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This report is issued in support of a license amendment to License R-66
for the conversion of the University of Virginia's 2 MW reactor (UVAR) from
high enriched uranium (HEU) to low enriched uranium (LEU) fuel. The report
supersedes the original SAR for HEU cores and all its revisions and amendments
as well as the so-called "UVAR Design and Analysis Handbook", which was the
heretofore updated SAR., The present SAR may be referred to as the "LEU-SAR" to
distinguish it from the provious SAR.
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1.0 lntxeduction
The University of Virginia Reactor (UVAR) first went ints

operation in 1960 at a maximum licensed power level of one megawatt
under facility license No. R-66. The reactor core consisted of
MTR plate type high enriched uranium (HEU) fuel elements. In 1971
the authorized pover limit of the UVAR was increased to two
megawatts. The operating license for the UVAR was extended for 20
yesrs in September of 1982,

In 19689, high-enriched to low-enriched uranium fuel (LEV)
conversion studies were concluded by the University of Virginia
reactor staff. The NRC mandated conversion resulted in adoption of
a higher fuel loading, with the number of plates per standard
element increasing from 18 to 22, to maintain the operating
characterictics of the reactor. The present safety analysis report
is an updated version of the original HEU Safety Analysis Report,
and for differentiation is called the Lov Enriched Uranium (LEV)
Safety Analysis Report (SAR). This report was reviewed and
approved by the Reactor Safety ¢ wittee at the end of the summer
of 1989

The UVAR i{s operated by the Department of Nuclear Engineering
and Engineering Physics, which is part of the School of Engineering
and Applied Science of the University of Virginia. The reactor is
primarily utilized as . research and traiaing facility of nuclear
engineering students and for the generation of radioisotopes,

neutron activation analysis, neutron radiography, radiation damage
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studies and o.her research. The reactor and experimental facilities
are nade available to the entire uni ‘ersity as well as to outside
agencies under suitable contract arrangements. The facility is
also made available to students from other colleges and
universities in the state unde: & reactor sharing program sponsore
by the Department of Energy.

1.1 Summary of Previous Recumcniation

Documentation relevant to the UVAR and Facility License No. R-
66 is summarized chronologically below. Most of these docureits
are on file under Docket No. 50-62, Licunse No. R-66 in the
Livision of Reactor Licensing, Nuclear Regulatory Commission.

1) March 14, 1957, application to AEC for Class 104 license
and construction permit by Colgate W. Darden, Jr., President,
University of Virginia, and Lavience R. Quarles, Dean, School of
Engineering.

2) March 14, 1957, enclosed with the above application was
UVAR-3, "A Hazards Swmary of the Proposed Research and Training
Reactor,” by Lawrence R. Quarloes and Walter P. Walker.

3) June 7, 1957, Amendment to Hazards Summary submitted b)
Quarles and Walker.

4) Fali of 1957, Construction Permit No. CPPR-15 i{ssued,
signed by H.L. Price.

5) September 23, 1958, Application to AEC to convert
Construction Permit CPPR-15 to a class 104 license, signed by
Darden and Quarles.

B



6) Suvptember 23, 1958, enclosed with the above application
vas UVAR-8, "The University of Virginla Reactor, Description and
Operation,* by J.L. Meem.

7) May 25, 1959, Amendment No. 1 to UVAR-8 submitted by Meem
and Quarles.

8) December 4, 1959, Amendment No. ? to UVAR-8 submitted by
Moem and Quarles.

9) February 5, 1960, Amendment No. 3 to UVAR-8 by Meem and
Quarles.

10) June 24, 1960, Facility License No. R-66 issued and signed
by R.L. Kirk.

11) January 27, 1961, Amendment requested to License R-66 for
the use of boron stainless steel control rods signed by Muem and
Quarles.

12) April 13, 1961, Amendment vequested to License R-66 to
permit irradiation of rare earths and uranium isotopes, signed by
Meen and Quarles.

13, May 17, 1961, Submission of surplementary information on
the use of boron stainless steel control rods, signed by Meem and
Quarles.

14) Septemrer 1, 1261, Amendment No. 1 to Facility License R-
66 granted, authorizing the use of boron stainless steel control
rods and authoriz.ng the .rradiation of rare earths and uranium

isotopes, signed by Edson G. Cuse.
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15) Noveuber 21, 1961, Amendment requested t+ License R-66 to
utilize 4 concentretion reduction factor ef 5Cu For .cgon and noble
gases, signed by Quarles and Mecn,

16) February 22, 1962, (UVAR-14), Amendment requested to
License R-66 for the conduct of a broad irradiation program, signed
by Merm and Quarles.

17) April 26, 1962, Amendment No. 2 to Facility License R-66
granted, authorizing the use of a concentration factor of 500 for
argon and noble gases, signed by Robert H., Byran,

18) August 23, 1962, Amendment No. 3 to Facility License R-66
granted, authorizing the conduct of a oroad irradiation program,
signed by Robert H. Bryau.

19) December 17, 1962, Amendment requested to License R-65 to
reduce the frequency of inspection of the control rods, signed by
Meem and Kuhlthau,

20) January 15, 1963, Amendmen® requested to License R-66, for
the use of 250 grams of U-235 in a fission plate, signed by J.L.
Meem.

21) February 18, 1963, Supplementary information provided for
January 15, amendmen. for use of a fission place, signed by J.L.
Meem.

22) March 19, 1963, Amendment No. 4 to License R-66 granted to
reduce the frequen~y of inspection o. the control rods, signed by

~sbert H. Bryan.
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23) March 19, 1963, Amendment No 5 of Facility License R-66
granted, authorizing use of 275 grams of U-235 in a fission plate,
signed by Robert H. Bryan.

24) February 27, 1964, Amendment requested to License R-66 for
the use of 135 grams of U-235 in & second fission plate, signed by
Williamson and Meenm,

25) May 18, 1964, Amendment No. 6 to License R-66 granted
authorizing the use of 135 grams of U-235 in a second fission
plate, signed by Roger §, Boy1,

26) Submitted August 22, 1967, UVAR-17, Safety Analysis in
support of amendmer*® of License R-66 for two megawatt operation.

27) November 18, 1968, Change No. 1 to Licease R-66 granted
authorizing round grooves vs. square grooves in the safety shin
rods.

28) January 29, 1969, Change No. 2 to License R-66 granted
authorizing the replacement of the weather recording instruments
with a wind vane and an anemometer, signed by Donald J. Skovholt,

29) June 4, 1969, Amendment No. 7 to License R-66 which
authorized the increase of U-235 inventory limit from 6.9 kilograms
to 12.0 kilograns and increase in allocation of special nuclear
material from 6.9 kilograms to 12.C kilograms U-235, signed by
Donald J. Skovhelt.

30) August 4, 1971, Amendment No. 8 to License R-66 to allow
storage of 70,000 curies of Cobalt-60 in reactor pool, signed by

Donala J. Skovholt,
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31) November 4, 1971, Amendment No. ¥ to License R-£6 to allow
operation at 2 MW and incorporate Technical Specifications into the
licerse and to receive, possess, and use up 20 7.9 kilograms of
contained uranium-25 for use in connection with the operation of
the reactor and receive, possess, and stoie up to 6.1 kilograms of
cottained uranium-235 not for use in connection with operatin, of
the reactoi, signed by Donald J. Skovholt.

32) February 6, 1975, Amendment No. 10 to License R-66 to
receive, p .ssess and use up .o 14.0 kilograms of contained uranium-
235 and 16 grams of plutonium in a Pu-Be source for use in
connection with operation of the reactor. Also change No. 1 to the
Technical Specification 5.1 describing the fuel elements used in
the reactor, signed by Karl R. Goller.

33) May 17, 1976, Amendment No. 11 to License R-66, Chang. in
Technical Specification 3.7 to clarify the uce of fueled
experiments in the reactor facility, signed by George Lear.

34) December 19, 1978, Amendment No. 12 to License R-66 to
change the requirement of visual inspection ol control rods as
stated in Technical Specification 4.1.C, signed by Morton B.
Fairtile for Robert W. Reid.

35) December 22, 1978. Amendment No. 13 %o License a-€6 to
allow the receipt, possession, and use of 1.0 grams of Neptunium-
237 in connection with the operation of the reactor. Also a change
in Technical Specification 3.5 regarding the exit manhole hatch

cover, signed by Morton B. Fairtile for Robert W. Reid.
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36) Augist 25, 1761, Amendment No. 14 to License R-66 adding
the Physicel Security Plan to the License, signed by James P
Killer,

37) September 30, 1982, Amendment No. 15 to License R-66
reneving the operating license for 20 yeair:, signed by Ceci) 0.
Thomas .

38) February 25, 1986, Final Ruie on Convarsion to LEU fuel
given in 10CFR50 .64, effective March 27, 1786,

39) April 25, 1988, Amendment No.l6 to License R-66 to clarify
the possession, storage and use in the UVAR pool of up to 70,000
Curies of Cobalt-60 in the form of doubly encapsuled rod sources,
signed by Lester §. Rubenstein,

40) December 16, 1988, Amendment No. 17 to License R-66 to
change the Technical Speclficat16r~ for mi' ‘mum shutdown margin so
that it i{s pcovided by shim rods only instead of controi rods,
signed by Charles L. Miller.

1) July 20, 1989, Amendment No. 18 to License R-66  change
the Technical Specifications changing the organizational structure
to allow the Health Physicist to report to the Department of Nuclear

Engineering.
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2.0 GENERAL DESCRIPTION OF THE FACILITY

.1 Reardor Site
The UVA reactor (UVAR) is located approximately 2000 feet west of

the of Charlottesville, in Albemarle County, Virginia, [latitude 38°
2'30" N, longitude 78°, 31' W) and at an elevation of 700 feet. The
Reactor Facility housing the reactor is next to an abandoned reservoir
(pond), 200 feet up the ridge that runs between Mt, Jefferson and Lewis
Mountain. The pond has & watcrshed area of 10° square feet. The reactor
building is approximately 50 teet above the water ievel of the pond.

North, east, and south of the site, no cleoser than 2000 feet, are
city residential districts, and 3/4 mile west over the ridge are suburban
developments. The downtown business distiict of Charlottesville is two
miles e.ay.

