
Chapter 1 

SITE - 
. ~ ~~ ~-~ . . . . . . . . .  ...... .. 

LOCATION 

. . . .  The. Diamond Ordnance Radiation Facility Research Reactor will be 

located within the metropolitan a r ea  of Washington, D.C., a t  the Forest  

Glen Annex of the Walter Reed Medical Center, which i s  five miles  f rom 
. . 

the center of washington, D. C. ,  and approximately two miles south of 

Kensington, Maryland ( s e e  Fig. 1). The Fores t  Glen site is an a rea  of 

approximately five a c r e s  of rolling, partially wooded and cleared a reas ,  
. .  . 

on which a r e  located both research-laboratory facilities and hospital facili- 

t ies  for patients ( s e e  Fig. 2). The site i s  located. i n  a commercial and 

residential area.  

@B The location of the reactor will be near the southern border of the 

Fores t  Glen a r e a  ( s e e  Fig. 2 )  about 800 ft  f r o m t h e  nearest  research  labo- 

ratories and about 500 ft north of Brookville Road,which bounds the property 

on the southeast. The s i te  i s  surrounded by woods, except to the north, 

where a large open field separates i t  f rom the research  laboratories. The 

reactor building will be encircled by an exclusion fence with a radius of 

approximately 200 ft ( see  Fig. 3) .  Access to the exclusion a rea  will be 

controlled a t  the single entrance gate. 

HYDROLOGY 

Surface drainage at the reactor site is to the south and west into 

Rock Creek, which drains south through Rock Creek Park and into the 

Potomac River.  The discharge of Rock Creek a t  Sherri l l  Drive in  the Dis- 

t r i c t  of Columbia, 7-112 miles  upstream f rom i t s  mouth, i s  a s  follows: 



Fig. 2--Map of Forest Glen site for the DORF 
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3 
28-yr average . . . . . . . . . . . . .  55.8 ft /sec 

~ ~~~~~~ 1929-1'95 
3 

220 f t  /bet, Ju ly21 ,  19 
3 

Calendar year 1956 average. . . .  48,4 ft /sec 

Water year 0ctob.e r , . l  ?56,.. ~ ~ ~ . . . . . . .  . . . 

through September, 1957: 
3 

Maximum . . . . . . . . . . . . . .  1210 ft I sec ,  April 5 ,  1957 - 
3 

Minimum . . . . . . . . . . . . . .  2 ft /sec.  August 17, 18, 

The ground water a t  the proposed reactor site i s  locally recharged 

by precipitation and infiltration. The average yearly precipitation in the 

Montgomery County a r e a  i~ about 41 in . ,  evenly distributed throughout 

the year. July i s  the wettest month (about 4.5 in. of rain), and October 

i s  the driest (about 2.8 in. ). Most of the precipitation i s  lost  to the atmos- 

phere by evapotranspiration, and only a small fraction enters  the zone of 

saturation. The zone of saturation, the zone below the water table, was 

not encountered in tes t  borings at the reactor si te,  the deepest of which was 

45 ft. 

The sand, si l t ,  and clay of the weathered rock, saprolite, has a low 

permeability, probably l e s s  than 1. Since the water table was not reached 

by the test borings, which were made during the peak of the average annual 

10-ft variation in the water table found in the Washington vicinity, i t  i s  

reasonable to assume that the depth of the water table will seldom be less  

than 45 ft. 

It was not possible to determine the rate of ground-water movement. 

In general, however, the velocity of ground water through fine-grained 

sedimentary mater ials ,  such a s  fine sand, silt,  and clay, i s  very low (on 

the order of a few feet per  year). 

WATER WELLS 

No wells a r e  known to exist in the immediate vicinity of the proposed 



e 
reactor site. The nearest  known supply well i s  1-112 miles east of the 

a r e  considerably higher on the regional hydraulic gradient which r i ses  to 

the. northeast o f t h e  reactor  -site . . . . . . .  

Rock Creek flows south past the reactor s i te ,  t raverses  the entire 

length of the District of Columbia through Rock Creek Pa rk ,  a recreational 

a rea ,  and discharges into the Potomac River below the intakes fo r  munici'pal 

water supplies. 

