 3.1 x 10" atoms/ml 6.13

N“

The activity is calculated as outlined in the previous section and is obtained

as 9. x 107° “Ci/ml in the reactor room and the building exhaust air. It shouid be
emphiasized that actual release rate depends on the particular configuration of ex-
periments and air exchange rates. Experiments may replace as much as 80% of the
air in these facilities. Also, the reactor is expected to be operated at full power for
less than 20% of the time. These factors reduce the amount of argon-41 release by

a factor of 25 10 about 3.6 x 10™°#Ci/ml. Air from experimental facilities may be
filtered if necessary to further reduce the argon-41 concentration levels. The
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average dose rate at ground level outside the building is about 7.6 x 107 rad/hr,
Actual dose values for argon-41 release will be subscantially lower due to lower
neutron fluxes, smaller air volumes, shorter operation times, and larger dilution
factors.

64.2  Nitrogeu-16 Activity in the Reactor Room,

The cross-section threshold for oxyger-16 (n, p) nitrogen-16 reactions . 9.4
MeV; however, the minimum energy of the incident neutrons must be about 10.2
MeV because of center of mass corrections. This high threshold limits the produc-
tion of nitrogen-16 since only about 0.1% of all fission neutrons have energy in
excess of 10 MeV. Moreover, a single hydrogen scattering event will reduce the
energy of these high-energy neutrons to below the threshold. The effective cross-
section of the the reaction averaged over the TRIGA spectrum is 2.1 X 10™% cm?®.
This value agrees well with the value obtained from integrating the effective cross
section over the fission spectrum,

The concentrztion of nitrogen-16 atoms per ml of water as it leaves *he reac-
tor core is given by
N2 = NIOLOy (

=% (1=¢"') =338 x 10" atoms/mi 6.14

where N1 = oxygen atoms per ml of water = 3, 3 x 10 atoms/ml, 01 = (n, p) cross
section averaged over()c 15 MeV = 2.1 x 107 em?, v = neutron ﬂux (06 18
MeV) = 1x 10" niem®s, 42 = nitrogen-16 decay constant = 9,35 x 102 71, and t
= gverage time of exposure in reactor = 6.52 s,

The flow velocity in the core is S.85 ecm/s [volumetiic flow rate
(2205 em®/s) + flow area (377.2 em )] Assuming that the water will rise with the
same velocity, the transit time from the core to the surface is 109.4 s
(= 640 cm + 585 cm/s). This assumption is quite conservative as energy lossas
from the fluid stream resulting froin turbulent mixing will reduce the velocity §.2-
nificantly. Furthermore, deluys in trausit time resulting from operation of the dif-
fuser in the pool is sizeable. Measurements of the dcse rates at the pool surface of
severel TRIGA reactors show that the diffuser reduces the nitrogen-16 contribution
to the surface dose rate by an order of magnitude depending on the size of the pool.

In 109.4 seconds the ritrogen-16 d=zrc to 3.6 X 10 times the value of
activi' leaving the core. Thus the <oncentration of nitrogen-16 that reaches the
surface of the pool, No, is estimated to be 1221 atoms/ml,
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Only a small portion of the nitragen-16 atoms presenrt near the pool surface
are transferred into the air of the reactor room. 'Whea n N-16 atom is fornied, it
gppears as a recoil atory with various gegrees of ionizat'on. For high purity water
(approximately 2 umho} practically all of the nitrogen- .6 combines with oxygen and
hydrogen atoms of the water. Most of it combines in anion form, which has a ten-
dency to remain in the water [6). It is assumed that at least one-half of all ions
formed are anions, Because of its 7.1 s half-life, the nitrogen-16 decays before
reaching a uniform concentration in the tank water, The ecuivity will be dispersed
over the surface area of the pool and much of it will decay’ during the lateral move-
ment,

For the purpose of this analysis it is postulated that the water-bearing
nitrogca-16 rises to the suzface and spreads into a disk source of radius 125 em The
time it tukes for the nitrogen-16 1o spread into this ¢k is

_125em

Far
S8S em/s =216 6.15

ly =

The average concentration dui ‘ng this time 1s [2)

Nex (1= e““‘) = 524 atoins/ml., 6.16

The number of nitrogen-16 atoms escaping into air is estimated [7) as
4.7 atoms / cm’-s (524 atoms/em’® X 0,009 cem/s) where 0.009 cm/s is the escape
velocity, The total source into the room is

2 2108 atoms

S =4 x 491 x 10* em? = 2.3 x 10° atoms/s 6.17

cm =S

In the room, the actwvity is affecicu by di.ution, ventilation, and decay. For satura-
tion conditions the concentration is giv.n by

S
T =62xX 10" atoms/ml. 6.18

N6 -
where V = 394 x 10° em® is the reactor room volume, and q = 4.01 X 10° em¥ss is
the vemnlauon exhaust rate. This cor ~sponds to an activity concentration of
1.6 x 10°® 4Ci/ml or about 0,03 Ci for continuous single shift operation at full power
for one year. The gamma dose rate from nitrogen-16 of this concentration
in the air is given by
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3.7 x 10° BhOOLS o\ ¢ o 1078 €81 » 455 om
s =uCi ml!

De 2xK

=8 % 10”7 rad/hr. 6.19

The effective radius of the room, 455 ¢m, ns caiculated based on a sphere of volume
equal to the reactor rooin volume of 394 m’. The flux to dcse conversion factor, K,
is equal to 1.6 x 10° photons/cm -8 per rad/hr,

The dose rate at the pool surface arising from the nitrogen-16 near the sur-
face is calculated usivg

A2N
2u K

D= X / | = E2(u b)), 6.20
where N = 524 utoms/ml 4 is the attenuation coefficient for 6 MeV photons in
water = 0.0275 cm™ and E3 is the second exponential integral. Tne thnckness of the
nitrogen-16 bearing water, h, 0.97 em [volumetric flow rate 2205 em’/s X 15 + area
of the disk surface]. This yields a dose rate of 6 X 10* rad/hr or 600 wrad/hr,
Transport time higher than that used in the calculation is normal and this fact
reduces the « iculated (. se substantially.
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7. SAFETY ANALYSIS

In this section, abnormal operating conditions that may affect the safety of
the public, operating personnel, and the reactor are analyzed. It has been concluded
thai the operation of the reactor will not endanger pub'ic health and safety. The
major abnormal conditions analyzad are:

Reactivity insertion,

Loss of reactor coolant,

Fission product release from clad rupture,
Mechanical rearrangement of fuel.

e s Te

' 71 REACTIVITY INSERTION
701 Summary

I pid insertion of reactivity into a TRIGA reactor is a designed feature of
the fue' performance [1]. Thus, most conceivable reactivity accidents do not subjent
the fuel to conditions more severe than the normal operating situations. Postulated
accident scenarios are also analyzed and shown not o exceed fuel element safety
conditions.

The standard TRIGA fuel element of U-ZrH (H/Zr = 1.6) is composed of a
stable gamma phase ZrH that does not undergo a phase transition at temperatures
less than about 1250 C [2). Pulsing limits for fuel elements clad in stainless steel are
set by the hydrogen equilibrium pressure within the fuel element. This pressure is 2
function of temperature und must no. exceed the rupture stress of the fuel element
cladding. For the stainless steel cladding (0.02 in. thick), the rupture pressure has
been measured to be 18600 psi at 100 C. At a fuel temperature of &bout 1150 C the
equilibrium hydrogen pressure will be about 1800 psi. For steady state operation of
250 kW the average and peak temperatures are about 180 C and 265 C respectively

. [5). During pulsing operation (reactivity insertion of 1.4 %k) the peak temperature
is about 349 C with an average fuel temperature of 148 C. Full insertion of the
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maximum excess reactivity (2.25 %K) results in a peak temperature of 662 C and an
average fuel temperature of 294 C.

The maximum reactivity that may be inscrted by the pulsing operation is
limited to 1.4 %k by administrative controls. Total worth of any experiment is
limited to 1.4 %k. This prevents an accident due to experiment movement. Move-
ment of the safety transient rod above 1 kW is prevented by circuit design,

712 Analysis

The maximum excess reactivity of the TRIGA reacior at Arkansas Tech
University is 2.25 %Kk and, thus, it is theoretically possible to insert this amount of
reactivity into the core. It was assumed that the reactor is just critical at some low
power level (less thar, ' kW) with a fuel and coc'ant temperature of 25 C. A
lumped parameter model based or. the Fuchs-Nordheim model yields the coupled
set of differentia) equations:

(%—?-(p-ﬂ—aT)P 71

aT
CHM'P-—P() 7.2

where the prompt neutron life time { is equal to 41 us, P is the power level (W), Po
is the initial power (W), p = A is the reactivity above prompt critical, p = (k-1)/k =
0.0225, the delayed neutron fraction g = 0007. the prompt negative temperature
coefficient @ = -1.1 X 10 % %K/C, T (C) is the average fuel temperature above the
equilibrium temperature at Po, and CH is (he heat canacity of the fuel in the core,

CH(W=sC)=Co+ 1 T. 73

Heat capacity at the equilibrium temperature corresponding to the initial
power, Co, is equal to (817 + 1.6 x 25) x N (W-s/C) and rate of change of heat
capacity with temperature, C2, is equal to 1.6 X N (W-s/Cz) [5) where N is the num-
be: of fuel elements equal to 70. This model neglects heat transfer and delayed
neutron effects and average space and neutron energy variations so that all coeffi-
cients are assumed te be constant. Equation 7.1 is divided by equation 7.2 and the
resulting expression for the variation in P with T is integrated , using the condition
inat T = O when P = Pg. This yields
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( [(P—Po) ~Po In (-,—,':—))]

'T[(P-ﬂ)Co-{GQ)-Cx(P-ﬂ)}{'-aClT. 74

TZ

Maximum (or ininimum) temperatures occur after the culmination of the pulse such
that P = Pg and then

2
(@-ACo-{aCo-Cie -p} 5 -aCily] =0, 75

The positive root of this equation for p = 0,0225, Ty, gives the average temperature
resulting from the pulse and is equal to 264 C. The average fuel temperature at the
conclusion of the pulse is 264 + 25 = 204 O,

To determine the maximum temperature in the hottest fuel element, first,the
average energy, E, necessary 10 raise the average core temperature from the initial
power level to the average temperature at the conclusion of the pulse is determined:

T
E deT CoTa + 01T ;
= = a B o 198 X 10" W~s 76
0

This average energy is then multiplied by 3.1 (the peak to average power ratio
2.2 x element peaking factor 1.4) to obtain the energy release of the element
producing the peak power and is obtained as 61 MW-s. The peak temperature, Tp,
is calculated by substituting this energy into eguation 7.6 and solving for the
temperature:

O 1) Py 3 I
Tp C1+[(C1] +.X3.1xcl] 637C. 7.7

The peak temperawre of the fuel at the conclusion of the pulse is given by

Tp + 25 = 662 C This temperature is less ‘han the phace transition temperature
of 1250 C for = M-Zr ratio of 1.6 and so the fue! is stable.

During the time of peak fuel ten'perature, the clad is subjected to stress due
to the pressure produced by the hydrogen released from the fuel, Ph, the fission
product gases, Pfp, and the expansion of air, pair. For H-Zr ratios greater thai 1.58
the equilibrium hydrogen pressure can be approximated by
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1974037

Tx ' 78

. P (atmospheres) = exp | 1.767 + 10,3014 x -

where x = H-Zr atoms ratio and Tx (K) = fuel iemperature. This expression was
derived from least square fits to the data of Simnad and Dee [3]. It should also be
pointed out that this is a conservative estimation because the equilibrium pressure
of hydrogen over the fuel is not achieved during 3 pulse or step insertion of reac-
tivity,

The pressure exerted by the fission product gases is given by

Pip = ¢ (ﬂ) %RTK

E
. 5
=15 x 107%(0.00119) ~—22— RTK
33 x10
=73%10"° RTK 79

where R is the gas constant equal to 8.206 X 10 liters-atmospheres / mole-K, E

' = total energy produced in the element (MW-day) and f is the average fission
product release fraction. This fraction is the sum of the differential release frac-
tions, fa, weighted with the differenti. . volume fractions. From reference [4)

i 1.4 x 10*
fn=15%x10""+36x10%e T, 7.9a

where Tn (K) is the fuel temperature at the differential volume of the element
during normal operation. Since the maximum fuel temperature exists only in a
small fraction of the fuel volume and the maximum fuel temperature during normal
operation s less than 400 C the release fraction, f, may be assumed to be around 1.5
x 10 . The free volume occupied by the gases

Vehxaxr=33ml 7.9b

where the inner radius of the clad, r, is 1.816 ¢cm, the height of ine free volume
between the fuel and the reflector end piece is assumed to be 1’8 in. or 0.3175 em.
This is a conservative assumption since the porasity of the graphite reflector of 20%
is neglected. The fission product gas production rate, WE (moles/MW-day), is not
independent of power density (neutron flux) but varies slightly with the power den-
‘ sity, The value VE = 0.00119 moles/MW-day is accurate to within a few percent
over the range from a few kW/element to over 40 kW/element. For standard
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TRIGA fuel the maximum burnup is about 4.5 MW-days/element. It is assumed
that the element nas three times this burnup.