Figures 2-1 (1967) and 2.2 (1964) are aerial photographs of the
reactor site. Additional construction near the Reactor Facility accurred
between 1964 to 1967, as seen in Fig. 2-1, taken in March 1967,
Comparison should be made with Fig. 2-2 taken in 1964, on which rewer
construction is marked with an asterisk (*). The nearby buildings are:
Radio Astronomy Laboratory (RALY), a group of dormicories (Dorm#), and
the 5.5 MeV Van de Graaf (VdGe). The Buildings and Grounds divisions
complex (B-C) (now called Physical Plant), the City Water Filtration
Plant (Filt), the Obssrvatory {Obs), and the buildings of the former
Research Laboratory for Engineering Sciences (RLES), now Aerospace
Research Laboratory (ARL), wer~ all in existince prior to constructiern of

the reactor. An .dditior o the reactor building was completed in 1970,
2-1



FIGURE 2-1, AERIAL VIEW OF REACTOR SITE AND
IMMEDIATE VICINITY (1967)
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FIGURE 2-2, AERIAL VIEW OF REACTOR SITE AND
IMMEDIATE VICINITY (1964)



The Van de Graaf building is approximately 125 meters to the

southeast of the reactor facility and the Radio Astronomy lLaboratory is
about 250 meters to the norcheast of the reactor. These builldings are
occupied by technical people able to understand and respond to & reactor
emergency. Farther away to the east, the student dormitories are at a
nearest distance of about 325 meters. A copy of the Reactor Emergency
Actions List is posted at the nearby Office of Environmental Health and
Safety (EH&S). The University police force is prepared to evacuate any
of these areas if necessary.

By virtue of its position in the draw, the reactor has & natural
terrain shield for approximately 270 degrees of its circumference, with
the elevation of the hi - vily wooded slopes ranging from 215 seters at the
lowest points to 265 meters at the poirt of highest elevation.

Therefore, the UVAR is exposed for only a 90 degree sector from the
northeast clockwise to the southeast, as rhown in Fig. 2-3. In the
easterly direction, the elevation drops rapidly, so that approximately
1200 meters from the reactor, the elevation if 150 meters.

As shown in Fig. 2-4, residential areas sre found to the north, east
and south, with major business districts to the northeast and east at
approximately 2500 meters and 3500 meters respectively. The population
of the city of Charlottesville is estimated at about 50,000,
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Plgure 2-3 Contour Map of Site With Exclusion Pence
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FIGURE 2-4 POPULATION DENSITY DISTRIBUTJION (1968)
(Each Dot = 10 Fersons)
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The Reactor Facility has an exclusion fence as shown in Fig. 2.3,
This fence is approximately 70 meters from the reactor buillding in the
terrain "unshielded" direction. Within a 600 meter radius of the UVAR
there sre very few buildings and all of these, with the exception of
approximately a dozen privately owned homes just inside this radius, are
operated elther by the University, City of Charlottesville or State of
Virginia.

2.2 Reacter Bullding

The Reactor Facility building, shown in Fig. 2.5, consists of the
main reactor room, radiation laboratory, supporting laboratories, hot
cell and office space. Figures 2-6, 2.7, and 2-8 shovw floor plans for
the three levels. The construction is of conventional masonry, with the
exception of the main reactor reom. This portion of the builaing is
eylindrical in shape to increase its ability to withstand internal
pressive, The walls are of reinforced masonry, plastered on the inside
for gas tightness, while the roof is a concrete slab. This portion of
the scructure is windowless and the doors are gasketed. The reactor bay
ventilation is described in Section 4.9,

2.3 New Construction

Construction of an addition to the Reactor Facility was completed in
1970. The new addition provides more office space, classroom, machine
shop, electronics shop, low background counting room, health physics and

student laboratories.
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Figure 2-5 University of Virginia Research and Training Reactor Facility.



FIG. 26 F1IRST FLOOR PLAN
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2.4 Hind Direction and Velocity

During the first few years of University of Virginia Reactor
operation, records of w'nd velocity and direction at the reactor site
vere maintained. Tables 2.1 and 2.2 represent the equivalent of one
year's data, from 21 June 1961 to 21 June 1962, For that year, winds from
the Northeast to Northwest quadrant are
drminsn® with a strong contribution from the West. The summer seaso s

a high percentage of calms with principal winds from the Southeas: to the

Southwest quadrants. Therefore, gaseous effluent discharged or fission

products released into the atmosphere would, with greatest probability,

be transported in the direction of highest population density, except in

the summer season where the reverse would be true,.

2.5 Hydrology

As mentioned elsewhere (Secticc: 2.1 and 4.8) of this report, liquid
effluents from the reactor building may discharged, upon dilution with
water from the adjacent pond to concentrations below MPJ, to Meadowbrook
Creek which flows into the Rivanna River. Releases are made in
accordun~e with the restrictions set forth in 10 CFR Part 20,

Due to its location on the side of a draw between Mt. Jefferson and

Lewis Mountain, the reactor is not subject to flood conditions.




TABLE 2.1

RELATIVE FREQUEKNCY OF EOURLY WIKD SPEEDS
IN PER CENT BY SEASON

Wind Speed
Type = _mph _Summer ~ Fall ~ Wimter ~ Spring  _Year
Cd.l 0'1 '03-5 900 305 20'7 18.7
u‘ht 1-3 1503 2-0 lob aol 6.5
Moderate 11-21 11.6 33.3 61.8 37.9 36.3
Strong 2l-up 1.6 Ls.0 19.0 1.6 18.6
Total 100.0 100.0 100.0 100.0 100.0
Avg. Speed (mph) k.26 15.0 13.1 .71 10.36"

.
The average vind speed of 10.36 mph is equivalent to L.63 m/sec.

TAELE 2.2

RELATIVE FREQUENCY OF HLOURLY WIND DIRECTIONE
IN PER CEXT BY SEASON

Direction Summer Fall Winter Spring Year
North 5.6 2T.k 30.3 8.k 1: .9
Northeast T4 10.2 23.3 2L.5 1€ 8
East 5.7 0.0 2.6 0.0 2.6
Southeast 7.8 2.k 8.0 2.6 6.1
South 10.6 3.8 3.0 10.2 7.8
Southws st 8.5 10.3 L.6 5.0 7.7
West 3.8 15.9 12.5 9.2 10.0
Northwes. 7.1 10.9 7.5 10.4 1.4
Calms L3.5 9.1 3.5 20.7 18.7

Total 100.0 100.0 100.0 100.0 100.0




2.6 Sedsmology

The Central Appalachian region is characterized by a moderate amount
of low level earthquake activity. Because of the low seismic energy
release, this region has received very little attention from earthquake
seismologists. A study by Dr. G.A. Bollinger of Virginia Polytechnic
Institute covering the period of 1758 through 1968, indicates & history
of 9 earth tremors in the city of Charlottesville and Albemarle County
during that period.

The tremors felt in this area and their intensity on the modified

Mercalli Scale, when of sufficient magnitude for assignment, are listed

below:
Intensity

Rate at _Epicentex
August 27, 1933 Vi
April 29, 1852 V1
September 1, 1886 V-Vl
December 26, 1929 'A
April, 1936 Not Available
February 2, 1937 I11-1IV
May 24, 1946 Not Availeble

March 26, 1948
September 10, 1952
May 31, 1966
November 19, 1969

Not Available
v

Not Available

Not Determined

Considering the low level of earthquake activity and intensity in
this area and the reinforced construction of the pool, earthqueke

activity is not considered to present a danger to the facility.



3.0 REACTOR COMPONENTS AND CONTROL
3.1 Reactor Assembly

The reactor assembly is comprised of fuel elements, control rod
fuel elements, control rods and graphite reflector elements; all of which
sit in the reactor gridplate near the bottom of the reactor pool. The
reactor gridplate is supported by an aluminum framework from a movable
bridge. The bridge can be rolled back and forth across the pool iu the
north-south direction and is designed such that the minimum distance
between the core and the pool wall is about & feet. This distance is
sufficient to prevent significant activation ~f the concrete walls. The
bottom of the core is about 4.5 feet above the pool floor and the top of
the active core is about 2 feet below the pool surface (see Figure 3-1).
The heat capacity of the pool is sufficient for steady-state operation at
200 kW with natural convection cooling; but for higher power operation, a
forced convection system is -equired. The forced convection cooling
system, described in Section 4.3, uses downflow in order to minimize
nitrogen-16 activity in the veactor room.

The reactor gridplate, shown in Figure 3-2, is made of aluminum and
contains an eight by eight array of holes used for positioning reactor
components ., Eaczh positioning hole is approximately 2 1/2 inch ‘a
diameter. The center-to-center spacings are 3.2 inch in the East-West
direction, and 2.0 inch in the North-South direction. Small holes (not
shown ir Figure 3-2) are interspaced between the positioning holes to
provide cooling flow between reactor components.

Reactor components include: 1) fuel elements, 2) graphite elements,
3) gridplate plugs and 4) in-core experiments.
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3.2 PEwel Elcuents

Thr:e types of fuel elements &re used in the UVAR: 1) standard fuel

e¢elements, 2) partial fuel elements and 3) control rod fuel elements.
Each type of fuel element uses generic fuel plates (described in Section
3.3) and has similar outer cross sectional dimensi. s of about 3 inch by
3 inch. The standard and partial elements are about 34 inches in height
and the control rcd element is about 38 inches in height. The bottom of
each element consists of a cylindrical tapered nozzle which fits snugly
into the gridplate positioning holes.

The standard low-enriched uranium fuel element, shown in Figures 3-3
and 3-4, contains 22 fuel plates. The initial loading of a standard fuel
element is 275 grams of uranium-235. The water gap between fuel plates
is 0.092 inch. The metal to water ratio of the active standard fuel
elenent is 0.76.

Partial fuel elements havzs the same dimensions as standard fuel
elements but contain only half the amount of fue.. Partial elements are
loaded into the core when relatively small changes in reactivity are
desired. The partial element has 2_ plates, of which 11 are fuel r'ates
and 11 are aluminum "dummy" plates, with fuel and dummy plates
slternating. Dummy plates have the same outer dimensions as fuel plates.
The partial fuel element initially contains 138 grams of uraniur-233,

Control rod elements, shown in Figures 3-5 and 3-6, have dimensions
similar to standard fuel elements and use .he same water gap between fuel
plates. Th- control rod element contains 11 fuel plates (138 grams of
ur ... .~ ' and has an open center (referred to as the rLater hole) where

ve travels. Two guide plates on either side of the water
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View Of Staudard and Partiicl LEU Fuel Element
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hole assure that the controi rod will not contact or damage the fu:l
plates. The metal-to-water ratio of the control rod element is 0.52.