EARTHQUAKES 

The Maryland Piedmont, on which the site is located, i s  a region of 

comparative crustal  stability. During the past 156 y r  no severe quakes 

have occurred, though there have been a few quakes of low intensity. The 

probability of a destructive earthquake in  the Montgomery County area is 

@ very slight. The probability of hazards arising f rom extra-site sources, 

such a s  explosions o r  floods, is greater than f rom seismic activity. 

The DORF site will normally be occupied by 15 male personnel on a 

normal 8-hr day basis .  The Forest Glen Annex of Walter Reed Army 

Medical Center has  a total estimated population of 1041, located a s  follows: 

Research and Development Area 
(Nearest  to reactor site) 

. . . . . . . . . . . .  Civilian employees. ; 99 
Military . . . . . . . . . . . . . . . . . . . . .  39 - . . . . . . . . . . . . . . . . . . . . . .  Total 138 

Convalescent Area 
. . . . . . . . . . . . . .  Civilian employees 229 

. . . . . . . . . . . . . . . . . . . . .  Military 374 

. . . . . . . . . . . . . . . . . . . .  Patients : 250 
. . . . . . . . . . . . . .  Resident civilians. - 50 

. . . . . . . . . . . . . . . . . . . .  T o t a l . .  903 

Total estimated population . . . . . . . . . .  - 1041 - 



The area  outside the medical center towards metropolitan Washington 
. .~ 

4 million 

people. 

GEOLOGY 

Topography 

The Army Medical Center in Forest  Glen is on the well-dissected 

hills bordering the eas t  side of Rock Creek. The reactor site i s  on a small 

bench at an altitude of about 280 ft above mean sea level. Surface drainage 

flows from the site directly into Rock Creek and to the north and south into 

small unnamed tributaries of Rock Creek, and f rom these to the Potomac 

River near Georgetown and Theodore Roosevelt Island ( see  Fig. 1). 

Subsurface Geology 

@ The site i s  on anarrowbeltof the Kensington-granite gneiss, which i s  

a highly foliated, coarse  granite intrusive in the Wissahickon schist complex 

and basic rocks. Petrographic mineral determinations a r e  contained in 

Reports TDS-A526 and IDM-A526 of the United States Department of the 

Interior, Geological Survey, Geochemistry and Petrology Branch. 

The relic s t ructures  of the bedrock just described extend into the 

weathered rock mantel,  saprolite, which ranges in thickness at the site up 

to about 45 f t .  Locally, boulders or veins of quartzite, essentially unaltered 

by weathering, remain in  the saprolite. The saprolite is composed of mica- 

ceous sil t ,  clay, and fine-to-medium grained quartz sand. The attitude of 

the planes of foliation orient the average permeability, so that ground water 

and other fluids that might be released to move through the ground travel 

more readily along the planes of foliation than across  them. At the pro- 

posed reactor s i te ,  ground-water movement in the bedrock and in the sapro- -, 
l i te ,  where i t  has retained relic structures of the bedrock, will be more 

@ rapid north and south, parallel to the foliation, than east  and west across  

the planes of foliation. Fluids which may seep into the ground at the reactor 



@ 
site will most likely discharge a t  the surface i n  the gullies or  hillsides 

ation, rather than directly down the surface slope toward Rock Creek. Thus, 

. .. .. the west-northwest dip of the rocksat .  t hes i t e  will retard. any fluids released - .. .. 

to the ground a t  the reactor site, provided that they do seep into the ground 

. and do not runoff on the surface. directly into RockCreek o r  into the small 

tributaries to the north and south. The ion-exchange capacity of the 

weathered metamorphic rocks in the vicinity of Washington, D. C. , i s  usu- 
. . . . . . . . . 

ally less  than 25 milliequivalents per 100 g ( < 2 5  meq/100 g), which i s  low 

in comparison to purer  clay formations, such a s  those of marine origin. 

Analyses of 12 rock samples from this site show exchange capacities of 

l e s s  than 10. .meq/lOO g. These analyses were made by the Geochemistry 

and Petrology Laboratory of the U .  S. Geological Survey. 

