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m. LABORATORY FACILITIES 

The scoping f o r  the Biology Faci l i ty  improvements  w a s  completed 
A rev ised  project proposal  incorpo- and h a s  been forwarded to  the AEC. 

rat ing a $40,  000  addition is cur ren t ly  under preparat ion.  

The w a l l s ,  floor and roof s l ab  of the shielded animal  monitoring 

s ta t ion have been poured and the  cyl indrical  shel l  plate is in place.  

IV. RESEARCH -4i'ND DEVELOPMENT PROGRESS - BIOLOGY 
(a. A. Kornberg, Manager) 

A. Aquatic B i o l o g  (R.  F. F o s t e r )  

Effect of Reac tor  Effluent on Aa-uatic Organisms 

(P. -4. Olson) 

(Not cha rged  to r e sea rch )  

Migrant s i z e  chinook sa lmon  fingerlings w e r e  exposed t o  effluent 

f r o m  one r e a c t o r  a t  t h r e e  d i f fe ren t  concentration levels :  

cen t ra t ion  typical of those  which exis t  in the Columbia River  a t  th i s  time of 

y e a r ,  
that  p red ic ted  f o r  the fu tu re .  

which might be encountered in this  sect ion of the Columbia River  by young 

s a l m o n  or iginat ing u p s t r e a m  f r o m  the Hanford Plant  during the i r  migrat ion 
to  the  ocean.  In each case the concentration of the effluent w a s  ad jus ted  to 

compensa te  f o r  changes in r i v e r  flow typical of this  per iod  of the y e a r .  

The f i sh  w e r e  exposed to  the  effluent for  12 weeks which is cons iderably  

longe r  than the t i m e  o rd ina r i ly  r equ i r ed  fo r  the i r  passage  through the  region.  

F ina l  r e su l t s  a r e  s u m m a r i z e d  in Table  I. 

(1) a con- 

( 2 )  a s l ight ly  h igher  concentrat ion , and (3 )  a concentration twice 
This  t e s t  was designed to s imula te  the conditions 

NO a d v e r s e  e f fec t  on mor ta l i ty  o r  growth w a s  evident except in the 
lot exposed to  "twice fu tu re  concentrarlon" effluent. In this case the r e s u l t s  

w e r e  b iased  by "gas-bubble"  d i s e a s e  produced by a supersa tura t ion  of gases 

in the  exper imenta l  w a t e r  which r e su l t ed  f r o m  the higher  wa te r  t e m p e r a t u r e  
a s s o c i a t e d  with addition of the  effluent. 

t 1 8 3 3 2 9  
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TABLE I 

1 
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E F F E C T  OF REACTOR EFFLUENT ON MIGRANT-SLZE 
CHINOOK SALMON AFTER 12 WEEKS' EXPOSURE 

Concentrat ion of Effluent P e r  Cent Mortality Avg.  We:@: (7 )  

Con t r 01 5 .  3 15 
C ont r ol 2 . 7  1 7  

Present 
P r e s e n t  

F u t u r e  

F u t u r e  

Twice  F u t u r e  

Twice  F u t u r e  

2 . 7  

4. 0 

2 . 7  

5 .  3 

a. o 
6 .  7 

17 
1 3  

13 

i 6  

LS 
1 3  

Effects of Radioactive Elements  on Aquatlc Life 

(R. E. Nakatani, P. A. Olson) 

to t rout  was  contmued througn 
the  17th week. 

a week a t  l eve l s  of 5 X and 5 x 10-1 p c / g  oi  body .Ne:,aht. 
Average  mor t a l i t y  and  growth data a t  the  end of the qua r t e r  a r e  shown :E 

Tab le  II. 

90-y90 O r a l  adminis t ra t ion  of S r  

Duplicate l o t s  of 10 f i sh  each a r e  being force  fed five day3 

5 x 

TABLE II 

E F F E C T  OF ORALLY ADMINISTERED SrgO-YgO ON TROUT 

Initial Avg. Wt. (g) 
W / g  of F i s h I D a y  Avg.Wt. (g)  a t  17 Weeks P e r  Cent ?,lor:3!::: 

0 A 
(Control ) B 

5 x 10-3 
(Low) 

5 x 10'2 
(Medium) 
5 X 1Q-I 
(Hi&) 

1 8 3 3 3 0  

A 
B 
A 
B 
A 
B 

144'  
133 
133 
131 
139 
129 
137 
132 

346 
36 9 
32 8 
381 
32 2 
37 9 
293 
31 3 

20 
0 

20 
50  

20 
20 
5 0  
40 

R R 9  1 t? ? 1 4 
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Survival of the control  f i sh  is slightly be t te r  than that of the f ish 
rece iv ing  the isotope but a c l e a r  dose-effect  relationship is not yet es tab-  

l ished.  

group although the difference is not yet s ta t is t ical ly  significant. 

Exposure  of c ickl lds  to water  which contained 1 X 

Growth c u r v e s  s t rongly indicate radiation damage in the  high leve l  

5 X 

o r  2 X pc P32/ml w a s  discontinued af te r  approximately eight months.  

The  test w a s  designed to  de te rmine  the body burden of P32 which affected 

spawning and  egg fer t i l i ty .  

was not achieved,  however ,  and spawning was e r r a t i c .  Cur so ry  o b s e r -  

vations did not r e v e a l  radiat ion damage in the exposed f ish,  s o m e  of which 

contamed m o r e  than 0.  1 pc P 

Consistent deposition of the isotope in the f i sh  

32 
/g.  

B. Exper imenta l  Animal F a r m  (L. K. Bustad) 

Biological Effects of I 131 

( V .  G. Hors tman ,  R. L. Pe r s ing ,  P. L. Hackett ,  

S. Marks  and L. K. Bustad) 

The  r e l a t ive  thyroidal  uptake of by iambs f r o m  - -  m vivo o r  
- -  in v i t r o  1131-labeled miik w a s  found to  be approximately the s a m e  h a 

p r e l i m i n a r y  s tudy.  F u r t h e r  investigation i s  being made. 

S t ront ium Metabolism and Toxicity 

(W. J. C la rke ,  J. R. McKe-nney, R. 0. McClellan, 

P. L. Hacket t ,  V.  G. Hors tman  and L. K. Bcstad’  

The blood p i c tu re  of the adult min ia ture  s w i n e  fed 1, 5 ,  z - d  
90 25 p ~ / d a y  of S r  

o f f s p r i i g  is indistrnguishable f r o m  the b:Qod picture  of the cor.sroi ar.ima:s. 

T h e r e  is, however ,  a contrnced suggestion of dzmage in the of isprrng of 
swine  f ed  25  pc/dajr ,  a s  indicated by weight and ge r i e rd  appearaxce .  

e s t i m a t e d  that  t h e s e  swine  r ece ived  an ave rage  skeletal  dose of 80-100 r a d s  

dur ing  fetal  l i fe  and  the  suckl ing per iod.  

o the r  than those  ad jacent  to  bone m a y  be  cons idered  negligible since the con- 
90 cen t r a t ion  of the S r  

fo r  ove r  one y e z r  and  that of the i r  three-mo2tfi-old 

It is 

The radiation dosage to t i s s u e s  

in sof t  t i s s u e s  w a s  less than 0 . 5  p e r  cent of that  in bone. 

t I 8 3 3 3 1  
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The concentrat ions of SrgO in the skeletons of fetuses f rom sowg 
fed dady  amounts  of S rgO a r e  near ly  comparable  to those in newborn swb, 

Weaned pigs (six weeks old) contain approxlmately 2 . 5  t imes  as much sr30 

p e r  g r a m  of skeletal  a sh  as the newborn. On the bas i s  of only three of the 

offspring, it appea r s  that the concentration of S r g O  p e r  g r a m  of ash rn the 

teeth is indicative of the average  concentration m the skeletons.  
2 39 Compara t ive  ToxicieJ of Sr 9 0  , Ra226 and P u  

(W. J. Clarke ,  J. R. McKenney, R. 0. McClellan 
P. L. Hackett ,  V ,  G. Horstman and L. K. Bustad: 

Miniature swine were  given intravenous injeczions of Sr G O  
2 2 6  

(64  Pcikgj ,  Ra ( 6 .  4 wc:kgi and P U ' ~ ~ \ L .  3 pc/kgi .  

es t imated to cause  s i m i l a r  biological effects. 
initial depression in the neurrophillc components of the blood in all age 

groups (six weeks,  s i x  months; one year ' t .  
of bone pathology in che X-ray  plates of the swine.  Becatise of the 3rnz.l: 

number  of animals Ln each age group, however, p rope r  evaiuat:on of any  

radiation damage wi l l  requi re  observation over  a longer  per iod of Lirae. 

Doses  chosen were 

The re  w a s  a suggesIion oi 2 

There  was a l so  s o m e  evidezce 

Plutonium in Skm 

(R, L. P e r s i n g ,  V .  G. Horstman ar,d L, K. Busrad: 

Twenty-four intraderma! injections of plutonium ni t ra te  (0. Z N: ir. 

doses varying f r o m  0 .  0 0 1 6  to 5 uc pe r  s i te  were  made in a whlte rr,~ila:cr? 

pig. ??le intensity of the response  was related to dose  with. e ry the r -a ;  

swelling and foci of n e c r o s i s  being evidenr wlthin twenty -four  hol ; r s .  

Scabbing o c c u r r e d  within a week. 
acid showed a s i m i l a r  respopse  to ?hac  of s i tes  ir:; :C '. .d '.'/::?- tk -2  :,;':: 'r -eve.  

p 1 u ton i u  m nit rat e ,  

Coxrrol a r e a s  injected w t A  0 .  2 ?.' tl: 'T:C 

Tissue Transplantation and Radiation Therapy  

(W. J. Clarke)  

Six min ia tu re  swine  e-xposed to  950- L O O 0  r whole-body X-irradiatioc 
f o u r  of which r ece ived  11-day fetal hematopoietic cells at 72 hours  a i t e r  

exposure,  died within two weeks.  

8 3 3 3 2  
R R 9  L O 3  1 L O 6  
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One an ima l ,  given 550 r whole-body X-irradiat ion and a transfusion 
I ldult  mar row two y e a r s  ago, w a s  sacr i f iced .  

nage  w a s  r e s t r i c t e d  to  a diffuse f ibros is  of the spleen and lymph nodes.  

s t i cu la r  t i s s u e  and bone mar row appeared  no rma l .  

Histologic evidence of 
1 

,Metabolism (R .  C. Thompson) 

Plutonium Absorption and Metabolism 

(J. E. Ballou) 

Complete  data  a r e  now avai lable  on t h r e e  pigs which were  injected 

.rh plutonium followed by t rea tment  with a s ing le  nine gram dose of DTPA.  
;e t r e a t e d  pigs  w e r e  s a c r i f i c e d  a f te r  s i x  days and retained l e s s  than,O. 5 
!r cent of the  a d m i n i s t e r e d  dose in l i v e r  and less than 6 p e r  cent 'of the 

k i n i s t e r e d  dose  in bone. This  c o m p a r e s  with the  retention of 1 4  p e r  cent 
l i v e r  and 56  p e r  cent in bone of untreated control  pigs.  The t rea ted  animals 

:creted 88 p e r  cent  of the admin i s t e red  dose during a s ix-day period fol- 

!wing t r e a t r n e n t , ' a s  compared  with an excre t ion  of l e s s  than 3 p e r  cent by 

:e cont ro i  aniimals during the s a m e  per iod.  

Stu&es on the le thal  e f f ec t s  of combined plutonium adminis t ra t ion 

l u s  X- i r r ad ia t ion  w e r e  continued with groups of r a t s  being adminis te red  

2 yc P u / k g  followed a t  i n t e rva l s  of 30 minutes ,  1 4  days,  o r  2 8  days,  by 

00 r X- i r r ad ia t ion .  

