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Baltimore ,

MARTIN COMPANY Wi

In reply refer to:
ACC=-277

April 15, 1964

Material Licensing Division
U. S. Atomic Energy Commission
Washington, D. C.

Attention: Mr. Lyall E. Johmnson, Acting Director
Material Licensing Division

Subject: Renewal of Byproduct Material License
19-1398-29

Enclosure: (1) Application for Byproduct Material
License Form AEC-313 (6 copies)

(2) Radioisotopes Pilot Plant - Facility
Design and Safety Evaluation
MND-3137 (6 copies)

(3) Cell 4 Process Control FPanel
N~-0009748 (6 copies)

(4) Cell and Isolation Concept for
Cells 3 and 4 N-0009744 (6 copies)

Gentlemen:

#We request that Byproduct Material License No.
19-1398-29, covering the operation of the Martin Marietta
Corporation Pilot Plant at Guehanna, Pennsylvania utilized
for the production of isotopic heat sources, be renewed.

iWe have compiled "Radioisotopes Filot Flant - Facility
Design and Safety Evaluation", MNO-3137 in support of our
request for license renewal. Chapter 3, Part 3.6 of
MND-3137 "Reagents" sets forth classified information in
connection with License No. 16-1398-29 and is being for-
warded under separate cover.
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We intend that "Radioisotopes Pilot Plant - Facility
Design and Safety Evaluation", MND-3137, replace all
previous submissions in connection with the existing
byproduct license 19-1398-29 with the following exceptions:

(1) A Proposed Amendment to License 19-1398-29
submitted to you on April 1, 1964 covering
the removal and disposal. of the Stationary
Overhead Transfer System.

(2) A proposed amendment to be submitted to
you in the near future to obtain Commission
approval for the rehabilitation of Cells
1l and 2,

Your approval of this submission is required no later
than July 1, 1964 in order that we may resume production of
heat sources at that time.

We will be happy to participate in any discussions you
may desire and will contact your office in approximatély two
weeks to establish a firm meeting date to discuss any questions
yYou may have concerning this submission., Please contact me on
301-687-3800, Extension 513 at any time if we can be of
assistance 1n this matter.

Thank you for your early consideration of this matter

and for the excellant cooperation of your personnel in past
licensing actions,

Very truly yours,

QoK .

C. W. Keller, .
Nuclear Accountability &
Licensing Representative
CiVK/mc

Encls,
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Form AEC-313 - ATOMIC ENERGY COMMISSION

. Form approved.

s | APPLICATION FOR BYPRODUCT MATERIAL LICENSE

INSTRUCTIONS.~Complete Items 1 through 16 if this is on initial application. If application is for renewal of c license, com-
plete only Items 1 through 7 and indicate new information or changes in the progrom as requested in ltems 8 through 15, Use
supplemental sheets where necessary. Item 16 must be completed on cll applications. Mail three copies to: U. S. Atomic Energy
Commission, Washinrton 25, D. C. Attention; Isotopes Branch, Division of Licensing and Regulation. Upon opproval of this
application, the-applicant will receive an AEC Byproduct Materia! License. An AEC Byproduct Material License is issued in
accordance with the general requirements contained in Title 10, Code of Federal Regulations, Port 30 and the Licensee is sub-
{ect to Title 10, Code of Federal Regulations, Part 20, ... . ... . .. N . -

1. (0} NAME AND STREET ADDRESS OF APPLICANT.  (Institutior, firm, hospital, |({b) STREET ADDRESS[ES) AT WHICH BYPRODUCT MATERIAL WILL BE USED. (If

person, ek ) o different from 1 {a).)
Martin Marietta Corporation - Martin Marietta Pilot Plant
Baltimore, Maryland ' Quehanna, Pennsylvania’
2. DEPARTMENT TO USE BYPRODUCT MATERIAL 3. PREVIOUS LICENSE NUMBER(S). (If this is on cppli:o;ion for renewc! of o
: 2 : * license, pleose indjcate ond give number.) . .
Liartln h’lar:l?t?a Corporatlon enewa [} Byproduct Llcense
Nuclear Division 19-1398-29
4. INDIVIDUAL USER(S). (Naome ond title of individucl(s} who will use or directly |5. RADIATION PROTECTION OFFICER (Nome of person designated as rodiation pro-
supervise use of byproduct materiol.  Give fraining ond experience in ltems 8 and tection officer if other thon individual user,  AMoch resume of his troining ond ex-
9. R . in ltems 8 ond 9,
'‘Please refer to Chapter 4, perence of in flems 8 ond 9.J

- Richard J. Brisson
Part 4.4 of MND-3137 (Resume submitted in regards

to license #9 dated 3/29/63)

6. {(a) BYPRODUCT MATERIAL. (Elements {b} CHEMICAL AND/OR PHYSICAL FORM AND MAXIMUM NUMBER OF MILLICURIES OF EACH CHEMICAL AND/OR PHYS-

ond mass number of each.) ICAL FORM THAT YOU WILL POSSESS AT ANY ONE TIME.  (If sealed source(s), olso state nome of monufocturer, model
number, number of sources and maximum octivity per source.}
Strontium-90 6,000,000 curies Please refer to
Chapter 3 of MND-3137
Associated Contaminants : especially Part 3.6
Strontium-89 1,800,000 curies "?ggggggz;-“hlch is
Cerium-144 30,000 curies ¢ .
Other gross fission

products 30,000 curies

7. DESCRIBE PURPOSE FOR WHICH BYPRODUCT MATERIAL WILL BE USED. (If byproduct material is for **humon use,” supplement A (Form AEC-3130) must be com-
pleted in lieu of this item. If byproduct materiol is in the form of o secled source, include the make and model number of the storage contoiner and/or device in
which the source will be stored and/or used.)

For the production of isotopic heat sources.

{Continued on reverse side)



In reply refer te:
ACC=277

April 185, 1e6¢

lMaterial Licensing Divisien
L. B. Atomic foargy Compissien

f&mtm' n, C.

Attention: ¥r. Lyall E. Johmson, ieting Dirsctar
Material Licensing Divisfon

Babjest: Zencwal of Byproduct Material Lieceose
19-1358-28

Enclogure: (1) Application for ayproéasthsaterial
License Pere AFC-313 (€ copice)

{2) Radiofscotopes Pilet Flant - Facility
Design &sad Safety Evalustion
ﬂ¥D—o137 (€ copies)

(3) Cell 4 Proceaz Centrel Fanel
0000748 (6 copiesn)

(4) Call and Isolation Concept for
a Celle 2 zmg 4 X-000u742 (6 sernfes)

z; Gentlexen:

de reyuast that Hyproduct latzsrial Licgase No,
16=1388-29, covering ths operation of the Kartir Harigtia
Corporation Pilot Plart at usehanna, FPennsylvenis utilized
for the production of isotopic heat cources, be renewed.

ife have ecempiled "ladicisotopes Filet FPlamt - Fecility
Dosign and Safety Evalvation®, MND=3137 ir support of our
request for license ronewmal, Chaptcr 3, Part 5.6 of
END=3137 “"Remgunts™ sets forth claseified informziisy In
consection with Licenge Mo, 15~1I%R-0T apd Iz kaing foew
warded under sopsrals cover, :
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ATOMC ENZRGY COMMISSION |
* APPLICATION FOR !YPIODUCT MATERIAL LICBIHSE Dot Borwon o 330374
"ST-RIJC'['IONS.-CW'“C homs | through 16 “Ntk on lﬂﬂd qﬂkdlou. " Qpll«ﬂoa Is for renewol of o llconu, comn
‘plm onlyiitems 1 through 7 ood indicets new infarmetion or changes in the progrem os requested in items 8 threugh 15, Use
plomofnal sheets whers necessery. tem 1§ mﬂmoﬂ oll applications. Moll thno os to: U. S. Atomic Energy
‘Washi 25, D. C. Aﬂoﬁio«: lestepos’ Divisten of L&mhg ond Reguletion. Upon opprovel of this
. oppliccmgn the cpplicant will receive en AEC Byprodoct Moteriel Licenss. An AEC Byproduct Moterial License is issved in
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{ Form AEC-313 (5-58) i Poge Two
! TRAINING AND EXPERIENCE OF EACH INDIVIDUAL NAMED IN ITEM 4  (Use supplemental sheehs f necessory)
¢ ' PE OF TRAINING "DURATION OF | ON THE JOB | FORMAL COURSE
P El ] mt m|"*°u ‘ ! IRAINING {Circle onswer) {Circle onswer}
a. Principles ond proctices of vodi:mcmi ’ Yos No Yes No
protecin | Part 4.¢ of WID-3137
b Rodiooctivity measurement standardizo- |
tion ond monitoring techniques and in- Yes No Yes ' No
strumenty .
¢. Maothematics and colculations bmi(. f.o N\c! Yes No Yes No
use ond meosurement of radiooctivity !
— e
'
. Y
d. Biologicol effects of radiotion i Yes No [ ) No
9. EXPERENCE WITH RADIATION. (Actuo! vse of rodioisotopes or equivalent experience. ) .
SOTOPE MAXIMUM AMOUN'I WHERE EXPERIENCE WAS GANED DURATION OF EXPERIENCE TYPE OF USE
! Ploase r*for to Chapter 4, Part 4,4 of MD-3137
[
! !
10. RADWATION DETECTION INSTRUMENTS. (Use supplementol sheels if necessory.)
TYPE OF INSTRUMENTS NUMBER RADIATION SENSITIVITY RANGE | WINDOW THICKNESS use
i (nchude moke ond model number of each) AVAILABLE DETECTED {mr /i) {mg/em?) {Monitaring, surveying, measuing)

FPleazs refer po Chapter 10 €f MRD=3I137

b T3°T™
12. I’lM leﬁm I’ a m ivaol colibroting ond processing, or nome of suppleer.)

INFORMATI MWE

13 FACILITIES AND EQUIPMENT. Describe loboretery Focilities and ote hondleg equip , sloroge containers, shielding, fume Moods, ex. Explonotory sketch
of facility is omoched. (Circle onswer) Yor No

14, RADIATION PROTECTION PROGRAM, Dﬂaib- J o( sowcet, submit leok
testing procedures where opplicoble, name, troming, CXPOrIOnce lm‘: | rodiohon survey, serv

King, mantenance ond repoir of the source,

15. WASTE DISPOSAL. ¥ o commerciol waste disposol service is employed, specily nome of compoeny. Otherwise, submit detoiled description of methods which will
be used for disposing of rodicochve waites and sshmates of the type ond omount of octivity mrvelved.

CERTIFICATE (This tem must be completed by applicont)

16. THE APPLICANT AND ANY OFFICIAL EXECUTING THIS CERTIFICATE ON BEHALF OF THE APPUICANT NAMED IN ITEM 1, CERTIFY THAT THIS APPLICATION IS
PREPARED IN CONFORMITY WITH TITLE 10, CODE OF FEDERAL REGULATIONS, PART 30, AND THAT ALL INFORMATI ccmnmm MEREIN, INCLUDING ANY
SUPPLEMENTS ATTACHED HERETO, 1S TRUE AND CORRECT TO THE BEST OF OUR mom:tNRI A CORPUHATION

April 13, 1864 —
- Sr-r-Foller

Date ...\ . e e, Riuclear Accountability & ... ...
Licensing Representative

"

Title of cortifying offciol

.Il.

WARNING.—18 U.§. C., Section 1001; Act of June 25, 1948; 62 Sto1. 749; makes it o ¢criminal ofisnse to make o willfully folse starement of
representotion fo ony dopommn' of ogency of the United Siokes as b0 any mater within ik iuwisdichon.

T US COVIRNMINT PRINTING OFFICE 1941 O—8 13943
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Approved by: -

Mertin Marietta Corporation

RADIOTSOTOPES PITOT PLANT
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FACILITY .DESIGN AND SAFETY EVATUATION

HD-3137

April 1964

C. 0. Riggs |
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 FOREWORD

This report is submitted to the Division of
Iicensing and Regulation of the United States Atomic Energy
Commieaion by the Fuclear Division of the kartiﬁraaaiany
- It presents the Dlanf design, proceas desgcription and safety
evaluation of the RBadioisotopes Pilot Piant et Quehanna,
Pannsylvenia. It is presented in support of the Martin Gompany
epplication for iicense to continue the production of radio-

strontium fusl forms.
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CHAPTER 1
INTRODGCTION

This .summary repert has besn prepaved by Hartin
Nuclear Division, Baltimore, E&ryland, e division of Martin
Harietta Corporatlonn It presents the plant design and pro-
uuctlon process of. the Badzolsotones Pilot Plant at Quehanne,
Pennsylvania, end provzaes a generzl safety evaluation of the
facllity eand operation. The reporb is submitted to the United
- States Atomic Energj cémm*ssion in suppors of an spplication
Tfor licemse %o continae proceBSLng miti-curie guasntities, of
radiostronbivg, ' - T

The.Radioisotopes Pilot Piant has been oper-
eted by the Hartin Compeany since July, 1962, In~this tinme
inva_ueble sxperience hes been gained and much of this is
reflevtea in the improvements in plant desigrn, procesz equip-
ment - end procedures and safety provicions described In $hs
present report.

The operations of fhe Radicisotopes Eroauctzon
‘ilov Tlant are directea to the production of radioisotopic
sources of heat. ngera; genereiors empleying sueh sourcee
are now in use furhiéﬁing power for remotely-locabed aubomatb-
ically-reporting we h@; svamlens, nevigatlon buoys, etc.., and
are contemplated fc* uze in space vehicles. The reouﬁrehcnts

in these field are expected to usilize the full cepacity of the' 

Pilot Plamts in the immediate fubure and to exceed it in the

-1 -



near future. _

The builéing in which the Radioisotopes Pro-
duction Pilot Plant is locabed was constructed by the Curtiss-
Wright Corporation in 1957 and presented to the Pennsyivania
State University in September 1560. The Martin Company leases
from the University which retains control of part of the

building and monitors the liguid waste disposzl %o the streams.



CHAPTER 2
QUEHANNA SITE

The area within which the Martin Radiocisotopes
Pilot Plant is located is the former Curtiss-Wright Quehsnna
Research Facility,'QS miles northwest of State Collége in
north-central Dennsvivania, I% includeg perts of Elk, Cameron,
and Clearfielid Coudmvesc Pigure 2.1 showes the area in relation
'to the State of Pe_nbylvanla. This locatlon is perkaps the
- MOST remote ome for e nuclesr faci 1ity in the sastern Uni ed
States, gince i% is ir a sparsely popa1a eé regior zné has en
area of gpproximately &0 squere miies. The neardst ¢ popa~atlen
.centers, Sinnemzhoning (p&pﬁlation 300) ard Karthaue (popuistion
400), sre nine miles from %he site. This sibe is ideal for the
hot cell oneratlcng ﬁl*h respec T Go its population., retesrologic

end hydrologic characﬁc ig ziésq Its general features sve rep~
hic

regentative of Lnose oP the am@a;achian Pleteau physio

"3
'd

province. Redlcies vone vwcunc“ﬁ h besn carried out by

and brings up~vo-date 2 previcus site descripiicn (Refersnce 2.1)

2.2 Site Tocetion
2.1.1 | aéizi oriel

?lgnre 2.2 is a political mep of the erse around
the fac~31*v sncv:ng th | highway network and tcwns and villogese.
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The land is lergely state forsst and stete gameland. Circles

of 5, 10 and 25 mile radiub heve been superimposed on the map.

2.1,2 Exclusion Aresa

‘ Flgure 2.3 is.a reproduction of & topographic
map of the site area. The laboratory site is shown near the
upper left corner of the map. I

The exclusion aree is defined as that area

around . the laborstory which is under control of the Hartin
.Compeny and the Pennsylvania S*ate‘Universi;y; jThe terms of
the agreemenu between EHartin snd the Unlvers ity. with respect

¢o this exclusxon ares are described in Reference 2.2. The

1'efez-ence states that "all necessary steps" ere. being “taken %0
assure ﬁhat an exclusion ares, is nalntained wh~ch will oe
satlsfactory to Eertin and the Atomic Energy Comm:.ssion° Con-
trol is maintained around the rag;lits;v1a_cyclp§e.fence and

guard service.

2.2 - Geography
20291' : .Togograngz

The topography of the 1~ec»'1.cm. lS typical of the
Appalachian Plstesu; it is 2o %elatively flat area at en aver-
age clevation of 2000 feet gbove mesn sea 1evel.u~”he cdge of
the exclusion perimeter is incised by sev;ral_go:ges up to
one=helf mile in width end 1000 feet in depth which radiste
from their origin near the center of the site.

2.2.2 ‘Lend Usage

. The area ies includeld in state Zorest lend with

a secondary growth of trees, In thie area, there ig scasonal

-6 -
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recrestion activity especialliy hunting. Bsyond the state
forest lend, within outlying townships, there is sméil-scale
agriculfural act ivity. Land usage is vherefore guite limited.
2.3 Population De_sigz and . Dis%rlbution

'~ The sparse po*ulatlon in i¥s environs ie per-
haps the nmost favorable feature of the sites The state forest
surrounding the 1ac111ty has z low pormanent populztion den~
sity. Within a 25 mile radius of the site, .the popilation
densivy is 27 individuals per sguere mile, with a total pop-
viation within this zone of sbout 53,000.

The population within a 25 mile radius of the
site is &1str1bated into zbout 50 small villages wi tb.po*ula«
tions less than 1000 individuais (average 400), six small
" towns averaging 5000 individuals end a minimel nimbsr of oui-
iying individusl habibtations. The toteal population of this
zone has decrsased by about 8000 daring the pest 8 years due
to the closing of nearby minas and stri pp_ng opéxraticns,

TPable 2:1 gives %he popu;ation distribution
within a 25 mile radius of the site.s The population within
22.5° sectors of this area is listed in Table 2.2.

The pre&'om;nan't wind directions at the site
are from Skhe west-no*thwest and gouth-southesst. From a pop~ -
ulation stt;_butlon suananoint these are faverzble, =ince they
are nov‘directed at the magpr populeation centers of the region -
nor into areas of ebove average population density.

24 ‘ Heteorclogy (Reference 2.5)

-8 =



TABTE 2.1

- Rowns Nearest Reactor Site®

fopulation Populetion

Allport ' 300 Eylertown 500
Bald Hill ' 250 Lanse 300
*#Bellefonte 6088 Lecontes Milis 250
Benezette 200 + ' Medix Run N <s:
Bigier . | 500 Mineral Springs 50D
Blooq}ngton 160 ) Morrisdaie 800
Blue Hill 450 Moshennon —— 200
Brandy Camp 500 ‘Hunson 1459
**Brockport | 450 Osk Grove 200
**Brockway - 2583 Olanta - 8y
Caledonia | 300 Oshanter 150
Cameron : 80 *30rviston 275
Chellengs . .30 - Penfield 700
Chestér,Hill 91% Philipsburg 3872
Clarence 500, .  Pine Glem £Q
Clearfield 920 Potbersdale 55
**Crenshaw :356' _ **Renovo - 5315
Curwensville . 3551” **Ridgway 6587
Dagus Mines 450 Rockton 200
Dents Fun 30 . Ssbula 80
Drifting 50 F*State College 22700



TAELE 2.1 (Cont‘d)

Fopulation . Popuietion
Driftwood , 203 . 8%, Marys | 8065
Drury Fun .. "200 Shawville 25
**Dubois 10,600 Skintown 65
Elbon 150 . -Sinnemahoning 300 |
Emnporium 3397 Snow Shoe 7L
Force 400 ®2*South Renovo ks
Frenchville 50 Sterling Fun . 150
Glen Rickey 400 Surveyor 100
Grassflet 850 . **Sykesville e 1479
Hammersley Fork 15 Truman 75
Hawk Run - 850 Pyler 250 .
Hollywood 200 Wallaceton 429
Howard 45 Weedville | 500
' Hyde | ”850 West Decabur 750
*=Johnsonburg 4966 Westport 135
**Eane 5380 Wharton 25
Karthaus 400 Woodland 902
Keating 35 Windburne 805
Eeewaydin . 35 Eyrnedale 5&)
Kersey ' 600 -

*From Rend McKNzily Commercial Atlacs and Harketing Guide, 1965
Edition. Includics towns within 25 mile radius of site,

“*Mowns slightl;} outside the 25 mile radius’ .



TATLE 2.2
Population within 25 mile Redius of Site by 22.5° Sectors.

Sector . Populstion
NIWE 3627
NNE-KE 2283
NE-ERE ' : .415
ENE-¥ ' 4328
B-ESE 275
ESE-S% o 1264

, SE-SGE 1050

: SEE-S B4R T
§-55% 5743
SSF-Sw | 14695
SW=REW 200
WeW-% 280
L8 3530
WEW-2W 9375
NW-1% ~ 0
NNW-5 | ~ 150

- 11 -



2-8.1 Data Availsble

Meteo”ological data recorded at the facility
site show its weather conditions to be quite similar o those
at the Ehilipsburgwair?ort, 27 miles southeast of the site, for’
which complete meteoro¢ogica; records have been kepto The |
information reported here is teken from obgervations at the
girport, although observations are now being recorded at the
site. _

A 2oBe2 ‘ Wind Flow .

| ! Houriy wind obSer@atiens for an elgh¥-year
period were studied in detsils Table 2.3 presents The annual
frequency of wind speeds for various %iﬁes.end weather conditions;
Figure 2.4 and Table 2.4 show the annual frequency due to time

of day, weather cona*“ion and season of the year. The winde

are predominantly frem no"th-northwest to west=southwest and
occur 30 to 40% of the the Yime. - About 20% 6f the winde are .
from the sectoxr from east-southeast to south.

E:nu speeds durlng the dayiight hours vary
from a maximum average o? 12, 4 mph (spring) to 8.2 mph (Bummer).
Night time speeds arc somewha% lower, with a highest average
speed of 10.1"mph ’wi:ter) .and a lowest speed of 4.2 mph (summer)'
The maximum number of ca;ms occur during the summer (night) when,
39% of the tinme, the wind is jess than 1 mph. Mazimum wind
gpeeds are general y from the west with a maximum speed of 50
mph and a peak instansaneous guet of 50 mph recorded. Unrecorded



cg‘t-

" Wind Speed

(mph

Deiylight

Night

During -
Proecipitation

Visibility
£ 6 miles

L (%) at AL
-Gaim-" 1 %o 3
6.8 3.4
23,0 7.9
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Night 3 mph and calm 30%
Average speed 7.3 mph

Fig. 2.4 Annual Wind Direction at Airport, Philipsburg, Pennsylvania
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TABLE 2.4 -

Annual Frequency of Wind Directions
at Airport, Philipsburg, Pennsylvania

Direction

(Wind Speed Dayii t , Night - v During During Low
> 4 mph) (02-1700_EST) (18-0600 EST) rrecggitagigg "gg;p;;égx
N 1.7 0.9 ) 0.8 0.8
NNE 2.1 1.4 1ot 1.3
S Lz 2.1 W 7.5
ENE 1.6 2.3 2,0 2.4
E . 1.7 2,0 2.3 - 2,5
ESE 549 ' 3.9 7.1 7.1
SE - ' ~ 5a5 S5l ' ,6?8 73
SSE 111 8.6 1.7 12,2
s LB | 3.8 | - | 5,0
88 Bal : 301 5.5 8,3
aw 3.5 | 5.8 1 2.4 32
wsW 0.1 7.0 ! L %2 8,0
W | 10.6 8.3 F 10,2 | 8.6
WNW | "18.8 - 14,3 21,9 - 13.1
NW 5.7 6.1 5.2 - Bk
% mph and calm .10.1 . 3009. | 8.5  23.8

Avg. speed (mph) 10,4 . 7.3 11.8 | 8.3




gusts may attain 80 to 90 mph., It is noted that the most
fréquent winds are between 4 and 12 mph (50%) with the second
frequency preference in the 13 to '24 mph éatgagory; Five tor-
nadoes have been rei)or‘i:ed in the surrounding fiveé counties in
& 35-year period. The winds aloft have the same general
pattérn as the suri;ace winds, except that they increase in
velocity with altitudeo\

204.3 Precipitation

The average annugl precipitation at the site
is estimated to be between 40 and 50 inches per year. Maximum
precipitation occurs in May through July, and the minimim pre-
cipitation occurs in November and Dec.emberd The range of aver-
age precipitation is 'from 2.5 to 4.5 inches per month. Table
2.5 shows the average. number of days of precipitstion. Because.
of the frequency of storms, precipitation is gquite vs'.ria'bie& :
Storms occur throughout thé year, with heavy rainfall from: |
thunderstorms durj_ng the spring and summer mornths: Maximum
precipitation varies from 1.38 inches; registered over a one-
Hour period, to #.68 .‘mches, recorded in a 48 hour period.

Snowi‘all is estimated to be &n average total -
of 40 inches per year. Heavy snowfalls areée not uncommon (10
inches in a single storm). The maximum snowfall ::'-eébrdéd was
20.0 inches ov'er a 24 nour period.

24,4 Atmospheric Stability
The vertical temperature distribution at or

- 16 -
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near the site has not been measured. Extrapolation has been
made from other locatlons having similar weather conditions.
Observations indicate that Inversion conditions exist azbout
one~third of the tir_z_le, chiefly at night.. Variatiocs are
expected in the dur_ation cf inversions due to the site topo-
graphy where inversions in the air drainage of the radial
gorges will be more proionged than thoce on the plateau above.
Rowever, good dispersion is. expected during the daylight houré;
.“and inversions would be of short duration. |

2:8.5 s Temperature

The average monthly temperature ranges from
65°F in July to 22"’F in January, with an annual average tem~-
perature of 44°F. Relow-freezing temperatures occur many days
per year. ' . |
2.4.6 Summary

Qualitaf:ive estimates of the meteorological
pattern can be made from the Philipsburg Lirport data and from
regional characteristics which are relatively uniform. Dif-
fusion characteristics can be deduced from the local topography
and subsequent air dra:'.nage into the surrounding Borges.

2¢5 Geolog
2.,5.1 Stratlggag_];i

ﬁ‘SlTa 2c6 shows the stratigraph..c section in -
the site area. uCI’uPS in the area are meager end incompliete

logs of driil holes must serve &8 the basis for evaluation.

- 18 =
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However, due tc the lack of tectonic disturbasnces in the area,
laﬁeral correlstion from existing data is possible. The lower
portion of the Pottsville formation caps the area. - It consists’
of sandstones, with the lowest sandstone member as the predominant
aguifer. This is underlain by the Mzuch Chunk éhaie'wh;dh is

an impervious layer’about 50 feet thick. Beneath it is the
Pocono formation of interbedded sandstones and ghales which

form the steep slopes of the gorges.

26562 . Structure

| ’ In the.site area ‘the ‘beds are generally horizon-

tel and demonstrate't'l’;acﬁ'of structural disturbance in the

area. In the northexn portion of the site area, there is field
evidence of gentle,folding;m

{Fbults, Joints end fractures are

probably not abundant at.fhezéite, and the area is considered to
‘be stable. "' | |
2.6

2:6,1

the areéa is contained-at the base of the Ibttsville, though it is

not very productive;u Since the Pottsville forms the surface -
exposure, it collectetwater and transmits it. downward to a satu-
rated sandctone membe;440 feet thick near the interformation&l
contact W1th the impervious.Mauch Chunk shsle. Seqdndary;re-f

charge is_provided'by streams cutting the Pbttsﬁille,-énd;,

T - 20 -



discherge occurs at spriﬁgs, at *_bhe interformaetional contact. Thr
top of Mauch Chunk is less than 1900 feet elevation and is pre-
- sumed to-be less 'bhéil 100 i‘eet? verticaelly, from the _laboratOr:y.: '
_Water for the facility is obteained from a Ada-m
on Meeker Run. The dem is Iocated upstresm from the facility
approximately 1100 feet down the mountein and is capable of re-.
ieasing 120 gpm. ) | | |
Downward transmiséion of cop%ami.naﬁts released
e to the Pottsville formation is prevented -b'y-t';he .:u'zlderlying imper~
‘vious Meuch Chunk shele. Lateral transmission nth:m the Potté-
ville aqu:.fer would be of a somewhat 1:.m3.ted nature and would
‘'not pose a s:.gnn.i’:.cant subsuri‘ace contamination problem in the .
light of the large exclus:.on- area surrounding the laboratory. -
In fact, the movement of soluble contaminants within the Potbs-
villg 'would be measure.d in the térms of feet per year.. (Referen.c;e'm
2.4, S . o
2,6.2 St-xrfac.e Hydrology

Surface drainage from the site exclusion area

" is from four major z;adia.l'. stream systems; Mix Run (north),
.Wykoff Run (nor’cheast), Upper Three Run (southeast), and Mos-

- qun.‘bo Creek (south)o The former two streams drein into S:umema—

honing Creek, which flows into the west branch of the .ousquehanna

River; the leter 'bv'o dra:m d:.rectl;y into the river



O.f: p‘r':.me :mterest is Mosquito Creek, wh:.éh d.ra:z.ns,,_

-~

the laboratory area sh.,shown :Ln F:.gua.e 2.5, Surface Wa‘&er in'

-this srea - flows succe551ve1y into Reactor Run, Meeker Run, Mos—ﬁi
quito Creek and ultlmately into the west branch of the Susquehannam
The river has =& rathe; large average flow rate at Karthaus (maxlm
mum, 50,900 cfs; average, 2465 cfs, minimum.109 cfs). This:-
branch of the Susquehanna is not used for publlc water supply
' because of its acidity (p H=3, Reference ZgQ)o

There #re two reservoirs within the exclusion
-area, botH of which are removed from the - laboratory by several-

T ——— -

mlles, and away from the runoff of Meeker Run.,
2.7 Selsmologz

A total of six'recorded earthquaekes have had
their epicenters iﬁ ”ennsylvanla, with some of the 'anadién and
New York state earthauakes being felt there. Of. the six epicen—
ters. cited, none was in the smte region, and gll were in Bastern
Pennsylvenisa, _nvolv1ng lowalntens1ty shock (maximum 6 to 7
Rossi-Forel Scale). It is consluded “that, -due ‘to thelr low fre--
quency and 1ntensivy, tne foundatlonumaterial, of the focility.
‘and its massive structure, earthquakes do not present a signlfl-.

cant problem (Refereﬁce 2 5).
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. CHAPTER 3
FROCESS DESGBIPTIOH FOR STRCENTIUM-90

3.1 : — General Descrlpnlon
Z.1.1 Summary

The Quehanna Radioisotopes Pilot FPlant processes
strontium-90 to encspsulated sources suitable for & veriety of
uses. In this chepter the Quehanha process and plammed varia-
tions used in pfo@uction of st:éntium;QO fuel forms are described.
In all variabtions of the process, s precipitate is formed’rrom |
a Sr(NOé)a solhtion by adcéition of imnorganic nonflammab&e rea~
genvs. The precluitace is £il¥ered and dried; §£;~;esulting
' powdér is loaded. end deBsifieds the fuel container is sealed
end decoﬁtaminated;'mégéuremgnfs are nade es desired and the
finsl guel convainer is loaded inéo a generafor, cask or sbtorage
facility.

.5°1°2 ' Fossession znd Process'Limits

The Quehsnna Badioisotope Pilot Flant is gubhor=
ized to have in its possession a meximum of 6,000,000 curies of
strontium-90. Re&ioackive contaminenfs in assoclation wi%h the
€,000, OOO curies o,.strontlnm-oo V’ll not exceed:

Strontium—89 ' - 1.800,000 curies

Cerium=144 30.000 curies

Other gross fission -

producte 20,000 curies

The ratio cfccntemine;tstb S-S0 will pobt be changed by processing.

- 25 -



Furtber limitations ere established for meximum-
quantities of strontium-90 within the facility. These are:
| .1‘ - Feed solution in HAPQ shipping cask -~
500,000 curies | |
2. Feed material stored in T-31 - 750,000
curies |
3. Haterisl in process, i.e., witbhdrawn from
T-31, but not processed to final fuel form.
(A finzl fuel forn_ié a sintered pellet or
fully proceéSed fuel, densely packed into
‘@ fuel container by pressure or heat. A
finéi fuel form does not consist of loosely
pecked fuel -ir a container.) — 50,000 curies
4, Meteriel stored in f£inal fuel form in
éhamber'4A, but not necessarily with the
final seal made on the fuel coatainer. -
156,000 curies -
5. Total ir chember 4& - 150,000 curies
6. Sealed in metel conteiners snd stored in
chamber 4B --160,000 curies
7. Total in procesé box —.250,000 curies
8, Sealed meterisl in Cell 5 storage — 1,000,000
curies
S. Doubly~seaied materieli in posol storage -

5,000,000 curies

- 26 -.