Test Drilling 

@ Five bore holes and one auger hole were made to obtain samples for 

construction-engineering information and for the evaluation of environ- 

mental hazards. The deepest hole was bored to a depth of 45 ft. It was 

located exactly a t  the point where the reactor will operate, adjacent to the 

exposure room, and samples from this hole a r e  representative of the earth 

materials that may be  irradiated by reactor flux. 

A second hole was bored outside the north wall of the exposure room, 

and a third was bored outside the south wall of the building, adjacent to 

the reactor pool. At the southwest corner of the building, a hole was bored 

to check the variation in the soil that might exist in the vicinity of the building. 

A bore hole and an auger boring were made a t  the proposed location of the 

waste-storage tanks and the line of waste discharge f rom the reactor building. 



Chapter 2 

FACILITY 
. . . . . . . . . . . . .  

GENERAL 
. . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . . .  

The purpose of the facility is to study the effects of large, mixed 

doses of neutron and gamma radiation on electronic systems and related 

devices. To c a r r y  out these experiments, both a main exposure room and 

pool irradiation space a r e  provided. 

BUILDING 

The building i s  designed to accommodate the reactor, reactor com- 

ponents, reactor shield structure, technical a reas ,  personnel, and the 

4iB equipment and instrumentation required to perform radiation-exposure 

testing of electrical and electronic components o r  systems and also metal- 

lurgical testing. 

The floor plans and elevations of the three levels in the facility a r e  

shown in Figs. 4 and 5, respectively. The building, which i s  designed for 

a 25-yr life, i s  constructed of reinforced concrete, structural  steel, and 

masonry. The building will accommodate an average of I5 male personnel 

on the basis of an 8-hr /day  occupancy. Space within the building i s  divided 

into the following areas:  

2 
Exposure room . . . . . . . . .  400 ft 

Warm storage room 300 ft 
2 . . . . . .  

Truck-access and sample- 
preparation area 300 ft 

2 . . . . . . . .  
Mechanical-equipment room . 300 ft 

2 

2 
Toilet and shower room . . .  100 ft 

Nuclear counting room 100 ft 
2 . . . . .  

Office 120 ft 
2 . . . . . . . . . . . . . . . .  







Reactor operator station : . . 110 ft 
2 

, . , . . . . . 
L 

Storage room . . . . . . . . . . . 120 f t  
. . 

constructed of 'reinforced concrete, with a waterproof membrane to pre- 
.. . . . . . . .  ~~. . . . . .  . . .  . . . . . .  

vent ground-water penetration into the building. The exterior walls above 

the level of the operating floor a re  constructed of 4-in, brick facing and 

an 8-in, cement-block backup. The cement blocks a r e  sealed with an epoxy 

resin on the inner surface to reduce porosity. 

The roof and ceiling a r e  of perlite cast  over metal  decking with 

five layers of felt roofing on top. 

AIR -CONFINEMENT CAPABILITIES 

@ The building for  the DORF-TRIGA reactor has been designed to 

operate a t  normal atmospheric pressure.  The design also takes into 

consideration the intended uses  of each area  and provides good a i r  

confinement under adverse atmospheric conditions. Even under the un- 

likely possibility that a fuel-element cladding failure might occur con- 

current  with a sudden la rge  drop in barometric pressure,  the airborne 

radioactive fission products outside the building would not exceed the 

maximum permissible concentration. An analy  is shows that the 

maximum dose which a person might receive in the a rea  of maximum 

concentration outside the building would be 2 orders  of magnitude below 

the maximum permissible dose for nonoccupational personnel established 

by 10 CFR 20. 

The doorways and roof hatches in the building represent the only 

escape path for air  except for the slight possibility that a i r  might diffuse 

through several inches of concrete. All exterior doors and roof hatches 

@ will  be well fitted and gasketed with rubber. As a result, the building 

will  have no communication with the outside a i r  when the doors and 



ventilation dampers are closed. A pressure-release system, described 

below, will control the differential pressure. 

Building Ventilation Under Normal Conditions 

The air-conditioning system exhausts all air  from the reactor 

building through absolute filters and out the stack. This precaution i s  

taken, even though no radioactive particulate matter will be in the air  

during normal operation. 

