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Director, Division of Reactor Licensing 
U. S. Atomic Energy Commission 
Germantown, Maryland 20767 

Attention: Mr. Roger S. Boyd, 
Research and Power Reactor Safety Branch 

Gentlemen: 

In accordance with discussion with and instructions from your staff, 
r am pleased to transmit for your review and approval two copies of 

/Hazards Summary Report for a 1000 KW TRIGA Mark-l Reactor at " 

j the U.S. Geological SurveYI Denver, Colorado. Under separate 
cover, an additional 35 copies are being sent to the office of 

I Mr. Roger S. Boyd. ' . 
\ ~ ,i' 1 . j J :. 
' ~f -"-' .. J 

Close coordination has been maintained with the General Atomi c 
Division of the General Dynamics Corporation through all phases of 
the report preparation, and guidelines were obtained from previous 
Hazards Reports acceptable to AEC. 

The report includes a description of the site, reactor specifications, 
and an evaluation of potential hazards. an outline of the reactor 
administration and organization. and proposed procedures related to 
the reactor facility. 

The Geological Survey requests that a construction permit be issued 
for a 1000 KW TRIGA Mark -I Reactor purchased from the General 
Atomics Division . There is an urgent need for a construction permit 
to make certain renovation to the newly constru cted Nuclear Science 
Building (Building 15) at Denver, preparatory t o installation of the 
reactor. Contractual schedule calls for completion of the reactor 
installation by September 1967. 
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Your approval of the Hazards R·eport and the early issuance of a 
construction permit to the Geological Survey will be appreciated. 

Sincerely yours. 

Actin; Director 

Enclosure 
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1. INTRODUCTION 

This r eport is part of an application by the U. S . Geological 

Survey, Department of the Interior, Denver, Colorado, for a Const r uction 

Permit, a special Nuclear Materials License for the fuel element inventory I 
and a  PowBe startup source, aDd a Class 104 License for a utiliza- ! 
tion facility to pe rmit the installa tion and operation of a research, isow I 
topes - production Bnd training reactor (TRIGA-MARK I) to be purchased from 

the General Atomic Division of General Dynamics Corporation. Included are 

a description of the site, reac t or specifications, and an evaluation of 

potential hazards, an outline of the reactor administration and organiza-

tion, and proposed procedures related to the reactor fac i lity . 

The Nuclear Science Building in which the reactor will be installed 

is presently under construction. This building will be occupi ed by pro-

fessional and technical personnel, most of whom have exper ience in handling, 

using, and measuring radioactive mate r ial, and are authorized to do so by 

existing AEC licenses (5- 1399- 8 and SNM-lll) . The building will be used 

for basic studies to improve methods and techniques to enhance scientific 

knowledge about water and earth materials . These studies wi ll involve 

analytica l techniques utilizing natural and induced r ad i oactivity for de-

termining the isotopic composition of earth materials related to geochron-

olegy and crustal evolutionj areal distribution and geochemistry of minor 

elements; the genesis of ore depesits~ the occurrence, d i stribution and 

geochemical behavior of trace elements io natural water; sorption and ex-

change studies; analysis of industrialpollutaot s , aod pesticide residues; 
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mea s urements of transpor t of t race elements in stream sediments and their 

distribution between l iquid a nd solid phases; and studies of the occurrence, 

dist ribution, and geochemistry of natural radioelements and fission products 

in env ironmenta l waters . The reactor is considered as an integral part of 

this research progr am • 

• The TRIGA Mark I 1000 kw reactor is a light-water-cooled and 

- r e flected reac to r using advanced TRIGA U- ZrH fue l-moderator elements de-

ve loped by the General Atomic Div ision of General Dynamics Corporation. 

This reac to r is des i gned for cont inuous steady-state operation at 1000 kw 

and may also be pulsed r epetitively to yield a burst having a prompt energy 

release of about 16 Mw-sec, a peak power of about 1,600,000 kw, and a 

pul se width at half maximum of about 11 msee. The technical specifications 

are summarized in Appendix 1 - I . 

The safety of the TRIGA reactor lies in the large prompt negative 

temperature coeff i cient that i s an inherent characteristic of the uranium-

zirconium hydride fue l - moderator material. Thus, even when large sudden 

reactivi t y i nsert i ons are made and the reactor power rises on a shor t 

period , the excess react i v ity is compensated automatically because the 

fuel temperature rises simultaneously so that the system returns quickly 

to a normal power level before any heat is transferred to the cooling water. 

The inherent prompt shutdown mechanism of TRIGA reactors has been 

demonstrated extensively during more than 10,000 transient tests conducted 

at the two prototype TRIGA r eac tors in General Atomic's laboratories in 

San Diego. Thes e tests i nvo lved step insertions of reactivity of up to 

3.5 1. 5k/k . This demons trated safety has permitted the location of TRIGA 

* TRIGA trad emark r eg ister ed in U. S. Patent Office. 
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r eactors in \' .-b <:l n arcr.F :'n hu:1C:ings without the pressure - type contai nment 

usually requi.red f or o tn£:!r !:'esea r ch reactors of similar power level and 

excess r~acti\'ity . At pre sent, in addition to the 3 prototype reactors 

at Genera l b:omic , 20 gra~~ite -re flected TRIGA Mark I and Mark II reactors 

and 5 water-reflected Mark F a nd Ma rk III reactors are in operation; 15 of 

these TRIGA reactors are equipped for pulsing operation . The Mark III 

and Ma rk F r eactors are l i censed for routine pulsing with react ivity inse r ­

tions of up to 2. 1% 5k/k . 

The U. S . Geological Survey 1000 kw TRIGA Mark I is simila r to the 

prototype Mark III except that the Mark I has a graphite and water reflector 

su~rounding the cor e, ra~her than water only. 

The U.S.G.S . TRI GA Ma rk I reactor will use fuel elements of an 

advanced type; the claciding is O. 02-inch- thick stainless steel, and the 

hydrogen- t o- z::i.rconium atom ratio i n the fuel material is approximately 

1.7 to 1 . The i mproved performance and safety of the advanced fuel has 

been amply demonstra t ed by te sts in the prototype reactor at Gene ra l Atomic's 

laboratories in San Diego, and in five other TRIGA reactors. The prototype 

reac tor has been in ope r atiQn f or five years with the advanced fue l. 

In addition to being tested at steady state continuously for 

t housands of hours a t powers up to 1500 kw, the core in the prototype 

reactor has been pulsed safely over 6600 times with reactivity inser t ions 

up to 3.5% 5k/k . The result of a 3.5% 5k/k insertion is a power pulse 

wi t h an initial pe riod of about 1. 5 msec and a peak power of about 8400 

Mw. The pro t otype reactor is l icensed by the United States Atomic Energy 

Commission to be pul sed routinely wi th insertions up to 3 . 27. 8k/k • 
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The TRIGA famil y of reactors ~as developed for use by universities 

a nd research institutions as a gene ral - purpose research and training 

facility. A prototype has been in operation since May 1958 at General 

Atomic in San Diego, California . The U. S. Geological Survey' s reactor 

will be equipped with conventional safety rods and electronic scram equip­

ment as additional safety measures . 

Init ial l oading and sta rt-up of the reactor will be supervised by 

General Atomic personnel in accordance with the procedures described in 

Ap pendix I-II. At leas t one U. S. Geological Survey employee will be trained 

by General Atomic in the operation and maintenance of the r eactor . The 

U. S. Geological Survey plans to hire additional reactor facility personnel , 

including senior operators and ope rators. Other U.S.G.S. personne l wi l l be 

trained to operate the reactor after routine operation is established. 

Table 1.1 

GENERAL I NFOR'>IATION REQUIRED BY 10 CFR 50 . 33 

a. Applicant: U. S, Geological Survey, Department of the Interior 

b. Address: Federal Cent-e r , Denver, Colorado 80225 

c. Business : Research 

d. Applican t is not an individual 

e. License class, use, and duration: 

1. Construction pe rmi t for the installation of a I Mw puls ing 

Mark I TRIGA reactor. Permit is requested as soon as possible 

for a duration of 9 months. 

2. Class 104 license for operation of above reactor. Installation 

complet t on date es timated June-December 1967. Licen8e duration: 

40 years, The reactor will be used primarily for research and 

• 
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deve lopment, usually including isotope production related to 

geolog ic and hydrolog ic studies, and secondarily for instruct-

ing potential reactor operators. 

3. Special Nuclear Materials license for the fuel element inventory 

and for al  Po-Be startup source. Duration and expiration 

date to be same as Class 104 license . 

4 . By-product Materials License 5-1399-8 to be amended to provide 

for increase in material resulting from reactor operation. 

f. The applying organization is a part of the U. S. Government and is 

funded by Congre ss . 

g. The scient ific staff associated with the reactor use is composed of 
Appendix I-Ill 

chemists, physicists, geol ogists, and geophysicists/who are qualified 

and authorized to use radioactive materials in research (Licenses 

5-1399-8 and SNM-111). The reactor operating staff has not been 

employed, but Key members will be employed prior to reactor startup . 

h. Earliest and latest dates for completing construction: February 1 and 

September 1, respectively. Depends greatly on effective date and 

duration of construction permit . 

i. Reactor utilizati on does not include generating and distribut ing 

electric power . 

j. This applicat ion does not contain classified defense informat ion. 
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2 . SUMMARY 

This report shows that the 1000 kw TRlGA Mark I design makes safe 

and adequate provisions for the more routine considerations such as 

argon - 41 generation. contamination from a fuel element cladding failure, 

radiation dose rates during full power operation, etc . Following is a brief 

swnmary of the detailed analyses contained herein on the two major credible 

accidents, loss of cooling accident and reactivity accident . 

2. I. LOSS OF COOLING ACCIDENT 

Should the pool be accidentally instantaneously emptied of water. 

radiation levels in the reactor room would be high from the decay garn:mas 

in the core. However, calculations indicate that the fuel element cladding 

would remain intact. and there would be no injuries to operating personnel 

or danger to the surrounding population from dispersal of fission products. 

If the reactor had been operating at 1000 kw for infinite time just 

prior to the instantaneous loss of cooling water, with convective cooling 
o 

of the core by air, the maximum fuel temperature would be less than aoo e, 

a temperature well below the l400
0

e melting point of the stainless steel 

cladding . The equilibrium pressure resulting from fission gases,entrapped 

air. and hydrogen at aoooe is about 140 psi. This pressure produces a stress 

of 5100 psi. whereas the yield stress for the stainless steel cladding is 

>12.000 psi at BOOoe. The main hazard would be from. the high radiation 

levels from the unshielded core. After 1 day the direct radiation dose 

at the top of the pool would be about 1200 r/hr . However, the scattered 

radiation dose at the edge of the pool would be about 0.3 r/hr. thus making 

it possible to take corrective action after the loss of water . 
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2 . 2. REACTIVITY ACCIDENT 

The limitation on the size of the reactivity insertion permitted for 

routine operation of the alwninwn - clad fuel for TRIGA reactors was 

determined by the temperature at which the U-ZrHl. 0 fuel undergoes the 

phase transition from alpha to beta phase. which results in dimensional 

changes in the fuel material. This temperature limitation was determined 
o 

to be 530 C. Since the stable gamma phase o f the U-ZrHl. 7 fuel material 

utilized in the stainless - steel-clad TRIGA reactor fuel does. not undergo 

such a phase transition. the pulsing limits for these fuel elements are set 

by the equilibrium hydrogen pressure within the fuel element. This pressure 

is a function of temperature and must not exceed the rupture stress of the 

fuel element cladding. For the O. 02-inch - thick stainless steel cladding, 

the rupture pressure has been m eas ured to be 1800 psi at 100oe. The 

fuel temperature at which the equilibrium hydrogen pressure will be 1800 

psi is about 1000oC. The peak fuel temperature occurring during 1 - Mw 

steady-state operation (about 350°C) and resulting from the routine 

reactivity insertions of 2. 1 % 6k/k from zero power (about 450°C) are both 

well below the limit. 

Although the reactor control system is interlocked to prevent such 

an occurrence, consideration was given to pulSing the reactor with a 

2.10/0 6k/k insertion (the total worth of the transient rod) when all of the 

other rods are completely withdrawn and the core is fully loaded. (To do 

this. conditions of the operating license must be deliberately violated and 

several interlocks and scrams must be bypassed.) Under such circum­

stances, the maximum total reactivity to be compensated by the steady­

state temperature would be 2 .8% 6k/k (4. 9%, the maximum reactivity in 

the core, minus 2.1 %. the total worth of the transient rod). The resulting 

steady - state power would be about 1.4 Mw , the average fuel temperature 
. 0 0 

would be about 237 C, and the peak fuel temperature would be about 405 C 

at the steady- state condition before pulsing , 
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The average temperature rise resulting from the sudden insertion 

of 2 . 1 % 5k/k is 233°C . The average fuel temperature a t the conclusion of 

the pulse from 1. 4 Mw would then be 237°C + 233°C = 470°C. The peak 

tempe r ature rise woul d be 399°C for a total peak temperature of 405°C + 

399°C = B04oC. well below the maximum temperature pe r mitted. The 

r esulti ng pressure would be about 60 psi, well below the rupture p re ssure 

o f 1800 psi. Details of the analysis of this accident are found in Section 8. 7 . 

Thus. it is concluded that these two major credible accidents will 

present no hazard to the health and safety of the public. 
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3. SITE 

3.1 SITE LOCATION AND ADJACENT AREA 

1. The reactor will be installed in the Nuclear Science Building 

at the Denver Federal Center, Jefferson County, Colorado . 

The Federal Center is a complex of U. S. Government offices and laboratories 

occupying 690 acres of land which is owned and maintained by the U. S. 

Government. It is 7 miles southwest of the central Denver business area, 

3 miles west of the Denver city limits, 1-1/2 miles southwest of Lakewood, 

Colorado, and about 6 miles southeast of Golden, Colorado (fig . 3rl), 

2. The Nuclear Science Building is near the eastern boundary of 

the Federal Center (fig . 3 - 2) and is under construction; completion is 

e stimated for November, 1966. The building plan (fig. 3-3) provides space 

f or about 40 U. S. Geological Survey employees engaged in radioactivity 

measurements and uses of materials ranging in intensity from natural levels 

to several curies. 

3. 

The general area is open to the public from 6 A.M. to 6 p. M. on Monday 

through Friday, but access is limited to specified employees at all other 

t imes. The general area also includes areas which are restricted at all 

t imes to s pecified personnel. Some of the Nuclear Science Building will 

be unrestricted during normal working hours; r estrictions in other areas 

of the building will range from no access to other than specified personnel , 

to access when accompanied by user personnel. 
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Fig . 3-1. -- Index map of Denver, Colorado aod vicinity. Circle 
centered in :Lenver Federal Center has 7 ,COO-ft. radius 
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4. The daytime occupancy of personnel at the Federal Center is 

about 6,000; during the night less than 500 are on duty. No residences 

are within the Federal Center boundary. Occupants include the following 

U. S. Government Departments: Agriculture; Air Force; Army Reservesj 

Commerce; Health, Education and Welfare; Interior; Navy; and Treasury, 

plus the Civil Service Commission; Emergency Planning Office; General 

Services Administration; and Veterans Administration. Private enterprise 

is limited to daytime operation of cafeterias, a bank, and 2 a irline 

t.icket offices . 

5. The population within the Denver metropolitan area which in­

cludes the vicinity of the Federal Center is about 1 million people (1964). 

The area around the Federal Center consists of open land, re s i dential, 

and commercial property. The resident population in the vicinity of the 

Federal Center and within 7,000 ft. (approximately 1.33 miles ) of the 

reac t or site is shown in Figure 3-4. The population is bas ed on a count 

of res idences and an assumption of 2.8 occupants per residence (oral 

communicat i on, U. S. Bureau of Census). The Federal Center occupies about 

25 percent of the area within a 1.25- mile radius of the reactor site. 

F.};cluding the area covered by the Federal Center, about 75 percent of the 

remaining area is residential. The remaining area is zoned residential, 

but is presently open ground. The area includes two public schools (3,000 

ft. southeast and 3,200 ft. northeast of the r eactor site), a small stadium, 

and a county health clinic. 

6. The general nature of activities and population within the 

Feder al Center are expected to remain virtually constant f or several years . 

Resident ial areas within a 1.25 mile radius of the reactor site have devel-

• 

-
-
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cludes the vicinity of the Federal Center is about 1 million people (1964). 

The area around the Federal Center consists of open land, residential, 

and commercial property. The resident population in the vicinity of the 

Federal Center and within 7,000 ft. (approximately 1.33 miles) of the 

reac t or site is shown in Figure 3-4. The population is based on a count 

of residences and an assumption of 2.8 occupants per residence (oral 

communication) U. S. Bureau of Census). The Federal Center occupies about 

25 percent of the area within a l.2S-mile radius of the reactor site. 

Excluding the area covered by the Federal Center, about 75 percent of the 

remaining area is residential. The remaining area is zoned residential, 

but is presently open ground. The area includes CWo public schools (3,000 

ft . southeast and 3,200 ft . northeast of the reactor site), a small stadium} 

and a county health clinic. 

6. The general nature of activi ties and population within the 

Federal Center are expected to remain v irtually constant for several years. 

Res idential areas within a 1.25 mile radius of the reactor site have devel-
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3.2 METEOROLOGY 

1. The meteorological data ~ere obtained from the U. W. Weather 

Bureau station at Stapleton International Airport located about 13 miles 

ENE of the Federal Center . General weather patterns at the two areas are 

related, but some aberrations cause local turbulence created by the foot ­

hills of the mountains near the Federal Center; records of these differences 

are not available. 

2. Climatological summaries are presented in Table 3- 1. Ten- year 

averages of wind velocities and direction for each month are shown in 

Figure 3- 5. 

3 .3 HYDROLOGY 

1. The site is 5,583 ft. above mean sea level. It is about 2,000 

ft . from any definable drainage channel and about 5 miles from and 350 

feet above the major river (the South Platte) which flows through the 

Denver area. Natural drainage from the site is to the northeast. Stonn 

sewers with inlets near the site drain to the east and northeast, and dis ­

charge into Lakewood Gulch which discharges into the South Platte River. 

An irrigation canal lateral crosses the Federal Center from northwest to 

southeast and passes about 750 feet west and 10 feet higher than the 

reactor site. Possibility of overf low is remote but if it does occur 

the entire flow will be confined to streets and gutters and will not 

reach the reactor room. The sewage system (f i g. 3- 3) f r om the Nuclear 

Science Building drains into the Denver sewage system • 
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2 . The alluvium underlying the general area has low permeability 

.:md will locally yield small amounts of water t o wells, possibly up to 

20 gallons per minute. No pump ed wells are within the Federal Center and 

cmy in the general vicinity are used only for lawn watering . The g round 

w~tcr level at the site is about 20 feet below the reactor room floor and 

slopes gently to the east . 

3 . 4 GEOLOGY 

1. The Federal Center is situated on alluvium which extends fr om 

the foothills of the Rocky Mountains on the west to several miles east 

of Denver. Tes t boring s near the reactor site (fig. 3~6 ) show that the 

I1nderly ing near - surface material is composed of gravel, sand, and shal e. 

2. No geologic faults are indicated by surficial evidence within 

the area. , 
'I 

1. The sit e is in a seismically "quiet" area (Eppley, R. A. , 1965 , 1 , 

3.5 SEISMOLOGY 

Earthquake history of the United States : U. S. Dept. of Commerce, No. 41 - 1). 

Occasional tremor s centered near Derby, Colorado, about 15 miles northeast j 

of the site have been recorded since 1962 ; these are measurable, but are 1 
not otherwise descernable at the Federal Center. 
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4. NUCLEAR CENTER FACILITIES 

4.1 GENERAL 

The reactor facili ty will be composed of two separate a r eas - the 

control area and the reactor room (presently designated as room  and 

an adjacent office ). 

The r eactor r oom will be located within a portion of the building 

which is constructed as follows: 

Foundation: Separate spread footings generally 6 feet below 

top of floor slab. 

Floor: 6- inch concrete slab on grade. 

Frame: 12- inch concrete bearing walls with concrete grade 

beams at wall openings. Concrete poured in place roof beams 

with integral one-way solid concrete roof slabs 5 inches 

thick. Top of roof slab is 17 ' - 6 11 above floor slab. 

The control area will be located within a portion of the building 

which is constructed as foll ows: 

Foundation: - - - Separate spread concrete footings gener ally 7 

feet below top of floor slab • 

Floor: 5-inch concrete slab on gr ade. 

Frame: Steel columns and beams without fire protection, open 

web steel roof joists and 1- 1/2-inch steel roof decking, 

9 1 _411 above floor slab . 
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The building was designed according to the Structural Engineering 

Handbook of the General Servi ces Administration. Design loads are as 

follows: 

Roof Live Load - - - 30 psf 

Wind Load - - - Fastes t wind f or a 50-year period of recurrence 

Seismic Load - - - Not cons idered 

Allowable Soil Pressure - - - 3,000 psf minimum for dead load 

6,000 psf maximum for dead load plus 

live load. 

4.2 REACTOR ROOM 

The reactor room is 21 f eet by 36-1/2 feet as shown on fig. 4-1. 

A new wall with door will be constructed between the reactor room and the 

control area. The reactor wi ll .be situated near the bottom of a water­

filled pit in the center of t he r eactor room. The pit is to be 8 feet in 

diameter and 26 feet deep, and will be lined with aluminum 1/4 inch thick. 

All seams and joint s in t he line r will be welded and leak- tested; 20 per­

cent of the welds will be radiographed a s a check of internal weld i nte­

grity. The lower 10 f ee t of the l iner wi l l be surrounded by reinforced 

concrete .4 feet th i ck on the sides and 3 feet thick on the bottom to pre­

vent unacceptable soil act ivation. The up per portion of the liner will 

be surrounded by concrete one f oot t hick. The outside of the aluminum 

liner will be coated f or corrosion protection; the outside of the surround­

ing concrete will be waterproof ed . 

The reactor room is served by a n existing l2-foot-wide l3-foot - high 

outside access door. A bridge c rane having a capacity of 5 tons will be 

installed. The crane will be cont r ol led from a pendant push- button 

control box independent of r eac t or control circuitry. 
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Fig. 4 -1 -- Plan view, Reactor Facility Area 
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Fig. 4-1 -- P~an view, Reactor Facility Area 
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4.3 CONTROL ROOM 

the control room will consist of a 9-foot by 19-£oot control area 

and a 9-foot by 14-foot office area. In addition to the reactor control 

console, the control room will contain an experiment instrumentation area 

and a test set - up area. The control console will be located to provide 

direct visual communication be tween the console and the reactor room. 

4.4 AIR CONFINEMENT 

The reactor room will be designed to permit substantial confine­

ment of contaminated air wi thin the room. There will be no windows in the 

Bxterior walls. There will be special flashing and sealing materials at 

trench and piping penetrations. Openings for ventilation ducts will be 

sealed with epoxy mastic. Piping and wiring penetrations will be sealed 

with rubber grommets or with a suitable calking compound. All reactor 

room doors will have weather seals and doo r closers sufficient to allow 

maintenance of negative air pressur e by means of the ventilation system. 

4.5 VENTILATION AND FILTER SYSTEM 

The existing supply air systems to ~he r eactor room and the control 

room are to be retained. The control room is supplied by a dual duct high 

velocity system separate from the supply to the reactor room. The reactor 

room recieves filtered 100 percent fresh air from Zone No. 3 of Ale Unit 

No . 3 located in the basement mechanical equipment room. Zone No. 3 

serves the reactor room, radioactive materials room, and neutron generator 

room. An automatic positive- sealing dampe r is to be installed in the supply 

duct to the r eactor room to permit confining the air within the room in 

the event the room air is accidentally contaminated. 
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The exhaust system for the reactor room, presently consisting of 

an exhaust fan mounted on the roof, is to be modified to provide an 

automatic positive-sealing damper to isolate the reactor room, a separate 

small-volume duct to exhaust air from the reactor room through an absolute 

filter mixing with a large volume of outside air and discharging through 

the roof to 'slowly purge the reactor room while maintaining a slight nega­

tive pressure within the r oom. 

The reactor room ventilation sys tem normal cycle is shown on 

Figure 4- 2. The reactor room ventilation system with the r eactor room 

isolated is shown on Figure 4_3. The reactor room ventilation system 

dilution cycle is shown on Figure 4- 4. 

A r adiation monitoring system is to be ins talled in the exhaust 

air discharge to monitor the activity of the exhaust air. If the exhaust 

air activity becomes excessive, an automatic control system will cause 

the system to operate as described below. 

Automatic operation is accomplished by a two- position selector 

switch labeled AUTO ISOLATE and DILUTE PURGE. With the switch in the 

AUTO ISOLATE position, a high radiation signal will cause the automatic 

dampers in the supply air and exhaust air ducts to close and cause the 

exhaust blowers to shut down. After evaluating the cause of the high radia­

tion signal, the operator may turn the switch to the DILUTE PURGE posi­

tion, causing the exhaust blower t o start and slowly purge the room. 

All automatic dampers will complete their operation within thr ee 

seconds after receipt of Signal. 

The exhaust air will be discharged vertically upward through a stack 

extending 4 feet above the r oof wi th a minimum velocity of 1200 feet per 

minute at all times. 

-' 
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5, REACTOR DESCRIPTION 

5, I. GENERAL DESIGN FEATURES 

The TRIGA Mark I reactor developed by the Gene ral Atomic Divi sion 

of General Dynamics Corporation. is an inherently safe reactor designed 

for advanced research in the various fields of nuclear research and education. 

The TRIGA Mark I reactor operates routinely at steady- state thermal power 

levels up to 1000 kw and has the capability of being pulsed repetitively to a 

peak power of approximately 1.600, 000 kw. 

Used in conjunction with the TRIGA Mark I reactor are facilities 

for high- energy neutron and gamma r adiation studies. radiation effects 

testing. and sampl e activation. These facilities include a central thimble. 

an iso.tope production facility surrounding the co re (rotary specimen rack), 

one or more pneumatic transfer systems. facilities for lIin_core ll irradiations 

and a large reactor pool for in - pool irradiations (see Fig. 5-1). 

The reactor core is operated near the bottom of a large open pool. 

Approximately 20 feet of water above the core p r ovides vertical shielding. 

The resulting design dose rate is approximately 10 mrem/ hr at the water 

surface from gamma radiation direct from the core. neglecting N - 16. 

The fuel-moderator elements used in the I megawatt TRIGA Mark I 

reactor, which were developed by General Atomic, consist of a homogeneous 

mixture of uranium-zirconium hydride in which the H-to-Zr atom ratio is 
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Fig. 5 - 1 -- Cross section of TRIGA Mark I reactor 
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Fig. 5-1- - Cross section of TRlGA Mark I reactor 
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approximately 1.7 to 1 and the uranium is enriched to 20% in U
235

. The 

active portion of the fuel-moderator elements is 15 inches long and 1. 43 

inches in diameter . The elements are clad with stainless steel. The unique 

feature of these fuel-moderator elements is the prompt negative temperature 

coefficient o f reactivity. which gives the TRlGA reactor its built - in safety 

by automatically returning the reactor power to a normal power level in 

the event of a power excursion. 

The reactor core consists of a cylindrical l attice of fuel - moderator 

elements. cont rol rods, and a polonium - beryllium neutron saure e. The 

water that surrounds these components occupies about one-third of the 

core volwne. The core excess reactivity will be 4.9% 6k/k. Graphite end 

sections of the fuel - moderator elements serve as the top and b ottom reflectors. 

Neutron reflection in the radia l direction is provided by approximately I foot 

of graphite enclosed in an a luminum housing. Initially. the outer regions 

of the core will contain graphite dummy elements. 

The core components a r e contained between top and bottom alurninurn 

grid plates which are supported by the r eflector housing. The g r id plates 

locate and suppo r t the core components. The top grid plate has 126 holes 

for fuel elements and control rods arranged in six con cent ric rings around 

a center hole. 

The control rods pierce both grid plates and a r e guided by the g r id 

plates. A restraining ·safety plate attached to the reflector housing beneath 

the bottom grid plate prevents the possibility of a control rod dropping out 

of the core. Three poison rods with fueled followe r s are connected to the 

electrically driven rack- and- pinion control rod drives located di r ectly 

above the core on the bridge. The fourth poison rod (transient rod). 

located in an aluminurn guide tube. has an air - filled follower. This 

transient poison rod is connected to a pneumatic - electromechanical drive. 

also mounted on the bridge. Physical access and obser vation of the co re 

are possible at all times through the vertical water shield. 
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plates, A restraining safety plate attached to the reflector h ousing beneath 

the bottom grid plate prevents the possibility of a control rod dropping out 
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transient poison rod is connected to a pnewnatic - electroIDechanical drive . 
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The rotary specimen rack is a doughnut-shaped watertight 1.11azy 

susan" which rests in a well jn the top of the graphite reflector. The lazy 

susan rotates around the core and is used for isotope production. Forty 

test - tube-like containers in this facility may be loaded with samples through 

a watertight tube from the bridge above . Samples may be inserted and 

removed while the reactor is operating at full power. 

A high - speed pnewnatic transfer system permits research with 

extremely short-lived radioisotopes. The in- pile terminus of this system 

is located in the Quter ring of fuel element positions . 

A 1. 33 - inch - ID water-filled thimble for specimen irradiation is 

located in the central grid position. A hexagonal section can be removed 

from the center of the upper grid plate for the i nsertion of specimens up 

to 4 . 4 inches in diameter into the region of highest flux, (The central 

thimble must be removed from the core, and six fuel elements comprising 

the B - ring must be relocated in the outer ring of the core.) Two triangular ­

shaped holes have been provided in the upper grid plate so that specimens 

up to Z. 4 inches in diameter may be inserted. If these facilities are not 

being used, three fuel elements (one D- and two E - ring) may be placed in 

each cutout. Both the top and bottom grid plates contain foil insertion 

holes for making flux measurements. Additional experimental tubes can be 

easily installed in the core to provide additional facilities for high - level 

irradiations or in - core experiments. 

lnstrwnentation is provided to monitor, indicate, and record the 

neutron flux and power level and their rates of changes. Three modes 

of operation are possible: Mode I, steady-state operation, with manual 

or servo control to 1000 kw; Mode Z, squar e-wave operation (transient 

reactivity insertions to reach a desired steady - state power essentially 

ins tantaneously) at power levels between 300 and 1000 kw; and Mode 3, 

transient (pulse) operation to 1,600,000 kw. 

• 
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The rotary specimen rack is a doughnut -shaped watertight tll azy 

susan l1 which rests in a well jn the top of the graphite reflector. The lazy 

susan rotates around the core and is used for isotope production. Forty 

test-tube-like containers in this facility may be loaded with samples through 

a watertight tube from the bridge above. Samples may be inserted and 

removed while the reactor is operating at full power. 
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extremely short-lived r adioisotopes. The in-pile terminus of this system 
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located in the central grid position. A hexagonal section can be removed 
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to 4 . 4 inches in diameter into the region of highest flux . (The cent ral 

thimble must be removed from the core, and six fuel elements comprising 

the B-ring must be relocated in the outer ring of the core . ) Two triangular­

shaped holes have been provided in the upper grid plate so that specimens 

up to 2.4 inches in diameter may be inserted. If these faciliti e s are not 

being used, three fuel elements (one D- and two E-ring) may be placed in 

each cutout. Both the top and bottom grid plates contain foil insertion 

holes for making flux measurements. Additional experimental tubes can be 

easily installed in the core to provide additional facilities for high-level 

i rradiations o r in-core experiments. 

Instrumentation is provided to monitor. indicate, and record the 

neutron flux and power level and their rates of changes. Thr ee modes 

of operation are possible: Mode L steady-state operation, with manual 

or servo control to 1000 kw; Mode 2, squar e -wave operation (transient 

r eactivity insertions to reach a desired steady - state power essentially 

instantaneously) at power levels between 300 and 1000 kw; and Mode 3, 

t ransient (pulse) operation to 1. 600. 000 kw. 
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A fission chamber, with a motor drive to remove it from the core 

during high-power operation, provides low-level startup log-caunt-rate 

information. Two compensated ion chambers read out on linear and log 

recorders and also provide the signal for period indication during steady -

state operation. During transient operation these chambers are disconnected. 

An ion chamber provides high-level linear-power information during square­

wave operation and drives the circuits that read out peak pulse power on the 

linear recorder dur iog transient operation. A servo is provided to auto -

matically control reactor power in both steady - state and square-wave 

operation. 

Bulk-water temperature. fuel element temperature. and water 

cooling system inlet and outlet temperatures are displayed on the console. 

In addition to the reactor control inst rwnentation. an interlock system is 

provided to prevent reactor operation unless prescribed safety conditions 

have been met. 

The reactor co re is cooled by natural convection of the demineralized 

water in the r eactor pool. The water system provided with the TRIGA 

Mark I reactor takes water from the pool and pumps it through filtering. 

demineralizing. and cooling units and then back into the pool. The system 

consists of a 350-gpm pump. a filter. a demineralizer. a IO OO-kw shell -and­

tube heat exchanger , and associated aluminum piping and valving. Instru­

ments are provided for measuring conductivity and pressure drop across 

the filter. 

A portion of the 350 gpm pump discharge is diverted through a high ­

velocity jet above the core. The resulting circulation pattern reduces the 

dose rate at the pool surface resulting from the nitrogen-.l6 formed °in the 

coolant water as it passes through the core. 

5.2. FUEL-MODERATOR ELEMENTS 

The 1 megawatt TRIGA Mark I reactor us"es . fuel - moderator 

elements in which a zirconium - hydride moderator is h omogeneously com -
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The reactor core is cooled by natural convection of the demine ralized 

water in the reactor pool. The water system provided with the TRIGA 

Mark I r eactor takes wat er from the pool and pumps it through filtering. 
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tube heat exchanger. and associated aluminum piping and valving. Instru­

ments are provided for measuring conductivity and pressure drop across 

the filter. 

A portion of the 350 gpm pump discharge is diverted through a high­

velocity jet above the core. The resulting circulation pattern reduces the 

dose rate at the pool surface resulting from the nitrogen-J6 formed in the 
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The 1 megawatt TRIGA Mark I reactor us'es fuel-moderator 

elements in which a zirconium - hydride moderator is homogeneously com-
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bined with partially enriched uranium fuel. The active section of this fuel­

moderator element .  contains 

approximately 8.5 weight-% uranium enriched to 20% in U
Z35

. The hydrogen­

to-zirconium. atom ratio of the fuel - moderator material is approximately 

1.7 to 1. To facilitate hydriding. a D.18-inch-diameter hole is drilled 

through the center of the active section; a zirconium rod is inserted in this 

hole after hydriding is complete . As shown in Fig. 5-2, graphite slugs, 

3.47 inches in length and 1. 4 inches in diameter, act as top and bottom 

reflectors. 

The active fuel section and t~p and bottom graphite slugs are 

contained in a D, OZ - inch - thick stainless-steel can. The stainless steel 

can is welded to the top and bottom end fittings. The top end fitting is 

grooved and specially shaped to fit and lock into a fue l handling tool. The 

top end fitting also incorporates a triangular spacer block that positions 

the top of the element in the top grid and yet provides passages for cooling 

water flow through the grid. The bottom end fitting fits into the beveled holes 

of the bottom grid plate and supports the entire weight of the element. The 

approximate over-all weight of the element is  pounds. and the average 

U
235 

content is about grams. Serial numbers scribed on the top end­

fixture o r spacer block are used to identify individual fuel elements. 

The initial r eactor core loading of stainless-steel-clad fuel elements 

will produce a cold. clean. excess reactivity of 4. 90/0 6k/k. Included in this 

number are one instrumented element, and three fueled control-rod followers. 

Graphite - filled dumm.y elements occupy all the remaining holes. 

One fuel - moderator element is instrumented with three thermocouples 

embedded in the fuel. As shown in Fig. 5-3, the sensing tips of the fuel 
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Fig . 5-2 --Stainless - steel - clad fuel-m ode rator element 
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Fig . 5-2--Sta inless - steel-c1ad fuel-moderato r eleme nt 
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Fig. 5-3- -Instrumented stainless - steel - clad fuel-moderator e lement 
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10-foot lengths o f I / Z-inch -OD tubing connected by Swagelok unions to provide 

a watertight conduit carrying the leadout wires above the water surface in 

the reactor pool. In all othe r respects, the instrumented fuel - moderator 

element is identical to the standard one. 

5. 3. CONTROL RODS 

5. 3. 1. Control Rod Descriptions 

Thr ee motor-driven control rods - -one safety, one shim, and one 

regulating- - control reactor power during steady- state operation. These 

control rods pass th r ough and are guided by the top and bottom grid plates. 

The regulating rod is located in the C - ring. and the shim and safety rods 

are located in the D - ring. The exterior of the control rods is a sealed 

stainless steel tube approximately 43 inches long and 1 - 3/8 inches in 

diameter. The standard control rod is shown withdrawn and inserted in 

the sketch in Fig. 5 - 4. For guidance, these rods utilize 1-1/2-inch - diameter 

holes i n the top and bottom grid plat e s. The upper section of the rod is 

graphite, the next 15 inches is the n e utron absorber (graphite impregnated 

with powder e d boron carbide), the foll owe r section consists o f 15 inches 

of U - ZrH
l

. 7 fuel. and the bottom section is 6 - 1/2 inches of graphite . 

