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1.0 ABSTRACT

The Thorez Pilot Flant at Oak Ridge National 
Laboratory was operated during 1955, procesging re
actor-irradiated thorlun slugs to recover U33 and 
thoriu and 12 MTR fuel elements to recover U235 
and Np237. The radiation exposure received by oper-

mro
। Paxeonne- during tills period averseed 60

Host radiation exposure was received in areas 
that were intended to be only slightly or nonradio- 
active. Bowe ver , because Insuffl cient decontamna- 
tion of process solutions was achieved and equpment 
surfaces barons cmtenl noted from equpment failures, 
these areas became primary sources of personnel expo
sure. The installation of additional shielding where 
needed and the prompt removal of surface contemination 
successfully reduced th: radiation levels and exposures 
in these areas. Remote control of processing equip- 
■ent and sa^il 1 ng of very radioactive solutions from 
process equfpment was successfully accomplished, and 
assisted in the reducticn of exposure to operating

2.0 SUMARY

axring 1955, 44 persons worked for varying numbers of weeks in the 
Abates. Pilot Flant. The radiation exposure received by group during 
the year totalled 71 rep in 1200 man-weeks of labor, an average of 60 srep/ 
nan-week. Although the goal of 50 urep/aan-week was not quite reached for 
all of 1955, this goal was mu passed during the last half of the year after 
additional shielding was installed and operating procedures were improved.

Twenty-three of these 44 persons averaged 50 mrep/week or less at 
exposure, 16 averaged between 51-100 =rep/veek, 4 averaged 100-200 mep/ 
week, and 1 person averaged 210 mrep/week over a 5-veek period during
startup of the pilot plant. Thirteen ove 
mrep/week) were received by 11 persons.

osures (in excess of 500
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Hgher-than-anticipated radiation levels in various plant areas occurred 
when activity was unexpectedly carried over from highly radioactive equip- 
■ent to downstream equipment which was not shielded for large accounts of 
radioactivity, when equipment failed and process solutions contaminnted the 
external surfaces in the vicinity of the failure, and when special feed 
materials were processed in equipment for which it was not primrily designed.

Lov radiation exposure* to the operating p 1 in the pilot plant
resulted when the shielding, as originally designed, was adequate to protect 
the personnel and when proper equipment sparring and orderly arrangement of 
piping permitted the installation of additional shielding as required. 
Radiation protection was also aided by remote control of equipment, remote 
saayl ing of process solutions with the newly developed sampling facility, 
and acre efficient drcontamination facilities and procedures. The collec
tion and analysis of radiation exposures and plant radiation levels also 
aided in reducing personnel exposures; operators were inforzd of these facts 
and were instructed in proper techniques to minimise the exposures they re
ceived.

As a result of this study, the following will be done to further reduce 
personnel exposures: drain pans will be installed undez all pumpa hnndling 
process solution* to prevent spread of contamination when leakage occurs; 
adequate purge facilities will be designed and installed; and health phystca 
surveys will be continued end additional shielding will be installed as re
quired.

3.0 IIRODUCTION

An important consideration in the design and operation of any radio- 
chant cal plant is the assurance that the plant can be operated erHiciently 
for a long period of tin without exposing the plant personnel to undue 
radiation dosages. Although the permssible tolerance for radiation expo- I
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•uro In the Thorex Pilot Plant la 500 mrep/veek of soft, nonpenetrating 
radiation, it vas desired to operate the plant vith an average exposure 
of 50 mrep/man-veek. This coal was set not only to shov that a radi nr hen 
tool plant could be operated at 10 of permissible tolerance, but also to 
be sure that more highly irradiated, shorter-decayed feed notarial could 
be processed in the plant without exposins the operatins personnel to ra- 
dtation above the permissible dosage.

Durins 1955, records were kept on the radiation received by all opera 
ting, mnintenance, and analytical personnel associated with the Thorex Pilot 
Plant. The radiation exposures were mensured by: (1) file badges which 
were worn each week by each person and zonitored weekly by the Personnel 
Monitoring Group of the Health Rye Ice DIviston at CRML; (2) special file 
badges which were worn during a special job or in special locations by each 
mnintenance person and monitored we airly? and (3) by quart*-fiber. direct- 
reart 1 ng doeteeters which wars worn by each operating person end the radia
tion dosage received vas recorded on a special fore each day. The radia
tion levels throughout the plant were measured daily by health Physics 
surveyors with paper-shell cutie-pies.

The over-all objective of this work was to determine where and why 
personnel received radiation in the plant and to determine what shielding, 
equpment, piping,or operating techniques needed to be Inge owed to reduce 
the exposures and to nakS' available more infraction that would posshly 
help to laprove the design of new plants. The following were spec ifi cally
studted:

1.
2.

3.

Rndintion levels and exposures in • directly mnintaned plant.
The effect of Thorex Pilot Plant design on radiation levels and

Radiation exposures aa related to equtgment perfornnce and opera 
tlocal proceures.
Erfectveness of the radiation control progrem in the Thorex Pilot 
Plant.
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4.0 CCTROL or RADIATION ECPOSURE

4.1 Float Design Philosophy

4.1.1 P^ant Poser Iptlon
The Thorax Pilot Plant is a directly mintained radiochemical plant 

for processns irradiated thorium —tel through one solvent extraction cycle
to recover and thorum. The plant contains equpment for dissoluton
of the Irradinted metal In nitric acid; feed adjust— nt and acid recovery; 
solvent extraction, partitionns, and strippins columns; continuous solvent 
recovery; and semicontinuous isolation of u33 by sorprion on Dovex-50 resin. 
The plant vns installed in 1954 in cells 5, 6, and 7 of Building 3019 (Pigs. 
4.1 and 4.2).

4-1-2 Shleldine
The cell area in Building JOI? was originally constructed on the basis 

of a "group shielding" philosophy for radiochemical processins equigment 
in that cells were sized to house a number of —Jar elernts of process 
equpment. Direct mintenance of any ah—nt of the process equigment re
quired extensive decant—1 nation of all process piping and equigment within 
the cell to a low enough background to permit sufficient working time with
out overexposure to personnel. This decant—1 nation requirement was time- 
consuming, costly, and a source of radiation exposure to the itsrnnTaHnoting

Accordingly, a philosophy of "unit shielding" was adopted for the Thorex 
Pilot Plant. Under this philosophy each mjor eh—nt of radtoactive pro
cess equipment was installed inside ar individual shield. Application of 
the "unit shielding" philocopk to the Thorax cell area (cells 5, 6, and 
7) involved subdividing the existing cells into amler shielded areas tai—d 
"cubicles." The pysica1 dimension of a cubicle was determined by the equip

ment it was to contain. Bach cubicle was formed by the erection of concrete 
partitions, while allowing — op— space to r —in for Installntion, Inspec-

)
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tlon, or removal of eyity—it. Loose concrete blocks were used far the
final c losing of the cubicles. All cubicle floors were lined with stain- 
less steel ana equipped with individual drains lending to central cell 
sumps. Built-in decrwit—1 net 1 ng equip—nt was provided for all cubicles 
ana major vessels. Spray nozzles were installed in each cubicle so that 
the cubicle and exterior suraces of the vessels in the cubicle could be 
flushed with —ter or decontaminatine rs agents. Bach major vessel vas 
equipped with an internal jet recirculation system so that decontamination 
reagents could be sprayed over the internal surfaces. The unit shielding 
philosophy was expected to reduce the eyreed of activity by containing all 
leakage within the cell, reduce the expo ns s and tt— required for decontam- 
os tion prior to repair or alteration by eliminntins the need for decontanna- 
ting all theequipnent located in a cell, and to reduce personnel exposure.

4.1.3 Remoteeration
H—nf Xy controlled operation la conjunction vith ndequnte shieldng 

or very radtonctive process equigment in ensentin to the control of radin- 
tion exposure to personmel. In the design of the Thorex Plot Plant an effort 
was mndn to eliminmte ns many mazuml operations of rndionctive equipment 
as ponsible und to provide r exotic controllins devices in an operating area 
or control room sufficiently raaoveft Trom tb cell area.

Ectensive instrumentntion, required for control mnd performance eval- 
umtion of pilot plant processing equipment, vns installed in the control room. 
Formerly, the sensing el—nt and the recording mechnnnm of an Inafro—nt 
—re connected directly together by instrunent lines; with this arrangement 
it —a possible for radioactive process solutions to reach the control room- 
In the Thorex Pilot Plant, a transmtter —a interpousd between the sensing 
el—t and the receiver-recorder; process solutons cannot pass beyond the 
tranasitter to the panelboard. The trnnazsitter mesures the process quantity 
and converts this rendins to a 3-15 psis nr signnl, which is tranmmitted 
to the receiver-recorder instrument mounted on the control punel- All trans- 
mitters were installed on the roof above the cells so that if radioactive 
znterial w— forced up the probe lines to the transmitter, the radiation 
would be Lisuted to the roof area.
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The collection of pilot plant data —naaaary to the de—] np—nt of a 
process requres frequent mampling of the zaterins at wgrious stages qf the 
process in addition to the ■ear 11— required for control of the jr—eea and 
nccounitmbility of the mterinls. Direct smpling of radio— tive process 
vesnels poo— a serious radiation hazurd to operating para—l. Par this 
re——, a ■ a—ling gallery isolmted from all process equpment —a designed 
for the mavex Pilot Plant. This gallery wua provided with r—al -eh1 elded 
a—going facilittes with which all radtonctive process equipment could be 
reentely smmpled. The —pl— ware tranmporte in lead carriers frqm a cen- 
tral mil ceding station la the gallery to the analytical laboratory only a 
fe yards away.