: - ray  dose  s u g g e s t s  that  t h e r e  i s  l i t t le  effect  a t t r ibutable  to the delay per iod .  

.'his is in c o n t r a s t  t o  e a r l i e r  r e s u l t s  obtained at  lower plutonium and X - r a y  
2vels.  

P r e l i m i n a r y  indications of surv iva l  following the 

P r e l i m i n a r y  r e s u l t s  have been obtained f r o m  exper iments  studying 

he effect of EDT-4 applied to plutonium contammated  wounds. 

i r e sen t ly  ava i lab le  f r o m  only s ix  animals and t h e r e  i s  considerable  var ia t ion 

ietween animals. T h e r e  is a cons is ten t  indication, however ,  that the decon- 

:amination of wounds w i t h  a 10 p e r  cent  EDTA - "Tide" solution, r e s u l t s  in an 

2nhanced ini t ia l  deposit ion of plutonium in l i v e r  and bone by perhaps  a f a c t o r  

of two as c o m p a r e d  to  the case of water -washed  wounds. 

Results a r e  

Excret ion of 

i 

' 1 1 8 3 3 3 3  
RR91031407 
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plutonium in the ur ine  was enhanced by a factor of five dur-hg the two days 

following t r e a t n e n t .  

sl ightly more effective than water in effecting decontamination of the wound 
These conclusions a r e  based upon very l imited da ta  and additional exper:- 

xxents a r e  in p r o g r e s s  to more  clear ly  define the situation. 

m e  EDTA "Tide" t reatment  appeared to be  only 

F iss ion  Product Absorption and Metabolism 

(R. F. P a l m e r  and R. C. Thompson) 

P r e l i m i n a r y  r e su l t s  a r e  available f rom the experiment studymg the  

effect of s imultaneous variation of phosphorus and 
on the distribution and retention of oral ly  administ 

thus far obtained indicate a considerably =ore complex pictxre than has 
been descr ibed  by o the r s .  

additional ana lyses .  
Final conclusions must await the.completion oi  

Castroinr estrnal Radiation Injury 

(31. F. Sullivan) 

-3. number  of racs which survived various types o i  irradiation of the 

Intestme have been followed fo r  the appearance of intestihal tumors .  
Of  the small intest ine developed i? 3 of 18 animals whose.exter ior ized in- 

tes t ine was exposed to doses  rangmg f rom 1500 to 1900  r .  Tumors of t h e  

s m a l l  intesr.de developed in 2 of 1 2  animals whose intestine w a s  exposed 

- -  in s i t u  to radiat ion in this  same dosage range. 
O r  of 2 1  animals e,uposed in the dosage range 900-1300 r developed in tes taa i  
tumors .  

Tumors 

Xone of 25  controi mimais 

No t u m o r s  of the !arge intes:jne were  observed in any oi :he a n i m l s .  

X number  of procedures  have been studied in an attempt to inCuefice :bLe 

i nc reased  fecal  excret ion of polyviiq-lpyrolidone ( P V P ) .  which follows i r radi-  
ation of the mtes t ine .  Shielding segments  of the mtest ine h a d n o  effect Gn the 

radiation induced inc rease .  Administration o i  drugs known to dec rease  .i 
capi l la ry  f r agd i ty  and permeabd i ty  had no effect. 
d e c r e a s e d  P V P  loss following a 1000 r X- ray  by a f ac to r  o i  two o r  more .  

Ligation of the bile duct 1 
The , 

4 

http://intesr.de
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ta suggest  that a ma jo r  portion of the feca l  f low in radiat ion d ia r rhea  i s  
‘-,...icomposed of bile and that  t h i s  fecal flow enhances the loss of protein from 
-;-the - i r r ad ia t ed  intest ine.  Studies a re  continuing in an a t tempt  to determine 
- -.a the mechanism of t h e s e  effects .  

: D. Pharmacoloqy Operat ion (W. J. B a i r )  

.>: 

_ .  

* Deposition and  Pharmacodynamics  of Radioactive Pa r t i c l e s  --. 
(W. J. Bair, R: A. Hennacy, D. H. Willard,  and H. E. Dziuk) 7J 

f .  

In p r e l i m i n a r y  expe r imen t s  with r a t s  exposed v ia  intubation to  
non-radioactive seroscrls it appeared  that the amount deposited in lungs is 
proportional t o  the pos i t ive  p r e s s u r e  of the a i r  containing the par t ic les  durmg 

filling of the lungs.  These s tudies  a r e  bemg extended to  r a h o a c t i v e  ae roso l s  

to study va r ious  f a c t o r s  influencing deposition of pa r t i c l e s  in the r e sp i r a to ry  
tract .  

- 
In four teen  dogs k i l l ed  immediately a f t e r  exposure  to  plutonium 

dioxide, the mean content  of the  lungs was 60  p e r  cent of the total plutonium 
deposited. 

other dogs w e r e  ki l led.  

total plutonium depos i ted ,  and the median w a s  29 p e r  cent .  

edxperiments the mean plutonium content of lungs in m i c e  was 33 p e r  cent of 

the total  deposi ted in t h o s e  ki l led immediately a f t e r  exposure  and f o u r  p e r  

cent in one group of 15 mice, and 10 p e r  cent in another  group kil led about 

The median  w a s  5 8  p e r  cent.  Two weeks a f t e r  e-xposure twelve 

The mean content of lungs was 35 p e r  cent of the 

In e a r l i e r  

. one week a f t e r  exposure .  This  marked  d iscrepancy  in the deposition and 

retention of plutonium in dogs and mice  emphas izes  the need  for  compara t ive  

s tudies  on s e v e r a l  s p e c i e s  before  extrapolat ion to  m. 

Tox:c i ty of Radioactive Partrc! e s  

(D .  H, Willard,  J .  E. W e s t )  

T O  date  30 beag le  dogs have died followling inhalation of p1l;tonium 
4 

dioxide. 

even when the in i t ia l  lung burden  exceeded 200 pc. 

distrtbution of p lu tonium in lung t i s sue  the  mean total  dose  to lung of the 

The  time of dea th  w a s  neve r  less than two months a f t e r  e-xposure 

Assuming uni form 1- 
4 

i 1 8 3 3 3 5  
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rian: Nutrltlon and Microbio loD (F. P. Hung at e )  

Microbiological Studies 

(R. T. O 'Br ien)  

X- i r rad ia t ion  r e n d e r s  yeas t  ce l l s  deficient in ca ta lase  more  sens i t iv~  

to H 2 0 2  than if not i r rad ia ted .  Presumably  this increased  sensit ivity resulb 
from g r e a t e r  penetration of H 2 0 2  into i r rad ia ted  than into unirradiated cells. 

A *  Eeavily i r r ad ia t ed  yeas t  ce l l s  b lnd  l e s s  mercury to the l r  cel l  s u r -  

i f a c e  than do u n i r r a d a t e d  ce l l s .  
a t ed  ce l l s  i s  m o r e  eas i ly  lost  to a suspending medium than is mercury  

bound to uni r rad ia ted  c e l l s ,  The data a r e  consistent with a concept of SH 

g r o u p  destruction bv both radiation and  

F u x h e r m o r e  the mercury  bound to irradi-  

C olu mb ia River  Contamination 

(M. p. Fuj ihara  and P. A. Olson - Aquatic Biology) 
(Not charTed to rPsParrh1 

0 ~ -  - -  - ----- - - - I  

The degree  of 
^. . *n  LA -I---->- 

r e s i s t a n c e  to le thal  effects of C.  - columnaris  appears 

L U  ~ i c  uepenaent on t i s h  s t r a i n .  Local Columbia River stock is kil led Off  

m o r e  readi ly  than fish obtained f r o m  the White Salmon hatchery and the most 

r e s i s t an t  sa lmon s o  f a r  tes ted  were  f r o m  the University of Washingron. It is 
poss ib l e  that d i f fe rences  in sens i t iv i ty  may  be due in par t  to s i z e  differences 

' 

L ~ ~ a ~  i r ic reasea  r e s i s t a n c e  to  co lumnar is  in both salmon and t rout .  

S 

Uptake of Radioactive Substances by Pla .nts 

(R. L. Uhl$r, J. F. Cline and J. D. Stewart) -* 
.,; 

Rate s tudies  with bean plants have shown that individual plants differ 

i gns i can t ly  in their uptake of Sr85 and Ca 45 . This means that previous data 

i 1 8 3 3 3 b  RR91031 
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using groups of plants  m a y  have f d e d  to  identify minor differences in ion 

uptake. 
uptake of Sr85 and  in o t h e r s  s tud ied  a t  the s a m e  t ime,  i t  appea r s  that Ca 

is pre fe r r ed .  

In s o m e  plants  i t  a p p e a r s  that t h e r e  is a distinctly p r e f e r e n t d  
45 

T h e r e  is a t  p re sen t  no data suggesting why individual plants 
* behave differently and no  psyche  is implied for  plants.  

With ex t r eme ly  low concentrat ions of calcium m the nutr ient  
substrate,  addition of s t r o n t i u m  causes increased  chlorophyll content m 
beans. Apparently s t r o n t i u m  is par t ia l ly  satisfying a ca lc ium requi rement  

When the s u m  of po ta s s ium and ces ium ions were  held constant ,  but 
"the proport ion of the two va r i ed ,  t h e r e  w a s  only a modest effect on the  d i s -  

cr iminat ion fac tor  (DF) .  

o ther  plant p a r t s  sugges t ing  that ion select ion occur red  during penetrat ion 

of t he  ions into and  through the  roots .  
when the  c e s i u m  concent ra t ion  in the subs t r a t e  exceeded the potassium. 

The change in D F  in roots  was-opposi te  that  in 

Ces ium toxicity w a s  noted in leaves  

Exper imen t s  r e l a t ing  so i l  mo i s tu re  to ion uptake by plants showed 
137 was m o r e  r ead i ly  taken up by plants when so i l  mo i s tu re  w a s  a t  

With low m o i s t u r e  the DF f o r  Cs137 w a s  c l ea r ly  h igher  than 

that Cs  

a minimum. 

a t  h igher  moi s tu re  l eve l s .  

to  the  s o i l  a long with the Cs137 and potassium. 

F. Radioecology (J. J. Davis)  

In these  experiments  c a r r i e r  c e s i u m  w a s  added 

P r o j e c t  Chariot  
(J. J. Davis ,  W. C. Hanson, D. G. Watson) 

Samples  of plants  and  animals collected a t  the s i t e  of P r o j e c t  Chariot ,  

Cape Thompson,  Alaska ,  du r ing  1 9 5 9 ,  w e r e  found to  have pronounced d i f -  

f e r e n c e s  among s p e c i e s  in content of radioelements  f r o m  worldwide fallout. 

