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I . PURPOSE
T h i s memorandum documents the verbal approval for a Removal Act i on pursuant to the

Comprehens ive Environmental Response, Compensa t i on and L i a b i l i t y Act ( C E R C L A ) , as
amended, 42 U . S . C . §§ 9601 et seq.. at the W e b s t e r - G u l f N u c l e a r S i t e ( " S i t e " ) located in
W e b s t e r , Harr i s County, T e x a s . The memorandum also documents an e x empt i on to the $2
m i l l i o n s tatutory l imi t for a Removal Act ion. The propo s ed action involves the removal and
proper d i s p o s a l of the radioactive sources and contaminated wastes at the S i t e , and di sa s s embly
and d i s p o s a l of the contaminated b u i l d i n g s and f o u n d a t i o n s .

T h i s memorandum also documents the use of the On-Scene C o o r d i n a t o r ' s d e l e g a t e d
authori ty to i n i t i a t e a Cla s s i c Emergency Response.

T h i s action meets the criteria for in i t i a t ing a removal action under the Nat i ona l
Contingency Plan (NCP), 40 CFR §300.415. T h i s action is expec ted to require les s than twelve
months.
I I . S I T E C O N D I T I O N S A N D B A C K G R O U N D
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Category of removal: C l a s s i c Emergency
S i t e ID # 06MD

917581

R e c y c l e d / R e c y c l a b l e .Printed with Vegetable Oil Based Inks on 100% Recycled Paper (40% Postconsumer)



A . S i t e Des cr ip t i on
1. Removal site evaluat ion
The W e b s t e r - G u l f N u c l e a r S i t e ( " S i t e " ) i s located in Harri s County. At the W e b s t e r S i t e

are numerous radioactive sources and radioact ive-contaminated wastes, mater ial s , and structures.
Machining of radioactive sources, s p i l l s , and other releases during opera t i on s at the S i t e
contaminated the structures and equipment. The radiation level in the structures has resulted in
their being d e f i n e d as a H i g h Radiation Area, and ther e f or e time and sh i e ld ing precautions must
be observed. Several radioact ive i s o t op e s have been i d e n t i f i e d throughout the f a c i l i t y .

The meters and monitors have de t e c t ed elevated radiat ion beyond the perimeter of the
Webs t e r S i t e . T h i s is f rom the "shine" from the gamma radioact ive sources within the bu i ld ing .
The level of radiat ion at the perimeter is high enough to be of concern to the T e x a s Department
of H e a l t h , Bureau of Radiation Control ( T D H - B R C ) .

G u l f N u c l e a r prepared radioactive sources for use in the oil f i e l d , for medical services, for
chemical p lan t processes , and research purpo s e s in the space program. Sources used in the oil
f i e l d were bundled inside a downhole tool that would "light up" the f o rmat i on s or grout in a well
in order to evaluate the f ormat ion or determine the e f f e c t i v e n e s s of the grout j o b . Other sources
were used in a variety of d iagnos t i c and therapeut i c f orms in the medical services. The chemical
industry uses radioactive sources to determine the qua l i ty of we ld s in p i p e , d ens i ty of f l u i d s , and
other operations. T h e s e sources are normal ly stored in "pigs" or s h i e l d i n g devices u s u a l l y made
of thick w a l l s of l ead , p o l y e t h y l e n e , or p a r a f f i n .

G u l f N u c l e a r also prepared tracers, hi the oil patch, tracers are t y p i c a l l y radioactive sand
that is pumped along with proppant and s e t t l e in p la c e within the f ormat i on during a fracturing
operation. Medica l tracers are short h a l f - l i f e i s o t op e s made to be i n j e c t e d into a body.
Radioactive I o d i n e - 1 3 1 was also prepared at the S i t e for thyroid treatments.

The inve s t i ga t i on has found radioactive contamination on the b u i l d i n g wa l l s and f l o o r s at
the Web s t e r S i t e . The construction of the b u i l d i n g and type of contamination do not al low for
e f f e c t i v e and e f f i c i e n t decontamination of the structure. Experience at the G u l f N u c l e a r site in
Odessa, T e x a s , has shown that b u i l d i n g decontamination is not r ea l i s t i c . However, port ions of
the structures are not contaminated, or contaminated below level of concern.

The W e b s t e r f a c i l i t y is also associated with a site located on Tavenor Road in H o u s t o n .
The T a v e n o r - G u l f N u c l e a r S i t e (06ME) is located about 10 miles away. The T D H - B R C has
indicated that the two f a c i l i t i e s operated as one for most of the time.

2. Physical l o ca t i on
The S i t e is located at 202 Medi ca l Center Boulevard in Webs t er . The immediat e area is a

medical center with c l in i c s , o f f i c e s , and a h o s p i t a l . To the east is a breast cancer d i a g n o s t i c
c l in i c separated by only a s idewalk. To the west is a medical o f f i c e b u i l d i n g and then the Clear



Lake Regional H o s p i t a l . The front door opens onto M e d i c a l Center Boulevard to the south.
Parking l o t s for the c l i n i c and d o c t o r s ' o f f i c e s surround three sides. A dog kennel is l o ca t ed to
the north, separated by a parking lot of two rows of parking and the driveway. Retail stores,
other commercial bu i ld ing s , and ball f i e l d s are nearby in the busy urban area of the immediate
vic ini ty. New housing construct ion has started in the e m p t y f i e l d across Medi ca l Center
Boulevard.

3. S i t e characteristics
The W e b s t e r S i t e has a series of structures that are connected or abutted on a p la t of

a p p r o x i m a t e l y 300 f e e t by 85 f e e t . M a t e r i a l s of construction inc lude brick, p r e f a b me ta l , and
wood s iding. T h e r e are ten d i s t in c t areas cons i s t ing of laboratories , machine shops , storage
areas, and o f f i c e s . The entire S i t e is f enced as a result of the EPA emergency response ini t iated
on October 18, 2001.

The b u i l d i n g has central air condi t i oning units on the roof. The roof has decayed and the
units are sinking into the roof and are a threat to fall through. That could leave a large hole in the
roo f , e xpo s ing the contaminated structure to the weather.

An inve s t iga t i on conducted by U . S . Eco logy in S e p t e m b e r 2001 found s i g n i f i c a n t
radioactive contamination on wa l l s and f l o o r s in several rooms. The contamination was not
l imi t ed to the radiat ion containment areas, as the inve s t igat ion found A l p h a contamination 120
times greater than background at the opening of the front door. Dust and dirt in the o f f i c e area
had readings of 650 times that of background.

Radioac t iv i ty in frequented pathways, such as o f f i c e entryways, was as high as 400,000
counts per minute ( c p m ) as measured by Geiger M u e l l e r detectors. A count per minute
represents a degradat ion of the radioactive material atom, measuring the a lpha , beta, or neutron
p a r t i c l e released by the atom. The na tura l ly occurring background is 40 to 60 cpm. A paper
towel d i s p en s e r at the S i t e was measured at 300,000 cpm, a r e f r ig era tor at 10,000 cpm.

Subsequent inve s t igat ion by the EPA has revealed that the contamination at the S i t e is
much more extensive than ind i ca t ed in the U . S . Eco logy report. The EPA has f ound numerous
add i t i ona l radioactive sources at the S i t e .

W h i l e G u l f N u c l e a r was operat ing, a s i g n i f i c a n t release occurred invo lv ing a metal lathe.
Americium-241 was spewed throughout the room. F a b r i c , which was des igned and used to
prevent the contamination of structures, was p laced on f l o o r , wa l l s and ce i l ing of the room.
When the fabr i c was p u l l e d back, the de t e c tor s measured the degradat ion at a p p r o x i m a t e l y
2,000,000 cpm on the f l o o r .

A dead rat found in the f r on t o f f i c e had a gamma radiat ion level reading of 2,000 micro-
Roentgen/hour (mR/h); natural background for the area is only 40 mR/h. Cockroaches registered
60,000 cpm.



Every room located at the Webster f a c i l i t y exceeded the acceptable surface l imit s for
rad ioac t iv i ty , as d e f i n e d by Title 25 of the T e x a s A d m i n i s t r a t i v e Code , C h a p t e r 289.

4. Releases or threatened release into the environment of a hazardous substance, p o l l u t a n t
or contaminant
An inventory of the radionuc l ide s at the Webs t er S i t e inc lude s p r e d o m i n a t e l y Cesium-

137, Americium-241, Cobal t-60, and Radium-226. A d e t a i l e d inventory of the material f ound in
the b u i l d i n g is inc luded in Attachment 3. The rad ionuc l ide s Cesium, Americium, C o b a l t ,
Radium, and the others are de s ignated hazardous substances as d e f i n e d in S e c t i o n 1 0 1 ( 1 4 ) of
C E R C L A , 42 U . S . C . § 9601(14), and 40 CFR § 302.4.

The T D H - B R C maintains the perimeter thermo-luminescent dos imeter s (TLDs) to
monitor the radiation being emitted f rom the S i t e . In the report provided by T D H - B R C to EPA
on November 8, 2001, the highest annual dose rate recorded at a s tat ion at the W e b s t e r site was
1966.5 mi l l i -Rem (mRem), and an ad jac en t TLD recorded 1585.7 mRem. On the o p p o s i t e side
of the b u i l d i n g , a TLD recorded an annual dose rate of 1148.7 mRem. The background TLD
recorded 71.7 mRem. The p ermi s s i b l e annual dose rate for the p u b l i c is 0.1 Rem, and for
occupational exposure is 5 Rem (10 CFR §§ 20.1302 and 20.1201).

Employe e s of the neighboring c l inic wear personal dosimeters as part of their
occupational requirements. Exposures to radiation have been recorded on T L D s vvorn by
employees working in the c l inic c lo se s t to the S i t e . Patterns of exposure indicate a s i g n i f i c a n t
contribution from the S i t e , a l though the exposures recorded are within the p ermi s s i b l e l imi t s .

5. NPL status
The S i t e is not on the NPL. The S i t e has not been ranked for p o s s i b l e inclusion on the

N a t i o n a l Priori t ie s Lis t .
6. M a p s , Pictures and other graphic representat ions

Attachment 1 Enforcement A d d e n d u m
Attachment 2 S i t e Map
Attachment 3 S i t e S p e c i f i c Decommiss ioning Cost Est imate, Prepared for the U . S . Bankruptcy

Court, 1 0 / 1 8 / 2 0 0 1
Attachment 4 U . S . EPA Fact Shee t on I o n i z i n g Radiation, No. 1 (EPA 402-F-98-009)
Attachment 5 U . S . EPA A F a c t Shee t on the H e a l t h E f f e c t s f rom I o n i z i n g Radiat ion, No. 2

( E P A 4 0 2 - F - 9 8 - 0 1 0 )



B. Other Act i on s to Date
1. Previous actions
F o l l o w i n g the October 17, 2001 conversion of the o w n e r ' s Chap t e r 11 bankruptcy

p r o c e e d i n g s to a C h a p t e r 7 bankruptcy, the S t a t e of T e x a s requested ass i s tance f rom E P A . Under
th e OSC's authority, a new f enc e was constructed t o c o m p l e t e l y enclose th e W e b s t e r f a c i l i t y .
Other repairs and actions were taken to bo l s t e r the security of the Web s t e r and Tavenor si tes.
EPA also took control of the alarm systems at both sites.

2. Current actions
F o l l o w i n g verbal approval by the Region 6 S u p e r f u n d Division Director on October 26,

2001, crews have mobil ized to the S i t e and begun the cleanup actions. The sources have been
accumulated f rom the various rooms in the b u i l d i n g s and staged for proper d i s p o s a l . Debris has
been cleared f rom the b u i l d i n g . The air condi t i on ing units have been removed from the b u i l d i n g
roof and other actions have been taken to s t ab i l i z e the f a c i l i t y and reduce radiation exposure.
The inve s t i ga t i on to determine p o t e n t i a l l y re spons ib l e par t i e s continues.
C. S t a t e and Local A u t h o r i t i e s ' Roles

1. S t a t e and local actions to date
S i n c e the c l o s ing of the f a c i l i t y in 1992, the T D H - B R C has worked with G u l f N u c l e a r

and its bankruptcy trustee to i d e n t i f y , remove and d i s p o s e or reuse some of the sources left in the
Webs t er f a c i l i t y .

2. Pot en t ia l for continued S t a t e / l o c a l response
The T D H - B R C has indicated its continued interest and its commitment to p a r t i c i p a t e in

the propo s ed removal action. The T D H - B R C is expec t ed to assist in the i d e n t i f i c a t i o n of
radioactive contamination and the i s o t o p e s , and conf irmat ion of decontamination. The TDH-
BRC ass i s tance w i l l f a c i l i t a t e the d i s p o s a l and transportat ion procedures.

I I I . T H R E A T S T O P U B L I C H E A L T H O R W E L F A R E O R T H E E N V I R O N M E N T , A N D
S T A T U T O R Y A N D R E G U L A T O R Y A U T H O R I T I E S

A. T h r e a t s to Pub l i c H e a l t h or W e l f a r e
The current condi t i on s at the S i t e meet the f o l l o w i n g f a c t o r s which indi ca t e that the S i t e

is a threat to the p u b l i c h ea l th , w e l f a r e and the environment and a removal action is a p p r o p r i a t e
under S e c t i o n 3 0 0 . 4 1 5 ( b ) ( 2 ) of the N a t i o n a l Cont ingency Plan. Any or all of these f a c t o r s may
be present at a s i te yet any one of these f a c t o r s may determine the a p p r o p r i a t e n e s s of a removal
action.



1. Exposure to Human P o p u l a t i o n s , A n i m a l s or the F o o d Chain, NCP S e c t i o n
300.415 (b)(2)(i)

P e o p l e can be exposed to the radiat ion f r om the perimeters of the S i t e . The perimeter
monitoring instruments have de t e c t ed radiat ion l e v e l s that require l i m i t e d , exposure to p e o p l e in
that area. W i t h i n the f a c i l i t y , a member of the general p u b l i c would exceed the hourly a l l o w a b l e
dose of radiat ion within a few minutes. The a l l owab l e dose for individual members of the p u b l i c
is f ound in 10 CFR § 20.1301, and a l l o w s no more than 100 mRem per year and no more than 2
mRem in any one hour. The perimeter dosimetry registered an annual dose of 1966.5 mRem.

In a d d i t i o n to the gamma radiat ion f ound at the S i t e , a l p h a and beta sources and
contamination were also found in the b u i l d i n g . The p a r t i c u l a t e s were found as surface
contaminants on w a l l s , f l o o r s , equipment, and t oo l s . P e o p l e coming into contact with those
contaminated sur face s could have picked up the radioactive p a r t i c l e s or ingested or inhaled the
contaminated dust par t i c l e s .

The c l inic s and medical o f f i c e s share p a t i e n t s , and as a result there is a high volume of
pede s tr ian t r a f f i c in f ront o f the W e b s t e r f a c i l i t y . The neighboring breast d iagno s t i c c l i n i c makes
uses of every parking space in its lo t . Eighteen of the spaces are along the exterior wall of the
f a c i l i t y , where the dosimeter registered 1148.7mRem.

2. Hazardous Subs tance s or P o l l u t a n t s or Contaminants in Drums, Barrels, T a n k s , or
Other Bulk S t o r a g e Containers, T h a t May Pose a Threat of Release; NCP S e c t i o n
300.415 (b)(2)(ii i)

At the Web s t e r S i t e , radioactive-contaminated waste is stored in p i g s , bags, and boxes.
The waste inc lude s a combination of suits and gloves , laboratory s u p p l i e s , and mi s c e l laneous
material. It is contaminated with a l p h a , beta, and gamma radiation. O i l , water, and sand in
ground vaul t s are contaminated with several radioactive i s o t ope s .

Over 300 radioactive sources have been found at the S i t e . The sources are the c a p s u l e s ,
d i sk s , b o t t l e s , or v ia l s prepared for use in the various industries. The count of sources inc lude s a1 ' . ' i is i n g l e 18 Curie Ces ium source and bund l e s of Radium needles . A bundle of Radium nbed l e s
ranges f r o m 3 to 150 per bundle. Americium-241, Cesium-13, Radium-226, and Cobal t -60 are
the primary radioact ive i s o t o p e s f o u n d . Radioact ive i s o t o p e s o f S t r o n t i u m , P l u t o n i u m ,
Europium, Thorium, Uranium, Polonium, I o d i n e , S i l v e r , I n d i u m , and Gado l in ium have al so been
f ound on the S i t e in s i g n i f i c a n t quant i t i e s .

At least 25 vaul t s have been f ound at the S i t e : T h e s e vaul t s are constructed of metal or
p l a s t i c p i p e and p l a c e d in the ground, thus using ,the ground as s h i e l d i n g . The vaul t s t y p i c a l l y are
used to store sources; Contaminated oil and sand have been found in some of the vaul t s .
I n v e s t i g a t i o n of the other vau l t s w i l l be conducted a s ! p r o t e c t i v e s h i e l d i n g and equipment are
erected to s a f e l y e xp l or e the contents.



3. Weather C o n d i t i o n s T h a t May Cause H a z a r d o u s Subs tance s or P o l l u t a n t s or
Contaminants to M i g r a t e or be Released. NCP S e c t i o n 300.415 (b)(2)(v)

The area is s u b j e c t to hurricanes and other severe weather. S i n c e the b u i l d i n g i t s e l f is
contaminat ed , any structural damage would cause the radioact ive contaminants to be released.
The b u i l d i n g does prov ide pro t e c t i on for the containers and other contaminated items. However ,
the b u i l d i n g is h i g h l y contaminated, and if the b u i l d i n g is s i g n i f i c a n t l y damaged , the
contaminants could ea s i ly migrate o f f - s i t e . G u l f N u c l e a r i n s t a l l e d s h i e l d i n g which was
comprised of pouring lead shot or oil between wall pane l s or window panes. Damage to these
b u i l d i n g components could release the shot or oil.

4. Threat of Fire or Explo s ion, NCP Sect ion 300.415 (b)(2)(vi)
The volume of v o l a t i l e chemicals is minimal and does not present a high risk of f i r e or

e x p l o s i o n r e s u l t i n g from those chemicals. However, the f i r e department is on record as saying
that should a f i r e occur, it will take no action to f i g h t the f i r e or enter the bu i ld ing . A f i r e could
carry rad ia t i on in the plume which could be d i sper s e throughout the city.

5. A v a i l a b i l i t y of Other Mechanisms, NCP S e c t i o n 300.415 (b)(2)(vii)
The T D H - B R C is expec t ed to p a r t i c i p a t e in the removal action, and its involvement w i l l

be instrumental in f a c i l i t a t i n g the proper d i s p o s a l of the radioactive. The T D H - B R C has
indicated that it has exhausted its c a p a b i l i t y to d i s p o s e of the remaining material. The T D H - B R C
does not have the mechanisms to conduct the required removal action.

No ac t iv i ty i s expec t ed f rom the p o t e n t i a l l y r e spons i b l e par t i e s ( P R P s ) . The bankruptcy
trustee does not have the c a p a b i l i t y to p e r f o r m the removal action. Sourc e s and wastes that could
ea s i ly be l inked by the T D H - B R C to a PRP have been previous ly d i spo s ed of o f f - s i t e .

6. Other S i t u a t i o n s or Fac t or s That May Pose Threa t s to P u b l i c H e a l t h or W e l f a r e of
the United S t a t e s or the Environment, NCP S e c t i o n 300.415 ( b ) ( 2 ) ( v i i i )

If the Site was i n t e n t i o n a l l y set on f i r e , the contamination could spread over a very wide
area. H o m e s , businesses, h o s p i t a l s , m a l l s , s chools , arid parks would be severely impac t ed . S o i l
contamination above the action l ev e l s could exist in an areaigreater than the size of the C i t y of
Webster . The nearly 300 known radioact ive sources could be involved in the f i r e , as wel l as the
severely contaminated b u i l d i n g f eatures . W a l l s , f l o o r s , and air h a n d l i n g equipment are so
contaminated that they could s i g n i f i c a n t l y contribute to the widespread contamination of the
surrounding community.
B. T h r e a t s to the Environment

R u n o f f f r om the s i t e s has the p o t e n t i a l of contaminating the bayous and other drainage
pathways. The water would enter Clear Lake and sub s equent ly G a l v e s t o n Bay.



I V . E N D A N G E R M E N T D E T E R M I N A T I O N
A c t u a l or threatened releases of hazardous substances, p o l l u t a n t s or contaminants f r om

t h i s Site, i f not addressed by i m p l e m e n t i n g the response action se lec ted in th i s A c t i o n
Memorandum, may present an imminent and sub s tan t ia l endangerment to the p u b l i c h e a l t h ,
w e l f a r e , or the environment.
V . E X E M P T I O N FROM S T A T U T O R Y L I M I T S

1. I m m e d i a t e Risk to P u b l i c H e a l t h or W e l f a r e or the Environment
The amount of radiation recorded at the perimeter of the S i t e poses an immediate risk to

the p u b l i c who may work or live in close proximity. The exposure s tandards require l i m i t e d
exposure to the radiat ion l ev e l s de tec t ed at the perimeter. Continued exposure to the radiat ion
has been l inked to re spiratory e f f e c t s , anemia, and other adverse heal th e f f e c t s . The
r a d i o n u c l i d e s are considered carcinogens, and cancer is the major e f f e c t of concern. The
p e r m i s s i b l e exposure level for members of the p u b l i c entering the b u i l d i n g or even remaining at
the per imeter would be exceeded quickly.

Gamma ( y ) , Beta (P), and A l p h a (OC) radiat ion have been found in sources and in the
form of contaminat ion in the b u i l d i n g . Each of these f o rms of radiation p i o s e s a d i f f e r e n t threat
to human h e a l t h based on the characteristics of each. Gamma radiat ion is wave-like and can
pene t ra t e skin or other such barriers. Beta and A l p h a radiat ion are par t i c l e s , and barriers are
more e f f e c t i v e but the p a r t i c l e s can enter a body by ingestion or inhala t i on . The p a r t i c l e s could
then have an e f f e c t on the c e l l s of the body, causing cancer or mutations. See Attachment s 4 & 5
f o r H e a l t h E f f e c t s o f ionizing radiation.

Several radioactive sources on the S i t e pose an immediate danger. Exposure to the 18-
Curie Ces ium-137 source and other sources would result in immediate t i s sue damage. Several of
the Americ ium-Beryll ium (AmBe) sources are breeched and leaking. The f i n e powders are
r e s p i r a b l e and e a s i l y su spended in the air.

2. Continued Response Act ions are I m m e d i a t e l y Required to Prevent, L i m i t , or M i t i g a t e
an Emergency

The p r o p o s e d response action wi l l remove the immediate threat f rom the radioac t ive
sources and contamination. The dose rate f rom the radiation in the structures is high and requires
l i m i t s on the exposure to humans. However, should something d i s rup t the in t egr i ty of the
b u i l d i n g or one or more of the several containers, the migration of the radioact ive material could
be w i d e s p r e a d . The S t a t e has expressed concern that material f rom the S i t e may lead to the wide
spread contamination. ' :

Severa l Americium-241 and Cesium-137 sources are stored in the b u i l d i n g . Direct
exposure or even p r o x i m i t y exposure to the unsh i e lded sources would have an e f f e c t on humans.
C e l l damage could occur i m m e d i a t e l y and the p o t e n t i a l for long-term e f f e c t s i s great. One of the



Cesium-137 sources has an a c t i v i t y of 18 Curies; the c l e a n u p leve l e s t a b l i s h e d by EPA is 40
p i co-Curi e s ( p C i ) o r 4 0 x 1 0 ' 1 2 C i .

3. A s s i s t a n c e W i l l Not Otherwise be Provided on a T i m e l y Basis
The S t a t e has exhausted its response c a p a b i l i t i e s . Through the BRC, many sources and

contaminated mater ia l s were p r o p e r l y d i s p o s e d of at o f f - s i t e f a c i l i t i e s . However, no other PRPs
can e a s i l y be i d e n t i f i e d to d i s p o s e of the remainder of the material. The owner of the S i t e , The
GNI G r o u p , Inc. , is no longer an ent i ty that can respond. There are no other state or local
agencies c a p a b l e of conducting the response on a t i m e l y basis.

The S t a t e of Texa s Natural Resource Conservation Commission (TNRCC) has committed
to contribute ten percent of the c leanup cost to e x p e d i t e the response. The T D H - B R C has
committed to assist with the EPA-lead response by prov id ing personnel and equipment on-site.
V I . PROPOSED A C T I O N S A N D E S T I M A T E D C O S T S
A. Proposed A c t i o n s

1. Proposed Act ion Descr ip t ion
The radioac t ive sources and wastes wi l l be packaged and transported o f f - s i t e for d i s p o s a l

at a proper f a c i l i t y that is in compliance with the EPA O f f - s i t e Rule. The b u i l d i n g s and
f o u n d a t i o n s w i l l be d i sa s s embled and d i s p o s e d of o f f - s i t e at an a p p r o p r i a t e f a c i l i t y . The
contaminated material will be screened and segregated to minimize the volume of radioactive
material. If any of the sources are viable for reuse, the T D H - B R C may assist with the p r o p e r
trans f er of l i c e n s i n g for fu ture use. The f o u n d a t i o n w i l l be b a c k f i l l e d to a p p r o p r i a t e grade.
C l e a n u p l e v e l s for each d i f f e r e n t radioactive i s o t o p e are based upon Title 25 of the T e x a s
A d m i n i s t r a t i v e Code , C h a p t e r 289.202.

2. Contr i bu t i on to remedial performance
No remedial action is expec t ed to take p l a c e at this S i t e . However, should c ond i t i on s

change or more in f ormat i on is found that indicates a remedial action is a p p r o p r i a t e , the propo s ed
action is consi s tent with any p o t e n t i a l remedial action.

3. Des cr ip t i on of a l t ernat ive t e chno log i e s
T h e r e are no al t ernat ive t e chno log i e s that could f e a s i b l y be a p p l i e d .
4. A p p l i c a b l e or relevant and a p p r o p r i a t e requirements
T h i s removal action wi l l be conducted to e l iminate the actual or p o t e n t i a l release of a

hazardous subs tance, p o l l u t a n t , or contaminant to the environment, pursuant to C E R C L A , 42
U . S . C . § 9601 et seq., and in a manner consi s t ent with the N a t i o n a l C o n t i n g e n c y P l a n , 40 C F R .



Part 300, as required at 33 U . S . C . § 1 3 2 1 ( c ) ( 2 ) and 42 U . S . C . § 9605. Pursuant to 40 CFR Part
3 0 0 . 4 1 5 ( j ) , f u n d - f i n a n c e d removal actions under CERCLA § 104 and removal act ions pursuant
to C E R C L A § 106 s h a l l , to the extent prac t i cab l e considering the exigencies of the s i t ua t i on ,
a t t a i n the a p p l i c a b l e or relevant and a p p r o p r i a t e requirements under F e d e r a l environmental law.

Due to the f a c t that c o n s o l i d a t i o n and o f f - s i t e d i s p o s a l are the p r i n c i p a l e l ements of th i s
removal action, RCRA waste analysi s requirements found at 40 CFR §§ 261.20 and 261.30,
RCRA m a n i f e s t i n g requirements f ound at 40 CFR § 262.20, and RCRA p a c k a g i n g and l a b e l i n g
requirements f o u n d at 40 CFR § 262.30 are deemed to be a p p r o p r i a t e requirements for th i s
removal action. Regu la t i on s covering the t ranspor ta t i on of radioactive mater ial s in c lude 49 CFR
§ 173, S u b p a r t I; 10 CFR § 71 and 10 CFR § 61. Ambient air qua l i ty s tandards at 40 CFR 50
will be used, as a p p l i c a b l e , to protect the quality of air during the implementat ion of the action.

5. P r o j e c t s chedule
The duration of ac t iv i t i e s is expec t ed to be four to six months, d e p e n d i n g upon weather

condi t i ons and s c h e d u l i n g , and the a v a i l a b i l i t y of d i s p o s a l contractors ami other contractors.
B. Es t imat ed Cos t s

The Region 6 S u p e r f u n d Division Director gave verbal approval on October 26, 2001, to
conduct the removal action 'and e s tab l i shed a c e i l i n g of $4,500,000 for the c l eanup contractors
and d i s p o s a l . T h a t c e i l ing was to cover both the W e b s t e r - G u l f N u c l e a r and the T a v e n o r - G u l f
N u c l e a r actions. The condi t ions as understood by EPA on October 26, 2001, were consis tent
with a cost e s t imate of $4,500,000; however, the number o f ' u n a n t i c i p a t e d sources, h idden rooms,
and l e v e l s and q u a n t i t i e s of contamination have raised the original e s t imate of costs. The
T a v e n o r - G u l f N u c l e a r s i te wi l l be addressed in a separate action memorandum. The original
approval to i n i t i a t e the Cla s s i c Emergency Response was provided by the OSC using his
d e l e g a t e d authori ty, with the Cla s s i c Emergency Response c e i l ing i n i t i a l l y e s t ab l i sh ed at
$50,000.
Extramural C o s t s

C l e a n u p Contractor....................................................L....................... $5,750,000
( I n c l u d e s the $50,000 ceiling for the Emergency Action) '

' ' , • ' , ' j . . iSTART...............................................j.......:.:.........:l........:................. $100,000
T O T A L , E X T R A M U R A L C O S T S $5,850,000



V I I . E X P E C T E D C H A N G E I N T H E S I T U A T I O N S H O U L D A C T I O N B E D E L A Y E D
OR NOT TAKEN
If thi s action is not taken at the S i t e , the p o t e n t i a l for human exposure to contaminants at

the S i t e w i l l remain unabated. The drums, boxes, and bags wil l continue to de t er iorat e and the
radioac t ive material w i l l be released. The b u i l d i n g is sub j e c t to vandalism, and p e o p l e coming
into contact with the contamination wi l l be exposed to dangerous l eve l s of radiation. V a n d a l i s m
or damage f r om storms could result in the release and migration of the radiat ion.

V I I I . O U T S T A N D I N G P O L I C Y I S S U E S
It is a n t i c i p a t e d that several glove-boxes or h o t - c e l l s wi l l exceed Ihe c l a s s i f i c a t i o n of

C l a s s C waste. T h e r e are no current d i s p o s a l f a c i l i t i e s for commercial greater-than-class-C waste
(GTCC). The Department o f Energy (DOE) has f a c i l i t i e s that are capab l e o f taking the G T C C
waste.
I X . E N F O R C E M E N T

See Attachment 1.

X . R E C O M M E N D A T I O N
T h i s dec i s ion document represents the s e l e c t ed removal action for the W e b s t e r - G u l f

N u c l e a r S i t e , in Web s t e r , Harri s County, T e x a s , d e v e l o p e d in accordance with C E R C L A as
amended, and not inconsis tent with the N C P . T h i s dec i s ion is based on the admin i s t ra t iv e record
f o r t h e S i t e .

C o n d i t i o n s at the S i t e meet the criteria as d e f i n e d by 40 CFR S e c t i o n 3 0 0 . 4 1 5 ( b ) ( 2 ) of the
NCP for a removal, and I recommend your approval of the propo s ed removal action and your
approval of the $2 m i l l i o n d o l l a r exemption. The to tal p r o j e c t c e i l ing wi l l be $5,850,000.

APPROVED V Wiivutus ' ivi^c/w^-, ~ r /1DATE 8



M E M O R A N D U M
SUBJECT: Request for a Removal Act ion and $2 M i l l i o n Exempt i on at the W e b s t e r - G u l f

N u c l e a r S i t e , Webs t er , Harris County, T e x a s
F R O M : Gregory E. Fife , Senior On-Scene Coordinator

S i t e Response S e c t i o n ( 6 S F - R 2 )
TO: Myron O. Knudson, P.E., Director

S u p e r f u n d Division ( 6 S F )
T H R U : Char l e s A . Gazda, C h i e f

Response and Prevention Branch (6SF-R)
I . P U R P O S E

T h i s memorandum documents the verbal approval for a Removal Act ion pursuant, to the
Comprehens ive Environmental Response, C o m p e n s a t i o n and L i a b i l i t y Act ( C E R C L A ) , as
amended, 42 U . S . C . §§ 9601 ej segu, at the W e b s t e r - G u l f Nucl ear S i t e ( " S i t e " ) located in
Webs t e r , Harr i s County, T e x a s . The memorandum also documents an e x e m p t i o n to the $2
m i l l i o n s ta tutory l i m i t for a Removal Action. The p r o p o s e d action involves the removal and
proper d i s p o s a l of the radioactive sources and contaminated wastes at the S i t e , and d i s a s s e m b l y
and d i s p o s a l of the contaminated b u i l d i n g s and f o u n d a t i o n s .

T h i s memorandum a l s p documents the u s e o f the On-Scene C o o r d i n a t o r ' s d e l e g a t e d
author i ty to i n i t i a t e a C l a s s i c Emergency Response. :

' C3;i^;;.?-V ^ : ' ' • . ' ' • iT h i s action meets the|e|i:t$!|^iM|^hMatihg a removal action u f i d e r the N a t i o n a l
ingency P l a n (NCP), 4(D!©Fl|^i{^|||15i T h i s action i s | e x] | e c tdd]to require l e s s thCont ingency P I

months.
I I . S I T E C O N D I T I O N S

than twelve

C E R C L I S # T X 0 0 0 0 6 0 5 4 2 & * - ;
Category of removal: C l a s s i c
S i t e ED # 06MD

C O N C U R R E N C E :
Broylas S u t t i c e

6 S F 4 A C
Parr
6 S F - A C

Peycke Buzze lh
6RC-
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D e c o m m i s s i o m n e C o s t K s t i m a t e R e p o r t

1 . 0 I N T R O D U C T I O N
T h i s s i t e s p e c i f i c D e c o m m i s s i o n i n g C o s t E s t i m a t e Repor t ( D C E R ) p r o v i d e s t h e i n f o r m a t i o n
needed to i d e n t i f y s i t e hazards and to s e l e c t worker p r o t e c t i o n m e t h o d s dur ing subsequent clean-
u p a c t i v i t i e s . T h e more accurate , d e t a i l e d , a n d c o m p r e h e n s i v e t h e i n f o r m a t i o n a v a i l a b l e about
the s i t e , the more the p r o t e c t i v e measures can be t a i l o r e d to the actual hazards that workers may-
encounter.
US E c o l o g y wa s i s sued an " E n g a g e m e n t L e t t e r " by t h e U.S. Bankruptcy J u d g e ,
U n i t e d S t a t e s B a n k r u p t c y Court . S o u t h e r n D i s t r i c t o f T e x a s d a t e d A u g u s t 2 0 , 2001 c o n t a i n i n g
a u t h o r i z a t i o n t o pro c e ed w i t h th e work r e f e r r e d t o in th e l e t t e r .
T h i s r epor t c o n t a i n s a summary o f t h e c h a r a c t e r i z a t i o n p e r f o r m e d a t G u l f N u c l e a r o f L o u i s i a n a ' s
W e b s t e r a n d T a v e n o r . T e x a s F a c i l i t i e s b y U S E c o l o g y o f O a k R i d g e , T e n n e s s e e be tween
S e p t e m b e r 4 , 2001 and S e p t e m b e r 10 . 2001. T h i s r epor t ha s been p r o v i d e d t o th e b e l o w l i s t e d
court on the d a t e of October 18. 2001.
T h e H o n o r a b l e W e s l e y W . S t e e n
U . S . Bankruptcy J u d g e
U n i t e d S t a t e s Bankrup t cy Court
S o u t h e r n D i s t r i c t o f T e x a s
T h e W e b s t e r F a c i l i t y began o p e r a t i o n s i n 1 9 7 1 , p r i m a r i l y s u p p l y i n g r a d i o a c t i v e tracers t o t h e o i l
f i e l d i n d u s t r y . Over th e next f ew years, o p e r a t i o n s e x p a n d e d t o i n c l u d e Am-241 neutron sources,
C s - 1 3 7 sources and I r - 1 9 2 r a d i o g r a p h y sources. M a n y r a d i o i s o t o p e s . such as Co-60 and Ra-226.
were used in m a n u f a c t u r i n g p r o d u c t s used p r i m a r i l y in th e o i l f i e l d i n d u s t r y .
O p e r a t i o n s began a s - N u c l e a r E n v i r o n m e n t a l E n g i n e e r i n g I n c o r p o r a t e d a n d o p e r a t e d a s N E E I f o r
several years. T h e name w a s changed t o G u l f N u c l e a r a n d e v e n t u a l l y t o t h e G N I G r o u p , I n c .
( " G N 1 " ) . T h e f a c i l i t y a n d i t s r a d i o a c t i v e b u s i n e s s w a s s o l d a n d t h e f a c i l i t y w a s then o p e r a t e d b y
a t h i r d - p a r t y a s G u l f N u c l e a r . I n c . S e v e r a l years l a t e r , t h e f a c i l i t i e s were returned b y t h e t h i r d -
par ty owner t o t h e G N I o r g a n i z a t i o n u n d e r t h e name o f G u l f N u c l e a r o f L o u i s i a n a , I n c .
At the t i m e o f t h i s survey, the f a c i l i t i e s were no t in o p e r a t i o n and had been shut down for several
years. T h e general c o n d i t i o n o f t h e s i t e i s t h a t o f d i s a r r a y a n d u n t i d i n e s s . N o s e c u r i t y p er s onne l
are l o c a t e d a t e i t h e r f a c i l i t y .
1.1 P u r p o s e
The following lext is an excerpt from the Slate of Texas "Guidelines for Preparing a
Decommissioning Cost Estimate Report (IX 'ER). L'S Ecology prepared this DCER using guidance
from this document

U S E c o l o g y W e b s t e r F a c i l i t y . 2 0 2 M e d i c a l C e n t e r B K d . W e b s t e r . T X
1 0 9 F l i n t Road I ' a v c n o r F a c i l i t y . 9320 T a s e n o r S t r e e t . H o u s t o n . T X
O a k R i d g e . T N 3 7 8 3 0



i h e p u r p o s e o ! m e i X ' h k i s i n d e t e r m i n e t h e p r o p e r a m o u n t o t f i n a n c i a l a s suranc e l o r
d e c o m m i s s i o n i n g t h e l i c e n s e d f a c i l i t i e s . I n p r e p a r i n g t h e D C E R . o n e s h o u l d assume t h a t t h e T e x a s
D e p a r t m e n t o f H e a l t h w i l l e n g a g e a p a r t y o t h e r t h a n t h e l i c e n s e e t o d e c o m m i s s i o n t h e f a c i l i t y . T h e
p a r t } ' must b e s p e c i f i c a l l y l i c e n s e d b y e i t h e r t h e T e x a s D e p a r t m e n t o f H e a l t h o r t h e U n i t e d S t a t e s
N u c l e a r R e g u l a t o r ) C o m m i s s i o n o r a n A g r e e m e n t S t a t e t o p o s s e s s a n d / o r u s e t h e r a d i o a c t i v e
m a t e r i a l e n c o u n t e r e d at the f a c i l i t y to be d e c o m m i s s i o n e d and i s a u t h o r i z e d to p e r f o r m
d e c o n t a m i n a t i o n o f e q u i p m e n t a n d f a c i l i t i e s a t t e m p o r a r y j o b s i t e s . I f t h e p a r t y i s n o t a l r e a d y
l i c e n s e d by the TDH to e n g a g e in such work, t h e n the cost o f e i t h e r o b t a i n i n g such a l i c e n s e or the
cost o f o b t a i n i n g r e c i p r o c a l r e c o g n i t i o n o f t h e i r ou t o f s t a t e l i c e n s e s h o u l d b e i n c l u d e d in th e cost
e s t i m a t e .
I f t h e p er s on e n g a g e d t o p e r f o r m t h e d e c o m m i s s i o n i n g o f t h e f a c i l i t y i s n o t a l i c e n s e e w i t h i n t h e
H o u s t o n area, t h e n t h e cost e s t i m a t e s h o u l d i n c l u d e t h e cost f o r t r a v e l t o a n d f r o m t h e H o u s t o n area,
l o d g i n g a n d m e a l s i n t h e H o u s t o n area f o r t h e d u r a t i o n o f t h e d e c o m m i s s i o n i n g e f f o r t , a n d t h e cost
f o r l o c a l t r a n s p o r t a t i o n .
T h e D C E R s h o u l d i d e n t i f y t h e c l a s s i f i c a t i o n s o f p e r s o n n e l w h o w i l l b e n e e d e d t o d e c o m m i s s i o n t h e
f a c i l i t y a n d t h e i r rate o f c o m p e n s a t i o n . F o r e x a m p l e :
P o s i t i o n C o m p e n s a t i o n
S u p e r v i s i n g H e a l t h P h y s i c i s t s $ X X / h r
H e a l t h P h y s i c i s t T e c h n i c i a n $ X X / h r
Laborer S X X / h r
C l e r i c a l S X X / h r
The D C E R s h o u l d e s t i m a t e t h e amount o f t i m e and th e s t a f f needed t o review both t h e T e x a s
Department o f H e a l t h l i c en s e f i l e o n t h e l i c e n s e e ' s o p e r a t i o n s a n d h i s t ory a n d t h e l i c e n s e e ' s o w n
records to d e t e r m i n e the r a d i o a c t i v e m a t e r i a l wh i ch the l i c e n s e e may have p o s s e s s e d , where i t
was used and where l o s s of contro l of the m a t e r i a l occurred.
I n e s t i m a t i n g t h e amount o f t i m e , s t a f f a n d e q u i p m e n t needed t o b eg in r a d i o l o g i c a l
c h a r a c t e r i z a t i o n o f t h e l i c e n s e e ' s f a c i l i t y , t h e f o l l o w i n g s h o u l d b e done:
1 . I d e n t i f y each b u i l d i n g , room o r area i n a b u i l d i n g " ( i n c l u d i n g c l o s e t s ) , a n d areas o u t s i d e

b u i l d i n g s that c o m p r i s e t h e f a c i l i t y .
2. P r o v i d e the d i m e n s i o n s of each b u i l d i n g , room or area in a b u i l d i n g , and areas o u t s i d e

b u i l d i n g s a t t h e f a c i l i t y .
3. Des c r i b e the nature o f th e c o n s t r u c t i o n o f th e f l o o r , w a l l s , and c e i l i n g o f each room or

area in a b u i l d i n g .
4. Identify the c o n t e n t s of each room or area in a b u i l d i n g and areas o u t s i d e b u i l d i n g s at the

f a c i l i t y .