An aluminum !!safety ll plate attached to the reflector beneath the lower grid 

plate prevents the possibility of a control rod. accidently disconnected 

from its drive. from dropping out of the core. 

The fourth control rod, shown in Fig. 5 - 5, is the transient r od. 

It also acts as a safety rod in the steady-state mode of operation and is 

located in ' the C - ring . The transient rod assembly is about 37 inches long 

and is contained in a 1-1 / 4-inch-OD aluminum tube. The borated graphite 

poison section is 15 inches long. Unlike the standard rods, the transient 

rod has an air-filled follower about 21 inches long. The transient rod is 

guided laterally in the co r e by a thin - walled alwninwn guide tube that passes 

through the upper and lower grid plates and is scr ewed into a nd supported 

by the aluminwn safety plate b eneath the grid. 
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IO-foot lengths of I/Z - inch - OD tubing connected by Swagelok unions to provide 

a watertight conduit carrying the leadout wires above the water surface in 

the reactor pool. In all other respects. the instruznented fuel - moderator 

element is identical to the standard one. 

5. 3. CONTROL RODS 

5. 3. 1. Control Rod Descriptions 

Three motor-driven control rods--one safety. one shim, and one 

regulating--control reactor power during steady-state ope ration. These 

control rods pass through and are guided by the top and b ottom grid plates . 

The regulating r od is located in the C - ring. and the shim and safety rods 

are located in the D-ring. Tbe exterior of the cont r o l r ods is a sealed 

stainless steel tube approximately 43 inches long and 1-3 /8 inches in 

diameter. The standard control rod is shown withdrawn and inserted in 

the sketch in Fig. 5-4. For guidanc e, these rods utilize 1-1/2-inch- diameter 

holes i n the top and bottom g r id plates. The upper section of the r od is 

graphite. the next 15 inches is the neutron a bsorber (g raphite impregnated 

with powdered boron ca rbide). the follower section consists of 15 inches 

of U-ZrHl, 7 fuel. and the bottom section is 6 -1 /2 i n ches of graphite. 

An aluminum "safety" plate attached to the reflector beneath the lower grid 

plate prevents the possibility of a control rod. accidently disconnected 

from its drive, from dropping out of the core. 

The fourtb control rod, shown i n F ig. 5-5, is the transient rod. 

It also acts as a safety r od in the steady-state mode o f operation and is 

located in' the C - ring. The transient rod assembly is about 37 inche s long 

and is contained in a 1-1/4-inch-OD aluminum tube, The borated graphite 

poison section is 15 inches long. Unlike the standard r ods, the transient 

rod has an air-filled follower about 21 inch es long, The transient rod is 

guided l aterally in the core by a thin -wall ed aluminum guide tube that passes 

through the upper and lower grid plates and is screwed into and supported 

by the aluminum safety plate b eneath the grid. 



" 

.. 

.. 

, 

, . 

5-1 0 

Fig. 5-4 -- Fueled - follower control rod in core 
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Fig . 5.4 - - Fueled-follower control rod in core 
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All control rods have a stroke of approximately 15 inches . 

5.3.2. Control Rod Worths 

The net change in reactivity that can be caused by the withdrawal 

of the regulating rod is about 2.7% 6k/k. This amount of change is caused 

by withdrawal of the poison section and the simultaneous insertion of the 

fueled follower into the core. The net worth of the shim and safety rods 

is about 1. 8% 6k/k each. Total net worth of the three standard control 

rods is about 6. 3% 6k/k. The net change in reactivity that can be caused 

by the operational withdrawal of the_transient rod is about 2 . 1 % 6k/k. 

5.4. CONTROL ROD DRIVES 

The drive assemblies for the four control rods are fastened to a 

mounting plate located on the bridge. The standard control rods have 

electrically driven rack-and-pinion drives. and the transient rod has a 

pneumatic - electromechanical drive. 

5.4.1 . Rack - and-Pinion Drives 

Rack-and - pinion drives. shown in Fig. 5 - 6. are used to position 

the shim rod, the regulating rod, and the safety rod. Each drive consists 

of a single-phase, reversible motor: a magnet rod- coupler; a rack- and­

pinion gear system; and a ten - turn potentiometer used,to provide an 

indication of rod position. The pinion gear engages a rack attached to a 

draw tube supporting an electromagnet. The magnet engages an iron 

armature attached above the water level to the end of a long connecting 

rod that terminates at its lower end in the poison rod. The magnet, its 

draw tube. the armature, and the upper portion of the connecting rod are 

housed in a tubular barrel. The barrel extends below the reactor water 

level with the lower end of the barrel s erving as a mechanical stop to 

limit the dow nward travel qf the control rod assembly. Part way down the 

upper portion of the connecting rod. i. e .• just below the armature, is a 
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All control rods have a stroke of approximately 15 inches. 

5.3.2 . Control Rod Worths 
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is about 1. 8% 6k/k each. Total net worth of the three standard control 

rods is about 6. 3% c5k/k. The net change in reactivity that can be caused 

by the operational withdrawal of the t rans ient rod is about 2. I % 5k/k. 

5. 4. CONTROL ROD DRIVES 

The drive assemblies for the four control rods are fastened to a 

mounting plate located on the bridge. The standard control rods have 

electrically driven rack-and-pinion drives. and the transient r od has a 

pneumatic-electromechanical drive. 

5 .4. 1. Rack- and:-Pinion Drives 

Rack-and-pinion drives. shown in Fig . 5 - 6. are used to position 

the shim rod, the regulating rod. and the safety r od. Each drive consi sts 

of a single-phase, reversible motor; a magnet rod - coupler; a rack- and­

pinion gear system; and a ten-turn potentiometer used ,to provide an 

indication of rod position. The pinion gear engages a rack attached to a 

draw tube supporting an electromagnet. The magnet engages an iron 

armature attached above the water level to the end of a long connecting 

rod that terminates at its lower end in the poison rod. The magnet. its 

draw tube, the armature, and the upper portion of the connecting rod are 

housed in a tubular barrel. The barrel extends below the reactor water 

level with the lower end of the barrel s erving as a mechanical stop to 

limit the dow nward travel of the control rod assembly. Part way down the 

upper portion of the connecting rod, i. e . , just below the armature, is a 
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piston that travels within the barrel assembl y. Since the upper portion 

of the barrel is well ventilated by large slotted openi ng s, the piston moves 

freely in this range ; but when the piston is within 2 inches of the bottom 

of its travel . its movement is restrained by the dashpot action of the graded 

vents in the lower end of the barrel. This dashpot action reduces bottoming 

impact when rods are d r opped by removal of magnet current during a 

scram. 

Clockwise rotation of the motor shaft raises the draw tube assembly. 

When the electromagnet attached to the draw tube is energized, the armature 

and connecting rod rise with the draw tube . and the control rod is with­

drawn from the reactor core. When the reactor is scrammed, the electro ­

magnet is de - energized and the armature is released . The armature, 

connecting rod. and control rod drop by gravitational force to reinsert the 

neutron poison into the r eactor core . 

The drive motors for the shim and safety rods are nonsynchronous. 

single - phase. and electrically reversible ; they will insert or withdraw 

the rods at a rate of approximately 19 inches per minute. Electrical dynamic 

and stati c braking on these motors are used to provide fast stops and to 

limit coasting or overtravel. The regulating rod drive motor is a va r iable­

speed servomotor with a tachometer generator for rate feedback ; it will 

insert and withdraw the rod at a maximum rate of about 24 inches per minute. 

Limit switches mounted on each drive assembl y stop the rod 

d r ive motor at the top and bottom of travel and provide switching for 

console indicator lights. which show: 

1 . When the magnet is in the UP position. 

2. When the magnet (and thus the control rod) is in the 

DOWN position. 

3. When the magnet is in contact with the control rod armature 

5.4.2. Transient-Rod Drive 

To allow transient ope r ation. use is made of a pneumatic-electro ­

mechanical drive system to eject a predete r mined amount of the 
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DOWN position. 
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5,4.2. Transient-Rod Drive 

To allow transient operation, use is made of a pnewnatic - electro ­

mechanical drive system to eject a predetermined amount of the 
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transient rod from the core . This drive system is shown in Figs. 5-7 

and 5-8. 

The pneumatic portion of the pneumatic-electromechanical drive 

referred to h erein as the "transient ll rod drive. is basically a single-

acting pneumatic cylinder. A piston within the cylinder is attached to the 

transient rod by means of a connecting rod. The piston rod passes through 

an air seal at the lower end of the cylinder. Compressed air is adlnitted 

at the lower end of the cylinder to drive the piston upward. As the piston 

rises, the ai r being compressed above the piston is forced out through vents 

at the upper end of the cylinder. At the end of its stroke. the piston strikes 

the anvil of a shock absorber. The piston is thus decelerated at a 

controll ed rate during its final inch of travel. This action minimizes rod 

vibration when the piston reaches its upper-limit stop. 

An accumulator tank mounted on the bridge stores the compressed 

air that operates the pneumatic portion o f the transiEn t rod drive. A 

three-way solenoid valve. located in the piping between the accumulato r 

tank and the cylinder. controls the ai r supplied to the pn eumatic cylinde r. 

De-energizing the solenoid valve interrupts the air supply and relieves 

the pressure in the cylinder so that the piston drops to its lower limit 

by gravity. With this operating feature. the transient rod is inserted 

in the core except when air is supplied to the cylinder . 

The electromechanical portion of the transient rod d rive consists 

of an electric motor, a ball-nut drive assembly. and the exter.nally threaded 

air cylinder. During electromechanical operation of the transient rod, 

the threaded section of the air cylinder acts as a screw in the ball-nut drive 

assembly. These threads engage a series of balls contained in a ball -

nut assembly in the drive housing . The ball-nut assembly is in turn 

connected through a worm - gea r drive to an electric motor. The cylinde r 

may be r a ised or lowered independently of the piston and control rod by 

means of the electric drive. Adjustment of the position of the cylinder 

controls the upper limit of piston travel, and hence controls the amount of 

reactivity inserted for a pulse. 
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A system of limit switches similar to that used with the stan~ard 

control rod drives is us e d to indicate the position of the air cylinder and 

the transient rod. Two of these switches. the Drive Up and Drive Down 

switches. are actuated by a small bar attached to the bottom of the air 

cylinder. A third limit switch, the Rod Down switch. is actuated when 

the piston reaches its lower limit of travel. 

5.5. 

5. 5. J. 

CONTROLS AND INSTRUMENTATION 

General 

The TRIGA Mark I reactor operates in three standard modes: 

Mode 1 

Mode 2 

Mode 3 

Steady - state oper ation at power levels up t o 

1000 kw (thermal) 

Square-wave operation (transient reactivity 

insertions to reach a desired steady-state 

power essentially instantaneously) at power 

levels between 300 and 1000 kw. 

Pulsed operation produced by rapid transient 

r od withdrawal that results in a step insertion 

of reactivity to peak powers of 1.600.000 kw. 

The reactor is operated from a console that displays all pertinent 

reactor operating' conditions. The console and instrumentation system 

are largely transistorized. 

The control system consists of five power-measuring channels 

utilizing three ion chambers and one fission counter as well as monitors 

for bulk- water temperature. fuel temperature. and cooling water inlet 

and outlet temperatures. Test circuits and calibr ation signals are 

provided for the log count - rate . log-no and linear power-level channels. 

The rack-and-pinion control-rod drives and the pneumatic-electromechanical 

transient rod drive are controlled from the console. Manual scram is 

possible for the cont r ol rods individually o r as a group. 
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A selector switch is provided for steady - state, pulsing. or square ­

wave modes of operation. 

5.5.2. St eady - State Operation 

-For steady-state operation, the control rods are withdra.;wn slowly 

by manual control until the desired power level is reached. A servo may be 

used to maintain automatically the power constant at the desired level by 

movement of the regulating rod. Or alternatively. after the reactor is 

critical. a servo demand power may be selected (up to 1000 kw) and the 

regulating rod, supplemented automatically by the shim rod. will raise 

the power to the demand level on a relatively fast period. Once the demand 

power is achieved. it is maintained by the servo. A diagram of the 

TRIGA Mark I reactor control system is given for steady - state operation 

in Fig. 5 -9 . 

The count -rate channel, utilizing a fission counter and transistoriz.ed 

log count - rate chas sis. provides power indication ove r 5 decades from below 

source level. This channel is:: provided with a source interlock that prevents 

rod withdrawal unless source level is above a preset level. At the top of the 

log count - rate range. the fission counter is automatically withdrawn to 

prevent excessive burnup by receiving a signal from the log -n channel. 

Withdrawal and insertion of the fission counters are automatic. 

A log-n channel using a compensated ion chamber covers the power 

range from less than I watt to above full power, and is read and recorded 

by one pen of the II - inch. dual-channel recorder. A period circuit indicates 

reactor period from -30 to c:c to +3 . seconds with a scram level adjustable 

throughout the range from c:c to +3 seconds. 

A linear micromicroammeter channel provides power-level 

measurement from about I watt to full power. with a range switch having 

two ranges per decade so that measurement of the compensated ion chamber 

current may be made accurately. The output is read and recorded by 

"the second pen of the dual-channel recorder. A linear - power scram at 

110% of full scale is provided on all ranges. 
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A percent - power-level channel operating from an ion chamber indicates 

power in the range from a few percent to 110% of full power. This circuit 

provides for an adjustable-level scram within this range. 

A bulk-water temperature monitor is equipped with an alarm that 

sounds if the temperature exceeds a preset value. It is also possible , by 

means of the 5 elector switch and mete r shown in the diagram. to read 

fuel temperature, and cooling water inlet and outlet temperatures. The 

unit that monitors bulk water temperature is in operational use in any 

operating mode. 

5.5.3. Square - Wave Operation 

For some irradiation applications. it is convenient to bring the 

power level rapidly t o a high preset value, hold it there for a period of 

time. and then drop it rapidly back to a low level, thus producing a square 

wave of power . 

In the square-wave mode of operation. the reactor is first brought 

to a power level of I to 1000 watts in the steady - state mode. The mode 

switch is then changed to square-wave operation. which will allow a step 

or rapid rise (within a few seconds) to preset power levels between 300 

and 1000 kw. To accomplish this. a preadjusted step reactivity change 

is made with the transient rod. Then. a high - speed servo automatically 

inserts additional reactivity required to hold the power level constant at 

the preset value as the fuel heats up. In this mode the period meter and 

sc ram are discon nected. and the range switch on the linear power channel 

is set at the I-Mw level. The linear power scram is thus retained at 

1. I Mw. An interlock prevents initiation of the squa r e wave unless the 

range switch is on the l-Mw setting. 

5. 5. 4. Pulsing Operation 

After a moderate power level of less than 1 000 watts in the steady­

state operating m ode is reached. the mode switch is changed to the pulsing 

mode so that the reactor can be pulsed. When the switch is turned to the 
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mode so that the reacto r can be pulsed. When the switch is turned to the 
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pulsing mode, the normal neutron channels are disconnected and a high ­

level pulsing chamber is connected to read out the peak power of the pulse 

on the recorder several seconds after the pulse is completed. Also, 

changing the mode switch to pulsing removes an interlock that prevents 

application of air to the transient rod unless the transient rod cylinder is 

in the full " in" position and thus allows pulsing to take place. Further­

more, only the transient rod can be moved during pulsing mode operation. 

In this mode , the transient rod is reinserted after a preset time delay. 

In addition, fuel temperature is r ,ecorded during pulSing . These channels 

are indicated in Fig: 5-10. 

5.5.5 Rod Control 

The three standard rod drives and the transient rod drive are 

controlled by switch-light pushbuttons, which not only control the up or 

down motion of the rods but als o annunciate their extreme positions. In 

addition, transistorized position indicators with digital readout accurate 

to 0.1% are provided for all the standard rods and the transient rod. 

Following a scram, all rack-and-pinion-driven rods are reinserted auto-

matically . 

5.5.6 Safety Devices 

Scrams: 

1. P ower level channel, compensated ion chamber, 

micromicroammeter. 

2. Power level channel. ion chamber , adjustable by 

operator from 20 to 110% of full power. 

3. Reactor period channel, adjustable period scram 

between co 'and 3 seconds. 
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are indicated in Fig: 5-10. 

5.5 . 5 Rod Control 

The three standard rod drives and the transient rod drive are 

controlled by switc h-light pushbuttons, which not only control the up or 

down motion of the rods but also annunciate thei r extreme positions. In 

additio n, transistorized position indicators w ith digital readout accurate 

to 0.1% ar e provided for all the standard rods and the transient rod. 

Following a scram, all rack-and-pinion-driven rods are reinserted auto­

matically. 

5 . 5 .6 Safety Devices 

Scrams: 

1. Power level channel, compensated ion chamber. 

micromicroammeter . 

2. Power l evel c hannel , ion chamber, adjustable by 

operator from 20 to 1100;0 of full power . 

3. Reactor period channel, adjustable pe riod scram 

between CD 'and 3 seconds. 
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4. Manual. 

5. Ion-chamber power supply failure. 

6. Console power circuit failure. 

Interlocks: 

1. To assure minimum source strength before cont r ol 

rods can be withdrawn. 

2 . To prevent withdrawal of two control rods simultaneously 

on manual control. 

3. To assur e that pulse cannot be performed with reactor 

power above 1 kw. 

4. To assur e that range switch is on I - Mw range before 

initiating the square wave or a pulse. 

5. To prevent application of air to the transient rod in the 

steady - state mode unless the transient rod cylinder is 

fully inserted. 

6. To prevent m ovement of any rod except the transient rod 

in puls ing mode. 

5.6 . NEUTRON SOURCE AND HOLDER 

The neutron source used with the TRIGA Mark I reactor is a 

mixture of polonium and beryllium. and has a nominal strength of  

curies to provide the necessary neutron level during reactor startup. 

The source is cylindrical in shape and is doubly encapsulated to assure 

leak tightness. The holder for the neutron source is a. cylindrical 

aluminum container which fits into either of two diametrically opposed 

holes between the F- and G-rings of the top grid plate. A flange at the 

uppe r end of the container rests on the top grid plate and provides support 

and proper positioning of the source. 

I , 
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4. Manual . 

5. Ion-chamber power supply failure. 

6 . Console power circuit failure. 

Interlocks: 

1. To assure minimum source strength before cont r ol 

rods can be withdrawn. 

2 . To prevent withdrawal of two control rods simultaneously 

on manual control. 

3. To assure that pulse cannot be performed with reactor 

power above 1 kw. 

4 . To assure that range switch is on I-Mw range befo re 

initiating the square wave or a pulse. 

5. To prevent application of air to the transient rod in the 

steady - state mode unless the transient rod cylinder is 

fully inserted. 

6. To prevent movement of any rod except the transient rod 

in puls iog mode. 

5.6. NEUTRON SOURCE AND HOLDER 

The neutron SOUTce used with the TRIGA Mark I reactor is a 

mixture of poloniwn and beryllium. and has a nominal strength of . 

curies to provide the necessary neutron level during reactor startup. 

The source is cylindrical in sbape and is doubly encapsulated to assure 

leak tightness. The holder fo r the neutron source is a cylindrical 

aluminum container which fits into either of two diametrically o pposed 

holes between the F- and G - rings of the top grid plate. A flange at the 

upper end of the container rests on the top grid plate and provides suppo r t 

and proper positioning of the source. 

-
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5.7. REFLECTOR 

The reflector 15 a ring-shaped b l ock of graphite that surrounds 

the core radially. It is 11-3/16 inch~s thick radially. with an inside 

diameter of 20-7 /8 inch es and a height of 28-7/8 inches. The graphite 

is protected from water penetration by a teak -tight welded aluminum can. 

A "well" in the top of the graphite reflector is provided for the 

rotary specimen rack. This well is al so aluminum-lined. the lining 

being an integral part of the aluminum reflector can. The rotary speci ­

men rack is a self- contained- 'unit and does not penetrate the sealed 

reflector at any p oint. 

The reflector assembl y rests o n an aluminum platform at the 

bottom of the tank. and provides the support for the two grid plates and 

the safety plate. Four lugs are provided for lifting the assembly. 

5.8. GRID PLATES AND SAFETY PLATE 

The top grid plate is an aluzninum plate 5/8 inches thick (3/8 inches 

thick in the central region) that prov ides accurate l ateral positioning for 

the core components . The plate is supported by a ring welded to the top 

inside surface of the refle ctor container and is anodized to resist wear 

and corrosion. 

One - hundred-twenty -two (122) holes. 1. 505 inches in diameter. 

are drilled through the top grid plate in six circular bands to locate the 

fuel-moderator and graphite dununy elements. the control rods. and 

guide tubes. and the pneuznatic transfer tube . (See Fig. 5- 11 ). A 

1. 505-inch - diameter center hole accommodates the central thimble. 

Small holes at various positions in the top grid plate permit insertion of 

foils into the core to obtain flux data. 

A hexagonal section can be removed from the center of the upper 

grid p l ate for the insertion of specimens up to 4.4 inches in diameter 

into the region of highest .flux; this requires prior relocation of the six 

• 
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5.7 . REFLECTOR 

The reflector 15 a ring - shaped b l ock of graphite that surrounds 

the core radially. It is 1 1 -3/16 inches thick radially . with an inside 

diameter of 20-7/8 i nches and a height of 28 - 7/8 inches. The graphite 

i s protected from water penetration by a teak-tight welded aluminum can. 

A "well II i n the top of the graphite reflector is provided for the 

rotary specimen rack. This well is also aluminum-lined. the lining 

being an integ r al part of the aluminum reflecto r can. The rota r y speci ­

men rack is a self- contained-'unit and does not penetrate the sealed 

reflector at any point. 

The reflector assembl y rests o n an aluminum platform at the 

bottom of the tank, and provides the support for the two grid plates and 

the safety plate. Four lugs are provided for lifting the assembly. 

5.8. GRID PLATES AND SAFETY PLATE 

The top grid plate is an aluminum plate 5/8 inches thick (3/8 inches 

thick in the c entral region) that prov ides a c curate lateral positioning for 

the core components . The plate is supported by a ring welded to the top 

inside surface of the r eflector container and is anodized to resist wear 

and co r rosion. 

One- hundred - twenty - two (12.2) holes. 1. 505 inches in diameter. 

are drilled through the top grid plate in six ci r cular bands to locate the 

fuel-moderator and graphite dummy e lements, the control rods. and 

guide tubes. and the pneumatic transfer tube. (See Fig. 5-11). A 

1. 505 - inch - diameter center hole accommodates the central thimble. 

Small holes at va r ious positions in the top grid p l ate permit insertion of 

foils into the core to obtain flux data . 

A hexagonal section can be removed from the center of the upper 

grid p late for the insertion of specimens up to 4.4 inches in diameter 

into the region of highest flux; this requires prior relocation of the six 



5-26 

Fig .. 5-11--Grid array 
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Fig . 5-11- - Grid array 
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fuel elements from the B ring to the Quter portion of the co re and removal 

of the central thimble . This removable section will not be used initially; 

a separate license a mendm ent will be obtained prior to its use. 

Two generally triangular - shaped sections are cut out of the 

upper grid plate. Each encomp~sses two F and one E ring holes. When 

fuel elements are placed in thes e locations, their lateral support is 

provided by a special fixture. With the fuel element support removed. 

there is r oom for inserting specimens up to 2.4 inches in diameter. 

Two 3/8-inch-diameter holes between the F and G rings of the 

grid plate locate and provide support for the source holde r at alternate 

positions . 

The differential a rea between the triangula r - shaped spacer blocks 

at the top of the fuel element and the round holes in the top grid plate 

permits passage of cooling water through the plate. 

The bottom grid plate is an a l wninum plate 3/4-inch thi ck 

which supports the entire weight of the core and provides accurate 

s pacing between the fuel - moderator elements. Six pads welded to a 

ring which is. in turn w el ded to the refl ector container. support the 

bottom grid plate . 

Holes in the bottom grid plate are aligned with fuel element holes 

in the top grid plate. They are countersunk to receive the adaptor end 

of the fuel - moderator elements. the adaptor end of the control rod guide 

tube. and the adaptor end of the pneumatic tr,ansfer tube. 
, 

A central hole 1. 50 5 inches in diameter in the lowe r grid serves 

as a clearance h ole for the central thimbl e. Eight additional 1 . 505 - inch­

diameter holes are aligned with upper grid plate holes to provide passage 

of fuel-follower control rods. Those holes in the bottom grid plate not 

occupied by control r od followers are plugged with removabl.e fuel 

element adaptors that re s t on the safety plate. These fuel element adaptors 

are solid aluminwn cylinders 1. 5 inches in diameter by 17 inches long. 

At the lower end is a fitting that is accommodated by a hole in the safety 

, 
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fuel elements from the B ring to the outer portion of the core and removal 

of the central thimble. This removable section will not be used initially; 

a separate license amendment will be obtained prior to its use. 

Two generally triangular-shaped sections are cut out of the 

upper grid plate. Each encomp<}sses twoF and one E ring holes. When 

fuel elements are placed in these locations. their lateral support is 

provided by a special fixtu r e. With the fuel element support removed, 

there is r oom fo r inserting specimens up to 2.4 inches in diameter . 

Two 3/B-inch-diameter holes between the F and G rings of the 

grid plate locate and provide support for the source holder at alternate 

positions . 

The differential area between the triangula r-shaped spacer blocks 

at the top of the fuel element and the round holes in the top grid plate 

permits passage of cooling water through the plate. 

Th e bottom grid plate is an a l uminum plate 3 / 4- i nch thick 

which supports the entire weight of the core and provides accurate 

s pacing between the fuel-moderator elements. Six pads welded to a 

ring which is , in turn welded to the reflector container, support the 

bottom grid plate. 

Holes in the bottom grid plate are aligned with fuel element holes 

in the top grid plate. They are countersunk to receive the adaptor end 

of the fuel - moderator elements, the adaptor end of the control r od guide 

tube, and the adaptor end of the pneumatic transfer tube . 
• 

A central hole 1 .505 inche s in diamerer i n the lower grid serves 

as a clearance hole for the central thimble . Eight additional 1. 505 - inch­

diameter holes are aligned with upper grid plate holes to provide passage 

of fuel-followe r control r o ds. Thos e holes i n the bottom grid plate not 

occupied by control rod followers are plugged with removable fuel 

element adaptors that r est on the safety plate. These fuel element adaptors 

are solid aluminum cylinders 1. 5 inches in diameter by 17 inches long. 

At the lower end is a fitting that is accommodated by a hole in the safety 
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plate. The upper end of the cylinder is flush with the upper sur face of the 

bottom grid plate when the adapto r is in place. This end of the adaptor 

has a hole similar to that in the bottom g r id plate for accepting the fuel 

element lower end fitting. With the adaptor in place, a pOSition formerly 

occupied by a control rod with a fuel follower will now accept a standard 

fuel element. The adaptor can be r emoved with a special handling t ool. 

The safety p late is provided to preclude the possibility of cont r ol 

rods fa l ling out of the core. It is a 1/2-~nch-thick plate of aluminum 

welded to the e x tension of the inner reflector line r about 16 inches below 

the bottom grid plate. 

5. 9. NEUTRON SOURCE AND HOLDER 

A curie po!onium- beryllium neutron source will be used for 

startup. It will be loc ated in a cylindrical aluminum containe r which fits 

into either of two holes l ocate d between the F and G rings of the top g~id 

plate. A flange at the upper end of the containe r re sts on the top grid 

plates and provides support and proper po sitioning of the sour ce. 

5.10 . REACTOR BRIDGE 

The four control rod drives. the fission chamber drive. and the 

loading and drive mechanisms for the isotope production facility are 

supported by a bridge that spans the r eactor pool. The steel bridge 

consists of 2 heavy channel beams with a I- inch steel plate between 

them and is designed to support the weight of a 3 . ODD-pound cask. The 

bridge is appr oximatel y 18 inches wide by 10 fee t l ong . 

The remaining p ortion of the r eactor pool is covered with hinged 

aluminum grates . Clear plastic sheets are attached to the underside of 

the grates to g ive clear visual access to the core and to prevent mate rial 

from falling into the pool. The grates c an support the weight of people 

and appar atus a nd yet can b e raised t o give access to the co re . 
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pla t e . The upper end of the cylinder is flush with the upper surface of the 

bottom grid plate when the adaptor is in place. This end of the adaptor 

has a hole similar to that in the bottom gr i d plate for accepting the fuel 

element lower end fitting. With the adaptor in place. a position formerly 

occupied by a control rod with a fuel follower will now accept a standard 

fuel e l ement. The adaptor can be removed with a special handling tool. 

The safety plate is provided to preclude the possibility of control 

rods falling out o f the core. It is a 1/2.-~nch-thick plate of aluminum 

welded to the extension of the inner reflector liner about 16 -inches below 

the bottom grid plate. 

5.9. NEUTRON SOURCE AND HOLDER 

A . curie pol onium- beryllium neutron source will be used for 

sta rtup. It will be located in a cylindrical aluminum container which fits 

into either of two ho l es located betwe en the F and G rings o f the top g~id 

plate. A flange at the upper end of the containe r rests on the top grid 

plates and provides support and proper positioning of the source. 

5.10. REACTOR BRIDGE 

The four control rod drives, the fission chamber drive , and the 

loading and drive m echanisms for the isotope production facility are 

supported by a bridge that spans the reactor pool. The steel bridge 

consists of 2 heavy channel beams with a l·inch steel plate between 

t hem and is designed to support the weight of a 3, OOO·pound cask. The 

bridge is approximately 18 inches wide by 10 feet l ong . 

The remaining portion of the r eactor pool is covered with hinged 

aluminum grates. Clear plastic sheets are attached to the underside of 

the grates to give dear visual access to the core and to prevent material 

from falling into the pool. The grates can support the weight of people 

and apparatus and yet can be raised to give access to the core. 
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5. I!. REACTOR POOL 

The reactor pool is approximately 8 it in diameter and 24 ft. 10 

inches deep. The entire pool is lined with a welded alum.inurn structure 

embedded in reinfo rced· concrete and sur r o unded by earth. 

5.12. WATER COOLING AND PURIFICATION SYSTEM 

The water system provided with the TRlGA Mark I reactor serves 

four functions : 

1 . Maintains low conductivity o f the water to minimize 

corrosion of reactor components. particularly the 

fuel elements . 

2. Reduces radioactivity in the water by removing 

nearly all particulate and soluble impur ities . 

3. Maintains optical clarity of the water. 

4. Provide s a means of dissipating the heat generated 

in the reactor ~ 

The water system pump discharg es some of the circulating water 

through a diffuser n ozzl e aimed down and across the rising convective 

current of core cooling water. This arrangement creates a thorough 

diffusion of the Nitrogen 16 into a greater volume of water and permits 

further decay of the N - 16 within the pool by increasing its transport time 

from the reacto r core to the water surface. The remainde r of the 

cooling water is discharged close to the bottom o f the tank. near the core 

to improve circulation. 

The system consists principally of a pump , fiber cartridge filter , 

mixed- bed- type demineralizer. flow meter, and lOOO-kw shell - and- tube 

heat exchanger. System components are connecte d primarily by e i ther 

1 - 1 / 2 - or 4-inch~iameter aluminum piping, as indicated on the schematic 

diagram shown in Fig. 5-12. 
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5.11. REACTOR POOL 

T he reactor pool is approximately 8 it in diameter and 24 ft. 10 

inches deep. The entire pool is lined with a welded aluminwn structure 

embedded in reinforced-concrete and sur r ounded by earth. 

5. 12 . WATER COOLING AND PURIFICATION SYSTEM 

The water system provided with the TRIGA Mark 1 r eactor serves 

four functions: 

L Maintains low conductivity o f the water to minimize 

corros ion of reactor components , particularly the 

fu el elements. 

Z. Reduces radioactivity in the water by removing 

nearly all particulate and solubl e impurities. 

3. Maintains optical clarity o f the water. 

4. Provides a means of dissipating the heat generated 

in the reactor. 

The water system pwnp discharges some of the circulating water 

through a diffuser nozzle aimed down and ac r oss the rising convective 

current of core cooling water. This arrang e ment creates a thorough 

diffusion of the Nitrogen 16 into a greater volume of water and permits 

further decay of the N - 16 within the pool by increasing its transport time 

from the reactor core to the water surface. The remainder of the 

cooling water is discharged close to the bottom of the tank near the cor e 

to improve circulation. 

The system consists principally of a pump. fiber cartridge filter, 

mixed- bed- type demineralizer. fl ow meter , and lOOO-kw shell-and-tube 

heat exchanger . System components are connected primarily by either 

1-1 / 2- or 4-inch-diameter aluminwn piping, as indicated on the schematic 

diagram shown in Fig. 5-12. 
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6. !RRADJA TION FACILITIES 

6. I. IN - POOL AND IN- CORE IRRADIATIONS 

Specimens may be exposed by placing them in the reactor pool 

adjacent to the core by using suitable watertight containers. II very- high ­

level irradiations are required. specimens can be inserted directly into 

the highest flux region of the core in a central thimble , or by relocating 

the six B - ring fuel elements to outer grid positions and removing the 

central thimble and the 4. 4-inch-diameter hexagonal section in the top 

grid plate. Two other facilities, which can accept samples up to 2.4 inches 

in diameter , are available by re:moving thre e fuel elements. one from 

the D - ring and two from the E - ring. Or smaller-diameter (less than 

1-1 / 2 inch) specimens can be inserted in special tube s or containers 

by removing a fuel element from any desired grid location. 

6 . 2. ISOTOPE-pRODUCTION FACILITY 

The isotope - production facility permits dry irradiation of specimens 

and production of isotopes immediately external to the core. The facility 

cons ists primarily of five components: (1) t he watertight rotary specimen 

rack assembly, which surrounds the core; (2) the specimen- removal - tube; 

(3) the tube-and-shaft assembly; (4) the drive - and-indicato r assembly 

on the reactor bridge; and (5) the specimen-lifting assembly, which is 

used for the insertion and removal of specimen containers. Loading and 

unloading of the isotope - productio n facility can be done while the reactor 

is operating. 

The r ota ry specimen rack assembly consists of an aluminum 

rack that holds specimens during irradiation. and an outer ring-shaped 
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6. IRRADIATION FACILITIE S 

6. I. IN-POOL AND IN-CORE IRRADIATIONS 

Specimens may be exposed by placing them in the reacto r pool 

adjacent to the core by using suitable watertight containers. If very-h~gh­

level i r radiations are required. specimens can be inserted directly into 

the highest flux. region of the core in a central thimble. o r by relocating 

the six B - ring fuel elements to outer grid positions and removing the 

central thimble and the 4. 4-inch-diameter hexagonal section in the top 

grid plate. Two other facilities. which can accept samples up to 2.4 inches 

in diameter , a r e available by re:moving three fuel elements. one froIn 

the D - ring and two from the E - ring. Or smaller - diameter (less than 

1- 1 / 2 inch) spe c imens can be inserted in special tubes or container s 

by removing a fuel e lement from any desired grid location. 

6.2. ISOTOPE-PRODUCTION FACILITY 

The isotope - production facility permits dry ir r adiation of specimens 

and production o f isotopes inlmediately external to the core. The facility 

consists primarily of five components: (1) the watertight rotary specimen 

rack assembly. which surrounds the corei (Z) the specimen - removal - tube; 

(3) the tube-and-shaft assemb ly; (4) the drive- and-indicator assembly 

on the reactor bridge; and (5) the specimen-lifting assembly. which is 

used fo r the insertion and removal of specimen containers. Loading and 

unloading of the isotope-production facility can be done while the reactor 

is operating. 

The r otary specimen r ack assembly consists of an a l uminum 

rack that holds specimens during irradiation. and an outer ring-shaped 
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seal-welded aluminum housing. The entire assembly rests in a well in 

the graphite reflector. The rack. which can be rotated inside the housing, 

supports 40 evenly-spaced aluminum tubes, which are open at the top 

and closed at the bottom. The tubes serve as receptacles for 1. lZ-inch-OD 

specimen containers. The rack can be rotated manually or el ectrically. 

and the orientation is controlled from the drive on the bridge. Motion is 

transmitted through a drive shaft to a stainless-steel-sprocket and chain 

drive in the rotary-specimen- rack housing. 

Specimen containers are inserted into and removed from the 40 

specimen tubes through the specimen-removal tube, which has an internal 

diameter of 1. 33 inches. The specimen-removal tube extends from the 

rotary-specimen-rack housing to the reactor bridge, and is offset by 

means of large - radii tube bends to avoid direct - line radiation streaming 

from the core . 

The tube-and-shaft assembly is a sealed straight tube that encloses 

the drive shaft and connects the rotary-specimen - rack housing with the drive­

and-indicator assembly on the bridge. Since this tube is in a straight 

line from the reactor, shielding is provided by pl astic enclosed within 

the tubing. 

