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ARGONNE LOW POWER REACTOR 
HEALTH PHYSICS MANUAL 

by 

E. D. Graham and P . G. Stoddart 

PREFACE 

The Argonne Low Power Reactor (ALPR) Health Physics Manual is 
designed for use by Department of Defense personnel with limited ex
per ience and training in applied radiat ion safety techniques. The t rea tment 
is nonmathematical and is d i rec ted toward specific use with the Argonne 
Low Power Reac to r . Included a r e a brief summary of initial operating 
experience and a s e r i e s of detailed operat ing ins t ruc t ions . 

SECTION I. INTRODUCTION 

A. General 

The Health Physics Manual for the Argonne Low Power Reactor 
(ALPR) is specifically wri t ten for field use at the National Reactor Testing 
Station ( N R T S ) site by Department of Defense enlisted personnel assigned 
to Health Physics duty. It is anticipated that such personnel will have, at 
minimum, the equivalent of a high school education, a short formal course 
in Health Physics theory, and some experience in prac t ica l appl icat ions. 

The manual was purposely designed to be nonmathematical and 
nontheoret ical ; adequate t r ea tmen t s of these phases of Health Physics have 
been published e l sewhere . Emphas i s has been placed on prac t ica l appli
cations for the Argonne Low Power Reactor , although many of the procedures 
could be applied to other reac to r types . 

Sections II and III of this manual a r e devoted to d iscuss ions of 
exper ience in the Health Phys ics aspec ts of boiling water r eac to r s in general , 
and in par t i cu la r to the initial operat ion of ALPR. Data quoted in Section III 
apply to the f i r s t 600 hours of ALPR operat ion and may not be valid for long-
t e r m operat ion. 

Section IV consis ts of a set of specific instruct ions or Standard 
Operating P rocedu re s on var ious phases of Health Physics work at ALPR. 
These ins t ruct ions may be replaced or revised individually as operating 
exper ience is gained. 

Sections V, VI and VII a r e devoted to reference ma te r i a l ap
plicable to Health Phys ics operat ion. 



B. Reporting Agencies 

The s tandards in use at ALPR a re adapted from regulations 
and recommendat ions published by federal regulating agencies and from 
Argonne National Labora tory operating exper ience . Exhibit 1 below shows 
the channels through which Health Physics regulations and recommenda
tions for ALPR operat ions a r e t r ansmi t t ed . Specific regulations and 
recommendat ions a r e outlined in detai l e lsewhere in this manual . 

Exhibit 1 

Organization of Reporting Agencies 

Department of 
Defense 

U. S. Atomic 
Energy Commission 

Army Nuclear 
Power P r o g r a m 

National Bureau 
of Standards 
(Advisory) 

AEC - IDO 

u 

u 

AEC - COO 

IDO 
Health & 
Safety 

Operating 
Contractor 

Argonne 
National 

Labora tory 

Contractor 
Health and Safety 



SECTION II. REACTOR HEALTH PHYSICS 

A. General Aspects of Boiling Water Reactor Health Physics 

The boiling water r eac to r p resen ts three basic sources of 
radiation: 

1. neutron leakage; 

2. g a m m a - r a y leakage; and 

3. beta - gamma-ennitt ing a i r contaminants. 

Under cer ta in conditions, other radiation problems may a r i s e 
but these a r e ei ther uncommon or a r e of l e s se r importance during routine 
opera t ions . 

The boiling water r eac to r , like any other reac tor , is basically 
an intense source of neu t rons . This uranium-fueled, light wa te r -modera ted 
boiling r eac to r is known as a t he rma l r eac to r , since most of the fissions 
a r e caused by the absorpt ion of neutrons of the rmal energy. Neutrons of 
much higher energy, ranging to approximately 10 Mev, a r e present in the 
r eac to r co re . Depending on the efficiency of the reac tor shield, a cer ta in 
number of neutrons of a wide range of energies will escape from the r e 
ac tor . This is called Stray Neutron Leakage. 

The Health Phys ic i s t divides these s t ray neutrons into two 
groups: the rmal neutrons (energies of 0.03 ev or l ess ) , and ep i - the rmal 
neutrons (energies above 0.03 ev). 

The MPL (Maximum P e r m i s s i b l e Level) for exposure to thermal 
neutrons is 2,000 n/(cm^)(sec) . This is the flux of thermal neutrons which 
will produce an exposure ra te of 7.5 m r e m / h r and will allow an exposure of 
eight hours per day. The distr ibution of energies of s t ray neutrons is dif
ficult to m e a s u r e . When the "long" counter is used, the MPL is taken as 
40 n(fast)/(cm^)(sec). This is the MPL for neutrons of 2 Mev. (The long 
counter detects neutrons of al l energies with about the same efficiency; a 
conservat ive es t imate is obtained by assuming that all neutrons detected 
a r e high-energy neut rons , although we know that the majori ty a r e of a 
lower energy.) 

A second type of fast neutron counter is "t issue sensi t ive ," 
i .e . , has a response s imi la r to that of the human body. This ins t rument , 
the proton recoi l neutron survey m e t e r , is cal ibrated direct ly in m r e m / h r 
and is reasonably accura te in detecting neutrons in the energy range from 
0.2 to 10 Mev. 



Gamma, beta, and alpha radiat ions a r e al l p resent in the reac tor 
core during operat ion and after the r eac to r has been shut down. Alpha and 
beta radiat ions a re contained within the core or in the shield and do not p r e 
sent any problem in background radiation or leakage through the r eac to r 
shield. Gamma radiat ion produced in the core is at tenuated exponentially in 
the r eac to r shield. Because of th is , some gamma radiation is always p r e -
ent outside the shield, although the actual level may be low. The MPL for 
gamma radiat ion only is 7.5 m r / h r for an eight-hour exposure . Gamma-
radiation levels a r e m e a s u r e d with ionization chamber m e t e r s such as the 
"JUNO" and Jordan "Radector ." Geiger -Muel le r counters a r e sensit ive to 
gamma radiat ion but should not be used to m e a s u r e dosage r a t e s where 
accuracy is impor tant . 

Fo r a given r eac to r , gamma and neutron-background levels 
a re essent ia l ly proport ional to the r eac to r power level; i .e . , doubling the 
reac tor power approximately doubles the gamma and neutron leakage. 

Gamma radiat ion and neutrons leak through the reac tor shield 
in two ways. The f i rs t is by diffusion through the shield body. This leakage 
can be reduced by increas ing the density of the shield, by changing the 
shielding m a t e r i a l s to a l te r the shielding absorpt ion fac tors , or by increas ing 
the size of the shield. These methods a re seldom pract icable after construe 
tion is connpleted. The second way in which gamma and neutron radiat ion 
may leak through the shield is by " s t reaming" through c racks and voids in 
the shield m a t e r i a l . The effect of " s t reaming" may be reduced by locating 
the "hot spots" or "beams" in the r eac to r shield by careful surveying and 
then locally shielding these spots with lead or concrete block. 

ALPR is designed to deliver 9000 lb s team per hour at a p r e s 
sure of approximate ly 300 psig to a turbine. The s team produced in the r e 
actor core is radioact ive; its radioactive components a re mainly N^ and O , 
which have ex t remely shor t half- l ives but a r e capable of producing a p p r e 
ciable gamma-rad ia t ion levels in the s team l ines . Gamma levels a r e higher 
in the r e a c t o r end of the sys tem than at the turbine end because of the rapid 
decay of the above-mentioned radioactive components in the s team as it 
moves through the sys tem. 

Some leakage of s team is inevitable. This means that r ad io 
active s team will escape into the a tmosphere , but normal ly the quantities 
of N^^ and O^' r e l eased a r e so smal l that they may be considered to be 
negligible. 

In both EBWR and BORAX IV some fission product radioactivity 
was detected in the s team. Such activity is also p resen t to a smal l extent 
in ALPR. These products a r e the resu l t of f issions in t r ace quantit ies of 
uranium which remain as contaminants on the surface of fuel p la tes . Only 
the fission product gases Xe^^* and Kr®^ have been observed. Fo r these 
gases the MPC (Maximum P e r m i s s i b l e Concentration) in a i r has been set 
at 5 X 10"^ /zc/mi of a i r at STP. 



A fuel e l e m e n t r u p t u r e p r o d u c i n g s i m i l a r effects of a m u c h 
h i g h e r o r d e r of m a g n i t u d e and involv ing an u n d e t e r m i n e d quant i ty of e x 
p o s e d fuel was o b s e r v e d at BORAX-IV. Al though BORAX-IV p r o d u c e d 
v e r y h igh l e v e l s of a i r and s u r f a c e c o n t a m i n a t i o n , the r a t e s of decay of 
the i s o t o p e s p r e s e n t w e r e v e r y r a p i d . In one t y p i c a l c a s e , 16 h o u r s of 
d e c a y t i m e w a s suff ic ient to r e d u c e a l e v e l of 50 r / h r to l e s s than 1 m r - h r . 

Dur ing o p e r a t i o n s , t h e r e wi l l be a c o n s t a n t , though low, ac t i v i t y 
l e v e l in the r e a c t o r f loor a i r a s a r e s u l t of u r a n i u m c o n t a m i n a t i o n on the 
fuel p l a t e e x t e r i o r s . The a c t i v i t y wi l l be c a r r i e d t h r o u g h the s t e a m s y s t e m . 
If a fuel e l e m e n t shou ld r u p t u r e , h i g h - l e v e l , s h o r t ha l f - l i f e a i r b o r n e c o n 
t a m i n a t i o n would r e s u l t . O p e r a t i n g e x p e r i e n c e on BORAX-IV i n d i c a t e s that 
s h o r t of c o m p l e t e c o r e d e s t r u c t i o n the a m o u n t of l o n g - l i v e d m a t e r i a l e s 
cap ing f r o m the s y s t e m would be m i n u t e . 

B. E x p o s u r e P h i l o s o p h y for R e a c t o r O p e r a t i o n s 

R e g u l a t i o n s on r a d i a t i o n e x p o s u r e speci fy tha t l o n g - t e r m e x 
p o s u r e to r a d i a t i o n ( i . e . , s e v e r a l y e a r s o r m o r e ) m u s t be kept to an a v e r a g e 
of l e s s than 100 m r e m p e r week . 

Th i s should not be t aken to m e a n tha t an e x p o s u r e of 100 m r e m 
o r m o r e in a g iven week is an o v e r e x p o s u r e . The l i m i t a t i o n s spec i f i ed in 
the r e g u l a t i o n s a r e tha t any e x p o s u r e in e x c e s s of 300 m r p e r week s h a l l be 
c o n s i d e r e d a r e p o r t a b l e o v e r e x p o s u r e and tha t no p e r s o n sha l l r e c e i v e a 
d o s e in e x c e s s of 1 5 r e m p e r y e a r . A n o t h e r r e q u i r e m e n t i s tha t e x p o s u r e 
should a v e r a g e l e s s than 5 r e m p e r y e a r over a p e r i o d of s e v e r a l y e a r s . 
S ince D e p a r t m e n t of Defense p e r s o n n e l a r e e x p e c t e d to be a s s i g n e d to r e 
a c t o r w o r k for a p e r i o d of not l e s s than t h r e e n o r m o r e than twenty y e a r s , 
the a v e r a g e of 5 r e m p e r y e a r shou ld not be e x c e e d e d . A c c e s s to r a d i a t i o n 
a r e a s should be m i n i m i z e d for p e r s o n n e l whose e x p o s u r e i s a p p r o a c h i n g 
the above l i m i t s . 

Ind iv idua l e x p o s u r e s shou ld be kept to a p r a c t i c a l m i n i m u m . 
If, for e x a m p l e , an o p e r a t o r a s s i g n e d to a p a r t i c u l a r duty would r e c e i v e 
r e g u l a r l y a d o s a g e five t i m e s tha t r e c e i v e d by the a v e r a g e o p e r a t o r , r o t a 
t ion of p e r s o n n e l shou ld be p l a n n e d to d i s t r i b u t e dosage m o r e even ly . 

E v e r y effor t shou ld be m a d e to k e e p b a c k g r o u n d r a d i a t i o n 
l e v e l s and a i r - c o n t a m i n a t i o n l e v e l s to a m i n i m u m . If an i n c r e a s e in the r e 
a c t o r a r e a v e n t i l a t i o n a i r flow would r e s u l t in a d e c r e a s e of a i r c o n t a m i n 
a t ion , the a i r flow shou ld be i n c r e a s e d . W h e r e sh i e ld ing of a p r a c t i c a l 
n a t u r e would m a t e r i a l l y r e d u c e b a c k g r o u n d r a d i a t i o n , such sh ie ld ing should 
be i n s t a l l e d . Such c h a n g e s and m o d i f i c a t i o n s should , h o w e v e r , be r e a s o n 
a b l e . F o r e x a m p l e , it i s not r e a s o n a b l e to r e q u i r e tha t the r e a c t o r and the 
s t e a m s y s t e m be s h i e l d e d so tha t no m e a s u r a b l e r a d i a t i o n e s c a p e s . Th i s 
is e c o n o m i c a l l y and p r a c t i c a l l y i m p o s s i b l e w h e r e s p a c e and weight a r e at 
a p r e m i u m . 



SECTION III. ALPR HEALTH PHYSICS 

A. The ALPR Health Phys ics P r o g r a m 

1 . Genera l 

The ALPR Health Physics P r o g r a m is the responsibi l i ty 
of the operating contractor and is governed by AEC and Fede ra l Govern
ment regula t ions . The Health Physics Section consists of one Health 
Physic is t in charge (contractor employee) and one Department of Defense 
Health Phys ic is t (enlisted man of the ALPR Cadre) . 

Labora tory counting equipment is supplied and maintained 
by the operating cont rac tor . Por table survey m e t e r s , personnel dos ime te r s , 
fi lm-badge se rv ice , ur ina lys is se rv ice , and waste disposal serv ice a re 
available from the Idaho Ope'ration Office of the AEC-IDO. Environmental 
monitoring outside the p e r i m e t e r of the r eac to r a r ea fence is the r e spons i 
bility of AEC-IDO. 

All Health Physics operat ions inside the pe r ime te r fence 
a r e the responsibi l i ty of the operating cont rac tor . 

2. Pe r sonne l and Equipment 

a. Pe rsonne l 

The Health Physic is t in charge shall be responsible 
for the implementat ion of an effective Health Physics p rog ram at ALPR 
and will be responsible fo r the orientat ion and training of any ass igned 
Health Physics t r a inees . An effective Health Physics p rogram will in
clude at leas t the following essen t i a l s : 

(1) a thorough continuous p rog ram of monitoring and 
evaluation of all possible radiat ion and contamina
tion conditions; 

(2) Health Physics orientat ion for al l personnel 
ass igned to ALPR; 

(3) the effective l imitation of personne l exposure to 
a p rac t i ca l minimum; and 

(4) the keeping of a concise, yet complete , r eco rd of 
a l l section ac t iv i t ies , personnel exposure , and 
other per t inent data. 

b. Equipment 

Table 1 is a l is t of sampling, counting, and monitoring 
equipment in use at ALPR. This l is t is not an optimum for peak Health 
Phys ics efficiency, but should be adequate for present ly forseeable needs . 



Tab le 1 

H E A L T H PHYSICS E Q U I P M E N T AT A L P R 

Q u a n t i t y D e s c r i p t i o n F u n c t i o n 

Model P C 1 - A P r o p o r t i o n a l 
G a s F l o w Coun te r (NMC) 

Mode l 206 (RIDL) S c a l e r 

2 

1 

2 

2 

50 

I ron sh i e ld (pig) R C L 

Hand and foot c o u n t e r 
(Anton) 

C o n s t a n t a i r m o n i t o r 
m o d e l A M - 2 A (NMC) 

S tap lex H i - V o l a i r s a m p l e r 

G - M type s u r v e y m e t e r : 
0-20 m r / h r 

Juno i on i za t i on c h a m b e r : 
0 -25 r / h r 

Juno i on i za t i on c h a m b e r : 
0-5 r / h r 

J o r d a n R a d e c t o r : 0 -50 r / h r 

J o r d a n R a d e c t o r : 0 -500 r / h r 

BF3 N e u t r o n S u r v e y M e t e r 

R a y c h r o n i x f a s t n e u t r o n 
d o s i m e t e r 

2 - l i t e r gas s a m p l e r 
(ANL d e s i g n and 
f a b r i c a t i o n ) 

L a n d s v e r k L - 5 0 
d o s i m e t e r : 0 -200 m r 

V a c u u m c l e a n e r , 
E l e c t r o l u x a u t o m a t i c 

L o w - l e v e l count ing of a i r s a m p l e s , 
s u r f a c e s m e a r s , e t c . for a lpha and 
b e t a - g a m m a . 

Used with sh i e lded GM tube for 
count ing a i r s a m p l e s . Used with 
BF3 tube for n e u t r o n count ing . Can 
be u s e d with a i r - f i l l e d p r o p o r t i o n a l 
coun te r for a lpha count ing . 

Used to r e d u c e b a c k g r o u n d in low-
l e v e l l a b o r a t o r y count ing . 

Checking hands and feet for 
c o n t a m i n a t i o n . 

Cons tan t m o n i t o r i n g of a i r b o r n e 
p a r t i c u l a t e a c t i v i t y . 

Spot s a m p l i n g of a i r b o r n e p a r t i c u 
la te a c t i v i t y . 

L o w - l e v e l b e t a - g a m m a m o n i t o r i n g . 

H i g h - l e v e l b e t a - g a m m a m o n i t o r i n g . 

H i g h - l e v e l b e t a - g a m m a m o n i t o r i n g . 

H i g h - l e v e l b e t a - g a m m a m o n i t o r i n g . 

H i g h - l e v e l b e t a - g a m m a m o n i t o r i n g . 

T h e r m a l n e u t r o n m o n i t o r i n g . 

F a s t n e u t r o n m o n i t o r i n g . 

Spot s a m p l e r for m e a s u r e m e n t of 
g a s e o u s a i r b o r n e ac t i v i t y (be ta -
g a m m a only . ) 

P e r s o n a l e x p o s u r e m e a s u r i n g 
d e v i c e . 

Used for r e m o v a l of a c t i v e d u s t s . 



3 . Rou t ine R e a c t o r O p e r a t i o n s 

The s c h e d u l e for rou t ine Hea l th P h y s i c s c o v e r a g e for 
n o r m a l power o p e r a t i o n i s a s fo l lows : 

a . 
b . 
c. 
d . 

e . 
f. 

g-
h . 

A r e a S u r v e y s 
A i r S a m p l e s 
A i r E j e c t o r G a s e s 
Spec i a l S u r v e y s 
Su r f ace S m e a r s 
N e u t r o n M o n i t o r i n g 
D o s i m e t e r s 
F i l m B a d g e s 

Dai ly 
Cont inuous and spot s a m p l e s 
Dai ly 
As r e q u e s t e d 
Dai ly 
Weekly, o r on r e q u e s t 
Dai ly 
Weekly 

a. A r e a S u r v e y s : 

R a d i a t i o n s u r v e y s a r e m a d e da i ly wi th p o r t a b l e s u r 
vey m e t e r s . A r e a s of p a r t i c u l a r i n t e r e s t a r e : 

(1 
(2 
(3 
(4 
(5 
(6 
(7 
(8 
(9 

r e a c t o r sh ie ld b locks 
s i m u l a t e d h e a t load hea t e x c h a n g e r 
a i r e j e c t o r 
p u r i f i c a t i o n s y s t e m 
s t e a m l i n e s 
hot we l l 
c o n d e n s e r s 
c o n t r o l r o o m 
fan f loor 

Spec i a l s u r v e y po in t s a r e e s t a b l i s h e d at e a c h of the 
above l o c a t i o n s for u n i f o r m i t y in i n t e r p r e t i n g the r e s u l t s of the s u r v e y s . 
A l so of i n t e r e s t i s the a v e r a g e b a c k g r o u n d r a d i a t i o n l eve l in the a r e a . 

R a d i a t i o n l e v e l s on the r e a c t o r o p e r a t i n g and fan 
f loor could r e s u l t in t i m e r e s t r i c t i o n for occupancy by p e r s o n n e l . Th i s 
w a s a n t i c i p a t e d in the d e s i g n of the r e a c t o r s y s t e m . The p r e s e n c e of 
o p e r a t i n g p e r s o n n e l d u r i n g r e a c t o r o p e r a t i o n i s r e q u i r e d only d u r i n g t u r 
bine s t a r t u p and d u r i n g r o u t i n e i n s p e c t i o n s and m a i n t e n a n c e . Th i s t i m e 
n o r m a l l y a m o u n t s to l e s s than two h o u r s p e r p e r s o n p e r o p e r a t i n g shif t . 

A r e a s u r v e y s a r e p e r f o r m e d r o u t i n e l y a t l e a s t twice 
e a c h day by Hea l th P h y s i c s p e r s o n n e l . Wheneve r a change in o p e r a t i n g 
cond i t ions o c c u r s , such a s a change in r e a c t o r p o w e r o r s t e a m p r e s s u r e , 
a s e r i e s of s u r v e y s i s m a d e to m e a s u r e r e s u l t i n g c h a n g e s in the l e v e l s of 
r a d i a t i o n . S u r v e y s a r e m a d e h o u r l y unt i l the new e q u i l i b r i u m l e v e l s a r e 
e s t a b l i s h e d . In the a b s e n c e of Hea l t h P h y s i c s p e r s o n n e l , s u p p l e m e n t a l 
s u r v e y s a r e p e r f o r m e d twice d u r i n g e a c h o p e r a t i n g shift by r e a c t o r o p e r 
a t ing p e r s o n n e l . 



Records of a r ea surveys a r e kept on file in the Health 
Phys ics office. These r eco rds mus t include information as to the t ime, 
location, reason for survey, ins t rument used, r e su l t s , e tc . 

b. Air Samples 

Continuous a i r sampling for be ta -gamma-emi t t ing 
par t icu la tes is provided by a Nuclear Measurements Corporation 
Model AM-2A constant a i r moni tor . Its de tec to r views a s tat ionary paper 
fi l ter through which air is drawn at the r a t e of 4.8 cfm. The detector- f i l ter 
a s sembly is shielded from background radiation by a thick iron shield. 
Sample r e su l t s a r e continuously r ecorded on an Es te r l ine Angus Recorder . 
Graphs a r e kept on permanent file in the Health Physics office. 

Continuous sampling is supplemented by "spot" a i r 
s amples . These a r e taken with the Staplex "Hi-Vol" sample rs on high-
efficiency fi l ter paper . The samples a r e taken in var ious locations and 
a r e counted with low-background labora tory counting equipment located 
in the Health Phys ics office. The re su l t s a r e entered and evaluated on Air 
Sample Data Sheets and a r e kept on permanent file in the Health Physics 
office. 

Atmospher ic radioactivity on the reac tor operating 
floor is composed of a combination of the natural decay products of radon 
and the r eac to r -p roduced decay products of the fission gases xenon and 
krypton. 

The source of the fission products which escape into 
the r eac to r room ai r is probably a t r ace level of contamination of the fuel 
a s sembly cladding. The main fission products which escape into the water 
and s team a re the gases xenon and krypton, which decay into par t iculate 
i so topes . 

The activity is c a r r i e d into the sys tem steam l ines . 
F r o m the s team l ines , turbine, condenser , and air ejector , there is leakage 
of a smal l amount of s team into the air in the reac tor building. 

At EBWR, the a tmospher ic concentration within the 
containment building was about 2 x 10" juc/ml at a r eac to r power level of 
20 Mw (thermal) . The concentrat ion on the ALPR operating floor is 
1.46 X 10" jLtc/ml at 2.8-Mw reac to r power. 

The value for the maximunn permiss ib le level (MPL) 
of xenon and krypton decay products adopted by Argonne National Laboratory 
(ANL) is 5 X 10" (jLC/Tnl. This value is not specified in the National Bureau 
of Standards (NBS) handbook on pe rmiss ib le concentrat ions, but was com
puted at ANL by the methods used by the NBS. 



The occur rence of a fuel plate rupture will be detected 
rapidly on the constant a i r moni tor . The t ime delay between the occur rence 
of the sudden rupture and detection through a r i se in operating floor a i r 
activity is expected to be no longer than one to two minutes . Such detection 
t r i gge r s both visual and audible a l a r m s on both the Constant Air Monitor 
and the Control Room Ala rm Panel . 

c . Air Ejector Gases 

Gases in the a i r ejector a r e typical of the gases e s 
caping with the s team from the sys tem. A check on these gases is an aid 
in evaluating the a tmospher ic radioactivi ty on the reac tor floor and is a 
m e a s u r e of total stack effluent activity. 

A 2- l i te r b r a s s flask with a built- in GM tube is used 
for gas samples . A sample is taken direct ly from the air ejector line with 
the b r a s s sample r . The sampler is connected to a labora tory sca le r for 
counting. (See Standard Operating Procedure No. 13, p. 80.) 

d. Special Surveys 

Special surveys include any surveys made at the r e 
quest of the operating personnel . The equipment and methods used a r e at 
the discre t ion of the Health Phys ic i s t . Resul ts of such surveys a r e r e 
corded in the Health Physics Daily Log Book. Any unusual conditions noted 
in such surveys should be carefully evaluated. 

e. Surface Smears 

Smears of surfaces in al l a r e a s a re made daily. 
Smears a re counted in the Health Physics office on the labora tory counter . 
Resul ts a re kept on file in the Health Physics Log. A snnear is the mos t 
sensit ive method available for detection of surface contaminants . A typical 
s m e a r is made by rubbing a one-square foot a r ea of floor or work surface 
with a two- inch-d iameter c i rcu la r disc of filter paper . A count is made of 
the radioactivi ty content of the m a t e r i a l wiped up with the paper and is 
in te rpre ted as a number of dis integrat ions per minute per square foot of 
surface . Pe rmanen t r eco rds which reflect the presence or buildup of con
tamination in the various a r e a s a r e kept. 

f. Neutron Monitoring 

A routine neutron survey of the r eac to r a r e a is made 
weekly. The purpose of this survey is to a sce r t a in that no unexpected 
changes in neutron background have occur red . Changes of this type might 
occur with the shifting of shield gravel . Changes in background neutron 
levels will occur with changes in r eac to r power. 



In addition to routine surveys , special surveys may be 
made at var ious levels of r eac to r power or at the reques t of operating 
personnel . 

g. Dos imete rs 

Dos imeters a r e ass igned to regular operating personnel 
but a r e not available in sufficient quantity to be used by v i s i to r s . 

A dos imeter rack is located at the entrance to the con
t ro l room. Dos imete rs a r e re tu rned to the rack at the end of each operat ing 
shift. All dos ime te r s a r e read daily by a Health Phys ic i s t and are recharged 
when n e c e s s a r y . Dosimeter readings a r e recorded on a daily log. Weekly 
totals a r e entered in a permanent log book. 

h. F i lm Badges 

F i lm badges a re i ssued to all personnel at the pe r ime te r 
guard post. Regular ly ass igned personne l have exchange badges which in
corpora te an identification badge and a film packet. This badge is exchanged 
for a plast ic identification pass as the individual goes through the guard post. 
Vis i tors and t empora ry personnel a re issued s imi lar badges which do not 
incorpora te an identification photograph. Regular and temporary badges 
a r e p roces sed weekly. Visi tor badges a r e p rocessed daily. 

All badges a r e furnished, exchanged and p rocessed by 
AEC Health and Safety at the NRTS Centra l Faci l i t ies a rea . No action is 
requ i red on the par t of ALPR Health Physics personnel to obtain film badges 
for new personnel since they a r e i ssued automatical ly at the t ime of issuance 
of the secur i ty pass or badge. 

Each badge contains a be ta -gamma-sens i t ive packet 
and a fas t -neutron sensi t ive packet (NTA). Both film packets a r e p roces sed 
after exchange. AEC Health and Safety p r e p a r e s a weekly summary of film 
badge readings for the a r e a . All be ta -gamma films a r e m e a s u r e d and r e 
corded. Neutron films a r e p roces sed but a r e not read unless a specific 
reques t is made . 

B. ALPR Startup Operations 

1. P re -Ope ra t i on Background Evaluation 

Health Phys ics coverage for ALPR was begun pr ior to the 
init ial loading of the core . The purposes of this pre-opera t ional evaluation 
were : (1) to de te rmine the na tu ra l radioactivity background levels in the 
a r e a , and (2) to de termine whether the Health Physics program was fully 
operat ional . 



Pre -ope ra t i ona l coverage consisted of the collection and 
analyses of a i r samples to determine na tura l radioactivi ty in the a i r , col 
lection and analyses of surface s m e a r samples to determine background 
contamination levels , and a rea monitoring with low-level scintil lation de 
tection survey m e t e r s to determine the natura l radioactivity in the a r e a . 

2. Installation of Antimony Source 

Operational coverage began with the receipt at ALPR of 
the cyl indr ical , 1000-cur ie , gamma-emi t t ing Sb-124 s ta r tup source rod. 
The ALPR fuel-loading cask was used for shipment of the source . Maxi
mum leakage of radiation from the cask was 160 m r / h r , in the form of a 
beam through the bottom of the cask. Genera l radiat ion leakage over the 
cask surface was l ess than 1 m r / h r . The loading procedure consisted of 
filling the r eac to r p r e s s u r e vesse l with water and lowering the cask v e r t i 
cally until i ts lower end was i m m e r s e d in twelve inches of water . The bot
tom plug of the cask was opened and the source was lowered by means of 
a winch. As the source was lowered, the radiation level at the edge of the 
r eac to r rose to 2.6 r / h r . The radiat ion level was 1 m r / h r with the source 
submerged in four feet of water and 0.015 m r / h r in the final position. 
Pe r sonne l exposure was l imited by res t r i c t ing access of personnel to the 
r eac to r floor and by requir ing them to remain seve ra l feet back from the 
reac to r pit during the lowering operat ion. The winch opera tor received 
an exposure of 30 m r and one obse rve r received an exposure of 1 0 m r . 

3. Fuel Element Contamination 

All fuel a s sembl ie s were carefully surveyed upon receipt . 
Smears taken of the end fuel plate surfaces of the fuel a s sembl ies showed 
some to be slightly contaminated. The contaminants were not identified 
positively but, since both alpha and beta radiat ions were emitted, it is a s 
sumed that the activity was due to u ran ium. All of the a s sembl i e s had been 
subjected to r igorous examination by means of nondestruct ive test ing 
methods during and after fabricat ion. These tes t s showed that the cladding 
was free from potentially dangerous holes and sc ra tches and was well 
bonded to the mea t of the fuel plate . 

It is believed that a i r contamination at EBWR was caused 
by fuel a ssembly contamination and it is a lso believed to be the major 
source of a i r contamination at ALPR. All fuel a s sembl i e s were washed 
and scrubbed in a hot detergent solution in an effort to reduce the contam
ination to a low level . The effect of this p rocess on the unscrubbed in ter ior 
surfaces could not be determined, and it is a s sumed that some fixed con
tamination r emains on the exter ior surfaces of the a s s e m b l i e s . 



4, Load ing and C r i t i c a l E x p e r i m e n t s 

Load ing and c r i t i c a l - e x p e r i m e n t p h a s e s a r e not a p a r t of 
n o r m a l d a y - t o - d a y o p e r a t i o n and t h e r e f o r e a r e t r e a t e d s e p a r a t e l y h e r e . 
Th i s d i s c u s s i o n a p p l i e s only to c l e a n c r i t i c a l e x p e r i m e n t s a t A L P R . 

The g e n e r a l s c h e d u l e for H e a l t h P h y s i c s c o v e r a g e is 
s i m i l a r to tha t for r o u t i n e r e a c t o r o p e r a t i o n : 

A r e a M e t e r S u r v e y . . . . Dai ly 
A i r S a m p l e s Cont inuous and spot s a m p l e s 
Spec i a l s u r v e y s As r e q u e s t e d 
Su r f ace S m e a r s Da i ly 
N e u t r o n S u r v e y s As r e q u e s t e d 
D o s i m e t e r s C h e c k e d dai ly 
F i l m B a d g e s Changed week ly 

The H e a l t h P h y s i c s p h a s e a t t h e s e t i m e s d i f fe red f rom 
tha t d u r i n g r o u t i n e r e a c t o r o p e r a t i o n s in the a m o u n t and type of s u r v e i l 
l a n c e r e q u i r e d . As with any new r e a c t o r , the cond i t ions p e c u l i a r to the 
i n s t a l l a t i o n had to be t h o r o u g h l y i n v e s t i g a t e d and a n a l y z e d . T h i s r e 
q u i r e d tha t the H e a l t h P h y s i c s s e c t i o n spend a g r e a t dea l of t i m e on 
s e e m i n g l y u n i m p o r t a n t d e t a i l s and a t t a c k the p r o b l e m f r o m s e v e r a l dif
f e r e n t a n g l e s , m a n y of which m a y have been u n n e c e s s a r y in the f inal 
a n a l y s i s . 

The f i r s t l oad ing and f i r s t c r i t i c a l e x p e r i m e n t s w e r e con 
duc ted s i m u l t a n e o u s l y . A r o u g h ou t l ine of the s t e p s in b r i n g i n g A L P R to 
c r i t i c a l i t y fo l lows : 

a. The fuel a s s e m b l i e s w e r e c l e a n e d . 

b . The s t a r t u p n e u t r o n s o u r c e w a s l oaded . 

c . A l l c o n t r o l r o d d r i v e s w e r e t e s t e d to be c e r t a i n tha t 
e a c h r o d d r o p p e d to the full i n - p o s i t i o n within two 
s e c o n d s . 

d. F o u r fuel a s s e m b l i e s with no b u r n a b l e po i son s t r i p s 
a t t a c h e d w e r e l o a d e d into the c o r e , one a t a t i m e . 

e . The f i r s t c r i t i c a l i t y t e s t was p e r f o r m e d ; the r e a c t o r 
w a s s u b c r i t i c a l , a s e x p e c t e d . 

f. One fuel a s s e m b l y was added and the c r i t i c a l i t y t e s t 
w a s r e p e a t e d . 

g. Step (f) w a s r e p e a t e d un t i l the r e a c t o r could be b r o u g h t 
to c r i t i c a l i t y by the w i t h d r a w a l of c o n t r o l r o d s . 

h. The r e a c t o r w a s shu t down. 