Air trapped within the fuel element clad would exert a pressure

RTk 7.10

Pair = 534

where it is assumed that the initial specific volume of the air (22.4 liters/mole) is
present all the time. Actually, air forms oxides and nitrides with zirconium so that
after relatively short operation tie air is no longer present in the free volume inside
the fuel clad element.

The total internal pressure, P, for H-Zr ratio of 1.65 and fuel burned up to
13.5 MW-days with a maximum operating temperature not to exceed 400 C is given

by
P = Pn + Pip + Puir

2.073 % 10° -y -4 ‘
= 2 e” Tx +539x 107 x Tk (psi) . .11

The stress imposed on the clad by the gases within the free volume inside the clad is
given by

§ = (fﬁ] P=3675P

¢

7.61 x 10" A ‘ '
=7, e Tx + 197TK(psi). 7.12

where r¢ is the clad outer radius equal to 1.8669 cm and tc is the clad thickness equal
to 0.508 cm. This imposed stress is plotted as function of maximum fuel tempera-
ture in Figure 7-1. Also plotted are the yield and ul'imate strength of type 304
stainless steel clad. The clad ultimate strength is not exceeded if the maximum fuel
temperature is maintained below 950 C and yield strength will not be exceeded for
fuel temperatures below 920 C, which is slightly below the yield point and well
below the rupture point.

For a reactivity insertion of 2.25 %k the average fuel temperature is about
294 C and the clad temperature is well below the saturation temperature of water
which is 113 C at 23.4 psia. At a temperature of 662 C (assume the clad to be at the
peak fue' temperature ) the ultimate tensile strength of type 304 stainless steel is
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. Figure 7-1 Strength of Type 304 Siainless Steel Clad and Stress Imposed on Clad as
a Function of Temperature
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above 41500 psi and the yield strength is 28500 psi. Comparing this with stress of
1894 psi applied to the clad during the reactivity insertion it is seen that the strength
of the mater.al far exceeds the stress produced. Therefore, there would be no loss of
clad integrity or damage to the fuel as a result of maximum reactivity insertion,

During a normal pulsing operation (insertion of 1.4 %Kk) similar caleulations
show that the maximum fuel temperature is 349 C and the corresponding stress on
the clad is 1226 psi. The total energy produced during the pulsing operation is
about 8.2 MW-s with a peak power estimated to be about 300 MW,

7.2 LOSS OF REACTOR COOLANT

The reactor operates at @ maximum power level of 250 kW with 70 fuel
elements. The average power density is 3.57 kW (thermal) per element. Figure 7-2
(5] shows the maximum temperature reached by the fuel as a function of operating
power density for several delay times between reactor shutdown and loss of coolant
from the core. This figure is generated [S] using a two-dimensional transient-heat
transport code and assumes that the fission product decay heat is removed by
natural convective flow of air through the core. It is assumed that the coolant is lost
after the reactor operates continuously at a constant power density so that the maxi-
mum inventory of fission products is available to produce heat after the reactor is
shut down. When the coolant is lost from the core the fuel and surroundings are
assumed to be at 27 C. Even if the fuel is at operating temperature, it takes the
standard non-gapped fuel element only one or two minutes to cool down. The final
temperature in such a situation is not appreciably different (2%- 4% higher) from
the values shown in Figure 7-2.

72,1 Euel Temperature and Clad lotegrity

For a fuel operating at a maximum power density of 7.2 KW (thermal) per
element, [3.57 x 2 (peaking factor)] if the coolant is lost immediately at shutdown
(zero cooling time) the maximum fuel temperature reached by the fuel is 329 C. At
this temperature the stress imposed on the clad is 1186 psi (from equation 7.12).
From Figure 7-1 the yield strength for the clad is above 35000 psi. Therefore, it can
be concluded that the postulated loss-of-coolant accident will not result in any
damage to the fuel, will not result in release of fission products to the environment,
and will not require emergency cooling.

It can also be seen from Figures 7-1 and 7-2 that the fuel temperature can be
increased to 900 C without substantial yielding of the clad, and this requires opera-
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. tion at about 22 kW per element. Above 22 kW per element forced cooling is
necessary.

722  Radiation Levels,

Even though the possibility of loss of shielding water is believed to be ex-
ceedingly remot2, a calculation has beer performed to evaluate the radiological
hazara associated with this type of accident. Radiation dose rates are calculated for
two locations, The first location is 6.4 m above the unshielded reactor core, near the
top of the reactor tank #nd receives direct radiation. The second location is at the
floor level and it is assumed tha this location receives scattered radiation from a
vhick concrete ceiling 7 m above the top of the reactor tank. The assumption that
there is a thick concrete ceiling maximizes the reflected radiation dose. Normal
roof structures would give considerably less backscattering. Two cases are analyzed.
In the first case it is assumed that the reactor has been operating for 10 hours, and in
the second case it is assumed that the reactor has been operating for 1000 hours,
prior to losing all the shielding water,

The core shut down and drained of water, was treated as a bare cylindrical
source of 1 MeV photons of uniform strength. Its dimensions were taken to be
. equal to those of the active core lattice. The source strength as a function of time
was determined from Way and Wigner's [6) (equation 45) data on fission product
decay. No accounting was made of sources other than fission product decay gammas
(i.e., activation gammas from the steel cladding and aluminum grid plates) or at-
tenuation through the fuel element end pieces and the upper grid plate. The first of
these assumptions is optimistic, the second conservative; the net effect is conserva-
tive. The conservative assumption of a uniformly distributed source of 1 MeV
photons was balanced by not assuming any build-up in the core.

The direct dose rate, Dg, at a point outside and on the axis of a cylindrical
source is given by

X I
Dd'—ff -pez 27 rdrdx
0

4aR?
S 2
-1 (l-e"‘"“). 7.13
duca” K
‘ The se« »nd expression is obtained for distances far from the corc (lLea > rc

and x¢ ). The flux-to-dose conversion factor K is equal to 5.77 X 10 photons/cmz-s
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per rad/hr, uc is the core attenuation coefficient equal tu 0.207 em™, R is the
distance from volume element 1o receiver (em), z is the slant penetration in core
equal to xR/(a +x) (cm), a is the distance from the top of the core to the receiver
equal to 640 cm, r¢ is the core radius equal to 26 cm, and xc is the core height equal
10 38 em. The volumetric source of 1 MeV [ “otons is

S, [ M:V } su{r) ’.14
em =8| ATEXe
where S(1,T) is the total v re source term (MeV/s) given by
' t+T
S(LT) = 3.1 x m“’(ﬂ%‘,—v‘—’-’lﬁ] X P (W) x _!' I(r) dr
=195 x 10" x P x [:“’3 - (t+T)'°'2]. 7.15

where P is the reactor power (W), T is the period of time at power (s), and 1t is the
time after fission (s). The fission product energy release, I'(1), (MeV/s-fission) is
given by

F(t) = 1.261712, 7.16
The scattered dose rate, Dy, is given by

& €

7.17
b A K(E)xd

Ds = 6,03 x 105

where p is the density of the scattering material (concrete) equal to 2.3 g/cm3. and
ZJA is the ratio of average atomic number to atomic mass of the scatterer equal to
0.5. K(E) is the photon current to dosc rate oonversnon at the energy E of the
scattered photon equal to 2.78 x 10 ° pholons/cm -8 per rad/hr, and x4 is the dis-
tance from the scattering point to the detector equal to 700 em.

] do
Qa = (COS 6()‘) 30 7.18
MO+

cos 6

where uo and u) are the attenuation coefficient in the scatterer for incident and
scattered photons (cm") a. d are equal to (.146 and 0.292 respectively. The incident
(0o) and scattered (61) angles measured from the normal to the scatterer are taken
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as 0 degrees and 25 degrees respectively. Differential Klein-Nishina scattering
D L
cross section, gzy is given by

do cm? =
I | electron-steradian

? 2 3
e [—‘i 3 (5 sind| + (-—‘3—) 7.19

2 |[Eo \Eo Eo

where re is the classical electron radius equal to 2.818 x 10" em, 6 is the scattering
angle given by & = 69 = 61, Eo is the incident photon energy equal to 1 MeV. The
energy of the scattered photon, E, is given by

E = ¥ Eo - 7.20

Eo
1+ 081 (l - cose)

It is assumed that all of the source photons that exit the top of the reactor
pool were incident normally to the concrete roof (i.e. 6o = 0) at a point directly over
the core, thus the incident current times the cross section of beams (photons/s), 1oC,

is given by

10C = S0 7.21
where
So = _S_\:crg 7.22
and
gy vé(nﬁ-x&) + R3 (R4 + Xd)
- lfrss (RS + %) (R& + )
Q= 7.23

27

where Ro is the distance from the core to the top of the pool = 6.4 m, Xo is the half
width of the pool = 1 m and Yo is the half length of the pool = 1.5 m,

Table 7-1 shows the calculated radiation dose rates for loss of shield water.
The table i:.dicates that except for the direct beam from the core, radiation exposure
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Table 7-1 Radiation Dose Rates for Loss of Shield Water

Radiation (rad/hr)

Direct Scattered

Operation Time= 10 hr 1000 hr 10 hr 1000 hr
Decay time |

1 minJte 6.6E + 2 82E+2 2.1E-1 2.5E~1
1 hour 1.SE+2 30E+2 4 8E-2 04E-2
1 day 1.6E + 1 1.L1IE+2 45E-3 *.SE~2
| week 1.7TE+0 47E + 1 S.2E-4 HERE =
1 month 3.0E~1 1.JE+1 3.CE-S S4E-3

in the reactor room would be high but tolerable even immediately after loss of
voolant and that emergency operations could be carried out with limited time of
action, Since the direct radiation would be collimated upward, radiation levels out-
side the building are caused by only scattered radiation. This is not expected to be
too high to be a public hazard.

73 FiSSION PRODUCT RELEASE FROM CTLAD RUFTURE

In this analysis it is assumed that a fue! element in the region of highest
power density fails in air after a long exposure at full power. The inventory of
radioactive noble gases and halogens in he reactor core can be calcula*~d [8] using

Qi (Ci) = 021081 X 10° X P x Fi x (1~ ¢h") 7.24
where the constant 0.21081 x 10° has units of fissions/MW per disintegrations/Ci, P
is the Power in MW, Fj is the cumulative yield of fission products [9], Ai is the decay
constant and t is the operating time. The core inventory after continuous operation
at 0.25 MW for 5§ years (1.25 MW-yr) is given in Table 7-2. This invento-y is ¢ ser-
vitive since actual burnup after 5 years is expected to be less than 22% = 1.25
MW-yrs,

The release of fission products from U-ZrH fuel has been studied at some
length. A summary report of these studies [4] indicates that the release is mainly
through recoil into the fiel-clad gap at temperatures below 400 C und this process is
independent of the operating temperature. Above this teraperat -2 the release is
through a diffusion process and is temperature dependent. It is uaportant to note
t! ie release fraction in accident condi'‘ons is characteristic of the norma! opcrat-
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Isotope Tz Fi Qi
% Ci/core

Kr-83m 186 H 053 11194
Kr-85m 436 H 131 2761.6
Kr-85 1070 Y 029 289.5
Kr-87 76,00 M 254 5354.6
Kr-88 279 H 358 7547.0
Kr-89 308 H 468 9865.9
Xe-131m 1200 D 004 84.3
Xe-133m 230 D 019 400.9
Xe-133 T SR v B % ¢ ) 14271.9
Xe-135m 1570 M 1.06 2234.6
Xe-135 913 H 6.63 13976.8
Xe-137 382 M 613 12922.7
Xe-138 1420 M 628 13238.9
1-131 805 D 284 5987.0
1-132 226 H 421 8875.1
[-133 2080 H 677 142719
I1-134 §230 M 761 16042.7
1-135 675 H 644 13576.2

ing temperatur and not the temperature during the accident conditions. This is
because the fission products re'eased are those that have collected in the fuel-clad
gap during normal operation.