The drive-and-indicator assembly is located on the bridge. It 

includes an, indicator dial with 40 divisions (one for each rack position), 

a crank for manual rotation of the specimen rack. a motor and slip -clutch 

for electric operation, and a locking handle . To rotate the rotary specimen 

rack inside its housing. the locking handle must be lifted and the crank 

rotated. When the indicator pointer is properly positioned at the desired 

specimen rack position. the locking handle can be lowered into a corres­

ponding positioning hole . This locks the gear train in t he drive box on 

the bridge for loading or unloading of speci mens. After the rack is 

loaded. it can be rotated electrically to provide uniform exposure of 

specimens. 
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seal-welded aluminum housing. The entire assembly rests in a well in 

the graphite reflec tor . The rack. which can be rotated inside the housing, 

suppo rts 40 evenly-spaced alwninwn tubes, which are open at the top 

and closed at the bottom. The tubes serve as rec eptacles for 1. 12-inch-OD 

specimen containers. The rack can be rotated manually or electr ically, 

and the o rientation i s c ontrolled fro m the drive on the bridge. Motion is 

transmi tted through a drive shaft to a stainless-steel - spr ocke t and chain 

drive in the rotary-specimen-rack h ousing. 

Specimen containers are inserted into and removed from the 40 

specimen tubes thro ugh the specimen-removal tube. which has a n internal 

diame ter of 1 . 33 inche s . The specimen-removal tube extends from the 

rotary- specimen-rack housing to the reactor bridge, and is offset by 

means of large -radii tube bends to avoid dir ect- line radiation streaming 

from the core. 

The tube-and-shaft assembly is a sealed straight tube that encloses 

the d r i ve shaft and connects the rotary-specimen-rack housing with the drive ­

and - indicator assembly on the bridge. Sinc e this tube is in a straight 

line fr om the reactor, shielding i s provided by p lastic enclosed within 

the tubi ng. 

The drive-and-indi cator assembly is located on the bridge . It 

includes an indicator dial with 40 divisions (one for each rack position) , 

a crank for manual rotation of the specimen r ack, a motor and slip -clutch 

for electric operation. and a locking handle. To rotate the rotary speci men 

rack inside its housing, the locking handle must be lifted and the crank 

rotated. When the i:ndicator pointer is p r operly pos i tioned at the desired 

specime n rack po sition . the locking handle can b e lowered into a corres­

ponding positioning hole . This locks the g ear trai n in the drive box on 

the bridge fo r loading or unloading of specimens. After the rack is 

loaded. it can be rotated electrically to p r ovide uniform .exposure of 

specimens . 
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A fishing-pole-type apparatus is used for inserting specimen ;co.ntainers 

in, or removing them from the rotary speciIl).en. raek. This. pole I 

enables the operator to keep isotopes at a safe distance and provides 

maximum flexibility during handling. An electric cable attached to the 

reel serves as a hoisting cable for the specimen container and a power 

conductor for actuating the specimen pickup tool. This pickup assembly 

is a smalL solenoid- operated, scissors-like device that fits into the 

upper end of the specimen container . The pickup solenoid is actuated 

from a button on the fishing pole. 

The irradiation specimen container i s ~ylindrical in shape and 

consists of a body and a cap. The cap is designed to accommodate the 

specimen pickup assembly. The inside length of the container is 3.81 

inches , and the inside diameter is 0.81 inch. The over - all length of 

5.36 inches permits free passage of the container through the curved 

portion of the removal tube. The us able space in each container is 

about 2 cubic inches. Since two containers may be inserted in each 

rotary rack position. the total capacity is 82 specimen containers. o r 

about 164 cubic inches. The polystyrene container is suitable only for 

experiments of short duration. For longer-term experiments. an 

aluminum container is recommended. 

6.3. PNEUMATIC TRANSFER SYSTEM 

Short-lived radioisotopes are produced in a pneumatic transfer 

system, which r apidly conveys a specimen to and from a position in the 

outer ring of the reactor core. 

The system includes a specimen capsule (rabbit) , a blower - and­

filter assembly. a valve assembly. a core terminus assembly, a transfer 

box. up to 3 r eceiver/sender assemblies . timer and control assemblies. 

and such items as tubing . flexible hoses, and fittings. The polyethylene 

capsule provides a space for irradiating specimens O. 56 inch in diameter 

and about 4 inches long. 
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Tubing from the blower extends both to the terminus in the core 

and to the receiver / sender unit in the laboratory. Injection and ejection 

of the specimen capsule are by means of a vacuum maintained by the blower. 

The terminus in the reactor core is located in one of the outer ring 

holes of the grid plate and supported . as are the fuel elements. by the 

bottom grid. When the specimen capsule is injected into the core terminus. 

it comes to rest in a vertical position approximately at the midplane of the 

core. 

The system is controlled from anyone of its timer and control 

assemblies. which are l ocated by the receiver/sender assemblies in 

the laboratory and may be operated either manually or autoITlatically. 

With automatic control . the specimen capsule is ejected from the core 

after a predetermined length of time. Four solenoid-operated valves 

control the airflow. Since the system is always under a negative pressure, 

any leak will be into the system. All the air from the pneumatic system 

is drawn through a filter before it is discharged i n to the building exhaust 

system for venting radioactive argon. One or more of these systems 

may be installed in the core. 

6 . 4. CENTRAL THIMBLE 

The central thimble located in the center of the core. provides 

space for the irradiation of small samples at the point of maximum flux. 

It also makes possible the extraction of a h ighly collimated beam of 

neutron and gamma radiation. 

The thimble is an aluminum tube 1 -1/2 inches in outside diameter . 

with a with a wall thickness of O. 083 inch. It extends from the bridge 

straight d own through the central hole of the removable hexagonal section 

in the top grid plate and through the lower grid plate. tertninating with a 

plug in the lower end. The central thimble is supported at its lower end 

by the safety plate situated about 16 inches beneath the lower grid plate. 
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Removable rings, located on the tube just above and below the 

removable hexagonal grid section, support the section and ensure its 

proper vertical placement in the top grid plate. 

The shield water in the thimble is removed to make the beam 

avai l able for experimentation by attaching a special blowout cap to the 

top of the tube and forcing the water out with air pressure. A hole located 

in the plug at the bottom of the tube permits the water, under air pressure, 

to escape. The t op of the tube is normally cove red with a cap containing 

a simple relief valve. This :;relief valve . together with the hole in the 

end plug. ensures that when not in use the central thimble is filled with 

shielding water . 
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7 . PROTOTYPE PERFORMANCE CHARACTERISTICS 

AND REACTOR PARAMETERS 

7. I. INTRODUCTION 

An experimental program was carried out with the TRIGA Mark III 

prototype reactor at San Diego to establish the performance characteristics 

and to demonstTate the safety features of the 1000 kw TRIGA reactor. The 

prototype reactor was loaded to criticality with stainless - steel - clad high­

hydride fuel-moderator elements for the first time in December of 1961. 

Si.nce that time the core has been operated for thousands of megawatt hours 

and has undergone over 5000 transients at powers as high as 8500 Mw. 

Steady- state operation has been at powers up to 1.5 Mw, Specifications 

for the fuel in the prototype reactor are given in Table 7, ' 1. 

Table?l 

TRIGA MARK III PROTOTYPE REACTOR FUEL ­
MODERATOR SPECIFICATIONS 

U
235 

enrichment (0/0) 

Hydrogen- to-zirconiwn ratio 

Cladding material 

Cladding thickness. (mils) 

7-1 

20 

I. 68 '(ilVg) 

304 stainless steel 

20 
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The Mark I fuel elements are identical to thos e for the prototype core 

as listed in Table 7.1. except that the U
235 

has been raised to 8. 5 weight ­

percent. and. consequently, the weight of the U
235 

in each element is about 

grams. 

7.2. FUEL ELEMENT WORTHS 

The worth of the fuel elements is dependent on the position they 

occupy in the core . Measurements indicating the worths of fuel elements 

in the six ring positions of the TRIGA Mark III prototype reactor are given 

in Table 7.2 . 

Table 7 .2 

FUEL ELEMENT WORTH COMPARED TO WATER · 
FOR EACH CORE RING 

Maximum Nwnber Worth. Worth, 
Ring of Positions in Ring ($) (0/0 6k/k) 

B 6 1. 13 o. 79 

C 12 0.92 o. 64 

D 15 0.62 0.41 

E 24 0.45 0.31 

F 30 o. 29 0.20 

G 36 o. 22 0.15 

7. 3 . STEADY - STATE PARAMETERS 

Various steady - state operating parameters have been measur ed 

and anal yzed for the 91 - elernent core loading shown in Fig. 1 - 1. All 

fuel positions in the B - through F - ri.ngs were occupied. and four elements 

were in the G - ring. 
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Fig. 7-1 -- Fuel loading diagram _ prototype reactor 

7-'3 

Fig. 7-1 -- Fuel loading diagrazn - prototype reactor 
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7.3.1. Critical Loading 

The TRIGA Mark III prototype core was loaded to criticality in its 

initial operating condition, i. e., with a poisoned follower on the transient 

rod and aluminum followers on other control rods. To achieve criticality. 

79 fuel-moderator elements comprising a tot al of  kilograms of 
235 . 

U were reqUlred. 

7.3.2. Power Coefficient 

Measurements of the "power coefficient" (loss of reactivity at various 

power levels) have been made at several intervals during the pulse history of 

the core (2,500 pulses to date). Som.e change in values occurs with pulSing. 

The loss in reactivity at 1 Mw was measured to be -$2. 80 for the new core 

with less than 10 pulses; this value increased somewhat to a value of 

-$3.25 at 1 Mw after 2,400 pulses of 1800 Mw amplitude. The changes observed 

are due to a slight loosening of the clad due to thermal expansion of the fuel 

meats in going from 20
0 e pre-pulse temperature to ....... 400

oe after-pulse 

temperature. The loosened cladding reduces thermal conductivity and results 

in a higher fuel temperature. The change in reactivity loss at various powers 

is most rapid during the first few pulses. After approximately 100 pulses I 

the reactivity reached a value nearly as large as that value quoted for operation 

after 2400 pulses. Extrapolation of the reactivity loss at 1 Mw versus number 

of pulses indicates that only after a very large number of pulses (>8.000) 

will the reactivity loss approach $4. 00. 

Figure 7-2 shows the reactivity loss versus reactor power for the 

prototype Mark III core after 2,400 pulses. 

7.3.3. Fuel Temperatures 

A series of measurements has been made of the fuel temperature 

at various positions within the core at powers up to 1 Mw. Observed temper-

atures are highest at the center of the core; therefore, the maximum fuel 

temperature is measured in the innermost or B _,," ring fuel positions. 
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Figure 7-3 shows the temperature measured in the B - ring by means of a 

thermocouple-equipped element for powers up t o ...... 1. 5 Mw . The maximuzn 

fuel temperature at 1 Mw is ........ 350
o

C above pool ambient (_Zoce ) and is very 

much below the temperature limits for the ZrHl. 7 fuel material. 

7.3.4 . Isothermal Temperature Coefficient (Bath Coefficient) 

Results of measurements of the effect of varying the coolant water 

temperature over a large range indicates that the resulting reactivity changes 

are small. Figure 7-4 is a plot of the change in available excess reactivity 

(relative to excess at 20
c

e ) fo r bath temperatures from 20° to 60°C. Reactor 

power was less than 10 watts to achieve isothermal conditions . The coefficient 

is slightly positive with a net gain in available reactivity of ....... l1 cents at 

60
0 e relative to the 20

0 e excess reactivity. The average coefficient 
o . 

(0.27 cents/ C) IS small enough to be considered essentially negligible for 

normal operating conditions . 

7.4. PULSE PARAMETERS 

Extensive measurements have been made of the various parameters 

relating to the pulsing operation of the reactor . The most important of these 

are given below for step insertions of reactivity up to 2 . 1% ok/k ($3.00). 

7.4.1. Period 

During pulsing operation the reactor is placed in a super - prompt­

critical condition. The asymptotic period is inversely related to the prompt 

reactivity insertion: Figure 7 - 5 shows the results of plotting the reciprocal 

of the measured period versus the prompt reactivity insertion. Since the 

period data must be obtained from an oscillographic rec o rding of the reacto r 

power versus time at a portion of the pulse before fuel temperature limiting 

effects have begun. the accuracy of the measurements is not as good as for 

other parameters . The scatter of points about a straight line in Fig. 7-5 is 

due entirely to this difficulty. As can be seen. the minimum period obtained 

for reactivity insertions of $3. 00 is ...... 3 msec. 
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7.4. Z. Puis e Width 

The width of the power pulse is most conveniently described as the 

time interval between half -power points. Also shown in Fig. 7-5 is a plot 

of the reciprocal of the measured width versus prompt reactivity insertion. 

and Fig. 7 - 6 shows the linear relationship between peak power and (1/width)2, 

7.4.3. Peak Power 

Figures 7-7, 7-8. and 7 - 9, show the interrelationship between 

maximum transient power, pulse widths, and period. When conside red 

together, these plots serve to describe the general features of the Mark III 

core performance in pulsing modes. For a given core configuration. the 

peak power, integral power in the prompt burst. and width of the pulse, are 

determined by the reactivity insertion made. It can be seen from the plots 

that the peak power i.s controllable over a rather wi.de r ange si.nce this 

parameter is very nearly proportional to (6k/k - $1. 00)2. Puls e width 

and integral powers. on the other hand. are approxima t ely linear functions 

of reactivity insertions above prompt critical so that their range is more 

limited. 
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peak power, integral power in the prompt burst. and width of the pulse. are 

determined by the reactivity insertion made. It can be seen from the plots 

that the peak power is cont rollable over a rather wide range since this 

parameter is very nearly proportional to (6k/k - $1. 00)2. P ulse width 

and integral powers, on the other hand, are approximately linea r functions 

of reactivity insertions above prompt critical so that their range is more 

limited. 
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8. HAZARDS SUMMARY 

8. !. REACTIVIT Y REQUIREMENTS ASSOCIATED WITH 
REACTOR OPERATION 

The following reactivities as sodated with operation of the reactor 

are based on measurements are made on the Torrey Pines TRIGA Mark III 

reactor, extrapolations from the TRIGA Mark F and Mark II reactors, and 

calculations . These values are for a core loaded with 70 fuel elements 

including the fueled followers on three control rods . 

The wo r th of fuel as compared to water in each ring of the grid as 

measured in the p r ototype TRIGA Mark III reactor is given in Table 7 . 2. 

To operate at 1 Mw ........ 2. 3% c5k/k will be required for overcoming the 

power coefficient of reactivity and about 1. 7% okjk for overcoming the 

equilibrium xenon poisoning. 

The reactivity changes caused by the various experimental facilities 

are shown in Table 8.1. These values are estimates based on measurements 

made on the prototype Mark III reactor. 

Table 8. 1 

EFFECTS OF EXPERIMENTAL FACILITIES ON REACTIVITY 

Experimental Facility Worth. % ok/k 

Pneumatic transfer tube - 0.07 

Rotary specimen rack - 0.18 

It can be seen f rom the worths of the fuel elements given in Table 7.2 

that in the case of grossly imprope r fuel loading p r ocedures such as the 
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insertion of a fuel element into the core while the reactor is operating at a 

steady - state power that the maximum reactivity that could be introduced in 

a single action would be $1. 13. Since step additions of reactivity greater 

than this value are made on a routine basis when the reactor is pi.J.lsed. the 

addition of one fuel element (or even two or three) into the critical reactor 

core would present no hazard. 

8.2. PRODUCTION AND RELEASE OF RADIOACTIVE GASES 

8.2. 1. Experimental Facilities 

In the TRIGA Mark I reactor installation, the pneumatic transfer tube, 

and the rotary specimen rack contain air. In addition, the main reactor roorn 

is of course also filled with air that is in contact with the reactor pool. Of 

the radioisotopes produced in these air cavities, argon-41 is the most 

significant with respect to hazards and nitrogen-16 is considerably less 

significant. 

At prolonged 1000-kw operation with no ventilation, the argon-41 
3 

activity in the pneumatic transfer tube is 4 X 10 . J,lc, and in the rotary 

specimen rack it is 8.6 X 10
5 /J c. Measurements at the Torrey Pines 

TRIGA Mark I reactor and the Illinois TRIGA Mark II reactor indicate 

no measurable argon-41 release from the rotary specimen rack. The 

release of argon-41 from the reactor pool water is discussed beldw in 

Section 8.2.2. The release to the atmosphere is discussed in Section 8. 2. 4, 

In an experiment performed with the University of illinois I 1 DO-kw 

TRIGA Mark II reactor, air from the pneumatic tube and the rotary speci-

men rack was discharged into the reactor .room and' the argon-4l concentration 

in the room was found to be well below 2 X 10 -.
6 

jJ.c/cm3., which is the 

maximum permissible concentration (MPC) for restricted areas . The 

experiment consisted of operating the ·reactor at 100 kw for ·several hours. 

discharging the air from the pneun;tatic tube into the re~ctor room,'· and 

lowering and raising of a sample container in the access tube to· pull out 
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some of the air from. ten different positions of the rotary specimen rack. 

A scintillation crystal placed at the height of the top of the reactor, between 

the reactor and building exhaust. detected no increas e over the background in 

the region 1 to 1. 5 Mev. Sensitivity was checked with a cobalt-60 source, 

which gave a counting rate of 10 times the background for a flux of 8 gammasl 
2 

em - sec. According to this calibration. the gamma flux due to argon- 41 
2 

release was less than 8 garnmasl em - sec. Converting this surface source of 

activity to an equivalent vohlIne souree indicates that the argon- 41 concen­

tration in the reactor room was less than 0.3% of the MFC. In the case of 

lOOO-kw operation for the TRIGA Mark III reactor, the argon- 41 concentration 

in the room should still be less than 3% of the MPC if the rotary specimen rack 

and pneumatic transfer tube were operated in this same fashion. 

In summary, the argon - 41 produced in the reactor cavities is not 

considered hazardous to the operating personnel. Leakage of air from 

these cavities into the reactor room is s o small that the argon-41 activity 

is not detectable during lOO-kw operation even when some of the air is 

deliberately discharged into the room . Activity from argon-4l may be 

only at the threshold of detection at the IOOO-kw operating level. 

8.2.2. Release of Argon - 41 from Reactor Wat er 

The argon- 41 activity in the react or pool water results from 

irradiation of the air dissolved in the water. 

The following calculations were performed to evaluate the rate of 

argon-41 escaping from the reactor pool water into the reactor room. The 

calculations show that the argon- 41 decays while in the water, and most of 

the radiation is safely absorbed in the water. The changes in argon-41 

concentration in the reactor, in the pool water external to the reactor, and 

in the air of the reactor room are given by 

( I) 
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I 
--- = 

dt 
( I) 
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(2 ) 

+ q) (3) 

where subscript 1 = Reactor region (water region in core), 

subscript 2 = Reactor tank water region external to the reactor, 

subscript 3 = Reactor room region, 

superscript '40 = Argon-40, 

superscriptAl = Argon- 41. 

superscript A = Argon- 40 plus argon- 41, 

V = Volume of region. cm
3

, 
3 

N = Atomic density. atoms/em, 

A = Decay constant, sec 
-1 

2 a = Absorption cross section, em. 

q = Volume flow rate from reactor room exhaust 
3 

(em - sec). 

vl = Volume flow rate through region No.1 (cm
3 

- sec), 

~ = Average thermal neutron . flux in Region No.1, 
2 

(n/ em - sec), 

f. . 
l->J 

= Fraction of argon-41 atoms 

to region j per uni t time. 

in region i that escape 
- 1 

see 

To estimate the volume flow rate of the wat er in the reactor, the 

following equation is used: 

Q 
VI = C OTp 

P 

where vI = Volume flow rate of the water through the core, 
6 

Q = Reactor power;: 10 watts, 

C = Specific heat of water ...... 4.19 watt - sec/g _OC 
p 

(4 ) 

where 
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aT = Temperature rise across the core, _75°C (conservativdyhigh), 

p -= Exit water density = 0.958 g/crn
3

. 

Thus. 
3 

em 
VI : (4.19)(75)(0.958) sec 

3 3 
=3.3x 10 em Isee . 

Equation (1) can be reduced to 

dN
41 
I 

dt 

by considering the following numbers 

3 3 
v1=3.3XIO em/sec , 

4 3 
VI = 1. 45 X 10 ern 

13 2 
~ = 1. 2 X 10 n/crn - sec, 

40 - 24 2 a = O. 060 x 10 em. 
41 -4-1 

A = 1. 06 X 10 5 ec , 

- 40 
to show that vI + VI q, a + A VI:::::' VI 

During equilibrium conditions the three equations reduce to: 

Combining equations (5) and (6) gives 

+ 

(5 ) 

(6 ) 

( 7) 

(8 ) 
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which inserted into equation (7) for yi elds 

The values of constants in equation (9) are 

V 2 = 4. 02 
7 3 

X 10 em (8-1/2 It by 25 It), 
8 3 >. 

V3 = 3. 12 X 10 em (21 It by 36 - 1/2 It by 16 It),· 
5 3 

q = 1. 73 X 10 ern Isec 
40 - 24 2 1 -24 2 

a = O. 53 X 10 em x- = 0.47Xl0 em ,;; 
which leaves !>f~O. £2_ 3' £3_2' and Njl to be evaluated. The saturated 

concentration of argon in water accoTding to Henry 1 s law is 

(9 ) 

where X is the mole fraction of argon in water; P is the partial pressure in 

rnm of Hg of argon above the water; and K is Henry ' s constant, which for 

argon is 2 . 9 X 107 mm of Hg per mole fraction of gas in solution at 30
o e . 

Since the argon content: of air is 0.94% by volume. the partial pressure of 

argon above the water is 

0.0094 (650 mm - 2 3mm, vapor pressure of water);: 5.89 mm of Hg . 

This yields 6.77 X 
15 

10 argon atoms per cc of water. 

An estimate of the parameter f2 -+3 (that is the fraction of argon atoms 

in the pool water that escape each second) can be obtained by examining 

the mobilities of ions in dilute solution. Most ions have velocities of 
- 4 

the order of 3 to 8 X 10 cm/sec under a potential gradient of 1 volt 

per cm. t Since the argon atom will not have the advantage of being affected 

* The room volume has been reduced by 10% to account for the presence 
of equipment. etc. 

tDaniels. F .• Outlines of Physical Chemistry , Wiley and Sons. 
New Yor k , 1948, p. 414. 
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-4 
by a potential gradient. its velocity should be less than 3 X 10 cm/sec. 

-4 
Therefore. only the argon atoms within 3 X 10 em of the pool surface will 

be in a region in which the a rgon atoms can leave the water within any given 

second. Actually, even this source volume is still too large. Nevertheless . 

it gives an upper limit for the fr action of the total argon atoms that can 

leave the water per second. 

-7 -I 
10 sec 

During equilibrium. conditions and assuming no difference in the rates of 

escape fractions fo r argon- 40 and - 41, the number of argon atoms that 

escape from the water into the air equals t he number of a r gon atoms that 

enter the water from the ai r. i . e. , , 

where N~ = 2. 1 X 1017 a rgon atoms/cm3 of air:::: N
40 
3 • 

A 15 3 
N

Z 
= 6.77 x 10 argon atoms/ern 

Solving for f3~2 gives 

=1.7 0X I O- 9 

40 
of water::::: NI . 

-I 
sec 

. 41 
Smc e A > f2~3 > f3~2' equation (9) reduces to 

3 
1 . 04 atoms I crn . 

(10) 

(II ) 

(12) 

Solving for N
41 

yields 0.48 atoms/ crn
3

. This corresponds to a 

concentration of argon-4 1 activity of 

1.06 X I O- 4 X1.04 -8 3 
:":"';:"::"---':"::"--;---'''-''-0. = O. 2 9 7 X I 0 '" e I em . 

3.7 X I0
4 

(13) 
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where A 41 = Argon-41 . 3 
concentratlon, p. c/ ern I 

C = Conversion factor from disintegrations/sec to ~c. 

This is below the MPC recommended by the U. S. Atomic Energy Commission 
-8 3 

for unrestricted areas (4 X 10 IJ.c/cm). 

The argon-41 activity discharge rate fraIn the reactor roo m is 

obtained by multiplying the activity concentration by q. the value of air 

discharged per unit time, that is 

• 0.297 X 10- 8 X I. 73 X 105 - 3 = 0. 513 X 10 Jlc /sec. 

8. Z. 3. Nitrogen-16 Activity in Reacto r R oom 

( 14) 

The cross section threshold for the oxygen-16 (n, p) nitrogen - 16 

reaction is 9.4 Mev; however. the minimum energy of the incident neutrons 

must be about 10.2 Mev because of cente r of mass corrections. This high 

threshold limits the production of nitrogen-16 since only about O. 10/0 of all 

fission neutrons have an energy in excess of 10 Mev. Moreover. a single 

hydrogen scattering event will reduce the energy of these high-energy 

neutrons to below the threshold. The measured effective cross section 

for oxygen-16 (n. p) nitrogen-16 reaction and a fission neutron spectrum 

. -29 2 * . 
1S 1. 85 X 10 cm. ThlS value ag rees well with the value obtained 

from integrating the effective cross section over the entire fission spectrum. 
3 

The concentration of nitrogen-16 atoms per cm of water as it 

l eaves the reactor core is given by 

(15) 

where NN • Nitrogen-16 atoms per cm3 of water. 

~ • v 
NO • 

13 2 
Vi rgin fission neutron flux:::::: 10 n / cm - sec at 1000 kw. 

. 3 22 3 
Oxygen a toms per cm of water = 3.3 x 10 atoms/cm. 

aO • - 29 Z 
Absorption c r os s section of oxygen = 2 x 10 cm. 

* Henderson. W. J .• and P. R. Tunnic1iffe, liThe Production ofN-16 
and N-17 in the Cooling Water of the NRXReactor ."NSE, 1958. pp.145 - 150. 

8-8 

where A 41 = Argon-41 concentration. Io'c/ cm
3

• 

C = Conversion factor from disint egrations/sec to ~c. 

This is below the MPC recorn.znended by the U. S. Atomi c Energy Cornrnission 
-8 3 

for unr estricted areas (4 X 10 /J c/cm) . 

The argon-41 activity discharge rate from the reactor room is 

obtained by multiply ing the activity c o nc entration by q. the value of air 

discharged per unit time . that is 

~ o. 297 X 10- 8 X 1. 73 X 105 -3 
;; 0 . 513 X 10 JJc/sec . 

8, 2.. 3. Nitrogen· 16 Activity in Reactor Room 

( 14) 

The cross section threshold for the oxygen- 16 (n. p) nitrogen- 16 

reaction is 9.4 Mev; however. the minimum energy of the incident neutrons 

must be about 10.2 Mev because of center of mass corrections. This high 

threshold limits the production of nitrogen-16 since only about O. 1% of all 

fission neutrons have an energy in excess of 10 Mev. Moreover. a single 

hydrogen scattering event will reduce the e nergy of these high - energy 

neutrons to below the th r eshold. The measured effective cross section 

for oxygen-16 (n.p) nitrogen- 16 r eaction and a fission neutron spectrum 

is 1. 85 X 10 -
29 

cm
Z

. * This value agrees well with the value obtained 

from integrating the effective cross section over the entire fission spectrum. 
3 

The concentration of nitrogen - 16 a toms per cm of water as it 

leaves the reactor core is given by 

where NN = Nitrogen-16 atoms per cm3 of water, 
13 2 

cP = Vi rgin fission neutron flux:::::: 10 nlcm -s e cat 1000 kw. o . 3 22 3 
N = Oxygen atoms pe r cm of water = 3.3 X ID atoms/em. 

o - 29 2 a = Absorption cross section of oxygen = 2 X 10 cm, 

(15 ) 

* Henderson, W. J., and P. R. Tunnicliffe , liThe Production ofN-16 
and N -17 in the Cooling Water of the NRX Reactor . li NSE, 1958, pp. 145 - 150 . 
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-2 
= Nitrogen-16 decay constant - 9.35 X 10 

t = Average time of exposure in reactor. 

The average exposure time in the reactor is given by 

v 
c 

t = -

-I 
sec 

where V c is the core water volume exposed to flux ~ v' and v Iis the 

volwne flow rate through the core (see Section 8. 2. 2), Thus. 

1.45XI0
4

cm
3 

t = -:":"'=-'-,';"::'--';F-- :: 4. 4 sec . 
3 3 

3.3 X 10 em /sec 

(16) 

Sol ving for NN from equation (15) . 

per em 
3 

of water leaving the core . 

one obtains 2.4 X 10
7 

nitrogen-16 atoms 
3 3 

With a flow of 3. 3 X 10 em /sec, the 

rate 
10 

of nitrogen-16 leaving the core is therefore 7.9 X 10 atoms/sec. 

In the TRIGA Mark 1. the measured transport time for the water 

to travel the 16 feet from the reactor core to the surface of the tank is 

42 seconds when the reactor is operating at 100 kw. To a first approxi­

mation the velocity of the rising water is proportional to the density 

difference between the pool water and the heated water from the core, 

that is. 

v = Kip - p .) o eXit 

Thus the velocity of the rising water colwnn for the TRIGA Mark III 

reactor can be estimated from 

vllPO - P eri t III) 

VIII = IP
O 

- P
eritI

) 

I I 7) 

118 ) 

where the subscripts 1 and III refer to TRIGA Mark 1 and Mark III reactors. 

respectively. 

The water leaving the TRIGA Mark 1 core at 100 kw is at 45°C with 

a density of 0.9902 g/ cm
3

. The water leaving the TRIGA Mark III core 

at 1000 kw is conservatively asswned to be at 100°C for this calculation 
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with a 
. 3 

densIty of O. 9583 g/cm . Thus, from equation (18:): 

VIII :: 
1 6 X 3 0. 5 c mO. 9 9~7",0'C5,----_0""-c9'CS",8c:3c::S,-

42 sec 0 . 9970S 0.99021 
= 65.6 ern/ sec . 

The transport time for nitrogen- 16 through the 20 ft of water above the 

TRIGA Mark III reactor is then 

t . 
rIse 

= =2:::0--,xc;...;:3,,0o;.' ...:S,-,:c",m:!. 
6S.6 

=9.3sec. ( 19) 

This assumes that the nitrogen - 16 rises straight up toward the pool 

surface. In practice. however , the nitrogen- 16 is slowed down by the 

interruption of the vertical convective currents from the discharge of 

water through the diffuser nozzle across the core. 

Measurements at the prototype TRIGA Mark HI reactor at 1000 kw 

indicate that the diffuser results in a hold-up time increase by a factor of 

3, so that the rise time is closer to 25 seconds. In 25 seconds. the nitrogen-16 

decays to 0.096 of its initial value. Thus, the number of nitrogen - l6 atoms 

that reach the wate r near the pool surface is about 7.6 X 109 atoms/second. 

Only a small portion of the nitrogen-16 atoms present near the pool 

surface is transferred into the a ir of the reactor room. When a nitrogen-16 

atom is formed. it appears as a recoil atom with various degrees of 

ionization. For high - purity water ( ....... 2 j.Lmho), practically all of the 

nitrogen-l6 combines with oxygen and hydrogen atoms of the water . Most 

of it combines in an anion form. which has a tendency to remain in the 

• water. It is assumed that at least one - half of all ions formed are anions. 

Because of its 7. 4 - second half-life, the nitrogen - 16 will not live long enough 

to attain a uniform concentration in the tank wate r. With the diffuser in 

operation. one can assume tla t the nitrogen-16 atoms w i ll be dispersed 

in the 1 ft of water at the top of the pool directly above the core. Actually. 

they are more likely to be dispersed over a wider area in the pool and 

* Mittl, R. L., and M. H. Theys, "N_16 Concentrations in EBWR. II 

Nucleonics. March 1961. p. 81. 
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will decay before this lateral movement is completed. I n the area directly 

above the core, the dominant contribution to the dose rate is the direct 

radiat ion from the core. The interest from a hazard point of view is then 

the number of nitrogen - 16 atoms escaping into the air a n d diffusing away 

from the a rea above the co re. 

The maximum fraction o f nitrogen - 16 atOIn5 that can escape from 

the water to the air per second can be estimated similarly to the case of 

argon (see Section 8 . 2.2.). Thus. 

N 1 3 x 10 -
4 

em/sec 5 
f < = D. 5 X 10-
2~3 - 2 30 em 

- I 
sec ( 20) 

where it is assumed that one-half of the ions formed. namely the anions, 

remain in the water. 

Thus the number of nitrogen-16 atoms entering the air is given by 

£2->3 (7.6 x 10
9

) 

N 
£2-.3 + A 

= 
0.5 x 10- 5 (7.6 X 109 ) 

O. 5X 10 - 5 + 9. 35 X 10 -
2 

5 
4 . 06 X 10 atoms/sec . 

= 

(21 ) 

The nit r ogen- 16 concentration (asswning no mixing with the rest 

of t h e room air) in the volume immediately above the mechanism bridge, 

3 meters high and having a 36 - in. - diameter. is 

4. 06 X 10
5 

A = - - -,.--c="'-..:.'-'-''----::---, = 5. 6 
3.7 X 10

4
. 300 em ' " . 18 2 . (2 . 54)2 

-6 3 
X IO IJ.c/cm 

( 22) 

The do se rate from this concentration in this volwne is small compared 

to the d ose rate from the core itself. 

In the rest of the room, the activity is affected by dilution, venti ­

lation, and decay. Thus, the rate of accumulation of nitrogen-16 in the 
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room as a whole 15 given by 

d(V N
16

) 
3 3 --.:c:---"- = s -
dt 
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where S = Number of nitrogen - 16 atoms entering the room from the 

pool per second. 
8 3 = Vol ume of the reactor room = 3.12 X 10 em, 

q = Volume flow rate from the reactor room exhaust = 
5 3 

1. 73 X 10 em /sec 

For saturation conditions, 

4.06 XI0
5 

6 
- 2 _3=4.31XI0 

9.35XI0 +0.471X I 0 
nuclei . 

(23 ) 

(24) 

This corr esponds to an activity concentrati on of 3.49 X 10-
8 

Jlc/crn
3

, 

which is negligible . Thus. everywhere but directly above the core, the 

nitrogen- 16 activity presents no hazard. Above the core, the direct 

activity of the core is dominant. 

8.2.4. Routine Release of Argon - 41 t o Atmosphere 

Expressions for the concentration of argon -41 in the exposure room 

were presented earlier. Although higher concentr ations will prevail with 

stagnant air in the exposure room, air will not b e discharged to the 

atmosphere under these conditions . When the room is being ventilated, 

the concentration will be a few percent o f the stagnant - air value. 

When the activity is released from the building, the concentration 

on the ground must be less than the nonoccupational max imum pe rmissible 

concentration (MPC) in unrestricted areas set by the U. S. AEC, which is 
-2 3 

4 X 10 IJ c/m for argon-41. One appropriate method for deterInining 

whether this value is met is to use the following equation for predicting 

the cloud concentration at ground level at the building . 

1 
X ( O. O. 0) = 7( 0::-.-':5"") ""A"'u~( Q) (25 ) 

room as a whole is given by 

d(V N
16

) 
3 3 --=-,-"--- = 5 -
dt 
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- 2 - 3 
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nuclei . 
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3

, 

which is negligible. Thus. everywhere but directly above the core, the 

nitrogen-16 activity presents no haz ar d . Above the core , the direct 

act ivity of the core is dominant. 

8 .2. 4 . Routine Release o f Argon-41 t o Atmosphere 

Expressions fo r the concentration o f argon-41 in the exposure room 

were presented earlier. Although higher concentrations will prevail with 

stagnant air in the exposure room, ai r will not be discha r ged to the 

atmosphe r e under these conditions. When the room is being ventilated, 

the concentration will be a few percent of the stagnant - air value. 

When the ac tivity is rel eased fr o m the building. the concentration 

on the ground must b e less than the nonoccupational maximwn pe rmissibl e 
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1 
X ( 0, 0, 0) = "'( O=-. "=5'-) A-:-=u""- ( Q ) (25) 
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3 = Concentration at the building. IJ.c/m 

Q = Activity release rate , IJ,c / sec. 

u = Mean wind speed, 1 msec , 
2 

A = Cross sectional area of reactor room, 31. 2 In . 

Applying a reasonable duty cycle for the operation of the facility. 

that is 6 hours per day and 5 days per week of lOOO - kw operation. yields 

an average argon-41 discharge rate of 

- 6 5 - 3 - 4 
Q=24'-=;(O,513XIO )=O,913 x IO I'c/sec (26) 

Substitution of O. 9 13 X 10-
4 

IJc/sec for Q in equation (25) gives a value 
- 6 3 

of X(O, 0, 0) = 5, 85 X 10 I'c /rn , 

8.3 , HANDLING OF RADIOACTIVE ISOTOPES 

Because there can be intense radiation fields from radioactive 

isotopes produced by this reactor, reactor operations must be supervised 

by individuals trained in the detection and evaluation of radiological hazards. 

For instance, activation calculations indic ate that the re acto r is capable 

of producing an equilibrium concentration of approximately 105 curies of 

cobalt - 60 in the rotary specimen r ack using only 20 rack positions. Since 

this production is distributed in 20 samples. the maximum amount of activity 

that can be withdrawn at one time is 5 X 10
3 

curies. This constitutes such 

an intense source of radiation that manual handling is out of the question. 

If such isotope production is attempted. the operating agency should obtain 

shielded isotope - handling equipment to reduce the radiation dosage to an 

acceptable level. 

Remote handling equipment will not be necessary if the radioactivity 

of a sample is limited to a radiation level as sociated with 10 curies of cobalt - 60. 