The sa fe ty r e s t r i c t i o n s in fo r ce du r ing the loading and 
c r i t i c a l i t y p h a s e s of the o p e r a t i o n a r e d e s c r i b e d below and , in g e n e r a l , 
can be a p p l i e d to any s i m i l a r o p e r a t i o n : 

a. A c c e s s to the r e a c t o r f loor du r ing load ing of a s s e m b l i e s 
was kep t to an a b s o l u t e m i n i m u m . 

b . D u r i n g the w i t h d r a w a l of c o n t r o l r o d s in the c r i t i c a l i t y 
e x p e r i m e n t s , the r e a c t o r o p e r a t i n g f loor was p l a c e d 
"Off L i m i t s " to A L L p e r s o n n e l . No e x c e p t i o n s w e r e 
p e r m i t t e d . 

c . Dur ing loading of fuel a s s e m b l i e s , r a d i a t i o n l e v e l s w e r e 
o b s e r v e d by the c o n t r o l c o n s o l e o p e r a t o r , by a qua l i f ied 
s u p e r v i s o r , and by the h e a l t h p h y s i c i s t s p r e s e n t . If a-ny 
sudden change in l e v e l was no ted by any one of the above 
p e r s o n n e l , the i n s e r t i o n of the a s s e m b l y w a s h a l t e d un t i l 
the sa fe ty of the con t inua t ion of th i s l oad ing was 
e s t a b l i s h e d . 

d. P r i o r to a load ing , one o r m o r e c o n t r o l r o d s w e r e w i t h 
d r a w n p a r t i a l l y to be i n s e r t e d r a p i d l y in the even t of an 
e m e r g e n c y . The load ing p o s i t i o n was s e l e c t e d to p r o 
vide a m a r g i n of c o n t r o l g r e a t e r than the i n c r e a s e in 
r e a c t i v i t y e x p e c t e d f r o m the i n c r e m e n t a l l oad ing . 

e . Double i n s t r u m e n t a t i o n for m e a s u r e m e n t of p e r i o d and 
flux l e v e l s was i n s t a l l e d . One s e t of i n s t r u m e n t s was 
r e a d a t the c o n t r o l c o n s o l e , the o t h e r on a p a n e l p o s i 
t i oned t e m p o r a r i l y on the r e a c t o r f loor a d j a c e n t to the 
r e a c t o r p i t . 

f. A i r s a m p l e s w e r e t aken for e a c h load ing and c r i t i c a l i t y 
e x p e r i m e n t . At i n t e r v a l s , s u r f a c e s m e a r s w e r e t a k e n 
of e q u i p m e n t and f l o o r s . 

g. P e r s o n n e l w e r e c h e c k e d for c o n t a m i n a t i o n a f t e r l e a v i n g 
the r e a c t o r o p e r a t i n g f loo r . 

h. Al l p e r s o n n e l w o r k i n g on the r e a c t o r o p e r a t i n g f loor w e r e 
s u p p l i e d wi th s e l f - r e a d i n g d o s i m e t e r s and wi th s t a n d a r d 
f i lm b a d g e s . 

i . D u r i n g c r i t i c a l i t y e x p e r i m e n t s when the r e a c t o r f loor 
w a s "Off L i m i t s , " m e t e r s u r v e y s w e r e m a d e in a c c e s 
s ib l e a r e a s to d e t e r m i n e p o s s i b l e i n c r e a s e s in r a d i a t i o n 
b a c k g r o u n d . 

A s u r v e y of the A L P R o p e r a t i n g f loor innnnediately fol lowing 
shutdown a f t e r the f i r s t c r i t i c a l showed the g a m m a - r a d i a t i o n b a c k g r o u n d to 
be l e s s than 0.1 m r / h r . F l o o r s m e a r s for c o n t a m i n a t i o n and a i r s a m p l e s 



for a t m o s p h e r i c a c t i v i t y w e r e n e g a t i v e . A s e r i e s of c r i t i c a l e x p e r i m e n t s 
fo l lowed. T h e s e invo lved add ing fuel a s s e m b l i e s , changing fuel a s s e m b l y 
l o c a t i o n s , add ing b o r o n s t r i p s to fuel a s s e m b l i e s , and hea t i ng the r e a c t o r 
w a t e r . Some of the c r i t i c a l e x p e r i m e n t s r e q u i r e d the r e m o v a l of one o r 
m o r e a s s e m b l i e s f r o m the c o r e fol lowing r e a c t o r o p e r a t i o n a t v e r y low 
p o w e r . Some r a d i o a c t i v i t y w a s i n d u c e d in the fuel a s s e m b l i e s at v e r y low 
p o w e r , but i t w a s found tha t t en m i n u t e s a f t e r shutdown, the r a d i a t i o n l e v e l 
of e a c h fuel a s s e m b l y w a s r e d u c e d to l e s s than 100 m r / h r a t a d i s t a n c e of 
two i n c h e s f r o m the a s s e m b l y . F u e l a s s e m b l i e s w e r e h a n d l e d m a n u a l l y 
for v e r y s h o r t p e r i o d s of t i m e . Hand e x p o s u r e s w e r e of the o r d e r of 10%of 
m a x i m u m p e r m i s s i b l e e x p o s u r e l i m i t s . In the e n t i r e p r o c e s s of hand l ing 
i r r a d i a t e d fuel a s s e m b l i e s , no i n s t a n c e of c o n t a m i n a t i o n of p e r s o n n e l , 
c lo th ing o r e q u i p m e n t w a s n o t e d . 

No H e a l t h P h y s i c s d i f f icu l t ies w e r e e n c o u n t e r e d in any of 
the c r i t i c a l e x p e r i m e n t s . The u s e of the p r e c a u t i o n s ou t l ined above r e 
s u l t e d in a t r o u b l e - f r e e o p e r a t i o n wi th a m i n i m u m of r a d i a t i o n e x p o s u r e 
to p e r s o n n e l . 

C. P r e l i m i n a r y O p e r a t i n g E x p e r i e n c e 

1 . G e n e r a l 

In the p e r i o d 1 A u g u s t 1958 t h r o u g h 15 D e c e m b e r 1958, 
the A L P R c o r e w a s a s s e m b l e d , c r i t i c a l i t y t e s t s w e r e r u n , and the r e a c t o r 
s y s t e m was b r o u g h t into full p o w e r o p e r a t i o n . Dur ing th i s p e r i o d , the 
r e a c t o r was o p e r a t e d a s a z e r o - p o w e r c r i t i c a l e x p e r i m e n t for a p p r o x i m a t e l y 
100 h o u r s and a t p o w e r l e v e l s of f r o m 2 to 3 Mw ( t h e r m a l ) for 615 h o u r s 
wi th the t u r b i n e and s i m u l a t e d s p a c e h e a t s y s t e m on the l i ne . T h e s e o p e r a 
t ions i n c l u d e d one 4 0 - h o u r con t inuous r u n and one 500 -hou r e s s e n t i a l l y con 
t inuous p o w e r run a t full r a t e d p lan t c a p a c i t y . 

2. P e r s o n n e l E x p o s u r e 

A v e r a g e week ly e x p o s u r e for 31 o p e r a t i n g p e r s o n n e l o v e r 
a 1 9 - w e e k p e r i o d was l e s s than 6 m r . (It should be no t ed h e r e tha t the 
m i n i m u m quan t i ty of g a m m a r a d i a t i o n which can be d e t e c t e d on a f i lm 
badge i s 10 m r , and tha t even th i s i s sub j ec t to e r r o r . F i l m badges in u s e 
a r e r e l i a b l e only in the r a n g e above 30 m r . ) 

At p r e s e n t , f i lm b a d g e s a r e e x c h a n g e d week ly . If f u r t h e r 
o p e r a t i n g e x p e r i e n c e i n d i c a t e s t ha t b iweek ly f i l m - b a d g e exchange is p r a c 
t i c a l (and p r e l i m i n a r y o p e r a t i n g e x p e r i e n c e i n d i c a t e s tha t it i s ) a r e c o m 
m e n d a t i o n wi l l be m a d e to t h i s effect . 



Day-to-day monitoring will continue to be provided through 
sel f - reading dos ime te r s . Fi lm badges of personnel with high dosimeter 
readings can be withdrawn at any t ime and processed and evaluated within 
eight (8) hours . 

In Table 2 a summary is presented of fi lm-badge exposure 
during p re l iminary operation of ALPR. 

OPERATING PERSONNEL FILM. 

Film 
Badge 

No. 

026 
027 
046 
073 
001 
032 
033 
034 
035 
036 
037 
040 
041 
042 
043 
044 

Table 2 

-BADGE EXPOSURE 
EXPERIMENTS, AND INITIAL FULL 

Maximum 
Weekly 

Exposure 
(mr) 

30 
50 
10 
35 
80 

160 
60 

0 
30 
30 
20 
70 
20 
20 
55 
60 

Report Perioi 

Total 
Exposure for 

] 9 Weeks 
(mr) 

40 
190 

10 
85 
80 

255 
155 

0 
70 
40 
40 

190 
20 
20 

105 
100 

DURING ASSEMBLY, CRITICALITY 
,-POWER OPERATION OF ALPR 

i: 26 July 58 through 

Average 
Weekly 

Exposure* 
(mr) 

2.1 
10 
<1 

4.5 
4.2 

13.4 
8.2 
0 
3.7 
2.1 
2.1 

10 
1.05 
1.05 
5.5 
5.3 

Film 
Badge 

No. 

045 
046 
047 
051 
052 
053 
054 
056 
057 
060 
061 
062 
063 
064 
065 

10 Decemb( 

Maximum 
Weekly 

Exposure 
(mr) 

10 
20 
20 
70 

150 
10 
10 

120 
120 

50 
100 

65 
40 
70 
70 

3r 58 

Total 
Exposure for 

19 Weeks 
(mr) 

10 
30 
30 

210 
180 

20 
10 

355 
180 
160 
360 
135 

50 
130 
185 

Average 
Weekly 

Exposure* 
(mr) 

<1 
1.6 
1.6 

10.1 
9.5 
1.05 

<1 
18.7 

9.5 
8.4 

19.0 
7.1 
2.1 
6.8 
9.7 

*Note: Since 10 m r is the minimum which can be detected on a film badge, weekly 
exposures which average less than 10 m r a re not absolute values. 

3. Area Background 

The average gamma-rad ia t ion background on the r eac to r 
operating floor was about 4 m r / h r at 2.8 Mw (see Fig. 1). Minimum and 
maximum readings ranged between 1 m r / h r at the entrance door to 
350 m r / h r at a point behind the purification system panel . There were 
three significant sources of radiation which caused local i nc reases in 
gamma-background levels . These were : 



S i m u l a t e d Hea t Load 

H e a t E x c h a n g e r : M a x i m u m - 350 i n r / h r @ con tac t 

R e s i n C o l u m n Vaul t : M a x i m u m - 1.5 r / h r ©con tac t 

S t e a m T r a p : M a x i m u m - 250 m r / h r @ con tac t 

Add i t iona l sh i e ld ing for t h e s e i t e m s h a s been i n s t a l l e d . 

F i g u r e 1 

R a d i a t i o n L e v e l s 

CROSS SECTION THROUGH SHIELD BLOCK #1 

POWER: 2 MW (DURING 500-HOUR POWER RUN) 

( M a x i m u m o v e r top) 
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It 
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(1) 
(2) 
(3) 
(4) 

1 5 m r / h r 
9.5 m r / h r 
4.3 m r / h r 
1.7 m r / h r 

4. Air Activity 

(5) 10.4 mr/hr 

(6) 0.9 mr/hr 

(7) 3.2 mr/hr 

(8) 2.9 mr/hr 

A i r b o r n e p a r t i c u l a t e r a d i o a c t i v e c o n t a m i n a t i o n a v e r a g e d 
3,200 d p m / m ^ (1.46 x 10" jic/ml) a t z e r o decay t i m e (at e q u i l i b r i u m dur ing 
f u l l - p o w e r r u n s ) . The m a j o r c o m p o n e n t s of the c o n t a m i n a t i o n w e r e b e t a -
g a m m a e m i t t e r s which d e c a y e d with s h o r t h a l f - l i v e s . D i s i n t e g r a t i o n r a t e s 



on a v e r a g e s a m p l e s d e c r e a s e d by a f a c t o r of 100 in 55 m i n u t e s . In a l l 
c a s e s , l o n g - l i v e d a c t i v i t y was l e s s than 50 dpm/m^ a f t e r s e v e n - d a y d e c a y 
t i m e . Alpha e m i t t e r s w e r e p r e s e n t only a s n o r m a l a t m o s p h e r i c r a d o n 
d a u g h t e r s . 

A ma l func t ion of the t u r b i n e gland s e a l a i r e j e c t o r r e s u l t e d 
in the l e a k a g e of r a d i o a c t i v e s t e a m f r o m the t u r b i n e shaft s e a l a t the e x 
h a u s t end of the t u r b i n e . S a m p l e s of r e a c t o r r o o m a i r u n d e r th i s condi t ion 
w e r e a s h igh a s 75,000 d p m / m ^ (3.4 x 10~® jUc/ml). R o o m - a i r a c t i v i t y was 
r e d u c e d to t h a t u n d e r n o r m a l o p e r a t i n g cond i t ions by ven t i l a t i ng the e s 
cap ing s t e a m t h r o u g h a b l o w e r uni t which e x h a u s t e d the a i r c o n t a m i n a n t to 
the a t m o s p h e r e o u t s i d e the bu i ld ing . The m a l f u n c t i o n was r e p a i r e d a f t e r 
two days and the b l o w e r un i t w a s r e m o v e d . 

The c o n c e n t r a t i o n of a i r c o n t a m i n a t i o n u n d e r n o r m a l o p e r 
a t ing cond i t i ons i s c a u s e d by the e s c a p e of s m a l l q u a n t i t i e s of r a d i o a c t i v e 
s t e a m f r o m s e v e r a l po in t s in the r e a c t o r s t e a m s y s t e m . The m a j o r r a d i o 
a c t i v e c o m p o n e n t s a r e the n o r m a l f i s s i o n p r o d u c t g a s e s . 

The m a x i m u m p e r m i s s i b l e l e v e l ( M P L ) for th i s c o m b i n a t i o n 
of r a d i o i s o t o p e s in a i r h a s been c a l c u l a t e d a t ANL, u s i n g NBS m e t h o d s , to be 
5 X 10"^ jic/ml o r 1.1 X 10^ d p m / m ^ 

The m a x i m u m c o n c e n t r a t i o n so far e n c o u n t e r e d a t A L P R was 
3.4 X 10" jUc/ml. The a v e r a g e c o n c e n t r a t i o n was 1.46 x 10" / i c / m l . 

The above w e r e r e s u l t s of " s p o t " a i r s a m p l e s . Con t inuous 
m o n i t o r i n g by the NMC C o n s t a n t A i r M o n i t o r (CAM) p r o v i d e d c o n s t a n t 
s a m p l i n g and e n a b l e d r a p i d d e t e c t i o n of u n u s u a l c o n d i t i o n s . The CAM 
nornna l ly o p e r a t e d a t about 1,600 c p m , o r 80% of full s c a l e on the low o r 
2K s c a l e . T h i s was a c o m b i n a t i o n of both a r e a g a m m a b a c k g r o u n d and a i r 
a c t i v i t y . Dur ing p e r i o d s when a i r a c t i v i t y r o s e b e c a u s e of s t e a m l e a k s 
the CAM o p e r a t e d on the 1 OK and 20K s c a l e s (full s c a l e 1 0,000 and 20,000 cpm, 
r e s p e c t i v e l y ) . On two o c c a s i o n s , the CAM r e g i s t e r e d o f f - s c a l e ; both of t h e s e 
i n c i d e n t s o c c u r r e d d u r i n g the e j e c t o r m a l f u n c t i o n m e n t i o n e d a b o v e . The 
be l l a l a r m s y s t e m of the CAM was w i r e d into a w a r n i n g s y s t e m p a n e l in the 
c o n t r o l r o o m to p r o v i d e an i n s t a n t a n e o u s w a r n i n g to the o p e r a t i n g c r e w 
should an u n u s u a l condi t ion a r i s e when no p e r s o n n e l w e r e p r e s e n t on the 
r e a c t o r o p e r a t i n g f loor . 

5. A r e a and P e r s o n n e l C o n t a m i n a t i o n 

Hand and shoe c o n t a m i n a t i o n of up to 2 m r / h r was found on 
s e v e r a l o c c a s i o n s . Al l i n c i d e n t s w e r e c o n n e c t e d with l e a k s o r s p i l l s f r o m 
the p u r i f i c a t i o n s y s t e m and a l l i nvo lved r e a c t o r w a t e r . The c o n t a m i n a n t 
was of s h o r t ha l f - l i f e and in a l l c a s e s l e v e l s w e r e r e d u c e d to l e s s than 
0.1 m r / h r by c l e a n i n g with s o a p and w a t e r . Sonne l o w - l e v e l c o n t a m i n a t i o n 
of l e s s than 0.1 m r / h r could not be r e m o v e d by the above m e t h o d but d e 
c a y e d to u n d e t e c t a b l e l e v e l s in l e s s t han e ight h o u r s . 



S e v e r a l s p i l l s of r e a c t o r w a t e r w e r e of suff ic ient m a g n i 
tude to w a r r a n t the m a n d a t o r y u s e of shoe c o v e r s un t i l the sp i l l s could be 
c l e a n e d up . Since the s p i l l s w e r e m a i n l y w a t e r , w a t e r p r o o f p l a s t i c shoe 
c o v e r s w e r e r e q u i r e d . To k e e p t r a c k i n g of c o n t a m i n a t i o n to a m i n i m u m , 
p e r s o n n e l a c c e s s was l i m i t e d to e s s e n t i a l p e r s o n n e l u n t i l c l e anup could 
be a c c o m p l i s h e d . The C o n s t a n t A i r Moni to r (CAM) showed tha t v e r y l i t t l e 
of the c o n t a m i n a t i n g m a t e r i a l b e c a m e a i r b o r n e . C leanup fol lowed s t a n d a r d 
d e c o n t a m i n a t i o n p r o c e d u r e s and no u n u s u a l p r o b l e m s w e r e e n c o u n t e r e d . 

6. I n s t r u m e n t O p e r a t i n g E x p e r i e n c e 

C e r t a i n i n s t r u m e n t s u s e d by the Hea l th P h y s i c s s e c t i o n 
w e r e in con t inuous o p e r a t i o n f r o m 1 A u g u s t 58 t h r o u g h 15 D e c e m b e r 58 
whi le o t h e r s w e r e in u s e on an i n t e r m i t t e n t b a s i s . Th i s i s a b r i e f s u m 
m a r y of o p e r a t i n g e x p e r i e n c e which m a y he lp in d e t e r m i n i n g fu ture i n s t r u 
m e n t r e q u i r e m e n t s . F o r d e t a i l e d i n f o r m a t i o n on the i n s t r u m e n t s and t h e i r 
o p e r a t i o n , s e e S t a n d a r d O p e r a t i n g P r o c e d u r e s No. 4, 8, and 13. 

The C o n s t a n t A i r M o n i t o r (CAM) and the Hand and F o o t 
M o n i t o r w e r e in c o n s t a n t u s e t h r o u g h o u t the p e r i o d . Downt ime on the CAM 
was one day , c a u s e d by a b r e a k of the fan be l t of the b lower d r i v e uni t . 
Downt ime on the Hand and F o o t M o n i t o r was l e s s than one h o u r , c a u s e d by 
an a c c i d e n t a l b r e a k of the m a i n p o w e r c o r d , which cannot be c h a r g e d to 
e q u i p m e n t f a i l u r e . Both un i t s have had no e l e c t r o n i c f a i l u r e s in the r e p o r t 
p e r i o d . 

S a m p l e - c o u n t i n g e q u i p m e n t c o n s i s t e d of one (1) P C - I A 
p r o p o r t i o n a l c o u n t e r and two (2) R I D L Model 206 d e c i m a l s c a l e r s which 
s e r v e d a v a r i e t y of count ing c h a m b e r s and d e v i c e s . T h e s e w e r e in c o n 
t inuous o p e r a t i o n for the d u r a t i o n of the 5 0 0 - h o u r p o w e r r u n and w e r e in 
i n t e r m i t t e n t o p e r a t i o n for abou t 40 h o u r s p e r week for the b a l a n c e of the 
p e r i o d f r o m 1 A u g u s t 58 t h r o u g h 15 D e c e m b e r 58. The R I D L s c a l e r s h a d 
no o p e r a t i n g f a i l u r e s in t h i s p e r i o d . The P C - I A w a s out of o p e r a t i o n for 
one week (p r i o r to the 5 0 0 - h o u r r u n ) b e c a u s e of e l e c t r o n i c t r o u b l e in the 
p r e a m p l i f i e r s e c t i o n . 

P o r t a b l e s u r v e y m e t e r s w e r e in i n t e r m i t t e n t u s e t h r o u g h 
out the p e r i o d . T h e r e w e r e no r e p o r t e d e l e c t r o n i c f a i l u r e s in the p e r i o d . 
Al l of the m e t e r s in u s e a r e b a t t e r y o p e r a t e d and a r e sub jec t to b a t t e r y 
f a i l u r e in f r o m one to four m o n t h s of i n t e r m i t t e n t o p e r a t i o n . No effor t i s 
m a d e to r e p l a c e b a t t e r i e s be fo re the i n s t r u m e n t goes out of o p e r a t i o n . The 
n u m b e r of i n s t r u m e n t s on h a n d i s suff ic ient to a l low full s e c t i o n o p e r a t i o n 
in the even t of f a i l u r e of 50% of the p o r t a b l e s u r v e y m e t e r s . 



7. Resin Change 

Transfer of ei ther mixed-bed or cation res ins from the 
res in column to the disposal tanks involves the movement of a quantity of 
highly radioactive m a t e r i a l from a point on the purification panel to a d i s 
posal tank over a distance of some 15 feet. Maximumi radiat ion from the 
t ransfer piping is 50 to 75 r / h r as determined by a Jordan Radector in 
contact with the pipe. Gamma background fifteen feet away from the pipe 
is 50 to 75 m r / h r . 

As originally designed, the change system involved the use 
of rubber hose between the purification panel connection and the disposal 
tank. This was modified so that galvanized i ron pipe could be used, since 
rubber hose is subject to breakage under the p r e s s u r e which may be encoun
te red in the event of a line stoppage. 

The res in disposal tank is positioned Sonne fifteen feet be 
low the floor surface in a waste s torage sump and is covered by four to six 
fee tofwater . Connection to the galvanized iron pipe is by copper tubing. Resin 
is removed frona the column (located in the shield gravel) by back-flushing. 
The r e s in is c a r r i e d out by the flush water through the galvanized pipe, down 
the copper tubing to the disposal tank. A screen on the outlet side of the 
disposal tank stops the res in but allows the flush water to flow through into 
a copper r e tu rn line to floor level, and then into a rubber hose connected to 
the r eac to r water s torage tank. 

The major portion of the active m a t e r i a l is concentrated 
at the input of the res in column in perhaps 5 to 10% of the total res in charge . 
The highly radioact ive portion of the res in is the last of the charge to be 
ca r r i ed over in flushing, so that the opera to rs should not become ca re l e s s 
if the radiat ion levels a r e low as the f i rs t par t of the r e s in comes through 
the sys tem. 

Pe r sonne l exposures a re kept at a minimum by f i rs t making 
sure al l connections a r e made proper ly , and then observing the operat ion 
from a safe dis tance. Access to the r eac to r operating floor is r e s t r i c t ed 
during res in changes and, if the reac tor is in operat ion, the r eac to r operator 
in charge is notified to anticipate high-level radiation readings on the 
control console monitor sys tem. 

8. Evaluation of the Effectiveness of the Gravel Shield 

A survey to de termine the effectiveness of the gravel shield 
surrounding the ALPR core and p r e s s u r e vesse l was made . It was requi red 
to determine quantitatively the dose ra te of gamma and neut ron- rad ia t ion 
leakage through the ver t i ca l side of the r eac to r building and the neutron 
and gamma-rad ia t ion dose ra te in the a i r space in the piling zone under the 
r eac to r building. (Note: ALPR was built on pilings to s imulate Arc t ic a r e a 
pe rma- f ro s t conditions.) 



a. Side L e a k a g e 

P o i n t s w e r e e s t a b l i s h e d a t i n t e r v a l s of two feet v e r t i 
ca l ly on the s ide of the r e a c t o r bu i ld ing a long the u n c o v e r e d s p i r a l s t a i r 
c a s e ( e m e r g e n c y ex i t s t a i r s ) . C o n s i d e r i n g the top of the p i l i ngs to be the 
b a s e of the bu i ld ing , r e a d i n g s a r e g iven a t two- foo t i n t e r v a l s of e l e v a t i o n . 
R e a d i n g s w e r e m a d e a t a p o w e r l e v e l of about 2,8 Mw a f t e r 250 h o u r s of 
con t inuous o p e r a t i o n ( s e e Tab le 3) . 

T a b l e 3 

RADIATION L E V E L S ^ ALONG THE OUTSIDE STAIRS 
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scinti l lat ion 

N e u t r o n (f): 

N e u t r o n ( t h ) : 

c o u n t e r , m i n i m u m s e n s i t i v i t y of 0 . 0 0 1 m r / h r . 
R e a d i n g s i n c l u d e n o r m a l b a c k g r o u n d of 
0 . 0 0 3 m r / h r . 

R e a d i n g s m a d e w i t h R a y c h r o n i x F a s t N e u t r o n 
D o s i m e t e r " ( R e d - N o s e ) u s i n g " i n t e g r a t e " 
s c a l e ; n o d e t e c t a b l e r e a d i n g i n t e n - m i n u t e 
o b s e r v a t i o n p e r i o d ; r a t e d m i n i m u m s e n s i t i v i t y 
of 0 . 0 1 m r e m / h r . 

R e a d i n g s m a d e w i t h N u c l e a r M e a s u r e m e n t s 
C o r p o r a t i o n B F 3 p o r t a b l e s u r v e y m e t e r , m i n i 
m u m s e n s i t i v i t y of 20 n ^ j ^ ( c m ^ ) ( s e c ) . 

' Table 3 is based on readings at selected locations only. Much of the surface of the reactor 
building above head level remains unsurveyed. It is believed that the uniformity of the gravel 
shield is such that all readings for a given elevation should vary by no more than lÔ o 
from the values in Table 3. 

The fast neutron dosimeter is sensitive to neutrons in the energy range above 0.2 Mev 
while the BF3 meter is sensitive to neutrons of less than 0. 03 ev. No determination was 
made of neutrons in the energy range from 0, 03 ev to 0.2 Mev. If suitable measuring 
devices can be obtained, a survey of this energy range will be made. 



b. Bottom Leakage 

Building height r e s t r i c t ions on ALPR (design spec i 
fications) l imited the space available for ver t ica l shielding of the r eac to r 
p r e s s u r e ves se l . It was de termined that the shielding should be so a r 
ranged as to provide maximum shielding above the r e a c t o r and somewhat 
less shielding below the r eac to r , since the a r ea over the r eac to r would be 
occupied by personnel on a p a r t - t i m e bas i s , while the a r e a under the r e 
actor does not requ i re acces s by personnel . 

The design es t imate for gamma-rad ia t ion leakage in 
the piling a r e a at a point d i rect ly below the reac to r p r e s s u r e vesse l was 
100 r / h r . 

A survey was made by taping fi lm-badge packets (both 
beta-gamnna and neutron types) to a long pipe which was placed under the 
reac tor building for a per iod of one hour . The resu l t s from the neutron 
film packets were inconclusive. Resul ts from the be ta -gamma film packets 
a re shown in Table 4. 

Table 4 

RADIATION LEVELS UNDER REACTOR BUILDING 
(Piling Zone) 

Be ta -gamma film packets exposed for one hour 
with r eac to r at ^ 2.8 Megawatts 

Distance 
from Outer 

Edge (f t ) 

0 
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2 
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10 
11 
12 
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0 
0 
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from outer 
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No. 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Exposure 
(mr) 

2,850 
4,700 
8,400 

10,000 
9,400 

10,000(Center 
10,000 
10,000 

7,200 
5,800 
4,700 
2,700 
1,455 

950 
550 



9. Radioactivity Release to the Atmosphere 

Release of radioact ive m a t e r i a l to the a tmosphere is con
fined to the output of the two a i r e jec tors in the reac tor s team sys tem. 
Mate r i a l is r e l ea sed through a one-inch line through the building roof some 
50 feet above ground level on the side of the building a i r intake and exhaust 
sys t em. 

In the or iginal building design, the a i r ejector effluent was 
to be discharged through the building a i r - exhaus t sys tem. Because of the 
close proximity of the building a i r - in take and exhaust sys tems , it was ap
parent that rec i rcu la t ion would occur under cer ta in meteorological condi
t ions. To nnininnize the effect of rec i rcu la t ion of radioactive m a t e r i a l s , 
it was decided to re locate the a i r ejector stack at i ts p resent position. 

Isotopic analys is of the a i r ejector effluent activity ( radio
active isotopes only) is as follows: 

For ALPR operat ing at a power level of 2.4 Mw: 

K r - 8 8 9 X 10^ dpm/cc 
Xe-138 7 X 10^ dpm/cc 
Xe-133 1.8 X 10^ dpm/cc 

10. Summary - Routine Reactor Operations 

The p r i m a r y concern of Health Physics at ALPR under 
routine operat ing conditions is not the r eac to r core , per se , but the equip
ment assoc ia ted with the r eac to r , such as the turbine, piping, valves, 
water-pur i f ica t ion sys tem, s team condenser , a i r e jector , etc . 

Some radiat ion escapes from the reac to r through the 
shielding m a t e r i a l but this level of radiation is low and, from the s tand
point of personnel exposure and safety, it is of secondary importance in 
compar ison with the other components mentioned above. 

Radioactive m a t e r i a l is produced in the reac tor core by 
neutron bombardment and by the production of fission products exter ior to 
the fuel cladding. The s team generated in the core c a r r i e s some rad io 
active m a t e r i a l s through the s team sys tem. Steam leaves the reac tor v e s 
sel through the main s team line and then flows ei ther into the turbine s team 
line or the auxi l iary s team line. The major portion of the s team passes 
through the turbine and then to an a i r -coo led condenser . The auxil iary 
s team line leads to the Simulated Heat Load Heat Exchanger and then to the 
a i r -coo led condenser . The condensate goes to the hot well from which it is 
pumped back into the reac tor vesse l . 



Approximately 2 gpm of r eac to r water is c i rculated through 
a fi l ter and ion exchange sys tem to maintain high quality of the r eac to r water 
and to control its pH. This loop is another active portion of the reac tor s y s 
tem from which radiat ion leakage can be detected. Potential ly active gases 
such as entrapped a i r , products of water dissociation and fission product 
gases a r e removed from the s team system by the condenser a i r e jectors and 
the turbine gland sea l a i r e jector . 

Local a r e a s of high-level gamma radiation a re found near 
the Simulated Heat Load Heat Exchanger and around the purification sys tem 
control panel. The activity at the heat exchanger is caused by a concent ra 
tion of N^ near its exhaust end. The activity level is dependent on the by
pass s team flow ra te and to total r eac to r power. With the r eac to r at full 
power the maximum activity level external to the heat exchanger r i s e s to 
about 300 m r / h r with 1500 Ib /h r of s team bypass . The average background 
in the innmediate vicinity of the heat exchanger is about 15 m r / h r . This 
a rea includes the turbine control panel and is occupied by personnel for 
short per iods of tinne during turbine s tar tup and during routine inspect ions. 

A portion of the radiat ion level at the r e a r of the pur i f ica
tion panel was at t r ibuted to radiation leakage from the r e s in column vault 
which is buried in the gravel shield below floor level. Leakage through the 
shield plug was about 100 m r / h r at floor level. During init ial power runs 
a leak of up to 350 m r / h r was found, but since then this has been co r rec t ed 
by the addition of concrete block and gravel shielding in the void between 
the floor plates and the subfloor around the res in column vault. 

A one-inch s ta in less s teel pipe in which r eac to r water is 
flowing will m e a s u r e 150 to 200 m r / h r at contact with the JUNO survey 
m e t e r . Since there a r e a number of 1-inch to 2-inch pipes which c a r r y 
reac to r water located behind the purification panel, their total contribution 
to the radiat ion background is significant. 

The neutron background on the reac to r floor has been low. 
The maximum neutron flux detected was 200 nth/(cm^)(sec), which is about 
12 per cent of MPL for t he rma l neu t rons . The fast neutron radiation level 
is l e ss than 0.1 m r e m / h r . 
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NO. 1 - STANDARD OPERATING PROCEDURE FOR DISPOSAL OF 
RADIOACTIVE WASTES 

A. General 

Radioactive wastes a re divided into two categor ies for disposal : 
"DRY ACTIVE WASTES" and "LIQUID ACTIVE WASTES." The t e r m s are 
self-explanatory. Where liquids a re held in or on solid m a t e r i a l s , such as 
f i l te rs , oily r a g s , blotter paper , etc . , such ma te r i a l is considered to be dry 
waste so long as the ma te r i a l is not "dripping wet." 

IDO Health Physics maintains a burial ground for subsurface 
disposal of dry radioactive was tes . This is located west of the E B R - I a r e a . 
Pe rmi s s ion of IDO Health Physics is requ i red to obtain access to this 
a rea . 

IDO Health Phys ics has no facil i t ies for disposal of contami
nated l iquids. Each a r ea is provided with a leaching pond for disposal of 
low-level liquid wastes (see Section C, below). The ALPR leaching pond 
is located 100 feet south of the reac tor building, 

B. Disposal of Dry Active Wastes 

1. Collection Faci l i t ies for Dry Active Wastes: 

A number of galvanized i ron (GI) cans (30-gallon size) and 
"oily waste" cans have been painted yellow and magenta and designated as 
"Dry Active Waste" cans . These cans , located at a number of points 
throughout the a rea , a re used only for waste m a t e r i a l s which are e i ther 
known or suspected to be contaminated. 

Dry active waste cans a r e checked daily by Health Phys ics 
personnel . When enough m a t e r i a l has been accumulated, a cardboard 
car ton to serve as a tight disposable container is p repa red . The most com
monly used car ton is 2 x 2 x 3 feet, obtainable from the Centra l Fac i l i t ies 
warehouse. The contents of the "Dry Active Waste" cans a re carefully 
dumped into the cardboard car ton in a controlled a rea . The car ton is 
sealed and is then ready for t r ans fe r to the burial ground.. The recommended 
sealing ma te r i a l is two-inch-wide paper masking tape. Several s t r ips 
should be used for each seam to a s s u r e a tight, f i rm sea l . 

I tems of unusual s ize , weight, or shape which do not fit in 
the recommended cardboard car tons may be wrapped or sealed in plast ic 
film, or may be sealed in wooden boxes. Where this is not prac t icable or 
sat isfactory, IDO Health Phys ics should be contacted for advice or a s s i s t 
ance. (Telephone: Ext. 2334). 



2. P repa ra t ion of F o r m ID-110: 

F o r m ID-110 must be completed for each shipment. This 
form is obtained by the ALPR Health Physicis t from IDO Health Phys ics . 
A typical form ID-110 is shown on page 42. 

The ALPR Health Phys ic i s t mus t notify IDO Health 
Physics and must schedule a t ime and date for pickup or delivery of the 
container(s) . There a r e f ewres t r i c t i ons on the type of ma te r i a l which may 
be sent for disposal so long as personnel safety regulations a re observed. 
If unusual conditions exis t , IDO Health Physics should be consulted. 

C. Disposal of Liquid Active Wastes 

The disposal p rocedure for liquid active wastes is largely de
pendent on the nature of the liquid involved and on the concentration of 
radioactive contaminants in the liquid. 

1. Low-level Contamination in Water: 

If the waste m a t e r i a l is water with a concentration of 
radioact ive contaminants l ess than ten t imes the maximum permiss ib le 
concentrat ion (MPC) for drinking water (see Table 5, p. 41), such waste 
may be dumped in the a r e a leaching pond without notification of, or p e r 
miss ion from, IDO Health Phys i c s . 

2. In te rmedia te - leve l Contamination in Water: 

If the waste m a t e r i a l is water -with concentrations of 
radioact ive contaminants in excess of ten t imes the MPC for drinking 
water , such waste may be dumped into the a rea leaching pond, provided 
pe rmi s s ion for such dumping is given in writing by IDO Health Phys ics . 
In o rder to rece ive this pe rmis s ion , a sample of the waste to be dumped 
must be submitted to IDO Health Phys ics Chemist ry Laboratory together 
with a F o r m IHP-33 (Sample Record Sheet) request ing pe rmiss ion for 
dumping. If such pe rmis s ion is denied, see paragraph 3, below. 