The only possibility which might create airborne radioactive 

particulate matter would be a fuel-element cladding failure. Should such 

a failure occur, i t  is  possible that small amounts of radioactive noble 

gases would be dispersed from the reactor pool into the reactor-room 

air ,  and these would decay into particulate matter. 

Controlled Confinement of Air 

@ Although the release of fission-product gases from a fuel-element 

cladding failure should in no way endanger the operating personnel or 

the public, the design of the building makes it possible to isolate and 

confine the air within the building. The system has been designed so 

that when the continuoqs air  monitor indicates abnormal airborne con- 

tamination, an alarm automatically sounds and the positive-sealing 

dampers in the ventilation system automatically close, isolating the 

a i r  in the building at  ambient atmospheric conditions. 

Two conditions which could cause the confined air to leak out of 

the building would be a sudden drop in barometric pressure or  an 

excessive heating of the air  within the building, causing it to expand. 

In order to control the release of a i r  fromthb building under either of 

these rather abnormal meteorological phenomena, a special atmospheric 

relief duct is provided in the system. 

The resistance to a i r  flow provided by this relief duct i s  very much 

less  than the resistance to the flow of air through the solid concrete 



- 
walls or through the compressed rubber gaskets which seal the doors 

and hatches. Therefore, i t  can be reasonably assumed that the small 

volume of air that will be expelled from the facility under either of 

these conditions will be directed through the atmospheric relief duct and 

out of the building through the air  stack. 'Since the circulation of outside 

air  will continue through the emergency intake of the exhaust fan, the 

small volume of air expelled from the building willbe considerably 

diluted a s  it i s  forced out the stack. By the time i t  reaches ground 

level, the concentration of xe131 will be about 11300 of that allowed 

by the Atomic Energy Commission. 

Fission-gas Concentration From Stack Release 

On the assumption that both events mentioned above have occurred 

and that a small fraction of the contaminated air from the reactor room 

@ has been released through the stack, a calculation of the resulting con- 

centration of fission gas has been made. In order to determine the amount 

of fission-product gases which might be released at  any one time, i t  was 

necessary to determine the effects of the two phenomena mentioned above. 

Effect of Sudden Barometric Pressure Change on Room Air 

Leakage. A pressure differential between the inside and outside of the 

building can occur because of a sudden drop in barometric pressure. 

The barometric pressure changes in the Washington, D.C., area, as  

given in the records of the U.S. Weather Bureau dating from 1893, are  

a s  followa: 

Maximum monthly variation, 1.87 in. Hg; 

Maximum 24-hr variation (fall), 1.47 in. Hg; 

Maximum 24-hr variation (rise). 1.22 in. Hg; 

Maximum 12-hr variation (fall), 1 in. Hg. 

When the barometric pressure drops. air  will be expelled from the 

@ building. On the basis of the 1.47 -in. drop in barometric pressure 



3 recorded above and the volume of reactor-room air 71 350 ft i t  has 

been calculated that 3,690 ft3 of air will be expelled from the reactor 

room in 24 hr. This leakage amounts to 5.17% of the volume of a i r  in 
~ ~ -~~~~~ 

the reactor room in 24 hi. 

If i t  is assumed that the fission-product gases in the reactor room 
. . . . . . . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . .  . 

air resulting from a fuel-element cladding failure are xenon and' 

krypton, with an average total activity in the room of 2.45 c, a s  

calculated and discussed in Appendix X V ,  the average concentration of 
-3 3 

xenon and krypton in the reactor-room air  will be 1.2 I x 10 pclcm . 
Since 5. 17% of the activity will leak out with the expelled air. 0.127 c 

wi l l  escape in 24 hr ,  or 1.4 pc/sec. 

On the conservative assumption that the average activity will not de- 

crease from the natural decay of fission products during the 24-hr period, 

it has been calculated that the maximum concentration of the fission- 

@ product gases near the ground will occur at a distance of 1,940 ft from the 

reactor building. The maximum concentration in a i r  at that point would be 
-10 3 

8.0 x 10 ficlcm , which is 11300 of the ~e~~~ maximum permissible 

concentration (10 CFR 20) for continuous exposure in unrestricted non- 

occupational areas. 