5 . I d e n t i f y t h e l o c a t i o n o f each p l u m b i n g f e a t u r e ( e . g . . f l o o r d r a i n s , s ink s , c ommode s .
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D e c o m m i s s i o n i n g C o s t E s t i m a t e R e p o r t
shower s t a l l s , w a s h i n g m a c h i n e d r a i n s , e t c . ) in each room or area in a b u i l d i n g or area
o u t s i d e b u i l d i n g s a t t h e f a c i l i t y w i t h a c o n n e c t i o n t o e i t h e r a s a n i t a r y s ewerage o r s e p t i c
tank or h o l d i n g t a n k .

6. Ident i fy the l o c a t i o n o f each v e n t i l a t i o n i n t a k e r e g i s t e r and d u c t work in each room or
area in a b u i l d i n g .

7. Ident i fy the l o c a t i o n o f each air h a n d l i n g s y s t e m in each room or area in a b u i l d i n g . T h i s
i n c l u d e s b l ower u n i t s , f i l t e r u n i t s a n d d i s c h a r g e d u c t i n g a n d o u t l e t s .

8 . I d e n t i f y t h e r a d i o l o g i c a l m o n i t o r i n g / d e t e c t i o n e q u i p m e n t needed t o c hara c t e r i z e t h e
f a c i l i t y .

T h e D C E R s h o u l d s y s t e m a t i c a l l y assess t h e cost f o r d e c o m m i s s i o n i n g t h e f a c i l i t y b y t a b u l a t i n g f o r
each room or area in a b u i l d i n g , and for each area o u t s i d e a b u i l d i n g the t y p e o f surveys p e r f o r m e d ,
the p e r s o n n e l to be u s e d , the amount of t i m e e s t i m a t e d to p e r f o r m the surveys and the cost for such.
t h e t y p e o f a n a l y t i c a l services needed ( i f r e q u i r e d , such a s w i p e s a m p l e a n a l y s i s , s o i l s a m p l e
a n a l y s i s , or c h e m i c a l a n a l y s i s ) , an e s t i m a t e o f the r a d i o n u c l i d e s and a c t i v i t y e x p e c t e d , and an
e s t i m a t e o f the v o l u m e o f waste and the waste f o r m .
T h e D C E R s h o u l d i d e n t i f y t h e t y p e o f d e c o n t a m i n a t i o n m e t h o d o l o g y that w i l l b e needed f o r s p e c i f i c
areas (e .g . , r ooms) or f e a t u r e s ( e . g . , g l o v e b o x e s ) a t th e f a c i l i t y , o r i f d e m o l i t i o n w i l l b e th e p r e f e r e d
management m e t h o d o l o g y , and the e q u i p m e n t needed for each and the t y p e of per sonne l to be
engaged to c o n d u c t . The cost for these s h o u l d be e s t i m a t e d for each area.
T h e D C E R s h o u l d i d e n t i f y t h e t y p e a n d number o f c o n t a i n e r s needed f o r t h e waste genera t ed i n
d e c o m m i s s i o n i n g and the t o t a l cost and cost per c o n t a i n e r , and vendor for the c on ta iner s .
T h e D C E R s h o u l d i d e n t i f y t h e d i s p o s a l f a c i l i t y t o whi ch s p e c i f i c was te c a n b e sent f o r d i s p o s a l a n d
p r o v i d e t h e e s t i m a t e d cost f o r such. T h e cost e s t i m a t e s h o u l d i n c l u d e t h e d e t a i l s o f t h e d i s p o s a l cost
e s t i m a t e , p a c k a g i n g o f t h e wa s t e , s u r v e y i n g a n d l a b e l i n g o f t h e waste c o n t a i n e r s , l o a d i n g o f t h e
waste on to t r a n s p o r t v e h i c l e s , survey and p l a c a r d i n g o f the v e h i c l e s , p r e p a r a t i o n o f the r equ ir ed
s h i p p i n g p a p e r s a n d m a n i f e s t , a n d t h e cost f o r t r a n s p o r t t o t h e d i s p o s a l s i t e .
I f waste cannot b e d i s p o s e d o f a t a current d i s p o s a l f a c i l i t y , t h e D C E R s h o u l d i d e n t i f y t h e waste
waste a s t o r a d i o n u c l i d e ( s ) and v o l u m e and a p l a n s t a t e d f or management o f th e waste. The p l a n f or
management of the waste s h o u l d d e s c r i b e how the waste i s s t o r e d , where i t i s s t o r e d , how i t i s
s e cured , how i t i s m o n i t o r e d to p r e c l u d e u n a u t h o r i z e d entry to the s t o r a g e area a n d / o r removal o f the
m a t e r i a l , how i t i s to be p r o t e c t e d a g a i n s t f l o o d , f i r e and w i n d , and an e s t i m a t e of the cost for each of
t h e a f o r e m e n t i o n e d a n d u l t i m a t e d i s p o s a l .
T h e D C E R s h o u l d i d e n t i f y t h e t y p e o f p r o g r a m ( i . e . . c o m p u t e r c o d e } t h a t w i l l b e u t i l i z e d t o
d e m o n s t r a t e t ha t t h e f a c i l i t y w i l l meet t h e 2 5 m r c m / y e a r l i m i t , t h e e q u i p m e n t a n d i t s cost f o r running
the p r o g r a m , the p e r s o n n e l who w i l l b e used to run the p r o g r a m and t h e i r co s t . The p e r s o n n e l and
cost f o r p r e p a r i n g a r epor t t o t h e s t a t e d o c u m e n t i n g t h e d e c o m m i s s i o n i n g o f t h e f a c i l i t y .

U S t c o l o g > U . e h s i e r l ' a c i h t \ . : 0 : M e d i c a l C e n i e r B l v d . W e b s t e r . T . \ 4
1 0 9 H i m Road ! ' a \ e n o r t - ' a c i l i l > . 9320 T a v e n o r S t r e e t . H o u s t o n . T \
Oak R i d c e . T\ "X3"



a . T i t l e 4 9 . C o d e o f F e d e r a l R e g u l a t i o n s . P a r t s 1 7 1 t o 174. " T r a n s p o r t a t i o n " , R e v i s e d a s o f
A p r i l 1 . 1996 .

b . U . S . N u c l e a r R e g u l a t o r , ' C o m m i s s i o n . D R A F T N U R E G / C R - 5 8 4 9 . "Manual f o r C o n d u c t i n g
R a d i o l o g i c a l S u r v e y s i n S u p p o r t o f L i c e n s e T e r m i n a t i o n " , F e b r u a r y , 1993.

c . T i t l e 2 5 o f t h e T e x a s A d m i n i s t r a t i v e C o d e ( 2 5 T A C ) S e c t i o n ( § ) 2 8 9 . 2 5 2 ( g g ) ( l ) a n d ( 2 ) .
d . T i t l e 2 5 T A C § 2 8 9 . 2 5 4 ( h ) ( 1 ) a n d ( 2 ) .
e . T i t l e 2 5 T A C § 2 8 9 . 2 5 2 ( g g ) ( 5 ) .
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T e r m i n a t i o n
1 . 3 S i t e D e s c r i p t i o n
T h e f o l l o w i n g t e x t p r o v i d e s a b r i e f p h y s i c a l d e s c r i p t i o n o f t h e W e b s t e r a n d T a v e n o r f a c i l i t i e s .
C h a r a c t e r i z a t i o n d a t a f o r t h e t w o f a c i l i t i e s i s l o c a t e d i n S e c t i o n 2.0.
1.3.1 W e b s t e r F a c i l i t y D e s c r i p t i o n
T h e east s i d e o f t h e W e b s t e r f a c i l i t y shares a p a r k i n g l o t w i t h a Breast Cancer M e d i c a l F a c i l i t y .
The west s i d e o f the f a c i l i t y i s e n c l o s e d wi th a c y c l o n e f e n c e . T h i s f e n c e i s p o s t e d a s a
R a d i o a c t i v e M a t e r i a l s S t o r a g e Area. The s o u t h , north and east s i d e s o f t h e b u i l d i n g s ar e no t
p o s t e d .
I t i s e v i d e n t t h a t t h e f a c i l i t y h a s e x p e r i e n c e d a t l e a s t o n e recent break-in o r b u r g l a r y . T h i s i s
e v i d e n t by a l a r g e broken w indow in the f r o n t o f f i c e area t h a t has s ince been secured w i t h
p l y w o o d .
T h e W e b s t e r f a c i l i t y b a s i c a l l y c o n s i s t s o f t e n areas; 1 ) o f f i c e s e c t i o n , 2 ) l a b o r a t o r y ' s e c t i o n , 3 )
r a d i o g r a p h y area. 4 ) m a c h i n e s h o p . 5 ) o l d C s - 1 3 7 & A m - B e l a b s , 6 ) leak t e s t l a b , 7 ) n e w C s - 1 3 7
& Am-Be l a b s ) 8 ) t ra c er lab . 9 ) s t o r a g e area a n d 1 0 ) o p e r a t i o n a l s u p p o r t areas.
T h e f o l l o w i n g i s a b r i e f d e s c r i p t i o n o f t h e s e t e n areas:
1 ) O f f i c e S e c t i o n

T h e f r o n t o f f i c e s e c t i o n i s common r e s i d e n t i a l c o n s t r u c t i o n w i t h wood p a n e l i n g i n s i d e a n d f r a m e
a n d b r i c k c o n s t r u c t i o n o n t h e o u t s i d e . T h e b u i l d i n g s i t s o n a c oncr e t e p a d f o u n d a t i o n . T h e f l o o r
i n t h i s s e c t i o n i s covered w i t h a s p h a l t t i l e a n d c a r p e t . T h e r e a r e t w o a i r c o n d i t i o n i n g s y s t e m s ,
o n e overhead s y s t e m ( t o p o f t h e r o o f ) a n d o n e c l o s e t t y p e .
2 ) L a b o r a t o r y S e c t i o n
T h e L a b o r a t o r y S e c t i o n o f t h e f r o n t b u i l d i n g c o n t a i n s f o u r l a b s a n d o n e s t o r a g e area. T h e s e l a b s
are 2 x 4 f r a m e c o n s t r u c t i o n w i t h sheet rock w a l l s . The f l o o r s are covered wi th poured in p l a c e
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D e c o m m i s s i o n i n g ! C o s t E s t i m a t e R e p o n
ure thane m a t e r i a l .
3 ) R a d i o g r a p h y Room
The R a d i o g r a p h y room c o n t a i n s a l ead shot ho t c e l l . The d o u b l e w a l l s are 6" apar t and the m i l d
s t e e l i n 1 / 8 " t h i c k .

4 ) M a c h i n e S h o p
The B u i l d i n g Two area i s the m e c h a n i c a l s h o p and at one t i m e c o n t a i n e d l a t h e s and meta l
work ing machines . T h i s area ha s a concre t e f l o o r t ha t ha s been p a i n t e d . The w a l l s and c e i l i n g
are sheet rock. All of the p a r t i t i o n s are 2 x 4 f r a m i n g w i t h sheet rock cover ing.
5 ) O l d C s - 1 3 7 & A m - B e L a b s
The ( O l d ) C s - 1 3 7 room conta in s two hot c e l l s tha t have not been used for several years. One hot
c e l l i s 2 ' x 2 ' x 2 ' a n d t h e o t h e r i s 4 ' x 4 ' x 4 ' . T h e c e l l s a r e c o n s t r u c t e d o f m i l d s t e e l . T h e s e
t w o c e l l s have c o n t a c t r e a d i n g s o f 5000 m R / h r .
T h e ( O l d ) A m - B e L a b c o n t a i n s t w o A m - 2 4 1 g l o v e boxes . T h i s room w a s n o t used f o r s everal
years. T h e g l o v e boxes a r e 2 ' x 3 ' x 4 ' . T h e y a r e u n s h i e l d e d a n d cons truc t ed o f m i l d s t e e l .
T h e s e h o t c e l l s have a n e s t i m a t e d C u r i e c o n t e n t , based o n M i c r o S h i e l d c a l c u l a t i o n s , o f 1 - C u r i e .
A c o p y o f t h e M i c r o S h i e l d c a l c u l a t i o n i s a t t a c h e d .
6 ) Leak T e s t L a b
The Leak T e s t Lab c o n t a i n s a wooden hood and two g l o v e boxes. T h e s e un i t s are smal l and
were used for T r i t i u m and 1 - 1 2 5 o p e r a t i o n s . The c a b i n e t s are wooden and can be e a s i l y removed
i f necessary.
7) New C s - 1 3 7 & Am-Be Lab
The C e s i u m area i s a lab t h a t c o n t a i n s C s - 1 37 ho t c e l l s . The f l o o r i s covered with t i l e and th e
w a l l s are covered w i t h shee t rock. The w a l l s are s t a ck ed 8" x 8" x 16" s o l i d concre te b l o c k s .
Care must be taken to k e e p t h e s e b l o c k s f r o m b e i n g c o n t a m i n a t e d .
The Am-Be Lab i s a d o u b l e c on ta ined A m - 2 4 1 hot lab. The w a l l s are concrete b l o ck s covered
w i t h sheet rock. T h e f l o o r i s c o n c r e t e covered w i t h t i l e . C a u t i o n must b e e x e r c i s e d t o k e e p t h e
b l o c k s f r e e o f c o n t a m i n a t i o n .
8 ) T r a c e r L a b
The T r a c e r Lab c o n t a i n s an area which was used for p a c k a g i n g and s h i p p i n g of r a d i o a c t i v e
m a t e r i a l . T h i s b u i l d i n g i s a me ta l b u i l d i n g w i t h e x p o s e d s u r f a c e s . T h e i n s i d e s u r f a c e s a r e coa t ed
wi th b lown on i n s u l a t i o n . T h e r e i s an i n s i d e area t h a t c o n t a i n s h o o d s and g l o v e boxes tha t were
used f o r t racer m a t e r i a l s . The d e v i c e s ar e c o n s t r u c t e d o f wood.
T h i s T r a c e r Lab c o n t a i n s two ho t c e l l s . One c e l l wa s used f or work w i t h G d - 1 5 3 and S c - 4 6 .
T h i s c e l l i s a d o u b l e w a l l e d c e l l f i l l e d w i t h l e a d s ho t . T h e second c e l l i s c o n s t r u c t e d o f c oncre t e
b l o c k s covered w i th hard board. T h i s c e l l c o n t a i n e d I r - 1 9 2 .
9 ) S t o r a g e A r e a
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i / i c n a c K n u i u n i s j u a > U M J U l o r s t o r a g e , i n e m i n d i n e i > m e t a i u i i n a c o n c r e t e f l o o r . I here i s a
r a d i o a c t i v e was te bunker t h a t i s c o n s t r u c t e d o f concre te b l o c k s . T h e r e i s an e n c l o s e d area behind
t h e G d - 1 5 3 c e l l t o p r e v e n t t h e s p r e a d o f c o n t a m i n a t i o n f r o m t h e h o t c e l l . T h e r e i s a down h o l e
h i g h pres sure uni t i n t h e f l o o r . T h i s unit i s a p p r o x i m a t e l y 6 ' d e e p . T h e open area i n s i d e t h e
s e c u r i t y f e n c e i s covered w i t h a s p h a l t t h a t i s a p p r o x i m a t e l y 2 " t h i c k .
1 0 ) O p e r a t i o n a l S u p p o r t A r e a s

T h e room l a b e l e d " P i p e l i n e r " w a s used f o r s h i p p i n g a n d c o n t a i n s o n l y wood en c a b i n e t s .
The room t h a t is not l a b e l e d was used as a l u n c h r o o m and as a s t o r a g e room. This room doe s not
c o n t a i n a n y r a d i o a c t i v e e q u i p m e n t .
1.3.2 T a v e n o r F a c i l i t y D e s c r i p t i o n

T h e T a v e n o r f a c i l i t y i s l o c a t e d o n a 5 .01-acre s i t e . T h e s i t e h a s f i v e b u i l d i n g s a n d s u r r o u n d i n g
g r o u n d s . F o u r o f t h e f i v e b u i l d i n g s a r e t h e r e m a i n s o f t h e p r o c e s s airea t h a t w a s o c c u p i e d b y
Gamma I n d u s t r i e s . T h e p r o p e r t y w a s s o l d t o G N I i n 1985 . G N I h a s p e r f o r m e d p a r t i a l
d e c o m m i s s i o n i n g i n t h e f o u r r e m a i n i n g p r o c e s s b u i l d i n g s . T h e f i f t h b u i l d i n g w a s c o n s t r u c t e d
f i v e years ago to s tore r a d i o a c t i v e waste genera t ed d u r i n g the d e c o m m i s s i o n i n g p e r f o r m e d by
G N I . T h e s i t e b a s i c a l l y c o n s i s t s o f 1 ) N e w W a s t e S t o r a g e B u i l d i n g . 2 ) O n e S t o r y Brick O f f i c e
B u i l d i n g . 3 ) F a b r i c a t i o n / M a c h i n e S h o p . 4 ) Am-Be Lab. 5 ) R a d i o g r a p h y Lab. a n d 6 ) S u r r o u n d i n g
G r o u n d s .
T h e f o l l o w i n g i s a b r i e f d e s c r i p t i o n o f t h e s e s i x areas:
1 ) N e w W a s t e S t o r a g e B u i l d i n g

The new waste s torage b u i l d i n g i s cons truc t ed f r o m sheet metal w i th a concrete s l a b f l o o r . The
b u i l d i n g i s e l e v a t e d - 2 - f e e t above grade . T h e c e i l i n g i s 2 0 - f e e t h i g h w i t h a d o u b l e - p i t c h . T h e
in t er ior space is -2,800 square f e e t .
T h e r e are 52 B-25 boxes o f waste c u r r e n t l y s t o r e d i n s i d e . T h e s e boxe s are s i n g l e s t a ck ed and
c o m p r i s e a p p r o x i m a t e l y 8 0 % o f t h e a v a i l a b l e f l o o r s pa c e . F i f t y B-25 boxes c o n t a i n s o i l a n d
gravel f r o m r e m e d i a t i o n o f T a v e n o r ' s r a d i o a c t i v e c o n t a m i n a t e d l e a c h f i e l d s . T w o boxes c o n t a i n
A m - B e ho t c e l l s . T h e s e boxe s ar e e a s i l y i d e n t i f i e d a s t h e y ar e 1 . 5 - f e e t t a l l e r than th e rest o f t h e
boxes. T h e y were s t a g e d i n t h e m i d d l e o f t h e s t o r a g e b u i l d i n g w i t h t h e s o i l boxe s p l a c e d around
them f o r s h i e l d i n g .
T h e r e are two e q u i p m e n t r o l l - u p door s and one p e r s o n n e l door. The b u i l d i n g does no t have a
v e n t i l a t i o n s y s t e m . T h i s b u i l d i n g doe s have e l e c t r i c a l a n d i s e q u i p p e d w i t h a n alarm sy s t em.
2 ) Brick O f f i c e B u i l d i n g
T h e o n e s t ory br i ck o f f i c e b u i l d i n g c o m p r i s e s -4.500 square f e e t o f f l o o r spac e . T h i s b u i l d i n g
h a s been p a r t i a l l y r e m e d i a t e d . T h i s b u i l d i n g i s i n a d e t e r i o r a t e d c o n d i t i o n a n d i s u n s a f e f o r
p e r s o n n e l entry. M a n y o f the i n t e r i o r s t r u c t u r a l s u p p o r t s and roo f beams have c o l l a p s e d .
S e c t i o n s o f t h e r o o f have c o l l a p s e d . T h e f l o o r i n some areas h a s been removed. C a r p e t f r o m t h i s
b u i l d i n g wa s removed d u r i n g r e m e d i a t i o n and p l a c e d o u t s i d e f or s torage . The carpet i s
U S t c o l o g > W e b s t e r h a c i l i t v 2 0 2 M e d i c a l C e n i e r B l v d . W e b s t e r . T X ~
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r a d i o l o g i c a l l y c o n t a m i n a t e d . R e a d i n g s were c o l l e c t e d w i t h a G - M D e t e c t o r t h a t r a n g e d b e twe en
20.000 c o u n t s p e r m i n u t e ( c p m ) t o 50.000 c p m .
3 ) F a b r i c a t i o n / M a c h i n e S h o p
T h e f a b r i c a t i o n / m a c h i n e s h o p i s a 7 8 5 square f o o t m e t a l b u i l d i n g w i t h a s m a l l s t o r a g e l o f t . T h e
f l o o r area i s l i t t e r e d w i t h o l d f a b r i c a t i o n e q u i p m e n t a n d a n a s s o r t m e n t o f d i s c a r d e d j u n k . S e v e r a l
i t e m s , such a s d r i l l b i t s , h a d e l e v a t e d r e a d i n g s o f r a d i o a c t i v i t y u p t o t e n t i m e s b a c k g r o u n d .
4) Am-Be Lab
The Am-Be Lab has been 90% d e m o l i s h e d . One sheet metal w a l l , s everal s t e e l w a l l s u p p o r t
beams a n d a p p r o x i m a t e l y 2 0 % o f t h e sheet m e t a l r o o f s t i l l e x i s t . T h e c o n c r e t e f l o o r h a s
u n d e r g o n e s c a b b l i n g t o remove c o n t a m i n a t i o n . T h e s c a b b l i n g w a s p e r f o r m e d b y G N I p e r s o n n e l .
T h e b u i l d i n g s i t s o n c oncre t e s l a b f o o t p r i n t o f 7 9 5 square f e e t . G N I b e l i e v e s t h a t C s - 1 3 7 source s
m a y have been h i s t o r i c a l l y m a n u f a c t u r e d i n t h i s b u i l d i n g a s w e l l .
5 ) R a d i o g r a p h y L a b
T h e r a d i o g r a p h y l a b i s a c o n c r e t e b u i l d i n g w i t h 6 2 4 square f e e t o f f l o o r s p a c e . I t h a s t w o rooms
of about equal size. Each room has had p a r t i a l r e m e d i a t i o n p e r f o r m e d in the i n t e r i o r areas, i.e..
c oncr e t e f l o o r s c a b b l i n g , s u b - f l o o r s o i l r e m o v a l , a n d e q u i p m e n t r e m o v a l . T h i s b u i l d i n g s t i l l h a s
e x t e n s i v 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 a d i n g s o f I m R / h r were f o u n d o n t h e f l o o r a n d w a l l s .
6 ) S u r r o u n d i n g G r o u n d s
The s u r r o u n d i n g g r o u n d s around th e b e f o r e m e n t i o n e d b u i l d i n g s i s -75% overgrown w i t h d en s e
trees and underbrush. M u c h of the ground was under s ix to t w e l v e i n c h e s of water at the t i m e of
the charac t er iza t ion survey. T h i c k swarms of mosqui to e s are pre s en t . A p p r o x i m a t e l y 4,000
square f e e t o f broken a s p h a l t and concre t e covers th e ground s b e twe en th e b u i l d i n g s .
R a d i o a c t i v e c o n t a m i n a t e d l e a c h f i e l d s a r e l o c a t e d t h r o u g h o u t t h e s u r r o u n d i n g g r o u n d s . T h e r e i s
a t o t a l o f o n e t hou sand f e e t o f l e a c h f i e l d l i n e a t T a v e n o r . S e c t i o n 2.0, H i s t o r i c a l Review,
d e s c r i b e s t h e l e a c h f i e l d s i n more d e t a i l .
2 . 0 H I S T O R I C A L R E V I E W
T e x a s r a d i o a c t i v e m a t e r i a l s l i c e n s e L 0 2 9 9 5 a n d L 0 3 3 7 8 were r ev i ewed f o r t h e p e r i o d 1983 t o t h e
p r e s e n t . Both l i c e n s e s a r e i s s u e d i n t h e name o f G N I o f L o u i s i a n a , I n c o r p o r a t e d . L i c e n s e
L 0 2 9 9 5 , f o r m e r l y L 0 1 6 5 4 e x t e n d s back t o t h e e a r l y 1 9 7 0 ' s when t h e p r e d e c e s s o r o f G N I o f
L o u i s i a n a , G u l f N u c l e a r w a s named N u c l e a r E n v i r o n m e n t a l E n g i n e e r i n g . I n c o r p o r a t e d . L i c e n s e
L 0 3 3 7 8 w a s o r i g i n a l l y i s su ed t o Gamma I n d u s t r i e s , w h i c h w a s a cqu ir ed b y G u l f N u c l e a r i n t h e
1 9 8 0 ' s . T h e f i l e s d o c u m e n t t h e e x i s t e n c e o f c o n t a m i n a t i o n a t b o th s i t e s , b o t h w i t h i n a n d o u t s i d e
t h e r e s t r i c t e d areas. T h e review o f l i c e n s e L.02995 d i d n o t y i e l d a n y c o m p r e h e n s i v e i n v e n t o r y o f
t h e r a d i o a c t i v e sources and m a t e r i a l s s t or ed in t h a t f a c i l i t y . Nor ar e there any c o m p r e h e n s i v e
surveys o f t h e f a c i l i t y w i t h i n tha t f i l e . P e r i o d i c c o n t a m i n a t i o n surveys were p e r f o r m e d d u r i n g
r o u t i n e i n s p e c t i o n s , however, t h e s e ceased more t h a t e i g h t years ago. T h o s e surveys r ev i ewed
d i d d o c u m e n t c o n t a m i n a t i o n i n exce s s o f a l l o w a b l e l e v e l s i n r e s t r i c t e d a n d u n r e s t r i c t e d areas o n a
f r e q u e n t bas i s .
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. \ i U K > u i : n i n c i i i c i o r nccn.ie ' n i ' • < ' • * 7 b dvc.> i n d i c a t e mai. c o n t a m i n a t e d s u i l a n d e q u i p m e n t i b
c o n t a i n e d in 50 some odd B-25 boxes s t or ed in a B u t l e r b u i l d i n g w i t h i n the f e n c e d area at the
T a v e n o r S t r e e t s i t e , a n i n v e n t o r y o f t h e c o n t e n t s o f t h o s e boxes c o u l d n o t b e l o c a t e d t h e r e . A g a i n
r o u t i n e i n s p e c t i o n s o f t h e f a c i l i t y ceased some e i g h t o r more years ago. Both f a c i l i t i e s have been
m o n i t o r e d b y t h e T e x a s D e p a r t m e n t o f H e a l t h , Bureau o f R a d i a t i o n C o n t r o l f o r t h e p e r i o d f r o m
1983 t o th e p r e s e n t . M o n i t o r i n g c o n s i s t e d o f p l a c i n g and e x c h a n g i n g on a q u a r t e r l y ba s i s
numerous T L D ' s a l o n g t h e f e n c e s s u r r o u n d i n g t h e f a c i l i t i e s . A l s o s o i l s a m p l e s a n d sewage
s a m p l e s were c o l l e c t e d . F e n c e l i n e m o n i t o r s d e p i c t w i d e l y f l u c t u a t i n g r a d i a t i o n l e v e l s a t c e r t a i n
l o c a t i o n s a l o n g t h e f e n c e a t t h e W e b s t e r f a c i l i t y ( L 0 2 9 9 5 ) . S a m p l e s o f sewerage taken a t t h e
waste water t r e a t m e n t p l a n t s e rv ing t h e W e b s t e r f a c i l i t y have c o n t a i n e d mea surab l e
c o n c e n t r a t i o n s o f A m - 2 4 1 and some s o i l s a m p l e s taken near t h a t fa c i l i ty have in th e pa s t
c o n t a i n e d C s - 1 3 7 .
T h e o n l y d o c u m e n t e d c o n t a m i n a t i o n i n c i d e n t l o c a t e d i n t h e f i l e occurred a t t h e W e b s t e r f a c i l i t y
i n 1983. T h e i n c i d e n t c o n s i s t e d o f t h e i n a d v e r t e n t breach o f a three curie a m e r i c i u m - b e r y l l i u m
source. T h e i n c i d e n t p r o m p t e d a n d e x t e n s i v e i n v e s t i g a t i o n a n d f a c i l i t y survey. T h e survey
r e v e a l e d w i d e - s p r e a d c o n t a m i n a t i o n w i t h i n t h e f a c i l i t y , e s p e c i a l l y w i t h i n t h e p l e n u m f o r m e d b y
t h e f a l s e c e i l i n g a n d i n a i r c o n d i t i o n i n g d u c t work. A l s o several t e c h n i c i a n s were d e t e r m i n e d t o
have h a d s u f f i c i e n t in tak e s o f amer i c ium t o warrant c h e l a t i o n t h e r a p y . T h e i n v e s t i g a t i o n
r e v e a l e d t h e t r a n s f e r o f s o i l s c o n t a m i n a t e d w i t h C s - 1 3 7 o f f - s i t e t o t h e p r o p e r t y o f o n e o f t h e
e m p l o y e e s . T h e c on tamina t ed soi l w a s removed f r o m t h i s p r o p e r t y a n d t h e p r o p e r t y u l t i m a t e l y
surveyed and r e l e a s e d by th e Bureau o f R a d i a t i o n C o n t r o l . The i n v e s t i g a t i o n report i s rather
l e n g t h y and w i l l be made a v a i l a b l e as an addendum to t h i s report .
In r e sp e c t s to Tavenor , it i s impor tant to note that it was Gamma I n d u s t r i e s l i c en s ed p r a c t i c e to
r e l ea s e r a d i o a c t i v e m a t e r i a l i n t o t h e s i t e ' s s e p t i c s y s t e m which s u b s e q u e n t l y f l o w e d i n t o
ex t ens ive l each f i e l d s l o c a t e d w i t h i n th e p r o p e r t y b o u n d a r y ' . The soil in th i s region ha s a layer o f
dense c l a y a p p r o x i m a t e l y two f e e t b e l o w g r a d e . W h e n th e c o n t a m i n a t i o n wa s r e l ea s ed in th e
l each f i e l d i t p e r c o l a t e d through the t op s o i l u n t i l i t reached t h i s l a y e r o f c l a y . At th e c l ay l a y e r ,
t h e c o n t a m i n a t i o n s p r e a d l a t e r a l l y t o some e x t e n t . G N I p e r f o r m e d e x t e n s i v e r e m e d i a t i o n o f t h e
l ea ch f i e l d areas. A p p r o x i m a t e l y 4.800 cubic f e e t of so i l and gravel were removed and p l a c e d
i n t o t h e 5 0 B-25 boxes c u r r e n t l y s t or ed i n t h e N e w W a s t e S t o r a g e B u i l d i n g d e s c r i b e d i n S e c t i o n
1.2.2. T a v e n o r F a c i l i t y D e s c r i p t i o n .
D u r i n g t h e years t h a t t h e G u l f N u c l e a r f a c i l i t y l o c a t e d o n T a v e n o r S t r e e t i n H o u s t o n w a s
o p e r a t e d b y Gamma I n d u s t r i e s , r a d i o a c t i v e m a t e r i a l s , p r e d o m i n a n t l y c e s i um-137 f o u n d t h i e r w a y
i n t o a s e p t i c tank. One tank and d r a i n f i e l d are l o c a t e d w i t h i n the f e n c e d area to the west o f the
B u t l e r b u i l d i n g . S o m e c o n t a m i n a t e d s o i l f r o m t h i s area ha s been ex cava t ed and s tored in th e
B u t l e r b u i l d i n g . T h e r e a r e several areas where s o i l r emains c o n t a m i n a t e d f r o m ano ther s e p t i c
tank, l o c a t e d d i r e c t l y b e h i n d t h e main o f f i c e b u i l d i n g . T h e tank i s e xpo s ed a n d e l e v a t e d r e a d i n g s
can be o b t a i n e d f r o m the root b a l l o f a r a t h e r l a r g e tree w h i c h grew out o f i t . F r o m i t s l o c a t i o n
r e l a t i v e t o th e nearest f e n c e , i t a p p e a r s th e d r a i n f i e l d f or t h i s tank i s a l s o w i t h i n th e f e n c e d area.
The W e b s t e r f a c i l i t y s t i l l ha s an abundance o f r a d i o l o g i c a l sources , i.e., Am-Be sealed sources
used in the o i l i n d u s t r y , check sources, and r a d i u m n e e d l e s used in the m e d i c a l i n d u s t r y . An
i n v e n t o r y o f sources i s p r o v i d e d i n S e c t i o n 4.0, F a c i l i t y C h a r a c t e r i z a t i o n .
U S E c o l o g y W e b s t e r F a c i l i t y . 2 0 2 M e d i c a l C e n t e r B l v d . W e b s t e r . T X Q
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G N I r e p o r t e d t h a t a l l r a d i o a c t i v e sources f r o m T a v e n o r were c o l l e c t e d a n d p r o p e r l y d i s p o s e d .
3 . 0 R A D I O L O G I C A L O V E R V I E W F O R W E B S T E R A N D T A V E N O R F A C I L I T I E S
U S E c o l o g y per sonne l p e r f o r m e d a r a d i o a c t i v e c h a r a c t e r i z a t i o n survey w h i c h c o n s i s t e d o f t h e
c o l l e c t i o n o f s o i l s a m p l e s , s w i p e s a m p l e s o f i n t e r i o r s u r f a c e s , d i r e c t s u r f a c e r a d i a t i o n
measurement s , and general area r a d i a t i o n r e a d i n g s . In a d d i t i o n , an i n v e n t o r / o f r a d i a t i o n sources
was p e r f o r m e d .
D u r i n g t h e i n i t i a l p h a s e s o f t h e c h a r a c t e r i z a t i o n survey, i t q u i c k l y became e v i d e n t tha t
r a d i o a c t i v e c o n t a m i n a t i o n w a s n o t c o n t a i n e d w i t h i n t h e c o n f i n e s o f t h e r a d i o l o g i c a l e n g i n e e r e d
c o n t r o l l e d areas. A l p h a c o n t a m i n a t i o n 1 2 0 t i m e s gr ea t e r than n a t u r a l background l e v e l s w a s
measured at the o p e n i n g o f the f r o n t door e x i t . A s m a l l p i l e o f dirt and d u s t t ha t had been s w e p t
i n t o a corner near the f r o n t d oor had r e a d i n g s 650 t i m e s g r e a t e r than b a c k g r o u n d . T h e r e were
t w o vacuum c l e a n e r s i n t h e f r o n t o f f i c e area tha t h a d h i g h l e v e l s o f i n t e r n a l c o n t a m i n a t i o n .
T h e i n t e r i o r o f each f a c i l i t y w a s l i t t e r e d w i t h dead c o ckroache s , dead r o d e n t s a n d rodent f e c e s
tha t h a d h i g h l e v e l s o f r a d i o a c t i v i t y . O n e dead r a t l o c a t e d i n t h e f r o n t o f f i c e h a d r a d i a t i o n l e v e l s
r e a d i n g 2000 m i c r o R / h o u r . N a t u r a l b a c k g r o u n d in the H o u s t o n area was measured at 40
m i c r o R / h o u r . Dead cockroache s had r a d i a t i o n l e v e l s o f up to 60,000 counts per minute ( c p m )
u s i n g a G e i g e r M u e l l e r (GM) D e t e c t o r . N a t u r a l ba ckground f o r t h e GM d e t e c t o r wa s 40 t o 60
cpm.
T h e bathroom f a c i l i t i e s i n t h e o f f i c e areas a l s o c o n t a i n e d measurab l e l e v e l s o f c o n t a m i n a t i o n .
The sink dra in l i n e s had r e a d i n g s of 3,000 c p m . A p a p e r t o w e l d i s p e n s e r was measured at
300,000 cpm on the e x t e r n a l s u r f a c e . The air i n t a k e vent on a r e f r i g e r a t o r had 10.000 cpm.
E l e v a t e d c o n t a m i n a t i o n was f o u n d on several door knobs and l i g h t s w i t c h e s .
Each o f t h e 2 1 rooms l o c a t e d i n t h e f r o n t o f f i c e area h a d c o n t a m i n a t i o n l e v e l s e x c e e d i n g
a c c e p t a b l e s u r f a c e l i m i t s f o r r a d i o a c t i v i t y a s d e f i n e d i n T e x a s A d m i n i s t r a t i v e C o d e 289.202.
C o n t a m i n a t i o n was f o u n d on f r e q u e n t e d p a t h w a y s , such as o f f i c e e n t r y w a y s , wi th l e v e l s as h i g h
as 400.000 c p m .
Each o f f i c e c on ta ined an air vent l o c a t e d in the c e i l i n g . Each vent had e l e v a t e d l e v e l s o f
r a d i o a c t i v i t y . T h e o f f i c e area v e n t i l a t i o n e x h a u s t s y s t e m v e n t s d i r e c t l y t o t h e a t m o s p h e r e . T h i s
a i r d u c t s y s t e m i s n o t f i l t e r e d .
4 . 0 F A C I L I T Y C H A R A C T E R I Z A T I O N
S i t e c h a r a c t e r i z a t i o n p r o c e e d e d i n thr e e pha s e s :

1 . P r i o r t o s i t e e n t r y , o f f s i t e c h a r a c t e r i z a t i o n w a s c o n d u c t e d . T h i s e n t a i l e d g a t h e r i n g
i n f o r m a t i o n away f r o m th e s i t e ( h i s t o r i c a l ) and c o n d u c t i n g reconnaissance surveys

U S E c o l o g s U e b s i e r | - a c i l i t > . 2 0 2 M e d i c a l C e n t e r B l v d . W e b s t e r . T X \ Q
1 0 9 F l i n t Road 1 a ^ e n o r l : a c i h t \ . ^320 T a \ e n o r S t r e e t . H o u s t o n . T X
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I n u n t h e M l e p e r i m e t e r .
2 . A s i t e survey w a s c o n d u c t e d o f t h e e x t e r i o r g r o u n d s , w i t h i n t h e p r o p e r t y b o u n d a r y

and th e b u i l d i n g s i n t e r i o r s . D u r i n g t h i s p h a s e , access t o th e p r o p e r t y wa s r e s t r i c t e d t o
U S E c o l o g y survey team p e r s o n n e l a n d G N I s u p p o r t p e r s o n n e l .

3 . O f f s i t e a n a l y s i s w a s p e r f o r m e d a t a n i n d e p e n d e n t , l i c e n s e d l a b o r a t o r y . A l l c o l l e c t e d
f i e l d r e a d i n g s a n d l a b o r a t o r y d a t a were reviewed a n d compared a g a i n s t D e p a r t m e n t o f
T r a n s p o r t a t i o n r e g u l a t i o n s . T e x a s A d m i n i s t r a t i v e C o d e 289.202, a n d various l i c e n s e d
r a d i o a c t i v e waste d i s p o s a l s i t e ' s waste a c c e p t a n c e c r i t e r i a ( W A C ) .

4.1 C h a r a c t e r i z a t i o n D a t a
T h e f o l l o w i n g i s a l i s t o f d a t a a n d / o r r e p o r t s a n d t h e i r l o c a t i o n :

• A n a l y t i c a l d a t a are l o c a t e d in A t t a c h m e n t A.
• P h o t o g r a p h s are l o c a t e d in A t t a c h m e n t B.
• S m e a r C o u n t i n g A n a l y s i s R e p o r t s f or each area o f concern a.re l o c a t e d in A t t a c h m e n t E.
• S i t e M a p s c o n t a i n i n g r a d i o l o g i c a l d a t a a r e l o c a t e d i n A t t a c h m e n t F .
• 2 5 T e x a s A d m i n i s t r a t i v e C o d e 289.202 ( S t a n d a r d s f o r P r o t e c t i o n A g a i n s t R a d i a t i o n F r o m

R a d i o a c t i v e M a t e r i a l )

R a d i o a c t i v e M a t e r i a l I n v e n t o r y
T h e f a c i l i t y c o n t a i n s many d i s c r e e t sources. A c o m p l e t e i n v e n t o r ) ' w i th a c t i v i t y l e v e l s i s
p r o v i d e d . S o m e o f th e s e sources c o n t a i n l e v e l s o f r a d i o a c t i v i t y w i t h h i g h enough a c t i v i t y t o
cause an over e xpo sur e w i t h i n several m i n u t e s o f p er s ona l c o n t a c t . All sources are c u r r e n t l y
l o c a t e d b eh ind l o c k e d door s i n t h e r a d i o l o g i c a l i y c o n t r o l l e d areas. T h e f o l l o w i n g t a b l e c o n t a i n s
a l i s t o f sources c u r r e n t l y s t ored i n s i d e l o c k e d d e e p w e l l s l o c a t e d in th e new Am-Be Lab.