Detailed dimensions of UVAR LEU fuel elements are available in
References [1] through [4].

3.3 Fusl Plates

The fuel platec are {lat and each initially coutains 12.5 grams of
uranium-235. The plates contain low-enriched uranium (LEU) fuel meat
clad in aluminum. The fuel plate is 0.05 inch thick, 2.80 inch wide, and
24.6 inch long. Detailed fuel plate dimensions are provided in Reference
[5].

The fuel meat is composed of uranium-silicide (U3Sip) dispersed in
an aluminum matrix. The uranium is 19 75 percent enriched in uranium-
235. The fuei meat is 0.M2 inch thick, 2.40 inch wide, and 23.3 inch
long.

The aluminum clad is 0.015 inch thick and surrounds the fuel meat.
3.4 (ontrol Rods and Drives

The rea-tor has four control rocs. [nree ot these, designated as
Shim rods (or Safety rods) are designed v «:s88 control and safety.
Shim rods are magnetically coupled to th ir drive mechanisms and drop
into the core by giavity on a scram signal. The fourrh rod is a
regulating rod which is fixed to its drive mechanism and is therefore
non-scramable. The regulating rod is primurily used to compensate for
small changes in react!vity associated with normal operations. LEU cores
uce the same cuntrol rods and drive mechanisms used previously in the HEU
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cores. Detailed centrol ro? and drive specifications ave presented in
Relerences (6] through (8],

The reactivity worth of the shim rods in MEU cores have typics’ly
varied between about $3 and $5, depending on factors such as
core/reflector configuration, rod position in the core, core burn-up.
etc. Analyses presented in Reference [9] shov that the shim rod worths
for the LEU core are not significantly different from shim rod worths in
HEU core. Therefore, the shin rods should provide adequate control for
safe operaction.

The reactivity worth of the regulating rod in HEU cores has
typically varied between $0.3 and $0.5. The analysis provide’ in
Reference [9] <‘iows that the reactivity worth of the regulating rod in
the LEU cores is similar to its worta in HEU cores. Thercfore, the
regulating rod is expected to acequately perform its function of
compensating for small reactivity chsages in LEU cores.

All of the rods are of the bayonet type, fiiting into the control
rod fuel element water hole. The control roc¢, rod drive, #nd extension
assembly is bolted to th: top of the control rod fuel element, thus
creating a siugle rod unit. A rod unit may be located in any core
position by locating the contro! element nozzle into rhe desired
gridplate position.

Ths absorbing section of the shim rods is boron-stainless steel,
clad in aluminum. The stainless st2el is alloyed with about 1.5% boron
by volume. Each absorbing section is 24-13/16-inches long and has an
oval cross section »f 2-1/4 x 7/B-inchec with semi-circular ends. Four
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groves are cut in each side of an absorbing section to increase the
surface area.

The shim rods are suspended magretically frcaw the drive mecaanism.
The drive is provided by a 115 volt, 60 cycle, split phaze synchronous
motor. The motor, lead screw-drive, and position indicating equipment
are contained in a cylindrical tube extending from the top of the core to
sbove the vater level where it is supported frow the bridge. A scrum
signal will de-energize the magnet holding the absorber section, allowing
it to drop freely until ‘t is hydraulically damped and stopped, fully in
the core. The supporting magret must be riven down to contact the
bottom sbsorber section before the conitiol rod can be raised after a
scram. The shim rods are driven at about 3.7 inches per minute in both
directions.

The regulating rod has the same overall dimeusions ss the safety
rod, except there are no grooves in the regulating rod. The regulating
rod is made of stainless steel ard is clad in aluminum. The regulating
rod is permanently fixed to itc drive mechanisrw and doos not d-op on a
scram signal. It is driven by a 115 velt, 60 cycle two phase control
motor which, along with the lead screw and position indicating equipment,
is contained in a cylindrical tube similar to that employed for the
safety shir rods. 'The regulating rod is connected to the automatic
certrol svstem of the -eactor described ir Section 3,12. The regulating
rod travels at a speed of approvimately 24 in/min in both directions.

Each shim rod is removed from the reactor and visually inspected on
an annual basis. The i{nspection includes checking for cracks and
swelling.
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Rod drop times are measured semi-annually and whenever a safety rod
is maintained cvr repositioned in the core. The maximum allowable time
from scram initiation to full inseition is less than one second.

3.5 Reactor Reflertors

The primary reflectors used in the UVAR are graphite elements and
poo' water, Experiments located near the core may also behave as
refleccors.

Graphite elements have .he same approximate outer dimensions as the
fuel elements and consist of a solid graphite core surrounded by
aluminum. Graphite elements are significantly better reflectors than pool
watel,

Gridplugs are used to prevent water flow through empty gridplate
locations. A gridplug is a short metal cylinder approximately 3 inches
i . diameter, mounted on a tepered nozzie. When inserted in the
gridplace, the plug extends no more than = few incones above the gridplate
effectively pnroviding pool water reflector at that gridplate location.

Other types ~f reflector: include itams cuch as experiments or
experimental facilities, located in clcse proximity to the core.

3.6 (ore loadings

A wide variety of c.itical loadings are possible with the UVAR
reacto”. Core loadings sure limited by Technical Specification
restrictions on shutdown margin (0.50$) and excese reactivity (7.00%)
The minimum critical loading is « graphite reflected four-by-four array
of elements, including 12 standard fu:l elemeits and 4 control! rod

elements. This lcading has a mass of 3850 grams of uranium-235.
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Excess reactivity and shutdown margin are functions of items such as
the amount of fuwl in the core, fuel and reflector configuration, control
rod locations, fue! burn-up, etc. The core configuration of the UVAR is
frequently changed to enhanc: characieristics of experimental facilities,
perform new experimeris, or compensate for fuel bur up. Shutdown 1.argin
and excess reactivity ace experimentally determined after each core
configuration change. Additionally, shutdown-margin and exces:
reactivity are periodically reevaluated to account reactivity changes
essociated with fuel burn-up.

Initial loading of a new core is performed carefully. Sub-critical
multiplication data is collected with the addition of each fuel element.
Analysis of this data allows a fairly accurate prediction of when initial
criticality will be achieved. Final fu.l addit.ons are made in half-
element increments until a desired core is achieved. Operation of the
new core is limited to 1 kilowatt for the purpose of obtaining
experimental data to calibrate the control rods. The shutdown margin and
excess reactivity are determined from the rod calibration data and a
determination of acceptability or these parameters must b« made prior to
operating the new core in excess of 1 kilowatt.

Anaiyses presented in Reference (9] show that the reactivity of
unburned LEU and HEU fuelea cores are similar. The loading of LEU cores
is expected to result in core reactivity parameters similar to those
verified through past experience with the HEU crres.

1t should be noted that .”'! 22 plate/element fuel is expected to
have a somewhat longer ccre life than 18 plate/element HEU fuel. This
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should result in fewer core modifications to accomodate fuel burn-up,

which 1s beneficial with regards to experimwents and fuel costs.

3.7 Puel Storsge Facilities

UVAR Technical Specifications require all fuel elements not in the

reactor core to be stored in a geometric array such that the k-effective

.8 less than 0.9, Existing fuel storage facilities at the UVAR Reactor

Facility have been evalusted for compliance with ‘he Technical

Specification reactivity requirement, with cegard to LEU 22 plate/element

fuel.

The current fuel storage facilities ure described below:

1) Fuel Storage Room - The Fuel Storage Room is located in the
CAVALIER Room and consists of au aluminum rack with a
cectangular array of square holes in which fuel elements may be
stored. The center-to-center distance of the holes is 12
inches in both directions. The Fuel Storage Room is dry and is
located above ground. The Fuel Storage Room is primarily used
for the storage of unburned fuel elements. Elements in the
Fuel Storage Room are secured with chains bolted across the
rack openings.
2) Auriliary Fuel Storage Rack - The Auxiliary Fuel Storage
Rack (AFSR) is normally stored at the pool bottom, The AFSR
contains two linear arrays of fuel storage positions. The two
linear arrays are separcted by a distance of two feet. Each
linsar array consist of twelve fuel storage locatious,

separated by a center-to-center distance of 6 inches. Elements
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in the AFSR are mechanically held in place by the rack lids
which may be bolted shut,

3) Four Element Racks"Lurar Landers” - There are currently 3
Lunar Landers. Lunar landers loaded with burned fuel are stored
at the pool bottom. The Lunar landers each hald up to 4
elerments in a square cunfiguration with the elements being
loceted at the corners of the square. The center-to-center
discance between elements ir the x-y direction varies from 7 to
8 inches. Elements are secured by bolting an aluminum top onto
the lander.

4) Vall Rack - The Wall Rack is used for temporary underwater
itorage of fuel elements. It consists of a linear array of 12
fuel sto.age locations. Each fuel s:orage iocation is
separated by a center-to-center distance of 3.5 inches.

An analvsis applicable to the Fuel Storage Roum, Auxiliary Fuel
Storage Rack, and Lunar Landers has been performed using two dimensional
diffusion theory computer modeling. A unit LEU fuel cell surr_unded bj
water was modeled in x-y geometry. Flat flux boundary conditions were
used to simulate an infinite array. The k-effective of a water moderated
fufinite array of fuel was determined to be 0.8 10or a center-to-center
distance of 5.5 inches. This analysis is conservative in that 1) it
neglects leakage from the boundaries of a storage facility and 2, the
value of k-effective = 0.8 associated with the 5.5 inch spacing is
significantly lower thau the recuired value of 0.9. Based on this
information, LEU-22 fuel storwge facilities with an x-y storage array
with center-to-center spacings in excess of 5.5 inches meet the Technical

Specification reactivity requirement.
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An analysis applicable to the Wall Rack (and to the Auxiliary Fuel

Storize Rack) was performed for an infinite linsar array of water
moderated (and reflected) LEU fuel elements positioned side-by-side,
(i.e. no separation between elements). The k-cffective for this array is
0.74, which also meets the Technical Specification criteria.