Effect of Temperature Differential on Room Air Leakage. Another 

condition that could cause air to be exhausted from the reactor room, 

when the a i r  in that room is isolated from the rest of the building because 

of a fission release from the reactor tank, would be high temperature 

outside the reactor building. Radiant heating from outside would raise 

the temperature of the isolated and confined reactor room air. Under 

these conditions, i t  has been calculated that an outside air  temperature 
0 

of 1 0 0 ' ~  might increase the temperature inside the reactor room 15 F 

before equilibrium was reached. These conditions are based on the 

@ 
assumption that the air-conditioning system is  shut down early in 

the morning on a day on which the outside-air temperature 



building will increase in temperature from an assumed initial tempera- 
0 0 

ture of 70 F to 85 F by evening, when the temperature of the outside 
. . . . ... . air. would have .ae.c.r.eased,cr.eating a n  ..eiluilib.iim; - This .c.6fiditidn .. .. . 

would result in a leakage of 3.4% of the total reactor-room air  volume 

in 24 hr. . .. . . . . . .  . . 

It does not seem reasonable to assume that there couldpossibly be 

a coincidence . . . . .  of . these two natural phenomena--namely, a suddenchange 

in barometric pressure concurrent with a wide variation in insiae and 

outside air temperatures. 

Since the volumeof a i r  which would leak. from the reactor building 

under the  conditions created by a sudden change in barometric pressure 

is greater than the volume of air expelled by heating, the concentration 

in the a i r  will be proportionately less  in the latter case. Therefore, i t  

@ can be assumed that there are  no credible conditions which could en- 

danger the health or safety of the public through the release of fission 

products from a fuel-element failure. 

A calculation of the effect of a release offission products in the 

building i s  presentedin AppendixIV, The exposure (16.5 mr) which 

a person inadvertently remaining in the reactor room could receive 

following a fuel-element cladding failure i s  well below the maximum 

permissible daily exposure established by 10 CFR 20 for operating 

personnel. 

VENTLLATION SYSTEM 

The ventilation system (Fig. 5) and air conditioning throughout the 

building will provider 

1. Dissipation of building heat generated by electrical equip- 

ment and lights1 

2. Normal ventilation and cooling? 



3 .  Positive filtered exhaust of all possibly contaminated air. 

The entire building will be air-conditioned by a package type of 

system. Normal air recirculation will be used in the building, except 

. . 

from the exposure room and the wa.rm storage room will pass through 

an absolute filter of minimum 9''. 77% efficiency with a dioctyl phthalate 

(DOP) penetration of 0.05% far 0.3-p-diameter particles, and then out 

through an exhaust stack that extends approximately 45 f t  above the 

ground level. The flow of air will be controlled by maintaining a lower 

pressure within the exposure room and the warm storage room than in 

the remainder of the building. The remainder of the building will, in 

turn, have a slightly lower pressure than that found outside, Accidentally 

contaminated air i s  thus channeled through the filters. 

A stack monitoring system activates alarms i f  undesirable quantities 

L- 
of radioactivity are  being exhausted to the atmosphere. A smoke sensor 

i s  also provided, which activates alarms if smoke i s  detected in the 

exhaust system. 

The building i s  heated by a gas-fired, 225,000-Btu/hr steam 

boiler and thermostatically controlled steam coils in the air-handling 

system. 

WATER PURiFICATION AND COOLING SYSTEM 

The coolant water for the reactor i s  purified and cooled in an 

external system (see Fig. 7). which consists of a mixed-bed demineralizer, 

heat exkhanger, pump, and associated piping and valves. The system 

also includes a surface skimmer, a fission-product monitor, a fiber 

cartridge-type filter with pressure gauges. and a flow meter. The cooling 
0 

capacity of the water system is 100 kw at  water temperature of 90 F. 

The water conductivity i s  kept a t  about 2 pmho to minimize corrosion. 

L- The purification system removes radioactive ions or particles from the 



Fig. 7--Coolant-water purification system for the DORF 



reactor water and helps to maintain optical clarity of the water. 