T a b l e 4.1. W e b s t e r S o u r c e I n v e n t o r y L o c a t e d I n s i d e t h e Am-Be L a b
S o u r c e I s o t o p e S e r i a l N u m b e r

A m - 2 4 1 / B e r i l l i u m j H P B - 4 2 7
A m - 2 4 1 / B e r i l l i u m
A m - 2 4 1 / B e r i l l i u m
A m - 2 4 1 / B e r i l l i u m
A m - 2 4 1 / B e r i l l i u m
A m - 2 4 1 / B e r i l l i u m
A m - 2 4 1 / B e r i l l i u m

C S V - N 2 5
• E L - 8 2 1

C S V - 6 5 1
C S V - 9 0 3
A-445

A c t i v i t y
50 mCi
25 mCi
l O O m C i
25 mCi
250 mCi
l O O m C i

N B - 5 1 9 | 2 5 0 m C i
A m - 2 4 1 / B e r i l l i u m | N O S E R I A L P R E S E N T
Pu-238 | 1009-2

250 mCi ;
I S O m C i

U S E c o l o g > W e b s t e r F a c i l i t y 2(12 M e d i c a l C e n t e r B l v d . W e b s t e r . T . X
1 0 9 F l i n t Road T a \ e n o r F a c i l i t y 9320 T a v e n o r S t r e e t , H o u s t o n . T . X
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D e c o m m i s s i o n i n g C o s t h s t i m a t e R c p o n

T a b l e 4.2. W e b s t e r R a d i o a c t i v e M a t e r i a l I n v e n t o r y L o c a t e d I n s i d e W a s t e S t o r a g e Room
S o u r c e I s o t o p e

Unknown
Radium
Radium
Radium
C d - 1 0 9
Co-60
C s - 1 3 7
C s - 1 3 7
C s - 1 3 7
C s - 1 3 7
Unknown c o n t a m i n a t e
Sr-90
S r - 9 0
N i - 6 3
1 % Uranium
0.5% Uranium
2% Uranium
4% Uranium
l % T h & 0 . 0 4 % U
Radium
Radium
Radium
Radium
R a d i u m

D e s c r i p t i o n
2 - c a p s u l e s dark p o w d e r
3 - p o l y v i a l s (-40 n e e d l e s )
1 - l e a d p i g (-40 n e e d l e s )
50 n e e d l e s s ca t t e r ed on f l o o r
S o u r c e s
( 3 ) 5 5 - g a l l o n drums t ra sh
S o u r c e
S o u r c e
S o u r c e
( 2 ) S o u r c e s
- 100 cubic f e e t of t ra sh
S o u r c e
S o u r c e
S o u r c e
Powder
P o w d e r
P o w d e r
P o w d e r
P o w d e r
( 8 ) S o u r c e s
1 - l e a d p i g ( 7 n e e d l e s )
1 - l e a d p i g ( 2 5 n e e d l e s )
1 - l e a d p i g ( 5 n e e d l e s )
1 - l e a d p i g ( 1 n e e d l e s )

A c t i v i t y or Dose Rat e
320 m R / h r c o n t a c t j
280 m R / h r c on tac t •;
800 m R / h r c on ta c t |
3 m C i
0.001 mCi
1 8 C i

2 C i i
100 m i c r o C i
10 m i c r o C i
U n k n o w n
39.7 R a d / s e c o n d
280 m i c r o C i
5 m i c r o C i
100 grams :

1 00 grams
100 grams
1 00 grains >
50 grams i
3 m i c r o C i
3 10 mR/hr !
220 mR/hr .
180 m R / h r
1 2 m R / h r

U S ! : c o l o g \
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G u l f N u c l e a r I n c .
S u m m a t i o n o f Both S i t e s
C o s t f o r F i n a n c i a l A s s u r a n c e
P l a n n i n g and P r e p a r a t i o n . S 38.685.00
T r a v e l / P e r d i e m / R e n t a l E q u i p m e n t / V e h i c l e s S 441.837.88
D e c o n t a m i n a t i o n / D i s m a n t l e m e n t S 2 5 9 , 2 3 9 . 0 0
W a s t e C o n t a i n e r s S 254.250.00
W a s t e S h i p p i n g $ 4 3 2 , 1 0 2 . 5 0
W a s t e D i s p o s a l S 1 , 2 9 1 , 8 3 5 . 0 0
F i n a l S u r v e y $ 90,000.00
Final R e p o r t $ 40,000.00
Total E n t i r e P r o j e c t $ 2,847,949 38
T o t a l O n S i t e M a n H o u r s 10977.5 m a n hours
T o t a l O f f S i t e M a n H o u r s 4 7 2 5 m a n hours
T o t a l W a s t e V o l u m e b y T y p e
W a s t e T y p e V o l u m e

f t 3
S o u r c e s .... 390
2 R / S p e c i a l F o r m 2 2 5
Lead 64
H o t D e b r i s 7 6 8
G l o v e Boxes 960
B u i l d i n g D e b r i s 1 1 5 0 2 0
S o i l / c o n c r e t e 71280
T o t a l W a s t e V o l u m e 188504 5 cub i c f e e t



W e b s t e r S i t e
S u m a t i o n P a g e

B u i l d i n g A r e a
O f f i c e S e c t i o n
L a b o r a t o r y S e c t i o n
R a d i o g r a p h y Room
M a c h i n e S h o p
Old Cs and A m - B e L a b s
L e a k T e s t L a b
New Cs and Am-Be L a b s
T r a c e r L a b
S t o r a g e A r e a
O p e r a t i o n a l S u p p o r t A r e a s
S u b s u r f a c e Removal
T r a v e l F o r W e b s t e r
F i n a l S t a t u s S u r v e y / R e p o r t

T o t a l C l e a n i n g

W a s t e C o n t a i n e r s
L a b o r

S h i p p i n g T r a n s p o r t a t i o n
L a b o r

W a s t e D i s p o s a l
' ' G r o u n d s S u r f a c e R e m o v a l

T o t a l F o r W e b s t e r
I n i t i a l

P l a n n i n g a n d
P r e p a r a t i o n
$
S
S
$
S$
S$
S
S
S$
S
S

960-00
1,800.00
1,950.00
1,200.00
2,850.00

720.00
2.800.00
2.800.00
2,800.00
1,400.00
2.600.00

-
20.000.00
41,880,00

D e c o n t a m i n a t i o n
and
$
S
$
$
$
$
S
S
$
$
$
S
$
$

D i s m a n t l i n g
3.92000
9.155.00

•1,700.00
26,910.00
31,180.00
11,720.00
14,400.00
14,400.00
18.780.00
10,180.00

8.620.00
215 ,805 .13

45.000.00
421.770.13

T o t a l
$
$
S
$
$
$

86.650.00
25,400.00
70,790.00
3 1 , 1 1 5 . 0 0

813.695.00
24.872.00

S 1 , 5 1 6 , 1 7 2 . 1 3



T A V E N O R

T a v e n o r S i t e
S u m a t i o n P a g e

B u i l d i n g

W a s t e
S h i p p i n g
W a s t e
G r o u n d s

A r e a
N e w W a s t e S t o r a g e B u i l d i n g
Brick O f f i c e B u i l d i n g
F a b r i c a t i o n / M a c h i n e S h o p
Am-Be L a b
R a d i o g r a p h y L a b
S u b s u r f a c e R e m o v a l
T r a v e l F o r W e b s t e r
F i n a l S t a t u s S u r v e y / R e p o r t

T o t a f C l e a n i n g

C o n t a i n e r s
L a b o r
T r a n s p o r t a t i o n
L a b o r
D i s p o s a l
S u r f a c e Removal

I n i t i a l

P l a n n i n g a n d
P r e p a r a t i o n

S
S
$
$
S
S
S
S
S

T o t a l
S
S
S
S
S
S

4,120.00
4,160.00
1,950.00
1,200.00
2 .115 .00
3,260.00

-
20.000.00
36,805 00

167,600.00
46,900.00

176 ,935 .00
8 0 , 9 6 2 5 0

478,140.00
27.672.00

D e c o n t a m i n a t i o n
and

S
S
$
S
S
S
S
S
S

D i s m a n t l i n g
9.390.00
6.800.00
5,740.00
4.430.00
4.510.00

14.860.00
226.032.75

45.000.00
3 1 6 . 7 6 2 75

T o t a l F o r T a v e n o r $ 1 . 3 3 1 , 7 7 7 . 2 5
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G u l f N u c l e a r I n c .
L o n g T e r m S t o r a g e

T h e r e h a s been i d e n t i f i e d s e v e r a l g l o v e boxe s a n d h o t c e l l s t h a t have a l a r g e a m o u n t o f c o n t a m i n a t i o n
o n t h e i n t e r n a l s u r f a c e s . A d d i t i o n a l l y t h e r e a r e a s i g n i f i c a n t n u m b e r o f s ourc e s t h a t d o n o t have
a d e q u a t e m a r k i n g s a n d i d e n t i f i c a t i o n s . T h e l i k e l y hood o f m a t e r i a l b e i n g i d e n t i f i e d t h a t w i l l have n o
d i s p o s a l o p t i o n i s h i g h .

T h e r e a r e t w o o p t i o n s f o r t h e m a t e r i a l s i d e n t i f i e d a s such: 1 ) L o n g t e rm S t o r a g e a t a T e x a s L i c e n s e d
F a c i l i t y , o r 2 ) L o n g term s t o r a g e a t t h e T a v e n o r f a c i l i t y .
O p t i o n 1 E s t i m a t e :
a. P r e p a r a t i o n S h i p p i n g :

I t e m N u m b e r C o s t
T r u c k 10
P a c k a g i n g 10
L a b o r 4
C r a n e 2

S O O O O ( T y p e B B o x C a s k ) 3 k / d a y a n d 3 d a y s each
4000 I n c l u d e d i n A r e a S h e e t s
8000 (4 g u y s 10 d a y s )

20000 ( 1 0 k each t i m e )
T o t a l . $ 118.000.00

T h i s a p p l i e s t o e i t h e r s c enar i o .
S t o r a g e a t T e x a s L i c e n s e d F a c i l i t y
G a t e R a t e e s t i m a t e : 1 0 $ / d a y / d r u m
Drum V o l u m e 7 . 5 f t 3

f t 3 $ / d a y / f t 3 d a y s / y r .
W e b s t e r 758 1 . 3 3 3 3 3 3 3 3 3 355
T a v e n o r 1 9 2 1 . 3 3 3 3 3 3 3 3 3 3 6 5

S t o r a g e a t T a v e n o r S i t e
C o s t S a v i n g s o n S h i p p i n g e s t i m a t e d a t $24,000.
Q u a r t e r l y V i s i t S u r v e i l l a n c e
A l a r m M o n i t o r
F a l s e a l a r m s

T o t a l / Y e a r
S
$

373.760.00
93.440.00

467,200.00

5000 qtr
25 mo.

500 qtr

T o t a l / Y e a r
S
S
S

20.000.00
300.00

2.000.00
22,300.00

Fir s t O p t i o n B e n e f i t : a and c .
A l l m a t e r i a l removed f r o m bo th S i t e s a l l o w i n g a c l o s u r e o f t h e f a c i l i t i e s .

F i r s t O p t i o n D e t r a c t o r :
C o s t o f i m p l e m e n t a t i o n .

S e c o n d O p t i o n B e n e f i t
C o s t o f i m p l e m e n t a t i o n

S e c o n d O p t i o n D e t r a c t o r :
T h e t i m e f o r d i s p o s a l o p t i o n s t o become a v a i l a b l e m a y b e 2 y e a r s o r l o n g e r .
T h e o n l y p o s s i b l e f u t u r e o p t i o n s w i l l b e W I P P o r s t o r a g e a t L o s A l a m o s , u n t i l W I P P .
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W E B S T E R

W e b s t e r S i t e
O f f i c e S e c t i o n

T h e f r o n t o f f i c e s e c t i o n i s common r e s i d e n t i a l c o n s t r u c t i o n w i t h wood p a n e l i n g
i n s i d e and f r a m e and br i ck c o n s t r u c t i o n on th e o u t s i d e . The b u i l d i n g s i t s on a
concre t e p a d f o u n d a t i o n T h e f l o o r i n t h i s s e c t i o n i s covered w i t h a s p h a l t t i l e a n d
c a r p e t . T h e r e are two a ir c o n d i t i o n i n g s y s t e m s , one overhead s y s t e m (top o f th e
r o o f ) and one c l o s e t t y p e .
P l a n n i n g a n d P r e p a r a t i o n

L a b o r Rate T i m e T o t a l
$ / h r M r s $

S u p e r v i s o r
C e r t i f i e d H e a l t h P h y s i c i s t
F o r e m a n
C r a f t s m a n
H e a l t h P h y s i c s
C l e r i c a l

60
80
55
50
50
30

4
4
4
1
2
1

T o t a l

240
320
220

50
100

30
960

P l a n n i n g a n d P r e p a r a t i o n T o t a l
F a c i l i t y D e s c r i p t i o n

T h i s room was used f o r :
A r e a o f :
f l o o r
w a l l s
c e i l i n g s
v e n t i l a t i o n s y s t e m
p l u m b i n g s y s t e m
C o m p o n e n t s :
s i n k s and d r a i n s
s i n k s a n d d r a i n s
o t h e r :
showers
t o i l e t s
a / c d r a i n

9601

Rece ip t Use S t o r a g e

S q u a r e F e e t
18 88

176
1584

2

y e s / n o
y e s / n o

N o . D i m e n s i o n s L o c a t i o n
yes
yes
yes
yes
yes

y e s / n o
y e s / n o
y e s / n o
y e s / n o
y e s / n o

2
1

normal
normal

re s trooms
break room

2
2
1

normal
normal
normal

re s trooms
re s trooms
o u t s i d e

F a c i l i t y C h a r a c t e r i z a t i o n
C h a r a c t e r i z a t i o n h a s been c o m p l e t e d p r i o r t o t h i s r e p o r t

D e c o n t a m i n a t i o n E f f o r t s



L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

E q u i p m e n t R e q u i r e d
survey i n s t r u m e n t s
p e r s o n a l p r o t e c t i v e e q u i p m e n t
l a b e l s
l a d d e r s
s c a f f o l d i n g

R a t e
$ / h r

T i m e
M r s

R e q u i r e d
N u m b e r

C o s t
each

T o t a l
S

60
55
50
50
40
30

4
4
1
2
2
1

T o t a l

240
220

50
100

8C
3C

720
T o t a l
S

4
12

7
1
1

100
8
1

150
100

T o t a l

400
96

7
150
100
753

C o m p o n e n t s t o D e c o n t a m i n a t e

M o n i t o r f o r C o m p l i a n c e
L a b o r
S u p e r v i s o r
F o r e m a n
T e c h n i c i a n
H e a l t h P h y s i c s
C l e r i c a l

C o m p o n e n t s t o D i s a s s e m b l e
s i n k s and d r a i n s
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

v e n t i l a t i o n s y s t e m
L a b o r

Rate
$ / h r

Rate
$ / h r

T i m e
H r s

T o t a l
S

60
55
45
50
30

1
1

20
10

1
T o t a l

60
55

900
500

30
1545

T i m e
H r s

T o t a l
$

60
55
50
45
50
40
30

2
2
3
2
1
2
1

T o t a l

120
110
150

90
50
80
30

630

Rate T i m e T o t a l



W E B S T E R

S / h r H r s
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

D e c o n t a m i n a t i o n Cos t
D i s m a n t l i n g Cos t
T o t a l D & D C o s t

60
55
50
45
50
40
30

4
4

10
5
3
8
3

T o t a l

240
220
500
225
150
320

90
1745



W e b s t e r S i t e
L a b o r a t o r y S e c t i o n

T h e L a b o r a t o r y S e c t i o n o f t h e f r o n t b u i l d i n g c o n t a i n s f o u r l a b s a n d o n e s t o r a g e
area. T h e s e l a b s a r e 2 x 4 f r a m e c o n s t r u c t i o n w i t h she e t rock w a l l s . T h e f l o o r s
are covered w i t h p o u r e d in p l a c e u r e t h a n e m a t e r i a l .
P l a n n i n g a n d P r e p a r a t i o n

L a b o r R a t e T i m e T o t a l
$ / h r H r s $

S u p e r v i s o r
C e r t i f i e d H e a l t h P h y s i c i s t
F o r e m a n
C r a f t s m a n
H e a l t h P h y s i c s
C l e r i c a l

60
80
55
50
50
30

8
8
8
1
2
3

T o t a l

480
640
440

50
100

90
1800

R e c e i p t

S q u a r e F e e t

P l a n n i n g a n d P r e p a r a t i o n T o t a l
F a c i l i t y D e s c r i p t i o n

T h i s room was used f o r :
A r e a o f :
f l o o r
w a l l s
c e i l i n g s
v e n t i l a t i o n s y s t e m
p l u m b i n g s y s t e m
C o m p o n e n t s :
g l o v e boxes
h o t c e l l s
l a b b enche s

F a c i l i t y C h a r a c t e r i z a t i o n
C h a r a c t e r i z a t i o n h a s been c o m p l e t e d p r i o r t o t h i s r e p o r t .
D e c o n t a m i n a t i o n E f f o r t s

L a b o r

U s e S t o r a g e

18 40
80

720
2

N o D i m e n s i o n s L o c a t i o n

S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n

R a t e
S / h r

T i m e T o t a l
H r s S

60
55
50
45

4
4
2

16

240
220
100
720



W E B S T E R

H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

E q u i p m e n t Requ ir ed
survey i n s t r u m e n t s
p e r s o n a l p r o t e c t i v e e q u i p m e n t
l a b e l s
l a d d e r s
s c a f f o l d i n g

50
40
30

8
8
3

T o t a l

400
320

90
2090

R e q u i r e d C o s t T o t a l
N u m b e r each S

4
16
12

1
1

100
8
1

150
100

T o t a l

400
128

12
150
100
790

C o m p o n e n t s t o D e c o n t a m i n a t e

M o n i t o r f o r C o m p l i a n c e
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

C o m p o n e n t s t o D i s a s s e m b l e
v e n t i l a t i o n s y s t g m
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

p l u m b i n g s y s t e m
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n

R a t e
S / h r

T i m e T o t a l
H r s S

60
55
50
45
50
40
30

1
1
0

20
10
0
1

T o t a l

60
55

0
900
500

0
30

1545

R a t e
S / h r

T i m e T o t a l
H r s S

60
55
50
45
50
40
30

2
2
3
2
1
2
1

T o t a l

120
110
150

90
50
80
30

630

R a t e
S / h r

T i m e
H r s

60
55
50

T o t a l
S

4
4

10
240
220
500



T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

g l o v e boxes
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

45
50
40
30

5
3
8
3

T o t a l

225
150
320

90
17^.5

R a t e
S / h r

T i m e T o t a l
H r s $

60
55
50
45
50
40
30

4
4

10
5
3
8
3

T o t a l

240
220
500
225
150
320

90
1745

L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

l a b benche s
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

D e c o n t a m i n a t i o n C o s t
D i s m a n t l i n g Co s t
T o t a l D & D C o s t

R a t e
S / h r

T i m e T o t a l
H r s $

60
55
50
45
50
40
30

4
4

10
5
3
8
3

T o t a l

24 D
2 2 D
500
225
150
320

90
1745

R a t e
S / h r

T i m e T o t a l
H r s S

60
55
50
45
50
40
30

4
. 4

10
5
3
8
3

T o t a l

240
220
500
2 2 5 5
150
320

90
1745



W E B S T E R

W e b s t e r S i t e
R a d i o g r a p h y Room

T h e R a d i o g r a p h y room c o n t a i n s a l ead sho t h o t c e l l . T h e d o u b l e w a l l s a r e 6 "
a p a r t a n d t h e m i l d s t e e l i n 1 / 8 " t h i c k .
P l a n n i n g a n d P r e p a r a t i o n

Labor
S u p e r v i s o r
C e r t i f i e d H e a l t h P h y s i c i s t
F o r e m a n
C r a f t s m a n
H e a l t h P h y s i c s
C l e r i c a l

Rate
$ / h r

T i m e T o t a l
H r s $

60
80
55
50
50
30

8
8
8
2
4
3

T o t a l

480
640
440
100
200

90
1950

R e c e i p t

S q u a r e F e e t

P l a n n i n g a n d P r e p a r a t i o n T o t a l
F a c i l i t y D e s c r i p t i o n

T h i s room was used f o r :
A r e a o f :
f l o o r

r. w a l l s
c e i l i n g s
v e n t i l a t i o n s y s t e m
C o m p o n e n t s :
g l o v e boxes
l a b b enche s

F a c i l i t y C h a r a c t e r i z a t i o n
C h a r a c t e r i z a t i o n h a s been c o m p l e t e d p r i o r t o t h i s r e p o r t .

1 9 5 0 ]

U s e S t o r a g e

20 20
40

400
2

N o D i m e n s i o n s L o c a t i o n
y e s / n o
y e s / n o

D e c o n t a m i n a t i o n E f f o r t s
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s

Rate
S / h r

T i m e T o t a l
H r s S

60
55
50
45
50

4
4
2

16
8

240
220
100
720
400



L a b o r e r
C l e r i c a l

E q u i p m e n t R e q u i r e d
survey i n s t r u m e n t s
p e r s o n a l p r o t e c t i v e e q u i p m e n t
l a b e l s
l a d d e r s
s c a f f o l d i n g

40
30

R e q u i r e d
N u m b e r

8 320
3 90

T o t a l
C o s t
each

2090
T o t a l
S

4
16
12

1
1

100
8
1

150
100

T o t a l

400
128

12
150
100
790

C o m p o n e n t s t o D e c o n t a m i n a t e
F l o o r s a n d W a l l s
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

M o n i t o r f o r C o m p l i a n c e
L a b o r
S u p e r v i s o r
F o r e m a n
T e c h n i c i a n
H e a l t h P h y s i c s
C l e r i c a l

C o m p o n e n t s t o D i s a s s e m b l e
v e n t i l a t i o n s y s t e m
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

R a t e
S / h r

T i m e T o t a l
Hrs S

60
' 55

50
45
50
40
30

8
8
4

32
16
32

8
T o t a l

480
440
200

1440
800

1280
240

4880

Rate
S / h r

T i m e
H r s

60
55
45
50
30

T o t a l
$

4
4

20
10
4

T o t a l

240
220
900
500
120

1980

R a t e
$ / h r

T i m e T o t a l
H r s $

60
55
50
45
50
40
30

2
2
1
8
4
8
2

120
110

50
360
200
320

60



W E B S T E R

T o t a l 1220|
g l o v e boxes
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

lab benche s
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

D e c o n t a m i n a t i o n Cos t
D i s m a n t l i n g Cos t
T o t a l D & D Cos t

Rate
$ / h r

T i m e T o t a l
H r s $

60
55
50
45
50
40
30

4
4
4
8
4
8
4

T o t a l

240
220
200
360
200
320
120

1660

Rate
S / h r

T i m e T o t a l
H r s $

60
55
50
45
50
40
30

4
4

10
8
4
8
4

T o t a l

240
220
500
360
200
320
120

1960



W e b s t e r S i t e
M a c h i n e S h o p

The B u i l d i n g Two area i s t h e m e c h a n i c a l s h o p and a t on e t ime c o n t a i n e d l a t h e s
and m e t a l w o r k i n g mach ine s . Thi s area ha s a concre t e f l o o r t h a t ha s been
p a i n t e d . The w a l l s and c e i l i n g ar e sheet rock. All o f t h e p a r t i t i o n s ar e 2 x 4
f r a m i n g w i t h sheet rock c ov er ing
P l a n n i n g a n d P r e p a r a t i o n

Labor
S u p e r v i s o r
C e r t i f i e d H e a l t h P h y s i c i s t
F o r e m a n
C r a f t s m a n
H e a l t h P h y s i c s
C l e r i c a l

P l a n n i n g a n d P r e p a r a t i o n T o t a l
F a c i l i t y D e s c r i p t i o n

T h i s room was used f o r :
A r e a o f :
f l o o r
w a l l s
c e i l i n g s
v e n t i l a t i o n s y s t e m
p l u m b i n g s y s t e m
C o m p o n e n t s :
l a b benches

Rate
$ / h r

T i m e T o t a l
H r s S

60
80
55
50
50
30

4
4
4
2
4
4

T o t a l

240
320
220
100
200
120

1200

R e c e i p t
X

S q u a r e F e e t
1320
2368
1320

yes
yes

yes

1200|

U s e S t o r a g e
X X )

44 30 1320
8 143 2

y e s / n o
y e s / n o

N o . D i m e n s i o n s L o c a t i o n
y e s / n o .

F a c i l i t y C h a r a c t e r i z a t i o n
C h a r a c t e r i z a t i o n h a s been c o m p l e t e d p r i o r t o t h i s r e p o r t .

D e c o n t a m i n a t i o n E f f o r t s
L a b o r
S u p e r v i s o r
F o r e m a n

Rate
S / h r

T i m e
H r s

60
55

T o t a l
$

4 240 1
4 220|



W E B S T E R

C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

E q u i p m e n t Required
survey i n s t r u m e n t s
p e r s o n a l p r o t e c t i v e e q u i p m e n t
l a b e l s
l a d d e r s
s c a f f o l d i n g

50
45
50
40
30

2
16

8
8
3

T o t a l

100
720
400
320

90
2090

R e q u i r e d C o s t T o t a l
N u m b e r each $

4
16
12

1
1

100
8
1

150
100

T o t a l

400
128

12
150
100
790

C o m p o n e n t s t o D e c o n t a m i n a t e
F l o o r s a n d W a l l s
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

M o n i t o r f o r C o m p l i a n c e
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

C o m p o n e n t s t o D i s a s s e m b l e
v e n t i l a t i o n s y s t e mL a b o r
S u p e r v i s o r
F o r e m a n

Rate
$ / h r

T i m e T o t a l
Hrs $

60
55
50
45
50
40
30

16
16
10
80
40
80
16

T o t a l

960
880
500

3600
2000
3200

480
11620

Rate
S / h r

T i m e T o t a l
H r s 5

60 8
55
50
45
50
40
30

8
0

40
20

0
8

T o t a l

480
440

0
1800
1000

0
240

3960

R a t e
$ / h r

T i m e
H r s

60
55

T o t a l
$

2 120
2 110



C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

p l u m b i n g s y s t e m
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

l a b b enche s
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

D e c o n t a m i n a t i o n Cos t
D i s m a n t l i n g C o s t
Total D&D C o s t . .

50
45
50
40
30

1
8
4
8
2

T o t a l

50
360
200
320

60
1220

R a t e
S / h r

T i m e T o t a l
Mrs $

60
55
50
45
50
40
30

8
8
8

20
10
20

8
T o t a l

480
440
400
900
500
800
240

3760

Rate
$ / h r

T i m e T o t a l
Mrs $

60
55
50
45
50
40
30

10
10
10
40
20
40
10

T o t a l

600
550
500

1800
1000
1600
300

6350



W E B S T E R

W e b s t e r S i t e
Old Cs and Am-Be L a b s

T h e ( O l d ) C s - 1 3 7 room c o n t a i n s t w o h o t c e l l s t h a t have n o t been used f o r s ev era l
years . O n e h o t c e l l i s 2 ' x 2 ' x 2 ' a n d t h e o t h e r i s 4 ' x 4 ' x 4 ' . T h e c e l l s a r e
cons truc t ed o f m i l d s t e e l . T h e ( O l d ) Am-Be L a b c on ta in s t w o Am-241 g l o v e
boxes. T h i s room w a s n o t used f o r several years. T h e g l o v e boxes a r e 2 ' x 3 ' x
4 ' T h e y a r e u n s h i e l d e d a n d c o n s t r u c t e d o f m i l d s t e e l .
P l a n n i n g a n d P r e p a r a t i o n

L a b o r Rate T i m e T o t a l
$ / h r M r s S

S u p e r v i s o r
C e r t i f i e d H e a l t h P h y s i c i s t
F o r e m a n
C r a f t s m a n
H e a l t h P h y s i c s
C l e r i c a l

60
80
55
50
50
30

10
10
10

2
10
10

T o t a l

600
800
550
100
500
300

2850
P l a n n i n g a n d P r e p a r a t i o n T o t a l

F a c i l i t y D e s c r i p t i o n
T h i s room was used f o r :
A r e a o f :
f l o o r
w a l l s
c e i l i n g s
v e n t i l a t i o n s y s t e m
C o m p o n e n t s :
g l o v e boxes
h o t c e l l s
l a b b enche s

2850

R e c e i p t U s e S t o r a g e

S q u a r e F e e t
20 40

120
800

2

N o D i m e n s i o n s L o c a t i o n
2
2

2x3x4
2 x 2 x 2 and 4x4x4

F a c i l i t y C h a r a c t e r i z a t i o n
C h a r a c t e r i z a t i o n has been c o m p l e t e d p r i o r to t h i s report

D e c o n t a m i n a t i o n E f f o r t s
L a b o r R a t e

S / h r
T i m e
H r s

T o t a l
S



S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

E q u i p m e n t R e q u i r e d
survey i n s t r u m e n t s
p e r s o n a l p r o t e c t i v e e q u i p m e n t
l a b e l s

60
55
50
45
50
40
30

4
4
2

16
8
8
3

T o t a l

2̂ .0
220
100
720
400
320

90
2090

R e q u i r e d
N u m b e r

Cos t
each

T o t a l
$

4
32
20

100
8
1

T o t a l

400
256

20
676

C o m p o n e n t s t o D e c o n t a m i n a t e
F l o o r s a n d W a l l s
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

M o n i t o r f o r C o m p l i a n c e
L a b o r
S u p e r v i s o r
F o r e m a n
T e c h n i c i a n ..
H e a l t h P h y s i c s
C l e r i c a l

C o m p o n e n t s t o D i s a s s e m b l e
v e n t i l a t i o n s y s t e m
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n

R a t e
$ / h r

R a t e
S / h r

T i m e
H r s

T o t a l
$

60
55
50
45
50
40
30

16
16
10
80
40
80
16

T o t a l

960
880
500

36CO
20CO
3 2 C O

480
1 1 6 2 0

T i m e
H r s

T o t a l
S

60
55
45
50
30

8
8

• 40
20

8
T o t a l

480
440

1800
1 0 C O

240
3960

R a t e
$ / h r

T i m e T o t a l
H r s $

60
55
50
45

4
4
2

16

240
220
100
720



W E B S T E R

H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

g l o v e boxes
Labor
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

ho t c e l l s
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

lab benches
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

D e c o n t a m i n a t i o n C o s t
D i s m a n t l i n g C o s t
T o t a l D & D C o s t

50
40
30

8
16
4

T o t a l

400
640
120

2440

Rate
S / h r

T i m e T o t a l
H r s $

60
55
50
45
50
40
30

8
8
4

16
8

16
8

T o t a l

480
440
200
720
400
640
240

3120

Rate
S / h r

T i m e T o t a l
H r s S

60
55
50
45
50
40
30

16
16
8

32
16
32
16

T o t a l

960
880
400

1440
800

1280
480

6240

Rate
$ / h r

T i m e T o t a l
H r s S

60
55
50
45
50
40
30

8
8

10
20
10
20

6
T o t a l

480
440
500
900
500
800
180

3800



W e b s t e r S i t e
L e a k T e s t L a b

T h e L e a k T e s t L a b c o n t a i n s a wooden hood a n d t w o g l o v e boxes. T h e s e u n i t s
a r e s m a l l a n d were used f o r T r i t i u m a n d 1 - 1 2 5 o p e r a t i o n s . T h e c a b i n e t s a r e
wooden and can be e a s i l y removed if nece s sary
P l a n n i n g a n d P r e p a r a t i o n

L a b o r Rate T i m e T o t a l
S / h r _ _ _ _ _ Hrs____ $

S u p e r v i s o r
C e r t i f i e d H e a l t h P h y s i c i s t
F o r e m a n
C r a f t s m a n
H e a l t h P h y s i c s
C l e r i c a l

60
80
55
50
50
30

2
2
2
2
4
1

T o t a l

120
160
1 1 0
100
200

30
720

P l a n n i n g a n d P r e p a r a t i o n T o t a l
F a c i l i t y D e s c r i p t i o n

T h i s room was used f o r :
A r e a o f :
f l o o r
w a l l s
c e i l i n g s
v e n t i l a t i o n s y s t e m
C o m p o n e n t s :
g l o v e boxes
o t h e r :
wooden s h e l f s

F a c i l i t y C h a r a c t e r i z a t i o n

720]

R e c e i p t U s e S t o r a g e

S q u a r e F e e t
12 12

48
144

2

y e s / n o

y e s / n o
N o D i m e n s i o n s L o c a t i o n

s m a l l
yes

C h a r a c t e r i z a t i o n h a s been c o m p l e t e d p r i o r t o t h i s r e p o r t

D e c o n t a m i n a t i o n E f f o r t s
L a b o r
S u p e r v i s o r

R a t e
$ / h r

T i m e
H r s

T o t a l
S

60 240



W E B S T E R

F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

E q u i p m e n t Required
survey i n s t r u m e n t s
p e r s o n a l p r o t e c t i v e e q u i p m e n t
l a b e l s

55
50
45
50
40
30

4
2
8
4
8
2

T o t a l

220
100
360
200
320

60
1500

Required Cost
N u m b e r each

T o t a l
4
8
4

100
8
1

T o t a l

400
64

4
468

C o m p o n e n t s t o D e c o n t a m i n a t e
F l o o r s a n d W a l l s
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

M o n i t o r f o r C o m p l i a n c e
L a b o r
S u p e r v i s o r
F o r e m a n
T e c h n i c i a n
H e a l t h P h y s i c s
C l e r i c a l

C o m p o n e n t s t o D i s a s s e m b l e
v e n t i l a t i o n s y s t e m
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s

Rate
$ / h r

T i m e T o t a l
H r s $

60
55
50
45
50
40
30

8
8
2

16
8

16
4

T o t a l

480
440
100
720
400
640
120

2900

Rate
. S / h r

T i m e
H r s

60
55
45
50
30

T o t a l
S

4
4

16
8
4

T o t a l

240
220
720
400
120

1700

Rate
$ / h r

T i m e T o t a l
H r s $

60
55
50
45
50

4
4
2

16
8

240
220
100
720
400



L a b o r e r
C l e r i c a l

g l o v e boxes
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

wooden s h e l f s
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

40
30

16
4

T o t a l
640
120

2440

R a t e
$ / h r

T i m e T o t a l
Mrs $

60
55
50
45
50
40
30

4
4
2
8
4
8
4

T o t a l

240
220
100
360
200
320
120

1560

R a t e
S / h r

T i m e T o t a l
Mrs S

60
55
50
45
50
40
30

8
8
4

16
8

16
8

T o t a l

480
440
200
720
400
640
240

3120

D e c o n t a m i n a t i o n C o s t
D i s m a n t l i n g C o s t
T o t a l D & D C o s t



W E B S T E R

W e b s t e r S i t e
New Cs and Am-Be Lab

T h e C e s i u m area i s a l a b t h a t c o n t a i n s C s - 1 3 7 h o t c e l l s . T h e f l o o r i s covered w i t h
tile and the w a l l s are covered w i t h sheet rock. The w a l l s are s t a cked 8" x 8" x 16"
s o l i d concre t e b l o c k s . Care must b e t a k e n t o k e e p t h e s e b l o c k s f r o m b e i n g
c o n t a m i n a t e d . T h e Am-Be L a b i s a d o u b l e c o n t a i n e d Am-241 h o t l a b . T h e w a l l s
are concrete b l o c k s covered w i t h sheet rock. The f l o o r i s concre te covered w i t h
t i l e . C a u t i o n must b e ex erc i s ed t o k e ep th e b l o c k s f r e e o f c o n t a m i n a t i o n .
P l a n n i n g a n d P r e p a r a t i o n

L a b o r Rate T i m e T o t a l
S / h r M r s $

S u p e r v i s o r
C e r t i f i e d H e a l t h P h y s i c i s t
F o r e m a n
C r a f t s m a n
H e a l t h P h y s i c s
C l e r i c a l

60
80
55
50
50
30

8
8
8
4

16
8

T o t a l

480
640
440
200
800
240

2800
P l a n n i n g a n d P r e p a r a t i o n T o t a l

F a c i l i t y D e s c r i p t i o n
T h i s room was used f o r :
A r e a o f :
f l o o r
w a l l s
c e i l i n g s
v e n t i l a t i o n s y s t e m
C o m p o n e n t s :
h o t c e l l s
l a b benches
o t h e r :
concrete b l o c k s

F a c i l i t y C h a r a c t e r i z a t i o n

28001

R e c e i p t U s e S t o r a g e

S q u a r e F e e t
20 20

80
400

2

N o , D i m e n s i o n s L o c a t i o n
y e s / n o
y e s / n o

yes

C h a r a c t e r i z a t i o n h a s been c o m p l e t e d p r i o r t o t h i s r e p o r t .

D e c o n t a m i n a t i o n E f f o r t s
L a b o r R a t e T i m e T o t a l



S / h r H r s
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

E q u i p m e n t R e q u i r e d
survey i n s t r u m e n t s
p e r s o n a l p r o t e c t i v e e q u i p m e n t
l a b e l s

60
55
50
45
50
40
30

8
8
2

16
8

16
8

T o t a l

480
440
100
720
400
640
240

3020
R e q u i r e d C o s t T o t a l
N u m b e r each

4
8
4

100
8
1

T o t a l

400
64

4
468

C o m p o n e n t s t o D e c o n t a m i n a t e
F l o o r s a n d W a l l s
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

M o n i t o r f o r C o m p l i a n c e
L a b o r
S u p e r v i s o r
F o r e m a n "
T e c h n i c i a n
H e a l t h P h y s i c s
C l e r i c a l

C o m p o n e n t s t o D i s a s s e m b l e
v e n t i l a t i o n s y s t e m
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n

R a t e
S / h r

Rate
$ / h r

T i m e T o t a l
H r s $

60
55
50
45
50
40
30

8
8
2

16
8

16
4

T o t a l

480
440
100
720
400
(540
120

2900

T i m e
H r s

T o t a l
S

60
55
45
50
30

4
4

16
8
4

T o t a l

240
22Q
720
400
120

1700

Rate
S / h r

T i m e
H r s

60
55
50

T o t a l
S

4
4
2

240
220
100



W E B S T E R

T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

g l o v e boxes
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

concre t e b l o c k s
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

45
50
40
30

16
8

16
4

T o t a l

720
400
640
120

2440

Rate
S / h r

T i m e T o t a l
H r s S

60
55
50
45
50
40
30

4
4
2

16
8

16
4

T o t a l

240
220
100
720
400
640
120

2440

Rate
S / h r

T i m e T o t a l
H r s S

60
55
50
45
50
40
30

8
8

16
16
8

40
16

T o t a l

480
440
800
720
400

1600
480

4920

D e c o n t a m i n a t i o n C o s t
D i s m a n t l i n g C o s t
T o t a l D & D C o s t



W e b s t e r S i t e
T r a c e r L a b

T h e T r a c e r L a b c o n t a i n s a n area w h i c h w a s used f o r p a c k a g i n g a n d s h i p p i n g o f
r a d i o a c t i v e m a t e r i a l . T h i s b u i l d i n g i s a me ta l b u i l d i n g w i t h e x p o s e d s u r f a c e s . T h e
i n s i d e s u r f a c e s are coa t ed w i t h b l own on i n s u l a t i o n . T h e r e i s an i n s i d e area t h a 1 :
c o n t a i n s h o o d s a n d g l o v e boxes t h a t were used f o r tracer m a t e r i a l s . T h e d e v i c e i s
are c o n s t r u c t e d o f wood Thi s T r a c e r Lab c o n t a i n s two ho t c e l l s . One c e l l was
used f o r work w i t h G d - 1 5 3 a n d Sc-46. T h i s c e l l i s a d o u b l e w a l l e d c e l l f i l l e d w i t h
l ead shot . T h e second c e l l i s c o n s t r u c t e d o f concre te b l o c k s covered w i t h hard
board. T h i s c e l l c o n t a i n e d l r - 1 9 2 .
P l a n n i n g a n d P r e p a r a t i o n

L a b o r
S u p e r v i s o r
C e r t i f i e d H e a l t h P h y s i c i s t
F o r e m a n
C r a f t s m a n
H e a l t h P h y s i c s
C l e r i c a l

P l a n n i n g a n d P r e p a r a t i o n T o t a l
F a c i l i t y D e s c r i p t i o n

T h i s room was used f o r :
A r e a o f :
f l o o r
w a l l s
c e i l i n g s
v e n t i l a t i o n sy s t em

C o m p o n e n t s :
h o t c e l l s
o t h e r :
concre t e b l o c k s

F a c i l i t y C h a r a c t e r i z a t i o n

R a t e
$ / h r

T i m e T o t a l
H r s $

60
80
55
50
50
30

8
8
8
4

16
8

T o t a l

480
640
440
200
8CO
240

2800

R e c e i p t U s e S t o r a g e
J

S q u a r e F e e t
20 20

80

] y e s / n o

] y e s / n o

400
2

N o D i m e n s i o n s L o c a t i o n

yes

C h a r a c t e r i z a t i o n has been c o m p l e t e d p r i o r t o t h i s r e p o r t .