3. High-level Contamination in Water: 

Where the concentrat ions of radioactive ma te r i a l s in 
water a r e above the levels pe rmi t t ed for dumping, some form of t rea tment 
is r equ i r ed . Three such methods a r e dilution, solidification and chemical 
t r ea tment . 

a. Dilution is often used for relat ively small quantities of 
waste (10 to, pe rhaps , 500 gallons). This is simple and economical and is 
prac t icable so long as the requ i red dilution factor is not excess ive . 



b. Solidification is a p rac t ica l method where the waste 
ma te r i a l is small in volume and has a very high concentrat ion of rad io
active contaminants . This method is also of value where the contaminant 
is ca r r i ed in suspension in the liquid. The general method involves filling 
a container such as a bucket or GI can about half full of the contaminated 
liquid waste and adding enough cement or p las te r of P a r i s to make a thick 
s lu r ry . This is allowed to harden and the resul tant product is disposed of 
as dry active waste . 

c. The chemical t rea tment of water usually involves 
running the water through a suitable r e s i n column. The efficiency of the 
res in columns is dependent on such factors as the type of res in , the size 
of the column, and the ra te of flow through the column. The efficiency of 
the column may be such that one pass through the column will decontami
nate the water to acceptable levels or it may be such that the water must 
be recycled severa l t i m e s . The r e s in column t rea tment is par t icu lar ly 
effective for la rge volumes of water , such as might be requi red when 
dumping the water from the reac to r p r e s s u r e ves se l . The res in column 
decontaminates the water by extract ing contaminating ma te r i a l s by ion 
exchange and holding them in the r e s in . This means that the r e s in be
comes contaminated. The r e s in may be disposed of by sealing it in an 
adequate meta l container for bur ia l . This will be done by ora l agreement 
between ALPR Health Phys ics and IDO Site Survey. 

4. Contaminated Chemica l s : 

Water solutions of contaminated chemicals a re neutra l ized 
to a pH of about 6 to 7. These a re then t rea ted as liquids as in pa ragraphs 1, 
2 and 3 above. 

5. Contaminated Liquids Not Soluble in Water: 

Oils and g r e a s e s may be mixed with absorbent m a t e r i a l s 
such as sawdust, or ea r th . The resul t ing ma te r i a l may be disposed of as 
dry active waste . 

Other insoluble liquids may be solidified by chemical 
methods . Fo r specific p r o c e s s e s , a chemist , should be consulted. 

6. Above Statements Subject to the Following Res t r i c t ions : 

a. All contaminated water dunnped to the leaching pond 
must be analyzed. Records must be kept of each analysis and of the 
quantit ies dumped. 

b. A monthly r epor t will be submitted to IDO Health 
Phys ics . This will include the total number of gallons dumped , the total 
curie content, and the isotopic composit ion. 



c. The average annual radioactivity concentration for all 
water dumped to the leaching pond may not exceed three (3) t imes the 
maximum pe rmi s s ib l e concentrat ion for drinking water (see Table 5). 

Table 5 

MAXIMUM PERMISSIBLE CONCENTRATIONS 
FOR DRINKING WATER 

Gross Beta: 10"" '^c/ml 

Sr '° 8 X 10~'^iLtc/ml 

Uranium: 7 x 10"^ /i c /ml 



EXHIBIT 2 
ID-110 
(Rll-58) WASTE DISPOSAL REQUEST AND AUTHORIZATION 

SECTION I - (TO BE COMPLETED BY ORIGINATING ORGANIZATION) 

ORIGINATING ORGANIZATION 

DESCRIPTION OF WASTE: (Complete applicable parts) 

L i qu id So 1 id Vo lume We igh t 

Radioactive: Yes No Curies 
Mr/hr at container surface at one meter 
SS Material Type Amount: Net Isotope 
Classification: Secret Confidential Category: I II III_ 
Composition: 

Capital Equipment No. 
Associated Hazards: 

CONTAINER: Type ^Destroy Save 
MODE OF TRANSPORTATION ~_ 
APPROVAL: 

Originator_ 
SS Account. Rep._ 
HP Rep. ' 

(Signature) (Title) (Date) 

SECTION II - (TO BE COMPLETED BY IDO SS MATERIALS SECTION IF SS MATERIALS ARE 
INVOLVED IN DISPOSAL OPERATION) 

Authorization Number 

(Signature) (Title) (Date) 

SECTION III - (TO BE COMPLETED BY IDO HEALTH AND SAFETY DIVISION) 

Method of Disposal: 
Prescribed Precautions: 

APPROVAL: 

Site Survey Branch_ 
Analytical Branch 
S&FP Branch 

(Signature) (Date) 

SECTION IV- (TO BE COMPLETED BY PERSON WITNESSING DISPOSAL) 
Disposal was made by means of 

at on 
(Location) (Date) 

(Signature) (Date) 



NO. 2 - STANDARD OPERATING PROCEDURE FOR CONTAMINATED 
LAUNDRY 

A. General 

Contamination of clothing at ALPR will be p r imar i ly due to 
be t a -gamma emi t t e r s with a short half-life. Contaminated clothing is to 
be t rea ted as such until p roces sed at the Central Faci l i t ies Laundry, 
even though the contaminant has decayed to background level. 

Contaminated and uncontaminated i tems a re p rocessed at the 
same laundry facility. The laundry r equ i re s that contaminated and un
contaminated i t ems be segregated and packaged in separa te , distinctly 
marked bags. 

B. Collection of Laundry 

Two racks a re provided for laundry bags in the ALPR men ' s 
locker room: one is marked for contaminated clothing and the other for 
uncontaminated clothing. 

Laundry shipments a re p repa red twice weekly. Each i tem 
of clothing is surveyed with a GM survey me te r . Those i tems which 
show any degree of contamination a r e placed in the "hot" laundry bag 
and those which a re not contaminated are placed in the "clean" laundry 
bag. Each bag is surveyed and the "hot" bad is then tagged -with a rad ia 
tion warning tag sho-wing the maximum radiat ion reading through the bag. 

C. P repa ra t ion of F o r m IHP-30 

F o r m IHP-30, obtained from IDO Health Phys ics , must be 
p r epa red in t r ip l ica te for each laundry shipment. ALPR Health Physics 
•will re ta in one (1) copy and will forward two (2) copies with the laundry 
shipment. 

A sample form of this type is shown on page 44. 



Exhibit 3 

FORM IMP 30 (Rev 1 571 

U. S. ATOMIC ENERGY COMMISSION 
IDAHO OPERATIONS OFFICE 

OPERATIONS DIVISION 

RADIOACTIVE SHIPMENT RECORD 

DETAILS OF SHIPMENT 

Experiment No . 
Classification 

Charge No 
.Type of Container. 

Principal Radioactive Material. 
Estimated Date of Shipment 

Collect. 

. Size 

.Weight 
_No ofCuries_ 
_Location 
_Or Prepaid 

lbs 

From 
T o _ 

Via 

Check where applicable • U 233 D U 235 Q Normal U Q Depleted U • Pu239 Q Th • None 

Does thi^ shipment exceed ICC minimum requiring packaging and labeling'_ 
If not, IS It packaged to prevent leakage under transportation conditions' 

If ICC packaging and labeling is required, what is the ICC No ' 
B of E No , or is this a courier shipment' 
Have all the lugs, bolts, etc been tightened for shipment' 
Is the shipment palleted' 
Have all liquids been drained from container'. If not attach explanation 

Date .Signature of Shipper 

HEALTH PHYSICS MONITORING RESULTS 

Notify IDO HP Date 
Max Radiation at Surface_ 
Evidence of Contamination. 

- Time . 
, One Meter 15 ft 

Remarks. 

Date _Log No . .Health Physics Monitor. 
Signature 

Log No 
Remarks _ 

IDO-HP APPROVAL OF SHIPMENT 

B of E Special Permit No 

Date. Approval to Ship Safety. 
Health Physics. 

TRAFFIC AGENT CERTIFICATION OF SHIPMENT 

This IS to certify that the above named articles are properly described and are packed and marked and are in proper 
condition for transportation according to the regulations prescribed by the Interstate Commerce Commission 

Date_ .Traffic Agent. 

Signature 



NO. 3 - STANDARD O P E R A T I N G P R O C E D U R E F O R SHIPMENT OF 
RADIOACTIVE M A T E R I A L S 

Any t r a n s p o r t a t i o n of r a d i o a c t i v e m a t e r i a l s ou t s i de the a r e a i s 
c o n s i d e r e d a s h i p m e n t and m u s t be hand l ed a c c o r d i n g l y . All s h i p m e n t s 
m u s t m e e t ex i s t i ng I n t e r s t a t e C o m m e r c e C o m m i s s i o n r e g u l a t i o n s c o v e r 
ing the s h i p m e n t of r a d i o a c t i v e m a t e r i a l and any l o c a l AEC r e g u l a t i o n s 
tha t m a y be a p p l i c a b l e . 

ICC r e g u l a t i o n s a r e l i s t e d in " R e g u l a t i o n s , Tar i f f #10 " pub l i shed 
by H. A. C a m p b e l l , Agent , 30 V e s e y S t r e e t , New York , New York . A 
copy of t h i s r e g u l a t i o n i s in the Hea l th P h y s i c s Off ice . 

A. C o n n m e r c i a l S h i p m e n t s 

S h i p m e n t s of a c t i v e m a t e r i a l v ia r a i l w a y e x p r e s s , r a i l f r e i g h t , 
p a r c e l p o s t , a i r e x p r e s s , a i r f r e igh t o r any m o t o r veh ic l e not having an 
e s c o r t s p e c i a l l y d e s i g n a t e d by the AEC a r e c o n s i d e r e d c o m m e r c i a l s h i p 
m e n t s and shou ld be m a d e as fo l lows : 

The s h i p p e r s h a l l : 

1. Ob ta in f r o m the C o n t r a c t o r Hea l t h P h y s i c s five (5) cop ie s 
of F o r m I H P - 3 0 (see p . 47) . 

2. F i l l in p e r t i n e n t i n f o r m a t i o n u n d e r s e c t i o n "De ta i l s of 
S h i p m e n t s . " A s s i s t a n c e , if needed , m a y be ob ta ined f r o m 
the Hea l t h P h y s i c i s t . 

3 . Sign and da te the c o m p l e t e s e c t i o n . 

The H e a l t h P h y s i c i s t s h a l l : 

1. A s c e r t a i n tha t a l l ICC and AEC r e g u l a t i o n s a r e m e t . T h i s 
i n c l u d e s r e g u l a t i o n s abou t r a d i a t i o n l e v e l s , c o n t a m i n a t i o n , 
c u r i e con ten t , e t c . 

2. F i l l in Sec t ion Two, " C o n t r a c t o r H P , " and s ign . 

3 . Notify IDO H e a l t h P h y s i c s , T e l e p h o n e : E x t . 2334, giving a l l 
p e r t i n e n t i n f o r m a t i o n and r e q u e s t i n g such p e r m i t s and 
a u t h o r i z a t i o n as m a y be r e q u i r e d . Th i s should be done a s 
far in a d v a n c e a s p o s s i b l e . 

4 . Obta in a p p r o v a l and a s s i s t a n c e f r o m the Spec ia l M a t e r i a l s 
r e p r e s e n t a t i v e if n e e d e d to m a k e a c t u a l s h i p m e n t . 



5. Make dis tr ibut ion of IHP-30 copies as follows: 

Original - ALPR HP Fi les 
1 copy - Shipper - ALPR 
1 copy - IDO-AEC Health Phys ics 
1 copy - IDO-AEC Security, if concerned 
1 copy - Accompanies shipnment 

B. Cou r i e r - e sco r t ed Shipments 

Tariff #10, ICC, s ta tes the conditions under which shipnnents 
may be made by the Commiss ion or i ts con t rac tors when escor ted by 
specially designated e sco r t s of the AEC. IDO-AEC Securi ty Di-vision 
pro-vides this se rv ice in conjunction with e sco r t s of a secur i ty na tu re . 
Truckload shipments to var ious instal la t ions a re scheduled on a routine 
bas i s by IDO Securi ty. For additional information contact H. R. Lichty, 
Chief, Services Section, Telephone: Ext. 2208 or 2209. To p roces s a 
cour ier shipment, complete all steps l is ted xinder commer ica l shipments . 



Exhib i t 4 

FORM IHP 30 (Rev 1 57) 

U. S. ATOMIC ENERGY COMMISSION 
IDAHO OPERATIONS OFFICE 

OPERATIONS DIVISION 

RADIOACTIVE SHIPMENT RECORD 

DETAILS OF SHIPMENT 

Experiment No . 
classification 

Charge No 
.Type of Container. 

Principal Radioactive Material. 
Estimated Date of Shipment 

Collect. 

, Size 
.Weight 
_No of Curies. 
_Location 
_Or Prepaid 

lbs 

From 
T o _ 

_Via. 

Check where applicable • U 233 • U 235 • Normal U Q Depleted U • Pu239 D Th • None 

Does thi"! shipment exceed ICC minimum requiring packaging and labeling' 
If not, IS It packaged to prevent leakage under transportation conditions' 
If ICC packaging and labeling is required, what is the ICC No ' 
B of E No , or is this a courier shipment' 
Hove all the lugs, bolts, etc been tightened for shipment'. 
Is the shipment palleted' 
Have all liquids been drained from container'. If not attach explanation 

Date .Signature of Shipper 

Notify IDO-HP Date 
Max Radiation at Surface. 
Evidence of Contamination . 

HEALTH PHYSICS MONITORING RESULTS 

. Time . 
, One Meter_ , 15 ft_ 

Remarks. 

Date .Log No , .Health Physics Monitor_ 
Signature 

Log No 
Remarks. 

IDO-HP APPROVAL OF SHIPMENT 

B of E Special Permit No 

Date. , Approval to Ship - Safety. 
Health Physics. 

TRAFFIC AGENT CERTIFICATION OF SHIPMENT 

This IS to certify that the above named articles ore properly described and are oacked and marked and are in proper 
condition for transportation according to the regulations prescribed by the Interstate Commerce Commission 

Date. .Traffic Agent. 

Signature 



NO. 4 - STANDARD OPERATING PROCEDURE FOR BETA-GAMMA 
DETECTION AND MEASUREMENT 

A. General 

1. P r o p e r t i e s of Gamma and Beta Radiations 

Gamma radiat ions a re short-wavelength e lec t romagnet ic 
radiat ions of nuclear origin, with a range of wavelengths from 10" ' to 
10"^^ cm. The units of m e a s u r e m e n t for gamma radiat ions a re the 
"roentgen" (r), and the " rad ." The roentgen is the unit in most common 
use as of this writing and will be the unit used in this Standard Operating 
P rocedure . 

Beta radiat ions are e lec t r ica l ly charged pa r t i c l e s emit ted 
from the nuclei of atoms and having a m a s s and charge equal in magnitude 
to those of the e lect ron. The units of measu remen t a re the " r ep" (roentgen 
equivalent physical) and the " rad ." 

F r o m the standpoint of definition, beta and gamma radiat ions 
would seem to be quite different. However, they frequently co-exis t , have 
s imi lar effects, and are detected by s imi lar methods . Beta and gamma 
radiat ions co-exis t in a i r , water and surface contamination and in rad io
active ma te r i a l s such as u ran ium. Only gamma r a y s are detectable when 
be ta -gamma emi t t e r s a re shielded by mass ive m a t e r i a l s . This is the case 
in gamma leakage through the reac tor shield. 

In beta and gamma-rad ia t ion monitoring and dos imet ry , 
two types of measu remen t a re involved. These a r e ra te of exposure and 
total exposure . 

2. Requi rements for Por tab le Survey Meters (Rate Detectors) 

Requi rements for por table survey m e t e r s include light 
w^eight, portabi l i ty , ba t te ry operat ion, accuracy, and ease of operat ion and 
in terpre ta t ion . All m e t e r s in cu r ren t use a re cal ibra ted for gamma rad i 
ations in units of mi l l i roentgens per hour or roentgens per hour. 

3. Requi rements for Pe r sonne l Dos imete rs (Total Exposure) 

Requi rements for dos ime te r s or t o t a l - exposu re -measu r ing 
devices for use by individuals include small s ize, low leakage, range of 
0 to 200 mi l l i roentgens , se l f - reading, high shock r e s i s t ance , ease of charg
ing, and accuracy . Units a re cal ibra ted in mi l l i roentgens and a r e con
s idered accurate to plus or minus 10%. 

A second device, widely used as a s tandard for measur ing 
total radiat ion exposure , i s the film badge. This is d i scussed in the Standard 
Operating P rocedure on F i lm Badges (see p. 55). 



B. D e t e c t i o n 

1. G e n e r a l 

The i n s t r u m e n t s in c u r r e n t u s e at A L P R de t ec t r a d i a t i o n 
by m e a n s of i o n i z a t i o n of a gas wi th in an e l e c t r o d e systenn, and s c i n t i l l a 
t ion (p roduc t ion of l ight f l a s h e s ) in s p e c i a l c r y s t a l s . Ion iza t ion of g a s e s 
i s u t i l i z e d in the " G e i g e r " c o u n t e r , in the i o n i z a t i o n c h a m b e r s u r v e y m e t e r , 
and in the q u a r t z f ibe r e l e c t r o m e t e r d o s i m e t e r . Sc in t i l l a t ion i s u s e d in 
the " S c i n t i l l a t o r " s u r v e y m e t e r and the s c i n t i l l a t i o n c o u n t e r . 

2. Ion iza t ion in G a s e s 

B e t a and g a m m a r a d i a t i o n s c a u s e i on i za t i on a s they p a s s 
t h r o u g h a m e d i u m . If the m e d i u m i s a gas con ta ined within a c h a r g e d 
t w o - e l e c t r o d e s y s t e m , the ions p r o d u c e d a r e a t t r a c t e d to the e l e c t r o d e s . 
A c u r r e n t , which i s p r o p o r t i o n a l to the n u m b e r of ions f o r m e d and t h e r e 
fo re to the quan t i t y of r a d i a t i o n p r e s e n t , i s deve loped in the e x t e r i o r 
c i r c u i t . 

The r a t i o of the n u m b e r of ions c o l l e c t e d to the n u m b e r of 
ions p r o d u c e d i s , to a d e g r e e , dependen t on the vo l t age appl ied be tween the 
e l e c t r o d e s . At z e r o v o l t a g e , no ions a r e c o l l e c t e d and the ions t end to 
r e c o m b i n e . 

If a s m a l l v o l t a g e i s app l i ed , s o m e ions a r e c o l l e c t e d on 
the e l e c t r o d e s and s o m e i o n s r e c o m b i n e . As vo l t age i s i n c r e a s e d g r a d u 
a l ly , m o r e ions a r e c o l l e c t e d and f e w e r ions a r e p e r m i t t e d to r e c o m b i n e , 
unt i l a po in t i s r e a c h e d at wh ich al l of the p r o d u c e d ions a r e c o l l e c t e d and 
t h e r e i s no r e c o m b i n a t i o n of i o n s . Within l i m i t s , f u r t h e r i n c r e a s e of v o l t 
age beyond t h i s po in t does not i n c r e a s e the n u m b e r of i ons co l l e c t ed on the 
e l e c t r o d e s . T h i s vo l t age zone i s c a l l e d the " ion iza t ion c h a m b e r r e g i o n . " 
In s o m e e l e c t r o d e s y s t e m s , the i o n i z a t i o n c h a m b e r r e g i o n m a y ex tend for 
s e v e r a l h u n d r e d v o l t s . 

If a suf f ic ien t ly h igh v o l t a g e i s appl ied to the s y s t e m , 
m o r e ions wil l be c o l l e c t e d t h a n w e r e p r o d u c e d in the o r i g i n a l i on iz ing 
e v e n t . T h i s o c c u r s when the app l i ed v o l t a g e p r o d u c e s an e l e c t r i c a l f ie ld 
s t r o n g enough to a c c e l e r a t e i ons to a s p e e d sufficient to c a u s e " s e c o n d a r y " 
i o n i z a t i o n of the gas m o l e c u l e s . T h i s can be c o n s i d e r e d as a f o r m of 
a m p l i f i c a t i o n . Within a l i m i t e d vo l t age r e g i o n , the n u m b e r of i ons c o l l e c t e d 
i s p r o p o r t i o n a l to the n u m b e r of ions p r o d u c e d in the o r i g i n a l ion iz ing event 
and to the vo l t age app l i ed . T h i s vo l t age zone i s c a l l e d the " p r o p o r t i o n a l " 
r e g i o n . 

F u r t h e r i n c r e a s e in v o l t a g e beyond the p r o p o r t i o n a l r e g i o n 
a l s o a m p l i f i e s o r i n c r e a s e s the n u m b e r of ions c o l l e c t e d at the e l e c t r o d e s , 
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but the number of ions collected is 
no longer t ruly proport ional to the 
number of ions produced in the or ig
inal ionizing event. This voltage 
zone is called the "limited propor
tional" region. 

At the high end of the l imited 
proport ional region, a point is 
reached at which all ionizing events, 
r ega rd l e s s of the number of ions 
originally produced, cause approxi
mately the same number of ions to 
be collected at the e lec t rodes . This 
is the lower end of the "Geiger 
Counter" region. F igure 2 i l lus t ra tes 
the var ious voltage regions . 

F igure 2. Voltage Charac te r i s t i c s 
of a Counter Tube The ionization chamber su r 

vey me te r , as typified by the JUNO 
portable survey m e t e r , opera tes in the ionization chamber voltage region. 
The Geiger -Muel le r counter, or "Geiger" counter , opera tes in the "Geiger" 
voltage region. A proport ional counter, such as the PCI A labora tory 
counter, opera tes in the proport ional voltage region. 

3. Scintillation Detectors 

When radiat ions pass through cer ta in substances , they 
give up a port ion of their energy and produce smal l f lashes of light, or 
scint i l lat ions. If that substance is t r ansparen t , the light flashes may be 
detected by sensi t ive photoelectr ic devices . An electronic c i rcui t may be 
devised to uti l ize the output of the photoelectr ic device to energize count
ing c i rcu i t s . 

A typical scintillation counter of the portable s u r v e y m e t e r 
type might use a one-inch cube c rys ta l of thal l ium-act ivated sodium iodide 
cemented to the end of the mult is tage photomultiplier tube as a detector 
for gamma radia t ions . 

C. Ionization Chamber Survey Meters 

1. The JUNO Por table Survey Meter 

The JUNO survey me te r is the ins t rument most ly used at 
ALPR for be ta -gamma measu remen t . Two models with maximum ranges 
of 5 r / h r and 25 r / h r , respect ive ly a re used. The 0-5 r / h r model has 
been produced by a number of manufac ture rs , while the 0-25 r / h r model 



has been produced only by Technical Assoc ia tes , Inc. All models are 
basical ly s imi l a r . A main switch has six posi t ions: OFF; ON; SET; XI; 
XIO; XIOO. A zero-adjus tment potent iometer pe rmi t s balancing of a 
bridge c i rcui t to co r r ec t the zero posit ion of the me te r pointer . A sys tem 
of shields on the lower side of the detecting chamber pe rmi t s d i sc r imina
tion between the var ious types of radiat ion (alpha, beta, and gamma rad ia 
tions). All m e t e r s a r e ba t tery operated and are of about the same size 
and weight (6 x 10 x 4 inches , 6 pounds). 

To put the ins t rument into operation, the following sequence 
should be followed: 

a. Turn se lector switch to "ON," wait 15 seconds. 

b. Turn se lector switch to "SET," turn "ZERO" knob 
until me te r pointer r e s t s on ze ro . 

c. Turn se lec tor switch to range position XI . If no 
radiat ion is p resen t , m e t e r pointer will r emain at zero . If the radiation 
level falls within the range l imi t s , the me te r pointer will r i se slowly to 
that level . If the radiat ion level is above the l imits of range XI, the m e t e r 
pointer will r i s e slowly to the off-scale position; in this case turn the se lec
tor switch to the XIO or XIOO posit ion, as requi red . If the meter pointer 
"snaps" to the ful l -scale posit ion, it is probable that the ins t rument has had 
either an e lectronic or ba t tery fa i lure . It is also possible that the radiation 
level is excessively high. In ei ther case , another ins t rument should be 
procured and the radiat ion level rechecked. 

At ALPR, the JUNO is used for determinat ion of beta-
gamma and gamma leve ls ; that i s , the me te r may be used to determine the 
level of a combination of beta and gamma radiat ions , as in surface contami
nation, or may be used to de te rmine the level of gamma radiation only. This 
is best accomplished by using the combination of re t rac tab le shields on the 
lower side of the ins t rument beneath the ionization chamber . One shield is 
made of aluminum of a thickness sufficient to stop beta radiat ions; this 
allows gamma radiat ions to pass through into the chamber but shields out 
the beta rad ia t ions . A second shield is made of plast ic mate r ia l , such as 
Lucite or Plexiglas , of a thickness sufficient to stop alpha radia t ions; this 
allows gamma radiat ions and in te rmedia te and high-energy beta radiat ions 
to pass through into the chamber . With both shields closed, the JUNO " see s " 
only gamma radia t ions . With the aluminum shield r e t r ac ted and the plast ic 
shield closed, the JUNO sees a combination of beta and gamma radia t ions . 
With both shields r e t r ac ted , the bottom of the ionization chamber is covered 
with only a thin film of nylon, myla r , or rubber hydrochloride which allows 
penetrat ion of alpha, beta, and gamma radia t ions . Alpha contamination is 
not anticipated at ALPR. 



JUNO survey m e t e r s used at ALPR a re maintained and 
cal ibra ted by AEC-IDO Health and Safety personnel . ALPR personnel 
should not at tempt to repa i r or ca l ibra te these in s t rumen t s . If an ins t ru 
ment is suspected or known to be out of cal ibrat ion, that ins t rument should 
be re turned to AEC-IDO Health and Safety, 

2. The RADECTOR Por tab le Survey Meter 

The Jordan RADECTOR survey me te r is used for de te r 
mination of high-level be t a -gamma act ivi t ies at ALPR, Two basical ly 
s imi lar models with maximum ranges of 50 r / h r and 500 r / h r , r e s p e c 
tively, a re avai lable. The RADECTOR has two range set t ings , marked 
in m r / h r and r / h r . Scales a r e logar i thmic , with three decades covered on 
each range set t ing. The unit has a f ive-posit ion selector switch and does 
not requ i re zero adjustment. A cal ibrat ion source is built in and the in
s t rument is ca l ibra ted by means of two set screws located on the top of the 
m e t e r . Be ta -gamma discr iminat ion is provided by a movable metal plate 
at the base of the ionization chamber . 

P rocedure for placing the ins t rument in operat ion is as 
follows: 

a. Turn se lector switch to TEST. Meter pointer should 
come to approximately hal f -scale and should stop within the marked 
bracket . 

b. Turn se lector switch to BAT. This is the ba t tery 
tes t . Meter pointer should r i s e to the ful l -scale posit ion. If the ins t ru 
ment does not respond as in steps a and b, the ins t rument is faulty and 
another ins t rument should be used. 

c. Turn the selector switch to the des i r ed range posit ion. 
If there is no response on the " m r / h r " range , the level of radiat ion p resen t 
is below the sensit ivity of the ins t rument . If the me te r pointer r i s e s to the 
ful l -scale posit ion, turn the se lector switch to the " r / h r " range, (NOTE: If 
the me te r pointer "snaps" to full scale on the r / h r range , the me te r is 
probably defective, since the me te r tinae constant is long, even in the p r e s 
ence of high-level radiat ion. If the me te r slowly r i s e s to full scale on the 
r / h r range, evacuate the a r ea until another me te r can be obtained to verify 
the reading.) 

D. Geiger -Muel le r Counter Survey Meters 

A number of models of portable Geiger -Muel le r counter survey 
m e t e r s a re used at ALPR but all a re s imi la r in basic design. The typical 
survey m e t e r consis ts of a metal case containing a ba t te ry power supply 
and associa ted e lec t ronics and an extension probe or cable te rmina ted with 



a G e i g e r - M u e l l e r d e t e c t o r t u b e . The i n s t r u m e n t has a s ing le c o n t r o l o r 
s e l e c t o r swi t ch with s e t t i n g s of " O F F , " " 0 - 0 . 2 m r / h r , " and " 0 - 2 0 m r / h r . " 
Some m e t e r s a l so have a s w i t c h p o s i t i o n for b a t t e r y check . 

The GM s u r v e y m e t e r i s s e n s i t i v e to be t a and g a m m a r a d i a t i o n s 
and p e r m i t s s o m e d e g r e e of d i s c r i m i n a t i o n by r o t a t i n g a sh ie ld s l e e v e which 
e x p o s e s o r c o v e r s the GM t u b e . The GM s u r v e y m e t e r m a y be q u a n t i t a t i v e l y 
c a l i b r a t e d a g a i n s t a known s t a n d a r d but , s ince the r e s p o n s e i s s o m e w h a t 
e n e r g y s e n s i t i v e , r e a d i n g s t a k e n of r a d i a t i o n of a d i f ferent e n e r g y s p e c t r u m 
a r e not t r u l y q u a n t i t a t i v e . 

R e a d - o u t i s a c c o m p l i s h e d by a s t a n d a r d m i c r o a m m e t e r and 
p r o v i s i o n i s m a d e for i n c o r p o r a t i o n of a h e a d s e t to i n d i c a t e a u r a l i nd i ca t ion 
of p u l s e r a t e , A t y p i c a l uni t m e a s u r e s about 6 x 1 0 x 4 i n c h e s and we ighs 
about 6 p o u n d s . 

E . P r o p o r t i o n a l C o u n t e r s 

At t h i s w r i t i n g , no p r o p o r t i o n a l c o u n t e r s a r e in u s e at A L P R 
for p o r t a b l e s u r v e y m o n i t o r i n g . One l a b o r a t o r y - t y p e p r o p o r t i o n a l c o u n t e r 
i s u s e d in the Hea l t h P h y s i c s office for l o w - l e v e l count ing of a i r s a m p l e s , 
w a t e r s a m p l e s , and f loor s m e a r s . T h i s i s the P C - I A p r o p o r t i o n a l gas 
flow c o u n t e r . 

The P C - I A i s c o m p o s e d of t h r e e b a s i c u n i t s : the count ing 
c h a m b e r , p r e a m p l i f i e r , and the s c a l e r uni t (which i n c o r p o r a t e s a r e g u l a t e d 
h i g h - v o l t a g e p o w e r supp ly for the coun t ing c h a m b e r ) . The i n s t r u m e n t i s a 
s e l f - c o n t a i n e d uni t wi th the e x c e p t i o n of the r e q u i r e d g a s c y l i n d e r which 
s u p p l i e s a m i x t u r e of 90% a r g o n and 10% m e t h a n e a s a gas f i l l ing for the 
count ing c h a m b e r . 

D e t a i l e d i n s t r u c t i o n s on the u s e of the P C - I A c o u n t e r wi l l be 
found in the S t a n d a r d O p e r a t i n g P r o c e d u r e on S a m p l e Count ing , p . 6 5 , 

F . P e r s o n n e l D o s i m e t e r s 

The d o s i m e t e r i s an a d a p t a t i o n of the q u a r t z f iber e l e c t r o m e t e r 
and o p e r a t e s in the i o n i z a t i o n c h a m b e r vo l t age r e g i o n . The d o s i m e t e r u s e d 
at A L P R i s the L a n d s v e r k Model L - 5 0 and c o v e r s the r a n g e be tween 0 and 
200 m i l l i r o e n t g e n s . E a c h d o s i m e t e r h a s a b u i l t - i n r e a d i n g dev ice so tha t 
the u s e r m a y o b s e r v e h i s d o s a g e at any t i m e . The unit r e q u i r e s an e x t e r n a l 
c h a r g i n g d e v i c e to r e s e t the i n d i c a t o r to z e r o , A L P R d o s i m e t e r s a r e s u p 
p l i ed by A E C - I D O H e a l t h and Safety , D o s i m e t e r s a r e c h a r g e d and r e a d by 
A L P R H e a l t h P h y s i c s p e r s o n n e l . 

The d o s i m e t e r i s e s s e n t i a l l y a c a p a c i t o r s y s t e m with a dev ice 
for m e a s u r i n g an e l e c t r o s t a t i c c h a r g e on the c a p a c i t o r . The m e a s u r i n g 



device is a very sensi t ive quartz fiber which is fixed at i ts end to a con
ducting p la te . An e lec t r ica l charge on the sys tem causes the fiber to be 
repel led from the plate by repuls ion of like cha rges . The distance between 
the plate and the fiber is proport ional to the applied charge on the ent i re 
capaci tor sys tem. (Q - CE, where Q is charge , C is capacitance, and E is 
voltage. The sys tem capacity cannot be changed, so Q is dependent on 
voltage.) An optical sys tem is provided for viewing the quartz fiber. In
cluded in the optical sys tem is a ca l ibra ted re t ic le for measu remen t of 
the position of the fiber. The charging device is connected to the dos imeter 
and the applied voltage is var ied until the fiber appears at the zero point 
on the re t i c le . Exposure to radiat ion causes pa r t of the sys tem charge to 
be diss ipated and resu l t s in a change in the position of the fiber on the 
re t i c le . This change in position is proport ional to the quantity of radiat ion 
exposure and the re t i c l e is ca l ibra ted di rect ly in mi l l i roentgens . 

The dos imeter is a to t a l -dosage -measur ing device and is used 
to supplement personnel film badges. Dos imete rs a re not considered to 
be re l iable enough for use as an official r eco rd of exposure since they a re 
subject to leakage, false readings , and accidental discharge due to m i s 
handling or dropping. 

G. Scintillation Counter Survey Mete r s 

A scinti l lation counter survey mete r i s used for very low-level 
radiat ion detection. The only ins t rument of this type available from AEC-
IDO Health and Safety is the Mt. Sopris Model SC-129. The ins t rument is 
ex t remely sensi t ive and will respond at low levels to an increment of as 
little as 0.001 m r / h r . The ins t rument will read up to 5 m r / h r . 

The ins t rument has a se lec tor switch with posi t ions of 
0-0.025 m r / h r , 0-0.05 m r / h r , 0.25 m r / h r , 0-0.5 m r / h r , 0-2.5 m r / h r , 
0-5 m r / h r , and ZERO set . A second switch has three posi t ions: OFF; 
FAST (Instrument ON, fast t ime constant); SLOW (Instrument ON, slow 
t ime constant) . A covered adjustable knob provides for zero adjustment 
with the range switch on ZERO and the other switch on ei ther FAST or 
SLOW. 

To put the ins t rument into operat ion, the following sequence 
should be followed: 

a. Turn range selector switch to ZERO. 
b. Turn ON-OFF switch to FAST or SLOW. 
c. Adjust m e t e r pointer to ze ro . 
d. Turn range selector switch to des i red range . 



NO. 5 - STANDARD OPERATING PROCEDURE FOR FILM BADGES AND 
DOSIMETERS 

A. General 

The accepted means of recording cumulative personnel radiation 
exposure at the ALPR is film badge dos imet ry . 

The film badge in use at ALPR is a combination Securi ty-Health 
Phys ics badge containing two film packets . The Beta-Gamma film packet, 
type 552 DuPont, is cal ibrated to m e a s u r e doses from 10 m r to 30 r . The 
neutron film packet, Kodak NTA, is cal ibrated to measure doses produced 
by neutrons having an energy from 0.5 to 8 Mev. 

F i l m badges a r e provided and processed by AEC-IDO personnel . 
Badges for permanent ly ass igned personnel a re p rocessed and repacked once 
per week. (The cu r ren t change day is Wednesday at 2000 hours) . 

Nonroutine and v is i tor badges a r e processed daily, with all 
r e su l t s being forwarded to the ALPR Health Physic is t . The recorded ex
posures a r e available from his files for the individual or his superv i sor . 
The p rocessed film is re turned to ALPR as par t of the permanent legal 
r eco rd . 

B, Routine F i lm Badge Dosimet ry 

Routine film badge dos ime t ry shall be ca r r i ed out as follows: 

1. Upon entering the ALPR a r e a the individual will exchange 
his wallet secur i ty pass for the film badge identification 
badge. 

2. The film badge is secured to some portion of the outer 
clothing at or above the waist level . The badge should be 
v is ib le . If, however, i t is nece s sa ry to work in a known 
a r e a of a i rborne or removable contamination, the badge 
will be worn in a pocket or underneath the outer clothing 
to protect the spread of contamination to personnel handling 
the badge. 