The heat exchanger i s  a conventional shell-and-tube type. The 

shell and cover are made of carbon eteel, and the tubes and all other 

1 o 0 ~ ,  a t  a flow rate of 80 gprn. The water is circulated through the 

primary system by an aluminum centrifugal pump, which provides a 

head of approximately 70 ft .  The secondary coolant enters at  70'~ and 
0 exits a t  approximately 80 F during 100-kw operation. The design 

temperature for the shell side of the heat exchanger is  l00O~r for the 

tube aide i t  i s  1 2 0 ~ ~ .  The design pressure for both sides of the 

exchanger i s  75 psig, 

The primary function of the dsmineralizer system is  to maintain 

a water-conductivity level low enough to mininiize fuel-element 

corrosion. The demineralizers a r e  of a mixed-bed type that removes 

both positive and negative ione from the circulating water. The system 

includes two demineralizers, each of which has a flow capacity of 10 gpm 
3 

and contains about 3 f t  of resin. The type of resin provided is a mixture 

of nuclear-grade Permutit A-H and Permutit S-1. The flow through each 

demineraliaer i s  regulated by a flowmeter that i s  located on the downstream 

side. 

A filter removes ineoluble particulate matter from the reactor 

water system. It has a replaceable fiber cartridge, which is removed 

from the vessel and replaced when its pressure drop becomes excessive. 

Two filter cartridges 1 each rated at lop, remove al l  of the particles 

down to 1p in size. 

Two pressure gauges in the filter bypass line measure the 

pressure drop across the filter and indicate when the filter should be 

changed. 
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WARM -WASTE DISPOSAL SYSTEM 

A warm-waste system which collects water from the floor drains 

in the warm-storage room, decontamination area, exposure room , 
. .  ~ ~ . . .  -lavatories andbo*sk~wers;he:e a deterition capacity 'of X5.000gaT.' "' ' 

The system utilizes three 5,000-gal detention tanks, connected in 

parallel. Warm waste can be directed to any of the three detention 

tanks, and can later be diecharged from any of the three tanka aa the 

radioactivity drops within the acceptable range. 

The warm-storage tanks will be sampled and analyzed for radio- 

activity, in order to ensure that the warm waste may be flushed into 

the sanitary sewer. Figure 8 shows the flow diagram of the waste- 

disposal sy stern 

DECONTAMINATION PROVISIONS - 
.- 

A special paint capable of withstanding a decontamination procedure 

is applied to the concrete wzlls, f laor,  and ceiling of the warm storage 

room. Thia paint i s  also applied to the concrete around the truck 

access area. The main operating floor and the mezzanine are covered 

with vinyl tile, and the interior vralls are sealed with epoxy. 

The exposure room i s  lined with 1 f t  of structural-grade wood to 

reduce activation of the concrete. The floor in the exposure room i s  

covered with a waterproaf epoxy surface. The walls and ceiling are 

covered with a special decontamination paint. 

Drains in the building are arranged so that all water or other 

fluids used for decontamination a r e  channelled into the warm-waste 

disposal system, Should personnel be contaminated, an emergency 

skower is located in the toilet, and in the warm-storage room in the 

basement are 1oc.ated an emergency shower, eyewash, and sink. 
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Fig. 8--Warm waste-disposal system for the DORF 



@ 
UTILITIES 

Potable water i s  piped to the building site through a 2-in. water line, 

which is approximately 450 ft long. I t  is estimated that the maximum normal 
............................... 

water usage-wilS 

80 f t  of the building. However, in order  to meet  sewer-line inverts and to 
. . . . . . . . . . . . .  . . . . . . . . . . . .  

acko-odate the warm-waste detention system, the sanitary sewer from .' 

the building intersects the 8-in. aewer line at a manhole approximately 

300 f t  northwest of the reactor building. 

Electr ic  power will be purchased f rom the Potomac Electric Power 

Company at 1201208 v. Power is carr ied f rom Brookville Road on 13.2-kv 

overhead service lines to a power-company -owned substation located 

beside the reactor building. A total connected load of 195 kw indicates that 

an average estimated demand load of 110 kw will be required a t  the building. 

Nataral  gas will be piped from the gas main approximately 450 f t  

@ through a 20-in. line. It i s  estimated that during the heating period 
3 

225 f t  / h r  will be required. 

A 6-ft high chain-link fence with three rows of barbed wire will 

completely enclose the reactor building and will provide a 200-ft clear 

space on all sides of the building. 

