
, , ,'ti:~ .. 
• CENTRAYJ RESEARCH LtDRAnT ORNL 677 
· DOCUltIENT COLLECTION Health.A Biology 

Illjli~ijill~ii~l~illjirilrr~flrll~~rlllfljli~Illfll 
3 4456 0360503 4 

DETER¥INATION OF POTENTIAL 
SOURCES" OF" AREA ATMOSPUBRIC 
RADIO- ACTIVE CONTAMINATION 

CENTRAL RESEARCH LIBRARY 

DOCUMENT COLLECTION 

LIBRARY LOAN COpy 

DO NOT TRANSFER TO ANOTHER PERSON 

If you wish someone else to see th is document, 
send in name with document and the library will 
arrange a loan. 

OAK RIDGE NATIONAL LABORATORY 
aPEIIIATED .v 

CARBIDE AND CARBON CHEMICALS DIVISION 
UNION CAIII.IDE AND CAIII.ON COIIIPOIIIATION 

ID . 
lIa.T a"IDC .ax II 

aAIC IIIIDIIE, TINNI88EE 

< , ". 
~ .. .....,,...... f \.~ tl .. ,,..., ... , " 

, .. - '~ .. 



" 

., 

.' 

~ 

ORNL-677 

This dooument· cunststs of 
34 pages • Copy 'i' of 

. 13+. Series A. -

Contraot No.W'-7405, eng 26 

Reaotor .Teohnology Division 

mTERMINATION OF poTENTIAL SOURCES OF 

AREA ATMCSPBERIC RADIO-ACTIVE CONTAMINATION 

C. P. Coughlen 

DAm ISSUED: 

JUN 8 .1950 

OAK RI:DGE NATIONAL LABORATORY 
Operated by 

CARBI'DJ!: AND CARBON CHEMICAlS DIVISION 
Union Carbide and Carbon Corporation 

Post Offioe Box P 
Oak Ridge, Tennessee 

SECRET 

II~A~~li~i~ilW 
3 4456 0360503 4 



~. 

1.0 

2 •. 0 

300 

3·1 
3.2 . 
3.3 
3.4 

- 3 -

TA.BLE OF CONTENTS 

INTRODUCTION 

'mST EQUIPMENT MID TEST PROCEDURES 

ACTIVE PARTICUI..ATE DISCHARGE Ml!!ASUREMEMS 

Particulate Discharges from Rata Operation,Fume Lines 
Partioulate Discharge fram Iodine 135 Recovery Operations 
Particulate Discharge from Iodine 131 Recovery Operations 
Partioulate Discharge fram Rot Pilot Plant Redox' 

Operations 

ORNL-677 

Pase 

4 

4 

5 

5 
7 
7 

7 

3.5 Particulate Discharge from Bot Hoods. 25 
3,6 Active Gas and Partioulate Discharge from Pile and from . 

Pile Filter House 26 
3.6.1 Pile Active Gas Output 27 
3.6.2 Radio-Autographs' , 29 

3.7 Comparison of Active Particulate Sources 

4.0 ACKNOWLE:ooEMmNTS 

30 

30 



" 

'"', 

.. 

....... - 4 - ORNL-677 

1.0 INTRODUCTION 

In May, 1948 it was learned that personnel at Hanford were same­
what ooncerned about airborne particles having high specifio aotivities 
produced in the prooess of oarrying out oertain phases of their 
operations. In view of this it appeared desirable to study quite 
thoroughly the possibilities-of hazards fram suoh airborne aotivities 
at the Oak Ridge National Laboratory. 

The results of such stud1es~ revealing the presence within the 
plant area, of radioaotive particles, seemed to emphasize the position 
that there might exist a hazardous oondition. 

Subsequent investisations by the Health Physics Division proved 
that radioactive partioles, ranging in size from less than one micron 
to several hundred micron diameter, existed in an appreciable oonoentration 
and distribution throughout the plant area. In the absence of bio-
logical evidenoe that the indicated particle concentrations did not 
constitute a serious health hazard~ it was ooncluded that the problem 
was sufficiently serious to warrant the expenditure of considerable 
effort in evaluating and reduoing it. 

This report is conoerned with the results of the efforts expended 
by the Teohnioal Division toward deter.mining the aotivity output levels 
of various potential souroes. Two souroes proved to be major were 
evaluated after remedial measures were taken. 