D e c o n t a m i n a t i o n E f f o r t s



W E B S T E R

L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

E q u i p m e n t Required
survey i n s t r u m e n t s
p e r s o n a l p r o t e c t i v e e q u i p m e n t
l a b e l s

R a t e
S / h r

T i m e T o t a l
H r s S

60
55
50
45
50
40
30

8
8
2

16
8

16
8

T o t a l

480
440
100
720
400
640
240

3020
Required
N u m b e r

Cost
each

4
8
4

T o t a l
S

100
8
1

T o t a l

400
64

4
468

C o m p o n e n t s t o D e c o n t a m i n a t e
F l o o r s a n d W a l l s
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

M o n i t o r f o r C o m p l i a n c e
L a b o r
S u p e r v i s o r
F o r e m a n
T e c h n i c i a n
H e a l t h P h y s i c s
C l e r i c a l

C o m p o n e n t s t o D i s a s s e m b l e
v e n t i l a t i o n s y s t e m
L a b o r
S u p e r v i s o r
F o r e m a n

Rate
$ / h r

T i m e T o t a l
H r s S

60
55
50
45
50
40
30

8
8
2

16
8

16
4

T o t a l

480
440
100
720
400
640
120

2900

R a t e
S / h r

T i m e
H r s

60
55
45
50
30

T o t a l
S

4
4

16
8
4

T o t a l

240
220
720
400
120

1700

Rate
S / h r

T i m e
H r s

60
55

T o t a l
S

4 240
4 220



C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

g l o v e boxes
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

concrete b lo ck s
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

50
45
50
40
30

2
16

8
16
4

T o t a l

' 0 0
720
.̂00

640
120

2440

R a t e
$ / h r

Rate
$ / h r

T i m e
H r s

T i m e
M r s

T o t a l
$

60
55
50
45
50
40
30

4
4
2

16
8

16
4

T o t a l

240
220
130
720
400
640
120

2440

T o t a l
$

60
55
50
45
50
40
30

8
8

16
16

8
40
16

T o t a l

480
440
800
720
400

1600
4 S O

4920

D e c o n t a m i n a t i o n C o s t
D i s m a n t l i n g C o s t
T o t a l D & D C o s t



W E B S T E R

W e b s t e r S i t e
S t o r a g e A r e a

T h e back b u i l d i n g w a s used f o r s t o r a g e . T h e b u i l d i n g i s me ta l w i t h a concrete
f l o o r . T h e r e i s a r a d i o a c t i v e waste bunker t h a t i s c o n s t r u c t e d o f concre te b l o c k s .
T h e r e i s an e n c l o s e d area beh ind the G d - 1 5 3 c e l l to prevent the spread of
c o n t a m i n a t i o n f r o m the ho t c e l l . T h e r e i s a down h o l e h i g h pr e s s ur e u n i t in th e
f l o o r . T h i s u n i t i s a p p r o x i m a t e l y 6 ' d e e p . T h e op en area i n s i d e t h e s e c u r i t y f e n c e
i s covered w i t h a s p h a l t which i s a p p r o x i m a t e l y 2" t h i c k .
P l a n n i n g a n d P r e p a r a t i o n

L a b o r Rate T i m e T o t a l
$ / h r M r s $

S u p e r v i s o r
C e r t i f i e d H e a l t h P h y s i c i s t
F o r e m a n
C r a f t s m a n
H e a l t h P h y s i c s
C l e r i c a l

60
80
55
50
50
30

8
8
8
4

16
8

T o t a l

480
640
440
200
800
240

2800

R e c e i p t

S q u a r e F e e t

P l a n n i n g a n d P r e p a r a t i o n T o t a l
F a c i l i t y D e s c r i p t i o n

T h i s room was used f o r :
A r e a o f :
f l o o r
w a l l s
c e i l i n g s - ; .
v e n t i l a t i o n s y s t e m
C o m p o n e n t s :
other:
concre t e b l o c k s
e m p t y p a c k a g i n g

F a c i l i t y C h a r a c t e r i z a t i o n
C h a r a c t e r i z a t i o n h a s been c o m p l e t e d p r i o r t o t h i s r e p o r t

D e c o n t a m i n a t i o n E f f o r t s

2 8 0 0 J

U s e S t o r a g e

20 70
180

» e s / n o

1400
2

N o D i m e n s i o n s L o c a t i o n
yes
yes

L a b o r R a t e T i m e T o t a l



S / h r M r s
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

E q u i p m e n t R e q u i r e d
survey i n s t r u m e n t s
p e r s o n a l p r o t e c t i v e e q u i p m e n t
l a b e l s

60
55
50
45
50
40
30

8
8
2

16
8

16
8

T o t a l

483
440
100
720
400
640
240

3020
R e q u i r e d
N u m b e r

C o s t
each

4
8
4

T o t a l
$

100
8
1

T o t a l

400
64

4
468

C o m p o n e n t s t o D e c o n t a m i n a t e
F l o o r s a n d W a l l s
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

M o n i t o r f o r C o m p l i a n c e
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
C l e r i c a l

C o m p o n e n t s t o D i s a s s e m b l e
v e n t i l a t i o n s y s t e m
L a b o r
S u p e r v i s o r
F o r e m a n

R a t e T i m e T o t a l
S / h r H r s $

60
55
50
45
50
40
30

8
8
2

16
8

32
4

T o t a l

Rate T i m e
S / h r H r s

60
55
50
45
50
30

8
8
8

32
16

8
T o t a l

R a t e T i m e
S / h r H r s

60
55

4
4

480
440
100
720
400

1280
120

3540

T o t a l
$

480
440
400

1440
800
240

3800

T o t a l
$

240
220



W E B S T E R

C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

e m p t y p a c k a g i n g
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

concrete b l o c k s
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

50
45
50
40
30

2
16
8

24
4

T o t a l

100
720
400
960
120

2760

Rate
S / h r

T i m e T o t a l
H r s $

60
55
50
45
50
40
30

8
8
4

16
8

32
8

T o t a l

480
440
200
720
400

1280
240

3760

Rate
$ / h r

T i m e T o t a l
H r s S

60
55
50
45
50
40
30

8
8

16
16

8
40
16

T o t a l

480
440
800
720
400

1600
480

4920

D e c o n t a m i n a t i o n C o s t
D i s m a n t l i n g C o s t
T o t a l D & D C o s t



W e b s t e r S i t e
O p e r a t i o n a l S u p p o r t A r e a

T h e room l a b e l e d " P i p e l i n e r " w a s used f o r s h i p p i n g a n d c o n t a i n s o n l y wooden
c a b i n e t s . The room t h a t is not l a b e l e d was used as a l u n c h r o o m and as a s t o r a g e
room. T h i s room does n o t c o n t a i n a n y r a d i o a c t i v e e q u i p m e n t .
P l a n n i n g a n d P r e p a r a t i o n

L a b o r R a t e T i m e T o t a l
$ / h r H r s S

S u p e r v i s o r
C e r t i f i e d H e a l t h P h y s i c i s t
F o r e m a n
C r a f t s m a n
H e a l t h P h y s i c s
C l e r i c a l

60
80
55
50
50
30

4
4
4
2
8
4

T o t a l

240
320
220
100
400
120

1400
P l a n n i n g a n d P r e p a r a t i o n T o t a l

F a c i l i t y D e s c r i p t i o n
T h i s room was used f o r :
A r e a o f :
f l o o r
w a l l s
c e i l i n g s
v e n t i l a t i o n s y s t e m
C o m p o n e n t s :
other:
wooden c a b i n e t s

F a c i l i t y C h a r a c t e r i z a t i o n

14001

R e c e i p t U s e S t o r a g e

S q u a r e F e e t
20

8
40

120
800

2

] y e s / n o
N o D i m e n s i o n s L o c a t i o n

yes

C h a r a c t e r i z a t i o n h a s been c o m p l e t e d p r i o r t o t h i s r e p o r t

D e c o n t a m i n a t i o n E f f o r t s
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n

R a t e
S / h r

T i m e
H r s

60
55
50

T o t a l
S

4 240
4 220
2 100



W E B S T E R

T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

E q u i p m e n t R e q u i r e d
survey i n s t r u m e n t s
per sonal p r o t e c t i v e e q u i p m e n t
l a b e l s

45
50
40
30

8
4
4
4

T o t a l

360
200
160
120

1400
R e q u i r e d
N u m b e r

C o s t
each

4
8
4

T o t a l
$

100
8
1

T o t a l

400
64

4
468

C o m p o n e n t s t o D e c o n t a m i n a t e
F l o o r s a n d W a l l s
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

M o n i t o r f o r C o m p l i a n c e
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
C l e r i c a l

C o m p o n e n t s t o D i s a s s e m b l e

R a t e
S / h r

T i m e
H r s

T o t a l
S

60
55
50
45
50
40
30

8
8
2

16
8

32
4

T o t a l

480
440
100
720
400

1280
120

3540

Rate
$ / h r

T i m e T o t a l
Mrs S

60
55
50
45
50
30

4
4
4

16
8
4

T o t a l

240
220
200
720
400
120

1900

v e n t i l a t i o n s y s t e m
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r

Rate
S / h r

T i m e T o t a l
H r s S

60
55
50
45
50
40

4
4
2

16
8

24

240
220
100
720
400
960



C l e r i c a l

wooden c a b i n e t s
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

30 4
T o t a l

120
2760

R a t e
$ / h r

T i m e T o t a l
Mrs S

60
55
50
45
50
40
30

4
4
4
8
4

16
4

T o t a l

240
220
200
360
200
640
120

1980

D e c o n t a m i n a t i o n C o s t
D i s m a n t l i n g C o s t
T o t a l D & D C o s t



W E B S T E R

W e b s t e r S i t e
S u b s u r f a c e Removal

T h e e n t i r e S e p t i c S y s t e m t o t h e f e n c e l i n e r equ i r e s r e m o v a l . T h e source h o l d e r s r equ i r e
removal
P l a n n i n g a n d P r e p a r a t i o n

L a b o r
S u p e r v i s o r
C e r t i f i e d H e a l t h P h y s i c i s t
F o r e m a n
C r a f t s m a n
H e a l t h P h y s i c s
C l e r i c a l

P l a n n i n g a n d P r e p a r a t i o n T o t a l

F a c i l i t y D e s c r i p t i o n
T h i s room was used f o r :
Area o f :
l i n e a r f e e t o f p i p i n g
p l u m b i n g s y s t e m ( i n c l u d i n g source h o l d e r s )

R a t e
$ / h r

T i m e T o t a l
H r s $

60
80
55
50
50
30

8
8
8
8
8
8

T o t a l

480
640
440
400
400
243

2600

R e c e i p t U s e

S q u a r e F e e t
200 f e e t

S t o r a g e

yes J y e s / n o

F a c i l i t y C h a r a c t e r i z a t i o n
C h a r a c t e r i z a t i o n ha s been c o m p l e t e d p r i o r t o t h i s r epor t .

D e c o n t a m i n a t i o n E f f o r t s

E q u i p m e n t R e q u i r e d
survey i n s t r u m e n t s
p e r s o n a l p r o t e c t i v e e q u i p m e n t
s a m p l i n g t o o l s
s a m p l e c o n t a i n e r s
backhoe

S e r v i c e s Requ ir ed
A n a l y t i c a l A n a l y s i s
S o i l

R e q u i r e d C o s t T o t a l
N u m b e r each S

4
4

109
109

1

100
8

25
3

1200
T o t a l

400
32

2725
227

12.00
4684

R e q u i r e d C o s t T o t a l
N u m b e r each S

109 410
T o t a l

44690
44690

230

C o m p o n e n t s t o D e c o n t a m i n a t e



M o n i t o r f o r C o m p l i a n c e
• L a b o r

S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
Cleri ca l

C o m p o n e n t s t o D i s a s s e m b l e
p l u m b i n g s y s t e m p n c l u d i n g source h o l d e r s )
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

R a t e
S / h r

T i m e T o t a l
Mrs $

60
55
50
45
50
30

4
4
4

16
8
4

T o t a l

240
220
200
720
400
120

1900

Rate
S / h r

T i m e T o t a l
Mrs $

60
55
50
45
50
40
30

16
16
16
32
16
40

8
T o t a l

960
880
800

1440
800

1600
240

6720

D e c o n t a m i n a t i o n C o s t
D i s m a n t l i n g C o s t
T o t a l D & D C o s t



P E R

V J e b s t e r

*"

W 1 - - 'f o r e m a n
C r a f t s m a "T e c h n i c i a n

H e a l t h PhY^s
L a b o r e r
C l e r i c a l

1 v^w

., F o r e m a n
A C r a f t s m a "3 T e c h n i c i a n

A 5 H e a l ^ P h v

3 Laborer
1 aenca1

P l a n e

CarT r u c KBacKhoe
Bob CatDowser

O f t S i t e

7 p l a n e

On S i t e

2
05

0
1
0

05
T o t a l Labor H O . - S
O f t S i t e 40

80
40
20

0
49

0
33

262

L a b o r a t o r y S e c t i o n ^
O f t S i t e

Q

2

0
13

145
27
17
12

65

O n S r t e ^ on S i t e

553
444

1565
840

1446
5925 Cost

M o n t h s

3
1

3
3
2
2
2

v;
Q8 274 45505 580 321 420 1851 5 peiN u m b e r

n n e, Diemof p er sonne l ^
13 825 0 00 1013 825 0 8111 2 839 125 1 52 1 2636-15 09131

4 JU 1
1 22 0
0 92 2., Q2 4& 0
0 64 2, t 265K 0 f T o t a lN u m b e r

p , p er DiemP e r s o n n e P e r ^ g i 2 5

115 0
0 1 1 1 2 9 1 2 5

115 ^ 0
0 94486875

, 1 1 5 : , 33810115 ; o
0 \ ____-̂0 [$35055^2-

50
0

50
32

204
104
156

49

T o t a l

Rental



\A fER*

O l d C s
O f f S i t e

and A m - B e L a b s
On Site

5
10

5
1
0
5
0
5

69
0

69
37

220
1 1 5
172

66

L e a k T e s t L a b
O f f S i t e O n

1
2
1
1
0
2
0

05

N e w C s a n d A m - B e L a b s
S i t e

33
0

33
13
80
42
64

26 5

O f f S i t e
4
8
4
2
0
8
0
4

On S i t e
40
0

40
26
96
56

104
44

T r a c e r L a b
O f f S i t e O n

4
8
4
2
0
8
0
4

S i t e
40
0

40
26
96
56

104
44

S t o r a g e A r e a
O f f S i t e O n

4
8
4
2
0
8
0
4

O p e r a t u
S i t e O f f S i t e

48
0

48
36

1 1 2
64

144
52

S u p p o r t A r e a s S u b s u r f a c
O n S i t e O f f S i t e

2 . 26 4
4 0 8
2 26 4
1 15 4
0 64 0
4 36 4
0 76 0
2 22 4



\A PER

R e m o v a l W a s t e
O n S i t e O f f S i i t

24
0

24
24
48
28
40
16

G r o u n d s
V

0
0
0
0
0
0
0
0

~\_ <->.*„ f~\U C 1 .*^_ / l 1 O l t C W M O U C
89

0
89
89

356
178
356

89

4
8
4
4
0
4
0
4

On S i t e
64
0

64
64

1 1 2
64

1 1 2
64



W e b s t e r
W a s t e

C o n t a i n e r C o s t s
W a s t e T y p e
S o u r c e s
2 R / S p e c i a l F o r m
L e a d
H o t Debr i s
G l o v e Boxes
B u i l d i n g D e b r i s
S o i l / c o n c r e t e

L a b o r C o s t

V o l u m e
f t 3

L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

375
7.5
54

384
768

34020
17280

C o n t a i n e r s
N o ( T y p e

50 7A Drums
2 0 S p e c i a l F o r m

1 B- 12 Boxes
4 7A Boxes
8 7A Boxes

6 3 R o l l o f f s
3 2 R o l l o f f s

P r i c e T o t a l
each C o s t

50 2500
800 16000
400 400
500 2000
500 4000
650 40950
650 20800

d r o p o f f
500

T o t a l C o n t a i n e r s 86350

R a t e T i m e T o t a l
$ / h r H r s $

60
55
50
45
50
40
30

40
40
40

160
80

160
40

T o t a l

2400
2200
2000
7200
4000
6400
1200

25400

T r a n s p o r t a t i o n C o s t s
D i s p o s a l F a c i l i t y
D i s t a n c e t o F a c i l i t y

S / m i l e / t r u c k U n i t C o s t
A d d i t i o n a l C o s t s
5 0 / h r for 4 hr

T r u c k

S / m i l e / t r u c k

T x D i s p o s a l
200

1.85
w e i g h t 0
s u r c h a r g e 0
d e m u r g e 200

T r u c k

T y p e
R o l l o f f s
D i s p o s a l F a c i l i t y
D i s t a n c e t o F a c i l i t y
U n i t C o s t
A d d i t i o n a l C o s t s
5 0 / h r for 16 hr
T y p e

N u m b e r C o s t
91

T o t a l
570 5 1 8 7 0 J

U t a h D i s p o s a l
800

1 , 8 5
w e i g h t 0
s u r c h a r g e 0
d e m u r g e 800
N u m b e r C o s t T o t a l



W E B S T E R

S / m i l e / t r u c k

T r u c k

L a b o r C o s t

D i s p o s a l

R o l l o f f s
F l a t b e d

D i s p o s a l F a c i l i t y
D i s t a n c e t o F a c i l i t y
U n i t C o s t
A d d i t i o n a l C o s t s
5 0 / h r f or 8 hr
T y p e
V a n

2280
2280

9 1 2 0
2280

T o t a l 140Q|

w e i g h t
s u r c h a r g e
d e m u r g e

T N P r o c e s s o r
1600
1.85

0
0

800
N u m b e r C o s t

2
T o t a l T r a n s p o r t a t i o n

T o t a l
3760| 7 5 2 0 ]

7 0 7 9 0 ]

L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
Laborer
C l e r i c a l

T x D i s p o s a l
P a P r o c e s s i n g F a c i l t y
U t a h D i s p o s a l
T N P r o c e s s o r

Rate T i m e T o t a l
S / h r M r s S

60
55
50
45
50
40
30

49
49
49

196
98

196
49

T o t a l

2940
2695
2450
8820
4900
7840
1470

3 1 1 1 5

T o t a l T r u c k
t r u c k s F a c t o r

98 2

f t 3 cost
49140

9000
2160

5 6 2 5

T o t a l
6 294840
6 54000 C o s t o n p e r p o u n d T r a n s . I n T a v e n o r

103 222480
278 1 5 6 3 7 5 140000 mci sur c h a r g e

8 1 3 6 9 5 |



W e b s t e r S i t e
G r o u n d s

T h i s i n c l u d e s removal o f b u i l d i n g a n d p a v e m e n t .
P l a n n i n g a n d P r e p a r a t i o n

L a b o r
S u p e r v i s o r
C e r t i f i e d H e a l t h P h y s i c i s t
F o r e m a n
C r a f t s m a n
H e a l t h P h y s i c s
C l e r i c a l

P l a n n i n g a n d P r e p a r a t i o n T o t a l

F a c i l i t y D e s c r i p t i o n
T h i s room was used f o r :
A r e a o f :
g r o u n d s

R a t e
S / h r

T i m e T o t a l
H r s $

60
80
55
50
50
30

8
8
8
8
8
8

T o t a l

480
640
440
400
400
240

2600

2600|

R e c e i p t U s e S t o r a g e

S q u a r e F e e t
19550 f t2 230 85

F a c i l i t y C h a r a c t e r i z a t i o n
C h a r a c t e r i z a t i o n h a s been c o m p l e t e d p r i o r t o t h i s r epor t

D e c o n t a m i n a t i o n E f f o r t s

E q u i p m e n t R e q u i r e d
survey i n s t r u m e n t s
p e r s o n a l p r o t e c t i v e e q u i p m e n t
b a c k h o e

R e q u i r e d C o s t T o t a l
N u m b e r each $

4
4
1

100
8

1200
T o t a l

400
32

1200
1632

C o m p o n e n t s t o D e c o n t a m i n a t e

M o n i t o r f o r C o m p l i a n c e
L a b o r
A p p l y F i x a t i v e f o r R a i s i n g B u i l d i n g
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n

R a t e
S / h r

T i m e T o t a l
Hrs $

60
55
50
45

16
16
16
32

960
880
800

1440



W E B S T E R

H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

C o m p o n e n t s t o D i s a s s e m b l e
B u i l d i n g and pavement
Labor
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

50
40
30

16
32
16

T o t a l

800
1230
430

6640

R a t e
$ / h r

T i m e T o t a l
Hrs $

60
55
50
45
50
40
30

40
40
40
80
40
80
40

T o t a l

2400
2200
2000
3600
2000
3200
1200

16600

D e c o n t a m i n a t i o n C o s t
D i s m a n t l i n g C o s t
T o t a l D & D C o s t



TA YEN OR BREAKDOWN



T A V E N O R

T a v e n o r S i t e
N e w W a s t e S t o r a g e B u i l d i n g

T h e n e w was t e s t o r a g e b u i l d i n g i s c o n s t r u c t e d f r o m sheet me ta l w i t h a concre t e s l a b f l o o r . T h e b u i l d i n g i s
e l evat ed - 2 - f e e t above grade. The c e i l i n g i s 20- f e e t h i g h wi th a d o u b l e - p i t c h . The i n t e - i o r space i s -2,800
square f e e t . T h e r e are 52 B-25 boxes of waste c u r r e n t l y s tored i n s i d e . T h e s e boxes are s i n g l e s t a ck ed and
c o m p r i s e a p p r o x i m a t e l y 8 0 % o f t h e a v a i l a b l e f l o o r space . F i f t y B-25 boxes c on ta in s o i l a n d g r a v e l f r o m
r e m e d i a t i o n o f T a v e n o r ' s r a d i o a c t i v e c o n t a m i n a t e d l e a c h f i e l d s . T w o boxes c o n t a i n Am-Be h o t c e l l s . T h e s e
boxes are e a s i l y i d e n t i f i e d a s t h e y are 1 , 5 - f e e t t a l l e r t h a n the rest o f the boxes T h e y were s t a g e d in the
m i d d l e o f t h e s t o r a g e b u i l d i n g w i t h t h e so i l boxes p l a c e d around th em f o r s h i e l d i n g T h e r e a r e t w o e q u i p m e n t
r o l l - u p door s a n d o n e p e r s o n n e l door. T h e b u i l d i n g doe s n o t have a v e n t i l a t i o n sy s t em. T h i s b u i l d i n g doe s
have e l e c t r i c a l and i s e q u i p p e d w i t h an a l a r m s y s t e m .
P l a n n i n g a n d P r e p a r a t i o n

L a b o r Rate T i m e T o t a l
S/hr______Hrs____ S

S u p e r v i s o r
C e r t i f i e d H e a l t h P h y s i c i s t
F o r e m a n
C r a f t s m a n
H e a l t h P h y s i c s
C l e r i c a l

60
80
55
50
50
30

16
16

8
8

16
8

T o t a l

960
1280
440
400
800
240

4120

R e c e i p t

S q u a r e F e e t

P l a n n i n g a n d P r e p a r a t i o n T o t a l
F a c i l i t y D e s c r i p t i o n

T h i s room was used f o r :
A r e a o f :
f l o o r
w a l l s
c e i l i n g s
C o m p o n e n t s :
o ther:
m a c h i n e r y

F a c i l i t y C h a r a c t e r i z a t i o n
C h a r a c t e r i z a t i o n h a s been c o m p l e t e d p r i o r t o t h i s r e p o r t
D e c o n t a m i n a t i o n E f f o r t s

4120|

U s e S t o r a g e

N o . D i m e n s i o n s L o c a t i o n
j y e s / n o 2 normal r e s t rooms

L a b o r
F l o o r s / W a l l s
S u p e r v i s o r

R a t e
$ / h r

T i m e
H r s

T o t a l
S

60| 16



F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

E q u i p m e n t R e q u i r e d
survey i n s t r u m e n t s
p e r s o n a l p r o t e c t i v e e q u i p m e n t
n e e d l e g u n s
l a b e l s
l a d d e r s
s c a f f o l d i n g

55
50
45
50
40
30

16
4

32
16
64
16

T o t a l

880
200

1440
300

2560
480

7320
R e q u i r e d C o s t T o t a l
N u m b e r each

4
64

2
10

1
1

100
8

50
1

150
100

T o t a l

400
512
100

10
150
100

1272

R e n t a l

C o m p o n e n t s t o D e c o n t a m i n a t e

M o n i t o r f o r C o m p l i a n c e
L a b o r
S u p e r v i s o r
F o r e m a n
T e c h n i c i a n
H e a l t h P h y s i c s
C l e r i c a l

C o m p o n e n t s t o D i s a s s e m b l e
m a c h i n e r y
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

D e c o n t a m i n a t i o n C o s t
D i s m a n t l i n g C o s t
T o t a l D & D Cos t

R a t e
$ / h r

R a t e
S / h r

T i m e
H r s

T o t a l
60
55
45
50
30

8
8

64
32
16

T o t a l

430
440

2880
1600

4!30
5880

T i m e
M r s

T o t a l
S

60
55
50
45
50
40
30

8
8
3

20
10
20

8
T o t a l

480
440
150
900
500
800
240

3510



T A V E N O R

T a v e n o r S i t e
Brick O f f i c e B u i l d i n g

T h e o n e story brick o f f i c e b u i l d i n g c o m p r i s e s -4.500 square f e e t o f f l o o r space. T h i s b u i l d i n g h a s been
p a r t i a l l y r e m e d i a t e d . T h i s b u i l d i n g i s i n a d e t e r i o r a t e d c o n d i t i o n a n d i s u n s a f e f o r p e r s o n n e l en t ry . M a n y o f
t h e i n t e r i o r s t r u c t u r a l s u p p o r t s a n d roof beams have c o l l a p s e d . S e c t i o n s o f t h e roof have c o l l a p s e d . T h e f l o o r
in some areas ha s been removed C a r p e t f r o m t h i s bu i ld ing wa s removed d u r i n g r e m e d i a t i o n and p l a c e d
o u t s i d e f o r s t orage . T h e c a r p e t i s r a d i o l o g i c a l l y c o n t a m i n a t e d . R e a d i n g s were c o l l e c t e d w i t h a G - M D e t e c t o r
t h a t ranged between 20,000 counts per m i n u t e ( c p m ) to 50,000 cpm.
P l a n n i n g a n d P r e p a r a t i o n

Labor Rate T i m e T o t a l
S / h r M r s $

S u p e r v i s o r
C e r t i f i e d H e a l t h P h y s i c i s t
F o r e m a n
C r a f t s m a n
H e a l t h P h y s i c s
C l e r i c a l

60
80
55
50
50
30

16
8

16
16

8
16

T o t a l

960
640
880
800
400
480

4160

R e c e i p t

S q u a r e F e e t

P l a n n i n g a n d P r e p a r a t i o n T o t a l
F a c i l i t y D e s c r i p t i o n

T h i s room was used f o r :
r-

A r e a o f :
f l o o r
w a l l s
c e i l i n g s
v e n t i l a t i o n s y s t e m
p l u m b i n g s y s t e m
C o m p o n e n t s :
s h i e l d s

F a c i l i t y C h a r a c t e r i z a t i o n
C h a r a c t e r i z a t i o n h a s been c o m p l e t e d p r i o r t o t h i s r epor t
D e c o n t a m i n a t i o n E f f o r t s

L a b o r
S u p e r v i s o r
F o r e m a n

4160

U s e S t o r a g e

y e s / n o
y e s / n o

] y e s / n o
N o . D i m e n s i o n s L o c a t i o n

Rate
S / h r

T i m e
H r s

60
55

T o t a l
S

16 960
16 880



C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

E q u i p m e n t R e q u i r e d
survey i n s t r u m e n t s
p e r s o n a l p r o t e c t i v e e q u i p m e n t
l a b e l s
l i g h t i n g
l a d d e r s
s c a f f o l d i n g

50
45
50
40
30

32
32
16
48

8
T o t a l

1600
1440
800

1920
240

78^-0
R e q u i r e d
N u m b e r

C o s t
each

T o t a l
$

4
32
12
4
5
3

100
8
1

200
150
100

T o t a l

400
256

12
800
750
300

2513
C o m p o n e n t s t o D e c o n t a m i n a t e

M o n i t o r f o r C o m p l i a n c e
L a b o r R a t e

S / h r
T i m e
M r s

T o t a l
$

S u p e r v i s o r
F o r e m a n
T e c h n i c i a n
H e a l t h P h y s i c s
C l e r i c a l

C o m p o n e n t s t o D i s a s s e m b l e
v e n t i l a t i o n s y s t e m
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

p l u m b i n g s y s t e m
L a b o r
S u p e r v i s o r
F o r e m a n

60
55
45
50
30

8
8

20
10
8

T o t a l

Rate T i m e
S / h r H r s

60
55
50
45
50
40
30

2
2
3
8
4
6
1

T o t a l

R a t e T i m e
S / h r H r s

60
55

4
4

480
440
900
500
240

2560

T o t a l
5

1 2 0 '
1 1 0 }
150
360
200
240

30
1210

T o t a l
S

240
220



T A V E N O R

C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

Shields
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

50
45
50
40

5
5
3

16
30 4

T o t a l

250
225
150
640
120

1845

Rate
$ / h r

T i m e T o t a l
H r s S

60
55
50
45
50
40
30

4
4
2
5
3
4
3

T o t a l

240
220
100
225
150
160

90
1 1 8 5

D e c o n t a m i n a t i o n C o s t
D i s m a n t l i n g C o s t
T o t a l D & D Cos t



T a v e n o r S i t eC a b r i c a t i o n / M a c h i n e S h o p
T h e f a b r i c a t i o n / m a c h i n e s h o p i s a 7 8 5 square f o o t m e t a l b u i l d i n g w i t h a s m a l l s t o r a g e l o f t . T h e f l o o r area i s
l i t t e r e d w i t h o l d f a b r i c a t i o n e q u i p m e n t a n d a n a s s o r t m e n t o f d i s c a r d e d j u n k . S e v e r a l i t e m s , such a s d r i l l b i t s ,
h a d e l e v a t e d r e a d i n g s o f r a d i o a c t i v i t y u p t o t e n t i m e s b a c k g r o u n d .
P l a n n i n g a n d P r e p a r a t i o n

L a b o r Rate T i m e T o t a l
S / h r _ _ _ _ _ H r s _ _ _ _ $

S u p e r v i s o r
C e r t i f i e d H e a l t h P h y s i c i s t
F o r e m a n
C r a f t s m a n
H e a l t h P h y s i c s

R e c e i p t

S q u a r e F e e t

C l e r i c a l

P l a n n i n g a n d P r e p a r a t i o n T o t a l
F a c i l i t y D e s c r i p t i o n

T h i s room wa s used f o r :
A r e a o f :
f l o o r
w a l l s
c e i l i n g s
C o m p o n e n t s :
t o o l s / d e b r i s

F a c i l i t y C h a r a c t e r i z a t i o n
C h a r a c t e r i z a t i o n h a s been c o m p l e t e d p r i o r t o t h i s r e p o r t
D e c o n t a m i n a t i o n E f f o r t s

L a b o r

60
80
55
50
50
30

8
8
8
2
4
3

T o t a l

480
640
440
100
200

90
1950
1 9 5 0 ]

U s e S t o r a g e

N o D i m e n s i o n s L o c a t i o n
j y e s / n o

S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

R a t e
S / h r

T i m e • T o t a l
H r s S

60
55
50
45
50
40
30

2
2
1

16
8

32
2

T o t a l

120
110

50
720
400

1280
60

2740



T A V E N O R

E q u i p m e n t Requ ir ed
survey i n s t r u m e n t s
p e r s o n a l p r o t e c t i v e e q u i p m e n t
l a b e l s

R e q u i r e d C o s t T o t a l
N u m b e r each

4
8
4

100
8
1

T o t a l

400
64

4
468

C o m p o n e n t s t o D e c o n t a m i n a t e
F l o o r s a n d W a l l s
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

M o n i t o r f o r C o m p l i a n c e
L a b o r
S u p e r v i s o r
F o r e m a n
T e c h n i c i a n
H e a l t h P h y s i c s
C l e r i c a l

C o m p o n e n t s t o D i s a s s e m b l e
t o o l s / d e b r i s
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

D e c o n t a m i n a t i o n C o s t
D i s m a n t l i n g C o s t
T o t a l D & D C o s t

Rat e
S / h r

T i m e T o t a l
H r s S

60
55
50
45
50
40
30

4
4
4

16
8

16
4

T o t a l

240
220
200
720
400
640
120

2540

Rate
S / h r

T i m e
H r s

60
55
45
50
30

T o t a l
$

4
4

20
10
4

T o t a l

240
220
900
500
120

1980

R a t e
S / h r

T i m e T o t a l
H r s S

60
55
50
45
50
40
30

2
2
1
8
4
8
2

T o t a l

120
110

50
360
200
320

60
1220



T a v e n o r S i t e
A m - B e L a b

The A m - B e Lab ha s been 90% d e m o l i s h e d . One sheet me ta l w a l l , s everal s t e e l w a l l s u p p o r t beams and
a p p r o x i m a t e l y 2 0 % o f t h e sheet m e t a l roo f s t i l l e x i s t T h e concre t e f l o o r h a s u n d e r g o n e s c a b b l i n g t o remove
c o n t a m i n a t i o n . T h e s c a b b l i n g w a s p e r f o r m e d b y G N I p e r s o n n e l . T h e b u i l d i n g s i t s o n concre t e s l a b f o o t p r i n t o f
7 9 5 square f e e t . G N I b e l i e v e s t h a t Cs-137 sources m a y have been h i s t o r i c a l l y m a n u f a c t u r e d i n t h i s b u i l d i n gas w e l l .
P l a n n i n g a n d P r e p a r a t i o n

L a b o r Rate T i m e T o t a l
S/hr______Mrs____$

S u p e r v i s o r
C e r t i f i e d H e a l t h P h y s i c i s t
F o r e m a n
C r a f t s m a n
H e a l t h P h y s i c s
C l e r i c a l

60
80
55
50
50
30

4
4
4
2

I 4
4

T o t a l

2*-0
320
220
100
200
120

1200
P l a n n i n g a n d P r e p a r a t i o n T o t a l

F a c i l i t y D e s c r i p t i o n
T h i s room was used f o r :
A r e a o f :
f l o o r
w a l l s
c e i l i n g s
C o m p o n e n t s :
w a l l s / c e i l i n g

F a c i l i t y C h a r a c t e r i z a t i o n
C h a r a c t e r i z a t i o n h a s been c o m p l e t e d p r i o r t o t h i s r e p o r t .
D e c o n t a m i n a t i o n E f f o r t s

L a b o r

R e c e i p t
X

S q u a r e F e e t
795
200

10

yes

1200|

U s e S t o r a g e
X X |

44 30 1320
8 146 2

N o . D i m e n s i o n s L o c a t i o n
y e s / n o

S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r

Rate
S / h r

T i m e T o t a l
H r s S

60
55
50
45
50
40

4
4
1
8
4

16

240
220

50
360
200
640



T A V E N O R

C l e r i c a l

E q u i p m e n t Requ ir ed
survey i n s t r u m e n t s
p e r s o n a l p r o t e c t i v e e q u i p m e n t
l a b e l s

30|
T o t a l

4 120
1830

R e q u i r e d
N u m b e r

C o s t
each

4
16
12

T o t a l
$

100
8
1

T o t a l

400
128

12
540

C o m p o n e n t s t o D e c o n t a m i n a t e
M o n i t o r f o r C o m p l i a n c e
L a b o r
S u p e r v i s o r
F o r e m a n
T e c h n i c i a n
H e a l t h P h y s i c s
C l e r i c a l

C o m p o n e n t s t o D i s a s s e m b l e
w a l l s / c e i l i n g
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s .
L a b o r e r
C l e r i c a l

D e c o n t a m i n a t i o n C o s t
D i s m a n t l i n g C o s t
T o t a l D & D Cos t

Rate
S / h r

T i m e
H r s

60
55
45
50
30

T o t a l
S

4
4

16
8
4

T o t a l

240
220
720
400
120

1700

Rate
S / h r

T i m e T o t a l
H r s $

60
55
50
45
50
40
3C

8
8
1
8
4

24
8

T o t a l

480
440

50
360
200
960
240

2730



T a v e n o r S i t e
R a d i o g r a p h y L a b

T h e r a d i o g r a p h y l a b i s a c oncre t e b u i l d i n g w i t h 6 2 4 square f e e t o f f l o o r s p a c e . I t h a s t w o rooms o f about
equal size. Each room has had p a r t i a l r e m e d i a t i o n p e r f o r m e d in the i n t e r i o r areas, i .e . , concrete f l o o r
s c a b b l i n g , s u b - f l o o r s o i l r e m o v a l , a n d e q u i p m e n t r emova l . T h i s b u i l d i n g s t i l l h a s e x - e n s i v 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 a d i n g s o f 1 m R / h r were f o u n d o n t h e f l o o r a n d w a l l s .
P l a n n i n g a n d P r e p a r a t i o n

L a b o r R a t e T i m e T o t a l
S / h r H r s S

S u p e r v i s o r
C e r t i f i e d H e a l t h P h y s i c i s t
F o r e m a n
C r a f t s m a n
H e a l t h P h y s i c s
C l e r i c a l

60
80
55
50
50
30

5
8
5
1

14
5

T o t a l

300
640
275

50
700
150

2 1 1 5

R e c e i p t

S q u a r e F e e t

P l a n n i n g a n d P r e p a r a t i o n T o t a l
F a c i l i t y D e s c r i p t i o n

T h i s room was used for:
A r e a o f :
f l o o r
w a l l s
c e i l i n g s

F a c i l i t y C h a r a c t e r i z a t i o n
C h a r a c t e r i z a t i o n h a s been c o m p l e t e d p r i o r t o t h i s r e p o r t .

U s e

2 1 1 5 |

S t o r a g e

D e c o n t a m i n a t i o n E f f o r t s
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

Rate
S / h r

T i m e T o t a l
H r s S

60
55
50
45
50
40
30

8
8
2

32
16
40

8
T o t a l

480
440
100

1440
800

1600
240

5100



T A V E N O R

E q u i p m e n t R e q u i r e d
survey i n s t r u m e n t s
p e r s o n a l p r o t e c t i v e e q u i p m e n t
n e e d l e g u n s
a i r c o m p r e s s o r
l a b e l s

R e q u i r e d C o s t T o t a l
N u m b e r each S

4
32

2
1

20

100
8

50
250

1
T o t a l

400
256
100
250

20
1026

C o m p o n e n t s t o D e c o n t a m i n a t e
F l o o r s a n d W a l l s
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

M o n i t o r f o r C o m p l i a n c e
L a b o r
S u p e r v i s o r
F o r e m a n
T e c h n i c i a n
H e a l t h P h y s i c s
C l e r i c a l

C o m p o n e n t s t o D i s a s s e m b l e
D e c o n t a m i n a t i o n C o s t
D i s m a n t l i n g C o s t
T o t a l D & D Cos t

Rate
S / h r

T i m e T o t a l
H r s S

60
55
50
45
50
40
30

5
5
2
8
8

20
5

T o t a l

300
275
100
360
400
800
150

2385

Rate
S / h r

T i m e
H r s

60
55
45
50
30

T o t a l
S

5
5

20
10

5
T o t a l

300
275
900
500
150

2 1 2 5



T a v e n o r S i t e
S u b s u r f a c e Removal

T h e E n t i r e p r o p e r t y s u r f a c e r equ i r e s removal o f b r u s h a n d s o i l t o f a c i l i t e c o m p l i a n c e i n v e s t i g a t i o n .
P l a n n i n g a n d P r e p a r a t i o n

L a b o r
S u p e r v i s o r
C e r t i f i e d H e a l t h P h y s i c i s t
F o r e m a n
C r a f t s m a n
H e a l t h P h y s i c s
C l e r i c a l

P l a n n i n g a n d P r e p a r a t i o n T o t a l

F a c i l i t y D e s c r i p t i o n
T h i s room was used f o r :
Area o f :
l i n e a r f e e t o f p i p i n g
bru sh
p l u m b i n g s y s t e m

R a t e
$ / h r

T i m e T o t a l
H r s $

60
80
55
50
50
30

8
8

20
8
8
8

T o t a l

480
640

1100
400
400
240

3260

R e c e i p t U s e

S q u a r e F e e t
X

S t o r a g e
X

1000 f e e t
yes
yes

y e s / n o
y e s / n o

' F a c i l i t y C h a r a c t e r i z a t i o n
C h a r a c t e r i z a t i o n h a s been c o m p l e t e d p r i o r t o t h i s r e p o r t .