10. FWaste; packaged in not more than 500 con- -
. teiners and swaiting removal - 22,000

curies
3,2 Eeed Hatefia1'H£gd1ing
2.2,1 Roceipt of Shivpping Gask

The EEC:furniShéé.fadioactive feed material to
the Radlolsotope Pilot Plent et Quehanna, Penngylvenie. Stron-
tlum~90 in the fo*m of 6"003, is shipped in casks designed and
J_rabricated by Hanford Ltomic Products Qperatiop of General
| Elec%ric Compeny. This feed maferial, prepered from gross fis-
gion nroductss may contamn, in additiorn to the strortiwm-90,
activiby due to strontlum~89, cer1u¢~14ﬂ and cther fission pro-
.chcsf Thers mey also be non-redioactive strontiumm, barium and
calciur compounds,. | _
| . Esch-cask, loaded at the Hanford Works, is
shipped from Richlend, Fashington, by reil ard by metor‘ truck
“to Quehanna. Upon arrival at the building conteining the hot
cells, the cesk is rgmqved.frbm-thé truck by a crane and placed
on a pallet truck; it isg then moved into an eirlock which Pro-
vides access to the hot cell sérvice areac

The cask &ané its coaﬁent are under the contin-
.uing surveillence of the Heaith Physics grovp from its errival
until it leaves the site after being emptied. This surveillence
anludes gppropriaste surveys at each step in the process arnd any

-indicated corrective actior required for the protection of personnel
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end the area f£rom radistion snd contemination. (See Chapter 10

for details).
3.202 Preparetion of Cask for Removel of Feed Msterial

The ‘cesk is moved from the sirlock, through the
service aree and into the isoletion room of Cell 4. The exberior
4of the cask is usuélly covered with heavy-duty aluminum foll at
this point, both to gusard against'possible contamination of the
cask.during subsequent operaticns, and to lower the heat trans-
fer rate of The cask cooling fins. The decreased heat loss is
desirable for the lesk check of the cask cooling coil performed
prior to cask unloadirng. = The pro%ective blanks sxe Temoved
f£rom ‘the cask cooling coil éﬁa the heater well and the outgr
well cover is removed fLrom the depression on top .of the cesk
which conteins the triplyfsealei process line blanks; the cover
of the ﬁriply—seéléd cask vent valve cormection is also removed.
The fcllowing connections, which mey very with the particuler
caek as indicated, are made: .

(3) A lipe is comrected to the cask cooling
coil inlet to permit introduction of
either high velocity (up %o 60 cfm) eir,
or water fror zmbient temperature to 180°F.

(2) A iine is éonnecﬁed to the cask cooling
coil outlet. This line 1s provided with
velves which permit the sir from the coils
to be exhausted Fhrough the Ziltered cell
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sir exhaust system and water from the
coils Yo se returned to the closed cycle
weter system. r L

(3) ‘A=thermoq§u§1e is inserted through & well
-on-the casgk ‘to indicate the cask inrer
temperature.

(8) A sPecial?rodrtype electric heater is
inserted in the bheater well on the top of
the cgsk, The heater is connected to an
electrical circuitd thréugﬁ controlling
end monitoring devicee .such.es a variable
ocutput transformer or voit-ampere meters.

(5) 1In czses where the cack is fitbed with &
gas pregsure transmitter over the inte;nal

ennulus, containing the heat transfer med-.

.

.iumggaab*iiﬁes are cennected to & booster

vaive and indicator or other sppropriate’

resfiout instrument. In cases where a

dirvect resding pressure gauge is piévi&ed,

the gauge is read by the use of = cloged

circuit television system.

The next step is a leek test of the cask cooling

coils. The test ie performed in accordance with stanisrd in-
st;uctions from Henford =vd consists of the following sbeps:

(1) The cack temperasture is incressed until
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(2

(3

(za)

the heat transfer medium is molten. The
€lectrical heater is normally used for
this step. - .

High pressure air (about 70 peig) is in-
troduced to the cask cooliﬁg coil with the
discharge line closed.

The pressuré on the cask gauge or trans-<
nitter is observed for thirty minuves.
Since the gsauge leaa on the cask pené-
trates to.the srgon filled volume in the
same é&vity with the molteg;giggyt any
incresse in.pfessure on the gauge would
indicate a leak iz the cooling coile.
Should no lesk in the coil be indicated,
the cask is cooled according to a .etan-
derd procedufe to ninimize interne)l stress
on the cask and coils és the elloy solid-
ifies ard the cask is readied for .uniocad-

ing. The caék‘may be cooled by simply

- removing the electriczl healber ana passing

(4b)

high velocity cool eir through the coil or,
efter partlal cooling hes been echieved,
controlled temperature water may be used
Yo incresse the heet loss.

Should it be determined thet a legk exisgts

O =
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in the coil, the -elecvrical hester would
be turned off &nd steps would be taken %o
cool the cask short of imtroducing water
to the coil. The AEC would be notified
and po further action would be taken to
unload the cesk pending instructions
from the AEC.

‘ The leak check mey be performed either directiy
or remotely, IL is usually performed remotely beceuse complete
instrumentation is provided on the cell face for the operadion.
l. .Upon comple#ion of the leak ¥test, a ventileted
cupola is sesled %o #he tép of the cesk, This cupole is similer
to a.standard gibvebox in concept in that it has glove ports, &an
absolute type filter on both the inlet and exhaust air lines arnd
a transfer port as well as provisions for sealing the process
line penetrations, The four process lines are inserted into the
"cupole and the insertioa port is sezled, after which the follow-~
ing operations are performed: .

(i) The two secondary covers are removed from
the cask vent velve, the vent line is
atteched., and the vent velve is opened %o
relieve eny pressure in.tﬁe container,

(2) The.second of the three protective covers
are.removga from each of the three cask
process line blanked connections which

are locseted irn e well,
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Ezch ¢of the cask process line blank
Zittings are remo%ed and the‘conﬁection
to its respective line is mede in guch a
manner'thét only one line is open to the
cupola at one time. The connections are
et necessariiy made in the order given
below. .

'(a). The solveﬁt fced line is abtached to

" the ‘cask comnection merked FILTRATE
OUZ, This method of =dding ¥the sol-
vent permits & vack-washing action
df the filter snd z subsequentv fast
release of the filter cake to the
bottor ¢f the casgk conbainer,

{b) Ome breack of the line leeding te
the feed storage tenk is connected to
the cask fitting marked SLUREY IN,
The SLUREY IN line penetrates oniy
Yo the top of the product container,
so when fitteld 7vth a seperave valve,
this connection permitvs relesse of
the gas buildup encountered during
disselution of cask content without

forcing the disscliving liguid out of
£

the cask,

()
o g
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{¢) The seccnd branch of the line men~
tioned in (b) above, is also fitted
with individusl valving and is con-
nected to the cask Pitting marked
SOLVENT IN. This line penetretes %o
the bottom of the cask container and
is used to transfer the dissolved
product to the. feed storsge tank.

20203 Reﬁoval 0f Feed Msterial From Shippivg Cask

, The feed material is received a&s a solid stron-
tium carbbnate ceke loaded on a filter screen in-the product
container porticn of the shipping cesk. Eitric acid of various
concentrations is ﬁsed‘fo loosen the ceke from the screen and
to dissolve it for transfer to-the feed storage tenk as soluble
strontiue nitrate. '

| Eech dissolution is calculsted from the arelysis
| furnishe& by HEPQ. This analysig gives the curies of strontium-
G0, the retio of Hotal strontium to strontium~96, and the amount
of inert impurities as a ratio to total strentium es well as
the radiocactive impuritiés as a ratio to the curies of strontium-
90. The quentity of nitric acid reguired to completely dissolve
the contents of the cask and leave the resulving feed solution
froz 0.4 to 0.6 wolar. in free acid is then sdded. The total
liguid volume is calculated to make the rediocactive concentration

of the feed solution from 2.0 to 3.0 curies per milliliter with
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respect to strontium-S0. The actuel dissolution of the ceke

and transfer of the résulving solutionis carried out as follows:

@D

(2)

The fittings between the cask and the stor-
age tan-k are leak checked by pulling s
vacuum on tize‘ system, closing the vecuum
valve, and obgerving the leak-~down rate:

Ho acid is added to the system until a
satisfactory vacuum can be maintained. |

The valve in the line c_onnected to the

cask SLUREY IN fitbing is opened o permit
release of carbon dioxide,.a-glight vacuun
is placed on both the cask and the feed
storege tank through the storage tank (T-31),
and & few (5 to 10) liters of dilute (0.5

to 1.0 molar) nitric acid are sdded

through the sclvent feed line. This first
addition ie made at a carefully controlled
rate which does not exceéd 100‘ ml pér

minute in order to prevent an overly vig-

orous reaction end to perait the vacuum to

‘be maintained in the system. Added pre-

cautions, such as & check velve in the sol-
vent feed llne to prevent relesse of carbon
dioxide through thet system are inciuded.

As noted previously the feed storage bvanl
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(3

(?-31) is maintsined at.a negative pres-
sure during dissolution. The vacuum
system has en 8.4—cfm pump and & surge
volume in excess of 200 liters. The acid‘
is added at & rate that does not exceed
0.3 moler.per ninute. If the carbon di-
oxide is released et the ssme rate the’
evolution does;not exceed 6,72 liters/
minubte, STP. The volume produced is neg-
ligible in comgarison to the capacity of
the vaéudm'Syétemg No difficulty has
beeh ‘encountered in meintaining a nesatxve

presaure in the cssk.

'The;ﬁéte:ial added in sbep (2) is aliowed

to digest until no further reaction is
apperent, dfter which small volumes of
more concentrated (up to 4 molar) nitric
acid are added and allowed to digest. The
technique described in steps (2) and (3)
p:events en 6verly vigorous reaction razte
with attendant loss of cortrol while per-
nitting one to obtain a relative high |
nitrate ion concentration:in the finel

solution.

(4) Thez the cask is f£illed with liquid and
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digestion 1s complete, the valve on the
SLUBRY IN line is closed, the velve on the
SOLYERET IN line is opened, and the solution
is transferred to the feed storage tanlc by

' vacuum,

(5) Steps (2), (3) and (4#) are repeated with
varietions in acid concentration un‘i':il}
g1l the acid has beer added and & finsl
water wash of the cask has been performed.

(6) The contents of the feed storage tank are

| gir sparged &nd & ssmple_is_taken and

ra@ioassayed. This assay is compared to
the Henford analysis to determine the emount
of activity remsining in the cask,

| The cask is dried by the use of heat snd vacuum,

the lines disconrected, the seals repleced, the cask decontsm-

inated, pleced in ite outer shipping container or bumper, end

returned to the railhesd for shipment to Hanford.
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3.3 Processing to Fuel Form

3.%.1 Metering and Precipitation of Feed Solution
The solution in the feed storage tank (T-=31)

is mixed by air sparging prior to transferring each batch of
solution; this is'acdomplished by opening the air sparge valvé
connected to the vent header and drawing & slight vécuum on the
tank to bubﬁle air through the soiution for 15 to 30 minutes.
After éparging, & ssmple is teken to check the free acid content
of thé solution and to ihsure that no evaporation with accompany-
ing concentration of the solution has occurred. The reméindér
of the requi;ed analysgs, such as total cation.coﬁcentration and
strontiun-89/strontiun-90 ratio are run at.the start of process-
ing each new éask as a check on fhe-Haniord furnished analysis.
Experience to date has shown the Hanford analysis to be aécurate
in every case within the limits of experimental error.

The brocess feed bagtch is transferred from the
. feed storage tank (T-31) to the precipitation tank (T-33) via
a fine metering tenk (T-32). In eddition to the Foxboro liquid
level indicator, aécu?aﬁé_tq plué or minus 0.5 percent, this -
smell tank is equipped with fhree,calibrated stand pipes which
deliver 1, 2 or 3 liters. All excess solution is returred to
the feed storage vank and, if for aﬁy regson it is not desired
to dump the batch to the precipitator, all feed msy bs returned
to the storage tank. |



The acidic strontium nitrate solution is adjugted
to the desired pH with a sodium hydroxide solution. '

The temperature of the precipitator may be varied:'
‘from about 55°F to nearly 180°F by clrculating water at a con-
trolled tempersture through the external coils of T-33. All
liquid reecgents are added to the precipitator from a métering
tank in the operations area by means of a diaphragm pump through
appropziate block valves, qheck valves and e siphon bresgk. Solid,:
‘freagents, guch as T10O ,'aré waighed in the laboratory into small
plastic bottles, passed into the process box and dumped into the
top of the-precipiﬁatcr through s funnel which may’bégsealed when
e vacuum on the p:ecipitatorAvessei is reguireé; See Section
2.6 for reegents and*quantitiés-dsgé, .

The précipitating reagents are added to the
-neutralized or slightly basic strontium nitrete solution inm
amounts stoichiometric to thé totel cation concentration. The '
"mixture is stirred, either by an air driven mechanical stirrer
or by pressufe air sparging et approximately three liters per
'minute and 5 psig pressure. The air supply for sparging is
located in the isolation room of Cell 4. It is controlled by
check valvés and double pressure reducers. -The sperging is
tuined on anG off fwom outside the isolation room. A bleed
line is instelled adjacent to the bottle; in the event the line
becomes clogged the pressure can be released to the cell.  The

optimur flow rate for sparging varies slightly with batch size.
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Upon completion of the digestion period, the
precipitator may be brought to ambient temperature and cold
water added to speed settling of the precipitate. After allow-
ing time for settling, the precipitate iz drawn over to an
alundum filter—crucible in filter housing T34 gnd the filtrate
collected in the filtraté storage tank (T-25) by applyipg'vacuum
to T-35 and opening the velve connecting T-33 through T-34 to
T-235, T=33 and the precipitate are washed with water, as re-

. quired, bj adding water to T-33 and drawing it by vacuum into
T=35. , _

The :iltraté andlwashings, stored—in T-35, are
. assayed. Should an activity of more than 3 curies/liter be pre-
sent as would occur if'inéufiicieht sodium hydroxide or precipi-
tating reagent were added to-the betch or if the T-34 filter had
been defective or the seais,had been imperfect, the washed
precipitate would.be removed from T-34 in its crﬁcible, the
crucible would be replaced with an émpty one, and the filtrate
and wash from T-35 would be recycled through T-33 and T-34 to
T-35 after any required reagents hasd been sdded. The T-35 solu-
tion would be resemplec and, if the strontium content were low
enough, the solution would be vacuun~transferred to the waste
storage tank, T-20. The T-35 solution is normally trensferred

to T-20 immediately sfter assay.
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30302 Calcination, Blending and Compaction

, The alundum crucible containing the precipitate
is removed from the stainless steel filter holder (T554) by
swinging back the top and'lifting out the crucible with menipu-
lators using s spécialfhandiing tool. The contents of the
.crucible are examined visually and the crucible and contents
are placed in the furnace for the drying and/or calcination
- step. |
3030201 Process Furnace

, The furnace uséd for the drying step is a
| versatile unit capgbie of susteined operation at—temperatures
_as high as 1500°C; it ig-slso used for subsequent sintering steps.
The furnace proper is heated by three sets of four "glo-bar"
resistance eléménts,'witﬁ eacﬂ set beiﬁg individually asdjust-
gble for output from the contrbi panél in the operations ares.
The entire furnace is.powared snd automaticélly.contfolled
through a saturable.regctor which receives its siénal frox one
‘of six replacesble thermocouples in the furnace; the furnace
cycle cen be varied within a wide range by use of precisioﬁ
cut cams. The iﬁrgell pértion-ofjthe assembly is eaSily rgmov~.
able from its water-cooled well in the process box for replace~

ment of heating elements and thermocouples.



3e3e2.2 Drying and Calcination

The purpose of this operation is to dry the
filtrate and remove 602 without rgising the temperature high
enough to sinter the product. The furnace is closed, but not
sealed air tight. The temperature is taken to 250 4o 300°C and
‘held for sufficient time to insure removel of free water vapor.

After this drying is complete, tﬁe temperature in the furnace

. - is increased to 600 - 970°C depernding on the bateh size and the-

product desired. Maximum temperature is maintsined for a pre-
determingd period. In one case, the resction rate of the
strontium carbonate - Tioa'mixtﬁre is temperature-Gependent
. @bove its initiation tempersture and since coasiderable self-
heating occurs from the étrontium-90 content & relstively low
temperature.is maintained fbr several hours to. permit conversion
to strontium titanate without éintering the central portion of
..the cake. In the other case the removel of occluded water is
a relagtively slow process.
5:;.2.3 Blending

It is necessary to break up lumps and rsduce .
the particle size of the dried .and calcined ceske prior to final
fuel forming to obtain consistently high density material. A%
the present time, 2 Waring-type'blender is used for this opera-
tion, but other eguipment;sych es ﬁ 'v" tube biender énd s small,

enclosed hammer mill will probably bs tosted end used.



D324 Powder Densifying’

Strontium titanate powder has traditionally
beer pressed into "green" pellets by stendard vowder metal-
lurgical techniquos, using & die of the desired dimenéiqns,A
loading the'die with the desired msss of powdér and pressing
with @ hydraulic press. The peliet is Then sintered at high
temperature.to cauge it 0 shrink with sn scconpanying increase
in Gensity. The Quehsnns Pilot Plent has rebsined this cape-
bility, which requires & pressure of cnly sbout 5 {ons pexr
squeare jnch on tho pellét eres, and atv the sasme tine has built-
in versetility to pernii more efficient compections— Waen
sintered pellets are iOade& irto capsules theres gre alwsys
void spzces which-Gecreass the power density. Wori done by
Martin Nuclear Division indicates thset good density msteriel
without voids mzy be obiained by "step pressingz.” pars 1cu¢ar1y
when strontium compounds other-%haﬁ the ¢itsnete sre mzde. In
thig process,; a fuel conﬁainer is plgced in g . large die ard =z
sngll voluce 6: powder is adﬁed and pressed at 40 to 50 %si.

The process is repeated until the conbainer is full or until
the desire& thermal output is obirined. A 250~tonr press with

e l2-inch rzm is emplo&ea in the process box. The hydraulic
unlﬁ is loceted in the overations srez and connected 0 The ram’
by bigh pressure -subing through the csll welil. Wher step pres-

sing is employesd, sintering is cmitted.

-840 =



36322.5 Sintering

Green titanate pellets sre trensferred onto
zirconia covered settéﬁ plafes, ‘the plates are logded into the
" furnsce in es many es three trays st Gifferent elevations aﬁd
e progremmel sintering cycle ig initisted. fhe rpaxinun sinter-
ing tempergture is gbout 1450°C ané a complete cycle requires
approximgtely 20 hours. Inert gss services are profided in the
furnace. Upon xemovel from the furnace, the fuel pellét is
~checked for physicel characteristics end the;msl'éﬁtpute

3053 / | Interim Fuel Storage

Shielded storage units ere provided—in-both
ckenbers of the process boxfto pernit storage cf either exposed
or sesled fuel and conbainers as desired during processing. 1
%he pelles form of materisl is required, bstches of pellets
would te sbtored in special open liners until the correct nnmbei
and type of pellets were aveilable to meke z finel capéule
icading. If step-press losding is empleyed, a conteiner or
éontainers will glso be siored temporerily until loading is com-
pleted. Open storege wWill be used only in %hé shielded storage
chanber accessible o the & side of the process box. Shielded |
storage is alsgo provided on the B side of the process box for
temporexry shorage of sesled contsiners. The shielded storage
chsmbers sre so decigned that eir will circulate through the

intericr ané the fuel will thus be cocled by convection currents.



BBl ~ Fuel Contginer Felding

Both final fuel containers and containers to
be used for long-term storage are welded shut. The welding is .
verformed by use of an Heliarc power supply placed near‘the face
of the cell and a welded tip and jig within the cell. Hatéfials
%o be welded will be chosen from smong 300 series stainless
steel, Hastelloy C, Haynes 25 and tantalum. '.r';chniques and
appa:atus for each welding requirement are tested end approved
. by Quelity Control prior to utilization. Such materials as
'Eastelloy'c end 300 series of steel have bzen remotely welded
successfully with éenetrations from Cs@ls inch Por-Iight stain-
. less steel lirers %o 0.090 inch on Hastelloy C with this
apparetus. | '

Prior to removing any welded fuel container
from the process box, & mass spectrometer lesk check is per-—
formed. The existing system Qéﬁ detect lesks as small és 1078
standard cc’s’ of helium/second; the acceptable maximum leak
rste for s welded fuel COnféiner is 5 x'lo"s'standard.ccfs

of heiium/second.

%.3.5 Fuel Container Decentsmingtion
Decontamination of each sealed fuel containerx
is performed in seoveral steps. The first step is in the A side

of #he process box accomplished by the use of an immersion bath.



Each immersign tank is fitted with ultrasonic transducers to
assist in the cleaning. .Afteg the preliminary decontaminetion,
the container is moved to the B side of the process box and
immersed in additionel ultrasonic cleaning tanks. The immersion
may be 1nterspaced w*th scrubblng and/or the use of special
Teagents as requlred. Swlpe samples are taken, removed from

thé box end counited to determine when the fuel container is
sufficiently ciesned for. removal from the B section of the
process box. . The decontaﬁinétéd container is transferred to
Cell 5 for calorimetry and-storage in the shielded capsule stor-
age container. From there, if long-term storages will -be rTe- |
quired, it is sealed in a sgcbndany stainless steel.container,-‘
welded, leak checked and transférréd Yo the gemma pool after the

reouired waiting period.

3.4 On-Site Storags-
Boltal ‘Cell 5 Storage
) Storage in this cell is described in Ehragvapn
9,1..3.5.
.2 Transfexr from .Cell 5 to Pocl Storage

‘The" cask (see Ih ragraph $.1.2.3) contaln.ng
the Goubly sesled and 1eak~testeu-capsules is removed from Cell

5 in either of two weys..
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The service area crane is used to 1ift the cask
“out the top of Cell-5 througﬁ the opening left by removing the
concrete roof plggs. Thé crane then moves on zn unobsbtructed
direct path to the pool. Thé'caSK is moved over the pool edge
sbove the specified section of pool in which no capsules are
stored. This prevents the possibility of the cagk being ac-
‘cidently dropped on a capsule. The cask is lowered into the
pool. A special tool is used to remove bhe capsules from the
cask. The cask is removed from the pool, drained and decon-
taminated; if necesssary, for fﬁr&her usee. |

The other method of transfer ig‘pérfbrned oy
. using a dolly to‘remové'the cask from Cell 5. The dolly is
moved across the smooth, unabsﬁructed floor to the edge of the
pool. The service area crane is then used to plaée tﬁe cask

in the pool as in the other method.

3.5 - " Final Loadineg Operations

Prior fouloading into & generztor or shipping
cask the decoﬁtamihated fuel capsules are accumulsted in the
Cell 5 shielded storage conteiner. Calorimetry is repeated if
desired, all capsules'réturnéd to the Cell 5 shielded storage
container and the gensretor ox cask is moved into Cell 5. The
logding operation enteils either the placement of one or ﬁore
fuel capsules in the shielded generstor block, sddition of |

shielding to the generstor, &nd a final checkout of the generator
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internasl atmosphere and electrical output prior to shipment to
the Baltimore site for furthér testing, oi, loading one or more
fuel capsules into a shipping cask, attaching the cover and
finel checking of the cask before release for shipment to its
destination. -
3.6 Reagents

This section is classified and will be trans-

mitted as a separste submittal.
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! i
. ADMINISTRATIVE CONTROL

‘ Tpe“fugctioh Ofifhe administration of the Radio=-
isotopes Prodguction Pilot Plant is the economical processing:and.
-encapsulatlon of radlostrontium for»power productiono ReGOgniZJ
ing that the handlzng of multicurie quentities of strontlum-90 :
.presents safety problems uniqne in private industrisl operationss
the Hartln Company has set up admlnlstretxve controls deslgned

to enable the plant operations to be carried on with the least

poss;ble.hazard.: (Eefer-to Flgure 4.1) ——
461 Qpe“ations and Re_ponslbilitles

'Iﬁ oroer +0 achieve the necessary degree of

: admlnlstratlve control,'rellance is placed not only on deflned
:procedures but also on prooerly tralned and indoctrinated personp;
.{nelc' This concept of admlnistratlve control starts with the hotf
cell" operator and hlS"reSPOBSIbllltles, and works up in the llneé :
and . staff organizatlon through a serdes of overlapping respon31-i
billties which prov1d;ﬁ g

ecessary chncks on the operations.: This?
systen may perhaps be: explalned most readily by a review of :
;responsxbillties. '

..4.1 o1  Hot Cell Operator

. The hot cell operator is responsible for carry-
'ing out the actual processing operations. The operstions to be
conducted during each shift ars reviewed with the operator by .

—4.8—-



Radioisotopes| Vice President . ' -1 Chief
" Safety ' . T " .
Advisory = — = — = ngeral,Manageru N Security
Committee NP \ g - and
. i Nuclear DlYlSlon \ . Protection
\
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Manager -~-—— '\ | Supervisor
Nuclear ————= Health
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. . Health
. : Physics
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Figure 4.1 Organization Chart



+the shift suoervisof.' Operatlons ere carried out in accordance’
with prev:ouslv deflned ‘and authorazed procedures. The opera-"'
tor will have been t”a.nad not only in thsse spec1f1c procedures
But slso in the basic arts of health physmcs and radiochemlstry
‘with emphasis on propea actlons zn case of emargency. Appren=-
tice operators w111 work along wzth experienced operators.

The operator w:ll keep a running log of the
tasks he performs, recordlng all perbinent oata, Ceos volume
-"of solutions transfe rred, temperatures of solutions, duration
of operations, analytzcal results.' Any evidence of unusugl be-
havior in the processy process equipment or faci lity equipment
" will be recorded and bvought 1mmediately to the attention of
the shift superv:.sor°

No aev1atlons from the defined, normal operat-
ing procedures will be made by any operator unless authorized
by his shift supervisor. Such dev*atlons must be noted and -
enphasized in the log. The operatlons log is the basic record
of all operatlons at the faclllty. )

4,1.2 © - Shift SLpervisor

*The: thft superv1sor is responsible for con—
ducting scheduled operctlons 1n accordance with -the authorized
procedures and 1nstruotlons, and for directing end assisting o
his assigned oneratovs 1n their work. He will receive writteﬁ

end oral 1nstruct10ns Lrom the Superv1sor of Process and Quality
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‘Control defln.ng the operations to0 be performed on his shift. -
Third shift superv1sor w111 usually receive only written 1nstruc-j
-tions, with oral 1nstructlons transmitted to the second’ shift |
’supervisora In order 0 cope with minor deviations in the
process, the shift superv1sor wlll be euthorized to improvise
manlpulatlve changes to correct the aberrations. He is encour~::
aged to delineate facts and make recommendatlons, but he will
| -not make. any'changes znvnlving addltions of chericsls or altera~'
“tions in propess conﬁithnszw1thout review and approval by higher
authority.” | I
| The activities of the shift will be summarized.
in the operetions log by the shlft supervisor. He will note
the transfer of radioactive materisl from one location to an-—
_other and from one form to another, unususl occurrences in
process or facility, and unusual maintenance requirements. He
will examine-and initial his instruction log book and bring the
next shift supervisor up to date on the facility status and pro-
"duction situation. '

4.1.3 - Procesg and Quality Control Sugervisor
"~ The Supervisora Process and Quality Control,

is respon51b1e for planning productlon operstions, improving
operationsal techniqnes end maintaining the quelity of product.
He will hake.daily assigmments of operating orders and check

housekeeping throuéh daily ﬁeisongl surveillance and review of
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the ‘shift oPerstions 1oé;~ |
Through coordination with the Flant Manager,

Process Chemist, Llcens1ng Speclallst, Process Eoulpment Englneer o

‘end re51dent Health Physzclst, he w111 insure that all materials
are available and requlrements met for safe accomplishment of
production scheduleso | .

He will review suggestions for process or pro-
cedure changes and forward his recommendatlons to the P’snt |
”Manager. He may not authorize .any substantive change in estab-
lished operatlng procedures without higher approval. |

. The Superv1sor .of Process end’ QusI;;;.Control
will submit a daily report toihe Plant Manager summarizing the
.informatlon in the operatwon log and will inlcude his Dersonal
~observat10ns and comments concerning the achievement of produc-_
tion schedules and the safety of the operatzonse

4.1.4 Mana;erk Rad101sotqpe Pilot Plent Section

The Plant'Mansger is responsible for the safe
' and productive operation of the Quebhanna facility. He will
direct all operafionsg approve operating procedures and estab~-
ligh goals consistent with the‘license_for the facility end |
any further restrictions he deems necessary. He will receive
processing requests and fundirg from other areas of the Nuclear'
Division. He will coordinate and measure the activities within
his section, and will request the support required from other

sections through the Menager, Nuclear Components,; so that
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training,-preparation an&:stockpiling will be achieved on time
and 1n.proper degree o meet established goals.

: He shall- stop, or prevent the start-up, of any
qperation at the Quehanna .facility when, in his judgment, such
operation would be. in v1olat10n .0f the iicense, or otherw1se be
in contradlction to safe practlce. He shall take similar action,
regardless of his personal judgment, if so ordered by the Manager;.
'Nuclear dempoﬁents, or the Commigsion.

-He will peview the dsily reports of the Super-.
visor, Process and Quality COntrol, the weekly reports of the
resident Health.Physlcist and meke frequent pers;;;I_inspectionf
"of the facility an& 1ogs.- From ‘these &nd other data, he will’
subnmit a wrltten report to the Manager, Ruclegr Components, on
a weekly baSlS, summarlzlng the status of the facility znd the
week's act1v1tieso '

He is resﬁOnsible for anticipating the need
. for amending or up-dsting séctions of the license and iﬁitiat*
ing action. In this regard, ﬁé Will frequently compare the
goals and long range plens for the facility with the license
and current practice.~ From this analysis, he will take action
within his section and'request'support from other sections as

required to prepare other reports and data as ordered by the

Manager, Nuclear Gomponents.
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4.1.5 . Msnager, Nuclear Components Department
_ : Z:Degartment Manaéerz

The Lanager, Nuclear Com‘oonents, is respons:.ble

for ma:.nta:.m.ng a sati si‘actozy Radz.oisotope Pilot Plant facility,
: a competent operatlng staff of adeguate size and for assuring
safe operation of the _i‘ac:.lity in accordance with the license.
He will review and retain for file in Beltimore the weekly sum~
mary reports by the Plent Manager, mske personal inspections of
-~the facility and logs at 4 to 6 week intervals, and take whatever
other action he deems necessary to assure himself that the
facility and operatiors are uiaintained in accordance-with the
licenseo He has the authority to order the cessation of any
operation he deems unsai‘ee He will,. adv:'.se the General Manager
' of the Nuclear Division of the status at Quehannz on a weekly
basis. ﬁe wili pro_v_'ide, or take necessary action to provide,
the required suﬁporf- acfiﬁf’feé for Quehsnna. He will cooperate ‘
with the B.adioisotope Safety Adv:.aory Committee, providing re-
ports and data requeSued and assz.s’clng the Committee in its
investigations.. =
b2 - | Administrative Checks

In add:.tion to the control prov:x.ded in the

organization and mode of operation of the Nuolear Componen‘bs
-+ Department, two independent perellel edministrative checks have been:
established. These are the Nuclear Division Radioisotope .



Safety Advisory Committee and the adrinistrative participation
of the Heslth Fhysics orgam.zation.
.4.2.1 c Health &zsics
' The organization and :cespons ibilities of Health

'Phyaics are presented in Chapter 10. In addition to its con-
ventional du'tie's" the. Health Physics orgenization participates
in the admimstrative control of the Rad:s.on.sotopes Production -
Pilot P‘lant., As. &n ultimate check, the resident Health Physicist.
i may stop any operation at the facili’b-y which he feels is being
carried out in a mannar contrary to sai‘ety regulations and
consti‘buting a definii.e hazard to the facility p;;;o_mel and
"to the px_zblic. e e : -
4L,2.2 - = Radioisotoges Safet_:x Advisory Commii:tee

N '.i.‘he P.adioisotopes Safety Advisory Committee
.has 'been cons'bi'tmted f‘or the purnose of increasing assurance of
" the safe ‘use end possession of radioisotopes within the Fuclesar
Division. It reviews the criteria that are generated by line
- organizations to e:o_sure the .safe' operation of any activities
u-bi-lizing radioisotopes. It carries out periodic surveillance
of such operations. The chairman of the Committee reports
directly to the General Manager and Vice-rPresident of the '

Nuclear Division.
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4.3 | . Pire Prévéntion end Control

| Thé unuéuﬁl'heture of the.plant operations with
 the potentisl hazard of radioisotopic contamination and nuélear
rediation, and the isolated location of the Quehanna facility
have caused considefétibns‘of fife preventiqg and control to be.
of particular concern;' This leaaé to the re@uiremént of frequent
inspections and specisl training in fire fighting. |

4.35,1 " .Inspections

MOn%hly'ihsﬁections are made by the Quehsnna
Radioisofope Pilot Plgn%.pgrsbnngl accompanied by the repre-
sentativé-of~th¢.?p§nsylﬁania15tate University. “Egﬁaiﬁgs of
"these inspections are distriﬁuted to officials at Pennsylvania
State Universify and the.Plant Mgneger for action.

4.5.2 Praining Program

All msle personnel at the.Quehanna site are
-4roined in fire fighting. The training program is described
in Chapter II, Summary of Emergency Control Meesures.

4.4 Qualifications of Personnel
4.4,1 , Operating Personnel

The following:categories of personnel are
actively engaged in the hsndling and/or'control of radioactive
materials at the piloct plant. The minimum acceptable qualifica-

tions for each category are:
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4.4,1.1 # Hot Cell'dpéraﬁor
4.4.1.1.1  Operstor C (trainee)

High school educatlon and at least 4 years
experience of a general mechanicel nature.

2 years of.college--a years of college may be-
substituted for the gensral experiende and non-diploma technical
courses may be subgtituted for experience in some cases. |

‘ Each employee musf be of such character as to .
' permit obtsining an AEC Q cléaiance,
4.4,1.1.2 Operator B (intermediate)

A1l gqualifications listed above plus (1) suc-
‘cessful completion of a radiation protection training course
of at least 16 hours durafioﬁ, (2) demonstrated competence in
each maginpulative 6peratioh invélved in processing, and (3)
at least 18 months experience in handling radioactive materials.
4.4.1.1.3 Operatér A (joﬁrneyman)

A1 quallflcations listed above plus (1) at
least 36 months experlence in handllng radioactive materials,
(2) an understanding of each phase of all operations and a
. demonstrated ability to explain the operation to others; and (3)
understandipé and awareness of the radiation hazard in any |
operation with radiosctive ﬁaterials and a demonstrated record

of safety.
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B.4.1.2 ' shift Supervisor
' (1) &ll quslifications of en A operstor, (2)

demonstrated initistive and organizationsl sbility, (3) ab leest
5 years experience in the nuclear field, of which et least 2
- years must have been spent as an A:operator or equivalent..
4.4.1.3 Supervisor; Production and Quality Combtrol

| Pducation--BS, Chemistry or Chemical Engineer-
ing. Directly applicable .exyéz:_iex;ce in the field may be substi-
" tuted on the basis of 2 ﬁeéré experience for 1 year of college.