The results are reported as area oontamination potentials since 
only the total quanti~y of aotive partioulate material that issued from eaoh 
looation was determined 0 No estimate of the fraotion of that material 
which settled within the boundaries of the area is attempted. 

The reader 1s referred to the :reports "ORM.-283 (Seoret) II by 
J. S. Cheka and H. J. McAlduff, Jr., and "ORNL-267 (Secret)"-" Technioal 
Division Quarterly for a more comprehensive survey of the discovery of. 
the problem and the solutions effected. 

2.0 TEST EQUIPMENT AND TEST PROCEDURES 
, . 

Sampling equ1~nt consisted simply of CWS filter papers mounted 
behind Aerotec oyolones, (optional), the sample stream flows being 
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2 .0 'lEST EQUIPMENT AND TEST PROCEDURES (CCNT i D ) 

effected by Root ,Conners type blowers or by air jets. Sampling lines 
proJected into the fume lines and were designed to provide fume line 
conditione of flow at the intake, to provide amooth~wall flow 
condItions and to give sampling line velocities equal to or slightly 
greater than the respective fume line velooities. Where possible 1 

sample pOints were located to provide sufficient straight-line flow 
upstream to aid in the taking of a representative sample. Filtered 
sample streams were discharged either to the same fume lines' 
(downstream), to adjacent linee, or to ducts properly equipped for 
safe discharge. ' 

The equipment was designed to remove particulate matter Onl7., it 
being considered that aotive saseous matter represented no partioular 
hazard for contamination. 

Samples were drawn tram the lines through the sampling equipment, 
sui table main line flow and sampling flow measurements being made. The 
resulting papers and cyclone jar contents were counted in total or in 
part in the ion chamber. All reBults were reported on the uniform basis 
of millicuries of samma active material of one MEV per photon and one 
photon per disintegration. 

Sampling as much as was pOSSible, was done across'each step of each 
operation to permit the determination of the major contributing operations. 

Figure 1 is a schematic sketch of the equipment us~d. 

3 .0 ACTIVE PARTICULATE DISCHARGE MEASURMENTS 

3.1 Particulate DIs?harges from Rata Operation FUme Lines 

Run #28 was sampled partially but will not be reported here. 
The detailed data resultIng may be found in the report ffRadiation 
Hazards Measurements for the Period November 26 to December 3", 
December 7, 1948 -,ORNL, Central Files No. 48-12-104. One item 
of pertinent information resulted. The Cell Ventilation line 
proved to be a major contributor. 

Run #29 was sampled completely - and further, was sampled 
acrose eaoh operation. Prior to sampling, a filter house (FG-50 
baoked by CWS paper) was installed in the Cell Ventilation line. 
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3.1 Particulate Discharges from Hale Qperation Fume Lines (Cont'd) 

Figures 2 to 5 show graphically the outputs of the Dissolver 
Off-Gas Line, the VeseelOff-Gas Line, the Cell Ventilation Line 
(before the filters), and the Cell Ventilation Line (after the 
filters). The curves in each figure represent the cUmulative 
values, of all sampling periods, the deoays of each specimen being 
considered. The bar graphs represent the individual oontribution 
(at the time of removal of the sampling filters and cyclone Jars) 
of each period, 

Exter~ive work was invested in following the deoaya of each 
speoimen, in the preparation of summary ourves, .and in the preparation 
of various comparisons. Little information of value, beyond that 
appearing on the charta, resulted, 

3.2 Particulate Disoharge from Iodine 135 Reoovery Operations 

Run #11, uaing X-IOslugs, was sampled oompletely. Figures 
6 and 7 show graphioally the outputs. The curves and graphs were 
developed similarly to those presented for RaLa operations. 

Figure 8 shows the results obtained for the Cell Ventilation 
Line only during Run #12, a "double -header" in that two charges of 
sluga were used. The marked difference in aotivit,. output during 
the centrifuging operations (Run #11 VB. Run #12) may be explained 
by the inadve~tent omission (due to an acoident) of the washing of 
the oake by pipette decantation, 

3.3 Particulate Disoharge from Iodine 131 Recovery Qperat~ona 

Runs #38 and 39, using X-IO sluga, were sampled completely, 
Figurea 9 and 10 show graphioally Run #38 data and Figures 11 and 
12 are similar plots for Run #39 data •. All values are quite low. 