3. If the occasion should a r i s e to require a change of clothing, 
the badge will be t r ans f e r r ed to any outer clothing worn. 

4. If it is known or felt that an exposure higher than usual has 
been received, the Health Phys ic is t can a r r ange for a special 
overnight p rocess ing of the badge. 

5. The badge is exchanged at the secur i ty gatehouse when leaving 
the a r e a . Nonroutine and vis i tor badges will be handled as 
above. 



C. Self-Reading Dos imeters 

Self-reading dos ime te r s or "penci ls" in use at the ALPR cover 
a range of from 0 to 200 m r . 

Dos imete r s a r e issued to all permanent ly assigned personnel 
and a r e checked daily, the readings being recorded . They a re located in 
a rack in the hallway outside of the control room. Vis i tors a r e not r e 
quired to use dos ime te r s except by Health Physics reques t . 

It is the duty of the Health Physic is t to maintain a supply of 
charged, serv iceable dos ime te r s and to inspect dos ime te r s in use once per 
day, record ing the readings in his fi le. 



NO. 6 - STANDARD OPERATING PROCEDURE FOR NEUTRON BADGES 
AND DOSIMETRY 

T h e r e a r e c e r t a i n l o c a t i o n s a r o u n d the r e a c t o r a r e a w h e r e e x p o s u r e 
to n e u t r o n s can r o u t i n e l y be e n c o u n t e r e d . O p e r a t i n g e x p e r i e n c e h a s p r o v e n 
tha t u n d e r n o r m a l o p e r a t i o n t h e s e l e v e l s a r e be low M P L . 

N e u t r o n m o n i t o r i n g is a c c o m p l i s h e d by two m e t h o d s : 

A. F i l m B a d g e s 

As p r e v i o u s l y m e n t i o n e d , e a c h f i lm badge con ta ins two p a c k e t s , 
one for b e t a - g a m m a a n d one for n e u t r o n de t ec t ion . 

The n e u t r o n f i lm is an " E a s t m a n NTA" type capab le of de t ec t ing 
"fas t n e u t r o n s " with an e n e r g y of 0.5 M e v and above . E x p o s u r e i s d e t e r m i n e d 
by m a k i n g u s e of the c h a r g e d p a r t i c l e s f r o m n e u t r o n r e a c t i o n with m a t e r i a l s 
in o r n e a r the f i lm e m u l s i o n , thus p r o d u c i n g m i c r o s c o p i c t r a c k s . The t r a c k s 
a r e p r o d u c e d by r e c o i l p r o t o n s f r o m the e m u l s i o n and f i lm b a s e . 

Rout ine p r o c e s s i n g of the f i lm is done by P e r s o n n e l M e t e r i n g , 
A E C . The p e r s o n n e l e x p o s u r e i s not d e t e r m i n e d u n l e s s r e q u e s t e d by the 
A L P R H e a l t h P h y s i c i s t . 

P e r i o d i c a l l y , f i lms a r e c a l i b r a t e d to d e t e r m i n e the n u m b e r of 
n e u t r o n s to p r o d u c e one t r a c k on the f i lm . The r e s u l t i n g t r a c k dens i t y is 
a m e a s u r e of the n e u t r o n f lux. The t r a c k s a r e m e a s u r e d by m i c r o s c o p i c 
e x a m i n a t i o n of the p r o c e s s e d f i lm . A m a g n i f i c a t i o n of lOOOX, oil i m m e r 
s ion , d a r k f ie ld i l l u m i n a t i o n i s u s e d . The o p e r a t o r counts both the n u m b e r 
of f ie lds and the n u m b e r of t r a c k s . A p o r t i o n of the f ie lds a r e counted and 
r a n d o m d i s t r i b u t i o n is a s s u m e d . F i n a l d e t e r m i n a t i o n of e x p o s u r e i s m a d e 
by c o n v e r t i n g , by a known c a l i b r a t i o n , f r o m t r a c k s p e r n u m b e r of f ie lds to 
m r e m e x p o s u r e . The c u r r e n t c o n v e r s i o n f igure i s 1 t r a c k p e r 40 f ie lds 
equa l 10 m r e m . F i n a l r e s u l t s a r e g iven in m r e m s of e x p o s u r e . It is not 
u n c o m m o n to r e c e i v e " b a c k g r o u n d " r e a d i n g s of 1 0 and 30 m r e m due to 
p r o c e s s i n g t e c h n i q u e s a n d f i lm a g e . Due to the low to t a l e x p o s u r e r e c e i v e d 
by A L P R p e r s o n n e l and to be on the safe s i d e , th i s r e p o r t e d e x p o s u r e i s 
n o r m a l l y a c c e p t e d a s c h a r g e a b l e e x p o s u r e . 

B. I n s t r u m e n t a t i o n 

Two t y p e s of p o r t a b l e n e u t r o n s u r v e y i n s t r u m e n t s a r e a v a i l a b l e 
f r o m A E C - I D O and a r e in u s e at A L P R . They a r e : 

1. A p o r t a b l e B F j , g a s - f i l l e d ' ' s low n e u t r o n ' ' c o u n t e r , r e q u i r i n g 
a t w o - m i n u t e w a r m u p p e r i o d and hav ing a b a t t e r y life of 
a p p r o x i m a t e l y 1,000 h o u r s . Th i s i n s t r u m e n t r e a d s d i r e c t l y 
in n / c m ^ / s e c . 
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RUDOLF, an argon-methane-f i l led chamber for the detection 
of fast neutrons in the range from 0.2 to 10 Mev. Warmup 
t ime is ten seconds and the bat tery life is approximately 
400 hour s . This ins t rument reads m r e m / h r direct ly . 



NO. 7 - STANDARD OPERATING PROCEDURE ROUTINE AREA SURVEYS 

A, G e n e r a l 

S u r v e y s m a d e in the r e a c t o r o p e r a t i n g a r e a d u r i n g in i t i a l p o w e r -
run t e s t s i n d i c a t e tha t o p e r a t i n g cond i t i ons will be such a s to r e q u i r e s o m e 
r e s t r i c t i o n o r l i m i t a t i o n of p e r s o n n e l a c c e s s o r work t i m e d u r i n g fu l l - power 
o p e r a t i o n . 

G a m m a - r a d i a t i o n b a c k g r o u n d on the r e a c t o r o p e r a t i n g f loor 
a v e r a g e d 4 m r / h r a t 3.0 m e g a w a t t s wi th the t u r b i n e on l i n e . I so l a t ed hot 
spo t s m e a s u r e d f r o m 10 to 350 m r / h r but did not s ign i f i can t ly r a i s e the 
g e n e r a l - a r e a b a c k g r o u n d b e c a u s e they a c t e d e s s e n t i a l l y a s point s o u r c e s 
and r a d i a t i o n l e v e l s d e c r e a s e d r a p i d l y wi th d i s t a n c e . 

N e u t r o n l e a k a g e did not s ign i f i can t ly add to the to ta l r a d i a t i o n 
d o s e , the c o m b i n e d effect of t h e r m a l and fa s t n e u t r o n f luxes be ing l e s s than 
1 m r e m at any poin t on the r e a c t o r o p e r a t i n g f loo r . 

I n t e r n a l e x p o s u r e f r o m g a s e o u s and p a r t i c u l a t e r a d i o a c t i v e 
m a t e r i a l in a i r was l e s s than 10% of M P L . P a r t i c u l a t e r a d i o a c t i v e m a t e r i a l 
was a c o m b i n a t i o n of n o r m a l a t m o s p h e r i c r a d i o a c t i v i t y and r e a c t o r - p r o d u c e d , 
s h o r t ha l f - l i f e m a t e r i a l . 

The to t a l body e x p o s u r e i s the c o m b i n a t i o n of the a v e r a g e g a m m a 
b a c k g r o u n d , n e u t r o n l e a k a g e , and a i r c o n t a m i n a t i o n . A c o n s e r v a t i v e f igu re 
for t o t a l body e x p o s u r e on the r e a c t o r o p e r a t i n g f loor (under c u r r e n t l y 
e x i s t i n g cond i t ions ) i s 10 m r e m / h r . 

It i s d e s i r e d to m a i n t a i n p e r s o n n e l e x p o s u r e a t l e s s than 
100 m r e m p e r week for r o u t i n e o p e r a t i n g c o n d i t i o n s . In o r d e r to m e e t th i s 
r e q u i r e m e n t , a t i m e l i m i t of t en (10) h o u r s p e r week p e r m a n i s s u g g e s t e d 
for o c c u p a n c y of the r e a c t o r o p e r a t i n g f loor d u r i n g power o p e r a t i o n s . The 
e s t i m a t e of 10 m r e m / h r for to ta l body e x p o s u r e i s c o n s e r v a t i v e , thus m a k i n g 
the t e n - h o u r t i m e l i m i t c o n s e r v a t i v e . O p e r a t i o n s s p e c i f i c a t i o n s e s t i m a t e the 
a v e r a g e t i m e o c c u p a n c y a t e igh t to t en h o u r s p e r week p e r m a n . The t e n -
h o u r - p e r - w e e k t i m e l i m i t should i m p o s e no h a r d s h i p on the o p e r a t i n g c r e w . 

B . R o u t i n e S u r v e y s 

1. S u r v e y s by H e a l t h P h y s i c s P e r s o n n e l 

The A L P R H e a l t h P h y s i c i s t a n d / o r the Hea l th P h y s i c s t e c h n i 
c i an is r e q u i r e d to m a k e r o u t i n e s u r v e y s a t a m i n i m u m of twice da i ly d u r i n g 
o p e r a t i o n of the r e a c t o r a t a l l p o w e r l e v e l s e x c e e d i n g 100 kw of r e a c t o r 
t h e r m a l p o w e r . When the r e a c t o r i s shu t down o r i s o p e r a t i n g a t l e s s than 
100 kw, r o u t i n e s u r v e y s wil l be m a d e a t l e a s t once d a i l y . The r e s u l t s of the 
r o u t i n e s u r v e y s a r e to be e n t e r e d on the Rout ine S u r v e y Log Shee t . (See 
E x h i b i t 5, p . 63). 



S u r v e y m e a s u r e m e n t s a r e to be m a d e a t the pos i t i ons noted 
on the Rou t ine S u r v e y Log Shee t . The e x a c t l o c a t i o n s of s u r v e y poin ts a r e 
m a r k e d with a pa in t ed b l ack c i r c l e , two i n c h e s in d i a m e t e r ( i t e m s 6, 15 and 19 
a r e a r e a s u r v e y s w h e r e the r e a d i n g i s an a v e r a g e t aken o v e r a wide a r e a ) . 
The r o u t i n e s u r v e y po in t s a r e d e s c r i b e d be low in m o r e de t a i l than is g iven 
on the Rout ine S u r v e y Log Shee t . 

1) C o n t r o l R o o m . Behind the NEMCO S w i t c h g e a r pane l , 
on e a s t wa l l , 36 i n c h e s above f loor l e v e l . G-M m e t e r 
s u r v e y . 

2) L o w e r L a n d i n g . F i r s t l and ing going up c o v e r e d s t a i r 
c a s e . N e a r e n g r a v e d n a m e p l a t e , 48 i n c h e s above land ing 
f loor l e v e l . G - M m e t e r s u r v e y . 

3) B e t w e e n L o w e r and Middle L a n d i n g . 48 i n c h e s above 
6th s t e p up f r o m l o w e r l and ing . G-M m e t e r s u r v e y . 

4) Middle L a n d i n g . Wall , 52 i n c h e s above land ing f loor 
l e v e l . G - M m e t e r s u r v e y . 

5) Doorway , C h e s t He igh t . Side of door f r a m e , 48 inches above 
f loor l e v e l . G-M m e t e r s u r v e y a t low p o w e r , JUNO 
m e t e r s u r v e y a t 2 . 5 -3 .0 Mw. 

6) A v e r a g e A r o u n d Sh ie ld . With the JUNO s u r v e y m e t e r 
a t about w a i s t he igh t , walk s lowly a r o u n d the p e r i m e t e r 
of the r e a c t o r sh ie ld b l o c k s . Note m a x i m u m and r a i n i m u m 
r e a d i n g s . R e c o r d the a v e r a g e r e a d i n g . 

7) Hot Wel l . L o c a t e d above head l e v e l o v e r f e e d w a t e r p u m p s . 
JUNO m e t e r s u r v e y . 

8) S i m u l a t e d Hea t Load Heat E x c h a n g e r . L o c a t e d t h r e e feet 
south of the t u r b i n e c o n t r o l p a n e l . Ac t iv i ty i s c o n c e n 
t r a t e d in the e a s t end of the h e a t e x c h a n g e r . Ac t iv i ty 
l eve l i s s u b j e c t to e x t r e m e f luc tua t ion and i s p r o p o r t i o n a l 
to b y p a s s s t e a m flow. JUNO m e t e r s u r v e y . 

9) A u x i l i a r y S t e a m L i n e . S t e a m l ine d i r e c t l y above s i m u l a t e d 
h e a t load h e a t e x c h a n g e r , 65 i n c h e s above f loor l e v e l . 
JUNO m e t e r s u r v e y . 

10) M a i n S t e a m L i n e . S t e a m l ine four fee t e a s t of t u r b i n e 
c o n t r o l pane l , 65 i n c h e s above f loor l e v e l . JUNO m e t e r 
s u r v e y . 

11) Midd le , T u r b i n e C o n t r o l P a n e l . C e n t e r of t u r b i n e c o n t r o l 
pane l , 44 i n c h e s above f loor l e v e l . JUNO m e t e r s u r v e y . 

12) T u r b i n e C a s i n g . E a s t s ide of t u r b i n e c o v e r , 50 i n c h e s 
above f loor l e v e l . JUNO m e t e r s u r v e y . 
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13) Main S t e a m L i n e , By Exi t L igh t . Main s t e a m l ine , o v e r 
head , above e m e r g e n c y ex i t d o o r , n e a r ex i t l ight , 90 i n c h e s 
above f loor l e v e l . JUNO m e t e r s u r v e y . 

14) P u r i f i c a t i o n P a n e l . P u r i f i c a t i o n pane l , n o r t h edge of 
r e a c t o r sh ie ld , be low s c h e m a t i c d i a g r a m of s y s t e m , 
60 i n c h e s a b o v e f loor l e v e l . JUNO m e t e r s u r v e y . 

15) R e s i n Vau l t . Behind p u r i f i c a t i o n p a n e l . F l o o r l eve l 
on vau l t sh ie ld p lug . M a x i m u m r e a d i n g . JUNO m e t e r 
s u r v e y . 

16) F e e d w a t e r F i l t e r . Behind p u r i f i c a t i o n pane l , w e s t 
end, 16 i n c h e s above floor l e v e l . JUNO m e t e r s u r v e y . 

17) Main S t e a m L i n e , Behind P a n e l . S t e a m l ine behind 
p u r i f i c a t i o n p a n e l , a g a i n s t ou t e r wa l l , 56 i n c h e s above 
f loor l e v e l . JUNO m e t e r s u r v e y . 

18) A i r E j e c t o r F l o w M e t e r , Be tween F e e d w a t e r P u m p No. 2 
and m a i n c a r g o d o o r , s ix (6) fee t above f loor l e v e l . 
JUNO m e t e r s u r v e y . 

19) R e a c t o r Top, C e n t e r . A v e r a g e r e a d i n g a r o u n d and 
o v e r top sh i e ld p lug . JUNO m e t e r s u r v e y . 

2 . S u r v e y by R e a c t o r O p e r a t i o n s P e r s o n n e l 

R e a c t o r o p e r a t i n g p e r s o n n e l a r e r e q u i r e d to m a k e r o u t i n e 
r a d i a t i o n s u r v e y s in the a b s e n c e of Hea l t h P h y s i c s p e r s o n n e l . S ince Hea l th 
P h y s i c s c o v e r a g e i s p r o v i d e d n o r m a l l y only on the day shift, Monday t h r o u g h 
F r i d a y , shif t p e r s o n n e l wi l l be r e q u i r e d to p e r f o r m r a d i a t i o n s u r v e y w o r k of 
a l i m i t e d n a t u r e d u r i n g p e r i o d s of p o w e r o p e r a t i o n . 

A f o r m h a s been p r e p a r e d for o p e r a t o r u s e . Th i s is the 
O p e r a t o r ' s S u r v e y Log Shee t ( s ee Exh ib i t 6, p . 64). 

P o i n t s c o v e r e d on th i s s u r v e y a r e : 

a. R e a c t o r Shie ld B locks 

b . S i m u l a t e d Hea t Load Hea t E x c h a n g e r 

c . T u r b i n e P a n e l 

d. P u r i f i c a t i o n P a n e l 

e . E n t r a n c e , O p e r a t i n g F l o o r 

O p e r a t o r s wil l be r e q u i r e d to p e r f o r m th i s s u r v e y a t l e a s t 
tw ice on e a c h o p e r a t i n g shift (when no Hea l t h P h y s i c s p e r s o n n e l is p r e s e n t ) . 



C. Methods 

The Geiger -Muel le r counter portable survey me te r is used for 
a r e a s and points in which the radiat ion level is below 1 m r / h r . The low-
range JUNO portable survey me te r is used for a r e a s and points in which 
the radiat ion level is in excess of 1 m r / h r (note: ideally, the same survey 
me te r should be used for the ent i re survey; however, the survey m e t e r s 
current ly available a r e l imited in their ranges of sensi t ivi ty. Neither the 
Geiger -Muel le r counter nor the JUNO is capable of spanning the wide 
range between the min imum and maximum values encountered in a typical 
survey. It is possible , however, to use the same set of survey m e t e r s for 
a s e r i e s of su rveys) . 

Routine surveys should be supplemented by " sea rch" surveys 
of the ent i re a r e a . This is best done with a G-M survey me te r equipped 
with a headset for au ra l indication of radiation in tens i t ies . Any "hot" 
spots detected in s ea rch surveys should be thoroughly investigated and the 
cause cor rec ted where poss ible , 

D. Nonroutine Surveys 

The Health Phys ics section will be required to make surveys as 
requested by operat ing personnel . The equipment and techniques used in 
such surveys will be as requi red by the conditions of the si tuation. Such 
surveys will be l is ted in the Health Physics Log Book as Special Surveys , 

The Health Phys ic i s t and /o r the Health Phys ics technician(s) 
will be responsible for performing special surveys as soon as possible fol
lowing rece ip t of verba l or wri t ten reques ts for such su rveys . Resul ts of 
special surveys will be recorded in the Health Physics Log Book and 
per t inent information concerning the resu l t s of the special surveys will 
be conveyed to the reques tor as soon as poss ible . 

When unusual , hazardous , or potentially hazardous , conditions 
a r e d iscovered in the per formance of ei ther routine or special su rveys , 
such information, together with appropr ia te recommendat ions , should 
immediate ly be brought to the attention of the reac tor operat ing shift 
supe rv i so r . 



Exhibit 5 

HQUTINE SURVEY LOG SHEET DATE: 

HEALTH PHYSICS SURVEYOR: 

TIME 

POWER LEVEL 

1. CONTROL ROOM 

2. LOWER LANDING 

3. BETWEEN LOWER AND MIDDLE LANDING 

4. MIDDLE LANDING 

5. DOORWAY, CHEST HEIGHT 

6. AVERAGE AROUND SHIELD BLOCKS 

7. HOT WELL 

8. SIMULATED HEAT LOAD HEAT EXCHANGER 

9. AUXILIARY STEAM LINE 

10. MAIN STEAM LINE 

11. MIDDLE, TURBINE CONTROL PANEL 

12. TURBINE CASING 

13. MAIN STEAM, BY EXIT LIGHT 

14. PURIFICATION PANEL, FRONT 

15. RESIN VAULT COVER 

16. FEEDWATER FILTER 

17. MAIN STEAM LINE, BEHIND PURIF. PANEL 

18. AIR EJECTOR FLOW METER 

19. REACTOR TOP, CENTER 

COMMENTS: 



Exh ib i t 6 

OPERATOR'S SURVEY LOG SHEET DATE: 

SHIFT: 

SURVEYOR: 

INSTRUCTIONS: This survey is to be made at least twice during each 
operating shift. The shift supervisor is responsible 
for assuring that the survey is performed. The "JUNO" 
survey meter ( "White Face" or Low Range Model) will 
be used. Meters will be found on the operating floor or 
in the Health Physics Office. 

TIME 

REACTOR SHIELD BLOCKS 

SIMULATED HEAT LOAD HEAT EXCHANGER 

TURBINE PANEL 

PURIF ICATION PANEL 

ENTRANCE, OPERATING FLOOR 

POWER L E V E L (Mw) 

ALL READINGS IN MILLIROENTGENS PER HOUR 

COMMENTS: 



NO. 8 - STANDARD OPERATING PROCEDURE FOR AIR SAMPLING 

A. The Constant Air Monitor 

1. General 

The unit used for m e a s u r e m e n t at ALPR is the Nuclear 
Measu remen t s Corporat ion Model AM-2A. The e lect ronics chass is con
tains a count ra te m e t e r , automatic range changing mechanism, a l a r m 
system, and low and high-voltage power suppl ies . Continuous char t 
recording is provided with an Es te r l ine Angus Recorde r . Air is drawn 
through a fi l ter paper cylinder, collecting a tmospher ic dusts on the s u r 
face of the f i l ter . The fil ter is viewed by a cylindrical , meta l -wal l , 
halogen-quenched Geiger -Muel le r tube. The filter and detector assembly 
is shielded from background radiation within a thick-walled iron cyl inder . 
Air is drawn through the fil ter by a unit consisting of a ro ta ry -pos i t ive -
displacement blower powered by a l / 2 - h p e lec t r ic motor . Motor and 
blower a r e mounted in such a manner that blower speed is var iable and 
motor speed is constant. Air flow is m e a s u r e d by a "Magnehelic" gauge. 
The unit opera tes on 110 volts ac , is self-contained, weighs 450 pounds, 
and is 36 inches high, 16 inches wide, and 36 inches long. 

2. Prevent ive Maintenance: 

The following procedure should be followed once monthly: 

a. Shut off motor . 

b-i Remove top oil-fi l l plug from blower. 

c. Open lower petcock on blower. 

d. Add 30W (SAE) motor oil through top oil-fill hole until 
oil flows out of petcock. 

e. Wait until oil flow s tops . 

f. Close petcock; replace top oil-fill plug. 

g. Res t a r t unit . 

3. Repair 

Repair and e lect ronic maintenance a r e the responsibi l i ty of 
the E lec t ron ics Section. 

4. Operation 

The unit will be kept in operat ion at all t i m e s . 



O p e r a t i n g P r o c e d u r e 

a . Check to a s s u r e tha t the uni t is r e a d y for o p e r a t i o n . Be 
s u r e tha t a f i l t e r h a s been i n s t a l l e d (for i n s t a l l a t i o n s ee 
p a r a g r a p h 6, b e l o w ) . S i x t y - c y c l e t e s t swi t ch should be 
off. A c h a r t should be in p l a c e ( see p a r a g r a p h 7, b e l o w ) . 

b . T u r n on m a i n p o w e r s w i t c h . Wait t h i r t y s e c o n d s . 

c . T u r n on h i g h - v o l t a g e s w i t c h . 

d. M o t o r should be r u n n i n g . If not, open top of m o n i t o r , 
t u r n on togg le swi t ch a t r i gh t r e a r of c a s e . 

e . Adjus t b l o w e r speed by t u r n i n g knob below m o t o r . T u r n 
knob un t i l a i r flow gauge r e a d s two i n c h e s of w a t e r . This 
c o r r e s p o n d s to an a i r flow of 4.8 c fm. 

f. The pane l m e t e r h a s two a d j u s t a b l e c o n t a c t s , one for the 
low end of the s c a l e , the o t h e r for the h igh end . T h e s e 
affect the a u t o m a t i c r a n g e - c h a n g i n g m e c h a n i s m . Con
s i d e r i n g the nne te r face to r e a d f r o m 0 to 10, s e t the 
l o w - e n d con t ac t a t 0,5 and the h i g h - e n d c o n t a c t a t 9 .0 . 

g. T h r e e l igh t s s e t c l o s e t o g e t h e r on the f ront pane l of the 
i n s t r u m e n t i n d i c a t e the r a n g e on which the i n s t r u m e n t 
i s o p e r a t i n g . If the r a d i a t i o n l eve l i s low, the m e t e r 
i n d i c a t o r wi l l t ouch the l o w - e n d c o n t a c t . T h i s should 
c a u s e the a u t o m a t i c r a n g e - c h a n g i n g m e c h a n i s m to 
cyc le d o w n w a r d . The cyc le of i n d i c a t o r l i gh t s i s r e d , 
a m b e r , wh i t e , r e d , a m b e r , whi te , e t c . When the whi te 
l ight c o m e s on, m o v e the l o w - e n d c o n t a c t be low the 
z e r o po in t . T h i s wil l s top the cyc le and the count r a t e 
m e t e r wi l l s t ay on the low r a n g e un t i l the r a d i a t i o n 
l eve l r i s e s above 9.0 on the m e t e r f a c e . If the m e t e r 
i n d i c a t o r shows a s t e a d y l e v e l above 1.0, m o v e the low-
end c o n t a c t to 0 . 5 . Th i s con t ac t should not be p o s i t i o n e d 
above th i s po in t . 

The uni t wi l l n o r m a l l y be o p e r a t e d on the m a i n f loor 
of the r e a c t o r bu i ld ing . 

F i l t e r Change 

F i l t e r s wi l l be c h a n g e d once week ly e x c e p t when a i r 
a r e h igh enough to r e q u i r e m o r e f r e q u e n t c h a n g e s . 

F i l t e r change p r o c e d u r e : 

a . T u r n off m o t o r - b l o w e r un i t . 



b. Open shield by unscrewing hand wheel; pull access 
door open. 

c. Pull out filter holder . 

d. Remove old f i l ter . 

e. Cut new filter from stock of HV-70 filter paper, 
s ize 3 x 5 - I / 2 inches . 

f. Wrap new filter around filter holder; hold in place 
with rubber bands at each end. 

g. Inser t filter unit in shield; s t a r t motor . 

7. Chart Change 

The char t used in the r e c o r d e r is the Ester l ine-Angus 
Record Chart No. 4305-C. Chart speed is three inches per hour. Each chart 
rol l will run for fourteen days, making char t change neces sa ry once every 
two weeks . 

Char t -change procedure is not complicated but it is best 
learned by observat ion and p r ac t i c e . Any e lec t ronics technician or reac tor 
opera to r should be able to demons t ra t e the co r r ec t procedure for changing 
c h a r t s . 

8. 60-cycle Test 

Once each day, the CAM should be checked for c o r r e c t 
opera t ion . The procedure is as follows: 

a. Turn on 60-cycle tes t switch. Count ra te me te r 
indicator should r i s e to the 3,600-cpm point on the 
10,000-cpm sca le . The warning bell should ring for 
about 15 seconds and the amber light should flash 
continually. 

b . Turn off 60-cycle tes t switch. Count ra te me te r 
indicator should drop to a lmost zero on the 
10,000-cpm sca le . After an interval of from one to 
three minutes , the automatic range-changing mechanism 
should downshift to the 2,000-cpm scale and the amber 
light should stop flashing. 

c. After completion of 60-cycle test , mark the date and 
t ime on the char t r eco rd . 

NOTE: During reac to r operat ion, the CAM will normal ly operate on the 
10,000-cpm scale and the a m b e r flashing light will be on continually. In this 
case the changing mechan i sm will not downshift to the 2,000-cpm scale after 
the 60-cycle tes t . 



9. Ala rm System 

The three ranges of the CAM a re designed to function on 
three levels of sensi t ivi ty . The low range is sensi t ive to a i rborne rad io
active contaraination of re la t ively safe, low concentra t ions . The in te r 
mediate range is sensi t ive to a i rborne radioactivity border ing on the 
maximum pe rmis s ib l e concentra t ions . The high range is sensi t ive to 
levels in excess of maximum pe rmis s ib l e concentra t ions . The bell a l a r m 
sys tem is tied to the control room signal panel board . 

a. Low range: 0-2,000 cpm. Small white indicator lamp 
on front panel is lit . 

b . In termedia te range: 0-10,000 cpm. Small amber 
indicator lamp on front panel is lit . Large amber light 
on top of the unit f lashes at in tervals of approximately 
one second. When the unit f i r s t switches to this range, 
the a l a r m bell r ings for approximately fifteen seconds . 

c. High range: 0-20,000 cpm. Small red lamp on front of 
panel is lit. Large red lamp on top of unit f lashes at 
in tervals of approximately one second. Ala rm bell 
r ings continually. 

B. "Spot" Air Sampling 

1. General 

The a i r sampler used at ALPR is the "Hi-Vol" sampler 
made by the Staplex Co. This is a light weight, hand-portable unit operating 
on 110 volts a c . The motor opera tes at approximately 18,000 rpm and its 
speed is not adjustable. Air is drawn through a four- inch d iamete r filter 
located at one end of the unit. F i l t e r s must be removed from the unit for 
ana lys i s . 

2. Prevent ive Maintenance 

No preventive maintenance is requi red . 

3. Repair 

Fac i l i t i es for repa i r of this unit a r e not available at ALPR 
or on the NRTS. Units raust be re turned to the manufacturer for repa i r 
and pa r t s rep lacement . 



4. Operation 

The Hi-Vol sampler is used to supplement a i r monitoring by 
the Constant Air Monitor (Model AM-2A). Operational procedure is as follows: 

a. Ca r ry unit to des i r ed sampling a rea ; plug into 110-volt 
ac l ine. 

b . Unscrew f i l te r -holder cap. Hold sampler ver t ica l ; 
align filter support spider . 

c. The fil ter to be used for most sampling is the TFA #41, 
a thin paper fi l ter, four inches in d iamete r . Place the 
filter over the support spider, tighten f i l ter -holder cap, 
making sure that the filter is f irmly supported. 

d. Place sampler in position. Unit must be horizontal and 
the intake and exhaust ports must have a minimum of 
three inches of c learance from any other object. Unit 
may be placed on the floor or on any horizontal surface, 
or may be suspended by its handle. 
CAUTION: The unit has considerable s tar t ing torque. 
Make sure that the unit is in a safe position or is f irmly 
supported during s t a r t . Turn on line switch. 

e. Make a note of the a i r flow as shown by the indicator at 
the r e a r of the unit. A unit in good condition will draw 
15 to 20 cfm of a i r through the TFA #41 f i l ter . 
CAUTION: This unit, when used with the TFA #41 fi l ter , 
should not be operated continuously for more than one 
hour. Operation in excess of one hour will cause over 
heating, with probable damage to bear ings and b r u s h e s . 

f. Samples taken with this unit mus t be counted for rad io
activity content with laboratory type counters . Fo r 
de ta i l s , see Standard Operating Procedure No. 13 on 
sample counting. 



NO. 9 - STANDARD OPERATING PROCEDURE FOR DECONTAMINATION 

A. G e n e r a l 

All m a t e r i a l s , e q u i p m e n t , or a r e a s tha t b e c o m e c o n t a m i n a t e d 
with r a d i o a c t i v e m a t e r i a l s , e i t h e r by a c c i d e n t a l m e a n s o r by in ten t , m u s t 
be d e c o n t a m i n a t e d to p r e v e n t s p r e a d of r a d i o a c t i v e m a t e r i a l s to c l e a n 
a r e a s . F o r p u r p o s e s of t h i s d i s c u s s i o n d e c o n t a m i n a t i o n i s d iv ided into 
t h r e e s e c t i o n s : t oo l s and e q u i p m e n t , p e r m a n e n t s u r f a c e s ( f loo r s , wa l l , e t c . ) , 
and p e r s o n n e l . 

B. Too l s and E q u i p m e n t 

All t oo l s and e q u i p m e n t wil l be s u r v e y e d by Hea l t h P h y s i c s on 
a r o u t i n e b a s i s . All t oo l s and e q u i p m e n t u s e d in c o n t a m i n a t e d o r p o t e n t i a l l y 
c o n t a m i n a t e d a r e a s m u s t be s u r v e y e d by Hea l th P h y s i c s p r i o r to t h e i r r e 
l e a s e to o the r a r e a s . If, in e i t h e r of the above i n s t a n c e s , c o n t a m i n a t i o n is 
found, d e c o n t a m i n a t i o n sha l l p r o c e e d as fo l lows : 

1 . Set up a t e m p o r a r y d e c o n t a m i n a t i o n s t a t i on u n d e r the d i r e c 
t ion of Hea l t h P h y s i c s , w h i c h sha l l i nc lude (a) f loor c o v e r i n g 
of e i t h e r p l a s t i c o r b l o t t e r p a p e r , (b) c o n t a i n e r s for l iqu id 
d e c o n t a m i n a n t , (c) c o n t a i n e r s for d i s p o s a b l e m a t e r i a l , (d) an 
a d e q u a t e supply of p r o t e c t i v e c lo th ing with h a m p e r s o r c o n 
t a i n e r s for u s e d c lo th ing . 

2. S m a l l hand t oo l s m a y be d e c o n t a m i n a t e d by i m m e r s i o n into 
a c o n t a i n e r con ta in ing an a v a i l a b l e d e g r e a s i n g a g e n t . In 
m a n y c a s e s , t h e s e too l s should be s c r u b b e d wi th a s m a l l 
hand b r u s h which is a v a i l a b l e . Af ter r i n s i n g and d r y i n g , 
t oo l s m a y then be s u r v e y e d and r e l e a s e d if d e c o n t a m i n a t i o n 
i s s u c c e s s f u l . F o r l a r g e r too l s and m a j o r p i e c e s of e q u i p 
m e n t which canno t be i m m e r s e d in the c o n t a i n e r s of l iqu id , 
a d e q u a t e d e c o n t a m i n a t i o n m a y be ob t a ined by s c r u b b i n g and 
d e g r e a s i n g . 

3 . At the c o m p l e t i o n of d e c o n t a m i n a t i o n a l l e q u i p m e n t m u s t be 
s u r v e y e d b e f o r e r e l e a s e . All c o n t a m i n a t e d l i q u i d s and m a t e 
r i a l s u s e d for d e c o n t a m i n a t i o n m u s t be d i s p o s e d of a s a c t i v e 
w a s t e . T h i s wil l be done u n d e r the d i r e c t i o n of H e a l t h 
P h y s i c s . 