4-2 PantOperstionSmfesumrn

4.2-1 pQPta-Ql of Individual ^posur—
A radiati— exposure goal of 90 mrep/man~week —s set by the Thorex 

Pilot Plant, and a radiati— control progrem va established to attain this

Tbe quantitatve rement of redintion receved by operating per-
nommel is essentinl to mny program for rudiation expesure comtrol. A e— 

plete exposure record for earh indiviuml vms kept, giving a cummlntive and 

a wekly mvernge throughout 1955-
Hires types of radintion-recording devices were used by "Corex PLLot 

Plmnt persomnel during 1955- A film boge —a wora by cash pew an, and the 
m— ware r— fl and jr—d ench —— or when — overexposure —a indicated 
by the indtvidunl "s pencil meters. Two pencil meters ware vorn by —h 

chamber and vere mad daily by Fenlth Psics personnel. Becords of indi- 
vid—l exposures, vhach were meamured vith the film bad*— and pencil meters, 
were znintnine by Eeelth Pysics surveyors and leaned to the Thorex Plot 
Plant each week. Daily radiation a—new—, as —i d. vith dosimeters, 
were recorded by earh operatar. The construction of the 1—1—1 er enabled 
the operator to read the meter before and after a particular eren —a visited

**s
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or operation was performed. This allowed a more useful and informative record 
of radiation exposure to be accumulated.

4.2.2 Health Physics Surveys
Health Physics personnel made daily surveys throughout the Thorex Pilot 

Plant with a paper-shell cutle-pie to determine radiation levels and dis
cover contaminated areas. The results of these surveys were recorded and 
posted in the control room for ready reference by the operating personnel. 
A Health Physics representative was present at the daily meeting of Thorex 
personnel to report on existing radiation hazards. Health Physics surveyors 
checked for surface contamination by means of smear tests at routine inter
vals. Any contaminated areas found were promptly cleaned and then smear- 
tested again to determine the degree of decontamination. Before operating 
or maintenance personnel were allowed to work in a contaminated area, the 
area was surveyed and working time was determined by Health Physics survey- 
ors. Strategically located instruments in the Thorex Pilot Plant contin
uously monitored the air to detect any accumulation of air-borne contamina
tion. Health Physics survey results together with personnel exposure records 
were published in a weekly report for the purpose of conveying timely in
formation on radiation hazards and exposure to Thorex personnel.

5.0 THOREX: PILOT PLANT RADIATION LEVELS

5.1 Operating Suxanary
After the pilot plant was tested for three weeks with nonrradieted 

thorium feed, the processing of irradiated thorium was begun on December 
27, 1954 (Table 5.1). During 1955, 14 runs were made using irradiated 
thorium for feed, and 5 runs were made using contanri ns ted thorium or uran
ium products from earlier runs to obtain further decontamination or to test 
newly installed second thorium cycle equipment. In November and Decenber, ()



o
Table 5.1. SummazzofOperatioms,

4

o

Month and Date 
1/1-1/10 
1/11-1/16 
1/17-1/20 
1/21-2/10 
2/11-3/15 
3/16-3/20 
3/21-4/7 
4/8-4/21 
4/22-5/2 
5/3-5/6 
5/7-5/13 
5/14-5/18 
5/19-5/28 
5/29-6/8 
6/9-6/21 
6/22-7/5 
7/6-7/10 
7/11-7/18 
7/19-7/30 
7/31-8/9 
8/10-9/8 
9/9-9/15 
9/16-10/8 
10/9-10/17 
10/13-11/3 
11/4-11/10 
11/11-11/14 
11/15-11/18 
11/19-12/10 
12/11-12/31

Type of Operation 
6 irradiated feed runs • 
2 cleanout runs
Decontemination 
4 recovery runs 
Decontamination and construction 
1 recovery run
1 irradiated feed run 
Shutdown
1 irradiated feed run 
Shutdown
1 irradiated feed run 
Shutdown
1 irradiated feed run 
Shutdown
1 nonrradiated feed run 
Shutdown
1 nonrradinted feed run 
Shutdown
2 nonrradimted feed runs 
Shutdown
1 irradiated feed run 
Shutdown
2 irradiated feed rens 
Shutdown
1 irradiated feed run 
Shutdown
1 noolrradlated Neptez feed run 
1 tracer level feed run
1 irradiated Heptex feed rn

r. : •••
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the equipment was modified slghtly and 12 MIR fuel elements were processed. 
Downtime between runs was used for dernrrtaal net t on, maintenmnce, and modifi- 
cation of the Thorex process equipment.

5-2 Flap* Radiation Level Surveys
A complete survey at the plant radiation levels was mils each day by 

Beal th Physics surveyors. Ten areas were surveyed. The solution maveup area 
contains tanks for preparing nonradtoactive and thorium solutions and pumps 
for transferring the solutions to the processing equipment in the cells.
The colvent room ins a tank for preparing fresh solvent and two tanks 
for boldlag solvent recovered from the process. The solvent is puped to 
the solvent extraction system in the cells. The isolation laboratory con-
tains ion-exchmnge resin coluarw for sorption of product and aux11iary
equip—nt for eluting the uranium and other Materials from the columns. The 
roof area over the cells contains the dissolver off-gas control valves, 
dissolver eonitormer, a decontamination solution mnkeup tank, the quick- 
disconnect panel for routing decontaminntion reagents to the cell equip—nt, 
a transmitter rack, and many other —all vessels and piping. Process solu
tions are sempled by asana of newly developed samp tag equipment located in 
the sampling gallery. In the BT decay area, three tanks contain thorium 
product solution from the process. The dissolver, feed preparation equp- 
ment, feed tank, extraction column aqueous waste catch tanks, and recycle 
equip—nt are contained, la cubicles la cell 5. Cells 6 and 7 contain the 
partitioning and stripping columns, solvent recovery system, second thorium 
cycle, and many tanka and —11 vessels necessary to the process. The pipe 
tunnel contains the column pulsers and several p—pe.

5-2.1 Area
Generally the radiation levels were about 2-3 zr/hr. So radiation 

above 11 mr/hr was measured in the makeup aren,except during the fifty- 
second voek,95 mr/hr was meesured when irradiated thorium that had been 
processed through one cycle of solvent extraction was recycled back to the 
bead tanks in the mnkeup area for reprocessing.

... . ... . ...
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Drums of nonrredtated thortwo nitrate solution which had newer been 

processed mart 25-35 or/hr per arum. Drums of zrium nitrate solution which 

had been recovered from the procase reed from 100-4000 ar /hr. Thnse red is 

tion levels are too high to allow mnnunl handling of the trass; instead, re- 

motely operated equiyment should be prowidad to recycle thorium solutions, 

head tanks contmining thorium solutionn shoula be ahteldca la m-rter to beep 

the backeround la the solution makeup eras at essentially zero radiation 

1evel.

5-2-2 Solvent Room
Rndtntton levels la the solvent rocm were grenter thmn 20 mr/ar uring

19 veeks of the yeer. On om 493 mr/hr wa ed (rig- 5.1).
High rendings cccurred vhen aquecus n nt naete noluticm was puped from the 

molvent recovery mystem to the molvent head tanks along with recovered sol- 

vent. Vhen this occurre, operators drained the nqueous lnyer Trcm the hood 

toniM. A wanned cnuse of high radiation levels vns nsufricient Han nt line 

tion of the solvent. Particularly erins the neptex progrem, the spent solvent 

from the Thorax jauueee became highly contaminnted from fission products and 

the sovent reco weary nystem could not sufficiently dan nt—f note the solvent. 

Solvent leakage from two lton-Roy pumps ceased surface contmminmtion in the 

solvent rocm.

5.2-3 ^eolation Laboratory
Isolation laboratory radiati on levels incrensea rupidly during the first 

5 veeks of operation- The nrf leant colum, which removed brew of tborium 
and ionic eontaminnnts froa the U233 product, reeehad a high of 6.2 r/ la 

the fifth week (Hig- 5.2)- A te=porary 1/4-n. lead entela, lowballed la 

the seventh week, rotnimol the radiation level to less than boo mr/hr. Perm- 

mnent ahi elding, consisting of a 1-ta. Ladd fromt, 1/2-n. land sides and top, 
and 1/4-in. lead back, ana 1nstallea uring week 13, and the rad 1a tine levels 

rwnalaed eweewtl ally below 100 mr/hr for the remninder of the year. Burface 
contamination daring the first 7 mate of operattom resulted whan solution 
thnt lenke from proocea linen was tranhad throughout the isolatton lad iw stray

F f • : M < < • b • . :See %• 2.. 2 - 1 • ♦ •"5" • """ " " •= • • a e=e os
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During veek 20, air contaminmtion to levels grester than 25,000 alpha c/m 
occurred vhen the Tson sight glass on the product receiver ruptured from 
the pessure of gns generated during an attenpt to unplus the dtscharge of 
the prouct receiver vith nitric mcta.