The following assumptions are used in the analysis.

d.

b.

One Fuel element in the region of highest power density fails in air after
1.25 MW-yr exposure and 100% of the n Sle gases ¢nd halogens in t'-.
gap are released. The release from a single element of a 70 element core
in the region of highest power density with a peak to average flux of 2 is
assumed. This fuel element produces 2.85% of the total power.

Peak fuel temperature is less than 400 C and the release fraction is es-
timated to be less than 1.5 X 107 (GA 4314). If a conservative value of
2.0 x 10” is assumed the fraction of noble gases or halogens released
from the fuel element is obtained as 5.7 x 10 7 (00285 x 2. x 10°).

There is no plate-ou: of any released fission products.
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7.3.1  Exposure to Reactor Room Occupants.

In order to calculate the exposure to reactor room occupants the following
assumptions are made.

1. Noble gases and the halogens are released into the reactor room rapidly
at the fraction given above (b). The concentration, ¢i (WCi/ml), of the
radioisotope in the room which has a volume of 394 m” is given by equa-
tion 7.25 ard the calculated values are shown in Table 7-3.

o) -

Table 7 ‘4 Exposurc 10 Occupam (step - of 7 3 1)

Qi % 10° wCi) x 5.7 x w”
394 x 10° cm

128

Isotope i mr/yr Exposure
g ocgi/ml) Lpe m?f)o min
ml Whole body
Kr 83m 1 63E-06 4.05!:. +05 1 25E—05
. Kr-85m 4.01E-06 QOIE+08 6.87E-02
Kr-85 4 20E-07 1.23E+407 984E-05
Kr-87 7.77TE-06 466E+09 6.89E-01
K:-88 1.19E-08 LLIRE+ 10 246E+0
Kr-89 1.43E-05 LIOE+10 3.00E+0
Xe-131m 1.22E-07 492E+07 1.15E-04
Xe-133m S.81E-07 1.69E+08 1.87E-03
Xe-133 2.07E-05 1.90E+08 749E-02
Xe-135m 3.24E-06 236E+09 14€6E-01
Xe-135 2.03E-05 141E+09 S44E-01
Xe-137 1.88E-0S LO2E4+ 09  3.64E-01
Xe-138 1.92E-05 660E+09 241E+0
1-131 8.69E~06 212E+09  351E-01
1-132 1.29E-05 1.25E410 3.06E+0
1-133 2.07E-05 336E+09 132E+0
1-134 2.33E-05 145E+10 643E+0
1-135 1.97E-05 9QI13E+09 342E+0
Total Whole Body 243E + 01
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. 2. Ventilation in the room is assumed to be zero.

3.  The occupant remains in the room for 10 minutes while evacuation tukes
place.

4. The annual radiation exposure resulting from immersion iz a hemisphere
of contamineted air (mr/yr per 4Ci/ml) for each isotope is given in
Table 7-3 [10,11). The whole body exposure is obtained by multiplying
the concentration in the reactor room, qj, by this constant corrected for 10
minute tim2. The results are given in Table 7-3.

5. The whole body dose from each isotope, Db, was also calculated using
data from the Radiological Health Handbook [12]. The exposure is given
by

Al ‘ Log™t

Dh () =4qiX37x10 x(Ey)x[ ks J 7.26

where Ey (Mev/dis) for each isotope is obtained from [13), and k is the
energy fluence rate to give 1 R/hr for each isotope , u is the linear absorp-
aon coefficient for each isotope and r is the radius of a sphere with

volume equal to reactor room volume = 455 cm, The results for 10

minute exposure is given in Table 7-4,

‘ The tntal whole body 10 minute exposure obtained from steps 4 and S are
24.3 mr and 0.978 mr respectively. Though not in agreement both values are low
enough to demonstrate that the personnel exposure 1s reasonable. Since the actual
burnup is expected to be less than 22 % of 1.25 MW-yr the actual exposure is not
expected to be larger than 535 nor. The higher value of 24.3 mr for 10 minutes
immediately following a fuel element rupture in air is well within the requirements
of 10 CFR Part 20.

6. The lsotoPc %ngesaion. Ii (Ci) is calcuiated assuming a respiration rate of

3.47x 107" m”/s [14] and is given by

li = i x 3.47 x 10* ™ x 10 min x 60— . 727
S min

Table 7-5 shows the average gamma ray energy and internal dose effec-

tivity for each fission product isotope. The iodine isotopes ingested would

concentrate in the thyroid and the thyroid dose, D, is calculated by mul-

tiplying the iodine ingested by the corresponding internal dose effectivity

factor. These are also shown in Table 7-5. The resultant thyroid exposure

is reasonable based on the conservative assumptions made. The actual
. value will be less than 22% of this value based on actual burnup.
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Table 7-4 Exposure to Occupant (step S of 7.3.1)

Isoto ' k

o ua'i/ml Me%’dis Mev/em®/s c.r:" %Wﬁ‘gfn

whole body
Kr-83m 1.63E-06 2608-03 380E+01 3.00E-01 2.29E-03 |
Kr-85m 4.01E-06  160E-01  6.00E+05 170E-04  2.89E-03 |
Kr-85  4.20E-07 2.20E-03 230E+01 S.00E-01 4.96L:-04 |
Kr-87 7.77E-06  7.80E-01 S30E+05 2.00E-05 3.20E-02 |
Kr-88  1.10E-05 200E+0  630E+05 S5.80E-05 9.63E-(02 |
Kr-89  1.43E-05 150E4+0  6.00E+05 6.50E-05 1.06E~01 i
Xe-131m 1.22E<07 2.00E<02 3.00E+04 1.00E-03 1.84E-04
Xe-133m S81E-07  4.10E-02 2407405 320E-04 2.59E-(4
Xe-133  2.07E-05 4.60E-02 330E ~05 280E-4 7.61E-03
Ae-135m 3.24E-06  4.30E-01 SJIOE+05  1.20E-04 747E-03
Xe-135 2.03E-05  2.50E-01 S60E+05 1.50E-04 246E-02
Xe-137 1.88E-05 1.60E-01 6.00E+05 1.70E-(4 1.35E-02
Xe-138 1.92E-05 LIOE+0 SO60E+05 7.80E-05 1.O4E-01 |
1131  869E-06  380E-01  S20E+05 126E-04  1.73E-02 \
1-132 1.29E-05 220E40  650E+05 5.60E-05 1.21F-01
1-133 2.07E-05 6.10E-01 S20E+05 1.05E-04 6.66 E-02 l
' 134 2.33E-05 2.60E+0 TJO00E+05 S.00E-05 2.40E-01
1135 197E-05  150E+0  6COE+05 6.70E-05  1.36E-0i ‘
Total Whole hody 9.78E-01
Table 7-5 Thyroid Dose
Isotope qi li Effectivity Thyroid
uCyinl 10 min Factor 0se
uCi rem/Ci rems

1-131 8.69E-06 1L8IE+00 1486000 269E+0
[-132 1.29E-05 2.68E + 00 52880 1.42E-01
[-133 2.07E-05 431E400 395100 1.70E +0
1-134 233E-05 485E+00 25380 1.23E-01
1-135 1.97E-05 4.10E+00 1231000 SOSE+0
Total Thyroid Dose 2.71E+0
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732 Lapo.ue1o General Public

Some of the radioisotopes from a fuel element rupture would be released to

the environnient and the purpose of this analysis is to calculate the exposure to the
general public. The following assumptions are made for the analysis.

1.

Stack radiation monitors would detect a higher radiation level und divert

the ventilation air flow through an absolute filter. Air intakes to the room

would be isola‘ed and a negative pressure is maintained in the reactor

room to prevent radioactivity release except through the exhaust vent,

Anr flow through the exhaust under these conditions 1s 150 ¢fm (0.071
/s)

The concentration of the radioisotopes would be reduced over time from
their removal by the ventilation and also by the decay of the isotopes.
The concentration also decreases due to ditution over distance. For the
purpose of this analysis these ‘actors are not taken into account,

The contribution to the dose rates of the decay products of the isotopes
released are small and not taken into account,

The concentration, gi (Ci/ml) multiplied by the stack flow rate (9.071
m~/s) is assumed to be released through the stack (release rate).

The release occurs at roof level, about 10.0 m above grade and a dilution
due to wind will be encountered. The dilu.ion factor, y(0), given by

1 W
yo(o)=—m=45xw‘—£3 7.28

where C is a shape factor taken as (.5 (experimentally determined to be
between 0.5 and 0.67), S is the cross section of the buiiding and is taken as
170 m* since the prevailing winds near the building are from east and east-
northeast, and U the average wind speed is about 2.62 m/s. The release
rate from step 4 is diluted at the rate of y(0) and the concentration in the
enviconment is obtained by multinlying the release rate by the dilution
factor.

The exposure to the general public may be calculated as outlined in steps
4 and 5 of section 7.3.1, with the concentration released to the environ-
ment obtained above. Over a period of 1 hr the total whole body ex-
posure may also obtained by scaling the results of the occupational
exposure by 6()/10 (time correction) and 3.2 X 10" (dilution correcuon,
0.071 x 455 x 10 ) The resulting exposure is between 1.9 X 10" mr and
4.7 X 10"° mr in une hour.

A one hour thyroid dose is calculated as outlined in step 6 ¢f section 7.3.1
or using the above scaling of the occupational thyreid dose and is about
1.9 x 10 rems,
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These calculations inaicate that the exposure to the general public as 2 result
of the fuel element failure in air after extended reactor operaticns would not be
significant.

74  MECHANIC*L REARRANGEMENT OF FUEL

During fueling or defueling ope "ations a 400 Ib lead transfer cask (such as is
used with the BMI-1 shipping cask) is lowered into the reactor pool by means of a
chain falls and A-frame superstructure. The cask is capable of holding three stand-
2rd TRIGA fuel elements which are remotely loaded into the cask by a fuel han-
dling tool. This section analyzes the conseqience of impacting the reactor and the
reflector if the cask is inadvertently dropped into the pool.

The impact of the cask may deflect or crush the fuel element. Rupture of
several fuel elements may result in the rare gas/halogen fission products in the fuel-
clad gas gap to escape. lodine release is the largest radiation contributor. This type
of an incident would occur only in a flooded pool and the presence of pool water
would reduce the amount of lodine release to the room. Dissolution of other
halogens in the pool water would also reduce the amount of fission product release
cousidered in section 7.3, even though more fuel elements may be involved here.
Thus, it is estimated that the radiation exposure for this postulated scenario would
not exceed the one analyzed in section 7.3,

The reflector will serve as an impact shield for the reactor core and will
reduce the consequences described in the previous paragraph. Since the reflector or
the detectors, contain only iow amounts of radioactive material, the impact of the
cask on the reflectei or the detectors will not result in a siguificant radioactivity
release. In conclusion the worst case resulting from dropping the cask into the
reactor pool would not exceed the fuel element failure in air analyzed previously.
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8. FACILITY ADMINISTRATION

80 INTRODUCTION

The TRIGA Mark 1 reactor facility located at the Center tor Energy Sti-dies
will be owned and operated by A:kansas Tech University. This facility will be
operated as part of the engineering program in the Engineering Deparuncnt, School
of Systems Science. Operation will be for education, trairing, and the conduct of
research and development activities. Licenses for the facility operation will include
a facility specific license for cperation issued by the U.S. Nuclear Regulatory Com-
mission and a university wide license for radioactive materials issued by tl:e State of
Arkansas Department of Health, Additional licenses may be obtained as required
for facility activities.

8.1  ORGANIZATION

8.11  Structure

Figure 8-1 illustrates the organizational structure that is applied to the
management and operation of the reactor fazility. Rusponsibility for the safe opera-
tion of the reactor facility is a function of the management structure of Figure 8-1.
The responsibilities include safeguarding the public and staff from undue radiation
exposures and adherenc~ to license or other operational constraints,

Facility staff is typically organized as three full-time persons consisting of the
Facility Director, Reactor Supervisor, and an operator or technician. Descriptions
of key components of the organization follow.