Highest l eve l s  among  p lan ts  w e r e  in l ichens ,  sphagnum m o s s  a n d  s e d g e  and 

lowest  l eve l s  in e m e r g e n t  p lan ts  f r o m  ponds. Among b i r d s ,  highest  l eve ls  
o c c u r r e d  in Lapland longspur s  which f e e d  upon insec t s  and  s e e d s ;  lowes t  

1 t 8 3 3 3 1  
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J a n  Feb M a r  A p r  May J u n e  J u l  A u g  S e p  O c t  N O ~  Dec 

*, 
. a  

B FIGURE 1 
Concentration of Beta E m i t t e r s  in Small Fish at  Hanford 



I 

I 

I 
I 

I 

I 
! 
I 

I 

- 14 -  H w - 6 6 3 0 6  1 
t V. RESEARCH -4ND DEVELOPMENT PROCRESS - PHYSICS A i m  

INSTRUMENTATION (P. F. G a s  t , Manager) 

4 A. Meteorology (J. J. Fuquay) 

Diffmion a n d  Transport Studies 

(J. J. Fuquay, C. L. Sirnpson, P. W. Nickola, 
M. F. Scoggins, R. J. Engelmann, C. E. Elderkin) 

The ma jo r  r e s e a r c h  and developrmnt effort within the Atmospher:c 

Physics  Operation w a s  devoted to development a n d  calibration of assayi ig  
tecAh.niques for determining the mass of Z q S  t r a c e r  mater ia l  on membrane 

r i l t e rs .  Intensive effort in this direction was prompted by two major d;f- 

f icul t ies  encountered during the s u m m e r  1959 t ranspor t  and dispersion 

experiments;  namely: ( 1 )  prolonged high volume sampiing a t  8 a n d  1 6  m:les 

dis tance from the r e l e a s e  point caused an undesirable collection of natural 

a i r -bo rne  dus ts ,  which tended to obscure :he fluorescent t r a c e r  part:c:es, 

and ( 2 ) .  the cal ibrat ion of :he automatic counters  by visual a s s a y  of exrrosed 

f i l t e r s  i r r a d i a t e d  with ultraviolet  light exceeded the imposed uncer:aii:y 
l imi t s .  

plexit ies introduced by the geometry of the f i l ter  backing mater ia l .  

d isconcert ing these  difficult ies h a v e  been, in the final ana lys i s ,  i t  Ea:; have 

proved to be a r a t h e r  fortunat? c i rcumstance ,  for  it motivated exper:=ntation 

with data reduction techniques that couid distinguish berween the dust znd :he 

t r a c e r  par t ic les .  

and dust p r o b l e n x  could b e  adequately resolved. 

-. 'i 
. 

i 
1 . 

The uncertamty in the v i s u a l  counting w a s  due largely to com- 
Hoq.veT'er 

I 

F u r t h e r  d a t a  analysis  *,vas de fe r r ed  unt i l  the ca1iora::Ca 

When the fdters a r e  re la t ively f r e e  of impur i t ies ,  the:/ a r e  

a s s a y e d  with the "R&in"counters;  In ;his equipment, the zinc s u i f i d e  

par t ic les  a r e  actitrated 9;: the s u r f a c e  of the filter by a fixed-s;rer?g:h 5 C z r C e  

of plutonium alpha pa r t i c l e s .  

means Of a photomult ipl ier  and assoc ia ted  amplifying and counting equ;Pment. 

The obse rved  counting r a t e  is a lmos t  direct ly  proport ional  to the mass Of 
zinc sulf ide on the filter. 

? 
, 

i The resul t ing scixt i l la t ions a r e  counted 3Y 

li 1 
a 
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For dusty f i l t e r s  and for  cal ibrat in  

L 
-n .g the Rank in” 
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counters acco rd -  
f -- 
. ing to  mass, a new method developed by the Radiological Chemistry group 

z 
is used. The membrane  f i l t e r s  a r e  placed in a small vial a n d  dissolved. 

The sample  is then exposed to a f luorescent  l ight  source ,  and the r e su l t -  
ing phosphorescence is m e a s u r e d  in a “Tr i -Carb”  automatic liquid 

scinti l lat ion counter.  
:”’ the s a m p l e  is de termined  f r o m  a t u r b i d t y  measurement  with a co lor -  

I. .d ~ 

- 5  

A cor rec t ion  f ac to r  f o r  the effect of impuri t ies  in Ski 

.c 

ime te r .  

In re la t ing  T r i - C a r b  counts to mass of pigment, known amounts of 
pigment w e r e  suspended in sampl ing  vials  and severa l  repeat  counts w e r e  

& ext rac ted  and the counting repea ted .  The residual  var iances  were  then 

de termined  by using a s t r a t l f i ed  ana lys i s  of var iance.  The resu l t s  w e r e  
that the e r r o r s  introduced in making the sample  were of  the approximate 

magnitude of the counting e r r o r  inheren1 in the :;-;-C3rb coczt,?r.  A mass 
determinat ion of a s m g l e  s a m p l e  could thus be in e r r o r  20-25  per  cent a t  
the 2 CJ limit. 

m a s s  leve l  by employing a non-orthogonalanalysis  of var iance and a quad- 
r a t i c  re la t ion  between counts  a d  m a s s  obtained by s tandard  weighting 

p r o c e d u r e s .  

. 

Best  e s t i m a t e s  of the machine counts were obtained f o r  each 

The  effects  of dust  w e r e  examined,  using pa i red  readings of 
T r i - C a r b  counts of s a m p l e  f i l t e r s  and those of the s a m e  f i l t e rs  a f t e r  known 
amounts  of dust  had been added to  the solut ions.  

a c o l o r i m e t e r  which w a s  capable  of reproducing readings within one p e r  Cent 

F r o m  t h e s e  data ,  r e g r e s s i o n  yielded a l m e a r  relation between the r a t i c  of 

the t r u e  m a s s  to the apparent  m a s s  (;*) and the dust loading a s  measu red  

by the co lo r ime te r  reading  K.  a n a l y s i s ,  t h i s  ra t io  is  the facr.or thar: is 

muitiplied by the m a s s  obtamed f rom a dusty f i l t e r  to obtain the m a s s  with 
the dust  removed.  

The dEst was measu red  by 

! 

RR91031415 
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1 The Rankin-  mass relationships were  s imi la r ly  determined through . 

r eg res s ion  wi th  pa i red  readings of Rankin counts and mass determinationg 4 4 
T r i -Carb  counts. Because  the counting variabil i ty of the Rankin equipmeat 
is v e r y  small , ,  g r e a t e r  confidence can b e  placed in the result ing mass  deter. ! 

mination. 
4 

Mass  and exposure determinations fo r  all samples  Of the Green Glow 

program can now b e  made. 

r emote  d is tances  h a s  been solved. 

B. Radiation Dos imet ry  (W. C. Roesch) 

The dust loadmg problem encountered at the 

i 

Gamma-Ray Dosimetry 

(W.  C. Roesch, I. T. Myers: 

A ne7.v control  s y s t e m  was pu t  on the water batn of the gamma-  
ray c a l o r i m e t e r .  

Without i t  t h e r e  w a s  a 0 .  001  C overshoot in the bath; now the temperature  

cycle  h a s  a maximum range of 0 .  0 0 0 2  C. 
on the c a l o r i m e t e r  is being evaiuated. 

It ope ra t e s  llke damping m a mechanica; sys tem.  

The effect of this improved controi  

The  Manager ,  Radiological Phys ics  spent two weeks at Geneva, 
Switzerland a t t e n d a g  meetrngs of the Ad Hoc Committee on Qmnti t ies  acd 

Units of the  International Commission on Radiological Units a d  Meascre-  

merit (ICRU). '  The commit tee  prepared  a repor t  c o n t a n m g  new a n d / o r  
improved 'definitions of the concepts, quanrities, and units that a r e  ilmda- 

mental  to radiology, radiobiology, radiation prctectron, and etc. The ICRU 

is now examining the r epor t .  
i t .  

They w i l l  d is t r ibute  i t  when they have approved 

The seventh y e a r  of teachrng Radiology-485 at  the UriversiTy oi  

Washington w a s  completed.  
Il'niversrty (and of which the Manager,  Radiological Phys ics  was a member ;  

completed i t s  s tudy  of the i r  Health Phys ics  trarning program.  
logical Sc iences  Council w a s  establ ished as pa r t  of the graduate  school to 

supe rv i se  a n  MS degree  p r o g r a m  in this field.  

Phys ic s ,  was a s k e d  to  s eme  on this council. 

h ad hoc committee established a[ :he 

A Radio- 

The Manager,  Radiological 

A graduate student of the 

1 1 8 - 3 3 4 2  
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% 
University was  h i r e d  as a t e m p o r a r y  employee to work on an experimental  

"L; 
. problem of mutual  i n t e re s t .  

j .', 
He w i l l  u s e  the r e s u l t s  of h i s  work fo r  h i s  

MS thes i s .  

Neutron Dosimetry 

(J. De P a n g h e r ,  R. D. McCormick,  H. V. La r son)  
+'. . 

As a r e s u l t  of the  real ignment  r epor t ed  l a s t  q u a r t e r  the posit ive .,_. 
I .. 
' ion V a n  de Graaff  i s  now operat ing be t te r  than it e v e r  has  before.  The 

E a l i g n m e n t  methods  that w e r e  developed pe rmi t  definition of the direct ion 
.. a -  

of the undeflected b e a m  to within 0. 01  degree.  

shifts  in the foundation of the  building w i l l  prevent keeping the beam aligned 
It a p p e a r s  probable that 

*-within these  l i m i t s .  The ion s o u r c e  of the posit ive ion V a n  de Graaff wore  

During rep lacement  of the sou rce ,  the h e a t e r s  out and had to  be  rep laced .  

Of the  pa l lad ium l e a k s  w e r e  a l t e r e d  to  permi t  be t t e r  s o u r c e  control.  The 
A check of the alignment 

. -  ~. 

. .  warning l ight s y s t e m  was  a l s o  r ev i sed  s1igh:;y. 

Of the  s y s t e m  showed it had  shif ted only 0. 0 1  deg ree  during this maintenance 

work; the  shif t  in the  ' ene rgy  cal ibrat ion of the proton-moment detector  w a s  

only about 0. 015 p e r  cent .  Development of a he l ium ion source  for  the 

. Van de Graaff cont inued with emphas is  on measu remen t  of the p a r a m e t e r s  
of i n t e re s t .  

Since no contaminat ion w a s  found on the s o u r c e  it is avai lakle  for exper i -  

ments .  

fo r  u s e  in the double m o d e r a t o r .  

Another  ant imony-beryl l i t im neutron s o u r c e  w a s  activated.  

A c o m m e r c i a l l y  made  BF3 tube of high quali ty was fma!ly deveioped 

T h r e e  p r e c i s i o n  long counters  made  independently by th ree  dif- 

fe ren t  shops  w e r e  ava i lab le  f o r  in te rcompar ison .  

appeared  w a s  t r a c e d  to  d i f fe ren t  neutron absorpt ion in geometr ical ly  s i r m l a r  
meta l  tubes in the d i f fe ren t  cour , ters .  

Composition or contain t r a c e s  of d i f fe ren t  neut ron-a5sorbr .g  impGriIitts. 

Aluminum w a s  subs t i tu ted  f o r  b r a s s  in these  p a r t s  of the counters .  The 
variat ion in coun te r  r e s p o n s e  w a s  reduced  f r o m  3 p e r  cent  to  0. 1 p e r  Cent. 

One discrepancy that 

P resumab ly  the meta is  differ sligh:!:~ LY 

L 

f 

b 

t 1 8 3 3 4 3  R R 9 1 0 3 1 4 1 7  



I 

! 

- 1 8 -  

1 New experimental  data were  obtamed on a fa i r ly  large PoBe source, 
a small PuBe  s o u r c e  and an intermediate PuBe source .  Any neutron energ 
degradation in the l a t t e r  sou rce  was below the l imit  of detectability. A . - ~- 

s e a r c h  w a s  made  f o r  7 .  65 MeV gamma radiation f rom these sources.  The0 
indicated that one of the possible alpha-neutron reactions in the s o u r c e s  

lead to a s t a t e  f r o m  which such r ada t ion  might be emitted but that it should 
not b e  found; the s e a r c h  showed no such radiation. The information a c q u r a  

recent ly  concerning the e n e r n  spec t r a  and the energy degradation in neutR 
1 

sources  was  incorpora ted  in a paper to be presented a t  a meeting of the 

-4merican Phys ica l  Society. 

A Per low s p e c t r o m e t e r  for neutron ener,g measurements  was p u  

into operation and cal ibrat lons begun. 
886 kev neutrons was achieved. 

A resolution of eight per cent icr 
This is as good a s  has  been achieved with 

such a device. A study of the B 10 reaction w a s  begun with a spectrometer. 

P r e l i m i n a r y  t e s t s  of normal  and enriched Li I  scintillation crl;s:ais 

were  c a r r i e d  out to i n h c a t e  their  suitability for  neutron spectromerry.  