C. P e r m a n e n t S u r f a c e s , F l o o r s , W a l l s , E t c . 

F o r r o u t i n e r e a c t o r o p e r a t i o n the a l l owab le s m e a r a b l e c o n t a m 
ina t ion of f l o o r s , w a l l s , and o t h e r p e r m a n e n t s u r f a c e s sha l l not e x c e e d 
1,000 d p m b e t a - g a m m a / s q u a r e foot. If the l e v e l of s m e a r a b l e c o n t a m i n a t i o n 
e x c e e d s 1,000 d p m / s q u a r e foot, d e c o n t a m i n a t i o n sha l l p r o c e e d a s f o l l o w s : 



A t e m p o r a r y d a n g e r zone sha l l be e s t a b l i s h e d . An a r e a sha l l 
be roped off and tagged to e l i m i n a t e the u s e of the a r e a by p e r s o n n e l while 
d e c o n t a m i n a t i o n i s in p r o g r e s s . D e c o n t a m i n a t i o n can be effected m o s t 
e a s i l y by n o r m a l s c r u b b i n g with a s t r o n g solut ion of d e t e r g e n t ( such a s Tide) 
which i s a v a i l a b l e in the Hea l th P h y s i c s off ice. It is r e c o m m e n d e d tha t two 
c o n t a i n e r s be suppl ied , one with the d e t e r g e n t so lu t ion and a n o t h e r wi th the 
r i n s e w a t e r . Mops , e i t h e r r a g type o r sponge m o p s , both of which a r e in 
s tock sha l l be u sed for th i s o p e r a t i o n . S c r u b - d o w n o p e r a t i o n s sha l l be p e r 
f o r m e d in a n o r m a l m a n n e r , excep t tha t cau t ion sha l l be e x e r c i s e d to s t a r t 
s c r u b b i n g at the ou t e r e x t r e m i t i e s of the a r e a , work ing i n w a r d . P e r s o n n e l 
p e r f o r m i n g the o p e r a t i o n sha l l be equipped with p l a s t i c shoe c o v e r s o r r u b 
b e r boo ts and r u b b e r g l o v e s . If, a f t e r s c r u b b i n g and r i n s ing , s u r v e y s i nd i 
ca t e tha t the d e c o n t a m i n a t i o n w a s not s u c c e s s f u l , the above p r o c e d u r e should 
be r e p e a t e d un t i l c o n t a m i n a t i o n i s no l o n g e r m e a s u r a b l e . If it a p p e a r s tha t 
d e c o n t a m i n a t i o n with the d e t e r g e n t so lu t ion wil l not be succes s fu l , add i t iona l 
s o l v e n t s or d e g r e a s i n g a g e n t s m a y be r e c o m m e n d e d . In s o m e c a s e s of low-
l eve l c o n t a m i n a t i o n not r e m o v a b l e by o r d i n a r y m e a n s , it i s p e r m i s s i b l e to 
fix the c o n t a m i n a t i o n to the s u r f a c e . This m a y be done by pa in t ing , m a s k i n g 
t ape or o the r m e a n s . If the c o n t a m i n a n t i s in the f o r m of d u s t o r s m a l l d r y 
f r a g m e n t s , the u s e of a v a c u u m c l e a n e r r e s e r v e d for p u r p o s e s of d e c o n t a m 
ina t ion i s r e c o m m e n d e d . Th i s m a c h i n e i s a v a i l a b l e at a l l t i m e s f r o m the 
Hea l th P h y s i c i s t . 

D. P e r s o n n e l 

If c o n t a m i n a t i o n of the h a n d s , feet , c lo th ing , s h o e s , o r of any 
p a r t of the body i s d e t e c t e d the ind iv idua l c o n c e r n e d should in a l l c a s e s a l e r t 
the Hea l t h P h y s i c i s t . If the ac t i v i t y of the m a t e r i a l i s of a low leve l , and 
c o n t a m i n a t i o n i s to the h a n d s only, t h i s can m o s t e a s i l y be r e m o v e d by 
w a s h i n g with soap and w a t e r . If t h i s m e thod i s not s u c c e s s f u l , i t i s r e c o m 
m e n d e d that a s t r o n g d e t e r g e n t be u s e d . If it a p p e a r s that n e i t h e r of t h e s e 
m e t h o d s a r e s u c c e s s f u l , the Hea l th P h y s i c i s t will r e c o m m e n d v a r i o u s c h e m 
ica l so lu t ions to be used and wil l a s s i s t in d e c o n t a m i n a t i o n . 

If c o n t a m i n a t i o n i s d e t e c t e d on the shoes or feet , it i s r e c o m 
m e n d e d tha t the ind iv idua l c o n c e r n e d r e m a i n at h i s loca t ion unt i l a s s i s t a n c e 
can be p r o v i d e d . If, when work i ng in an a r e a of known a i r b o r n e o r r e m o v a b l e 
c o n t a m i n a t i o n , the ind iv idua l b e c o m e s to t a l ly c o n t a m i n a t e d , i t i s r e c o m m e n d 
ed tha t c lo th ing change be effected a t the l oca t ion . Caut ion should be e x e r 
c i s e d m r e m o v i n g o u t e r c lo th ing so tha t the m a t e r i a l s do not c o m e in con t ac t 
wi th the body. In c a s e s of t h i s n a t u r e , Hea l th P h y s i c s a s s i s t a n c e should be 
r e q u e s t e d . At the c o m p l e t i o n of c lo th ing r e m o v a l , it is r e c o m m e n d e d tha t 
the ind iv idua l s h o w e r , put on c l e a n c lo th ing , and be s u r v e y e d by Hea l th 
P h y s i c s p r i o r to r e t u r n i n g to n o r m a l d u t i e s . S t a n d a r d o p e r a t i o n p r o c e d u r e 
sha l l inc lude h a n d - a n d - f o o t check ing with a p o r t a b l e s u r v e y m e t e r upon 
l eav ing the r e a c t o r o p e r a t i n g a r e a and the m a n d a t o r y u s e of the hand- foo t 
m o n i t o r loca ted be tween the c o n t r o l r o o m and the shop a r e a . 



NO. 10 - STANDARD O P E R A T I N G P R O C E D U R E F O R URINE S A M P L E S 

P e r s o n n e l work ing with o r n e a r r a d i o a c t i v e m a t e r i a l m a y f r equen t ly 
be e x p o s e d to a i r b o r n e r a d i o a c t i v e c o n t a m i n a t i o n , r e s u l t i n g in i n g e s t i o n of 
th i s and o t h e r a c t i v e m a t e r i a l . 

B io log ica l ly , the h u m a n body e l i m i n a t e s m u c h of th i s m a t e r i a l a long 
wi th body w a s t e s . One of the b e s t m e t h o d s to d e t e r m i n e the body c o n c e n t r a 
t ion of a c t i v e m a t e r i a l and the dose r e c e i v e d is by u r i n e s a m p l e s . 

The A L P R u r i n a l y s i s p r o g r a m is on a rou t ine b a s i s but is sub jec t 
to change if n e c e s s a r y . 

A r r a n g e m e n t s have b e e n m a d e with A E C M e d i c a l to take u r i n e s a m 
p l e s on a l l new e m p l o y e e s . T h e s e s a m p l e s a r e p r o c e s s e d by A E C C h e m i c a l 
L a b o r a t o r y and r e s u l t s f o r w a r d e d to the o p e r a t i n g c o n t r a c t o r . B a c k g r o u n d 
s a m p l e s of a l l m i l i t a r y p e r s o n n e l now work i ng a t A L P R have been t aken and 
r e s u l t s a r e on file in the A L P R Hea l th P h y s i c s Office. 

Rou t ine ly the Hea l t h P h y s i c i s t wi l l s c h e d u l e u r i n e s a m p l e s a s fo l lows: 

1. P o s t on Bu l l e t in B o a r d n a m e s of a l l s c h e d u l e d p e r s o n n e l . 

2. P r o c u r e f r o m AEC H e a l t h and Safety C h e m i c a l L a b o r a t o r y , 
T e l e p h o n e : Ex t . 2263 , one o r two boxes of s a m p l e b o t t l e s . 

3 . Us ing L a b e l o n t a p e , ident i fy e a c h bot t le with p e r s o n ' s n a m e . 

4 . P l a c e b o t t l e s in L o c k e r R o o m . 

5. Co l l ec t f i l led b o t t l e s , f i l l in F o r m ID-104 in t r i p l i c a t e and s e n d 
bo t t l e and f o r m to A E C C h e m i c a l L a b o r a t o r y C F 646. 

6. P o s t r e s u l t s of a n a l y s i s in HeaJ th P h y s i c s Log and file c o m 
p l e t e d s a m p l e r e c o r d s h e e t in p e r m a n e n t f i l e . 

Rou t ine u r i n a l y s i s wi l l be done e v e r y s ix m o n t h s . Nonrou t ine s a m 
p l e s wi l l be done , in the s a m e m a n n e r upon r e q u e s t o r if d e e m e d n e c e s s a r y , 
by H e a l t h P h y s i c s . 
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NO. 11 - STANDARD OPERATING PROCEDURE FOR PERSONNEL SAFETY 

A. General Instruct ions 

1 . Health Physics Responsibi l i t ies 

The safety p r o g r a m at ALPR is the responsibi l i ty of the 
operating con t r ac to r ' s Health Physic is t . The Health Physic is t will be r e 
sponsible for implementing a p r o g r a m of regular inspections to a s s u r e the 
safety of plant personnel . This p rog ram should consist of regular plant 
inspect ions, thorough investigations of any and all accidents , investigations 
of employee complaints or suggestions concerning personnel or plant safety, 
and or ientat ion of all ass igned personnel in good safety p rac t i ces and 
regulat ions . 

Safety equipment will be p rocured by the Health Physic is t 
through the regular purchasing channels and will be dis t r ibuted according 
to needs . The Health Physic is t will at all t imes maintain a l imited stock 
of such expendable safety equipment i tems a s : plast ic goggles or safety 
g l a s se s ; hard hats ; rubber , neoprene , and leather gloves; face shie lds ; 
dust r e s p i r a t o r s ; and other equipment of like na tu re . 

Nonexpendable safety equipment such as self-contained air 
supply sys tems (Scott Air Paks) , fire ext inguishers and F i r s t Aid kits will 
be procured , instal led, and maintained by the Health Phys ic is t and will be 
kept in a r e a s access ib le to all personnel . 

The Health Phys ic is t will be responsib le for the p r o c u r e 
ment and instal lat ion of safety warning signs and m a r k e r s denoting poten
tially hazardous conditions. 

2. Individual Responsibi l i t ies 

Each individual worker is expected to do his par t in helping 
to make the plant a safe place in which to work. He is expected to follow the 
recommendat ions of the Health Physic is t , to per form his job in a manner 
consistent with good safety p r ac t i ce s , and to notify the Health Phys ic is t 
and/or his fellow worke r s if he notices or bel ieves a par t i cu la r operat ion 
or job to be potentially hazardous . 

The individual and the Health Physic is t must work as a team 
if the ul t imate in good safety p rac t i ces is to be achieved. Safety ru les laid 
out by the Health Physic is t should not be so onerous as to invoke resen tment 
on the par t of the w o r k e r s . Conversely, laxity in the enforcement of safety 
rules leads to a high accident r a t e . The individual should feel that he is a 
part of a cooperat ive effort. 



No ind iv idua l should w o r k a lone in i s o l a t e d a r e a s o r in p o 
t e n t i a l l y h a z a r d o u s a r e a s . T h i s a p p l i e s equa l ly to w o r k on e l e c t r i c a l s y s 
t e m s , m o v i n g m a c h i n e r y , a r e a s of poor ven t i l a t i on o r w h e r e toxic m a t e r i a l s 
or g a s e s m i g h t be p r e s e n t , o r w h e r e t h e r e is a p o s s i b i l i t y of fa l l ing f r o m a 
he igh t . 

B . Safety R u l e s 

1 . M e c h a n i c a l Safety R u l e s 

Defec t ive or m a k e s h i f t too l s should n e v e r be u s e d . In m o s t 
c a s e s , de fec t ive t oo l s should be d i s c a r d e d . I t e m s l ike s c r e w d r i v e r s wi th 
bad ly w o r n o r b r o k e n t i p s , h a m m e r s wi th ch ipped or s c a r r e d h e a d s , p l i e r s 
wi th ben t h a n d l e s o r w o r n j a w s , s a w s wi th b r o k e n t e e t h , u n b a l a n c e d or 
ch ipped g r ind ing w h e e l s , and w o r n or d i s t o r t e d w r e n c h e s should be r e p l a c e d , 
s i n c e r e p a i r of s u c h i t e m s i s s e l d o m s a t i s f a c t o r y and c o s t s m o r e , in t e r m s 
of t i m e and i n c o n v e n i e n c e , t h a n r e p l a c e m e n t wi th new t o o l s . One e x c e p t i o n 
to t h i s r u l e would app ly w h e r e r e p l a c e m e n t of a p a r t of a tool would r e s t o r e 
the tool to i t s o r i g i n a l cond i t ion . An e x a m p l e of t h i s would be r e p l a c e m e n t 
of a wooden h a m m e r h a n d l e . 

When u s ing g r ind ing w h e e l s o r when doing any type of w o r k 
in which f r a g m e n t s could s t r i k e the e y e , as in chipping c o n c r e t e , for e x a m p l e , 
sa fe ty gogg le s a r e r e q u i r e d . One p a i r of safe ty gogg les i s kept on a r a c k 
above the g r i nd ing m a c h i n e at a l l t i m e s . A supply of gogg les i s m a i n t a i n e d 
in the H e a l t h P h y s i c s off ice . 

2. E l e c t r i c a l Safety R u l e s 

R e p a i r of m a i n t e n a n c e w o r k on " l i v e " or "hot" e l e c t r i c a l 
p o w e r c i r c u i t s i s f o r b i d d e n . When p e r f o r m i n g w o r k on e l e c t r i c a l l y p o w e r e d 
e q u i p m e n t , be s u r e tha t the p o w e r s w i t c h e s for the e q u i p m e n t a r e " O F F " 
and t agged with " l o c k - o u t " t a g s to p r e v e n t s o m e o n e f r o m i n a d v e r t e n t l y e n e r 
g iz ing the c i r c u i t . The p e r s o n who p l a c e s s u c h t a g s on s w i t c h e s m u s t s ign 
h i s n a m e wi th the t i m e and d a t e a t the t i m e of p l ac ing the t a g . When the job 
is c o m p l e t e d , a l l t a g s m u s t be r e m o v e d without de l ay by the p e r s o n whose 
s i g n a t u r e a p p e a r s on the t a g . All p e r s o n n e l a r e cau t ioned to a d h e r e s t r i c t l y 
to the cond i t i ons m a r k e d on the t ag and shou ld n e v e r , u n d e r any c i c u m -
s t a n c e s , m o v e the s w i t c h . 

Many a c c i d e n t s and n e a r - a c c i d e n t s have o c c u r r e d t h r o u g h 
v io l a t i on of l o c k - o u t t a g s . P e r s o n n e l a r e w a r n e d tha t s e v e r e ac t ion m a y be 
t a k e n a g a i n s t anyone who v i o l a t e s or m i s u s e s a l o c k - o u t t a g . 

P e r s o n n e l w o r k i n g wi th e l e c t r i c a l g e a r a r e c a u t i o n e d a g a i n s t 
u s ing m a k e s h i f t e q u i p m e n t , j u m p e r s , o v e r s i z e f u s e s , o r d e l i b e r a t e l y o v e r 
load ing c i r c u i t s and e q u i p m e n t . All 11 0-vo l t ac ou t l e t s in the a r e a a r e of a 



t h r e e - w i r e , grounding type, and all portable e lec t r ica l gear and /or tools 
should be equipped with s tandard three-conductor line co rds . Exposed con
ducting portions of such gear should be grounded,through the proper line 
cord conductor. 

Any i tem of e lec t r ica l equipment which fai ls , overhea ts , 
a r c s excess ively , or in any other way acts abnormally, should be inspected 
and ei ther r epa i r ed before being used again or d iscarded. 

All e lec t r i ca l line cords should be inspected by the pe r son 
nel using the equipment, and should be replaced at the f i rs t sign of wear or 
abuse. All line cord connectors should be examined regu la r ly and ei ther r e 
pa i red or replaced if defective in any way. 

3. Mater ia ls Handling 

The handling of ma te r i a l s involves more than the m e r e 
t ransfe r of an i tem from one location to another. Cor rec t handling tech
niques enable the job to be done with a min imum of effort and t ime and with 
a maximum of safety. 

Perhaps the most important single thing in m a t e r i a l s handl 
ing is to know the l imita t ions of equipment. This applies both to "muscle 
power" and to mechanical equipment. One should not hes i ta te to call for 
help if the object is too la rge or too heavy to handle individually. When two 
or more persons a re ca r ry ing an object they should decide beforehand how 
it is to be c a r r i e d and check the route and c lea rances to be followed. 

4. Housekeeping 

A clean place to work is n e c e s s a r y for safety. Mater ia l s 
and other equipment should be kept out of a i s les and re tu rned to their 
proper s torage place after use . A ser ious accident may be prevented if 
tr ipping haza rds , such as na i l s , pieces of wire and scraps^ a r e picked up. 

Many falls occur because oil, water or other liquids have 
been spilled upon the floor. Pro tec t o thers by cleaning the spil ls 
immediate ly . 

Oily r ags should be placed in the covered metal containers 
provided. 



5. F i r e P r o t e c t i o n 

a. F i r e A l a r m s 

The A L P R F i r e A l a r m S y s t e m is an a u t o m a t i c s y s t e m 
i n s t a l l e d by ADT and r e c o r d i n g in the C e n t r a l F a c i l i t i e s F i r e S ta t ion . The 
d e t e c t i o n d e v i c e s a r e p r e s e t to t r i p at 1 6 5 ° F , wi th the excep t ion of the fan 
loft d e v i c e which i s s e t to t r i p at 225° F . 

The a l a r m is s i g n a l l e d by an aud ib le gong than can 
e a s i l y be h e a r d t h r o u g h o u t the bu i ld ing and the s i g n a l s a r e coded to give the 
l o c a t i o n of the a l a r m . 

T h e r e i s s o m e h i s t o r y of f a l s e a l a r m s . Th i s does not 
l e s s e n the r e s p o n s i b i l i t y to i n v e s t i g a t e any a l a r m tha t m i g h t sound . I n v e s t i 
ga t ion should be m a d e by bo th A L P R p e r s o n n e l a n d t h e AEC F i r e D e p a r t m e n t . 
If it is known to be a f a l s e a l a r m , a r e s p o n s i b l e p e r s o n at the A L P R should 
notify the F i r e D e p a r t m e n t , T e l e p h o n e : E x t . 2212, t hus sav ing an e m e r g e n c y 
t r i p . 

In add i t ion to the a u t o m a t i c d e t e c t i o n d e v i c e s , an a l a r m 
m a y be sen t f r o m any of the a l a r m b o x e s . I n s t r u c t i o n s a r e on e a c h a l a r m 
box . 

b . F i r e E x t i n g u i s h e r s 

Al l f i r e e x t i n g u i s h e r s at the A L P R a r e CO2 e x t i n 
g u i s h e r s . T h e s e m a y be u s e d on any type of f i r e . I n s t r u c t i o n s for u s e a r e 
on the ind iv idua l e x t i n g u i s h e r s . I n s p e c t i o n of the e x t i n g u i s h e r s is m a d e 
once e a c h m o n t h by the AEC F i r e D e p a r t m e n t . L i s t e d on the ind iv idua l 
e x t i n g u i s h e r s i s the c h a r g e d we igh t . If a t any t i m e an e x t i n g u i s h e r i s l e s s 
than fully c h a r g e d , it shou ld be d e l i v e r e d to the F i r e D e p a r t m e n t , w h e r e it 
wi l l be f i l led . 

6. R e s p i r a t o r y P r o t e c t i o n 

The r e s p i r a t o r y h a z a r d s e n c o u n t e r e d at the A L P R m a y be 
bo th of an i n d u s t r i a l n a t u r e and of a r a d i o l o g i c a l n a t u r e . H a z a r d s of an 
i n d u s t r i a l n a t u r e wi l l i nc lude d u s t s , f u m e s , s m o k e and g a s e s t ha t n o r m a l l y 
o c c u r in an i n d u s t r i a l p l an t . T h e s e a r e s o m e w h a t l i m i t e d but in m a n y c a s e s 
r e s p i r a t o r y p r o t e c t i o n could be n e e d e d . 

R e s p i r a t o r y h a z a r d s of a r a d i o l o g i c a l n a t u r e can be due to 
any of the a b o v e - m e n t i o n e d i t e m s tha t a r e c o n t a m i n a t e d wi th r a d i o a c t i v e 
m a t e r i a l . R e s p i r a t o r y p r o t e c t i o n for e i t h e r cond i t ion , depend ing upon the 
s e r i o u s n e s s , m a y be ga ined by u s ing one of the fo l lowing: 



a. Self-contained F r e s h Air Supply Masks 

This type is used when the air supply is l imited or whe 
the available a ir supply is contaminated beyond safe breathing l imi t s . The 
mask is a "Scott Air Pak" having a full face mask and s t rap-on bottle of 
breathing a i r . Under no rma l working conditions the a i r supply is good for 
approximately thir ty minutes . A new a i r - supply bottle can be at tached in a 
mat te r of minutes . Air -supply bottles may be recharged at the AEC F i r e 
Station. It is recommended that frequent dr i l l s in the use of this equipment 
be held so that all personnel a r e famil iar with its use . 

b. F i l ter Masks 

These a r e used for all general industr ia l dusts that 
may be encountered from sawing, sanding, chipping etc . and for ce r ta in 
radiological conditions where low-level contaminated par t icula te ma te r i a l 
is encountered. The masks a r e equipped with a disposable filter that is 
easi ly replaced. In all cases where r e s p i r a t o r y protect ion is needed, it 
shall be the responsibi l i ty of the Health Physicis t to de termine the type to 
be used and to supply s a m e . 



NO. 12 - STANDARD OPERATING PROCEDURE FOR TREATMENT OF 
INJURIES 

A. General : 

Despite safe work habi ts , in jur ies , both minor and major in 
na ture , can be expected to occur . 

Minor injuries considered a r e of two types: 

1. Injuries occurr ing in contaminated a r e a s . 

2. Injuries occurr ing in clean a r e a s . 

If an injury occurs in a contaminated a r e a , the injured should: 

1. Force bleeding on cuts and open wounds, thus keeping con
tamination from entering the blood s t r eam. 

2. Call or r epor t immediate ly to Health Physics for survey. 

The Health Phys ic is t shall: 

1. Make complete survey of wound and surrounding skin surface. 

2. Decontaminate if injury is such that t ime allows. 

3. If injured is contaminated and sent to CF F i r s t Aid, advise 
Doctor or nurse on duty of the condition. 

B. Noncontaminated Injuries: 

Minor injuries rece ived in nonactive a r e a s shall be t rea ted as 
follows: 

1 . P roceed to the F i r s t Aid kit located in the Health Physics 
office and apply f i rs t aid. 

2. Report injury to his superv isor . If, in the opinion of the 
superv i sor , further t rea tment is needed, he shall send the 
injured direct ly to CF 603 (AEC F i r s t Aid) or make a r 
rangements with the Health Physic is t to do so. 

C. Major Injuries 

Major injuries should be r e f e r r e d immediately to the AEC 
Physician at CF 603, Telephone: Ext. 2356. The Physician is on duty 
8:00 a .m. to 4:00 p .m. , with r eg i s t e r ed nu r ses on duty at all t imes . 

Ambulance serv ice is available on a 24-hour call by te le 
phoning Ext. 2356, 2212, or "O" (Operator) . 

In request ing ambulance and /o r nu r se , give all pertinent infor
mation such as location, type of injury, sever i ty , and type of service required. 



NO. 13 - STANDARD O P E R A T I N G P R O C E D U R E F O R S A M P L E COUNTING 

A. G e n e r a l 

The Hea l t h P h y s i c s Sec t ion i s equipped with l a b o r a t o r y - t y p e 
r a d i a t i o n - d e t e c t i o n e q u i p m e n t for quan t i t a t i ve r a d i o a c t i v i t y a n a l y s i s of 
c e r t a i n s a m p l e m a t e r i a l s . The i t e m s of p r i m e c o n c e r n a r e a i r s a m p l e s 
( s a m p l e s of a t m o s p h e r i c p a r t i c u l a t e s t a k e n by d r a w i n g a i r t h r o u g h a high= 
eff ic iency p a p e r f i l t e r ) , s m e a r s a m p l e s ( s a m p l e s of r e m o v a b l e o r " l o o s e " 
c o n t a m i n a t i o n t aken by wiping o r " s m e a r i n g " a s u r f a c e a r e a wi th a c i r c l e 
of f i l t e r p a p e r ) and gas s a m p l e s ( s a m p l e s of a i r t aken with an e v a c u a t e d 
c y l i n d e r so a s to con ta in g a s e s which would be p a s s e d by a f i l t e r ) . Wa te r 
s a m p l e a n a l y s i s i s done by A E C - I D O Hea l th and Safe ty . 

C o v e r e d in th i s S t a n d a r d O p e r a t i n g P r o c e d u r e a r e spec i f i c 
m e t h o d s and p r o c e d u r e s u s e d a t A L P R for b a c k g r o u n d and y ie ld ( g e o m e t r y 
o r eff iciency) d e t e r m i n a t i o n , s a m p l e co l l ec t ion! and s a m p l e count ing and 
eva lua t i on for a i r and gas s a m p l e s . 

The p r o c e d u r e s out l ined a r e s impl i f i ed for u s e by field p e r s o n n e l , 
s i nce it i s a n t i c i p a t e d tha t p e r s o n n e l a s s i g n e d bv the D e p a r t m e n t of D e f e n s e 
wi l l have only a r u d i m e n t a r v b a c k g r o u n d in Hea l t h P h y s i c s . I t e m s s u c h a s 
r e s o l u t i o n l o s s , c o i n c i d e n c e , s e l f - a b s o r p t i o n , b a c k s c a t t e r , and p r o b a b i l i t y 
a r e not spec i f i c a l l y c o v e r e d . E l i m i n a t i o n of t h e s e c o r r e c t i o n f a c t o r s wi l l , 
in m o s t c a s e s , l i m i t a b s o l u t e count ing a c c u r a c y to ± 20%. Since the l i m i t s 
se t up by Hea l t h P h y s i c s a r e c o n s e r v a t i v e , th i s d e g r e e of a c c u r a c y i s 
c o n s i d e r e d to be a c c e p t a b l e . 

B . E q u i p m e n t 

S a m p l e - c o u n t i n g equ ipmen t of the A L P R Hea l th P h y s i c s s e c t i o n 
i n c l u d e s the fol lowing: 

One ( l ) N u c l e a r M e a s u r e m e n t s C o r p o r a t i o n Model P C " 1 A 
P r o p o r t i o n a l C o u n t e r . Th i s i s a w m d o w l e s s , p r e f l u s h gas flow c o u n t e r u s i n g 
a 90% a r g o n - 10% m e t h a n e gas m i x t u r e . It h a s a b i n a r y s c a l e r uni t wi th 
s c a l i n g f a c t o r s of 8, 16, 32, 64, 128, 256, and 512 . The count ing c h a m b e r i s 
an i n t e g r a l p a r t of the un i t . A p r e s e t t i m e r i s bu i l t into the un i t . 

Two (2) R a d i a t i o n I n s t r u m e n t D e v e l o p m e n t L a b o r a t o r y Model 206 
d e c i m a l s c a l e r s . Each un i t f e a t u r e s a b u i l t - i n p r e s e t t i m e r and an op t iona l 
p r e s e t count c i r c u i t . The s c a l i n g fac to r i s 10 000 . P r o v i s i o n i s m a d e for 
e x t e r n a l connec t i on of a v a r i e t y of count ing d e v i c e s , inc luding G e i g e r - M u e l l e r 
p r o p o r t i o n a l , and s c i n t i l l a t i o n d e t e c t o r s . The uni t s u p p l i e s c o u n t e r vo l t age 
up to 5,000 v o l t s . Gain s e t t i n g s a r e v a r i a b l e and t h e r e i s an a d j u s t a b l e 
p u l s e - h e i g h t d e s c r i m i n a t o r . At p r e s e n t , the s c a l e r s a r e u sed wi th a m i c a 
end -window G e i g e r - M u e l l e r t u b e . 



C. C a l i b r a t i o n and B a c k g r o u n d D e t e r m i n a t i o n 

C a l i b r a t i o n and b a c k g r o u n d d e t e r m i n a t i o n for e a c h sca l ing uni t 
i s a c c o m p l i s h e d da i ly , Monday t h r o u g h F r i d a y , for each count ing dev ice in 
r e g u l a r u s e . P r o c e d u r e s a r e g iven be low for each i t e m of equ ipment . 

1. P C - I A 

The P C - I A m a y be u s e d for count ing a lpha r a d i a t i o n s at 
one vo l t age se t t ing and b e t a - g a m m a r a d i a t i o n s at a n o t h e r vo l t age se t t ing . 
T y p i c a l vo l t age s e t t i n g s a r e : a lpha - 1,100 vo l t s ; b e t a - g a m m a - 1,750 v o l t s . 

A v e r a g e ef f ic iency or y i e l d is a s fol lows: 

Alpha: 51% 

B e t a - G a m m a : 55 -75% 

A v e r a g e b a c k g r o u n d count i s a s fol lows: 

Alpha: 1 count p e r hou r 

B e t a - G a m m a : 100 coun t s p e r m i n u t e . 

Any l a r g e dev i a t i on f r o m the above v a l u e s i n d i c a t e s e i t h e r 
c h a m b e r c o n t a m i n a t i o n or e l e c t r o n i c t r o u b l e s and should be i n v e s t i g a t e d by 
c o m p e t e n t p e r s o n n e l . 

g iven be low: 
The da i ly p r o c e d u r e for b a c k g r o u n d and y ie ld count ing i s 

(1) If t he c o u n t e r h a s b e e n t u r n e d " O F F , " t u r n the m a s t e r 
sw i t ch "ON." Al low a m i n i m u m of five (5) m i n u t e s for 
w a r m - u p . If c o u n t e r i s n o r m a l l y left "ON," p r o c e e d 
i m m e d i a t e l y to s t ep 2. 

(2) Open m a i n g a s - c y l i n d e r v a l v e . P r e s s u r e - a d j u s t m e n t va lve 
should not be m o v e d . (The excep t ion to t h i s r u l e a p p l i e s 
only when the e q u i p m e n t h a s been out of s e r v i c e for 
r e p a i r s . In t h i s c a s e , s ee the i n s t r u m e n t m a n u a l for 
i n s t r u c t i o n s ) . 

(3) T u r n h i g h - v o l t a g e swi t ch "ON." Adjus t h igh vo l t age to 
c o r r e c t s e t t i ng m a r k e d on m e t e r face , (if the o p e r a t o r 
i s not f a m i l i a r wi th the e q u i p m e n t , the s e t t i n g s of 
1,100 v o l t s for a lpha or 1,750 vo l t s for b e t a - g a m m a 
d e t e c t i o n wil l p r o d u c e s a t i s f a c t o r y r e s u l t s on any P C - I A 
c o u n t e r in good o p e r a t i n g cond i t i on . ) N o r m a l p r o c e d u r e 
a t A L P R is to count b e t a - g a m m a f i r s t , a lpha r a d i a t i o n 
l a s t . 



(4) T u r n s a m p l e d r a w e r knob c o u n t e r c l o c k w i s e to r e l e a s e 
lock; w i t h d r a w s a m p l e d r a w e r . R e m o v e any s a m p l e 
which m a y be p r e s e n t ; wipe s a m p l e t r a y . C l o s e d r a w e r 
gen t ly ; t u r n knob c l o c k w i s e 180° to l o c k e d pos i t i on . 

(5) T u r n p u r g e s e l e c t o r swi tch to the "100" se t t ing and 
p r e s s the r e s e t l e v e r . I n t e r p o l a t i o n l i g h t s and m e c h a n i c a l 
r e g i s t e r wi l l c l e a r and g a s - p u r g e cyc l e wi l l beg in . Wait 
a p p r o x i m a t e l y two (2) m i n u t e s o r unt i l p u r g e s t o p s . 

(6) T u r n d ia l of p r e s e t t i m e r to the t h i r t y ( 3 0 ) - m i n u t e 
pos i t i on . D e p r e s s " O N - O F F " s w i t c h on t i m e r to s t a r t 
count ing . 

(7) At end of count tinne, r e c o r d r e a d i n g on the " B a c k g r o u n d 
and Yie ld Log Shee t " (Exhib i t 8, p . 92 ). C a l c u l a t e b a c k 
g r o u n d in t e r m s of coun t s p e r m i n u t e . 

(8) R e l e a s e s a m p l e d r a w e r lock , pul l out s a m p l e d r a w e r , 
p l a c e a p p r o p r i a t e r a d i a t i o n s t a n d a r d on s a m p l e t r a y o r 
p e d e s t a l , gen t ly c l o s e d r a w e r , and lock in p l a c e . 

(9) P u r g e a s in s t e p 5, above . 

(10) T u r n d i a l of p r e s e t t i m e r to the one ( l ) - m i n u t e pos i t i on . 
T u r n swi tch "ON." 

(11) At end of count t i m e , r e c o r d r e a d i n g on the " B a c k g r o u n d 
and Yield Log S h e e t . " 

(12) Yield Ca l cu l a t i on . 

a. S u b t r a c t b a c k g r o u n d f r o m count ob t a ined in S tep 11. 
T h i s g i v e s ne t coun t s p e r m i n u t e . 

b. E a c h r a d i a t i o n c a l i b r a t i o n s t a n d a r d i s c a l i b r a t e d in 
d i s i n t e g r a t i o n s p e r m i n u t e . Divide n e t coun t s p e r 
m i n u t e by d i s i n t e g r a t i o n s p e r m i n u t e and m u l t i p l y 
by 100 to ob ta in p e r cen t y i e l d (a l so c a l l e d "e f f i c i ency" 
o r " g e o m e t r y " ) . 

E x a m p l e : 

B a c k g r o u n d : 95 c p m 

G r o s s Count: 34 ,859 c p m 

S t a n d a r d : 62,150 d p m 

G r o s s count - b a c k g r o u n d = Net Count 

34,859 - 95 = 34 ,764 c p m 
Net c p m 

S t a n d a r d d p m 

,r. 1 •, Net c p m 
Yield = xlOO 
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_ 34,764 X 100 
Yield = ; = 55.8% 

62, 150 

= 5 6% (to two (Z) s ign i f ican t f i g u r e s ) 

( l3 ) If s t e p s 1 t h r o u g h 12 w e r e c a r r i e d out for b e t a - g a m m a 
r a d i a t i o n , r e p e a t for a lpha , us ing the l ower vo l tage 
s e t t i n g . If a lpha count was done f i r s t , r e p e a t for 
b e t a - g a m m a , u s ing the h i g h e r vo l t age s e t t i ng . 

2. R I D L Model 206 S c a l e r wi th Mica End-window CM Tube 
in L e a d P ig 

The e n d - w i n d o w GM tube i s u s e d in count ing b e t a - g a m m a 
r a d i a t i o n s . The l e a d pig o r s h i e ld s e r v e s to r e d u c e c o u n t e r - t u b e b a c k g r o u n d . 

O p e r a t i n g c h a r a c t e r i s t i c s of the coun te r tube a r e a p p r o x i 
m a t e l y a s fo l l ows : 

O p e r a t i n g V o l t a g e : 1,000 to 1,100 vo l t s 

Ef f i c i ency or Yie ld : 4% 

B a c k g r o u n d : 15 to 20 c p m . 

a s fo l lows: 
The da i ly p r o c e d u r e for b a c k g r o u n d and y ie ld count ing is 

(1) If the c o u n t e r h a s b e e n t u r n e d " O F F , " t u r n the power 
s w i t c h to "ON" (Note : Make s u r e tha t the h i g h - v o l t a g e 
s w i t c h is " O F F " b e f o r e t u r n i n g on p o w e r . ) If the c o u n t e r 
i s n o r m a l l y left "ON," p r o c e e d i m m e d i a t e l y to Step 2. 

(2) Open door of p ig , r e m o v e any s a m p l e which m a y be 
p r e s e n t , and wipe cav i t y c l e a n with t i s s u e p a p e r . C l o s e 
d o o r . 

(3) T u r n h i g h - v o l t a g e swi t ch ( m a r k e d "H.V. Adj. C o a r s e " ) 
to p o s i t i o n " 1 . " T u r n h i g h - v o l t a g e fine c o n t r o l ( m a r k e d 
"H.V. Adj . F i n e " ) to c o r r e c t vo l t age ( m a r k e d on face of 
h i g h - v o l t a g e m e t e r ) , (if the o p e r a t o r is not f a m i l i a r wi th 
the e q u i p m e n t , u s e a vo l t age s e t t i n g of 1,000 v o l t s . ) 

(4) T u r n d ia l of p r e s e t t i m e r to 3 0 - m i n u t e p o s i t i o n . D e p r e s s 
" O N - O F F " s w i t c h on t i m e r to s t a r t coun t ing . 

(5) At the end of the count t i m e , r e c o r d the r e a d i n g on the 
" B a c k g r o u n d and Yield Log S h e e t . " C a l c u l a t e b a c k g r o u n d 
in t e r m s of coun t s p e r m i n u t e . 