3.4 PartiCUlate Discharge from Hot Pilot Plant Redox Operations 

TWo runs were sampled oompletely, one whose charge was made up 
of slugs 3~ from Hanford (7Cf1> from ORNL) and another whose charge 
was 10~ Hanford slugs. The dissolver off'-E!118, vessel off-E!11s and 
oell vent lines were sampled. Here the sampling was not coordinated 
with specific operations. Figures 13 to 15 show graphioally the 
results on the 30% run while Figures 16 to 18 show the results 
obtained during the 100% Hanford run. (The 100% dissolver values 
were obtained b,. Bartholomew at al - MoLT, Practioe School). 
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c = Heel Dissolving = ( Line down for 63 hours after t his period) 
d = N~utra1i3ation of 1/2 of Main Waste 
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f = Vessel Clean=out and Shutdown 
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FIGUBE 6 Dwg.#8874 
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c -_',Second Transfer and Oxidation; Second 12 Distillation 
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DAYS FROM START OF RUB 
1-131, ~ 1138, VESSEL OFF-GAS 

SAMPLING. PERIOD LEGEND 

a co Slug Dissolving ( <.1.0) 
b - Steam Sparge ( < 1.0) 
e - Distillations; Initial Evaporation ( ( 1.0} 
d - Glassware Operations ( < 1.0) . 
e - Final Evaporation, . 
£ .... Clean-Up and Shut-Down « 1.0) 
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a - Sl~ Dissolving 
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d - Glassware Operations 
e - Final Evaporation 
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DAYS FRQ4 START or RUN 

1-1.31, RUN 1.39, VESSEL OFF-GAS 

SAIlPLINGPERIOD LEGEND 

a - Slug Dissolving 
b - Steam Sparge « 1.0) 
c - Distillation; Initial Evaporation ( < 1.0) 
d -. Glassware Operations ( ( 1.0) . 
e - Final Evaporation 
t.- Clean-Up and Shut~Pown 
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d "" Glassware' operations 
e ~ Final EVaporation 
r = Clean=Up and Shut~Down ( ( 100) 
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FIGURE 1.3 Dwg.f!8881 
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Sampling papers were removed periodioally during one dissolving cycle. 
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FIGURE 17 Thvg#8885 
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3.4 ParticulateDlecharge from Hot Pilot Plant Redox Operations (Cont'd) 

The relatively low activity output at the 10~ Banford level 
is attributed to the 120 ~ day aging the slugs received as compared 
to the 40 day aging the slugs received for the 3~ run. 

3.5 Particulate Discharge from Hot Hoods 

Certain hoods were arbitrarily chosen for evaluation as being 
most likely to ~ve particulates in their discharges. With hood 
eampling, a departure in technique is represented' by the duration 
of sampling periods - from two to seven days. Also hoods were 
sampled two or three at a time Since a single hood stack usually 
serves more than one hood. Sample pick-ups were made at the stack 
discharge points. 

The follOWing values are based on gamma-activity, assuming one 
MEV of gamma ,energy per disintegration. 

Building 706-c 

Hood Stack 

Room I, Hoods 1, 2, and 3* 

Rooms I and II, Hoode 4, 5 

Room V, Hood 8 

Room IV, Hood 1 

Roam V, Hood 8 
(Sampled Further) 

Air from Room I 

Air from Hoods 1, 2, 3 

TABLE :r; 

Maximum Activity Level 
Mc/Hr. 

0.008 

0.003 (5) 

0.0009 

0.00009 

0.0001 

Micro-curiee/ft. 3 

'0.00002 

0.00002 

Averase Activity Level 
Me/Hr. 

0.002 

0.001 

0.0003 

0.00005 

0.0006 

Micro-curies/ft.3 

0.00001 

0.00001 

* The hood nomenclature is that of drawing Number TD-782. 
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305 Particulate Discharge from Hot Hoods (Cont'd) 

Building 205 

Hood Stacks 

Room. I 

Room. II 
.. 

Room tv ~ Hood· 3 

TABLE II 

Maximum Activity Isvel 
Mc/JJro 

0.00002 

0.00002 

0.00007(5) 

Average Activity Isvel 
·'NtJ/JJr. 

0.00001 

.00001 

.00006 

Note that in the preceding table for Building 706-C the air 
from Roam I shows an activity level very near to that of the air 
discharged by the stack for hoods 1, 2, and 3 in room I. 

Regarding Building 205, a fact 'Worthy of mention is that 
during the sampling periods the amount of' hot material. handled 
by the 205 laboratory was below normal. 