From such a source removed from the reactor the dose rate to persons within 

2 meters would be 58 mr/min. A person exposed to this dose rate for about 

2 minutes would receive his weekly permissible dose of 100 mr. Naturally. 

where X(O . 0, 0) 
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the source limit will depend upon the removal procedure used by the operati ng 

agency; however. such a limit should be made known to the operating personnel 

for evaluating the potential exposures when removing a sample from the rotary 

sample rack. A radiation detector will need to be used to monitor the activity 

of the sample as it is removed from the rea ctor. 

The maximum potential hazard from isotope production is from an 

accident in which this radioactivity is relea sed into the air of the reactor 

room. Such an accident would require a very special set of conditions. 

There would have to be either a spill during the removal from the reactor, 

or a reaction (perhaps chemical) of sufficient strength to disperse the 

samples from the rack. In addition. the r a dioactive sample would have to 

be in gaseous form or of particle size sufficiently small to be dispersed 

as an aerosol before a hazard could exist external to the reactor room. If 

such a set of conditions should occur. the radioactivity released would s.till 

be less than that assumed for the fuel cladding break. Hence . in the 

unrestricted area outside the reactor room. the hazard associated with 

isotope production will be less than that produced by a fuel element failure. 

This assumes that the radioactive isotope has approximately the same body 

organ uptake as that of the released fission products . 

8.4. REACTOR POWER PULSING 

The reactor loading will be a maximum of 4. 9% I5k/k ($7. 00) excess 

reactivity above a cold. clean. critical and compact condition. A compact 

condition is a core loaded with all of the innermost lattice positions containing 

fuel and with the uraniurn - 235 content (according to the metallurgical analysis 

of the fuel elements) progressively smaller with increasing distance from the 

core center. Thus. any rearrangement of the fuel will result in a lower 

excess reactivity. 

Although the maximum excess reactivity is 4.9% I5k/k. the transient 

control r od will be limited to 2. 1 % 6k/k. The reactivity that is controlled 

by the other rods. however. through a number of remote possibilities. could 
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permit the power pulse to be initiated whil e at a high power or on a period. 

The expected hazards caused by pulsing the reactor · from other than a low 

power are discussed in Section 8. 7 under excursion accidents. 

On the basis of operating experience with TRlGA reactors, it is 

concluded that a 2. 1 % ok/k step addition of reactivity from low power 

presents no hazard. TRIGA reactors have been pulsed safely thousands 

of times with 2. 1 % 6k/k additions and m~ny times with reactivity additions 

up to 3.2% ok/k. Under normal pulsing conditions no hazards exist to either 

the operating personnel or the public . since the shielding affords protection 

from a IOOO-lew reactor and the possible pulse frequenc y is equivalent to 

only a lOO-kw reactor. 

A typical plot of power pulse and the fuel temperature for a 

2. I % 6k/k addition with a core containing 100 fuel elements is shown in 

Fig. 8 - 1. The resulting power pulse attains a peak power of about 2000 Mw 

with a reactor period of 2. 8 msec and a total energy release during the 

pulse of about 23 Mw-sec. Fuel temperatures are limited to less than 500
o

C. 

8.5. FUEL ELEMENT CLADDING FAILURE 

The release of radioactivity by aqueous corrosion was determined 

experimentally to be 100 rnicrogr ams of uraniurn-zirconiwn hydride per 

day per square centimeter of unclad fuel e l ement exposed to the water 

during shutdown co nditions. Therefore, in the event of a rupture of the 

fuel element cladding, only the gaseous fission products that have collected 

in the space between the fuel material and the cladding will be released. 

The hazards associated with a failure of the fuel element cladding and 

consequent fission product contamination o f the reactor pool water and the 

reactor room air have been calculated. The water activity would reach a 

level of O. 9 IJ-c /cm
3 

!rorn the failure of one fuel element . and the airborne 

activity in the reactor roorn would attain a uniform concentration of 
-2 3 

0.6 X 10 Ilc /cm. 
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Fig. 8-1 -- Calculated peak power and fuel temperature versus time for 
$3.00 pulse-TRIGA Mark III reactor 

u , 
,; 
" ~ 
" , • a , 
" 

• 
" • , 
• ~ • , 
" • 
! 
~ 

8 - 16 

10,000 1000 

10 00 100 

100 10 
_1 5 _10 - 5 o 5 10 15 20 

Tim .. from Peak Power , millisecQnd .. 

Fig. 8-1 -- Cal culated peak power and fuel temperature ve r sus time for 
$ 3.00 pulse-TRIGA Ma rk III reactor 

u , 
.; , , 
" • • • • e • .. 



8 -I 7 

Fission Product Release Fraction 

The quantity of gaseous fission products produced in the fuel eleme nt 

was determined by the use of Blomeke and Todd data* for infinite operation 

at 1000 kw. Table 8.2 is a compilation of the volatile gamma emitters 

in a fuel elelTIent loaded with grams of U
235 

and exposed to an effective 
13 Z 

thermal flux of 0.83 X 10 n/crn -sec. (T he Blomeke a nd Todd data are 

for a 2200 - m/sec fission cross section.) The activities listed are the 

saturation levels for the fuel element with the highest power density. 

For the purpose of this analysis . the gaseous fission products have 

been separated into two groups. Group one consists of the gaseous isotopes 

that for all practical purposes remain in the reac tor tank water . In this 

group are the bromine and iodine isotopes. According to water boiler 

reactor data , less than 10% of the fission product gases with half-lives of l e ss 

than a minute escape from the reactor solution. Evidently, such a short 

lifetime prevents the diffusion of the isotopes to the surface and their escape 

from the solution. In addition, the isotopes with short half - lives are normally 

beta emitters with negligible gamma emission. Group two consists of the 

insoluble volatiles , krypton and xenon isotopes, with half-lives greater than 

a minute. They are the major source of gamma activity in the reactor 

room from a cladding failure because of their low solubility in water. 

The 

products is 

sum of the saturated gamma activities of the volatile fission 
4 o. 64 Xl 0 curies in the fuel element with the highest power 

density. Most of this activity will be retai ned in the lattice structure of 

the fuel. Of the activity released from the fuel , approxi mately two-thirds 

will stay in the water and one-third will escape into the air. 

* Blomeke, J. 0 .. and Mary F. Todd. rrUraniurn-235 Fissibn-
Product Production as a Function of the Thermal Neutron Flux, Irradiation 
Time. and Decay Time. ' I Oak Ridge National Laboratory Report ORNL-2127. 
August 1957 - November 1958. 
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Table 8. 2 

GASEOUS FISSION PRODUCTS IN B-RING FUEL ELEMENT 
1000 SATURATED ACTIVIT Y - 11 7 ELEMENT CORE 

Nuclide 

Group I 
Br 83 
Br 84 
Br 84m 
Br 85 
Br 87 

I 129 
I 131 
I 132 
I 133 
I 134 
I 135 
I 136 

Group II 
Kr 83m 
Kr 85m 
Kr 85 
Kr 87 
Kr 88 
Kr 89 
Kr 90 
Kr 91 

Xe 131m 
Xe 133m 
Xe 133 
Xe 135m 
Xe 135 
Xe 137 
Xe 138 
Xe 139 
Xe 140 

Decay Constant 
(hr - 1) 

3.02Xl0- 1 

1.31>10
0 

6.95>100 

1.39Xl01 

4.49Xl0l 

4.60 X 10- 12 

3 . 58 X 10- 3 

3.07 X 10- 1 

3.34 X 10 - 2 

7.93Xl 0 -l 
1. 04 X 10- 1 

2.90Xl01 

Inventory 
(curies I element) 

59.0 1 
135. 52 

2 . 79 
183. 52 
330. 00 

122.97 
356.64 
540. 72 
796. 80 
933. 84 
726.24 
381. 36 

Total rodines 3859.2 
Total Group I 4575.7 

3.66 X 10- 1 

1.59 Xl0-l 
7.67 X 10 - 6 

5.35> 10 - 1 

2 . 50 X 10- 1 

1.31Xl0 1 

7.55xl0l 
2.54Xl02 

2.41Xl0 - 3 

1. 26 X 10- 2 

5.50 X 10 - 3 

2.67 X 100 

7.6 0 X 10- 2 

1. 07 X 10 1 

2.45>100 

6.08>101 

1. 56 > 102 

59.02 
183 . 50 

36. 88 
333.36 
456 .48 
566.88 
637. 44 
379.44 

3. 56 
19. 19 

797.52 
2 17 .89 
588. 72 

72.62 
674.40 
69,. 68 
732.48 

Total Group II 6457.0 
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To determine the release fraction of fiss i on products from the fuel 

element, the following experiment was performed with a special TRIGA 

fuel element. The element was fabricated with a tube connecting the space 

between the cladding and the fuel with a charcoal - filled cold trap at the sur­

face of the reactor tanle All of the fission products gases that accumulated 

in the gap were then collected in the charcoal trap by purging the system 

with helium. Analysis of the amount of radioactive gases in the gap and the 

total inventory in the fuel permitted the determination of the fraction of 

fission product gases that escaped from the uranium-zirconium hydride 

material into the gap. 

In this experiment the 
12 2 

flux of 2. 1 X 10 n/em -sec 

special element was exposed to a thermal 
133 

for an hour. The activity of Xe present 

in the element after this hour was calculated from the work of Bolles and 

Ballou. * In this work the number fX
I33 I' o e nuc e1 present after the fission 

235 
of 10, 000 U nuclei is given as a function of time. Integrating these data 

i4 133 . . . 
over a time of 1 hr gives 4.9 X 10 Xe nucleI/fIssIon. In the I-hr 

irradiation 2 . 7 X 10
1 7 

atoms of U
235 

fissioned. Thus . the number of Xe
133 

nuclei present at the end of the irradiation was (4.9 X 10 -
4

)(2.7 X 10
17

) = 

1. 3 X 10
14 

nuclei. or a total activity of 5.4 X 10
3 

microcuries. The analysis 

of the Xe 133 activity that had collected in the gap in the I-hr gave 78 micro -
, 133 

curies. Therefore the frachon of Xe that diffuses into the gap between 

the fuel and the cladding 1S 

X 133 , 8 01 2 
e In g a p = c7-,-, -=-_x -,1'-'--0;- = 1. 4 X 1 0 -

X
, I33" 3 
e Inventory In fuelS . 4 X 10 

( 27) 

In this analysis it is assumed that the fractions of various gaseous 

isotopes produced that collect in the gap are the same as that determined 

for Xe
133

. Since it is possible for the cladding rupture to occur at a higher 

• Bolles, R. C. , and N. E. Ballou. IICal culated Activities and 
Abundances of U235 Fission Products, II U. S. Naval Radiological Defense 

. Laboratory Report US- NRDL - 456, August 30 . 1956. 
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fuel temperature. for instance, during a power transient, the releas~ fraction 

has been increased by a factor of 2 to approximate the possible difference in 
- 2 

fuel temperatures. Therefore. the release fraction i s taken as 2.8 x 10 . 

Water Activity 

As discussed previously, 
4 

o. 46 x 10 curies is the total inventory 

of soluble gaseous fission products. Multiplying by the release fraction 

gives 1.28 X 10
2 

curies as the released gamma activity that remains in 

the water from one fuel element. Since the volume of water in the reactor 

pool is 4.02 X 10
7 

cm
3

, the activity concentration is 3.18 /-lc/crn
3

. In 

24 hours, the activity would decrease to O. 49jJc/cm
3

, The activity remains 

moderately high because of the small decay constant of iodine - 131 and - 133. 

The de mire ralizer can be used to remove the soluble volatile fission products. 

External Exposure from Fission Product Releases in the Reactor Room 

The amount o f insoluble volatiles released into the reactor room 
3 

from a cladding failure is 6.45 X 10 curies (the inventory of insoluble 
- 2 

volatiles in the hottest fuel element) times 2.8 X 10 (the release fraction ), 

or 180 curies of gamma emitters. The external exposure received by a 

person in the reactor room from this release of fission products will be 

dependent upon the fission product distribution in the reactor room, the 

exit path. and time to exit. An example has been selected to indicate 

possible exposures from the release of fission products from one fuel 

element. 

In this example. the fission products have escaped from the tank water 
8 3 

and are uniformly dispersed into the reactor room of 3. 12 X 10 cm. The 

activity concentration becomes 

A - = 
V 

180 X 10
6 

3.12XI0
8 

= 5. 77 X 10-1~ = 2.08 XI0
4

--'Y'--O;-3 (28) 
cm sec-crn 

8-20 

fuel temperature , for instance, during a power transient, the release fraction 

has been increased by a factor of 2 to approximate the p ossible difference in 
-2 

fuel temperatures . Therefore , the release fraction is taken as 2.8 X 10 , 

Water Activity 

As discussed previously. 
4 

O. 46 X 10 curies is th e total inventory 

of soluble gaseous fission products . Multiplying by the release fraction 

gives 1.28 X 10
2 

curies as the released garruna activity that remains in 

the water from one fuel element. Since the volume of water in the reactor 

pool is 4 : 02 X 10
7 

ern
3

, the activity concentration is 3.18 Ilc/crn
3

. In 

24 hours . the activity would decreas e to 0 . 49 J.I. c / em 
3

. The activity remains 

moderately high because of the small decay constant of iodine-13l and -133. 

The de mine ralizer can be used to remove the sol uble volatile fission produc ts. 

External Exposure from Fission Product Releases in the Reactor Room 

The amount of insoluble volatiles released into the reactor room 
3 

from a cladding failure is 6 . 45 X 10 curies (the inventory of insoluble 
- 2 

volatiles in the hottest fuel element) times 2.8 X 10 (the release fraction) , 

or 180 curies of gamma emitters. The external exposure received by a 

person in the reactor room from this release of fission products will be 

dependent upon the fission product distribution i n the reactor room, the 

exit path, and time to exit. An example has been selected to indicate 

possible exposures from the release of fission products from one fuel 

element. 

In this example, the fission products have escaped from the tank water 
8 3 

and are unifonnly dispersed into the reactor room of 3. 12 X 10 cm. The 

activity concentration becomes 

A 

V 
= 

180X10
6 

3.12X10
8 

= 5. 77 X = 2. 08 X 10
4 - -,"'---0;-

3 
sec-crn 

(28) 



8 - 21 

The maximum dose rate in the reactor room after the u niform 

dispersal can be calculated by assuming the room is equivalent to a hemi ­

sphere of 5. 3 - meter radius. i. e. , 

-~R 
S (l-e ) 

D =-,-v=~ _ _ 
2Ee 

where D = Dose rate, mr/min, 

(29) 

S = Photons emitted per 
v 

3 4 3 
sec per ern of air (2. 08XIO "lIsee - em ). 

1:; = Attenuation coefficient fo r air, 

R = Outer radius of hemisphere (5.3 X 10
2 

em) , 

C = Flux to dose rate conversion. 

The average gamma energy is O. 7 Mev for the insoluble volatiles. 
-5 - 1 4 2 

and for 0.7 Mev, 1: = 3, 5 X 10 em and C = 4 . 2 x 10 "'Ifern -sec per 

mr/min. Substitution of these values in the above ' equation gives a maximum 
2 . 

dose rate of 1.25 X 10 mr/nun. 

Internal Exposures from Breathing Fission Product Cloud 

If a person should breath the release of insoluble volatiles from 

the fuel element. the critical organ becomes the lungs and the beta-

emitting nuclides become more important than the gamma emitters. This 

situation is different from external exposures wherein betas are insignificant 

unless they are deposited on a personts clothing. Table 8 . 3 lists the activity 

of the beta - emitting nuclides that escape from the reactor tank water during 

a rupture in the fuel cladding. The activities we re calculated in a fashion 

similar to that of the released ganuna activity. 

A person standing directly over the reactor during the release of 

fission products could receive an internal exposure to his lungs of about 

23 rads . providing the fission products come out of the water immediately 

and are not dispersed in the reactor room air. However. because the fiss ion 

products do not come out of the water all at once and becaus e the air in 

the room is not stagnant. sufficient time exists for a person to evacuate 
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Mass 
Number 

85m 

87 

88 

89 

13 3 

135 

1 37 

1 38 
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Table 8. 3 

BETA ACTIVITY IN REACTOR ROOM AIR RESULTING 
FROM FUEL CLADDING RUPTURE 

f3 energy . Decay constant Activity . Fraction of 
Nuclide (Mev) (sec -I ) (curies) total activity 

Kr O. 236 4.41 ( - 5) 5. 12 O. 043 

Kr I. 01 I. 48 ( - 4) 9. 33 O. 078 

Kr O. 33 6 . 95 (-5) 12.77 O. 105 

Kr 1.3 3.63 (-3) 15.87 O. 132 

Xe O. 115 I. 52 ( - 6) 22. 33 0.184 

Xe O. 30 2. II (-5) 16.48 0.136 

Xe I. 33 2.96 (-3) 20. 33 0. 167 

Xe 1.0 6 .79 (-4) L8. 88 0.155 

(Total) 12 1. II 1.000 
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the room before breathing a sig.nificant amount of beta - emitting nuclides. 

This conclusion assumes that the evacuation alarm sounds with the release 

of fission products and that the person leaves the reactor platform within 

a minute of the release. 

Calculations have been made of the internal exposure from breathing 

the fission products after they have been d i spersed uniformly in the reactor 

room. This situation approximates the condition of a person leaving the 

reactor room after the fission products have been dispersed. In the case 

in which the person spends a short time in the reactor room (compared to 

the shortest half-life of the beta emitters. i. e .• about 2 minutes). his 

lungs should be filled with the concentration existing in the room, which for 

the reactor room is 

- = A 1.21 X 108 

v 3:1 2XI 08 

3 = 0.387 /Jc/cm . ( 30) 

Since there are approximately 3 liters of air in the lungs. the beta 

activity in the lungs would be 1.16 X 10
3 

microcuries on leaving the reactor 

room. 

The beta exposure to the l ungs is calculated from the foHowing 

formula: 

Dose = ACR '[;8 
rn , [

f . E. (, -A. t)~ 
~i 1 ,1 '" e 1 ~ rads (beta) , 

where A = Activity in the lungs on leaving t he reactor room, Jlc 
4 - 6 

C = Conversion factor (3. 7xlO p/sec - jJc)(1.6XIO erg/Mev)/ 

100 ergs/g - rad 

R = Retention factor 

m = Mass of lungs (1000 grams). 

fi = Fraction of total activity. 

E. = Energy of beta from nuclide i. Mev. 
1 

(31 ) 
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A. = Decay constant. 
1 

t = Time of exposure 
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Only a fraction of the inhaled activity will be retained in the lungs. One 

might expect that all the volatiles will be exhaled; unfortunately. however, 

gases have a tendency to collect on dust particles. A 1/8 retention factor 

is customarily used for the inhaled activ ity. The decay constant, Al is 

given by 

constant 

the sum of the radioactive decay constant and the biological release 

(6.7 X 10-
8 

sec - I). For an inhalation of 1.16 X 10
3 

microcuries. 

the maximum. integrated exposure to the lungs is 0. 16 rad. The limiting 

biological exposure criteria for an accident o r one exposure may be con ­

* sidered to be 50 r for the lungs. 

Release of Fission Product Cloud to Atmosphere 

Although the release of fission products from the reactor would cause 

the shutdown of the ventilation system and the closing of the buildings, it is 

appropriate now to examine the hazards associated with s uch a r e lease from 

the reactor room to the atmosphere. Because of the difficul t y in specifying 

both the rate of release of fission products from the stack as a function of the 

time and the time interval over which the rate of r elease occurs , a 

slightly different diffusion equation from the one in Section 8. 2. 4 is used 

to facilitate the calculation of the hazard. The rate of release Q, is changed 
, 

to the total activity released, Q, and the activity concentration, X, is , 
changed to the exposure, X. The maximUIn e xposure equati on becomes : , 

, Q 
X (0,0,0) = 0.05 Au ( 32 ) 

, , 
where the units of X a re (/olc-sec/m 3 ), Q is (/olc), and the other terms 

have the sartle units as given in Section 8. 2.4. With this substitution, the 
, 

exposure term X is the integral of the activity concentration while the 

* Marley, W. G., and T. M. Fry. "Radiological Hazards from an 
Es cape of Fission Products and the Implications in Power Reactor Locations, II 
Proc. Inter . Can!. on Peaceful U ses of Atomic Energy. Paper 394. 
Geneva, 1955. 
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gases have a tendency to collect on dust particles. A 1/8 retention factor 

is customarily used for the inhaled activity. The decay constant, Al is 

given by 

constant 

the sum of the radioactive decay constant and tbe biological r elease 

(6.7 X 10-
8 

sec - I). For an inhalation of 1. 16 X 10
3 

microcuries. 

the maximum integrated exposure to the lungs is 0. 16 rad. The limiting 

biological exposure criteria for an accident or one exposure may be con­

* sidered to be 50 r for the lungs. 

Relea se of Fission Product Cloud to Atmosphere 

Altho ugh the release of fission products from the reactor would cause 

the shutdown of the ventilation system and the closing of the buildings. it is 

appropriate now to examine the hazards associated with such a release from 

the reactor r oom to the atmosphere . Because of the difficulty in specifying 

both the r ate of release of fiss ion products from the stack as a function of the 

time and the time interval over which the rate of release occurs . a 

slightly different diffusion equation from the one in Section 8 . Z. 4 is used 

to facilitate the calculation of the hazard. The r ate of release Q. is changed 
, 

to the total ac tivity released. a, and the activity concent ration, X. is , 
changed to the exposu re, X . The maximum exposure equati on becomes : , 

, Q 
X (0,0,0) = 0, 05Au (32 ) 

where the units o f X' are (~c-sec/m3). at is (JJc). and the other terms 

have the same units as given in Section 8.2. 4 . With this substitutio n . the 
, 

exposure term X is the integral of the activity concentration while the 

* Marley, W. G., and T. M . Fry. ltRadiological Hazards from an 
Escape of Fission Products and the Implications in Power Reactor L ocations , II 
Proc. Inter. Coni. on Peaceful Us es of Atomic Ene rgy. Pape r 394. 
Geneva. 1955. 
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activity exists in that location. The calculated rnaxirnurn exposure value is 

conservative , since i n e quation (32 ) the win d is assumed to be constant in 

direction and speed during the release interval. Changes in the wind direc t ion 

and speed during the release would increase the dispersion of the cloud and, 

therefore. decrease the maximum exposure. 
, 

The total activity in the reactor room is 180 curies, i . e" Q 

equals 1.80 x 10
8 

rnicrocuries. The effective release of this activity at 
. . 73 

ground level (see SectIon 8. 2 . 4) gives an exposure of 1.15 X 10 /J.c - sec/m . 

Within 250 m. the integrated concentration would be reduced to less than 

6 X 10
5 

/J.c - sec/m
3 

under stable atmosphe r ic conditions. 

The lowest value of acceptable concentrat ion for the Xe and Kr in 
S·7 -3 3 

an unrestricted area is that for Kr , .2 X lQ iJc/cm. Integrated over a 

l - yr period. this gives an acceptable exposure of 6 . 3 X 
5 3 

10 y,c - sec/m . 

Thus. the integrated exposure from the rel ease of the Xe 

element is 18 times higher : tp,an the acceptable level for 

and Kr in a fuel 
87 

Kr to the 

general public, but, under very unfavorable atrrlOspheric conditions . it is 

below that level within 250 m . 

It should be noted that in the more than 10 reactor-years of operation 

of TRIGA reactors at To-rrey Pines, only 4 fuel element failures have occurred 

with aluminum - clad elements. During the more than 3 years of operation of 

the prototype TRIGA Mark III reactor at Torrey Pines, there has been one 

failure of the stainless - steel high-hydride fuel elements. Thus. it seems 

more than 'reason.3.<ble -to- average the exposure over 1 year . 

8.6. LOSS OF REACTOR POOL WATER 

Although the total loss of reactor pool water is considered to be 

an extremely improbable event, calculations have been made to determine 

the maximum fuel temperature rise resulting from such a loss of coolant. 

Results indicate that if the complete water loss in the core occurs imme-

diately after the reactor has been shut down from infinite operation at 

1000 kw, the maximum temperature of the fuel, and consequently the 
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temperature of the stainless steel cladding, is less than BOOoe. At this 

temperature, the equilibrium hydrogen pressure for U-ZrHl. 7 fuel mate,rial 

plus the pressure exerted by trapped air and fission product gases is about 

140 psi. T his pressure produces a stress of about 510 0 psi whereas. the 

yield stress for the stainless steel cladding is >12 , 000 psi at BOOoe. 

(At this temperature the ultimate strength is almost 25. 000 psi.) Therefore, 

the fission products will be retained in the fuel elements. 

It should also be noted that although the only mechanism c onsidered 

herein for heat removal after the wate r loss is th r ough natur al convection 

of air through the core, some heat will be removed by conduction to the 

grid plates and by radiation. 

Method of Calculation 

Use was made of a two-dimensional, transient heat transport 

computer code. entitled RAT , developed at General Atomic, for calculating 

the maximum temperature in the core after a water loss. 

It was assumed that at the time at which the water was lost, the 

temperature distribution in the B - ring fuel eleme nt was equal to the 

temperature distribution in a central fuel element during steady - state 

operation of the reactor at 1000 kw. 

It was al so as surned that the reactor had been operating for an infinite 

time at 1000 kw with only 74 elements in the core. The rate of energy 

release in the B-ring el ement was determi ned f r OIn consideration of the 

energy deposition of fission product gammas and betas only. The energy 

rel ease from delayed neutrons is relatively small (about 5500 watt-sec 

total in a central el ement) and has an average decay constant of about 

O. 08 - I 
sec 

The after - shutdown power density (in Btu/hr-ft
3

) in the B-ring fuel 
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.'l=01 V . 
p 

P y cos 
f 

8-27 

fr -0.2 7 -0 . 2 1 
x~' + '0 + 10] '- 0.8 7 [t+,O +2Xl0 J - O . .5J 

where P = Peak-to-average power density in the core = ..... 2. 0 , 
6 

P = Operating reactor power = 3.41 X 10 Btu/hr (1000 kw), 
3 

V
f 

= Volwne of the fuel in the core = 1.06 ft • 

L = Length of the fuel = 1 . 25 it 

x = Distance measured from the bottom of the fuel element. it 

t = Time after the core is exposed to the air . sec , 

t = Time from shutdown to the time the core is exposed, sec. 
o 

(33 ) 

Equation (33) is a modification of the Untermeyer - Weill fo rmula that matches 

* 4 the work of Stehn and Clancy from 10 sec to about 5 x 10 se c afte r shut-

down. It is also conservativel y assumed that all the energy produced by 

fission product decay in the elements is deposited in the element. 

While the decay gammas and betas are raising the fuel eleITlent 

temper ature, the flow of air between the fuel eleITlents will be r emoving 

heat and attempting to lower the fuel temperature. The ai r velocity 

through a central channel can be determined by setting the frictional 

pressure loss equal to the buoyancy. Entrance and exit losses will be 

negligible (between 2 and 50/0) compared with friction losses 

OP (buoyancy) = OP (friction) . 

The term on the l eft is given by 

• 
6P (buoyancy) = (p o 

L 
- P ) -

1 2 

(34) 

(35) 

Stehn. J. R .• and E. F. Clancy, Fission Product RadloactiVlty and 
Heat Generation. Paper No. 1 071, Proceedings of the Second United Nations 
International Conference on the Peaceful Uses of AtoITlic Energy, United 
Nations. Geneva. Switzerland. September 1958. 

element is g iven b y: 

g : 0 1 V . 
p P" cos 
f 
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fr -0. 2 7 - 0. 2 1 
x~ttto+lol -- 0.8 7[t tto t2 X I0] -0 .. 5J 

where P = P eak-to -average power de n si t y in the co re = ...... 2, 0, 
6 

P =- Operating reactor power = 3.41 X 10 Btu/hr (l000 kw). 
3 

VI =- Volume of the fuel in the co r e = 1.06 ft . 

L = Length of the fuel = 1. 25 It 

x =- Distance measure d from th e bottom of the fuel eleme nt. it 

t = Time after the core is exposed to the air. sec , 

t = Time from shutdown to the time the core is expos ed, 5 ee. 
o 

(33 ) 

Equation (33) is a m odification of the Untermeyer - Weill formula that matches 

* 4 the work of Stehn and Clancy from 10 sec to about 5 X 10 se c after shut-

down. It is also conservatively assumed that aU the energy produced by 

fis si o n product decay in the elements is deposited in th e e lement. 

While the decay g ammas and beta s are r ai sing the fuel element 

temperature, the flow of air between the fuel elements will be removing 

heat and attempting to lower the fuel tempe r ature. The ai r velocity 

through a c entral channel can be determi ned by getting the frictional 

pressure 10s5 equal to the buoyancy. Entrance and exit losses will be 

negligibLe (betw een 2 and 50/0) compar e d with fr iction losses 

OP (buoya ncy) = 6P (friction ) . (34) 

The term on the left is given b y 

6P (buoyancy} (35) 

* Stehn. J. R .• and E . F . Clancy . Fi ssion Product Radioactivity and 
Heat Generation. Paper No. 1071, Proceedings of the Se cond United Nation s 
International Conference on the Peaceful Uses o f Atomic Energy, United 
Nations. Geneva. Switzerland. Sept ember 1958. 



8 - 28 

where L is the length of the channel and Po and PI are the entrance and 

exit air densities. re spectively. 

Since the frictional pressure drop calculations for laminar 

flow in non-circular channel s are incorrect wh en expressed in terms of 

the hydraulic radius , the pressure drop for the TRIGA reactor must be 

predicted by other means. The method selected was to convert the free ­

flow area into an annulus around the fuel element. With an annular space 

of inner diameter Dl and outer diameter D
Z

' the frictional pressure drop 

becomes 

where JJ -= Viscosity of air , Ib/hr-ft. 

v:: Vel ocity of the air. ft/hr. 

L = Length of the fuel element. it, 

Dl :: Fuel element diameter . it, 

D2 = DI + 2b. ft . 

The term b in D
Z 

should be the effective separation distance 

(36) 

between the B - ring element and those in t he C-ring. The use of the minimum 

separation distances as b would yield too large a pressure drop and is 

considered too restrictive. The use of the average separation distance, 

based on the free flow between the B-ring element and the C-ring, would 

yield too Iowa pressure d r op since the pressure drop is not a linear function 

of the separation distance. As an approximation , b is taken as the mean 

of the two values, i. e. , 

b = ± (0. 01130 + 0.04930) = 0.0303 it . (37) 
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For the channel between the B- and C-ring, the equation for the pressure 

bal ance (34) becomes 

(38 ) 

where "ji is the average viscosity of the air (lb/hr - ft) in the channel and 

is a function of the entrance and exit temperatures. V is the average air 

velocity (ft/hrl in the channel, and the entrance and exit densities are 
3 

Po and P I (Ib/ft ). 

The mass flow rate of air in the channel is 

w=v p A. 
c 

(39) 

where p is the average density of air in the channel, and Ac is the flow area 

associated with the channel. Combining equations (38) and (39) the mass 

fl ow rate becomes 

( 40) 

Assuming that the average properties in equation (40) are the average 

of the properties at the ent r ance and exit. equation (40) becomes 

w = 405 

2 2 
(P O -PI) 

"'0 + 1" 1) 
(41 ) 

Over the range of temperatures of interest , the properties of air 

have been app r oximated by linea r equations . Thus, 

and 

P = _ _ .!.I _ o- lb/ft3 
- 2 

2 . 5x I O T 

-4 
fL = (0. 01135 + 0.6017 X 10 T) Ib/hr - ft 

where T is the temperatur e in °Rankine . 

(42) 
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where iI is the average viscosity of the air (lb/hr - ft) in the channel and 
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(41 ) 

Ove r the r ange o f tem per atures of interest , the prope r ties of air 

have been appr oximated by linear equati ons. Thus. 

and 

p ~ 
2.5 

I - 2 Ib/ft
3 

X 10 T 

- 4 
~ = (0. 0 11 35 + 0.6017 X 10 T) Ib/h r-ft 

where T is the temperature in °Rankine. 

(42) 
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Using these expressions in equation (41) one obtains 

(43) 

The determ ination of the amount of heat r emoved by this air 

flowing past the element rests on the evaluation of a heat transfer coeffi ­

cient. For a free - standing cylinde r cool ed by natural circulation, the 

heat transfer coefficient is given. conservatively. by 

k 0.25 

h = 0.531 ~ [Grpr] (44) 

where k
f 

is the thermal conductivity of the air film at temperature 
o . 

Tf(Btu/hr-ft- Fl, Gr 15 the G rasho! numb e r. and Pr is the Prandtl nurnber. 

Because the fuel el ement 15 surrounded by adjacent elements. the flow will 

probably not be laminar. even at low Reynolds numbers. and the heat 

transfer correlation should be bette r than that assumed, perhaps by as 

much as a factor of 2. 

Again. over the temperature range of interest. one can write for 

the thermal conductivity and specific heat of the air 

-4 0 
k = (0 . 0009 + 0.26 X l OT) Btu/hr - ft- F 

a 

and (45) 

C = 0.240 Btu/lb-of 
pa 

with temperature . T . in oR . Using the values from equations 42 and 45. 
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with temperature ,T, in OR. Using the values from equations 42 and 45, 
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In equation (44) one obtains 

( 46) 

[0. 5(T
w 

+TJ [0.01135+0.30085 x IO - 4(T +T )l}- I (T -T )]0.25 
w a w a 

where T is the wall temperature. T is the bulk air temperature. and T£ 
w a 

is the average of the two, all in OR. 

For the purpose of this analysis the heat transfer along the graphite 

end reflectors was neglected. and the fuel element was considered to be 

a 1. 25 - ft-long. O. i22S-ft-diameter cylinder of U-ZrH 7 with specific 
1. 

heat and thermal conductivity given by: 

Cpt = (26.3 + 0.0245 T) Btu/lt
3 

_ of , 

and (47) 

- 4 ° k£ = (10.7 - 6.42 X 10 T) Btu/hr-ft- F , 

where T is the local temperature in oR. The temperature drop in the clad 

and any gap was ignored because it is in the 1 to SoC range when the fuel 

reaches maximum temperature. For the computer program. the fuel 

element was divided into five radial and five axial regions. and the 

temperature in each region was computed as a function of time after 

complete water loss. 

In Fig. 8-2 , the maximum fuel temperature calculated is plotted 

as a function of the time after the loss of cooling water. The loss of water 

in the core was assumed to take place immediately at shutdown at which 

time the maximum fuel temperature is 37SoC. 

To determine the pressure exerted on the cladding by released 

hydrogen, fission products . and air trapped in the fuel can. the conser vative 

assumption was made tI:at the entire fuel meat is at the peak fuel 

temperature. i. e .• 780°C. 
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The total number of fission product nuclei released to the gap between 

the fuel and clad was determined from Blomeke and Todd. and the results of 

the experiment described in Section 8.5. The total quantity of Br. I, Kr, 

and Xe re l eased to the gap in the B-ring fuel elements after continuous 

operation at 1000 kw for 500 days will be 

Ni = 0.028 X 3.444 X 10
21 = 0.964 x 10

20 
atoms (48) 

The number of gram - atoIns in the gap is 

0.964 X 102G - 4 
n = = 1.601 X 10 gramp.atoms 

Ip 6.02 X 1023 
(49) 

The partial p r essure exerted by the fis s ion products gases is 

( 50) 

where , initially. the volume, V. is a 1 /8 in. space between the end of the 

fuel and the top reflector end piece . This is quite conservative because 

the graphite reflector pieces have a porosity of 200/0 and the fission p r oduct 

gases can expand into the graphite. The initial volume, then. is 

2 2 3 3 
V 0 = rr r h = " (1. 82 ) 0.31 7 cm. = 3.30 cm , 

where the radius of the fuel, r, is 1.82 cm and the space width. h. is 

1/8 - inch (0. 31 7 em). 

Thus, the initial p r essure exerted by all the fission product 

gases is 

1.601 X 10 -
4 

- 4 
Pip = =~-'3.;.;c-"--- RT = O. 4 85 X 10 RT. 

3. 0 

The partial p r essure o f the air in the fuel e l ement is 

P. 
au 

= _-,R:.:.T=---::3 = 4 . 46 X 10- 5 RT • 
22.4X 10 

(5 1 ) 

( 52) 

(53) 
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fuel and the top r eflector end piece. This is quite cons ervative because 

the graphite reflector pieces have a porosity of 20OJo and the fissi on product 

gases can expand i nto the graphi t e. The initial volume. then. is 

223 3 
V 0 = rrr h = " (1. 82) 0.31 7 em = 3.30 em • 

where the r adius of the fuel . r, is 1 . 82 e m and the space width, h , is 

1/8 - inch (0.317 em) . 

Thus. the initial p r essure exerted by a ll the fission product 

gases is 

1.601 X 10-4 

3.30 
-4 

RT = O. 4 85 X 10 RT. 

The partial pressure of the a ir in the fuel e l ement is 

P . 
au 

RT -5 = - = '---::3 = 4. 46 X 10 RT, 
22.4 X 10 

(51 ) 

(52) 

(53) 
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and the total pressure exe rted by the air and fission products is 

Also. 