A technique was  developed for  making tri t ium-titanium :argeLs 
. f o r  the Van de Graaff on tantalum backing mater ia l .  

and cheape r  than plat inum and does not requi re  inventory. 

Tantalum is harder  

The first a t t empt s  a t  f a b r i c a t k g  tissue-eqtiivalent charcbers f 3 r  
neutron m e a s u r e m e n t s  w e r e  mzde. 

Body Monitor 

(W,  C. Rcesch, H. E. P a l m e r ) '  

A newj  m o r e  substant ia l  cha i r  was fabricated for the c o m t e r .  

The re  w a s  difficulty m fiqdmg a paddkg  mater ia l  which was not radlc- 
active.  A r emovab le  bed was made for  the i rcn  room ar,d a sc rew dr:vFf 

i 

a 
J 

4 

was instal led on the ho lde r  of the counter.  These  w i l l  permi t  s tudies  aimed i 

at a scanning method f o r  routme counting. 
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A s e r i e s  of exper iments  is in p rogres s  to de te rmine  how much 

radioactivity accumula tes  in the ha i r  and thus how important  it is that a 
shampoo be taken before  the whole body count. One femaie  subject w a s  
counted both before  and a f t e r  shampooing on eight s e p a r a t e  occasions during 

the pas t  two months.  In eve ry  c a s e  shampooing caused  a 100 to Z O O  per  cent 

i nc rease  in the radioact ivi ty  in the h a i r .  

to  the radioactivity in the water  used. 

radioactivity that is p resen t  in the regular  water  a t  the whole body counter.  

When disti l led w a t e r  w a s  used by the above subject f o r  shampoos,  the radio- 

activitiy in h e r  h a i r  w a s  dec reased  below that before the shampoo. 

experiments  a r e  bemg made with a wig  of natural  human h a i r .  After th ree  

days outside in r a t h e r  s t o r m y  v;eather, the decay prodticts of radium could 

easi ly  be identified in th2 wig. 

head in the s tandard  whole  body count,  it  i nc reased  the K40 vaiues abol;t 

4 Fer  cent , the C s  va lces  about 8 pe r  c e r t ,  ar.d wculd prodoce very 

significant e r r o r s  ir, the  Zn5' values -,vhzn t t e s e  a r e  icw. h exposure of 

the w i g  durmng m i l d e r  weather  produced even more  significant differences 

but o ther  exposures  showed s m a l l e r  effects.  

The inc rease  w a s  folrnd to be  dKe 

Distilled water  does not show the 

Other 

When the wig was piaced at  the position of the 

137  

T w o  occas ions  a r o s e  that permi t ted  compar i scns  of tke backgrocnd 

Of the Hanford whole body counter  with those of o ther  ver:J s i m i l a r  counters .  

During a t r i p  to Los ALamos a tape of tke i r  backgrclrnd spec t rum was ob- 

tained. The i r  c r y s t a l  i s  two inches (50  p e r  centjchicker than ours ;  chis i s  

the only sigr,ificar.t d i f fe rence .  

the l a r g e r  counter  and to  t h e i r  higker elevatior, with its consequent g rea t e r  

cosmic  r2y  e f f ec t s .  T h e r e  i s  a l so  s o m e  evidEnce f3r slighrly higher back- 

ground frcm the daughters  cf radium. 

counting faciii:y of  rke Biclcgy Operati9,r *::as a l so  c3mpared  with the Haniord 

whole body counter .  Th i s  counter  is s l i g ~ c l y  s m a X e r  in d iameter  than O u r s ,  

a d  it h a s  only fou r  photomult ipi iers  compared  with ou r  seven.  

ground is s m a l l e r  by 5 3  p e r  cent under the K4* photo?eak and 2 9  a d  27 per  
cent under  the Zn6' a d  c~~~~ photope&s. 

Thei r  background is slight:;' higher dLe 

The r.2.v c3Lr.ter f o r  the animal 

Its back- 

T e s t s  by Radiological Chemis t ry  
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with the Biology counter  showed that the background in ’our i ron room is 
signrficantly different from that obtained in a good lead shield. 
s iderable  in t e re s t  that the new Biology counter shows a peak shift phe- 

nomenon that is similar to ours :  if a sou rce  is placed on the photomulti- 
p l ie r  s ide  of the counter ,  its photopeak w i l l  appear a couple of channels 

lower than if it is counted on the  other  side.  

indicated that this is observed  in other  la rge  counters also. 

It is of con- 

Pr iva te  communicaticns have 

The cooperatlve experiment  with Dr. C. L. Finch of the Vniverslty 
of Washington continued. 

jections of Fe5’ and counted a t  the whole body counter. 
Two m o r e  people were given mtravenous ir?- 

Changes rn the efficiency of the ..vhole body col;r.ter muitichanrel 
ana lyzer  in its low numbered  channels were  identified as the sou rce  of 

many of the v a r i a t i m s  in background that have been observed. When data 
f r o m  the low numbered  channels  were  disregarded,  backgromd variaticns 

were  reduced and were  brought icto agreement  with w h a t  might b e  exuected 

f r o m  changes in a tmospher ic  radon due to changes in weather conditions. 

.- 

The f i r s t  IBM run of data  collected routinely a t  the wkoie bcdy colmter 
w a s  completed. 
the June  process ing  of dz ta .  

This  operat ion w i l l  be on schedtile with the c o m p l e t i o ~  of 

F u r t h e r  t e s t s  with the shadow shield counter mdicate that the 

radiation sca t t e red  f r o m  a pe r son  into the ccu r t e r  can b e  dmcs; compietely 

el iminated by sur rounding  the subject and couxrer wltk shee ts  of lead 1 / 4  - 
inch thick. 

people w a s  built. The  arrangemer,: :.: as though the roof of the prese.r,t 
i ron  room w a s  used as  the shadow shield.  Tce hackground of this cccnter  
w a s  indistinguishable f r o m  that of the cour,:er in the irm room at. tke h:gL 

A mockup of a f u l l  s i z e  shadow shleld counter for c o c n t x g  

’ -energ ies .  At the lowest ene rg ie s  we now use, i t  w a s  onijr 12  p e r  cent highkr. 

An at tempt  was  made  to detect  u r a n i u m  in a subject having a high 

An a t tempt  w a s  and constant b io -a s say  cour t ;  nothing could b e  detected. 

RR91031420 
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made to detect  P u 2 3 9  m a subject  suspected of havmg a high body burden; 
nothing w a s  detected o ther  than that in the wound (before  i t s  excision) that 
had presumably lead  to the burden. 

A subject  who had inhaled radioactive mater ia l  while working on the 
r e a r  face of a r e a c t o r  w a s  found to contarn 0 . 0 9  yc of Zn65, 0.  0 1  yc of 

S C ~ ~ ,  and 0.  2 3  p c  of Cr Twenty-four days l a t e r  he contained 0 .  0 6 ,  

0 .005 ,  and 0. 11 pc of the s a m e  isotopes.  

a scan  of h i s  body showed that t h e r e  was a concentration of activity in the 

upper lung a r e a .  

5 1  . 
During the l a t t e r  examination 

t r  

w a s  detected in four subjects  who had been working on 
< .  

i the removal  of a ruptured  s lug .  The amounts were  between 1 X and 
4 X 

tain 2 . 5  X 

PC.  In another  r ecen t  c a s e  a radiation monitor w a s  found to con- 

pc of Na24  a f t e r  working on a r e a r  face during a shutdDwr,. 
These  c a s e s  w e r e  d iscovered  through the routine counting p rogram.  

6 5  Zinc data  obtained in recent  months s e e m  to show that rhe average  
body burden of employees working in a r eac to r  a r e a  i n c r e a s e s  with the 

number  of r e a c t o r s  u p s t r e a m  f r o m  that a r e a .  

T h r e e  i t e m s  w e r e  rece ived  and a r e  awaiting i r s ta l la t icn  on tke 
multichannel ana lyze r .  

data f r o m  the ana lyze r  immedia te ly  avai lable  to  the IBM machine,  a map-e r i c  

tape device for  s p e c t r u m  ar-alysis and a key punch for hand ec t ry  or‘ daca in:o 
the ana lyze r .  

These  i t e r r s  a r e  a paper  punch that w i l l  make the 

Following d i sag reemen t  on the meastirement of the p1uTon:um in a 

s l i v e r  removed f r o m  a wound, tv/o o ther  s!ivers were  measu rcd  by ks+h 

X-ray  and a1pk.a pa r t i c l e  counting, 

ceded by dissolution of the  s l i v e r s  Lvhile the X - r a y  c9w-ts were  made ‘direct ly  

on the s l i v e r s .  

quantity obtained by the X - r a y  counts .  

sorpt ion of the X r a y s  in the s l i v e r s .  

The alpha partic!€ couxtir-g ‘.vas F re  - 

The alpha pa r t i c l e  measu remen t  indicated 6 to 8 t i m e s  the 

The difference is dtie to se l f  ab- 

1 1 8 3 3 1 3 1  
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For plutonium ix very  shallow wounds both the 6 kev M X rays and 

the 17 kev L X r a y s  can be observed. It was found that the rat io  of the 
M to the L X r a y s  can be  used as a measurement  Of the depth of the source 
for  depths to two mm.  .4t this depth,correct ion f o r  absorption of the L 
X rays  i s  small. 

An a r t z f i c id  dead-t:me circui t  w a s  b u i l t  for use wi th  plctoniu,m 
X-ray .counters .  The object is to e l iminate  small ar'terpulses that follow 

very  l a rge  p u l s e s  and a r e  of j u s t  the hergnt to be mistaken for X-ray pulses, 

Tes t s  indicate that this method of discr lminat lon is only partially successful. 
-4ttempts w e r e  a l s o  made to discr iminate  against  these afterpulses on the 

b a s i s  of t he i r  much f a s t e r  r:se t ime.  The space  charge sacuration mcrhod 

czn be used for this purpose b u t  only ar voltages much h:gher :ha ordmarliy 

used f o r  X- ray  counting. 

Ins t r ?i Imep_ r a t 1 on 

iw. G. Spear ,  D. P. Brcwn,  R. A. Kent, M. 0. Ranks? 
E. M. Sheen, J. L. S t r inger ,  G. E. Dr iver j  

The l a r g e  NaI c rys t a l  for the Blology Operation Total Sody 3lcnitor 

w a s  rece ived  and tes ted.  The moun thg  a s sembly  and s c a n n b g  mechanism 
43 

for  the C V s t a l  was designed. Experiments s t a r t ed  concerning a Ca 
monitor f o r  use in uptake s tudies  f r o m  a 'xater  solctlon to  f i s h .  -q suitable 
detector  device w a s  designed For the work. The prev;ocsly developed 

instrumentation f o r  measur ing  r e s p i r a t o r y  r a t e s  , volumes, and bod>- tern- 

Pe ra tu res  Of small animals d u r k g  expos tire to radioacrlve ae rosc l s  : v a  

fabr ica ted ,  tesred,  and 1s now in sat1siac:ory operaIion. X de-ieinF_?=en': 

Proposal w a s  completed for  Bioiogy Operarion for  a special rniEia-cr:zed 
ms t rumen t  fcr multi-mput scinti l lat ion detecrors ,  assoc ia ted  select ive . . 

g a m m a  ene rgy .ana lys i s  channels,  and n e c e s s a r y  addenda ampl i f ie rs ,  sca le r*  

and  c o u t - r a t e  m e t e r .  The development proposa l  was fo r  a completely trans- 

i s to r i zed  portable- type unit. Exper iments  were  condccted c o n c e r n x g  a 

I1 I 
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s t r e a m  of animals. 
sys tem by measu remen t  of the Pu239 X rays .  Advice and consultation w a s  
rendered to Biology personnel  concerning purchase  of cer ta in  commercial ly  
obtainable ins t ruments  f o r  use in the i r  experiments .  