8.1.2  Vice President for Academic Affaizs

Rcsearch and education programs are administered through the Office of the
Vice President of Academic Affairs with functions delegated to the Dean of the
School of Systems Science and the Head of the Department of Engineering.
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PRESIDENT

VICE PRESIDENT FOR
ACADEMIC AFFAIRS

SAFE.Y COMMITTEE

Radiation Safety Officer, Chair

DEAN OF TH2 SCHOOL
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MENT OF ENGINEERING

Facility Director, Chair
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SENIOR REACTOR OPERATOR!
AND REACTOR OPERATORS

Figure 8-1 Organization for the Management and Operation of the Arkansas Tech
University Reactor Facility
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8.1.3  Deanof the School of Systems Science

Research and education programs @ sociated with the School of Systems
Science are administered through the office of the Dean. These programs include
those associated with it.e Department of Engineering.

8.14  Hzad of the Department of Enginee.ing

Research and education programs associatcd with the Department of En-
gineering are administered through the office of the Head of the Department of
Engineering. The Arkansas Tech University reactor faciliy is one of the racilities
that is associated with this department,

8.1.5  Radiation Safety Committee

The Radiation Safety Committee i- established through the Office of the
President of Arkansas Tech University. Responsibilities of the commuttee are broad
and include all policies and practices regarding the license, purch: e, shipment, use,
monitoring, disposal, and transfer of radioisotopes or sources of ionizing radiation at
Arkansas Tech University.

The President will appoint at leasi three members to tae committee »nd
appoint one as Chairperson. The committee wili reet at lcast once each year ov a
called basis or as required to approve applications to use radioactive materials on
campus. The Radiation Safety Committee will be consultec by the Reactor Safety
and Utilization Committee concerning any unusual or exceptional action that affects
the administration of the radiation safety program.

8.1.6  Radiation Safe.y Officer

The Radiation Safety Officer acte as the delegated authority of the Radiation
Safety Committee in the implementation of policies and practices regarding the safe
use of radioisotopes and sources of radiation.

8.'.7 Reactor Safety and Utilization Committee

The Reactor Saf:ty and Utilization Comm...ee is establisheu through the
office of the Dean of Systems Science at Arkansas Tech University. Broad respon-
sibilities of the committee include the evaluation, review, and approval of facility
standards for safe operation.
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The Dean of the School of Systems Science wili appoint at least three mem-
bers to the committee that renresent a broad spectrum of expertise appropriate to
reactor technology. The committee will meet at least twice each calendar year or
more frequently as circumstances warrant. The Reactor Safety and Utilization
Committee will be consulted by the Facility Director of the reactor facility concern-
ing unusual or excepticnal actions that affect administration of the reactor program.

8.1.0  Kacility. Director

The Facility Director is responsible for the operation of the Center for Ener-
gy Studies, including the reactor facility, and will be qualified as a licensed Senior
Operator for the Arkansas Tech University TRIGA reactor facility. Responsibilities
of the Direcior include oversignt of reactor operations, equipment maintenance,
experiment operation, instructivn of persons with access to laboratory areas, and
development of research activities.

8.1.9  Reactor Supervisor

The Reactor Supervisor is responsib'e for day-to-day operation of the reacior
facility as assigned by the Facility Dire~tor. Thesc responsibilities include reactor
operations, equipment maintenance, experiment operation, and other assigned ac-
tivities associated with the reactor facility. An Arkansas Tech University TRIGA
Operations Manual will be maintained by the Reactor Supervisor.

82 QUALIFICATIONS

8.2.1 Qeueral

Personnel associa.ed with the research reactor will have & counbination of
ace’iemic training, job-re ated experience, health and skills commensurate with their
level of responsibility to provide reasonable assurance that decisions and actions
during all normal and abnormal conditions will be such that the reactor is operated
in a safe manner [AN3I-15.4, 4.1).

Administrative positions not principally responsible for facility operation
(e.g., Vice President for Academic Affairs, Dean of the School of Systems Science,
etc.) and staff positions of the radiological safety program (e.g., Radiation Safety
Officer) are subject to qualification standards determined by the University. Ad-
ministrative qualifications depend on acaderic cred2ntials appropriate to the nature
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of the University organization. Staff qualifications are subject to personnel descrip-
tions developed for various University employment positions.

823  Eacility Director

A combiration of academic training and nuclear experience will fulfill the
qualifications for the individual identified as the Facility Director. A minimum of six
years of experience will be required. Academic training in engineering or science
with completion of a baccala. ‘eate degree may account for up to four of the six
years experience [ANSI-15.4, 4.2].

8.24  Reactor Supervisor

A person with special training to supervi.e reactor operation and related
functions will be designated us the Reactor Supervisor. A minimum of three voars
experience will be required. Academic training in engineering or science may be
substituted for up to two of the three years experience. [ANSI-15.4, 4.4]

825  Qpecating Staff

C ualifications for operators will be determined by the ability of the in-
dividuals to successfully complete the trainirz program and obtain an NRC certifica-
tion as either an opr.rator or a senior operator. Technicians will have a minimum of
one year of working experience in their specialty or craft and will be qualified to
perform the work assigned. Other persons with unescorted acess to the reactor
facility will be qualified by azademic experience or by special training and instruc-
tion oy licensed operators of the facility [ANSI-15.4,4.5 & 4.6).

83 REACTOR OPERATIONS

Opera.ion of the reactor and activities associated with the reactor, coutrol
system, instrument system, radiation monitoring system, and engineered safety fea-
tures will be the function of staff personnel with the appropriate iicense certification
by NRC. Operation will include the implementation of required procedures, execu-
tion of appropriatc experiments, actions related to safety, and the preparation of
required reports and records.

83.1 Staffing

The minimum staffing when the reactor is not secured will be a licensed
reactor operator in the control room and a secor.d person present in the facility
complex able to carry out prescribed written instructions. Unexpected absence of
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the second person for as long as two hours to accommodate a personal emergency
will be acceptable since immediate actior will be taken to obtain a replacement. A
designated licensed senior operator will be readily available on call during all
periods when the reactor is not secured. The person on call will be considered
available if less thar. 20 ininutes is required {0 initiate a call request and respund to
the site. A health physics-qualified individual wil! he readily available on call
[ANSI-15.1, 6.1.3(1)).

Movement of any fuel o control rods and relocation of any in-core experi-
ment with a renctivity worth greater than one dollar will reouire the presence of a
licensed senior operator. Recovery from unplanned or unscheduled shutdowns will
require documented concurrence {rom a licensed senior operator [ANSI-
15.1 6.1.3(3)).

The staff require J for parforming experiments with the reactor will be deter-
mined by a classific: “on sysiem specified for the experiments. Requirements will
range from the presence of ¢ licensed operator for some routine experiments to the
presence of a licensed senior operator and the experimenter for other less routine
experiments,

Other activities that occur in the area of the reactor will require knowledge
of a licensed operator but not necessarily the presence of the operator. Such ac-
tivities include mainienance, handling of radioactive matericls, and experiment
preparation

832  Procedures

Written procedures wi.l be prepared, reviewed, and approved prior to inudat-
ing any of the following activities: (1) startup, operction, and shutdown of the reac-
tor; (2) fuel loading, unladirg, and movement within the reactor; (3) routine
maintenance of major components of systems that could have an effect on reactor
safety; (4 surveillance tests and calibrations required by the technical specifications
or those that may have an effect on reactor safety; (5) personnel radiation protec-
w.on, consistent with applicable regulations; (6) administrative controls for opera-
tions and maintenance and for the conduct of irradiations and experiments that
could affect reactor safety or core reactivity, and (7) implementation of required
plans such as emeigency or security plans. These procedur:  will be reviewed by the
Reactor Safety and Utilization Committee and approved 'y tae Facility Director
and such reviews and approvals documented in a timely manner [ANSI-15.1, 6.3).

S/R ATUTR 8-6 9/89



Substantive changes to the procedures will be made effective only after docu-
mented review by the Reactor Safety and Utilization Committee and approval by
the ¥acility Director. Minor modifications to the ariginal procedures which do not
change their original intent may be made by the Reactor Supervisor, but the
modifications must be approved hv the Facility Director within 14 days. Temporary
deviations from the procedures may be made by the responsible licensed senior
ope.ator in order to Jeal with special or unusual circumstances or conditions. How-
ever, such temporary deviations will be documented and reported to the Facility
Director [ANSI-15.1, 0.3).

553  Experiment Review and Anproval

All experiments will be carried out in accordance with procedures revizwed
by the Reactor Safety and Utilization Committee anc approved by the Facility
Director. Substantive changes to previously approved experiments will be made
only afte; review by the Reactor Safety and Utilization Committee and approval hy
the Faciity Director. Minor changes that do not significantly alter the experiment
safety may be approved by the Reactor Supervisor or a desigrated senior reactor
operator [ANSI-15.1, 6.4).

Each experiment will be designated as one of three classes. One class will
consist of ¢ <periments that are routir.e in nature (e.g., reactor operation for calibra-
tion or instruction, irradiztions such as neutron activation, etc.). This class of experi-
ment will yequire only the minimum reactor staff specified in section 8.3.1 above. A
few experiments inay require the presence of both a licensed operator and the ex-
perimenter and will be designated os a separate class of experiment. The third class
of experiraents will require the presence of a licensed senior operator for such ac-
tivities as relocation of in-core experimants with a reactivity worth greater than one
dollar, fuel or control-rod relocations within the core region, or s‘enificant changes
tu shiclding of core raciation.

84  ACTIONS AND REPORTS

Annual operating reports covering the activities of the reactor facility during
the previous calendar year will be submitted to the NRC within three months fol-
lowing the end of the prescribed year. Fach anrug! operating report will include tne
following information: (1) A nanative summary of reactor operuting experience
including the energy produced by the reactor or the hours the reactor was critical, or
both; (2) the unscheduled shutdowns including, where applicable, corrective action
taken to preclude recurrence; (3) tabulation of major preventive and ccrrective
maintenance operaticns having safety significance; (4) tabulation of major changes
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in the reactor facility and procedures, and tabulations of new tests «r experiments,
or both, that are significantly different from those performed previously and that are
not described in this Safety Analysis Report, including conclusions that no un-
reviewed safety questions were involved; (5) a summary of the nature and amount
of radioactiv- effluents released or discharged to environs beyond the effective con-
trol of Arku..sas Tech University as determined at or before the point of release or
diccharge, including an estimate (-0 the extent practicabie) of individual
radionuclides present in the effluer., or a staiement 1) the effect that the estimated
average release after dilution or diffusion is less than 25 percent of the concentra-
tion allowed; (6) a summarized result of environmental surveys performed outside
the facility; and (7) a summary of exposures received by facility personnel and
visitors where such exposures are greater than 25 percent of that allowed [ANSI-
15.2,6.6.1).

84.2  Safety Limii Violation

Actions that will be taken in the case of a safety limit violation inciude: (1)
the rcactor will be shut down, and operations will now resume until authorized by the
NRC; (2) the safety limit violation will be promptly reported to the Facility Direc-
tor; (») the safety limit violation will be reported to the NRC; and (4) a safety limit
violation report will be prepared. The report will describe the applicable cir-
cumstances leading to the violation including, when known, the cause and contribut-
ing factors; effect of the violation upon reactor facility components, systems, or
structures and on the health and safety of personnel and the public; and corrective
action tc be taken to prevent recurrence. The report will be reviewed by the Reac-
tor Safety and Utilization Committee anc anv fo'low-up report will be submitted to
the NRC when authorization is sought to res.me operation of the reactor [ANSI-
15.1,6.5.1].

843 Release of Radioactivity

Actions that will be taken in the case of a release of radioactivity from the
site above allowed limits include: (1) reactor conditions -ill be returned to normal
or vie reactor will be shutdown (if it is necessary to shutdown the reactor to correct
the occurrence, operations will not be resumed unless authorized by the Facility
Cirector); () the occurrence will be reperted to the Facility Director and te the
NRC as required by technical specifications; and (3) the ocenrrence will be reviewed
by the Reactor Safety and Utilization Committee at their next scheduled meeiing,
Prompt reporting of the event by teler: “ne to the NRC will occur not later than the
following working day and confirmed in writing promptly (e.g., by telecopy). A fol-
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lowup written report that describes the circumstances of the event will be submitted
to the NRC within 14 days of the event [ANSI-15.1,6.5.2 & 6.6.2).