/

Experience--at least 8 years of high level
radioaqﬁive chemical e#périeﬁcé réquired, of whiggf;% ieast 3
' years must have besen in & supervisory capacity. '
R Mangger, Quehanna Pilot Plent

EdtcatiohévBS, Chemistry, Chemicel Enginéering
or Ruclear Engi#eering} |

ﬁiperieﬁdé--B_years experience handling high
level high specificAéctivity'réd;oactiye materisls. Advanced
scﬁooling in'rgaiochemistny, nuciear engineering or radiation
protection may be substituted on a vear-for-year basis for up
to 3. years experience} A minimum of 2 years supervisory experi-

encé in the nuclear field is required.

4.4.2- C Heslth Physics Personnel



Golt.201 . Resident Health Physicist

The following minimum requirements are neces=
‘sery for the posztion of Residenu Heglth Physicist: '

| Eaucotlon. “BsSs in Physics, Chemistry or

‘equivelent. R

E&perlence. Two (2) years experience. *n,Health
Physics admlnistratlon and control procedures w1th particular.
euphasis being g_ac_eﬁ__ p;} pgrs_,gnne_l possessing high level hot
“cell experience. . |

434q2.2 ’ Héalth.Physics Technician

The following mlnlmum reoulvemeﬁzg*gie’neces- |
sary for the p051tlon of Health Physies Techm.c:-.an°
Educat~on° High School graduate or equivalent

Plus specializéd training in raéiological protection, electronics, -

or lsboratory technigues. ' ' ' o
. ' Experience: Six monthe experience in Heslth
Physics or related work to become familiar with rediological
monitoring and laboratory methods and procedures. - In addition
will reauire an spprenticeship perlod et the fecility wbrklng
aTOng with eyPerlencea Heaith Physlcs Techniciens. The length
of on-the-job tralnlng will be governed by an individual's

ab;lity, experience and educational background.
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4.5 Sunngry i
' 'In recapitulation, the Martin Company has se%

.up an. adrinistrative evstem that provzaes safety in the handlzng

" ef multi-kilocur;e amounts of rad.ozsotopeso Thig. systen is

based upon the following elements: |

4.,5.1 | A physical plant providing for control of
rgdioactive méterial_in normal aﬁd conceivable emergency
circumstances. )

Y52 Experienced personnel well-trained and indqctéie
neted in fequirements for‘safe haﬁdling of radi 01sotopes.

45,3 - 4 system of supervisory progression within the
line group providing for overlapping regsponsibilities and checks

‘upon the standard operating procedures. .

4.5.4 ' A system of records and reports which provide
complete awareness bfrtﬁé'sfétus of the facility and its con-
tained redioactive materlels at any tinme.

4.5.5 . An 1ndependent staff function through Health
Physics wh.ch provzdes a contlnuous check upon the operstions
of the line groun anﬁ the safety of the *écllzty. ' |
£.,5.6 A second 1ndependent staff ?unction through the
Radioisotopes Safety Advisory Committee which advises the GengraLf
Manager in metters related to safe operation'éf racilities.." |

“4.5.7 A speciel concern for indoctfiﬁétion and good

training in fire prevention arnd control.



CHAPTER 5
PLANT DESCRIPTION

5.1 - Descz;ption'ahd-Arrangement
5.1.1 General

A view of the exterior of the facility building
is shown in the f:ontispiece. The exterior, of simplified con-
tenporary design, consists largely of insulated gluminum curtain
wails applied to the steel frame. The two large bays housing
J%he resctor and the hot cell service area are evident. The
reactor area is lsolated from the cell sexrvice area, except for
a large truck door and & pedestrlan -door, both ofi;£225 will
normally be closed and 1ogked.='The genersl layout of the site-
(frontispiece) shows the relative position of the main plant,
redioactive waSue tﬂeatment plant, storage buildings, and under-
ground holdup and s*orage tanks.

The 24,700 squars foot reactor gnd hot lgb
building is basiga;ly a one-story strugture. The main floof
plan and the basemgnt floor plén are shown in Figures'sol gnd
5.2. The Mertin Radioisotopes Pilot Plart includes all areas
encozpassed by thie hesvy line on the vellum overiay, The plant
has been designed- $o provide as positive separaticn as possgible
between ra&io&ctiﬁely contaminatég and radioectively clean areas.

Those areas which are maintained free of conismination include
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offices, dark room, staff laboratory, and reactor area. As
referencg to Figure 5.1:reveéls, the only normel access between
- clean and contaminated areas is via the change room. The large
access door between the operating and service areas is normally
closed end locked. Because of the relative isolation of the
controlled areas, an intercommunicetion system connecting all
parts of the building has been installed. _

A more detailed description of that portion of
~The building with which this report is concerned, the hot cell
area, is govered in the following pages. This area, enclosed
by the heavy lines in Pigure 5.1, includes hot ceTIIs; isolation
rooms, operating area, sérviée area, radidactive materiels stor—
age area, decontaﬁinatioﬁ room; analytical radiochemistry labo-
"raetory, and change room.aﬁd other associated cold areas such as
offices and conference rooms. To provide for expansion of the
plént in the future, the building was 1laid out with the entire
east wall unobstructed. Additions can be made simply by build-
ing adaitionel lgboratory space or hot cells in live end extend-
ing the operating and service areas.

5.1.2 Philosophy of Multipie Containment

The concept of multiple containment is epplied
in handling multikilocurie esmounts of beta~, and gamme-emitting
isotopes of high specific activity. This technigue consists of

confining the radioisotopes within gt least two containment
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enclosures. This approach has. successfully been used at this
facility since July i96é; to'prevent the release of particulate
activity to the externsl environment.

The Radioisotopes Pilot Plant is divided into
two perts: the admlnlstratlve area and the hot working area.
The opersting area is usually weintained in an uncontaminated
cond@ition. It is normally accessible only through the change
room. The flow of sir is progressively from uncontaminated
..areas to those of increasing likelihood of contamination.

, The Martin philosophy ‘of multiplé containment
is evident throughout the process. Four distinct—containment
barriers exist:

(a) ZProcess equipment

(v) Steel and plastic process box

(c) BHot cell structure end ventilation system

(d) Building

The first containment barrier is the ﬁrocess
equipment itself located within the stainless steel process
box  inside the hoﬁ cells. The process equipment, such as
tanks, precipitator, etc., is verted directly through the process
box exhauét system.

 The secord, and most positive, containment
barrier is the process box. The box is designed to have the

lowest air pressur e in the syster and is protected by both
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absolute type imlet and outlet air filters. In addition, it is
designed to have as small an air iiow as possible, consistent
with a safe operating pressure drop frcm the cell'environment,

| The third contalnment barrier is the hot cell,
which also has absolute type filters on both inlet and outlet
ailr stresms. The operatlng air pressure in the cells is higher
then thet in the process box but lower than that in the operat-
ing area. The transfer of material to or from the process box
. is accomplished by employing & Stationary Overheasd Transfer
System (£0TS) which prevents the box atmosphere from direct
connection té eny regions other than the immedieste-—section of

. the SOIS.

5.2 Aresa Descrlptwons
© 5.2.1 Hot Gells -

This facility is comprised of five cells with

Dhysical configgretions.as.indicated in Tabie 5.1.

Taﬁle 5.1
EOT CELL DIKENSIONS
Cell . Floor  Ceiling Wall
No. Size Height - Thickmess
(£6) (£e) (£t)
1 6x7 12 3
2 exi2 - 15 3
5 6x7 -2 3
4 8x12 12 2
5 8x8 12 2
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Each of these cells is provi&ed with manipu-~
lgtor ports for the use of Model 8 magnipulators. In addition,
a EKollmorgen periscope may be used. Cells 2 and 4 have two
uéaiés of-méﬁipulator port openings so the entvire floor area of
the process box may be reached. With slight revisions to the
port holes., as many as 23 different manipulator locabions are
. possible throughout the five cells. A side elevation of &
typical cell is shown in Figure 5.3.- A deteiled plen view of
:,the cell block appears in Figure 5.4
, The shielding wallé of the ceils, which reach
to a height of 9% feet above the floor, are constzueted- of
_ferrophoéphoroﬁs concrets with a minimum density of 280 lb/ft5o
Above 9% feet, the walls are of ordinary concrete, having a
nininun density of approximately 150 1b/$t3. A11 dense concrete
was poured with 1/4-inch steel plate forms which remained in
place to form the inner and outer cell wall surfaces. The steel
plates simﬁliiy decontamingtion of the cells, afford a good base
for attéching fixtures to the interior or eiterior, and pravens
chipping of the coacrete around pivgs, drawérs, and access ports.

The radigtion chielding windows are o0il-filled
units of 3.6 gm/cm5 density glass. Each window is roughly tke
sane thickness as the 4.5 gm,/cm3 density wall in which it is
instalied so that, in comperison to the wali,-it is undershielded.

Thig undershielding can be compensated by using an additional
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slab of 6.2 gm/cm5 density glass, four inches thick, when -ad-:
ditional shielding is required. There are seven windows; two
in each of the larger cells snd one in each of the remaining
three cells. The windows measure 36x48 inches on the hot face,
and by virtue of the high refraction index of the glass, permit
one to view elmost the entire cell area.

The cells may be entered through doors at the
rear which open into the isolation room. Deteils of the door
_rarrangement may be seer in Figure 5.5. As reference to Figure
5.4 reveals, the openings.are so placed, and are of such size.
thet modular eguipment tables covering one half (er-in the case
of the larger cells, one third) of the floor srea can easily be
renoved or rearrangeﬁ within the cell. This is true of &ll the
cellg except Cell 4-where the redesigned isolation room limite
access to the cell so that SO0TS (see FParagreph 9.2.3) is. the
only opening for large eguipment. Equipment which is too large
to pass through the doors (on all cells except 4) méy be placed
in the cell by remqfing one or édre of the'two-foot thick slabs
wpich form the cell roof. By uéing the 15-ton bridge crans to
remove.these slabs, the entire cell arsa may be uncovered if
LECesSSaYy . |

Commercisl flood lemps supply the cells end
process btox with the required lighting. Standby or emergehcy

lighting is suppiied in g1l cells so thet lamp feilures wil not
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cause shutdown. A'propane-fueied motor-generator set supplies
sufficient power to continue opefation of the'cell ventilating
and 1ighting.systems in case of electrical feilure.

| | Tﬁe:opéiating‘faces of the cells are liberally
supplied with accessAports,arraﬁged as shown in Figure 5.6.
¥any of them have been p}aced in rectangular draswers or inserts
which czn be removed and replaced with drawers having plugs de-.
signed for specific applications. Individual intercommunication
~systems connect the operating face and the isolation rooms.
There are,penstrations from the isolation rooms %o the. cells
and between cells, through which piping and wirzing may be pzssed.
#11 stendsrd services are eveileble in a trench immediastely in
front of the cell face 80 thet they may be ertended thrbﬁgh the
wall as needed. Ghannel-through p lugs carryzng services infto
The cells are boﬂt so tha“ there 1s no direct path for radiation
from the cell to’ the one“atl.g area. Only a few 110-volt elevtr;=
cal lines are per;anenply ,nstalled within %he cells.

5.2.2 o Iﬁqlati@n Aress

Figure 5.1 indicates the location of the iso-
lation rocoms In reference $o the hot cells end the rest of the

facility. Teble 5.2 indicates the physicsl configurationg.
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Table 2 2
ISOLATION ROOM DIMENSIONS

Flooxr Wall _ Ceiling = =

Cell Size Thickness Height
No, gftz ginche52 ft
1 10x14 8 10.67

2 12x14 8 10.67

3 10x14 8 10.67

4 12x14 . 8 10.67

5 10x10 8 10.67

p The walls and ceiling of the isolation rooms

are made of precast réiﬁforced concrete. The waIES"afe 8 inches
thick and the ceiling 5 inches thick. There are no penetrations
in the isolation room surfaces except for the door to the service
arez snd the hot‘déll'éoor'plus sealed conduit pipe for required
services. |

5:263 Operating Area

The operating area is immediately adjacent to
the front of the hot cells (Figure 5.1). The walls that form
the operating area bounderies are the hot cell walls, the machine
shop and metal}ographic 1aboratory1 the change room, and tpe
exterior walli of the facility. The only normal access to the
20 by 66 foot operating area is through air locks to the change
-room gnd to the outside. The door to0 the outside is part of the

integral locking systen.
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S5.2.4 Service Afea

The service area is adjacent to the isolation
rooms at the back of the cells. The walls that form the service
area boun&aries tFiguré 5.1) are the isolation room, the decon-
tamination room and radioéhemistry laboratory and cask storage
- room, the exterior wall to the facility, and the wall'separat-
ing the reactor bay from the hot cell area. The only normal
personnelnacceSS‘to the service area is again the change room
,»and>the outsiﬁe by way of air locks. The door to the outside
is again part of the integral 1gcking systen.

5.2.5 . Decontamination Room —— .

The decontaminstion room is adjacent to the
sexrvice area (see ?igure 5.1) and is bounded or the other three
.walls by the radiochemist:y.lab, the electrical equipmert room,
" and the outside wall of the facility. The walls to the service
. area and the electrical equipment room are wmade of 8-inch
concrete blécks_and the wall to the 'radiochemistry lab is s
2-foot thick precast concrete well. The only access to the 20
by 25 foot robm is through tﬁe serﬁice ares.

5.2.6 Radiochemistry Laborgtory

'~ The radiochemistry lab is next to the decon-
tamination room and adjacent to the service area (Figure 5.1).
" Aside from the 2-foot thick precast concrete wall betweeﬁ the
rediochemistry lab and the decontamination room, all walls are
made of 8-inch concrete blocks. The only access to the 18 by

34 foot room is through the service area.
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5.2.7 Storage Area
The storage area (Figure 5.1) is adjacent to

the service area and all foﬁr walls are of concrete block con-
struction 8 inches thick, approximately 8 feet high, and open
"at the top. Again the only access to the room is through the
service area.

5.2.8 Change Room and Cold Areas

The change room, as mentioned above, isg the
-~ only way to leave or enter the hot cell area (Figure 5.1). 'In
the change room area are the showers. clothes storage, and the
cold area-men's toilets. 41l the walls in this greg—are 3/4
.inch Cemesto board on 2 x 6 inch wobd studs. The office area
walls are reguiar construction plaster boerd on 2 x 4 inch
studs. The outside wali of the facility is generally made

of insulated aluminum siding applied on a steel frame.

5:.2.9 Waste Storage Building

The waste.storage building is located about 50
feet south of the plant (Figure 5flj. The prefabricated build-
ing, 20 feet by 60 feet, is made of sluminum siding on a steel
frane. The building has two roll-up gérage type doors which
are locked. About one-third of the building has concrete block
shielding provided so that the waste drums containing a high

 level of activity may be stored in this area.
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5;5;2;10 o Liquid. VWaste Trgatment‘Buildinz
o Thé liquia-mmﬁte treatment building is located
‘ebout 50 feet south.of the plent (Figure 5.1). The 25 x 30 feet:
building is mede of.alumihﬁﬁ éiding on a steel frame. The build-
'1ng has two .doors, whlch nay. be locked, one for persomnel gnd
one for delivery of subplies and equipment. The bullding is
eqnipped with & vacuum evaporator system and complete 1aundry
facilities. | .
. 5.2.11 i s‘«"an Roon.

P The roonm 1s locaned on-the lower level, dlrectly
under 1so7atloa TOORB 1-5. (Pigure 5.2). The »éoa iz 14.f% wide, 57
feet long and 13 feet hlgh The only eatrance is from fhe
serv1ce erea. Egqui pmenv 1n this areé- con51sﬁsof normal, auxw
_llary and process box exhaust fans and contro;s, double fllter
plenum boves, vacunm pumpe anﬁ alr sa:pleso

5.2.12 Suo-cell (Cell 6)

Thls *oom 1s located on the lower level adaa-

5dlrectly under Cell 1. It is a heavily.

cent to the fan *oom;*
shle1ded room with 2 to 3 foot concrete walls., It is 6 feet;
by 6 ?ee s Dy 13 feet. high with access coxrridors 3 feet wi@eog'
The entire ”loor area 1s covered Wluh stainless steel. 'ﬁﬁ; |
-onlv ent“gnces are frcm the se*vzce erea through the fan room-
and through “he Gell l floor b1ocks. The entrsnce door is
nornelly locked &nd ‘is part of the integrel iccking system

(Teragraph 10.4.3).
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5.3 . Area Wbrk'Assigggents
5.3.1 General |

The facility'has been designed to provide as.

positive separation as possible between radioactively contemi-

nated and radioactively clean ereas. Those areas which will

remain free of contamination include offices, dark room, staff |

laboratory, snd reactor area. Pbtentially contaminated areas

include the change room; hot cells, isolgtion rooms, cell

_-operating area, service ares, radioactive materials storasge ares,

decontamination room and storage area.

The only normal gccess

botwsen clean and controlled areas is via the change Toom.

5.3,2 Specific
Location
(1) Cell i, 2
(2) Cell 3
(3) Celi 4
(4) Cell 5.
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.(5)'_i96iétio§ Room

(e) Opeéatingiﬁrea
(7) Service srea

(8) Dscontamination

.Room

(%) Regiochemistry
 Leb

(10) Btorsge Ares

(13) Change Room

- 79 -

Cell 3 - Waste hendling
Cell 4 - Dissolution of
cask feea'materialj'.7
feeé'storage; reed
ssmpling; end measures
ment of processifénk.f )
levels. '
Remote handling of me- .
teriels and process céﬁﬁﬁf.

tations ani controls..

. Heteriel storage -in pool,

cask Yransfer, and cell
gervice. '

Decentswination of port~

'able equipment end

materials.

inzlysis of curie-level
quan%iﬁies'éf rédioiéoé
topes.

TEmPOTary SUOTage, procesé
water tenks snd Health
Phygicg survey egquipment.

Pergonncl change arssa.



(12)

13)

(24)

(15)
(16)

foicé.Area'

Waste Storsge

Building

Liquid Waste

| Treatment

Building
Fan Roon

Cell 6

“(Bub=-cell)
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" CHAPTER 6
4ATR HANDLING SYSTEM

" Bol Gensrel Description

Figurefs.l indicates the areas described in
this section and the air flow patterns for these areas. The
areas outlined on this drawing include Rooms 102, 103, 105,
io7, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118 and
119. A1l are conszderea to be in the contained area. All
admission t0 this ares is through air -ocks from outgide the
building’ or from adjoining areas.

' The contained area is Givided in%ghfhree SLb-
" areas of controiled ven*11atlen served by Supply Air Systems 3,
5 end 7. The sress. outs:de the containsd area are served by
separate supply and exhsust systems. The airflow pattern w:th—
in the coptained,fecility is from the machins shop (119) to
cperation araa‘(lls),'operation area (118) 40 service ares
(10?)9 service area (157) to isolation area (108-112), isolation
arsa (108-112) to cells (113-1l7), ané cells to dry boxes. Kost
gir supplied to the service ares is exbsusted through the cells;:
Tthrough at least two ebsolute filters in serieé, and then to
the outside through the mein stack° During normal operation,'
the operation area is at atmospheric pressuze or marglnqlly
positive, the service ares clightly negstive, end increasingly

mere negative pressures in the isolation room, cell and dry
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box, in that order. The cell in which unsealed fuel is handled
has,; in addition to the shielding door an absolute type filter
- %o allow airflow into the cell,” |

The areas outside the contained area are served
by separate supply and exhaust systems. For exaﬁple, system 10,
serving %the decpntamination room, receives its air supply from
the service eres and discharges to the atmosphere through its
own fen and set of high efficiency filters. System 7. which
serves the ragdiochemistry leboratory, has its own outside &ir
supply fen and its own exhaust fen.

Emergency control sjstems may -be—actuated
manually or sutometically. Three emergency buttons will shub
off &sll contained araa'éupp}y'fango They are located in the
service area, operating srea and outside tﬁe rmain entrance.
Continuous air monitors provide constent momitoring of the.eir
of various areas (see Paragreph 10.5.3.2). Upon eglarm of these,
control mechanisms are sutomatically brought into play.

6.2 N Ventilation Subsystems Description

. Descriptions of the following systeus are found
on Figure 6ﬁ2, Table 6.1 and Tgblie 6.2. .
6.2.1 System 3 - Service Area Air Supply

The oil-fired space hester SH-2 ‘located in room
107, the service area, is set to provide a constant supply of

outside gir. A pneumatic backdrsft damper ozens and closes
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System No.
3

10

TABLE 6.1
SUMMARY OF VENTILATION SYSTEMS FOR EOT CELL AREA

Fan No.

SH-2

| UC=2,

E-11 -

UV'=2 3
E-12 -

E-4 through
E-10

E-13,
E-14

E-15

Function
Supplies outside air to the
service area.

Supplies outside air to the
machine shop and exheusts %o
operations sres.

Supplies outside air to radio~
chemistry lsboratory and exhsusts
to cutgide.

Y gp—— arem— -

Exhgusts sir to stack from cells,

Exhsusts air from process box
to stack.

Exhausts sir from the decon-
temingtion room. ‘
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TABLE 6.2
VERTILATION SYSTEM TYPICAL VOLUME FLOWS

Legend
CL = Controlled Leakage

DS = Direct'Supply

EB = Process Box Exhaust
EN = Normal Cell Exhaust
EV « Auxiliery Cell Exhaust
FE = Filtered Exhaust

IL % Dssign Leskeage

1E = Louver Exheust

LS = Louver Supply

Room Yolume Flow in cfm

2 CL = 440
FE « 440

102 IS = 3080
1 FE = 3080

103 DS = 2586

FE = 2586

107 DS = 6812
108 CL = 758
FE =~ 758

109 CL = 12090

' FE « 1200
110 : CL = 900
FE = 900
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111 CL =
.FE =

112 CL =
. FE =

113 " EN =
IL =

EB =

EV =

114 EN =
1L =

ERB =

EV =

115 EN =
IL =

EB =

EV =

116 EN =
IL =

EB =

BV =

117 EN =
IL =

IB =

EV =

118 DS =
. FE-

119 DS =.

3

Returr air to 118 and 119
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1366
1366

1055
1055

658

100
1285

1100
1200
100

1285

800
900
100 -
1285
1266
1366
100
1285

955
1055

1285

2050
5987
937
o037

= 4755 cfm



-~

as the fan is started and stopped. From the heater, air passes

through four outlet ducts, each equipped with a backdraft damper~'
Under an emergency condition, this fan will shut down, the out- .

side air damper will close (inteke side of SH-2) and the four

weighted backflow dempers on the positive side of SH-2 will

close. As soon as the emergency has cleared, SH-2 will returm
t0 normal automatically wﬁen the sctivating monitor is reset.
Most of the air exhausted from the service 'area is eventually

exhausted through the cells; the remainder is exhausted through

" the degontamination room (102).

6.2.2 - System 5 - Machine Shov and Operating Area

Supply fan UC-2 supplies a mixbure of ouiside
and recirculated air to the ¢persting area and machine shop.
Thexrmostatically controlled dsmpers located in.the intake duct
for UC-2 and the return duct from exhazust fsp E-11 regulate
the air sﬁpplied to UC-2. A pneumetically operaved dampar opens
and closes as the fan is started and stopped. 4 static pres-—
sure regulator modulates the .inlet damper to fan UC-2 o main-
tain a constant air~supp1§'to the supplied areés{

Air from the operating arez is moritorsd (M-4)
as it enters the exhsgust duct; serviced by fen E-il. The inlgt '
vanes to this fanAare locked wide open t0 provide meximum gir
exhgust from the operating area. Air which is not recirculated
leaves the building through an exhaust stack provided with a

backflow dasmper.
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6.2.3 System 7 - Radio Chemigtry Laboratory

Supply fan UV-2 furnishes only outside air to
the redio chemisgtry iaboratory. Air from this laboratory is
exhausted to roughiné and high efficiency filters through fan
E-12 to the outside of the facility. Two backflow dampers .are
provided in the exhaust duct to prevent air from being drawn
into the room from.+the hoods under emergéncy conditions. On a-
drop in space temperaiure, the room thermostat will control the
face and by-pass daﬁpers to maintain 70°F, _When room tempera-
turé yises, the face damper will close. The low limit in the
fan discharge may take cormmand away from ths room-thermostat
and open the face damper to prevent the temperature from Grop-
" ping below.60°F, When the fen is not 6perating, the face damper
will remain closed. A fi;ter paper sampler is located down-
stream of E-12 and 2 final backflow demper is locabed in the

exhaust stacks

G.2.4  System 8 — Hot Cell Exhsust
' 6.2.4.1 ¥ain Cell Exhaust

The main'exhaust system from each cell takes
air f?om the service area through tbe isolation xooms into the
cells (see Figure 6.5). The air leaving the cell passes through
a roughing filter, twe high efficiency filters in geries through
the main cell exhaust fan, to s common hegder and finslly +to

the steck. The static pressurs regulator for esch cell will
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Figure 6.3 Typical Hot Cell Exhaust



modulate the vane inlet damper of the mein cell exheust fan
to maintain the required static pressure. If the static pres~
sure rises sbove the throttling range of the regulator, the
guxiliary exhaust fan E-4 will operste and the suxiliary cell
inteke damper will open. There is about one complete air change
per minute in all cells.
6.2.4.2 Auxiliary Cell Exhaust

. Usually the normal exhaust fan will be in
_operétion with its intake damper open. However, if fhe pres-
sure djifference across this fan decreases, indicating the pés-
sibility'of'g failure, fan E~4 will sbart, the suxiliary damper
will spring open'and the main damper will be motor closed. Air
is then exhauéted from the cell through a roughing filter and
two high efficiency filters in series in the auxiliary exhsust
system.
6205 System 9 -~ Process Box

The sir supply t©¢ the process box is teken Irom
the cell. (Figures 6.4, 6.5 and 6.6). A differentisl pressure
switch indicates differential pressure across fen E-13. Dgupers
are adjusted to maintein the box st a negetive pressure with
reépect ‘o tﬁe celi. The pressure differentials sre g?ven in
Table 6.3 and the asir velocities associated with the.differential
pressures are given in Table 6.4. The supply air enters the box
through & menifold with two high efficiency filters in parallel.
Valves eneble use of one filter at a time, the 6ther fiiter béing

& Spsre.
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- PABLE 6.3
PRESSURE DIFFERENTIALS
READING GAGE-ACGURACY S MINIMUM

Operations Avea to Cell &4 Hays + .02 0.5

Operations Area to Other Cells Hays + .02 0.4

Cell 4 to Process Box Magnehelic (0-.5) 4 .OL 0.1

Sexvice Area to Isolation Room 4 Hays + .02 0.2

Service Area to Other Isolation Hays + .02 0.4

Roong

Igolation Room 4 to Cell 4 Heys + .02 0.2

Isolation Rooms to Other Cells Hays + +02 0.0.

Operations Area to Outer SOTS Magnehelic (0-2) + .04 0.4

Outer to Innef S0TSs | Magnehelic (0-.5) + .01 ‘0.1*
10, Inner SOTS to 4B (Process Box) | 0.05

NOTE:

(a)
(v)
(e)

Al) readings,in inches of water.
Cell 4 always negative with respect tq outer SO0TS.

Above pressure differentials apply wiqh isolation room door closed°

*Due to structural requirements the maximum is 0.5




TABLE 6.4
MINIMUM ATR VELOCITIES (NORMAL OPERATION)

VELOCITY (feet/second)

l. Operations Area to Cell 4 47.1%
| 2. Operations Area to Other Cells 42.3
3. Cell 4 to Process Box SR
4., Service Area to Isolation Room 4 29.0
5. Service Arees %o Other Isolation 42.3
Rooms )
6. Isolation Room 4 to Cell & | 29.0
7. Isolation Rooms to Other Cells 0.0 —— -
. 8. Operations Lrea to Outer SOIS ' 42.3%
9. Outer to Irmer SOTS 21.1*
10. Inner SGTS to 4B (Process Box) 14.9
11. 4B to 4A (in Process Box) 5.77

*If leakage in the SOTS walls occurs



The box has dual exhsust ducts installed in
parallel. Each duct has a high efficiency filter. The exhaust
air, after leaving the box, passes through an additionszl high
efficiency filter which is located at the rear of the box inside
the cell door. The filter is accessible for changing. The box
exhaust then enters the permanent system, passes through two
high efficiency filters, through E-13 or E-14 and then to the
stack. |

Nérméiiy the fan E-13% will be in operation with
the fan E-14 acting as a standby.

With fan E~13 in operetion, the-dntake damper
is open. If the differentisl pressure switch senses & loss in
pressure differential across-the_exhaust fan E-13%, relay R-30
contact will open, cgusing the control circuit f&r fgn E-13 to
be de-energized, making a circuit to exhaust fer E-14 and caus~
ing it to start, opening its intake demper, and breeking an
interlock so that the exhaust fan E-14 will continue o Tun
and E~-13 will hot.try to restert even through the coﬁrect pres-
sure difference hes been re-established. An alarm will séund
to indicate that ell the foregoing has taken place.

6.2.6 System 10 -~ Decontemination Room

Supply air is drewn into Toom 102.by fan‘E-ls-
from the service area through louvers in the door end exhausted

to the outside through roughing filters and high efficiency
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filters. A backflow damper is provided to prevent leakage
back into the hood during emergency cond;tions°

. The velocity pressure regulator VPR-1 will
modulate the vane inlet damper motor DM~16 to maintain velocity
pressure.

6.3 _ N’orma1 Operations of Cell Exhaust

The cell exhaust systems are started by one
push button 1ocated in the motor control center. Fans E-4
through E~10 have individual resets located in the motor con-
trol center. This main starter button starts fans E-5 through
E~10 with a time delay (15 seconds) before fan—8HE=2 starts.

A time delsy on the differential pressure sw1tch
on fsns E-~5 through E-10 prevents operestion of the auxiliary
exhaust fan E-4 before the system stabilizes.

There is a differential pressure switch across
each cell exhsust fen. . On loss of differenfiel pressure due to
fan failure, the pressure switch causes the normal damper to
close (motorized demper prior to first high efficiency filter)
and the weighted back draft damper beyond the fan will close.
The auxiliary damper will spring open on thet perticular qeil
and suxiliary fan E-4 will start. An alarm sounds, indicating
that cell pressure has been lost and the auxiliary fan E-4 has

started.

- 98 -



A static preséure regulator connected between
each hot cell and the outside atmosphere maintains a negative
pressure by modulating the varisble inlet vanes st the fan. If
the fan is uneble to maintain this negative pressure by vane
modulation because of an open door or a dirty filter, a pneumatic
electric switch will start aﬁxiliéﬁy fan E-4 and'open the
associated suxiliary duct dempsr on that particular cell. Both
the normal cell fens end ke agxiliary fan are thus exhausting
that cell. ' . ' -

6.4 , ‘Method of Operations

With ell supply sir fans (B-¥5;-SH-2, UC-2,

E-11, UV-2, E-12) in cperation, end sll cell fans (E-5 through

E-10 and E-13) operating normally, the suxiliary fsn E-4 and
E-14 should be stopped.

As previously steted, the main manusgl push .
button to control {his system is located in the motor control
center. Therefore, for any initizl start-up this butbon should
be in the OFF position and ell switqhes on the cont:ol board
shall be turned to AUTOMATIC. The system can now be properly
operated by switching the button in the metor control center
to ON. All cell fens willi gstart snd after & 15 second delay

the supply fans will start.

- 99 -



6edtel Static Pressure Regulator '
The static preésure regulator senses the static

pressure differentisl between the cells . and . operating . area. It

provides contacts which beéin corrective actionsliﬁ case the ’

cell stétic pressure is lost. Gauges associated with the static

pressure regulator are normally set at 5 psi or lower operating

pressure. Upon loss of cell static pressure, these gauges rise

t0 gbout 1l psi or a littlg higher. This pressure actuates the

E-4 (euxiliary fan) switch, fan E-4 starts and the associated

cell auxiliary duct damper opens.

6.4.2 - E-& Switch -

The E-4 switch is connected to the static pres-~
sure regulator and, upon activation, csuses fan E~4 to start
and associated cell auxiliaiy duct damper to open.

6elo3 Pneumatic Electrical Switch Resget

- When ce;l static pressure has built up to normal
sgain and can be maintained by the normal cell'faﬁ; pushing the
pneumatic electricai-switch reset turns off fan E-4 and closes
the associated cell auxiliary,&uct damper returning the cell

ventilation systems to normzl.

SR Differential Pressure Switch
Any loss of differentisl pressure across the
normal fang is sensged by this differential pressure switch in

The basement fan room. In case of fan fgilure, it closes the
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associated normal cell duct damper, opens the associated cell
auxiliary duct damper and causes fan E-4 to start. Such action
is dispiayed on the annunciator panel.

6.4.5 Differentiel Pressure Switch Reset

 Upon establishment of pressure differential
across & fan, pushing the differentiel pressure switch reset
causes fan E-4 ©0 stop, the normal cell damper to open and the
associated cell auxiliary duct damper to close, returning the
cell ventilation condition to normal.
6.4.6 Hays Gauges

(a) Gauge A displays differenmtizi- pressure
across the first high efficiency filter
in the normel cell exhaust duct.

(b) Gauge B displays differential across the
cell auxiiiary pre-filter.

(e¢) Geauge C displays differentisl pressure
across the normal cell pre-filter.