~\ All together, eight stacks 'Were sampled, and as~uming all 

", 

" 

these stacks discharged their average activity for o~e day~ the 
~activitl discharged would be 0.091 millicuries per day. 

3.6 Active Gas and Particulate Diachar6! from Pile and from Pile 
Filter HOJ!.l!e 

Exact evaluation of the totalaotivity disoharge (particulate 
and deoaying gases) from. the pile and from. the pile filter house 
is a difficult undertakinS. Considerable effort has been expended 
along this line but the results .are hardly concluSive. Various 
data indicate the particulate output through the filter house 
is eaeen:t1ally' zero; thuB a number defining the. filter house 
efficiency possesses academic interest only. 

The Health Physios Division has concluded in several reports 
that the installation of the pile filter house resulted in a 
material reduction in area contamination. The reader is referred 
to thoaereports . for further information. 

* Hood and room. numbers are shoWn on Drawing Number 'fD-78l 

:':"'1~~ 
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Active Gas and Partioulate Discharge from Pile and fram 
tile Filte~ BOuse (Cont:d) 

Same but not all of the efforts expended in the subject 
investigation will be here reported. It should be stressed 
that the unreported results in no way refute the conclusions 
about the filte!' house. 

3.6.1 Pile Active. Gas OutRut 

, '!: 

.-' 

Paper 

1 

2 

3 

4 

5 

The filter house inlet and ext t air streams weresampledl;: 

through a number of CWS #6 filter papers mounted. 'asmulti-pl;r 
la,'ers In..s.eries. The papers were ,counted and. anal3'sed . .mdio­
ohemically bT the Chemistry »ivieion for some of the major 
rare gas fission produot chaine. 

A diagram of the sampling units 1s shown in Figure 19~ 
The sampling flow was 4.8 c.f .m. out of approximately lOO~.oOO 
c • f .m. pile air. The firSt layers of the upstream and down­
stream units were'loca.ted' 4.8 'sec. and 46.3 sec. respectively 
from the pile exit (the filter house CWS laTer is 30 Bec. from 
the pile exit). Flight time through the units (first multi-layer 
to second multi-la;rer.) was 10.9 sec. The duration of eaoli ru.n 
was 3 da;re. 

Table III is a summar;r of the activity observed on the 
papers ,two hours after removal from the apparatus. The papers 
are numbered from left to ri~t as shown in Figure 19. 

TABLE III 

BETA ACTIVITY ON OW'S PA.P.KR* 

,Second Shelf Counts Per MlnutePer Sq. Inch.* 

House Inlet House Exit 
Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 

29748 134367 43404 5478 4514 4021 

508 796 579 1086 632 373 

261' 418 423 636 315 

9555 ' 8006 13996 2852 1265 3288 

78 959 153 134 

* Total area paper per filter 13.2 sq. inch. 
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3.601 Pile Aotive Gas OutRut (Conttd) 

No quanti tat1ve evaluation of the "partioulate effioineoy" 
of the filter house was obtained from these data. Using mainly 
the radiochemioal analyses it was possible to .calculate the mean 
pile disoharges of Kr 89,Kr 9~, Xe.140, andXe 141. The results 
of these calculations are given in Table IV. 

TARI.E IV 

Aot! vity Test Ho.use 
Activity at Pile Exit CWS ~yers 

Curies Eer dal Curies ;eer dal 
, 

Kr .89 12.5 12 

Kr 91 200 34 

Xe 140 45. 19.5 

1:16 141 150' 0~2 

The gaseouemothers remaining after the filter house give 
rise to active particul8.tes. These) however, present no area 
contamination worry ~ amounting to but 5 - 10 milliouries per 
day of short-lived beta emitters'and but about one milliourie 
per day of long-lived beta emit,ters. Further, partiole sizes 
of the freshly formed material are within the Brownian range 
and are widely dispersed after exit from the stack. 

That the filter house is effeotively removing partioulates 
(other than daughters of active sases) is supported by the faot 
that dust oolleotions ahead of th~ filter house have yielded 
detectable qua.ntities of uranium while. uranium has never been 
deteoted in speoimens obtained downstream. of the filter house. 

r 

Further~ the filter papers first in line after the filter 
house exhibited nothing but normal quantities of deoay produots 
(saseous mothers)on analysis. Also the deoay ourves of down­
stream. papers agree rather well with the theoretical decays of 
the daughters (saseous mothers) present at that point. The up 
stream. papers show a deoay much flatter than the theoretical 
daughter decay. 