«

5-2.4 Roof Aren
Xa tbe roof ana (Fig. 5«3), radiation from the dtssolver orr-gas con- 

trol vlves incrensed to a veeky average or 1900 =/a during the secona 
veek. Da orant eel. nation reduaced the radiation level to be J car 200 ar/br, but 

subsequent slus dissolvinga doubled this mlue. shtelatne vith 1/2-n. -thick 
land successfully r—ood the radiation level of the atnsolver orr-gas control 
valve to less thmn 5 ar/br except for too occasions vhen levels of 75 ana 
50 ar/br were recorded during alug disnolving. A veld leak la the atasolver 

condenser (8-3) eMr—ad radtoactive solution to -r nt—rim to the roof mrea 

floor to a level of 900 ar/br during wok if. During susequent runa vith 

nonirrudiatod feed, radiation from the condenner dncreased to aygrroximtely 
100 ar/br and one not shielded. The drain pad under the qudck-atnconnect 

panel vma rinnta—mated on two occasions (woke 36 and AA) to a level of 2- 
3 r/hr by molutiom uplls. Air contamination exceeding tolermnce t de

tected on several occasions during the jetting of the extraction column 
vaste catch tank (1-2) to the tank urm. It — suspeeted that thin air 

nrrrton 1 mt Irei came from the drain line under the qutck-disconnect panel, as 
this line to connected directly to a header which lands to the aan. stormge

o

5-2-7 SmmplineGellez
The smgling blisters and unlonding statio in the samplng gadery 

geomally reed less thmn 5 =/, umunlly 1-2 =/. However, ■■ngilfng 

Urao cmrryins comcentrated thorium soluttona frequentiy pluegea an ze- 

quired blowins domm with either air or steem before sazples could be taken, 

and on seven occasions radtoct:ve solution vma Bpmod, eontaznnting the 

surlins —Mery floor up to a Trim— of 10 r/hr. The nmdy devuloped nemi-

T; f r i - *:" • • •• SIFIEO
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mutntic nmplers worked very well. Several thousand smples were taken 
easily and with practically no exposure.

•I

9.2.6 aT Ara*
In the m decay area, located outside the pilot plant, concentrated 

thortum product contatning resicnl fission products from the proceas was 
storea in three 950-gal tanks. Leakage from the E tranafer pp contemina- 
tea the area up to 1390 =/ during veek 19 (rig. 5-3). The doomy to 
the area vas shielded with 6-in. barytes blocks, vhich reduced the background 
through the door to 5-30 =/hr.

5-2-7 0*11 ?
Dratnage rra the various radioactive cubicles in cell 9 to tie cell 

ewp produced radiation levels excecding 1 r/h for 11 weeks, and a mad- 
seal reading at 6 r/hr was recorded during weak 6 (Hig. 5.2). The trend 
in sup activity corresponded with the plant xocessins schedule. The sup 
was shielded with a 1/2-in- lend cover.

Rnatntion from the feed pup (s-h-P) cubicle, wwed through a 4-in. 
lead shield, generally was less than 90 =/k and on two occasions was 2 
and 9.9 r/hr. no reason was found for the first high value terlag week 2, 
but moluttom leakage fram the s-4-p Cuno filter was responsible for the
rendins at 5-5 r/hr during week 20,

5-2.8 OU 6
During week 3, the background reading at the cell 6 doorway rose to 

1.5 r/hr becnune activity was carried over from the extraction column to 
the partittontne column and • evaporator (the evaporator read 9.1 r/hr) 
ana solutton leched from a seal on the tborium product transfer pup 
(p-3-p). After the first 8 weeks of plant operation, radiation fc the 
E evaporator remntnea below 200 sr/hr for the r winder of the year ex
cept auring the Neptex progra= in Dsn—tier, the highly concentrated U35 

n»237 protect in the • swapnrstar mares sod the evaporator radiation 

level up to 4.5 r/hr (Fig. 5.4).
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5.2.9 Cell 7
in cell 7, during processing of highly contaminated solvent in the 

Neptex program (weeks 4850), the radiation level of the solvent recovery 
column increased to 7-6 r/ixr (Fg- 5.4).

The centrifuge, used for removing solids from the recovered solvent, 
required shielding. During the first irradiated feed runs, the radiation 
level from the centrifuge reached 8 r/hr but after lead shielding was in
stalled, the centrifuge radiation level was 0.1-1.1 r/hr during the remain
der of the year.

5.2.10 Pipe Tunnel
In 11 weeks of the year, the radiation level of the pulser leakage 

catch tank exceeded 100 mr/hr, and during most of the remaining weeks was 
below 50 mr/hr (Fig. 5.1). These levels were too high for an area located 
cutside the processing cells.

6.0 PERSOINEL EXPOSURES

6.1 Personnel Bxporare Data

6.1.1 Operating Fwcooel
in processing radioactive materials during 1955, operating personreel 

in the Thorez Pilot Plant received a total exposure of 71,191 arap {film 
badge measurement). This is an average of 59 mrep/man-veek for this period, 
or 9 mrep greater than the established goal of 50 mrep/man-week. During 
the year 44 persona worked for various numbers of weeks in the pilot plant. 
Twenty-three persons averaged 50 mrep/veek or less of exposure, 16 averaged 
between 51-100 mrep/week, 4 averaged 100-200 mrep/week, and 1 person aver-

a
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D
aged 210 mrep/week over a 5 wO period dzrns startup of the pilot plant. 
Thirteen overexposures (in —e of 500 mrep/week) totaling 3,775 mrep were 
recetvea by 11 operating personnel auring the year, with the overeges rangins 
from 20 to 2,230 arep/pcreon.

The total and average weekly expocure of operatine personnel incrensed 
to a maaimam in the third week of processing and then genera lly tawed 

througbout the reminder of the year, except during the Neptez progrem in 
the last 9 we eke of the year (Hig- 6.1). Total radiation iqnniru, ez- 
prennea ee percentages of the total* for the first through the fourth qumr- 
tore of 1955 were 43.5, 23-5* 9.3» ana 23.7, respectively.

6.1.2 Analytical Bareonnel
Analytical personnel vo worked on both Thereat and Metal Recovery 

Pnnt*aamples receivea a total radiation expcsure of 85,*65 arap during 
1955* an average of 87.5 mep/mun-week (rig. 6.2). A yearly total of 43,267 
analyses was perfozmea by annlytical personnel for the mhorex and Metal Re- 
covery Pilot Plants: 65% of these analyses were nods for Thorex. Aamunine 
that the averagn dosage per annlysis was awyroimately «yl for the Thorex 
and Metal Beaovary samples, a total exposure of 56*202 wrap would how been 
receivea by analytical pernonnel from Thorex e engine* or an mat'age of 57

Overexposures (in excess of 500 mrep/veek) totalins 5,*00 arwp ere 
recetvea by 27 anmytcal yr ■ one auxrirg the yew. Totm radintion expo- 
sures receivea Trom both Thorex and Metal Recovery seples, exgressed as 
percentages, for the first through the fourth qumrters of 1955 were 29-9, 
24.2, 17.2* and 20.7, respectively.

6.1.3
Mintenmnce personnel involvea in norex first cycle mmint

modfication (including Neptex modificstion) received a total radiati rm ex- 
posure of 30,180 mrep awrne wire 23 throngh 52 (Hig- 6.3), Durine this 

tme, 96.8 mn-weekn or work vas pen foe nod* giving an avernge expomure of

irrnimted fuel el—f to re-The Metal Recovery Plant et CRLL >
cover urantum and plutonium. Bazplen from this plmnt are annlyze alone vith
Thorex imploe by the Pilot Plant Annlytienl Zontrol Unit.

i
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c
312 mrep/zmo-veek.

of 3,900 •rep- All n—w—a—ee n—■ receivetI vithn two nanoa—tl— veeks.
during the 1—3 Inti— of an al ton—to molvent r y system. Thbe n-
ntollntt— of thtm mgetem wan raishe to eopletion, prio to the at—'toy of 

irradisted feed run ED-13, 60$ or the total expomure received bg first
cycle on into— peroonne1 for the lent 30 —ten of 1955 vus zeceived Hurt ng 

tai* installmtion. Neglectins the high —o—iro received by mint—ai an per- 

on—1 while installins this uystem, the poor ago exposure ro—H by craft 

y—al wile doins mmintenmnce work on other flrot qycle equigment Anri ng 
this perio, —i— 23 through 52, — 166 =up/man-wek.

mint—a ji—-a—1 engnged in the installation of secon cycle equip- 
—ent receivei a total redistion aosure or 22,066 arep durins —» 23 through 
52 (Hig- 6.3). Durins tai* time, 1*.2 —iw —i—■ or work —e perfozma, 

giving —n —— o—ice—"0 or 16$ mrep/mnn~week. Un persons were o— at 

goo of a total of 995 mrep.

6-2-1 TotmdBeureneceiveDurine
Opersting personnel reistion exposre, as mensured by dtrect-rendins 

qumrtz-fiber dosimeters, totalea 20,635 m (rilm bakge rendine totasa 
71,191 mrep) during 1955. Although the dosimter filing differed grently 

Trom the more senmitve flm bnge rendings, the got an rooting fenture or 

the dosimeter mde it possible to measure the rmdinticn expomure receive 
e • anmm% " asaa mam —-.a A.--a - --a -u- ----a --i“ u-- ■ •.4 -4 k“eeH HOGe* 1 GM MBA AMI UDA VEG ODeretIOnnL 7000 (TL bel)e

A mnjor portion (hos) of the rudintion exposure wns received by opera-
ting personmel vdle an the radtonctive call mrens (cells 5, 6, and 7). 
Other mnjor exposure —fee vere the inolation Xarta n—i*ir—ry (186) an the anp- 

ling gallory (86). Moye—o received in unspecified locatioms a
for 10% of the total.

Personnel received the inn—et emount or tog— (21.26) vhile in- 

spectins agntj—in nt. Pollowins clonely — e flor —to—lnot 1— (166), p 11 ng

A

■
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Total Exposure: 21,635 mr

Locntion Semplng Bolat ion
Mnkeup

Exposure, $ of Total

*

0 0.10 o

! "“olmtton
Aborntory

457
Area

*

0 0.13 0.12

Decay

Call 5

Celle 6 
and 7

B it

Pipe 
Tunnel

Ona peat- 
fiea

Totml

.95

0.12

7.28

1.37

0.08

0.30

1-1

0.02

0.4?