(d) Geuge D displays differential pﬁessure
scross the second high efficiency filter
in the normsl cell exhaust.

There is no sutomatic corrective sction sssoci-

ated with these differential pressure gauges.



6.4;7

6.4.8

Process Box Control Section

(a)

()

(a)

(e

The process box control section of the
panel conteins the same type of Hays gauges
as thé rest of the panel to measure the |
pressure differential across the two final
high efficiency filters. ~ |
Three magnehelic vacuum gauges are located
here to display the operating conditions
of three vabuum punps located in the fan
room. These pumps supply vacuum for a
filter paper szmpling system infegrated
with the ventilation system.

Auxiliary Fen Control Section

The auxiliary fan coﬁtrol section contains
two.Hays gauges which display the pressure
aifferentiai'across the two associated
high efficiency filteis;

It contains omra differential pressure
switch reset.cbntrollipgaresétting of fan
E~1i5.

It contains one élarm contact, connected
t0 the annunciator panel, whigh mekes
contact and sounds an slarm whenever fen

E-4 is actuated.
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6.5 Emergency System Control
60501 Manual

~ In the event of any gross contami#ation,within‘
the contained area, all supﬁly_air must be shut down insuring
that the pressure will remain lower than thaé of the other
arees and the direction of air flow is always téward areas of
increasing contamination. |
Therg are three manually operated push button
emergency stations; one is located in the service srea air exit
(east end of building), one is in the operating area at the air.
lock to the chenge room and a third button is located -on the
outside of the main entrance doors.
Activation of any of these manusl buttons will
stop all fans supplying the contained area. The spécific fans
involved are:
(1) E-15 - Exhaust sir {rom Decontamination
Room 102 |

(2) SB<2 - Air to Room i07 - Service Area
(overhead oil burmer) '

(3) UC-2 - Air to Machine Shop and Opersting
Ares |

(4) E-11 - Air to exhsust from Machine Shép

and Operating Aveas

(5) UV-2 - Air to Radiochemistry (103)
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(6) E-12 - Air exhaust from Radiochemigtry (103)

To restart the air supply system the same '
manuel button that was activated will have to be reset. After
resetting this manusl button, all fans will start automatically
except for the fpilowing:

(1) AUC-2,:Ikll -~ Reset on.equipment mezzenine

(2) E-15 - Reset on mezzsgnine abové Decon-

. taminatioﬁ Roocm 103

(3) Reset on all pneumatic electrical switches

’ and differentiél pressure switches =
Buttons'on control panel board -

A weighted backflow demper is.located in the
wall between Rooms 118 -~ Operating Area and 107 - Service Area.
Under norasl conditions, this dampsr will be closed. Under
emergency conditions, this damper will be open to purge the
operating area. | '

6.5.2 Monitoring Systems and Controls

Constant air monitors control the sir handling
systems to assist in the prevention of the spreed of contemine-
tion. The details of their operation are found in Paragraph

10.5.3.2.

6.6 ' Ststionary Overhead Transfer System Ventilztion
Plan
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6.6.1 Secondary Inlet Air _
A 500 cfm absolute type filter will be placed
in Cell 3 with a manual 6-inch damper on the inlet which can be -

operated from the face of the cell. A 6-inch diasmeter tube will
lead from the filter, through the top of Cell 3 into the SOTS
secondary.containment near Cell 3. That will insure that the
secondery containment will be held at a pressure approximately
equal to, or less than, the pressure in Cell 3.
6.6.2 Primary Inlet Air

y; An gutomatic dasmper will be installed behind

a roughing filter between the primary'ana-seconﬁéf?'SOTS contain-
. ment neerx fhe.cell 3 downcomer door in g manner to make dboth
the filter and daﬁper accessible.

. The gbove damper—filter will be designsd %o

control the pressure drop across the two stages of conteinment.

6.6.3 Primgrz,hir‘Exhaust

The inner SOTS containment will be exhausted
through rilters.df at least 100 cfm capacity to tﬁe Cell 3 box
exheust systen.
- The SOTS exhsust duct will originate at a spo¥
high in the inner conteinment with e 4-incﬁ diameter guct coming
down between the two containment barriers and through the Cell 3
roof area. Filters will be set up in rarellel with a dasmper
system to permit filter changes while maintaining sn unintexrrupted

gir flow.
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6.6.4 Pregsure Differential - Measurement

Two differentisl pressure gauges will be instal-
led on the_cell face for SOTS. One will indicate the differential .
between the outer containment and operstions and the other will
show the differential between the inner containment and opera-

tions. A similar sjstem ﬁill be provided for the Cell 4 process

box.
6:6.5 VYentilation During Trarsfers
6.6.5,1 Attachment of Drur Liner

p ‘The drum and new drum liner will be attached
to the SOTS Cell 3 downcomer. A bleed valve will-bs provided
on the downcomer %o pernit air from the cell to enter the down-
comer and a magnehelié gauge will ‘be provided on the doﬁncomer
proper to permit Viéuél-determination of negative pressure. The
internal downcomer pressure will bz reduced to permi% correct
sttachment of the drum lirer.
6.6.5.2 . Pressuie Equealizetion

The Cell 3 SOTS door would be opened and the
waste container tsken up to SOTS end the Cell 3 door wouid be
closed. At this point, the SOTS iniet damper would be partially
closed and the pressure in SOTS would be lowered until the inner :
pressure reached 0.05 to 0.1 inch water gauée positive with
respect to The process box; the box door would then be opened
and the transfer made. At no time will SOTS be sllowed o be-
come negative with respect to the box, nor will more Than one

of the SOTS doors be open at one time.
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CHAPTER 7
WASTE DISPOSAL SYSTEM

7-1 Description of Facilities
| 7" " Facilities are available for the conbrol, treat-

ment and disposal of airborme, -liquid ard solid radioactive wastes.

7olol Solid Wastes

' Ls far as possible., all wastes are converted to
solid form and suitebly packaged for shipment and ultimete dis-
posal by land burial. Airborne particulates are removed by filtra-
tion. When the accumulated solids on the filter begin to impair
its floﬁ,capacity or reach a rediation lievel degiggg#e? es the
nexinum éor operation, the filter is repleced. The o0ld, con-
" taminated filter is removed from the systenm apd packaged in s
disposal contasiner for shipment and burial. In similiar fashion,
concentrated radioactive liquid process wastés, after neutra-
~lizatiorn, are absorbed in a suitable medium, suck as Flor-co,
a commercial product which can absorb zbout 4 times its own
weight of liquid, in the proper proportior to form a monclithic
solid, The gbsorbing miiéure is preloaded in the disposal con-
tainer; after the liguid weste has been added, the contasiner can
simply be sealed foxr shipment. - _

The disposal containers, which sre approved by

the Buresu of Explosives, conegist of steel drume (see Faragraph

9.1.3.2). For disposal of solids, the inner cavity is filled to
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capacity (dictated by eithei mass of materisl or radiation level),
the inner cover put on, the top cavity filled with concrete, and
the outer drum cover put.on; For disposal of liquids, the inner
drum cavity is preloaded with Flor-co and the cover with vélve&-
inlet and vacuum line put in place. When the waste liquid has
been added, the valves are thep closed and the line to the waste
storage tank disconnected. Concrefe igpoured into the'top cavity
and the top cover put in place? Thus, for liquid process waste
disposal, it is necessary only %o drain the liquid into the pre-
- viously prepared drum. The drum for liquid waste is located in
the isolstion room of Cell 3 and connected to the process lines
by appropriate plumbing, For removal- of the loa@ed drum to
. sborage and shipment, the isolation room is entered, the drum
reroved, and a new drumw connected in place.

The solid wastes are removed from the process
boxes in specially designed transfer boxes (see Faragraph 9317254
for specifications) which are transported to Cell 3 by SOTS, The
waste is placed in drums using the solid waste bag-out sy;tem
(see Paragraph 9.1.5.1). .
7.1.2 Liguid Wastes

The previous section indiceted how high level
liquid process wastes are transposed to solids for ultvimate dis-
posal. This is practical for the reiatively small volume of
iiquids handled in the process. There are relatively 1arge'volumeé-

of low level liquid wastes generated in operations auxiliary to the
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process, for which the previously descriﬁed liquid treatment is
too costly. A liquid waste treatment plant is available for A
disposal of this latter category of weste. In this plant, the
low level wastes are tested for activity by a Pemnsylvanias State ..
University Health Physics representative. If a reasonsble amount
of dilution will lower the activity level to within the specified
limits of 10CFR20, the wastes are diluted and discarded to the
strean system (see Pigure 7.1). If this method is not possible,
the 1liquid is vacuum evaporated to provide & condensate of ‘
; sufficiently low level contaminatipn for discharge to the stremms,
The high,slevel residual liguid remaining in the eveporator is
disposed -of by the sgbove desciibéd.method of conversion to a
. solid,

| The plant for treatment of low level liquid
wastes.is housed in a separate buildirg sbout 50 feet from the.
main building. The capacity of this plant is based on ar esti-
mated flow of 300 gel/dey, of which about 10% might actually
require evaporation treatment. In actual experience the plant
hes safely and efficiently processed 15 gal/hr. by.evaporation°

'Figurg 7.2 shows that wastes flow to the treat-

ment plaﬁt by wey of two collgction systems. The low level
waste system originates in sreas of potentisal radioactive liguid
wastes and contemination such as the radio-chemistry laboratory
dreins and the fume hoods in the decortaminatiorn room. Drains

from erezs of unlikely, but possibie, radiosctive contarminstion
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lead to a “suspect” wasﬁe system and originate from such.places
as the change room showers, reactor area end the personnel- de~
contamination sink in the chenge room. Xach system may be ter-

' minated in either 6f two 3000-gallon underground tanks. When
one tank in one system is full, the other tank in the ssame system
.may receive drainage.

There are two pumps for each system: one in
each system operates-when required, with the second used as a
standby. When a tank is full, the contents are mixed by cir-

- .culation through the pump and back to t@e tank, 4 sample is then
taken from the sampling cock on the pressure side of the pump

and an analysis made for radiocactivity content. —I¥the sctivity

. concentratlon is below the msximum pe*missxble level for re1ease,'
the contents of the tark are pumped out for disposal directly

to the stresm. If the activity concerntration ies above the per-
missible level, the contents of the tank sre either diluted or
pumped to the eveporator.

Following eveporstion, the siudge is drained to
druﬁs which are shipped offsite for ultimaste disposal es mentioned
above. The water vapor from the evaporator passes through e heat
exchanger-type condenser, and the condensete flows into the i00
gellon vacuum receiver tank and is then transferied to the 1000
gallon gravity head tank where it is agnalyzed for activity con-

centration by Pennsylvenia S ate University Beslth Physics re-
presenbativese I The activity is within disposel limits it can
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be dumped directly into the Meeker Run, 1500 feet from the facility,
via 4 inch plastic pipe. If the activity is Yoo high, it can be {
.agein put through the evaporator. Active sludge is drained from
.-.the evaporator through a 3-inch valve and pipe into a 55-gellon - -
drum which is preloaded with Flor-co. Figure 7.3 is a sketeh
of the evaporator and preloadéd drum system.
L station has been provided for the addition

of caustic to any storége tank for acié neutralization. This
station may also be used for the trarnsfer of radiosctive waste
solutions from other laboratories to one of the storage tanks.

s Esch group o;.two storage tanks is vented above

— —— -

roof level through sbsolute type filters.
The systeﬁ hes been designed to be flexible.
The following operations are possible:
(1) The contents of any storage tenk can be
punped to the evaporator.
(2) The contents of any storage tenk can be
pumped to the gravity head tank.
(3) The contents of any storage tenk cen be
purped td any other storage tank,
(4) ™he contents of the gravity head tenk
' cen be routed to eny storaée tank,
& complete facility for laundering potentially
contarinsted clothing is also included in the building housing
the liguid waste treatment plent. The effluent from the léunﬂry
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facilify drains to the waste storage tank. Under normsl opera-
tions, this facility is not utilized. The normal procedure is

described in Parsgraph 10.8.3.
7e1:3 : . Gaseous System .. - - .

No radiocactive gases or vaporé ere pﬁeséﬁf in
the Strontiumn-90 process. There is therefore no problem in
disposgal of gaseous wastes. |

. Airborneirédioactive perticulzte matter, on the
other hand, poses a serious probiem, The solution to this pro-
blem is achieved through the principle of, and design for,
multiple containment. This system includes & barrier of muitiple
absolute  filters in series through which the aifY must pass before
. discharge to the 'stack. The airborne radioactive wastes are
collected on filters, and the filter assembly disposed of when
the collected particles are sufficient to significantly impair

the flow, or the radiation level of the filter is sufficient o

dictate replacement,

7.2 Quantities of Wastes
70 2.1 Solids

The principal sources of solid waste are golidified
liquids, .used filters, contaminated equipment, and the actusl soiid
wastes from the process box. All s0lid waste isfpackage& end put
in containers for shipment,

- Bince used filters end contaminsted equipment
vary in size and shape, it 1s ususlly the volume of the drum iather'

than activity which dictstes the smount placed in esch drum.
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'Mpst of the activity placed in drums comes from
the so0lid waste products of the pellet-making process. Since
this waste is of relatively high activity the amount of this
waste per drum is dictated by the activifyfand"not‘thé folumeo
Thé Bureau of Explosives has approved shipment of drums con-
taining up to 100 curies each. Up to 500 drums can be stored
adequately.in the waste storage building.

Shipments of waste offsite for burial are at
sbout two-month intervals. Each shipment is 1000-3000 curies,
or about 125 drums. These figures are for 10,000 curie batches.
The new 25,000 curie batches precipitated will result in more
waste but the increase is not anticipated to be large.

- o242 Liguids '

As mentioned gbove, the high level liquid
wastes from the process sare difectly converted to solids and
shipped as solié waste., Fach 10,000 curie batch produces 12

to 20 liters of liquid waste sbout 40 liters zre placed in

each drum.

The 1argeé auantity of low ievél liquid wastes
is processed in the waste disposal plant. In the past, the
suspect system (very low activity) has collected asbous 1500
gel/month to be processed. Most of this wes dil&fed with water
and discherged to the streams. . The low level system has col-
lected about 1000 gel/month. Some of this was run through the
vacuum eveporator system end the low level condensate discharged
to the streams, , The residusl liquid was converted to & solid
and shipped offsite. The solidified liquid drums are imciuded in
the zbove =0lid waste quantities.

- 1i6 -



4 CHAPTER 8
UTILITIES AND SERVICES

8.1 Introduction

o This section covers the normal and.emergency .
utilities end serv;ces that are installed at the Quehanna
facility. In any radiocactive installation i% is necessary that
provisions be made to supply adeguate emefgency facilities that
will be able to operate critical eguipment ip the event 6: e

power failure, etc.

8.2 | Electricity
8:.2,1 , Souxrce

Electric power is supplied to tieQuehanna
Faqility by the Pennsylvaﬁia Eiectric Corporation that hes s
large genersting station at Shewville. sbout 12 miles away. 4
13,200-volt power lime leadis ©to & substatiorn consisting of two
500-kva, 13,200-volt, 480/2/7-volt trensformers. One of tﬁese
trensformers supplies cont*ol énd instrument power for the Hot
Lsboratory and Resctor duilding sections. The second 560 kva
trensformer services 211 heaﬁy electrical wotors end equipmént
- in order to control pawep.surges, There are sutometic switch-
over proéisioné so that in case either transforwmer fails the
cther unit can cerry tke loaé. Thig vrovision ensures the
availability of et least one transformer with power to operate
the essential venvilating equipment in the hot cell area. The
440-volt power imput is reduced %o 208/120-volt service as re-
. quired for llghtzng and other .services uh“Oug_Ohu the Rad*o-

isotopes Piicu PTant.
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8,2.2 o ‘Emerggncy Power

In the facilit&, the main emergency power sys-—
tem consists of & generator raﬁéd as follows: 43.75-kva, 35-kw,
0.8 pf, 227/480-v01t, 3-phase, &—wire, 60-cycle. The generator
”is drlven by a propane gas-fueled engine dellverlng a raved - B
output of 81.5 hp at a speed of 1800 rpm. The propane is obtained
from the building gas system. 4in autcﬁatic transfer paﬁel transf
fers the loed from the no;ﬁal source to the emérgency source when
the normal line volbtage fails below 85% snd returns the load to
normal'when.all normal line voltages have been restored to 95% or
, more. Time delay_relgys,a:é incorporsted in the transfer switch
to permi%'the emeérgency unit to reach rated voltage and speed
before the tranSfer,iS-effe§teﬁq“'This tekes approximately 10
" seconds. -Fhen nofmal-pcwéflié agein available, the system must
remein a2t steady state onﬂﬁhe norm&l bus for 15 minutes before
the criﬁicai loéd-ié.ahﬁomatiqail§ transferred from emergency
to normal power. The automatic transfer switch is electrically
and mechanically interlocked so thaf there is no feedback fronm
the normal bué to fhe emefgenby.generator, or vice-versa. Full
relay protection guards ﬁgainst phese failure., 4 built-in test
switch to simulateléower failure is provided. for méinfenance
checks and_test;ngﬁ .A.four-position control switch on the con~-
$Tol panel permits.séleétion of four operating positions marked

STOP, HANDCRANK. TEST and AUTCHATIC.



. During a power failure, it is mnecessary to
provide emergency lighting, instrumentetion, heating and venti-
lation fér the hot cells. .f&ergency lighting is . supplied in
.mosﬁ rooéslin‘the building,wanduconsists mainly of one fluores- '
cent fixture ?einroomo In the hot cells, 50% emergency light-
ing is provided so that an experiment which is at a critical
stage whén the ﬁormal power feils méy continue.

Tt is necessary to keep the hot cells znd pro-
.cess boxes at & negative air pressure with respect to the sur-
: rounding‘areas-af g1l times %o prevent leskage of conteminated
air into,these aress. .The‘fézioﬁing equipment is therefore
cornected to the emergency power supply: -

’(1);¢£&héﬁ3t fané"E—4 to E-10 and E-13 snd E-14

(2) Ivstrument air compressor (faon controlé)

(3) The preumabic electric switches which.

csuse E-4 {0 operate in cese of an ex-
hauét‘fah feilure

(&) Constent eir monitor (CAH)

{5) 'ﬁembﬁe area radiation monitors (RAM)

(6) Hodel 8 manipﬁlators

(7) Emergency lighting

(8) Instrumenteation power panei‘

It may be seen that failure of both the normal
ané emergency power supplies, while most improbable, coﬁlé cause
a2 potential hazerd so emergency exit lights are fed by an inde~

pendent battery unit. When the normal power is restored, the
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7

emergency exit lights are automatically returnea t¢ the nomal

. power. circuits°

The entire fire alarm system will operate
from the normal pbqgribﬁsg In.cage'ofJa pcwer~failure;’the
system will‘automaticaii& switch over to a 24-volt d-c supply
obtained from storage batteries. Trzckle chargers ensure that

81l batteries are fully charged when not in use.

8.3 ' Water Sugglz
8_9 3 - General

Water is prov1ded to the faci lity from a. denm -
on Eeeker Run, upstream frcm the waste disgposal discharge point,.
4 float conbrol in the facility reservoir contrdis the 100-gpm

. submersible pu@p,lqgatéd4in.the ¥eeker Run Dem. The surface .

storage résérvbir,(sée‘?igptéf8,i)2 covered by en aluminum
structure, hdiﬁs~ﬁot¥1959:ﬁhén 135,000 gallons of usable waber
when the surface is mot fTroszen. -The domesbtic wabter suction
line'removes wabter from.é'higher elevation in the reservoir
than the fire protectlon suction - line so thaet, in case cf &

water drawdown, there wil; always be 50,000 gallons of water

.availeble for flre.prqtecthng'

| These sources provide water for the following
general éérvices: hot-aﬁd 961& senitary water, g%eam, process
cooling wéter et S0°F, closed locp pfoééss water, and hov
process vwater at 180°F. In additior to these standard services,
deionized water is availeble for filiing the source storage

pool as well as for eny other chemical uses thet may be required.
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8.3%.2 . torage Pool Supply

& deionizing system, installed primarily for
the purpbse of providing_water for the reactor'pbol,,provides
deionized water iﬁ'éﬁiféﬁlérge Qnantifies and ensures & suffi-
cient smount for maintaining the level in the storage pool,
even if & leak shoul& devélop,. The rated capacity of this sys-
tem is epproximstely 140,000 gal/day. Figure 8.2 is a block
.8iggram of the system.: The storage pool recirculation sjstem

is shown in.Figure 8.3.

B8e3.3 . ~ Hater for Fire FProtectichn
s

- . Thiee fire hydrants are located cutside of the
building. The £irst is approximately 60 feet from the nrorth-
" east cormer of the building. $he seccnd ebout 100 feet frem the
northwest cormer, and the third, 2 puwmper bhydrsnt, on the
south side of %he building:  Eech unit is enclosed in a hydrant
‘and hose-reel house which conbeing 200 feet of 2 1/2 - inch
hose -and 300 feet ¢f 1 1/2 «~ inch hose which is sufficienfly
lorg to reach any section of the buiiding. |

o An electrically driven pressure pump on the
fire protection pumping system starts et 95 psig snd stops at
100 psig and will supply 500 gpm at 100 psig. &L _booster pump
cuts_in if the pressure in the fire limes drops %o 85 psig and
cuts out again when the pressuré Peackes 110 psig., In case of

an electric power failure, & propene-fueled engine-driven pump
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will cut -in automaticelly when the weber pregsure dfops te 75

'pslig; however, the pump pusf'be stopped menuvglly.

8.4, - : Bervices

:.'Tpg.guehanné Facility is equipped o provide -

. the following services:.

(L

(2)

(3)

(&)

(%

Compressed éir at 125 psig obtained from
an air compresser located in the machenical
equipment room.

Propene gas for genersl Gistribution sup~
plied by & 1600 gelion Sank located on

the morth side of the facility.

Fuel oil for the boiler znd other equip-
cent obtained from & 15.C00 gallon under-
ground tank near the propane ténko.

Stesm provided by the boilér in the

wechanical equipmsnt room.

‘Plert sewerage facilivies witk & 2,500
- ?

gallon .sepVic tank located urderground out~

Bide the north fence.



DESCBIPTTON OF EQUIPMENT

The equipment used irn a facility which pro-.
cesses :adioactive'material must be adequate to protect
health end to minimize denger to life snd property. This
chepter of the reporﬁ déscribes the ecuipment used at the
Queheane Facility. There &re three main categories to be
cqnsidered here; conbainers, devices and janstruments.

9,1 Containers

G.1.1 / General Descrintion

Anything that funﬂ ticns to retainm radio-
sctive meteriel and/or serves &s a barrier against the dis-~
perssal of contamination may be élassifie& s & container,
Included in this category zre transport storage conbainers,

work enclosures and product vessels.

93102 ‘Trensport Conteiners
9.1,2.1 . HAFO Shipping Cesks

Puri 1ed surontlun-co feed material is shipped
to the Qﬁebanna site from the Eanford Works in special casks
(see Figure 9:-/ deSLQaed and: bullt for this DL:pose, Upon
serrival at Qaehcnna. the cask is transferred wnro nhe isolation
roor of Cell %.. Thereiare two sizes-of casks used, REAPO-I

and HAFO-IT,
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EAFO-I, the‘larger of the two sizes of casks,
has & cepacity of about 500 kilocuries of stronbtium-90 ;plus
the gttendant impurities. Kost of the shipments to Quehanna
will be made in the HAFO-T casks. The design and accldnnt

aneiysis for both casks .are found in reporvs issued by Genersl .

- Electric Company, Banford Atomic Pi*cduc‘as Operetion (HYW 7?953).
HAPO-II, the smaller of the two sizes of

caeks, hsas a'capaciﬁy of about 170 kilocuries of strontiim-G0
plus the attendant impurities.
9,1.2.2 EATO Gask Cupole

’ "’he cupolg (Figure 9.2) is £itbed Yo the %op
of the HAP\) shz.pplng cesk before the removal of the strontium
fuel is sbtarted. 'ﬁ;i;hough the cupelas used 4o not zctually
héld eny s-'cvontixﬁl fi!él., they do serve as protectire barriers
‘o éisperssl of contaminants during ths dissolution 'oroc\,aure.
Since it ig mede of transnazcm: polyvinylchlozide, the fit-
tings for the f&e(}. .solu’::l.or_;, ‘efe., may be connected while the
cupola is on the ¢cask by using the glove ports end tool porb.
The procedure for comnection of he cupola ig Gescribed im
Parzgrach 3,2.2. .

| . After each cask is unloaded, .tlie cupola is
bagseé and put into z waste gi?:um for dispesal., Thus esch
cask has a clean cupola anﬁ. no decéntaiainatiozi of The cupola

is required.

<
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9.1.2.3 Capsule Transfer Gaék

A shielded cask is nsed to move capsulés Iiom -
~ the Cell 5 storagé_tp the.storage.poolo The descripticn of
the procedure for. transfer is found in Section 3.4,
| | & typical cask is shown in Figure 9.3, It
has 3 inches of lead shiel dlng and is designed for transfer
of one capsule at & timee A half-inch steel pin locks the
cover inm place and serves as & ‘radisl support in the event
tﬁe cask.is dropped. &ny cask used will be sufficientiy
ghielded for the safe trenefer of cepsules from Cell 5 %o the
storage’ pool. ' - .
Sele2.4 Mraonsfer Box

The trensfer box is used %o’transport saall
amounts of solid waste and equipment from the process box of
. CBLl 4 %o the waste bag~oub station in Cell 3. The trarcsfer
is made by using the Sgationary Overbead Transfer Systen
(sozs). B

Since the box is only used within the con-
fines of the cel’s end SO”S no independent shielding is re-
quired. Qhe box.is made of Piresretardent plywood which is
approved: by the Unuerwrlters quoratorles, Ive, If equip-
ment large; than -thig box has to be moved ’rom 5511 L, & new

box is made cub of fire-rebardent plywood or other suitebdle

msterial.
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991;3 _ Storage.ccntéiners
9.1.3,1 Storage Pool

Figure 591 shows the location of the storage
pool in the serv1ce érea, Capsules are %o be stored in the’
pool, which provides cooling The pool is 8 feet W1de, 10 -
feet long and 16 feet deepe. Its reinforced concrete walls
ezteﬁd 35 feet above the servigénérea ;’loor° The pbol-is eduipped
ﬁith an ezpanded metsl cover which can be locked in plabee The
pool is spanned by a bridge which runs or tracks nounted length-
ﬁise atop‘each 10 foot wail. The bridge is p081$10ned by hand
~apnd is fised as a platform'when samples are moved underwvater
through the use of long herdling tools. The cask used Go transe
fer the capsules {geé Paragreph 9;1.2.3) is hendled by the ser-
vice ares cranéféndficﬁeré&fintoitﬁe-pool, vhere the capsules
are removed for storage. ,Ehe’céé&ﬂis then lifted above waber
level, dz;';ined,_ ,su;n?v_'gy};ea'_ by Health '_'Pb.ys,ics erd removed for

urther use, - '

The .storageé pool-is £ilied fron the pool waber
supply systen as described in Section 8.4 of this report, An
overflow pipe which terminates one foot below the top of the
pool wall leads to. tne suspect. waste system wnlch has a high-
ievel aL;%m, Parsgreph 7.1.2 describes the SuSPECu wasUe EyS-—
tem., The weter in the pool passes convinuously th*ougn -}
purification system. It is circulated at & nominel flow ratn

of 20 gpxr from a sump sunk below the pool floor level. Ther i%
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goes through a single pump anﬁ one of & peir of deionizer tanks
and then back to the pool where it is released sbout five feet |
below the top of the pool wall. &£ heat exchenger is sdded %o
the system when there are more ﬁhan i, 000 000 curies storedo
Each of the delonizer tauks contains g re~
movéble cartridge made up of mixed anion end cetion resins. No
ettempt is made ©o regeneréte the resins; once then become ex-
heusted, the spent carbtridge is removed and replaced with a
fresh one. The effiuent from thé deionizer normally containe
less thg? 1;0 ppm Yotal solids. £ portesble co#&uctivity meter
makes it_poséibie to{&ete;mine-when the resins gre_ evhausted.
The deionizer 1 téfare located in the mechanicel eguipment room
gnd are surrounded on.3 sides by & concrete block well. The
fourth side of the enclosure is the outside weli of the buildi=ng,.
X% is not expected thaet the ﬁeionizevs will become suzficiently
radiocactive to recnzre addlt-onal shieglding: however, unier.
emergency conditions. a shie;deq drue would be reguired for
éisposel of the resin cartridges.
| " Processed 8r~00 fuel is te be stored in the
form.of peilets end powder in double encgpsulaticn, each con-
tainér being separately welded end lesk checked.—
%.1:.3.2 Waste Containers B
211 solid wastes, including equipment, solidie-
fied liquid, used filters, etc., are placed in containers for

"shipment for burisl offsite .. The losding roccdu:e is given
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in paregraph 7.1l.l. The containers normslly used are standard
55-gallon steel drums. Nested in them gre 30-gallon steel
drums with the space filled with ‘concrete fo.; shielding, The
| resulting concrete shxeld is normglly suffz.cient to lower the
radiation level to the specif.jled mexinum of 200 mr/br st the
- surface, bub occasionslly additional shielding is required.
The drums are apprbved by the Bursau of Explosives.
9:1.3.3 : Cell 5 Fuel Storage

The encepsuleted fuel is stored in a chember
| _which hes 8 inches of leed shielding. The chember has a Te-
motely :apera%ed. rotorized door. The inner baslﬁu_:‘ which
the caps-’ules sre placed; can hold up o 4° cespsules. Cooling
air is drawn ovexr %the ,capsﬁl‘es. by the normel and auxiliary
cell exheust sb leset 100 cfm.

9.1.4% Fork Enc‘loszire.s

Sololtol . Fume Hoos

There are thres stendard radioisobope hoods
grouped along ome wsll of the analybicel rediockeristry laborsa-
“tory. 'Ei‘hére‘i's elso & stainiess steel leboratory sink and
stainless steel-topped work ‘bench.: Dimensions of the hoods sre:
width, 6 feet; depth, 3 feet; height, 4 feeb. She hood interiors
are febrica ted of stainiess steel and all working gurfaces sre
ground and polishéd_ for easy ‘deconbarination. The hood exteriors
are of wild steel with a baked enamel finish. Services for eir,
gas, vacuum and weber -'are: brovided and are remotely controlled

from ouvside the hoods,.:



The hoods are of the “airflow" type, ontalnlng

double-wall end panels to achieve streaniined entrance shapesol_ .

_ 4 single removable baffle ;s provided &t the rear of the hoods
" with fixed openings at top'éﬁd.ﬁgﬁt¢m for exhausting air from
within the hoods, .An automatic air bypass at the top of the
.sash opening limits the mE:imnm.aif velocity through the face
of the hoods and provides-for removing a coanstant volume of air
through the hoods. The exlisust fans for the room draw the
exhaust through the hoods end are running at il times. The
sash opening is adausted for safe, efficient operation 2t a
mlnimum air velocity of 100 linear feet per m.gtff_gLfnm) The
maximum velocity attairved through the hood opening with the
saéh lowered is 225 Lipm. The eihaust syster for the fume boods
is described in Paragraph 6.2.3. |
C.lo&t.2 " Anelyticel Glove Box

The raulovhemgstny labo"auory is also equlppeF
vnth a glove box of stainless steel with 2 inches of leaa
shielding. The box sits on.a stainless stee’~topnea bench 25
feet long, 3 feet wide, and 3 feet bigh, placed slong the east :
concrete well of the labcratory. An eir erheust hood is sus-
pended from the wall and ﬁhe ceiling, directiy over the -bench.
bfter the inlet sir is filtered through an absolube-type filter
it enbers the box apd exits through the exhaust hood. The
exheust leads th:bugh en absolute-Ttype filter and is rejected

to the fume hood exhsust system Gescribed ebove im 9.1.4.1. The

anelytical glove box is used for millicurie-level anslytical work.
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9,10'5 Product Vesééls

9:1.5.1 . Solid Haste Bag-out System

| The solid wastes are transferred using SOTS
to Cell 3 where they are placed in drums for a_sposalo' The
solid waste bag—out system consists mainly of a 10 mil poly-
ethelene drum 11ner, 80TS, and the waste drum. The drum liner
is placed in the drum and the .cpen top of the liner is taped
to the SOTS downconier° Then the solid waste, carried to Cell
% by SOTS, is lowered into the liner and thus into the amm,
When the drum is filled, the iiner is necked down, closed with
tape and sheared off so that the drum and SOPS _are sealed and
isolated. The drum is then closed snd capped with concrete.
By this method, wastes are rerely exposed directly to the
atmosphere. '
901°552 Process Box

The process box in Cell 4 is divided into two

compartments: 4A snd 4B, The walls and top of each is 1/8 inch
stainless stéellanﬁ"the~f1QQrs_are made of 1/4 inch stainless
steel. The greater part of the precessing operatiorns are carried

out within this box.

S.2 .- Devices : -
" 9,2.1 ¥enipulators and Perizcope

Standard Model 8 Master-slave menipulators are
used in 811 five cells. The larger cells, Cells 2 and 4, are

designed for four menipulators each; the small cells accept two
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manipulators each. All four manipulators in Cell 4 operste
inside the process box, two.in'each of 4A and 4B.

Special booting is required for the mani-
pulators in Cell 4, The boots consist of a mounting ring
thaet forms an alxr-tight seal in e spécial tube on the wall of
the process boxg,g plastic.sieefe'govering the entire slave
arm and full gauntléf dvéfithersla#e-hand (Figure 9.4). The
-.mounting.ring is a unigue design eéploying spring steel and
flat springs vo éermit instéllétion through the menipuletor
_port inlthe cell wall. When installed, the ring occupies 2
. very smzll annular spacé and leaves 2 clear 0peningﬁfor in-
sertion of thé manipulator. The boot slesve is polyvinyl-
chlorade reinforced with dscron mesh or equlvalent naterial.
The gauntlet is made of heavy'polyvinylchloride or simiier

radiation resistant material.