844  Qther Reportable Occurrences

Other unplanned events that will be reported are: (1) of.ration with actual
safety-system settings for required systems less conservative than the limiting safety-
system settings specified in the technical | ‘cifications; (2) operation in violation of
limiting conditions for operation established in the technical specifications unless
prompt remedial action is taken; (3) a reactor safety system component malfunction
which renders or could render the reactor safety system incapable of performing its
intended function unless the malfunction or condition is discovered during main-
tenance test i or periods of reactor shutdown (NOTE: Where components or systems
are provide J in addition to those required by the technical specifications, the failvre
of the extra components or system is not considered reportable provided the mini-
mum number of components or systems specified or required perform their in-
tended safety function); (4) an unanticipated or uncontrolled change in reactivity
greater than one dollar (NOTE: Reactor trips resulting from a known cause are
excluded); (5) an abnormal and sigaificant degradation i reactor fuel, or cladding,
or both, coolant boungary, or containment boundary (excluding minor leaks), where
applicabie, which could result in exceeding prescribed radiation exposure limits of
personnel or environments, or both; (6) an observed inadequacy in the implementa-
tion of administrative ur procedural controls such that the inadequacy causes or
could have caused the existence or development of an unsafe condition with regard
to reactor operations [ANSI-15.1, 6.6.2].

Actions that will be taken in the case of one of these other reportable occur-
rences include: (1) reactor conditions will be returned to normal or the reactor will
be shut down (if it is necessary to shut down the reactor to correct the occurrence,
operations will not be resuined unless authorized by the Facility Director); (2) the
occurrence will be reported to the Facility Director and io the NRC as required by
technical specifications; and (3) the occurrence will be reviewed by the Reactor
Safety and Utilization Committee at their next scheduled meeting. Prompt report-
ing of the event by telephone to the NRC will oceur not later than the following
working day and coaiirmed in writing prompily (e.g., by telecopy). A followup writ-
ten report that Jescribes the circumstances of the event will be submitted to the
NRC within 14 days of the event [ANSI-15.1,6.5.2 & 6.6.2).
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845  Other Raports

Planned actions that will be reported to the NRC within 30 days include: (1)
permanent changes in the facility organization involving the Dean of the School of
Systems Science, Head of the Department of Engineering, or the Facility Director;
and (2) significant changes in the transient or accident analysis as descrived in the
Safety Analysis Report. [ANSI-15.1, 6.6.2(2)).

85 RECORDS

Records of the following activities will be maintaincd and retained for the
periods specified below. The records may be in the form ot logs, data sheets, or
other suitable means. The required information may be contained in single or mul-
tiple records, or & combination thereof.

8.5.1 Records to be Retained for a Period of at Least Five Years or for
, . . ve Y

T'he records to be retained for a period of at least five years or for the life of
the component involved if less than five years include: (1) normal reactor facility
operation (but not including supporting documents such as checklists, log sheets,
etc., which will be mainteined for a period of at least one year); (2) principal main-
tenance operations; (3) reportable occurrences; (4) surveillance activities required
by the technical specifications; (5) reactor facility radiation and contamination sur-
veys where required by applicable regulaticns; (6) experiments performed with the
reactor; (7) fuel inventories, receipts, and shipmcats; (8) approved changes in
operating procedures; and (9) records of meeting and audit reports of the Reactor
Safety and Utilization Committee [ANSI-15.1, 6.7.1].

852  Records to he Retained for at Least One Training Cycle

The records to be retained for at least one training cycle include the retrair-
ing and requalification of licensed operations personnel. Reccrds of the most recent
complete cycle will be maintained at all times the individual is employed by Arkan-
sas Tech University [ANSI-15.1, 6.7.2].

853 Recordsto be Retained 1or the Lifetime of the Reactor Facility

The records to be retained for the lifetime of the reactor facility include: (1)
gaseous and liquid radioactive effluents released to the environs; (2) offsite en-
vironmental monitoring surveys required by technical specifications; (3) radiation
exposure for all personnel monitored; and (4) drawings of the reactor facility. The
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. annual report will contain most of this information and will be retained as the
recorc of the applicable information [ANSI-15.1, 6.7.3].
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9. QUALITY ASSURANCE PROGRAM

9.1 INTRODI/CTION

Characteristics of uranium loaded zirconium “ 4ride el used in the TRIGA
reactor provide substantial oenefits to safe reactor . * Many accident situa-
tions are simulated by normal operation of the fuel ther pulse mode or steady
state mode. Other features such as fission product reteation, stainiess steel cladding
design, facility engineered features, and periodic schedule of operation combine
with routine operation procedures to decrease the consequences of failure of reac-
tor components. The limited scope of application of formal quality assurance
criteria to the Arkansas Tech University reacter facility is due to the fact that most
parts and procedures associated with operation of the TRIGA type reactor are not
relevant to the safety and health of the public, since failure cf most parts and proce-
dures shuts the system down.

This section provides the requirements for establishing, managing, conduct-
ing, and evaluating the quality assurance program for the design, construction, test-
ing, modification, and maintenance of the reactor facility and associated
experiments. The level of quality assurance effurt applied to the Arkansas Tech
University research reactor activities will be consistent with the importance of those
activities to safety. Quality assurance effoi* is applied to safety-related items, which
are defined as those physical structures, svstems, and components whose intended
functions are to either prevent accidents that could cause undue risk to the health
and safety of the public, or to control and mitigate the consequences of such acci-
dents. The safety-related items included in the quality assurance program will be, as
a minimum, those of th> reactor safety and protsction system, engineered safety
features, and the radiation monitoring system, as identified in the Limitirg Cor.u-
tions for Operations section uf the Techniczl Specifications for the reactor facility
[ANSI-15.8, 1).
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92 PROGRAM REQUIREMENTS
9.2.1  Responsibility

Arkansas Tech University is responsible for the estabiishment and im-
plementation of a quality assurance program consistent with the schedule for ac-
complishing the activities associated with the reactor facility. Structures, systems,
and components 10 be covered by the quality assurance program will be identified.
The orgaaizations participating in the program and the designated functions of these
organizations will also be identified. Table 9-1 lists the responsibilities and key
personnel in the quality assurance program at Arkansas Tech University.

Table 9-1 Responsibilities and Key Personnel

RESPONSIBILITIES KEY UNIVERSITY PERSONNEL
1 Estabiish and Iniplement Program,  Facility Director or
Safety-Related Item Identification Reactor Supervisor
2. Unresolved Issues Dean of the School of Systems
Science or Head of the Department
of Engineering
3. Delegated Functicns Faculty and Staff
4. Specialized Functions Specified Personnel
922  Qrganization

The organization applied to quality assurance activities at Arkansas Tech
University will be part of the normal university administration structure as shown in
Figure 9-i. The Facility Director, assisted by the Reactcr Supervisor, will develop
and implement the quality assurance program and identify safety-related items. Un-
resolved issues associated with the quality assurance program will be reported to the
Dean of the School of Systems Science and to the Head of the Engineering Depart-
ment. Execution of specific elements of the program may be delegated to persons
in the university organization or other organizations as appropriate. Such delegation
may be assigned to committees, faculty, researchers, or staff as needed for specific
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program implementation. Non-university organizations or personnel may supple-
ment university personnel when specialized qualifications are necessary for specific
quality assurance tasks.

9.23 DRogcumentation

All activities affecting the safety-related items identified in accordance with
the quality assurance program will be formally identified and documented.
Documentation will include the applicable procedures, reviews, and other measures
to be applied [ANSI-15.8, 2.3).

Each safety-related activity, structure, system, or component will be given a
unique identifier (e.g., A, B, C, etc.) and the applicable quality assurance controls
for each identified item will be documented using the format shown in Table 9-2.

93 QUALITY ASSURANCE CONTROLS

93.1  Design Control

Measures will be established and documented to assure that applicable
codes, standards, ana regulatory requirements are correctly incorporated into design
documents for safety-related items. These measures will also provide verification of
adequacy of design through performance of design reviews, alternate calculations, or
the execution of a test program. Verification will include checks of compatibility of
materials, suitability of application of materials, parts and processes; accessibility for
in-service inspection, maintenance and repair; proper int.rfacing of subsystems; and
completeness of acceptance criteria (ANSI-15.8, 2.4] .

The verification will be performed by individuals other than those who per-
form the original design, but who may be from the same organization. Modifica-
tions to systems will be subject to design control measures commensurate with those
applied to the original design [ANSI-15.8, 2.4].

932 Procurement Control

Measures will be established for the inclusion of applicable codes, standards,
und regulatory requirements in procurement documents for safety-related items. To
the extent determined by the safety requirements of the final system, procurement
documents will require contractors or subcontractors te provide appropriate quality
assurance controls, which may include, but are not limited to, functions such as
inspections, tests, and controls over materials, processes and nonconformances.
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Table 9-2 Format for Safety-Related Item QA Control Documentation

1.0

2.0

3.0

4.0

GENERAL ITEM DESCRIPTION

1.1 TITLE - Identification and description of the safety-related item
12 PARTICIPATION - Supplemental organization identification
~and their function(s)
1.3 DOCUMENTS - Listing of applicable procedures
or special measures for the item

QUALITY ASSURANCE CONTP.OLS

2.1  DESIGN CONTROL
2.1.1 Codes, Standards, and Regulations
2.1.2 Method of Verification
2.1.3 Modifications Proposed

ROCUREMENT CONTROL _

1 Codes, Standards, and Regulations
2 Quality Assurance Specifications

3 Proposed Changes Enacted

4 Procurement Conformance Method

e . .
2.2.
2.2.
y X
2.2
23 DOCUMENT CONTROL

24 MATERIAL CONTROL :
2.4.1 Special Procedures Required
242 Equipment Required
243 Personal Qualifications

25 PROCESS CONTROL
2.5.1 Special Procedures Required
2.52 Special Equipment
2.5.3 Personal Qualifications

QUALITY ASSURANCE INSPECTION AND CORRECTIVE ACTION

INSPECTION PROGRAM DESCRIPTION

TEST PROGRAM DESCRIPTION
MEASUREMENT EQUIPMENT
NONCONFORMANCE ITEM AND DISPOSITION
CORRECTIVE ACTIONS INSTITUTED

QUALITY ASSURANCE RECORDS LIST

90 9 L
R T O
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Changes to procurement documents will be subject to controls commensurate with
those for the original procurements [ANSI-15.8, 2.5].

Measures will be established and documented to assure that procured items
or services conform to the procurement documents. These measures may include
source evaluation, contractor furnished evidence, inspection at source, or inspection
upon receipt, as appropriate [ANSI-15.8, 2.5).

933 Document Control

Measures will be established to control the development, revision, and use of
documents and drawings which define activities affecting the quality of safety-re-
lated iteins [ANSI-15.8, 2.6].

934  Material Control

Measures will be established, as necessary, to control the identification, han-
dling, storage, shipping, cleaning, and preservation of safety-related material and
equipment [ANSI-15.8, 2.7].

935  Process Control

Provisions will be made for establishing and documenting measures to assure
that all processing of materials for safety-related items is accomplished under con-
trolled conditions in accordance with applicable codes, standards, and specifications,
using qualified personnel and procedures. Controls will be applied to the extent
appropriate, with particular emphasis on those for specific processes, such as crimp-
ing, soldering, welding, heat treating, cleaning, and non-destructive examination.
Procedures, equipment, and qualifications of personnel will be defined for those
special processes not covered by existing codes and standards [ANSI-15.8, 2.8].

936 Experimental Equipment

The quality assurance program wili provide controls over the fabrication and
installation of experimental equipment to the extent that these relate to reactor
safety [ANSI-15.8, 2.14].
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94  QUALITY ASSURANCE INSPECTION AND CORRECTIVE ACTION
94.1 lospection

A pregram for inspection of activities affecting quality of safety-related items
will be established. The inspection program will apply to procurement, construc-
tion, modification, maintenance, and experiment equipment fabrication, and will in-
clude, to the applicable extent, the following: (1) inspection procedures, specifying
the characteristics to be inspected, sampling plans, and acceptance criteria; (2)
description of process monitoring action for those situations in which inspection is
impossible or disadvantageous; (3) specification of mandatory inspection hold
points; (4) procedures for identifying inspection and test status, so that only items
that have passed the required inspections and tests are used, installed, or operated
(nonconforming items will be clearly identified); and (5) procedures for required
in-service inspection of completed systems, structures, and components [ANSI-15.2,
2.9).

Inspection will be performed by individuals other than those who performed
the activity being inspected, but who may be from the same organization [ANSI-
15.8, 2.9].

942 Test Control

A test program will be established to assure that all required tests of safety-
related items are identified and documented. Testing will be performed in accord-
ance with written procedures which incorporate or reference the requirements and
acceptance limits from design documents [ANSI-15.8, 2.10].

The test program will cover all required tests, including prototype qualifica-
tion tests, proof tests prior to installation, and functional tests [ANSI-15.8, 2.10].