15.88

O
a

6

1-34

1.3^

0.06

6.02

9-73

0.22

0.39

0.07

21.18

1.45

0.76

O

O

0

0

O

o

O

2.33

Londine and
Charsine__

nnaizne
Equpment

Operation Service
Deconta- 
minnttom Miac. Total

-

0

0

0

1.85

0

O

0

0

0

0

1.38

3.23

*

0.05

0

5-72

1.11

0

1.60

0

3.08

0.24

0

0.21

12.01

*

0 0 0 0.09 0.24

0.02

o.Ah

0.29

0.13

4.23

1.75

5.36

0

0.06

0.01

12.32

0 0.14 0.62 1.03

0.10

0.93

0.11

0.01

1.90

1-04

0.21

0.24

o.0

1.23

3.13

1.08

0.46

0.85

4.60

4. 81

0.11

0.39

0.08

15-98

*

0.68

1.35

0.32

1.19

0.07

0.89

0.24

0.16

7-30

12.81

■

17.81

8.43

8.39

10.83

14.42

25.39

2.16

1.16

9-51

100.00
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(165), equtpmnt operation (126), and w float to—di l ng (128)
—Hunt (135) of redtation ana received flirt ng the perfozmnne

A A fl m a aa amuaA elenirscent 
or ■fell—»hi

6.2.2
RndiosctiveCella. Or Um Plot Plant wa desiened to permit plno- 

Uns highy redtonctive equigment (dissolver, feed edjustmut tank, extrac- 
tion colum, ete.) In cell 5 and lees redtonctive equiyment to cells 6 and . 

The design philosoptg or cubicle en unit shtelding wna currtca out to n 

high degree Ln cell 5 and to a lesser degree Ln cells 6 and T, Ln keeping 
with the redlattm Level of thn equtgment. Although remote operation ana a 

primry conmideration in tin design of the Thorex Plot Plunt, it becume 
wet no—Hr on many occasiona to enter and non* vithin the radtonetive anil
w—. Ito records of ho mag times the pr ling cells were entered a—«
kept flaring 19553 to—neat1, a to ni— ent: te ano ohtained from the itnaijm tar 
record sheets by the —nt l no of tbe muber of tint redtntion one receivd 
in the cells (Tuble 7-7)- Te total at 668 ttma that radtmtion wa receiva 
in the cells ano mpproximntely equmlly dividea amone te three cells, and an 
avn ani or 43 =/exposuze ano received in these trana durins 1955.

ne veekly vurimtion of radtnttom recetvea in anil 5 flaring 1955 Lo
a slouly tor lag

, although restion levels la thm cells were
zhe red latino received tor 1 ng this period occurrec 

tori ng routinc inopar tian of equigment and to ri iwit aart not t nn ~perations. D- 
ing week 12, a long total ng el in te Coed poop (s-4-P) Ouno filter, vhich 

gw—frtnatol the cell $ floor and s-4-P cubicle, and mepectlon and repair
dmtion of exposure durine

♦

<

weuks 20 throA- 24. Rndtation exposure wns received an 62 occmsions in 

Win period, and three persons beceme overexposed. mhe penks La the curv 
of Pg- 6.4 occuzring euzrins wekz 26 ana 34 zesultea fro testing ana flor 

vicine the feod puge. Colum opezetton tori ng ran 2C-1 ves frequently 

interrupted becmuse or mafunctiona of the extrnction coluzn feed bead pot 
e
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and phase separator. Thia situntion was corrected by removing the phase
neparator from the system. Heron*—1 ne* < operations and mnintenance vork 
associated with the removal of this phase separator resulted in the increased
radation exposure urng Wiki 30 and 31. In preparation for the Neptex 
progrem, it was necessary to accomplsh the folloving repairs in cell 5: 
replace the agitator in the feed adjust—i it tank, (s-2), unplug the jet suc- 
tion line on the S-2 outer jacket, and unplug the vapor line from S-2 to the 
acid Tractionator (9). This — inte nance work, together with the necessary 
decontamination and equfpment inspection, accounted for the highest weekly 
exposure (dosimeter readings of 810 —) in cell 5 during the year. The 
radiation exposure received in cell 5 accounted for 14.1s of the total e • 
posture received by Thorax operating personnel during 1955• Operations per- 
formed, which resulted in this exposure, were equigment inspection, decon- 
t—ins tian, and equipment operation and ervice-

The weekly variation of radiation exposure received in cells 6 and 7 
during 1955 is shown in Fig. 6.5- Activity carryover from the extraction 
colt—i to the partitioning column and Er eveporator incrensed the radia
tion in cell 6 to relatively high levels (the B evaporator averaged grea
ter than 5 r/hr one week) during the first four weeks of the year. As a 
result, routine inspection of equfpent in cell 6 exposed operating per- 
sonnel to considerable radiation; an average of 133 * was received per 
exposure during this period. Bubsequent lUrnrteel nation reduced the ra
diation levels in cell 6; however, radiation levels of the solvent recovery 
mystem in cell 7 incrensed rapidly during week 5, again exposing personnel 
to considerable radintion while doing routine inspection and operation of 
equipment. Decontamination, together with the installation of lend shield
ing around individual pieces of equip—nt such as the centrifuge and the bottom 
of the solvent recovery column, reduced the radiation levels during week 
30, and expouur- of personnel during me—3. routine equU—nt inspection 
and operation in cell 7 wns relatively low for the nseninder of the year. 
A sharp peak in the radiation expocure curve occurred during week 13 when 
deecontaminntion and maintenance work was required to repair weld leaks in 
the base of the partition*ng colum and in a transfer 11— connecting the

n r • fj -r <: ;2 • • • • • •• • • • • .
a • •• -- a •
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c
CW e— tank (T-4) and the rework tank (5-8)• There —• another penk 

la the curve —ri— — 22 — ■—f — tw i: i—t—l—t.loa —■ cmrried 

out la cells 6 —1 7 prior to the installntion of a— erf cycle equipment.

Personnel e receive is cells 6 and 7 La ed rapdly in the
flw wit period from week 39 through 43. Boring this period, the el- 

ternmte aolvent recovery uystem, consisting primnrily or two sprey 

» was installed in the strippins eiJi—i cubicle and —• operated 

durng runs wD-13 ana -14. Thts system —s not —signed tar r—ntn opera-
7 to ensure thmt the colums

ware n—rett— properly. Radiation exposure —• received — 56 on—ole—i 

la the five weeks by personnel inspecting the mystem, vith — a—rage of 

38 mr/exoosure.
During the septex progrem (weeks 44 through 52), two sharp —atra appemr 

la the eurve repreo—♦!.!< exposure received la cells 6 and T. This expo- 

sure w— tar the most part received while hand J Ing Neptex product. Tbe 

recoverea u35-mp237 produet vna concentrated la the E evaporator mnd 
drained into a ata inl—a steel dr—, vhich gave a reading of 13 r/hr — 

a cutte-pie. It — necessary tar operating personnel to handle this drum 

— several —li—, ana the average amounts of radiati— received were 

357 and 191 —/exposure tar weeks 48 and 50, respectively. These avereges 

are co— iderebly eh ova the yeurly aver a— of 38 —/eagomure la the pro- 

oe aping cells. Rndtntton received la cella 6 and 7 amoun te te 25% of 

the total exposure accumilated by Thorax operating personnel la 135- 

operatious that resuted la this exposure were s gulp—nt inspection, 
e gulp—nt operatton ant service, decontaminmtiom,and product. h—<1 tag. 

AI radiati— received while handling product occurred during the Septex

.loo? Ar—. U—a representing the redintion exposure received in 

the roof ar— are shown in Hig- 6.6. During the first JO wastes of 1955 
pars—1 exposures were seen—listed at a 1— rate (mgyroxtmmtely 2 —/ 

— —air), while daring the last 22 weeks exposures — an— Xarod more 

rapidly (9 mr/mmn-week). This rapid accumualntton taring the latter part

*
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of the yenr was due primurily to four perlods or relatvely high expocure. 
Durins veeks 34 and 35, the quick-taconnect penel drain ped becmme ooo 
tmmnmted, 10 r/w, becmuse or drainnge from the ofr-gas condensate tn® 

tank, and the zadtation level or too atssolver conenser (s-3) roes to 
375 m/hr. Decontamination or the rain ped and nt poollaaeouo work in too 

vicinity or too S»3 condenser accountea for 765 of too radiation receivea 

in ton roof ares during weeks 34 and 35. The pesk la too curve at week 

Ml resulted from solution makeup and eijiil jurat servicins necessary for 

Lhe operstion or too alternate solvent recovery syet— too loading end 

charging of too MBR assemltes tori ng toe Myptex program accountea for 
too hgh exposure la week 47. On one —al on an MB assembbly —old not 
drop through the alus londing chute, and 1t vas 

e

rry to raise the mlg
charser aypraximately 2 la. aad punh too assembly vith a long rod betote 

it would drop into too di wool war. Neptex product, vhich was cancan trefoil
la ton ET evuporator and dm 1ns fl into a rto inland steel town, waa * atw nal 
to too evaporator for additional eoncentratins by raising the product to-f 

toon cell 6 to the roof area .nd raining ito cantauto back to toe swap 

orator through a connection on the quick-disconnect panel. This handling 
of the radtonctive product dr— (13 r/hr) accountea for 8o$ of toe radin- 

tian received la the roof or an taring week 50. Raintion received la toe 
roof area mountea to S4 of the total exvosure nccumntei hr TImm u overa- 
ting pare. el la 1955. No single operation — primarily responsible 
for toe expogure received la the roof area, aad ton operations that result- 
in exposure were slug loading and charging, nl ana 1,1 ana tnaa operations, equip- 
ment inspection, product hnndl Ing, and rter—1—1 nation

Isolatl— laboratory. A signiricant portion (186) of the radiation 

■ apo out a to Thorex operating personnel occurred la the solation lab ore- 
tory. Mta n» 1—tely 75% of the total exposure la toe 1—latl — laboratory 

occurred during the first 6 veeks of the year, which regresents — everege 
expoetre of 73 —/non —air tor tola period (Fig. 6.7). me l—tallatton 

of unit shielding around toe resin columms and the product receivee greatly

• a* a o • ee
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reduced the radiation levels in the solntion laboratory (Fg- 5-2), mnd, 
as a result, the aver—a exposure decrensed to 3 mr/man-week for the re- 
mninder of the year. Cipe retinae zrimrily responsible for axpo—ma la 
the isolation laboratory vere product hmnlins, sempling, end deconteminn- 
tion.