'99202 Service Ares Crane

| The service area crane ig & 15—ton cepacity
Detroit urit. It is cspeble of being maneuvered to esny
1oc&ﬁidn.in the service area or above the cells and will clear

the SOTS.
'9.,2.3 . Stationsry Overhead Transfer Systém

The Stationary Overhesd Transfer éystem con- "
sists of a series of structures which when assembled form
doubly-contained airtight compartnents connecting the process

box 44 snd 4B to the bag-oub station in Cell 3.
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The inner conteirment unit is epproximately
5 £t wide, 7 £t high and 20 £t long and is faebricated of 1/16
inch aluminum. This unit pas sealed, bolt-on epd plates with
windows so that it can be extended in either direction at a-
later date, and is equipped.with é remote cperated 2-ton hoist
so that material can be moved in,or'oﬁt of Cells 3 znd 4. The
three doors from process box 4A snd 4B end Cell 3 are shielded
and motorized (see Figure 9.5). - ‘

_Qhe secondary contzinment bazrrier and msi
support;for the 2-ton hoist is & concrete block wall sround
the inner barrier approximately 9 £t wide, 7 fi high and 22 £t
long. The’top has I-beams to support the hoist and is covered
with en aluminum leaktight top. Ventilabion details are Ges-
cribed in Chepter 6. SOIS is equipped with ¥wo spray bars
which run lengthwise between Cells 3 and 4., Thes?‘facilitate
washGown of tThe interior. The f£loor is tiilted To prbvide

sdequate drairage into & ligquid waste disposal container.

9.2.4 © Fork Lift Trucks

The fork 1if¢ tfucks caﬁ be used to move the
waste drums. One truck is o C;a:k, propane powered, high-1ift
model with & capacity of 3,000 pounds. The other is a Bsymond
Electric with the same cgpacity. -

9.2.5 Pallet Truck _
The pellet truck which nes been used to trens-

port the HAPO-II cesks to and from the isclstion room of Gell &
is an electric powered Aufcmat;c Traneporter truck with = '
capacity of 15,000 pounds.
| - 139 -
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9.2,6 Flat-bed Truck .
The- flat-bed truck (see Figure 9.6) is designed

%o move HAFO-I or HAFO-II casks from outvside the building into
the isolation room of Céll 4; The four-wheeled, stéerable,.steel
truck is 54 inches wide, 96 inches long and is capable of carry~
ing 40,000 pounds. I |

9.2:7 - Remote Area T.V.

A remote operated television will be installed
in isolation room 4. ‘It will be used to monitor the HAPO casgk
dissoluticn, read liquid level instruments and observe the sample

— et -

box end cask cupola. It is & Model AFM 14 R Kin-tel.
9,2.8 o Furnace

The Mershall electric furmesce uséd has twelve
glo-bars and six thermocouples and is remotely controlled frow
the operations eree. The effective heating volume is 7 inches
wide, 13~3/4 inches high and 16 inches long. The ﬁpper ten-
perature limit is 1500°C ard the furnsce is water cooled.
9.2.9 Blender

The blender is used to mix the fuel powder so
that an even consistency of powder ig available for pellet
pressing. The blender may be either a csmmercié;_ﬁaring or &
Y-type unmit. |
9.2.10 " Pellet Press

The press used is s ¥odern Hydrauwlics 250-ton

unit witk a8 12-inch ran an&.a 6-inch stroke,.
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Figure 9.6 Flat-bed Truck for Transporting HAPO Cask




9.,2,11 : Capsule Welder : :

The capsule welder is & remote controlled,

motorized unit using inert gas in a Heliarc process. The unit

is Martin fsbricabed end is powered by & Esrnisohfeger P and H

power supply.

9.2.12 Capsule Leak Detector

The capsule lesk detector is a Vacuum Elec-

tronics Corporation'(Veeco) mass spectromeber unit.

9.3 : Ihstrumentation

/

The following is & typical list of instruments

used to control the process: ' —

Use aty. Meke & ¥cdel Fo. Eype
Connects tenks axnd | | Diffe:entiél pres=
recorder.for ligquid _ Foxboro sure cell trans-.'
level &eésufements. 5 Hodel 13A mittef'w/516 S.8.

. | bodie; and-diaphrams‘
Records liguid ieveéls Foxboro Liguid level re-
of tepks 5 Model 5410-S corder pneumsatic
_ single Deﬁ
Supplies sir tc pneu- | Foxboro Indicating air se¥b
matic éysten. 5 | IAS~-FE . - w/fixed pressuré.
__reducer and filter
Cherts for various Foxboro Scale variation by -
ranges on recordéer 3 | Special'Scales separete chaerts
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Zype :

Use Qty. Eale & Hodel HNo,

Keasure air flow 10 Fozboro Eotometer for eir
Standerd Modeli _ flow

Regulates pressurfe Preséure reé

for air ventiletion Foxboro g'-.zla'bqr

sysben 2 Standerd Eodsl

Cortrols Endicstia Foxboro | Indicating receiver

Receiver . 1 Model 41E controller w/high

_ level -conbzcts

Eurﬁacej Conkrol 1 Brown Controller reccorier

ByGrzulic Fress Kolern —-Eectric moter,

Control 1 Hydraulics puzmp end pressure

X ingicabor

‘E’s‘elélér Control 2 Harnischfeger. Heliare, inert
PEE atrosphexre

Lesk Testing 2 Veeco ¥pss spectrometer
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CHAPTER 10
. HEALTH PHYSICS FPROGRAM

10:-1 | Introduction

The radiological sefety program for the ¥srtin
Radioisotope Pilot Plant has been developed to assﬁré maximim
sai‘etye The ovgrali objectives of tﬁe program are to protvect
faéility personnel snd the generalvpublic. _

) The definition of responsibilities reletive to
radiologibél safety is essential to the safe conduct of all |
operati%ﬁs'iﬁvolving.poteqtial fadiological hezards, 4All
parties—concerned.with any activity which may EE;;ive-a radio=
" logical hagzezrd must be cognizant of their obligations. Overall
:espcnsibility.fdf radiological eafety, as foé any other heelth
or safety metter, rests with mansgement end is dischargsd
through managément's representatives.

10.2 Heaith Phygics Organizetion
The Health Phyesics Group st Quehsanna consists

of a resideﬁt Heelth Phyegicist end Heelth Physics technicians
staffed on a level-of—effbrt-basis, -This group is supervised
by the Sgpervisor; Reelth Phjsics Section, Baltimore, who re-
"porte to the Director of Support Services for the Balvtimore com-

Plex of the Martin Meriettva Corporation.
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0.3 Overall Health Physicg Responsibility
It is the responsibility of the Health Physics

Group to provide the radiological protection program required to
support operastionel activities conducted at the Martin Radio~
isotope Pilot Plant. .

10.5.1 : Supervisor, Health Physics Section -~ Baltimore

The Supervisoi, Health Physics Section is re-

* sponsible ior continuoué surveillance of the performance of the
Heglth Physics Group st the Quebhanna Pilot Plant. He routinely'
visits ;ﬁe site to personally evaluate conditions. In addition,
he investigates any‘anbmalies in the weekly summeries.or any un-
resolved condition mentioned in eny specisl incident report pro-
vided by the resident Eealth Physicist. He discusses these
special situationsiﬁy'phone with persons at the'site who can
effect correction. If desmed néqeésary, he nekes an immediste
trip to the site to attempt to resolve the problem.. Fu:ctheémore,
it is his Guty +o inform mansgement regarﬁiné ebpnormal situa-
tions. He has complete frezedom to cross oréanizational lines
end discuss matters pertaining to radistion safety witkh eny per-
son.

10.3-2

Resident Heglth Physicist
Technicel direction of the radiologilical protec-

ticn program is The respensibility of the resident Heeith Fhysi-

cist. This responsibility includes items such ag: development
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of safe practice rules; review of daily Health Fhysics and operé- ¥
tions log bocks; facilities,'opgrations and environmental moni-
tpring; surveillance and documentation of personnel exposures;
instfument calibrdfion and calibration source control; deconte-
mination and waste disposél consulation and supervision, radio;
logiceal safety indbctrination; emergency radiological capabi-
lity; review of facility and equipment design or modificationg
‘furthermoré, he submits a weekly written summery of Health
Physics actiﬁities to the Supervisor, Health Physics Section -

%imégeo This summary contains a detailed resume of radiation
end contemination conditions resulting from operations, and is
supplemented by special reports made via telephone.
10:.%.% Heglth Physics Technician

Currently a Health Physics Technician is as-

sigﬁed %0 suppert each operatihg ghift, His responsibility in-
cludes: cénducting'end documenting radiation-~ contamination
surveye; notifying supervision of survey results ard psrsonnel
exposurés; inspecting to see ‘that operations are conduéted in
accordance with-approved practices; recomnending protective
equipment recuirecrents; notifying and consulting with +the resi-
dent EHealth Physicist regarding non-routine opefations or condi-

tions; cslibrating Heslth Physics instrumentstion.

10.& Control of fAccess o Redietion Areas



10.4.1 Radiation Area

The sections of the facility which are 1ncluded

"in the radlatlon area are: Operations Area, Service Area, Hot'

Cells, “ell Isolation Rooms, Radiochemibai Leboratory, Deconta-
minatioﬁ Room, Storage Area, Fan Room;, and the llachine Shop.
Normal access to the sreas listed sbove is throagh ‘the change

room complex. All ent“ances to this erea other than through the

" change room are kept locked at a1l times, using the lock system

described in Paragraph 10.4.5.

10.4.2 ' Eigh Redistion Areas
Certaln hot cells, and isolation ToOmS are NOT-—

— st e

B mally hlgh raediatvion 8T3&50 Whenever radiation reaches g level

such that a2 major porczon of +the body could receive more than
lCO rren/hr, the area is rerked s & high radiation area end is
suitably restﬂicted4 ngh radzaulon ‘areas are controlled miﬁh 2
specisal absolute 1ntegrit ocklng sy tem in lieu of the coﬁfro}
device specified 1n 1ocr320. '
10.4.5 Lopk Systen

The'loék systvem usged is manufactured by Best
Universal Lock Company. Indiapapclis, Indianaoﬂ_This systen is
utilized 2% several AEC installstions and is designed for maxi-.
mm security. - Significant features which make it suitable for

controliing Yhigh radiation" and/or “redistion” areas are:

-_~=l£§»8-a



10-4.3.1 Key bla#ks ere of a special design and are mot
obtaineble by unauthqrized personnel, therefore, it is not
“pggg;b%e t0o hsave éjkey:duplicated without proper suthorization.
10.403.2 ] The manufacturer will supply locks; keys, end
combinations for kéys only upon the written authorizaition of
the person who has béen designated to control the syste;mo -
104,33 The hardware is very sfurdily constructed.
10.4:.3.4 Thagcombinated core of any lock in the system

- can be changed imme&iately'by:the person'controlling ‘the systen.
This makes it possible-to restrict access to those persons .hold-
ing e particuler key;oi'tc.prevent eccess completely. It also

. allows immediéte renéwél'of the locking system integrity should
any key'bé.iasfe o ' -

1044 .-W.!@.’Q;ﬁiniétrat.ion of the Tocking System

‘The' integrity of the locking system is main-
tained by the following administrative steps:
10.4c04.1 The éﬁthority to procure locks, cores, keys, ox
combinations is réstricted absolutely to the Supervisor, Healﬁh.
Physics Section.
10.4:4.2 . Alteration of the,system'instaliation or re-
moval of locks, ox iséuaﬁce cf keys is Gone by the resident
Health Physicist only under a written order froﬁ the Plant Mana-
ger. A complete iecord of key receipts ard issuvances is kept by

_ the resident HealthlPhySicisto All keys and cores. ars accounted
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for andrgﬁ'éu&it of keys including a check of the keys in the
posseésién 6; the users_is conducted quarterly by the resident
Health Pﬁysicistel The results of The inventory are reported
to the Flent Manager gnﬁ the Supervisor, Health Physics Sec-
tion - Baltimore. |
10 4ol 3. Radietion arees a:é<divided‘into four catve-
gories £or controlling access: |
;004,40351 : Areas vhere radiatior levels are less then
106 mr/hf - access by facility operation and support personnel.
104.4:3%:2 Areas where redistion. levels zre greater than
100 mr/Br but less than 25 r/hr - access by shift._supervisor.
10e4°4°§§33 | @Aregs ﬁhé:e radiation levels are greater than
25 »/hr -~ tpeae'aregs are locked w;th two sepafate locks, cne -
ofrwhich;is controlled by the shift supervisor and ome by the
'Eéalth Physicé rebresentative on Guty. Both locks must be.unr
locked in order to ga#ﬁ écéeséo
10=4°4°§b4: | ,Aféés_requiring special control -~ access to
these anéas‘:éqﬁires %he concurrence of the Plant Eanager or -
-the reéidént'Healﬁh:Physicist with their physical presence.
10.4.5 Redistion Work permit

£11 sctivities ir "Radiation or High Redia-

tion Areas" are performed in sccordence with standard operatving

procedures. Work performed in theze areas rsguires special

euthorization in the form of a Radiztion Work Permit (RWP).



The RWP is a written instruction sheet that is
issued prio: to the start of an qperation in radiation areas 
and includes items such as: description of the Job, results §f
the most recent surveys, maximum work time for locations within
the area,'réquired'protective equipment énd personnel monitoring
devices, gpecial instructions, approvel to start work, signa-
tures of the shift supervisor and the Heeslth Fnysics representa-
tive. Thg operzvions supervisor is responsible for initiating
‘the RWP, Heaith Physics is then notified for pertiment instruc-
tione,, preoperational surveys aﬁd spproval. Once the RWP is in
effect, the Healﬁh'Ehysics representative provifes on~-the~-job
monitoring. as required, dépen@ing upon the type of operation
and sees that ﬁo oné enters the work area other than eukhorized
pergonnel. The RWP becomes void at the conclusion of ezch job
and is retvurned to the éperation Supervisor for filing and re-
tention. |

10:4.6 , Summayy of Operstions Reguirinz Heglth Physics
Monitoring

Survey and control procedures asre utiliized %o
effectively limit personnel exposures. Surveys ere made to
devermine ezternél dose ra*eé, the presence or_sbsence of sur-
face contaminavion aﬁd airborme concertr tions in work or occu~
pency areas. Typical operations theat reguire monitoring in-
clude: receipt of HATQD cask, EAPD cask instgllation o disso-

lution, removal of HAPD cask and prepsrastion of eapty cask for



return to Hanfor&,_process Sp-90 feed materials, feed sample
enalysis, radioactive ﬁaste handling and shipment, intercell
transfer, storage of Eﬁéépsulated fuel, generator loaﬁing
'6§eratidn§, and sh%jﬁept-df fueled generdtors.
10.5. ' : Degégigtiég of Survex Technigues

" EeHlth Physics conducts daily radistion -
contamination survgysﬂiﬁ:thé facility. A variety of instru-
ments axe availablexcépablefof monitoring all rznges of con-
*taminatibn and/or radiatibn eﬁcouﬁtered° Any unususl levels
‘are reggited to superﬁiéion and'proper precaﬁtions are taken.
‘to reduce personnel éxposureso. The shif; superwiscr initiabes
decontamination proCeﬁures, and & resurvey of the srea is con-
ducted #hen deccntaminﬁtion'is completed. Additional radia-
‘tion surveys are pé;fqrmed as required to support operationzl
activities.

' The ‘individudl conducting the survey wears
the required prptectivé clofhing and eguipmenst as.described in
10.7.4 and pergonnei;mohitoring_equipment described in 10:6.2
and proceeds to mzke geééuféﬁenﬁ; of external radiatiorn end
airborne, 1oose'orfféséa;cénﬁéminationo The Heelth Physice Te=
presentative pro?iaeé continuous evaluation of “the radiologié&}
conditvions while theiéob is in progress. .

10.5.1 Exfgrnal Redistion Measursments

The measvrement of exbernsl radiation levels

is performed with porssble monitoring instruments. 4 lisb of
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the instruments available is contained in Table 10 o'l- including -
. their detection range“_and. specific uses. Portable ins’oruments.
are frequently chéqked in the field utilizing a reference

source. Malfunctions airé Teported to the instrument repair

" technician. .

10.5.1.1 Minimm Boutine Survey Schedule
Tocation .iiggdiation Contaminstion
Operé.tj.ng--"Shoé"Afea . Weékly Daily- -
Service Area ... '. . Weekly Twice Weekly
Cell Faces . Weekly | Weekly

Iso Rooms'' ' ' '.jﬁpon Entry End -of-Operation
Radio Chem -Lab’ Weekly Twice Veekly
Decon Room . ' e .We.e.kly Weekly
‘Chenge §OQm _ | - . Dgily

Liquid Waste Bldg. Weekly, Feekly

Waste Storege Bi&ée Weekly ' Weekly

Office Arees - Veekly

Iunch Room Twice Feekiy Twice Weekly
10.5.1.2 Postirg Areas

A1l radiation and high radiation areas are
posted with the appropriate werning sigps. These areas are sur-
veyed iperiodically in oréer to update or change the signs de- -

pending on conditions.
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TABLE 10.J.

Radiation

Atomic Md 1050

Tracenrlab Md SC
73 Eberline MD

PC-6

Type of No. Viindow Material
Instrument Avall., Datected ond Thiclknegs
WMC AM2 R 4 Alpha, Beta=~ Gas f£low propor-
Farticulatve Gamma tioral 1/4 mil
. Monitor . myiar lgsu than
. 2 m cn
MG AM2A Air 1 Bato- Gas flow propor-
Particulate : panma - tlonal 1/4 nil
" Monitior mylar lgsa than
2 mg/om
Avea Radiotion 1 Gomma - Metal wall
Monltoring Sys~ ' ionization
tem~Jordan Rems chamber
I1 lon Chambers
Nd. 50 LS and 1
s
Gas flow pro~ Alpha, Gas flow propor-
portional Botaw $ionel 1/4 nmil
dotectors: Gamma mylar lgss than
MG Ma PCC10 2 : mg/cm
Therline MD
RCH il X
Geolger Tube 3 Beto~ Mios end ginao%
Detectors: Gamna 1.4 ng/on ‘
End window - '
tubes mounted .
in lesd shields
Bealing Appem=
Jies: Balrd 6

Sonsitivity
Range . .

lo*lzuo/ml

.alpha or

boeta~gammna

10 lguc/ml

‘beta-gamna .

3 skatlions
1~1000 mr/hr
2 stations
10 - 10,000
mr/hr

1 to 10° apm

10 to 10° apm

10" cpn

Use

Monitoring and.
Moasuring

‘Monitoring and
- Moasuring

Monitoring

With gealing
asgenmbly for
measuring

With scaling
assenbly for
measuring

With deteoctiors
for measuring
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Type of No. Radlation
Ingtrument Avall. Detocted
Count rate 2 Bota~
meters G.M. gamua
Tracarlnb ‘
SUk3D

Cound Rate 3 Bota-
Motarz, G.M. ganms
Eberline

RM--3

Victorsen 2 Beta-
Thyas G.M. gamma
Mda. 489 .
Victoreen 1 Beta~
Na 740 ' gomnea
Jabtie Ple

lon Chamber

herline E-500 & Bata~
B G.M Maber ganma
NuCor Cf~40 1 Bota-
lonization ganma
Chamber

Hater

FuCoxr CS<4O0A L !  Beta-
joniztion gomna
chamber metoer

Taghnlcel 1 Beta-
Apsoclates gamma
CP~1P=1A

ionization

Charboer Meter
(exrtended prove)

TABLE 10,1 (Cont.)

Window Material
and Thickness

Mica End

indow
WO mg/on

a2
320 mg/em
Metal Wall

2
30 mg/om
Metal Wall

1/8 mil mylar
less than 2 ng/

2
30 nglen
NMetal Wnll

75 mg/om
plastic wall

75 ms'/cm2 1
plastic wall. |

6 mg/cm gindoﬁ
432 wmg/om< wall
bakelite

Benpitivity

Range

0-50,000 cpm

0-20 mr/hr
(0~80,000

. cpm)

0-10,000
my/hby

* 0~2000 mr/hr

Uge
Monitoring and

Meaauring

. Monitoring and

Measuring

Monitoring and’
Surveying

Monitoring. and
Surveying

Monitoring and
Surveying

0-20, 000 nrad/ Monitoring andv

hr

0~50,000
mrad/hr

0-500 rad/hr

Burveying

Monltoring and
Surveying

Surveying
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Typo of No.
Inpgtrunent

Avall.

Radiation
Detacted -

NuCox DA-3 1
(R) lonization
chember metexr
(oxtended probe)

Technical X
Agsoclated

Model AIM-2
Hand~Foot

Countax

Geligor Tubes

Victoraen 1
Model 570 '
Condenser

R-Meoter

Cheunbers

#651, 228,

552, 576
Calibrated

at NBS

Ganma. -
Bet:a~
- 'gannma

Beta=
ganms

Bota-
ganma

TABLE 10,

Cont.

Window Material
and Thickness

Aluminum Chamber
Papex chamberaleas
than 10 m
Savanriah River
Modification

30 mg/cm2
Moatal Wall

7 vo 450 mg/om
Kedapalk, Bakelite,
Nylon

Sensitivity

Rangao

0-5000 r/hr
0~5000 rad/hr

0-2,000. cpm

250-mr to

250 r

Use
Surveying

Burveying

Monitoring

Measurement

(Secondary
Calibration
Standard)

EMERGENCY EQUIPMENT LOCATED OUTSIDE THE FACILITY

G-¥ Detector 1 Botaw~ MICA Tnd Windo 10-10° dpm  Mompuring -
Bealeor Assemw gemma 18 meg/ene | Energency

biy B.4A. 1050 i

Scaler

Count~ratoneter 1 Bota- 30 mg/cm2 0~10° cpm Mbnitorins and
GY Tube NCA ganma Motanl Wall Surveying~

- Model DMID

Emergency
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EMERGENCY EQUIPMENT LOCATED OUTSIDE THE FACILITY

Type of No. Radlation
Ingtrument Avall. Deteoted
Vistoreen C~D.. 3 Bevan
Model 720C gamna
Ionization

Chamber ;

Victoreen 1 ' Beta~
Thyac G.M. . pamma .-
Tube i =-j
Bendix 12 Gofma
Dosinmetors S
Models 862

and 611 +

Charger

Film 15 Bata~
Packats : goumns

(Cont.)
Window Material Sengltivity
and Thickness Ranga -
Aluninun N 0=-500. .x/hx.
30 mg/on o
30 mg/cm2 0-20 mr/hr
Metal Wall 0~80, OOO cpm
0~200.uy . -
L
‘5 mr - 600 r

Uge

.Monitoring and

Surveying

, Moriitoring and

Surveying -

.,Ehergenqy
. Monitoring -

Emergency

Monitoring -
Hnergency




10.5.2 : i jfiiéd5; 'a Ra&iétion.uonitori System - .
' IO?érlapping high and low level area redistion.:
nonitoring systems are 1nstalled° The 1ow level system con- ’
‘sists of three detector ﬁéz;s w1tﬁ ranges from 1 nr/br to
1 r/hr located in the operating area, service area, and the
‘radiochenistry lsboratory. These units are sebt to 2larm above
10 mr/hr and are connected into a central snmmnciator panel
which activates both .8 born and light. The two high level
units, with ranges from 10 mr/hr $0 10 r/hr, are locabed in
‘the qperatvng and service arease These units are connected
into the.building evacuation alarw siren and -are-sed ©o zlarm
gbove 1 x/br.
10.5.3 . ' Faciliﬁz Contemination Heasurerents

Coritaminstion of sreas falls into Two broad

categorles, namely, surface and airborne contamination. Sur-
face con$aminatlon *n tu n is cla281?leo as fixed snd loose.-
Separate m.aasuremen.tQ are necessaﬂy to fully evaluate the de-
gree of h”zarug' _
10:5.3.1 - Hoﬁiﬁbriﬁg*for Surface Conbteminstion

- Smezrs sre used for moritoring loose surface
contamin&t;ono Geigef%ﬁueller survey nebters, &re generally
used for detecting aﬁd measuring fixed contamination.

10.5:3.1:1. Procedure Z@r ¥onitoring Iooze Surface Con-
: caminstion

A dry porous peper (smear) is wiped over e
- "-- 0 ) - 2‘ - -
stenderd area (spproximately 100 cr™) of surface being moni-

tored. Precautionsry measures are enployed when gmesring avreas
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~where & high degree of contamination is suspectedo Used smears
are Placed in paper smear holders to prevent cross contamina-
tion. The smears are monltored for gross.. contamlnatlon with &
G. M. count ratemetew unit before they are taken to the count-
ing room for a more.refined analysis. Care is exercised in
order to avoid contaminating counting equipment.

"10.5:3.1.1.1 Counting Smears '

' Smears are counted for beta-gamme activity
utiliging e Geiger tﬁbe detector/scaler assembly. The length
of count depends upon the activity present on the smesr and the
counving accuracy reguired. Most smears are counted for one
minute. A diagram indiceting location of the smear, 1nstvumenu
reading and_contam;n&tion level is given %o the shift supervi-
sor who ivitiates decontamination as reguired. Areas that.can-
not be immedistely decontaminsted are marked accordingly énd
entrance is restricted 0 anphorized personnel wearing the
specified provective equipment.

105634162 Procadurg for Monitoring.Fixed and Loose Suf-.
. face Contamination. HMonitoring for fixed betasgamma.contamina?
tion is performed using a G. . survey meter. The activity in-
dicated is' a meaqureléf ‘both fized and loose surfece contemina-
Measurements are made holding the G. M, probe spproximetely

one-helf irch above the suxrface being zssayed. The fiwed beta-
gamme conbeminebion levels are generally expressed in terms of’

mrad per hour.
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10.5.3.2 ‘Eonitoring Por Particulate Contamination ¢n.Air

Oontznnous air monito*v and fixed filter alr
samnlers are used to determlne the concentration of alﬂborne

rgdloactiv1tyo Sampling for airborne rasdioactivity is accom- -

Plished by drawing a Enown volune of air through a filter paper :

capable Of'entrapping extremely smelil parvicles. The naper used
is greater than 99% efficient for parbiculetes greater than 0. 3
microns in dlametere The £ilter peper is then removed from the
air sempler o; conﬁingus'gir monitor, scanned for spproximate

degree,ofAactiviﬁy;fthen;placed in a gas proportional detector/

scaler ascémbly to précisélv meaéure the degree-ofradiocactivity .

collectedo A calculatlon 1s fthen performed Ho determine the
a_rborne concen.trat:.on° .This method is canab’e of aetec*lng
less than 1 x 10 -11 ug[ﬂiq
10.5.3.2.1 Continucusly Monitored Filter Paper Samplers
-Fil%ér éa@er samplers with gas flow propor-
‘tional detectors and count rat° d.ep1ays are used Tc con-
tinously'monitor air-ezhaudsd from the processing areas, work
arecas and the fsci11ty e»naust system. Four of these units
ms_ltor both alphe gnd beta—gamma ectivity 1n the air and
alerm upon & chenge in rauio betwzen the a,phg and the alyha—

plus-beta-gemme count rate.

1005°552°10n Conrlnuous Air Monitor Sample Iocations, Con-
- crols end Interlocks

Four contimuous air monitors sample &nd con~-

trol the sir bendling systems %o minimige dispereal of
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radioactiw_?e' contemination from the cell areas to other parts of
the facility. Reference Figure 6.2 Air Handiing System.
10°5e3;2515191'.‘aniﬁorfﬂoe 1. (M-1)

This unit monitors the eir in the combined dis-
‘charge duct from the ip_if:c_e{s_s box eéxhaust fan and on indicja’i;i_-opf
starts Fan B-14 apa;’:f'"st_dps <the normsl Fan E-13, e% the same tine
the indivi'd.u',al' dempers are-.activated and an alarm is sounded.on -
the alarm panelboard.in ﬁhe'op'efating aréao |
100503.251.1,2  Monitor Fo. .2 (M-2)

/ This unit monitors the &ir in the combined cell

exhaust“ duct and on indication starts auxilla.{ :“‘“a_n T"—Q- ouans
euxiliary motorized exhaust ‘dempers, stops all normel cell ex-"
hsmsf Fans E;S 'chrough E-10 aﬁd- closes all normel exhsust dam-
“pers, At %the saﬁe time, eir supply Fens SE-2, UC-2 and exheust
Fen BE-11 are shut down.

10:5.3.2:1.1.5 Monitor Ko, 3 (M-3)

g ' "‘h:.s unit ‘monitors the eir in the semce area
end on ind:.catlon stope a:. sgpply. Fgns SH-2, UC-2 and\ exhat.sy...ff
Fan E~-1%. - ~ | '
'1.0050502_.:;10.192!‘. ‘Monitor Noo & (M—l&) _

| This unic monitors the air enteéring the rec:.r--
culeting duct in uhe ope*'aw,:.ng area, snd on indication svopS

gir supp'..y Fens SH-2, UC-2 and extaust Fan L S



10.5.3.2:1.1.5 Monitor No. 5 (M~5)

This unit is used to monitor fér sudden changes'
in airborne contaiinatipn'during ygrious operations in the'ser-
vice area, isolation roomé, radiochemical l&borétory or decon-
‘tamination-areao Since'%he unit is transportable, it is not
‘interlocked to any particular system and is moved to the best
sampling locations to monitor indiyidual overstions in progress.
10:5:3.202 Fixed Filter Paper Samplers :

A cenfral vacuum_system adjusted to semple at
a rate/pf 1l cfr per sampling point, is used to collect samples
from various locations in the eir handling system_to evaluvete
the performance of;tpe:#gpyi;afion syster filters. (Reference
‘Figure 6.2 Air ﬁandliﬁg;Syétem)o These filter paper air samples
are normaliyAChangEQTgnd'jaaioassgyed daily from approximately.
thirty different locabions maling it possible to detect ventin-.
lgtion system Iiltégideﬁg;igﬁétioﬁ so.thaf corrective action can
‘be taken before a gerious-problem éévelopse Smell lOW'volﬁme .
air pumps .ave used o .collect fized filter paper air samples
from esch stack discharging -to atmosphere. In addition, anothéiw
unit is used to sample'outsidé éirc . -
10.53.2.2:1 High Volume Air Samples -

Grab samples of air are collécted prior to,
Guring, and sfter various operations which mey prcduce airborne
coﬁtaminétion° 4 smsll high rpm motor is used to draw a high

" volume {up to 20 cfm) of eir vhrough & four inch dismeter filter
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papers Thése seamples are evaluated in order to determine the
sirborne contamination levels. Sample‘times for the collec-
tion of high volume airisgmples vary from 5 to 20 minutes.
10.503.2.3 Counting Air Samples -

' Filter papers used to collect samples of
particulate airborne radioactivity are counted utilizing ges
flow proportional detector/scaler assemblies. High volume
air samples sre counted in a large area gas flow proportional
detector ﬁhich is cezpable of accepting the entire filter
paper. |
10:.5.3.3 Monitoring for Liguid Contemination.

Water sampleg are collected and snalyzed for
gross beta-gamme activiﬁy from the potable water supply, the
source storage pool, nearby siresms and ligquid wastve holdup
tanks.

10:5:53:1 Description of Waber Sample Prepsration and
Counting

A 500 to 1,000 ml water sample is evaporated
to epproximetely 10 ml; transferred to a planchet and evapo-
Teted to dryness. The planchet is counted for gross: bebsa-
gamma activity in =& gas flow proportional detgpfor/scaler :
assembly. Results of sample aralysis are recorded in uc/m;o
The procedures utilized allow detection of less than 1 x 10"8

pe/mlq
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10.5.4 Records

Radiation and convamination survey results are
. rgcg:ded on sketches of the areas where the survey was performed
and ave filed in the Health Physics Office.

| Air samples results are reccrded on air sanm-

pling record: forms and also riled in the Health Physics Office.:

Idguld sample results are also ma_ntalned in
the,Eealth}Physics*Office with the excepticon that Pennsylvania
State University“hé;ﬁfgins'the original copy of the results of
.liqui@‘m?dioaétive weste discharged ¥c the environs.