P =~I+~)P. r P. aIr 
au 

P. 
an 

=1 0.485X I O P. =2.087P . { -4) 
4.46 X 10- 5 an air 

T Vo 
= 14.7 273 V 

where P. IS in Ib/in~. and T is in OK. 
an 

The equilibrium hydrogen pressure over the U - ZrHl. 7 fuel 

( 54) 

(55 ) 

material is simply a function of the fuel temperature. At a temperature 
o 

of 780 C, the hydrogen pressure is about 2. 05 atmospheres or 30 psi 

(see Fig. 8 - 3). 

The total gas pressure at the maximum fuel temperature of 780°C 

is 

P = PH + P
r 

= 30 + 2 087 (14 7)(780 + 273,\ 3 . 31 = 30 392 . 
. . \ - 273 -; V + V pSI . (56) 

The tangential stress in the fuel element cladding when subjected 

to an internal pressure, P, is 

S = Pr It (57) 

where r is the radius of the fuel element can (1. 82 ern) and t is the wall 

thickness (0 . 05 1 em) or 

S = 35.7 P . 

Under elastic conditions. the strain in the cladding is 

or S 
=-

r E 

where E is the modulus of elasticity. At a temper ature 

E = 19.7 X 10
6 

psi fo r 304 stainless steel. * 

* 

o 
of 780 C. 

Steels fo r Elevated Temperature Service. United States Steel 
Corporati9n. 

(58) 

(59) 
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Therefore. 

5r or = ­
E 

8 - 36 

= 1.825 =0.924XIO-7 5 

19.7 X I0
6 

= 0.924 X 10 - 7 (35 . 7 P) = 33 . 0 X 10- 7 P . 

(60 ) 

Considering only the volume bounded by the active fuel and clad. 

the increased volume available for the released gases is then 

and. as 

3 
VI = 2, (1. 82) (38.0) 6r = 436 6r em 

or = 33.0 X IO - 7 p , 

VI = 436 (33.0 X 10-
7 

P) 
-3 

= 1. 44 X 10 P. 

The total pressure then, is 

P = (30 + 39 2 ) = (30 + 39;) = (30 + ___ .::.3.:.9.::2 ___ =--p)_ . 
V Vo + I 3 . 30+1.44XIO- 3 

Rearrangement gives 

- 3 2 - 3 
1.44 X 10 P +(3.30 - 30x 1.44X 10 ) P - (30X 3 . 30+392) = 0 

or 

o . 

The solution of this equation gives 

p = 142 psi . 

The stress in the cladding is 

5 = 35.7 P = 35.7 (142) = 5070 psi . 

(61 ) 

(62 ) 

(63 ) 

(64) 

From the Unites States Steel handbook "Steels for Elevated Temper ­

ature Service. 11 the yield stress for 304 stainless steel at 780°C is 12,300 psi 

and the ultimate strength is 24.800 psi. 

Therefore, 

5r or = ­
E 

8 - 36 

= 1.825 = 0.924 X 10- 7 5 

19.7XI0
6 

= 0.924 X 10 -
7 

(35.7 P) = 33 . 0 X 10- 7 P 

( 60) 

Considering only the volume bounded by the active fuel and clad, 

the increased volurn.e available for the released gases is then 

and. as 

3 
VI = 2.(1.82) (38.0) fir = 436 5r em 

- 7 
5r=33.0XlO p, 

VI = 436 (33.0 X 1 0-
7

p) 

The total pressure then, is 

- 3 
::.1.44XID P . 

392 ) 
+ 3.30 + 1. 44 X 10 - 3 P 

Rearrangement gives 

-3 Z -3 
1.44 x IO P +(3 . 30 - 30X1.44XI0 )P-(30x3.30+39Z)=0, 

(61 ) 

(6Z ) 

or (63) 

pZ + 2.262 X 10
3 

P _ 3 . 410 X 10 5 = 0 

The solution of this equation gives 

p = 142 psi . 

The stress in the cladding is 

s = 35.7 P = 35.7 (14Z) = 5070 psi . (64) 

From the Unites States Steel handbook "Steels for Elevated Temper­

ature Service. II the yield stress for 304 stainless steel at 780°C is 12.300 psi 

and the ultimate strength is 24.800 psi. 
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Consequently. it is concluded that. subsequent to the loss of cooling 

water a fter prolonged operatio n a t 1000 kw, the release of hydrogen fr om 

the fuel and the expansion of air and fission product gases in the gap between 

fuel and cladding will not result in the rupture of the fuel element cladding . 

8. 7 . REACTIVITY ACCIDENT 

The limitation o n the size of the reactivity insertion permitted for 

routine operation of the aluminum - dad fuel for TRIGA reactors was de ­

termined by the temperature at which the U - ZrHl. 0 fuel undergoes the phase 

transition from alpha to beta phas e, which results in dimensional changes 

in the fuel material. This temperature limitation was determined to be 

530°C. Since the stable gaInrna phase of the U- ZrH
l

. 7 fuel material 

utilized in the TRIGA Mark III reactor does not undergo such a phase transition. 

the pulsing limits for these elements are set by the hydrogen equilibrium 

pressures within the fuel element. This pressure is a function of temper-

ature and must not exceed the rupture stress of the fuel element cladding. 

For the O. 02-in. -thick stainless-steel cladding. the rupture pressure 

has been measured to be 1800 psi at 100oe. The fuel temperature at which 
o 

the equilibrium hydrogen pressure will be 1800 psi is about 1000 C. The 

peak fuel temperature occurr ing during l-Mw steady-state operation 

(about 350°C) and resulting from the routine reactivity insertions of 2. 10/0 

6k/k from zero power (about 450
o

C) are both well bel~w the limit. 

The reactivity accident considered here would take place in the 

following manner. Initially. the reactor is "cold-clean" with all control 

rods inserted. The reactor is loaded with 4. 9% 6k/k. and the transient 

rod worth is 2. 1% 6k / k. This accident envisages someone deliberately 

violating the operating license and several interlocks and scrams. 

In the first step. the operator slowly withdraws all the control rods 

except the transient rod until all the rods are completely out and the reactor 

is operating at a high steady power. From Fig. 8- 4. which shows the steady-

state power and fuel temperatures as a function of compensated reactivity 
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as measured at the prototype TRIGA Mark II! reactor, the steady- state 

power and fuel temperatures for a compensated r eactivity of $4. 00 (that is 
o 

4.90/0 - 2.10/0 = 2.8% = $4. 00) is 1.4 Mw, 405 C peak fuel temperature, 
o 

and 237 C average fuel temperature. 

The second step in this accident takes place as the operator inserts 

the full worth of the transient rod by ejecting it from the hot reactor operating 

at 1.4 Mw. This prompt insertion of 2. 1 % 6k/k results in an average 

temperature rise in the core of 233°C and a peak temperature rise of 

399°C. Thus. the average and peak temperatures at the conclusion of the 

pulse fr om 1.4 Mw are then 470
0 

and 804°C, respectively. well below 

the maximum temperature permitted. The equilibrium hydrogen pressure 

over the ZrHl. 7 fuel resulting from this type o f reactivity insertion would 

be about 60 psi, well below the rupture pres sure of the fuel element clad 

(i. e .• 1800 ps i). 

The computations leading to these conclusions are presented below. 

The Fuchs-Nordheim model for reactor dynamics yields the coupled 

set of differential equations: 

with 

where 

'('P = (p-aT)P 

CT = P - Po 

C = Co + yT 

P = Power level (P a :: initial power). w, 

p :: Reactivity above prompt critical, 

0: :: Magnitude of the negative temperatu re coefficient. °C -
l 

T :: Temperature (average over fuel) above the equilibrium 

temperature at Po °C. 
t :: Prompt neutron lifetime. sec . 

o 
C :: Heat capacity of the fuel in the core. w-sec/ C, 

(65) 

( 66) 

(67) 

Co :: Heat capacity at the equilibrium temperature corresponding 

to PO' 

y = Rate of change of heat capacity with temperature. w_sec/
o

C
2

. 
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The above lumped parameter system neglects heat transfer and 

delayed neutron effects and averages space and neutron energy variations 

so that all coefficients are assumed constant. Combining equations 

dP 
dT = 

(p - ",T) (CO + yT) P 

-L(P - PO) 

Integrating, using the condition that T = 0 whe n P :;: PO' yields 

-L ~P - PO) - Po -Ln (~)J = T [PC o + (yp - ",CO) T /2 - "'Y3
T2

] 

Maximum (or minimum) temperatures occur when 

or when 

Then. 

dP 
- =O=P - P 
dt a ' 

The roots of this equation are 

where (} = a: CO/yp, 

T f = 2p /", 

16 + -
3 

(68 ) 

. (69) 

( 70) 

(7 1 ) 

and the positive sign is taken when (] < 1. Values of the parameters are 

-4 0 - 1 
'" = 1. 34 X 10 C 

Co = [9.80 X 10
4 

+ 1. 92 X 10
2 

(T - 2si ] watt - sec/DC (117 elernentcore), 
2 55 

Y :;: 1. 92 x 10 watt _sec/ D e 2 , 

T 55 = Fuel temperature at PO' 
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For the TRIGA Mark III reactor, Fi.g. 8 - 4 shows that operating with 

a compensated reactivity of $4. 00 (2.80/0 6kjk) , the power level. PO' is 

° + 25) C; and the peak 1.4 Mw; the avera ge fuel temperature, T ,::: (212 
A ss 

fuel temperature is T = (380 + 25)o C. Then 
55 

Co = [9.80 x 10
4 + 1. 92 X 10

2 
(Tss - 25)J w - sec/oC 

4 2 5 0 
= 9.80 X 10 + 1.92 X 10 ·212 =1.39XIO w - secl C . 

The insertion of $3. 00 by ejection of the transient rod gives a 

value for p = ($3. 00 - $1. 00) (0.7 X 10- 21$) = 1. 4 X 10-
2

, 

a = 
1. 34 x 1 0- 4 . 1. 39 x 105 

2 - 2 
1.92XIO . 1.4XIO 

= 6.91 

and 

Thus, 

",=.:2 (6 . 91 -1){I- f1+,!,i 6.91 zlI/2}208.90C 
8 L 3 (6.91-I) J 

= -2. 21 {I _ [1+ 1. OS]l/j208,,9 ° C = Cl. 21 (-0 .43) 208. 9 = 198. 5°C. 

Therefore. at the conclusion of the pulse, the average fuel temper­

ature will be 

T
f 

= T + T = 198.5 + 212 + 25 = 435. 5°C . 
ss 

To determine the maximum temperature in the hottest fuel 

element. the average energy releas e is determined and then multiplied by 

the peak-to-average power ratio to obtain the maximum energy release in 

the center el.ement. Then one returns to the energy-temperature equation 

to determine the maximum temperature. 
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Let E = the energy necess a ry to raise the average core temperature 

from T to T
I
, then 

ss 

= c-T 
55 

T - T 

= fo I 55 

2 X 2 2 
(198.5)+1.9

2 
10 (198.5) = I. 39x 105 (198.5)+0.0990 X 

(72 ) 

The peak- ta - average power ratio for the core during a pulse of this 

magnitude is about 2, so the energy release corresponding to the peak 
. 6 6 

power IS (2)(31.5 X 10 ) = 63 X lOw-sec. 

Thus. 

and. 

Rewriting the equation for the energy (72) 

A 

T -
I 

A 

T = 
55 

A 

- E = 0 

-~ 
55 

)' 

c' T 
55 

4 2 A 4 2 
=9.80 X I0 +1.92 X I0 (T - 25)=9.80 XI 0 +1.92XI0 · 

55 

5 0 
= 1.71 X 10 w-sec/ C . 

380 
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T f 55 2 f 55 55 
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C' 
T 

ss 

, h 

,... ,. y'" '" 2 
(T - T ) +- (T - T ) 

f 55 2 f 55 

-'1 
T -

f T ' 
ss 

ss 

r 

" - E , 0 . 

c· 
T 

SS 

4 2 A 4 2 
, 9. SO XiO + 1. 92 X 10 (T - 25), 9. so xtO + 1. 92 X 10 . 

ss . 

5 0 = 1.71 X 10 w-sec/ C . 

3S0 
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:rhen. 
1/2 

A A -I. 71 X 10
5 [(1.7IXIo~f+ 2' 63 x 10

6 J T
f 

T ; 2 + 
ss 

I. 92 X 10 1.92XIO I. 92 X 10
2 

-8.91 X 10
2 

10
5 

1/2 
; + [7.94 X + 6.56 X 10

5
] 

; - 8.91 X 10
2 

+ I. 205 X 10
3 

; 314°C • 

and 

, 
31 4°C + T 719°C T

f 
; ; 314 + 380 + 25 ; 

55 

8.8. RADIATION LEVELS ABOVE REACTOR AFTER COOLING 
WATER LOSS 

Even though the possibility of the loss of the shielding water is 

remote, calculations have been performed to evaluate the radiological 

hazard associated with this type of accident. The radia tion dose rates 

given in Table 8.4 are based on the assumption that the reactor has been 

operating for a long period of time at 1000 kw prior to the loss of all the 

shielding water. Time listed in the table is measured from shutdown. 

The first location cons.idered is the top of the reactor pool, 20 It above the 

unshiel ded reactor core. The second is also at the top of the reactor pool, 

but shielded from the direct radiation and subjected only to the scattered 

radiation from a thick concrete ceiling 9 ft above the top of the pool. The 

assumption of a thick concrete ceiling maximizes the reflected radiation 

dose. 

An individual who does not expose himself to the core directly 

could work for about 4 hrs at the top of the reac t or pool 1 day after shut ­

down. without receiving a dose in excess of the dose permitted by AEC 

regulations for a calendar quarter. The 4 hours would be sufficient time 

to view the interior of the pool with a mirror and to make emergency 

repairs. 
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The first l ocation considered is the top of the reactor pool. 20 ft above the 

unshiel ded reactor core . The second is al so at the top of the reactor pool , 

but shielded from the direct r adiation and subjected only to the scattered 

radiation from a thick conc r ete ceiling 9 ft above the top of the pool. The 

assumption of a thick concrete ceiling maximizes the reflected radiation 

dose. 

An individual who does not expose hims elf to the core directly 

could work for about 4 hrs at the top of the reactor pool 1 day after shut ­

down. without receiving a dose in excess of the dose permitted by AEC 

regulations for a calendar quarter. The 4 hours would be sufficient time 

to view the interior of the pool with a mirror and to make emergency 

repairs. 
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Table 8.4 

CALCULATED RADIATION DOSE RATES FOR 
LOSS OF REACTOR POOL WATER ACCIDENT 

Time after Direct radiation, Scattered radiation, 
shutdown (r/hr) (r / hr) 

10 seconds l.OX 10
4 

2.6 

1 day 1.2 X 10
3 o. 30 

1 week 5.4 x 10
2 0.14 

1 month 1.4X 10
2 

O. 04 
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Method of Calculation 

The core, shut down and drained of water, was treated as a bare 

cylindrical source of I - Mev photons of uniform strength. Its dimensions 

were taken to be equal to those of the active core lattice. The sou rce 

strength as a function of time was determined from Perkins and King's 

data* on fis sion product decay. No accounting was made of sources other 

than fission product decay gammas (i. e . • activation gammas from the steel 

cladding and the aluminum grid plates) or of attenuation through the fuel 

element end pieces and the upper grid plate . The first of these assumptions 

is optimistic, the second conservative; the net effect is conservative. 

The conservative assumption of a uniformly distributed source of I - Mev 

photons was balanced by not assuming any buildup in the core. 

The direct dose rate at a point outside and on the axis o f a cylindrical 

source is given by: 

where 

-I" Z 
c 

21Trdrdxe 

5 = Source strength in photons (1 Mev)/cm3 - sec, 
v 5 2 
K = Flux-to -dose conversion factor = 5.77 X 10 photons/cm -

sec per rad/hr, 

21Trdrdx = dV = Cylindrical volume element. 

* 

r = Core radius, cm. 
c 

x = Core height. cm. 
c 
R = Distance from volume element to r eceiver. em, 

z = Slant penetration in core (x/a+x)R. cm. 

a = Distance from top of core to receiver, 

JJ = Core attenuation coefficient = O. 207 cm -
1 

Perkins. J.1; •. -•. and R. W. King. Reactor Handbook. Vol. III , Part B 
IIShielding. lip. 32. 1962. 
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For distanc es far fro m the core (i. e .• for a » r and x ) the abo ve 
c c 

expression reduces to 

D • 

2 
S r 

v c 
Dd = 2 

41" a 
c 

(' -

The scattered dose rate was calculated from 

=6.03 x '0
23 z 

p­
A 

, ocr * 
1" 0 + 1", (co. eO/co. el ' 50 

3 
where p = Density of scattering material (concrete) = 2.3 g/cm , 

z = Ratio of average atomic nUInber of atomic mass of the 
A 

scatterer (=0.5). 

10 C = Incident current times eros 5 5 ection of beam, photons / sec, 

K(E) = Photon current to dose rate conversion for photon of energy E, 

E = Energy of scattered photon. Mev, 

x = Distance from scattering point to detector, ern, 

= Attenuation coefficient in scatter for incident and scattered 
-, 

photons. em 

eo' e I = Incident and scatte r ed angle (measured from the normal to 

the scatterer), 

oa/oO = 2 
Differential Klein-Nishina scattering cross section. cm / 

electron- steradian. 

It was assumed that all of the source photons that "saw" the top of the reactor 

pool were incident normally to the concrete roof (i. e .• a 0 = 0) at a point 

directly o v er the cor e. thus 

* Stephenson. R .• IntroductlOn to Nuclear Engineermg, 2nd Edition, 
McGraw-Hill Publishing Co .• New York. 1958. p. 213. 

\ 
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2 

n S 
e v 
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and r 0 ::: Distance from the core to the top of the pool ( ...... 21 ft), 

Xo ::: Half-width of the pool ( ....... 5 ft) , 

YO::: Half- length of the pool ( ...... 10 it). 

5 • r • IJ ' l;ave already been defined. 
vee 

The energy of the scattered photons is given by 

EO 
E : ---;;:-''---­

EO 
I + - - (I - - - e058) o. 51 

where EO is the incident photon energy (1 Mev) and 9 is the scattering 

angle::: 1T - (8
0 

+ 9
1

), 

where 

The differential scattering cross section is given by 

ocr 
00 

2 
r 

e 
:-

2 

r is the classical electron radius::: 2.818 X 10 -
13 

e 
err>. 

where 

s = o 

2 
n S 

c v 
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0.51 
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9. NUCLEAR CENTER ORGANIZATION AND PROCEDURES 

9 . 1 ORGANI ZATION AND RESPONSIBILITY 

The oreanization ~hich shall be established for the administration 

and operation of the nuclear reactor at the Denver Federal Center is shown 

in Figure 9 -1. MOst of the personnel that will be utilized in setting up 

this organization are already employed by the U. S. Geological Survey 

in other capacities . 

9 .1.1 Reactor Facility Administration 

The facility adminis t ration will be responsible for and in complete 

chnrge of the reactor facility. This responsibility will include 

establishing budgets and policy, reporting to the AEC and accepting 

responsibility for the safe and legal operation of the facility . Tne 

administration will be a comndttee composed of representatives of the 

Water Resources Division, Geologic Division, and others as may be determined 

by the Director oftbe Geological Survey. The facility administration will 

be guided by the Health Physicist and the Reactor Operations Committee. The 

Health Physicist will furnish advice on the radiological safety of any 

operation connected with the reactor facility, and t he Operations 

Committee will review the safety of the reactor and associated experiments. 

9 . 1.2 Reactor Facility Supervisor 

This position will be filled by someone with experience in the 

supervision and operat i on of a reactor facility. He will be responsible 

for aJ.l safety and operational aspects of the facility. He will determine 

scheduling and review all experiments, and will work in close l iaison 

with the Health Physicist and the Reactor Operations Committee. He will 

also be a licensed Senior Reactor Operator and will direct the Reactor 

Operator Training Program. He will be in administrative charge of all 
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operators and technicians. He will be responsible for maintenance of 

reactor records and physical inventory. 

9 . 1. 3 Senior Operators and Operators 

All reactor operators will be licensed by the U. S. Atomic Energy 

Commission to operate this reactor. The first reactor operator will be 

trained to operate the TRIGA reactor, probably at the General Atomic 

facility in San Diego, California. All reactor operators will assist 

in the training of new operators prior to their examination for the 

reactor operating license . 

9 . 1 . 4 Electronic and Mechanic Technicians 

The reactor maintenance personnel will perform routine maintenance 

and repair work on the reactor and its associated equipment. 

9 . 1 .5 Health Physicist Technician 

A Health Physicist Technician will be assigned to the Nuclear 

Science Building. He will advise the Reactor Facility Supervisor on 

operations in the facility and be responsible for radiation safety in 

all Nuclear Science Building laboratories. The Health Physicist Technician 

will also supervise the transfer of all radioactive materials. The 

Health Physicist Technician would derive his veto authority from the 

Radiological Safety Committee . 

9. 1 . 6 Radiological Advisory Committee 

The Radiological Advisory Committee advises on the radiological 

safety of any operation of the Geological Survey at the Denver Federal 

Center involving radioactive materials. This committee presently exists 

anu is comprised of Geological Survey personnel at the Denver Federal 

Center. This committee is available for consulation whenever the 

Health Physicist Technician or reactor supervisor deems it advisable. 
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The Committee enforces ~he regulations in Appendix 9- 1 vhich are a part 

of the Survey ' s AEC Broad License S-1399-8. 

9 . 1 . 7 Reactor Operatians Co~ttee 

The Reactor Operations Committee provides an additional measure of 

security i n the reactor operation. It ~ll review the hazards associated 

with the operation of t he Nuclear Reactor and experiments. I t is 

anticipated that t his Committee will be composed of Geological Survey 

employees, personnel from National Laboratories of the AEC and faculty 

members from universities with reputable nuclear engineering departments. 

This Committee will be consulted when there is any probability of a hazard 

due to operation of the reactor or an experiment involving the reactor 

and whenever else the Reactor Supervisor deems it advisable. 

9 . 1 . 7 .1 Committee Jurisdiction 

The domain of jurisdiction of the Commdttee is the safety evaluation 

of incore nuclear reactor experiments and the periodic review and 

evaluation of the physical integrity of the core. The "Committee will be 

concerned with those experiments which by their unusual nature, inherent 

hazard or unprecedented complexity could endanger health, life , and property 

in and about the Nuclear Reactor Facility. These experiments are further 

identified in Section 9.2.4 as Class II. 

I t is not the purpose of the Commdttee to evaluate or consider 

conventional admini str ative or operational functions at the Nuclear Reactor 

Facility. Neither is it the purpose of the Committee to assess hazards which 

are not directly associated with the immediate reactor core environs or 

fuel storage vaults . However, should a particular reactor-oriented 

experiment contain unusual dangers in addition to those listed above, which 
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in the event of an accident could cause considerable unfavorable public 

reaction against nuclear r eactors in general, this experiment must be 

submitted to the Co~ttee for evaluation. Approval of en experiment by 

the Committee, however, does not obligate the reactor staff to carry out 

the experiment. 

Generally, any experiment for which adequate precedent already exists 

to guarantee safety would not be referred to the Committee. Such experiments 

~e further characterized in Section 9. 2. 4 as Class I. It is expected that 

the day- to-day in-core experiments Yill proceed by approval of a member 

of the senior reactor staff. Questionable experiments are to be referred 

by or through the Reactor Facility Supervisor to the Reactor Operations 

Committee for approval . Records are to be kept by the reactor staff listing 

all in- core experiments for periodic review by the entire Committee to 

insure that the intent and function of the Operations Committee i s being 

maintained. 

The Committee will aid the reactor staff ~th the review and evaluation 

of any indications that changes are taking place in the core which influence 

its integrity. 

If a situation exists in the reactor which indicates a possibility 

of unsafe operation, the Committee by a majority vote, can recommend that 

the reactor be shut down. The reactor staff retains the authority to shut 

down the reactor without such a recommendation. In the event of a difference 

of opinion between the staff and the Committee , the Committee recommendation 

to shut down will govern. The matter will be referred immediately to the 

Office of the Director , U. S. Geological Survey for appropriate action. 
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Startup after a shut -down recommended by the Committee shall have the 

Co~~ttee ' s approval prior to such ~tartup. 

The reactor staff has the responsibili ty to report immediately or 

cause to be r eported to the ABC in 'Nriting any indication or occurrence 

of a possible unsafe condition relating to the reactor. This action 

can be taken without concurrence of the Committee , however, all committee 

members shoul d be advised of the action. 

9.1 . 7 . 2 Structure of the Committee 

The Reactor Operations Committee is to be composed of not less than 

three members, includ ing the chairman. The Reactor Supervisor shall be 

a member of the Committee but shall not b~chairman . All members of the 

Committee are to be knowledg~ in subject matter related to reactor 

operations. 

The Coomittee is to be appointed by the Director, U. S. Geological 

Survey. No definite term of service i s specified but should a vacancy 

occur in the Committee, the Director is to appoint a replacement subject 

to approval of the candidate by a majority of the other remaining members 

of the Committee . 

9 . 1 .7 . 3 Details of Meetings 

Meetings will be call ed by the Chairman whenever an experiment is being 

delayed awaiting approval . Quarterly meetings will be held to review 

experiment records of the reactor and to discuss physical integrity of the 

core with the reactor staff . Records of all exper iments will be made 

available to the Committee for e~nation . TWo- thirds of the members of 

the Committee will constitute a quorum. 
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9.2 ADMINISTPATIVE OONTP.OLS AND PROCEDURES 

9. 2.1 Introduction 

Tais section describes the controls and procedures pertinent to the 

operation of the facility. All new operations will be thoroughly reviewed 

by the Reactor Supervisor who may also refer t hese operations to the 

Reactor Administrator, the Reactor Operations COmmittee, and the Radiological 

Advisory Cormnittee for comment. Existing operating procedures will be 

reviewed periodically to bring them up to date. The controls and procedures 

are based on predicted operating conditions of the reactor fa~ility. If 

these conditions should change, the Reactor Staff will advise the Reactor 

Operating Committee and make recommendations for improving operating 

procedures. Operating procedure changes can be made if at least two-thirds 

of the Reactor Operations Committee agree with the recommendations . 

9 . 2.2 Reactor Facility Access 

Normal access to the facility is via the area control center where 

personnel radiation monitoring equipment will be issued. Af'ter receiving 

a radiation dosimeter , the individual passes through a door to the reactor 

room which is normally closed. In case of some emergency, the laboratory can 

be evacuated through the truck access door which will normally be closed 

and locked. Normal exit from the reactor facility is through the door 

leading to "the area control center. All personnel who enter the reactor 

room will be required to wear radiation monitor ing devices. 

9. 2.3 Reactor Operat i ons 

A Senior Reactor Operator in charge will be designated for each reactor 

operation. He may be also the reactor operator, or he IDalf be otherwise engaged 

so long as he is continuously on ca.lJ. within the building. However, at least 
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be evacuated ~hrougn the truck access door which ~ill normally be closed 

and locked. Normal exit from the reactor facility is through the door 

leading to the area control center. All personnel who enter the reactor 

room will be required to wear radiation monitoring devices. 

9. 2.3 Reactor Operations 

A Senior Reactor Operator in charge will be designated for each reactor 

operation. He may be also the reactor operator, or he ~ be otherwise engaged 

so long as he is continuously on caJ.l within the building. However} at least 
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on~ other person besides the reactor operator must be present in the 

room at all times during reactor operation. 

Before each day's reactor operations are begun and at the end of each 

operating day, a checklist similar to the one shdwn in Figure 9- 2 will be 

completed. Each month a reactor inspec~ion will be made to insure that 

the reactor is in proper operating condition. Changes in r eactor core 

loading in reactor experiments will be recorded in the Reactor Log Book. 
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from dovn limit 
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Scram Cireui ts 
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Control Rods 
Sa£ety _ ___ _ 

Shim _____ __ 

Regulating ____ ___ 

Transient _ __ _ 
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Reactor Operator 

Fig. 9 - 2 -- Startup ;"..nd Shutdown Checklists 
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9.2.4 Authoriz~tion of ~~erime~ts 

All experirrents proposed for the reactor will be either Class I or 

Class II experiments . The classif~cation of the proposed experiments will 

be the responsibility of the Reactor Supervisor . 

Class I experiments include all experiments that have been run 

previously or that are minor modifications to a previous experiment. The 

Reactor Supervisor has the authority to approve the following : 

1 . Experiments for whi ch there exists adequate precedence for 

assurance of safety. 

2. Experiments which represent less than that amount of reactivity 

worth necessary for prompt criticality. 

3. Experiments in which any s~ificant reactivity worth is stable 

and mechanically fixed; i . e o] securely fastened or bolted to 

the reactor structure. 

Class II experiments include all new experiments and major modifications 

of previous experiments . These e:<periments must be reviewed and approved 

by the Reactor Operations Comrr~ttee before being run . The Radiol ogical 

Safety Committee may also be consulted. These include : 

1. In- core experiments which involve, in an unstable form, reactivity 

worth greater than that necessary to produce a prompt critical 

condition in the reactor core, i.e., deliquescent or high vapor 

pressure poiSOns. 

2. Experiments, involving corrosive chemicals, pressures or temperatures, 

which if failure should occur could endanger the safety of the 

reactor core. 

9 - 9 

9 . 2.4 Authoriu .. tion o~ ~:perin:.::!l"t.::. 

Al.l E:zper:irr!en"t.s prOllOZec. fer .. he rea.cr.or "Jill be ei~her C~a5S I or 

Class II eJ.Pe~iment= " The classi~~ca .. ion of the proposed eA~rimen"t.s will 

be the recpcnsibillty of' the Reactor Su:pe:-ri~or . 

Class I experiments include all experir.lents that have been run 

previously or that are minor mod.iI~ications to a previous experiment . The 

Reactor Supervisor has the authority to approve the following : 

1 . Experiments for which there exi~ts adequate precedence for 

assurance of safety. 

2 . Experiments which represent less l;ba.n that azoount of reactivity 

~orth necessary for prompt criticality. 

3. Experimen1;s in Which any si.gni.:fican't reac1;iv1ty \oIor'th is s'table 

and mechanically fixed; i . e . , securely fastened or bolted to 

the reac1;or structure . 

Class II experiments include ull new experiments and major modifications 

of previous experiments . These e:~riments must be reviewed and approved 

by the Reactor Operations Comrr~ ttce before being run . The Radiologica~ 

Safety Committee may also be consulted. These include : 

1. In-core experiments which i nvolve, in an unstable f'orm, reactivity 

worth greater than that necessary to produce a prompt critical 

condition in the reactor core, i.e., deliquescen~ or high vapor 

pressure poiSOns. 

2. Experiments, involving corrosive chemicals, pressures or temperatures, 

which if failure should occur could endanger the safety of the 

reactor core. 



9 -10 

3. Dynamic .:: :.::perim2uts "'hieh coulc. ::"nGror111Ce a:ppreciable r eacl,ivity 

YTorth in-co "O;he react.or by fail1L:"'€ or malfunction. Included i n 

thi s group are circulation sys t ems w:'lich operate in or at the core 

and by which if a failure occurred, the core could be damaged. 

4. Experiments which a r e dynamically coupled to the reactor core 

and t ogether function as a zystem: i.e. , to measure nuclear 

absorpt ion cross sections, or s~udy transient responses. 

5. Experiments uhich i nterfere i n any way with t he normal function 

of any of the reactor safety circuits. 

6. Experiments y1:.:.ich could produce radiation levels sufficient to 

cause serious personnel radiation injury. 

7. Experiments which by their unusual hazard could produce conventional 

injury or death and thereby reflect lli~favorably on reactor operat ions . 

Both classes of experiments will re~uire submittal of the information 

descri bed in the f ollowing pa.ragraph} prillL"U'ily to provide adequate data t o 

make a hazar ds analysis . 

9. 2.1~ .1 Irradiat ion Autborizatic·n l~or!:1 

The informat ion form (fig. 9 ... 3) ) -which is subject to change is to be 

provided with each sample or group of virtually i dentical samples . When the 

format provided is not adequate] additional informati on will be added. 

A. General 

1. The form may be hand. .. -ritten, if done legibly and permanently. 

2. A form will be completed for each separate capsule or 

experiment, unl ess virtually identical items are to be 

irradiated on the same day . 
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1. Name 

4. Exposure Date 

6. Permit No. 

8. Encapsulation method 

9. Nuclear Conditions 

10. Location 

11. Chemical Reaction~ 

12. Therm9.1 Analys i~ 

13. Reactivity worth: Norma] 

14. Special Procedures 

FIGURE 9-3 U. S. G. S. TRIGA REACTOR 

lRRADIA TION AUlliORIZATlON FORM 

2. Organization 3 . Phone _____ _ 

5. Sample Identification No . 

7. Reference __________________________ __ 

. _______________ ~ ____________ ~ ___ ~~imm~ ________________________________ _ 

'" 
~ 

~ 

FIGURE 9-3 U. S. G. S. TRIGA REACTOR 

lRRADIA TION AUlliORIZA TlON FOR>! 

1. Name _____ ____________ 2. Organization ______________ 3 . Pbone _____ _ 

4 . Exposure Date ' _____________ 5. Sample Identification, __________ No. 

6. Permit No. ________________________ 7 . Referenceo __________________________ _ 

B. Etlcapsulation method 

9. Nuclear Conditions 

10. Location 

ll. Chemical Reactions 
;--------------------------------------------------------------------~ , 

12. Thermal Analys is --------------------------------------------~ 
13. Reactivity worth : Normal _______ ~ ___________ M=jomum'__ _________________ __ 

14. Special Procedures 
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15 . List all isotopes in samp le (before irradiation) 

, 

A B C D E 

Init ial Iso t opes Predicted 
Compound Isotope Weight Produced Acti vit.y 

-

REVIEW 

16. Justification for predicted activity __________________ ~ ____________ __ 

17. Reactor Operations Committee review~ ________________________________ _ 

18. Special Requirements, ________________________________________________ ___ 

19. Approved by Date 
Reactor Supervisor 

Approved by Date 
for Radiological Advisor y Committee 

Approved by Da t e 
for Reactor Ope r ations Commi ttee 
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15 . Lis t all i so copes in s amp le (befo re irrad iacion) 

, 

A B C D E 

I Initia l Iso t opes Predicted 
Comoound Iso t ooe Weieh t Produced Activity 

REVIEW 

16 . Justif i cation f or pred i c t ed activi ty, ________________________________ __ 

17 . Reactor Operations Commi t tee rev iew __________________________________ _ 

18. Special Requirements, __________________________________________________ _ 

19, App r oved by Date 
Reactor Supervis or 

Approved by Da t e 
for Radiological Advis or y Commit t ee 

Approved by Da t e 
for Reac to r Ope r ations Commi t t ee 
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B. Specific - Numbers below correspond to items on the 

I rradiation Aut horization Form. 

I to 4 - these should be obvious. 

5. Sample Identification - this space C~~ be used to record 

any identification desired by experimenter or facility and 

the number of such samples. 

6. Permit No. - Issued by Radiation Advisory Committee under 

terms of U.S.G.S. Broad License for Byproduct Materials. 

7. Reference - If experiment is within the limits of one 

previously approved, item 8 through 18 need not be 

completed, but positive reference to the earlier approval 

must be given here. 

8. Encapsulation Method - Describe completely. 

9. Nuclear Conditions - Give dose required in most general 

manner possible. 

10. Location - Give location desired in reactor, ~ any 

special environment or experimental facility. 

11. Chemical Reactions - Any tendency which the sample may 

have to decompose, offgas, or react in any way should be g iven. 

12. Thermal Analysis - Heating problems generally do not occur 

in the Triga reactor. However, where a high density material 

is to be irradiated which will be thermally insulated, or 

where a fueled sample is involved, evi dence should be presented 

that excessive temperatures will not be reached. 
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13. Reactivity Worth - IINormal" refers t o that associated with 

insertion of the experiment; "Maximum" means the change that 

could result from a conceivable failure. 

14. Special Procedure Give any special requirements. 

15. Columns A, B, and C must be completed by the experimenter. 

Facility personnel will provide assistance in completing 

D and E if required, although the experiment may be 

expedited if the experimenter does this work. Where 

complex combinations of material are involved, discussion 

with the reviewer may simplify this item. 

16. Technical Specifications impose limits on the quantity of 

activity which may be produced in any one capsule. However, 

depending on the nature of the experiment, a great variety 

of approaches can be used to demonstrate compliance . This 

section should be used to give the basis for approval in 

this regard. 

17. Reactor Operations Committee and Radiological Advisory 

Committee Review - These reviews are required when new 

experiments or modifications of experiments are made and 

when radiation intensities approach limits imposed by the 

user permits (Item 6). In this space the reviewer will 

either indicate that such review is not required) or make 

reference to the Reactor Operations Committee document 

which authorizes the experiment. 

18. Special Requirements - The reviewer will give any special 

tests or procedures required) such as a reactivity check. 
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. 19. Approved by - Approval will be given by a person 

designated by the Reactor Oper ations Committee to be an 

authorized reviewer. 