In summary, modeling resuits show that all of the axisting fuel
storage facilities meet the Technical Specification reactivity criteria

wvhen loaded with LEU-22 plate/e.ement fuel.
3.8 Reactor Dats

For ease in reference, pertinen. data for the UVAR reactor are
presented in Table 3.1. Information detailing the UVAR LEU-22 fuel

elements, fuel plates, anu fuel meat is provided in Reference [10].
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Table 3.1 Reactor Data for LEU Cores
I. Typical “ by -4 and &4-by-5 Core Parameters

Parapeter

1. Core Dimensions
a) Active height
b) Width
¢) Length
d) Volume

2 Numbe. of Elements
&) Standard
b) Con*trol
3. Hass "J-23°%

4. Metal-to-Water Ratio
(by volume)

II. Fuel Element Parameters

Rarapmeter
1. Outer Dimensions
a) Height
b) Width
¢  Length
2. Water Gap

3, Standard Element

- Number of Fuel Plates

- Number of Side Plates

« U-235 Content

- Metal-co-Water Ratio
(by volume)

Control Element

« Number of Fuel Plates
- Number of Siade Plates
« Number of Guide Plates
- U-235 Content

- Metal-to-Water Ratio

. Partial Element
- Number of Fuel Plates
- Jdumber of Side Plates
- Number of "Dummy" Plat
- U-235 Content
- Metal-to-Water Ratio

3

4-by-4 Core

Configuration

23.3 inch
12.6 fuch
12,0 juwh

%,520 inch3

12
4

3.85 kg

0.70

-17

4-by-5 Core
Configuration
23.3 inch
12.6 inch
15.0 inch
4,400 inch3
16
4
4.95 kg
0.74
Value
34.4 inch
3.14
3.00
0.092 inch
2
2
12.5 gram
0.76
11
2
2
6.25 gram
0.52
11
2
11
6.25 gram
0.76



II1. Fuel Plate Parameters
1. Overall Dimensions
a) Length 24.6 inch
b) Vidth 2.80 inch
¢) Thickness 0.050 inch
2. Fuel Meat
a) Type U3Sip in Al matrix
b) Uranium Enrichment 9.8% U-235
¢) U-235 Content 12.5 gram
d) Length 23.3 inch
e) Width 2.40 inch
f) Thickness 0.020 inch
3. Clad Thickness 0.015 inch
IV. Side Plate Parameters
Length
a) Standard 28.5 inch
b) Control 30.9 inch
width 3.14 inch
Thickness 0.188 inch
Composition Aluminum
V. Guide Plate Parameters
Length 27.6 inch
Width 2.80 inch
Thickness 0.125 inch
Composition Aluminum
VI. Control Rod Parameters
1. Safety (Shim) Rods

Absorber Material Bacon-Stainl

ess Steel 1.5% Boron

Clad Aluminrum
a) Dimensions, Overall
width (Approx.) 1 inch
Depth (Approx.) 2.38 inch
Length (Approx.) 27.5 inch
Travel (Approx.) 24 inch
Weight (Dropping Section) 5.5 inch

Drive - Electric motor, 115 V 60 cycle, split phase.
3600 rpm at 60 cps. From top Ly lead screw.
Drive Speed 2.764 in/min
Release - Magnetic; after release, mechanism must be driven
down to re-engage absorber
Typical reactivity, fully inserted
Typical reactivity per inch
Typical rate reactivity increase
in up travel (per second)
Excess reactivity controllable
with all rods, typically
3-18

b)

c)
d)

$§ 3to8 S
$ 0.1 to §$ 0.3
$ 0.01 to § 0.02

e)
f)

g)

h)
$ 9 to $15
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2. Regulating Rod

1.

5

Abscrber Material
Dimensions

Travel

Release

Typical Reactivity

Tully inserted

Typical Reactivity per in.
Typical rate of Reactivity
increase in up travel (per
second)

Stainless Steel

Same as Shim Safety (No grooves)
24 in.

None - does not drop on scram

$ 0.3 to §$0.5
$ 0.02

$ 0.01

VII. Feedback Coefficients (Reference (9))

Doppler Coeff ($/°C)
Void Coaff ($/% vold)
a) Uniform void (1 to 10% void)
b) Local void (1 to 14% void)
Moderator Coeff ($/°C)
VIII.

Prompt Neutron Lifetime

Effective Delayved Neutron
Fractions
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1.5 x 10°3

Kinetics Parameters (Reference [9))

53 to 67 microsecs

0.0074



3.9 Reactor Kinetics

An anrlysis deterrining important kinetics parameters (i.e. prompt
neutron lifetimes and delayed neutron fractions) for the LEU fueled UVAR
core is presented in Reference [9). This analysis provided a comparison
of kinetics parameters associated with LEU and HEU fueled UVAR cores.
Results of that analysis are discussed below,

Prompt neutron lifetimes deternined for both LEU and HEU fueled
UVAR cores are presented in Table 3.2. Both graphite and water refiected

cores were evaluated.

Table 3.2. Prompt Neutron Lifetimes For LEU and HEU Fueled
UVAR Cores (Reference [9])

Prompt Neutron Liletime (usecs)

Core Description LEV HEU-18
1. Graphite Reflector 67 79
2. Water Reflector 53 64

Information presented in Table 3 2 shows that the prompt neutron
lifetime of the ".EU core is about 15 t lower than that of the HEU core.
This is as expected because of the significantly higher uranium-238
loading associated with the LEU fuel. Because the prompt effect is
relatively small in the normal operations of tlie UVAR reactor, this
difference is not expected to produce a noticeable change in the UVAR
response to reactivity changes.

The effective d:layed neutron fractions determined for both the LEU
and HEL fueled cores were found to be essentially the same, at a value of

about 0.0074,
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Based on the information provided above, UVAR LEU cores one expected
to behave essentially the same as past HEU cores, with regard to reactor
kinetics.

3.10 Fission Product Inventory

Reference [11) states that the total inventory of fission products
for LEU cores will not be significantly different from that associated
with HEU cores. Additionally, because there are 22 plates in each LEU
elerent as opposed tc 18 plates in the HEU elements, the inventory per
plate will be less in the LEU cores for the same operating histories.
3.11 Nuclear Instrumentation

3.11.1 General Description

The UVAR nuclear instrumentation consists of those components
necessary to monitor and d'‘splay the operating parameters over all ranges
of operation, from start-up to full power, and vo automatically terminate
operation before any limiting safety system secting is reached. The
overall system is shown in Figure 3-7.

The Source Range contains the circuitry necessary to monitor reactor
power level and period from shutdown through six decades of power level
increase. The circuit utilizes a fission chamber as a neutron detectiug
device. The fission chamber is movable by use of a switch on the
console. It is moved out of the core after start-up in order to minimize
the burn-up of U-235 and buildup of fission products in the chamber while
operating at high power levels. Both power level and period measurement
are displayed on reactor console meters and the power level is repeated
on a chart. The Source Range instrumentation also prevents rod

withdrawal unle#s minimum source counts are present.
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NUCLEAR INSTRUMENTATION SY
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The Intermediate Range instrumentation receives its input from a

compensated ion chamber and provides indication of power level and period
over seven decades. Both power level and period measurement are
displayed on the reactor console and power level indication is repeated
on & chart. This instrument provides protection against a too rapid
Figure 3 7. Nuclear Instrumentation period by scramming the reactor if
the period is too short.

The Power Range instrumentation contains two completely independent
power range channels, each of which indicate reactor power over a range
of 0 to 150 percent. Each channel is supplied with an input signal from
an independent uncompensated ion chamber. The output from these channels
are displayed by separate meters on the reactor console. Each of these
channels provides independent scram protection from high reactor power.
There is a range switch to select full power indication of 2MW when in
forced cooling or 200 kW when in natural convection.

Indication of reactor power is also provided by a linear power
instrument over 9 decades of reactor power through a range selector
switch., This instrument receives its input from a compensated ion
chamber and its output is displayed by a meter and a chart on the reactor
console. The linear power channel recorder indication also serves as the
sensing element for the automatic control system (see Section 3.12) which
operates the regulating rod to maintain a set power level.

In addition to the above instrumentation, the following indications
are provided for comparative observations of reactor power.

An ionization chamber, located on the ground floor in the heat

exchanger room (adjacent to the primary piping), is used to detect gamma
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radiation from the decay of nitrogen-16. The signal from this detector
is a function of reactor power and is Aisplayed on a meter and a vhart at
the reactor console.

An ionization chamber, referred to as the core gamma monitor, is
suspended at a fixed position typically about 7.0 feet above the reactor
core. The signal from this detector is displayed on a picoammeter on the
secondary conrole and is a measure of core gamma flux. The core gamma
monitor is provided for comparative observation of power ai ! has a
floating point alarm that sounds on the common alarm panel.

3.11.2 Source Range Circuit

The Source Range Circuit (see Figure 3-8) contains circuitry
required to monitor reactor power level and period from shutdown through
six decades of power level increase. The circuit utilizes & fission
chamber to detect neutrons.

A combination high voltage filter and pre-amp, mounted on the
detector support pole, provides final high voltage filtering and a two
stage pre-amplifier in one module. On entering the drawer, the input
signal passes through a pulse amplifier, a discriminator, and a scale of
two counter. The discriminator has a fixed discrimination level of 2.2
volts. Actual discrimination can be changed by varying the gain of the
preamplifier or the pulse amplifier that precedes the discriminator. The
scale of two counter divides the input frequency by two so the output is
a square wave whose frequency is one-half of the input signal frequen-y.

Log integrators A anc B provide a DC voltage proportional to the log of

the input frequency.
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Amplifier § is a DC Amplifier whose output provides source range log

level indication, level bisteble trip logic, input to the source range
period second, and remote recorder output.

The period section of the Source Range Drawer consists of a
diffevrentiator integrator (D-I) which converts the level input from
Amplifier S to signal proportional to the rate of change of reactor
power level. Modulator P combines the DC input from the D-I with a 10
KC input from the Oscillator module. The resultant, a 10 KC signal
proportional in amplitude to the DC input signal, is applied to amplifier
B.

Amplifier B is an AC amplifier which amplifies the signal from
Figure 2-B. Source Range Drewer Moderator P and feeds it to demodulator
P4 where the AC signal is converted back to a DC signal proportional to
the exponential rate of change of reactor power. The Demodulator P4
feeds a front panel period meter.

The bistable module installed in the Source Range Drawer is a solid
state multivibrator circuit which prevents rod withdrawal in the absence
of a sufficient count rate. The output is a logic signal of 0 volts
(tripped) if the count rate is less than 2 counts per second, or 10 volts
(untripped) if the count rate is greater than 2 counts per second. The
Source Range Drawer contains a test module that performs alignment and
operational checks of both the level and period sections without the use
of additional test equipment,

3.11.3 Intermediate Range Circuit
The Intermediate Range circuit (see Figure 3-9) receives its input
from a compensated ion chamber (CIC) and provides log level indication
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over several decades, period indication and scram and control logic
outputs,

The power supply provides 200-800 volts DC high voltage to the CIC
with regulation as close at * 0.1%. A variable DC power supply provides
variable compensating voltage to the CIC.