10.6 - . Personnel Monitoring —

.Individuals entering the feecility are provided
with a personnel monitoring device(s) for éeterminating radie~-
tion exposure. Krowledge of general dose ralbe and expcsure time
gives an estimatn of personnel exposure, but a more accurate de-
termlnation is made utlllzlng perscnnel mon_uorlng equwnmen~
10.6.1 . Anslysis of Bxposures

Correlstion of job assignmenie with doses re~ .
ceived by individuals sometimes indicetes a need for revision of
certain job proceduree or further trainipng of personnel in the
interest of nininizing raediation exposures. _—
10.6.2 ~ Types of Persopnel opitoring Devices

Two types of persornel monitoring devices, nsmely

film badges and pocket dosimeters, are currently used o provide

information'regarding'personnel €XpOosuIre,
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10.6.% Degeription of Film Badge and Film

| ‘The. £4In badge currently used at the facility
can accommodate two‘f;lﬁ_packets; but is used to hold one Du-
pont Type 5Eé £ilm packet for X, bete and gamme radistion de-
tection. The front portion of the badge-cont;ins a metallic
filter and clear plastic windows used for phofton energy deter-
mination and distinguishing between.beta‘and gamme radiation.
‘The f£ilm is da%ed_adjacent vo. the clear plastic window to ir-
dicate the weering period. The wearer's name, and identifica-
tion mymber are conspicuously displayed on the front of the
badge. - _ . o — .
10.6.3.1 X, Beta and Gamma Film

'“-..“q.'.bupont Type 558, or equivaient personnel
monitoring film,.is.uSed to measure exposures abt this facility.
This pacﬁeﬁléontains fhe séﬁsitive type 508 and the imnsersitive
type 1295 giégng s useful dose range up to 600 rem.
10.6.4 .  Wéeving Film Badges
; _ A11 personnel requiring access to or working

‘in posted rediation areas, or handling radioactive or conbami.
" nated meterizls in o adﬁacent to the facility are required to
weer fiim ba&geso'4These badges ere normally_g5in clipped %o
outer clothing. DIuring operations where conbtzmination is likely
to be present, film badges are worn on innermost clothing to

avoid convamination of the baége.
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10.6.5 Loss of Film Badge

Any person ®ho loses higs badga has been instrueted
‘to immediately notify Health Physics to.obtgin a replacement.
‘Any lost or damaged fllm badges would be investigated by Hea.th
.Ihysics to determlne the ezposure for the ummonitored per;od
and a report wouldgbg?wr;tﬁen io;.the personnel monltorzng;;e}f
coxrds. . | |

10.6.6 Tssuance and Fgeggencz of ¥Film Badge Exchange
Iheeloaded f£ilm badges, along with control

Bédges,are placed qg;rqug,at a. convenient poiny for thelp dis--
tribution. Operating personnel have been cautiormed t0 occa- i
‘sionally check to see ﬁhaﬁﬁthey are wearing their assigned
bedge.

A% the terminstion of the work period, ail
personnel ars respoﬁSible'for returning their badges to the .
distribution rack. . -Personnel have been instructed not &o take'
their badge with them when leaving the site.

_ Thé.frequency of film badge exchange is es-
tabilished by Heslth FPhysics end is beged upon type of the woxk
being éone snt enticipested exposures. The normal exchange
period is one week, however it ie not anticipsted to extend it
beyond two weekéo Lt the end of the prescribed wearing period;

the used bsdges axe replaced end are svbmitted for evaluetion.



10.6.7 ' ' Filh-?ggbessing

All f£ilm badges are checked for contemination
‘prior to submitting the f£ilm for processing. Any evidence of
contamination is no%edianﬂ'an attenpt is made tO'decontaminate
the badge and determine the true exposure. ZFilm badges may be
submitted at any time for evaluation. The film processor cur-
rently retained under contract is Health FPhysics Services?
Baltimore, Md.
10.6.8 Reports_and Records

;- Vhen film bes beer processed and the exposure
‘evaluated, the comg;eted-radiation report form-is-sent to the
‘resident Eealth Prysicist; a duplicate copy is sent to the
‘Baltimore Health Physics Office., fThe current exposure iﬁfonma—
tion is transposed to tﬁe individuel's own exposure report form
'whére a cumulati#e'exposure-record is brought up to dats. £
record df all persoﬁnél exposures is kept on file éor e pexiod
‘in accordance‘with 10CFR20,

' | L comprehensive report of all statutory over—
. exposure incidents will be submitved to mensgement by Health
Physics. This report willi include an egnelysigof the cause, and
when poesible recommendations to prevent recurrence of the in-
ci&ento Copies of this,repg;t will be subnitted to the Commis-

sion in sccordance with the recuiremeniss as set forth in 10CRIFZ20.
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10.6.9 Other Uses for Film Badges

Film ba&ges are used for area monitoring, momi-
toring of personnel extremities, and checking f£ilm badge service
‘evaluation. . . '.
10.6.10 . Use of Pocket Dosimeters

Pocket dosimeters ave available in the ranges
of 0-200 mr, O-ir and O0-5r, and are worn in eccordance with in-
structions from the Eeslth Physics representative on duty.: Us-
ually one low range and one high range dosimetver are worn when con-
‘Gucting work in radiation areas. |
10.6,10,1 Issuance and Handling of Poclet-Bosimeters,

Focket. dos.me’cers are cherged and issued by
Health Fﬁysicq porqonnelo, Each person receiving a dosimster is
| instructed to read -1t periodically and to repors the'ree.ding-'t'é
his supervisor or the Health Ph;ysics representetive on du%yo
At the end of the work period, the dosimeters arz returned vo
Heglth Physics and the read:r.ngs are recorded in {he Heelth
Physics log boolk.

110.6.11 ¥edical Fremipation

A1l employees are required bo submit to &
medical examination prier to work in eress whg—z—'e ionizing ra-
diation exposure masy be involved and routine examinztions are
conducted periodically thereafter. Speciel medicsl exemina-~
tions are required in the event of unususl or suspect ex- |

posures. Arrsngements have been made for a nuclesr medical



consultant to perform these_special exaninations. Copies of
‘records of all medical exams are.retained by the médical dé-
far@pent in Baltimore;
10,6.12 Bioassays.

Bioassay samples are submitted for anslysis
by all personnel sorking with radioactivity. During the
early months of hot operations bioassay samples were coliected
and analyzed on a frequent schedule,Aand the results were used
to establish the present éampling schedule., The exact sampling
schedule is governed by the type qf work performed and the
potential for internal conbtaminetion based upon—suzveys. in
"any event; 211 persons working with or eﬁyosed to radicactive
méte;ial ere sempled at:least quarberly. If an individual is
known or suspected to-have.been exposed to radioactive con-
‘Yemination in such a menner that internal deposition ig likely,
en estimate is made of the internel dose for inclusicn in fhe
individuel's radistion exposure record. If ir a more accurete
determination of the bo&y burden is reguired, srrangements
‘shall be made o utilize a totel boly counter.

10.64,1% Records

Records of &ll ‘bicassay results are meintained
et Quebanns and Baltimore and are posved in each individuel's

file,
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10.7 Personnel &otéct;ve Clothing and Egquivment

Any equipnment which aids in preventiﬁg the
‘deposition of radioactive contaminants onto or within the body
may be considered anti-contamination protection;' Protective
clothing provided by the cpmpény ig worn when access to & conr-
' taminated area is required, or there is a possibility of the
Telemse of contemination as the result of some opeia?:ion, The
‘Health Physiés rep;?es_enta;tive on duty shell specify the m:.nimum
“tyre and itemé o? protective clothing %o be worn and shell in-
spect their usge. This equipment is stored in the chenge room |

end is donned prior to entry into conteminated -eress.-

10.7.1 Protective Clothing
10:7.1.1 Plastic snd/or rubbex shce coverings are worn

"whenever con'bamination- is expscted. Covezzlls are ticked into
the shoe ‘covers end teped prior to entering highly convaminated
areas.

10.%.1.2 Gloves are hormally worn ir avess -where com~- -
,t.amina’.cion nay be fpresento The glbves sre taped to the sleeves
"‘_oi‘id? to entering highly contamirated areas. Rubber gloves avre
elvays worn when desling with contaminated _1§,quic‘,o.

10.7.1.3 Hoods or caps are used to pre*;%m‘:' contamina=
tion of the head. Plastic hoods are used ir caeses where liquid

contaminants mey be presento
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10:7.1.4 ' Cotton coveralls are issued for protection of.
the whole body'agéfnst'drﬁ contamination. Coveralls are rarely
‘worn over personal clothing except undergarments. '
10070105 Plastic suits are worn over the coveralls
whenever liquid contgm;nation is antlclpated or suspected and
also worn as‘outerfgarhéntglover,coveralls when entering higﬁly
contamlna ed arees, |

100702 ggeathin: Equipment

The following types of respiratory protective
equipment are esvailable:
- (a) Full Face Respirabtor - Mechanicgl Filter
Type |
(b) Sgott Pressure Damend Hose Line Equipment
(¢). Supplied Air Plastic Hood - Continuous
Fiow Tyoe
’ (d) Scobt Air Paks - Positive

Pressure Facepiece Maintained as

,part of the
(e) ¥SA - Chemox emergency equxp—
ment.

o

411 personnel receive instructions on the pro-
per use of respireatory protebtive eguipment, Such aspects as.

the proper fitting of filser elements, damage vo ilter ele-

“ments, proper £it of thé mask to the fece, etc. are empkasized.

Personnel sre instructed to wear mechanical filter type full

face resp;ﬁatory eguipment whenever & potential exists for

-



eirborne conﬁémin&tion, The efficiency of the respirator filter
units are checked by the manufacturer before shipment., All res-
~piratory équipment‘is inspected by Health Physics before use for
mechanical integrity. Itxis felt that careful inspection and
use is adeguate to gﬁaranfee thé effectiveness of the mechanical
filter type respirators since they are not used where air cdn;
centrations éould éesult in serious overexposure to the wearer.

Scott pressure derand hose line equipment or
supplied sir-plastic hoods are used when the preoperational
survey Andicetes air contamination in excess of MPC or the con-
centration is expected to be highly varieble. ~Scott pressure
demand bose line equipment consists of a full facepiece,.shprt
length of flexible tﬁbiﬁg, en gir flow control device designed
to mainxain~a_slight;p03i¥ive pressure in the fecepiece, gﬁ air
supply hose eduipped wifh quick disconnect fittings, pressuré
reducing régulator-and compressed air supply.

A Sﬁbplied gir plastic hoods consist of either &
plastic hood fastened et the chestv and back and worn beneath the
upper portion ef & two piece plastic suit with the hood taped
at +the coilar of the plestic Jacked, or = hooded plastic blouse.
The hcoé‘being an integral part cf the upper pé;tion of thé
plastic éuito The plastic air supply hose is introduced through
the back &b the wai?tfan@.extends upwards through the hose‘be-f

taining chennel in the hood end verminates ebove the forehead.
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The hose is fastened at the top of the hood and at the waist to
prevent accidental removal. The plastic air supply hose used
is a continuqﬁs'piece equippe@ with a quick disconnect fitting
connectéd:to an air flow regulator and subsequent air supply.
During use, the air supply is adjusted to msintein & minimum |
flow rate of 6 cfm through the hood. Currently the compressed
air supply., used exclusively for breathing air. consists of s
bank of cylinders interconnected to allow exchange of cylinders
during use without 1nteruntion of air supply. This air suppiy
is located ouﬁside the work.ares end is continuously attended.
when in-use. T

10.7.3 Classlfication of Protective Clothing_and
Eggipment

Teble 10.2 presents the protective equipment

classificetions curremtly ubilized at the fecility. The Health
Physics representafivé on duty specifies the class of nrotectiﬁé
clothing to be worn by individuvals entering conteminated arnas.
The protective equipment nrescrlbed is determined on the ba31s
of the preoperatlonal survey or prior operational experience.

10.7.4 Deécripﬁion of ¥ntry Into Redistion -
Contaminstion Areas

100754ei- The protective equipment speci}ied by tkhe RWP
is obtained in the chénge room area. Certain items of equipment

sre Gorned in the chanée TOOR,
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TABLE 0.2
CLASSES OF PROTECTIVE CIOTHING
Plastic’

‘ Hood .. Potential for
. Plagtic Iull. Supplied Surface - Alrborne
| o Jagket Face . Air or Contemi~ Contaniination
Cover~ Head Shez and = Réspir- Alrline = nation Due to Nature
Class Allm Gover Covar .Gloves Trousers ator Respirator Level  of Work
1 Cover- X TDapends < 500 None
alls or upon : dpm
Lob ) worlk '
Jonte '

2 X Cap 2 pr X - > 500 "~ Measured <MPC
" dpm  not expecied.
< 5000 to exceed MFC

3 X Plag. 2 pr 2 pr- X X > 5000 Measured <MPC

tic ' . dpm nay excasd

4 2 pr Ples~ 2 pr 2 pr X _ X > 5000 Ngagured >MPC

tic : dpm variable and

Hood ‘ ' could be >50X




10.7.4.2 Personnel monitoring equipment, including any
supplementnry Tiim badges, wrist baiges and dosimeters s
specified is atiiached in the changa TO0Mm,

10. 7 4.3 : Personnel proceed to the genevaT work aree anﬂ
'assemble all necessary equipment such &z tools, meters, decop-
taminstion supplies, etc. required to perform the job.

10.7.4. 4 ' Additional protective equipment is donned Prior
to entering the speﬂiflc work ares.

10.7.4.5 Personnel proceed to the Jjob site and perform
jhe tas% in acco:&aﬁéé with specific operating procedures.
10070406_" When applicable, the Health Fhysics representa-
tive notifies tho personnel when their time limit has erpired |
and the pereonne] leave the Jjob site.

10.7.5 -Description of Eg:gss from Radietion -

.Gontamlnated Areas
10.7:5.1 | Upon completion of thes work task or expiration:
of time 1limit, personnel leave the specific jéb site.
10.7:.5.2 'Monitor and remove cuter protective equipment_'
as required  to minimize the spread of ccntamination. Place con-
taminated equipment in containers proviced nesr the Job site.
10e705°§A | At the completion of the job, a2ll vools and
equipment are placed in clean plastic bags at the Jjob site and
stored or piace. in the decontaminsiion room for survey Ii/cr

decontamination.
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10°7o5~§ Personnel proceed te the cherge room %o rgmé?e
their remalnlng protective equ*nment nlace it in des*gned éag»
tainers,: and perform psrsonal monitor*ng utilizing the G.M.
count ratemetero'
0.8 -Decontamination
Decontemination is the érocess of rémoving con-

taminan?s by phys;dél or cheﬁical meens. Survey techniques for
contamination measurements were previously described in 10.5.3.
10.8.1 Decontamination of Areas

, Decontamination ¢f ersas is carried out as soon
es possible after detection, This not only reduces the possi-
bility of aivborne contamination hazaris, but the contamlnation
is more ea511y removed before it has & chance to b@come fixed.
The protective clothing requirements for personnel performing
decontaminatlon are established by Hesslth PhyS’CS based upon -
the resnlts of surveys. ‘Meny areas where contamination is ex-
pected tb?result‘f?om a:job are covéfed prior to performing any
work. Coveringe include paper, polyethylere, metal foil, end
‘strippaile_paintﬂo _
10.801.1 Removel of Contaminsted Coverings
N | Contaminated coverings are n@imally'taken up
by rolling the gontaﬁiﬁated side in on itself. Care is exercised
when handling contaminated materials to prevent the pontaﬁénation

from becoming zirborne. Strippable psinted coverings are recovred
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with edditionsal paint prior to removel. This step tends to fix
the -contamiostion and reduces the sirborne hazerd.

10.8.1.2 ' Wigln%hContamlnated Surfaces with Dust Absorbing~
- Cloths

_ "Masslin" or other treated dustnretaining clothe_

-may be used to wipe smooth surface areas which require decontami-
nation., For large ereas, such as floors, the cloths are mounted
on long handled flxvures and gently pushed across the floor. For
smeller areas and éguipment, the clo'bhc ere held in the gloved
hando The cloth is frequentlv tu*ned to present & clean surface
to the grea being aecontamina»edo The cloth is also frequently
surveyed to detect the degree of conbtaminstion belng removed.

* Contaminated cloths sre discarded in the radioactlve waste

containers.

10.8.2 ' Uecontamination of Egg;ggent
| ‘. 3econtaminatlon of equipment is accompTished
in the deéeﬁiem;nation Toom, 1solation Tooms, or other arseas
suitably prépared to handle povential contamination srising from
decontaminatioh operationsa '
10980201. Washing and Scrubblng

B Wesbing and scrubbing W1th detergents and other
chemicsl agents such &s acids; alkslis,; and chelating agents are

generally effective for removing dirt &ni grease along with con-

taminetior: £from surfzces. This method is employed where small
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. piecas of equipmgn# aﬁe to be decontaminated. Manipul&tdrA
wrists and similar equipment ere immersed in buckets of deter-
gent solgtiqh angd scrubbéd unﬁer weter to loosen small particles
of coﬁtém;nétiono They are withdrawn from the detergeﬁﬁ solu-
tion, dried w;th rege and reoiled immediately to prevent cor-
rosive gallinge Waste rags end liquid are discarded as radio-
active waste. |
10.8.2.2 ~ Sveam Cleéning

Wherg possible, iarge pieces of contaminated
equipmeet are étgam dleanedi Precautions are taken to aveid
plugging end subsequent damage of the ventilatigg_ggsﬁeﬁ filters
and to collect the steam condensafe in containers for treatment
as liquid radioactive waste. This method .of decontemination is
quite effective, especially when cetergents are mixed w: ta the.
stzam, however, 3ince facilities for handling large quantities
of ligquid waste sre limited, it 1is rarely used.
10.8.2.3 Ultregcnic Decontemination

Thig specialized method of deconteminstion is
normally used to decontaminate emall perts. Ultrasonic decon-
taminetion tenks &re instzlleé in the process box for decon-
'taminating fge; capsules. -

10.8.5 Decoptemination qg_?rotectrve.01othing

A1l protective clothing is monitored and segre=-

gated into two groups according %o the quantity of contamination"
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,present;;-eroup-A conéists of items indicating less than 6'mrad/h¥ *
and Group B more then 6 ﬁiad/hr, but iess_than 12 mrad/hr averége, |
contemination over the emtire garment when read at ome inch from |

the surféce of -the item with a G.M. survey meter. These itemé _

are placed in.plaﬁtic bags, tagged écccrding to radiation level,
placed in a shipping conbtainer and shipped in compliance with

I.C.C. regulationé tc.an approved off site laurdry decontami-

netion sérViceo“¢This service is currently being provided by

. Nuclear Leurdry Service, Jeannette, Pa. Items of protective

clothing,contaminéted above 50 mrad/br are discarded as rsdio-

active waste. — -
. 10,804 Decontamination of Breathinz Fquipnent

Brezthing equipment is surveyed by Health Physics
efter completion of jebs where this eaquipment was'usédo Noncon-
taminsted equipment is either returned to indifiduals to which"
it wes assigned, or is stored in the eéuipment issue arsa after
clearning. Contaminsted eqﬁipment is hendled as follows:
10.804.1 - Conteminated face pieces are washed with a
detergent ir waz:: watér, thoroughly rinsed in warm water, <iried
surveyed and peckaged in a plastic bag. '
10.8.4.2 .-Used respirator ?;lters are discarded.
10.8.4.5 - "~ Hetal parts of supplied éir breathing equipment
eve washed with warm soapy water snd/or wiped with "Messlin® or

other suitable contaminstion removing cloths. Persistent



‘con‘aaminati'rzn is removed by scrubbing in mild chemical solufiénsg
The items ere diied sxd surveyed prior to storage. | |
10,844 - trep web‘bing‘ is washed in warm soapy water,
dried and surveyed. - . ' |

10.8.4.5 Air'linesﬂ are discarded after use.

10.8.4.6 ,'Plaétic: hoods worn in conjunction with supplied -

alr are é.iéc‘:ardéd'ai‘tér. use.

10.8.5 - . Decontamination of Personnel
10.8.5.1 General Washing Procedure

, Thorough washing with mild sosp and tepid water
iz the best general method for removing conteminants .from the
hands or body. - If the conbamination is localized, it is often

‘more practiéél to mask off the sffected area and clearse with
swabs,; before risking the danger of spreading the contaminants.
Repeated we.sifzings' and r;miﬁgs mgy be necessary, hcwever, caré
should be e'xerciseél. not to ebrade the skin, Applications of
lanolin or hand creasm may be desirable to prevent chapping after
répea’biﬁg.washings’c If contemination persists, the fol.lowing
method mey be used unéer Health Pﬁysics supervision: Apply
a 10% solution of potassium permenganate, rinse in warm water
end spply & freshly prepared sclution of sodiufl bisulfite. |
Rinse thoroughly and wash with & mild 508p- |

| GAUTION: | These soluticns should not be sliowed

o remain in contsds with the skin for more than 2 mirutes rer

washing,
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In the event thst conbaminstion cannot be re-
moved.by'ehploying~these méthodss eddivionsl decontamination
shali-bé'at%empﬁeé under the directice of the resident Health
Physicist with the sdvice of a consuliing physician.
10.8.5.2 ‘ Déco@témination.of Injured Personnel

| Decoﬁtamination of superficial wounds shall be
performéd under the supervision of the resident Health Phyeiciséa
Services of & consulting physician will be utilized based uﬁon
the degree of injﬁrye Arrangements hzve been made with locel
physicjans end the Clearfield Hospital to provide any necessary
medical assistance. In addition, a Nuclesr Mediczl Consultant
from the.University of Pittsburgh Graduate School of Public
Healtvh hes beén convacted ﬁo provide Trofessional servicesrwhen
requiredo. |

10.8.6 Decontamination of Liquids
Information regarding liquid waste hanGling
methods is desczibed in Chapter 7.
10.8.7 - Decontaminetion of Ai Air Handlii System
‘Filters are instelled in the air handling system -
. to remove particulate radioac%ivity'resulting fron process |
Qperatibhs prior tc discharge to the sanviroms.” A description
of the air handling system is piesented in Chapter 6;
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10.8.8 . Storege snd Control of Contaminated Material
: © o 8n quipment . . :

. Eguipment that cennct be decontaminéted irmedi-
ately is sealed.in plastic end stored in the decontemination room.
Items of equipment whigh.are used only in contaminated nreas;on
a.periodic basis are also sealed in plestic and stored in the
decontaminstion room when not in use.

-Pieces of eaquipment presenting a serious radia- .
tion hezard-.due. to the.aﬁdunt of contamination present are decon-
taminated¥bf discarded as radiomctive wasbe.

Washbe Dispossl Monitonring
A &escription of the msthods employed for the

4

10.9

' disposal of radiocactive wastes is presented in Chapier 7.

“10.9,1 Monitoring Solid Waste Disposal Contsiners
- during ®illine end Semoval from the Pacility

During the removal of sclid radioactivi: weste

from the cells erd process box. & Health Fhysics representative
monitors for externsl radiétioh, surface apd airborre contami-
nation. The weste containers are surveyed £or surface_confami«
nation prior %o removel from the cell isolation roor after
sealing the disposal container. Contamrinated containers are
decontaﬁihatgd}pﬁiqr'ﬁo removel to the waste storage ares. 411
cogtainers’cf redioactive waste erz labeled and bagged in sec-

cordance with the gpplicable regulatiouns.



10.9.2 ﬁon¢toring_the Solié Waeste Disposal Container
: Storage Area

‘Sesled radioactive weste disposal containers are.
moved from the fgcility to the waste sborage building where they
are stored until shipped to an epproved disposal siteo mhe |
~-~za.<3.ioa.c:is:!.'wnze waste storage area is monitored at least weekly
for external rad.atlono The general radistion level is posted
at a location where it can be observed by prersonnel entering the
avez. The stof&ge sree is posted with radiastion signe in ac-
cordence with applicable regulations.

10.9.3 * 'Mggitorigg Shivping Vehicles

- . Ve.icles used 40 ship ﬂadioac52§;—%aste con-
.taineré to the d;spcsal site are mcnitored during losding qperéh
tions. dqntainers.are arfanged so thet those eritting the mexi- -
nmﬁ rediation levels are shielded by those of lower radiation
levels. The exterior cf the shipping vehicle is monitored and
posted to assure compliance with shipping regulations pwior to
- leavirg the site.

10.9.4 , Records
Any entry is made in & Solid Radiocactive Waste

D.’t.s_pos;a‘l Tog Boos after waste containers bhave been transferred
to the waste storage ares. This entvs includes the radiation
level ét fhe surfece of the container, the level at one meter

from the conteiner gurface, en indieetion of the curdie content
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of the container, results of surface contamination surveys and
container weight. These records are maintained by toth Heelth
FPhysics and the administration and are used when logding trucks
for waste shipments. . ’ .

10.9.5 _ Monitoring L@ggid Radiocactive Waste

Process liquids asre absorbed and treated as
solid radioaective weste as déécribed in Chapter 7. ILow level
ligquid waste is monitored by Pennsylvania State University
pepsonnel who are responsible for the discharge of liquid waste
to the facility environs. ILiquid waste samples are collectgd
and analyzed by Penn State personnel under the supervision of
the University Health Physics officer. Dilution factors, es
required, are supplied by Pennsylvanis State University to
facility opersticns personnel, whe adjust the flow of &ilution
liquid so’ the waste discharge is conducted in compliance with
applicable reguiationso | .

10.9.6 Monitoring Liquid Weste Treatment Facilities

Health Physics condﬁcté periodic radiation and
contamination surveys in the liquid waste treatment facility.
The frequency of surveys is gove:nedAby fecility utilizition.
Results of these surveys are recorded snd répor#ed to the Flant

Managero.



10.9.7 - Liguid Waste Discharge Records

| | Records of the activity of liquid waste dis- .
charged to the environs are maintained by the Pennsylvanle Stabe
ﬁniversity Health Physics Office. Duplicates of these records
are also retained in the Health Fhysics files at the facility.
10,10 Healﬁh Physics Instrumentetion '

An adequate supply of instruments, capable of
detectiﬁé and ‘measuring ionizing radistion throughout the facili-
‘ ty, are maintainéd as Health Physics equipment. Table 10.)l pre-
sents a list of the typical instruments. ' '

!

10,10.1 Description cf Instrurentation Checs and/or
- . EsIIbratIon Method and k¥requeéncy

- 10.10,1.1 Air Particulate Monitors
' Ehé continuous asir monitors are functicaall

checked at least once every 3 months or after each serv:t.cingo
This check inciudes utlllzatlon of 8 calibrated strontium-9o '
reference source placed in view of the detector. If the instru-
ment resding varies beyond + 20% from the known value of the |
source, ‘the instrumert is adjusted ani/or repaired. In addition,
the air flow is ﬁeasureé ﬁsing a calibrated rotameter and adjuéted
to &4 cfu,
10.10.1.2 - Area Radiation Monitoring System

| The area radigtion monitoring &etectors are

Punctionally chesked ét least once every 3 months or afier each
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servicing. This check includes utilization of a 25 mg radium
source placed st varying'aistances from the detector ié order
to check the reponse of the detector. If the meter reéiing
varies beyond 20% from the ¥rue reading, the equipmeﬁt ié
adjusted and/or repsireéd.
10.10.1.3 ~ Detector/Scaler Counting Assemblies
_.Ail counting room instrumentation is checked
..daily for backgpoﬁnd and statisticaluaccﬁracyo A czlibrated
gtrontium~-30 source is placed in each detector and counted for
a preset time. The background and total count is recorded in
y;
lated sﬁafical-érror,.it_is recalibrated and/or repairedc
10.10.1.4 Count ratemeters - Hand and Foot Counb: T
The count ratemeters are functionally checked
at least once évery three months or after each servicirg. This
check includes-utilization of & calibrated strontiur-9C source
piacéd in view of the detéctor. If the instrument readings vary
beyond «.20% fror the known value of the source, the instrument
is adjusted and/cr repaired.
10.10.1.5 Portable Radiation Detection Instruments _
. ' The portable survey meters are calibrated at
least once every three mpnths or after each servicing. Th;s

calibration includes utilization of a 25 mg radium source and

a Martin custom ¢(ncapsulated 7-curis strontium-90 titanate pellet.
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If the instrument readings vary beyond i 20 from the known dose
rate establisﬁed with a R-meter, the instrument is adjusted
and/or repaired. ' . .
30.10.2 'Instrument Maintensnce and Records

A Minor instrument. repairs and calibrations are
performed by Health Physics persomnnel. Major repairs are per-
formed by the faéility'instrumént téchnician°

' ‘Health Physics maintains permanent records of

all instrument cglibrations and repair records_are maintained
by the }nstrumént technician. Each instrumeﬁt is tagged in-
dicating the celibration' date.:

— e —— -

10.13% Environmental Monitoring Program

Effluent monitoring data collected since plant
startup indicates that during normal oberation, no radicectivity
in excess of the limits set forth in iocFazo ié released to the
environs. .

A practical envirommental monitoring program
has been developed for ‘the Quehanna site. Considexration has
been given to the geographic,-geological; hydrological and
meterological aspects of the site, as well as to the influence
of low pepulation density and the operational activities con-
ducted.at the Martin Radioisotope Pilot Plant. The purpose of
this progrem is to obtain data on the normsl variastions in back-
ground radiation which can be used to assess the effec? of an

accidental releaée of redioactive material to the environus.
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This program includes collection and analysis
of: gbtream water, silt, soil and vegetation, and environmental
air.

10.11.1 Sampleg Location and Frequency

Sauples of -the environs (refer to Figure 10.1)
are collected as accessibility to the sample locations permit

on the following schedule: '
LOCATION ~ SAMPLE . . FREQUENCY

#1 I Water : Monthly
Soil and Vegetation Twice per Yeer
y #2 Water ' Monthly
Silt Twica per Year
#3 Water Monthly
#4 &5 Watexr Monthly
. Silt - Twice per Year
#6 &.7. Soil and Vegetation Twice per Ieai*
#3 _ | Environmental Air Daily
#9 Water (Facility Daily

Potable Weter)
#10, 11, 12 Soil and Vegetation Twice per Yeszr

#13, 14 Water - Monthly
Silt Twice per Yesr
10.11.2 - Sample Size and Anslysis

One liter of waer, approxima‘l;ély 10 gms of
vegetution an . 0ae pound 61‘ soil are collected:and analf'zed for
gross beta-gamma activity. Selected proportions of the samples
collected are analyzed for strontium. Records of analysis are

maintained by Heslth FPhysics.
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- CHAPTER 11
SUMMARY.OF'EMERGENCY CONTROL MEASURES

11.1 Introduction
The  Quehanna Radioisotope Production Facility has

processed kilocurie guantities of SrTiO2 since July 1962 and much
valuable operating experience has been gained. This valuable in-
formation hag influenced the design of new'equipﬁent and the
planniné of a sefe operation. Tﬁis section presents a summary
ifof the available meéns for dealing with emergencies. While it
is nct pogsible to bredict gll the accidents'that may occur, it.
is felt that the equipment provided, combined with-inbtelligent
understanding of the facilitj and cereful preplanning, maﬁe it
possible to deal with any emergency that may arise. Debtailed
'emergency thet may arise. .Defaiiea emergency procedures are out-

lined in the Standara Operating Procedures.

11.2 Locel Assisbance

| ?énnsylvénia state and local police, Pennsyl-
vania State Heelth Depaftment, hospitel and civil defense autho-
rities hsve been contacted and arrangements completed for mutual
assistahée_ih the event of an emergency. These officials are
aware of the faciliﬁy'bpefétions and an efficient—system for
emergency assisbénqe has been agreed upon; Locai volunteer fire
departments have visited the facility and arve femilier with the .

plant fire fighbting. equipment.
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11.3 Organization

The Plant Menager supervises the emergency con-
trol procedures. _He issues any alternative procedures which he-
nay .feel necessary -'bo copé with a particular situation. It is
also his responsibility to report an emergency incident to res-~
ponsible au‘bhoritieé of Martin, the facﬂity owner (Pennsylvania

State University),  and 'bhé AEC in accordance with the requirements-

as set forth in lOCFF.ZOO' Tn the gbsence of the Flant Manager,
the shift foreman will assume the responsibility of evacuation
" coordinator until the Plart Manager arrives on the site.

/

11,4 - Hsdlth Physies
- The resident Health Physicist a::—ts as l-consul'bant

"on radiation and contamination problems and reports the hazards
to the evacuation ﬁSbrdinatéro Detailed duties are covered in
the Standard Opera'i:i:ng Procedures. .

11.5 . : 'Oi“i‘.-_.-Hour‘ Coverage

) Du‘:.t':f.'.gg._fp_rbéess_ing of radioactive material, atb
least two persons w:z.llbein attendance at all times. In case.
of any emergency, thé.Pian‘a Manééer end the resident Health
Physicist will be notified.

11.6 Equipment

In éddition to the supvort equipment, ‘ven'bilatién

air monitoring sys‘béms and controls, the facility meintains and

operates an emérgenéy vehicle and frailer outfitted with equipment

o



for detecting and messuring air contamination and radiation 1evels

in the site environs: - - The'unit, also contains protective clovh:_ng

and eqtu.pment, decon'bam:x.natmn suppln,esg an emergency generator
and other items necessary for hancﬂ.:.ng emergency s:.tuat:.onso

11,7 Emersz;ncy Drills

Drills are held periodically in order to train
the personnel in the Dropér précedures to follow in case of a:
" radiation or partlculate release alarm. . All personnel evacuate -
the facility at the sound of ‘bhe alarm and congregate in the.
'.par];:!.ng lot. In the ‘event -'pf- a ‘:r.'eal alerm, they will rema:u_: An -
the lot u'ntil the Piéﬁt'Maha'ger and the Heelth Physicist can -de=

termine the cause oi‘ 'bhe alam and plan ::_mmed1 ate actions

Dosmetry and follow-u'o procedures are conducted -

on gll personnel who may have become contaminated or exposed.
(Reference Chapter 10 - Health ZE’Ih:_vs::.cs)°

11.8 Tnternal Energencn.eb

11.8.1 - Liguid and Dry Spills

In case of mejor corntamination due o a spill:.o_r.

other accident within ‘bhe -b’uildizig, the contaminsted ares is

marked by Heelth Eﬁjsics a.né‘. deéoﬁ‘aainination procedures are ini- . .

tiated, _ppropriate nrotbc'bn.ve clothing :«..s worn during this 'bme

(see Paragraph "0 705)
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11.8.2 Eiéﬁ 4ir Contamination

Th'e Toom ‘c_:ops;‘aén'i‘, gir monitors have & set efd
an alsrm point. In’ case of an gir monitor slarm, all personnel
immediately don protec ::.ve resn.ra'borv gear and Health Physics
evaluates condi‘b:.ons end advises regarding the course of. act.:.ono
In the event of an ..evacu_ati_pn_ the emergency coordinator -and -.the
senior health physf%.'.éiﬁa‘é“-faon“reéﬁii‘a'torv protective and evaluate ©
‘building conditioh' Vent:z.la'c:.on "s edjusted to m:.n:.mize the
spread of con'bam:_naun.on and decon‘bamn.natn.on procedures are :.m.-
tiated ut:.l" zing apvroprlate protec‘biva equipment.