9.2. 5 ~uthorization of Reactor MOdifications 

Approval for a modification of the reactor within the technical 

sped.fications can be obtained from the Reactor Supervisor. Other 

modifications will require authorization from the U. S. Atomic Energy 

Connni~;sion. 
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9 . 3 HrAt'll! PHYSICS 

9.3.1 Radiation MOnitoring 

All situations in which there is a potential for contamination 

with radioactive material or exposure to ionizing radiation will be 

monitored. MOnitoring systems operated on 115v ac power will be connected 

to the emergency power supply to provide continuous measurements of 

radiation intensities. The monitoring program shall be under the 

direct t on of the Health Physicist and consists of the following types : 

a . Personnel. A film badge service will be provided to the laboratory 

through the Health Physicist. The badges shall have both neutron and 

gamma sensitive films and shall normally be processed on a monthly basis ; 

however, immediate processing will be available in cases of suspected 

over exposure. Pocket dosimeters shaJ.l be used to supplement film badges. 

These dosimeters will be used for occasional visitors and will be issued 

by the reaCtor control office under the direction of the Health Physicist. 

b. Area. Areas where the radiation field might reach a hazardous 

level will be IrClnitored with remote area IrClnitoring detectors. These 

detectors will be permanently- mounted gamma sensitive Geiger-Muller 

tubes or ionization chambers. 'lhe readout from the"se detectors will be 

on meters and/ or visual alarms located at the console and the Health 

Physics Office. These alarms will not be interlocked with the 

ventilation systeD4 Areas which will be monitored on a continuing basis 

are: t he top of the r eactor, the r eactor console, the entrance to the 

reactor laboratory, and the room exhaust air after it passes through the 

absol l}.te filter bank. Other areas in the Nuclear Science Building will 
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be monitor ed with systems described in the spec ifications in 

A;rpendix 9- II. 

, 

c. Stack Gas. One of the remote area monitoring system detectors 

015.11 be positioned in the plenum behind the room exhaust filters to 

detect releases of radioactive gases which might occur in the event of 

a ser ious accident. This monitor wi ll be interlocked w1th the 

emergency ventilation system described in Section 4.5 snd will provide 

the actuating signal for closing the butterfly valves. The readout 

will be near the reactor console. 

Another stack gaa monitor w111 be located in the exhaus t duct. 

Thi s .... 111 be a saarpling type of instrument for detecting very small 

increases in the radioactive gss c oncentration. A continuous readout 

will be provided for recording the response of the radiation detector. 

d. Portable. The laboratory will be supplied with a variety of portable 

monitoring eqUipment, including Geiger-Muller thin window detectors, alpha 

proportional counters, BF:3 fast and slow neutron counters, and tritium ion 

chambers. 

e. Equipment . All eqUipment used with t he reactor will be monitored 

for contamination and activation . No radioactive material will be removed 

from the laboratory without permission of the Health Physicist and according 

to -(-.he appropriate 10 eFR regulatiOns and the Padiological Advisory Coromi t t ee ' s 

recommendations. All radioactive material will be stored in one of the areas 

designated for thi s purpose, which include the reactor pool, the deep water pool 

outside of the reactor, and the Radioisotope Storage Room. 
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9.3.2 Waste Di sposal 

Disposal of r a dioactive wastes from the U. S. Geological Survey shall be 

IDad0. through the Rocky Flats facilities operated by the Dow Chemical Company . 

Collection, packaging snd labeling of wastes shall be in accor dance with AEC 

regu.lations. Toe Health P'nysicist will be responsible for proper waste d i sposal 

procedures. Individuals involved in experimental 'Work will be responsible for 

advising the Health Physicist concerning the type Bod amount of activity they 

will have for disposal. Generally 1 l iquid aod solid 'Wastes will be collected 

snd stored in the Radioisotope Storage Room prior to delivery to Rocky Flats. 

Fuel storage racks will be located on the side of the reactor pool snd 'Will 

conform to the limitations imposed by the Technical Specifications in regard 

to criticality. A deep water tank is provided in the Radioisotope Storage 

Room for the storage of coffins or shippi ng casks prior to shipment. 

9.3.3 Radiation Areas 

All areas containing radiation or contamination for which precautionary 

measures are required will be periodically monitored. Survey reports will be 

maintained by the Health Physicist as permanent records in the Health Physics 

Office. 

~.4 Health Physics Training 

All individuals assoc iated with the health physics functions of the 

facility will be given instruction in the following subjects: 

a. The rules and regulations of the AEC, the State of Colorado, 

and the U. S. Geological Survey. 

b . Personnel dOSimetry , film badge aSSignment, and time of pick up. 

c. Survey instrumentation , types of instruments, when and where to use. 

d. Contamination control snd reporting. 
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9.3.4 Health Physics Training 

All individuals associated with the health physics functions of the 

fac ility will be given iostruction in the f ollowing SUbj ects: 

a. The rules and regulations of the AEC, the State of Colorado, 

and the U. S . Geological Survey. 

b . Personnel dOSimetry, film badge aSSignment, and time of pick up. 

c. Survey instrumentation, types of instruments, when and where to use. 

d. Contamination control and reporting. 
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e. Waste disposal , containers to be used, labeling, storage and 

collection . 

f. Emergency procedures, types of accidents that a r e possible, 

meaning of alarms, aod steps to be taken . 
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e. Waste disposal , containers to be used, labeling, storage and 

collectioo. 

~ . Emergency procedures, types of accidents that are possible, 

meaning of alarms , aod steps to be taken . 
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9.4 FMERGENCY PLANS AND PROCEDURES 

'lbe most probable ca.uses of emergencies which will require implementation 

of emergency procedures are fire and release of anomalous radioactivity. Any 

or all of the following will be notified immediately, depending on the particular 

emergency situation : 

1 . Denver Federal Center Fire Department will be called on all fires 

and on radioactivity releases which might require special equipment 

or additional personnel for traffic control, building evacuation, or 

security. 

2. Reactor Facility Supervisor and Senior Operator will be notified 

on all emergency situations. 

3 . Reactor Health Physicist will be notified on all situations which 

might affect reactor operations. 

9.4.1 - Fire 

'.[he reactor will not be operated during an abnormal fire wi thin the 

NuclellX' Science Building. Ventilation fans and nonessential electrical circuits 

in the reactor facility will be turned off. Carbon dioxide extinguishers nil 

be u~ed when possible. If fuel-element loading is in progress, all special 

nUClp.Dr material will be returned to storage areas. The person in charge of 

the r eactor will be responsible for determining the appropriate action if a 

fire occurs outside of the Nuclear Science Building. 

9.4.2 Release of Radioactivity 

If monitoring systems indicate an abnormal release of radioactivity, the 

operat.or will i:mmediately scram the reactor and shut down the ventil ation system., 

Radia tion levels greater than 5 R/hr will require evacuation of all personnel 

from the reactor area. Levels less than 5 R/hr will require evacuation of all 
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9 . 4 F:MrnGENCY PW!S AND PROCEDURES 

flbe most probable causes of emer gencies which will require implementation 

of emergency procedur e s are fire and release of anomalous radioactivity. Any 

or all of the f ollowing will b e notified immediately, depending on the parti cular 

emergency situation: 

1 . Denver Federal Center Fire Department vill be called on all fires 

and on radioactivity ,releases which might require special equipment 

or additional personnel for traffic control, building evacuation , or 

security. 

2. Reactor Facility Supervisor and Senior Operator will be notified 

on all emergency situations . 

3. Reactor Healtb Physicist Wi1l be notified on aLl situations which 

might affect reactor operations . 

9.4.1 ~ Fire 

The reactor will not be operated during an abnormal fire wi thin the 

Nuclear Sci ence Building. Ventilation fans and nonessential electrical circuits 

in the r eactor facility will be turned off. Carbon dioxide extinguishers will 

be u~ed when possible. If fuel- element loading is in progress , all special 

nuclpor material Will be returned to storage areas. 'llie person in charge of 

the TPuctor will be responsible ~or determining the appropriate action if a 

fire occurs outside of the Nuclear Science Building. 

9.4. 2 Release of Radioactivity 

If nxm1toring systems indicate an abnormal release of radioactivity, the 

operator will immediately scram the reactor and shut down the ventilation syste~ 

Radia tion levels greater than 5 R/hr will r equirE evacua~iOD of all personnel 

from ~he reactor area. Levels less than 5 R/hr will require evacuation of all 
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nones .. ;ential personnel '..;hUe t he cause of the indicated release is investigated. 

A report on the occurrence, including causej remedial action, recommendations 

for preventing similar probl ems, and personnel exposures will be submitted by 

the Reactor Facilit y SUpervisor to the Reactor Facility Administration. 
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nones. ·ential personnel while t he cause of t he indicated release is investigated. 

A report on the occurrence, including cause, remedial action, recommendations 

for preventing similar problems, and per sonnel exposures '\Ii11 be submitted by 

the Reactor Facility SUpervisor to the Reactor Facility Administration. 
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The dimensions, measurements , a nd otr~r numerical values given 

in these specifications may differ from measured values owing to normal 

construction and manufacturing t olerances, or normal. accuracy of 1nstru-

mentation. 

A. Definitions 

1. Shutdown 

The reactor, 'With fixed experiments in place, shall be 

cons idered to be shut dawn (not in operation) whenever all of the 

following conditions have been met : a) the console key switch ia 

in the "01"1"" post tion a nd key is removed from the console and 

under the control of' a licensed operator (or stored 1n a locked 

storage area); b) sufficient control rods are inserted so as to 

assure the reactor is GubcriticaJ. by a margin greater than 0.7;' 

ek/k cold, without xenon; c ) no vork 1s 1n progress involving 

fuel handling or refueling operations or mainte nance 01" its cont rol. 

meche.nisms. 

2 . 6teady state Mode (66) 

steady state mode shall meaD operatio!! of' the reactor at pover 

l.evelp. not to exceed 1 megaw~tt utilizing the scrams 1n Table I 

and the interlocks in Table II. However, for the purpose of testing 
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The dimensions, measu..""Cments , and o"t.l'..er numerical values g1 yen 

1n these specifications may differ f r om QeBsured values owing to normal 

construction and manufacturing tolexaDces, er normal accuracy ot lostru-

mentation . 

A. Definitions 

1. Shutdown 

The reactor, with f'L"'ed experiments in :place, shall be 

cODeldered t o be shut dow-n ( not in operation) whenever all of' the 

following conditions have been IDet : a) the console key switch is 

in tile "oft" position a ud key is remo\"ed :from the console and 

under the control of a licensed opemtor (or stored 1n a locked 

storage area); b) Buff'ic1eut cont rol rods are inserted so 8S to 

assure the reactor is 8ub¢ritical. by a margin greater than 0.7;' 

ek/k cold, without xenon; c ) no vork 1s 1n progress involving 

fuel hanUing or ref'J.eltug operations or maintenance 01" its control 

mechanisms . 

2. Steady State Mode ( 8S) 

steady state mode shall meaD ope:rstio[! of' the reactor at power 

levelF. Dot to exceed 1 mega~ett 
( 

and the interlocks in Table II. 

uti lizing the scrams 10 Table I 

Hovevel.' , for the purpose of testing 

, 



the 110;(. :full power safety c ircuits, an exception shall be made to 

allow the reac t or to be operated at power 1eve1s Dot to exceed 

1 .15 megawatts during the t esting period. 

,. Pulse Mode 

Pulse mode shaJ.l. mean operation requiring the use of the scrams 

in Table I aod t he i nterlocks in Table n to assure that no more than 

one rod is pneumatically wi thdrawo to produce paver pulses. 

4. Square I/ave Mode (SI/) 

Square wave mode shall mean operation requiring use of the scrams 

in Table I and the interlocks in Tabl.e II to assure that no more than 

one rod is pneumatically withdrawn and that the transient power l evel 

does not exceed 1.1 megawatt and the steady state power does not 

exceed 1 megawatt . 

5 . Operable 

6. 

A system or component shall be considered operable when i t is 

capable of performing its intended tuoctions. 1&~e D.twa! ms&eep , 

Experiment 
(4) 

Experiment shall mean. any apparatus , device , or material installed 

in the core or experimental facilities (except for underwater lights , 

fuel element stora ge racks and the like) which is not a normal part 

of the Be facllitieB~ (~) -, ~ L,'1' oJiI +<> ~'--' ~~....,.. 
r ~--~ ~ c:..C Ih,,'" ,"'l,...,-;. , r~1 ' 

7 . Experimental FacUities 

Experimental facilities shall mean~ specimen rack, verti CBl 

tubes , pneumatic transfer systems , centr8J. thimble , and in-pool 

irradiation facilities . 

_d:_ lea: 

the ll~ :fUll )?Ower safety circuits, an exception shall be made to 

allOY the reactor to be operated at power levels Dot to exceed 

1.15 megawtts dur .... ng the t esting period. 

}. Pulse Mode 

Pulse mode shall mean operation requiring the use of the scrams 

in 'nlb1e I and t he i nterlocks in 'nlble n to assure that no more than 

one rod is pneumatically withdrawn to produce power pulses. 

4. Square lIave Mode (511) 

Square wve mode sba.ll. mean operation requiring use of the scrams 

in Table I and the interlocks in Table II to assure that no more than 

one rod 1s pneumatically withdrawn and that the transient power l.evel 

does not exceed 1.1 megawatt a nd the steady state power does not 
• 

exceed 1 megawatt. 

5. Operable 

6. 

A system or component shall be considered operable when it 1s 

capable of performing its intended tunctions.tB~e aC1wa± m888eF. 

Experiment 
( ... ) 

Experiment shall mean ~ any apparatus, device, or material installed 

in the core or experimental facUities (except tor underwater lights, 

fuel element storage racks and the like) which is not a normal part 

of these facilities"",", (~) , ~ Le., . .Q ~ ~-,~ ....,.r..-e­

r - ---"Cn ~ e.r. .. ! ~ r:t..-:.,T- -J . 
7. Ex;perilDODtal FacUi ties 

Experimental facUities shall mean~ specimen rack, vertical 

tubes I pneumatic transfer systems, ceatrSJ. thimble, and in-pool 

irradiation facilities. 



8. 

B. Site 

~1'~' 
Reactor Safety 8ttea t ea 

"r~ 
Reactor safet y clrcaths 

l.-I-} 

shall mean 
"'7'-r:::-. ) 

those ~l~~ltB , including their 

•• eoc iated i nput ol:rculte , 'Which are designed to initiate a reactor 

scram. 

'lhe minimum distance from t he center of the reactor pool to the 

boundary of the exc l us i on ares shall be 25 t eet . 

C. Reactor B..ll1ding 

1. The reactor shall be housed in a closed room designed to restrict 

leakage . The minimum tree volulDe in the reactor room shall be 

13 , 000 cubic feet . 

2. All. air or other gss exhausted from the reactor room and :trom 

associated experimental facilities during reactor operation shall . 

be released t o the envi ronment at a minimum of 21 teet above 

ground level. 

D. Reactor Pool and Bridge 
'r\o..e. ~ .. ~..-'1 ~ .~~.t ~I ~ 

1 . eunce Istu e .",,-;Lea ilea" li8 "sMa if' d" J'lag lese.e. 8,a_i'~i9R =-_ 
pool water level 1s less than 16 feet above the top grid plate. The 

bulk pool temperature shall be monitored while the reactor 1s in 
1'-- .. _8-"~ ~ ~ ~ .. .::; 4~ 

operation and eencctli II 8et1on 8M11 ~. 'bate a if the temperature 
A 

exceeds ~. lJJ:le reactor core shall. be cooled by natural 
60 "C . 

convective water flow. 

2 . '!he pool water shall. be saurp;1ed for conductivity at least weelUy. 

Conductivity averaged over a month shall not exceed. 5 micromhos 

per centimeter . 

-.... , 
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8. 
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Reactor Safety Sileates 

Reactor 
..", -::;::;..,., 

safety cheaibe shall mean 
< .... -r:::-, ) 

those ~ire~1~8 , including their 

•• eoclated input circuita, which are de81ga.cd to initiate a resctor 

scram. 

B. Site 

'lhe minimum distance frOID the center of the reactor pool to the 

boundary of the exclusion area shall be 25 feet. 

c. Reactor B.ll1d1ng 

1. The reactor shall. be housed in a c10sed room designed to restrict 

leakage. The minimum .free volume in the reactor room shall be 

13,000 cubic feet. 

2. All. air or other gas exhausted from. the reactor room. and :from 

associated experimental facilities during reactor operation shall 

be released to the environment at a mlnilDUlD of 21 teet above 

ground level. 

D. Reactor Pool and Bridge 
'r'4 ~ .~-~ 6~ ~~ -' ~I T1-c.. 

1. eonEc I>tu e .e~1Qa aho17 liB 'Wdwa " 4w.H1!@; nae.e. 9Jl8_~!le1l ,liaR: 

pool water level 1s less than 16 feet above the top grid plate. The 

bulk pool temperature shall be IDOnitored vbil.e the reactor is in 
".. .--"" ,A.~ ~ sJ..:; oL..""';"" 

operation and C'enecbt ; i Gat1cA VMlit ,. *'RIlEd if the temperature 
A 

exceeds~. !lhe reac:tor core sball be cooled by natural 
6~ oC . 

convective water f'low. 

2. '!he pool vater shall be s8lIll';led for conductivity at least 'Weekly. 

Conductivity averaged over a IDOnth aball not exceed 5 micromhoa 

per centimeter. 

...... . -., 
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E. Reactor Core 

1. 'lb.e core shall be an a s sembly of TRIGA Mark III stainless steel. 

cl.ad t'uel.- moderator el.ements arranged in a cl.ose- packed array 

except ror (1 ) replacement at single individual elements with 10-

core irradiation f a c ilities or control rods; (2) two selSrated experl-

ment positions 1n the D through E rings, eB.ch occupying 8 maximum 

of three fuel element positions. The reflector (excluding experl-

ments and experimental facilities) shall be water or 8 combination 

of graphite and vater. 

2. ihe .... *1 .. ,. 1Wa1!i35Sbh! excess reactivity above cold critical, 
~T Q W ClJ:,A..cJ 

without xeoon , shali,AfJe- 4.~ ~/k witb experiments in place. 

,. Fuel temperatures near the core midPlane in either the B or C ring 
~r~~~'J 

of elements shall bell r ecorded during the pulse mode of operation. 

The reactor shall not be operated with this measured fuel tempera­

ture greater than Boo°c. 
~-y..-

The reactor shall be pulsed semi-annua1ly with an insertion of at 

least l.5~ 8k/k to compare fuel temperature measurements and 

peak po;rer levels with those of previous pulses of the same 

reactivity value . 

c. IJ'. Each standard fuel element shall be checked for traosverse bend 

and longitudinal elongation ~fter the first 100 pulses of any magni -

tude and then ar-ver every 500 pul.ses or annually, whichever comes 

first. 

The limit of transverse bend shall be 1/16- inch over the total length , 

of the cladding portion of the element (excl uding end fittings). !!he 
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E. Reactor Core 

1. 'lb.e core sball be an assembly of TRIGA Mark In stainless steel 

clad tue1- moderator e1ements arranged 1n a e1oee-packed array 

except ror (1) replacemeot ot single individual elements with 10-

c ore irradiation f'e cil.ities or control rods; (2) two separated experi-

ment positions in the D t hrough E rings, ea,ch occupying a maximum 

of three fuel e lement positioos. The reflector (excluding experi-

ments and experimental fac l11ties) shall be va.ter or a combinatioD 

of graphite and vater. 

2. The "wi.,.. 8;"'aia.ab:le excess reactivity above cold criticsl., 
..",.c.A'T C/J w t.\.Ce-d 

v1thout xenoD , shal.lAee- 4.~ f:k/k with experllDeots 1n place. 

,. Fuel temperatures near the core midplane 1n either the B or C ring 
~"rw......... 1b'I£'1 

ot elements shall bellrecorded during the pulse mode of operation. 

'!'be reactor shall not be operated with this measured :ruel tempera­

ture greater than 800°c. 
~~ 

The reactor shall be pulsed semi-annually with ao insertion of at 

least l.si 8k/k to compare fUel temperature measurements and 

peak. poorer levels with thoBe 01" previous pul.Bes of the same 

reactivity value . 

c. If. .EBcb. standard fuel element shall be checked for transverse bend 

and longitudinal. elongation ~f'ter the first 100 pulses of any magni-

tude and theo after every SOO pul.ses or annual.ly, whichever comes 

first . 

The limit of traosverse bend shall be 1/16-1nch over the total length , 

of the cladding portion of the eJ.emeat (excluding end f'ittiugs). ~ 
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limit on longitudinal elongation shall be l/lO- loch. The reactor shall 

not be pulsed with elements which have been found to exceed these 

limits . 

Any element which exhibits a clad break as indicated by a mea-

suxsble release of fission prOducts shall be located and removed 

from service before continuation ot routine operation. 

P. Control Bod Safety Systems 

1. 'lbe standard control elements shall have scram capability and 

the polson section shall contain borated graPhlte'~J or 

boron and its compounds in soltd form 8S a poison 1n an aluminum 

or stainless steel. clad. 

2 . '!he control elements shall be visually inspected at least once every 

two years . It indication o~ significant distortion or deterioration 1s 

found, the element(s) 11111 be replaced. 

, . Only one pulsing control element may be used in the core. '!he 

poison section of this e lement shall contatn borated graphite or 

boron and its compounds in a solid form as a poison in an aluminum 

or stainless steel clad. '!be pulse rod shall be designed to release 

and fall upon initiation of a scram signal. The maximum reactivity 

worth of the element f'ully inserted by the drl ve in relation to f'uJ.ly 

withdrawn shall be e qual to or less than 2.~ ek/k. 

4. A pulse vil.l only be initiated when the reactor is at a power less 

than 1 kw. Pulsed reactivity insertion shall not exceed 2 . 1~ 5k/k. 

5. '!he minimum shutdown margin (with fixed experllDf!ots in place) 

provided by operable contro1 elements (including the transient rod) 

1n the cold cO':ldit1on , without xenon, with the IDQst reactive of the 
~ . ¥ % 

operable control e lements withdrawn shall be~ k/k. 
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limit on longi tudinal elongation shall be 1/10-incb. The reactor shall 

Dot be pulsed wit h elements which have been found to exceed these 

l.lmlts . 

Any element whi ch exhibits a clad break 88 indicated by 8 mea-

surable release of f i ssi on prOducts shall be located BDd removed 

from service before conti nuation or routine operation. 

P. Control and Safety Systems 

1. '!he standard c o ntrol ele!I!ents sba11. have scram c8pabl11 ty aod 

the poison section shall contain borated graphlte,~, or 

boron and its c ompounds in 6011d form as a poison in an aluminum 

or stainless steeJ. clad. 

2. 'lhe control. elements ebail be visually inspected at least once every 

two years . If indicatioD o~ significant distortion or deterioration Is 

found, the element(s) 'Will be replaced. 

,. Ouly one pulsing control element may be used In the core. The 

poison BectioD o~ this element shall contain borated graphite or 

boron and its compounds in a solid tOni as a poison in an alum1num 

or sta1n1ess steel clad. '!be pulse rod shall be designed to release 

and fall upon initiation of a scram signal. The maximum reactivity 

wortb of the element rully inserted by the drive in relation to rully 

withdrawn shall be e qual. to or less than 2.% 8k/k. 

4. A pulse will only be ini tiated Wen the reactor is at a power less 

than 1 kw. Pulsed reactiVit y insertion shall not exceed 2 . 1~ 6k/k. 

5. ~ minimum shutdown margin (with :fixed experiments in place) 

provided by operable cootro1 elements (including tbe transient rod) 

1n the cold condition, without xenon, with the most reactive ot the 
<p. ¥' % 

operable control el ements withdrawn shall be~ k/k. 
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6. ihe maximum rate of' reactivity insertion aSBociated with movement 

7. 
of a standard rod shall be no greater ~~~~ :~CJ1, 1:f!t/k/sec. ~, ::..:~==",r"",~~. 
The type and minimum number of Barety .~peY1t8 which .ba1i ~ 

operable for reactor operation are shown 1n Tabl.e I . 

8. , The type Bnd minimum Dumber of interlocks which shall be operable 

for reactor operation are shown in Table II. 

9. The reactor instrumentation channels and 
._(,.7::_ 

safety e 1~1 lis for the . 
intended modes of operation as listed in Table I shall be checked ~'f4A..tJ 

_ la . 
.Hr. 
II . 

)d:. 

I ~, 

to be operable at least once eacb day the reactor 1s operated unless 

the operation extends continuously beyond one day, in which case the 

"iJur~~ ~ 
tft8'~.aBiabtod chadDals need only be a8sIka4 prior to beginning the 

extended operation. 

Following l118intenance or modif'icatlon ot the control or safety 
+cn-r-

systems, an operational '!!:seelE or calibration of' the associated ays-

tem sball be perfortred before the affected .system is to be considered 

operable. 

'!be tests listed below shall be perf"ormed at least once semi-annually, 

with the exception that if the r eac:tor is operating continuously, the 

tests shall be performed af'ter the first shutdown it this oc.curs IDOre 

than six months after the previous tests: 
!'-iT 

a. A functional ~k of all reactor interlocks . 

b. Verification that all control element drop times are less than 

one second (two seconds for pulse element). If drop time 1s 

found to be greater thau this, . the elelDeDt shall Dot be considered 

operable. 
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6. '!he maximum rate of" react1:v1ty insertion associated With movement 

of 8 standard rod shall be no greater than O.2~ 'Ok/;/sec. r 
ihe type and minimum numbe r ot ss1'ety ;~": ~h~Ch .bal.i ~o-'~;:-""'~""'!i.-1. 

operable for :reactor operation are show in Tabl.e I. 

8.- The type and minimum number of interlocks which shall be operable 

tor reactor operation are shown in Table II. 

" .. J -d 4.,,,,,",,, 
9. 'lhe reactor instrumentation channels and safety etztuHIB for the 

_ Ii). 
M­

Il. 

,Y. 
/ ~, 

intended modes of O]?erati on 8S listed in Table I shall be checked: v=_~:o 

to be operable at least once each day the reactor 1s operated unless 

the operation extends continuously beyond one day, in 'Which csse the .. ~~ ~; 
:tfts'PIl_a'iM1iou etmtmeb need on1y be aM.ked prior to beginning the 

extended operation. 

Fbl1ow1ng maintenance or modification of the control or safety 
~ ~T 
systems J an operational l!heelt or calibration of" the associated eys-

tem shall be perf'orned before the affected system is to be considered 

operable. 

1he tests listed below shall be perf"ormed at least once semi-annuslly, 

witb the exception that if' tbereaetor is operating continuously, the 

tests shall be performed after the first shutdowu if this occurs IDOre 

than six months a!'te r the previous tests: 
-/,- ; 1" 

a. A fUnctional,.cbeek of all reactor interlocks. 

b. Verification that all control element drop times are less than 

ODe second (two seconds for pulse eleaent) . It drop time 1s 

round to be greater than this, .the element shall not be considered 

operable . 



c. A test of the power l.evel safety circuits. 

d. A functional test of the ventilation system Interlock~~~~ '. pi .e l:1acax pMfex loen!:); chaaQ" !ill " be ca.l,.:I:'brIItw4 ie-:h:tssll: -.aQ~ 

e. ~ thermal power calibration"! 11-- e~ t~ --t~. '" . ,' r~ 
G. Radiation Monitoring 

1. '!he radiation levels 'Within the reactor laboratory shall be monitored 

by at least one area radiation monitor during reactor operation or 

when \/Ork is done on or around the reactor core or experimental 

facilities . IJhe monitor shall have a readout and provide a signal 

which actuates an evacuation alarm. During short periods of repair 

to this monitor , reactor operations may continue while a portable 

gamma~sensltive iOD chamber is.utilized as a temporary substitute. 

2. A continuous air monitor with readout add audib1e alarm shall be 

operable in the reactor room when the reactor is operating. 

3. The alarm set points for the above radiation monitoring instru­
~...:.,.; 

!Dentation shall be ~ at least ollCe a week. This instrumentation 

shall. be calibrated at least once a year. 

H. Fuel storage 

1. All fUel elements or fUeled devices shall be rigid1y supported during 

storage 1n a safe geometry (kefress than 0.8 under all conditions or 

moderation) • 

2. Irradiated fUel elements and fueled devices shall be stored in an array 

which will permit sufficient natural convection cooling such that the 

tuel element or :fUel.ed device temperature will not exceed design 

values. 

c. A tes t of the po-wer level. safety circuits . 

d. A functional test of t he ventUation system interlocks,l ~<~~~ -p. $be ~iaeal pe-.. el ~e .'e~ cbaauci12fl"a" be cMi'~aa:h aall'!!lO:iy 
R . e ~ therma.l power cal ibration1 1l"..,.. !2~ t~ c-t. I . ,d. #>' e 

, 
G. Radiation Monitoring 

1. 'Ibe radiation levels 'With in the reactor laboratory shall be monitored 

by at least one area radiatioll monitor during reactor operati on or 

when work 1s done on or around t he reactor core or experimental 

fac i lities . The monitor shal1 have a readout and provide a signal 

which actuates an evacuation alarm. Inring short periods of repair 

to this monitor , reactor operat1ons may continue while a portable 

gamma-sensitive ion chamber is .utilized as a temporary substitute. 

2. A continuous air monitor with readout add audible alarm shall be 

operable in the reactor room when the reactor is operating. 

3. llie alarm set points f or the above radiation monitoring instru­
~.A.J 

-

Entation shall be ~ at least ollCe a week. Tbis instrumentatioll 

shall be calibrated at least once a year. 

H. Fuel storage 

1. All fuel elements or f'ueled devices shall be rigid1y supported during 

storage in a safe geometry ( kef'r-eSS than 0.8 under all conditions of' 

moderation) • 

2. Irradiated fuel elementB and fUeled devices shall be stored 1n an array 

which v1ll permit su:N'icient natural. convect1on cooling such that the 

fuel element or fueled device temperature will not exceed design 

values. 
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Administrative Requirements 

1. The facility shall be under the direct control of the 
Q,6-c..-~ S ..... f=,.~~lorr . 

Fsc-U1ts N .. cf;or; • 

..r­
Be shall be respooslb1e to the Reaetor Fac111ty Admlnlstrat~ 

tor safe operation and maintenance of the reactor and its associated 

equipment. He or his apPointee shall. review and approve al1 experl-

ments and experimental procedures prior to their use 1n the reactor. 

Be shall enforce rUles for the protection of personnel against radiation. 

2 . A Reactor Operations Committee shall review and approve safety 

standards BSBec iated with the operation and use of the rae 111 ty. Its 

jurisdiction s~ include all nuclear operatlotlS 1n the facility. The 

Committee or Bubcommittees thereot shall monitor reactor operations 

at least quarterly. 

, . Written instruCtions shall be in effect for: 
\ ... '!.\~'" 

a . 9l, ,1 Czz+ and calibration of reactor operating instrurentatlon 

and control, control rod drives, and area radiation monitors 

and air particulate monitors. 

b . Reactor startup, routine operation and reactor shutdown. 
£.,0. 1:( ~~ ~d .... c:;-.....:., :.-. ,,--C v.-..L.......:" ~e-«.J...<~( ............. 

c . Emergency e'M=: 1I"4I1'i1& .'"? J ) 

~'-7 Q....--...J -JooLLo-;.a..., . 

d . Fuel loading or unloading. 
e, C,q....~~~ .... r ~" "'~U:o~..,..,,r , 

ExRerimen:tBj f. Mo.-w"C.,.ft,.o&.t,.c. ~~"-1 u-... ,t.t~t, tW t'1-r ~~t 7 _ .. ~ 'fVI' '~/rj<"t;; . 
1. Prior ic: performing any new reactor experiment, the proposed experi-

ment shall be evaluated by a person or persons appointed by the 

Facility Director to be responsible for reactor safety . He shall. 

consider the experiment in terms 'ot its effect OD reactor operation 

and the possibility and consequences of its f'ailure, including, were 

r 
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I. Administrative Pequlrements 

J. 

1. - t 1'1t hall b de the d1 t t' f th I' .... 1· 1li .u..ie Be.&. Y B e un r reo con ro..&.. 0 e 1!lcg.Z _ 
.,.,-

Be eball be respoos1ble to the P~actor Facility Admln18trat~ 

ec tor·. 

tor safe operation and maintenance of the reactor and its associated 

equipment. He or his apPointee shall review and approve al1 experi-

ments and experimental procedures prior to their use in the reactor. 

He shall enforce rUles for the protection of personnel against radiation. 

2. A Reactor Operations Committee shall review and approve safety 

standards associated with the operation and use of the tac111ty. Its 

jurisdiction shall include all nuclear operations 1n the fac::l1.1ty. 'lhe 

Committee or Bubcommittees thereot shal.1 monitor reactor operations 

at least quarterly. 

,. Written instructions shall be in effect tor: 
\...- 0;.- ...:"" 

s. m J 7 if and calibration of reactor operating instrumentation 

and control, control rod drives, and area radiation IDOnltors 

and air particulate monitors. 

b. Reactor startup, routine operation and reactor shutdown. 
&.o-~ ~,_ .... ~ c..n.....d_~ :.,..,J .... ~~ ;L .... <:! , .... ~('-v¥-

c. Emergency elm: s4iiau ..,.. J J 

~"-~ Q,...-o....J ......... L ......... , . 

d. Fuel. 10ading or un1oading. 
~ , c...v..... ~ ~ ~ .... r. . "-~/:.CI'I. c.=--...o ._ -r- . 

Exper1me;;ts} f ' - ' . ~ • Mo. w'"'C.,.ftooo.-e..Q. ~L~-.,., ~ ... , t...,~t~ ; W ('0 r ~A" 7 ........ ~ f, ." ., n/o;J1"C;; • 
1. Prior if: performing any new reactor experiment, the proposed experl-

ment shal.l be evaluated by a person or persons appointed by the 

Facillty Director to be responsible tor reactor saf'ety. He shall.. 

consider the experiment in terms -ot its ef'fect on reactor operation 

and the possibility and consequences ot its fallure, including, were 
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significant, consideration ot chemical reactions, physical integrity , 

design life , proper cooling, interaction With core cOIUpODents , and 
ri.-f<.r-.. :"~ .n~ 11><5, 

reactivity effects . He shall .QQolyBe ~, in bis judgement, the ........ 
experiment by virtue ·of its nature and/or design 1Ii!6Ma not constitute 

a significant threat to the int egrity of the core or to the sarety o-r 

personnel. Following a f avorable evaluation and prior to conducting 

~. Iu~ 
an experiment, he~ Sign an authorization form containing the 

basis for the favorabl e evaluation. 
AI .... ~ ....... 

2 . i!lhe
t1 

evaluation Of
ll 

experimentj sbail conclude that failure of the 

experiment will Dot lead t o a direct failure of a fuel element or of 

other experiments. 

}. No new experi ment shall be performed untU the proposed experl-

mental procedures f or that experiment or type at experiment has 
.... J ~ 'i"""'-~.c:. 

been revlewe~ by the Operat i ons Committee. 

4. '!he f ollowing limitations on reactivity shall. apply to all experiments: 

a . '!he reactivity worth of any individual in-core e:xperimen'tAI 

shall not exceed $3.00. 
,....,tn.,P ... ., J 

b . The total) reactivity worth of in-core experiments shall not 

exceed .$5.00. 'lhis iocludes the po~ntia1 reactivity which 

might result fxom experimental mal.f'u.nction, experiment 

flooding or voiding, removal or insertion of experiments . 

c. Experiments having reacti vity wortbs greater than $1. 00 

shall be securel.y located or fastened to prevent inadvertent 

movement during reactor operations. 
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:flooding or voiding, removal or insertion of experiments. 

c. Experiments having reactivity worths greater than $1.00 

shall be securely located or :fastened to prevent inadvertent 

IIIOvelDBut during reactor operations. 
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5. Experiments contai ning a:.aterisls corrosive to reactor c omponents, 

compounds highly reacti ve vith wat er, potentially explosive materials, ~ 

liquid fissionable materials shall be doubly encapsulated. 

6. Explosive material s such a s gun power, dynamite, TNT, nitro-

glycerine, or PETN in quantities greater than 25 milligrams shall 

not be irradiated in t he reactor or experimental racilities without 

aut-of-core tests vhich shal1 indicate that with the containment 

provided no damage t o the reactor or its components shall occur 

upon detonation of the explosive. Explosive materiala in quantities 

less than 25 milligrams may be irradiated without out-ot - core tests 

provided that the pressure p roduced in the experiment container 

.st..~-
upon detonation ot the explosive shall be 4aieuJa:tie. to be less than 

the design pressure or t he container. 

7. Experiment materials , except :ruel materials , -which could off-gas, 

sublime , volatilize or produce aerosols under (a) normal operating 

conditions of the experiment or reactor, (b) credible accident con­

ditions in the r eactor or (c) possible accident conditions in the experi­

ment shall be limi ted in activity such that it l~ of the gaseous 

activity or radioactive aerosols produced escaped t o the reactor 

room or the atmosphere , the airborne concentration of radioactivity 

averaged over a year would not exceed the limits o'f Appendix B of 

10 CPR Part 20. 

9. If the effluent from an experiment facility exhausts through a filter 

installation designed for greater than ~ efficiency for 0.3 micron 
~~ 

particles, the assu!IIpUO~ be used. that 1~ of the aerosols 

produced can escape . 
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upon detonat ion 01' the explosive shaJ.l be eaieuJetei. to be less than 
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10. For materials whose boiling point is above 1300p0 and where vapors 

formed by boiling this material could escape only through an undis­
",t..,.t:..( 

turbed eol.umo or water above the core, the assumption ,.. be used. 

that ......,.. lr:Jl, of these vapors can escape. 