(6) Open pig d o o r , p l a c e b e t a - g a m m a r a d i a t i o n s t a n d a r d on 
shelf No. 2, d i r e c t l y be low the end of the GM tube ( a p 
p r o x i m a t e l y one (1) inch be low tube end) . C l o s e pig doo r . 



(7) Reset or c lear counter and turn dial of p re se t t imer 
to the one ( l ) -minute position. Turn switch "ON." 

(8) At end of count t ime, r eco rd the reading on the 
"Background and Yield Log Sheet." 

(9) Yield Calculation: 

a. Subtract background from count obtained in Step 8. 
This gives net counts per minute. 

b. Each radiat ion cal ibrat ion s tandard is cal ibrated in 
dis integrat ions per minute. Divide net counts per 
minute by dis integrat ions per minute and multiply 
by 100 to obtain per cent yield or efficiency. 

Example: 

Background: 18 cpm 

Gross Count: 2,472 cpm 

Standard: 62,150 dpm 

Gross count - Background = Net count 

2,472 - 16 = 2,456 cpm 

Net cpm Yield = X 100 
Standard dpm 

Yield = M ! i ± i ^ =3.96% or 4% 
62,150 

(Note: Yield values a r e normal ly computed to two 
(2) significant figures.) 

Air Sample Counting: P C - I A 

1. Sample P repa ra t ion 

a. Collect sample. Use the Staplex Hi-Vol sampler unit 
with a Staplex TFA #41 filter paper . Record filter data 
to include location, date, t ime ON, t ime OFF, flow ra te 
in cfm. 

b. Cut a two (2)-inch d iameter c i rc le from the filter sannple 
(to fit the P C - I A chamber) . Area is one-fourth of the 
a r ea of the whole filter, making the sample volume to be 
counted one-fourth of the whole sample . 
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Sample Counting 

a. Inser t two (2)-inch d iameter sample into counting 
chamber ; lock chamber , purge chamber, and clear 
r eg i s t e r and interpolation l ights. Wait until purge 
cycle is complete. 

b. Select counting t ime to allow a minimum of 500 counts 
or a maxinnum of five (5) minutes of counting t ime, 
whichever occurs f i rs t . 

c. Record count data on the AIR SAMPLE DATA SHEET 
(Exhibit 9, p. 93 ). 

d. Several counts should be made on each sample. It is 
recommended that counts be made (l) as soon as possible 
after sample collection, (2) one hour, (3) four hours , (4) 
24 hours after sample collection. Counts may be 
discontinued when dpm/m' ' is l e s s than 200 dpm/m . 

Computation for Air Sample Data Sheet 

a. Use a new sheet for each sample. Record counter type 
and number, date, t ime sample ON, t ime sample OFF, 
total collection t ime in minutes for sample, and sampler 
flow ra te . Compute sample volume in both cubic feet 
and cubic m e t e r s (l cubic me te r = 35.3 cubic feet). Under 
SAMPLE INFORMATION, enter reason, place, and any 
other pert inent information. If 2 in. d iameter sample is 
used, r e m e m b e r that sample volume is one-fourth of 
ent i re sample . 

b. Count f irs t for total a lpha-be ta -gamma (see par t C of 
this Standard Operating Procedure for setting counter 
for a lpha-be ta -gamma or alpha alone). Follow "C" 
through "k" for a lpha-be ta -gamma, then change setting 
and repeat for alpha only. 

c. For each count r e c o r d date, t ime count was s tar ted, 
total minutes counted, and total g ross count. 

d. Divide g ros s count by minutes counted to obtain counts 
per minute (cpm). 

e. Enter background (see par t C of this Standard Operating 
P r o c e d u r e ) . 

f. Subtract background from g ross cpm to obtain net counts 
per nainute (NET cpm). 

g. Enter yield ( see par t C of this Standard Operating Procedure). 

h. Divide NET cpm by yield to obtain dpm (disintegrations 
per minute). 



i. Divide dpm by s a m p l e v o l u m e (in cubic m e t e r s ) to 
ob ta in d p m / m ( d i s i n t e g r a t i o n s p e r m i n u t e p e r cubic 
m e t e r ) . 

j . M a x i m u m p e r m i s s i b l e l e v e l ( M P L ) for b e t a - g a m m a -
e m i t t i n g , s h o r t ha l f - l i f e p a r t i c u l a t e a i r a c t i v i t y i s 
5 X 10"^ juc /ml or 1.1 x lO'' d p m / m ^ (Note: W h e r e 
d e c a y t i m e i s l e s s t han 24 h o u r s , u s e M P L = 1.1 x 
10^ d p m / m ' ' . ) Divide s a m p l e dprq/m^ by M P L d m p / m ^ 
and m u l t i p l y by 100 to ob ta in p e r c e n t of M P L . (Alpha 
M P L ' S : s h o r t half l i fe - 22,000 d p m / m ^ ; Long half 
l i fe - 70 d p m / m ^ PuZ39 _ IQ d p m / m - \ ) 

k. D e t e r m i n e d e c a y t i m e . F o r Hea l th P h y s i c s p u r p o s e s , 
t h i s i s c o n s i d e r e d to be the t i m e i n t e r v a l b e t w e e n the 
end of s a m p l e - c o l l e c t i o n t i m e and the s t a r t of the s a m p l e 
c ount. 

D e c a y P a t t e r n s for A i r S a m p l e s (Appl icab le to P C - I A and 
E n d - w i n d o w GM C o u n t e r s ) 

a. Count r a t e s in e x c e s s of 50,000 c p m a r e not r e l i a b l e 
b e c a u s e of c o u n t e r l o s s e s ( i . e . , a p p a r e n t v a l u e s a r e l e s s 
than a c t u a l v a l u e s ) . W h e r e count r a t e s a r e above 
50,000 c p m wai t un t i l suff ic ient d e c a y t i m e h a s e l a p s e d 
to d r o p the count r a t e be low 50,000, t a k e s e v e r a l coun t s 
at s e l e c t e d i n t e r v a l s , plot the r e s u l t s , and e x t r a p o l a t e 
b a c k to the h i g h e r count r a t e . 

b. When compu t ing M P L v a l u e s for s h o r t ha l f - l i f e 
a c t i v i t i e s , e x t r a p o l a t e b a c k to z e r o d e c a y t i m e for 
p r o p e r eva lu a t i on of a c t u a l a i r - c o n t a m i n a t i o n c o n d i t i o n s . 

c. When compu t ing M P L v a l u e s for long ha l f - l i f e a c t i v i t i e s , 
e x t r a p o l a t e v a l u e s to a m i n i m u m of one ( l ) - w e e k d e c a y 
t i m e , o r follow d e c a y for s e v e r a l days to d e t e r m i n e the 
v a l u e s of long ha l f - l i f e c o n t a m i n a n t s . 

d. A s u g g e s t e d p a t t e r n for fol lowing long ha l f - l i f e a c t i v i t i e s 
i s a s fol lows ( e l a p s e d t i m e ) : I m m e d i a t e ; t h i r t y (30) m i n u t e s ; 
one ( l ) h o u r ; four (4) h o u r s ; one ( l ) day; s e v e n (7) d a y s ; 
one ( l ) m o n t h . If s a m p l e a c t i v i t y p e r s i s t s a f te r t h i r t y (30) 
d a y s , d i s c a r d s a m p l e a f t e r l a s t count . 

e. A s u g g e s t e d p a t t e r n for fol lowing s h o r t ha l f - l i f e a c t i v i t i e s 
i s a s fol lows ( e l a p s e d t i m e ) : I m m e d i a t e ; one ( l ) - m i n u t e 
coun t s at i n t e r v a l s of two (2) m i n u t e s for the f i r s t t h i r t y (30) 
m i n u t e s ; one ( l ) - m i n u t e coun t s a t i n t e r v a l s of t e n (lO) 
m i n u t e s for the f i r s t two (2) h o u r s ; h o u r l y for the b a l a n c e 
of the f i r s t e ight (8) h o u r s ; one ( l ) day; s e v e n (7) d a y s ; 
one ( l ) m o n t h . If s a m p l e a c t i v i t y p e r s i s t s a f t e r t h i r t y (30) 
d a y s , d i s c a r d s a m p l e a f t e r l a s t count . 
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f. Samples may be d iscarded after any count if the count 
ra te is at background levels . 

E. Air Sample Counting: End-window Geiger-Muel ler Counter 

1. Sample P repa ra t ion 

P r e p a r e sample as in par t Dl for P C - I A counter. 

2. Sample Location 

The counter tube is mounted in the ver t ica l iron pig. For 
low-level samples , use sample shelf No. 2, located about one inch below the 
tube face. For high-level samples , use sample shelves No. 3, 4, or 5, 
located below No. 2, to reduce yield. Close door. 

3. Sample Counting 

a. Clear sca le r r eg i s t e r and interpolation l ights. 

b. Select counting t ime to allow a minimum of 500 counts 
or a maximum of five (5) minutes of counting t ime, 
whichever occurs f i rs t . 

c. Record count data on the AIR SAMPLE DATA SHEET. 

4. Computation for Air Sample Data Sheet 

P roceed as in P a r t D3 of this Standard Operating P rocedure . 

5. Decay Pa t t e rns for Air Samples 

See par t D4 of this Standard Operating Procedure . 

F . Smear Sample Counting: P C - I A 

1. Sample P repa ra t ion 

a. Collect sample . Use a two (2)-inch diameter c i rc le of 
Whatman filter paper . Smears may be taken dry or with 
solvents. Surface a r e a s covered with a smear should be 
approximately one square foot. Handle smear samples 
carefully to prevent loss of ma te r i a l or c r o s s -
contamination from other sources . 

b. Record smear data to include t ime, date, location, and 
reason. 



c. If solvents were used, allow smear sample to dry 
thoroughly before counting. 

Sample Counting 

a. Inser t sample into counting chamber , lock chamber , 
purge, and c lear r eg i s t e r and interpolation l ights. 
Wait until purge cycle is complete. 

b. Select counting t ime to allow a minimum of 500 counts 
or a maximum of five (5) minutes counting t ime, which
ever occurs f irst . 

c. Record data on the SMEAR SAMPLE DATA SHEET (see 
Exhibit 10, p. 94 ). 

3. Computation for the Smear Sample Data Sheet 

a. Several sample r e su l t s may be entered on a single sheet. 
It is advisable to s ta r t a new sheet for each dist inct 
group of samples (i .e. , samples taken at the same t ime 
or in the same a rea) . 

b. Record counter type and number . 

c. For each sample counted r eco rd location, number of 
minutes counted, and total g ross count. 

d. Divide total g ros s count by minutes counted to obtain 
g ro s s cpm. 

e. Enter background. 

f. Subtract background to obtain NET cpm. 

g. Enter yield. 

h. Divide NET cpm by yield to obtain dpm/ft^. 

G. Smear Sample Counting: End-window Geiger -Muel le r Counter 

1. Sample P repa ra t ion 

P r e p a r e sample as in par t F for P C - I A samples . 

2. Sample Location for Counting 

The counter tube is mounted in the ver t i ca l pig. For low-
level samples , use sample shelf No. 2, located about one inch below the tube 
face. For high-level samples , use sample shelves No. 3, 4, or 5, located 
below No. 2, to reduce yield. Center the sample d i rec t ly below the tube 
face. Close pig door before, beginning. 



3. Sample Count ing 

a. C l e a r r e g i s t e r and i n t e r p o l a t i o n l i g h t s . 

b . Se l ec t count ing t i m e to a l low a m i n i m u m of 500 counts 
o r a m a x i m u m of five (5) m i n u t e s of count ing t i m e , 
w h i c h e v e r o c c u r s f i r s t . 

c. R e c o r d count da ta on the SMEAR S A M P L E D A T A S H E E T . 

4 . C o m p u t a t i o n for the S m e a r Sample Data Sheet 

P r o c e e d a s in P a r t F 3 of th i s S t a n d a r d O p e r a t i n g P r o c e d u r e . 

5. Decay P a t t e r n s for S m e a r S a m p l e s 

a. Decay of s m e a r s a m p l e s i s no t r o u t i n e l y o b s e r v e d . 

b . In s p e c i a l c a s e s , w h e r e it is d e s i r e d to identify a 
c o n t a m i n a n t by i t s decay p a t t e r n , t ake s a m p l e counts 
a t i n t e r v a l s d e t e r m i n e d by o b s e r v a t i o n of e a c h s a m p l e 
( i . e . , if s a m p l e a p p e a r s to be decay ing r a p i d l y , t ake 
coun t s a t c l o s e i n t e r v a l s of t i m e ; if s a m p l e a p p e a r s 
to be d e c a y i n g s lowly , t ake counts a t wide ly s p a c e d 
i n t e r v a l s of t i m e ) . 

G a s S a m p l e Count ing 

1 . G e n e r a l 

a. Unde r c e r t a i n c o n d i t i o n s , g a s e o u s a i r c o n t a m i n a t i o n 
m a y be p r e s e n t in the r e a c t o r a r e a . S a m p l i n g t e c h 
n iques for a i r b o r n e p a r t i c u l a t e c o n t a m i n a t i o n do not 
r e t a i n such g a s e s . Spec i a l t e c h n i q u e s and e q u i p m e n t 
a r e r e q u i r e d and a r e d e s c r i b e d be low. De tec t ion i s 
l i m i t e d to b e t a - g a m m a a c t i v i t y . 

b . The g a s s a m p l e r u s e d a t A L P R c o n s i s t s of a b r a s s 
c y l i n d e r wi th an i n t e r n a l c a p a c i t y of two (2) l i t e r s . A 
V i c t o r e e n Type i O B 8 5 G M tube is m o u n t e d a x i a l l y wi th in 
the c y l i n d e r . A s i m p l e p r e s s u r e - v a c u u m gauge , c a l i b r a t e d 
f r o m 0 to 30 p s i , and a b r a s s t u b e , t e r m i n a t e d with a H o k e 
v a l v e , a r e m o u n t e d e x t e r n a l l y . A v a c u u m p u m p m a y be 
c o n n e c t e d to the s a m p l e r t h r o u g h the va lve with a r u b b e r 
h o s e . To u s e the s a m p l e r , it is n e c e s s a r y to e v a c u a t e to 
a v a c u u m of -30 p s i g , c a r r y the s a m p l e r to the d e s i r e d 
l o c a t i o n , open the Hoke va lve to le t a i r into the c h a m b e r , 
and r e t u r n the s a m p l e r to the Hea l t h P h y s i c s L a b o r a t o r y 
for coun t i ng . 



c. In count ing , the s a m p l e r i s c o n n e c t e d to the RIDL s c a l e r 
input t e r m i n a l . The s a m p l e r uni t is u n c a l i b r a t e d . A 
s i m i l a r unit of i d e n t i c a l s i z e and us ing the s a m e type 
GM tube y i e lded 2+ 0.2%, b a s e d on an a r g o n - 4 1 s t a n d a r d . 
A y i e ld of 2% h a s been a s s u m e d for the A L P R s a m p l e r 
for l a c k of a b e t t e r c a l i b r a t i o n f a c t o r . 

S a m p l e P r e p a r a t i o n 

a. D e t e r m i n e b a c k g r o u n d of s a m p l e r p r i o r to the taking 
of e a c h s a m p l e . High b a c k g r o u n d s can s o m e t i m e s be 
r e d u c e d by r e p e a t e d l y e v a c u a t i n g the s a m p l e r . 

b . E v a c u a t e the s a m p l e r , c a r r y to d e s i r e d s a m p l i n g point , 
open va lve to c o l l e c t s a m p l e , r e t u r n to count ing l a b . 

c. R e c o r d da ta to inc lude l oca t i on , da t e , t i m e and r e a s o n . 
All g a s s a m p l e s wil l be a s s u m e d to have a v o l u m e of 
two (Z) l i t e r s . 

S a m p l e Count ing 

a. Connec t s c a l e r l e a d s to s a m p l e r t e r m i n a l s . T u r n high 
v o l t a g e ON. C l e a r r e g i s t e r and i n t e r p o l a t i o n l i g h t s . 

b . Se l ec t count ing t i m e to a l low a m i n i m u m of 500 coun t s 
o r a m a x i m u m of five (S) m i n u t e s count ing t i m e , w h i c h 
e v e r o c c u r s f i r s t . 

c. R e c o r d da ta on AIR S A M P L E DATA S H E E T . 

C o m p u t a t i o n for the A i r S a m p l e Da ta Shee t for G a s S a m p l e s 

a. Use a s e p a r a t e s h e e t for e a c h s a m p l e . R e c o r d c o u n t e r 
type and n u m b e r , da t e , t i m e s a m p l e w a s co l l e c t ed , and 
s a m p l e v o l u m e (2 l i t e r s ) . Under S A M P L E INFORMATION, 
e n t e r r e a s o n , p l a c e , and any o t h e r p e r t i n e n t i n f o r m a t i o n . 

b. F o r e a c h count , r e c o r d da t e , t i m e count w a s s t a r t e d , 
t o t a l m i n u t e s counted , and t o t a l g r o s s count . 

c. Div ide g r o s s count by m i n u t e s coun ted to ob ta in c o u n t s 
p e r m i n u t e . 

d. E n t e r b a c k g r o u n d ( d e t e r m i n e p r i o r to s a m p l e co l l e c t i on ) . 

e. S u b t r a c t b a c k g r o u n d f r o m g r o s s c p m to ob ta in ne t coun t s 
p e r m i n u t e (NET c p m ) . 

f. E n t e r y i e ld ( a s s u m e 2%). 

g. Div ide N E T c p m by y i e ld to ob ta in d p m . 



h. Divide dpm by s a m p l e v o l u m e in cubic m e t e r s (Z l i t e r s 
e q u a l s O.OOZ m^) to ob ta in d p m / m ' ' . 

i. M a x i m u m p e r m i s s i b l e l e v e l ( M P L ) for b e t a - g a m m a -
e m i t t i n g s h o r t ha l f - l i f e i s o t o p e s (both g a s e o u s and 
p a r t i c u l a t e ) a s s o c i a t e d with s t e a m r a d i o a c t i v i t y in a 
boil ing water reac tor fac i l i ty is 1.1 x 10* d p m / m ^ . 
Divide sample dpm/m^ by MPL dpm/m^ and mult iply 
by 100 to obtain percent of MPL. 

j . De termine d e c a y t i m e . F o r Hea l th P h y s i c s p u r p o s e s , 
t h i s i s c o n s i d e r e d to be the t i m e i n t e r v a l b e t w e e n the 
s a m p l e c o l l e c t i o n t i m e and the s t a r t of the s a m p l e 
count. 

Decay Pat tern for G a s S a m p l e s 

a. Samples t a k e n d i r e c t l y f rom the a i r e j e c t o r s y s t e m 
s h o u l d be a l l o w e d to d e c a y for a t l e a s t t h i r t y (30) m i n u t e s 
prior to beg inn ing count ing . Th i s wil l a l low the c o n t a m i 
nan t to d e c a y to a l e v e l which can be counted without 
j a m m i n g the c o u n t e r tube . Subsequen t counts should 
be m a d e a t a p p r o x i m a t e l y 3 0 - m i n u t e i n t e r v a l s for 
t h r e e to four h o u r s in o r d e r to e s t a b l i s h a decay c u r v e . 
S c a l a r h igh vo l t age should be t u r n e d off be tween coun t s . 

b. S a m p l e s of a t m o s p h e r i c ac t i v i t y t aken unde r r o u t i n e 
cond i t i ons can be coun ted i m m e d i a t e l y af ter co l l ec t ion . 
Coun t s shou ld be t a k e n at t en (10 ) -minu t e i n t e r v a l s for 
the f i r s t h a l f - h o u r , a t t h i r t y ( 3 0 ) - m i n u t e i n t e r v a l s for 
the f i r s t t h r e e (3) h o u r s , and a s r e q u i r e d if the count 
r a t e h a s not r e a c h e d b a c k g r o u n d l e v e l s a f te r t h r e e h o u r s . 

c. A count r a t e in e x c e s s of 50,000 c p m i s of l i t t l e a b s o l u t e 
v a l u e b e c a u s e of c o u n t e r l o s s e s . It is p r e f e r a b l e to 
a l l ow t i m e for decay , t ake s e v e r a l counts at a l a t e r t i m e , 
and then plot the r e s u l t s and e x t r a p o l a t e b a c k to the 
h i g h e r count r a t e . 
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Exhibit 8 

SCALING COUNTER BACKGROUND AND YIELD 

DATE COUNTER 

BACKGROUND 

M I N U T E S 

C O U N T E D 

NfeT 

YIELD 

M I N U T E S 

C O U N T E D 



AIR SAMPLE DATA SHEET 

DATE: 

TIME ON: TIME OFF: 

SAMPLE INFORMATION 

TOTAL TIME: 

COUNTER: 

Minutes. FLOW RATE: SAMPLE VOL: 

DATE TIME 
ON 

MIN 
CTD 

TOTAL 
COUNT c/m BKGD NET 

c/m YLD d/m d/m/M3 % 
MPL 

DECAY 
TIME 
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Exh ib i t 10 

SMEAR SAMPLE DATA SHEET 

Date: 
Counter: 

LOCATION 
GROSS 
COUNT 

MINUTES 
COUNTED 

GROSS 
CPM 

NET 
CPM 

DPM/FT^ 



No. 14 - STANDARD O P E R A T I N G P R O C E D U R E FOR RADIATION 
P R O T E C T I O N P R A C T I C E S F O R OPERATING P E R S O N N E L 

A. G e n e r a l 

1. The Hea l th P h y s i c s s e c t i o n i s r e s p o n s i b l e for the r a d i a t i o n 
p r o t e c t i o n p r o g r a m at A L P R . The s e c t i o n funct ions in an a d v i s o r y c a p a c i t y . 
The c o n t r a c t o r ' s Hea l t h P h y s i c s s u p e r v i s o r i s r e s p o n s i b l e to the c o n t r a c 
t o r ' s a r e a s u p e r v i s o r . The Hea l th P h y s i c s s u p e r v i s o r in t u r n e x e r c i s e s 
o p e r a t i o n a l s u p e r v i s i o n o v e r p e r s o n n e l a s s i g n e d to duty wi th the Hea l th 
P h y s i c s s e c t i o n . W h e r e t h e s e p e r s o n n e l a r e e n l i s t e d m e n of the A L P R 
c a d r e , a d m i n i s t r a t i v e s u p e r v i s i o n i s p r o v i d e d t h r o u g h the O p e r a t i o n s 
Officer of the A L P R D e p a r t m e n t of Defense c a d r e . 

2. The o p e r a t i o n a l p h i l o s o p h y of the Hea l th P h y s i c s sec t ion 
i s b r i e f l y ou t l ined b e l o w : 

a. The s e c t i o n wi l l i m p l e m e n t a sound p r o g r a m p rov id ing 
for the m a x i m u m safe ty of a l l p e r s o n n e l . 

b . The s e c t i o n wil l o p e r a t e in such a m a n n e r a s to p r o 
vide for a m i n i m u m of i n t e r f e r e n c e with o p e r a t i o n of 
t h e A L P R f ac i l i t y . 

c . A c e r t a i n l e v e l of p e r s o n n e l e x p o s u r e m u s t be a c 
cep t ed a s a c o n s e q u e n c e of the m o s t eff icient mode 
of o p e r a t i o n . T h e Hea l th P h y s i c s s e c t i o n m u s t be 
c o n s t a n t l y on the a l e r t to keep e x p o s u r e s to the 
p r a c t i c a l m i n i m u m . 

d. The Hea l th P h y s i c s s e c t i o n m u s t e s t a b l i s h and m a i n 
t a i n an a t m o s p h e r e of c o o p e r a t i o n with al l o p e r a t i n g 
p e r s o n n e l . 

e. The Hea l th P h y s i c s s e c t i o n wil l e s t a b l i s h a p r o g r a m 
of t r a i n i n g in job safe ty , to inc lude r a d i a t i o n safe ty , 
i n d u s t r i a l sa fe ty , and i n d u s t r i a l h y g i e n e . 

B . G e n e r a l L i m i t s 

1. M a x i m u m p e r m i s s i b l e l e v e l s ( M P L ' s ) have b e e n set up in 
a c c o r d a n c e wi th r e g u l a t i o n s . M P L v a l u e s a r e g iven for both e x t e r n a l r a d i 
a t ion and a i r c o n t a m i n a t i o n . M P L v a l u e s a r e b a s e d on the eight (8 ) -hour 
day , five (5 ) -day w o r k w e e k . F o r e x a m p l e , the M P L for g a m m a r a d i a t i o n 
i s 7.5 m r / h r , which in a s t a n d a r d 4 0 - h o u r w o r k w e e k would p r o d u c e an 
e x p o s u r e of 300 m r . 

2. T o t a l body e x p o s u r e i s t he sum of e x p o s u r e s to g a m m a , 
b e t a , and n e u t r o n r a d i a t i o n s f r o m e x t e r n a l s o u r c e s and the e x p o s u r e r e 
ce ived i n t e r n a l l y t h r o u g h b r e a t h i n g c o n t a m i n a t e d a i r . T h u s , if the a v e r a g e 
a i r c o n t a m i n a t i o n i s 10% of M P L , the g a m m a r a d i a t i o n b a c k g r o u n d 



averages 40% of MPL, and the neutron background averages 15% of MPL, 
the total exposure is the sum of all of these percen tages , or 65% of MPL. 
(The percentages quoted a re fictional.) 

3. A repor table overexposure is any exposure which exceeds 
the equivalent of 300 m r / w k . By equivalent, we mean the total exposure 
from all sources , computed in m r e m . (The m r e m is the equivalent measure 
for the var ious types of radiation.) This figure is a r r ived at by adding the 
repor ted be t a -gamma exposure , the repor ted neutron exposure , and the 
computed exposure from air contamination. 

4. The general MPL values which are applicable to ALPR 
a re l is ted below: 

a. Gamma radiat ion: 7.5 m r / h r 
b . Beta radiat ion: 7.5 m r e p / h r 
c. Mixed beta-gannma, as read with ionization chamber 

ins t rumen t s : 7.5 m r / h r 
d. Thermal neut rons : 2,000 n / c m / s e c 
e. Fas t neutrons (energy in excess of the rmal ) : 

40 n/cnn / s e c or 7.5 m r e m / h r 
f. Be ta -gamma air activity or contaminants: 

Short half-l ife: 5 x 10"^ ptc/ml or 1,1 x 10^ dpm/m^ 
Long half-life: 1 x 10"^ jjLc/ml or 2.2 x lO' dpm/m^ 

C. Radiation Warning Signs and Symbols 

1. The standard radiat ion-warning sign colors a r e magenta 
and yellow. This combination of colors m a y b e used only in conjunction 
with radiat ion sources , radiation a r e a s , or i t ems of equipment which are 
used with radiat ion. 

2. The standard radiat ion symbol is shown below. The S'ym-
bol is magenta and is always used on a yellow background. 



3. The Hea l th P h y s i c s s e c t i o n u s e s a n u m b e r of s igns or t a g s 
i m p r i n t e d with the r a d i a t i o n s y m b o l . C a r e i s e x e r c i s e d in the u s e of t h e s e 
s igns and in m a k i n g s u r e that al l p o s t e d s igns and w a r n i n g s a r e c u r r e n t and 
va l i d . O p e r a t i n g p e r s o n n e l should o b s e r v e all s igns and should follow al l 
r e c o m m e n d a t i o n s p o s t e d with the s i g n s . 

D. F i l m B a d g e s and D o s i m e t e r s 

1. All p e r m a n e n t l y a s s i g n e d p e r s o n n e l m u s t exchange an 
iden t i f i ca t ion p a s s for a c o m b i n a t i o n s e c u r i t y badge and fi lm badge upon 
e n t e r i n g the A L P R a r e a . E a c h b a d g e c o n t a i n s an iden t i f i ca t ion photo and 
two p a c k e t s of f i l m . T h e s e f i lm p a c k e t s a r e the p e r m a n e n t l e g a l r e c o r d of 
p e r s o n n e l e x p o s u r e wi th in the conf ines of the s e c u r i t y f ence . It i s r e q u i r e d 
tha t the badge be w o r n by a l l p e r s o n n e l at a l l t i m e s wi th in the a r e a . 

2. V i s i t o r p e r s o n n e l a r e i s s u e d a t e m p o r a r y badge which c o n 
t a i n s a p r i n t e d and t y p e w r i t t e n p a s s and one p a c k e t of f i lm . It is r e q u i r e d 
tha t v i s i t o r p e r s o n n e l w e a r t h i s badge at al l t i m e s whi le in the a r e a . 

3. R e g u l a r l y a s s i g n e d p e r s o n n e l who l o s e , f o rge t , o r m i s l a y 
t h e i r i den t i f i c a t i on p a s s a r e i s s u e d a t e m p o r a r y p a s s i den t i ca l to tha t 
i s s u e d to v i s i t o r s . 

4 . F i l m b a d g e s a r e p r o c e s s e d week ly . R e s u l t s a r e r e c o r d e d 
in an IBM r e c o r d s y s t e m at A E C - I D O Hea l th and Safety. T h r e e c o p i e s of 
the r e c o r d a r e sen t to the o p e r a t i n g c o n t r a c t o r for h i s f i l e s . 

E . E q u i p m e n t L o c a t i o n s 

1. R a d i a t i o n s u r v e y i n s t r u m e n t s a r e kept in the Hea l th P h y s i c 
office in a g r a y e q u i p m e n t c a b i n e t . Some i n s t r u m e n t s in t h i s cab ine t m a y 
have a r e d g r e a s e penc i l "x" on the m e t e r f a c e ; such i n s t r u m e n t s a r e d e 
fec t ive and should not be u s e d . 

2. The d o s i m e t e r r e c h a r g e r uni t i s kept on the d e s k in the 
H e a l t h P h y s i c s Office. U n a s s i g n e d d o s i m e t e r s a r e l o c a t e d in the r e g u l a r 
d o s i m e t e r r a c k in the c o r r i d o r l e a d i n g to the c o n t r o l r o o m . 

3. Scott A i r - P a k s a r e l o c a t e d in t h e c o r r i d o r l e ad ing to the 
c o n t r o l r o o m . Un i t s a r e on the f loor be low the f i r e a l a r m p a n e l s . T h r e e 
u n i t s a r e a v a i l a b l e . Addi t iona l u n i t s m a y be p r o c u r e d f rom the F i r e D e 
p a r t m e n t in an e m e r g e n c y . 

4. E x t r a c o v e r a l l s , shoe c o v e r s , c a p s , g l o v e s , d e c o n t a m i n a 
t ion c h e m i c a l s , s o a p , and b r u s h e s a r e kep t in a g r a y cab ine t m a r k e d 
" E M E R G E N C Y E Q U I P M E N T " in the H e a l t h P h y s i c s off ice . 

5. The F i r s t Aid Kit i s l o c a t e d in the m e n ' s l o c k e r r o o m . 



6. The c o n s t a n t a i r m o n i t o r i s l o c a t e d on the r e a c t o r o p e r a t i n g 
f loor , i m m e d i a t e l y to the r i g h t of the m a i n e n t r a n c e d o o r . S p a r e f i l t e r s and 
c h a r t s for the CAM a r e l o c a t e d in a d r a w e r on the f ront s ide of the un i t . 

F . Rout ine P o w e r O p e r a t i o n 

1. Hea l t h P h y s i c s p e r s o n n e l wil l n o r m a l l y be on duty on the 
day shift , Monday t h r o u g h F r i d a y . 

2. O p e r a t i n g p e r s o n n e l wil l be r e s p o n s i b l e for l i m i t e d Hea l th 
P h y s i c s c o v e r a g e d u r i n g shift o p e r a t i o n s . T h i s wil l c o n s i s t of an e i g h t - p o i n t 
s u r v e y to be p e r f o r m e d at l e a s t tw ice on e a c h o p e r a t i n g shift . T h i s s u r v e y 
i s r e q u i r e d only when the r e a c t o r i s at p o w e r . The f o r m u s e d to r e c o r d 
s u r v e y r e s u l t s i s shown in Exh ib i t 6 ( P a g e 64 ) . 

3. F i l m b a d g e s a r e i s s u e d at t he g u a r d p o s t as p a r t of the 
s e c u r i t y b a d g e . P e r s o n n e l a r e r e q u i r e d to w e a r the b a d g e at a l l t i m e s 
whi le in the a r e a . P e r m a n e n t l y a s s i g n e d p e r s o n n e l a r e i s s u e d a self-
r e a d i n g d o s i m e t e r . O p e r a t i n g p e r s o n n e l wi l l be r e q u i r e d to w e a r the 
d o s i m e t e r whi le p e r f o r m i n g d u t i e s on the r e a c t o r o p e r a t i n g f l o o r . D o 
s i m e t e r s should be p i c k e d up f r o m the r a c k upon e n t e r i n g the c o n t r o l 
r o o m and should be r e t u r n e d to the r a c k at t he end of e a c h shif t . 

4 . O p e r a t i n g p e r s o n n e l wil l be r e q u i r e d to w e a r c o v e r a l l s 
and sa fe ty s h o e s when on the r e a c t o r o p e r a t i n g f loor d u r i n g p o w e r o p e r a 
t i o n . When the r e a c t o r i s shut down, p e r s o n n e l p e r f o r m i n g m a i n t e n a n c e 
w o r k a r e r e q u i r e d to w e a r c o v e r a l l s and safe ty s h o e s ; p e r s o n n e l p e r f o r m 
ing r o u t i n e i n s p e c t i o n s a r e not r e q u i r e d to w e a r c o v e r a l l s and sa fe ty s h o e s . 

5. The c o n s t a n t a i r m o n i t o r i s w i r e d into the c o n t r o l r o o m 
pane l a l a r m s y s t e m . Unde r n o r m a l c o n d i t i o n s , the CAM wil l o p e r a t e on 
e i t h e r the low s c a l e o r the i n t e r m e d i a t e s c a l e . On the i n t e r m e d i a t e s c a l e , 
the w a r n i n g be l l r i n g s for f if teen s e c o n d s and a ye l low l ight on t h e top of 
the CAM f l a s h e s c o n t i n u o u s l y . The w a r n i n g be l l a l s o t r i g g e r s the c o n 
t r o l r o o m pane l a l a r m . E i t h e r of the two cond i t i ons above can be c o n 
s i d e r e d n o r m a l for A L P R . If t h e CAM should swi t ch to t h e h igh s c a l e , t he 
r e d l igh t wi l l f l ash con t inua l ly and the w a r n i n g bel l wi l l r i ng c o n t i n u a l l y 
on bo th the CAM and the c o n t r o l r o o m pane l a l a r m . If t h i s o c c u r s , c o n t a c t 
the Hea l th P h y s i c i s t a s soon a s p o s s i b l e . 

G. N o n r o u t i n e O p e r a t i o n s 

The Hea l t h P h y s i c s s ec t i on wil l p r o v i d e d i r e c t c o v e r a g e for 
n o n r o u t i n e o p e r a t i o n s o r wi l l p r o v i d e spec i f i c i n s t r u c t i o n s for shift p e r 
sonne l at t he t i m e of the o p e r a t i o n . No new or u n u s u a l o p e r a t i o n should 
be s t a r t e d without a p p r o v a l of the Hea l th P h y s i c i s t . To t h i s d a t e , w o r k 
p e r m i t s have not b e e n r e q u i r e d b e c a u s e of the s m a l l s i z e of the i n s t a l l a 
t ion and the c l o s e c o o p e r a t i o n b e t w e e n a l l p e r s o n n e l c o n c e r n e d . 



No. 15 - STANDARD OPERATING PROCEDURE FOR RECORDS AND 
REPORTS 

A. General 

1. The Health Phys ics section is required to keep cer ta in 
r eco rds and to make r epo r t s of i ts ac t iv i t ies . It is the purpose of this 
Standard Operating P rocedure to outline the requ i rements for the various 
r eco rds and r e p o r t s . 