The DC currunt proportional to neutron level from the CIC is fed
first to Modulator L where it is dropped across a string of forward
biased diodes to a voltage proportional to the Log of the current and is
combined with a 10 KC sine wave. The resultant is a 10 KC signal
proportional in amplitude to the Log of the DC input current. The
Demodulator, as the name implies, converts the AC output from Amplifier B

back to a DC signal which is proportional to the Logarithm of reactor
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flux level. The log level output of the demodulator feeds five devices:

1) Local log level meter

2) Remote log level meter

3) Remote recorder

4) Differentiator-Integrator for the period circuit

5) A bistable that activates the power integrator

The Differentiator-Integrator accepts an input from the Demodulator
and converts it to a signal proportional to the exponential rate of
change of the neutron flux. Modulation of this DC period takes place in
Modulator LP where the signal is combined with a 10 KC sine wave and the
output feed to Amplifier B No. 2 for amplification. Demodulator P
receives an amplified AC signal from Amplifier B No. 2 and converts it to
a DC signal which is proportional to the exponential rate of change of
neutron flux (period). The outputs of the Demodulator P are:

1. A front panel period meter

2. A remote period meter

3. A bistable period trip set at a less than ? seconds

The bistable modules of the intermediate range circuit are identical
to those in the source range circuit

The Intermediate Range drawer contains a test module that performs
alignment and operational checks of both the level and period sections
without the use of additional test equipment.
3.11.4 Power Range Drawer

The Power Range drawer (see Fig. 3-10) contains two

completely independent power range channels which will indicate reactor
power over the range of 0 to 150 percent. Each power range channel has
its own detector power supply, and {ts own * 25 volt power supply. The
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the power range drawer. Each power range channel is supplied an input
from an uncompensated ionization chamber (UIC). Outputs from each
chamnnel include a common local power level meter, separate remote power
level meter, and a high power bistable trip logic signal. In eddition,
Power Range #1 supplies a signal to thu power integrator when in natural
convection.

A high voltage power supply provides 200-800 volts DC to the
detector. The output of the UIC is a DC current proportional to reactor
power., The signal is fed to Amplifier P, which is a DC amplifier, where
the signal is amplified to a level suitable for use. When in the "200
kW" range the full signal ‘s amplified. When in the "2MW" range only one
tenth of the signal is amplified. The outputs nf Amplifier P are:

1. Local common percent power meter

2. Separate remote power meter

3. High Power Bistables

4. Power signal to the power integrator when in natural convection

It should be noted that the amplifier is designed so that a short or
open circuit, in any of the outputs, will not cause the other outputs to
vary more than a fraction of a percent.

The bistable modules of the power range circuits are identical to
those described previously for the Source Range Circuit,

The Power Range drawer contains a test module that performs
alignment and operational checks of each power range channel without the
use of additional test equipment.

3.11.5 §gcram logic Draver
The Scram Logic drawer (see Figure 3-11) contains the logic
circuitry necessary to process the scram function inputs and to shutdown
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the reactor automatically should conditions warrant. The drawer also
contains the interlock circuitry to prohibit safety rod withdrawal if
certain minimum conditions are not met.

To understand the operation of the Scram logic circuit, it is only
necessary to understand the operation of four basic modules. Negative
logic is used throughout the system, in that the normal, safe, input
signal #10 volts and the wbnormal, unsafe, signal is 0 volts. All
available inputs to these modules may or may not be used.

1. Transistor Gate NA-45 consists of five separate, four-input,

negative logic AND gates, hence the designation NA-45.
For each separate AND gate, all four inputs must fall to zero
volts to obtain a O-volt output signal. Any input at
+10 volts will hold the output of that gate at +10 volts.
The inputs (up to 20) are logic 0 or +10 volt signals and the
outputs (up to 5) are also logic 0 to +10 volt signals.
As explained later, the rod withdrawal interlock is
derived from two logic inputs to NA-45.

2. The Auxiliary Control Module takes logic inputs in the form of
0 or +10 volt signals and provides a relay output capable
of handling 110 VAC and 2 amps. The input stage consists
of a four input OR gate where all inputs must be at +10 volts
to have the relay energized. The relay is de-energized if
any input is at zero volts.

3. There are two Mixer Driver B's. A Mixer Driver B is

essentially a 28 input OR gate. Any one of the 28 logic inputs

falling to O volts is sufficient to cause the output to fall to
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0 volts. Only when all inputs are at +10 volts i{s the output

at +10 volts. The input is 28 logic signels, while the outputis
one logic signal.

. There are two Solid State Relay modules. A Solid State Relay
Module takes one logic signal (0 to +10 volts) as ite input

and provides up to 5 amps DC of output current to the scram
magnets if a safe input conditior exists. The Solid State
Relays are subject to one type of failure that could render

the model inoperable as a device for cutting off magnet
current. This type of malfunction of the entire module

would necessitate the simultaneous failure of two components
within the module, in the form of a short circuit in two

series si'icon controlled rectifiers (SCR). Built-in

circuitry within the drawer has been provided that will
annunciate a short circuit in one SCR as a warning light.

1f a short circuit occurs subsequently in the other SCR, the
solid state relay will continue to provide current to the scram
magnets even if & unsafe input is applied. As will be
explained in the overall operation of the Scram Drawer, even
the existence of the above mentioned conditions will not render
the entire system inoperable as a parallel network

exists which could de-energize at least one safety rod and

thereby shut the reactor down.

The Scram Logic Drawer, as a safety cystem, can be divided inio two

sections.

Namely, & scram logic process section and an activation
The process section takes logic signals from the various
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bistables, power supplies and relays; processes these signals with

respect to preconditions and emits output signals that exercise either
scram control or rod interlock control. The modules included in this
saction are the NA-45 gate circuits and the Auxiliary Control Relay. The
actuation section, consisting of the Mixer-Drivers and the Solid State
Relays, take only safe or unsafe logic inputs, and, depending on the
nature of the inputs, control current to the safety rod scram magnets.

The rod withdrawal interlock is derived from two logic inputs to NA-
45 (1). A +10 volt signal is emitted from the source range level
bistable if the source count rate exceeds 2 counts per second. A second
+10 volt signal comes from a series cirecuit that is closed when source
range, intermediate range, pool temperature, and power range instruments
are not in test. These two signals are fed to one gate. If these inputs
are at +10 volts the appropriate output is at +10 volts on an Auxiliary
Control Relay (ACR) which energizes its output relay permitting safety
rod withdrawal. If either input to the ACR drops to zero, this zero volt
input signal will cause the output relay to de-energize, preventing the
withdrawal of any shim rod.

The reactor can be operated at 2 megawatts with forced convection
cooling or at 200 kilowatts with natural convection cooling. The High
Power Trips are initiated from the power range drawer (see Figure 3-10)
and provide overpower protection in both the natural convection cooling
mode and the forced convection cooling mode of operation as shown in
Figure 3-12. A range switch is used to determine the scram point for
each mode.

In the natural convection mode (see Figure 3-12), the flow header is
down and header position relay CE i{s de-energized. A safe +10 volt logic
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signal is passed through the range switch only if the switch is in the
200 kW position. Under this condition, the power range channels are
sensitive over a range of 0-300 kW for an amplifier output of 0-150% of
normal range, i.e., 100% of output from the amplifier corresponds to 200
kW. If the reactor power level reaches 250 kW, the power range channel
will indicate a power level of 125% and will send an unsafe (0 volt)
Figure 3-12 High Power Trip signal to the mixer drivers scramming the
reactor.

When the reactor is operating in the forced convection mode, the
flow header is in the UP position. Therefore, relay CE is energized,
which allows the range switch to be placed in the 2MW position without
losing the 10 velt safe signal. In the 2MW position, the range switch
also reduces the output sensitivity of the two power range amplifiers by
a factor of ten. Each channel indicates over a range of 0-150%, which
corresponds to a maximum reactor power of 3MW. The scram trip point is
also increased by a factor of ten by placing the range switch in the 2MW
position and will scram the reactor when reactor power reaches 2.5 MW,
When operating in the natural convection mode, any attempt to change the
position of the range switch to the 2MW position will immediately
initiate the scram, through loss of the 10 volt signal through the
switch,

Referring again to Figure 3-11, the intermediate range period trip
function originates at the period trip bistable, (see Figure 3-9). This
logic signal is sent directly to the Mixer Drivers.

The scram actuating portion of the Scram Logic Drawer consists of
two independent channels cross connected in such a way as to afford
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maximum scram protection against component malfunction. The two Mixer
Drivers receive several logic inputs in parallel. If one of these inputs
is an unsafe signal (0 volt), the output of both MD's will be at zero
volts. The input to each Solid State Relay going to zero causes the
outputs to stop conducting, cutting off current flow to the scram
magnets. To nullify the effects of a complete failure of one MD, the two
scram channels are cross connected through relays Rl and R2, 1If a
failure occurred in one of the MD's, say MDBl, which would prevent it
from tripping off when an unsafe input signal is received, MDB2 would be
tripped off by the same unsafe input signal, SSR2 would stop conducting,
dropping magnet 3 and de-energizing relay R2. The contacts on R2 which
feed an input to SSR1 would be opened, causing SSR1 to also stop
conducting the dropping magnets 1 and 2.

Both mixer drivers receive separate inputs from redundant channels
(1.e. high power, low pool level, and low flow). An unsafe (0 volt)
signal from one of these inputs causes the affected mixer driver to give
a 0 volt output causing a reactor scram.

The simultaneous failure of both MD's in the safe mode or a failure
cf four diodes in two separate modules, the SSR's, could result in the
scram logic system being rendered as "can't scram."