P r e l i m i n a r y  t e s t s  indicate the feasibil i ty of such a 

Baekgrolrnd investigations of gamma energy spec t r a  were  con- 
tinued in s e v e r a l  plant a r e a s  and buildings using the multichannel ana lgzer .  

A l l  data w e r e  reduced  and graphically plotted. Such data provide requi red  

information r e l a t ive  to background conditions and var ia t ions.  

information i s  espec ia l ly  important  for  health haza rd  s tudies  , shielding 

effects ,  and fu ture  ins t rument  development work .  

This  

TWO different  types of personal ly-car r ied  personnel  a la rming  

One type utilizes a 1 0  cc  ionizaticn 

dos imeters  w e r e  success fu l ly  developed axd tes ted  in bench-model experi-  

mental  form during the quar:er. 
chamber  per.cil dos ime te r  as a detector  plus a cadmium-stilfide ce l l  ar-d a 

sensi t ive r e l ay .  By charg ing  the dosimet.er cor rec t ly ,  a n  alarm buzzer  is 

energized a f t e r  the p ro - se l ec t ed  dose is ziccumulated. A varist icr,  of this  
.. i d e a ,  now pa r t iy  developed, employs a sliding se l ec to r  to  permi t  dial 

selection of the alarm dose  level .  

10 mr to 200 mr with an accuracy  of a l a r m  to k 5 m r .  

personnel dose  3 - t e g r a t o r  empioys a miniature  G-M tube, t raxsis tDrized 

c i rcu i t ry ,  ar,d a mcdif ied watch which indicates the apprcximat? integra7ed 

0L:pl;t of the G - M  tube. mis unit does not, of cour se ,  indicate the c o r r e c t  

dose due t o  the use  of a G-M tcbe de tec tor ,  Su: i t  i s  cer t su i ly  a useful device 

fo r  many appl icat ions.  
and Co sccrces. 

The range of operation-selection i s  

??le a l te rna te  

. 

2 2 6  . Both units were  tes ted sa t i s fzc tor i ly  with Ra 
6 0  

A.11 c:rc,aitry and derec tc r  developmer.t-des;gr- wcrk w a s  completed 

on a scint:llaticn, t r a n s i s t o r i z e d  beta-gamma portable  approximating dose-  
- a  r a t e  m e t e r  with a fu l l - sca le  f i r s t  range of e i ther  one  r n r / h r  or five m r / h r  as 8-  
& desired.  The prc to type  ins t rument  i s  now bel-yg fabricated for  evaluation and 
.cp field tes t ing.  

R R 9 1 0 3 1 4 2 3  
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Standardization techniques for  t rans ls tor ized  circui t ry  f o r  use in -j 
4 a l ine-operated radiation monitoring equipment continued. A number of 

amplif iers ,  b inar ies ,  multivibrators,  osci l la tors ,  gates ,  and regis ter  drive 

c i rcu i t s  were  completed in design-test work and were applied t o  seve-a1 

types of l ine-operated alpha a n d  beta-gamma monitors.  All circui t ry  is 

completely x t e ~ c k a ~ g e a S l e  a d ,  in many cases ,  is a l so  directly in te r -  

changeable with c i r cu i t s  employed m the family of portable radiation 
monitoring ins t ruments  developed over  the p a s t  two y e a r s .  Extension of 

:his type of standardization of c i rcu i t ry  work w i l l  be c a r r i e d  out. 

a family of sc-hti l latron beta-gamma dose- ra te  a r e a  monitors.  Severai 

models of ezch type were  fabrlcated and  successfully tested.  A number o i  

production units were  alsc fabricated for  general  p l a n t  use. T h e  family oi 
a r e a  monitors  included a selectable  range l i nea r  type with avallable ranges 
f r o m  0 - 2 G  mr/ !x  f u l l  s ca l e  to  0 - 20  r / h r  f u l l  s ca l e ;  a combined :wc- 

- detector ,  hi.Ji-low, dual-range,  selectable a la rming  unit; and s e v e r d  

quasi- logari thmic w i t s  c o v e r k g  ranges of five m r / k r  to five r / k r  o r  k:gher 
a s  desired.  

a 
Experimental  work was completed on the c i rcu i t ry  and detectors for  

, 

Development work contixued on alpha m d  beta-gamma scir.t:!latirr. 

a i r  monitoring s y s t e m s .  h e  aipha-only a l r  monitor, using cgir,c;dence 

c o u - t k g  techniques to reduce  radon- thoron backgr3,und variaticn effec::s, 
was completed in experimental  form except fo r  the f k a '  L readcur. c!rcc:?s. 

Both m a l o g  and chgital merhods of readout a r e  being investigated. The 

alpha a i r  monitor  sensi t ivi ty  is caiculated tc  permi t  a la rming  {with no 

radon-thoron f a l se  a l a r m s !  LE th ree  minutes if the detector  1s expcsed :'or 

2 x 1 0 - 1 0  u c / c c .  Tke c i r c x t r y  development w c r k  for the br l ra-gamna a l r  
monltcr  is complete ,  and the speclal  lead-shielded detector  is complete a d  
has been tes ted  sa t i s fac tor i ly .  The calculated beta-gamma alr monitor 

sensi t ivi ty  will Permi t  a la rming ,  in 40 to 50 m k u t e s ,  if the detector 1s expo 

for  this  t ime  to an a tmosphe re  with a continuous mixed f iss ion prodcct C C C  - 
tamination level  of p c / c c .  

this t ime to an atmosphere wlth a coc thuous  P u  c 39 concentrz.t:cc ~ E L - F ! .  r,f 

1 ' 1  8 3 3 5 0  
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Investigative expe r imen t s  continued durmg the qua r t e r  on the 
si l icon su r face  barrier diode de tec tors  usefu l  f o r  alpha par t ic le  detection, 

alpha energy ana lys i s ,  neut ron  detection and etc.  

diodes were  f ab r i ca t ed  with a cover  of 5 0  m i c r o g r a m s / c m 2  of gold. 
t h ree  worked we l l  for gross  alpha detection ( P u 2 3 9 )  with geometr ies  exceed- 

ing 20  p e r  cent.  

the diodes and both p e r f o r m e d  sa t i s f ac to rdy .  

done with these  diodes of which ten more  prototype units a r e  near ly  completed. 

The diodes can be e a s i l y  applied to  many radiological instrument  problems 
at H M O .  

T h r e e  sur face  b a r r i e r  

All 

Two t r a n s i s t o r i z e d  c i rcu i t s  were  developed for  work with 
Extensive fu r the r  work will be 

Exper imen t s  con t in u ed c onc erning t h e r  molumines c en t dosimeter  s . 
These  CaF2: Mn d o s i m e t e r s  can  eventually be ex t remely  useful for ,  especial ly ,  
f inger  r ing ,  w r i s t  , and o the r  minia ture- requi rement  dos imeter  problems.  

The work accompl ished  mcluded a method of inductively heatrng the de tec tors  

during readout ;  this  method p e r m i t s  sealing of the thermoluminescent  

m a t e r i a l  agams t  t he  a tmosphe re .  Experiments  included at tempts  at d e t e r -  

mination of the p r o p e r  t e m p e r a t u r e  to  obtain the information relat ive to the 

accumulated dose  of the  de t ec to r ,  included a s implif ied packaging techniqce 
design t o  r educe  a s s e m b l y  c o s t s ,  and included work with a low-vacuKm f i r ing  

p rocedure  to e l imina te  a d v e r s e  oxidation e f fec ts  on the dos imeter .  

Expe r imen ta l  c i r c u i t r y  w a s  developed and t e s t ed  for  use with the 

Total  Body Monitor and o the r  s i m i l a r  gamma energy  s p e c t r u m  analysis  

i n s t rumen t s .  T h i s  developed c i r cu i t ry  enables the instrument  ope ra to r  to  

en te r  numer i ca l  da ta  into the  m e m o r y  of a multichannel analyzer.  The 

c i r c u i t r y  c o m p r i s e s  a f ive-p lace  manual keyboard, a three-place a d d r e s s  

r e g i s t e r ,  and c o n t r o l s  for  m e m o r y  addres s  select ion.  

Consultation, advice ,  and design work w e r e  r ende red  t o  mar-./ P1W-L 

groups concerning,  pr inc ipa l ly ,  radiat ion detecting and measur ing  ins t ru-  

. ments  and a s s o c i a t e d  equipment.  Specific work of this  type included 

radiat ion damage  e f f e c t  invest igat ions of g l a s s  and c e r a m i c  vacuum tubes , 

1 1 8 3 3 5 1  
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' t r a n s i s t o r s ,  and tunnel diodes; methods of detection of in exhaust air 
s t r e a m s  in the p re sence  o f l a r g e  quantities of A4'; methods of recording 

g a m m a  energy  s p e c t r u m  data on magnetic t a p ;  design of a number  of 

special  ins t ruments  f o r  in-cell  and cell  filter monitoring; design of a speci 
scinti l lat ion probe f o r  the detection of P u ~ ~ ' ,  via X-ray  detection, in h u  

wounds; and  the d e s i p  of a special  high volume t ransis tor ized audio ampli- 

f i e r  and loudspeaker  instrument  f o r  u s e  with cer ta in  radiation detection 
monitors .  Another design irnprovement in both alpha and alpha-beta-ga 

scinti l lat ion hand and shoe counter probes resul ted in a net savings of 25 p 
cent of the or iginal  instruments  purchase costs .  

VI.  RESEXRCH AIW DEVELOPMENT PROGRESS - CHEMISTRY -3YD 

SEPARATIONS PROCESSES (L. P. Bupp; Manager) 

A. Radiological Chemis t ry  (W. H. Reas a n d  J. 1M. Nielsen) 

Reactor  Effluent Studies 

(R. W. P e r k m s ,  W. B. Silker,  C.  W. Thomas)  

Slow to fast neutron flux ra t ios  were  determined m test  positions 
in the r e a c t o r  graphi te  re r lec tor  in o r d e r  to charac te r ize  these various 4 

ij 
._ 2 .< 
3 

t 

.-j 

fluxes f o r  u s e  in determining the reactions responsible for  the formation 
of s o m e  of the r eac to r  effluent radioisotopes,  and hence to identify the  

parent  isotopes.  

Fe3' reac t ions  were  used in :he study.. 
effect ively as a thermal column giving a s l o w  to fast  ra t io  of 200:l. 

The A.127 ( n J a j  Xa24, F e Z 4 ( n , p j  Mn5*, a d  Fe58(fi,:,i 
The graphite reflector will serve 

46. Scandium can  be produced in the reac tors  by a fast. neutron i 45 react ion on Ti46 o r  a slow neutron reaction on Sc 

which mechanism w a s  responsible  for  the Sc46 obse r red ' i n  the aluminum 

. In o r d e r  to determine 3 
! 

p r o c e s s  tubes ,  a s e r i e s  of samples  of a tube were taken along its ler.g:f? n 

4 S O  that a wide range  of r a t io s  of fas t  to  s low neutrons flux would be r e -  
presented .  

by f a s t  neutron reac t ions  only) and F e  

reac t ion) .  

These  s a m p l e s  were  analyzed f o r  s ~ ~ ~ ,  Mn5* (which is formed 
(which is formed by a s l o w  neutron 5 9  

46 t o  4 Scandium46 t o  Fe5' ra t ios  a re  relatively constant while SC 

2 
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hiInS4 ra t ios  va ry  markedly along the tube in&cating that a s low neutron 

reaction on Sc45 is the s o u r c e  of the Sc 46 . 
In labora tory  t e s t s  of the effect iveness  of a lum flocs in removing 

a r sen ic  f r o m  r i v e r  water  it w a s  o b s e m e d  that 98  pe r  cent of ionic a r s e n i c  

is incorporated into the floc a t  pH values  f r o m  6 . 0  to 7 . 2  and alum con- 

centrat ions of 40 ppm. 

efficiency drops  significantly.  

the a r s e n i c  is removed. Since 10  ppm is about the concentration now used  

in the p r o c e s s  water  t r ea tmen t  plants ,  an improvement in a r sen ic  r emova l  

and a consequent d e c r e a s e  in As76 in r e a c t o r  effluent water  may be poss ib le .  