2. Records and r epo r t s are required both for convenience in 
re fe r r ing to past act ivi t ies and in compliance with the needs of supervising 
agencies . 

3. Records will be maintained and filed in the Health Physics 
section office. Records should be complete but not overly t i m e - and space-
consuming. 

4. Copies of all r epo r t s submitted by the Health Physics s ec 
tion will be filed in the Health Phys ics office and in the main office file of 
the operating cont rac tor . Copies will also be submitted to requesting 
agencies . 

5. Repor ts should be submitted through regular operating 
contractor channels . 

B. Records 

1. Daily Records 

Daily r eco rds must be kept up- to-date at all t i m e s . All 
significant section act ivi t ies should be repor ted in some par t of the daily 
r eco rd . 

a. Health Phys ics Section Log 

A daily log of all section activit ies will be kept on pe r 
manent file in the Health Physics section office. The recommended form 
is a bound notebook, of a size suitable for permanent filing. All en t r ies 
should be made in ink. I tems to be entered should include special surveys , 
short summar i e s of unusual incidents , contamination incidents, reac tor 
power l eve l s , number of a i r samples and s m e a r s taken, short summar i e s 
of injuries or safety violations, and other information of in te res t . 

b . Dosimeter Log 

Dosimeter readings should be made daily or as f r e 
quently as n e c e s s a r y . All readings will be entered in ink in the Dosimeter 



Log Book, a bound no tebook of a s i ze su i t ab l e for p e r m a n e n t f i l ing, kept on 
p e r m a n e n t fi le in the Hea l th P h y s i c s s e c t i o n off ice. 

c . A r e a S u r v e y Shee t s 

A r e a s u r v e y s wil l be r e c o r d e d on an A r e a S u r v e y Log 
shee t (Exhib i t 5, P a g e 63) . T h i s f o r m i s a m i m e o g r a p h e d o r " d i t t o " s h e e t 
l i s t i n g the r o u t i n e s u r v e y p o i n t s c o v e r e d d a i l y . A s e p a r a t e log s h e e t i s 
m a d e out for e a c h o p e r a t i n g shift d u r i n g r e a c t o r p o w e r o p e r a t i o n . Log 
s h e e t s wil l be kept in a l o o s e - l e a f no t ebook un t i l the l a s t day of e a c h m o n t h , 
when t h e y will be r e m o v e d and p l a c e d in an ind iv idua l fi le fo lder for e n t r y 
in the p e r m a n e n t fi le in the Hea l t h P h y s i c s s e c t i o n of f ice . 

d. A i r S a m p l e Da ta Shee t s 

All a i r s a m p l e s wil l be c o m p u t e d on A i r S a m p l e D a t a 
Shee t s (Exhib i t 9, P a g e 93). Da t a s h e e t s wi l l be kept in a l o o s e - l e a f n o t e 
book unt i l the l a s t day of each m o n t h , when t h e y wil l be r e m o v e d and p l a c e d 
m a p e r m a n e n t b i n d e r (one b i n d e r wil l be u s e d for a l l a i r s a m p l e s t a k e n in 
a c a l e n d a r y e a r ) in the p e r m a n e n t f i le in t h e Hea l th P h y s i c s s e c t i o n of f ice . 

e. S m e a r Sample D a t a S h e e t s 

All s m e a r s a m p l e s wil l be c o m p u t e d on S m e a r S a m p l e 
Data Shee t s (Exhib i t 10, P a g e 94) - Da ta s h e e t s will be kep t in a l o o s e - l e a f 
no t ebook in the Hea l t h P h y s i c s office unt i l t he end of e a c h m o n t h , when t h e y 
wil l be r e m o v e d and p l a c e d in a p e r m a n e n t b i n d e r (one b i n d e r wil l be u s e d 
for all s m e a r s a m p l e s t a k e n in a c a l e n d a r y e a r ) . The b i n d e r wil l be p l a c e d 
m the p e r m a n e n t f i le in the Hea l th P h y s i c s s e c t i o n of f ice . 

f. B a c k g r o u n d and Yield 

L a b o r a t o r y c o u n t e r b a c k g r o u n d and y ie ld wi l l be r e 
c o r d e d da i ly on the B a c k g r o u n d and Yie ld D e t e r m i n a t i o n R e c o r d (Exhib i t 8, 
P a g e 9 2 ) . T h i s i s a m i m e o g r a p h e d f o r m u s e d in the l o o s e - l e a f b i n d e r 
for a i r s a m p l e s . A r e c o r d for the e n t i r e y e a r wil l be kept in the l o o s e - l e a f 
b i n d e r and wil l be t r a n s f e r r e d to the p e r m a n e n t a i r s a m p l e b i n d e r at t he 
end of t h e c a l e n d a r y e a r . 

Z. Weekly R e c o r d s 

Weekly r e c o r d s as of t h i s w r i t i n g a r e c o m p o s e d of the 
w e e k l y f i lm badge r e p o r t s r e c e i v e d f r o m A E C - I D O Hea l th and Safe ty . T h i s 
i s an IBM f o r m r e p o r t i n g t o t a l w e e k l y e x p o s u r e , e x p o s u r e for the y e a r to 
d a t e , and to t a l e x p o s u r e h i s t o r y at N R T S . T h i s f o r m i s f i led a s it i s r e 
c e i v e d in a p e r m a n e n t b i n d e r , which i s on p e r m a n e n t fi le in the Hea l t h 
P h y s i c s s e c t i o n off ice . O t h e r c o p i e s a r e f u r n i s h e d for the c o n t r a c t o r ' s 
m a i n office Hea l th P h y s i c s r e c o r d . 



3. N o n r o u t i n e R e c o r d s 

N o n r o u t i n e r e c o r d s a r e f i led a s they a r e c o m p l e t e d o r r e 
c e i v e d in the Hea l th P h y s i c s s e c t i o n off ice . T h e s e a r e p l a c e d in a t e m p o 
r a r y file un t i l the end of e a c h m o n t h , when they a r e r e m o v e d and p l a c e d 
in the a p p r o p r i a t e p e r m a n e n t fi le in the Hea l th P h y s i c s s ec t i on off ice. 

a. W a t e r S a m p l e s 

W a t e r s a m p l e a n a l y s i s i s p e r f o r m e d by A E C - I D O 
Hea l th and Safety . Rout ine wel l w a t e r s a m p l e s a r e s u b m i t t e d week ly for 
b a c k g r o u n d d e t e r m i n a t i o n . Spec i a l w a t e r s a m p l e s a r e s u b m i t t e d by 
Hea l th P h y s i c s a s r e q u i r e d . ( E x a m p l e : Sample s u b m i t t e d for a p p r o v a l to 
d u m p w a t e r f r o m the r e t e n t i o n t a n k to the l e a c h i n g pond.) R e q u e s t s a r e 
s u b m i t t e d in t r i p l i c a t e and one copy i s r e t u r n e d to Hea l th P h y s i c s a s a 
r e c o r d of a n a l y s i s . A E C - I D O F o r m ID-104 (Exhibi t 7, P a g e 73) m a y be 
u s e d . 

b . W a s t e D i s p o s a l 

A E C - I D O F o r m ID-110 (Exhibi t Z, P a g e 42) i s s u b 
m i t t e d in t r i p l i c a t e for e a c h s h i p m e n t of sol id r a d i o a c t i v e w a s t e to the 
NRTS B u r i a l G r o u n d . One copy i s r e t a i n e d in the Hea l th P h y s i c s s ec t i on 
office for the r e c o r d . 

c . R a d i o a c t i v e S h i p m e n t s 

All s h i p m e n t s of r a d i o a c t i v e m a t e r i a l , w h e t h e r i n t r a -
s i t e o r o f f - s i t e , m u s t be a c c o m p a n i e d by A E C - I D O F o r m I H P - 3 0 (Exhibi t 4, 
P a g e 47) . Two c o p i e s of t h i s f o r m a r e sen t with the s h i p m e n t and one copy 
i s kept for the s e c t i o n f i l e . 

d. L a u n d r y 

All l a u n d r y s h i p m e n t s m u s t be a c c o m p a n i e d by A E C -
IDO F o r m I H P - 3 0 (Exhib i t 3, P a g e 44) . Two c o p i e s of th i s f o r m a r e sent 
wi th the s h i p m e n t and one copy i s kept for the s e c t i o n f i l e . 

e . U r i n e S a m p l e s 

U r i n e s a m p l e s a r e s u b m i t t e d for a n a l y s i s once each 
s ix m o n t h s by a l l p e r s o n n e l and f u r t h e r s a m p l e s m a y be r e q u e s t e d a s 
n e e d e d . R e q u e s t s for a n a l y s i s a r e s u b m i t t e d in t r i p l i c a t e and one copy 
i s kept for the s e c t i o n f i l e . Use A E C - I D O F o r m ID-104 (Exhibi t 7, P a g e 73). 



4. Month ly R e c o r d s 

Month ly r e c o r d s c o n s i s t of c o p i e s of r e p o r t s c o m p i l e d 
f rom r e c o r d s of s e c t i o n a c t i v i t i e s for the m o n t h ( see m o n t h l y r e p o r t s for 
d e t a i l s ) . Month ly r e p o r t s a r e p l a c e d in the p e r m a n e n t fi le in the Hea l th 
P h y s i c s s e c t i o n office upon c o m p l e t i o n . 

C. R e p o r t s 

1. Da i ly R e p o r t s 

None 

2 . Week ly R e p o r t s 

None 

Month ly R e p o r t s 

a. Hea l th P h y s i c s Sec t ion R e p o r t to the O p e r a t i n g 
C o n t r a c t o r 

A m o n t h l y s e c t i o n r e p o r t wi l l be c o m p i l e d b y the con
t r a c t o r Hea l t h P h y s i c i s t . T h i s r e p o r t should be c o m p l e t e d p r i o r to the 
fifth w o r k i n g day of the s u c c e e d i n g m o n t h . I t e m s to be c o v e r e d a r e l i s t e d 
be low: 

(1 
(2 
(3 
(4 
(5 
(6 
(7 
(8 

S u m m a r y of u n u s u a l i n c i d e n t s 
S u m m a r y of sa fe ty a c t i v i t i e s 
E x p o s u r e t o t a l s 
S u m m a r y of a i r s a m p l e s 
S u m m a r y of s m e a r s a m p l e s 
S u m m a r y of r o u t i n e and n o n r o u t i n e s u r v e y s 
I n s t r u m e n t a t i o n o p e r a t i n g e x p e r i e n c e 
Was te d i s p o s a l (to i nc lude s t a c k , w a t e r , so l ids ) 

R a d i o a c t i v e W a s t e R e p o r t to A E C - I D O (Exhib i t 1 1 , 
P a g e 104) 

ing i n f o r m a t i o n : 
R e p o r t to be s u b m i t t e d m o n t h l y . To con ta in the foUow-

(1) L i q u i d s d u m p e d to l e a c h i n g pi t ( to ta l c u r i e content ) 
(2) A i r b o r n e o r s t a c k r e l e a s e ( total c u r i e conten t ) 
(3) Solid w a s t e s to B u r i a l G r o u n d ( to ta l c u r i e con ten t ) 
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c. AEC F o r m 13: Monthly Summary - Accident, 
Occupational Disease , and F i r e Experience 
(Exhibit 12, Page 105) 

This form is to be submitted to AEC-IDO not la ter than 
the seventh (7th) day of the following month. Two copies a re to be forwarded. 
One copy will be retained in the Health Phys ics section permanent file and 
one copy will be forwarded to the con t r ac to r ' s main office. 

4. Nonroutine Repor ts 

a. Accident Repor ts 

Any accident involving a government vehicle assigned 
to ALPR mus t be invest igated and Standard F o r m 91A, INVESTIGATION 
REPORT OF MOTOR VEHICLE ACCIDENT (Exhibit 13, Page 106), will be 
completed and submitted to AEC-IDO Safety. One copy will be retained in 
the Health Phys ics section permanent fi le. A follow-up repor t will be p r e 
pared concerning action taken as a resu l t of the investigation. 

b . Incident Repor ts 

Major or unusual incidents will somet imes requi re 
the prepara t ion of special r e p o r t s . One copy of this repor t will be retained 
in the Health Physics section permanent file and other copies will be d i s 
t r ibuted as requi red . 

c. Overexposure Reports 

AEC-IDO F o r m ID-102 (PERSONNEL EXPOSURE 
QUESTIONNAIRE, Exhibit 14, Page 107) will be prepared in all cases of 
personnel overexposure (in excess of 300 m r e m per week) or in all cases 
of lost film badges . One copy of this repor t will be submitted to AEC-IDO 
Health and Safety and one copy will be retained in the Health Physics s ec 
tion permanent file. 
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Exhibit 12 

Form AEC-IS 
(Eev. 1-66) UNITED STATES ATOMIC ENERGY COMMISSION 

h oral approved. 
Budget Bureau No. 38-E013 9. 

I MONTHLY SUMMARY ACCIDENT, OCCUPATIONAL DISEASE, AND FIRE EXPERIENCE 
1 SECTION 1—IDENTIFICATION OF REPORTING UNIT 
1 1. REPORTING ORGANIZATION OR OFFICE 

3. LOCATION 

1 5. TYPE OF OPERATION 

1 (CAecJc one) 

GOVERNMENT RESEARCH 

2. CONTRACT NO 

4. AREA OR OPERATIONS OFFICE 

1 PRODUCTION 

1 6 DATE PREPARED 

CONSTRUCTION SERVICES 1 OTHER (Speo i / r ) 

7. MONTH AND YEAR OF REPORT 

1 SECTION II—PERSONAL INJURY ACCIDENTS 

CLASS OF ACCIDENT 

I MOTOR VEHICLE 

2 AIRCRAFT 

3 FIRE 

4 OTHER 

1 ^-TOTAL 

K, TOTAL EMPLOYEES 

A NUMBER OF 
ACCIDENTS 

1 OCCUPATIONAL INJURIES 

B MEDICAL 
TREATMENT 

CASES 

L. TOTAL HOURS 

DISABLING INJURIES 

C. FATAL D PERM 
TOTAL 

M. FREQUENCY RATE 

E PERM 
PARTIAL 

F TEMP 
TOTAL 

N SEVERITY RATE 

G TOTAL 

H. DAYS 
LOST AND 
CHARGED 

OTHER 

1 FATAL J NON-
FATAL 

SINCE LAST LOST TIME INJURY 

0. TOTAL MAN.HOURS P. CAUNDAR DAYS 1 

1 SECTION III—MOTOR VEHICLE ACCIDENTS { 

TYPE OF VEHICLE 

I. PASSENGER CARS 

2. TRUCKS. BUSSES 

3. TOTAL 

A TOTALNUM 
BER OF 

VEHICLES 
B MILES OF TRAVEL C NUMBER OF 

ACCIDENTS 
D. FREQUENCY 

RATE 

ESTIMATED DAMAGE OR LOSS | 

E. GOVERNMENT 

$ 

$ 

F OTHER 

i 

i 

G. TOTAL 1 

f 

i \ 
1 SECTION IV—AIRCRAFT ACCIDENTS | 
1 A. TOTAL NUMBER 

OF AIRCRAFT 
1 B HOURS OF FLIGHT C. NUMBER OF 

ACCIDENTS 
D. FREQUENCY 

RATE 
E. GOVERNMENT 

DAMAGE 

$ 

F. OTHER 
DAMAGE 

1 G TOTAL 1 
DAMAGE 

i 1 
SECTION V—FIRES | 

1 NUMBER OF FIRES | 

1 A. THIS MONTH B. THIS YEAR 1 

I G TOTAL EVALUATION OF GOVERN- 1 
MENT PROPERTY HELD | -

i 1 

LOSS THIS MONTH 

C. GOVERNMENT 

$ 

1 D OTHER 

PROJECTED FIRE LOSS RATIO 

H THIS MONTH 1. THIS YEAR 

1' 

LOSS THIS YEAR | 

E. GOVERNMENT 1 F OTHER 1 

MUNICIPALITIES | 

J POPULATION K PROJECTED LOSS PER | 
CAPITA THIS MONTH 

$ 1 
L PROJECTED LOSS PER j 

CAPITA THIS YEAR 

$ 1 
SECTION VI—OTHER PROPERTY DAMAGE ACCIDENTS | 

1 NUMBER OF 
ACCIDENTS 

B. GOVERNMENT LOSS 

$ 

C. OTHER LOSS 

$ 

D. TOTAL LOSS 1 

s 1 
1ft—59147-7 



SECTION VII—SUMMARY OF INDIVIDUAL INCIDENTS 

A. IDENTIFICATION OF INCIDENT 
(NAME OF INJURED. E. S.) 

B. DATE OF 
INCIDENT 

ESTIMATED LOSS (I) E. NATURE OF INJURY OR 
PROPERTY DAMAGE 

SUBMITTED FOR REPORTING UNIT BY— 

(SIGNATURE) (TTOE) 

INSTRUCTIONS 

SBCTION IX: Account for all aocidenia reBulting from the employer'a operations m injury to any person. Inj'uriea sustained by persona 
other than employees on duty will be entered in columna I and / . Employment will be reported as o / the last payroll period 
in the calendar month. 

SECTIONS III, IV, Summarise all accidents and Area, irreepective of damage, even though some may have been included in section II due to per-
V, AND VI: aortal injuries involved 

SBCTION III: 

SECTION V: 

_ - _ Number of Accidents (Col C) X 100,000 
Miles of travel (Col B) 

The projected fire lose ratio repreaenta the forecaated annual government loaa, in centa, per flOO evaluation of government 
property. 

ITEM H = 
Loaa (Item C) X 130,000 

Property Evaluation (Item G) ITEM 1 = 
Cumulative Loaa (Item E) X 130,000 

Property Evaluation (Item C) X Montha Covered 

The projected fire loaa per capita repreaenta the forecaated annual loaa, in doUara, per person 

Government Loaa (Item C) + Other Loaa (Item g ) X 13 
ITEM X = Town Population (Item J) 

SECTION V n : 

_ , Cumulative Government Loaa (Item E) + Cumulative Other Loaa (Item F)X 13 
Town Population (Item J)XMontha Covered 

Liat all aocidenta and ftree reaulting in lost time injury or 950 or mare damage to property Uae a continuation sheet, if 

U S «OVnNMlMT MIIHTINS OvriCK 1ft—M147-5 



STANDARD FORM 91A (REV JUNE 1953) 

INVESTIGATION REPORT OF 
MOTOR VEHICLE ACCIDENT (Dtcortmcil 01 «iloLl thmm) 

(Non< and taca i i« al upon m uiiitl 

BEHERAL lOCMIOH. DATE, DAT *HD HOUH OF ACCIDEHT 

V ACaOENl IN CITY, Q V t aTY OR lOWN AND STATE, If OUIHDE CITY LIMITS, INDICATE MILEAGE OR DISTANCE IO NEAREST CITY OR TOWN 

L,.„.n 

(CaMtv B-d StoNl 

M I B ) 

DATE 

( D m d » ) 

D A Y O f WEEK H O U R A . M . 

EXACT LOCATION OF ACCIDENT 

ACCIDENT OCCURRED OH _ 
( S I ™ . ! ) (Hi jhwor) 

N O T E i C H E C K A N D C O M P L H E O N E . N a m i (of ol)i«rwii« IcJtnliFy) ocotMl m l t n c c l m s I I I M I h o u i * number powt f oi letcplioiw p o U ( j i v * numlMr) 

hljKvray c u m b r i d j * tollioacJ o o m n g fillinj i fotion o l U y , dr iveway culvert j u a t J i c l m i U p o i l uncJcpoii ot olhin idtnt lying londmotk Show 

n o d d i t i ane* . 

C J AT NTERMCTON wnH _ 

C J NOT AT INnRSECnOH _ 

(Dirtonc.) (Dh«<t)itn) 

4- FEDERAL VEHICLE (Fad.) (Ineludts Prfntaly Ownsd Fadmlfr Qparalsd) 
YEAH 

M C S T R A T I O N N O 

MAKE 

KIND OF CARGO 

W A S C A R G O D A M A G E D 7 YtS 

BODY TYPE 

NUMBER OF 
PASSENGERS 

N O 

PARTS OF V E H K U D A M A O C D A N D NATURE O f O A M A C C 

GCHNO O M W O I M ) 

BSfeffî r" 

l A W F W . SPEED ( - . p l O 

M A X I M U M SAfE 
S P E E D U . * b j 

ONOMOakMMy) 

ESTIMATED spem 
THEH<»,p.lO 

ESTIMATED SPEfD A T 
IMPACT ( « (> h.) 

DeTANU TOAVaED AFUR IMPACT (F«M> 

? » ' ° " n ' ° > = « * ' - n STATE 

1 I CHAUFTEUt n TRUCK DRP/ES L J OPERATOR 

U M I I A T I O N OF PERMIT 

DRIVERS N A M E SEX 

A C E 

^pss"^ ll^Sa^ spi'^BSkr 

5. OTHER VEHICLE (2) 
YEAR 

RECISIRAt lON N O 

M A K E 

KIND O f C A R G O 

W A S CARCiO D A M A G E D ? YES 

BODY TYPE 

NUMBER O f 
PASSENC5ERS 

N O 

PARTS O f VEHICLE D A M A G E D A N D NATURE OF D A M A G E 

DISTANCE D A N C E R 
NOTICED (F,»i) 

L A W f U L S r a E O < « p h ) 

M A T - I M U M SAFE 
SPEED ( « p h ) 

O N ( S > M t » l i M > « n ' ) 

ESTIMATED SPEED 
THEN ( » p h ) 

ESTIMATED SPEED A T 
IMPACT <» p k-) 

DISTANCE TRAVELED AFTER IMPACT ( F M ) 

OPERATOR'S P t f i M I I 

• CHAUFTEUR • TRUCK DRIVER • OPERATOR 

U M I I A T I O N OF PERMIT 

DRIVERS N A M E SEX 

A G E 

ADDRESS 

N A M E A N D ADDRESS OF OWNER (Ind.dt phen, « * ! » } 

PROMULGATED BY BUREAU OF THE BUDflET CIRCULAR A-S (REV ) 

WITHESSES 

A . N A M E P H O N E N a 

AIX;PESS 

L O ^ r i O N O f W I l N E i S AT TIME O ' ACCIDESI 

a . N A M E P H O N E N O , 

1 
ADDRESS 

L O C A T l t N OF WilNESS A f M E O f ACCIOENI 

7. KILLED OR INIURED 

A . r 4 A M E SEX 

AGE. 

ADDRESS 

CHECK O N E 

" J KILLED 

^ INJURED 

CM « O - . ' 

Q DRIVER 

r ] PASSENGER 

CHECK ONE - j IN fED VEHiaE 

"2 I N OTHER VEHICLE 

" * ] H E L J « 

n PHJISTRtAN 

WHERE IK V£H»CLE7 

FIRST A © G I V E N BY 

TAKEN TO 

TAKEN tff REGISTRATION N O 

• , N A M E SEX 

A G E 

AOORESS 

t:H'.K O N E 

r 
k iJ .E3 

IN ,J^'0 

CHECK ONE 

Q DRIVE* 

Q PASSENGER '^ 

O-E^K C N - j i,j FED VEHKLC 

Q tN OTHER V E H i a E 

HELPER 

PEDESTRIAN 

WHERE I N VEHICLE? 

FAST A O G I V E N BY 

TAKEN TO 

TAKEN BY REG6TRATION N O 

t. 

Pta iSTf i tAN W A 

(D .«« .n 

5 G a N C i 1—1 

LJON 
1 1 ACROSS 

fEDESTRIAN 

«̂> csw « X W iid> t t t j (NE. <«' w >y«, Mc ) 

PEDESTRIAN W A S (Oitdt S M ) 

n' 
I [ I SAME—AGAINST SIGNAU 

I I » SAME—NO SIGNAL 

I I * SAME-aAGONALLY 
1 
L _ _ __ 

PARKED CARS 

• T COMING fROM KHINO PARKED CARS 
TO ENTER VEHICLE 

• t WAITING OR GEHNG ON OR OFF 
AT STREET CAR SAFETY ZONE 

Q 9 NOT AT SAfETV ZONC 

[ ~ | 10 GETTING a N OR Off ANOTHER V & K U 

i I 11 PLAYING M ROADWAY 

j I 11 WORKING IM ROADWAY 

I | l l WALBNG.NROADWAY—WnHTKAFFlC 

Q IT MnCHING ON VEHtCLi 

I I I * LYING W ROADWAY 

Q 19 NOT IN ftOADWAY (E««lah) 

OAMABt TO PROPERTY OTHER THAN MOTOR VEHICLES OR CAReO 

NAME OBJECTS, SHOW OWNERSHIP STATE NATURE Of DAMACiE 

KIHO OF LOCALITY (Ch«i. on*) Ua U8HT (a.*ei< M t ) M . WEATHER (Ch^i.on«) 

BUSINESS 

r n 1 RESetNTIAL 

• * SCHOOL AND 
PU^YCROUNO 

r n S OPtN COUNTRY 

I [ 4 INDUSTRIAL PREMISES 

• 7 HOME OR DCVAEsnC 
PREMISES 

Q « OTHER CS««fr) 

Q 1. DAYUOHT Q X DAWH 

DARKNESS Wm4 

n <-ARTIfKlAL UOHT 

Q 1 NO ARTinOAL UGHT 

[ ~ ] 1 aCAIl r~| 4 FCX3 

| ~ j I.JMOVnNG 



13. CO N̂ OF DRIVER AND PEDESTRIAN 

Chick fof each pe Cheek one or more 
fED t PED FED t PED 

nnn ' * ^^^"^ n n n : •^'i^^^ 
nnn'^sMg;.» n I H F = 
n n n '•is-js^, n n ^r^fa^.a^ 
n n n '£X£°' n n 'isisf^" 
n n n '•E^ ann'tsisr-' 

U - nSIOK OBSCVRED BV 

OwcU whm opplieotik 

FED i FED « 

n n ' tifflsSiS'-"'''* n n -"««««« 
• • . CHAOIEDWlNDSHlEm • • • SiGNMAHOI 

n n ' Kjsr™*' n n • "««̂ «Hiai 
nn 'ssgs8f ( - j% pn-'-'^'viNovMcu 
• • s TMEs. cpops, r c n n " OIHH O M M 

• • <.ULD«S 

l > - ROAD COMHTION 

cwkox aKicono.>o« 

n "»" n ••fesssr™*'-"*' 
• >. wn • I. HOLES, Mtp Run 

f n 1 MWXMF Q Ik DCfEcnvc »iouuicn 

r~] 4. SNOy(Y Q It NO OCFCOS 

• > KY • W OIHa DEFKISCMM 

gnE"pSii?'»^°=«~™' 
• YES Q N O 

». DIIVER'S ACTIONS 
Oi«ck on* for *och Htm 
FED * FED t 

• • , M A » N G « G « , T U « • • • p ' J S S K ' S * ^ 

Q Q S. MAKING UFT lUM H n *• ° ™ " "̂ Ô WS 

• • • MAKING UIWN Q Q " SSST" ' " ' ' *™= 

n n ' ss'""'""' n n -• °^ »-*> 
nn'&sffis""""-
( U Q 6 OVERTAKING, PASSWG 

n n ' fsssjavjsr 
Oicddfepplicablt: 

• • >. snoowG n n " p^sp"**^ 

n n " a » s * ^ nn-a^-^ffii., 
n 1—1 14 EMERGING FROM 
1 1 1 1 ALUY OR DRIVEWAY 

22. ROAD WIDTHS W O LANES 
WIDTH OF ROAD OR PAVEMENT 

WERE LANES MARKED? 

NUMKR OF LANES 

WERE LANES SEPARATED? 

IV WHAT? 

14. CONDITION OF VEHICLE 

Ch«l<or.o,..».lof<o.h»hl<:lc 

FED I FED t 

• • 1 CEfEOlVE SHAKES Q [ ] • » £ tLEW OUT 

n n • °NE HEADOGHTOUT Q D ' MEc 'SKEs^"^ 

n n ' û!" "'*""="" n n" ̂ i^'^ 
n n ' s&K"" °" n n" ?^,s,r'^ 

U - ROAD CHARACTER 

CUdcoM In Mch MClioa 

[~ | 1 STRAIGHT 

[~ | «. SHARP CURVE OR TURN 

[~ ) J OTHER CURVES 

• . . U V B . 

Q R.UPHU. 

Q ] J.H«i.aiES« 

Q i K M N H U , 

I T . ROAD SURFACE 

aid<oi» 

n f. CONOtEn 

• •BUCK 

[~] 1 BLACK TOP 

n ' ^i^ SAFe.O.DIRf-

n ' sissn'^'""^ 
• «.OIHER(S»rfrt 

U . TRAFFIC CONTROL 

oooornofo |—j D i R. R. CROSSING 0A1ES 

n Q 1 R, R. AUTOMATIC SIGNAL 

1 | ~ | i n * - OFFKIR OR WATCHMAN 

I n I n «. STC3P AFO GO UOHT 

" n |n'•"»«<»' 
n n *• WARNING SON OB MtML 

f~l n T. riAGS OR FLARES 

• R. NO CONTROL FUESENt 

21- VIOLATIONS 

d iKkoAfar iMn 
FED f FED t 

• n ' ĝ ™»"»™- • n " Kt""" ™*« 
n n ' â ĝ}"*«"<«> n n '*• §gf=*""°"» 
n n • p^Ar™""" " n n '• sg'ĝ «gs .̂ -{at 
n n ' STEV? ?O»NT=" n n "• 2a='s&"ffiH'f°' 
n n ' rî iT<5."*'*°»"= n n " '^^ar^ '°^ 
• • . PASSINGONHU • • " ^ l A a " ™ " 

Q • 7 PASSING ON CURVE Q Q « IMPROPO PARlONa 

• •icuTTiNOH nn '^nsMEsg ' * " -
n n ' ff?*sr«"«' n n •• &"a"sc2!? 
Q Q II WIDE RIGHT Tl«N 

• • , l fUTCO««RONLEn 

23. POUCE ACTION, IF ANT 

CFlARCe 

NAME Of PERSON CHARGED 

NAME, BADGE NUMIER, AND OEPI Of POUa OffKER 

E«—67414-1 

O 
00 

24. nOICAnOITfllSDUtlAIIIOWACCIOEinMFPENED 

U M «I)< of thtta owfffflcs to dettck f i t S C « M OI tkt accfJtof, wriflng fa rfrttf or i i fftwor IMRMI or ntimbms. 

3 UM aobil line to tbow vMb bclwe ucidtnt ••• — - • [ 2 > 

Broken luit BTtcr accidenl ( ' 9""^ 

« S h o . .UV. .1 by II I I I I I I I II I I I N I 
S Oivc name* o* number* </ M 
4 Indicate north by a 

DESCRIBE WHAT HAPPENED 

REFER TO VEHICLES IV "FED- AND t ' 

2 7 . SIGNATURE OF INVESTIGATOR 

STATEMENT OF REVIEWING OFFICIAL 

WAS THE DRIVER ACTING WITHIN THE SCOPE OF HIS EMPLOYMENn 1—1 „ , , 1—1 . j - , 
STATE BASIS FOR ANSWER L J ^"^ L J ' ^ 

WHAT CAUSED THE ACCK>ENn 

HOW COULD IT HAVE SEEN PREVENTED? 

WHAT ACTION HAS BEEN TAKEN? 

SKiNATURC OF REVIEWING OFFICIAL 

USE THIS SPACE TO SHOW CONSEQUENCES OF AC-
eiOEHT AFFECTIH8 A6EIICV PERSONNEL lEPOlTCO 
IN SECTIOM 1 

* - a S K ^ V DSiŜ JSiEL 
PROBABLE DtSABOiTY 

DATE STOPPED WORK 

DATE RESUMED WORK 

BKi^^ST'"" 

•nsssiEL nsisiKSEL 

DATE STOPPED WORK 

DATE RESUMED WOUC 

XftS l̂RWiSS, 

DATE 

1 0 — 8 7 4 1 4 - 8 U. 1 fiOVERHMEHT PRIHTIHO OFFlCe 
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FORM I HP 24 (Rev 10 I 56) 

Exhibit 14 

PERSONNEL EXPOSURE QUESTIONNAIRE 

D a t e _ 

Name of employee _ 

Area 

Badge 
Number 

Exposure 
Dote _ 

Reason fc Investigation 

[ I A reportable weekly daily pocket meter reading total of 

[ ) Weekly film total of 300 mr or more 

( ) 

Film total covers period extending from 

FILM RESULTS 

. through 

EXPOSURE RESUME 

Week Ending Meters 

Pocket 
Meters 

Bodge 
Meters 

SUN MON TUES WED THURS FRI SAT 

Remarks 

Investigation 

a Findings of Health Physics Representative and or Supervisor 

b Recommendations 

Investigated by_ Date_ , No ted , 
Health Physics Supervisor 



CODE: 

"W" Weekly total, beta plus gamma, greater than 300 mrem 

"Q" Quarterly total, beta plus gamma, greater than 3750 mrem 

" H " Requested by plant health physicist 

'R" Badge not in rack 

"L" Badge lost 

"D" Flim damaged (wet, torn, etc.) 

" N " Reading not applicable,.badge exposed while not being worn 

'P" Possible light leak 

"X" Film density affected by X-ray 

''A" Film reading lost or altered in processing 

" O " Other reason, explain under "remarks" 

IDO 
6 Copies 

File 
1 Copy 

Plant H.P. 
5 Copies 

Resp. Supv. 
5 Copies 

i 1 Copy• 

Plant H.P. 
ft 

5 Copies 

f 
File 

1 Copy 

1 Copy 

1 H P ^ -

IDOH.P. 
1 Copy 

Indiviaual 
Folder 
1 Copy 

Asst. Mgr. 
2 Copies 

J.Mgr. Proj. 
1 Copy 



SECTION V. DEFINITIONS 

Act ive A r e a : Any a r e a in which r a d i o a c t i v e m a t e r i a l s a r e e i t h e r 
p r e s e n t or u s e d . A l s o u s e d to denote r e a c t o r a r e a or r a d i a t i o n 
a r e a . 

Acu te E x p o s u r e : R a d i a t i o n e x p o s u r e of s h o r t d u r a t i o n . 

Ai r S a m p l e : Sample t a k e n by d r a w i n g a v o l u m e of a i r t h r o u g h a 
su i t ab l e f i l t e r so as to r e m o v e a t m o s p h e r i c dus t f r o m the a i r . 
The f i l t e r s a m p l e , when coun ted , is a m e a s u r e of the p a r t i c u l a t e 
r a d i o a c t i v e con ten t of the a i r . 

Alpha , Alpha P a r t i c l e , A lpha R a y : A n u c l e a r r a d i a t i o n with a m a s s 
of 4 a t o m i c m a s s un i t s (amu) and a pos i t i ve e l e c t r i c a l c h a r g e 
of two u n i t s . Has l i t t l e p e n e t r a t i n g power and can be s topped 
r e a d i l y by a s h e e t of p a p e r . 

B a c k g r o u n d : R a d i a t i o n a r i s i n g f r o m r a d i o a c t i v e m a t e r i a l o t h e r 
than the one d i r e c t l y u n d e r c o n s i d e r a t i o n . B a c k g r o u n d m a y be 
c a u s e d by c o s m i c r a y s or n a t u r a l r a d i o a c t i v i t y . T h e r e m a y 
a l s o be b a c k g r o u n d r a d i a t i o n due to the p r e s e n c e of r a d i o a c t i v e 
s u b s t a n c e s in o t h e r p a r t s of the bu i ld ing , in the bui ld ing m a t e 
r i a l i tself , e t c . At A L P R , the b a c k g r o u n d r a d i a t i o n m a y v a r y 
with r e a c t o r p o w e r . 