3.12 Scrams, Interlocks, and Alerms
3.12.1 Scrams
The following scrams are required by the UVAR Technical

Specifications:
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Scran Qperating Mode Reguired

1. 2 Safety Channels for high power scram

a) range switch in high power position Forced convection
b) range switch in low power position Natural convection
2. Bridge radiation monitor scram All modes
3. Pool water high temperature scram All modes
4. Lloss of power to primary pump scram Forced conveection

5. Application of power to the primary

pump scram Natural convection
6. Low primary coolent flow rate scram Forced convection
7. Manual scram button All modes
8. Fast reactor period scram All modes
9. Air pressure to header scram All modes
10. Low pool level scram Forced convection

The above listed scrams must be operational as required during
reactor operation. Other scrams, not listed, may be added as appropriate
to provide for added protection of personnel, experiments and equipment.
3.12.2 Interlocks

The UVAR Technical Specifications requires an interlock on the
Source range instrument which prevents shim rod withdrawal unless a
minimum of 2 cps are detected,

3.12.3 Alarns

Both audible and visual alarms are used at the reactor console to
alert the operator of alaim conditions. A continuous tone audible alarm
and a red light visual alarm accompanies a reactor scram signal. This
audible alarm may be silenced by either resetting the scram logic drawer
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. or pressing the "silence" button on the common alarm panel. The visual
alarm is cleared only by resetting the scram,

An intermittent tone sounds and a visual indicator is actuated for
each of the following conditions:

a) Regulating rod control shifting from automatic to manual
b) High radiation on any area monitor or on either argon monitor
¢) High radiation on core gamma monitor
d) High radiation on criticality moniter
e) High radiation on constant air monitor
f) Entry into the demineralizer room
g) Entry into the heat exchanger room
h) High differential temperature across reactor core
i) High demineralizer conductivity
. J) Secondary pump de-energized
The audible alarm will automatically reset after about two minutes or
may be reset manually by pressing the "silence" button.

Local alarm bells are supplied at the heat exchanger room and
demineralizer room when the key switch is on which warns personnel
entering the area of a possible high radiation area.

Other audible and visual alarms may be used, as necessary, to
provide extra personnel safety or equipment protection.

3.13 Automatic Control For Mainteining Constant Power

A voltage signal proportional to reactor power is developed by a
slide wire potentiometer in the linear power recorder. This signal is
compared to the voltage developed by the "Power Set" potentiometer on the

control console. Any difference in these signals is displayed on a
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deviation meter and supplied to the controller as an error signal. The

controller converts this small error signal into 60 cycle power either in
phase or 180° out of phase with line voltage. This power supplied to the
servo motor for the regulating rod will drive the rod in i{f the linear
signal is higher than the power set voltage nr out if the linear signal
is below the power set voltage.

Several conditions will automatically ceuse control to shift into
the manual mode and sound an alarm to alert the operator that pover is no
longer being controlled automatically. These are:

1) Any attempt to move the regulating rod with the normal control

switch; this insures that marual control is always instantly

available to the operator,

2) The regulating rod either at its top limit or bottom limit; this

insures that regulating rod has free movement to control reactor

power.

3) The error signal, as displayed on the deviation meter, exceeds

7.5% (arbitrary units); this insures control is shifted if the

regulating rod is unable to contrnl power for any reason, such as

the reg rod being stuck.

4) The linear power recorder is turned off. This ensures the

feedback loop is complete.

5) A switch is provided that allows the operator to select either

the manual or automatic mode of operation.
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4.0 REACTOR SYSTEMS
4.1 Reactor Fool

The pool in which the reactor cperates is 32 feet long, 12 feet
wide, 26 feet 4 inches deep, and holds about 75,000 gallons of water. An
aluminum gate is provided approximately mid-way of the pool so that
either side may be drained independently of the other while the reactor
itself is acequately shielded by the water in the undrained side. With
the reactor in position at a far end of the pool, the radiation level in
the emptied section wil) be low enough to peimit personnel to alter or
set up experimental equipment and perform maintenance.

The south end of the pool is above ground level and faces the main
radiation laboratory experimental area. The shielding provided by the
water and the pool wall is augmented by the addition of sufficient
concrete to reduce the radiation well below tolerance levels at maximum
operating power. The south wall of the pool is penetrated by
experimental facilivies which will be further explained in Sectior 6.0.

The level of the water is about 20 feet above the active core when
the pool is full. An alarm and scram is actuated by two pool level
devices if the pool level drops 19 feet 2 inches sbove the top of the
active core.

Figure 3-1 shows a veitical section of the pool and related building

spaces.

4.2 Filling aend Praining the Fool
Two systems may be used for filling the UVAR pool; 1) a
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dedicated fresh water make-up system, and 2) the main demineralizer
system.

The dedicated fresh water make-up system is located in the UVAR roow
and consists of a small filter and H-OH mixed bed ion exchangers to which
city water is supplied. The system discharges deionized water into the
UVAR pool through a stand-pipe to preclude the possibility of pool water
backflow into the city water system., The system has a flow rate of about
5 gallons per minute.

The pool can also be filled using the main demineralizer system as
shown in Figure 4-1. City water enters a catch tank through a hand valve
and a float valve. The water entering the pool through the demineralizer
system is drawn from this tank. The float valve discharge is higher than
the tank overflow, thus precluding the possibility of any backflow of
radioactive water into the city water system. The pool can be filled at
a rate up to about 20 gallons per minute through a mixed bed
demineralizer. With the pool gate in place, either side of the pool may
be filled independently.

The pool is drained through two manually operated valves located in
a sump pit in the heat exchanger room. These vaives c.e normally locked
shut, Either side of the pool may be drained when the gate is in place.
The discharge from the drainage system empties into the waste pond and is

described in Section 4.8.
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4.3 Primary Cooling Systems

With the rsactor in position at the south end of the pool, an
air operated header may be raised into place. This herader is actuated by
the emission of compressed air at about 50 psi into a header skirt which
floats the header up to the reactor grid plate. Once positioned the
header is held in place by a differential pressure of 0.30 psi cieated by
the downward flow in excess of 1000 gallons per minute through the
reactor to the primary piping system. After the pump has started and
sufficient flow is established to hold the header in place, the air
pressure is vented to allow the header to drop automatically for natural
convection cooling in case of pump failure. Such pump failure initiates
a scram as does the existence of 2 psi aii pressure in the header. This
precludes the possibility of raising the header while the reactor is
operating in the natural convection mode with the pump secured. The
reactor is in a scram condition if the pump is operating with the header

down.
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The water flows from the header through a six inch line to a
strainer and the primary pump. The primary pump is of the centrifugal
type with a stainless steel casing, impeller, and shaft. A self-
adjusting mechanical seal is used to seal the shaft. The punp is driven
by & 30 horsepower 1700 RPM induction motor and is rated at ~ 1100
gallons per winute flow against a 50 foot head of water. The actual flow
rate is "1055 gal/min. The flow rate is measured by the differential
pressure across an orifice in the primary piping and displayed on the
secondary console.

The water proceeds through the six inch line, through an orifice,
used to measure the flow rate, into the shell side of an aluminum tube
and shell heat exchanger. The primary water makes one pass through the
heat exchanger and is returnec¢ to the pool. The water enters the pool
through a flow diverter which directs it toward the wall at the greatest
distance from the reactor, thus gaining the greatest mixing and
minimizing nitrogen-16 gamma activity at the pool surface.

Water temperature and pressure are measured on the inlet and outlet
sides of the heat exchanger. The temperatures are displayed on the
secondary console in the reactor room. A separate continuous monitor is
located above the core which will initiate a scram if the pool water

temperature exceeds 105°F.
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4.4 Measurement of Temperature Differential

A system has been installed to continuously monitor the temperature

differential across the reactor core when it is operated with forced
convection cooling. The AT value, measured directly by this system, can
be related te the reactor thermal power level. Separate coolant inlet
and outlet temperatures are read periodically and subtracted manually to
obtain this information in addition to the constant monitor.

The sensing elements used in the system are platinum resistance
bulbs. Cne is located in the reactor pool, about three feet above and to
the side of the top of the core, to indicate core inlet temperature.

Core outlet temperatire is sensed in the primary coolant line, just
upstream of the prim ry coolant pump. The sensing elements are placed in
a resistance bridge network where the differential temperature values are
measured, then amplified and displayed on a digital meter. An alare with
an adjustable setpoint is provided to give alarm signals for AT values in
excess of pre set levels. The range of the instrument is 0-20°F, while
the normal AT across the reactor (at two megawatts) is about 13°F.

4.5 Secondary Cooling System

Water on the secondary side of the heat exchanger is pumped at about
1200 gallons per minute from the basin of a conventional cooling tower

rated at a cooling capacity of 2 MW with a 95°F entering water
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temperature and 73°F wet bulb atmospheric temperature. The system
utilizes & conventional centrifugal pump driven by an induction motor.
Vater for evaporative cooling in the cooling tower comes directly from
the city water supply and overflows to the waste pond. Water temperature
is measured on the inlet and outlet of the heat exchanger and is
displayed on the secondary console in the reactor room.

4.6 DResige Specifications

The design specifications for the Heat Exchanger, Cooling Tower,
Secondary Pump and Primary Pump are given in Tables 4.1 through 4.4,

4.7 uater Purification

The pool water purity is maintained by circulating it at a rate of
20 gallons per minute through a carbon filter and a mirved bed ion
exchange demineralizer. The water is normally maintained at a pH of 6.0
to 7.0 with a conductivity of less than 5 micro mohs.

4.8 Liguid Waste Disposal System

The reactor facility can collect radiocactive liquid waste in two
underground retention tanks of 5000 gallons each located outside of the
Reactor Facility building, but within the site area. The waste is
recirculated and filtered, as well as given decay time before it is
either discharged into the pond or discharged along with the pond as
normal procedure. Other storage tanks within the Reactor Facility may
also be used to temporarily store liquid waste. The option for sanitary
sever release has not been exercised but is not precluded. All
radicactive releases are made in conformance with applicable regulations.

Two additional tanks of 250 gallons receive all waste from the Hot
cell. These tanks were installed as underground retention tanks in the
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TABLE 4.1

Heat Exchanger Specifications

Heat Transforred -« 6.83x10° Btu/m

All msterials must be compatidle with aluminum,

For this reason no copper containing alloys can be used.