Test procedures will specify appropriate prerequisite and monitoring require
ments, equipment to be used, personnel training requirements, suitable environ-
mental conditions, and provisions for data acquisition and documentation
[ANSI-15.8, 2.10).

943  Control of Measuring and Test Equipment

Measures will be established to assure that tools, gages, instruments, and
other measuring and testing devices used in activities affecting the quality of safety-
related items are available, properly controlled, properly calibrated, and adjusted at
the required intervals [ANSI-15.8, 2.11}.
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944 Nonconforming Material and Parts

Procedures will be provided for control of materials or parts, involved with
safety-related items, which do not conform to requirements, in order to prevent
their inadvertent use, and will include provisions for identification, documentation,
segregation, and disposition of such materials. Disposition of nonconforming
materials will be accomplished after a review by responsible personnel or groups
and will consist of acceptance, repair, rework, or rejection [ANSI-15.8, 2.12).

945 Corrective Action

Significant conditions detrimental to the quality of safety-related items, such
as failures, malfunctions, and deficiencies, will be promptly identified, the cause
determined, and corrective action taken to preclude repetition. Measures will be
established to assure that corrections are in accordance with design requirements
and are documented |ANSI-15.8, 2.13).

9.5 QUALITY ASSURANCE RECORDS AND AUDITS

9.5.1  Quality Assurance Records

The Arkansas Tech University Quality Assurance Program includes
documentation of activities affecting quality of safety-related items as discussed
above. The records will include, for example: inspection and test results, results of
quality assurance reviews, quality assurance procedures, and engineering analysis in
support of design changes and modifications. Records will be identifiable and
retrievable throughout their retention period. Retention requirements will be es-
tablished for these records, including duration, location, and responsibility. In the
case of those records which define the "as built" condition of items in the system, the
retention period will be the life of the system [ANSI-15.8, 2.15].

952 Audis

Audits will be performed to verify compliance with the quality assurance
program and to determine effectiveness of the program. The audits will be per-
formed in accordance with written procedures, and results will be documented and
reported to Arkansas Tech University management. Audits will be performed by
individuals not having direct responsibilities in the areas being audited. Follow-up
action, including re-audit of deficient areas, will be taken where indicated [ANSI-
15.9, 2.16].
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10. RADIATION PROTECTION PROGRAM

100 INTRODUCTION

This section describes the elements of the Arkansas Tech University radia-
tion protection program and establishes the guidelines to be applied to provide an
acceptable level of radiation protection for personnel at the reactor facility and the
general public consistent with keeping exposures and releases as low as reasonably
achievable.

10.1 POLICY AND ORGANIZATION
10.1.1  Management and Policy

The Arkansas Tech University radiation protection program is based on the
commitment to keep exposures to personnel and the general public as low as
reasonably achievable (ALARA). This commitment forms one of the bases for the
operating procedures and the procedures on radiation protection [ANSI-15.11, 3.1].

Measures will be taken as part of the radiation protection program to:

a. Specify administrative review levels for personnel exposures.

b. Conduct an annual evaluation of exposures and releases to determine if
they are as low as reasonably achievable.

¢. Ensure that the Radiation Safety Officer and the Reactor Supervisor have
clearly defined responsibilities within the radiation protection organiza-
tion.

d. Provide radiatinn protection personnel sufficient authority to carry out
assigned responsibilities as defined in the radiation protection program.

e. [Ensure the research reactor personnel receive radiation protection train-
ing.

f. Consider suggestions and recommendations for modifications to operat-
ing and maintenance procedures and to reactor equipment and facilities
to achieve reductions in radiation exposure.

g. Provide the equipment and supplies necessary for the implementation of
the radiation protection program [ANSI-15.11, 3.1].
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10.1.2 Radiation Protection Responsibilities

The Reactor Supervisor has responsibility and authority to implement the
radiation protection program for the reactor facility. This responsibility includes the
authority to act on questions of radiation protection, the acquisition of appropriate
training for radiation protection, and the reperting to management of problems as-
sociated with radiation protection [ANSI-15.11, 3.2].

The Reactor Supervisor has access to other individuals and groups respon-
sible for radiation safety inciuding the Radiation Safety Officer, Radiation Safety
Committee, and the Reactor Safety and Utilization Committee. Contact with the
Radiation Safety Officer will occur on an as needed basis and contact with the
Radiation Safety Committee and the Reactor Safety and Utilization Committee will
occur on a periodic basis [ANSI-15.11, 3.2].

The Reactor Supervisor will have special training to supervise reactor opera-
tion and related functions. A minitnum of three years of nuclear experience will be
required. Academic training in engineering or science may be substituted for up to
two of the three years experience. The special training will include specific courses
in radiation protection and health physics [ANSI-15.11, 3.2].

10.1.3 Qrganizational Relationships

The relationship between the individual responsible for the radiation protec-
tion program (i.e., the Reactor Supervisor) and other persons and committees
within the reactor facility organization are shown in Figure 8-1. Liaison between the
Reactor Supervisor and the other groups and committees will be maintained to
ensure effective radiation protection and maintenance of exposure and releases as
low as reasonably achievable [ANSI-15.11, 3.3].

10.1.4  Review and Audit

Provisions for periodic audit of elements of the radiation protection program
by the Reactor Safety and Uiilization Committee will be established in accoraance
with the facility technical specifications [ANSI-15.11, 3.4].

102 TRAINING

All personnel and visitors entering restricted areas of the reactor facility will
either receive training in radiation protection sufficient for the work or visit, or be
escorted by an individual who has received such training [ANSI-15.11, 4.1].
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102.1  Initial Tr.ining

All personnel permitted unescorted access to the reactor facility will receive
training in radiation protection. The initial training will cover the following areas in
sufficient depth for the specific functions:

Access and egress contrel and escort procedures.
Radiological safety principles, policies, and procedures.
Personne! dosimetry.

Monitoring instruments and protective devices,
Protective equipment.

Radiation areas and high radiaticn areas.

Use, storage, and transfer of radioactive materials.
Posting and labeling requirements.

ALARA and exposure limits.

Radiatinn hazards and health risks.

Emergency response requirements for individual action [ANSI-15.11,
4.2].
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102.2 Retraining

The need for retraining in radiation protection will be determined by the
Facility Director in consultation with the Reactor Supervisor and the Radiation
Safety Officer. Such retraining will be conducted at least biennially and will include
a condensed version of the initial training with emphasis on changes in policies,
procedures, requirements, and facilities. Operations personnel who participate in a
requalification program that includes radiation protection will not participate in the
retraining program [ANSI-15.11, 4.3].

103 RADIOACTIVE MATERIAL CONTROL

Physical control of radioactive material will be provided as an essential part
of the radiation safety program. Identification, storage in identified areas, and in-
ventories of radioactive material will be used to maintain materials control. For
certain radioactive materials, containment, isolation, shielding, and ventilation may
be of vital importance and will be provided as necessary to satisfy ALARA require-
ments. Transfers of radioactive materials will be made only to authorized recipients

[ANSI-15.11, 5).
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103.1  Special Nuclear Material

This category of radionctive material includes new, in-core and spent fuel
elements and other special nuclear material. These materials will be located in a
restricted area or be under the control of authorized individuals. Individual items
will have a unique identification if the U233, U235, or piutonium content is 0.5 g or
greater; except for Pu238 for which a unique identification will be used if the con-
tent is 0.05 g or greater. Records of inventories and transfers will be maintained
[ANSI-15.11, 5.1).

10.3.2  By-product Material and Radioactive Wasie

These materials will be maintained or stored in a restricted area or be under
the contro! of authorized individuals until they are transferred or disposed of as
waste. Records of transfers out of the facility or disposal will be maintained [ANSI-
15.11, 5.2 & 5.3).

103.3  Qther Radioactive Matecial

Radioactive reactor components, experimental facilities, contaminated tools
and fixtures, and other radioactive materials will be included in the program as
required on the basis of radiation or contamination levels. These materials will be
maintained in a restricted area or be under the control of authorized individuals.
They may be released by authorized individuals upon decontamination or may be
disposed of as waste [ANSI-15.11, 5.4],

104 RADIATION MONITORING

The radiation protection program will provide for detection and evaluation
of occupational and nonoccupational radiation exposures resulting from operation
of the reactor facility. Radiation and radioactive measurements will be made as
necessary with acceptable levels of sensitivity and accuracy to maintain exposures to
radiation and effluent releases within the established ALARA program. Specific
procedures will be available for the monitoring categories discussed below, where
applicable [ANSI-15.11, 6].

104.1 Radioactive Effluent Monitoring

A program for monitoring airborne and liquid effluent will be established. If
it can be shown by analytical or other methods that airborne emissions of
radionuclides to the environment do not exceed those amounts that cause a dose
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equivalent of 25 mrem/y to the whole body, at the location of interest, monitoring
will not be required [ANSI-15.11, 6.1).

Analysis of the concentration of radioactive material will be made on a rep-
resen ‘ative sample of each release, or routinely in the case of continuous or routine
reieases. Analysis for specific isotopes will generally be performed. The guidelines
of ANSI-15.11-1987 will be utilized for acceptable methods of monitoring noble gas
effluents, gaseous or airborne radioactive materials, and liquid effluents [ANSI-
15.11, 6.1).

104.2  Eacility Monitoring

A program tor monitoring the facility will include airborne radioactivity
monitoring and area radiation monitoring,

Facility airborne radioactivity monitoring equipment and procedures will be
commensurate with projected airborne radioactivities resulting from facilities opera-
tion. Monitoring will occur on a continuous busis during reactor operation or ac-
tivities involving fuel, core, or experiment facilities and will provide measurements
for routine, abnormal, and emergency conditions [ANSI-15.11, 6.2.1].

Facility area radiation monitoring will be provided for high radiation areas.
This will be accomplished with radiation area monitors with remote readout or with
portable instruments to be used when the area is made accessible to personnel.
Periodic measurement of accessible areas will occur in locations with significant
radiation levels that are not continuously monitored to identify potentially changing
conditions or parameters [ANSI-15.11, 6.2.2].

Personnel will monitor their hands and feet for contamination when leaving
known contaminated areas, or restricted areas that are potentially contaminated. If
contamination is detected, then a check of exposed areas of the body and clothing
will be made. Monitoring control points will be established for this purpose [ANSI-
15.11, 6.2.3(1)].

Tools and equipment will be surveyed for contamination before removal
from contaminated areas or restricted areas where contamination is likely [ANSI-
15.11, 6.2.3(2)).

Contaminated areas and restricted areas where contamination is likely will be
surveyed routinely for contamination levels. Monitoring frequency and method will
be adequate to reveal significant changes, to allow accurate assessment of working

SAR ATUTR 10-5 9/89



conditions, and to provide an accurate basis for protective ¢quipment requirements
[ANSI-15.11, 6.2.3(3)].

Specific limits will be established for removable and fixed contamination of
personnel and equipment. Instructions with sufficient sensitivity to measure con-
tamination within the limits will be provided. Contamination levels for uncondnion-
al release will not exceed the limits specified in ANSI-15.11-1987, as applicable
[ANSI-15.11, 6.2.3(4)).

104.3 Personnel Monitoring

Personnel dosimetry will be required for access to reactor areas and some
other facility activities. Monitoring devices will typically be film badges with pocket
dosimeters and thermoluminescent detectors for supplemental measurements,
Other personnel monitoring such as bioassays or whole body counting will be ap-
plied as determined by the activity and conditions of radiation exposure situations.
Personnel will use supplemental dosimetry during activities that deviate substantial-
ly from routine operations with supplemental dosimetry also provided for persons
visiting areas with potential radiation exposures [ANSI-15.11, 6.3).

10.5 INSTRUMENTATION

Insitrumentation for the evaluation of radiation exposures from routine, ab-
normal, and emergency situations will consist of fixed area monitors, portable survey
monitors and appropriate sampling methods. The minimum instrumentation avail-
able during reactor operation will consist of fixed area gamma dose rate monitors,
continucus air particulate monitor, portable thin window GM tube survey meter,
portable neutron sensitive counter, and pocket dosimeters. Other detection equip-
ment will be available such as alpha-beta proportional counter, muitichannel gamma
pulse height analyzer, thermoluminescent detector, alpha scintillation detector, high
and low range beta-gamma dose rate meters and GM tube friskers [ANSI-15.11,
7.1].

10.5.1 Eixed Area Monitors

Fixed area gamma monitors will have remote readouts with audible and
visual alarms at the reactor control console. Local readouts will be provided in
areas with significant radiation levels and routine personnel access.
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105.2  Airborne Radioactivity Mopitors

A continuous air particulate monitor with audible and visual alarms will be
functional in the reactor vicinity during reactor operations. A gas monitor system
for the noble gas effluent, argon-41, may also be operable during operation or
sufficient data will be available to demonstrate a calculated release quantity.