Access to the reactor building is through a 16-ft wide roadway that 

intersects  the driveway from Brookville Road. A parking lot will accom- 

modate nine c a r s  and three 40-ft long t ra i le rs  with tractors.  Truck access  

to the building i s  a t  the basement level and a t  the operating-floor level. 

SOLID-WASTE DISPOSAL 

Disposal of solid waste will be handled through arrangement with 

Walter Reed Army Medical Center. 



Chapter 3 

REACTOR 

DESlGN CRITERIA 

The reactor design (see Figs. 9, 10, and 11) presented herein employs 

the TRIGA reactor fuel elements to provide a facility where studies may be 

undertaken of the effects of large pulses of neutirons and gamma rays on 

electronic and other devices of interest to the Diamond Ordnance Fuze 

Laboratory. The reactor core will have a minimum reflector so that large 

numbers of neutrons may be emitted by the core into a shielded exposure 

room. The reactor will have a 2-in. -thick water reflector, covering 180° 

of the periphery, through which will extend a small, 3 in. by 10 in., a i r -  

@ 
filled aluminum thimble when the reactor i s  adjacent to the exposure room. 

The thimble will be used for the irradiation of very amall objects. The 

core will have the capability of being pulsed by the insertion of up to 

2.2% S k/k excess reactivity with no hazard to the reactor or the operating 

crew. Detailed operating characteristics are  given in Chapter 5. 

Easy access to the core and adequate cooling and shielding will be 

provided by the large pool of water in which the reactor-core assembly is  

submerged. Cooling will be provided so that the reactor may be operated 

at  100-kw steady state and at  250 kw, not to exceed 1 Mw-hr per day, to 

allow for extended irradiations. To &ke maximum use of the reactor, the 

facility will be arranged so that exposure of samples may occur either in 

the dry exposure room or within the reactor pool. To facilitate this utiliza- 

tion, the reactor will be transported by a carriage from one exposure 

position to the other within the pool in approximately 6 min. Shielding 

will be provided so that access to the exposure room may be made while 

@ 
experiments a r e  being conducted in the pool. 

Operation and maintenance requirements will be minimized by 
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Fig. 9--Perspective view of the reactor 



Fig. 10--Sectional elevation of the reactor 
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employing a simplified control system. To assure safe operation, the 
. .. .. ~ 

reactor will be provided with a reflectar of ~arersuff ic ient  t o  ensure that 

no change in reactivity larger than 0.570 bk/k occurs as  a result of moving 

vided for the reactor core and the exposure room so that operating person- 
. . . . . ,  , , , , . . . . . . . . . . . . . . . . . 

nel'in areas external to tkie shielding will not receive doses of radiation 

exceeding one-tenth of that specified by the U.S. Atomic Energy Commis- 
. . .  

sion, during 100 -kW steady -state operaEion. The neutron-to -gamma -ray 

ratio will be variable by a factor of 10 by the addition of lead around the 

core as  a gamma-ray filter or by water as a neutron filter. 

When the reactor is  moved into the exposure -room position, the 

water reflector is  diminished to a 2 in. thickness around half of the core. 

In addition to this, there is a 114-in. -thick aluminum thimble, which is  

@ 
- fabricated as  part of the reactor tank, that penetrates through the 2-in. 

water reflector and into the F-ring of the reactor core. In the region . . 

where the thimble penetrates, two fuel elements are  removed to accommo- 

date the penetration. The closest approach of the thimble to a fuel element 

is  0.7 cm. 

A 2-in. -thick water -cooled lead shield is provided, which is mounted 

external to the tank on a hydraulically operated piston. This lead shield 

has an opening in it which allows access to the thimble. The opening can 

be filled with a removable lead plug. Operation of the movable lead shield 

is interlocked so that the shield cannot be moved while the reactor is in 

operation. 

The exposure room will be accessible through an opening through the 

shield containing a movable concrete shielding plug. Electrical inter- 

co~nections will be accommodated through the roof of the exposure room 

by means of spiral conduits. These conduits are surrounded by lead to 

@ ensure the integrity of the shield. 