Maximm Length - 18 feet

Fluid Circulated
Liquid Flov

T dnlet

T outlet

Pressure Drop Allowved
Design Pressure

Test Pressure

Design Temperature
Inlet and Outlet Pipe

el Bide  ____ Dbe Side

Hirh purity vater
1100 gallons /minute
10.2%

95°F

8 pei

50 pei

75 poi

150°F

@ inch

Cooling tover wa.er
1200 gallons/minute
82°r

93.4%

8 pei

50 psi

75 pei

150°F

8 ineh

To be fabricated in sccordance with ASME Code, Section VIII, Division

1. Shall be inspected, certified, and stamped wvith the Code U - Symbel.
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TABLE 4.2 Cooling Tover Specifications

Water Flov Rate 1200 eellons/minute
Heat Transferred 6.03x10% Btu/n

Vet Bulb Temperature 173%

Water On 93.4°F

Water Off 2%y

Fill and comstruction materials -- Redwood
All zaterials must be commatible with aluminum, For this reason no

copper-containing alloys can be used,
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TABLE 4.3 Secondary Pump Specification

Centrifugal end suction pump

To pump 85°F chromated vater from cooling tover
Flov Rate: 1200 gallons/minute

Dynamic Head: 70 feet

ALl wvettadble parts to be stainless steel

To include Teflen packing

Flooded suction

Mounted on base plate vith coupling

Motor: 1750 rpm, 3-phase, 60-cycle, 220-volts

Open drip proof enclosure
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TABLE 4.4 Primary Pump Specification

Centrifugal end suction pump

To pump 70° - 100°F Demineralizer water from posl through heat exchanger

Flow Rate: *1100 gallons/minute
Dynamic Head: 50 feet

All wettable parts to be stainless steel\

Size of lmpeller: 10 Inches
. Mounted on Base Plate with Coupling

Motor: 30 H.P., 3 phase, 60-cycle, 220 volts

. e



event of waste discharge from the hot cell. These tanks empty intc the
pond.

The water released from the pond is sampled prior to, at the
begpinning, during and at the end of each release. The results of these
sample analyses are maintained by the reactor health physicist No waste
is released off-site with an active concentration in excess of 1x10°7
microcuries per milliliter, annual sverage. This limit is based on 10
CPK Part 20 limits for facilities producing waste where no iodine 129 or
radium are present.

4.9 puilding Ventilation System and Alrborne Effluents

The reactor ouilding ventilation system consists of the following
najor items,

1. An axial vane exhsust fan on the reactor room roof, the primary
function of which is to provide circulation for the reactor room.

2. A short, duct-work gtack on the reactor room roof.

3. A gentrifugal blower on the mezzanine which exhausts the ground
floor experimental facilities, hot cell, and fume hoods, through duct-
wvork, to the suction of the roof top fan,

A schemati: diagram of the system is shown in Figure 4-2 showing the
fan, blower, nominal flow rates, and the general layout of the various
connecting duct work. Ducts leading froa the reactor experimental
facilities (beamports, large access and thermal column access), the hot
cell, and fume hoods are all provided with in-line fiiters and either
have, or have provision for, in-line radiation monitoring.

As a result of normal reactor operations, and in the event of
certain types of experimental failures that may be expected to occur,
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there may be some release of gaseous, or airborne particulate,
radioactive material from the facility. In general, such effluents would
be released from the stack. The purpose of this section is to identify
normally occurring and potential sources of such effluents, and to
evaluate the consequences of both,

4.9.1 Sources

The gaseous radiocactive isotope produced during normal operations
vhich is of potential concern is Argon-41, produced by thermal neutron
capture in the stable Ar-40 i{sotope present in air to about 1.3 weight,
A small amount of Ar-4] is produced and released, as a result of air
dissolved in the reactor pool water, being irradiated in passing through
the reactor, and then coming out of solution into the reactor room
atmosphere. This isotope is subsequently released as the reactor room is
normally ventilated. While Ar-41 is continuously produced while the
reactor is operating, its release is somewhat variable and to a large
extent uncontrollable. However, the Ar-4]1 releases from the UVAR are
small and of negligible consequence, as shown below.

Ar-41 may also be produced if air is irradiated in the various
facilities on the ground floor experimental area. This source can be
controlled by limiting the volume of air exposed and is thus very small.
Brief releases of Ar-41 would be a normal consequence of reflooding a
beamport, in which air had been irradiated. However, when in operation
the beamports are usually filled with a low activatable gas, such as
helium or carbon dioxide.

Accidental gaseous releases may occur as a result of experiment
failure, either in an experimental neutron irradiation facility, in a

4-14



r"**——'—_———'—__——___‘_’—'__"—_—-_—____——___——__—_____———__—__—'—__"___'_“_——"——""'*-'_"""""""'

fume hood or hot cell. A severe case of such a failure, the complete
melting of & l-watt U-235 fueled experiment, is analyzed in Section 5.4
of this docusent.

4.9.2 gConsequences of Caseous Eifluent Release - Ceneral

Figure 21 is an aserial photograph which indicates the position of
buildings nearest to the reactor, including those c nstructed since the
photograph shown in Figure 2-2 was taken. There follows an analysis of
the atmospheric dilution of the reactor stack effluent at 2 points on the
site boundary (fence) and at the seven buildings nearest to the reactor,
identified in Figure 2-1. This analysis is performed on & yearly average
or long-ternm basis and is thus pertinent to the calculation of the
consequence of materials continuously released during operations.

The following assumptions are made in the calculations:

1. Wind frequency and velocity data taken at the site, Table I11-1
and 11-2, are representative of average conditions.

2. Pasquill-D type of dispersion conditions exist on the average
over & year's tiwe, with a wind speed of 2/3 of the annual average
measured (Reference 1 at end of this Chapter).

3. No elevation differences are accounted for (i.e., "O" stack
height).

4. Effluent materials are uniformly distributed over each 45°
sector (Reference 2 at end of this Chapter).

5. No credit is taken for the rise or mixing of materials leaving

the stack, although the stack effluent velocity is 15 ft/sec.
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The dispersion equation recommended in Reference 2 for

releases is:

X(x,) 1/2 f
__Q.L L (;) 1-
vl(x‘)y(2llilﬂ)
wvhere

X(xg) = the concentration of material at xj, cim?

Q = the average release rate of materials at the stack, Ci/sec.

fq = the fraction of time during & year that the wind blows into compass
section 1,

%y =~ distance to site, in sector i, M.

0g(xy) = standard deviation of plume in vertical direction at

distance xg, for Type-D conditions M.

4 = average wind velocity, M/sec (b = 4.63x2/3 = M/sec)

N = nusber of compass sectors for which there is data (N=8)

The results of the application of this equation to the 9 sites are
presented in Table &.5. Column 8 shows the percent of the 10 CFR Part 20
limit of Ar-41 that would result from a continuous release of 1079
Ci/sec. (10 u Ci/sec).

For long term releases, dilution facters, X/Q, of about 2.5%10°%
exist even very close to the release point, resulting in an average Ar-4l
concentration of about 6.5 of the Part 20 limit for Unrestricted Areas
assuming & 10 u Ci/sec release rate. This rate will be shown to be
higher by at least a factor of 20, than that which may be expected for
this isotope.

For accidental relsases and other short term releases, Pasquill-F
type conditions, a 1 meter/sec wind speed, and 0 stack height will be
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conservatively assumed as described in TID-14844. A dilution factor at

70 meters of 0.039 for these conditions will be used to determine
downwind isotopic concentrations. the consequence of noble gas release
under stable meteorological (Type F) conditions will be evaluated by
determining whole body dose from the cloud, as an undiluted line source,
4.9.3 Specific Coanes

In this section, several specific cases of gaseous release will be
considered and the consequences thereof evaluated.
4.9.3.1 Argen:4l from Reactor Reom. leng Iexm

The production and release t~ the reactor room of Ar-4l vas
discussed in Section 4.9.1. The specific activity of this isotope in the
reactor room has been monitored for several years. With the reactor room
ventilated, the concentration normally does not exceed 1/30 of the MPC
for Ar-4]1 in Restricted Areas (2:10‘6 " Cl/cn’. The normal exhaust rate
for this room is 7,000 CPM (3.3x10% ca/sec). 1f one assumes that an Ar-
41 concentration of 6.7x10" uCl/cn’ exists continuously in the reactor
room, the resulting effluent source is:

(3.3x106 cm3/sec)(6.7x10°8 uci/cn?) = 2.2x10°1 uct/sec
or about a factor of 45 lower than that assumed for the caloulations of
Column 6, Table 4.5,

Even considering the factor of 2 increase for 2 MW operation, the
release associated with Ar-41 production in the reactor pool appears to
be of insignificant consequence.
4.9.3.2 Reactor Room Ar-4l., Persistent, Staeble Conditions

The most extreme case for this type of release would be that of &
long persistence of Type F dispersion conditions. As {s standard
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TABLE 4.5

PERCENT OF 10 CFR PART 20 LINMIT OF A-k1 RESULTING
FROM COUTINUOUS RELEASE OF 1075 ci/sec

Distance 'x( ‘l,

(x,) .

Site Site i Pasquill-D from ¢ X 0 % of WPC for A-k1
Ho. Identification Meters (Rer. 3) Reactor i 0 with Q=10 "Ci/sec

1 North Fenmce 50 2.6 % 0.10" 2.6 6.5

2  South Fence" 70 3.% 5 0.17" 2.5 6.3

3  Van de Graaf Bldg. 115 5.1 SE 0.12 0.72 1.8

4  RLES Laboratory 160 6.5 NW 0.09 0.30 ¢.75

S  Radioastronomy Lab. 265 11.0 NE 0.08 0.095 0.2

6  Observatory 300 13.0 S5W 0.17 0.15 0.%0

7  Building & Grounds 300 13.0 E 0.10 0 089 0.23

8  Dommitory 375 15.0 ESE 0.12 0.072 0.18

9 Filter Plant k30 17.0 SE 0.12 0.058 0.15

a) The North and South Fence sites represent average distances to the facility fence in these two
directions, and the corresponding wind frequencies are averaged over all northerly and southerly directioms.
The University of Virginia also owns the land out to at least 300 meters in all directions from the reactor,
and controls its use. Other than the sites listed asbove, there are no areas normally occupied withia the
300 meter Aistance.



practice for noble gas exposure (Reference 3 at end of this Chapter),
this situation has been anslyzed on the basis of the direct, whole-body
gamna-ray dose to an individual standing at the center of the narrow
plume that would result. For these calculations, the plume is considered
to be an infinitely long, line source passing the receptor st & distance
of 6-inches. Since no dispersion in the atmosphere is accounted for,
this model is independent of source-to-receptor distance. Assuming that
the Ar-4]1 release rate at 2 NV is twice that calculated in 4.9.3.1 for 1
MV, the whole-body dose rate in the plume is about 0,006 mR/hr. For 24-
hour persistence of this condition, the total celculated dose would be
0.15 mR.
4.9.3.3 Exheust from Reactor Room afrer Ar-41 Bulldur

1f the reactor room exhaust is stopped temporarily, the Ar-4l
concentration within the reactor room could eventually build up teo
Restricted Area Limits (2x10° 4 Ci/em?). If the room is then exhausted,
a short-term source of 6.7 u Ci/sec exists, but will quickly die away as
the reacter room inventory is depleted (exhaust half-period of about 10
min.) The calculated dose rate in the stable plume under these
conditions is only 0.1 mR/hr, and the total dose to someone in the plume

of 0.02 mR.