Be ta P a r t i c l e , Be ta R a d i a t i o n , Be ta Ray : A n u c l e a r r a d i a t i o n tha t 
i s e s s e n t i a l l y a h i g h - s p e e d e l e c t r o n e m i t t e d f r o m the n u c l e u s . 
M a s s of 1/1840 a m u and a n e g a t i v e c h a r g e of one un i t . Will p e n 
e t r a t e a few m i l l i m e t e r s of sk in t i s s u e . 

B i n a r y S c a l e r : A s c a l e r whose s c a l i n g f ac to r is two (2) p e r s t a g e . 

B io log ica l S p e c i m e n : A body w a s t e s a m p l e , u s u a l l y a l l u r i n e p a s s e d 
b e t w e e n l e av ing w o r k at n ight and r e p o r t i n g for w o r k the fo l low
ing m o r n i n g . S a m p l e s a r e a n a l y z e d for r a d i o a c t i v i t y . 

Bone S e e k e r : Any c o m p o u n d or ion which m i g r a t e s in the body to 
the bone p r e f e r e n t i a l l y . 

C a l i b r a t i o n : D e t e r m i n a t i o n of v a r i a t i o n f r o m s t a n d a r d of a m e a s u r 
ing i n s t r u m e n t to ob t a in n e c e s s a r y c o r r e c t i o n f a c t o r s . 

C h a r g e r , C h a r g e r - R e a d e r : C h a r g i n g unit for d o s i m e t e r s o r pocke t 
c h a m b e r s . C h a r g e r - r e a d e r is often c a l l e d a " m i n o m e t e r . " 



C h r o n i c E x p o s u r e : T e r m u s e d to denote r a d i a t i o n e x p o s u r e of long 
d u r a t i o n . 

Coffin: T e r m u s e d to denote a h e a v i l y s h i e l d e d c o n t a i n e r u s e d in 
t r a n s p o r t i n g r a d i o a c t i v e s o u r c e s or spen t fuel a s s e m b l i e s . 

C o n t a m i n a t i o n (Rad ioac t i ve ) : Depos i t i on of r a d i o a c t i v e m a t e r i a l in 
any p l a c e w h e r e it is not d e s i r e d . 

C o n t r o l Rod: R e a c t o r c o n t r o l m e c h a n i s m c o n s i s t i n g of a rod or 
a s s e m b l y con ta in ing a n e u t r o n - a b s o r b i n g m a t e r i a l such a s 
c a d m i u m or b o r o n . 

C o r e : The c e n t r a l r e a c t i v e p o r t i o n of a r e a c t o r . Th i s i s the l o c a 
t ion of the fuel a s s e m b l i e s and c o n t r o l r o d s . 

Count : In r a d i a t i o n m e a s u r e m e n t s , the e x t e r n a l i nd i ca t i on of a 
dev i ce u s e d to e n u m e r a t e ion iz ing e v e n t s . It m a y r e f e r to a 
s ing le d e t e c t e d even t o r to the to ta l r e g i s t e r e d in a g iven 
p e r i o d of t i m e . 

C r i t i c a l E x p e r i m e n t : A r e a c t o r e x p e r i m e n t at low power l e v e l s , 
u s e d to d e t e r m i n e p h y s i c a l c h a r a c t e r i s t i c s of the r e a c t o r c o r e . 

C u m u l a t i v e Dose , A c c u m u l a t e d D o s e : The to t a l d o s e r e s u l t i n g f r o m 
r e p e a t e d e x p o s u r e s to r a d i a t i o n over a p e r i o d of t i m e . 

C u r i e : The quan t i ty of r a d i o a c t i v e m a t e r i a l hav ing a s s o c i a t e d with 
it 3.7 X 1 0̂  d i s i n t e g r a t i o n s p e r s econd (dps) . 

Dry Ac t ive W a s t e : R a d i o a c t i v e w a s t e in a so l id f o r m . D r y a c t i v e 
w a s t e s a r e to be d e p o s i t e d in m a r k e d c o n t a i n e r s . 

D e c a d e S c a l e r : S c a l e r uni t whose s ca l i ng f a c t o r i s t en o r a power 
of t en . 

D e c a y : D i s i n t e g r a t i o n of the n u c l e u s of an u n s t a b l e i s o t o p e by s p o n 
t a n e o u s e m i s s i o n of c h a r g e d p a r t i c l e s a n d / o r p h o t o n s . 

D e c o n t a m i n a t i o n : The r e m o v a l of r a d i o a c t i v e m a t e r i a l f r o m an i t e m 
or s u r f a c e . 

Dose o r D o s a g e : The a m o u n t of r a d i a t i o n d e l i v e r e d to a spec i f i ed 
a r e a , v o l u m e , or to the whole body . 

D o s i m e t e r : I n s t r u m e n t u s e d to d e t e c t and m e a s u r e an a c c u m u l a t e d 
d o s a g e of r a d i a t i o n . C o m m o n l y , a p e n c i l - s i z e d i on i za t i on c h a m 
b e r wi th a b u i l t - i n s e l f - r e a d i n g e l e c t r o m e t e r , u s e d for p e r s o n n e l 
m o n i t o r i n g . 



E n d - W i n d o w C o u n t e r : Any c o u n t e r dev ice us ing a m i c a end-window, 
a s in an end -window G e i g e r - M u e l l e r t ube . Used in count ing 
l o w - e n e r g y b e t a r a d i a t i o n . 

E x t e r n a l R a d i a t i o n : Ioniz ing r a d i a t i o n f r o m a r a d i a t i o n s o u r c e 
l o c a t e d ou t s ide the body . 

F a s t N e u t r o n : N e u t r o n with e n e r g y above t h e r m a l e n e r g y (Heal th 
P h y s i c s u s a g e on ly) . 

F i l m Badge : A d e v i c e c o n s i s t i n g of a h o l d e r and one or m o r e 
p a c k e t s of s e n s i t i v e f i lm u s e d for p e r s o n n e l m o n i t o r i n g . 

F i s s i o n P r o d u c t s : I s o t o p e s , r e s u l t i n g f r o m the f i s s ion p r o c e s s . 

F u e l E l e m e n t , F u e l A s s e m b l y , F u e l Rod: A fuel a s s e m b l y for u s e 
in n u c l e a r r e a c t o r s . U s u a l l y an a r r a y of f i s s i o n a b l e m a t e r i a l , 
c l ad in an i m p e r v i o u s j a c k e t , and m o u n t e d in a r i g i d f r a m e or 
box. 

G a m m a R a d i a t i o n : S h o r t - w a v e l e n g t h e l e c t r o m a g n e t i c r a d i a t i o n of 
n u c l e a r o r i g i n , wi th a r a n g e of w a v e l e n g t h s of f r o m 10 to 
10-^2 c m . 

Gas F low C o u n t e r : A r a d i a t i o n c o u n t e r in which an a p p r o p r i a t e 
a t m o s p h e r e is m a i n t a i n e d in the c o u n t e r v o l u m e by a l lowing 
a s u i t a b l e gas to flow s lowly t h r o u g h the count ing c h a m b e r . 

G e i g e r - M u e l l e r ( G M ) C o u n t e r : A s e n s i t i v e g a s - f i l l e d r a d i a t i o n -
d e t e c t i o n d e v i c e which o p e r a t e s at v o l t a g e s suff ic ient ly high to 
p r o d u c e a v a l a n c h e i o n i z a t i o n . Used p r i m a r i l y to d e t e c t b e t a 
and g a m m a r a d i a t i o n s . 

G e o m e t r y : T e r m s o m e t i m e s u s e d to denote the e f f ic iency o r y i e ld 
of a p a r t i c u l a r coun t ing a r r a y . 

H a l f - L i f e , R a d i o a c t i v e : T i m e r e q u i r e d for a r a d i o a c t i v e s u b s t a n c e 
to l o s e 50% of i t s a c t i v i t y by d e c a y . 

Hand- a n d - F o o t C o u n t e r : A s e l f - i n s p e c t i o n dev i ce for d e t e c t i n g 
c o n t a m i n a t i o n of the h a n d s , fee t , and c lo th ing . 

H a r d n e s s : A r e l a t i v e s p e c i f i c a t i o n of the qua l i ty o r p e n e t r a t i n g 
p o w e r of X r a y s and g a m m a r a d i a t i o n s . In g e n e r a l , the s h o r t e r 
the w a v e l e n g t h , the " h a r d e r " the r a d i a t i o n . 



Heal th P h y s i c s : A t e r m u s e d to denote tha t b r a n c h of r a d i o l o g i c a l 
s c i e n c e dea l ing with the p r o t e c t i o n of p e r s o n n e l . 

H e t e r o g e n e o u s R e a c t o r : A n u c l e a r r e a c t o r in which the f i s s i o n a b l e 
m a t e r i a l and m o d e r a t o r a r e a r r a n g e d a s d i s c r e t e b o d i e s of 
such d i m e n s i o n s tha t a n o n h o m o g e n e o u s m e d i u m is p r e s e n t e d 
to the n e u t r o n flux of the r e a c t o r . 

H o m o g e n e o u s R e a c t o r : A n u c l e a r r e a c t o r in which the f i s s i o n a b l e 
m a t e r i a l and the m o d e r a t o r (if any) a r e c o m b i n e d in a m i x t u r e 
such tha t an e f fec t ive ly h o m o g e n e o u s m e d i u m is p r e s e n t e d to 
the n e u t r o n flux of the r e a c t o r . 

ICC R e g u l a t i o n s : R e g u l a t i o n s of the I n t e r s t a t e C o m m e r c e C o m m i s 
s ion g o v e r n i n g the s h i p m e n t of r a d i o a c t i v e m a t e r i a l s by c a r r i e r s 
o p e r a t i n g in i n t e r s t a t e c o m m e r c e -

Induced R a d i o a c t i v i t y : Tha t r a d i o a c t i v i t y p r o d u c e d in a s u b s t a n c e 
a f te r i r r a d i a t i o n with n e u t r o n s or o the r p a r t i c l e s . 

I n i t i a t o r : In a r e a c t o r , an e x t e r n a l s o u r c e of n e u t r o n s p r o v i d i n g a 
c o n s t a n t flux of n e u t r o n s for s t a r t u p of the r e a c t o r . 

I n t e r n a l R a d i a t i o n : E x p o s u r e to ion iz ing r a d i a t i o n when the r a d i a 
t ion s o u r c e i s wi th in the body a s a r e s u l t of d e p o s i t i o n of r a d i o 
a c t i v e i s o t o p e s in body t i s s u e s o r o r g a n s . 

Ion: A t o m i c p a r t i c l e , a t o m , o r c h e m i c a l r a d i c a l b e a r i n g an e l e c t r i 
ca l c h a r g e , e i t h e r p o s i t i v e o r n e g a t i v e . 

Ion C h a m b e r , Ion iza t ion C h a m b e r : An i n s t r u m e n t d e s i g n e d to m e a s 
u r e quan t i ty of ion iz ing r a d i a t i o n in t e r m s of the c h a r g e of e l e c 
t r i c i t y a s s o c i a t e d wi th i ons p r o d u c e d wi th in a def ined v o l u m e . 

Ion iza t ion : The ac t or r e s u l t of a p r o c e s s by which a n e u t r a l a t o m 
or m o l e c u l e a c q u i r e s a c h a r g e of e i t h e r s ign , o r by which e l e c 
t r o n s a r e l i b e r a t e d . 

Ioniz ing E v e n t : Any even t in w h i c h ion i za t ion i s p r o d u c e d . 

I r r a d i a t i o n : E x p o s u r e to r a d i a t i o n . 

I s o t o p e : One of s e v e r a l d i f f e ren t n u c l i d e s hav ing the s a m e n u m b e r 
of p r o t o n s in t h e i r n u c l e i , and h e n c e hav ing the s a m e a t o m i c 
n u m b e r , but d i f fe r ing in the n u m b e r of n e u t r o n s , and t h e r e f o r e 
in the m a s s n u m b e r . 



L a b o r a t o r y Count ing E q u i p m e n t : R a d i a t i o n - c o u n t i n g e q u i p m e n t 
d e s i g n e d for the count ing of s m a l l q u a n t i t i e s of r a d i o a c t i v e 
m a t e r i a l . Usua l l y n o n p o r t a b l e . 

Long C o u n t e r : T e r m r e f e r r i n g to a n e u t r o n c o u n t e r a r r a y c o n s i s t 
ing of a b o r o n t r i f l u o r i d e count ing tube o p e r a t e d in the p r o p o r 
t i o n a l v o l t a g e r e g i o n , a s c a l e r , and a h i g h - v o l t a g e p o w e r supp ly . 
A pa ra f f in m o d e r a t o r i s u s e d for the count ing of fas t n e u t r o n s . 
The c o u n t e r i s s e n s i t i v e to s low and t h e r m a l n e u t r o n s wi th flux 
l e v e l s l e s s t han 1 n / c m / s e c . 

M a x i m u m P e r m i s s i b l e C o n c e n t r a t i o n ( M P C ) : An e s t a b l i s h e d m a x 
i m u m c o n c e n t r a t i o n of a r a d i o a c t i v e oonta-rninant in d r ink ing 
w a t e r , a i r , e t c . 

M a x i m u m P e r m i s s i b l e L e v e l ( M P L ) : A def ined m a x i m u m for safe 
o p e r a t i n g e x p o s u r e to n u c l e a r r a d i a t i o n s . C o m p u t e d v a l u e s a r e 
for o c c u p a t i o n a l e x p o s u r e ( i . e . , 8 -hour day, 5 -day week) . 

M i c r o c u r i e : O n e - o n e m i l l i o n t h of a c u r i e . 3.7 x 10 d i s i n t e g r a t i o n s 
p e r s e c o n d . A b b r e v i a t e d " juc . " 

M i l l i c u r i e : O n e - o n e t h o u s a n d t h of a c u r i e . 3.7 x 1 0^ d i s i n t e g r a t i o n s 
p e r s e c o n d . A b b r e v i a t e d " m c . " 

M i l l i r o e n t g e n : O n e - o n e t h o u s a n d t h of a r o e n t g e n . A b b r e v i a t e d " m r . " 

M o d e r a t o r : M a t e r i a l u s e d in a n u c l e a r r e a c t o r to m o d e r a t e , or 
s low down, n e u t r o n s f r o m the h igh e n e r g i e s at which they a r e 
r e l e a s e d in the f i s s i o n p r o c e s s . 

M o n i t o r i n g : P e r i o d i c or con t inuous d e t e r m i n a t i o n of the a m o u n t of 
ion iz ing r a d i a t i o n o r r a d i o a c t i v e c o n t a m i n a t i o n p r e s e n t in an 
o c c u p i e d a r e a , a s a sa fe ty m e a s u r e for p u r p o s e s of hea l t h 
p r o t e c t i o n , 

NBS H a n d b o o k s : A s e r i e s of handbooks out l in ing r a d i a t i o n p r o t e c t i o n 
r e c o m m e n d a t i o n s of the Na t iona l B u r e a u of S t a n d a r d s and of the 
N a t i o n a l C o m m i t t e e on R a d i a t i o n P r o t e c t i o n . Th i s i s the o p e r a t 
ing gu ide u s e d by the A E C C o p i e s a r e a v a i l a b l e f ro ra the 
G o v e r n m e n t P r i n t i n g Office. 

N e u t r o n : E l e m e n t a r y n u c l e a r p a r t i c l e with a m a s s of 1.00893 a m u 
( a p p r o x i m a t e l y the s a m e a s tha t of a h y d r o g e n a t o m ) . It i s 
e l e c t r i c a l l y n e u t r a l . 



O p e r a t i n g V o l t a g e : The vo l t age at which a d e t e c t o r tube is 
o p e r a t e d ; the vo l t age a c r o s s the e l e c t r o d e s in the d e t e c t i n g 
c h a m b e r r e q u i r e d for p r o p e r d e t e c t i o n of an ion iz ing even t . 

O v e r e x p o s u r e : R a d i a t i o n e x p o s u r e in e x c e s s of the m a x i m u m p e r 
m i s s i b l e l e v e l . 

P e r m i s s i b l e D o s e : The a m o u n t of r a d i a t i o n which m a y be r e c e i v e d 
by an ind iv idua l wi th in a spec i f i ed p e r i o d of t i m e with e x p e c t a 
t ion of no h a r m f u l r e s u l t to h i m s e l f ( see Sec t ion VI G ) . 

P e r s o n n e l M e t e r i n g : The s y s t e m a t i c p e r i o d i c c h e c k of the r a d i a 
t ion d o s e e a c h p e r s o n r e c e i v e s du r ing h i s work ing h o u r s . 

P h o t o g r a p h i c D o s i m e t r y : D e t e r m i n a t i o n of the c u m u l a t i v e d o s a g e 
of r a d i a t i o n by the u s e of p h o t o g r a p h i c f i lm . 

P i g : In r a d i a t i o n coun t ing , a s h i e l d e d c o n t a i n e r or e n c l o s u r e for a 
coun t ing d e v i c e . It is u s e d to r e d u c e c o u n t e r b a c k g r o u n d . 

P i l e (Obso le te t e r m ) : N u c l e a r r e a c t o r . 

P l a n c h e t : S a m p l e h o l d e r s p e c i a l l y d e s i g n e d for count ing of s a m p l e 
r a d i o a c t i v i t y . A r o u n d s h a l l o w pan m a d e of s t a i n l e s s s t e e l , 
a l u m i n u m , o r g l a s s . 

P l a t e a u : The p l a t e a u i s the c h a r a c t e r i s t i c h o r i z o n t a l p o r t i o n of the 
c u r v e of the coun t ing r a t e v e r s u s v o l t a g e . 

P o t : A s h i e l d e d c o n t a i n e r for s t o r a g e o r t r a n s f e r of r a d i o a c t i v e 
m a t e r i a l s . 

P r o b e : In r a d i a t i o n d e t e c t i o n , a d e t e c t o r m o u n t e d at one end of a 
f lex ib le cab le l e a d i n g to the i n s t r u m e n t c a s e o r box . Th i s h a s 
the a d v a n t a g e s of f l ex ib i l i ty , l i gh t we igh t , s i z e , and c o n v e n i e n c e . 

P r o p o r t i o n a l C o u n t e r : G a s - f i l l e d or a i r - f i l l e d d e t e c t i o n tube o r 
c h a m b e r in wh ich the p u l s e p r o d u c e d i s p r o p o r t i o n a l to the 
n u m b e r of ions f o r m e d in the gas by the p r i m a r y ion iz ing 
r a d i a t i o n . 

Qua l i t y : A m e a s u r e of the " h a r d n e s s " or " s o f t n e s s " of r a d i a t i o n . 

Quench ing : The p r o c e s s of inh ib i t ing con t inuous o r m u l t i p l e d i s 
c h a r g e in a c o u n t e r wh ich u s e s g a s a m p l i f i c a t i o n . In a sel f -
quench ing GM t u b e , a p o l y a t o m i c or h a l o g e n v a p o r i s u s e d to 
" q u e n c h " o r e x t i n g u i s h a v a l a n c h e i o n i z a t i o n . 



Rad: The uni t of a b s o r b e d dose r e c o m m e n d e d and adop ted by the 
I n t e r n a t i o n a l C o m m i s s i o n on R a d i o l o g i c a l Uni t s at the Seventh 
I n t e r n a t i o n a l C o n g r e s s of Rad io logy , Copenhagen , 1953. The 
r a d is one h u n d r e d (l 00) e r g s of r a d i a t i o n e n e r g y a b s o r b e d in 
one (l ) g r a m of m a t e r i a l . 

R a d i a t i o n : The p r o c e s s by which e n e r g y is e m i t t e d f r o m m o l e c u l e s 
and a t o m s owing to i n t e r n a l c h a n g e s . The t e r m r a d i a t i o n , when 
unqua l i f i ed , u s u a l l y r e f e r s to e l e c t r o m a g n e t i c r a d i a t i o n ; such 
r a d i a t i o n i s u s u a l l y c l a s s i f i e d a c c o r d i n g to f r e q u e n c y , as i n f r a 
r e d , v i s i b l e , u l t r a v i o l e t , X r a y , and g a m m a r a y . Some c o r p u s 
c u l a r e m i s s i o n s , s u c h a s a lpha and be t a p a r t i c l e s a r e c o m m o n l y 
c a l l e d r a d i a t i o n s . 

R a d i o a c t i v i t y : The p r o c e s s w h e r e b y c e r t a i n n u c l i d e s u n d e r g o s p o n 
t a n e o u s d i s i n t e g r a t i o n in wh ich e n e r g y is r e l e a s e d , g e n e r a l l y 
r e s u l t i n g in the f o r m a t i o n of new n u c l i d e s . The p r o c e s s is 
a c c o m p a n i e d by the e m i s s i o n of one or m o r e t y p e s of r a d i a t i o n , 
s u c h a s a lpha p a r t i c l e s , be t a p a r t i c l e s , and g a m m a p h o t o n s . 

R e a c t o r : A cha in r e a c t i n g s y s t e m in which the e n e r g y f r o m the 
f i s s i o n of u r a n i u m or p l u t o n i u m is r e l e a s e d at a c o n t r o l l e d r a t e . 

R e l a t i v e B io log ica l E f f e c t i v e n e s s : The r a t i o of g a m m a - r a y or 
X - r a y d o s e to the d o s e tha t i s r e q u i r e d to p r o d u c e the s a m e 
b i o l o g i c a l effect by the r a d i a t i o n in q u e s t i o n . 

RHM o r r h m : R o e n t g e n - h o u r - m e t e r , o r r o e n t g e n p e r hour at one 
m e t e r . A m e a s u r i n g uni t which h a s s o m e c o n v e n i e n c e when 
m e a s u r i n g r a d i a t i o n s o u r c e of unknown s t r e n g t h . Not c o m m o n l y 
u s e d . 

R o e n t g e n : Tha t quan t i ty of X or g a m m a r a d i a t i o n which wil l p r o 
d u c e , in one cub ic c e n t i m e t e r of a i r a t S T P , one e l e c t r o s t a t i c 
uni t of c h a r g e of e i t h e r s ign . 

R E M ( r e m ) or R o e n t g e n E q u i v a l e n t Man: That quan t i ty of any type 
of ion iz ing r a d i a t i o n which , when a b s o r b e d by m a n , p r o d u c e s 
an effect e q u i v a l e n t to the a b s o r p t i o n by m a n of one ( l ) r o e n t g e n 
of X or g a m m a r a d i a t i o n . 

Roen tgen E q u i v a l e n t P h y s i c a l ( r e p ) : The amoun t o r quan t i ty of any 
ion iz ing r a d i a t i o n which wil l r e s u l t in the a b s o r p t i o n in t i s s u e 
of 83 e r g s of e n e r g y p e r g r a m . (Recent a u t h o r s have s u g g e s t e d 
a va lue of 93 e r g s p e r g r a m . ) 



Rout ine S u r v e y : A s u r v e y m a d e a s p a r t of a r e g u l a r r o u t i n e . A 
r o u t i n e s u r v e y m i g h t c o n s i s t of m e a s u r e m e n t of b a c k g r o u n d 
r a d i a t i o n , a f loor s u r v e y , a g e n e r a l r o o m s u r v e y , and s m e a r 
s a m p l i n g of r a n d o m floor and w o r k s u r f a c e s . 

S c a l e r : An e l e c t r o n i c d e v i c e which r e g i s t e r s p u l s e s r e c e i v e d o v e r 
a p e r i o d of t i m e . Often u s e d a s an e l e c t r o n i c d i v i d e r to r e d u c e 
the r a t e of p u l s e s b e i n g fed to a m e c h a n i c a l r e c o r d e r . 

S c a t t e r e d R a d i a t i o n : R a d i a t i o n which , du r ing i t s p a s s a g e t h r o u g h a 
s u b s t a n c e , h a s d e v i a t e d in d i r e c t i o n . 

Sc in t i l l a t i on C o u n t e r : A c o m b i n a t i o n of p h o s p h o r , p h o t o m u l t i p l i e r 
t u b e , and a s s o c i a t e d e x t e r n a l c i r c u i t for count ing l ight e m i s s i o n s 
p r o d u c e d in the p h o s p h o r t h r o u g h a b s o r p t i o n of r a d i a t i o n e n e r g y . 

S c r a m : Shutdown of a r e a c t o r by d r o p p i n g the c o n t r o l r o d s r a p i d l y . 

S e l f - A b s o r p t i o n : A b s o r p t i o n of r a d i a t i o n s e m i t t e d by r a d i o a c t i v e 
a t o m s by the m a t t e r or m a t e r i a l in which the a t o m s a r e l o c a t e d . 
S e l f - s h i e l d i n g . 

S e n s i t i v e V o l u m e : Tha t p o r t i o n of a c o u n t e r tube o r i on i za t i on c h a m 
b e r which r e s p o n d s to a spec i f i c r a d i a t i o n . 

Skysh ine o r Shine: In r a d i a t i o n , a r e f l e c t e d o r s c a t t e r e d r a d i a t i o n 
o c c u r r i n g in the v i c i n i t y of h i g h - i n t e n s i t y r a d i a t i o n s o u r c e s 
wh ich a r e not s h i e l d e d v e r t i c a l l y -

Slow N e u t r o n : N e u t r o n with an e n e r g y l e s s t h a n 0.01 ev . 

S m e a r : A s m e a r is m a d e by wiping an a r e a of f loor , w o r k s u r f a c e , 
e t c . , wi th a p a p e r d i s k . The s m e a r s a m p l e is a n a l y z e d for 
r a d i o a c t i v i t y to ob ta in a m e a s u r e of the quan t i ty of l o o s e c o n 
t a m i n a t i o n p r e s e n t on the s a m p l e s u r f a c e . 

S o u r c e : Any e m i t t e r of r a d i a t i o n - Often u s e d to d e s c r i b e a r a d i a 
t ion s t a n d a r d . 

Spec ia l S u r v e y : A r a d i a t i o n s u r v e y which is not a p a r t of n o r m a l 
r o u t i n e . 

Specif ic A c t i v i t y : To ta l r a d i o a c t i v i t y con ten t of a g iven s a m p l e p e r 
g r a m of m a t e r i a l . 



Specif ic Ion iza t ion : N u m b e r of ion p a i r s p e r unit l eng th of pa th of 
the i on i za t i on p a r t i c l e in a m e d i u m such as a i r or t i s s u e . 

Spi l l : Any inc iden t , u s u a l l y a c c i d e n t a l , in which r a d i o a c t i v e c o n t a m 
ina t ion o c c u r s . 

Spot: Any r e l a t i v e l y s m a l l , i s o l a t e d c o n t a m i n a t e d a r e a on a f loor or 
w o r k s u r f a c e , a s oppos ed to g e n e r a l o v e r - a l l c o n t a m i n a t i o n . 

S t a r t i ng V o l t a g e : The m i n i m u m vo l t age which m u s t be app l i ed to a 
d e t e c t o r tube to c a u s e it to funct ion, with the p a r t i c u l a r r e c o r d 
ing c i r c u i t which m a y be a t t a c h e d . 

S t r e a m i n g : P r o c e s s by which n e u t r o n r a d i a t i o n m a y p e n e t r a t e a 
sh i e ld by fol lowing c r a c k s , s l o t s , e t c . , in the sh i e ld . 

S u r v e y M e t e r : A p o r t a b l e r a d i a t i o n de t ec t i on m e t e r d e s i g n e d for 
r a d i a t i o n s u r v e y w o r k . 

T o l e r a n c e D o s e : A m i s u s e d s y n o n y m for " p e r m i s s i b l e d o s e . " No 
dose should be " t o l e r a t e d . " 

T r a c k : Ind ica t ion of the pa th of an ion iz ing p a r t i c l e in a c loud c h a m 
b e r or n u c l e a r e m u l s i o n . 

Yield: A c a l i b r a t i o n f ac to r u s e d in r a d i a t i o n m e a s u r e m e n t s . Yield 
i s c o m m o n l y c a l c u l a t e d in p e r c e n t a g e . Yield i s d e t e r m i n e d by 
count ing a s t a n d a r d o r known s a m p l e and dividing the r e s u l t a n t 
count by the known d i s i n t e g r a t i o n r a t e . 
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SECTION VI. T A B L E O F MAXIMUM P E R M I S S I B L E L E V E L S 

A. A i r C o n t a m i n a t i o n (Gases and P a r t i c u l a t e s ) 

1. S h o r t - h a l f - l i f e b e t a - g a m m a - e m i t t i n g 
d e c a y p r o d u c t s f r o m r e a c t o r s t e a m 

2. L o n g - h a l f - l i f e b e t a - g a m m a e m i t t e r s 
f r o m any s o u r c e 

3 . S h o r t - h a l f - l i f e a l p h a - e m i t t i n g r a d o n 
d a u g h t e r s 

4. L o n g - h a l f - l i f e a lpha e m i t t e r s f r o m 
any s o u r c e 

5. Soluble p l u t o n i u m - 2 3 9 

1.1 x 10^ dpm/m^ 

2.2 X 10^ dpm/m^ 

2.2 X 10^ dpm/m^ 

70 dpm/m^ 

18 dpm/m^ 

B. M a x i m u m P e r m i s s i b l e L e v e l s for S u r f a c e C o n t a m i n a t i o n 

1. " L o o s e " or " S m e a r a b l e " C o n t a m i n a t i o n 

a. R e a c t o r a r e a b e t a - g a m m a 1,000 dpm/f t^ 

a lpha 100 dpm/f t^ 

b . A d m i n i s t r a t i v e a r e a b e t a - g a m n n a 100 d p m / f t 

2. " F i x e d " C o n t a m i n a t i o n 

R e a c t o r a r e a b e t a - g a m m a 2 m r / h r 

a lpha 1,000 d p m / l 0 0 cm^ 

b . A d m i n i s t r a t i v e a r e a b e t a - g a m m a None d e t e c t a b l e 

a lpha None d e t e c t a b l e 

C. M a x i m u m P e r m i s s i b l e L e v e l s for P e r s o n n e l C o n t a m i n a t i o n 

1. Hands and a l l sk in 
s u r f a c e s 

2. Work c lo th ing 

b e t a - g a m m a None d e t e c t a b l e 

a lpha None d e t e c t a b l e 

b e t a - g a m m a 0.1 m r / h r 

a lpha 

m a x i m u m 

None d e t e c t a b l e 
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3. Street clothing be ta -gamma None detectable 

alpha None detectable 

4. Shoes be ta -gamma 0.1 m r / h r 
maximum 

alpha none detectable 

D. Maximum P e r m i s s i b l e Levels of Contamination for Tools 
and Equipment 

Cer ta in tools and equipment a re to remain on the reactor oper
ating floor at all t imes . All such portable gear is identified by a purple 
paint s t r ipe . Other tools and equipment may be moved from the reac tor a rea 
to the adminis t ra t ive or shop a rea with the pe rmiss ion of Health Phys ics . 

1. Hand tools (Reactor a r ea only) 

a. Smearable contamination 1,000 dpm/ft^ (beta-gamnna) 

10 0 dpm/ft^ (alpha) 

b. Fixed contamination 2 m r / h r (beta-gamma) 

100 dpm/lOO cm^ (alpha) 

2. Hand tools (Shop or adminis t ra t ive area) 

a. Smearable contamination 100 dpm/ft^ (beta-gamma) 
50 dpm/ft^ (alpha) 

b. Fixed contamination None detectable (beta-gamma) 

None detectable (alpha) 

3. Nonportable Equipment (Reactor a r e a only) 

a. Smearable contamination 1,000 dpm/ft^ (beta-gamma) 

100 dpm/ft^ (alpha) 

b. Fixed contamination 5 m r / h r (beta-gamma) 

1,000 dpm/lOO cm^ (alpha) 

4. Nonportable Equipment (Shop and/or adminis trat ive area) 

a. Smearable contamination 100 dpm/ft^ (beta-gamma) 
50 dpm/ft^ (alpha) 
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E. Maximum P e r m i s s i b l e Levels for Off-site Shipments of 
Radioactive Mater ia l s 

1. AEC Cont rac tors or L icensees . 

a. Internal radioact ivi ty. Not l imited. 

b. External gamma radiation through container: 

1) Contact 200 m r / h r 
2) D i s t a n c e of one m e t e r 10 m r / h r 

c. External alpha and beta radiat ion through container . 

None permi t ted . Container should shield out all 
alpha and beta radiat ion. 

d. External contamination of container: 

None permi t ted . 

e. Neutron radiat ion through container : 

See ICC Tariff 10. 

f. Packaging r e q u i r e m e n t s : 

See ICC Tariff 10. 

g. Cour ier shipments : 

Exempt from ICC l im i t s . Contact AEC-IDO Health & 
Safety for detai ls and l imi t s . 

2. Outside Vendors 

No shipments of radioact ive m a t e r i a l s or contaminated 
i t ems will be made to outside vendors unless they p o s s e s s 
valid AEC l icenses for the handling and process ing of 
radioact ive m a t e r i a l s . 

F . Maximum P e r m i s s i b l e Levels for On-s i te ( Intra-s i te) 
Shipments of Radioactive Mater ia l s 

In genera l , on-s i te shipments a re r equ i red to mee t ICC l imi ts 
as specified in ICC Tariff 10. Exceptions can be made if the shipment is 
to be escor ted by AEC cour i e r s and if p r io r a r r angemen t s a re made through 
AEC-IDO Health and Safety. 



M a x i m u m P e r m i s s i b l e L e v e l s for E x t e r n a l Rad ia t ion E x p o s u r e 
of P e r s o n n e l 

1. M a x i m u m p e r m i s s i b l e l e v e l s for w o r k a r e a s : The m a x i m u m 
p e r m i s s i b l e l eve l for e x t e r n a l r a d i a t i o n e x p o s u r e of p e r s o n 
ne l i s 7 . 5 m r e m / h r for a 4 0 - h o u r pe r week e x p o s u r e , i n c l u d 
ing d o s a g e f r o m a l l t y p e s of r a d i a t i o n e n c o u n t e r e d . 

a. G a m m a r a d i a t i o n a lone 7.5 m r / h r 

b . Be ta r a d i a t i o n a lone 

c. N e u t r o n r a d i a t i o n a lone 

1) F a s t n e u t r o n s 

2) Slow n e u t r o n s 

7.5 m r e p / h r 

7.5 m r e m / h r 

40 n / c m y sec 
2,000 n / c m y s e c 

(NOTE: G a m m a , be t a , and n e u t r o n e x p o s u r e s a r e r e p o r t e d in 
d i f fe ren t u n i t s : the m r , m r e p , and the m r e m , r e s p e c 
t i ve ly . All of t h e s e un i t s can be d i r e c t l y c o n v e r t e d to 
m r e m without i n t r o d u c i n g s e r i o u s e r r o r s . C u m u l a t i v e 
e x p o s u r e s at A L P R a r e r e p o r t e d in m r e m for to t a l 
b e t a - g a m m a - n e u t r o n e x p o s u r e . ) 

2, C u m u l a t i v e E x p o s u r e L i m i t s , 

Weekly l i m i t s : 

1) Sho r t t e r m 
2) Long t e r m 

300 m r e m / w e e k 
100 m r e m / w e e k 

b . Q u a r t e r l y l i m i t s : 

1) Shor t t e r m 
2) Long t e r m 

3 r e m / q u a r t e r 
1.3 r e m / q u a r t e r 

Annua l l i m i t s ; 

1) Sho r t t e r m 
2) Long t e r m 

15 r e m / y e a r 
5 r e m / y e a r 

L i f e t i m e l i m i t s ; 

M P D = 5 (N-18) r e m 



where 

N = age in yea r s at end of calendar yea 
MPD = total maximum lifetime dose 

Limitat ion: No year ly increment shall 
exceed 15 r e m 

Reportable Overexposures : 

1) Weekly 
2) Quar te r ly 
3) Yearly 
4) Lifetime 

Over 300 m r e m / w e e k 
Over 3 r e m / q u a r t e r 
Over 15 r e m / y e a r 
Over MPD 
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