11.8.3 ’ H::.gh Bada.a'bn.on Levels

- - — -

The ventilatn.on sysvem sample filters are. changee

' daeily and in case a’ ‘1lter becomes undul;y contaminated. - While'
the contammated i‘:r'! ter’ a.s -‘be:.ng changed,, en emergercy faﬁ» is
.started and the flow- by—passes uhe contam:.nated filter.
11.8.4 ' IxeaL:m;; Capsule in Pool |
If a leak should occur in one of the fuel capsules

in the storage pool, it will be detected by either Health :P?n.ysi'cs
anglyses of the watér or 'Ehe continuous water monitor. - _The.'-'pro.-'
ceSs by which the leeking cepsule is isolated entails the use: of
a hollow, siphon-fi%%ed can %ﬂhiéh, wheﬁ placed around the sus"peci';
capsule, draws .Wa‘aei'tc ‘be sempled for excess activity. In addi-_.
tion to water samples; the deionizers which service the storage

pool through a cortinuous reéiz:cula'bing system are monitored on
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a regular basis. When a capsule is removed from the pool, smears
are "aa.ken at the earl:.est convem.e ot timeo

110805 Poo:l I!°8kage .

The follow.mg action is teken if the storage pool
should 1eak: the pool water supply is increased %o main'bain
sh:.eld:.ng over the fuel capsules; environmental monrt;orz.ng is
initiated to measure the rad:.atlon in the arez., The cause. oi‘ the
- leak is determined 'by the Plant Lenager -and Heglth Physics, a.nd

repairs end vreventn.ve remed:.es are initiated.

11.9 momal Release
¥ . .
11.9.1 A:?.r‘borne_

P~ - et

If contaminated sir should be released to the

. environment, a surve;,v w:.ll Tbe c:oﬁducted to determine the extent. -
4 high volume air sampie mounted on ‘the facility emergency trailer
wiil be used i‘of aa.mpleAcollle'ction and radiation levels will be

recorded.

" 11.9.2 Weter Contamination

_ Contamination of the environmentsl waber system
could result from accz.dental reiease of high ievel liquid waste
from the waste trsatment ﬁianto In this event.Eealth Physics is s
made aware of the situation vié. the glarm sysi:em_s; Water samples..
of locel streems w:-ilﬁl be collected. After a period of time foi-;
lowing an incident, silt' samples from the streams will be collected.

The proper agencies throughout the ares will be notified..
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11.10 Fire Fighting

11.10.1 Fire Fighting Plsn
In addition to- the general problems iﬁﬁol&ed in

in fighting fires, the Quehanna Pilot Flaent is faced with two

special problem areas. These problems are:

| (l) Fightlng laboratory fires involving aclds,
gases, chemical p1003331ng apparatus, electrical equipment and
other hazardous materlals normally found in a laboratory.
' (2) All of the above, plus the added hazard
that radioactive materials may'be present in the area or dlssemi-
- nated in the atmosphere.
' ' A training progrem is designed;;-szovide a gene-
' ral'backgybund and experience (through field demonstrations) in |
-fighting fires, with emphasis on the special precautions réquired
by v1rtue of the speclal conditions.

ihe design of the facllity lends itself readlly

to the establishment :of a three-area control system. The areas’
in which a fire woulqkppoung.ﬁhe-ﬁqst serious conseguences are.
the hot Cé1159 In thgfeyegt;oilsﬁch-a fire 8ll efforts will be.
made ‘o confineAthéiraﬁioéétivity to the area while putting out - -
the firec The second-area is the 4solation room. If necessary -
+to put out the fire, and if it cannot ‘be confined to the hot cell,
radioactivity may be ellowed to spread, under control, to the

isolation room. The service area provides a third region, the
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cold area, from whic'._h the fire may be approacked. If at all pos-
sible, radioactive 'con‘camina_:bion will be kept from this ares.

The i‘acilit;y- has higbly trained personnel, com~
petent in matters pg.rb'ainirig to radiation and radioactive matei'ials'
control. Most of the training is therefore directed to those pro-
blems associated with the proper use of equipment, techniques,
philosophy of the three area coﬁ'brol and location of emergency
supplies. The Pennsylvania State University Fire Marshel and a
representative of the NEPIAA Agency are available as consultants.

“ Both individuals meke periodic inspections and inform the Flant
Mangger of any deficiencies in the equipment, or new techniques
that may be incorporated in the protect:.on plan, T
'11.10.2 ‘Fite Alarms and Equipment

Fire fighting equipment is installed in and about
the building in accordance with the requirements of the Nationsl

‘Board of Fire Underwri‘bers. Host sections of the building in
which readioactive worl: is not carried on are protected by an auto-
matic spra.nkler systemo . When any part of this sprinkler system
is actuated, en slarm will 'sound throughout the building. It is-
also arrangeé thabt an alam will sound if the water pressure in
the sprinkler system drops below a prese‘b levels

It is not practical to use sprinkler systems in -

most aress where chemical and redioactive work take place because -

the reagent which shoui& be used to put out the fire depends
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largely on the burning material and other materials in the 1a$ora—
" tory. Sprinkler sys¥ems also tend to spread radioactive conbami-
nation. In such areas, therefore, automatic fire detectors have
been instelled. If the temperature in one of these areas rises
gbove a preset limit, it wilifresult in the continnous_ringiﬁg

of all fire alarm-belis throughout'the building. Automatic de-~
tectors are located in the reactor bay, remote control room,- re-
actor pump room, mezzénine fan'robﬁé, operating area, sbove .the.
isolstion rooms, the SerViCe area, decontamination room, and the

' analytlcal radlochemlstrv lavoratory.

4 The entire- fire elarm system will operate from

the normal power bus. In case of power fallure:jﬁgg system will
g automaticélly switch over to storage batteries. Provisions are
made for the system to be connected t6 a future central fire
station.

In the areas in which énly fire detectors are
installed, it will be necessary to combat fires with locally
available fire extinguishihg apparatus. The extinguishing rea-
'gents include wabter, foanm, carbén dioxide, and poﬁdered sodium
carbonate. The reagent to be used depends upon the type of fire.

_ _ There is no provision for fixed sprinkiler or
automatic fire detector equipment in the hot cells. Each experi-
mental installation is evaluated individually for an associated
fire hagard, and approprlate glarm and/or fire extlngulshing

apparatus is installea with the experimenteal equipment es requlred°
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11.10.% The Training Program

| " Because of the relatively smsll staff at the
Quehanna Radioisotope Eilot'Plant, gll men are members of the
Fire Brigade and will receive fire fighting training. Three
hours of preliminary tiéipipg'will be provided in the course of
training prograﬁs relaeted to Health Physics and the strontium;9b
tifanate'procéss° The épecial hazards caused by the particular
- systems at the facility and the chemical systems to be operated
will ﬁe reviewed, and'techﬁiques for emergency action .presented
and practiced. - Additionsl classroom training of~ome hour per
- quarter will cover'suqh'items as glarm code instruction, evacua-
tion procedures, emergéncy treatment, familiarization with equip-
ment and other relasted topics. During favorable weather, the
fife fighting equipment will be tested in-these classes. Fileld
exercises will include teéhniques of handling high pressure hose
and verious types of extinguishérs° Proper nmaintenance of hose
and equipment after ﬁse ﬁill be learned. Classes wiil be con-
ducted by the plant Fire Marshel slthough any member of the staff
or the aforementioned cpnsuitants may provide the actual instruc- -
+ion. Thé'followigg.?epgxys will be required reading end will
serve as texts for the instruction:

1. Iiving with Radiation - Volume IT

Fire Service Problems

U, S. Atomic Energy Commission
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2.

-Be

The Hagzard of Radioisotopes under Fire Con-

ditions

Factory Insurance Association

3econmended Fire Protection Practices for

' Fuclear Reactors,

NFPA 802

As part of the training already given, fire hoses

> are checked periodically.

11.10.4 Speclfic Emergency Procedures
11.10.4.1 Fires or Explosions in Process Box— -
. 11.10.4.1.1 Detection |

Flammeble materials are rarely used in the pro-

cessing box end the only other possibility is an electric motor

becoming overheated.

-Since*the facility is never left unattended

visual detection of flres and subsequent remedial action is pos-

szb1e°

11.10.4.1.2 Standard Procedufe
The cell operator must do the following things

in the event of a fire or explosions:

Co

do

8,

b

Sound fire alerm if not alfeady'doneo

Don respiratory protectioﬁ devices.

Use extinguishing chemicals and reduce air
flow via manuel damper eontrol°

Leave the area if rediation or evacuation

glgrm sounds.
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The -emei'genc;y coordinator is required to:

a8 - Check performance of cell operator and

bo
Co

d.

-assist if necessary.
Assure safety of ell personnal.
Coordinate and direct ell emergency measures

Inform his superiors.

The Heelth Physicist in case of fire or explosion

is responsible for:

7z "8o

be

Co -

fo

D'eteci.:in.g' spread of qontamina‘aion. if any.
Igzitiating radiation~contamination surveys
.if:ipegzéé'saz‘y,
e _Advi;si}clg emérgéﬁcy coordinator &s requifedo
Insur:mg the wearing of necessary protective:
equipment.: ' .
j'=;a:,"¢ii'§élgi};.é..:‘p§rébmel for possible contaminatich

""féﬁﬁfi_'fihﬁbpmétion regarding radiation .exposure.

=-A"s:s"'-5_sﬁj'_hg' coordinator as required:in making

a thorough post-emergency evaluation.
Initiating personnel decontamination :end.

administering first aid if necessary.

411 the other personnel in the area will report

to the parking lot

area and await instructions.

11.10.4.2 Fires in Tow Hazard Ares
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11.10.4.2,1 Detection
Non-radiation areas are protected by sprinklers.
Radiation areas. wifh the exception of the cells, are protected
by heat detector alarms. Manual fire alarm sfations are pro-
.Yided in each erea.
11.1004,2.2 Standard Procedure
- A cell operator is required to do the followzng.
g, - Sound the alarm, if not already done.

bgﬁffBring the work in the process cell to a point '

lv..where ‘it is safe to leave if necessary.

" o eztingulsh five if nearbyo
d. | Check operatzon of ventilation system..
ep' 'Remaln in operation area, alert for problems
| untll instructed otherwise.
The emergency coordlnator is requlred to:
a. Determine location of glarm.

“"be Don resplratory protective device.

Co iInstruct others to extinguish fire or asszst e

. -as' required.
3 d. . Check with Health Physics.
The -Health. Physics representatlée must:
8. Don respiratory equipment.
b. Proceed to fire locdation.
c. Evaluate hazard.

'.do Assist as required
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Others persons, if in the vicinity of the fire,'
must sound the ala#m,_don respiratory equipment and extinguish
the fire. If in another location, they should report to the assem-.

bly area to be availsble to assist.

11.11 " Storms
11.11.1 Wind Damage

Under normal conditions, the average wind speed
.in the area dOeBIDOu affect the bulldlng ventilation system.
However, if w1nd speeds should 1ncrease to such a degree that
ﬁ%hey cause a pepturbefion ef the system by varying the static
pressure of the buildlng, correctlve action will be taken whenk
necessary; 1°e°9 supply alr Wlll be reduced to 1n5;;Z;é pegatlve
pressure in the cells and dry boxes, open or close doors and/or
dampers to rebalanceaalr system.ln the operating and servmce arees;i{
Questionable air‘flow and pressures will be measured with hot '

A=

- wire anemometer, veiometer or smoke ‘tubes.
11.11.2 - Flooding .
Tﬁemfacility is located on a.plateeu-approximateiy'
1900 feet sbove sea level., As dfainage flows away from the site
to lower altitudes, the possibility of flood damage within the
facility is quite remote. |

11.12 Power Failures

Power failures in the past occasionally have

occured. When the power ifeils, an emergency power system is



sutomatically operated. :mransfer from the main source of'power

to the emergency power system tskes place through time delay
relays which permi%'the energency unit to reach rated speed and

voltage in approximately 10 seconds.
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CHAPTER 12
SAFETY EVALUATICON

12.1 . Introduction

] The design and operating philosophy of this faci-

lity is based on the principle of multiple conteinment barriers
of radicactive materials at all times. In essence, this meens
that & minirmum of two contaimment structures must fail in order
-“to 21llow the relesse of radioactive material to the stmosphere.
The critefion of safety emphasized'tbroﬁghout the znalysis is
reasonablé‘assuféncg,that the generél'population‘zgngieés sur-
rounding the facilibty and operating personnel will not receive
overéoses of radiztior as defined by 10CFR20 and the recommenda-
tions of the ICRP.

' A shieldihg analysis has been carried out to
assure that direct radiation doses o ope;ating personnel do
not exceed acceptable 1imitéc

A complete safety evaluebion has been performed %o

determine the radiobiclogical consequences of accidental activity
releases. All cases in which the possibility of g;imary contain-
ment railuéé exists were analyzed. The results indicete that
acﬁivity re}eases due t6 conteinment Iailure are highly improb-
., gble. A very conservative approach was assumed in the postula-

tion of @ series of failures that might csuse the release of
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activity from the secondery contaimment to the surrounding
environment or to operating areas of the facility. This
approach is emphasized particularly in the ezemination of the
maximum credible aébidént. | |

Iﬁ‘addifion %o accidental ‘activity releases,
ell of the chemlcal proce551ng steps and other operationsl P*o-_
cedures have been studled to ensure their safety with respect to .
operating personnel and the gereral public.

12.2 Sﬁielding Anaiysis

, An ﬁnarjsis has been masde of the shielding re-
guirements for the strontium-90 production progess. The effec-
tiveness of the'beiis and éuxiliéry process equipment shields
for shielding~égaiﬁét the maximum calculated radiatioﬁ intensi%y
has been established. - o
12.2.1 . Cell Walls

12.2.1.1 Dose Bate from Strontzum-°o

&n analysms of the shipld_ng valve of the hot
cell walls and w1ndows has shawn that dose rates are extremely .
low for the antlclbated amounvs‘of-suronzium-90 to be processed
end handled in the, cells. bo=e rate celculations were fo*‘
curie streng*h of 2,0,000 curles and two forms {solution end
solid titanate). r“he doge ratﬂ varies p“actlca_ly linearly

with the activitye.
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Dose rates were calculated at points located in
the front of the cell outside the walls and windows, at a poinﬁ
on top of the cells, at a point in back of the cells outside the
cesf iron door but inside the isolation room, and et a point in
back of the cell outside the iéolétion room but shielded by the
cast iron door only. These points are shown in Figures 12.1 and
12.2 and the dose rates are given in Table 12.1. The results are
_conservative since they mneglect self—ébsorption, the-éhielding '
. effeét oflstructural nmaterials, and the effect of any lqcaiized
shielding which mey be used for personnel entry into_the cell,
12,2,1.2 Effect of Cerium-144 on Cell Wall Analysis
| It is etimated that the Cerium~144 content may
be as high &s 2 Yo 3 millicuries pgr curie of strontium-90.

Tgble 12.2 shows the incresse in dose rates for selected situa-
tlons around the.hot 091180 It should be noted that the sh1eld~
ing of the cells is still adequate with this amount of cerium.

The significant bremsstrahlung associated with
the decay of Cerium-Praseodymium—i44 arise from the approximately
3-mev beta particle of Praseodymium-144. In sddition, there are g
high energy- decay gammas associated with Praseodymium~144. As
a result, the average energy of the gammas for Cérium—Praseodymium—
144 is higher thar those from Strontium—i%trium—90e In terms of
shielding, this means thst the Cerium-Praseodymium-144 gemma rays
become relatively more importent and contribute an increasing

fraction to the totel dose rabe es shielding thickness is increased.
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Dose point,
top of cell

42, for 2-foot walls

(Cells 4 and 5)

140 ‘ e

'| : Source-__,\sfe

54, for 3-foot walls

///F— (Cells 1,2 and 3)
Z;;fﬂ A

Window Centerline

T’

§4 f**

1

R

\\\_ Dose point in front of
' cell '

12 | |a-6

All dimensions in inches

Figure 12.1 Configuration Used for Shielding
Analysis of Strontium-90 Processing Cell




22 ft, 6 in., -- Cells 1,2, and 3

23 ft, 6 in. -- Cells 4 and 5 | '1

15 in, -- Cells 1,2,3 R

12 in, -- Cells 4 and 5> ™ 12 in. _>| _
Dose point outside ' ‘

- - isolation room

| ,///r_-- . 1 | ‘source._‘

’ | A et seom aoer T
_ Dose point in_d//’, e ast iron door

isolation room.

LQ ft,9 in.--Cells 1,2.;_'3 '
10 £t,6 in.--Cells 4&5

Figure 12.2 Configuration for Shielding Analysis
of Rear of Cell



STRORTIUN-~S0

For 250,

FYorm of Strontium

Sblution
Titanate
.Solgtion
T tanate

Solution

Titanate

Solution
Titanate

Solution

Titanate

Cells 1,2
—2 % )
concrete

17.0
45.0

3-foot wall 2-foot wall
2.75 x 10~7 0.12
7.5 x 10~ 0.15
3-foot window 2-foot window
0.04 8.5
0,11 - 22.5
Rear of Cell
In Isolation Xoom
Cells 1,2,3 Cell 4 Cell 5
15-inch door . 12-inch door
0.073 —— 0.80 .
0.19 - 1,66  2.10
- Outside Isolation Room
» 04018 —— 1625
0:35 .03 425
: Top of Cell
Cell 3 Cell 4 Cell 5
1&5 in. 2 in. steel 2 %
steel 1 in. A1 . concrete.
————— 31.25
5800 5000 ' 80,0

TABLE 12.1
FROCESSING; DOSE RATES (mr/hr)
000 curies in hot cell

Front of Cell .
Cells 1,2,5  Cells 4,5




TARLE 12.2 .
Efect of 2.5 Millicuries of Cerium-l44 per Curie

of Strontium-90 on Dose Rate (mr/hr)
Isotope Activity Walls Windows Roof Isolation Room

curies e=t 2~Tt 12-in, dooxr
Sr-90 250,000 0.148  22.25 80.0 2,08
Ce-l44 625 0,200 9.00 14.0 0.45
Total 0.348  31.25 94,0 - 2,53



12.2.2 | - Feed Storage Tank

The i‘eed'storage tenk, T-31 and it's shielding,
are located in the cell annex of Cell 4., In the determination
of the effectiveness of the shielding it was assumed that
750,000 curies, 'bhe max:.mum activity, was distributed uniformly
throughout the tank The po:i_nts at which the dose rates were
determined and the dose rates are shown in Figures 12.3, 12.4
end 12.5. Figure i2.3 is a plen view with the dose rates given
" for en hoz'izontal plaiiﬁ teken thi'ough the middle of the tenk. -
F:Lgure 12 4 and 12¢5 are for orthogona.. vertical planes.

Tnese tank I-31 dose rate calculat:.ons were-
.performed by_in-beg;j,s:g;og .the Green..s function for the dose -
weighted by the.hoﬁiogenéoﬁé.,source throughout the tank. To
accomplish these célculatiozis IBM 7094 Program SPEND was used:
Due to the asmmotions maae and ‘the method of calculation, . uhe
calculated dose ra-ces could be h:x_gh by as much &s a factor of
two. -

Us:r.ng rhe naxn.mum possible activity of 750, OOO
curies, the dose re:bes are. .Low nnoagh ‘o allow for shoxt perlods.;_
of work in_the v::.c..m.t-y of 'the tank. -

12.2.3 Dose. Babes Th:cough the Shine Shield from the
Process Box

To,de’cermine the emount of radiestion from the

process box, a point source of 100,000 curies was used.. The -
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Concrete Wall
Cell No. 3 - Isolation
3.1 3.9 5.3 7.3
+ o+ +
e

+ 15.1
+ 17.2
36" Cell No. 4 - Isolation
+ 8.7 Concrete Block Wall
. 20.7 /
la-14.5m 3
Box for HAPO
Cask Lines
Vacuum Pump
T-31 and
Shielding 52.7 ig.s 14.7 12.2
T : oot
12,75" |e—v-—— 36"__;_.'

Dose Rates in mrem/hr

Figure 12.3 Dose Rates from Strontium-90 Storage Tank T-31
Horizontal Plane through Middle of Tank




\_ Ceiling

Concrete Wall __;//’

Cell No. 3 - Isolation
6.6 9.6 14.8 23.6 : . 349.2 B0.2 50.4 .32.0_
+ -+ -+ -+ T + + + +
Area Around T-31 and N
Tank T-20 Shielding
- 3.1 3.9 5.3 7.3 106" B2.7 19.3 14.7 12.2
+ -+ -+ + T - + ) b -+
O L — « 36" —
60"
Dose Rates in mrem/hr
Floor .
1.4 1.6 2.0 2.2 _L 13.4 8.7 6.2 4.8
-+ + ' + T an r- -+ + -+

Figure 12.4 Dose Rates from Strontium-90 Storage Tank T-31
Vertical Section Perpendicular to Cell 3
Isolation Room Wall



Ceiling-——f//

56 .4 i?.G 27.4 20.0

\\ _ : + +
_ . 36" _____4
T-31 and

Concrete Shielding | —

. Dose Rates ‘in
50" ~ mrem/hr

20.7 18.7 17.2 15.1

r—t o+ + +

56"

Concrete Block

‘/__- . Wall

Floor

N B

Figure 12.5 Dose Rates from Strontium-90 Storage Tank T-31
Vertical Section Perpendicular to Cell 4 Wall



source was located at a.point in the process box closest to the
shine shield. Thns the values obtained are conservative. '.

The calculations were carried out with the 12-
" inch iroa cell door open so that the physical'attenuation was
due entirely to the shine shield. At’a distance of 51 inches
from The source the doée rate is 1l. 66 millrem per hour. Figures
1206 end 12,7 locate the source and dose points.

It 1s clear that the shine shield is adequate .
shielding for the process box. The dose rates ere low enough to
permit pérsonnel to do necessary malntenance at the closest pos-

sible position to the shine shield.
' An aree which may cause concern is that of tﬁe
filter plenum. A% timgs when strontium is in the furnace, which
:is situated in the process box of Cel: 4, the dose rate from
this source combineé‘ with that from tank T-31 and the activity

retained by the fllter.may be high enough to werrent special
procedurs:s for cnanging the i‘llter° Considering only the stor-
age tank T-31 snd 25,000 curies in the furmace, dose rateé of
spproxinately 25 5 30 millirem per hour are possible.
12.2.4 Temporary Shielding —

L curve was prepared for use in estimating tem-
porary shielding for various amounts of strontium~-90. Figure 12.8
is a éurve of sctivity versus thickness of lead shielding reguired

to reduce: the dose rate to 10 mr/hr at one meter

i
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Dry Box
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—l : \ Shine Shield
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Figure 12.6 Dose Rates from Cell Four Dry Box

Horizontal Section
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Figure 12.7 Dose Ra§e§ from Cell Four Dry Box
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Figure 12.8 Shielding Required to Limit Dose Rate to
10 mr/hr at One Meter from Center of Source



12.3 Chemical Hazards

12,301 Radiolysis of SrCN0322 Solution

12:3.1.1 Hydrogen Formation
i The feed storage tank may contein up to 750 kilo-~

curies of strontium-90 in 250 liters. Assuming conservatively

that 100% of the radiation energy emitted is involved in decomposi-
~ tion of the solution, the rate of hydrogen evolution from the solu—"

tion is calculated to be 78.0 cc/mlno (STP). The G value of 0.028

(molecules per 100 electron volbts) was calculated from an expres-—

sion given by Sowden (Reference 12.7) for the effect.of high

nitrate ion concentrations on the radiolytic formetion of hydrogen,

assuming & nitrate concentration of 1.27M (0.075M excess ENOE)Q h
The rate of hydrogen evolution varies in inverse fashion with in-
creasing nitrate concentration. For example, increasipg nitrate
ion molarity of 1.95 (0.77M excess HNOé) suppresses hydrogen ;
evolution to 16.1 ce/min. (8TP). The excess of HN03 maintained
in the feed %tank is normelly O.4 to 0.6M.

In the usual course of operations the 250-liter
feed storage tank will-havg a meximum filling of two-thirds, by
transfer from a HAPO-I cask, end will consequently have 500 kilo-
curies ‘and a void space of .about 83 liters. Eydfogen evolution-

at a proporticnsl rate could theoretically bring the composition

of the gas in the void space to the lower flammgbility limit of
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4.1 volume percent'ih gbout an hour and to the lower detonation‘
1limit of 19% in gbout - five hours. (References 12.8 and 12.9).

The opportunity for igniting the gas within- the tank is negligible
since no access to the tank interior is possible, no eleétrical
connections are made to it and it is not eiposed to any flame.

In additions:the tank.is vented to the process box where dilu-
“tion occurs before ﬁhe air is exhausted through the air handling
system. o .

.- The feed storgge tank is air sparged at a rate
of about ;ﬁliters/minuﬁe when it is first filled,_and before any
subsequent withdrawals. At this time the hydrogen is diluted .
énq carried away through the air handling system.

If, for some inadvertent'or unXnown reason, the
vent and vacuum connections to the tank should be closed for a
substantial period 6f time, it might <first be assumed that the
hydrogen evolutién'would_cauge pressure build-up in the free
volume. Theoretically, it would require about 18 hours to raise
the pressuie to 15 psiéo"However, it is‘more logical to assume.

that in a sealed veésel, hydrogen produced.bf radioclysis Tecom-

5ines with-the othér radiolysis products so that mo net hydrogen

is produced. A4llen (Reference 12.11) has commented on this pheno- .

menon &t length. In any event, the tank is capable of withstand-
ing interqal pressures of at least 100 psig and has been tested
to that figure in conforuance with the Uniform Unfired Pressure
Vessel Code. | '

the
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12.3.1.2 Nitrite Formation

Another radiolytic reaction is expected to occur'

in the storage tank, namely the reduction of nitrate ion to
~ nitrite ion, with attendent consumptlon of hydrogen ion. The G
value depends on the nltrate ion concentration and is computed
to be 1.95 for the case at hand (Reference 12.12), giving a
maximum nitrite ion.fofﬁatien_rate of ‘3.03 gram-mole/hr. XNo
. safety cbnsiderations are apﬁarent, in the formation of nit;ife
Nion, sincelstrontium n;ﬁrite is péforted to‘exhibit'essentially
the same solﬁbiliﬁy as the.nitrate and hes no unususl_chemical
propertzes.
12.3.1.3 Oxygen and Peroxide Formation

As fdr as can be determined by an examinatioﬁ
of the 11terature the formatlon of oxygen gas or of hydrogen

peroxlde should not occur o any significant extent in the feed

‘solution. '
12.3.2 Chemical Energy Produchion
12.3.2.1 Heat of Neutralization of Excess Acid

d;cess ENO5 added during the dissolution step
is neutralized during the course of carbonate precipitation in
Cell 4. The concentratlon of the excess acid is measured and
will not exceed lM and is usually held to about O.5M. If the
volume of solutlon allquoted for precipitation is 9 liters it

may contain © moles of excess HN05¢ Based on a heat of -

oo



neutralization of 15;l kcai/hol, 118 kcsl may be liberated during-

the neutralization stepo Th_s can p“oduce a tempersbure rise. of
ebout 10°F but cannot result in ‘any excessive release of energye
12.3.2.2 Hé&t of Reaction of Carbonate Precipitation .

] Frciidata readily ‘aveileble on the heats of for—

matlon of the varlous chemlcal spe01es involved in the reaction e

bz which strontlumlcarbonate is éreclpltaved, it is found that

' %He reaction is sliéhfiy endothermic (Reference 12.13%):

Sr(NO )Z(aq) +. Kaaco5(aq)-4>8rco~(s) + 2 NaNOECag)

Heat of :
frmation: 229.82 | 276.18 201.28 . . .214.66

H = + .06 kcal/mole
Since a batch size of 25,000 curies of Sr-90
pgécipitated at a tlme emounts to about 40 mol of reactmve cs-*

t_ons, this reaction. 1s of nc great concern. from en energy Te-

,lq&se or gbsorption point. of view. The reaction of the calcium. .

present is ignored for purposes of this stud& since the sﬁouﬁt
iéfsmall end this reaction also involves only & smell quantiﬁj
o%:heate The Iloa prosent &t the time of carﬁoﬂate f“ehﬁnﬁtaﬁibg*
dééé nots react chemlcally Wlth the other reagents p*"ecenc°

12.3.2.3 Stsbility of Sr60. - TiO, MixFure

*

The mixture of SrCO5 end Ti0, which is separateal'

by filtration lrom its supernevant liguid is permitveé to &ry

ey



part_ally'by sel?-heatlng befére it is processed further. The-
batch generates heat at the rate of 160 watts. This heat is
xpanded prlncipally 1n evaporatlng the wate“ held in the pre-
cipltated mixture,n' '

Followzng evaporatlon of the water, the tempera-
ture of the cake w111 rmse to an eoullzbrzum figure whose veliue
1s determined by various factors urless it is pilaced within a
' water—cooled receptacle avallable for thet purpose. In no event'
can the self—heatlng of the cake cause a temperature rise suf~'
flclent to cause raaculon ‘betwoen the SrCO~ and Ti0,, since the:
reaction rgte has been con01u51velv demonstrated .o become
s1gn1flcant only above 925°C°’ -It is thought that the resction

be*ween S'*CO5 and Lloa lS perhaps en@othermic, bub the heat of

férmation of SvTLD;jhaslnot beon determined. The eynerlgental

ev1dence shows that the evo1Lt10n of bheat is, et most, qulte

szell. The reacblon'4" conseouentlv not convribubtory to eny-

signlflcant energy'release durlng the processe.
1205 2. : Flres

Nelvher the materigl being processed nor any oPF
tﬁé reagents used s;e,flammebls_ana it hes bsen shown above.shatix
eéergy releases inf%@evpﬁbcess reéCtions eve. quite moderaﬁecﬁgﬁb'
ob%n flemes sre ussé° The only combustible materisls to be

found in the process box at eny time are the required elecvruc
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insulation,.manipuléfor béots, polyethylene reagent bottles ané
cloth swabs uéed for minbi dedontamination. These are present
"in very small quantltles, generally‘have high ignition tempere—~ -
tures, are non-explos*va and even if eny of them could become
ignited the total energy producclon is not great.

12.3.3 - Bad101781s of Pool Weter

The storage of 'the encapsulated sources in the
pool will result 1n some radioly81s of vhe pool water. The. beta
energy of the snront;um-90—vttr1um—90 chein is entirely dissi-
pated within the cansules, but g&mma erergy produced as brems-
stralung enters uhe watero: In-the»¢o11OW1ng cglculation, cor-
rectionr has been made for se’f—abSOﬂntlon within the capsule:

4 G factor of 0.25 molecu7es per electzon volt'has been used,



The total bremsstrehlung energy generated per

curie per hour is obteined by integrating the energy yield

*

spectrum: o
£ mﬁ%ﬁiﬁm x Mov/dis
2.2-1.98 7. 422107 2.1 1.56x107°
1.98-1.76 - 6i75x1076 1.87 1.26x10™7
1.76-1.54 2°a9x10‘5 1.65 B.76x107
AA.58-1,32 8. 51:10 =5 C1.83 1.22%10™%
1.32-1.10 , 2 ogxlo 1.21 2.53x10™% |
1510-.88 - 83720~ 099 —%532007F
0B8=066 8. s'leo"4 77 6.84x10™%
o E6me Bl 1.82x10% .55 1.0 x10™
Bl 22 %, 3251072 .33 1.36x1077 .

.22-0 1,6521072. 11 - 1.81x1077.
JE#(E)&E = 5,7 x 10 -3 Mev/dis )
For one curie: 2. 1 x 104'8 Mev/curie sec,; or 2.1 X 1014 ev/curie zec

For one megacurie. 2 1 x 1020 ev/cu-ie sec

g1 moles/sec =

= 8.7 x ‘3.0 b gm moles/sec or e.l4d x 10 -1 g moles/hr
or, '7,1-:1 ers/hr
‘fhi rate of hya.rogen generation is not high

enough %o pre'sérft a’ hgxzara, The pool is covered by an expanded’
metel cé‘ie'r, and’ aiéé' by a sheet of tvaﬁéparent plastic. .’.Eh_e
la't;"'er is elevated s¢ that ajr can eirculete urnder it. The ‘air
circul ation in tms urea of the i‘acility is good so thet there
can be no accmnulauio.n'of bydrogen:
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12.4 -Transfer Accidents

12.4,1 Gupola Rupture

The purpose of the cupola is %o prov*de secondery
contsinment of the EAPO cask commections during and subseguent
to the transfergl of the feed solution from the cask to the feed
storage tank, | Tie‘épéfétbf,sweafing full protective clothing
(Section :110.7) -and au ihdependent air supply; remcves'all iines_
and the.thermocoupie by .working through the glove ports. IZ th~v
cupola should be éorn aﬁaj during this process, any spilled o*.
otherw;se deposited ?eed solL‘ion would remaln in the well of
the cask. Even though the operator is safe in the gbgense of
the cupola.¢1ts p*esence ﬁs austlfled by the fact that it does,
if intact, prevent any release to the surrounding area, that .
would reoui*e cleanlng up.'