Sampling Gellerz- The radiation expose received in the amglins 
gallery accounted for 8% of the total exposure received by Thorax opera- 
ting personnel during 1955« The cumlntive exposure curve of Hig- 6.8 
shous a relatively constant rate of e^naum for 1955 except for a rapid 
buildup during the first 5 weeks of operation and a period of low exposure 
during operatton with recycled thorum feea (weeks 24 trough 31). The 
averege exposure rate for the year la the saplins gal las?' ws 5 r/mnn- 
week. Weekly exposwres la ear ■as of 100 ar (dosimeter reading)/ vhich 
occurred four times, resulted when the samgle gallery floor wu mart an 
lasted during blowing down of sumpling linen. This contamination was
difficult to remove from the concrete floor, and it was 
one spot wcter the cell 5 ewsgil 1 ng blister with a 0-5-n--thick Lend sheet.

BT Pecay Area. The radiation exposuze received la the E decoy area 
accounted for 11$ of the total exposure received by Thorax operating per 
sonnel during 1955- Operations that resulted la this expocure vere chiefly 
equlgment operation, product handling, equipment nspectiom, soaghUng, 
and wl enol lane one operations. The cumlntive exposure curve of Fig. 6.9 
ehowe that approxtmntely Bo of the total exposure la the E decay area
occurred durine the first 15 weekn of the yemr, 
age exposure of 15 mr/mnn-week for this period.

*

o

decay area was shielded with 6-in. barytes blocks during week 16, and the 
average closure decrease A to 1.5 =/man-week for the remminder of the 
year. Tea Wage from the W transfer p=p (p-19-P) norrt curl noted the • 
decay area to 1350 er/hr durlag week 15, and operation (protest bundling 
and eijulj—nt modification) in the vicinity of this comteminmtion produced 
the highest weakly w ensure, 580 ar (Soalaetar reading), for 1955 in this 
area.
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Basement. Radiation exposure received in the bee went area was only 
a small portion (2.5%) of the total exposure received by Thorax operating 
personnel. The major portion of this exposure was received when thorium 
product was drummed and sampled in the basement with background radiation 
levels as high as 260 mr/hr (Fig. 6.10, weeks 4 and 16). The 
of thorium product in this area was discontinued, and radiation exposure 
was negligible for the remainder of the year except for the last month. 
To make room for second cycle equipment, the clean solvent catch tank (T-5) 
was moved from cell 7 to a cubicle in the basement. During the Neptex 

I

program, this tank became contaminated, producing a reading of 1200 mr/hr 
through the cubicle door on one occasion, and radiation was received by 
personnel while servicing equipment in this area.

Pipe Tunnel, Control Room, and Makeup Area. Radiation received in 
these three areas amounted to only 3% of the total exposure to Thorex per- 
sonnel for 1955. The cumulative exposure curve of Fig. 6.11 Indicates

I

that the rate of exposure accumulation corresponded imately with
the processins of radioactive material in the plant, and the average expo- 
sure rate for the year was 1.5 mr/man-veek. operations resulting in ex
posure were equipment inspection and decontamination.

/
6 .2.3 Operation Performed Khen Radiation Received
Sampling. Sampling operations accounted for 165 of the total radia-

tion exposure to operating p Ml during 1955. This total was accum-

4

Lated mainly while sampling in the gallery (967) and in the isolation 
laboratory (31%). Approximately 45% of the total exposure due to 
was accumulated during the first 7 weeks of the year (Fig. 6.12), and the 
average exposure rate was 31 mr/man-veek for this period. Over half the 
exposure due to sampling in this 7-veek period occurred in the isolation 
laboratory. After several units of equipment had been shielded, radiation 
exposure, including that due to sempling, was reduced in the isolation 
laboratory, and the average exposure rate for sampling decreased to 6 
mr/man-veek for the remainder of the year. o
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nt inspection. The operation resultine la tte erentest pro- 
portion (21$) of radiation exposure to operatine personnml was equgemt 
inspection, and of this mount, St# vas recelvea la cell 5 and 16 in cells 
6 and 7. The neculntion of exposure during tte year (Mg. 6.13) was 
maintained at an awerage rate of 32.5 =/=n-wek, and 8 weeks of high 
exgosure (dosimeter readings ereater than 200 =) were ptmmrily respon- 
nible for this expomure rate. The highest weekly exposure (aosneter rena- 
In6a 439 =) for the year occurred la week 4 erring routine equfpmnt 
inspection la call 6. At this tlae the redact* or* levela of cell 6 equtp- 
sent were at their highest peak of the yea (tte BT evaporator read 6.1 
r/te). Routine equlyeent inspection also accounted ter the expcmures 
during woke 6 and 7. These exposures were receivea prtmmrtly in ehre* 
areas (call 6, • decay area, and igolntion laboratory), where radiation 
levels ranged From *oo to 3000 =hr. The sharp peak la tte raazntzcn
epoure curve In week 13 vs cnused bo outine egatyment Inspection
or ve24 in the bottom or the partitioning column and in a tronser 

commecting tte CW catch tank (z-4) ana tte revork tank cu-8) vhach ted 
looted and vere repmired *rins thts wek. Te aocmdntton of axpocur 
while Inspecting equiymeat incrensea rapidly eurine waste 23 and 8k. All 
thla exposure vaa received in cell 5 while repatra vere betng ante on tte 
teed Pe and filters. The operation of tte alternate solvent recovery 
nystem required freqent routine inepection or tte two glasn spray columma 
in cell 7. This accounted ter tte hich exosure durng wook 42. "nw nt £> 
peak in tte axposure curv of Hig- 6.13 an week 45 resulted n-om radiation 
received during inmpection of tte maintenance work porter— A on equtyent 
in cell 5 prior to tte tartup or tte Neptex runa.

Loedla and Charging and aolotUm Ihteup. Tte radtmttcn received 
while perfozmins those operntiona umountea toe or the total exosuxe to 
oporating personnni ter 1955. Hfty-ett per cent of this e-omnt we
mttributed to slus londins nn charging ane the r Inder to solutiom
-neu?- exposure during moluton wakeup vas received jr!—r« (625) in
the isolation laboratory, and moat of this oocurrea within tte first 7
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o
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weeks of the yeer- The highest weekly exposure, which occurred during 
week 6, was accumlated entirely in the isolntton laboratory while makng 
up solutions. The intermittent nature of slug loading and charging is 
responsible for the steplike appearance of the cumulative exposure curve 
of Fig. 6.14. Each peak in the weekly exposure curve, except for week 6, 
coincides with slug loading and charging operations. Approximntely 49 str 
was recgived for each InertIng and charging of thorium slugs, and approx
imately 51 mr was received for each of the 12 MBR elements that were loaded 
and charged during the Neptex program.

Product Handling. The handling of product----thortum, u233, u35, or 
Np237-- -accounted for 12% of the total radiation exposure to operating 
personnel. This exposure was accumulnted an inly in the isolation labora
tory, cells "6 and 7, and the BT decay area. Most of the exposure due to 
product handling was received in the first and last portions of the year. 
Fozrty per cent of the exposure was received while handling 33 product 

in the isolation laboratory in weeks 2 through 4. The handling of Neptex 
product in the roof area and in cells 6 and 7 accounted for 377 of the 
total. The peak in the weekly exposure curve of Fig. 6.15 for week 15 
resulted from handling thorium product in the BT decay area where P-19-P 
lenkage had contaminated the area to 10 r/hr. Personnel exposure rates 
while handling product were 37 ar/men-week (weeks 1-4), 2 m/mnn-veek 
(week 5-47), and 26 mr/man-week (week 4852).

Equipment Operation. The operation of equipment accounted for 12% 
of the total radiation exposure to operating personnel. This total was 
accumulated mainly in cells 6 and 7, BT decay area, and cell 5. Except 
for the first three weeks of the year, the accumulation of exposure was 
relatively constant, with an average for the year of 7 mr/man-week (Fig. 
6.16).