The communication systems for the reactor and associated exposure 
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room will include both audio and visual systems. A closed-circuit tele- 

vision system will be employed to monitor personnel and experiments in 

the exposure room and warm-storage area. An audio system will be 

GENERALARRANGEMENTOF REACTOR 

The reactor core forms a compact cylinder and consists of a lattice 

of approximately 85 cylindrical fuel-moderator elements, 4 control rods, 

and 1 neutron-source holder contained between the top and bottom aluminum 

grid plates and surrounded by an aluminum shroud which supports the grid 

plates. This assembly is  located at the bottom of an aluminum reactor 

tank that is approximately 14 ft in diameter and 19 f t  6 in. high and holds 

12.000 gallons of water. The core assembly is suspended by a support 

structure from a motor-driven carriage which is  at the top of the tank and 

@ i s  capable of traversing the tank. 

Control-rod drive mechanisms are located on the carriage and are  

connected to the control rods in the core. The reactor is  controlled by 

two safety rods, a regulating rod, and a shim-safety-transient rod. Inatru- 

mentation is  provided to monitor, indicate, and record the neutron flux. 

Three modes of operation are  possible: Mode I--steady-state operation, 

with manual or servo control to 100 kw; Mode II--power square wave to 

250 kw, maximum; Mode III--flashing operation to 2200 Mw. 

In addition to the reactor-control instrumentation, an interlock sys- 

tem is provided to prevent reactor operation unless prescribed safety 

conditions have been met. 

The reactor core is  cooled by natural convection and the pool water 

is purified and cooled in an external system which consists principally of 

a water-to-water heat exchanger, a mixed-bed demineralieer, a pump and 

associated piping, valves, and flow-indicating devices. The secondary 
@ 

water to the heat exchanger is circulated through a filter and cooling tower. 
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In addition to the shielding provided by the water in the reactor tank, 

two 18-in. -thick shielding doors a r e  located in the tank to shield the expo- 

sure room. These a r e  mounted on bearings on the floor of the tank and can 

another when prescribed safety conditions have been met. 

FUEL-MODERATOR ELEMENTS 

A fuel-moderator -element assembly is shown in Fig. 12. Including 

the top and bottom aluminum end-fixtures, the fuel-moderator element is 

28.44 in. Long. The fuel part  of each element, which is 1.42 in. in diameter 

by 14 in. in length, consists of an alloy of uranium-zirconium hydride con- 
235 

taining 8 wt-% uranium enriched to 20% in U . The hydrogen-to-zirconium 

atomic ratio is approximately 1.0. A thin aluminum wafer a t  each end of 

the active fuel section contains a burnable poison. By this means an appro- 

@ priate amount of burnable poison i s  incorporated in each fuel element at the 

time of fabrication to miriimize the loss -of -reactivity effect due to fission- 

product poisoning and fuel burnup. Four-inch sections of graphite in the 

fuel can above and below the fuel region serve as top and bottom reflectors 

for the core. The fuel elements a r e  clad with 0.030-in. -thick aluminum, 

and all closures are  made by heliarc welding. An aluminum end fixture is 

fixed to each end of the can for  positioning and handling. Each standard 

fuel element contains approximately 37 g of u ~ ~ ~ .  Partially loaded fuel 
235 elements containing lesser  amounts of U are  used, as necessary, to 

make available the exact amount of excess reactivity required in the reactor. 

GRID PLATES 

The fuel elements are spaced at the top and bottom by two 0. 75-in. - 
thick aluminum grid plates. The grid plates have a total of 91 holes, or 

@ 
fuelelement spaces, 85 of which a r e  available for fuel-moderator elements 

and the remainder for the 4 control rods. The bottom grid plate, which 



Fig;-5-1 --  Perspective view of DORF reactor 
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Eig;~- 5-3  -- Sectional elevation of DORF reactor 
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Fig. - -  Plan view of DORF exposure room 





. . . '  " 

b 

SUBJECT; Radiation Protection Special Study No 28-43-0982-80, 
Close-Out Survey of Diamond Ordnance Radiation Facf l i ty  
(OORF) , 25-28 February 1980 

FIRST FLOOR PLAN 

Figure 1 













r-- - Q *-, 
I I BALL VALVE 



Fig. 6--Flow diagram of ventilation system 
for reactor building 
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