Fu r the r  small sca l e  s tud ies  will be undertaken upon completion of a small 
prototype water  t rea tment  plant now under  construction. 

At pH values  above and below this range the 
At 1 0  pprn a lum only about 6 0  p e r  cent of 

Two p a r t s  p e r  mill ion of EDTA w e r e  continuously added to the cooling 
water  Of a r e a c t o r  p r o c e s s  tube for t h r e e  weeks to  tes t  the effect of a com- 

plexing agent on the p r o c e s s  of format ion  of radioisotopes in the eff luer t  

water .  Only minor  rluctuations w e r e  obse rved  in the concentrations of most 
radioisctopes except fo r  Cu64 which r o s e  rapidly to a value 15 t imes  c o r m a l  

and :hen d e c r e a s e d  rapidly to a value only about 25 p e r  cent lower than n o r m a l .  

Studies a r e  continuing to de t e rmine  if p rac t i ca l  beneficial redLcticn of r a d o -  

activity can  be  obtamed as  a r e s u l t  of the additior. of this agent. 

Analytical Methcds 

iC.  W. Thomas ,  W. B. Silker’! 

Init ial  t e s t s  of e l ec t rod ia lys i s  as a means of concentrating l a r g e  
volume w a t e r  s amples  showed that about 80 p e r  cent of Sr85 f r o m  a 5 0  l i t e r  

s ample  cocld be t r a n s f e r r e d  thrrocgk an ion exckange membrane  iEto a 
cathode chamber  of 1 - 2  l i t e r  capaci ty  in f ive hours .  

successfu l ly  applied to e ieven-gal lon samp!es of r eac to r  effluent water  and  

N P ~ ~ ~ ~  respec t ive ly .  

The tecrinrque w a s  

2 4  Zn65 and 

C h r r ~ r n i u r n ~ ~  w a s  s e p a r a t e d  f rom t h e  r i v e r  wa te r  k t o  

. Columbia River  water  to  s e p a r a t e  90 ,  82 and  7 7  p e r  cent of Na , 

- the cation c h a m b e r ,  whereas  the  c a s e  of r e a c t o r  effluent wa te r  about equal 
I 

I 
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quantities were  found in the cation and anion chambers .  This substantiates 
other data which indicates that in r eac to r  effluent water C r 5 I  is present in 
both anion and  cation form. 
water a s  a r e su l t  of the reducing action of some  mater ia l  in the r iver .  

Cnly the cation form is present  in the river 

In the zinc ama lgam procedure fo r  separat ing radiozinc f r o m  reactor  
effluent water  r epor t ed  l a s t  quar te r  the Cu6* which w a s  also recovered *,vag 

allowed to  decay before  the measurement  of Zn? 
where Zn6’ and Zn 69m a r e  to b e  determined,  this procedure  is not suitable. 
In this c a s e  a pre-extract ion with cadmium amalgam w a s  found to effectively 
reduce the 

For those analyses 

r i and al low counrrng of all  t h ree  zinc radioisotopes. 

Countmg Methods 

(R. W. Perk ins)  

A u s e f u l  application of the Compton Cancelling Spectrometer was 

i made in !he determinat ion of Asy6 in reac tor  effluent water .  
is commonly decerrnined by beta absorption counting s ince  the Cu 6 4  

annihilation radiat ion in te r fe res  with the gamma of As76. 
Cancelling Spec t romete r  the counting r a t e  for  Cu6* at 0 .  5 1  &lev is reduced 

a fac tor  of 15 making possible  direct  measurement  of As76 by gamma counting. 

Arsenic-76 

In the Compton 1 

Sensit ivity measu remen t s  were made of various sample  s izes  with 

different l a r g e  sod ium iodide detecrors to help d e t e r m e  the optimum 

detector-geomeTry relationship f o r  low-level environmental samples .  
r e su l t s  a r e  tabulated in Table  IU. 
in conta iners  to s u r r o u n d  the  cr:rstal (except for the phototube end) u n i f o r d ] ;  

to the thickness  given. 

The 

The l a r g e r  volume samples  were  placed 

3 1 8 3 3 5 1 1  
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LARGE CRYSTAL SENSITIVITIES 

~s~~~ Sensitivity (99 P e r  Cent) 
Sample Size P C  Id 

3100 ml ( 2 ”  thick) 1. 3 x 
3” x 3” 6500 ml ( 3 ”  thick) 0.  96 X 

9 ”  x 4” 8800 ml ( 2 ”  thick) 0 . 4 1  x 

9 - 3  18“  
well  c r y s t a l  500 rnl bott le  2 . 1  x l o - *  

These  data  show the i n c r e a s e d  sensi t ivi ty  available with l a r g e  sample  
s i z e .  

i nc reas ing  the s a m p l e  thickness  f r o m  2 to 3 inches.  
AS would be  expected,  l i t t l e  i n c r e a s e  in sensi t ivi ty  i s  obtained by 

B io -as say  Methods 

(R. W. P e r k i n s j  

In a s tudy of the e f f ec t  of choice of carrier f o r  the precipitation of 
plutonium in the b io-assay  p rocedure  it was observed that use  of lanthanum 

resu l t ed  in a background of 17  t r a c k s  p e r  week on the nuc lear  t r ack  f i lm .  

Substitution of y t t r i um,  ho lmium,  s a m a r i u m ,  dyspros ium,  o r  prasz  odymium 

resu l t ed  in 9 ,  1, 91, 2 ,  and  1 t r a c k s ,  respect ively,  indicating that fo r  low 

background work holmium,  dyspros ium,  o r  praesodymium would be  be t te r  

- 

than lanthanum. 

Chemica l  P ro tec t ive  Agents 

(D.  R. Kalkwarf) 

Determinat ions of’ the equi l ibr ium and r a t e  constants  fcr v- te rcon-  

It was Con- 

ve r s ions  between t h e  va r ious  forms of Erioglaucine preser,t in aqueous 

so lu t ions  w e r e  comple ted  f o r  25 C and 0 . 5  M ionic s t rength .  

cluded that Erioglaucine in solut ion i s  p re sen t  in two colored  forms and 
t h r e e  co lo r l e s s  f o r m s  which differ in t he i r  extent of hydro lys is  a t  the cen t r a l  

carbon a t o m  and protonat ion a t  the amino  groups.  

I 1 6 3 3 5 5  

With these  data it is now 
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possible  to  de te rmine  which of the var ious forms of this dye react  most 

rapidly with f ree  rad ica is  and to adjust conditions for  measuring the 
protection indices  of o ther  compounds relat ive to this  dye in non-neutral  

solutions. 

B.  Chemical  Effluents T e c h n o l o g  (D. W .  Pearce )  

Geological Studies 
( R .  E. Brown, D. J. Brown) 

The basal t  s e r i e s  beneath the Hanford Works  w a s  appraised LT a 

pre1imir.ax-y way from the viewpoint oi the potential feasibility of disposal 

of :vas:es at depth there .  

tes t  ? .ve i l ,  d r i l l ed  adjacent to the Haniord Works by the Standard Oil 
Company or' California,  makes th ls  appra isa l  more  meani?gful. The lcgs  

indicated that %he well pene2rated .more than 100 basalt  flows separated hy  
kiterrlow zones and tuf f  beds in tke 1 0 ,  633 fee: drii led.  

pene t ra te  through the basalt  s e r i e s .  

depth a t  Hw-ford must  b e  predicted on disposal into the basal:, t ecause  

information on rocks beneath the basa l t s  h e r e  is completely iack3.g. 
basal t  [ lows encountered were  evidently typical Columbia River hasalts 

throughout the  well. Tcllf beds var ied widely within the ranges  noted ;b! 0th.  

wel ls  and f rom su r face  mapping. The nc-mber of t u f f  beds and pe r  cent s l  

k the  s ' s r i e s ,  parzicularly at depth, considerably exceeded ear!ier es1i.m' 

Nc flows or tuff beds appeared  unique enough for  u s e  a s  s t ra t igraphic  rnari 

Corre la t ion  with flows or tuff beds in other  wells w i l l  be diff icdt  owing r 0  

the p re sen t -day  lack or' knowledge of the geologic s t ruc ru res  at dep:h, and 

extent,  centinuity,  corrrlos;tic)r. a n d  variati0r.s in the tuf f  beds.  

Procurement of logs of the Rattlesnake N o .  1 i 

m e  we!! did Tot  

Curre21 consideration oi disposai zt 

The 

The  high permeabi!:t:; oi some  'zoces ..vithin the basalt  ser:es '.vzis 
-4 agaix cor. i irmed by wa te r  !eve1 data north o i  the Haniord Works a r e a .  

rise in w a t e r  level  of m o r e  than 30 feet in t h ree  y e a r s  was  noted LI-I a weil 

penetrat ing m o r e  than 800 feet into the basal t  series. The rise coincides 

with the rise m the  unconfined water  table in s i t e s  t h ree  miles n o r t h  and 5 

miles east .  The t raysmi t t ing  aquifer  or zone is yet  unidentdied. 

H R 9 1 0 3 1 4 3 0  
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-4 pre l iminary  geologic map w a s  completed of the eroded,  buried 

surface of the Ringold format ion  beneath Hanford. 

s t ruc tura l  s tudies  of the Ringold formation, discloses  a r e a s  where permeable  

beds of that fo rma t ion l i ea t  the water  table.  It thus defines the a r e a s  where 

wastes may en ter  those beds and the direction in which they might move to 

g rea t e r  depth. 

River direct ly  o r  move as Columbia River  underflow before  entering that 

s t r e a m .  

This  map, combined with 

It indicates  where  they may r i s e  and e i ther  en ter  the Columbia 

X-ray  diffraction examinations of geologic samples  f r o m  outcrops 
and well construction operat ions w e r e  performed to a s s i s t  with the identifi- 

cation and cor re la t ion  of fo rma t ions .  Pa r t i cu la r  emphas is  was placed on 

examination of s amples  f r o m  various basal t  flows and basal t  interbeds.  One 

ash interbed that is exposed on the flank of Gable Mountain w a s  t raced  to the 

vicinity of the 200  E a s t  a r e a  through correlat ion of X- ray  diffraction data. 

Another l a y e r  of yolcanic a s n  that occurs  in the post-glacial  sediments  n e a r  

the su r face  of the ground w a s  co r re l a t ed  with an ash  bed widely distributed 

throughout the Pacif ic  Northwest.  This l a t t e r  extensive deposit was e a r l i e r  

shown by o the r s  to have or ig ina ted  f r o m  Glacier  Peak in the Cascade Range, 
with an age of 6 ,  700 y e a r s  es tabl ished by radiocarbon dating. This identifi-  

cation provides  an impor tan t  t ime r e fe rence  in the chronology of geologic 

h is tory  of the Haniord a r e a .  

Soil Physics  

(P. P. Rowe, R. W. Nelson, A. E. Reisenauer )  

The question of adequately monitoring the water  in an aquifer  by 

sampling the contents of a pe r fo ra t ed  well w a s  studied. 

w e l l s  a r e  f requent ly  p e r f o r a t e d  throughout the length beneath the water  table 

and  thus form low r e s i s t a n c e  f l o w  paths f o r  water  movement between sa tu -  

ra ted  zones having d i f fe ren t  potential heads.  

potential is u s u a l ,  pa r t i cu la r ly  in the vicinity of points of ground water  

r echa rge ,  such  as cooling wa te r  ponds. 