10.5.3 Laboratory lostruments

Portable survey monitors for alpha, beta, gamma, or neutron radiation will be
maintained for area surveys of laboratory and experiment areas. Supplemental
measurements will be available with alpha-beta proportional counters or multichan-
nel gamma pulse height analyzers.

1054 Liquid Effluents

Liquid effluents will be monitored by sampling methods to determine gross
alpha-beta ac:ivity, Gamma spectral analysis will be applied for identification of
isotope mixtures that require substantial dilution for disposal. Liquid effluents will
be released 11 hatches after storage for decay and dilution determinations. Reactor
coolant will be monitcred for radioactivity in the coolant or purification loops as a
supplemental indicator of water activity.

10.5.5 Range and Spectral Kesponse

The range and spectral response of the instrumentation provided will reliably
cover the kinds of radiation and the levels expected during normal operations and
will extend from those levels threugh radiation levels postulated for emergency con-
ditions. Full coverage of this projected range of radiation levels may not be present
in a single instrument, but will be present in a combination of instruments available.
[ANSI-15.11, 7.2)

10.5.6  Calibration

Instruments will be calibrated at least annually. Calibration will also be per-
formed if a response check or a function test indicates that the calibration has
changed. More frequent calibrations will be performed if the instrument is sub-
jected to extreme operating conditions, hard usage, or corrosive environment.
Recalibration will be performed following maintenance or significant adjustment
[ANSI-15.11, 7.3).
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106 ALARA PROGRAM

The objectives of the Arkansas Tech University ALARA (As Low As
Reasonably Achievable) program are to maintain exposures to radiation, and
releases of radioactive effluents at levels that are as low as reasonably achievable
within the established dose equivaient and effluent release recommendations of the
National Council on Radiation Protection and Measurements (NCRP), the Interna-
tional Comamission on Radiation Protection (ICRP), and Title 10 of the Code of
Federal Regulations, Part 20. These dose equivalents and release recommendations
are considered upper limits and are not considered acceptable if it is reasonable to
reduce these levels. Design features and operational methods will be utilized to
achieve the ALARA objectives at the reactor facility [ANSI-15.11, 8],

10.6.1  Eagility Design

Facility design objectives and features will be utilized to the extent applicable
for the control of radiation, contamination, and radioactive effluents. Design fea-
tur~s that will include consideration of the ALARA objectives include shielding;
materials of construction; radioactive material processing, storage, and disposal
facilities; radiation monitoring systems; and facility layout for personnel traffic and
equipment maintainability and accessibility [ANSI-15.11, 8.1.1].

The design objectives for contamination control include selec ‘on of features
and materials with radioactivity retention characteristics that minimize the spread of
contamination. These design features will include ventilation and filter systems,
confinements and containments to minimize the spread of contamination, and
materials of construction that minimize the spread of contamination and facilitate
decontamination [ANSI-15.11, 8.1.2].

The design features to controi radioactive effluents include building confine-
ment or containment integrity and exhaust system features for airborne effluents,
radioactive waste disposal facilities for liquid effluents, and radioactivity monitoring
systems for monitoring effluents and waste prior to disposal [ANSI-15.11, 8.1.3].

10.6.2 Eacility Operation

Facility operating methods and factors will be considered and implemented
to the exient applicable for the control of radiation exposures, contamination, and
radioactive effluents during routine and special operations. This includes planning,
operation, review, and audit to address the ALARA objectives [ANSI-15.11, 8.2].
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Planning during facility operation will consider the following:

Assessment of radiation, contamination, airborne radioactivity, and
mechanical difficulties which might be encountered in performing the
operation.

Consideration of radioactive decay times.

Assessment of the feasibility of reducing the existing radiation levels by
draining, flushing, or other decontamination methods, or by removing and
transporting the component to a lower radiation area.

Consideration of personnel ingress and egress to work areas.

Assessment of the response capability for coping with abnormal opera-
tional occurrences.

Providing portable or temporary shielding

Providing portable or temporary ventilation systems, or temporary
enclosures and covering, or both.

Providing for personnel preoperational briefing for those assigned to per-
form tasks in high radiation areas.

Performing "dry runs" or mock-up equipment to train personnel and iden-
tify problems that may be encountered in the actual situation, and to
select and qualify special tools and procedures.

Providing special communication systems.

Providing radiation monitoring instruments in adequate numbers to per-
mit accurate measurements and rapid evaluations of the radiation and
contamination levels encountered [ANSI-15.11, 8.2.1].

Supervision and surveillance during operations will be performed to assure

that appropriate procedures are followed and that planned precautions are ob-
served. Management will be promptly notified when dose limits are approached or
when unanticipated problems develop during the course of the work. Protective
equipment will be used properly and proper functioning of such equipment will be
checked [ANSI-15.11, 8.2.2].

Review and audit for ALARA objective conformance during facility opers-

tion will include:

Review of activities after completion to verify that planning was sufficient.
Review of occupational exposures at least quarterly by the Reactor Super-
visor.
Review of occupational exposures above established limits by manage-
ment.
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d. Periodic review and audit of the ALLARA program by the Reactor Safety
and Utilization Committee.

e. Periodic assessment by the Radiation Safety Committee and/or the Reac-
tor Safety and Utilization Committee, at least annually, of the effective-
ness of the radiation protection program in order to institute possible
changes and improvements to reduce overall exposures and releases.
[ANSI-15.11, 8.2.3]

10.7 RECORDS

Records on the radiation protection program will be maintained in accord-
ance with the records retention requirements of the technical specifications. The
records to be retained include:

a. Dose equivalent and bioassay data where applicable for all personnel who
have worked at the facility.

Radioactive material inventory, transfer, and disposal.
Radiation survey results,

Surface contamination survey results.

Airborne radioactivity survey results.

Radioactive effluent results.

Training program descriptions and attendance.
Environmental monitoring results.

i. Instrument calibration results.

J.  Records of review and evaluation of unusual radiological occurrences
[ANSI-15.11, 9.
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108 EMERGENCY PLAN AND RADIATION PROGRAM REVIEW

An Emergency Plan will be established, maintained, and implemented by the
Reactor Supervisor. The plan will exist as a separate document of the radiation
safety program. A review of the radiation safety program and emergency plan will
be integrally related. Some partial assessment of the radiation safety program will
occur each year such that a complete assessment occurs during a two year period.
The two year period also applies to the emergency plan.
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11. FIRE PROTECTION

110 INTRODUCTION

This section describes the criteria for Arkansas Tech University's fire protec-
tion of the reactor facility and for the reactor safety-related systems included in the
facility. This protection stresses preservation of the capability to achieve and main-
tain safe shutdown of the reactor, and includes consideration of both direct fire
hazards and indirect or consequential hazards [ANSI-15.17, 1.1].

The fire protection objective is to provide a reasonable assurance that safety-
related systems can perform their intended functions and that the defined loss
criteria are met. For the purpose of fire protection, loss criteria includes protection
of safety-related systems, prevention of radioactive releases, persunnel protection,
minimization of property damage, and maintenance of operation continuity. Three
components of fire protection to be applied at Arkansas Tech University are passive
fire protection, active fire protection, and fire prevention [ANSI-15.17, 3].

11.1  FIRE PROTECTION COMPONENTS

Each of the three components of fire protection will be applied to the design,
operation, and modification of the reactor facility and its components.

11.1.1 Passive Fire Protection Elements

Passive fire protection is achieved by limiting fire effects through inherently
fire safe design features such as isolation, separation, selection of materials, and
system design. Each of these features has the potential to provide intrinsic safety
and does not require automatic equipment operation or personnel response [ANSI-
15.17, 3). Passive fire protection features to be considered for the reactor facility
include:

a. Sepaation of safety-related systems from each other by barriers, open
space, or both.

b. Use of raised sills or curbs for the containment of flammable or combus-
tible liquid spills.
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Fragile walls for the release of overpressures.
Non-combustible or fire resistive construction materials,
Curbs and’or drains to control run-off of fire protection water,

Arrangement and protection of raceways, cable troughs or trays, and dis-
tribution frames utilized to carry redundant safety-related system control
and power wiring, so as 10 maintain the independence of redundant chian-
nels under fire conditions.

Selection of sealing materials, electrical insulation, structural finishes, ad-
hesives, or linings, so as to minimize fire hazards.

Ensuring that penetrations in fire barriers have fire resistant ratings com-
patible with the purpose of the barrier [ANSI-15.17, 5.1).

11.1.2  Active Fire Protection Elements

Active fire protection is achieved by limiting fire effects through the
provision of features such as fire suppression systems, fire detection systems, ventila-
tion control, and manual fire fighting operations, which require automatic equip-
ment operation or personnel response [ANSI-15.17, 3].

Active fire protection features to be considered for the reactor facility in-

clude:

o oo T

™~

h.

Thermal detectors.

Smoke detectors.

Automatic sprinkler protection.
Water deluge or spray protection.

Special hazard protection such as a carbon dioxide system or Halon sys-
tem.

Ventilation control.
Fire doors and/or dampers.

Inspection, testing, and maintenance activities necessary to ensure the
reliability of any of these selected features.

Manual fire fighting actions and systems such as fire pumps.

Pre-fire planning, fire brigade training, and fire department response
planning [ANSI-15.17, 5.2].
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11.1.3  Eire Prevention Elements

Fire prevention is achieved by enforcing administrative procedures for con-
trol of combustibles loading and control of ignition sources in order to minimize the
probability of fire occurrence [ANSI-15.17, 3].

The elements included under fire prevention are control of ignition sources
and control of combustible material quantities and location. This requires proce-
dures for the selection of construction materials and equipment and for storing and
handling of equipment and materials. Ignition sources such as cutting, welding, and
open-flame operations, electrical equipment, and smoking wiil be controlled by ad-
ministrative procedures [ANSI-15.17, 5.3].

112 FIRE PROTECTION CONTROLS

Management of the Arkansas Tech University reactor facility is committed to
fire protection and the controls necessary to ensure adequate fire protection. These
controls will consist of actions of equipment, actions of facility staff, and interactions
with trained fire protection organizations [ANSI-15.17,4.1).

11.2.1  Eacility Fire Protection QOrganization

The organization for fire protection consists of the organization shown in
Figure 8-1 for the operation of the reactor facility. The Facility Director, assisted by
the Reactor Supervisor, is responsible for the maintenance of fire protection equip-
ment and inspections for fire prevention. They are also responsible for identifica-
tion of safety-related systems in the facility that will be the focus of fire protection
measures. [ANSI-15.17,4.2 & 4.3]

11.2.2 Loss Criteria and Fire Protection Features

The loss criteria for decisions on fire protection at the reactor facility consists
of preventing any injury to personnel, minimizing radioactive releases to the en-
vironment, and preventing injury or exposure to the public [ANSI-15.17, 4.4].

Reactor facility personnel, particularly licensed operators, will be instructed
to continually observe conditions that might represent a risk to fire piotection. Ap-
propriate assessment of the risk will be provided by the Reactor Supervisor and will
include consultation with the Facility Director when appropriate [ANSI-15.17, 4.5].

Passive fire protection elements effectively protect the reactor core, fuel ele-
ments, and storage wells. Inherent design of the reactor bay and reactor tank struc-
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ture, construction materials, building layout, and fire barriers wil! all contribute to
fire protection. Instrumentation and control systems and radiation measuring sys-
tems are primarily protected by fire detection and alarm information. These sys-
tems are important to safety only for the initial shutdown and removal of personnel.
Protection of other equipment and the reactor bay boundary is accomplished in part
by building design, but primarily by detection and alarm systems [ANSI-15.17, 4.6).

11.2.3  Eacility Fire Protection Control

The Reactor Supervisor and the Reactor Safety and Utilization Committee
will consider the impact of major facility modifications and experiment programs on
facility fire protection. The Reactor Supervisor will recommend fire protection re-
quirements and provide for inspection and and test of fire protection components
[ANSI-15.17,4.7(a) & (b)].

Activities such as cutting, welding, open-flame work, and continuous opera-
tion of equipment will be examined on a case-by-case basis by the Reactor Super-
visor to control such activities [ANSI-15.17, 4.7(d)).

Laboratory staff will be instructed in fire response actions and notification of
response personnel. A program to familiarize response personnel with laboratory
equipment material hazards and physical layout is an element of the emergency plan
and will address fire protection needs as well [ANSI-15.17, 4.7(f)].