D e c o n t a m i n a t i o n E f f o r t s

E q u i p m e n t R e q u i r e d
survey i n s t r u m e n t s
p e r s o n a l p r o t e c t i v e e q u i p m e n t
s a m p l i n g t o o l s
s a m p l e c o n t a i n e r s
backhoe

S e r v i c e s R e q u i r e d
A n a l y t i c a l A n a l y s i s
S o i l
W a t e r
o t h e r

R e q u i r e d C o s t T o t a l
N u m b e r each S

4
4

109
109

1

100
8

25
3

1200
T o t a l

400
32

2725
327

1200
4684

R e q u i r e d C o s t T o t a l
N u m b e r each $

109
10

410
210

T o t a l

44690
2100

46790

340
30



T A V E N O R

C o m p o n e n t s t o D e c o n t a m i n a t e

M o n i t o r f o r C o m p l i a n c e
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
C l e r i c a l

C o m p o n e n t s t o D i s a s s e m b l e

R a t e T i m e T o t a l
S / h r H r s S

60
55
50
45
50
30

4
4
4

16
8
4

T o t a l

240
220
200
720
400
120

1900

b r u s h
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

p l u m b i n g sys t em
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

Rate
S / h r

T i m e T o t a l
H r s S

60
55
50
45
50
40
30

8
8
4

20
10

120
8

T o t a l

480
440
200
900
500

4800
240

7560

R a t e
S / h r

T i m e
H r s

T o t a l
S

60
55
50
45
50
40
30

8
8
8

32
16
40

8
T o t a l

480
440
400

1440
300

1600
240

5400

D e c o n t a m i n a t i o n C o s t
D i s m a n t l i n g C o s t
T o t a l D & D Cos t



T a v e n o r
T r a v e l

7 P l a n e T i c k e t s 6 5 0 round t r i p
N o t e
1 P l a n n i n g t o occur 1 / 2 o f f s i t e a n d 1 / 2 o n s i t e 6 P e r d i e m ra t e 1 1 5 p e r d a y
2 A l l D & D o n S i t e
3 R e n t a l V e h i c l e f o r S u p e r v i s o r a n d F o r e m a n
4 R e n t a l T r u c k / V a n f o r worker s
5 A l l C H P T i m e o f f s i t e

N e w W a s t e S t o r a g e B u i l d i n g
O f f S i t e O n S i t e

S u p e r v i s o r 8
C e r t i f i e d H e a l t h P h v s i c i s t 1 6

B r i c k O f f i c e B u i l d i n g
O f f S i t e O n S i t e F a b r i c a t i o n / M a c h i n e S h o p A m - B e L a b

O f f S i t e O n S i t e O f f S i t e On Si t e

F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

1 S u p e r v i s o r
1 C e r t i f i e d H e a l t h P h y s i c i s t
1 F o r e m a n
1 C r a f t s m a n
3 T e c h n i c i a n
3 H e a l t h P h y s i c s
3 L a b o r e r
1 C l e r i c a l

P l a n e T i c k e t s
R e n t a l V e h i c l e s
C a r
T r u c k
Backhoe
Bob Cat
Dowser

4
4
0
8
0
4

T o t a l L a b o r H o u r s
O f f S i t e O n S i t e

32 5
60

345
2 6 5

0
31

0
26

2 1 0 5
N o P e r s o n n e l N o T r i p s

7

40
AW

36
11

116
66
84
44

W e e k s
o n S i t e

392
0

394
335

1188
1064
1296

3&L5
5 0 5 2 5

8
S
8
8
0
4
0
8

98
0

985
8375

297
266
32.4

95875
1 2 6 3 1 2 5

42
0

42
50
70
40
74
32

N u m b e r P e r
o f p e r s o n n e l Diem

1
00
1 0
09
30
2 7
33
1 0

1 2 9

4
g
4
1
0
2
0

1 5
N u m b e r
P e r s o n n e l

1 1 5
0

1 1 5
0

1 1 5
1 1 5

0
0

16 2
0 4

16 27 1
60 0
32 2
56 0

135 2
T o t a l
Per Diem

1 7889
1 0
1 7 9 2 9 2 5
1 0
3 7 1 7 2 5 5
3 64239
3 0
1 0

[ $ 1 5 1 , 7 8 2 7 5

4 01 <O

0
18

3
32
18
40
18

T o t a l
650[

N u m b e r M o n t h s C o s t T o t a l
1000
1200
3000
3000
3000

T o t a l T r a v e l a n d V e h i c l e R e n t a l [ _ j _ _ . . 2 2 6 . ° 3 2 75~|
T o t a l

13650

3000
3600

18000
27000

9000
60600]



J O R

R a d i o g r a p h y L a b
O f f S i t e O n S i t e

2 5
8

2 5
05

0
7
0

S u b s u r f a c e Removal W a s t e
205

0
205

45
60
41
60

u f f S i i e
4
8

10
4
0
4
0

O n S i t e O f f S i t e
24

0
30
20
68
38

160

0
0
0
0
0
0
0

G r o u n d s
O n S i t e O f f S i t e

167 5
0

167 5
167 5

670
765
670

4
8
4
8
0
4
0

On S i t e
64
0

64
72

1 1 2
64

152
25 205 4 24 0 167 5 4 64



T a v e n o r S i t e
W a s t e

C o n t a i n e r C o s t s
W a s t e T y p e
S o u r c e s
2 R / S p e c i a l F o r m
H o t D e b r i s
L e a d
G l o v e Boxes
B u i l d i n g D e b r i s
S o i l

L a b o r C o s t

V o l u m e
f t 3

15
15

384
10

192
81000
54000

C o n t a i n e r s
N o T y p e

2 7A Drums
2 S p e c i a l F o r m
4 7A Boxes
1 B-12
2 7A Boxes

1 5 0 R o l l o f f s
1 0 0 R o l l o f f s

Price T o t a l
each Cos t

50 100
800 1600
500 2000
400 400
500 1000
650 97500
650 65000

L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

d r o p o f f
500

T o t a l C o n t a i n e r s 1676QO|

Rate
S / h r

T i m e T o t a l
Mrs $

60
55
50
45
50
40
30

40
40
40

160
510
160
40

T o t a l

2400
2200
2000
7200

25500
6400
1200

46900

T r a n s p o r t a t i o n C o s t s
D i s p o s a l F a c i l i t y
D i s t a n c e t o F a c i l i t y

S / m i l e / t r u c k

T r u c k

S / m i l e / t r u c k

U n i t C o s t
A d d i t i o n a l C o s t s
5 0 / h r f o r 4 hr
T y p e
R o l l o f f s
D i s p o s a l F a c i l i t y
D i s t a n c e t o F a c i l i t y
U n i t C o s t
A d d i t i o n a l C o s t s

w e i g h t
s u r c h a r g e s
d e m u r g e

T e x a s B u r i a l S i t e
200

1.85
0
0

200
T o t a lN u m b e r Co s t

240 570[ 1 3 6 8 0 0 J

Pa P r o c e s s o r
1500
1.85

w e i g h t 0
s u r c h a r g e s 0



T A V E N O R

T r u c k

$ / m i l e / t r u c k

T r u c k

$ / m i l e / t r u c k

T r u c k

L a b o r C o s t

D i s p o s a l

5 0 / h r f o r 4 h r
T y p e
R o l l o f f s
D i s p o s a l F a c i l i t y
D i s t a n c e t o F a c i l i t y
U n i t Cos t
A d d i t i o n a l C o s t s
5 0 / h r for 16 hr
T y p e
R o l l o f f s
F l a t b e d

D i s p o s a l F a c i l i t y
D i s t a n c e t o F a c i l i t y
U n i t Cost
A d d i t i o n a l C o s t s
5 0 / h r f or 8 hr
T y p e
V a n

d e m u r g e
N u m b e r

200
C o s t T o t a l

1 2 9 7 5 [ 2975
U t a h B u r i a l S i t e

800
1.85

w e i g h t 0
s u r c h a r g e s 0
d e m u r g e 800
N u m b e r C o s t

10
3

T o t a l

T o t a l
2280 22800
2280 6840

29640|

w e i g h t
s u r c h a r g e s
d e m u r g e

T N P r o c e s s F a c i l i t y
1600
1.85

0
0

800
N u m b e r Cos t

2
T o t a l T r a n s p o r t a t i o n

T o t a l
3760| 7520|

176935

L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

T e x a s B u r i a l S i t e
U t a h B u r i a l S i t e
Pa P r o c e s s o r
T N Proce s s F a c i l i t y

Rate
S / n r

T i m e T o t a l
Mrs S

60
55
50
45
50
40
30

127 5
127.5
127.5

510
255
510

127.5
T o t a l

7650
7012.5

6375
22950
12750
20400

3825
80962.5

T o t a l T r u c k
t r u c k s F a c t o r

255 2

tt3 cost
4320
4320
9000

15

T o t a l
6 25920

103 444960
6 54000 Cos t By P o u n d

484 7260 0 mci s u r c h a r g e
478140]



T a v e n o r S i t e
G r o u n d s

T h i s i n c l u d e s r emoval o f b u i l d i n g s a n d p a v e m e n t
P l a n n i n g a n d P r e p a r a t i o n

L a b o r
S u p e r v i s o r
C e r t i f i e d H e a l t h P h y s i c i s t
F o r e m a n
C r a f t s m a n
H e a l t h P h y s i c s
C l e r i c a l

P l a n n i n g a n d P r e p a r a t i o n T o t a l
F a c i l i t y D e s c r i p t i o n

T h i s room w a s used f o r :
A r e a o f :
g r o u n d s

R a t e
S / h r

T i m e T o t a l
H r s $

60
80
55
50
50
30

8
8
8

16
8
8

T o t a l

480
640
440
800
400
240

3000

R e c e i p t U s e S t o r a g e

S q u a r e F e e t
17000 ft2 200 85

F a c i l i t y C h a r a c t e r i z a t i o n
C h a r a c t e r i z a t i o n h a s been c o m p l e t e d p r i o r t o t h i s r e p o r t

D e c o n t a m i n a t i o n E f f o r t s

E q u i p m e n t R e q u i r e d
survey i n s t r u m e n t s
p e r s o n a l p r o t e c t i v e e q u i p m e n t
backhoe

R e q u i r e d C o s t T o t a l
N u m b e r each S

4
4
2

L 100
8

1200
T o t a l

400
32

2400
2832

C o m p o n e n t s t o D e c o n t a m i n a t e

M o n i t o r f o r C o m p l i a n c e
L a b o r
A p p l y F i x a t i v e f o r R a i s i n g B u i l d i n g
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n

R a t e
$ / h r

T i m e T o t c i l
H r s $

60
55
50
45

16
16
16
32

960
880
800

1440



H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

C o m p o n e n t s t o D i s a s s e m b l e

50
40
30

16
32
16

T o t a l

800
1280
480

66^0

B u i l d i n g a n d p a v e m e n t
L a b o r
S u p e r v i s o r
F o r e m a n
C r a f t s m a n
T e c h n i c i a n
H e a l t h P h y s i c s
L a b o r e r
C l e r i c a l

R a t e
$ / h r

T i m e T o t a l
Hrs $

60
55
50
45
50
40
30

40
40
40
80
40

120
40

T o t a l

2400
2200
2000
3600
2000
4800
1200

18200

D e c o n t a m i n a t i o n C o s t
D i s m a n t l i n g C o s t
T o t a l D & D C o s t



A t t a c h m e n t A
A n a l y t i c a l



E n v i r O ' T e s t
FA CSIMILE CO VER PA GE

DATE.
FOR'

F.4XK UMBER: a8̂C.5"

' Q . S y

707"̂ i NUMBER OF PACES INCLUDING COVER PACE:
MESSAGE £ " ' V i t > J C

E T L L A B O R A T O R I E S O F F E R S A F U L L S P E C T R ' J M O F L A B O R A T O R Y S E R V I C E S
• Air Ta.iic*
• . A ' / t v c ' i / f f a - v w Analysis
• Rudionuclide Testing
• Hydntcurhnn Cliarafierization anil Fingerprinting

PLEASE CALL fOR MORE DETAILS

IF YOU HAVE AVY DIFFICULTY WITH THIS TfU.\'SM/SS!O\'. PLEA."-:: CALL J 0 7 - : . . - . v j % /

W o a - . / s : S i r e e :



S e n t o y : E n v i r - o . T e s t . . a c c r a t o r i e s . ^ _ C

E n v i r o - T e s t L a b o r a t o r i e s L L C .
C h e m i c a l A n a l y s i s R e p o r t

U S E o o l o o y N M M C Brokerage Servcas
Attn: N E A L W H A T - C Y
108 Flint Road
O a k R u j g e TN 37830

Date: 24 SEP 2001

Lab W o r k Order *: L 3 S 6 6
P r o j e c t P.O. »;
Pro|oct Relerence:
Comments:

D a t e R e c e i v e d : U S E P 2 0 C 1

A P P R O V E D B Y : _ .

P r o j e c t M a n a g e r

ElL Envlro • T e s t „_.,
L A B O R A T O R I E S L L C . i J l C«*f
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Envlro • T e s t
L A B O R A T O R I E S L L C . 4054

C H A I N O F C U S T O D Y RECORD
/ C U S T O M E R I N F O R M A T I O N , ; P R O J E C T I N F O R M A T I O N

LAB JOB NO.

/ R E M A R K S y ; r a E C A U T i b N B



EJL
C l i e n t

EnVirO • T e S t S a m p l e Rece ipt
• L A B O R A T O R I E S L L C C h e c k l i s t

f i'/ <.) ' <^_ d^&^F^L^L^- Job Number t-^-<£-' S fc
S a m p l e s S h i p p e d
S a m p l e s H a n d Del iver ed

U (J "
" X ^ U P S j x F e d e r a l Expres s Airborn:

C l i e n t ETL Lab Courier other:

* A i r B i l l # : ^ <_. 2 £-*'£• ^y êX

1. Chain - of - C u s t o d y p r e s e n t ?
2. Are the COC and s a m p l e l a b e l s l e g i b l e ?
3. C u s t o d y S e a l on s h i p p i n g c on ta iner?

I f yes, intact o n s h i p p i n g container?
4. C u s t o d y seals on s a m p l e containers?

If yes, intac: on s a m p l e container?
5. S a m p l e s c h i l l e d ?

I s temperature o f cooler. 4 ± 2 ° C ?
6. S a m p l e s received intact (good c o n d i t i o n ) ?

I f v o l a t U c s required, a n y with headspacc?
7. A d e q u a t e s a m p l e volume p r o v i d e d ?
8. S a m p l e s preserved correc t ly?

ft of Package s Received:

Yes
' s _ - —

w^~*^\

)*c-

X

\
C i r c l e pre servat ive types in s h i p m e n t ĵ ^H

9. Correct containers used?
10. S a m p l e s received wi th in h o l d i n g urne?
1 1 . Agreement between COC and s a m p l e l ab e l s ?
12. Gamma Screen nJfHr @ surface wiihic Bkg'
1 3 . S a m p l e s OK to release to L a b / S c r e e n i n g ?

XXXX

N o N V A Comments
^^H If no, p l e a s e f i l l one out.
1̂' /': H

-xMI
X
/ \ ^ * Record t emp: ^ J ° ^

•
| K a 2 S 2 0 3 , Z n A c , H N 0 3 . H C 1

^̂ Ĥ H 2 S O 4 , N ' a O H , Plair^OtherH•̂̂H > U H l . N J l t i 5 A J . U S E O N L Y

-x, •
A d d i t i o n a l Comments:

S a m p l e C o n t a i n e r ( s i z e / m a t e n a l ) :
Received and i n s p e c t e d by: e

>^<rj—,f J D a t e / T i m e :
* = f o r m u l t i p l e p a c k a g e s , s e e anacbed p a g e ( s ) f o r s h i p p i n g numbers and t empera ture s .
F o r m S R C h c c k l i s t . d o c R r v 1 E f f e c t i v e D u e 5 / 7 1 / 0 1



C h e m i c a l A n a l y s i s Repor t
w w d c o l o g y N M M C Brokerage Servi c e s109 Fl in t Road
Oak R i d f l e TN 37B30

A T T N : N E A L W H A T L E Y
I S a m p l e I D : 090001-OiF| Job Name: C L I E N T

R e p o r t Date: 2 4 - S E P - 0 1
p a g e ; 18 ot 22

P O N o . :
WO N O . : L3686

Date C o l l e c t e d : O S - S E P - O IU b S a m p l e I D : L36B6-17M a t r i x : S O L I D
: ^i:^^-.:;\'---^:;..^rf^Dfl8crtfaioh^;i-*^-''i^:ii- -''•'-: "•• .'•'• ; - - ' , ' • - ' , " > : • ,:::.---•. : • ; , • : . • : • - • ; . ' • • ! ' ' - i . ' : . f :••> ' : ' : ' - ' " ' '

Misc
Gamma Sp«ctr t«cepy

Paias so jm-40Cesium- 137
T h a l l i u m - 2 0 8
Lead-212
B i s m u ! l v 2 l 4
Lead-214
Actnlum-228

. . ; - '•;•.•:•. \Resutt .•";.::
i

; 15.7 »/• 1.5
0.7 W- 0 1
0.4 W - 0 . 1
0 9 «/- 0 1
L O W - 0 . 2
0 9 W- Q.2
1 .0 r/- 0.2

: ' . L W t s ' o l '

p C i / g
p C u ' g
p C i / g
p C i ' 9
p C i / g
: C t ' g
p C i / g

' ; ; . ; • ̂  :..D.LV -".-:• P r e p Date"

0.7
0 . ' .o •o.-
0.2
C.2
C.3

-. •'-• Analyzed •'-,

1 9 - S E F - 0 1
1 9 - S E P - 0 1
1 9 - S E P - 0 1
1 9 - S e P - C 1
1 9 - S E P - C l
1 9 - S E P - 0 1
1 9 - S E P - 0 1

S f ;i
D M F
D M F
D M F
D M F
D M F
D M F
D M F

f ! ! Envlro • TestL A B O R A T O R I E S L L C .
420 WBW lil

Urm' d l t 4 3 H . l v



C h e m i c a l A n a l y s i s Repor t
. o o l o g y N M M C Brokerage Service s109 Flint RoadOak Ridge TN 37830

A T T N : N E A L W H A T L E Y
S a m p l e I D : 090901-06FJ o b N a m e :_SampJfd_Bir:_CLIENT ___ _

R e p o r t Date 2 4 - S E P - C i
Page: 19 o» 22

PO No.:
W O N O . : L J S 8 6

Date C o l l e c t e d : C 9 - S E P - 0 1
U b S a m p l e I D : L3646-18

M a t r i x : S O L I D
• ' : - 7 ' . . . . ! ' : , ; : • . • ] ; . - ' ~ : i ^ i : . l V : 1 ; - ' : V - ' ^ ^ ' i * ^ v ^ i ? : : : . ' :• ' . ' . - • : • ' -^:\". , y . i . " ' Tai l D«w3iptiorr*.rs;-^-- • • ' • • • ' ' ! " " ; "

M l s c
S p e c t r o s c o p y

Potassium-40
Cesium- 137
T h a l l i u m -208
Lead-212
L e a d - 2 1 4

12.3 W- 1.8
7.0 W- 0.3
0.4^-0.11.1 T ; - o . 3
1 0 W- 0.2

p C l / s
p C i / g
p C f f l
p C i / g
p C i / s

1.2
01
0 1
C.2
0.3

1 9 - S E P - O t
1 9 - S E P - 0 1
1 9 - S E P - 0 1
1 S - S E P - 0 1
1 9 - S E P - O i

D W F
D M F
D M F
D W F
D M F

E|L Envlro • T e s t
L A B O R A T O R I E S L L C .

420 Weei 1 r S"»o< Cocc/.

A , ' f f K X ' j r C A f t i j " f l tvxi c l . Q Q " < C G <
,C«S cv' I*a3miy ••' d>: r j i t i c . uni
i ' or iy i i . u a.-v»i^i-ca; cc»ii cr-a.-y^c i



C h e m i c a l A n a l y s i s R e p o r t
o o l o g y N M M C Brokerage S e r v i c e si v * F l i n t Road

Oak R i d g e TN 37830
A T T N : N E A L W H A T L E Y

Repor t D a t e : 2 J - S E P - 0 '
P a g e ; 20 of 22

P O N O J
W O N O , : L3686

S a m p l e I D : 090901-08FJ o b Name:. S » m p l 8 d J [ y : . . C U E N T _

M l s c
S p e c t r o s c o p y

Poassimn-40
Cesium- 137
T h a J l i u m - 2 0 8
Lead -2 12
Bismuth-214
L e a d - 2 1 4
Acnnium-22a
Thonum-234

Date C o l l e c t e d : 0 9 - S E P - o iL a b S a m p l e I D : 1 3 6 6 6 - ' 9M a t r i x : S O L I D
~ ' . . . ; ; • " . • - ' : . ; •X-Tss t Description ' , ' . ' : : . ' . " - • - ' - • ' .. _Resul t

14 .9 .,- 1.4"
5.5 -/• 0.2
0 .2 W-0.1
1.0 »/ 0.1
1.0 W - 0 . 2
0.3 -/• 0.2
0.3 W- 0^
3.0 W- 1.9

-•:. Units o f . r : . '; . : ; M l a s u f e ' : ; : ' ' " - ' . . " . ; : P r e ' p , D a t e ' : ' -Arilyiec -

p C i / g
p C i / g
p C i / g

p C i / g
p C I / g
p C i / g

0.7
0.1
0.1
C . l
0.2
02
03

1

• 9 - S E F - 0 1
• 9 - S E P - 0 1
• 9 - S E P - O l

" 9 - S E P - O l
• 9 - S E P - j l
• . 9 - S E P - O l

By'

D M F
D M F
D M F
D M F
D M FD M FD M F
D M F

g M j j E n v I r o • T e s tI L A B O R A T O R I E S L L C .



P A C E 22 2:

M e t h o d o l o g y R e f e r e n c e

P L T e s t C o d e Main* T e s t D e s c r i p t i o n M e t h o d o l o g y R e f e r e n c e
L L - C A S o i Gamma Spearoscopy W o d . E P A . 9 0 1 . 1

E f t J Envlro • T e s tM ~ ^ f L A B O R \ T O R I E S L L C .|L



r G A M M A Q A / Q C D A T A S U M M A R Y S H E E T

Date A n a l y z e d
A u g u s t 14 ,2001

W o r k G r o u p R u n I D
W G 1 0 2 8 3 R12306

J o b N u m b e r s
L 3 6 8 6

D U P L I C A T E

A N A L Y T E
P o t a s s i u m 40
Ces ium 137
T h a l l i u m 2 0 8
Bismuth 214
Lead 214
A c t i n i u m 228

S a m p l e
A c t i v i t y

p C i / g
14.1
11.7
0.3
1.4
0.9
1.0

S A M P L E I D

D u p l i c a t e
A c t i v i t y

p C i / g
13.5
11.4
0.3
0.9
0.8
1.0

L 3686-9

S a m p l e D u p l i c a t e
Error Error
p C i / g p C i / g

1.3
0.3
0.1
0.2
0.2
0.2

1.4

0.3
0.1
0.2
0.2
0.2

D u p l i c a t e
R E R

C . 3
C.7
C.O
1.8
C.4
0.0

1-^^f
F 4 ^̂ V̂ IEJL iro • T e s t ,____

L A B O R A T O R I E S L L C . ^̂ ,1̂ ,;,



, : • - ' ? ; E N V J I ^ b j E S T L A B O R A T O R I E S ^ : : . : : ' ' : • - ' • ' _ • ' -
•:•-."•'•. tbgih'Chain of Custody Report (In01) - --".' .: ^ : : 1 . - • : : : ' '-i.iT^Sep. 18,2001^":'. . ' . . ".;- . ' ' ; . ' . ' : - , ' - , • . ; • . :y - " , : ' " . . . ' — , - i ; ^ . : i - O f l r W A W , " . . ; : . - .̂̂ .._. . . , - . , . • . - ' . • ' . • "

" ; . : j-ogln Number" L3686 " " - ' " Quote N u m b e r : , - ; . : : , ;
A c c o u n t - ^ " : ' - ' : ' . - v ; - " l O i 2 B 6 ; : : ; . ^ ; U S E c o l o g y N M M C B r o k ' e r a g e Services . ' - - - i , .

• : - - > : ^ ; " ' " ; ' - X • • ' . - : - ' ' - : . " ' " . . • • • ' • Page: . 1 o f . 2

S M P # SwnpleXumber - l - - Date; i ;v PR Date Comments
3686-1
Sol "~

090801-S13 08-6EP-01.08::00 14-SEP-01 24-SEP-01
1 Bottlea

3686-2
S o f l

, 090801.-S12
S GAMMA-AU

•,: . 08-S£P-01.08:05
HoW: 074*Afl-02 -

14-SEP-01 24-SEP-01

3686-3 .090801-510
Soi S OAMMA-ALL-CA

- 08-SEP-01 08:10 14-SEP-01
WoW: 07;MAPKi2 " :. ' - -. —

24-SeP-01

3686-4 •• - ;090«01-S01_;. r
Bct •' :':. '•'- S GAMMA-ALL-CA

•;.-..- M-6EP-01. 08:15
H o W : 07-MARXK ' '

14-SEP-01 24-SEP-01

OW801-S04 Oft^SEP-01 108:20 14-SEP-O1 .24-SEP-01
3686-er -. :. O90801-BKG-1
Soi S GAMMA-AU^CA

- 08-SEP-01 01̂ 25
H o l d 07-MAR-02 "

14-SEP-01 24-SEP-01

3686-7 080801-Sfi
Soi S GAMMA-ALL-CA

08-S£PX)1 08:20
H o M : 07-MAH-02

14-SEP-01 24-SEP-01

3686-8 090801-S2 . : .
Soi £ GAMMA-ALL-CA

08-SEP-01 08:36
H o l d 07-MAR-02 -

14-SEP-Ot 24-SEP01

3686-9 090801-S11
So3 S GAMMA-ALL-CA

08:40 14-SEP-01 2 4 - S E P - C ' 1
. H o k l 07-MAR-02 .

3888-10 00080 1 -SOO .
Sol S GAMMA-Aa-CA

' ' 08-SEPX)1 08:45
H o l d : 07-MAR-02

1*-SEP-01 2 4 - S E P - C 1

3686-11 080601-808
So« S GAMMA-AL1-CA

09-SEP-01 12:00
Hokl 08-MAR-02 ._.-.

14-S6P-01 2 4 - S E P - C 1

3686-12 080801-C7.
SoB S GAMMA-ALL-CA

09-SEP-01 12:05
Hokl OS-MAfi-02 ' - '

1*-SEP-01 2 4 - S E P 0 1

3688-13 090601-S5
Sofl S Q A M M A - A U . - C A

12:10 14-SEP-01 24-SEP-01
HoW: 08-MAB-02

3686-14 090801-S3
Soi S GAMMA-ALL-CA

OB-SEP-01 12:15
H o l d : 08-MAW-O2

14-SEP-01 24-SEP-01

3686-15 T C S L - S 0 2
F-" S OAMMA-ALL-CA

09-SEP-01
H o W : 08-MARO2

14-SEP-C1 24-SEP-01

S i g n a t u r e :
D a t e :



i o : E n v i r o . T e s t ^ a c c - a t : > r i e s , _ L

' E N V I R O T C S T L A B O R A T O R I E S
Login Chain of Cus t ody Report (In01)

- ; . : • • • • • --Sep. i8~2001 _ • • ' • • • -
" " ' ' ' " " 'Login Number 13686 Quote Number:

Account: ^ - 1G286 ; USEcoJogy NMMC Brokerage Services
'•"Projec t '•/•';. 5^ \'^~ "̂ :̂ . .V ; . ! .- . Page: 2 o f 2

• ; - A ~ Y ' ^ Contact;!;- Roport Mtiritt:

Report T y p e :
UPS M P *
3686-16
S o f l
3686-17
S o t t
3686-18
soa
3686-19
? ' -

SoB "

•"•-. Cl tont ,:;: ;v vS a m p l e Number
- T C S L - 6 0 1 . /-.-.r:^

.-. S GAMMA-ALL-CA '."'
08Q901-01F

S GAMMA-ALL-CA
090S01-06F .

S GAMMA-ALL-CA ;
._-. 080901-08F. .. -: .

S GAMMA-ALL-CA
:TCSL-03 ^

S OAMMA-ALL-CA

' ; . - ; • - ; ' . - - - : Col l e c t H ; R « C 8 J v e : :
' , . - ' . " • ' • ' Data*. - . . ' Date^, , P R

. • .-•• ,- OO^EP-01 12̂ 5 • - 14-SEP-01 -
. " H o W : OW4AR-02 • . ; ' ' Z ' ~ -

00-5EP-01 12̂ 0 14-SEP-01
Hokt 08-MAR-02 .

09-6EP-01 1235 14-SEP-01
HoW: 084AARXK , ^ _

. 09-SEP-01 12--40 1I4-SEP-01
r: Hdtfc 08-MAR-02 -— . .- ;" " *

Hold: 08-MAR-02 .

Due .
Date ; Comment s .'.'-..
2^SEP-01

24-5EP-01

24-5EP-01

24-SEP-01

24-SEP-01

S i g n a t u r e :
Date •



C h e m i c a l A n a l y s i s R e p o r t
L - v c c o l o g y N M M C Brokerage S e r v i c e s109 Flint Road
Oak Ridf l e TN 37830A T T N : N E A L W M A T L E Y

2 4 - 5 E P 017 of 22Repor t Date:P a g e :
P° No..

S a m p l e I D : 090801 - B K G - 1J o b Name:S a m p l e d B y : C L I E N T _
Date C o l l e c t e d : 0 8 - S E P - 0 1Lab S a m p l e ID: L3ii86-6

M a t r i x : S O U D
.Units o f .

W i s e
Gamma S p e c t r o & c o p y

Potassium-40
Cesium-137
T h a l l i u m - 2 0 6
Bismum-212
L a a f l - 2 1 2
Bsmuth-214
Laad-214
Actinium-228

.
'

13.5 W- 1.5
0.9 »A 0.1
0.2 W- 0 1
1.6 W- 1.0
0.7 W- 0.1
0.7 W- 0.2
0.7 W- 0.1
0.9 W- 0.2

p C i / g
c C i / g
o C i / g
p C i / s
p C I / g
p C i ' g
p C i ' g
p C i ' g

0.$
0.1
O.i
0.9
0.1
C . 1
0 1
0.2

1 9 - S E P - 0 1
1 9 - S E P - 0 1
1 S - S E P - 0 1
1 9 - S E P - 0 1
1 9 - S E P - O l
1 9 - S E P - 3 1
1 S - S E P - 0 1
1 9 - S E P - O l

D M F
D M F
D M F
D M F
D M F
D M F
D M F
D M F

EJL • Test
. S L L C .

> V M I I n !
P"c«« ( 3 0 7 ) 2 J S - 5 7 4 1 F m j c f l O T ) 2*6-1676

O t f l f i & J 3 Q f

^ I I T . I o L « M l y f c ' i l o u j f . c j i c 3 1 C C - - 0 " ' ( X / 0 ^ n l i n e ' , r .j.^ n c
a n c i f f o U ' M r v « : « i . o u ' i ^ l i « » , n j i , c M 1 ! i , M r - . , i « ; , o , , , ! r . r.,-ir.i./u^ii COWS c : i j / y j c ; -cs in*, ô.-. ^.r



C h e m i c a l A n a l y s i s Repor t
- o o l o g y N M M C Brokerage Serv i c e s109 Flint Road -

Oak R i d g e TN 37830
A T T N : N E A L W H A T L E Y

Report Date: 5 0 ( 2 2

S a m p l e I D :J o b N a m e :S a m p l e d J B y : .
090601-SOl
C L I E N T

Date C o l l e c t e d :L a b S a m p l e I D ; 0 8 - S E P - O l
13686-4

' R e e u l t
Wise

Gamma S p a c t r o s c o p y
Potassium-40
C e s i u m - 1 3 7
T h a l l i w v 2 0 S
Leeo-212
Bismuth-214
Lead-21*

13.6 -/• 1.6
3.5 W- 0^
C . 2 W - 0 . 1
0.9 +.'• 0.2
1 6 W- C.2
0.9 */- 0.2

s C L ' a
C C i / g
p C i / g
p C i ' g
p C i / g
p C f g

1.2
C . i
C . i
C.2
0.2
0.2

1 9 - S E P - 0 1
1 S - S E F - C \
1 9 - S E P O 1
1 9 - S E P - O 1 ,
' 9 - S E P - C 1

..v BY !

' '

O M F
D M F
D M F
D M F
D M F
D M F

i Envlro • Tfest



C h e m i c a l A n a l y s i s R e p o r t
_ ^ E c o l o g y N M M C Brokerage S e r v i c e s109 Flint Road
Oak R i d g e TN 37830

A T T N : N E A L W H A T L E Y

R e p o n D a t e : 2 4 - S E P - 0 1
P a g e : 9 of 22

PO No.:
V / O N O . : L 3 & I 6

S a m p l e I D ; 0 9 0 8 0 i - S 2J o b Name:S a m p l e d B y : C U E N T
Date C o l l e c t e d : 0 9 - S E P - C i
L a b S a m p l e I D : L36S6-8

Matr ix: S O L I D
- ? ' . ' U n i t s o f • " - ' : ' - - ; -

. r. !..__ .. . r .. __, .„..., p.... .- —— .-U; . ., , ._rir- —— ^

M l s c
Gamma S p e c t r o s c o p y

Beryllium- 7
Potassium-40
CoDait-60
C a s J u m - 1 3 7
T h a l l i u m - 2 0 8
Lead-210
Lead 212
S i s m u t h - 2 1 4
L e a d - 2 1 4
Actinium -223

'?~ :'-r^r~~^ • :.- • •

4i
15.5
0.4
-5C
0.3
17.3
C.8
1.8
0.9
0.9

W- 2.5
W - 1 6

W - 0 . 1^- 1.1
V - 0 2

+A 8 0
w- 0.3
+/- 0.2
W- 0.3
W - 0 . 3

- ;"".a*laU1C ..

p C i / g
p C i y g
p C v ' g
p C i / g
p C i / g
p C I / g
p C v ' g
p C i ' a
p C i / g
p C i / g

2.3
0.9
0.1
0.2
C.2
5.2
0.3
0.3
0.5
0.2 ;

I .- . . .- .• t- • .'•< n\ •> T{7 ' ' ."

i
1 9 - S E P - 0 1 !
1 9 - S E P - 0 1
1 9 - S E P - 0 1
1 9 - S E P - 0 1
1 9 - S E P - 0 1
1 9 - S E P - 0 1
1 9 - S E P - C l
1 9 - S E P - 0 1
1 9 - S E P - 0 1
1 S - S E P - 0 1

B y . :

D M F
D M F
D M F
D M F
D M F
D M F
D M F
D M F
D M F
O M F

E|L Envlro • T e s t
L A B O R A T O R I E S L L C .

420 wau i w S4ro«< C**»i .
a- (3071 235-5741

l l l a ' f e 0<\v J O O * L J l - » t C UTO^-L l * j
y.' ta/6 anC OLt



C h e m i c a l A n a l y s i s R e p o r t
.. ^ e c o l ogy NMMC Brokerage S e r v i c e s109 Flint RoadOak R i d g e TN 37830

A T T N . N E A L W H A T L E Y

Report D a l e : 24 SI:P-01
P a g e : 15 of 22

PO No.:
WO N O . : L3566

S a m p l e I D : 090801-S3J o b Name: ! C L I E N T
Date C o l l e c t e d : 0 9 - S E P - o iU b S a m p l e I D : L3686-U

M a t r i x : S O L I D

{Result • : . : f ; : ' : ' M ^ a s i j V e ' . • - " • - ? ' ; D X . ' - '''•^^.'^^'\^^^^'^--'--:..

M l s c
Gamma S p s c t r o s c o p y

Pota&*ium-4C
Casium-137
B i s r n u f f t - 2 1 4

13.6 W- 1.8
3 2 3 * ' - 1 . 8
1.4 »r 0.4

p C u ' g
p C i / sp C i / g

1 9 - S E P - O i
- . 9 - S E P - O ' . D M F

D M F

p - M T j E n v I r o • T e s t
[ L A B O R A T O R I E S L L C .l

l a i S i r t
- J C ^ . J : ^



C h e m i c a l A n a l y s i s R e p o r t
e c o l o g y N M M C Brokerage S e r v i c e s

109 F l i n t Road
Oak Ridge TN 37830

A T T N : N E A L W h A T L E Y

D a t e :
P a g o :P0 No

WO NO.: L3686
6 or 22

S a m p l e I D : 09M01-S04J o b Name:_ S a m p ! e d p y : . . C y E N T
Dale C o l l e c t e d : 0 3 - S E P - O iL a b S a m p l e I D : L3S86-EMatrix: S O U D

" ~~' '

Gamma S p e c t r o s c o p y
Potas s i jm-4O
CODal1-50
Cesium-137

13.5 */- 1.6
0.« W- 0.1

89.0 -,'- 0.9
p C L ' g
p C i / g 0.2

18-CEP-01 D M F
1 9 - S E P - 0 1 D M F
19-SEP-01 D M F

E|L Envlro • T e s t
*SO W«- IB S i f t * CUB* Wyomng 82601

I C C i ' i c ' U " , « = " i i
„. .:.,,.^J , r-,

c >*"• t ' ^ C > * ' >



C h e m i c a l A n a l y s i s R e p o r t
. e c o l ogy N M M C Brokerage S e r v i c e s109 Flint Road

Oak R i d g e IN 37830
A T T N : N E A L W H A T L E Y

R e p o r t Data 2 4 - S E P - 0 1
Page 14 of 22

P O M o . :
WO N O . : L3686

S a m p l e I D : 090801-S5J o b N a m e :S a m p l e d B y : C L I E N T
• - - . ' • , ; - • . - - - ^ - i T o s i Des cr ip t i on ' • ' . ' . ' ' • ' -.v.--... • . - . - • " > . . ' " - • j ;:"-~Resijlt • , • ' • •• -.:-•- :..•.:•-' '. . -, . .---.-I--- _.'•-.. '".•...•'-•• .:.:. .',-^ .''•'. ".-_'^ :_: .-.'•'••'•"-

Misc
Gamma S p e c t r o s c o p y

?otassium-4C 14.9 »/- 1.8
Cesium- 1 3 7 ' . . 1 - > 0 ^
l eaa-212 Q . 2 - / - 0 . 1
L 8 a a - 2 l 4 0.7 ,,- 0.2

Date C o l l e c t e d :L a b S a m p l e I D :
M a t r i x :

^ U r j t s o f . ; : . " ^ : - : : / :' ; . j -Maasure ' '_- . . :--- ^

p C i / g
p C i / g
p C f g
p C i / g

0 9 - S E P - 0 1
L3686-13
S O U D

-̂S^
09
0 1
0 1
0.2

l a t e , -•: Analyzed ;.-.~..
;

T 3 - S E P - 0 1
- , 9 - S E P - O l
1 9 - S E P - 0 1
• , 9 - S E P - O l

>&

O M F
D M F
D M F
D M F

I Envlro • T e s t
[ L A B O R A T O R I E S L L C . re j iXJ G^ C '^W'tL- ,; -a*, r. .- -

a-.f H J O ' H v -,1" U C i S f l i i : j r v i c c r ! c ' r - a r .



C h e m i c a l A n a l y s i s Repor t
- ..ecology NMMC Brokerage Service s Report Date: 24-sep-o i109 Flint Road Pa9* 12 or 22
Oak Ridge TN 37830 *> No :

WO N O . : L3886A T T N : N E A L W H A T L E Y

S a m p l e I D : 090801-S06 Dale C o l l e c t e d : Q 9 - S E P - 0 -J o b Name: L a b S a m p l e I D : 13666-11
Sampled B y ; C U E N T __._.....____......._........._..._..__.._Matrix: S O L I D _

s j r e : ' ' ^ " ' ' ; " ' ^ ' D . ' L ' i ; ! ^ : - ' i 3 V e ' p D a t e ; . i l ; ' A r i l y i e d ' : ; H - : . ^ B v V ; *»» w . • • ...... •. •.. , i f •• v ..•• V, l{, - ,."••»--'«<•,'." J ,' ,-.' , '

Gamma S p e c t r o s c o p y
P o t a i s a j T T i - 4 0
C e s j u m - 1 3 7
Bamulh-21*
L o a d - 2 1 4

S4.7 V- 8.5
; 0.9 W- 0-8

4.7 W- 1.3: 2.5 W- 1.1

p C i / ap c i / e
p C i / g
p C i / g

6.3
0.7
1.4
12

; 1 9 - S E P - 0 1
' 1 9 - S E P - 0 1

I 9 - S E P - 0 1
1 9 - S E P - 0 1

D M F
• D M F
: DMF
. DMF

E J L Envlro • T e s t
L A B O R A T O R T F S l i r ^™<*i-x*'> Mi^ut.u<»•***~a**.***«u-i*•'<*• P , W * , _ , , r _i-« j» u ^* 4\ r\ I V J t V l l w O H>v- . «x« 5 ex.' i«rw:oi. ou' natn«> i an coftb& ib u-ndiac c f o - . i n j i t ^ : ji 'M- t\\. _^J
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C h e m i c a l A n a l y s i s Repor t
w o E c o l o g y N M M C Brokerage Serv i c e s109 Flint Road
Oak R i d g e TN 37830

A T T N : N E A L W H A T L E Y

Report Oaltr 24-SEP-01
Paga; 13 o» 22

PO No.:
WO N O . : L36!56

S a m p l e I D : 0908QM7J o b N a m e :.Sampled B y : C L I E N T
Date C o l l e c t e d : 09-SEP-01L a b S a m p l e I D : L3686-i;iM a t r i x : S O U D

• ' : ; ' . , . i " ; ; j : ' . - : ! ' , : - V . Test D e s c r i p t i c r i : ; ' ] . ; ' : ; ' : : • . ; ; • ; : .. ...• • • - ' : -Result . , -- P r e p D a l e V . .
W i s e

Gamma S p e c t r o a c o p y
Potassium-40
Cocait-€0
CaOiniu fn-109
Cesium-137Bismuih-214
L a a d - 2 1 4

1.4 - K - 0 . 4
0.3 -H- 0.1
13.8 W- 1.7
345 V- 0.9
3.3 -w 0.2
S.6 ^ 2.9

p C I / g
p C i / s
p C I / g
p C i / g

0.3
0 1
2.3
01
0.3
0.4

1 3 - S E P - 0 1
1 3 - S E P O 1
1 3 - S E P - 0 1
1 9 - S E P - O l
1 9 - S E P - 0 1
1 S - S E P - 0 1

D M F
D M F
D M F
D M F
D M F
D M F

Envlro • T e s t
L A B O R A T O R I E S L L C . r E X . o r c J t > .irv: oue C-l«

O u f ^!>»iv • ! ' i l l : j w i lig T^ j i; i 'y i< ,n c o c i s c^
420 W«I 1S1

P n c r f i a t 3 Q ? ' ,
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. co logy N M M C Brokerage S e r v i c e s nepon D a t e ; 2 4 - S E P - o i109 Flint Road P a a e B of 22Oak R i d g e TN 37830 P o N° -;WO N O . : 1.3686A T T N : N E A L W H A T L E Y

S a m p l e ID: 090801 -saJ o b Name:
S a m p l e d B y : C L I E N T

l-:-^^^ii^^\
W i s e u

Gamma S p « c t r o « c o p y
Potassium-40
CoDalt-60
C«sium-137

Date C o l l e c t e d : 0 3 - S E P 01Lab S a m p l e ID: L3666-7
M a t r i x : S O L I D

. ' > ; ' ; 1 • " , : ' - ' . f . ; : - • ' • ' • • • • ' . : • ' - • ' • ; ' • ' - - ' U n i t s o f • ' : , : ' ' . . ; : ; . - : ' r . " - ; , ' ; ' - : l r - : - . | " f ' ^ ' y : ^ . ' . : f ; < : o - - : , - , " ' ^ 5 . > - - ' : : . X ' - ' - > . r x ' ! : t' ' , ' ; - - 1 - •"-_• ' • . - : ; . ' . " -?es ' . " " • . ' { M e a s u r e " - - : - :~P-l-'''i^:f>roPP*ta.}±~Analyz&l^'i- v B y . : ; ;

E . 3 W - 1 . 7 p C l ' g ' 0 . 3 1 9 - S E P - 0 1 D M F
C . 3 W - 0 . 1 p C i / g C . l 1 9 - S E P - 0 1 D M F

2132 W - 6 . 5 p C i / g 0 3 1 9 - S E P - 0 1 D M F

glL
•
I

• T e s t
L A B O R A T O R I E S L L C . L l T M 0 * : > U O * ' V M n O j u ' '

J f x ; c i ( A J ' I f i / V C C ^ c - ' - ' 0 M A'-Qlf: 1 3 i l ' ( X »

ar 151 S l t « l Cupar. Wyowig & 2 6 0 I
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C h e m i c a l A n a l y s i s R e p o r t
e c o l ogy N M M C Brokerage Services1 0 9 F l i n t RoadOak R i d g e TN 37830

A T T N : N E A L W H A T L E Y

Report Date: 2 4 - S E P - 0 1
P a g e : 11 al 22

P O N a :
WO N O . : L3636

S a m p l e I D : 090e01-S09J o b Name: :u ENT
Date C o l l e c t e d :U b S a m p l e I D :

M a t r i x :
o a - S E P - o iL3686-10
S O U D

^
M i S C

Gamma Sp«c t ro« copy
Potassium-40
Cesium-137
Thall ium-208
BismulM-214
Thorium-234

11.2 W- 1.7
S . O W - 0 . 3
0.2 V- 0.2
0 8 V - 0 . 3
0.8 W- 0.2
1.4 V- 0.7

p C i / g
p C i / g
p C i / g
p C i / g
p C i / g
p C f g

1.2
0.1
0.1
0.2
0.3

1

1 9 - S E P - 0 1 D M F
1 9 - S E P - 0 1 D M F
19-SEP-01 D M F
1 9 - S E P - 0 1 D M F
1 9 - S E P - 0 1 D M F
1 9 - S E P - 0 1 D M F

E|L Envlro • T e s t
L A B O R A T O R I E S L L C .