Dec oat-ami nation. In order to decrease the exposure of operating and 
maintenance personnel, it vac necessary to keep the Thorex Fllot Flant as 
free of contamination as possible by prompt and thorough decontaminating 
procedures. These operations accounted for the second highest proportion
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(16%) of exposure to personnel; hovever, if thene operationa had not been 
carried out, tbs necumlmtion and spread of contasrt not t on would hmve soon 
forcea a plant shutdown to uvold excessive personnel exposure, exposure 
due to do ront cart not lag operations was received —Inly la cells 6 and 7 
(30%), cell 5 (29%), and the isolation laboratory (20%), and the closure 
rate varied from an average of 12 m/unn-week during the first half of 
the year to 7 =r/man-veek during the last half. The weekly accumntion 
of exposure received during den not—1 nation is presented la fig. 6.17. 
The high exposure received in week 3 resulted from intensive dan nsrt—f nation 
of the isolation laboratory and cells 6 and 7. Rndtonctive solution from 
a faulty check vlve was tracked throughout the isolation laboratory, and 
this area re— 1 ne d contaminmted for severe —eke. Activity carryover frcm 
the extraction column to the other equigment accumluted rapidly during 
the production run in January, and this necessitated a complete plant de- 
contaminntion prior to mnintennnce and construction- This vas acrmpHshed
la veeks 7 through 11. Bimilarly, an intensive ite nmit—1 nation progrom
vas carried out la cells 6 and 7 during week 22 la preparation for the 
installation of secon cycle equigment. The highest veekly exposure (dosi- 
—ter rendings of 580 ar) resulting from doc nntaai nation occurred during 
week 45. Agnin, extensive decontaminntion prior to equpment maintenance 
and modtficntion resuted la this hgh exposure. la this latter instance, 
it vu necessary to accomplish the follovins repairs la cell 5 prior to 
the neptex pogram: repncement of the agitator in the feed ad>Mt—nt 
tank (s-2), unplugging of tbs jet auction Uno on the 8-2 outer jacket, 
and unplugging of tbs vapor line from s-2 to tbs acid fractionator (8-9).
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7.0 EVAIUATION

7.1 RndintionlevelsandEosure

7-1.1 Rndiation Levels
High rediation levels in various areas of the Thorex Pilot Plant resulted 

for the most part from higher activity carryover into donmstrenm equtp- 
■nt than vns anticipated in the original design. Activity carryover from 
the extraction column into the portitionins coluzn and the BT evaporator 
produced the highest radiation levels in cell 6 (Table 7.1). Insurrciently 
decontnmirated thorium product stored in the BT decay area raised its ra- 
dintion level 4oo =/hr, and additional shtelding had to be erected 
te prevent oxcessive exposure to personnel. St al larly, uranium product 
contmining more fission products than expected was isolated in unshielded 
resin coiumns that rapidly became radiation hazards to operating personnel. 
Levels were reater than 6 r/hr, and lead shtelding had to be installed 
to protect pereonnel. Accumlntion of fission products in the solvent 
recovery mystem, especially in the centrifuge, wns responsible for etch 
of the radiation hazard in cell T. The centrifuge became contaminnted 
to the highest level (0 r/hr) of any cell equtpment in the vicinity of which 
personnel normally operated. insufficient decent sart nation of solvent by
the nolven* recovery eye tea alno iner 
room to 493 mr/hr.

d raiation levels in the solvent

o
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Table 7-1- Radiation levels by Areas Purity 1^55

*

Arm
Cell 5
Cell 6

ReadingLow
17
10

■r/hr1

6000 
51*0

Cell 7 37 8000

Isolation lab- 
oratory

Roof area
BT decay area
Pipe tunnel
Solvent room

12 6200

Szpling
6nllery

73 
< 5 
< 5 
< 5

1800
1350

810
493

10000

Reanon for Hich Rendins
Dm tnaem from cell cubicles lata cell sump
Activity carryover from extraction column 

to partitioning colwn and ET evaporator
Accumlation of activity in solvent re- 

covery systea centriruge
Aecurzlntion of activity in the contan- 

inant resin column (L-2)
Meld leak, la S-3 condenser
Au leakage (P-19-P)
Pp leakage (T-4-P)
Contaminnted solvent used durlag Neptex 

youram
UM 11 resulting from bloring down S-2 

sazgler lines
< 5

avernge.

D

The equfgment failures-—p । Mg, wela, valve and filter .1 oakw pro-
dvzins the Major radiation hazarn to personnel performing routine operationa 
were those which ell overt radioactive soluttons to contamnate operating 
areas. These failures not only caused high exposuru rates, but the radio
active solution from the leaks was easily spread to other areas. The fail
ure of the Cuno filters on the radioactive feed pumps caused the contaminn- 
tion of the floor in cell 5 to a level of 5.5 r/=. 
occasions produced excessive radiation levels in cell 6, the B decay area, 
the pipe tunnel, and the solvent room. Tea kegs from the thorium product 
transfer pu (P-3-P) coutawi noted the floor in cell 6 three times to 
radiation levels of 1.1-2.2 r/k. The highest radiation level observed 
in the BT decay area (1350 =/) resulted fro lecknge from the BT product 
unloading pump (p-19-p). Pup leakage (from T-4-p) also caused the highest

/
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radiation level (810 ■r/hr) la the pipe tunnel. Solvent leakage from the 
solvent metering pumpa (n-13-P and n-1-P) did not produce excessive radia- 
tion levels la the solvent room, but surface contamination resultins from 
this leakage was tracked into nonradtoactive operating areas. A faulty 
check valve all need radioactive solution to spill la the wnlk-in hood in 
the isolation laboratory. Personnel operating the isolation equipment 
in this hood subsequently tracked this solation throughout the isolation 
laboratory, producing a highly erertaart noted area. Process solution Trom 
veld leaks produced cont ant noted areas as follow: the base of the perti- 
Mining colum developed a leak at a cross veld, resulting in a contamina- 
tion of 18 r/hr in the B-colum cubicle; the T-4 cubicle in cell 7 vas con-

ne tad by a veld leak in a new line from T-4 to N-8; a veld leak in 
condenser s-3 allowea radioactive solution from the dissolver to contantnate 
the roof area floor vith one spot reading 13 r/hr; and the cell 5 floor 
vet contwet rutted by leakage from a faulty veld in the discharge line of the 
jet from the feed pump discharge line to P-16. The highest radiation 
lev is in the samaling gallery resulted fro equipment failures. The 
frequent necessity of unplugging saplcr lines by blowing thee down vith 
steam or air resulted in cootaerl nation of the ■sapling gallery floor on 
seven occasions, vith the most radioactive spot reading 10 r/hr.

Processing of other aaterlals (Neptex program) in equigment designed 
for the Thorex process was another source of high radiation levels. Oon-

-

centrutns the Heptex prouct and np237 la the Br evaporator incrensed

the radiation level or this equipment to its necond htshest level or the 
yeer, 4.5 r/tr. Contaminmted solvent used la the Beptex program raised 
the radtation levels or almost all the equigment la the solvent recovery 
ayatem to the highest levels of the year (-13, 7-9 r/hr; T-column, 493 
■r/hr; -14, 200 ar/hr; ana -8, 575 =/hr). The storage of Heptex product 
la a drum (raaflirMt 13 r/hr) also cuuned radintion exposure to operatne

3
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7-1-2 Radiation Exposure
me goal of an averoge exposure of 50 aarwp/nen want was nearly reached;

the average exposure to Thorex operatins personnel was 
overexposures to operating personnel were relatively fev, and only one 
relntively high overexposure (2230 mep) occurred during the year. Erorts 
to radians personnel exposure by shielding. and operational and eguizment changes 
were muccenaf, aa eel denned by the ratos of 4.7/2.5/1 of total radiation
received during the first through the third • or 1955.

T

Type of 
Personnel

Operating
Operating 
Analytical

Craft

Craft

Butt 
and

1st cycle
Thorex
2nd cycle
Buu

1-*
15-52
1-52

23-52

23-52

Total 
Eposure, 

ar^ 
60,221 
10,970 
56,202

30,180

28,866

58
65
57

312

169

Total, 
mep 
3165
290

3900

995

Wo- of 
Persone

10

3

17

6

“Includes exposure receivea in handling or Thorex, Neptex, and Metal

The progrum to control radiation exposure wus muccenuful me shown by 
the relntion t a tween radiation exposure and the worn mt of thorium yanaanad 
in the plant (Tble 7.3)- Although the total axposure receivd in the 
ascend quarter was a factor of 1.9 less then that reccive in the first 
qgerter, the amount of irradiated thorium grrorenae de creased by a factor
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of 2.2, and the exposure per trilogy of irradiated thorium increased from 
10.5 to 12.3 mrep. Most of the irradiated thorium proeaaaad la the first 
q»wrter vus handled la a continuous production run, while proposal ng during 
the second quarter waa accomplished in four separate development rune. The 
Inrraaea la the exposure per kilogrem of irradiated thorium prone a ead of 

the second over the first quartier any he attributed to the exposure received 
la per fi w wanna of miscellnneous operations during the domtime between rune 
when no thorium was being proceeded.. A comparinon of the necona and third

g
cenned la similar try or development runs, ahwa that a decreane la total 
exposure by a factor or 2.5 w accompanied by a decrease of exposure per 

kilogram of irradiated thortum praaaaaad from 12.3 to 5.5 mep.

Epomure Thorium Processed Wemr

xposure Received, 
mrep/ke thorium

20t
2na
3rd
4th

_Zota

30,990

16,731
6,565
5,915

60.221

51.5
27.9
10.7
9.9

100.0

Irredinted 
2,93-7 
1,365.1 
1,196.0 

959-1
6,465.9_

Nonirretated
2,326.1
3,770.8
6,589.2
2,386.7

13,072.8

Thorium
5.9
3.3
1.1
1.8
3.1

Trradiated 
Thorium 
10.5
12.3
5.5
6.2
9.3

*
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The average exposure to Thorex operatins personnel wus it— 1 at by 
location and trpe at operataon (Table 7.4). The data veze obtmined from
dosimeter rendings, vhich were converted to PIR uta by mltply-
Ins by 2.9. This factor — obtnined by ivicin6 the total film bedee 

—a-—uta or 71*191 arap by the total doetmeter measurements of 24,635 

w for the year.

A copar ison of the averege expogure rate for the total Thorex year 

(weeks 1-44) and the latter period (weeks 27-44) al— a decrease by a 

factor of 1.3 la the too average rates. Personnel exposure rates durine 

this latter period easily surpessed the goal of 50 mrep/man-week, vith 

an average of approximately 39 nrap/aan waab.