3.6.2 Radio-AutOgraphs 

.. , The beat evidence that the filter house is effectively 
removing gross particles is contained in the radio autographs, 

.' 
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3.6..2 RadIo-Autographs (Cont 'd) 

made by Mr. J. W. Goat, of filter specimens obtained during 
the work described in the preceding paragraph. 

Figure 20 shows the radio-autographs of rand.om specimens 
from a complete set of papers (upstream and downstream) taken 
over the same period. Gross particles (defined as those 
particles other than daughter particles) are characterized by 
the white specks. The haze effects are attributed to the 
deca;r-in.-fl1ght daughters of the active gaseous mothers. 

3.7 Co!!'arison of Active Particulate Sources 

_ Table V is a convenient listing of the pertinent information 
for each potential source examined. Some data are included not 
reported previously, 
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Source 

Iodine-l35 Operations 
Vessel Otf-Gas 
Cell Vent 

Total 

RaLaOperations 

Air Flow 
CEM 

160 
3780 

Cell Vent Before Filter 
Cell Vent After Filter 
A-16 Line 

(2440) 
2440 

80 
30 A-4 Line 

Total After Filter 

Redox Operations-Hot Pilot Plant 
30% Banford Leve 1 
Vessel Off-Gas 
Dissolver Off-Gas 
Cell Vent 

100% Banford Level 
Vessel Off-Gas 
Dissolver Off-Gas 
Cell Vent 

130 
10 

20}000 

110 
10 

20~000 

'. _I. 

TABIE V 

COMPARISON OF ACTIVE PARTlCULA.TE SOURCES 

Activity 
Conoentra~ion 

mC/ft 
1 MEV[photon 

5.0 x 10-2 
9.4 x 10-5 

(3.7xIO-~) 
2.3 x lO­
Ll x 10-~ 
2.4 x 10-

4.1 x 10-4 
8.8 :x: 10-3 
8.5 x 1()~8_. 

2.4 x 10-5 
1.1 x 10-4 
3.0 x 10-8 

Maximum 
Hourly Output 

mc 
1_ M!.V Lphoton 

1200 
118 

(247) 
4.2 

293 
13.1 

7.0 
8.0 
0.16 

Total 

0.483 
0.067 
0.0848 

Total 

'- 32 -

Total 
Out,Put 
me/month 

1 MEVjphoton 

7600 
340 

7940 

(2710) 
165 

2700 
422 

3306 

1682 
424 
54 

2160 

120 
4 

15f 

.. -' 

Comments 

Research operation now dis­
continued. Two runs per month. 
Mostly short-lived activity, 
One-day old slugs 0 Vessel line 
vented through 205 stack. 

One run per month. Higher 
proportion of long-lived 
activity. Five-day old 
slugs. A-l6 and A-4 lines are 
vented through 205 stack. 

Operations now discontinued. 
Two runs per month. Long­
lived activity only at 10~ 
level. Discrepancy between 3~ 
and 100% Banford level is 
caused by 120-day aging at 
100% level, and 40-day aging 
at 3~ level ~ All Hot Pilot 
Plant lines are vented through 
205 stack. 
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TABIE V (CONT'D) 

COMPARlBON OF ACTIVE PARTICULATE SOURCES 

Activity Maximum Total 
C onoentrat ion Hourly Output {)utput 

Air Flow mC/ft3 mc me/month 
Souroe CEM 1 VEV/photon 1 MEvL;ehoton 1 MEV/photon Comments 

Pile Air-Before Filter (100,000) (3.6 x 10-8*) (5.0~) (154*) *Based on total filter house 
After Filters 1 and activity after 156 days of 

operation. 
fIncludes short-lived 
activity, but not active sases. 

Iodine-131 OperatiOns 
1.0 x 10-6 Cell Vent 4320 0.54 75 Weekly runs. One day old slugs 

Vesse 1 Off -Qaa 175 1.4 x 10-5 0.49 .42 but interior scrubbers are quite 
Total 117 effective. 

Vessel line vente.d through 
205 stack. 

Hoods - 706-C 12,000 4.5 x 10-9 0.01 2.3 Activity of room air. close 
to hood stack gas activity. 

NOTE: The total hood air discharge for ORNL has been estimated to be 215,000 cfm. 
If all the hoods were as hot as those in 706 C (doubtful), the total area 
contamination from this source would be 43 me/month. 
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