C h e m i c a l A n a l y s i s R e p o r t
c o l o g y N M M C Brokerage S e r v i c e sF l i n t Road

Oak R i d g e TN 37830
A T T N : N E A L W H A T L E Y

R e p o r t D o t e : 2 4 - S E P - C i
P a g - s : 4 of 22

PO N o . :
WO N O . : L3586

S a m p l e I D ; 09080i-S 1 0J o b Name:S a m p J a d B i ^ C U E N T
Dale C o l l e c t e d : C 8 - S E P - 0 1
L a b S a m p l e I D : L36S6-3Matrix: :>OUD

-.; Measure -. •
Misc

Gamma S p e c t r o s c o p y
Potassium-40
Cot>aJt-60
CaOm»jm-109
Cesiom-137
T h a l l i u / n - 2 0 8
U s a d - 2 1 2
3ismi*n-2i4
L f l f l f l - 2 1 4
Acliri ium-228
Thorn, m-234

16.2 +/- 1.5
0.1 W- 0.1
2.5 W- 1.1

1 1 . 8 W- 0.3
0.2 W - 0 . 1
0.8 W- 0.2
0.7 W - C . 2
0 7 W- 0.2
1 .0 W- 0.2
3 0 W - 0 . 7

p C i ' g
p C i / S
p C l / Q
p C i / g
p C i , ' g
p C i / g

j p C / gp C i / g
p C i / g

• p C i / g

D.L: :

0.6
0.1
1 5

0 . '
G . I
C 1
C ?.
C ' 5

Prep .D

1 9 - S E P - 0 1
1 9 - S E P - 0 1
1 9 - S E F - 0 1
1 9 - S E P - 0 1
1 8 - S E P - C 1
1 9 - S E P - 0 1
1 8 - S E P - 0 1
1 9 - S E P - 0 1
• 9 - S E P - O I
• 9 - S E P - O i

D M F

D M F
D M F
D M F
D M F
D M F
D M F
D M F
D M F

£ f t [ E n v l r o • T e s t
L A B O R A T O R I E S L L C .

420 Wa«j 11; Sir«0i Cuo«r W y w r u n g t?50:
I F 4 r ^ J 0 7 | 2 & o - l 6 7 f t
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C h e m i c a l A n a l y s i s Repor t
c o l o g y N M M C Brokerage Service s109 Flint Road

Oak R i d g e TN 37830
A T T N : N E A L W H A T L E Y

R e p o r t D a t a : 2 4 - S E F ' O l
P a g e : 1 0 C f 2 2

PO No.:
WO NO.: L3686

S a m p l e I D : 090801-SnJ o b N a m e :.Sampled By;
Date C o l l e c t e d : 0 8 - S E P - 0 1
U b S a m p l e I D : L3686-9M a t r i x : S O U D

M l S C
Gamma S p e c t r o i c c p y

Potass ojnv40
C«sium-l37
T h a l l i u m - 2 0 8
Bismum-212
Lead-212
B i s m u t n - 2 1 4
L e a d - 2 1 4
A c J j n i u T i - 2 2 8

, Resul t ~_

14 1 +,-• 1.3
1 1 . 7 W - 0 3
0.3 -t-.- 0.1
\ 2 W - Q . S
0.8 w-0.1
1.4 w- 0.2
0.9 -H- 0.2
1.0 W-0.2

; U n i t s b f - 7 - ^ ' - ~• Measum"";--"l":i:

p C i ' g
p C i / g
p C i / g

.. . -* -LV-- ^W Date .; :.jr

p C t / c

C.6
C . I
C 1
O.S
C . 1

C.2

1 9 - S E P - 0 1
1 9 - S E P - 0 1
1 3 - S S P - 0 1
1 3 - S E P - 0 1
1 3 - S E P - 0 1
1 9 - S E P - O l
1 9 - S E P 0 1
1 3 - S E P - O i

D M F
D M F
D M F
D M F
D M F
D M F
D M F
D M F

Fll tT ! I Envlro • T e s tL A B O R A T O R I E S L L C .
' IX fa-J 11: i l ia i Cau>
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C h e m i c a l A n a l y s i s R e p o r t
Eco l ogy N M M C Brokerage S e r v i c e s109 Flint Road

Oak R i d g e TN 37830
A T T N : N E A L W H A T L E Y

S a m p l e I D : 090801-S12J o b N a m e ._ S a m p l e d B y : C U E N T

R e p o r t D a t e : 2 - i - S E P - O i
Pag*: 3 o( 22

PO N o . :
W O N O . : L 3 6 S 6

D a t e C o l l e c t e d : C 8 - S E = - O iL a b S a m p l e I D : L3636-2M a t r i x : S O L I D
-'-:- U n i t s of'

M l s c
G a m m a S p e c t r o c c o p y

Coba l t -60
C e s i u m - 1 3 7
T h a l l i i m - 2 0 a
Leaa-214
Aciinium-228

14 4 W- 1.6
O . i W - 0 . 1

30.8 W- 0.5
Q . 3 + / ' - 0 . 1
1.2 W-0.2
0 8 + / - 0 i
0 9 */- 0.2

p C i / 0
p C i / g
p C i / g
p C i / g
p C i / g
p C i / g
p C i / g

0.8
0.1
01
0.1
0.2
0.3
0.3

1 3 - S E P - 0 1
1 9 - S E P - 0 1
1 S - S E P - 0 1
1 9 - S E P - 0 1
1 & - S E P - 0 1
1 9 - S E P - 0 1
1 9 - S E P - 0 1

D M F
D M F
D M F
D M F
D M F
D M F

g i J j j E n v i r o • T e s t
j L A B O R A T O R I E S L L C .I cur L.TOU-, •<• c co;«i '- -^ :tc u •&-
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C h e m i c a l A n a l y s i s R e p o r t
.oology N M M C Brokerage S e r v i c e s R e P ° r t Dste: 2 4 - S E P - o i

109 Flint Road P a9 e : 2 o f ^
Oak Rid f leTN 37830 ^ ^

A T T N : N E A L W H A T L E Y

S a m p l e I D : 090801-S13 Date C o l l e c t e d : O B - S E P - O iJ o b N a m e : t-ab S a m p l e I D : L3686-1B y : C U E N T _ Matr ix: _ S O L I p _
;-:! : ' ; " • ' ; ' " . ' . * / . ; " - U n i t s o f: K : ; - - ; \ . R e s u l t " - - ; •.-

M l s c
Gamma S p e c t r o s c o p y

Potassium-iC 1 5 . 0 - y - 2 . 1 p C i / g 1 . 2 1 3 - S E P ^ l D M F
C o b a J l - 6 0 3 . 7 w-0.1 p C l / g C i 1 9 - S E P - 0 1 D M F
Cesium-137 7 0 4 W - 3 3 p C i / Q 0 . 5 1 9 - S E P - 0 1 D M F

E|L Enviro • T e s t POLISH \:: ,no*i tj
L A B O R A T O R I E S L L C . ^^^r"^:.'^^

420 tva



C h e m i c a l A n a l y s i s Repor t
E c o l o g y N M M C Brokerage Serv i c e s109 Flint RoadOak R i d g e IN 37830

A T T N : N E A L W H A T L E Y

2 4 - S E P - 0 1
17 o( 22

R e p o r t Dat e
P a g e

P O N o . :
WO N O . : L3681!

S a m p l e I D : T C S L S O iJ o b Name:_ _ S a y > p l e d J i y : _ _ C U E N T _ _ _ _ _ _ . _ . .
" ' • • " . . : - " : : ' ^ ' ^ ' ' ; ; r ' T : « s t DeealpUon' :'j>-\

Date C o l l e c t e d : 0 9 - S E P - O i
U b S a m p l e I D : L3686-16Matrix: S O U D

:V-:> ' . ;r . : ; Result •:-" . Measure . - . ' : . ' Date .n^:.:.ta^-.;

.^ i i ^ J T ; B y - - j j

.1iac
G a m m a S p e c t r o s c o p y

Potass ium-40
C«sium-137
T h a l l i u i n - 2 0 8
U a d - 2 1 2
& s m u t r v 2 1 4
L e a d - 2 1 4
Act in ium-228

13.8 W- 1.9
0 4 «/• 0.2
0.5 +/• 0.2
1.6 +/-0 .2
1.2 W - 0 - 2
1 4 W- 0.2
1.2 W- 0.3

p C i / g
p C i / g
p C i / g
fC:J<3p C i / g
p C i / g
p C i / g

1.2
C.2
C 1
C . 2
C . 3
0.3
0.5

18-SEP-01
1 9 - S E P - 0 1
1 9 - S E P - 0 1 ,
1 9 - S E P - 0 1 '
• 9 - S E P - 0 1
1 9 - S E P - 0 1
1 9 - S E P - 0 1

D M F
D M F
D M F
D M F
D M F
D M F
D M F

E|L Envlro • Test
L A B O R A T O R I E S L L C .

S t r o e i Cu^ar.
5741 F » £ ( 3 0 7 ) 266-1676
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C h e m i c a l A n a l y s i s R e p o r t
x o l o g y N M M C Brokerage Services109 Flint Road

Oak R i d g e TN 37830
A T T N : N E A L W H A T L E Y

R e p o n D a t e : 2 * - S E P - o i
Page-. 16 o) 22

PC No.;WO NO.: 13686

S a m p l e I D : T C S L - S 0 2J o b Name;S a m p l e d By: CUENT
Date C o l l e c t e d :
L a b S a m p l e I D :Matrix:

0 9 - S E P - 0 1
L3686-15
S O L I D

M l s c
Gamma S p e c t r o t c o p y

Ces ium-137
Thal l ium-20e
B t s m u f f i - 2 1 2
L a a f l - 2 1 2
Bismuth-214
Lead-214
AOjnium-228

14.7 */• 1.5
22.0 W- 0.4
0 4 -H'- 0 .1
1 9 W- 1.0
I . : W - 0 . 2
0.8 */- 0.2
0.8 V- 0.2
1.1 W- 0.2

p C i / g
p C i ' g
p d - ' g
p C i ' g
p C ^ g
p C V g
p C I / Q

Q.6
C . 1
C . 1

1
C . 2

C.2
0.2

; ' • _ • A n a t y z ' e c ) . - ; ? • •

1 9 - S E P - O i
1 9 - S E P - 0 1
1 9 - S E P - G ' .
1 9 - S E P - O I
1 9 - S E P - 0 1
1 9 - S E P - O I
1 9 - S E P - d

D M F
D M F
D M F
D M r
D M F
D M F
D M F
D M F

Envlro * T e s t
L A B O R A T O R I E S L L C .
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C h e m i c a l A n a l y s i s Repor t
. c o l ogy N M M C Brokerage S e r v i c e s109 Flint Road

Oak R i d g e TN 37830
A T T N : N E A L W H A T L E Y

R e p o r t D a t e : 2 4 - S E P - 0 1
P a g e : 21 of 22

PO No,:
WO N O . : L3586

S a m p l e I D : T C S L - 0 3J o b N a m e :S a m p l e d B y : C L I E N T
Date C o l l e c t e d : o s - S £ p - o iL a b S a m p l e I D : L3686-20

M a t r i x : S O U D
- ' - ' - : . . . ' V v • ; • . ' - . : - ' - ' - T e s t Description° . ! - _1_.li-^_• • . ; ^ a _ . . : - • . .... . '

M l s c ,
Gamma S p e c t r o s c o p y

CoBaJl-60
Cesujm-137
A m e r i d u m - 2 4 1

. ; _ - • ; ' - ' - . V ' - • - • Unit s a -;-.; p e s u l t ._-:•'

2956 W- 20.6 pCi/g
3357 w- 26.8 pCl/g

142 W- 10.2 p C i / c

5.6
10

5.2

1 9 - S E P - 0 1
1 9 - S E P - 0 1
1 9 - S E P - 0 1

D M F
D M F
D M F

T e s t
L A B O R A T O R I E S L L C . 4.-X6 O 0-.' I » / V . C U V OU f

420 W a f l \s\
: ( 3 0 7 ) 235-5741 F v (3071 2 6 f r 1676
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l*\*\^ff££''~ C l i e n t :
^^^ C l i e n t P r o j e c t

i S S y P H E L I M M A R Y R E P O R T E R :
1 North A i p e f i : _ _ ,*en Arrow. OK 740)2 D f l t C R e c e i v e d :

x8! 9". «.'5x»e P a € e N u m b e r

A n a l y t i c a l Repor t
M e t h o d R e s u l t U n i t s D L

i
L a b I D :
C l i e n t I D :
D a t e S a m p l e d :
M a t r i x :

L S E c o l o g > I n c
G N I - W e b s t e r F S - 0 1 - I O

2 0 0 1 0 8 1 9
9 ; 2 8 / 2 0 0 1

9 . ' 1 0 / 0 1
1 of 14

P r e p A n a l y s i s A n a l y s t
D a t e D a l e

20010819-01
090501-BKGC
9 / 5 / 2 0 0 1 4:30:00 PM
Other

R a d l o c b e m k a l
K-40
T I - 2 0 8
B i - 2 1 2
P b - 2 1 2
B i - 2 1 4
P b - 2 1 4
A r - 2 2 8

">4
v .5
P a - 2 3 4 -
A m - 2 4 1
Co-60
C s - 1 3 7

T C L P - L c a d

L a b I D :
C l i e n t I D :
D a t e S a m p l e d :
M a t r i x :

H A S L
H A S LH A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L

EPA 1

20010819-02
0 9 0 5 0 1 - B K C S

300
300
300
300
300
300
300
300
300
300
300
300
300

3.90*

0.174-
0.399-
0.373 -

1.40-

A n a l y s e s
• ' - 0 . 3 7 7

BDL
BDL

' - 0 . 0 1 8
/ - 0.046
' - 0 . 0 3 1

BDL
BDL
BDL
BDL

N D
BDL

- 0.069
M e t a l s A n a l y s e s

3 1 1 ' 6 0 l o d B D L

p C i - ' g
p C L ' g
p C i . ' g
p C L ' g
p C L ' g
p C L ' g
p C i / g
p C L ' g
p C i / g
p C i / g
p C i / g
P C i / g
p C i ' g
m g / l

0.622
0.074
0.581
0.060
0.144
0086
0.242
1.29
0.338
0 181
0 . 5 5 1
0.078
0.088

0.035

9 / 2 5 / 2 0 0 1
9 / 2 5 / 2 0 0 1
9 - 7 5 / 2 0 0 1
9 / 2 5 / 2 0 0 1
9 / 2 5 / 2 0 0 1
9 / 2 5 / 2 0 0 !
9 / 2 5 / 2 0 0 1
9 / 2 5 / 2 0 0 1
9 / 2 5 / 2 0 0 1
9 / 2 5 / 2 0 0 1
9,25/200 1
9 / 2 5 / 2 0 0 1
9 / 2 5 / 2 0 0 1

9 / 1 2 / 2 0 0 1 9 , 2 1 / 2 0 0 1

S D
S D
S D
S D
S D
S D
S D
S D
S D
S D
S / D
S D
S D

K S

9/5 ,7001 4:35:00 PM
S o i l

R a d j o c h t r o k a l
K-40
T l - 2 0 8
B i - 2 1 2
P b - 2 1 2
B i - 2 1 4
P b - 2 1 4
A c - 2 2 8T h - : ; d

^5
4

H A S L
H A S L
H A S L
H A S l .
H A S L
H A S L
H A S LH A S L
H A S L
H A S L

300
300
300
300
300
300
300
300
300
300

12.4-
0.360-
0.473 -

1 . 1 4 -
0 . 5 3 7 -
0.869 -
0.769-

A n a l y s e s
--0.936
-0.032

' - 0 . 2 4 7
-0.085

/ - 0.084
- 0.077
- 0 . 1 0 2

BDL
BDL
BDL

p C i / g
p C i ' g
p C i ' g
p C i / g
p C i / g
p C i - ' g
p C ' ' ?
p C i / g
p C i / g
p C i / g

1.40
0.082
0.096
0 . . 1 3 I
0.358
0.363
0.498
1.85
0 .755
0 . 1 7 2

9 / 1 8 / 2 0 0 1
9/ 1 8 /200 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 , 2 0 0 1
9 / 1 8 , 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1

S D
S D
S D
S D
S D
S D
S D
S D
S D
S D

B O ! = U e l u w D e t e c t i o n l . l m n



3 9 / 2 8 / 2 3 3 1 l & : 5 s r l ^ - I r L - O o C - .."-^--- _--z - - _ . .

><>
^K$^
^̂

ij
1

1

1tri0^ L U M I N A R Y tape
en Arrow. OK 74012 ^2 S I - 2 5 I 59181 251-0006

C l i e n t :
C l i e n t P r o j e c t :
Lab N u m b e r :

I f f 7 • .' H | Date Received
P a g e N u m b e r :

U S E c o l o g ) I n c
O N I - W e b s t e r F S - 0 1 - I O

2 0 0 1 0 8 1 9
9 / 2 8 / 2 0 0 1

9 / 1 0 ' 0 1
2 of 1 4

A n a l y t i c a l R e p o r t

A m - 2 4 l
I o - 6 0
Js- ! 37

M e t h o d

H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0

R e s u l t U n i t s

N D p C i / ' g
B D L p C i ' g
B D L p C L ' g

DL

0.147
0 . 1 3 9
0 .136

P r e p A n a l y s i s
Date D a t e

9 / 1 8 / 7 0 0 1
9/ 1 8.700 1
9/ 1 8/700 1

A n a l y s t

S - D
S D
S D

M e t a l s A n a l y s t s
T C L P - L e a d

L a b I D :
C l i e n t I D :
D a t e S a m p l e d :
M a t r i x :

K - 4 0

E P A l 3 1 K 6 0 ! O d

20010819-03
0 9 0 5 0 1 - B K G A
9 / 5 / 2 0 0 1 4:15:00 P M
O t h e r ;

R a d j o c h e r a i c a l
H A S L 3 0 0 : 7 .43-

B D L m g ' l

A n a l y s e s
' - 0.604 p C i / g

H A S L 3 0 0 0.091 - / - 0.027 p C i / g
b. .2.
? b - 2 1 2 * '
3 1 - 2 1 4
P b - 2 1 4
4c-228
T h - 2 3 4
U - 2 3 5
P a - 2 3 4
A m - 2 4 1
Co-60
C s - 1 3 7

H A S L 3 0 0
H A S L 3 0 0 0 . 1 7 4 -
H A S L 3 0 0 0 .242-
H A S L 3 0 0 0766 -
H A S L 3 0 0
H A S L 3 0 0
H A S L ' j D O
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0 ; 0 .347-

B D L p C i / g
/ - 0.061 p C i / g
/- 0 080 p C i / g
• - 0.07? p C L ' g

B D L p C i / g
B D L p C i / g
B D L p C i . ' g
B D L p C i ' g

N D p C i / g
B D L p C i / g

-0.050 p C i / g

0.03?

0.870
0.084
0.085
0.788
0 . 3 1 8
0.320
0.361
1.57
0602
0 301
0.108
0 . 1 1 6
0.140

9 177001 9 / 2 1 / 7 0 0 1

9 / 1 7 / 7 0 0 1
9 / 1 7 / 7 0 0 1
9 / 1 7 7 0 0 1
9 / 1 7 / 7 0 0 1
9 / 1 7 / 7 0 0 1
9 / 1 7 / 2 0 0 1
9 / 1 7 / 2 0 0 1
9 / 1 7 7 0 0 1
9 / 1 7 2 0 i i l
9 / 1 7 , 7 0 0 1
9 / 1 7 / 2 0 0 1
9/ 1 7 / 2 0 0 1
9 / 1 7 / 7 0 0 1

K S

S D
S D
S D
S D
S D
S D
S D
S D
S D
S D
S / D
S D
S D

M e t a l s A n a l y s e *
T C L P - L c a d

L a b I D :
C l i e n t I D :
D a t e S a m p l e d :
M a t m :

K.-40
T I - 2 0 8

->.
. 2

3 i - 2 M

E P A I 3 1 1 / 6 0 I O S

20010819-04
0 9 0 5 0 1 - 1 5 A
9 / 5 / 2 0 0 1 4:00:00 PM
O t h e r

R a d j o e h e m l c a l
H A S L 3 0 0 , 10 .7-
H A S L 3 0 0 |
H A S L 3 0 0 0445 -
H A S L 3 0 0
HASL 300 , 0.305 *

B D L m g / l

A n a l y s e s
-0.765 pCi g

B D L p C i ' g
- 0 1 8 3 p C i / g

B D L p C i ' g
' - 0.072 p C i ' g

0,035

i 10
0 . 2 1 0
0 2 5 5
0 . 3 1 2
0744

9 / 1 2 / 2 0 0 1 9 / 2 1 7 0 0 1

9 / 1 7 7 0 0 1
9 / 1 7 . 7 0 0 1
9 ; 1 7 7 0 0 1
9 1 7 7 0 0 !
9 ' 1 7 200i

K S

S D
S D
S D
S D
S D

B D l = B e l o w D e t c c l i o n L i m n



L ^ P B E L I M I B A R Y f
N o i t f i A j p e n.en Arrow. OK 74012I ) 1 5 1 - 2 5 1 5( 9 1 8 ) 251-0008

M e t h o d

' b - 2 1 4
4 . C - 2 2 8
f h - 2 3 4
J - 2 3 5
' a - 2 3 4
\m-241
:o-60
T s - 1 3 7

H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0

C l i e n t :
C l i e n t Pro j e c t :

I P P O f T L a b N u m b e r :

1C I win J Date R e p o r t e d .
Date R e c e i v e d :
Page N u m b e r :

A n a l y t i c a l R e p o r t
R e s u l t U n i t s D L

BDL
0.268 - ' - 0 . 0 5 4

BDL
BDL
BDL

2 , 3 3 + ' - 0 1 6 8
B D L

4 6 . 0 - ' - 1.40

P C i / g
p C i / g
P C i / g
p C i / g
p C i / g
p C i / g
p C i . / g
p C i / g

0
0
1o
0
0
0
0

3 5 9
227
85
928
474
548
082
188

U S E c o l o g y I n c .
G N I - W e b s t e r F S - 0 1 - I O

2 0 0 1 0 8 1 9
9 / 2 3 / 2 0 0 1

9 - ' 1 0 / 0 1
3 of 14

P r e p A n a l y s i s A n a l y s t
Date Date

9 / 1 7 / 2 0 0 1
9 / 1 7 / 2 0 0 1
9 / 1 7 / 2 0 0 1
9 / 1 7 / 2 0 0 !
9 / 1 7 / 2 0 0 1
9 / 1 7 , 7 0 0 1
9 / 1 7 / 2 0 0 1
9 / 1 7 / 2 0 0 1

S D
S D
S D
S D
S D
S / D
S D
S D

M e t a l s A n a l y s e s
T C L P - L e a d

L a b I D :
I D :

L j a m p l e d :
M a t h * :

E P A 1 3 1 1 / 6 0 1 0 B 1

20010819-05 ;o905o i- i3A ;
9 / 5 / 2 0 0 1 3:30:00 PM :Other !

0.025 m g / l 0 007 9 / 1 2 / 2 0 0 1 9 / 2 1 / 2 0 0 1 K S

R a d f l o c h e m i c a l A n a l y s e s
K - 4 0
F l - 2 0 8
B i - 2 1 2
P b - 2 1 2
B i - 2 1 4
P b - 2 ! 4
A c - 2 2 8
T h - 2 3 4
U - 2 3 5
P a - 2 3 4
A m - 2 4 1
Co-60
C s - 1 3 7

H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0 :

H A S L 3 0 0 :

H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0

6.35 -/• 0.533
BDL
BDL
BDL

0.234 -/- 0.056
O . I 3 5 - ' - 0 . 0 2 6
0.197 --0.053

BDL
BDL
BDL

2.89 V- 0.205
BDL

8.11 r,. 0.274

p C i / g
p C t / e
p C i / g
p C i / g
p C i / g
p C i / g
p C i / g
p C i / ' g
p C i / g
p C i / g
p C i / g
p C i / g
p C i / g

0
0

844
089

0 6 2 2
0
0
0
0
1
0
0
0
0
0

080
170
1 2 1
1 9 5
70
447
235
534
094
095

9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 - 7 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 !

S D
S D
S D
S D
S D
S D
S D
S D
S D
S D
S / D
S D
S D

• p e t a l s A n a l y s e s
T C L P - L e a d

L a b I D :
C l i e n t I D :
r S a m p l e d :

\;

E P A 1 3 1 1 / 6 0 1 O B

20010819-06
0 9 0 5 0 I - I 4 A
9 / 5 1 0 0 1 3:00:00 PM
O t h e r

BDL m g / l 0 035 9 ' I 2 / 2 0 0 1 9 / 2 1 / 2 0 0 1 K S

Rad
B D I . = tlcu-m D c i c c l i o n l . i m i i

o ch emi ca l A n a l y s e s



B 9 / 2 6 / 2 0 S 1J pLS&a-'W "i
N o r t h A»oef>«n Arrow. OK 740 12B 1 Z 5 1 - 2 5 I 5. (918) 251-OOOB

M e t h o d

K-40
T l - 2 0 8
B i - 2 1 2
P b - 2 1 2
B i - 2 1 4
P b - 2 1 4
A c - 2 2 8
T h - 2 3 4
U - 2 3 5
Pa-234
A m - 2 4 1
Co-60
i -"

T C L P - k e a d

L a b I D :
C l i e n t I D :
D a t e S a m p l e d :
M a t r i x :

H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L

300
300
300
300
300
300
300
300
300
300
300
300
300

__— . C l i e n t :
- • y n ' C l i e n t P r o j e c t :

L a b N u m b e r :
D a t e R e p o r t e d :
Date Received:
Page N u m b e r -

A n a l y t i c a l Report
R e s u l t U n i t s D L

10.3-
0093 +

0.419-
0.358 -
0.268 -

1 . 3 8 -

5 . 4 3 -
0.152 •<•

/ - 0.672
:- 0.025

BDL
' - 0.036
• - 0 0 5 9
•- 0.040

BDL
' - 0 . 1 4 8

BDL
BDL

/ - 0.225
/ - 0.026

1 5.3 -/- 0.483
p e t a l s A n a l y s e s

E P A 1 3 1 1 / 6 0 1 0 B ) 1 . 1 6

20010819-07
090501-16 comp.

p C i '
p C i .
p C i '
p C i
p C i /
p C L -
p C i . '
p C i '
p C i .
p C i ,

g
g
g
g
gesggg

p C i / gp c i ' g
p C i / g
mg/

0.
0
0
0.
0
0
0

1
0
0
0
0
0
0

721
077
202
160
204
190
264
06
770
411
382
080
1 4 1

035

U S E c o l o g y I n c .
G N I - W e b s t e r F S - O M O

2 0 0 1 0 8 1 9
9 . ' 2 8 / 2 0 0 1

9 / 1 0 / 0 1
4 of 14

P r e p A n a l y s i s A n a l y s t
D a t e D a t e

9.' 1 8 / 2 0 0 1
9 ' 1 8 / 2 0 0 !
9 M 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 - 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9/ 1 8/200 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1

9 / 1 2 / 2 0 0 1 9 / 2 1 / 2 0 0 !

S D
S D
S D
S D
S D
S D
S D
S D
S D
S D
S D
S D
S D

K S

9 / 5 / 2 0 0 1 2:30:00 PM
S o i l

R a d f c c h e m l c a l
K - 4 0
Tl-208
B i - 2 1 2
P b - 2 1 2
B i - 2 1 4
P b - 2 1 4
A c - 2 2 5
T h - 2 3 4
U - 2 3 5
P a - 2 3 4
A m - 2 4 1
Co-60
C s - 1 3 7

H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S LH A S L
H A S L
H A S L

300 :

300
300 ;

300
300
300
300
300
300
300
300
300 |
300 !

8.05 -

0.481 -

95.8
7 73 +

174

A n a l y s e s
-0.607

BDL
BDL

- 0 . 1 0 1
BDL
B D L
BDL
BDL
BDL
BDL

-/- 2.99
- 0 . 1 7 - ?

-/- 5 .23

P C i
p C i
p C i -
p C i .
P C i
p C i /
pO.

g
s
ggsg
g

p C i / g
p C L
p C L /
p C i -
p C i
p C i .

ggg£
g

0
0
0
0
0
0
0
-I
1
0
0
0

877
279
090
5 1 9
600
842
766
47
95
993
433
1 7 8

0.420

9 / 1 8 / 2 0 0 !
9 / 1 8 / 2 0 0 !
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 M 8 / 2 0 0 I
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 ' 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 !
9 / 1 8 / 2 0 0 1

S D
S D
S D
S D
S D
S D
S D
S D
S D
S D
S D
S D
S D

M e t a l s A n a l y s e s
•Lead E P A 1 3 1 ! ' 6 0 1 0 g 28.6 mg^g 0 007 9 . ' 1 2 / 2 0 0 1 9 / 7 1 / 2 0 0 1 K S

801 = B e l o w D e t e c t i o n l . i t n i l



•JUS* . \ C h e n l

^•PRELIMINARY REPORT ^ir.atory Date ReponeC|.
OfTti Aspen r\ r> • jn A trow. OK 740 12 Date Rece ived:
2 5 1 - 2 5 ) 5 , n », i_> i 8 ) 251-0008 Page N u m b e r :

U S E c o l o g y I n c
G N I - W e b s t e r F S - O i - I O

2 0 0 1 0 8 1 9
9 / 2 8 / 2 0 0 1

9 ' 1 0 / O I
5 of 14

A n a l y t i c a l R e p o r t

a b I D :
l i e n t I D :
a t e S a m p l e d :
I a t r i x :

-40
i-208
i - 2 1 2
>212
i - 2 1 4
>214
r-?28

' .
-_- j
3 - 2 3 4 * '
m-241
0-60
5 - 1 3 7

a b I D :
l i e n t I D :

' a t e S a m p l e d :
I a t r i x :

-40
1-208
i - 2 1 2 .
b - 2 1 2
1 - 2 1 4
b-214
. c-228
"h-234
' - 2 3 5
a - 2 3 4

i l
. j

M e t h o d

20010819-08
0 9 0 5 0 1 - I 2 A
9 / 5 / 7 0 0 1 2:00:00 PM
Other

H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 2 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0

20010819-09
090501-09 P
9 / 5 / 2 0 0 1 1:30:00 PM
O t h e r

H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0

R e s u l t

R a d i f x h e m l c a l A n a l y s e s
7 . 5 5 * ' - 0.625

BDL
BDL

1 48 «•'•- 0.396
' 0.230 +•'• 0.071

BDL
BDL

: BDL
BDL
BDL
BDL
BDL

Z I . 4 - - 0.675

R j i d i t > c h e m i c a l A n a l y s e s
6 . 7 3 * ' - 0.852

B D L
BDL
BDL
BDL
BDL
BDL
B D L
BDL
B D L

34.1 f - 1 45
| 3. 90 - . - 0 . 1 32

U n i t s

p C i / g
p C i / g
p C i / g
p C i / g
p C i / g
p C i / g
p C i / g
p C l / £
pC. i/E
p C i / g
p C i / g
p C i / g
p C i / g

p C i / g
p C i / g
p C L ' g
p C f ' g
p C i / g
P C i / g
P C i / g
p C i / g
p C i / g
p C i / g
p C i ' g
p C i ' g

DL P r e p
D a t e

1
0
0
0
0
0
0

1
0
0
0
0
0

2
2
3
4
0
6
J

.07

.100

.738

.218

.224
223
2 5 1
86
629
2 1 2
753
094
138

38
71
43
49
859
21
72

20.5
1 4 . 1

T

"J

0

13
24
3 5 9

A n a l y s i s
D a t e

9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 ' 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 , 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9/ 1 8 / 2 0 0 1

9 ' 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 ' 1 8 ' 2 0 0 l
9 ' 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 . ' 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 ' 1 8 / 2 0 0 1
9 ' 1 8 / 2 0 0 1
9 1 8 / 2 0 0 1
9 - ' 1 8 ' 2 0 0 1

A n a l y s t

S D
S D
S D
S D
S D
S D
S D
S D
S D
S D
S D
S D
S D

S D
S D
S D
S D
S D
S D
S D
S D
S D
S D
S D
S D

S O L -



0 9 / 2 8 / 2 3 0 1 I B : 3 1 S I 3 - 2 5 1 - 3 6 8 5*
iL .AtOE|

• 9 1 8 ) 2 S I - O 0 0 8

7 5 - 1 3 7

F C L P - L e a d

L a b I D :
C l i e n t I D :
D a t e S a m p l e d :
M a t r i x :

L U M I N A R Y

M e t h o d

j C l i e n t .
C l i e n t P r o j e c t :

j Lab N u m b e r :
Date Repor t ed:r RfiPORT Date R e c e i v e d ;

U n 1 Page N u m b e r :

A n a l y t i c a l R e p o r t
! R e s u l t U n i t s DL
i

H A S L 3 0 0 18800 • » - • - 5 5 4
M e t a l s A n a l y s e s

E P A 1 3 1 1 / 6 0 1 0 6 ' . 1 - 7 1

20010819-10
090501-17 L i
9 / 5 / 2 0 0 1 1:00:00 PM ;

S o i l i

p C i / g

m g / 1

2

0

1 1
035

U S E c o l o g y I n c
G N 1 - W e b s t e r F S - 0 1 - 1 0

2 0 0 1 0 8 1 9
9 / 2 8 / 2 0 0 1

9 / 1 0 / 0 !
6 o f l 4

P r e p A n a l y s i s A n a l y s t
D a t e Date

9 ' 1 8 / 2 0 0 1

9 / 1 2 7 0 0 1 9 / 2 1 / 2 0 0 1

S D

K S

R a d i ^ c h e i n i c a l A n a l y s e s

T I - 2 0 8
B i - 2 1 2
F ">
B.
P b - 2 1 4 , .
A c - 2 2 8
T h - 2 3 4
U - 2 3 5
P a - 2 3 4
A m - 2 4 1
Co-60
C s - 1 3 7

T C L P - L e a d

L a b I D :
C l i e n t I D :
D a t e S a m p l e d :
M a t r i x :

K - 4 0
T l - 2 0 8
3 1 - 2 1 2
P b - 2 1 2
? * ' 4
i
•^c-^28

H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L

300
300
300
300
300
300
300
300
300
300

' 3 0 0
300
300

E P A 1 3 1 1 ,

20010819-11
090501-11 S

1 o
1

; o
0! o: 01 o

1

0
0

.802 */-

.02 1 -/-

.059 */.

. 1 7 6 - " - / -
, 0 5 6 - ' •
0 7 1 - . ' .

.103 W-

461 •-/-
.044 - ' -
3 64 -/-

0.095
0.006
0.030
0.014
0 0 1 1
0.009
0.020

BDL
BDL
B D L

0.020
0.005
0 1 1 4

M e t a l * A n a l y s e s
601 OB' 680

!1

p C i / g
p C i / g
p C i / g
p C i / g
p C L / g
p C i / g
p C i / g
p C i ' g
p C i / g
p C i / g
p C i / g
p C i / g
p C . . ' g

m g / ' l

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

225
020
038
054
.037
044
061
364
167
088
040
016
030

035

9 / 1 8 . 7 0 0 1
9 / 1 8 , 7 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / 1 8 / 2 0 0 1
9 / I 8 / 2 0 D I
9 / 1 8 / 2 0 0 1
9 / 1 8 / 7 0 0 1

9 / 1 2 / 2 0 0 ! 9 / 2 1 / 2 0 0 1

S D
S D
S D
S D
S D
S D
S D
S D
S D
S D
S D
S D
S D
K S

9 / 5 / 2 0 0 1 12:30:00 PM
S o i l

H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L

R a d i p c h e m i c a l A n a l y s e s
300
300
300
300
300
300
300

01 0

i o
0

8 . 5 4 * • ' -
292 -/-
229 --

1 3 5 - / ' •
5 7 8 - / -
528 -/•

0.353
0.035
0.257
0054
0 0 5 2
0066

BDL

P C i / g
p C i ; g
p C i . / g
p C i / g
pCi S
P C i ' S
p C i ' g

0
0
0
0
0
0
0

542
1 0 1
037
204
308
402
580

9 / 1 9 7 0 0 1
9 / 1 9 - 7 0 0 1
9 ' 197001
9 / 1 9 / 2 0 0 1
9 • 1 9 / 2 0 0 1
9 / 1 9 / 2 0 0 1
9 / 1 9 7 0 0 1

S D
S D
S D
S D
S D
S D
S D

b D L = B c l o ' V D t i e c u o n L i m i t



!»**:•*&*each.atory^^PRELIMINARY 1

• ' • j
35 J

234
-241
60
1 3 7

M e t h o d

H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
HASL 300 ;
H A S L 3 0 0 !

C l i e n t :
C l i e n t P r o j e c t :
L a b N u m b e r :
D a t e R e p o r t e d

REPORT Date R e c e i v e d -
P a g e N u m b e r

U S E c o l o g v I n c
G N I - W e b s t e r F S - 0 1 - 1 0

2 0 0 1 0 8 1 9
9 / 2 8 / 2 0 0 1

9 / 1 0 / 0 1
7 o f N

A n a l y t i c a l Report
R e s u l t

BDL
BDL
BDL

0 2 4 2 1 - / . Q 0 2 I
BDL

1 6 . 9 + . - 0.520

U n i t s

p C i / g
p C i / g
p C i - ' g
p C i / g
P C i / g
p C t / g

DL

1 7 . 1
0.291
0.273
0.096
0.095
0.084

P r e p A n a l y s i s
Date Date

9 / 1 9 / 2 0 0 1
9 / 1 9 / 2 0 0 1
9 / 1 9 / 2 0 0 1
9 / 1 9 / 2 0 0 1
9 ' 1 9 / 2 0 0 1
9 / 1 9 ^ 0 0 1

A n a l y s t

S D
S D
S D
S D
S D
S D

M e t a l s Analyse s
. P - L e a d

> I D :
:nt ID: c

e S a m p l e d :
ix:

E P A I 3 1 1 / 6 0 1 0 E )
I

20010819-12 !

090501 -10C
9 / 5 / 2 0 0 1 11:30:00 A M
Soil I

BDL m g / ' l 0.035 9 / 1 2 / 2 0 0 1 9 / 2 1 - 2 0 0 1 K S

R a d j o c h e m i c a l A n a l y s e s
o .. ' - - - '
!08
i ' ->

2 1 2
' ! i
2 1 4
Z28 J
234
35
:-34
-241
60
137

. I D :
; n t I D :
e S a m p l e d :
t r i x :

H A S L 3 0 0
H A S L 3 0 0 !
H A S L 3 0 0
H A S L 3 0 0HASL 300 '
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
HASL 300 !

H A S L 300'
HASL 300
H A S L 3 0 0
HASL 300 !

20010819-13
090501-08 C
9 / 5 / 7 0 0 1 11:00:00 AM
S o i l

7.21 f/- 0.399
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL

0.4 19-- 0.021
1490 - , ' - 4 4 6

p C i / g
p C i / g
F>C"g
p C i / g
p C i ' g
p C i ' g
p C i - ' gp c i - ' g
p C i / g
P C i / g
p C i - ' g
p C r g
p C i / g

0 , 5 1 4
0.381
0.497
0 6 9 1
0.291
1 . 1 4
0.283
8.21
2.69
0.46?
3.28
0.063
0.656

9 / 1 9 / 2 0 0 1
9 / 1 9 / 2 0 0 1
9 / 1 9 / 2 0 0 1
9 / 1 9 / 2 0 0 1
9 / 1 9 / 2 0 0 1
9 / 1 9 - 7 0 0 1
9 / 1 9 / 2 0 0 1
9 / 1 9 / 2 0 0 1
9 / 1 9 / 2 0 0 1
9 / 1 9 / 2 0 0 1
9 ' 1 9 / 2 0 0 1
9.-' 1 9 - 2 0 0 1
9 ' 1 9 - 2 0 0 I

S D
S D
S D
S D
S D
S D
SD
S D
S D
S D
S D
S D
S D

R a d l o c h e m l c a l A n a l y s e si0
' O g S

. T

H A S L 3 0 0 J
H A S L 3 0 0
H A S L 3 0 0 [
H A S L 3 0 0

8.93 - - ' - 0 . 4 7 4
BDL
BDL
BDL

p C i / g
p C i - g
p C i g
p C i - g

0.492
0.452
0 . 5 ° :
0.821

9/ 1 9 / 2 0 0 1
9- 1 9 - 2 0 0 !
9 - ' 1 9 / 2 0 0 1
«> 1 9/200 1

S D
S D
S D
S D

= B d o u I X ' l c u i o n I . i n n ' .