11. Each tueled experiment sball be controlled such that the total loveo-

tory of iodine isotope s 131 through 135 in the experiment 1s no 

greater than 1. 5 curies and the maximum strontium-90 inventory 

18 no greater than 5 ml11icuries. 

c.....u-~ +"-"':-..r 
12. If a ea,l!nlle rails and releases material vQ,ich could damage the 

reactor fuel or s tructure by corrosion or other meanB I physical 

iD.s:pectlon shall be performed to deteradne the consequences and 

need for corrective action. 'j1..... ~~c:::, 1 ~ ~J r---.cT::­
o.........&.. O""'~ l Lr-.-4occ:r.:..e 0. e .. :r:::~ "1..V-...... ~..e... ...... v -....t Lo..«C 

'J -n..... 'j2,~< ........ (L" ... _,;""", Ce--,.._Tcu. C>-J J...~ 
to .G... sZ("- or;;...., 6<-(.,A. ~-r.......-.. , 1 Tk -<-<!-¢ +-..r ,;. 
~~J;:. • 
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o......~ 0......·1 ~c:r:..e. 0.. 0:..1-----. ..,.,..v~ tr!-...l.('.t.. ..... 1.-.;4 . ..o-.t" 

"'311...... 'j2,~ +-.r r----,:........, ~_tru.. c,....J! .L.-k.r. :- ~L' 
+0 4- s;C·( .. <r;::~l ~(prt. --r'''''''''' 1 Tk -...",.¢ +..r ~ 
~u.._" 1:.. • 
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~'J- J~ 
MINIMUM~C'roR SAFETY CH\CSPl'&'-

Originating 
Channel 

Mode in Which Effective 

1. Linear 

2. Percent Power 

3. Scram button 
on console 

4. Preset Timer 

Set Po1.nt 

lloi of :ful..l power 

lloi of ful.l power 

Manual 

I.ess than or equal 
15 seconds 

ss PuJ. •• sw 

X X 

X X 

X X X 

to 
X* 

*Does not scram reactor - only drops transient rod following a pulse . 

"'. TABLE II - KINIMllM INTERLOCKS 

Action Prevented 

1. Control element withdrawl with less than 
two neutron induced counts per second on the 
startup channel X 

2. Simultaneous manual withdrawal of two control 
elements, including the pulse rod X 

3· Slmu1 taneous manual 'Wi thdraval of two control 
elements excluding the pulse rod 

4. Initiation of pulse above 1 kw 

5· Application of a ir to t ransient rod unless 
cylinder is fUlly inserted X 

6. Withdrawal of any control element except 
transient rod 

in Which Effeetive 
PuJ.se SW 

X 

X 

X 

! '!he mlnimttm safety circu-ita snd interlocks are required to be 
J j ~ ~ "'"'I 

operab1e prior to react or rtartup. Howeve~ I failure of ~ny safety 
. circuit or i nterlock while ' the reactor 1s in operation f a perm1Asible, 
., prdrlded that i mmediate corrective action is-taken. - L---"\ 
. '.--" '-" 

.~ , 
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"' ':1 I~ 
'lAB.LE I - t;JL~n.ruM~CTOR SAFm'Y Cl!\C&:Pl'&-

Originating Mode in Wbich Effective 
Channel Set Po1ut 88 Pul. •• 8W 

1. Linear ll~ of full power X X 

2. Percent Power ll~ of full power X X 

3· Scram button 
on console Manual X X X 

4. Preset Timer I.ess than or equal to 
15 seconds X* 

*Does not scraa. reactor - only drops transient rod following a pul.se. 

K:>de in Which Ef'feetlve 
Action Prevented 55 Pul.se Sl/ 

1. 

2. 

3· 

4. 

5. 

6. 

Control element withdraw.1 with less than 
two neutron induced counts per second on the 
startup channel X 

Slmu1 taneous IllBnual wi thdrawaJ. ot two control 
elements, iocluding the pulse rod X 

Slmul taneous manual. nthdravaJ. of two control 
elements excluding the pul.se rod X 

Initiation of pulse above 1 kw X 

Application of air to t ransient rod unless 
cylinder 1s fully inserted X 

Withdrawal of any control element except 
transient rod X 

'lhe minimum safety circu-it-, end interlocks are required to be 
operabl.e Prior to react or startup. However, failure of l IlY safety 
circuit or interlock .mile f the reactor is in operat ion 1s perm1.hslble I 
proVided that i mmedia te correotive action i 'B-taken. L---i 
~ --- '-./ 
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Awe ndix I - II 

OUTLINE OF TRI GA MARK I REACTOR 

ACCEI"'.ANCE TEST PROCED!JR];5 

The following 1s a brief outline or the procedures usually followed in 

pertor1ll1ng acceptance testa on the TRIGA reactor. By follov1ng these 

procedures, all necessary instrument checks and nuc~ear calibrations will 

be performed. 

1. Pre-Critical test. 

&. FunctlooaJ. Tests of loEchanical Equipment 

This includes verification of proper installation and 

per1"ormlng operational tests on the isotope production 

facility , pneumtlc system, the rmal column , beam ports, 

exposure roOID, bri dge, water system, fuel element banclling 

tool and other related equipment. 

b. Checkout of Instrumentation and Control. System 

'1hls includes a complete checkout of the control CCDS01e 

by GA electronics personnel a nd ensures that all circuit8 

are calibrated and operating properly. All interlocks and 

scram initiations are showo to operate satisfactorily. 

Additionally, the pneumatic and standard rod drives are checked 

~or proper operation during rod withdrawal snd scram situations. 

The tission and ion chambers are shown to be seDsitive and 

responsive to neutrons. 

A Keith1ey microarl.croammeter and. scaler are used 88 a temporary 

addition to the console instrumentation to plVf'ide IDOre in:t'ol"lDBtloD 

during initial start-up. 

II 
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Appe ndix I - II 

OUTLINE OF TRIGA MARK I REACTOR 

ACCEPl:ANCE TEST PROCEDlJR];5 

The following 1s a brief outline of the procedures usually followed in 

performing acceptance testa cn the TRIGA reactor . By relioving these 

procedures, all neces sary instrument checks and auclear calibrations will 

be performed. 

1. Pre-Critical test. 

a . Functional Tests of ~cbAnlcal Equipment 

This includes verification of ~roper installation aod 

performing operational tests cn the isotope production 

facillty, poeuoatlc Bj'lJtem , thermal column , beam ports, 

exposure room, bridge I water system, f'u.el element baoclling 

tool snd other related equipment. 

b. Checkout 0'1' Instrumentation and Control System 

'Ibis includes a complete checkout of the control console 

by GA electronics personnel a od ensures that all cireui t. 

are calibrated and operating properly. All interlocks Bnd 

8cram. int tlatloOB are show t o operate sati sfactorily. 

Additionally I the pneumatic 8Dd standard rod drives are checked 

for proper operati on during rod withdrawal and scram situations. 

The fission and ion chambers are shown to be 8ensitive and 

responsive to neutrons. 

A Keithley mlcromcroammeter Bnd. scaler are used BS a temporary 

addition to the console instrumentation to prorlde IIIOre irlol"lll8tioD 

durillg initial start-up. 
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2. Initial Loadi ng of ~1el Ele ments to Criticality Using 

Inver se MUltiplication Data . 

Loading proceeds ac cording to st a ndard procedures used 

on the mauy '!'RIGA reactors in operation. At the end of' each 

loading step (the number of elements loaded in each step is 

dete rmined by 1/ 2 the numbe r projected for c riticality, or one , 

whichever is greeter), data is recor ded under the beadings shown 

in Figure 1 .* The first f our loading steps proceed with all 

control rods wi thdraWll . The remainder of the loading steps proceed 

with the shim rod inserted and the other rods withdrawn. A pl.ot 

of the number of fuel elements loaded versus the i nverse multi­

plication is maintained and extrapolated to predict criti cality. 

The weight of uranium in each fuel element varies slightly, so the 

elements are positioned selectively t~ group the heavier elements 

at the core ' s center . All inner ring grid plate holes will be 

filled with fuel elements, control rods or other core components. 

The source is removed tempor arily upon reaching crl·tical1ty to verify 

criticality. 

;;. Tests to be Performed UpOn Reaching Criticality. 

a . Approximate Calibration of Control Rods by Rod Drop Method. 

1llis is only a rough a pproximation used to give some 

indication of ·the rods ' values . 

b. Adjustment of Excess Reactivity by Addition of Fuel 

Elements and Preliminary Control Rod Calibration by the 

Pel"iod Method. 
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2. Initial Load.l ag of fuel E:!.emen't.8 to Criticality Using 
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,. Tests to be Performed Upon Reaching Criticality. 

s. Approximate Calibration of Control Rods by Rod Drop Method. 

'!his is only a rough apprOximation used to give some 

indication of 'che rods I values. 

b. Adjustment of Excess Reactivity by Addition of FUel 

Elements and Preliminary Control Rod Calibration by the 

Period Method. 
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Additional fuel is added to t h e co re. ibe outer ring, 

G-ring, of' the core ( s ee t he dia gram i n Figure 2*) will 

In1tl a11y contai n the pneumat i c system terminus and graphi te 

dummy elements . The F-ring will contain graphite dummy el.elllents 

and e nough adjacent fuel elements to provide t he specified 

exce s s reacti vity . A :preliminary diff e rential control rod 

calibrati on , using measured per i ods and the In- hour curve 

(see Figure 3* ) , is made duri ng the loading of the excess 

reactivity. 

c . Fioal Cal i bration of Control Rods by the Period Method aod 

Determination of Final EXcesB Reactivity . 

These accurate cal ibrat i on curV,es are calculated and plot ted 

after the final core configuration has been established. 

'lhey are used t hroughout the rest of the start- up tests . 

d . Calibrati on of' Period Met er 

Using t he rod calibration (:urves , a predetermined amount of 

excess reactivi ty i s inBerted . Using the I n-hour c urve.. the 

period c orresponding to that insertion can be determined and 

the period meter adjusted accordingly. 

... . Tests t o be Performed at Kigb.er Powers 

a. Check of I nstrument LinesTity by Going to Full Power i n 

Decade Steps 

Console instrumentation is c ompe.red with t he reference 

Keithley micromicroammet er readings . 

b . Power Calibrat ion by the Method of Rate ot Rise at Water 

Tet:ape:rature 
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Additional fuel is ~dded t o the core. The outer ring, 

G·rlng, ot the core (see the diagram in Figure 2*) will 

initially eontain the pneumat ic system term1.nu8 and graJ:hlte 

duUllDY elements _ 'llle F-nng v1..ll. contain graplrlte dummy el.emeDts 

and enough adjacent fUel elements to provide the specified 

excess reactivity. A preliminary differential control rod 

calibration , using measured periods and the In- hour curve 

(see Figure 3*) J 1s made during the loading of the excess 

reactivity. 

c. Final Calibration of Control Rods by the Period Method snd 

DetermioatioD of Final EXcess Reactivity. 

These accurate calibration curv.es are calculated and plotted 

a :rter the final core configuration has been established. 

'lhey are used throughout the rest of the start-up tests. 

d . Calibration of" Peri od Meter 

Using the rod calibration ~urves, a predetermined amount of 

excess reactivity i s inserted. Using the In-hour curve, the 

period c orresponding to that insertion can be determined and 

the peri od meter adjusted accordingly. 

4. Tests to be Performed at Righer Powers 

a. Check of Instrument Linearity by Going to Full Power in 

~C8de Steps 

Console ia.str<lmentation i8 compared with the reference 

Keithley IZIicromicroammeter readings. 

b. Power Calibration by the Method ot Rate at Rise ot Water 

Temperature 
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Reac tor hea<l; added t o the ,reter at a constant rate rai ses 

the "Water teurperatUl'e X degrees :per hour . This rate of' rise 

c ompared "'.;lH~h the rate of' rise ~or $ known kilowatt heat input 

(determined by electr i c heaters 1n the reactor tank) establishes 

t he reactor ,paver level . 

5. Acceptance Tests at Rated Power 

a. Demonstration ot Performance and Reliability of Reactor 

System by Operation at Rated Power 

b . Radiation Survey to De monstrate Adequacy of Reactor Shielding 

Readings n il be taken at dif":ferent post tiona at the 

t op of' the reactor tank over the vater, on the bridge , at the 

beam tubes, thermal column and exposure room doors, step in 

the shield, and various other points on the shield. 

e. Demonstration of PuJ.sing Performance of Reactor System 

The purpose of these measurements is to determine the 

pulse characteristics and to check the nv c ircuit ' s calibrated 

extrapolation from full steady state power. A high- speed 

recorder, calibrated potentiometer and a Ke ithley micromic r oammeter 

are used as auxiliary instrumentation. The high- speed recorder is 

used to give a graphic picture of the pulse , t he shape of 'Which 

can be compared with pulses from other TRIGA reactors . '!he peak 

power shown on the high- speed recorder is c ompared with the peak 

power information displayed on the console recorder to aSBure 

accurate calibration . Temperature information from thermocouples 

embedded in the fuel elements can be read out on both recorders 

and compared. PUlse dats are recorded under the headings shown in 
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Figure 4. * The reactor will be brought to peak pulsed 

power In gradual steps, and at each step, the observed 

pulse shape will be compared t o previous 'l'RIGA data as a 

prerequisite to further increase 1n reactivity insertion. 

* This Figure is included in G.A. IJEch. Bull. No. 122, but omitted here. 
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produced radioisotopes. KP.y members of the operating staff have not 
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in the adm1n1strative organization. 
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BRADLEY, WENDELL A., Electronics Development Technician 

Northeastern Okla. Jr. College, 1938-1939 (General Science) 
Nat ional Schools, 1950- 1952 (Automotive and Allied Mechanics 
Colorado Technical Institute, 1960- 1961 (Industrial Electronics) 

Technical Experience 

Gamma- ray logging instrument operator (uranium exploration) 
U.S.G.S . , 1950- 1952 

Field super vision of instrument operators and maintenance of 
electronics and mechanical equipment, U.S .G.S., 1952-1958 

Physical Science Technician, U.S.G.S., 1958- 1961 

Electronics Development Technician, U.S.G.S., 1961-

Technical Interests 

Development, maintenance, calibration of radiation detection 
systems inc luding Geiger and s c intillation detectors; scaters , 
ratemeters, and multichannel pulse-height analyzers. 

BRADLEY. WENDELL A. , Electronics Development Technician 

Northeastern Okla. Jr . College, 1938- 1939 (General Science) 
National Schools , 1950- 1952 (Automotive and Allied Mechanics 
Colorado Technical Ins t itute . 1960-1 961 (Industrial Electronics) 

Technical Experi~nce 

Gamma-ray logging instrument operator (uranium exploration) 
U.S.G .S . , 1950- 1952 

Field superv i sion of i nstrument oper ators and maintenance of 
electronics and mechanical equipment . U.S.G .S., 1952-1 958 

Physical Science Technician, U.S.G. S. , 1958-1 961 

Electronics Development Technician, U.S.G.S., 1961 -

Techni cal Interests 

Development, maintenance, calibration of r adiation detection 
sys t ems including Geiger and s c intillation detectors, scalers . 
ratemeters, and multichannel pulse-height analyzers. 



BUNKER, CARL M., Geophysicist 

B.S., Unlv. of Dayton (Ohio), 1951 (Geology) 

Professional Experience 

Phys i cist (optics), U. S. Air Force, 1951- 1952 
Geophysicist, U. S. Geol. Survey, 1952- present 

Professional Interests 

Application of gamma- radioactivity measurements to geologic 
studies, including gamma- ray logging, gamma- absorption 
density measurements, neutron-activatio~analysis of rocks 
and minerals, natural and induced radioisotope measurements 
by gamma- ray spectrometry. 

BUNKER, CARL M., Geophys icist 

B.S . , Univ. of Dayton (Ohio), 1951 (Geology) 

Professional Experience 

Physicist (optics), U. S . Air Force, 1951- 1952 
Geophys icis t, U. S . Geol. Survey. 1952- present 

Professional Interests 

Application of gamma- radioactivity measurements to geologic 
studies , including gamma- ray logging, gamma- absorption 
density measurements, neutron -act ivatio~analysis of rocks 
and minerals, natural and induced r adioisotope measurements 
by gamma- ray spectrometry. 



CLAASAN , HANS C. , Chemi s t 

M. S. , Mont ana Sta te Univ ., 1964 (Chemistry) 
B. S . , Univ . of Col orado , 1962 (Chemis try) 

Professional Exper i ence 

Teaching fe l lowship , Univ. of Colo . 1964-1965. 
Analytical Chemist , U. S . G.S . , Denver , March 1965. 

Professional Interes t s 

Development and use of methods for determining radioDuclide 
content of water and earth mater ial samples. Development 
of procedures for analyses of trit i um at levels as low as 3 
picocuries per milliliter. 

CLAASAN , HANS C., Chemis t 

M. S., Montana State Univ., 1964 (Chemist ry) 
B. S., Univ. of Colorado, 1962 (Chemistry) 

Pro fessiona l Experience 

Teaching fel lowship, Univ. of Colo . 1964-1965. 
Analytical Chemist, U.S.G.S., Denver, Karch 1965. 

Professional Interests 

Development and use of methods for determining radionuclide 
content of water and ear th material samples. Development 
of procedures for analyses of trit i um at levels 8S low as 3 
picocuries per milliliter. 



DOOLEY, JOHN RAYMOND , JR ., Physicist (Nuclear) 

M. S., Univ. of Denver, 1951 (Ma th . Phys. and Education) 
B. S., Regis College (Denve r) , 1949 (Math. Phys . and Philosophy ) 

Univ of Denver , 1943-1944 (Elec t. Engr.) 

Professional Experience 

Training instructor, physics. Lowry Air Force Base, 1951-1952 
Physic ist (Staff Member). Sandia Corp., 1952-1953 
Physicist, atomic, U. S. Geol. Survey, 1953- 1954 
Physicist, nuclear and molecular, U. S. Geo1. Survey, 1954-1958 
Physicist, nuclear, U. S . Geol. Survey, 1958-

Professional Interest 

Research on the physical. radioactive, and solid state 
properties of rocks, minerals, ~aters. and gases of geologic 
significance. Radium and radium- daughter analyses. 

DOOLEY, JOHN RAYMOND , JR., Physicis t (Nuclear) 

M. S., Univ . of Denver , 1951 (Ma t h . Phys. and Education) 
B. S., Regis College (Denver), 1949 (Hath. Phys . and Philosophy) 

Univ of Denver, 1943-1944 (Elect. Engr.) 

Professional Exper ience 

Training instructor, physics, Lowry Air Force Base, 1951-1952 
Physicist (Staff Member), Sandia Corp., 1952-1953 
Physicist, atomic, U. S. Geol. Survey, 1953- 1954 
Physicist, nuclear and molecular, U. S . Geol . Survey, 1954-1958 
Physicist, nuclear, U. S. Geo1. Survey. 1958-

Professional Interest 

Research on the physical, radioactive, and solid state 
properties of rocks, minerals, ~aters, and gases of geologic 
significance . Radium and radium- daughter analyses. 



GOLDBERG , MARVIN C., Chemis t 

B. A., Univ. of Colorado, 1955 (Chemist ry) 

Profess ional Experience 

1955, Chemist, U. S. Bureau of Mines, Tucson 
1956-58 , Military duty-5th Army, Medical Lab., Biochemical analyses 
1958, Analytical chemist, Colorado Assaying Co. , Graduate courses , 

Univ. of Denver. 
1959, Research Assistant , Univ. of Colo. 
1961 to pre sent , Analytical Chemist, U.S.G.S. 

Professional Interests 

Gamma spectrometry analyses and research for determination of 
pesticides and other organics in water. 

GOLDBERG , MARVIN C" Chemist 

B. A. , Univ . o f Colorado, 1955 (Chemistry) 

Professional experience 

1955, Chemist, U. S. Bureau of Mines, Tucson 
1956-58 , Mi l i tary duty-5th Army, Medical Lab., Biochemi cal analyaes 
1958, Ana lytical chemist , Colorado Assay~ag Co. , Graduate cour ses , 

Univ. of Denver. 
1959, Research Assistant, Univ. of Colo. 
1961 to present, Analytical Chemist, U.S.G.S. 

Professiona l Interes t s 

Gamma spectrometry analyses and research for determinat i on of 
pesticides snd other organics in water. 



JANZER, VICTOR J., Research Chemist 

B. S., Clarkson College of Technology, 1948 (Chemistry) 

Professional Experience 

Analytical Chemist , Wright Aeronautical Division, 1948-50 and 
1952-54. 
Military duty 1950-52. 
Graduate Ass istant and graduate study in chemistry and geology 

Univ . of Colorado 1954-57. 
Research Chemist, U.S.G.S., 1957 to date. 

Professional Interests 

Research regarding ion- exchange mechanisms and exchange properties 
af clay minerals and fluvial sediments; bydrologic transport of 
radioactive isotopes througb earth materials ; determination of 
radioDuclide occurrence and behavior in surface and ground water. 

JANZER, VICTOR J ., Research Chemis t 

B. S. , Clarkson College of Technology, 1948 (Chemistry) 

Pro fessional Experience 

Analyt i cal Chemist , Wright Aeronautical Division, 1948-50 and 
1952-54. 
Military duty 1950-52. 
Graduate Assistant and graduate study in chemistry and geology 

Univ. of Colorado 1954-57. 
Research Chemist, U.S.C.S., 1957 to date. 

Professional Interests 

Research regarding ion-exchange mechanisms and exchange properties 
o'f clay minerals and fluvial sediments ; b.ydrologic transport of 
rad i oactive isotopes through earth materials ; determination of 
radionucl ide occurrence and behavior in surface and ground water . 



JENNE, EVERETT A., SoU Scientist 

Ph.D., Oregon Sta te Univ., 1960 (Soil Science) 
M. S., Univ . of Nebraska, 1953 (Soil Science) 
B. S., Uni v . of Nebraska, 1952 (Soil Science) 

Professional Experience 

Post Doctoral Fellow, National Science Foundation grant project, 
IIRheology of non-ideal impressions, fI Oregon State Univ., 1960-62. 
Soil Scientist (Research), U.S.G.S., 1962 to date. 

Professional Interests 

Research regarding cation- exchange phenomena of soils and clay 
minerals and the kinetics of sorption-desorption reactions of 
heavy metals in the hydrologic-geologie environment. Research 
involves use of radioactive tracers and radiation analysis 
instruments . 

JENNE, EVEREl"I' A., Soil Scient i st 

Ph .D., Oregon State Univ., 1960 (Soil Science) 
M.S ., Uni v . of Nebraska , 1953 (Soil Science) 
B. S., Untv. of Nebraska , 1952 (Soil Science) 

Professional Experience 

Post Doctoral Fe l low, National Science Foundation grant proj ect, 
"Rheology of non-ideal impressions , II Oregon State Univ. , 1960-62. 
Soi l Scientist ( Research), U. S.G.S., 1962 to date . 

Professional Interests 

Research regarding cation-exchange phenomena of soils and clay 
minerals and the kinetics of sorption-desorption reactions of 
heavy metals in the hydrologic-geologie eavironment. Research 
involves use of radioactive tracers and radiation analysis 
instrumellts . 



JOHNSON, JESSE 0., Analytical Chemist 

Geological Engineer degree , Colorado School of Mines, 1941 

Profe8sional Experience 

Physical Science Aid, Chemistry, U.S . G. S., 1954 
Chemist , analytical , U.S . G.S. , 1955 to date . 

Professional Interests 

Development and use of methods for analysis of radium, uranium 
and radioisotopes of other elements in water and earth materials. 

JOHNSON, JESSE 0., Analytical Chemist 

Geological Engineer degree, Colorado School of Mines, 1941 

Profeaaional Experience 

Physical Science Aid, Chemistry, U.S.G.S., 1954 
Chemist , analytical, U.S.G.S., 1955 to date. 

Professional Interests 

Development and use of methods for analysis of radium, uranium 
and radioisotopes of other elements in water and earth materials. 



ROSHOLT~ JOHN N.~ Chemist 

Ph. D. , Vniv . of Miami (Florida), 1963 (Oceanography) 
H. S., Univ . of Miami (Florida), 1961 (Marine Science) 
B. S., Vniv . of Colo~.do, 1948 (Chemical Engr.) 

Professional Experience 

Chemist, U. S. Geol. Survey, 1948-present 

Professional Interests 

Radioelement analysis, radioactivity in deep-sea sediments, 
radioactive disequilibrium studies by alpha- and mass­
spec trornetry. 

ROSHOLT, JOHN N., Chemist 

Ph. D. , Univ. of Miami (Florida), 1963 (Oceanography) 
H. S., Univ . of Miami (Florida), 1961 (Marine Science) 
B. S., Univ. of Colorado, 1948 (Chemical Engr.) 

Professional Experience 

Chemist, U. S. Geol. Survey, 1948- present 

Professional Interests 

Radioelement analysis, radioactivity in deep-sea sediments, 
radioactive disequilibrium studies by a1pha- and mass­
spec trometry. 



SZABO, BARNEY J. t Chemist 

H. 5. , Univ. of Miami (Florida), 1966 (Oceanography- Chemistry) 
B. S., Univ . of Miami (Florida), 1961 (Chemistry-Math) 

Univ . of Sopron, 1948- 1950 (Mining Engr.) 

Professional Experience 

Chemist, Institute of Marine Science, 1957-1966 
Chemist, U. S. Ceol . Survey , 1966 to present 

Pr ofessional Interests 

Chemical oceanographic research , radioisotope dating, trace 
element analysis of sea water, sediment and marine organisms, 
geochemistry of radioactive elements in marine environment . 

SZABO, BARNEY J. t Chemist 

H. S., Univ. of Miami (Florida), 1966 (Oceanography-Chemistry) 
B. S., Univ , of Miami (Florida), 1961 (Chemistry-Math) 

Univ. of Sopron, 1948- 1950 CHining Engr.) 

Professional Experience 

Chemist, Institute of Marine Science, 1957-1966 
Chemist, U. S. Geol . Survey, 1966 to present 

Professional Interests 

Chemical oceanographic research, radioisotope dating, trace 
element analysis of sea water, sediment and marine organisms, 
geochemistry of radioactive elements in marine environment . 



TATSUMOTO, MlTSUNOBU, Chem~st 

Ph. D., Tokyo Univ. of Literature and Science,1957 (Geochemistry) 
Tokyo Uoiv. of Literature and Science, 1958 (Chemistry) 
Tokyo Higher Normal Sehool, 194~ (Physics and Chemistry) 

Professional Experience 

Research Associate, Tokyo Univ. of Education, 1958-1957 
Lecturer . Tokyo Univ. of Education , 1957-1962 
Post-doctoral Research Fellow, Univ. of Calif. (La Jolla) 

1957-1958 
Post-doctoral Research Fellow, Agric . and Mech . College of 

Texas, 1959 
Post-doctoral Research Fellow , Calif. lost. of Technology , 

1959-1962 
Chemist, U. S. Geol. Survey, 1962 to present 

Professional Interests 

Isotopes in upper mantle, lead isotopic composition of rock . 

TATSUMOTO, MITSUNOBU, Chemist 

Ph. D., Tokyo Univ. of Li terature and Science,1957 (Geochemistry) 
Tokyo Univ . of Literature and Science, 1958 (Chemistry) 
Tokyo Higher Normal Sehool, 194~ (Phys ics and Chemistry) 

Professional Experience 

Research Associate, Tokyo Unlv. of Education, 1958-1957 
Leeturer , Tokyo Univ. of Education, 1957-1962 
Post-doctoral Research Fellow, Univ. of Calif. (La Jolla) 

1957-1958 
Post-doctoral Research Fellow, Agric . and Hech . College of 

Texas, 1959 
Post-doctoral Research Fellow, Calif. lnst. of Technology , 

1959-1962 
Chemist, U. S. Geol. Survey , 1962 to present 

Professional Interests 

Isotopes in upper mantle, lead isotopic compos ition of rock. 



WERS8AW, RO BERT L., Geochemist 

Ph.D., University of Texas, 1963, (Geology) 
M. S., Calif. lust . of Tech., 1959, · (Geochemistry) 
B. S. , Texas Western College, 1957, (Geology) 

Professional EXDerience 

Geochemist, U.S.G.S., 1963 to date. 

Professional Interests 

Research regarding detergents, pesticides and other organic 
compounds in water , involving tracer studies employing 
radioact ive isotopes. 

WEBSBAW, ROBERT L., Geochemist 

Ph.D. , Univers ity of Texas, 1963, (Geology) 
K. 5., Calif. lust. of Tech., 1959, (Geochemistry) 
B. 5., Te~s Western College, 19S7, (Geology) 

Professional EXDerience 

Geochemist, U.S.G.S., 1963 to date. 

Professional Interests 

Research regarding detergents, pesticides and other organic 
compounds in water, iDVolvlag tracer studies employing 
radioactive isotopes. 
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RADIOLOGICAL ADVISORY COMMITl'EE 

0.0 The Radiol ogical Advisory Committee was established December 

1, 1959 to ensure and enhance safety against radiation hazards 

within the purview of t he Rocky Mountain Survey Committee of the 

U. S . Geological Survey, Denver Federal Center, Denver, Colorado 

and its associated fie l d projects. 

Membership 

l.0 The Radiological Advisory Committee, hereinafter referred to 

as the Committee, shall be composed of at least two members from each 

Survey Division that utilized i onizing radiation in its various 

proJects . Such members must meet A. E. C. requi rements. In addition, 

the Radiation Safety Officer (Heaith Physicist) shall be a 

permanent member of the Committee and shall act a s its Executive 

Officer . Alternates are designated for the Committee members to 

act in their absence. 

Functions and Responsibil i ties 

2.0 It is the responsibility of the Committee to insure the safe 

j 

I 
use of radioactive materials and 1on1z1ng- radiation-pDoducing devices 

and compliance vith current Federal and State regulations. 

, - 2.1 The Committee operates under a "Broad" By-products Material 

License granted by the U. S. Atomic Energy Commission. Under the 

conditions of this license, and to meet its responsibilities , t he 

Committee shall evaluate and appr ove safe uses of radiation. The 

Committee is not to restrict the use of radiation, rather, it is 

to be concerned with the task of maintaining the safety of personnel , 

operations and facilities involved with the use of ionizing radi ation . 

L-__ _ 

RADIOLOGICAL ADVISORY COMMITTEE 

0.0 The Radi ol ogical Advisory Committee vas established December 

7, 1959 t o ensure and enhance safety against radiation hazards 

within the purvie~ of t he Rocky Mountain Survey Committee of the 

U. S. Geol ogical Survey, Denver Federal Center, Denver, Colorado 

and i ts associat ed field projects. 

Membership 

LO The Radiol ogical Advi sory Committee, hereinafter referred to 

as the Commi ttee, shall be composed of at least tvo members f r om each 

Survey Divi sion that utilized ionizing radiation in its various 
, 

projects . Such members must meet A.E.C. requirements. In addition, 

the Radiation Safety Officer (Health Physicist) shall be a 

permanent member of the Committee and shall act as its Executive 

Officer. Alternates are designated for the Committee members to 

act in t he i r absence. 

Functions and Responsibilities 

2 .0 It is the responsibilit y of the Committee to insur e the safe 

j 

I 
use of radioactive materials and i onizing-radiation- pcoduc i ng devices 

and compliance Wit h current Federal and State regulations . 

The Committee operates under a "Broadn By-products Material 

License granted by the U. S. Atomic Energy Commission. Under the 

conditions of this license, and to meet its responsibilities J the 

Committee shall evaluate and approve safe uses of radiation. The 

Committee 1s not to restrict the use of radiation, rather, it is 

to be concerned with the task of maintaining the safety of personnel, 

operations and facilities involved with the uae of ionizing radiation. 
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i 

2.2 

2·3 

2.4 

2·5 

2.6 

The Conn:ni 't;t~ <:" oh<lll ::'0<. rest ri ct its scope to t he safe use of' 

licens ed. ms. Ge:r- :~~l orl1y. It. is concerned with all radiological 

hazardo ~hich i nc lude naturally occurring radioieotopes and 

radiation device s. {e . g . - X- ray machines, neutron generators, 

etc. ) 

The Commi t t ee shall exercise this authority throughout the 

u. S. Geologic~l Survey, Denver, Colorado and its associated field 

projects . 

The Committee shall be available for advice and assistance 

on radiol ogi cal probl ems and shall make information available to 

interested par t ies concerning the A.E.e. regulations under which 

it operates. 

The Committee shal l maintain records necessary to complete 

its responsibilities and to comply with Federal and State regulations . 

These records wi ll include the following: 

a) radi ation inventory and disposal records 

b) radiation sur vey and personnel monitoring records 

c) Committee records of actions including application 

approvals, conditions and recommendations, etc. 

The Executive Off icer shall prepare and hold these records in 

the form of a pe rmanent file. These records will be available for 

inspection to the Atomic Energy Commission and to i nterested individuals. 

A copy of the minutes of the Committee meetings will be furnished 

to each member, to the Chairman of the Rocky Mountain Survey Committee, 

the Denver Survey Safety Committee, and t he Washington Safety Committee . 

The original shal l be retained by the Executive Officer. 
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The Commit~~~ ohal l ~o~ r~s~rlct its scope to t he safe use of 

l lce:as ed. ma.::.e.::-::' a l orl1y. It. is concerned with all radiol ogica l 

hazardo whIch i nclude natur ally occurring radioi8otopes and 

radiation de vi ces. l e . g . - X- ray machines, neutron generators, 

etc. ) 

2. 2 The Committee shall exerci se this authority throughout t he 

U. S. Geologies! Survey, Denver , Colorado and its associated field 

project s . 

2·3 The Committ ee shall be available for advice and assistance 

on radiological pr oblems and shall make informati on available to 

interested part i es concerning the A.E . C. regulations under which 

it operates . 

2.4 The Commi t tee shall maintain records necessary to complete 

its re spons i btllt1.es and t o comply with Federal and State regulations . 

These r ecor ds will i nclude the f ollowing : 

a) radiation i nventory and disposal records 

b) r adia t ion sur vey and personnel monitoring records 

c) Committee records of actions including application 

approvals , conditions and recommendations, etc. 

2·5 The Executive Officer shall prepare and hold these record s i n 

the f orm of a permanent file. These records will be available f or 

inspection to the Atomi c Energy Commission and to interested individuals. 

2.6 A copy of the minutes of the Committee meetings will be furnished 
I 

I 
to each member, to the Chairman of the Rocky Mountain Survey Committee, 

I the Denver Survey Safety Committee, and the WaShington Safety Committee . 

The or i gi nal shal l be retai ned by the Executive Officer. 
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4.1 

Administrative Procedures 

The Committee shall meet regularly, as may be required , f or the 

purpose of accepting, r eviewing and acting upon proposed uses of 

r adiat10n and othe r matters at bUSiness that may occur. Bus i ne ss 

between sessions may be handled by letter or by spec ial meetings . 

Special meetings may be called at any time by the Chai rman or Ac t i ng 

Chaiman. 

Officers of the Committee shall be the Chairman, elected in 

January of each year, and the Executive Officer, a permanent post 

held by the Health PhySicist . The Chairman shall call and conduct 

meetings. In his absence, the Executive Officer shall preside. 

A quorum of ~ of the members constitutes a valid Committee 

action. When a vote of the Committee 1s required, a minimum a~proval 

of two-thirds of the members present will be necessary. 

Applications for Radiation Usage 

Each existing or proposed project within the U. S. Geological 

Survey, Denver, Colorado that intends to use or generate ioni zing 

radiation must recei ve the approval for such usage from the Commi ttee 

in writing. 

Exist i ng projects that are currently licensed under other A. E. C. 

Specific By-·Product Material licenses that will be incorporated into 

the broad license may be granted Committee approval, based in part 

on the Health PhySicist's recommendations. The approval will be 

effective on the starting date of the nBroadn license under whi ch 

the Committee operates . The need for an initi al application by. such 

a project to the Committee is waived. 
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The Camll i ttee shall meet regularly, 8S may be required, for the 

purpose of accepting, r eviewing and acting upon proposed uses of 

r adistlon and other matterB at business that may occur. Business 

between sessions may be handled by letter or by special meetings. 

Special meetings may be called at any time by the Chai rman or Acting 

Chairman . 

Officers of the Committee shall be the Chairman, elected in 

January of each year, and the Executive Officer, a pe rmanent post 

held by the Health PhySicist . The Chairman shall call arid conduct 

meetings. In his absence, the Executive Officer shall preside. 

3.2 A quorum of ~ of the members constitutes a valid Committee 
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Bction. When a vote of the Committee 1s required, a minimum approval 

of two·tbirds of the members present will be necessary. 

Applications for Radiation Usage 

Each existing or proposed project within the U. S. Geologi cal 

Survey, Denver, Colorado t hat intends t o use or generate ioni zing 

radiation must receive the approval f or such usage from the Commi ttee 

in writing. 

Existing projects that are currently licensed under other A. E. C. 

Specific By--Product Material l icenses that will be incorporated into 

the broad license may be granted Committee approval, based in part 

on the Health Physicist's recommendations. The approval will be 

effective on the starting date of the "Broad" license under which 

the Committee operates. The need for an initial application by such 

a project to tbe Committee is waived. 
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The Commi ttee shall approve an application for radis·tion us age 

or generation vben it has determined that potential or real radiation 

haza rds are safely controlled 1n accordance with current Federal and 

State regulations, and tha t the individual s or groups i nvolved ar e 

qualified to safely handle the radiation. 