Table T.4- Averege EposureRatesto Thorex Operatim

*
)

Rate Averege Exposure Mate,

Weeks

CelI 5

Cellm 6 & 7
7

13

6
11

Boor area

Sapling
Equtgment 

inspection
Slug ^f*^4**^ 

and chargns 
and solution

1-
10

13

5

10

Isclmtion Inb
Sample gallery

13
5

ET ecay area

Product handlne
Equfpcent 

operation
Decontamination
Unspecifiea

Pipa tunnel 
Control room 
Mkeup area 1

6
39 57

t

39

4 7

2

3 2

6
8

2
7

6
1

2 
o

9

8
5

8

2
6

ee ee= • e j: u : • : ee ee e eee * eea *•

L. U L. . ...

1



test

(J

Operatirs pursonnel encnceu la the Neptex progrem received an mver- 
age exposure or 65 =rep/man-week duzrinc the weeks 45 thronch 52. Tree 
persona were overexposed to a cbined total of 990 =rep la tela period. 
Activities responsible for the increaned exposure to operatins personnel 
were decontamnntton and 11nfima In cel 5, teytaa produet handline 
la cell 6 and the roof area, end slug r barging m the roof area.

I

There wrt 13 overexpouuren received by 11 person, but deteiln of 
to overexposures ware not mvmilmble (Tmble 7-5)-

FroJort,
hnndline

Equatyent 
qperation 
(centrifuge)

Equiyment

Locnton
Isolntton mb

Cell ?

535

““mzpectaon
tell 5
tell 5

400
20

4

1

5
1

590
3r75

ft
13

leal personnel la ,100 anmlynes for the Thorex Pilot Flu frar

lac 1955- The total exposure —nwnt ■ it to 56,202 or an averace of

ft mrep per analysis.

ij. ““2 •
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Czref pereommel imvolved la fist gycle Thorex end Meptex mnintennn 

eat aatfr nat fa recet md a total or 30,180 mep la wmks 23 umogh 52,

a rate of 312 mrep/mmn-wek. Becmune 

a workins time wms apent in th wery a
dlg el 
we cella

or allehtly retomctiv Eich exposure retes were received by thnse
S craft workinE om first cycle eg

ll dmmerelly t durinc the time end
■ la thm arete vleare hich rndietion levela ested ezpept for cell 5- Cell 

5 equigment, vhich la the moet radtonctive la the plant, wma almoat ccm-

pletely unit lded, and the reesons for emterins the cell durinc routine

opereti were few. Larce ex resulted from egaigmmnt fmilures

nnd not routine cp 
sail 5, extensiwe

tions. frier to all to be done in
tanins

the egup to be repmired) wa carried out to lover the zndintion levela
and ellov loncer at time this renulted la the lack of aimllarity 
letter ea tbe aervee i eyre »eet lag exposure and redtation levela.

ne relatton ku tee at eap atari and rati at inn level la cclls 6 cad 7
corr to a creater extent than that la cell 5; hovever. trse arm*
mlso hmve their . Tbe MOmt radiati an levels in cells 6 and 7
occurred vithin tkm first 10 and thm 2mst 5 veeks of the year. dimtio
eqposures vere mlso hich durinc these smme two perios, vitai routine opera
tlon of eguigment, egtgmnt nepection end product handlinc tinE
for moet of this exponure- la veekn 10 tkrrouch 47, there were three perios 
of high exposure, mlthougb the radiation levela were relatively lov, vich 
resultea Trom decontaminntion eat repair or a weld leek la the parti tiontne
column, deca liner Ina prior to Installmtion of mecond Ejcle equgment.

l n f ! -ee e * ••
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1 exposure an radin-
tion were strikine were the inolatiom laboratomy and the a* decey
W. Baring the first 7 veeks of the yemr, the radiation levels of the 
contaminant column in the inolation Iaboratory rose rapidly to a high

A correnpondincly.
were shielded, tbmir rwlirtLica levels generally G

After the cokumna 

me to leas than

1OO m/hr Tor the » 
decrennea w a Auer

fmay ef €hm apnm. amR hm mmt evmig 

of npyroximately 22. Similarly, too inatallation
of tola idiot in the XT area decremsed Ito tor Mgr mat f radiation level from 
a high of 1390 mr/hr to less than 90 z/r, and the average exposure rate 

prtor to the ehl el di ng Instalntton was reducea by a factor or 10 for the
r

mye“ rmae toiad -1* -did — 
le Sf* -..
The effectivenesa of the unit ahtelding tnstalled in the Thorax Pilot 

Plant to .radurlug personnel exgosure iu indicated bo the lew nverage rate 
or exposure of approximntely 2- =rep/man-week reccived to cells 5, 6, and 

7 during 1955, and the total exposuare of 28,500 mrep. Athough the shteld- 
tog facilities, an originally deal, gne d, measurmbly reduced radiation levels 

and exposures, it soon becmme neoaaeery to provide additional shieldinc, 
such as complete closure or cubbicles and unit shielding of ndivieunl 
pieces of equigeent vith land, to ratoon the radiation levels and expomres 

to the desired levels. Fission product carryover and acciwmlati.cn la 

equpent domstream from the feed preparation and extraction systems pro- 
toned higher radiation towels than expected and neceuuitated installation 

of the adaztional ahtelaing- The additional shtelaing to the cells re- 
cced the exposure rate for weeks 27 through to to 16 arey/nna weet. As 

ccgered to the over-ell rate of 80 wv^nn mot the affects of the addi
tional shieldne were felt more strongly to the isolntion laboratory and 
W decay area, where aTwrega exposure rates were reduced by fuctors of 

SUt and 1O over their re ope stive averages prior to the installation of the 

unit mhtelan.

i J :
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f H J J I H

♦ • •• •=e• ••• o ese ••

-—

acciwmlati.cn


-55-

(

The effeetivenena of the unit mhieldin6 philonophy in reducins expo- 
sure may be seen byy compering the exposures in cell 5 and the isolation 
laboratory. Althoueh the urenium product rons activity vas reduced by 
a fnetor or approxtmntely 10* lens tnan the feed znterini in cell 5, 13-56 

or the total exposure to operatins personnel for 1955 waa received in the 
isolation laboratory in the first 6 veeks of the yenr (prior to installa- 
tion of shtelatns), vhile only 14.4$ of the total vas received in cell 5 
throughout 1955.

Tbs tnavidunl drain fucilities installed in ench cubicle were gen- 
erally succesarul in preventins the sgresd of activity throughout the 
cella, except on two occasions when ths cell 5 floor was contaerf noted 
to a level of 5-5 r/k by leaknge from the read pump filters. In cell 

from rhe individual cubicles into the cell sup produced radia
tion levels creator than 1 r/hr, and es high as 6 r/hr, in the sup for 12 
weeks arine the year. If this activity had been allowed to sgrrend through- 
out the cell, excesuive personnel exposures would have been incurred dur- 
las docnnteart notion.

7-2-2 >ote Operation
Eposure to personnel who remotely controlled the Thorex Pilot Plant 

amountee to only o-24 (171 mep) or the total exposure to operating per- 
sonnel. In direct contrast, avproximtely 2000 mrep were received by 
personnel while operating the alternate solvent recovery system in call 7. 
No 1 ne in—utat 1 -in was rural Used this cyutem, and frequent trips into cell 
7 to cheek the colum interfaces and liquid flow rates were required. 
Radioactive solutions were allowed to reach the control panel through in- 
stn—nt lines on only one occasion. High-pressure air was employed in 
trying to flush heavy solution from a phase separator (-11), and radio- 
active solutton was forced back through ths instr—set lines of the ex- 
traction column interface controller to the panel board. One contarinated 
spot under this instn—nt reed 3 r/hr.

e
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A total or 5,160 mrep was received by operating personnel while sempling 

in the sampling gallery during 1955- This amount represents 7-3% or the 
total exposure to operating personnel and 45-98 of exposure received in 
all sampling operations. Direct sampling, specifically in the isolation 
laboratory, accounted £or more than half the exposure attributed to sampling.

7-3 Relation or Radiation Exposures to Equipment Perfonnance and Opera
tional Procedures

7.3.I Effects or Various Types or Equipment Failures on Exposures
The total of 10,31*6 m received as the result of equipment failures 

represents 14.6% or the total exposure to operating personnel during the 
year (Table 7.6).

leakage from pumps transferring slightly radioactive solution tended 
to contaminate wide areas in the vicinity or the pumps, and decontamination 
and repairs to these pumps resulted in the largest proportion (225) or 
the exposure to operating personnel. Poor off-gas vacuum on the feed ad- 
justment system was caused by plugging of the vapor line between the feed 

adjustment tank (s-2) and the acid fractionator (S-9) with Raschig rings 
from the fractionator. Considerable exposure was received in the repair 
of this system. Weld leaks, responsible for 14.6% of the exposure, occurred 
in the bottom of the partitioning column, a transfer line from the contam- 
inated solvent catch tank (T-4) to the recycle hold tank (N-8), dissolver 
condenser (S-3) and in a Jet line to N-16. Equipment that failed as a 
result of corrosion was the feed adjustment tank agitator and the acid 
cooler (5-13).

No detailed records of exposure to craft personnel during equipment 
repairs were kept in 1955.
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Table 7.6. Effects of Equipment Failures on Thorax

Type of
Equipment Fallure
Weld leaks
Valve leaks

Pump Leaks
Filter leaks
Plugged sampler 

lines
Corrosion
Plugged transfer 

lines
toed pumps

Exposure Received. arep

Pecontamination
696
739

1255
229
339

560
1123

174

812
102

1020
493
232

832
580

1160

Total 
1506 

841 

2275
722 
571

1392
1703

1334
103*^

% of 
total

12.6
8.1

22.0
7.0
5.5

13.5
16.4

12.9

7 • 3 • 2 Effects of Operational toocedure on Exposure 
toe operational procedure resulting in the 

grestest exposure to personnel was equpment inspection (15,130 mrep, or 
21.25 of the total exposure for 1955), and 755 of this exposure was re
ceived in cells 5, 6, and 7. Routine equipment inspection consisted of 
valve and equpment checks prior to run startups and periodical inspection 
of equipwent throughout the plant during the run to ensure proper opera
tion or early discovery of improper operation. This type of ■ gulp—nt 
inspection accounted for exposures of 17,803 mrep, or 785 of the total. 
Mach of this exposure mu received during the first 8 weeks of the year 
when radiation levels were generally at their highest, and an average of 
23 mrep/man-veek was received in this period. After the installation of 
additional shielding, the avezage exposure rate for routine equli—nt 
inspection decreased to 7 mrep/man-veek for the re—Inder of the year.