113 FIRE SAFETY ASSURANCE

Area inspections in the reactor facility will be conducted routinely (e.g., once
a month) by the Reactor Supervisor. These inspections will consist of visual reviews
of facility areas to detect the existence of potential fire situations [ANSI-15.17,
6.1(1)].

Evaluations of the fire protection program will be conducted annually by the
Reactor Supervisor and the Reactor Safety and Utilization Committee based on the
area inspection results, tests, or incidents occurring during the evaluation period.
Recommendations and corrective action, as necessary, will be factored into the
cverall fire protection program [ANSI-15.17, 6.1(2))].
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12. TRAINING AND CERTIFICATION OF OPERATORS

This section describes the program applied to qualification and requalifica-
tion of personnel that are to be cer..fied as operators by the NRC. This program is
based on guidance given in ANSI/ANS-15.4-1988, "Selection and Training of Per-
sonnel for Research Reactors".

12.1 TRAINING SUBJECTS

Training subject matter for a senior operator will include the following;

a. Principles of Reactor Facility Operation - Example topics include ther-
modynamics, heat transfer, fluid flow, basic reactor theory, and radiation
protection.

b. Facility Design and Operating Characteristics - Example topics include
safety systems, design features, and experiment and test facilities,

¢. Instrumentation and Control - Example topics include nuclear instru-
ments, process instruments, control systems, radiological instruments, and
experiment and test facility instrumentation and control.

d. Procedures and Technical Specifications - Example topics include nor-
mal, abnormal, and emergency procedures, and radiological control and
adminisirative controls.

e. Radioactive Materials Handling - Example topics include special nuclear
material and radioactive materials handling, disposal, and safe practices.

f. Regulations - Example topics include facility management controls, rules,
applicable regulations, and license conditions {ANSI-15.4,5.3].

Training subject matter for an operator will include items (a) through (d)
and other categeries and topics which are applicable to the facility and to the re-
quirements of the job {ANSI-15.4,5.4].

The training program for both the senior operator and the operator will take
into account the previous experience and training, and level of responsibility of the
candidate [ANSI-15.4,5.3 & 5.4).
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122 ON-THE JOB TRAINING

Each operator or senior operator will be required to perform ten reactor
startups or other significant reactivity manipulations of the reactor during the term
prior to a new license or renewal license request. Experience for a new license will
include sufficient additional operating 2xperience to provide the trainee with a
proficient skill and knowledge of the reactor operation for the type of license to be
requested. The experience requirement for license renewal of a senior operator will
allow directly supervised activities to substitute for direct performance [ANSI-
15.4,6.1(¢c)).

An annual review by each operator of abnormal and emergency procedures
will be required. Changes in design, procedures, and licenses or technical specifica-
tions will also be reviewed by each operator in a timely manner [ANSI-15.4,6.3].

123 EVALUATION AND RETRAINING

Knowledge of the operator or senior operator will be evaluated by an annual
examination over the material of that year’s training program. Competency of the
operator or senior operator will be evaluated by annual observations of the Reactor
Supervisor and/or the Facility Director. Oral questions to evaluate both knowledge
and competency will be utilized to supplement the evaluation [ANSI-15.4,6.2(5)).

A written examination will be administered to all operators or trainees
covering the subjects of the training program for that year. Each subject will be
graded on a 100 point basis with an average of 80% as the acceptance criteria. An
overall score of less than 60% on any of the subjects will require an immediate
evaluation of continued license duties by the Reactor Supervisor and/or the Facility
Director. Proficiency by retraining will be demonstrated within 4 months or license
duties will be suspended until proficiency is demonstrated. A score between 60%
and 80% will require retraining as necessary in the subject area and demonstration
of acceptable knowledge by oral or written exams prior to the candidate being recer-
tified. The person who writes, grades, and administers the exam will be a senior
operator who will be appointed for a ron-consecutive one year term. This person
will not be required to take the exam during that year [ANSI-15.4,6.2].

The Reactor Supervisor will periodically evaluate the performance and com-
petency of each licensed operator. The evaluation will include assessment of the
individuals review of design, procedures and license changes, a review of abnormal
and emergency procedures, manipulation of reactor controls, awareness of
laboratory conditions, and log or checklist entries. This evaluation will be per-
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formed at least annually or as required by operator inactivity of a period greater

than four months. Inactivity is considered absence from all activities of reactor
operation [ANSI-15.4,6.2 & 6.5].

124 RECORDS

The qualifications of licensed operators and senior operators will be ap-

propriately documented. The documentation will include:

b.

Education, experience, employment history, and medical/physical evalua-
tion,
Training programs completed.

Records of initial qualifying examinations and most recent written re-
qualification examinations, consisting of the candidate's answers and
examiner’s evaluation.

Records of oral and operational demonstration examinations.

Records of initial certification and most recent recertification, with dates
and approval signatures [ANSI-15.4,9.1].

Records retention of the qualification, training, retraining, examinations, and

. evaluations of each licensed individual will be maintained in accordance with the
technical specifications [ANSI- 15.4,9.2).
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13. STARTUP PROGRAM

130 INTRODUCTION

Startup and testing of the Arkansas Tech TRIGA facility shall be performed
by personnel of Arkansas Tech University with consultation of the reactor manufac-
turer, GA Technologies. Forty-eight TRIGA reactors are now in operation
throughout the world and of these thirty-one are pulsing. More than twenty reac-
tors, eleven in the U.S., have power levels of one inegawatt or more.

Training of university personnel associated with startup activities at the new
facility is expected to consist of the training and licensing of at least two Senior
operators by GA Technologies. One or more of the certified operators shall have a
bachelors or advanced degree in a field of engineering.

The startup program is to consist of five phases beginning with the storage of
nuclear fuel on site and ending with the reporting of observed reactor parameters
and acceptance of core operation. At each phase written procedures, check lists or
other documents shall be developed for activities or measurements that will have
significant importance to safety or operatior. Documentation shall include informa-
tion required by the various programs to be implemented at the facility such as
operator qualifications, radiological protection, fire protection and quality as-
surance, operating procedures, and other requirements of license authorizations.
The startup program is to be divided into the following phases:

Storage of fuel and acquisition of components,
Tests of systems before core loading,

Fuel loading and core criticality,

Tests subsequent to core criticality, and
Acceptance of core operation.

S aenoepe

13.1 STORAGE OF FUEL AND ACQUISITION OF COMPONENTS

Provisions for the storage of fuel and components for the reactor faciln; at
the completion of the facility construction shall require the limited implementation
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of administrative controls, Criticality specifications for fuel storage and transfer will
be written. A license authorization for the possession and storage of special nuclear
materials will be obtained and materials relocated to the facility, Storage of non-
radioactive components, storage of other reactor components and instrumentatior,
and assembly of facility systems will be performed in the initial startup phase.

132 TESTS OF SYSTEMS BEFORE CORE LOADING

Facility systems, auxiliary systems, and reactor system or physical parameters
shall be tested for the sppropriate operating conditions prior to fuel transfer into
the reactor core. Systems shall be tested according to designated specifications,
when applicable, and acceptable operation shall be established before core loading
proceeds. Facility systems to be tested will include security, fire, communication
and ventilation systems. Auxiliary systems to be tested will include radiation
monitoring, pool coolant, alarm, and interlock systems. Reactor systems to be
tested will include the instrument and control system (described in section 4) and
verification of physical specifications for assembly and operation of reactor com-
ponents. Some systems or components that do not meet specifications and are not
required for operation may be deferred for acceptance to a later startup program
phase. Fuel may be loaded into the reactor pool storage racks after all initial tests
have been completed.

133 CORE LOAD FOR INITIAL CRITICALITY

Continuous operation of coolant system, insertion of the neutron source, and
movement of fuel into the core will begin the core load startup program phase.
Certain verification of instrumentation and control system functions will be com-
pleted before initialization of an approach to critical experiment by standard
reciprocal source multiplication factor measurements. Core lcading shall be done
under direct supervision of a senior reactor operator. An inside to out, circular
loading of the core shall be followed. At least two independent instrument channels
will be used to obtain data. Integral rod worth values shall be estimated from the
core loading procedures prior to criticality. Configuration of the minimum critical
core and inventory of the fuel loading will be documented for future reference.

134 TESTS SUBSEQUENT TO CORE CRITICALITY

This phase will consist of determining major core parameters. Rod calibra-
tion curves shall be determined by positive period measurements before reactor
operation at power levels affected by the power coefficient. Any adjustments
needed in the core excess reactivity will be made during this phase. Next an inter-
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mediate and full thermal power calibration shall be made as well as an evaluation of
the fuel temperatures as measured by an instrumented fuel element. The operation
of the cooling system will be verified at power. A step reactivity insertion shall be
made to obtain peak power, fuel temperature, and energy release of pulse opera-
tion. Final core parameters, configuration, loading, rod worths, excess reactivity,
power calibration, and pulse data will be documented for future reference. Radia-
tion levels during operation shall be measured and documented. Any variation of
core parameters significantly different than predicted by calculations or experience
shall be satisfactorily explained during this startup program phase.

13.5 ACCEPTANCE FOR OPERATION

The final startup program phase shall consist of the resolution of all devia-
tions from specifications. Deviaticns should be resolved as specified for quality as-
surance or other methods determined to be acceptable. Three months after
completion of requisite initial startup and power-escalation testing of the reactor, or
nine months after initial criticality, a written report shall be submitted to licensing
authorities. The report shall include a summary of the following:

a. Description of measured values of operating conditions or characteristics
obtained and comparison of these values with design predictions or
specifications.

b. Description of major corrective actions taken to obtain satisfactory opera-
tion.

¢. Re-evaluation of safetv analysis where measured values indicate substan-
tial variance from those values used in the Safety Analysis Report.

Results of the startup program shall become a supplement, as Startup
Report, to this chapter of the Safety Analysis Report, and will represent the nominal
TRIGA reactor core for ATUTR.

136 STARTUP REPORT
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14. DECOMMISSIONING REPORT

140 INTRODUCTION

In accordance with 10CFRS0.33(k) and 10CFRS0.75, Arkansas Tech Univer-
sity (ATU) has prepared this decommissioning report containing a cost estimate for
decommissioning the reactor facility, a description of the method used to provide
funds for decommissioning, and a description of the means of adjusting the cost
estimate and assoc .ed funding level periodically over the life of the facility,

141  DECOMMISSIONING COST ESTIMATE

The ATU reactor facility is a Triga Mark 1 design. It will operate at a maxi-
mum steady state of 250 kW (thermal) and can pulse to 300 MW (thermal). Con-
struction is scheduled 1o begin in 1990,

Based on information from recent decommissioning activities associated with
Tiiga Mark 1 reactors, the cost in 1989 dollars is estimated to be $300,000 for
decommissioning a Triga Mark 1 reactor equivalent to the ATU reactor design. This
estimate is based on removal and disposal of contaminated materials and returning
the remaining portions of the facility to unrestricted use and access. The cost of
removing and disposal of the fuel is not included in this estimate since the Depart-
ment of Energy has accepted responsibility for that portion ef the decommission
COst.

142 FUNDING METHOD

The ATU reactor facility will be a state government owned and operated
complex. Financial responsibility for the facility rests with the government of the
State of Arkansas, Therefore, as provided for in 10CFRS0.75 (e)(2)(iv), the funding
for decommissioning will be obtained when necessary through authorizations from
the state government.
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143 COST ESTIMATE ADJUSTMENTS

Since the owners of research reactors maintain good communication with
each other through the National Organization of Test, Research and Training Reac-
tors (TRTR) and the Triga Users Group, ATU reactor facility personnel will con-
tinue to collect decommissioning cost data from other research reactor owners via
these users groups. Furthermore, ATU plans to utilize the experiences from recent
decommissioning efforts 10 establish design features that will accommodate easier
decommissioning for the ATU reactor. These design considerations, in combination
with industry experience gained from decommissioning activities in the future at
other research reactors, should allow ATU to minimize the actual cost of decommis-
sioning at the end of the facility's life.

144 RECORDS

ATU will maintain records of information important to the safe and effective
decommissioning of the facility. These records will be retained for the lifetime of
the facility as part of the administrative records required by the technical specifica-
tions. These records will include documentation of spills or other unusual occurren-
ces involving the spread of contamination (as part of the annual report), as-built
drawings, and modifications of structures and equipment in restricted areas where
contamination may occur, and the decommissioning funding plan.

14-2 8/83

SAR ATUTR .