Such mor,itoring 

Some ve r t i ca l  variation in 

This  c r o s s  f l ow  between aqui fe rs  

t 1 8 3 3 5 7  



would prevent entry,of water  from the low-head zone, making it  impos- .j 
s ib le  to monltor the water  in that zone by analyzing well samples .  It is 4 
es t imated  that a head difference of o ~ l y  a few thousandths Of an inch would ~ 

prevent entry of water  into a well f r o m  a loiv-head zone having t;Jpical 

Haniord hydrologic charac te r i s t ics .  4 
i 

Methods a r e  being studied for identG 

aquifer  zones that caxnot b e  s a n p i e d  by. means of a COmplete!y Fenetratxg,: i 

dsq 

in te r ior  points li the porentials along the boundaries of the region a r e  know- 1 

along the bot:om of a flow syste-m. The method cons:sts of solvir-,a ncimerl- ? 

p e r fo ra t  ed w e l l .  

Per fora ted  wells that penetrate  zones of different potentiai head 
do not provide means of accura te ly  measuring potentials of speclfic points, 

3 y  means of a numer ica l  anal:rsis it is possible to es t imate  the potentials o( 

-4s the values of potenrial c a x c o t  ai*,vays b e  measured -,vitk fully periorarsd 

wel l s ,  a method w a s  developed f o r  numericaL1y estimating the potetntiais 

cal ly  :he par::ai differentlai  eqca::or.s t k a t  may b e  derived f r o m  :he lac: tkal 

no wa te r  flow is possible a c r o s s  this  b o u d a r y .  

a r e  ootamed by using potential images ac ross  the bomdary  and applying the 

i terat ion p rocess  used for est imat ing inter ior  points. 

thetical  example the method appeared  to give consis:mt restilxs. 

The numeric21 soluticr-s 

Tested in a h : ; ~ o -  

EqKations der ived and tesred whic.h descr ike the twc-dimer.sionai 
:low aa;terr,s for  an aqc l fe r  in :ke vicir-i:ty of a point of a r t i i i c i L  reckzrge 

were  extended to mciude the three-dirnecslon case .  

de t e rmine  the ground water  movement n e a r  t h e  water  mounds built UF 

beceath Hanford seepage ponds. 
fe renr ia l  equarlon w e r e  o b t a x e d  ty SUbSrIttitiCg three - dimensiona! d:i:'&rwi 

c3qua:ions that coc!d Le solved riumericaily. 

for hypothetical examples  which tended 10 confirm the validity oi rb-e ' coUca  

assumpt;ons and whicn w e r e  gratifyrngly consiscent with approximations P r (  

vided by o ther  methods.  

The equations .~ : l l  f-ei; 

Approxlmare solurions to the partla; di'- 

Suc5 soiit.1or.s w e r e  cG:alr.tid 
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A computer  p r o g r a m  f o r  numer ica l  evaluation of transient unsatu- 

ra ted  flow in a heterogeneous medium w a s  completed and sGccessfully tes ted.  

The mathematical  model is fo rd ra inage  of a column of so i l  which is  completely 

sa tura ted  at t i m e  ze ro .  
i teration p r o c e s s  and resu l ted  in solutions that agreed  with experimental  data 

repor ted  b y  o t h e r  inves t iga tors .  

technique which provides  convergence without oscillation durmg the i te ra t ive  

solution of the non-l inear  pa r t i a l  different ia l  equation involved. ??=e compc- 

tational s tu&es  w e r e  also extended to the imbibition cycle,  i. e . ,  the move- 

ment of wa te r  into init ially d ry  sod. 
rev ised  to accept  the negarive vaiues of potential and sma l l  capi l lary ccn- 
ductivities encountered m this  case .  

The tes t  c a s e s  indicated rapid convergence of the 

It was necessa ry  to develop and apply a 

The computer  p rogram had to be 

A l a b o r a t o r y  flow model w a s  designed to permi t  q u n t i t a t i v e  s tcdy 

of s:Jlking and  d i spe r s i cn  pkencmena in a s y s t e m  conzaming misc;kie liquids 

of different  de r s i ty .  

flow patter,n being mapFed by means of a scr,tiila::on de tecror  r- a co!iimaring 
shield.  

water  and s a l t  so lu t ions .  

1. 1 0  were  examined.  

but a t t empt s  to express t he  effect  of dersir:r quar_tita:ive!y x a generaLzed 
formula a r e  not y e t  successfu l .  

Radicaetive iqdir?e w a s  c sed  as a r r a c e r  maTerial, tke 

Exper imen t s  w e r e  czmp!eted in Tvhich the two 1iqu.ids were  p c r e  

So1l;tions having densit ies of 1. 05,  1. 07 ,  and 

IC a l i  c a s e s  SignificaRt smkir.g r a t e s  were derecred 

S I I I ~  Chemis t ry  a7.d Gegchernistry 

(L. L. Ames,  Jr. D. W. Bensenr 

F r o m  the influence of soiutior? p H  on the anion replacement  reac t ions  
calci te  to f luor i te ,  ca l c i t e  t .0 apa i i t e .  gvpsum to ca lc i te .  and gys i :m  t6  

apat i te  it was deduced That ?,".e rez.ct;or. r a t e  is determiRed by the difft.rerLc.e 

in 5oll:biiity between the in:t.;al ar.d flnai p r o d u c t .  

s tudied, tr,e pH h a s  the g r2a t s s t  2-ff:cr becal;se these  react ions have prodLc:s 

ContaiLing OH- ar,d (20,. r ad ica l s .  

and s e v e r a l  f inal  p roducts  a r e  possible ,  only the leas t  soluble under the con-  

ditions of the experirr-ent is s tab le .  

Of the s y s t e m  r'ar;aT'lec 

c 

When a s y s t e m  c o n t a n s  a var ie ty  of ania-s 

Changing the  conditions (e. g. I PH; 

t 1 8 3 3 5 9  H R 9 1 0 3  1 L 3  3 
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resul t  in a change in the s tab le  product. On the other hand, the concomi- 
t a n t  removal  of accompanying ions f r o m  solution, such as Sr’2, is chiezly 

governed by the e a s e  with which it fits into the c r y s t a l  la t t ice  of the stable 

product. 

A reaction in which CaCO is replaced by ZnC03 when Contacted sv 
The,react ion was used to test the 

3 
dilute solutions of Z n f 2  w a s  studied. 

conclusion that rep lacement  reactions a r e  solubility controlled and to 

evaluate the mechanism f o r  removing zmc f r o m  solution. It was f o u d  that 
zinc is effectively removed f r o m  solution in concentration as  low as IO-‘ 11 

and in the p re sence  of as much a s  0.  3 Msodium ion. Ca1c:tz columns :ow- 
ing at 3 0 0  and 5 ,  000 gai /:!‘,‘day gave a fair!? constant zinc decontarnina:;on 

factor  of 100. 

ca!cite grain s i z e  ( 0 .  0 1 4  and 0 .  164 m 2 / g ) ,  and mfluent p H  i s .  0 and e .  0;. 

The data f rom these  e-xperiments substantiate the theoretical  conclusion 

that the r a t e  of minera l  re:,lacernent reaction is determined Sy produc:  

solubili ty.  

I 

- 
- 

7 

Other  var iab les  scl;died *.vere temperature  ( 2 5  and 6 0  C ; .  

Xdequate samples  of mineral  containing che n a r u r a l  zeoli te erioni:e 
(CaO- M2O3. 6 SiO7. 3 H 2 0 )  were  obtained from the Nevada State Bureau of 
Mines to permi t  exper imenta l  s tudies .  

er ioni te .  F r o m  the r epor t ed  behavior of the mater ia l ,  er ioni te  w a s  e.xpec:ec 
to display se lec t ive  adsorpt ion for calclum and experiments were  perforrr-ed 

to de te rmine  the effect of var ious cations on the adsor7tlon of Ca4‘. T h e  
r e su l t s  of these  expe r imen t s  indicated a somewhat g r e a t e r  select ivi ty  for  
adsorbing s t ron t ium than ca l c ium and, to a l e s s e r  deg ree .  s o m e  seiecr.:.:it:; 
f o r  cesium. 

near ly  as  marked  as  that of clinoptilolite for cesium. 

The mineral  is about 85 pe r  cent 

The se lec t iv i ty  of erionite for none  of the i o m  examinpd was  

L a b o r a t o q  r e s e a r c h  to c t a r a c t e r l z e  the so i l  chemis t ry  of r a r e  

e a c h  elements  is compl ica ted  by the fact that some  of them, e. g . ,  cerrurn,  

a r e  known to exhibit more than one oxidation s ta te .  
obtained with c e r i u m  may r e p r e s e n t  the react ions of Ce(l l l j  or Ce(Wj o r  a 

Thus r e s e a r c h  data 

. 
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r 
mixture of the two, which might not be representa t ive  of rare ea r ths  a s  a 

. group. For this  r eason  s o d  chemis t ry  reactions involving rad iocer ium 
147 were  repeated with Pm 

- in the +3 oxidation s t a t e .  It was found that P m  resu l t s  duplicated those 

of Ce over  a wide range  of conditions,  indicating that Ce was la rge ly  in 

that t3 oxidation s t a t e  throughout these s tudies .  

NaBi03 to the c e r i u m  s y s t e m s  to keep the ce r ium in the +4 s t a t e  and obtain 

significantly g r e a t e r  adsorp t ion  than w a s  obtamed with promethium. 

of r a r e  ea r ths  f r o m  was te  s a m p l e s  by soi l  was determined. 

adsorption of europium, c e r i u m ,  and promethium a s  measu red  by equi l ibr i -  

, um experiments  were  e s sen t i a l ly  identical. 

f o r  comparison s ince promethium occur s  only 

It w a s  n e c e s s a r y  to  add 

To 

L study the oxidation s t a t e  of rare ea r ths  in an  actual waste  the adsorption 

Again the 

-.. 
- 
.? . 

Minera l  Fixat ion of High- Level Wastes 

(J. L. Nelson, B. W. Merce r )  

(Not c h a r g e d  to Biology and Medicine) 
1.. 

3 
3 
. c .  tammation of s o m e  types of high-level wastes  were continued. 

- 
' 

Labora tory  s tud ie s  to  invest igate  the possibil i ty of d i rec t  decon- 
Aged Redox 

high-salt  (a luminum) was te  was  diluted 1:20 with dis t i l led water  and passed  

through four  two-foot c l inoptdol i te  columns in s e r i e s  a t  a flow r a t e  of 
50  g a l / f t 2 / h r .  

f i r s t  column before  Cs137 r eached  0. 1 M P C  in the effluent f r o m  the third 
Column. 

y e a r  old Redox waste;  the  rad ioac t ive  ma te r i a l  i t  contained was m o r e  than 

99 p e r  cent cesium-137.  

ea r ths  w e r e  f l a t t e r  than those  f o r  ces ium.  

volumes of undiluted was te  can  b e  loaded on one volume of clinoptiloli te.  

Leachrng the column with c l e a r  wa te r  a f t e r  i t  was loaded removed about 0. 14 

p e r  cent of the c e s i u m  m 100 column vclumes.  * centrat ion of the effluent w a t e r  dec reased  to l e s s  than 0. 02 p e r  cent Of that in 

*,-. the actual  waste.  F lush ing  the column with l e s s  than 25 bed volumes Of SZtu- 

~ 

It w a s  found that  9 8  pe r  cent loading could be attained in the 

The was te  examined  w a s  the supernatant liquid f rom a tank of s i x -  

The breakthrough curves  f o r  s t ron t ium and r a r e -  

The ces ium from about 50  

137 Durmg leaching the Cs con- 

X. 

r a t ed  NaN03 solution e lu ted  essent ia l ly  all the rad ioces ium from the bed. 