0 9 / 2 8 / 2 3 2 1 i ~i^i - L J d U c

IL ^atory
: ( 9 1 8 ) 251-0008

M U H I I I Y
C l i e n t :
C l i e n t P r o j e c t :
Lab N u m b e r
Date R e p o r t e d :REPORT Date R e c e j v e d ;
Page N u m b e r :

U S E c o l o g y I n c .
G N l - W e b s t e r F S - 0 1 - 1 0

2 0 0 1 0 8 1 9
9 / 2 8 / 2 0 0 1

9 . " ; 0 ' 0 1
8 o f l 4

A n a l y t i c a l Report

B i - 2 K
P b - 2 1 4
A c - 2 2 8
T h - 2 3 4
U - 2 3 5
A m - 2 4 1
Co-60
C s - 1 3 7

T C L P - L e a d

L a b I D :
• I D :

l>. s a m p l e d :
M a t r i j r

K-40
T l - 2 0 8
B i - 2 1 2
P b - 2 1 2
B i - 2 1 4
P b - 2 1 4
A c - 2 2 8
T h - 2 3 4
U - 2 3 5
Co-60
P a - 2 3 4
A m - 2 4 l
C s - 1 3 7

L a b I D :
C l i e n t I D :
D a t e S a m p l e d :
M a t r i i :

T l - 2 0 8

M e t h o d

H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0

E P A 1 3 1 I / 6 0 1 0 E

20010819-14
090501-05 S
9 / 5 / 2 0 0 1 10:30:00 A M
S o i l

Rad
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S t 3 0 0
H A S L 3 0 0
H A S L 3 0 0H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0

20010819-15
090501-01 S
9 / 5 / 7 0 0 1 10:00:00 A M

Resul t

BDL
BDL
BDL
BDL
BDL

3 3 4 + ' - 0 . 1 2 4
BDL

70.4 +<- 2 . 1 1
P e t a l s A n a l y s e s

0.083

ochemica l A n a l y s e s
7.81 +/- 0.729

0. 307 -/- 0.028
0.103 -/- 0.3 15

1 46- - 0 0 5 3
0.609 +/- 0.059
0.741 + ' - 0 . 0 7 7
0.543 - ' - 0 . 1 1 9

BDL
BDL
BDL
BDL

1 1 1 r -0043
3 . 5 5 ~ J - 0 1 2 1

U n i t s

P C i / g
p C i / g
p C i / g
p C i / g
p C i / g
p C i / g
p d / g
P C i / g
m g / 1

p C i / g
p C i / g
p C i / g
p C i / g
p C i / g
p C L ' g
p C i ' g
p C i / ' g
p C i / g
p d / g
p C i . ' g
p C ' . g
p C i . g

DL

0.346
1.36
0.336
9.76
3.20
0 . 1 6 1
0001
0 2 4 5

0.035

1 . 9 1
0.081
0.039
0 160
0.314
0.341
0.575
1.70
0.255
0.084
0 . 2 1 3
0074
0.052

P r e p A n a l y s i s
D a t e D a t e

9 / 1 9 / 2 0 0 1
9 / 1 9 / 2 0 0 1
9 / 1 9 / 2 0 0 1
9 / 1 97001
9 / 1 9 / 7 0 0 1
9 / 1 9 / 2 0 0 1
9 / 1 9 7 0 0 1
9 / 1 9 . 7 0 0 1

9 / 1 2 / 7 0 0 1 9 . 7 1 / 7 0 0 1

9 / 2 0 / 7 0 0 1
9 / 2 0 / 7 0 0 1
9,70/7001
9 / 2 0 / 2 0 0 !
9/20-700 1
9 / 2 0 / 2 0 0 1
9 / 2 0 / 7 0 0 1
9 / 2 0 / 2 0 0 1
9 / 7 0 / 2 0 0 1
9 / 2 0 / 2 0 0 1
9 / 2 0 / 2 0 0 1
9 / 7 0 / 2 0 0 1
9 ,70 /7001

A n a l y s t

S D
S D
S D
S D
S D
S D
S D
S D

K S

S D
S D
S D
S D
S D
S D
S D
S D
S D
S D
S D
S D
S D

S o i l
R a d l o e h e m l c a l A n a l y s e s

H A S L 3 0 0
H A S L 3 0 0

6.52 + / - 0 . 3 9 4
0.281 ~ ' ' - 0 0 2 8

p C i - g
p C i / g

0 513
0.081

971.700:
9 . 7 1 / 7 0 0 1

S D
S D

B O I . = B e l o w D e t e c t i o n
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•WL**

D t "_ 1 *. ' *
P b - 2 1 2 ~ -
9 i - 2 1 4
P b - 2 1 4
A c - 2 : 8
T h - 2 3 4
U - 2 3 5
Co-60
P a - 2 3 4
A m - 2 4 1
C s - l J 1

' D:
C I D :
D a l e S j m p l e d :
M a t r i x :

K - 4 0
3 1 - 2 1 4
» b - 2 1 J "
C o - 6 0
C s - 1 3 7

S r - W

L a b l p :
C l i e n t I D :
D a t e S . a m p l e d ;
M a t r i x :

K - 4 Q , i - /
T I - 2 0 8
B i O J ^ ;
P b - 2 - 1 ' 3 -

4
f .4

C l i e n t :
1 C l i e n t P r o j e c t :
i Lab N u m b e r
, Date R e p o r t e d. P R E L I M i N A R V REPORT-"—Page N u m b e r :

A n a l y t i c a l Repor t
M e t h o d R e s u l t U n i t s D L P r e p

H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L
H A S L

20010819-16
090S01-018

300
300
300
300
300
300
300
300
300
300
300

j
' 0 . 4 I S - - O . I 1 9

0.65^-0.030
0.5 K *•- 0.037
0 4 3 3 + ' - 0 . 0 2 ?
0 7 9 4 - . ' - 0.051

BDL1 BDL
BDL
BDL
BDL

3.82 +/- 0.1 28

p C i / g
p C i / g
p C L ' g
p C i / g
P C i / g
p C i ' g
p C i / g
p C i / g
p C i / g
p C i / g
p C i / g

0
D a t i :

405
0.050
0
0
0
0
0
0
0
0
0

126
076
2 1 5
872
299
061
872
297
080

\ j S E c o l o g s I n c
G N I - W e b s t e r F S - O l - S O

2 0 0 1 0 8 1 9
9 2 8 / 2 0 0 1

0 . ' 1 0 - ' 0 1
P of 1 4

A n a l y s i s A n a l y s t
D a t e
9 / 2 1
9 / 7 1
9 / 2 1
9 / 2 1
9 / 7 1
9 / 2 1
9 / 2 1
9 / 2 1
9 / 2 1
9 / 2 1
9 / 2 1

' ' 2 0 0 1
/ 2 0 0 1
,2001
/ 2 0 0 1
.2001
.200 !
.2001
,2001
.700 1
.2001
2001

S D
S D
S D
S D
S D
S D
S D
S D
S D
S D
S D

9 / 8 / 2 0 0 1 4:00:00 PM
Other

H A S L
H A S L
H A S L
H A S L
H A S L
A S t M

20010819-17
090801-20

300
300
300
300
300

R a d j o c h e m i c a l A n a l y s e s
N D: N D
N D
N D

56400 -••-
16900

5.54 - ' - 0 . 0 1 3

1
•

p C I / s a m p l e
p C i / s a m p l e
p C L - s a m p l e
p C i / s a m p l e
p C i / s a m p l e

u C i / F

4490
1 2 2 0
17300
944
1360

9 / 2 7
9 / 2 7
am
927
9 / 2 7

2001
/ 2 0 0 1

2 0 H I
7001
7001

0.0003?
5

RE
RE
R I I
K C
RE
RE

9 / 7 / 2 0 0 1 3:00:00 PM
S o i l

H A S L
H A S L
H A S L
H A S L
H A S L
H A S L

300
300
300
300
300
300

R a d j o c h e m i c a l A n a l y s e s
8 . 7 0 - / - 1 . 1 8

; BDL
B D L
B D L
BDL

; BDL

p C i / g
p C i - g
p C i . g
P C i ' gp C ' - ' g
p C i ' g

2
0
0
1 .

16
2Q6
8 1 2
2*

9.20
9-70

20U i
2001

9 / 2 0 / 2 0 0 1
9-20 •200 1

1 0 9 < > . ' 2 o / 2 0 0 l
1 "̂ 5 9 / 2 0 7001

S D
S D
S D
S D
S D
S D

83L -



0 9 / 2 8 / 2 0 3 1 i b : j 4 - 1 3 - 2 5 1 - 2 0 i
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C l i e n t :
C l i e n t P r o j e c t ;
Lab N u m b e r :
Date R e p o r t e d :

D E T P f l D T - * 3 ' 6 Rec e iv ed:
P a g e N u m b e r :

U S E c o l o g y I n c .
G N l - W e b s i c r F S - 0 1 - 1 0

2 0 0 1 0 8 1 9
9 / 2 8 / 2 0 0 1

9 ' 1 0 / 0 1
l O o f 1 4

A n a l y t i c a l Repor t

A c - 2 2 8
T h - 2 3 4
U - 2 3 5
Co-60
Pa-234
A m - 2 4 1
C s - 1 3 7

L a b I D :
C l i e n t I D :
D a t e S a m p l e d :
M a t r i x :

M e t h o d

H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0

20010819-18 :

090701-21
9 / 7 / 2 0 0 1 2:30:00 PM
Other

R e s u l t

BDL
BDL
BDL

8 93 -.- 0.203
BDL

2 7 1 0 — 84.2
2 4 6 - ^ - 7 . 3 8

U n i t s

p C i / g
p C i / g
p C i / g
p C i / g
p C i / g
p C i . ' g
p C i ' g

DL P r e p
D a t e

2.48
9 7 1
3 . 5 1
0.278
' . . 8 7
2.22
0.766

A n a l y s i s
D a t e
9 / 2 0 / 2 0 0 1
9 / 2 0 / 2 0 0 1
9 ' 2 0 , 2 0 0 1
9 / 2 0 / 2 0 0 1
9-20/200 1
9 / 2 0 / 2 0 0 1
9/20.2001

A n a l y s t

S D
S D
S D
S D
S D
S D
S D

R a d i o c h e m i c i l A n a l y s e )
K -
T I - 2 0 8 *
B i - 2 1 2
P b - 2 1 2
B i - 2 1 4
P b - 2 1 4
A c - 2 2 8
T h - 2 3 4
U - 2 3 5
Co-60
P a - 2 3 4
A m - 2 4 1
C s - 1 3 7

L a b I D :
C l i e n t I D :
D a t e S a m p l e d :
M a t r u :

H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L ' 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0

20010819-19
090501-06
9 / 5 / 2 0 0 1 9:30:00 A M
Soil :

2. 74 -•-.'- 0.545
BDL
BDL
BDL
BDL

1 .33 +/- 0.438
BDL

I 5 3 W- 2.44
BDL

0.579 f . ' - 0.043
BDL
BDL

2 2 3 - • ' - 6.73

p C i ' g
p C L / g
p C L - ' g
p C L ' g
p C i / g
p C i / g
p C i / g
p C i / g
p C i / ' g
p C i / g
p C i / g
p C i / g
p C i - ' g

1 . 5 1
0.349
1 . 3 1
0.432
0.477
0 5 7 8
0.603
7.56
1 70
0 121
1.03
3 5 , 6
0 5 5 7

9 / 2 1 2 0 0 1
9 / 2 1 / 2 0 0 1
9 / 2 1 / 2 0 0 1
9 / 2 1 / 2 0 0 1
9 / 2 1 / 2 0 0 1
9 / 2 1 / 2 0 0 1
9 / 2 1 / 2 0 0 1
9 / 2 1 1 0 0 1
9 / 2 1 / 2 0 0 1
9 / 2 1 / 2 0 0 1
9 / 2 1 / 2 0 0 1
9 / 2 1 / 2 0 0 1
9 / 2 1 2 0 0 1

S D
S D
S D
S D
S D
S D
S D
S D
S D
S D
S D
S D
S D

R a d j o c h e m i c a l A n a l y s e s
K - 4 Q
~l-208

-•
• »

8 i - 2 ' , 4

H A S L 3 0 0
H A S L 3 0 0 ;
H A S L 3 0 0 !H A S L 3 0 0 j
H A S L 3 0 0 |

8 03 - . -0683
0.355 — 0 0 5 0
0 6 7 3 I - - ' - 0.321
0 9 5 1 — 0 131

BDL

pCi g
P C i ' g
p C i / g
p C i / g
p C i - g

1 35
0 . 2 1 7
0 136
0 6 5 9
0.635

9/2 1 .200 !
9 ' 2 1 / Z O O I
9 ' 2 1 . 2 0 0 1
9 ' 2 1 / 2 0 0 1
9 ' 2 1 / 2 0 0 1

S D
S D
S D
S D
S D

BOl = B e l o w D e t e c t i o n L i m n
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D D E I I W 1 N A R Y I"nCLii*"*""
C l i e n t :
C l i e n t P r o j e c t :

^r\f\nf Lab N u m b e r
l E P U n i Date R e p o r t e d :

Date R e c e i v e d :
Page N u m b e r :

U S E c o l o g y I n c .
G N I - W e b s t e r F S - O I - I O

2 0 0 1 0 8 1 9
9 ' 2 8 / 2 0 0 1

9 ' 1 0 / 0 1
1 1 of 14

A n a l y t i c a l Repor t

,-214
c-228
v234
- 2 3 5
o-60
1-234
m-241
5 - 1 3 7

a b I D .
l i e n t I D :
««e S a m p l e d :

x:

M e t h o d

H A S L 3 0 0
H A S L 3 0 0 :
H A S L 3 0 0 :
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0

20010819-20
090501-07 R
9 / 5 / 2 0 0 1 9:00:00 AM '
Other

R e s u l t U n i t s D L P r e p
Date

B D L p C i / g 0.895
B D L p C i / g 1 . 1 4
B D L p C i - g 3 7 1
B D L p C i / g 1.28
B D L p C i / g 0.227
B D L p C i / g 0.642

1 6 . 5 - / - 0.536 p C i / g 0.330
1 1 9 - ' - 3 . 6 3 p C i ' g 0.365

A n a l y s t s
D a l e
9/2 ! /200 1
9 ' 2 1 / 2 0 0 1
9/2 1 /200 1
9/2 1 /200 1
9 / 2 1 / 2 0 0 1
9 . / 2 1 / 2 0 0 1
9 / 2 1 / 2 0 0 1
9 / 2 1 ' 2 0 0 1

A n a l y s t

S D
S D
S D
S D
S D
S D
S D
S D

R a d t o c h e m i c a l A n a l y s e s
-40 -•
1 - 2 1 4

t > 2 1 4
o-60
s - 1 3 7

.m-24 l

, a b I D :
: i i cn t I D :
) a t e S a m p l e d :
l a i r i x :

H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0
H A S L 3 0 0 !
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2 5 T E X A S A D M I N I S T R A T I V E CODE
§289.202

S t a n d a r d s f o r Protec t ion Against Radiat ion
f rom Radioactive Material

T e x a s Regula t i on s f or Control o f Radiation
( e f f e c t i v e J u n e 1 , 1996)

§ 2 8 9 . 2 0 2 ( a ) Purpo s e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202-1
§ 2 8 9 . 2 0 2 ( 5 ) S c o p e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202-1

( r e v i s i o n o f f f c t i \ L ' Ouobei 1 . 2000)
§ 2 8 9 . 2 0 2 ( c ) D e f i n i t i o n s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202-1

( r e v i s i o n e f f e c t i v e O c t o b e r 1 , 2000)
§ 2 8 9 . 2 0 2 ( d ) I m p l e m e n t a t i o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202-4

( r e v i s i o n e f f e c t i v e Octob er 1 . 2000)
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 S§ 2 8 9 . 2 0 2 ( e ) Radiat ion Protec t ion Programs . . . . . . . . . . . . . . . . . . . . . . . . . 202-5

(rev i s i on e f f e c t i v e October 1 . 2000)
O C C U P A T I O N A L D O S E L I M I T S§289. 2 0 2 ( f ) Occupat ional Dose Limit s f o r A d u l t s . . . . . . . . . . . . . . . . . . . . . 202-5

( r e v i s i o n e f f e c t i v e October 1 . 2000)
§ 2 8 9 . 2 0 2 ( g ) C o m p l i a n c e with Requirements f o r S u m m a t i o n o f External

and Internal Doses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202-6( r e v i s i o n e f f e c t i v e Oc tob er 1 , 2000)
§289. 202 (h) D e t e r m i n a t i o n of External Dose f r o m AirborneRadioac t ive Mater ia l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202-7
§ 2 8 9 . 2 0 2 ( i ) Determination o f Internal Exposure . . . . . . . . . . . . . . . . . . . . . . 202-8

( r e v i s i o n e f f e c t i v e October 1 , 2000)
§ 2 8 9 . 2 0 2 ( j ) Determinat ion o f O c c u p a t i o n a l Dosef o r t h e Current Y e a r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202-10

( r e v i s i o n e f f e c t i v e October 1 . 2000)§ 2 8 9 . 2 0 2 ( k ) Planned S p e c i a l Expo sur e s . . . . . . . . . . . . . . . . . . . . . . . . . . . 202-11
( r e v i s i o n e f f e c t i v e October 1 , 2000)§ 2 8 9 . 2 0 2 ( 1 ) Occupational Dose L i m i t s f o r Minors . . . . . . . . . . . . . . . . . . . . 202-13

§ 2 8 9 . 2 0 2 ( m ) Dose Equivalent to an E m b r y o / F e t u s . . . . . . . . . . . . . . . . . . . . . 202-13
( r e v i s i o n e f f e c t i v e October 1 , 2000)
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Eag£R A D I A T I O N D O S E L I M I T S F O R I N D I V I D U A L M E M B E R S

O F T H E P U B L I C
§ 2 8 9 . 2 0 2 ( n ) Dose Limits f or I n d i v i d u a l Members o f th e P u b l i c . . . . . . . . . . . . 202-14

( r e v i s i o n e f f e c t i v e October 1 , 2000)
§ 2 8 9 . 2 0 2 ( o ) C o m p l i a n c e with Dose L i m i t s f o r I n d i v i d u a l

Member s o f t h e P u b l i c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202-15
( r e v i s i o n e f f e c t i v e October 1 . 2000)

S U R V E Y S A N D M O N I T O R I N G •
§ 2 8 9 . 2 0 2 ( p ) General S u r v e y s a n d M o n i t o r i n g . . . . . . . . . . . . . . . . . . . . . . . 202-16 I

( r e v i s i o n e f f e c t i v e O c t o b e r 1 , 2000) I
§ 2 8 9 , 2 0 2 ( q ) C o n d i t i o n s Requiring I n d i v i d u a l M o n i t o r i n g o f (

External and I n t e r n a l Occupat ional Dose . . . . . . . . . . . . . . . . . 202-17 \
( r e v i s i o n e f f e c t i v e October 1 , 2000)

§ 2 8 9 . 2 0 2 ( r ) Loca t i on and Use o f I n d i v i d u a l M o n i t o r i n g Devices . . . . . . . . . . . 202-18
( r e v i s i o n e f f e c t i v e October 1 , 2000)

C O N T R O L O F E X P O S U R E F R O M E X T E R N A L S O U R C E S I NR E S T R I C T E D A R E A S
§ 2 8 9 . 2 0 2 ( s ) C o n t r o l o f A c c e s s t o H i g h Radia t i on Areas . . . . . . . . . . . . . . . . 202-19

( r e v i s i o n e f f e c t i v e October 1 , 2000)
§ 2 8 9 . 2 0 2 ( t ) Contro l o f Access t o V e r y H i g h R a d i a t i o n Areas . . . . . . . . . . . . . 202-20

( r e v i s i o n e f f e c t i v e October 1 , 2000)
§ 2 8 9 . 2 0 2 ( u ) C o n t r o l o f Acce s s t o V e r y High R a d i a t i o n A r e a s f or I r r a d i a t o r s . . . 202-20

( e f f e c t i v e March 1 , 1 9 9 8 )R E S P I R A T O R Y P R O T E C T I O N A N D C O N T R O L S T O R E S T R I C T
I N T E R N A L E X P O S U R E I N R E S T R I C T E D A R E A S§ 2 8 9 . 2 0 2 ( v ) Use o f Proce s s o r Other Engineer ing C o n t r o l s . . . . . . . . . . . . . . 202-23

§ 2 8 9 . 2 0 2 ( w ) U s e o f Other C o n t r o l s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202-23
§ 2 8 9 . 2 0 2 ( x ) U s e o f I n d i v i d u a l Resp i ra t ory P r o t e c t i o n E q u i p m e n t . . . . . . . . . . . 202-23

( e f f e c t i v e March 1 , 1 9 9 8 )
S T O R A G E A N D C O N T R O L O F L I C E N S E D O R R E G I S T E R E D

S O U R C E S O F R A D I A T I O N
§ 2 8 9 . 2 0 2 ( y ) S e c u r i t y a n d C o n t r o l o f L i c e n s e d S o u r c e s o f R a d i a t i o n . . . . . . . . . 202-26

( r e v i s i o n e f f e c t i v e Oc tob er 1 . 2000)
P R E C A U T I O N A R Y P R O C E D U R E S

§ 2 8 9 . 2 0 2 ( z ) C a u t i o n S i g n s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202-26( r e v i s i o n e f f e c t i v e October 1 , 2000)
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§ 2 8 9 . 2 0 2 ( a a ) Pos t ing Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202-27
(revi s i on e f f e c t i v e October 1 . 2000)

§ 2 8 9 . 2 0 2 ( b b ) E x c e p t i o n s t o P o s t i n g Requ ir emen t s . . . . . . . . . . . . . . . . . . . . . 202-27
( r e v i s i o n e f f e c t i v e O c t o b e r 1 . 2000)

§ 2 8 9 . 2 0 2 ( c c ) L a b e l i n g C o n t a i n e r s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202-28
( r e v i s i o n e f f e c t i v e O c t o b e r 1 . 2000)

§ 2 8 9 . 2 0 2 ( d d ) E x e m p t i o n s t o L a b e l i n g R e q u i r e m e n t s . . . . . . . . . . . . . . . . . . . . 202-29
§ 2 8 9 . 2 0 2 ( e e ) Proc edure s f o r R e c e i v i n g a n d O p e n i n g P a c k a g e s . . . . . . . . . . . . . 202-29

( r e v i s i o n e f f e c t i v e O c t o b e r 1 , 2000)
W A S T E M A N A G E M E N T

§ 2 8 9 . 2 0 2 ( f t ) Genera l Requirement s f o r W a s t e M a n a g e m e n t . . . . . . . . . . . . . . . 202-33
( r e v i s i o n e f f e c t i v e O c t o b e r 1 . 2000)

§ 2 8 9 . 2 0 2 ( g g ) Discharge by Release into S a n i t a r y S e w e r a g e . . . . . . . . . . . . . . . 202-36
( r e v i s i o n e f f e c t i v e O c t o b e r 1 , 2000)

§ 2 8 9 . 2 0 2 ( h h ) T r e a t m e n t b y I n c i n e r a t i o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202-36
§ 2 8 9 . 2 0 2 ( i i ) Discharge b y Release I n t o S e p t i c T a n k s . . . . . . . . . . . . . . . . . . . 202-36
§ 2 8 9 . 2 0 2 Q j ) T r a n s f e r f o r Disposal a n d M a n i f e s t s . . . . . . . . . . . . . . . . . . . . . 202-37

( e f f e c t i v e March 1 , 1998)§ 2 8 9 . 2 0 2 ( k k ) C o m p l i a n c e with Environmental and Heal th
P r o t e c t i o n Regulat ions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202-37( e f f e c t i v e March 1. 1998)

R E C O R D S
§ 2 8 9 . 2 0 2 ( 1 1 ) General Provis ions f o r Records . . . . . . . . . . . . . . . . . . . . . . . . 202-37

( r e v i s i o n e f f e c t i v e Oc tob er 1 . 2000)§ 2 8 9 . 2 0 2 ( m m ) Records o f R a d i a t i o n P r o t e c t i o n Programs . . . . . . . . . . . . . . . . . 202-38
( r e v i s i o n e f f e c t i v e O c t o b e r 1 , 2000)

§ 2 8 9 . 2 0 2 ( n n ) Records o f S u r v e y s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202-38
( r e v i s i o n e f f e c t i v e O c t o b e r 1 . 2000)

§ 2 8 9 . 2 0 2 ( o o ) Records o f T e s t s f o r L e a k a g e or C o n t a m i n a t i o n
o f S e a l e d S o u r c e s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202-39( r e v i s i o n e f f e c t i v e October 1 . 2000)

§ 2 8 9 . 2 0 2 ( p p ) Records o f L i f e t i m e C u m m u l a t i v e Occupat ional
R a d i a t i o n Dose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202-39

( r e v i s i o n e f f e c t i v e Oc tob er 1 . 2000)
§ 2 8 9 . 2 0 2 ( q q ) Records o f Planned Spec ia l Exposure s . . . . . . . . . . . . . . . . . . . 202-39

(Octob er 2000)
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§ 2 8 9 . 2 0 2 ( r r ) Records o f I n d i v i d u a l M o n i t o r i n g Resu l t s . . . . . . . . . . . . . . . . . . 202-40
( r e v i s i o n e f f e c t i v e October 1 . 2000)

§ 2 8 9 . 2 0 2 ( s s ) Records o f Dose t o I n d i v i d u a l Members o f th e P u b l i c . . . . . . . . . . 202-41
( r e v i s i o n e f f e c t i v e October 1 , 2000)

§ 2 8 9 . 2 0 2 ( 0 ) Records of Discharge. T r e a t m e n t , or
T r a n s f e r f o r D i s p o s a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202-41
( e f f e c t i v e March 1 . 1 9 9 8 )

§ 2 8 9 . 2 0 2 ( u u ) Record s o f T e s t i n g Entry C o n t r o l Devices f o r V e r y H i g h
R a d i a t i o n A r e a s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202-41
( r e v i s i o n e f f e c t i v e O c t o b e r 1 . 2000)

§ 2 8 9 . 2 0 2 ( w ) F o r m o f Records . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202-41
(rev i s i on e f f e c t i v e October 1 , 2000)

R E P O R T S
§ 2 8 9 . 2 0 2 ( w w ) R e p o r t s o f S t o l e n , L o s t , o r M i s s i n g L i c e n s e d

S o u r c e s o f R a d i a t i o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202-42
( r e v i s i o n e f f e c t i v e October 1 , 2000)

§ 2 8 9 . 2 0 2 ( x x ) N o t i f i c a t i o n o f I n c i d e n t s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202-43
( r e v i s i o n e f f e c t i v e Oc tob er 1 . 2000)

' § 2 8 9 . 2 0 2 ( y y ) Reports of Exposures , Radia t i on L e v e l s , and Concentra t i on s
o f R a d i o a c t i v e M a t e r i a l E x c e e d i n g t h e L i m i t s . . . . . . . . . . . . . . 202-46
( r e v i s i o n e f f e c t i v e Oc tob er 1 . 2000)

§ 2 8 9 . 2 0 2 ( z z ) Repor t s o f P l a n n e d S p e c i a l Expo sure s . . . . . . . . . . . . . . . . . . . . 202-48
§ 2 8 9 . 2 0 2 ( a a a ) N o t i f i c a t i o n s a n d Report s t o I n d i v i d u a l s . . . . . . . . . . . . . . . . . . . 202-48

. . ( r e v i s i o n e f f e c t i v e Oc tob er 1. 2000)
§ 2 8 9 . 2 0 2 ( b b b ) R e p o r t s o f Leaking o r C o n t a m i n a t e d S e a l e d S o u r c e s . . . . . . . . . . 202-48

( r e v i s i o n e f f e c t i v e O c t o b e r 1 . 2000)
A D D I T I O N A L R E Q U I R E M E N T S

§ 2 8 9 . 2 0 2 ( c c c ) V a c a t i n g Premises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202-48
( r e v i s i o n e f f e c t i v e Oc tob er 1 , 2000)

§ 2 8 9 . 2 0 2 ( d d d ) R a d i o l o g i c a l R e q u i r e m e n t s f o r L i c e n s e T e r m i n a t i o n . . . . . . . . . . . 202-49
( r e v i s i o n e f f e c t i v e Oc tob er 1 . 2000)

§ 2 8 9 . 2 0 2 ( e e e ) L i m i t s f o r C o n t a m i n a t i o n o f S o i l , S u r f a c e s o f
F a c i l i t i e s a n d E q u i p m e n t , a n d V e g e t a t i o n . . . . . . . . . . . . . . . . . 202-51
( r e v i s i o n e f f e c t i v e Oc tob er 1 , 2000)
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T E X A S R E G I S T E R F O R M A T E X P L A N A T I O N
T h e f o l l o w i n g e x a m p l e i s t h e o u t l i n e f o r m a t used f o r a l l agency rules. T h i s e x p l a n a t i o n w i l l h e l p y o u l o c a t e t h e d i f f e r e n t r e f e r e n c e s s t a t e d t h r o u g h o u t
t h e rule:
§289.xxx = settioas are the t i t l e s
(a) = subsections are the lowercase

l e t t e r s in p a r e n t h e s i s
(1) — p a r a g r a p h s are the numbers

in p a r e n t h e s i s
( A ) = s u b p a r a g r a p h s a r e t h e U P P E R C A S E

l e t t e r s in p a r e n t h e s i s
(/) = clauses are the italicized lowercase

roman numerals in p a r e n t h e s i s
( / ) = sutx l a u s c s a r e t h e italicized U P P E R C A S E

roman numera l s in par en th e s i s
(-a-) = I t e m s are the lowercase l e t t e r s

wi th hyphen s In p a r e n t h e s i s
(-1-) = subiterns are the numbers w i t h

hyphen s in p a r e n t h e s i s
F O R E X A M P L E :

289.252 Licensing of Radioactive M a t e r i a l ,
( a ) A p p e n d i c e s .

( 1 ) C r i t e r i a r e l a t i n g t o u s e o f f i n a n c i a l t e s t s anri parent c o m p a n y . . .

( A ) F i n a n c i a l t e s t .

(i) To pass th e f i n a n c i a l t e s t , th e parent company...

(!) The parent c o m p a n y s h a l l have:

(-a-) two o f t h e f o l l o w i n g . . . :

( 1 -) a rat io of t o ta l l i a b i l i t i e s to. .;

W h e n t h e rule s ta t e s " p a r a g r a p h ( 1 ) o f th i s sub s e c t i on" , t h e rule I s r e f e r r i n g t o p a r a g r a p h " ( 1 ) " w i t h i n subsec t ion "(a)."
W h e n the rule s ta t e s "subsection (d) o f thi s s e c t i o n " , the rule i s r e f e rr ing to subsect ion "(d)~ w i t h i n the section, for e x a m p l e , § 2 8 9 . 2 5 2 .

(Octob er 2000)



WHERE C A N T H E F O R M S R E F E R E N C E D
W I T H I N T H E RULE B E F O U N D ?

Forms that are r e f e r enced in this rule can be downloaded f r o m
the Bureau of Radia t i on Control web site at:

w w w . t d h . s t a t e . t x . u s / e c h / r a d / p a g c s / b r c . h t m
Or call (512) 834-6688 to request a copy of the forms

(October 2000)



2 5 T E X A S A D M I N I S T R A T I V E C O D E

§289.202 S t a n d a r d s f o r P r o t e c t i o n A g a i n s t R a d i a t i o n f r o m R a d i o a c t i v e M a t e r i a l .
(a) Purpose.

( 1 ) T h i s s e c t i o n e s t a b l i s h e s s t a n d a r d s f o r p r o t e c t i o n aga in s t i o n i z i n g r a d i a t i o n
r e s u l t i n g f r o m a c t i v i t i e s c o n d u c t e d in accordance w i t h l i c e n s e s issued by th e a g e n c y .

( 2 ) T h e r e q u i r e m e n t s i n t h i s s e c t i o n a r e d e s i g n e d t o c o n t r o l t h e r e c e i p t ,
pos se s s ion, use, and t r a n s f e r of sources of r a d i a t i o n by any l i c en s e e so the t o t a l dose to an
i n d i v i d u a l , i n c l u d i n g do s e s r e s u l t i n g f r o m a l l sources o f r a d i a t i o n o t h e r t h a n ba ckground r a d i a t i o n ,
doe s n o t exceed t h e s t a n d a r d s f o r p r o t e c t i o n a g a i n s t r a d i a t i o n p r e s c r i b e d i n t h i s s e c t i o n . H o w e v e r ,
n o t h i n g in t h i s s e c t i o n s h a l l b e c on s t ru ed a s l i m i t i n g a c t i o n s t h a t may b e neces sary to p r o t e c t h e a l t h
and s a f e t y in an e m e r g e n c y .

( b ) S c o p e .
(1) Exc ep t as s p e c i f i c a l l y provided in other sections of this c h a p t e r , this section

a p p l i e s to persons who receive, possess, use, or t ran s f e r sources of rad ia t i on , u n l e s s o t h e r w i s e
e x e m p t e d . N o per s on m a y use, m a n u f a c t u r e , p r o d u c e , t r a n s p o r t , t r a n s f e r , r e c e i v e , a c q u i r e , own,
po s s e s s , p r o c e s s , or d i s p o s e o f sources of r a d i a t i o n un l e s s t h a t person has a l i c e n s e or e x e m p t i o n
f r o m the agency. The dose l imi t s in this section do not a p p l y to doses due to background r a d i a t i o n ,
to exposure of p a t i e n t s to r a d i a t i o n for the purpo s e of medical d iagno s i s or t h e r a p y , to e x p o s u r e
f r o m i n d i v i d u a l s a d m i n i s t e r e d r a d i o a c t i v e m a t e r i a l a n d r e l ea s ed i n a c c ordanc e w i t h t h i s c h a p t e r ,
or to voluntary p a r t i c i p a t i o n in medical research programs. H o w e v e r , no radiat ion may be
d e l i b e r a t e l y a p p l i e d to human beings e x c e p t by or under the s u p e r v i s i o n of an i n d i v i d u a l authorized
by and licensed in accordance with Texas' s t a t u t e s to engage in the healing arts. II

(2) L i c e n s e e s who are a l s o r e g i s t e r e d by the agency to r e c e iv e , p o s s e s s , use.
a n d t r a n s f e r r a d i a t i o n m a c h i n e s must a l s o c o m p l y w i t h t h e r e q u i r e m e n t s o f § 2 8 9 . 2 3 1 o f t h i s t i t l e
( r e l a t i n g t o G e n e r a l P r o v i s i o n s a n d S t a n d a r d s f o r P r o t e c t i o n A g a i n s t M a c h i n e - P r o d u c e d R a d i a t i o n ) .

(c) D e f i n i t i o n s . The f o l l o w i n g words and terms when used in this section shall have
the f o l l o w i n g meaning, unless the contex t c l e a r l y indicates otherwise.

( 1 ) Annual l i m i t o n in take ( A L I ) - T h e derived l i m i t f o r t h e amount o f
rad ioac t iv e material taken into the body of an a d u l t worker by inhalat ion or mges t ion in a year.
ALI is the smal l e r value of in take of a given r a d i o n u c l i d e in a year by R e f e r e n c e Man that wou ld
result in a committed e f f e c t i v e dose equivalent of 5 rems (0.05 sievert (Sv)) or a committed dose
equivalent of 50 rems (0.5 Sv) to any i n d i v i d u a l organ or t i s sue . ALI values for intake by
ingestion and by inhalat ion of s e l e c t e d r a d i o n u c l i d e s are given in C o l u m n s 1 and 2 of T a b l e I of
subsection (ggg)(2) of this section.
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§ 2 8 9 . 2 0 2 ( c ) ( 2 )
(2) C l a s s - A c l a s s i f i c a t i o n scheme for i n h a l e d material a c c o r d i n g t o i t s rate o f

clearance f r o m the p u l m o n a r y region of the l u n g . M a t e r i a l s are c l a s s i f i e d as D, W, or Y. which
a p p l y t o a range o f clearance h a J f - t i m e s : f or C l a s s D, Days , o f less than 10 d a y s : f or C l a s s W,
Weeks , f r o m 10 to 100 d a y s , and for C l a s s Y, Y e a r s , o f greater than 100 days . For p u r p o s e s o f
this section, lung class and inhalat ion class are equivalent terms.

(3) Declared pregnant woman - A woman who has v o l u n t a r i l y i n f o r m e d the
l i c e n s e e , in wr i t ing , o f h er pregnancy and th e e s t i m a t e d d a t e o f c o n c e p t i o n . The d e c l a r a t i o n
remain s i n e f f e c t u n t i l t h e d e c l a r e d p r e g n a n t woman v o l u n t a r i l y w i t h d r a w s t h e d e c l a r a t i o n i n
w r i t i n g or i s no l o n g e r p r e g n a n t .

(4) Derived a ir c o n c e n t r a t i o n (DAC) - The c o n c e n t r a t i o n o f a g iven r a d i o n u c l i d e
in air t h a t , if breathed by R e f e r e n c e Man for a working year of 2,000 hours under c o n d i t i o n s of
l i g h t work, r e s u l t s in an intake of 1 ALL For purpo s e s of this s e c t ion, the c o n d i t i o n of l i g h t work
is an i n h a l a t i o n rate of 1.2 cubic meters of air per hour for 2,000 hours in a year. DAC values
are given in C o l u m n 3 of T a b l e I of subsec t ion (ggg)(2) of this s e c t ion.

(5) Derived air c onc en tra t i on-hour ( D A C - h o u r ) - The p r o d u c t o f the
concentration of rad i oa c t iv e material in air, expressed as a f r a c t i o n or m u l t i p l e of the derived air
concen tra t i on for each r a d i o n u c l i d e . and the t ime of e xpo sure to that r a d i o n u c l i d e , in hours. A
licensee may take 2,000 D A C - h o u r s to represent ALL equivalent to a c ommi t t ed e f f e c t i v e dose
equivalent of 5 rems (0.05 Sv).

(6) Dos ime try proce s sor - A regi s trant that proces se s and e v a l u a t e s personnel
moni tor ing devices in order to de t ermine the r a d i a t i o n dose d e l i v e r e d to the monitoring devices.

( 7 ) I n h a l a t i o n class (see d e f i n i t i o n f o r C l a s s ) .
( 8 ) L u n g class (see d e f i n i t i o n f o r C l a s s ) .
(9) N o n s t o c h a s t i c e f f e c t - A h e a l t h e f f e c t , the severity of which varies with the

dose and for which a t h r e s h o l d is bel ieved to ex i s t . R a d i a t i o n - i n d u c e d cataract f o r m a t i o n is an
e x a m p l e o f a nons tochas t i c e f f e c t . For purpos e s o f this sec t ion, d e t e rmin i s t i c e f f e c t i s an equival ent
term.

(10) Planned special exposure - An infrequent exposure to r a d i a t i o n , s e p a r a t e
f r o m and in a d d i t i o n to the annual occupational dose l imits .

(11) Quarter - A p e r i o d o f t ime equal to o n e - f o u r t h o f the year observed by the
l i c e n s e e , a p p r o x i m a t e l y 1 3 c o n s e c u t i v e weeks , p r o v i d i n g t h a t t h e b e g i n n i n g o f t h e f i r s t quar t e r i n
a year c o in c id e s w i t h the s t a r t i n g d a t e of the year and t h a t no day is o m i t t e d or d u p l i c a t e d in
c o n s e c u t i v e q u a r t e r s .
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§ 2 8 9 . 2 0 2 ( c ) ( 1 2 )
(12) R e f e r e n c e man - A h y p o t h e t i c a l a g g r e g a t i o n o f human p h y s i c a l and

p h y s i o l o g i c a l charac t er i s t i c s d e t ermined by i n t e r n a t i o n a l consensus. T h e s e charac t e r i s t i c s may be
used by researchers and p u b l i c h ea l th e m p l o y e e s to s tandardize r e su l t s of e xper iment s and to r e la t e
b io logi ca l insult to a common base. A d e s c r i p t i o n of R e f e r e n c e Man is contained in the
I n t e r n a t i o n a l Commis s ion on Radio l og i ca l P r o t e c t i o n report , ICRP P u b l i c a t i o n 23, "Report o f the
T a s k G r o u p on Ref er enc e Man."

(13) R e s p i r a t o r y pro t e c t iv e equipment - An a p p a r a t u s , such as a r e s p i r a t o r , used
to reduce an individual's intake of airborne rad ioac t iv e mat er ia l s .

(14) S a n i t a r y sewerage - A sys t em o f p u b l i c sewers f o r earning o f f waste wat er
and r e f u s e , but e x c l u d i n g sewage t r ea tment f a c u l t i e s , s e p t i c tanks, and l ea ch f i e l d s owned or
operated by the l i censee or registrant.

( 1 5 ) S t o c h a s t i c e f f e c t - A hea l th e f f e c t that occurs r a n d o m l y a n d f o r which t h e
p r o b a b i l i t y of the e f f e c t occurring, rather than its s e v e r i t y , is assumed to be a l inear f u n c t i o n of
dose without t h r e s h o l d . H e r e d i t a r y e f f e c t s and cancer incidence are e x a m p l e s o f s t o cha s t i c e f f e c t s .
For purposes of this section probab i l i s t i c e f f e c t is an equivalent term.

(16) W e i g h t i n g f a c t o r W T f o r an organ or t i s sue (T) - The p r o p o r t i o n o f t h e risk
of s t o cha s t i c e f f e c t s r e s u l t i n g f r o m irradiation of that organ or tissue to the total risk of s tochastic
e f f e c t s when the whole body i s irradiated u n i f o r m l y . For c a l c u l a t i n g the e f f e c t i v e dose equ iva l en t ,
the values o f W T are:

T H I S P O R T I O N O F T H E P A G E L E F T I N T E N T I O N A L L Y B L A N K
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§ 2 8 9 . 2 0 2 ( c ) ( 1 6 )
O R G A N D O S E W E I G H T I N G F A C T O R S

Organ or
T i s s u e

G o n a d s
Breast
Red bone marrow
Lung
T h y r o i d
Bone s u r f a c e s
R e m a i n d e r

W T

0.25
0.15
0.12
0.12
0.03
0.03
0.30*

W h o l e Body____________________1.00**_______
0.30 r e s u l t s f r o m 0.06 for each of f i v e "remainder" organs, e x c l u d i n g the skin and the lens
of the eye, that receive the h i g h e s t doses.