All individuals or groups desiring Committee approval must 

submit sufficient information to enable the Committee to make an 

adequate evaluation . Particular emphaSis will be placed upon the 

following items which must be included 1n t he application: 

a) The amount, form and use of the radiation to be used 
or generated. 

b) A list of safety procedures and precautions that have 
been or will be instituted prior to the start of the 
project to insure the compliance of Federal and State 
regulations. 

c) The location or place of use. 

d) The names of the individuals responsible for safe 
usage and regulations compliance. 

e) Experience and training of the individuals that wi l l 
supervise and/or use the radiation . 

f) Radiati on protection, detection and monitoring equipment 
and facilities to be used. 

g) Where practical, an estimate of the waste to be genera ted 
by the project and the manner in which the waste is to be 
controlled . 

(AEC form #313 offers an excellent guide to follow. Copies are available 
from the Executive Officer.) 

Conditions for safe use of radiation made by the Committee in 

granting approval to a r adiation usage application will be binding 

upon the individuals responsible for the project. Non- compliance 

with these conditi ons shall be grounds for Committee action to suspend 

such project activity until compliance can be reestablished and 

reapproved by the Committee. 

4.2 

4·3 
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The Committee shall approve an application for r adiation u s age 

or generation ¥hen it has determined that potentiel or Teal rad i ation 

ha vards ar e saf~ly controlled 1n accordance with current Federal and 

State regulatlons 1 end that the individuals or gr oups i nvolved are 

qualified to safely handle t he radiation. 

All indivi duals or groups desiring Committee approval must 

submit sufficient information to enable tbe Committee to make an 

adequate evaluation. Particular emphasis will be placed upon the 

follaw1n& i tems which must be included in the application: 

a) The amount} form and use of the radiation to be used 
or generated. 

b) A list of safety procedures and precautions -that have 
been or will be instituted prior to the start of 'the 
project to insure the compliance of Federal and Stat e 
regulations . 

c) The l ocation or plece of use. 

d) The names of the individuals responsible for safe 
usage and regulations compliance. 

ej Experience and training of the individuals that wi l l 
supervise and/or use the radiation . 

f) Radiation protection, detection and monitori ng equipment 
and faci lities to be used. 

g) Where practical, an estimate of the waste to be gener ated 
by the project and the manner in which the waste 1s to be 
controlled . 

(AEC form #313 offers an excellent guide to follow. Copies a r e available 
from the Executive Officer.) 

Condi tions for safe use of radiation made by the Committee 1n 

granting approval to a r adiation usage application will be binding 

upon the individuals responsible for the project. Non-compliance 

with these conditions shall be grounds for Committee action to suspend 

such project activity until compliance can be reestablished and 

reapproved by the Committee. 



4·5 

4.6 

4.8 

4.9 

In the event that the Committee does not approve an application 

the indivi dual may submit a new application . Upon the request of any 

individual, a review of the Committee refUsal shall be submitt ed to 

the Washington Safety Committee for recommendations by that group. 

Any projer. t activity suspended by the Committee for non­

compliance of safety conditions may appeal such stoppage to the 

Committee. Appea~s shall be made within 60 days of such acti on . 

The effective t ime period of Committee approval of a project 

activity will be based on the needs of that project . However , t he 

Committee shal l not have authority to grant approval time periods 

for uses of by- product materials beyond the expiration date of 

the A.E . C. Broad license under which it operates . In addition, 

a 7eview of each current Committee approval will be conducted by 

the Committee annually. 

Renewals of proj ects ppeviously granted Committee approval 

will be made by the Committee, providing that past safety measures 

and appropri ate regulations have been maintained. Applications 

for renewal shall be made to the Committee in writing, describing 

the project . 

Amendments may be made at any time to existing project approvals 

by the individuals concerned, by applying to the Committee. Applica­

tions for amendments shall be submitted to the Commi t t ee in writing 

and shall contain applicable information referred to in part '4 . 3 

(a - g) of this document. 

4.10 All correspondence that requires Committee action will be placed 

on the Commi~tee Agenda in the order that it is received. 
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6.0 

6.1 

6.2 

Procurement of Radioactive Material 

No project shall procure or possess radioactive materials , 

including "cl assif ied" material, without obtaining project approval 

by the Committee. The requisition form shall contain t he signature 

of the Execut i ve Officer f or purposes of insuring compliance with 

existing maximum possession limits, prior to the placement of th~ 

order by the purchasing officer. In the absence of the Executive 

Officer, the Chai rman of the Committee shall sign the r equisition . 

Inventories 

Current inventories of radioactive materials and devices are 

necessary to comply with current Federal regulat i ons and/or to i nsure 

the safety of Survey personnel and property. The Bxecutive Officer , 
shall prepare and maintain the inventory file . 

An inventory shall be made twice a year unl ess otherwise 

designated by the Camnittee. The inventory shall include the 

following information: 

a) l ocation 

b) ownership and the name of the person to whom the source 
was issued. 

cJ type, form and strength of the 
date of activity measurement). 
be included. 

d) A.E.C . license number, if any. 

sources including the 
Radioactive waste must 

Throughout the year, the Executive Officer shall be informed 

of subsequent radioactive material arrivals or disposals. This will 

enable a running inventory of Survey possession amounts and will help 

to prevent exceeding maximum posses~ion limits contained in ourrent 

licenses. 
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7·0 

7·2 

RADIATION SAFETY OFFICER 

The Bureau Sa f ety Off icer will act as the Radiation Safety 

Officer and will be refer red to as the Health Physicist. 

The Health PhYS i cis t shall be responsible for supplyi ng the 

common servi ces necessary f or a safe radiation program within the 

U. S. Geol ogi cal Survey, Denver, Colorado and its associated fi eld 

projects. Thi s r esponsibility shall include the f ollowi ng : 

a ) To hold the position of Executive Officer of the Radiological 

Advisory Committee and the duties associated with that position. 

b) To maintain a central file of records of the use, storage 

and disposal of radioac t ive materials as required by t he Atomic 

Energy Commi ssion. This will include radiation inventory records , 

personnel exposure records, etc. 

c) To conduct radiation surveys at times necessary to insure 

that work is be i ng conducted in a safe manner in accord wi th recognized 

procedures conta i ned i n t he Committee project approval and current 

Federal regulations . 

d ) To det ermine and direct procedures to be followed in any 

radiologi cal emergency . This may include direction of per sonnel 

involved i n t he emergency t o be attended by the Survey Heal th Unit 

f or observat i on and treatment . 

The Health Phys ic ist, on instruction from the Committee , shall 

have authority to suspend any project handling radioactive materials 

in a manner that violates personnel safety condit i ons set f orth by 

the Committee and contained in current regulations . ( l OCFR20, etc) . 

The Health Physicist shall make a detailed report of such action t p 

the Committee. It then becomes the responsibility of the Committ ee 

to act upon the suspens ion and the appeal, if forthcoming . 
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7·4 

To faci l i t ate di r ect responsibility for radiation safety over 

field projects , t he Health Physic ist shall appoint a competent 

individual to act f or the Health Physicist to insure the safe use 

of radiation duri ng t he time that the project 1s in the field. 

Such individual shall have the same authority and responsibilities 

for the r adiation safety progr am of the particular field project 

as the Health Phys icist. 

In addition to responsibilities, the Health Physicist provides 

certain services. These include: 

a) advice 

b) procedural supervision when necessary 

c) calibration of monitoring equipment 

d) the conduct of surveys on request of the radioactive 
material users ss an aid in conducting a program 

e) special Committee requests relative to the radiological 
health situation within the Survey . 
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1.0 

1.1 

1.2 

HADIATION PRO=ION PROCEDURES 

General Instructions 

The proc~dures and instructions contained herein shall be 

follo~ed by all personnel handling or us ing radioactive materials 

or devices . These procedures are necessary for the following 

reasons: 

a) To insure the s a fety of personnel and facilities 

b) To obtain the maximum amount of information from 
the application of radiation 

c) To retain our privilege of employing radiation which is an 
integral part of our program 

Although t.he sources of radiation in our possession are used 

for scientific investigations, the concern for the health and safety 

of both user and non-user personnel must be greater than the interest 

in achieving scientific objectives. 

Radiation must not be used in a manner that would constitute a 

real or potential hazard to personnel and property greater than 

currently accepted limits. There are several sources of informa tion 

that recommend acceptable limits. The most important ones are: The 

Federal Radiation Council, U. S. Atomic Energy COmmission, National 

Committee on Radiation Protection and Measurements (NCRP) and the 

International Commission on Radiological Protection (ICRP). The basis 

for the formulation of these RADIATION PROTECTION PROCEDURES are 'the 

current regulations and recommendations contained in the Code of Federal 

Regulationa, Chapter 10, parts 20 and 30. These will serve as guidelines 

in setting up a radiological safety program that will adequat ely serve 

the needs of the U. S. Geological. SurveYJ Denver" Colorado. From the 

previously mentioned sources, the following personnel exposure limits 

have been adopted by the Radiological Advisory Committee: 
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1.3 

1.4 

1.5 

1.6 

1.7 

2.0 

DOSE LIMITS PER CALENDAR QUARTER 

A) Whole Eody : (Head & trunk, active blood·forming 
orgwls, lens of eye , gonads} • • .. . .. .. 1.25 r em 

B) Hands & f orearms, feet & ankles . ...... .. .. ..... . .. 18.75 r em 

c) Skin o f "Ihole body . ..........•... ••...••• . • . • .. ..• . 7.50 rem 

An indi vidual may be penni tted to be exposed to no more t han 

three r em to the whole body in anyone calendar quarter providi ng the 

whole body dose, when added t o the accumulated occupational dose to 

the whole body, shall not exceed 5(N - 18 ) r erns, where N is the 

individual's age at thi s last birthday. To be permitted to receive 

up to three rerns i n any one calendar quarter, the individual's 

occupational accumulated dose must be computed on A.E. C. form # 4 . 

Exposure to minors (under age 18) is discouraged. However, 

no minor shall be permitted to be exposed t o doses greater than 

1/10 those listed above . 

Under emergency conditions, an individual may be permitted 

to be exposed to a whole body dose of 25 rems. This shall be per-

mitted only once in the person's lifetime . 

For the accepted concentration limits of radionuclidea in 

air and water , refer to 10 CFR 20. 

If it becomes necessary to handle r adiation in a manner not 

described herein, consult your supervisor for further inst r uctions . 

Your supervisor will then contact the Health Physicist for advice 

on safe usage. 

Responsibilities of Supervisors 

The individual who supervised work which utilizes radiation 

has in addition to his usual duties, the following r esponsibilities: 

A) To be aware of the nature and hazards of ionizing radiation 
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3·0 

3·1 

3·2 

3·3 

B) To enforce the personnel rules of this manual. 

c) To see that necessary equipment for working sarely 
wi th r adiation 1s available to and used by personnel . 
(The Health Physicist may be consulted for specific 
r ecommendations . ) 

D) To i mmediatel y r eport all radiological health emergencies 
t o the Healt h Physici st. 

E) To i nform new employees of radiation protection . Thi s 
appHes to all individuals who have occasion t o enter in 
areas which are classed as Radiation Areas. The Health 
Phys i cist will aid in this education if requested . 

F) To see that r adioactive materials used under his supervision 
are handled and di sposed of in accordance with the provisions 
contai ned in the Radiological Advisory Committee project 
approval . 

Handling Radioactive Materials 

Sealed Sources 

External radiation levels must be kept to a minimum at all 

t imes . Sealed sources and radiation producing devices both enter 

into the category of external sources of radiation. 

For maximum safety , the following principles should be applied: 

A) Time : Keep the exposure time to a minimum 

B) Distance: Keep as great a distance as practical from the 
source of radiation. 

c) Shiel ding : {Ttilize the maximum practical amount of shielding 
between the source and personnel that is commensurable 
wi th project activity. 

When handling sealed radioactive sources, avoid having the source 

come in contact with any part of the body. Use t weezers or tongs to 

handle the source and when practical , hold it at arm's length t o place 

it at a great er dist ance. 

Take care not to subject the sealed source to excessive mechanical 

or thermal shock. 
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3. 4 

3·5 

3·6 

3·7 

4.0 

4. 1 

A leaky or fragmented source can present a real health hazard . 

For this reason, each sealed source of activity greater than one 

microcuries shall be lea~·tested by the Health Physicist at intervals 

not exceeding six months or whenever leakage is suspected. 

The Health Physicist shall conduct the leak- tests in accordance 

with A.E.C . regulations. A source will be considered leaky or 

contaminated if 0.005 microcuries or more of removable beta and/or 

gamma activity is detected . A pure alpha emitting source will be 

considered leaking or contaminated if the alpha count is ten times 

background or 500 dpm/1OO cm2 , whichever is lower. 

The A.E. C. shall be notified of all leaky or contaminated 

sources by the Health Physicist in accordance with applicabl e 

regulations. 

The Health Physicist shall maintain a record ·of all leak-tests. 

These records shall be available for inspection. 

Open Sources 

Radioactive materials t~at are not sealed and are greater 

in activity than t he levels for which only a general license is 

required (see 10 CFR 30) shall be considered open sources. Open 

sources present additional problems of contamination and human 

internal deposition that are not present with sealed sources. 

The following safety precautions shall be followed when 

working with open sources: 

.A) No eating in usage areas. Smoking may also be prohibited. 

B) Wear rubber gloves when handling open sources. other 
protective apparel mB¥ be specified. 

C) Do not pipette by mouth • .• use syringes, rubber bulbs or 
other mechanical devices 
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5·2 

5·3 

D) After handling open sources, ~ash hands and arms before 
handling any object that goes to the mouth, eyes or nose. 

E) When possible, work with open sources inside exhaust 
hoods or glove boxes . 

F) Keep or transport hi gh level open sources in such a manner 
as to prevent spillage or breakage (e.g.,: double 
containe~s , t rays to contain possible spills, etc. ) 

Control of Contamination 

Cleanliness and or derliness ere two of the most important 

methods of curbing contamination . Keep the work area neat and clean, 

free from equipment and mat erials not necessary in the operation . 

Trays, preferably of stainless steel, covered with absorbent 

material are r ecommended to collect contaminants in the event of' a 

spill . If contamination is suspected, contact the Health Physicist . 

The Health Physi cist will survey the area and persons involved to 

determine the degree of contamination and to institute proper clean- up 

procedures. 

Any area emitt i ng greater than two mill i rem/hour at the surface 

is considered contaminat ed. An area emitting over 10 millirem/hour 

at the surf'ace is ser io11s1y cont aminated. In the case 'of alpha emitters, 

2 an area shall be considered contaminated if the count i s 500 dpm/lOO em 

or 10 times background, vhichever is lower. 

After coming in contact with open sources and before leaving 

the work area, check clothing and body for contamination . Each 

employee is responsible for his own contaminat ion check. 

Equipment such as glassware that comes in contact with open 

sources should be kept separate from other equipment. Once used for 

radioactive substances, it should not be used for other work and should " 

not be sent to other areas until it is demonstrated to be free from 

contamination . It.is recommended that a separate storage cabinet or 
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area be provided for such equipment. 

Surveys 

Periodic surveys shall be conducted by the Health Physicist 

or his aides to detect areas of radiation hazard and contamination . 

A record of such s urveys will be maintained by the Health Physicist. 

An area i n which a whole body radiation dose of gr eater than 

5 millirem/hour if t he person were continually present or 100 millirem 

in any 5 consecutive days shall be considered to be a r adiation area 

and shall be so posted . 

An area in which a person could receive 2 millirem/hour or 

greater if cont inually present or 100 millirem in seven consecutive 

days shall be considered a restricted area for purposes of radiation 

protection. It shall be rest ricted to authorized personnel, only. 

An area in which a person, "if' continually present, could receive 

greater than 100 millirem/hour shall be considered a high radi ation 

area and shall be posted as such. 

Per sonnel Monitoring 

Any person working in a restricted area and is expected to 

receive greater t han 25~ of his quarterly dose limit shall be 

monitored . Other individuals may be monitored at the discretion 

of the Health Physicist . 

Personnel monitoring i s accomplished through the use of film 

badges. 1n high radiation areas or when working with large s ources 

of radiation, the person should also wear two condens~r-type self­

r eading dosimeters . The use of self-reading dosimeters provides an 

instant check on the cumulated radiation dose and helps to prevent 

overexposure if it is read several times during the operation. Two 
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dosimeters worn simultaneously negates any charge loss due to 

a faulty dosimeter . Charge loss results in high readings, 

therefore, if a difference in dosimeter readings occurs, the lower 

reading is to be taken as most accurate . 

A record of personnel exposures as determined by film-badge 

reports shall be maintained by the Health Physicist. The results 

of these reports are available to individuals upon request. 

If an overexposure occurs, the Health Physicist shall inform the 

individual, i nvestigate the c ircumstances and shall not permit 

'~ the individual to return to radiation work until his accumulated 

radiation exposure is again within limits. Overexposures shall be 

reported to the Radiological Advisory Committee ,by the Health Physicist . 

The Health Physicist may require individuals to take periodic 

bioassay tests, especially upon discovery of high radiation doses, 

accidents or other radiological emergencies. 

Storage and Shipment 

Radioactive materials shall be stored in such a manner as to 

reduce the associated radiation field to an acceptable level . 

Radiation signs shall be conspicuously posted to inform individuals 

of the hazard that is present. 

When not i n use , the containers in which radioactive materials 

are present, shall be kept in an area not readily accessible to casual 

per sonnel and shall be properly labeled in accordance with 10 CFR 20. 

Radioactlve gases or materials with radioactive gaseous 

daughters shall be stored in gas -tight containers and must be kept 

in areas with good ventilation. 
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Open sources should be stored in such a manner as to contain 

the material 1n case of spillage or· breakage. 

Radioactive materials to be shipped outside of the Federal 

Center shall comply with A.E.C. and I.C.C. shipping regulations. 

The Health Physicist shall provide advice, information and packing 

supervision to persons who desire it . 

When radioactive materials or radiation producing devices 

are received, at the Federal Center, the Survey Shipping department 

shall notify the Health Physicist. He shall determine if he needs 

to be present to supervise the opening and initial handling of the 

material. 

Waste Disposal 

The disposal of radioactive wastes must be controlled for the 

safety of Survey personnel and the general public and to protect 

Survey property. Disposal shall conform to Federal and State regula~ 

tions, especially those contained in 10 CFR 20. Disposal shall be 

con~rolled by the Health Physicist. 

Radioactive wastes shall be considered to be solid materials 

contaminated to 1 millirem/hour or more and radioactive solutions 

no longer desired. 

Each area creating radioactive waste shall have at least one 

radioactive waste container. The container shall be properly marked. 

Radioactive wastes of short half- life m8lf be held until the 

activity is insignificant. 
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safety of Survey personnel and the general public and to protect 

Survey property . Disposal shall conform to Federal and State regula~ 

tions J especially those contained in 10 CPR 20. Disposal shall be 

con~rolled by the Health Physicist. 

Radioactive vastes shall be considered to be solid materials 

contaminated to 1 millirem/hour or more and radioactive solutions 

no longer desired. 

Each area creating radioactive waste shall have at least one 

radioactive vaste container . The container shall be properly marked. 
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other radioactive waste shall be periodically transferred 

t o Dow Chemical Company, Rocky Flat6, Colorado for disposal. 

A record shall be kept of all radioactive waste disposals , 

by the Health Physicist. 

Future conditions may warrant a different mode of waste 

disposal . The Health Physicist shall be responsible for determining 

the proper procedure in accordance with AEC and other Federal and 

State regulations. 

Acc i dents and Emergencies 

The term "radiological health emergency" shall apply to any 

incident pursuant to the use of radiation which produces an overexposure 

to an individual or which produces contamination of personnel and/or 

areas . This includes minor as well as major incidents. 

Notify your supervisor and/or the ·Health Physicist immediately 

in the event of any radiological health emergency. 

Upon notification, the Health Physicist shall take immediate 

steps to remedy the situation. 

The individuals causing contamination have the responsibility 

of performing the major portion of the decontamination. This must 

be done under the supervision of the Health Physici st. 

Of prime consideration in an emergency is the confining of 

contamination to as small an area as possible and keeping personnel 

exposures to a minimum. This can be accomplished by the f ollowing 

procedures : 

A) Do not allow newcomers to enter the area unprepared. 

B) Permit no one to leave the contaminated area without cl ean 
footwear or being monitored to demonstrate no comtamination. 
An exception will be made in cases to prevent over- exposure. 
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c) Prevent the f l ow of activity wlt'h liquid carr i ers, raised 
barriers (putty 1 etc. ) , apply absorbers, seal cracks in 
the floor, desk tops , etc. 

·D) If contamdnation is air-borne and a respirator i s not 
readily available, hold breath or cover nose and mouth 
with a wet handkerchief, close windows and doors , shut 
off fans or air-conditioners and leave the area as 
quickly 8S possible. 

E) Do not turn on ventilating equipment. 

F) Reroove contaminated clothing and place 1 t in a r eceptacle 
designated for this purpose. 

If open wounds are contaminated, immediately flush the wound 

with water, preferably under a running tap . The Health Physicist may 

elect to use additional measures but i mmediate flushing wl~h water 1s 

usually most effective . 

If ingestion of radioactive materials has occurred, make the 

person vomit. Repeated vomit i ng should be induced and the person should 

drink 2 - 4 glasses of lukewarm water between inducements . 

Emergencies invol ving high levels of radiation should be 

monitored at all t imes to prevent overexposure of individuals 

taking part i n emer gency procedures. The Health Physicist may 

designate an individual to be responsible for the specific monitoring . 

task. 

The Healt h Physicist will maintain a record of all radiological 

health emergencies and the action that was taken . If AEX:: regulations 
, 

require, he shall notify the AEC in conformance with the applicable 

regulations. 
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quickly a s possible . 
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F) Remove contaminated clothing and place it in a r eceptacle 
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If open wounds are contaminated, immediately flush the wound 

with water, preferabl y under a running tap . The Health Physicist may 

elect to use addit ional measures but immediate flushing with water 1s 

usually most effect ive . 

If ingestion of radioactive materials has occurred, make the 

person vomit . Repeated vomit i ng should be induced and the person should 

drink 2 - 4 glasses of lukewarm water between inducements. 

Emergencies involving high levels of radiation should be 

monitored at all t i mes to prevent overexposure of individuals 

taking part in emer gency procedures . The Health Physicist may 

designate an individual to be responsible for the specific monitoring . 

I.: task. 

10.8 The Health Physicist will maintain a record of all radiological 

health emergencies and the action that was taken. If AEC regulations 

require, he shall notify the AEC in conformance with the applicable 

regulations. 
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BUILDING 15 
DENVER FEDERAL CENTER 

DEN'VER, COLORADO 

Al'PENDIX 9-II 

RADIATIOII IDNI'roRml SlSTDi 

pB-Rm-8 

16A-l. SCOPE. This section or theBe spec i:t'ications includes t he furn ishing 

and installation o~ a complete radiation monitoring system 88 specified here-

1n and 88 shown on the draw1.ng. 

16A-2 . GENERAL. 

8. '!he purpose of the radiation tDODitorlng system is to provide radia-

t10n safety tor the occupe.nts of the Nuelear Science Building and to control 

radiation intensity l evels in different parts ot the building where excessive 

radiation i ntensity might interrere witb the scientific program . To meet 

these objectives, the system must provide visual and audible indications of 

the radiation i ntensity at each detector to warn personnel 1n the immediate 

vicinity of the detector when t he radiation intensity has exceeded an 

acceptable level. At the same time, an indication of excessive radiation 

!lUst be provided to the health physicist or other desigoated individual at a 

central D:>nitoring stati on. 

b. The monitoring system Bupplied "shall detect nuclear radiation, 

De8Sure quantitatively the e.mount of radiation, and provide visual and audible 

warning when any or all detectors are s ubjected to ra~tion intensities ex-

ceed1ng l evels preset by the use r . 

c. All components spec ified herein, plus any others required to provide 

an operating system, shall. be supplied by the Contractor. I nstallation may be 

accolUpltshed by an electrical. Subcont;ractor under direct supervi sion and 

control of the Contractor . The Contractor shall supply complete circuit 

d1asrsms, 1nstruct1ons , and all pert1nent 1nformat1on reqUired to fac1l1tate 

the installation and to repair mal.:tunctlons in any part of the s ystem. 
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d. The specii'lcat1c)!la coutahled herein and related to components are 

to be considered as minimuIl!; the liystem and components !DUst meet or exceed 

the performance requirements. The ~omponeats must be compatible electroni­

cally to operate as a 6yatem~ 

e . The system muat operate on 115 vo~t, 60 cycle power . In the event 

of' an external pcrwer f'ailure , the system must return automatically to proper 

operating conditions when the external power is restored. 

f. '!be detection and monitoring system 1s , for the purpose of t hese 

specif'ications, div ided into t w groups herea:rter referred to as System A 

and System B. '!be primary dif'ferences in the two systems are that (1) 

System A measures onJ.y gamma. radiation at lower intensities than may be 

measurable with System B, (2) the components for each detection station of 

System A must be constructed in a single package, and in System B the detectors 

are separated 1'rom their monitoring packages, and (3) the components at each 

detection station in System A must be constructed in an esthetically acceptable 

J8Ckage . 

g. All detectors and monitoring units are to be semi-permo.nently mounted 

on walls and laboratory benches or suspended from the ceiling . Construction 

of' the components shall permit conveni ent withdrawal of modules from racks or 

disengagement :from brackets to service or adjust components of the system. 

h . All wrning lamps , lights, or indicators must be clearly visible at 

a distance of at l east 30 feet when fluorescent lighting incident on them is 

as much as 500 foot- candles. 

1. All audible warni ng devices !'Inlst emit a distinctive tone , warbl.e , or 

other sound which can be beard clearly above office and laboratory be.ckground 

noi.e, and at a distance of at least 30 teet. 

9- II-2 \ 

d. 'lbe spaci:t'iclltil,)Da coutaiu.ed herein and related to comp:>neots are 

to be coosidered as minimum; the ~ystem and components must meet or exceed 

the performailCe requirements. The cOlII:P"oems must be compatible electroni­

Cally to operate 88 & system. 

e . The system IlIUB't o~rate 00 115 voJ.t, 60 cycle power. In t he event 

at an external. pawer t'ailure , the syetem. must return automatical.l.y to proper 

operating conditioos 'When the e;rtero.al power is restored. 

t. The detection and monitoring system is , tor the purpose of these 

apeci:rications, div1ded i to t-.ro groups herearter referred to as System A 

and System B. 'nle prima...-y d:1f'ferences 1n the two systems are that ( 1) 

System A measures only gamma radiation at lower intensities t han may be 

measurable with System B, (2) t he components for each detection station of 

System A IlUst be constructed in a single package, and in System B the detectors 

are separated :t'rom their lDOoitoring paekages, and (3) the components at each 

detection statiOD 1n System A IilUSt be constructed in an esthet1cally acceptable 

_!<age. 

g. All. detectors and mon:l.toring units are to be semi-permo.nentiy mounted 

on walls and laboratory bellche Ei or sUB~nded from the ceil1ng. Construction 

or the components shall permit convenient withdrawal. of modules from racks or 

disengagemeot f rom brackets to service or adjust components of t ile Elystem. 

h . All. warning lampD,1 lishts, or indicators must be clearly n sibl.e at 

8 distance of a t ~eaBt 30 teet when t~uorescent ~igbting incideot on the~ is 

as aruch as 500 foot-ca ndleG. 

1 . Al.l audibl.e warning devices IIntSt emit a distinct:1ve tone J warbJ.e, or 

other Bound which can be beard ~learl.y above office and laboratory be.cltgroqDd 

D.olae , and at a distance of' at least 30 teet. 

9- II-2 \ 



j . Bids a re accepta01.e onl:/ on an "all or none" basis. The s llccesef'ul 

bidder will be responsible :for s upplying , installing and adjusting all c ompo­

nents aDd demonstrating t hat the components and the s ystem are operational. 

after installa t ion. 

k. The syst em a.nd its components shall be guaranteed for e period of 

one year after installat i on . 

16A- 3. SYST»! A. 

a. System A shall constst of 14 each gamma- radiation detecting stations 

and 14 each indicator units at a central monitoring station in room 152. 

b. Each detecting station shall include the following : 

(1) A gamma- ray detector. 

(2) A mete r for indicati ng radiation intens ity in a range of at 

least 0 .1 t o 100 roilliroentgens per hour in at least 3 logarith­

mic decades . The meter shall include an alarm trip which is 

mechanically adjuatab1e throughout the meter range to actuate 

internal ~nd external warning devices when the radiation 

i ntens ity exc"!eds a preset level. 

(3) A visual 1-1arning indication that the detecting station is 

operational . 

(4) A visual i ndication, in addition to the meter , showing when 

the radiation intens ity exceeds a preset limit. 

(5) An audible "t-larning lnd ication of radiation intensities exceed­

ing a preset .limit . 

(6) Electrical connections to provide signal outputs f or operating 

remote meters 1 recorders, visual alarms, and audio alarms. 

(7) High- and low-voltage power supplies, as required, 'Which 

operate on 115 V 60 cycle external power . 
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(8) Preamplif'iers sud impedance !l1Stchlng circuits , 8S required . 

c. Each central station unit shall include a small clearlY-ViSible, 

red indicator lamp activated simultaneously Yith t he visual indicator at the 

detector station showing when t he radiation intensity exceeds a preset limit . 

d. '!he bid shall ine1ude, as aD additive item, an audible alarm system 

at the central station which is actuated when the radiation intenSity at any 

of' the detection stations exceeds the preset limit . 

e . The general locations for the detectors are shown on the attached 

plan. The unit at each detecting station near entryways shall be mounted as 

close as possible to t he power outlet in such a way as to prevent being 

obscured by, or interferring with, the doors. Installations shall provide 

at least 6 teet 4 inches between the f'loor and the base ot the detecting 

stations unit . Installations in rooms 143 and 160 shall be made at the ends 

of laboratory benches nearest the room entrances. One unit is to be installed 

on a w.ll in the be.sement in the general location shown; the spec ific l ocation 

will be determined at the time of installation. 

The central monitoring station shall be i nstalled in room 152. 'Rle individual 

indicators shall be assembled in a panel board, rack, or chassis and mounted 

on tbe wall in t he area indicated on the contract drawing. 

t . i'he bidder shall spec i fy the electrical characteri stics and type of 

cable to be used to connect the units at the detecting station and the 

central station . The ~id shall include, as an additive item the cost ot a 

1,500 toot continuous length of this connecting cable. 

16A-4. SlSTm B. 

a . System B shall consist ot 3 each gamma-ray detectors , 2 eacb neutron 

detectors and associated i1lOnit oricg units mounted in the vicinity at the 

detectors and at tbe central monitoring station. 
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(8) Presmplif'ierc and trn:padance matching circuits , as required. 
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cable to be used to connect the units at the detecting statton and the 

central station. Tbe bid shall include , as an additive item the cost of a 

l,500 foot continuous length of this connecting cable. 

16A-~. SYSTEM B. 

a. System B shall consist at } each galllllB-ray detectors, 2 each neutron 

detectors and Bssociated monitoring units mounted in the vicinity at the 

detectors and at the central. monitoring station. 
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b. Each detec t ion sta.t.ian aba.l.l inc lude the follOliing: 

(1) A gamma- ray or neutron detector 8S indicated on the contract 

drawing. 

(2) Nearby mon1~oring unite ioc~ud1ng: 

(a ) A meter tor indicating on at least 3 logarithmic decades 

radiation intensity related to a range ot 1 . 0 to 1,000 

milliroentgeos per hour for gamma-ray detectora and re­

lated to a range of about 0., to 3,<XX> millirem per hour 

tor neutron detectors. The meter shall include 

an alarm trip mechanically adjustabl.e throughout 

the meter range to actuate internal and external -warning 

devices . 

(b) A visual indication that the detecting station 1s 

operational. 

(e) A visual warning indication, in addition to the meter, 

showing when the radiat i on intensity exceeds a preset 

limit . 

(d) An audibl e warning indication of radiation i ntensities 

exceeding a preset limit. 

(e) Electri cal connections to provide signal outputs for 

operating remote meters , recorders, visual alarms, and 

audio alarms. 

(3) High· and l.ow-voltage power supplies, as required, which 

O]?erate on 115 V 60 cycle external power. ihese may be located 

at the central station instead of at the nearby station. 

(4) Instrument panel boards, racks , or chassis as required to 

contain the components and for wall mounting . 

(5) PreampJ.ifl el's aild lQ1Pedauce matching circuito 8& required. 

9-II-5 

b. Each detl:!c tion station ohal..l incJ..ude the following: 

(1) A gamma- ray or neutron detector a s indicated on the contract 

drawing . 

( 2 ) Nearby mOI1:1:i1o:t".1ne; uuite 1nc~ud1ng: 

(a ) A meter for indic ating on at least 3 logarit hmic decades 

radiation intens i t y related to a range of 1 . 0 to 1 , 000 

milliroentgeos per hour for gamma-ray det ectors Bnd re ­

l.ated to a range of about 0 .3 to 3,0CX> mill i rem per hour 

f or neutron detector3. 'lhe meter shall include 

an alarm trip mechanically adjustable throughout 

the meter range t o actuate internal and external. w.rn1cg 

devices . 

(b) A visual i ndication that the detecting s tation is 

operati onal. 

(c ) A visual warning i ndica t ion, in additiOn to t he meter, 

showing wen t.he radiat i on intensity exceeds a preset 

limit . 

(d) An audibl e warn ing i nd ication at radiation i ntensities 

exceedi ng a preset limit. 

(e) Electri cal connections t o provide signal outputs t or 

operating remote meters I recorders, visual. alarms , and 

audi o alarms. 

(3) High- and l ow-voltage :power s upplies, as required, which 

operate on 115 V 60 cycle external power. ~e8e may be located 

at the central station instead at at t he nearby station. 

(4) Instrument panel boards , racks , or ehassis as required to 

contain the cOIDpOnents and for wa11 mounting . 

(5) Prea mpl i f iers. rJ.i:1I1 illip.edanee matching circuits 88 requi red. 
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d . 'Dle general l ocations roX' t he detectors are show in the contract 

drawing. '!he detectors are to Ce I)t leas t 13 feet from the floor in room 

149, and at least 10 feet ~rom the ~oor in rooms 151 and 153. They are to 

be suspended :t'rom the ceU ing; tberef'o l"e, construetion ot the detector housings 

will require a des ign amenable to attachment on vertical pipe or tubing. 

The nearby monitoring units shall be mounted in the general vicinities indicated 

and at least 6 teet 4 inches from the floor. Visual warning lights shall be 

clearly visible from the immediate v icinity of the detectors . 

e .. '!be bidder shall submit with his bid the electrical c haracteri stics 

and type (s) of cable to be used to connect the detectors with the nearby 

monitoring units , and to connect the nearby monitoring units nth the central 
, 

station. 'lhe bid shall include , 8S an additive item, the cost or 11'5 feet 

ot cable in a continuous length f or connecting detectors and nearby monitor-

ing units ; and 150 feet of cable in 8 continuous length f or connecting nearby 

and central. monitoring units. 

IM-5. COMPLETION OF CONTRACT. _ Contractor sball notify the Regional 

Director, Public BJ.ild1ngs Service, General Services Administration, Building 

41, Denver Federal Center, Denver, Colorado 80225 , 1n vri ting when all work 

~der this contract has been completed. Final b1l.l.ingB, statemeats or 

1DTOicea v1ll Dot constitute written uotice of completion. 

END OF SPFX:IFlCATIONS 
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d . 'Ihe general l ocations foX' tbe detectors are shown in the contract 

drawing. '!he detectors are to 'be Dt least l} feet from the floor in room 

149, and at least 10 feet from the .floor in rooms 151 and 15}. Tbey are to 

be suspended :from the ceiling; therefore 1 construction ot the detector housings 

v1ll require a design amenable to attacha:lent on vertical pi~ or t ubing . 

Tbe nearby monitoring units shall be mounted in the general vicinities indicated 

and at leaat 6 teet'" inches from t he floor. Visual warning lights shall be 

clearly visible froID the imo:ed1ate vicinity of the detectors. 

e .. 'Dle bidder shall submit with his bid the electrical characteristics 

and type(s) of cable to be used to connect the detectors with the nearby 

IDOnitoriog units, and to connect the nearby monitoring units With the central 
, 

station.. The bid shall include , 88 an additive item, the coat 01' 175 teet 

of' cable in a continuous length for connecting detectore and nearby monitor-

1ng units; and 150 teet of cable in a continuous length t or connecti ng nearby 

and central mon1toring units .. 

161.-5. COMPLETION OF CONTRACT. '!he Contractor sball notify t he Regional 

Director, Public DJildi ngs Servi ce, General Services Administration, Buil.ding 

41, Denver Federal Center, Denver, Colorado 80225 , in writing when all work 

~der this contract has been completed. Final billings J statemeats or 

iDTOicea v1ll not constitute 1Ir1tten notice ot completion. 

lSND OF SPWIFlCATIONS 
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