12_4.2 Feedlﬂne Breakago

" As statoﬁ in uhe process describtﬁon, subsequent
‘o the connecclon of all lines and the thermocouple to the EAFD
cask, ro personnel are in the isolation room. The process from
disseclubtion on is carried out remotely. The strontium solution
is vacuuxn dravn to the feeﬁ scor&ge tank $hrough the fecd llne..
Unless the sunnorts fall and the line bresks 51Et1taneou8¢y,
only =2 minor spill can ocecur, the magor novcloﬁ of the solu*ion
running back into the cask or being drawn tc the feed storage
tenlkc. If the feedline should brezk at the point where it goes

intc the zsolation room wall and if, in =24didtior, the line supporos
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should fail, allowing the line to fall to the £loor, then worst-

case coﬁditions would be reali.zéd° The greatesf length that

could extend from the HAPO cask to the floor is 8 feet. The in-

side diémetef of the line is 0.275 inch snd the solution con- )

centration is.a mexinum of about 3 curies/cmB. Thus & meximum 6f

(nrah cm?)(;_curies/cma) = w(091575)2(8 x 12)in3 x 16.39~£E§-
. S ' in

% 3 curiés/em’ = 280 curies

is released o ‘the fioor of the isolation room. As the process
is TV’monltoroa, any such re?ease and its ex“ent could be 1mmed-
iateiy de‘cermlnede it the msximum release occurs,_whter dilLf’Oﬂ

- will be nevessary before manual cleen-up (as described in waste

‘hold terk 7eak ‘section) is initiated.

12.4.3 - Gapsule Trensfer from Cell 5 Scorage to usorage
Pool
12.4°5.1.- Cask or”Capsule Rupture During Transfer from

déll'to Pool

Duf*ng transfer of the cask, on & &olly. the

-

dolly will be pushed anﬁ gu~ded by trained operators over a smcoth,
uninteruptea, concreue f’oo* from Cell 5 to the service area.

- Durﬁng transte; of the cask by the 15 ton cap-.
acity service area cvane, the.cask will be suspended not more
than 15 feet or lass above the service room floor as it moves
. 8CTOSS ﬁﬁé service srea to the pocl. While a1l heandling and move- -

- nent will be performed by skilled operators, & humasn errer or
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T The. differences in,materia1~characteristics betweern the cesk

mechanical failure could result in the dropplng ol the cask in
the area between Cell 5 and the pool.

This cask will be constructe& with a steel
inner and outer jécketo The inner Jjacket will be at least 1/4
inch thick and be bonded to the lead so that significant de-
formation cannot occur if the cask is dropped. The cask cover
will be secured to the cask body by & steel pin of at least 1/2

inch diameter to prevent disassembly in case of impsct. Thus

4% is considered incredible for a capsule to become dislodged and

crushed or, significantly deformed by the cask.

Having established the above criteria for the
transfer cask. it is apparent that the maximum load on a 6ap-
sule will be 1its own impact force. While the cask will be fas-
tened in a manner to preclude disassembly, the components of the
cask will'probabiy not be rigidly connected, Each component
?ill reéct.essentially, as an independently impacting body. So,

similarly, will the capsules react. This means that except for

=end the floor the impact loads on a capsule impacted. within the ;.

cask would be the peme as the impact loads on a capsule dropped
independently. In practice, the bottom of the cask will IO~
bably be a better energy sbsorbing medium than thé floor, so
that a. capsule contained 'in the cask will be subjected to less
stress than one dropped separately.
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Usiﬁg v = J2as it is calculated that a capsule -.
drgpped from 15 feet will impact with a velocity of 31 ft/sec.
Thé average weight of a powder capsule is about 5.21 pounds so
that its kinetic energy at impact is very nearly 80 £t-1b. .

The lack of engineeriné data and correlations fﬁr the analysis
cf'containers under impulsive loads precludes a detailed analysis
of the stress imposed on the capsule for all attitudes of impact.
That the capsulé.will not rupture vnder 80 £%-ib impact can be
~“inferred, however, from a calculation of the totel energy which
thg'outer’bontainer can sbsorb without rupture. This is simply
the area under a stsnderd tensile stress-strain aiZéQZm for .
thé container material multiplied by the container volume. The
arsa under the stress—sﬁraiﬁ curve for A1S1-316 steel is 47,000
iz, lbs/in5 ana the outer container volume is 6.095 in3° The
lcoﬁiainer should be capable cf gbsorbing up to approximately
20,000 ft-1bs without rupturing. Since the impact energy under
qugstion is only 80 fi-1lbs it is clear that the capsule would
not be ruptured by a 15 foot drop onto a concrete floor.

12.4:.3.2 Capsule or Pool Damage by.the Ceask

Dropping the cask inte the pool would 1mpose
aoprcxlmateiﬁ the seme 1oad on the cepsules in the cask as drop-
. ping on‘the service room floor and is, tﬁerefo“é, no more hazard-
ous, Dropping of tha cask upon capsuTes already in the pool is

not credlble 51nce the capsules w~11 be stored around the per-

iphery on three 51aes of Lhe pool with. the fourth side being
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kept free of capsules. The cesk will always be transferred
across this side of the pool. ‘ ‘

It has not been pogsible to determine if a
dropped cask would crack the pool floor. Consensus of opinion,
based orn the pool design, is that it would not. If the floor
were to crack, however, it ié believed thet thé resultant 1eak;
aga rate wouia be :small end, therefore, not represent a hazardous
.condition, '
12.4:3,3 Cepsule Helting

., The total weight of strontium fuel and steel in
each cepsule is less then 6 1b. The specific hest of fuel and
capsule is app“oxxmauely 0912 BTU/1b,°F. The temperéture'rise,

assuming a&iabatic-con&itions would be:

. o4 BTU/min . -
= E’“szm = 10°F/miz.

This is well below a rate of rise thet could cauée thqrmal shock,
An alternate cask is availeble ir which six -

capsules may be transfefredc The most severe hesting wili occur

with six’cabéules contaiﬁed in the cesk. The meximum heat out-

put per'capsule *s 130 watts and the cask will be epproximately

- 10 inches ID by 30 inches 0D, If the cask is tzken as lead only,

the immer surfsce will be raised only a few degrees Fzhrenheit

abcfe am.bienfbe Assﬁme only radiation'loss of heat by the cap-

sules (conservat ve, sinée ccnvéction will also remove heat).

If one=half ths latersl surface of the six capsules is taken es

the radiative surfsce &nd sn emissivity of 0.3 is assumed for



capsule and inner cask surface, the maximum surface temperature
achieved.on the capsule is less then 100°F. Since this is weli
below the melting point of stainless steel (2550°F), there is
no danger of capéﬁle.hélfiné._

12,5 Sﬁorage Accidents
12.5.1 Cell 5 Storsge

The capsules that are stored in Cell 5 are
cooled by tﬁe.cell gir flow. ince there is én auxiliary cell
exhsust system, it is not considered credible that the capsules
w;u;d be without cooling. Ir the normal exhaust system should
fail, it could be repaired wﬁile the auxiliiary-sysien main-
tedned the eir flow, o |

The anelysis of the accidental dropping of a
cepsule (Peragraph 12e4.5°1) showed thet a capsule could not be
demaged by e £a1l from'1l5 feet so, since the cell has a 12 foot
ceiling;"a drbp in ‘the cell could nob damage & cepsule.

12.5.2 Ebol~Sforagé

12.5,2,1 - Capsule Leskege During Storage in the Fool
_ | | Every capsule is Goubly conbeined and leak-
checked befofe removal from Cell 5. However, if both the ingér
linrer a3d cuter confainer of 8 capéuie ere damsged duriﬁg trans-
fer or installation in the pool, a leak could aevelcp. Such &
situetion is extremely improbsble but is remotely credible.

- The presence of a breeched cspsule would be

promptly detected during one of the frequent gross beta count
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analyses of the pool water snd/or as a result of uetectlon by che
continnous 1iquid flow type monltor probe. Furthermore, a device
. which is capable of 1ocat1ng the 1eaking cepsule is a permanent
part of the storsge facllity. This device consists of & can,
open at oﬁg end,:wﬁ;ch fits over the fuel capsule. Flexible
tubi#g,’attachédjtéLthé70§§gp.end,;is connected tc a pump which
draws water from immédiaééiy-aroﬁnd the capsule through a-liquid

flow counte&. AvailabTe 1iouid flow counters of the continuously

monitoring type are canable of &etecting concentrations as low
as 10 7,uc/cco |

* The pool is fille& from the 2-inch mei n pool
watei supply system. A~2—inch overflow pipe terminates one
foot.belbw the~to§nof tﬁe~pool and connects with the suspect
'drainusySteme Thus’, it is not possible for eny water from the
pool to enter uncont*olled drainage or sewage sysbteme.
12.5.2. 2 ' Failure of the Pool Wabier Circulastion System

The clean up system for the gamme pcol ccnsists

of & stainless steel cibsed'circuit systexr which runs from the
gémmg pool four snd one-half feet undergrouad o & shieldéd roqm:
irn the mechanica; egnipment rocm. &Access vo this room is through
a sgparaﬁe iocked coor. The pool water recirculating systvem is
enclosed by tyree'wails of concrete blocks, tﬁe building out-
gide wall msking up the enclosure. The 9/4-;nch plywood top -
and concrete block walls have a smooth zouporous finish palnted :

with Prenoline 300 or its equivalent. Egquipment in the cleanup
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room consists of twe circulating pumps rated at 5 and 20 gpm and
two resin beds end two 1O-micron filters in perallel. Each of
these resin beds is so designed that the valves may. be closed
to one bed and the complete filter unit, if necessary. can be
removed and replaced. Only the resin mey be replaced if desired.
If the water circuletion system for the stor~
age pool fails, the temperature of the wster will increase, since
there will be heat ﬁransfefred out of the pooil through the walls
and te the air asbove the pool, an equilibrium temperature will
be reaclied that depends on the activity stored in it.
—— ’ The storage pool at Quehanna is 13 féet deep -
with surface dimensions of 8 x 10 feet. The wslls are made of

10inches of concrste: The stored meteriesl acts as & constant

.heat source to {the wster. Heat is lost from the water in two ==-..

WBYyS:
1. Heat is conducted Through the concrete walls
end into the surrounding earth. '
2, Heat is transferred by counvection from the

upper surface of the water to the air above

the pool.

o~ 10-inch concrete

4

T

13-feet R | Earth

(Storéd Fuel
Beat Sourcs
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The anslytical model chosen %0.80lve the hest
transrer probler is that of a circular cylinder. mhe dimensions
of the cylinder are chosen so the surface erea of the cyiinder '
is the ssme as that of the sctual pool and the depth is the same.

The assumptions used %o simplify the problem are:

1. The aif sbove the’pool is still. It is-at
étmoépheric pressure with a temperature of
70°F.

2. Since there will be n&turél mixing of the
héateéhvatef, the weter is aesumed to be
the same teapereture throughout..

3. Fo heat is lost through the bottom of the
pool° '

4, The thermal conductivity of the earth.is
Xel.1 BEU/hr £4°F (Reference 12.10).

This is the conductivity of the sandstone
which is fourd in the Quchanna ares.

5. fhg cooling'affect of the evaporation-of
waéér from the surfece is neglected.

6. The hest loss through the walls is approx-

- imafed«by calculating the heat loss from an
iniinitely long £in of eafth eﬁ%ending rad~-
ially from the pool. The fin shepe is that

ﬁf en ‘apnular dislk.
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_ _ The'résuits of this calculation are shown in
Figure 12,9, It is found that for sbout 800DO0 curies stored in
.the pool the equilibrium temperéture reached is 150°F, At

wthis temperature the maximum evaporetion rate is ebout 10 gal/hr.
B A heat exchanger will prevent t@e temperature from exceeding
150°F evé% with 5 megacuriestéésred in the pool.

A secord calculation was made for the iate of

evaporation with eir circulation over the pool.

The results of the calculaztions are:

Yelocity of Air (£t/min.)  Water Loss (gal/hr.)

0 : 6,62
10 6.88
60 : 8.35
120 | 10.00 = maximm
12:5:203 ! Total ZLoss of fool Water |

—_ A total loss of pool water, resq;tiﬁg from any
.sequence of events, is not comsidered to be credible. The ep¥
tire water purificabion and circulabion sysbtem is in a closed
cycle, physically located above the normal water level of the

pool. The slow loss of water through a crack in the concrete is
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p_ossible° The area and the pool- are under 24-hour surveillance
by facility personnel. ' In addition, demineralized water is
made and is aveilable adjacent to the pool. Thus, the‘pool
water level will be maintained at proper level and immediate
response would be given to correction.of the source of lesak.

12.5,2.4 Accidental Falls into the Pool

The probability of such an accident is extreme-

ly remote.. A three-foot high concrete rail surrourds the pool'

gnd it is covered except during actual transfer and leak test-

.ing operations. '

12.6 .. Air Handling Anslysis ’ e
After considering the possible malfunctions of

the ventilation system which night occur during the operation of
the plant, the following two cases were taken as representative.
They include situations which arise from a malfunction of imstru-
ments and the oper&tiné error of the personnel.

12.6.1 Instrument Malfunction

In examining the possible ways for a pressure '\

reversal'to occur due %o instrument malfunction, the followling
case was consldered. o ' |

- The normal exhaust fan for Cell 4_(E-6) was
_oonsidered to have failodej This would only present a problem
if the dirferentiél_pressure switch across this fanvwonlo mal—
function. Normelly, the loss of pressure change across the fan'
would sutomatically close the damper'in the normal cell exhaust
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duct, open the damper in the auxiliary cell exhaust duct, start
the auxiliary cell exhaust fan and an alsrm would signify the
stopping of the normel exhaust fan (see Figure 6.2). Also, the
loss of air flow in the normal exhaust duct would cause the
gravity backflow dsmper to closé in thgt duct. It was considered
that the differential pressure switch failed to acknowlege the
loss of pressure change across the normal exhaust fan E-6. The
'aukiliary cell exhaust system would nof come. on, nortwppld the ..
motorized desmper in the normal cell exhaust duct close. Also
Qonsider that thé gravity backflow damper had stuck in the open
position. The result of this series of highly unlikely failures
of equipment would be that the cell exhaust duct from Cell 4 would
be open and re fan would be operéting in that duct,

: The back pressure from the friction and inertis
' lossés in the stack was calculated to be 0,151 ;nches of water.
This back pressure plus the higher. pressure in the exhaust dﬁct
on the way to the stack from thé oSher cells would cause a nom-
inal backflow toward Cell 4 along the normsl cell exhaust duct.
The pressure drops across the two absolute type filters and omne
. roughing filter in serles in this duct would reduce the back
| pressure seen-by the cell. The backflow would cguse-the pressure
in Cell 4 to slowly start to rise. The gauges measuring the
pressure difference between the cell and the operations ares
would show the pressure differentisl reduction and the auxiliary

cell exhsust system would be started.
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The result would be, even after the highly
unlikely se:ies of instrument failures, that the auxiliary cell
exhaust system would retﬁrn the-fressure differential $0 normel
with no resulting pressure reversal. The operating personnel
would immediately cheéck the normel cell exhaust fan snd demper
system since, even though the instrmments 4id not show the
reduction in pressure differentisl across the fan, the starting
auxiliér& éxhausﬁ systen would indicate thet the normal exbaust

fen was not in operation.

12.6.2 Operating Persomnel Error

| In exsmining the possible hazerds—created by
operator errofs, the»roilowing case was considered.

| '. To change a maﬁipulator boot the“manipulator
must be removed from the cell wali. While the'manipulator is
out of the cell wall there is an 8-inch opening which leads from
the operations area into.thg cell. JDuring a ndimal boot change,
the 0ld boot is-left in place hile the new boot is puched.
through the opening.. Therefore the 8-inch opening is covered
&t the prodeés box end b§:the old boot. A.éﬁebial tool is used
to hold the fiat spring (see Figure 9.4) compressed while the .
new boot is moved thréush the cell opening. Wpéh the new boot
'ie lined up, the old boot is pushed off and the flet spring is
~released so that thé new.boét is in place.. If the operator
should sccidently misjudge the aligmment of somehow &rop the new

boot as well as the dld boot into the process box, there would
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be an open path leading directly into the process box. -

The resulting air velocity through this opening
was calciulated to be over 3800 feet per minute when the cell and
process box exhaust systems are in operation. if, for some un-
likely reason, both the normal and auxiliary cell exhdust.sys-
tems should fail 1eaving only the process box exhaust in oper—
ation, the velocity is over 280 feet per minute. These velocities
are high enoﬁgh t§ insure that ﬁo upstream diffusion of con-

_~bamination could ocecur,
12,7 ’ Process Vessel Lesks

12.7.1 : Feed Storage Tenk Leek —

: The feed storage is located in the cell annex
of Cell 4 flush against Cell 3 isolation room wall and Cell 4
wall. The tenk is designed with a.safety factor of five of more.
It is leak teste& at s pfessure.of 100 psi for & hourga All
seams'éré‘Heliarc welded and the chance for a leak is indeed
remote, If, hoﬁe'vers & lesk should occur, in keeping with the
practice of double'containmeﬁt a watertight chamber which is
constructed of l/4—1nch stalnless steel surrounds the feed stor-
age tank, The stainless steel chamber will have a capacity
greater than the feed storage tankc.'A stainless steel line
(normally capped at termination) runs from the bottom of this
chamber into the cell. It wouid be used to carry the spilled
feed solution into the cell im the event of a lesk. Amother
line is frovided to make possible the washing of the feed storage
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taﬁk.exteriore
Cooling the liquid presents no problem &s the

stainless steel cooling coils spiral about thé exterior of the
tank and are in direct contact with the liquid. If the cooling
from one set of coils is insufficient, & second set parallel to
the first can be operated in addition. The release of activity-
bearing vapor resulting from such an occurrence is the maximum
credible accident and is considered later.
i2.7.2 Weste Hold Tank

! The waste hold tank is locabted in the isolation

R t—

ioom of Cell 3. Before eny solubion is transferred to the waste

hold tank it is sampled and tested to be sure the activity is
low (see paragrsph 3.1.4). This assures that a minimum of fuel
material is lost to waste; and that the activity level of the

waste hold tank is low.
The waste hold tank is made of 1/4 inch stain-

"less steel and all seams are Heliarc welded. The tank has been ..

pressure tested. to 100 ﬁsi for 4 hours.

The wasté contained in the tank is of low
engugh activity to sllow manual clean-up in case of a release.
The operator would don full protective clothing &as described in
Section 10,7 and mop up the spill using long-handled tongs &nd
an ebsorbent maferiﬁlo " The coﬁtaﬁinated absorber is deposited -
in a shielded container and the container is stored in bhe

waste storage builaing° A% in the case in any type of acbident,
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the aree is sealed off and the Health FPhysicist conducts a survey
o determine the extent of the conteminetion,
12,7.3 In Cell Tank Leaks

| Cell 4 contains the filtrate tank, capacity 75

1i?ers; the vacuum surge tank, 50 liters; the metering tank, 5
liters; and the precipitation vessel, 50 liters. The latter two
are in the process box. All of these taﬁks are copstructed of
stainless steel, are Heliarc welded and have been tested to 100
;psi for four hours. Leakage of any of these 1s imbrobable but

f.in case it should teke place the shielding due to the cell wall
prevents any dirgct ra&iaéion hazard. Clean-up, decontamination
and repair within the érocess box would be carried out by use
of the manipulators. The tanks that are not in {the process box
cannot be reached by the manipulators so repair would dbe carried
out by other remote means.

- 12.7.4 Hydrsulic 0il l.eskage

.The hydraulic fluid used in the press is Mon~
santo Pydraul which is composed of phosphate esters and chlor-
inated hydi'o'carbons° These liquids have open cup flash point
temperatures of approximately.470°c and fire point temperatures
of 675 - 725°C. Therefore, in order for the fluid-to flash, it
nust be completely vaporized and must be subjecte& to a tem-

perature of at least 700°C.
If & minute hole should form in the hydraulic

pressure line during'the power stroke of the press, it is conceivable



that s portion of the hydrsulic fluid could bs sprayed out in & <
vaporizeé nist, The furnace is the only object in the process
box which will -even approach the required temperature for flash-‘
ing the oil. The fﬁrngce is surrounded on five sides with panel
. coil coolers so that. the only poiﬁt'of access for oil ééray ; a
woﬁia be the 13-inch high cut out on one panel which is used for
the electrical ¢onnéctions for the furnsce. However, this ares
is protected.since the hydraulic lines, which are designed with
-8 high margin of safety, enter the 4A section of the process box.
on the side away from the furnece. The placement of these lines
is such that should the line bresk or spring & small high vel-
ocity leak at %he ﬁeakeét.péint, the conneétor, the precipitation .
tank (2-33) ﬁould.be-betwéen the bresk and the exposed portiog-
of the furnace. For the sbove reasons the burning of the hydrau-

lic £luid in the process box is not considered to be credible.
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1z2.8
12.8.1
12.8.1.1

Activity Releases

General

Meteorological Models

 Sutton's diffusion equations (Reference 12.1)

have been used in previous analyses of potential release

hazerds for the Quehanna site (References 12.2, 12.3) and

their use is continued in this study.

The equation for the concentration of a radio-

active plume for a continuous point scurce release is

s

where

b
"

. {meters

29 -1 I? 22
mu CCa2® " d‘?":6 c2 ¢ 2)
v 2 v z

cloud concentration at ground level

curie/metera, equivalent t¢ uc/cc)

“activity release (curie/sec)

crogs-wind diffusion coefficienst

n/2)

vertical diffusion coefficient

(metersn/a) -
wind velocity (meters/sec)
distance from release point (meters)

atmospheric stability parameter
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crosswind Gistance from centerline of

4
w

cloud (meters)

veitical distance from ground to center-

)
0

line of cloud (meters)
Calculations are usually mede for ground level under the cen-
terline of the cloud in which case the yz/cy2 term in the ex-
ponential drops out.
Two meteorological situations shown in

. Chepter 2 to be appropriate to the site have ‘been examined.

' The first of these vhich tends to preveil during the day is e

’-neut;gl condition with gpproximetely adiabatic lepae rate.

_ The second which occurs frequently st night, and in the early-

morning, is & stable inversion ccndition. The values cof the

parameters as used for the two models are:

Pgrameter Model
Neutral Inversion
Gy 0.40 _ 0.40
C : 0.40 0.05
Z i
n 0.25 0655 ;
u 5 >

It has bé;n assumed that any discharge to the eﬁ}ironment
takes ﬁl&ce from the stack which has & height of 15.25 meters
(50 £t); consequently this value has been used for z.
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12.8.1.2 Inhalation Doses

In an agirborne releese of radiostrontium the -

orincipal dose to = recaptor in the cloud peth is incurred by

inhslstions The activzty inbaled .is calculated directly-

I

where .
I
B

XY

—
-

i

£

XBt -

aétivity inhsled (microcuries)
breathing rate (cc/second)

exposure time (seconds)

——— -

It is assumed that the "standard man" irhales 20,000 liters

(2.0 % 107 cc) of air in 24 hours. The aversge breathing rate

is conseguently 232 cc/sec. ‘However, it is usually assumed

thet half of the 20,000 liters is inhaled during the more

gctive 8 hours of the day. The breathing rate during this

period is coaseguently 347 cc/sec (Reference 12.4).

The most significant assessment of the poten-

tial radiation hazard from inbalation is obtained by & calcu-

lgtion of the integrsted lifetime dose to the critical organ

eaccruing from the actlvﬂty inhaled. This msy be calculated by

the method propossd oy Burnett (Reference 12 5). The appli-

cable equation is:

s
D

Te

25.8 aEIESRBEzn E

= lifetime dosa for activity inhaled,

. (rem/ue)
= fraction of sctiviity inhaled that re~

meins "in the criticsl organ

026 -
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L FE(EBE)n = energy per disintegration delivered
tb the criticel orgen, considering the re-
‘lative biologicel effectiveness (RBE) of
+he radiation, ani n the relative damage‘
factor for nuclides deposited in tﬁéAﬁS£€'"
(Mev) . .

TE = effective helf life of the activity in the
eritical orgen (days)
m = mess of the critical organ (grams)

%cr the %nhalation oivstrontium-90 & distinction should be made

ﬁetween.soluble and insoluble forms. The bone is the critical

_érgaﬁ for the soluble form and the effeciive halflife is long.

For the imsoluble form the lung is the criticsl organ and the

ﬁesidence'time of the activity is re;atively short. In the sub-

éequent calculations the'values used for the parameters for-
strontiun-90 with its daughter product, ytvrium-90, are given
below (from Reference 12.4). :

Paremeter ' Insoiuble . . .. Soluble

S c.12 0.12
£ FE(REE)n 1.1
T, T 120 - 6.4 x 107
Criticaiso:ganlﬂu, Lung " Bone (including marrow).
Mass . .1000 10000 |
D'rem/uc 1.18 31.1



12.8.1.3.- - Aveas of Potential Exposures

Calculations have been made for the two se-

' I%cted meteorologicel models of the plume concentration,

activity inhaled and integrated lifetime dose for three dis-
tances from the Radioisotope Pilot Plant. The first of

these, 4800 meters, is the approximate distance to the nearest
ébint on the perimeter of the exciusion area. This is a point

not easily.accessible and is not normally occupied; it may be

. Visited occasionally bty hunters in season. The nearest ap-

Proach o:{unréstricted roeds is about 8000 meters. The nearest

occupied village or town, Sinn.emahoning9 is distant_about

16,000 meters.

12.8.2 Relegses to the Environment
12.802.1 Maximum Credible Accident

. It is sssumed that in the future the Redio-
isotopes Pilot Plant will receive shipments in the HAPO I caék
ot 500.kiiocuries of Strontium-90 and that:up to 750 kiliocuries
may be held in the feed storage tank. This tank is locsted in
g'sﬁaipless steel chamber in the cell annex of Cell 40' Refer
to Chapter 3 and thé detached drawings. This tank is made of
stainless’ sueel and has fitfings and connecting plunmbing for
connection to the HAPO Cask and to the metering vessel, A

;upture of the feed storage tank permitting a large quantity of --

the strontium nitrate solution tb leak into the stainless steel
chamger is highly improbable but will be considered to be credi-
ble. The strontium nitrate in solution is not volatile. It is
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thought that the dual set of cooling coils is sufficient o

maintain the feed solution temperature below boiling, But
i1t is assumed that with boiling due to self-heating a frac-
tion of ‘the :a‘c;tivity becomes airborme in serosol form.
This fraction is.pessimistically assumed to be 0.1%; thus
it is postulaj:eti thet 750 curies can be released. If there
should be a failure of one rdushing £ilter and three abso-
lute type £ilters this 'activity' could be released into the’
ventilation system and discharged through the s‘aack; It is
estimated that there is essentially a_._complete change of |
air in the -'building":].:n sbout 13 mimtes. The rgte of re-"
. lease of a.éti:vitx to the enviromment is assumed to be a '
contimous uniform release of the 750 curies in 780 seconds;
or Q = 0,962 curie/sec. |

- Thus the maximum credible accident is pos-
tulated to be the result of six se.quential or simuitaneous

and sca.rcely related accidents of varying credibility.
The plume concentrations, activity :thaled

and lifetime dose for various distances and the two selected
meteorological models are presénted_ in the following table.
The grestest dose received, that at #4800 meters under inver-

sion conditions, is 187 rems., This 189 of courses a signi-

ficant radiation dose, but it should be emphasized that this

is the total inuegraued dose received over many years. The

"’
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~ NEUTRAL CONDITIONS:

INVERSION CONDITIONS

Disﬁqpo§.

Plune

Oonc °

Activity

‘Inhaled

Lifetime

Dosge

Plume
C_(')no o

Activity . Lifetime.

d

_meters

4800.
8000

16000

X

uc/co |
' 2,76.x10°7
| 2,130x10~7, .-

343721078

I

ue

5 005310‘—2 o

2.04x10™2

6,09%10™3

- yem

1.57

0,635
0,19,

1X

po/cc
S;ZSﬁﬁiO;st
¥, 960%10~5

8,18x10"

Inhaled |

I

ue

6,01 -
3054 -
1.48.

“"Dose .

rem

o, 187
¥ 110




dese received during the first year is 3095% of the total, or.
7.4 rem, and ﬁhis'huantity decreases progressively each yeaz.
It is not expected that clinical symptons would ever be ob-
served in an individual with this exposure. '

‘Tt should be emphasized that if even one
absolute-type filter in the. system remained inviolate the
plume concentrations at all points would be decreased by a
' factor of at least 100, i
12.8.2.2 Other Accidents

’ . It is. assumed that the largest guantity of
the strontium nztrate that will be withdrawn from—the -feed
storage tank for batch proc9881ng is 25,000 curies. This
‘quantity will be measured in the metexring. tank and transferred

to the process vessels° These transfers are by suction so .

that any tailures due to line leakage or rupture would release

only minimal quartities of liquid. After transfer to the pro-
cess cess vessel there is multiple containment, roeo the pro-

cess vessel, process box and cell., It is difficul®.to con-

ceive of anj accident in the proeessing of the material wherebj.
.any large fraction of the activity in the solution could become

airborne. For release to the environment there_ﬁould have to
be simultaneous or sequential failure of four sbsolute type

. filters. ZEven if there could be“release of as much as 1% of

the material, the activity released would be 250 curies and the

consequences would be less severe than for the maximum credible -

accident examined above.
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1 12.8.3 Bélegseéiﬁthin the Buiidirz : )

‘ i20803e1 - Genéra;'dcnsideration

The grea est pozen#zal hazard uO -the oper&t ng

perx sonnel of the Pilot Plant srises ;rom accidents that might
release airboerne particu;ate material intc the operations areao

The situation that appears ©o De credible is the rupbure '0*»3,-

zaripulstor boot. ~mhis’h3pothetigal accident will be discugged

in the 3 o;lowmng analysiso.p" _
It is assumed thaet the largest quantity.of

stroptium titenate powder {or other fusl furm) t may be in

!
process in the process box 4A 8t one time is 153,000 curies:

Df this quanxlty not more than §O€VOO curies will e in a loose |
fbrm susaoct to becoming sirborne. The rsmainder will hsve

bee“ pexletisedg or at least cOﬂpreaned in the way of prodac;ng

a Pe:l.let e )
The aiundum filter crucible serves as the ¢on-

“ainer in the furnsce so thet the only pouring of dry powder is-

- irnto the ?ellet presss
It is exsremely difficult o make a estimate

of tke guantlyry of dry powder that could becoma airborme in the

worst eircumsiances., Various epproaches coasider ths mass con-

centration of kmown aerosols and the ratio of exposed surface

to the mass of the powder. 'Postula%ion of 0,1% a5 the maximunm

guantity tc becone alrborns appears to be h.gh‘; pessimistic.
Thus if 50 curies becoms’ alxbovne in nrccess box %A that hes =

58 efes.

voluge of 9.15m” {323 £+ the conzentrstion is 2.4 :



12.8.3.2 °  Rupture of Menipulator Boot
o 4 1/2 inch annular gep exists between the mani-
pulator support tube and the device which clamps the‘hanipulator
boot to the wall of the process boico This gap permits'ﬁhe boot
to breat he cell air internally as the manzpulator is moved in
anﬂ out. If the pressure 1n the boote or in the process box if
the boot is ruptured. is considered as x*s:ng above the cell
. pressure, than air is expeYIed through tho gep into the cell.
- CIf a manzpu&auor boo; is torn, it is corceiva~
) ble ’chav2 it the manlpulator is pushod rapla¢y'1ncc the box, the
. boot will?be filled to sone extent with contamingted sir from
x’;he"boxs although in pracﬁice most of this air will come from
She 2ir at higher pressure in the celli. If the manipulator is
(TI0W withdrawn rapidly. pcrtlcns of the vontaminateu air will be
eXpelled into the cell and. into the operating area, and a8 por-
?tion will be returned to the box. For the purposes of this '

snalysis, the worst possible case isiassumed: the boot is filled

orsy with contaminated air and,.ohce £illed, the bbot expels the

conteminated air only o the cell and operating aresa. ‘The lang-

est boot employed varies uniformly in average diareter from

10 inchps’fb 4 inches ‘and has 2 maximuﬁ‘wcrking sfroke of 45
inshes. - 1t enﬂloses a manipulator arm &4 lnchés in dismeter. '
Thus, the maxzmum volume of aﬂr punmped, 18 0.74 ft°3 Based on
the s%e2sdy. stats 1ch~rate-figureg-computed on the basis of re-

‘lative opening areas, ebout 90% of this will flow imto the cell

3
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and 10% into the operating avea if the menipulator can be moved
quickly enough to raise the pressuré in the boot to -greaten_
than the. operating area pressure. This would be almost im-
pgssi‘ble to achieve in practice,f but again for the purposes of
“the a'nslysis it is assumed to occur. Thenefore, 0. 074 :r't;3 of
a:Lr would be expelled into the operating area. This 0,074 ftB,

or 2100 cc would contain 1.15 x 104 microcurieso If it is as-

sumed that this activity becomes unifomly dispersed through
the volume of the operating s.rea, 18,930 £t3 or 536 zn3 the

'. concentration ‘becomes 2° 24 x 10 -2 ‘ne/cec. This is a factor of
. 4500 ,‘bj.mes-the occupatn.onal MPC for insoluble ,strgm:j.gm-goo

The -area monitoring system is capable of detecting levels of .

- the order of the MPC in about one or two mimtes, and thus the.
- release of the stated amount of activity would be detected al-
‘most immediately, the alarm would be sounded and face masks

would be donned, If it is further assumed thet the cell
operators would breathe the conbtaminated air for 20 seconds at

the 347 cc/sec rate, before the alarm is sounded, the activity

inhaled is O. 155 m::.crocurieso The corresponding lifetime dose
due to strontium-90 in the insoluble form is 0.185 rem. In

contrast to the inhalation of the soluble form, am previously .

discussed, this dose sould be received substantially in the
first year. Even 1if the dispersion of the activity is only.

. into one~tenth of t}_le volume of the operating room, the s_ltua—
tion is .still folerebleg If thie postulated dry release were
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- 12.13

of a solubleé 1‘o:cm9 the comsponding lifetine dose would be
about 4.8 rem, _

e
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