4.9.3.4 Eshaust from Beamport
The standard UVAR beawmports have a section near the core which is

filled with water when the port is not in use, and is drained prior to
use. During port operations this section may be filled with a'r
(although He or CO; is preferred), under neutron irradiation. If the
port is refilled with water after operation, the Ar-41 produced when air
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{8 used is exhausted into the experimental area exhaust system, and
hence to the stack and atmosphere. A pump unassisted beamport orain
takes several hours, and the refill (and thus the Ar-41 exhaust portion)
20-30 minutes.

Flooding & beamport immediately after a long period of operation at
full power with air in the beawport resulte in the most severe Ar-4l dose
that can be reasonably postulated. This situation is evaluated using
stable meterologicel conditions and the line source approximation.
Constants and assumptions used in the calculation are listed below,

1. Activation cross section of Ar-41 in normal air

L, = 1.59x10"7 en'}
2. Volume of 8-inch beamport, for 4.7 foot length,
Ve 4.7%x10% end

3. Thermal neutron flux, ¢ = 2x1012 n/clz-ooc

4. Flooding time 1000 sec (16.7 min)

5, Saturation Ar-41 inventory, 0.4 Ci (product of

£,¢V/3.7x1010)

Using the line source approximation, the calculated dose rate in the
plume during the 1000 seconds of discharge is 5.8 mR/hr. The calculated
total dose to an individual in the plume as a result of the Ar-4l
discharge is 1.6 mR.

During the spring of 1983 the North Neutron Beamport was modified
into a closed loop system to eliminate the buildup of Ar-41 activity. The
systea incorporates demineralized water and a helium cover gas and a
reversible peristaltic pusp. When the front tube (pool side) is drained
jt is replaced with Helium gas, thereby eliminating Ar-41 activity
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production in the tube. This beamport is being used extensively for
neutron radiography experiments. The drain-fill operating mechanism is
remotely located to reduce personnel exposure while the reactor is at
power .
4.9.3.5 Experimental Fallures

In Section 5.4 the offsite consequences of gaseous reluase as &
result of an experimental failure are evaluated for the case of a fission
gas release from a U-235 plate operated at 1 watt for a long time. Such
an incident represents an upper bound on the type of major experimental
failures which may be postulated, in view of the past and currently
projected experimental programs.

4.9.4 Effluent Monitoring

Each of the ducts leading from the experimental facilities may be
fitted with an internal G-M tube radiation monitor. Such a monitor has
been used on the duct leading from the beamports and access facilities
for many years. (See Figure 4.2).

A thin-walled G-M tube inside a duct has a count rate signal
proportional to the specific beta activity of radioactive materials in
the duct. 1In addition, the count-rate depends on the beta energies, the
diameter and length of the duct. The exact relationships defining these
dependencies are complicated but in general the count rate, for a given
specific activity in the duct, will vary directly as the duct volume, and
will be rather insensitive to beta energy unless the average beta
particle range is less than the wall thickness of the G-M tube.

The best means for calibrating such a monitor for a particular
isotope is by filling the duct with the beta emitting material in known
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concentration and measuring the count rate. This has been done
with Ar-4]1 in a section of duct similar to that in which the monitor is
located in the exhaust line for the beamport and access facilities. The
calibration of this monitor, thus obtained, was about 200 cpm, for an Ar-
41 concentration of 107 I Cl/c-3 in the duct. Once a monitor has been
calibrated, it can be checked for proper operation by noting the G-M
tube’'s response to a gamma-ray source located outside of the duct.
4.9.4.1 Monitoring Performance for Ar-4l

The function of the exhaust duct radiation monitor is to notify the
reactor operator of abnormal levels of airborne radiocactive effluent in
the duct, The monitor in the beamport and access facility exhaust duct
is normally set to alarm in the reactor room for a count-rate in excess
of 800 cpm. For a normal background of 100 cpm, this count-rate would
indicate an Ar-41 concentration in the duct of

(700/200)x10°6 « 3.5 x 10°6 4 C1/cn’.

The nominal flow in this duct is 150 cfm, or 7.1x10% em3/sec. Thus
a monitor alarm corresponds to an Ar-41 release at the stack of about
0.25 u Ci/sec. This amount, on the basis of the conservative analysis of
Section 4.9.3.2, would lead to & maximum offsite dose rate of 0.004
mR/hr. The expected Ar-41 production rate for any experimental facility
can be determined analytically, if the thermal neutron flux and volume of
air irradiated are known. One cubic foot of air, exposed to a flux of
10° n/clz-soc will yield about 0.013 u Ci/sec of Ar-4l.
4.9.4.2 Menitor Performance for Other lsotopes

The G-M tube duct monitors will respond to other radioactive gases
or airborne particulates in a manner similar to its response tor Ar-41,
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as long as their beta particle ranges are well above the wall thickness
of the G-M tube. The latter dimension for the current tube is 30 -;/cn2
(0.0044" Al), equivalent to the range of an electron of " 0.16 MeV,
Table 4.6 gives beta particle decay for various activation and fission
product gases, and the rate at which the latter would be produced in e
fueled experiment .perating at 1 watt. Inspection of the Table shows
that the isotopes of Chlorine and Bromine, and the more intense fission
product isotopes 1-132, 1-134, and Kr-87 have beta energies similar to
that of Ar-41, and would thus be expected to produce a similar monitor
response. Thus, & fission product gas release of 0.25 u Ci/sec would be
sufficient to cause a monitor alarm, This value amounts to 1% of the
fission products being produced by a l-watr, fueled experiment.

4.9.4.3 Conseouence Evaluation. Fission Gas Release

The consequences of a fission gas release that would produce a count
rate just below the duct monitor alarm setting have been determined and
are presented in Table 4.7 for the ifodine isotopes. Two types of release
are considered -- long term in which the dispersion factors at the site
fence (Teble 4.5) are used, and a short term release under stable,
Pasquill-F type conditions.

The results of Table 4.7 show that for long term operation at the
alarm point, the release of fission product gases produces site boundary
concentrations of less than 24 of Part 20 limits for Unrestricted Areas.
The short term release at this level, using extremely conservative
dispersion conditions ylelds concentrations which are only 2.5 times
these limits. Thus, the duct monitor appears to provide adequate
protectlion in the case of accidental fission product gas releases.
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TABLE 4.6

DATA FOR RADIOACTIVE GASES

Isotope

Ar-k1

C1-38
Br-80
Br-82

Major Beta Particle

Maximum
Beta Energy

1.2 MeV
>1.1 MeV
2.0 MeV
0.4k MeV

Fission Products

I-131
I-132
I-133
I-134
I-135
Xe-133
Xe-135
Kr-85m
Kr-87
Kr-68

0.61
>1.0
1.3
>1.2
>1.0
0.34
0.93
0.82
>1.3
0.85

Total Fission Products

Fraction of
Emission

0.99
1.0
0.%2
1.0

0.90
0.79
0.93
1.00
0.65
0.99
6.97
0.77
1.00
0.23

Production Rate

for a 1 Vatt

Fueled Experiment
w Ci/sec

MPC, p Ci/em® Part 20
Appendix B, Table 2

0.027
3.2
0.53
14.90
1.53
0.086
1.15
0.0k9
3.30
2.10

26.9

kx10
1110"

6:10“’

kx10
6x10”
1x10°
310”7
1x10~7
1x10

2x10

2x10




TABLE 4.7

IODINE ISOTOPE CONCENTRATIONS FOR A 0.25 w Ci/SEC
FISSION PRODUCT RELEASE

Long Term Short Term
Release Fraction Fraction

Rate Cone. at of Conec. at of
Isotope y Ci/sec | Pence y Ci/em’ 10 CFR 20 | Fence u Ci/em® 10 CFR-20
1-131 2,70 6.8x10" " 0.00068 | 1.0uxa0"!? 0.01

- ‘ - -

1-132 3.2x10"% 8x10”12 0.0027 1.2x20"° 6,40
1-133 5. 310" 1.3x10712 0.0033 2.0x207}° 0.50
1-134 1.5x10"! 3,800} 0.0064 5, eno" 1.00
1-135 1.8x0"% 3.8007 2 0.0038 5.8x10"° 0.60
Totals 0.017 2.5
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4.10 Qoxe Spray Systen

The UVAR reactor is equipped with two independent core spray systems.

Their function is to provide protection againet a postulated core damage in the
event of a very sudden and severe loss of coolant accident (LOCA). Each system
consists of & pair of spray headers and an emergency water storage tank. The
two water storage tanks are mounted on the inner side of two of the pool walls
and each holds approximately 200-foot3 (1500 gallons). Either system is
designed to deliver an average spray flow of 10 gpm to the core for at least 1
1/2 hours, considered to be an adequate flowrate and time to prevent core
damage. The two core spray systems are illustrated (elevation and plan view)
in Figures 4-4 and 4-5,

Recirculating water from the demineralizer continuously flows into each of
the emergency water storage tanks. The tank overflows are located about 2-
inches above the highest operating level of the pool water. Accordingly, there
is a slight head (2") of water on the tanks and a continuous flow of water
through the headers into the pool. This assures thet the tanks are always full
and that stagnant water and resultaut corrosion does not occur in the spray
headers. The material used in the construction, aluminum, and the flexible
stainless steel couplers, serve to enhibit corrosion.

The two sets of spray headers are mounted on either side of the core
support structure, approximately 5-feet above the top of the core. A spray
header consists of an approximately l-inch diameter aluminum pipe, 2-feet long,
with approximately 80 sma)l holes drilled at a proper angle and spacing to
provide & uniform spray over the top of the core., A mockup of one pair of
core spray headers is shown in Fig. 4-3. (The flow rate was 0 gpm when this
picture was taken.)
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Technical Specifications require a core spray flowrate of at least 10 gpn at 30

minutes after LOCA onset. Actually, the calculated spray flowrate is 10.8 gpn
after 30 minutes, reaching 10 gpm only after 47 minutes.

When the reactor bridge is veturned to the full power position, t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>