I 
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In this 
fac tor  

- 3 6 -  

r experiments  were  performed with a l u m m u m  coatrng waste sampler, 
c a s e  a 240 c m  column of clinoptllolite gave an initial d e c o n t a a a t i m  
of more than 10 7 . Again the waste was diluted 1:20 with water be- 

cause  dilution improves  the capacity of the mineral  f o r  cesium from high- 

salt solutions.  
waste  a r e  not completed,  but prel iminary resu l t s  indicate that the cesium 
from about 30 bed volumes of waste can b e  loaded on a bed of the rmneral. 
The ces ium is readi ly  eluted by 10 M ammonium n i t r a t e  solution, essentially 
all being r ecove red  in two bed volumes oi the eluate. 

C h o p t i l o l i t e  column experiments with Purex  high-salt 

- 

I r radiat ion experiments  revealed an apparent effect of gamma 
9 dosages of 10 

studied by means  oi  equi l ibr ium experir-ents  in which distr:bution coei- 

f ic ients  (K Is) w e r e  measured ,  Using IO-' M cesium solutions at 25 'C a 
25 per. cent  reduction in Kd w a s  found when the mineral  w a s  i r radiated to 
10 
found to have a Kd that was 2 9  pe r  cent higher than that for unirradiated 

clinoptiloli te.  
of fu r the r  study. 

r on t h e  cesluAm adsorption of clinoptilolite. The eiiec: was 

d - 
9 r . A t  a n  equilibration tempera ture  of 5 5  C the i r radiated mineral  was 

The r eason  f o r  this behavior is not known and is the subject 

Ground Waste Investigations 

(J. L. Nelson, K. C. Knoll) 

A f ie ld  experiment- involving solution discharge to a smal l  6-inch 

b:I 6-inch c r i b  w a s  completed and the soil leached with water.  
beneath this s i t e  is now draining in preparat ion for  additional experiments.  

It is planned to  repea t  an e a r l i e r  experiment with a 2-foot by 2-foot c r ib  at 
the tes t  s i t e ,  this  t ime  with special  measurements  of the la te ra l  sp read  of 

water  beneath the c r ib .  

with a neutron mois ture  detection probe.  

ve ry  l i t t le  change in the moi s tu re  content of the so i l  was'evident. 
calculated volume of water  in soil po res  beneath a f lowing c r ib  at eqc i l ib r iua  

w a s  compared  with e a r l i e r  measurements .  
w a t e r  contained in soil pores  above the water  table m a y  be compared w i t h  

The s o d  

Wells n e a r  :he c r i b  were  probed seve ra l  t imes 
By the end of the repor t  period 

The 

This est imate  of 887 gallons Of 

RR91031436 
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the es t imate  of 965 gallons made e a r l i e r .  These r e su l t s  a r e  considered to  
a g r e e  with the n i t r a t e  ion breakthrough which occur red  a f te r  800 gallons of 

solution had been d ischarged  to the c r ib .  

Soil adsorpt ion exper iments  were  per formed by means of unsatu- 
ra ted  flow through so i l  columns.  

during these exper iments  made  s o m e  of the r e su l t s  uncertain and neces -  

s i ta ted  numerous  repet i t ive experiments .  

the influence of unsaturat ion on the utilization of so i l  adsorption capacity.  

The re  is s o m e  indication that unsaturation has l i t t le  effect on the cation 

adsorption capaci ty  of so i l s  within the moisture  content range studied but 

additional r e s u l t s  a r e  needed to conf i rm this concluslon. 

"he  difficulty in maintaining control 

The study i s  designed to examine 

Mic r o  mer i t i c s  

(A. K. Pos tma)  

P a r a m e t e r s  control l ing the deposition of par t ic les  in conduits due 

to  turbulent diffusion w e r e  fu r the r  c lar i f ied.  

between pa r t i c l e  deposit ion velocity and a function of the important va r i ab le s .  

The function is the  r a t i o  of pa r t i c l e  stopping dis tance to the thickness  of the 

sub- laminar  l a y e r ,  a s  defined by par t ic le  mechanics and turbulence theory .  

Correc t ion  t e r m s  w e r e  needed, one for  iner t ia l  fo rces  acting on the pa r t i c l e  

and a second e m p i r i c a l  f ac to r  to  achieve the best  data fit.  The data a r e  in 

agreement  with the expectation that when the sub- lamixar  l aye r  i s  thin and 

the s toppmg d i s t ance  l a r g e ,  deposition w i l l  be high. 

de te rmined 'depos i t ion  veloci t ies  obtained in this study and those r epor t ed  

by o the r s ,  show sa t i s f ac to ry  cor re la t ion  with this function. 

range  of pa r t i c l e  d i a m e t e r s ,  dens i t ies ,  conduit d i ame te r s  and a i r  veloci t ies  

a r e  r ep resen ted .  

l o s s e s  in sampl ing  l ines  under  a var ie ty  of conditions. 

A corre la t ion  was es tab l i shed  

The experimental ly  

A r a t h e r  wide 

The co r re l a t ion  will prove a valEable a id  in es t imat ing  

An equation w a s  der ived  which pe rmi t s  es t imat ing  the fract ion of 
pa r t i c l e s  r e t a ined  in a conduit when the deposition velocity is known. 
equation w a s  ve r i f i ed  by experimental ly  determining the fract ion of 4 cc ZnS 

The 

RR91031437 
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par t ic les  re ta ined in a one-inch d iameter  7'2-foOt long pipe. 
ment  was obtained between the actual p e r  cent retained (86  p e r  cent)  and 

deposition pre&cted (92 p e r  cent).  
ment w a s  negligible for  the con&ti,ons of these  experiments .  

Good agree-  

It was fur ther  shown that re -  entrain- 

' 

Sinngle Isotope h a l y z e r s  

(C. A. Ratcliffe) 
(Not charged  to Biology a n d  Medicine) 

't 

I 
A chemical  separa t ion  procedure  specif ic  fo r  Np239 was selected 

and the n e c e s s a r y  mechanical  and e lec t r ica l  comDonents studied to  a u t o m a t .  I 

the  separa t ing ,  .detec 
~- - - -  ----*- 

g ,  and recording of this isatope in r eac to r  effluent 
water .  -4 TT-4 (thenoyltrxluoroacerone) extractLon wdl b e  employed wlth 1 
measuremen t  of Np3-39 in the organic  phase wlth a scmtll latlon crysTai. i 

F i e 1 d Equip men t Dev el op men t 

(J. R. Raymond. J D. LTcCorn~c;:! 

. The multi-dep 
using seven  sampling 

s imultaneously and b 1 

Ith 

un 
-0u 

water  s a m p l e r  fo r  monitoring wel l s  was tested 

[its in a tandem s t r m g .  Seven samples  were  taken 

.ght from a depth of g rea t e r  than 500 feet below the 
w a t e r  table.  

opened f r o m  the su r face ,  de l ivers  a water  sample  to a container.  
a r e  a s sembled  to sec t ions  of pipe using quick connect c o q l i n g s  and 

e1ec:rical connections.  

ve r t i ca l  s t ra t i f icat ion of radioact ive wastes  in the ground water .  

"he sampl ing  unit incorpora tes  a solenoid valve which, when 
The units 

The s a m p l e r  wll! be used to deTect aD.d study any 

I -  

X sens i t ive  t h e r m i s t o r  f low-sensmp element was assembled .  teSCed1 & 
and incorpora ted  into an 
water in w e l l s .  Labora tory  t es ts  in a s imulated :veil gave ser.sitivit:es Of  ; 4 

..I! the o r d e r  of 2 ml /min  through an e;gr.t-bch ,.vel: casing. Tke Lnstrcrnect 

w a s  t es ted  m wells  and showed posit ive f l ows  of the o r d e r  of 4 - 8  feet per  day ;r 

ver t i ca l  movement .  

arising f r o m  differing pe rmeab i l i t i e s  in succeeding formations o r  through the ' 

inf luence of ground wa te r  mounds.  

Ver t ica l  flow is a n  index to  piezometr ic  head difference' .g 

i 

-4 
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Uranium Oxidation and 

Fiss ion  Product  Volatilization Studies 

(R. K. Hil l iard,  D. L. Reid) 
(In par t  charged  to Biology and Medicine) 

All s ta in less  steel p a r t s  of the high level experimental  equipment 
were  rep laced  with quar tz  and P y r e x  t o  facil i tate recovery  of evolved f i s s ion  
products .  

A total  of ten oxidation measu remen t s  w a s  made under identical  
conditions of t ime,  t e m p e r a t u r e  and air flow ra te .  In an a i r  a tmosphere  a t  

1215 C fu rnace  t e m p e r a t u r e  for  2 4  minutes ,  the 11 .5  g r a m  u r a n i u m  apeci-  

mens  averaged  6 8  p e r  cent oxidized, with a s tandard deviation of 3. 3 p e r  

cent .  F o u r  of these  s p e c i m e n s  had been i r rad ia ted  to values up to 
2 .  4 X 10  

w a s  67  p e r  cent with a 4. 3 p e r  cent  s tandard  deviation. 
i r rad ia t ion  up to 10 

Reproducibil i ty of oxidation r a t e s  is important s ince  i t  indicates that con- 
s tan t  exper imenta l  conditions w e r e  maintained between tes t s .  

p rev ious  work has  shown that r e l e a s e  of volatile f ission products is p r o -  
port ional  to the extent of oxidation. 

' 

17 nvt. The ave rage  p e r  cent  oxidation of the i r rad ia ted  spec imens  

This shows that 

nvt does not significantly affect the oxidation r a t e .  17 

Also, 

F ive  f iss ion product r e l e a s e  experiments  were  made,  two a t  
2 .  4 X 1014 nvt,  two a t  3 . 5  x 
l i s t s  the percentage  r e l e a s e  f o r  eight isotopes.  

be drawn f r o m  the Cable is that  iodine, te l lur ium, xenon and c e s i u m  a r e  
r e l e a s e d  to a g r e a t e r  extent f rom uranium i r rad ia ted  at  higher  leve ls .  

r e l e a s e  of s t ront ium,  b a r i u m ,  ruthenium and zirconium appea r s  to be 

independent of i r rad ia t ion  l eve l s ,  a t  l ea s t  up to nvt values of 2 .  4 X 1 G  

nvt and one at 2 .  4 X l o L 7  nvt. Table  IV 
The tentarive conclusion to  

The 

1 7  . 
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T B L E  N 

EFFECT O F  IRRADLATION 
ON THE RELEASE OF FISSION PRODUCTS 

Per Cent Released f r o m  Uranlum Specimen* 

5 C ,  

71 

5 8  
80 

0 . 2  

1 7  

0 . 1  

0. 3 

0 .03  

7 6  

6 4  

9 3  

0. 2 

28 

0 . 1  

0. 1 
- 0 .02 

* E-xperimentL; conditions: furnace t e m p e r a - u e ,  
t ime ,  2 4  minutes;  a tmosphere ,  air .  

2 

t Two t e s t s  w e r e  made to de te rmine  the retention efficiencies of 

absolute"  f i l t e r s  and  charcoa l  beds f o r  a i r -borne  fission products released ! I 1  

f r o m  u ran ium heated in a i r .  The f i l t e r s  were  Cambridge model ID-100 

and a one-inch thick charcoa l  bed. Both w e r e  a t  ambient tempera ture .  The 1 

super f ic ia l  velocit ies w e r e  about 5 ft /min. The iodine concentratlon i? t he  
off-gas was  about ppm. Table  V lists the efficiencies observed 

TABLE V 

FILTER EFFICIENCIES FOR REMOVING AIR-EORNE 

FISSION PRODUCTS XELEASED FROM HEATED UR-4NIUl l  

Retained On 

F i r s t  F i l t e r  

P e r  Cent Rerained 
I l J l  T e l  J L  

30 99. 4 
. Second F i l t e r  14 92 

One-Inch Thick Charcoa l  . 70 50  

1 1 8 3 3 b b  
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