•)
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s=s • •• • •



o

Sonroutine equipment inspection is ansociated vith equipment faflure 
•nA consints at dtngnosins the cnuse and extent of the failure and check- 
Uy the results or 1ta repair. Eposure from tbis type of in-
apection is sporadic ana generall unpredictable, end the exposure received 
amountea to 3360 nrep (aef of total) from three seperate occasions vhen 
majr equfyment "vyt «*n were mne.

Deeontaai nation. Dring 1955* 11,390 nrep (16% of total) was receive 
by personnel performing decontaminmtton operations, and this vs received 
mntnly in cells 5, 6, and 7 and the isolation laboratory. Although the 
aweregi w airly exposure rate for the last half of 1955 vas lover by a 
factor of 1.8 (9 to. 5 =rep/mnn-week), this improvement vas dtas primarily 
to equtgnent repairs and modificattons that reduced the smount of contam- 
ination rather than to a change in the decontamination procedures.

Sampling. The avernge exposure rate due to semplns in the first 
7 wire of operation was loserea by a factor of 5 (31 vs. 6 ■rep/nan-week) 
during the remainder of the year. This reduction was due primarily to 
increased shtelding in the isolation laboratory and not to improvedsampling 
procedures. The total radiation exposure durins semplins amounted to 
11*310 ear, or 15.9$ of the yearly total.

loulyent Operation. Equigment operation accounted for an exposure 
or &m =rep (12.35 Of total), vhich vas received primrily in the cells 
and the E decay area. The averege rate of exposure for the year vns 8 
mrep/mn-week, and there was no significant change in this rate as a 
result of varying the prone iberee.

Product Handling. A total of 8550 mrep (125 of total) was received 
&uring hanalng of the thortum, u233, u235, and m23" products during 1955* 
Although the average exposure rate for the year was 7 zrep/mmn-week, the 
exposure was accumlnted during three distinct periods of varying exposure 
rates. In weeks 1 through 4, exposure during product handling was at a 
rate of 36-5 =rep/man-week. This resulted minly from handling urenlua 
product in the isolation laboratory before shielding was installed. In 
weeks 5 through 47, the expocure rate was 2 wep/man-week, and the expo- (9

!
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o
sure was primrily accumlated in the ST decny area where PuP lemknge 
ted ooctal noted the area. The handling of Neptex product during the 
last 5 weeks of the year resulted la an average exposure rate of 27 ar/

Ressons for Enterins Rndionctve Cella. Tmble 7.7 prenente • minmem 
estimate of the nuber of ttmea the radtoactive cells la tbe Thorax Pilot 
Plant were enterea during 1955. mhis esttmate ws obtained from the dosi- 
meter record sheets by the suzmation of the zumber of tt— radiation was 
received la thene cella.

Table 7.7. ■unbar of Tines Mndla fleet tea teceived by Thorex derating 
fer sonoel on gnterlag hadloartlwe Pel la during 1955

T
Oil

5
6
7

Total
of Total

Equip.
Sampline Inspection

Aroduci
Hmndlinsloperation

10

1.5

124
120
139 
383
57.1

1 
8 
0

9
1.3

17 
6

10
35
5.2

Equtp- 
Service

29
19
15
64
9.6

OBCOOtM-
Ination

46
49
*3

138

20.7

Nnc.
5 

11 
13 
29 
^1.

Total

219
225
668
100.0

2
4

7- Erfectivenessof Rndtation Control Prosrem
Te radiation control prow that was institute for the Thorex Pilot 

Plant succeeded la reducing the average exposure to operating per* nuns 1 
to 59 nep/wn wet during 1955. Although this average rate for the year 
we higher than the oof shifted goal of 50 wep/wn wb, the averege rate 
for the last half of the year was 46 wreg/aan wish ae a result of mprove-
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Tablo 8.1 RndistionEpomureBceivobzOperstinKFersenmehinEachMeek
(1 d by nia badges, mrep)

MM|

Meek, 
1955

Total, Wumber of 

Fersons
Avorage 

mrep/person

1 
2 
3 
4
5 
6
7 
8
9

1O 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38
22 

Ml 
42 
*3 
MM 
M5 
M6 
47 
MB

30 
51 
52

1295 
2195 
4810 
2880 
2070
37X5 
1660 
350 
1190 
2070
1715 
2050 
1800
390 

3225 
1690
260 
590 

1525 
1266
950 

1330 
1325 
1920

690 
1650
235 
460 
455 
390 
890

O 
760 

1510
150 
410

355
230

1615
730

770
3100
790
620

1740
1000
2080
1230
435

29 
29 
29 
29

S 

2M 
2M 
2M 
2M 
2M 
2M 
24 
23 
23 
23 
22 
21 
21 
20 
19 
20 
22 
23 
26 
26 
27 
22 
23 
23 
2M 
24 
24 
2M 
2M 
24 
25 
23 
23 
21 
22 
21 
21 
22 
22 
22 
20 
22 
22

;: » • : • 
•* esa • ••• •

M5
76 

165

22
162

69 
148
50 
66 
72 
86
73 
12

IMO
74 
11 
27
73 
60 
MB
71 
66
87 
30 
6M

9 
17
21 
26
39 
0

32
63
6

17 
22 
1M

70
28 

Ml 
37

1M1
36 
28
87 
M6
95 
62,..

-.■EHL 
0 

120 
130 
190 

0 
210 

0
2230

Numbor of 
Fersons

1 
1
1

1

1
0 
0 
0 

380
0 
0 
0 
0 
0 
0 

95
0 
0 
0 

70 
60

O 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

290 
0 
0 
0 
0 
0 
0 
0

1

0 
1 
0 
0 
o 
1 
2 
o 
0 
0 
0 
o 
0 
0 
0 
0 
0 
0 
0 
0 
o 
0 
0 
0 
0 
0 
0
3 
0 
o 
0 
O 
0 
0 
0



(I ed by film bages, mrep) o
(tbcw 500 am/m*

Meek, 
1922
1
2
3 
%
5
6
7 
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33 
3*
35
36
37
38
39 
KO 
kl
2

43
44
45
16
17
18
19
50
51
52

Total*

995 
4045 
5825 
1550 
1780 
1380 
1665
505 

1240 
1060 
1605
2765 
1395 
2310
4030 
1220
2560 
2190 
1625
7802665

220 
760
270 
280
160 
480
500 
130

0 
2270 
1610 
3670 
3040
760 
420

1590 
2765 
1845 
1300 
3590
1570 

850
900 

3990 
5670 
1900
800 
670 
290

Humber or

21
21
21
21
19
20
26
21
21
17
20
18
20
23
20
20
19
18
18
18
18
18
15
19
16
18
17
18
19
19
17
17
19
17
19
18
17
17
19
IS

22
17
18
19
20
21
21
21
19
16

ij

47
192
278

74
9k
69
66
2k
59
62
80

15k
70

100
202
61

135
122
90 
k3

148
109
23
12
12

16
9

25
26
8

0
119
95

193
169 
k5
2

15k
97
72

211
87 
k5
k5

171
222

23—q 

•= • = • ee= •e

Total
Overexposure, 
arop________  

0 
200 

1055 
0 
0 
0 
0 
0 
0 
0 

85 
90 
0 
0 

kOO 
20 
50 

0 
0 
0 

8n 
30 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

660 
30 

470 
50 
o 
o 
o 

70 
0 
0 

70 
0 
0 
0 

1200 
760 

0 
0 
0 
0

Mumber at
Ptnact

-

0 
l 
4 
o 
o 
o 
o 
o 
o 
o
1 
1 
0 
o
2 
1
1 
o 
o 
o
2 
1 
o 
0 
0 
0 
0 
0 
O 
0 
o 
0
1 
1 
2
1 
o 
0 
0 
2 
o 
0
1 
0 
o 
0 
1
4 
0 
o 
0 
0

o
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0 Table 8.3

(mensurea by rlm WMm, mrop)

EPOSURE

Week, 
1975

23 
24
25 
26
27 
28
29 
30
31 
32
33 
34
35 
36
37 
38
39 
ho
Ml 
42
M3 
44

6
7 

48
M9 
30 
31
X. ■

Total, 
=eP_

620
360 

0
150
100
540

0
130 

0
1855
270 

1220
260 

0
1060
180
180 

6505 
9573 

‘280 
1140 
1750 
140o

0
325
85 
0

355

Muber of
Mm

Average for 
Man-week

3

2 
0.6 

O 
0.2 
0.8 
1.6 
0.8 
3.2 
6.8 
6.6 
3.0 
3-6 
6.8 
0.6 
2.4 
0.6 
1.0 
7.2 

12.2 
3.6 
1.8 
6.0 
9.8 
3-2 
0.6 
0.4 
0.6

8

0 
750 
125 
338

o 
kl
0 

281
54 

218

0 
662 
300 
180 
903 
$2 

100 
190 
179 
666

O 
813 
212

0

--------f alw-w ,3m.
Total

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

863
3055 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0

Mumber of 
Fersomnel

o 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0
0
0
0
0 
0 
0
6

11 
0 
0
0 
0 
0
0 
0 
0
0 
o
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Table 8.4 o
(M

Meek,

23
25
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39 
ho
A1 
M2
3 

Lh
5
6

*7
8
9 
50 
51 
52

Total, 
__ acuL.

1870

90
1960 
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