** For the purpose of we igh t ing the external who l e body do s e , for a d d i n g it to the internal
dose, a s ingle we ight ing f a c t o r , W T = 1.0, has been s p e c i f i e d . The use of other we igh t ing
f a c t o r s for external exposure wi l l be a p p r o v e d on a case-by-case basis u n t i l such time as
s p e c i f i c guidance i s issued.

( d ) I m p l e m e n t a t i o n .
(1) Any e x i s t i n g l i c e n s e c o n d i t i o n t h a t i s more r e s t r i c t i v e than :his s e c t i on remains in

f o r c e u n t i l t h e r e i s an a m e n d m e n t or renewal o f th e l i c e n s e tha t m o d i f i e s o r removes t h i s c o n d i t i o n .
( 2 ) I f a l i c e n s e c o n d i t i o n e x e m p t s a l i c e n s e e f r o m a p r o v i s i o n o f t h i s s e c t i o n i n e f f e c t

o n o r b e f o r e J a n u a r y 1 , 1994. i t a l s o e x e m p t s t h e l i c e n s e e f r o m t h e c o r r e s p o n d i n g p r o v i s i o n o f t h i s
s e c t ion.

( 3 ) I f a l i c e n s e c o n d i t i o n c i t e s p r o v i s i o n s o f t h i s s e c t i o n i n e f f e c t p r i o r t o J a n u a r y 1 ,
1994, t h a t do no t c orre spond to any p r o v i s i o n s o f t h i s s e c t i o n , the l i c e n s e c o n d i t i o n remains in f o r c e
u n t i l there i s an a m e n d m e n t or renewal of the l i c e n s e t h a t m o d i f i e s or removes t h i s c o n d i t i o n .
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§289.202 (e)
( e ) R a d i a t i o n p r o t e c t i o n programs.

( 1 ) Each l i c e n s e e s h a l l d e v e l o p , d o c u m e n t , a n d i m p l e m e n t a r a d i a t i o n p r o t e c t i o n
program s u f f i c i e n t t o ensure c o m p l i a n c e w i t h t h e p r o v i s i o n s o f t h i s s e c t i o n . S e c s u b s e c t i o n ( m m )
o f t h i s s e c t i on f o r r e c o r d k e e p i n g r e q u i r e m e n t s r e l a t i n g t o these programs . D o c u m e n t a t i o n o f t h e
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 m a y b e i n c o r p o r a t e d i n t h e l i c e n s e e ' s o p e r a t i n g , s a f e t y , a n d
emergency p r o c e d u r e s .

( 2 ) T h e l i c e n s e e s h a l l use, t o t h e e x t e n t p r a c t i c a b l e , p r o c e d u r e s a n d e n g i n e e r i n g
c o n t r o l s based upon sound r a d i a t i o n p r o t e c t i o n p r i n c i p l e s t o achieve o c c u p a t i o n a l do s e s a n d p u b l i c
d o s e s t h a t ar c a s l ow a s i s r e a s o n a b l y a c h i e v a b l e (ALARA).

( 3 ) T h e l i c e n s e e s h a l l , a t i n t e r v a l s n o t t o exceed 1 2 m o n t h s , ensure t h e 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 c o n t e n t a n d i m p l e m e n t a t i o n i s r ev i ewed .

( 4 ) T o i m p l e m e n t t h e A L A R A r e q u i r e m e n t i n p a r a g r a p h ( 2 ) o f t h i s s u b s e c t i o n
and n o t w i t h s t a n d i n g the r equ i r emen t s in s u b s e c t i o n (n) of t h i s s e c t i o n , a c o n s t r a i n t on air emi s s i on s
o f r a d i o a c t i v e m a t e r i a l t o t h e e n v i r o n m e n t , e x c l u d i n g r a d o n - 2 2 2 a n d i t s d a u g h t e r s , s h a l l b e
e s t a b l i s h e d by l i c e n s e e s such dia l th e i n d i v i d u a l member o f th e p u b l i c l i k e l y 10 receive the h i g h e s t
do s e w i l l not be e x p e c t e d to receive a t o t a l e f f e c t i v e dose e q u i v a l e n t in exces s of 10 m i l l i r e m s
( m r e m ) (0.1 m S v ) p e r year f r o m these e m i s s i o n s . I f a l i c ensee s u b j e c t t o t h i s requirement exceeds
t h i s dose c o n s t r a i n t , th e l i c e n s e e s h a l l report the e x c e edanc e a s r equired in s u b s e c t i o n (yy) o f t h i s
s e c t i o n a n d p r o m p t l y t ak e a p p r o p r i a t e c orre c t ive a c t i o n .

( f ) Occupational dose l imi t s f o r a d u l t s .
( 1 ) T h e l i c e n s e e s h a l l c on tro l t h e o c c u p a t i o n a l dose t o i n d i v i d u a l s , e x c e p t f o r

p l a n n e d s p e c i a l e x p o s u r e s i n a c c o r d a n c e w i t h s u b s e c t i o n ( k ) o f t h i s s e c t i o n , t o t h e f o l l o w i n g do s e
l i m i t s .

(A) An annual l i m i t shall be the more l i m i t i n g of:
(/) the t o ta l e f f e c t i v e dose equivalent being equal to 5 rems (0.05

S v ) ; o r
(/;) the sum of the d e e p dose e q u i v a l e n t and the committed dose

equivalent to any ind iv idua l organ or tissue other than the lens of the eye be ing equal to 50 rems
(0.5 S v ) .

(B) The annual l i m i t s to the lens of the eye. to the skin, and to the
extremities shall be:
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( j ) a l e n s dose e q u i v a l e n t o f 1 5 rems ( 0 . 1 5 S v ) ; a n d
(//) a s h a l l o w dose e q u i v a l e n t of 50 rems (0.5 Sv) to the skin or

to any extremity.
(2) Doses received in excess of the annual l i m i t s , i n c l u d i n g doses received

during a c c i d e n t s , emergencie s , and p lanned spec ial e xpo sure s , shall be subtracted f r o m the limits
for p lanned spec ial exposures that the ind iv idua l may receive during the current year and during
t h e i n d i v i d u a l ' s l i f e t i m e . S e e s u b s e c t i o n ( k ) ( 6 ) ( A ) a n d ( B ) o f this section.

(3) The assigned d e e p dose equ iva l en t and s ha l l ow dose equival ent shal l be for
the por t i on of the body receiving the h ighe s t e xpo sur e .

(4) The d e e p dose e q u i v a l e n t , l en s dose equ iva l en t and s h a l l o w dose equ iva l en t
may be assessed f r o m surveys, c a l c u l a t i o n s , or r a d i a t i o n measurement s for the p u r p o s e of
d e m o n s t r a t i n g c o m p l i a n c e with the o c cupa t i ona l dose l i m i t s , i f the i n d i v i d u a l moni tor ing device was
not in the region of highes t p o t e n t i a l expo sure , or the r e su l t s of i n d i v i d u a l monitoring are
unavai lable .

(5) Derived a ir c onc en tra t i on (DAC) and annual l imit on in take (ALI) value s
are s p e c i f i e d in T a b l e I of subsection (ggg) (2) of this section and may be used to determine the
individual's dose and to demons trate compl iance with the occupational dose l imi t s . See subsect ion
(rr) of this section.

(6) N o t w i t h s t a n d i n g the annual dose l i m i t s , the licensee sha l l limit the s o l u b l e
uranium intake by an i n d i v i d u a l to 10 m i l l i g r a m s ( m g ) in a week in c o n s i d e r a t i o n of chemical
t o x i c i t y . See f o o t n o t e 3 of subsection (ggg) (2) of this section.

( 7 ) T h e l i c e n s e e s h a l l r e d u c e t h e d o s e t h a i a n i n d i v i d u a l m a y b e a l l o w e d t o
rece ive in the current year by the amount o f o c c u p a t i o n a l d o s e r e c e ived w h i l e e m p l o y e d by any
o t h e r per son. S e e s u b s e c t i o n ( j ) ( 4 ) o f t h i s s e c t i o n .

(g) C o m p l i a n c e wi th requirements for summat ion of external and internal dose s .
( 1 ) I f t h e l i c e n s e e i s r e q u i r e d t o m o n i t o r i n a c c o r d a n c e w i th bo th s ub s e c t i on

( q ) ( l ) a n d ( 3 ) o f t h i s s e c t i o n , t h e l i c e n s e e s h a l l d e m o n s t r a t e c o m p l i a n c e w i t h t h e dose l i m i t s b y
s umming external a n d i n t e r n a l do se s . I f t h e l i c e n s e e i s r equ ir ed t o m o n i t o r o n l y i n a c cordance w i t h
s u b s e c t i o n ( q ) ( l ) o f t h i s s e c t i o n o r on ly i n a c c o r d a n c e w : i t h s u b s e c t i o n ( q ) ( 3 ) o f t h i s s e c t i o n , t h e n
summation i s n o t required t o d e m o n s t r a t e c o m p l i a n c e w i t h t h e dose l i m i t s . T h e l i c e n s e e m a y
d e m o n s t r a t e c o m p l i a n c e w i t h t h e r e q u i r e m e n t s f o r s u m m a t i o n o f e x t e r n a l a n d i n t e r n a l dose s i n
a c c o r d a n c e w i t h p a r a g r a p h s ( 2 ) - ( 4 ) o f t h i s s u b s e c t i o n . T h e do s e e q u i v a l e n t s f o r t h e l e n s o f t h e eye.
the s k i n , and the e x t r e m i t i e s are no t i n c l u d e d in the s u m m a t i o n , bu t are s u b j e c t t o s e p a r a t e l i m i t s .
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(2) If t h e only intake o f r a d i o n u c l i d e s i s by inha la t i on , th e to ta l e f f e c t i v e dose

equivalent limit is not exceeded if the sum of the d e e p dose equivalent d i v i d e d by the t o t a l e f f e c t i v e
dose equivalent l imi t , and one of the f o l l o w i n g , does not exceed unity:

(A) the sum o f the f r a c t i o n s o f the inhalat ion ALI for each r a d i o n u c l i d e ;
or

(B) the total number of derived air concentration-hours ( D A C - h o u r s ) for
all r a d i o n u c l i d e s d i v i d e d by 2,000; or

(C) th e sum o f th e c a l c u l a t e d commit ted e f f e c t i v e dose e q u i v a l e n t s t o a l l
s i g n i f i c a n t l y i r r a d i a t e d organs o r t i s sue s (T) c a l c u l a t e d f r o m bioassay d a t a using a p p r o p r i a t e
b io logical m o d e l s and expressed as a f r a c t i o n of the annual l i m i t . For p u r p o s e s of this r equ ir ement ,
an organ or tissue is deemed to be s i g n i f i c a n t l y irradiated if, for that organ or t i s sue, the produc t
of the weight ing f a c t o r s , W T . and the committed dose equivalent, H T 5 0 , per unit intake i s greater
than 10% of the maximum we igh t ed value of H T 5 0 , that i s , w T H T 5 0 . per unit i n t a k e for any organ
or tissue.

(3) If the o c cupa t i ona l ly exposed individual receives an intake of r a d i o n u c l i d e s
by oral ingestion greater than 10% of the a p p l i c a b l e oral ALI, the licensee shall account for this
intake and i n c l u d e it in demons tra t ing c o m p l i a n c e with the l i m i t s .

(4) The licensee shall eva luat e and, to the extent p r a c t i c a l , account for intakes
through wounds or skin absorption. The intake through intact skin has been inc luded in the
c a l c u l a t i o n of DAC for hydrogen-3 and does not need to be e v a l u a t e d or ac counted for in
accordance with this paragraph.

(h) Determination of external dose f r o m airborne rad i oa c t i v e material.
( 1 ) Licensees s h a l l , when d e t e r m i n i n g t h e dose f r o m airborne r a d i o a c t i v e

mater ial , I n c l u d e the c on tr ibu t i on to the d e e p dose e q u i v a l e n t , eye dose e q u i v a l e n t , and s h a l l o w
dose equ iva l en t f r o m external e x p o s u r e to the r a d i o a c t i v e c l o u d . See f o o t n o t e s 1 and 2 of
subsection (ggg)(2) of this section.

(2) Airborne r a d i o a c t i v i t y measurements and DAC values shal l not be used as
the primary means to assess the d e e p dose e q u i v a l e n t when the airborne radioac t ive material
includes r a d i o n u c l i d e s other than noble gases or if the c l oud of airborne rad ioac t iv e material is not
r e l a t i v e l y uni form. The de t erminat ion of the d e e p dose equivalent to an indMdual sha l l be based
upon measurements using instruments or i n d i v i d u a l monitoring devices.

202-7 (October 2000)



§ 2 8 9 . 2 0 2 ( 0
( i ) De t e rmina t i on o f in t ernal e x p o s u r e .

( 1 ) F o r p u r p o s e s o f a s s e s s ing dose used t o d e t ermine c o m p l i a n c e with
oc cupat ional dose equivalent l i m i t s , the l i c ensee s h a l l , when required in accordance with subsection
(q) of this sec t ion, take s u i t a b l e and t ime ly measurements of:

(A) concentrations of radioac t ive mater ia l s in air in work areas;
(B) q u a n t i t i e s of r a d i o n u c l i d e s in the b o d y ;
(C) quant i t i e s o f r a d i o n u c l i d e s excre t ed f r o m the body; or
(D) c omb ina t i on s o f these measurement s .

(2) U n l e s s r e s p i r a t o r y p r o t e c t i v e e q u i p m e n t i s u s e d , as p r o v i d e d in subsec t ion
(x) of this s ec t ion, or the assessment of intake is based on bioassays, the licensee shal l assume that
an i n d i v i d u a l inhales radioac t ive material at the airborne concentrat ion in which the ind iv idua l is
pre s ent .

(3) When s p e c i f i c in format ion on the p h y s i c a l and b iochemical p r o p e r t i e s of the
r a d i o n u c l i d e s taken into the body or the behavior of the material in an i n d i v i d u a l is known, the
licensee may:

( A ) u s e that i n f o r m a t i o n t o c a l c u l a t e t h e committed e f f e c t i v e dose
e q u i v a l e n t , and, i f u s ed , the licensee shal l document that in format ion in the individual's r ecord;

(B) upon prior a p p r o v a l of the agency, a d j u s t the DAC or ALI values
to r e f l e c t the actual phys i ca l and chemical charac t er i s t i c s of airborne rad ioac t iv e m a t e r i a l , for
e x a m p l e , aerosol size d i s t r i b u t i o n or d e n s i t y ; and

(C) s e p a r a t e l y assess the c on tr i bu t i on o f f ra c t i ona l intakes o f Class D, W,
or Y compound s of a given r a d i o n i i c l i d e to the commit t ed e f f e c t i v e dose equ iva l en t . See
subsection (ggg)(2) of this sect ion.

(4) If the l i c ensee chooses to assess in take s o f C l a s s Y mat er ia l us ing the
measurements given in p a r a g r a p h (1)(A) or (B) of this s u b s e c t i on , the l i censee may d e l a y the
r e c o r d i n g and r e p o r t i n g of the asses sments for p e r i o d s up to seven months , unless otherwise
required by subsec t ions (xx) or (yy) of this sect ion. T h i s d e l a y p ermi t s the l i c ense e to make
add i t i ona l measurements basic to the assessments.
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(5) If the i d e n t i t y and c o n c e n t r a t i o n of each r a d i o n u c l i d e in a mixture are known,

the f r a c t i o n of the DAC a p p l i c a b l e to the mixture for use in c a l c u l a t i n g D A C - h o u r s shal l be e i ther:
(A) the sum of the ratios of the concentrat ion to the a p p r o p r i a t e DAC

value, that is, D, W. or Y. f r o m subsection (ggg)(2) of this section for each r a d i o n u c l i d e in the
mixture; or

(B) the rat io of the t o ta l concentrat ion for all r a d i o n u c l i d e s in the mixture
to the most restrict ive DAC value for any r a d i o n u c l i d e in the mixture.

(6) If the i d e n t i t y of each r a d i o n u c l i d e in a mixture is known, but the
c onc en t ra t i on of one or more of the r a d i o n u c l i d e s in the mix ture is not known, the DAC for the
mixture s h a l l be the most restrictive DAC of any r a d i o n u c l i d e in the mixture.

(7) When a mix tur e of r a d i o n u c l i d e s in air e x i s t s , a l i c en s e e may d i s r e g a r d
certain r a d i o n u c l i d e s in the mixture if:

(A) the licensee uses the t o ta l activity of the mixture in demons tra t ing
compl iance with the dose l imi t s in subsection (f) of this section and in c o m p l y i n g with the
monitoring requirements in subsection (q)(3) of this s e c t ion;

(B) the concentration of any radionuc l ide di sregarded is less than 10%
of its DAC; and

(C) th e sum o f these p e r c e n t a g e s f o r a l l o f t h e r a d i o n u c l i d e s d i s r e g a r d e d
in the mixture does not exceed 30%.

(8) W h e n determining the committed e f f e c t i v e dose equivalent , th e f o l l o w i n g
in format ion may be c on s id er ed .

( A ) I n order t o c a l c u l a t e t h e c o m m i t t e d e f f e c t i v e dose e q u i v a l e n t , t h e
l i censee may assume that the i n h a l a t i o n of 1 ALL or an e x p o s u r e of 2,000 D A C - h o u r s , re sul t s in
a committed e f f e c t i v e dose e q u i v a l e n t o f 5 rems (0.05 Sv) for r a d i o n u c l i d e s that have the ir ALIs
or D A C s based on the committed e f f e c t i v e dose equivalent.

(B) For an ALI and the as soc iated DAC determined by the nons to chas t i c
organ dose l i m i t of 50 rems (0.5 Sv), the intake of r a d i o n u c l i d e s that would result in a committed
e f f e c t i v e dose equivalent of 5 rems (0.05 Sv), that is, the stochastic ALI, is listed in parenthe se s
in T a b l e I of subsection (ggg)(2) of this section. The licensee may, as a s i m p l i f y i n g a s sumpt ion,
use the s tochastic ALI to determine committed e f f e c t i v e dose equ iva l en t . H o w e v e r , if the licensee
uses th e s tochas t i c ALI, the licensee shall also d e m o n s t r a t e that th e l imi t in subsection (f)(l)(A)(/i)
of this section is met.
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( j ) D e t e r m i n a t i o n o f o c cupa t i ona l dose f o r t h e current year.

( 1 ) F o r each i n d i v i d u a l w h o i s l i k e l y t o r e c e iv e , i n a year, a n o c c u p a t i o n a l do s e
r e q u i r i n g m o n i t o r i n g in accordance w i t h sub s e c t i on (q) o f t h i s s e c t i o n , t h e l i c en s e e s h a l l d e t e r m i n e
t h e o c c u p a t i o n a l r a d i a t i o n do s e rece ived d u r i n g t h e current year.

( 2 ) I n c o m p l y i n g w i t h t h e r e q u i r e m e n t s o f p a r a g r a p h ( 1 ) o f t h i s s u b s e c t i o n , a
l i c e n s e e may:

(A) a c c e p t , a s a record o f th e o c c u p a t i o n a l dose that th e i n d i v i d u a l
received d u r i n g the current year. BRC F o r m 202-2 f r o m p r i o r or o t h e r c u r r e n t e m p l o y e r s , or
other c l ear and l e g i b l e r e cord, of all i n f o r m a t i o n required on that f orm and i n d i c a t i n g any per iods
of time for which d a t a are not a v a i l a b l e ; or

(B) a c c e p t , as a record of the o c c u p a t i o n a J dose that the i n d i v i d u a l
received d u r i n g the current year, a w r i t t e n s i g n e d s t a t e m e n t f r o m the i n d i v i d u a l , or f r o m the
i n d i v i d u a l ' s pr i or o r o t h e r current e m p l o y e r ( s ) f o r work involv ing r a d i a t i o n exposure, that d i s c l o s e s
the nature and the amount of any occupat ional dose that the ind iv idua l received during the current
year; or

( C ) o b t a i n r e p o r t s o f t h e i n d i v i d u a l ' s dose e q u i v a l e n t f r o m p r i o r o r o th er
current e m p l o y e r ( s ) f o r work i n v o l v i n g r a d i a t i o n e x p o s u r e , o r t h e i n d i v i d u a l ' s current e m p l o y e r ,
i f th e i n d i v i d u a l i s no t e m p l o y e d by the l i c e n s e e , by t e l e p h o n e , t e l e g r a m , f a c s i m i l e , or l e t t e r . The
l i c e n s e e s h a l l request a w r i t t e n v e r i f i c a t i o n o f t h e dose d a t a i f t h e a u t h e n t i c i t y o f t h e t r a n s m i t t e d
r e p o r t cannot be e s t a b l i s h e d .

( 3 ) T h e l i c e n s e e s h a l l record t h e e x p o s u r e d a t a f o r t h e current year, a s r equired
b y p a r a g r a p h ( 1 ) o f t h i s s u b s e c t i o n , o n B R C F o r m 202-3, o r o th er c lear a n d l e g i b l e r e c o r d , o f a l l
th e i n f o r m a t i o n required on t h a t f o r m .

( 4 ) I f t h e l i c e n s e e i s u n a b l e t o o b t a i n a c o m p l e t e record o f a n i n d i v i d u a l ' s current
o c c u p a t i o n a l dose w h i l e e m p l o y e d b y a n y o ther l i c e n s e e , t h e l i c e n s e e s h a l l assume i n e s t a b l i s h i n g
a d m i n i s t r a t i v e c o n t r o l s i n a c c ordanc e w i t h s u b s e c t i o n ( f ) ( 8 ) o f t h i s s e c t i o n f o r ' J i e current year, tha t
t h e a l l o w a b l e d o s e l i m i t f o r t h e i n d i v i d u a l i s reduced b y 1 .25 rems ( 1 2 . 5 m i l l i s i e v e r t s ( m S v ) ) f o r
each quar t e r: or 416 mrem ( 4 . 1 6 m S v ) for each m o n t h f or w h i c h r e cord s were u n a v a i l a b l e and
t h e i n d i v i d u a l w a s engaged i n a c t i v i t i e s t h a t c o u l d have r e s u l t e d i n o c c u p a t i o n a l r a d i a t i o n e x p o s u r e .

( 5 ) I f a n i n d i v i d u a l h a s i n c o m p l e t e ( e . g . , a l o s t o r d a m a g e d personnel m o n i t o r i n g
d e v i c e ) current o c c u p a t i o n a l do s e d a t a f o r t h e current year a n d t h a t i n d i v i d u a l i s e m p l o y e d s o l e l y
by the l i c e n s e e d u r i n g the current year, the l i c e n s e e s h a l l :
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(A) assume that the a l l o w a b l e dose l i m i t for the i n d i v i d u a l i s reduced by

1 . 2 5 rems ( 1 2 . 5 m S v ) f o r each quarter;
(B) assume that the a l l o w a b l e dose l i m i t for the i n d i v i d u a l is reduced by

416 mrem (4.16 mSv) for each month; or
(C) assess an o c cupat ional dose for the ind iv idua l dur ing the period of

missing data using surveys, rad ia t i on measurement s , or other c o m p a r a b l e d a t a for the p u r p o s e of
demonstrat ing compl iance with the o c cupat ional dose l imit s .

( 6 ) A d m i n i s t r a t i v e c o n t r o l s e s t a b l i s h e d i n a c c o r d a n c e w i t h p a r a g r a p h ( 4 ) o f t h i s
s ub s e c t i on s h a l l be d o c u m e n t e d and m a i n t a i n e d for i n s p e c t i o n by the agency. O c c u p a t i o n a l dose
a s s e s s m e n t s m a d e i n a c c o r d a n c e w i t h p a r a g r a p h ( 5 ) o f t h i s s u b s e c t i o n a n d r e c ord s o f d a t a used t o
make th e a s s e s sment sha l l b e m a i n t a i n e d f or i n s p e c t i o n by th e agency. The l i c e n s e e s h a l l r e t a i n
t h e r e cord s i n a c c o r d a n c e w i t h s u b s e c t i o n ( I T ) o f t h i s s e c t i o n .

(k) Planned spec ial e xpo sure s . A l i c e n s e e may a u t h o r i z e an a d u l t worker to receive
dose s i n a d d i t i o n t o a n d a c coun t ed f o r s e p a r a t e l y f r o m t h e do s e s received under t h e l i m i t s s p e c i f i e d
in sub s e c t i on (f) o f t h i s s ec t ion p r o v i d e d that each o f t h e f o l l o w i n g c o n d i t i o n s i s s a t i s f i e d .

(1) The licensee authorizes a planned special exposure only in an exceptional
s i tuat ion when al t ernat ive s that might avoid the dose s e s t i m a t e d to r e su l t f r o m the p l a n n e d s p e c i a l
e x p o s u r e are unavailable or i m p r a c t i c a l .

( 2 ) T h e l i c e n s e e a n d e m p l o y e r , i f t h e e m p l o y e r i s n o t t h e l i c e n s e e , s p e c i f i c a l l y
au thor i z e s the p l a n n e d sp e c ia l e x p o s u r e , in w r i t i n g , b e f o r e the exposure occurs.

(3) Befor e a planned s p e c i a l exposure, the l icensee ensures that each individual
involved I s :

( A ) in f ormed o f t h e purpo s e o f t h e p l a n n e d o p e r a t i o n ;
(B) i n f o r m e d of the e s t i m a t e d d o s e s and associated p o t e n t i a l risks and

s p e c i f i c r a d i a t i o n l e v e l s or other c o n d i t i o n s that migh t be involved in p e r f o r m i n g the t a s k ; and
(C) in s t ruc t ed in the measures to b e t a k e n to k e e p the dose ALARA

considering other risks that may be pre s en t .
(4) Prior to p e r m i t t i n g an i n d i v i d u a l to p a r t i c i p a t e in a p lanned special exposure,

the licensee shal l determine:
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( A ) t h e internal a n d external doses f r o m a l l previous p lanned s p e c i a l

e xpo sur e s ;
(B) alJ dose s in excess o f the l i m i t s , i n c l u d i n g dose s received dur ing

acc ident s and emergencies, received dur ing the l i f e t i m e of the i n d i v i d u a l ; and
( C ) a l l l i f e t i m e c u m u l a t i v e o c cupat i onal r a d i a t i o n doses.

( 5 ) I n c o m p l y i n g with t h e requirements o f p a r a g r a p h ( 4 ) ( C ) o f t h i s s u b s e c t i o n ,
a licensee may:

(A) a c c e p t , a s th e record o f l i f e t i m e c u m u l a t i v e r a d i a t i o n do s e , an u p - t o -
da t e BRC F o r m 202-2 or e q u i v a l e n t , signed by the i n d i v i d u a l and counter s igned by an a p p r o p r i a t e
o f f i c i a l o f t h e most recent e m p l o y e r f o r work invo lv ing r a d i a t i o n e x p o s u r e , o r t h e i n d i v i d u a l ' s
current e m p l o y e r , if the i n d i v i d u a l is not e m p l o y e d by the l i c ensee; and

( B ) obtain report s o f t h e i n d i v i d u a l ' s dose e q u i v a l e n t f r o m pr ior
e m p l o y e r ( s ) f o r work invo lv ing r a d i a t i o n expo sure , o r t h e i n d i v i d u a l ' s current e m p l o y e r , i f t h e
individual is not e m p l o y e d by the l i censee , by t e l e p h o n e , t e l e g r a m , f a c s i m i l e , or l e t t e r . The
licensee shall request a written v er i f i ca t i on of the dose data if the a u t h e n t i c i t y of the transmit ted
report cannot be e s t ab l i s h ed .

(6) S u b j e c t t o subsect ion (f)(2) o f this s ec t ion, the l i censee shall no t authorize
a p l a n n e d special e xpo sure that w o u l d cause an i n d i v i d u a l to receive a dose f r o m all p lanned
special exposures and all doses in excess of the l imit s to exceed:

( A ) t h e numerical values o f a n y o f t h e dose l i m i t s i n subsect ion ( f ) ( l ) o f
this sect ion in any year; and

( B ) f i v e times t h e annual do s e l i m i t s i n sub s e c t ion ( f ) ( l ) o f this section
during t h e i n d i v i d u a l ' s l i f e t i m e .

(7) The l i c ensee maintains records of the conduct of a p l a n n e d spec ial expo sure
in accordance with subsection ( q q ) of this sect ion and submit s a wri t t en report to the agency in
accordance with subsection (zz) of this section.

(8) The l i c en s e e records the best e s t imate of the dose r e su l t ing f r o m the p lanned
special exposure in the individual's record and informs the i n d i v i d u a l , in writing, of the dose within
30 days f rom the dat e of the planned special exposure. The dose f r o m p lanned special exposure s
shall not be considered in contro l l ing f u t u r e occupat ional dose of the indiv idual in accordance with
subsection (f)(l) of t h i s s e c t i o n but shall be i n c l u d e d in e v a l u a t i o n s required by p a r a g r a p h s (4) and
( 6 ) o f th i s s u b s e c t i o n .
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(9) The l icensee shall record the exposure h i s tory, as required by p a r a g r a p h (4)

of t h i s s u b s e c t i o n , on BRC F o r m 202-2, or other clear and l e g i b l e r e c o r d , of all the i n f o r m a t i o n
required on that f orm. The f orm or record shall show each period in which the ind iv idua l received
occupational exposure to radiat ion or radioactive material and shall be signed by the ind iv idua l who
received the exposure. For each period for which the l icensee obtains r epor t s , the licensee shall
use the dose shown in the report in p r e p a r i n g BRC F o r m 202-2 or equ iva l en t .

(1) Occupational dose l imi t s for minors. The annual occupational dose l imi t s for minors
are 10% of the annual occupational dose l imit s s p e c i f i e d for a d u l t workers in subsec t ion (f) of this
section.

(m) Dose e q u i v a l e n t to an e m b r y o / f e t u s .
( 1 ) I f a woman d e c l a r e s h e r p r e g n a n c y , t h e l i c e n s e e s h a l l ensure t h a t t h e dose

e q u i v a l e n t t o a n e m b r y o / f e t u s d u r i n g t h e e n t i r e p r e g n a n c y , d u e t o o c c u p a t i o n a l e x p o s u r e o f a
d e c lar ed p r e g n a n t woman, docs not exceed 0.5 rem (5 m S v ) . If a woman chooses not to d e c l a r e
p r e g n a n c y , t h e o c c u p a t i o n a l dose l i m i t s s p e c i f i e d i n s u b s e c t i o n ( f ) ( l ) o f t h i s s e c t i o n a r e a p p l i c a b l e
to the woman. See sub s ec t ion (rr) of th i s s e c t ion for r e c o r d k e e p i n g r equ ir ement s .

(2) The l i c ens e e shal l make e f f o r t s to avoid s u b s t a n t i a l variat ion above a u n i f o r m
m o n t h l y e x p o s u r e ra t e t o a d e c l a r e d p r e g n a n t woman so a s t o s a t i s f y the l i m i t in p a r a g r a p h (1) o f
t h i s subsect ion. The N a t i o n a l Counc i l on R a d i a t i o n P r o t e c t i o n and Measurement s recommended
i n N C R P Report N o . 9 1 " R e c o m m e n d a t i o n s o n L i m i t s f o r E x p o s u r e t o I o n i z i n g R a d i a t i o n " ( J u n e
1. 1987) that no more than 0.05 rem ( 0 . 5 m S v ) to the e m b r y o / f e t u s be received in any one m o n t h .

(3) The dose e q u i v a l e n t to an e m b r y o / f e t u s sha l l be taken as:
(A) the dose e q u i v a l e n t t o the e m b r y o / f e t u s f r o m r a d i o n u c l i d e s in the

e m b r y o / f e t u s and r a d i o n u c l i d e s in the d e c lar ed pregnant woman; and
(B) the do se e q u i v a l e n t that i s most r e p r e s e n t a t i v e of the dose e q u i v a l e n t

to the e m b r y o / f e t u s f r o m external r a d i a t i o n , that i s . in the mother' s lower torso region.
( / ) I f m u l t i p l e measurements have n o t been made, assignment o f

the highest d e e p dose equival ent for the declared pr egnant woman sha l l be the dose e q u i v a l e n t to
th e e m b r y o / f e t u s .
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( i l l I f m u l t i p l e measurements have been made , ass ignment o f t h e

d e e p dose equ iva l en t for the d e c l a r e d pregnant woman f r o m the i n d i v i d u a l monitoring dev i c e that
is most r e p r e s e n t a t i v e of the dose e q u i v a l e n t to the e m b r y o / f e t u s shall be the dose e q u i v a l e n t to the
e m b r y o / f e t u s . Ass ignment of the highes t d e e p dose equivalent for the declared pregnant woman
to the e m b r y o / f e t u s is not required unle s s that dose e q u i v a l e n t is also the most r epre s enta t ive deep
dose equivalent for the region of the e m b r y o / f e t u s .

(4) i f DV the t ime the woman d e c l a r e s pr egnancy to the l i c en s e e , the dose
e q u i v a l e n t t o th e e m b r y o / f e t u s ha s e x c e e d e d 0.45 rem (4.5 mSv). the l i c e n s e e s h a l l b e de emed to
b e i n c o m p l i a n c e w i t h p a r a g r a p h ( 1 ) o f t h i s s u b s e c t i o n , i f t h e a d d i t i o n a l dose equ iva l en t t o t h e
e m b r y o / f e t u s do e s n o t exceed 0.05 r e m ( 0 . 5 m S v ) d u r i n g t h e r e m a i n d e r o f t h e p r e g n a n c y .

( n ) Dose l i m i t s f o r i n d i v i d u a l members o f t h e p u b l i c .
( 1 ) Each l i c e n s e e s h a l l c o n d u c t o p e r a t i o n s s o t h a t :

(A) e x c e p t a s p r o v i d e d in s u b p a r a g r a p h (B) o f this p a r a g r a p h , the t o ta l
e f f e c t i v e dose equ iva l en t to i n d i v i d u a l members of the p u b l i c f r o m the licensed a n d / o r registered
operation does not exceed 0.1 rem (1 mSv) in a year, ex c lu s ive of the dose contribution f r o m
background r a d i a t i o n , f r o m a n y m e d i c a l a d m i n i s t r a t i o n t h e i n d i v i d u a l h a s r e c e i v e d , f r o m expo sur e
t o i n d i v i d u a l s a d m i n i s t e r e d r a d i o a c t i v e m a t e r i a l a n d r e l ea s ed i n accordance wi th t h i s c h a p t e r , f r o m
voluntary p a r t i c i p a t i o n in m e d i c a l research programs , and f r o m th e l i c en s e e ' s d i s p o s a l o f
r a d i o a c t i v e mat er ia l i n t o s a n i t a r y sewerage in a c cordance w i t h s u b s e c t i o n (gg) o f t h i s s e c t i o n ; and

(B) the do se in any unre s t r i c t ed area f r o m l icensed a n d / o r regi s t ered
external sources , e x c l u s i v e o f t h e do s e c o n t r i b u t i o n s f r o m p a t i e n t s a d m i n i s t e r e d r a d i o a c t i v e m a t e r i a l
and r e l e a s e d in a c c o r d a n c e w i t h t h i s c h a p t e r , does not exceed 0.002 rem (0.02 mSv) in any one
hour.

( 2 ) I f t h e l i c e n s e e p e r m i t s members o f t h e p u b l i c t o have access t o r e s t r i c t e d
areas, t h e l i m i t s f o r members o f t h e p u b l i c c o n t i n u e t o a p p l y t o those i n d i v i d u a l s .

(3) A licensee or an a p p l i c a n t for a l i c ense may a p p l y for prior agency
author izat ion to o p e r a t e up to an annual dose limit for an individual member of the p u b l i c of 0.5
r em (5 mSv). T h i s a p p l i c a t i o n s h a l l i n c l u d e th e f o l l o w i n g in f ormat i on:

(A) d e m o n s t r a t i o n o f the need for and the expec t ed d u r a t i o n o f operat ions
in excess of the l imi t in p a r a g r a p h (1) of this subsect ion;

(B) the l i censee s program to assess and control dose within the 0.5 rem
(5 mSv) annual l i m i t ; and
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(C) the p r o c e d u r e s to be f o l l o w e d to maintain the dose ALARA.

(4) In a d d i t i o n to the requirements of this section, a licensee s u b j e c t to the
provisions o f t h e United S t a t e s Environmemai Pro t e c t i on A g e n c y ' s ( E P A ) g e n e r a l l y a p p l i c a b l e
environmental radiat ion s t a n d a r d s in 40 Code o f F e d e r a l Regula t ions (CFR), §190 shal l c o m p l y
with those requirements.

(5) The agency may i m p o s e a d d i t i o n a l re s tr ic t ions on r a d i a t i o n l e v e l s in
unrestricted areas and on the total quantity of rad i onuc l id e s that a licensee maty release in e f f l u e n t s
in order to restrict the c o l l e c t i v e dose.

(o) C o m p l i a n c e with dose l i m i t s f or i n d i v i d u a l members o f the p u b l i c .
( 1 ) T h e l i c e n s e e s h a l l make o r cause t o b e m a d e surveys o f r a d i a t i o n l e v e l s i n

u n r e s t r i c t e d areas a n d r a d i o a c t i v e m a t e r i a l s i n e f f l u e n t s r e l e a s e d t o u n r e s t r i c t e d areas t o d e m o n s t r a t e
c o m p l i a n c e wi th th e dose l i m i t s f o r i n d i v i d u a l members o f th e p u b l i c a s required in sub s e c t i on (n)
o f th i s s e c t i on .

( 2 ) A l i c e n s e e s h a l l show c o m p l i a n c e w i t h t h e annual dose l i m i t i n s u b s e c t i o n
(n) o f t h i s sect ion by:

(A) d e m o n s t r a t i n g by measurement or c a l c u l a t i o n that the to ta l e f f e c t i v e
dose equivalent to the individual l i k e l y to receive the highest dose f rom the licensed or registered
operation does not exceed the annual dose l i m i t ; or

(B) demons trat ing that:
(/) t h e annual average concentra t ions o f rad i oa c t iv e mater ia l

released in gaseous and l iquid e f f l u e n t s at the boundary of the unrestricted area do not exceed the
values s p e c i f i e d in T a b l e II of subsec t ion (ggg)(2) of this section; and

(if) if an i n d i v i d u a l were c o n t i n u o u s l y present in an unrestricted
area, the dose f r o m external sources of r a d i a t i o n would not exceed 0.002 rem (0.02 mSv) in an
hour and 0.05 rem (0.5 mSv) in a year.

(3) U p o n a p p r o v a l f r o m th e ag ency , th e licensee may a d j u s t t h e e f f l u e n t
concentration values i n T a b l e I I , o f subsec t ion ( g g g ) ( 2 ) o f this section, f o r members o f t h e p u b l i c ,
to take into account the actual p h y s i c a l and chemical characteri s t ic s of the e f f l u e n t s , such as,
aerosol size dis tribution, s o l u b i l i t y , d en s i ty , radioactive decay equilibrium, and chemical form.
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(p) Genera l surveys and moni t or ing .

(1) Each l i c e n s e e s h a l l make, or cause to be made , surveys t h a t :
( A ) a r e necessary f o r t h e l i c e n s e e t o c o m p l y w i t h t h i s s e c t i o n ; a n d
(B) are necessary under the circumstances to e v a l u a t e :

(;) the m a g n i t u d e and ex t en t of radiation l e v e l s ;
(//) concentrations or quant i t i e s of rad i oa c t i v e ma t e r ia l : and
( i i i ) t h e p o t e n t i a l r a d i o l o g i c a l hazard s .

(2) The l i c en s e e s h a l l ensure t h a t i n s t r u m e n t s and e q u i p m e n t used f o r q u a n t i t a t i v e
r a d i a t i o n m e a s u r e m e n t s , f o r e x a m p l e , do s e r a t e a n d e f f l u e n t m o n i t o r i n g , a r e o p e r a b l e a n d
c a l i b r a t e d :

(A) by a person l i c en s ed or r e g i s t e r e d by the agency, another agreement
s t a t e , a l icensing s ta t e , or the Uni t ed S t a t e s N u c l e a r R e g u l a t o r y Commis s i on (NRC) to p e r f o rm
such service;

(B) at intervals not to exceed 12 months unless a d i f f e r e n t time interval
is s p e c i f i e d in another section of this c h a p t e r ;

(C) a f t e r each instrument or equipment repair;
(D) for the type s of r a d i a t i o n used and at energies a p p r o p r i a t e for use;

and
(E) at an accuracy within 20% of the true radiat ion l e v e l .

( 3 ) A l l i n d i v i d u a l m o n i t o r i n g d e v i c e s , e x c e p t f o r d i r e c t a n d i n d i r e c t r e a d i n g
pocke t d o s i m e t e r s , e l e c t r o n i c p e r s ona l d o s i m e t e r s , a n d t h o s e i n d i v i d u a l m o n i t o r i n g d e v i c e s used
to measure the dose to any e x t r e m i t y , t h a t require p r o c e s s i n g to d e t e r m i n e the r a d i a t i o n dose and
that a r e used b y l i c e n s e e s t o c o m p l y w i t h s u b s e c t i o n ( 0 o f t h i s s e c t i o n , w i t h o t h e r a p p l i c a b l e
p r o v i s i o n s o f t h i s c h a p t e r , o r w i t h c o n d i t i o n s s p e c i f i e d in a l i c e n s e , s h a l l b e proc e s s ed and
e v a l u a t e d by a d o s i m e t r y pro c e s s o r:

(A) h o l d i n g current personnel do s imetry accredi ta t ion f r o m the N a t i o n a l
V o l u n t a r y Laboratory A c c r e d i t a t i o n Program ( N V L A ? ) o f t h e N a t i o n a l I n s t i t u t e o f S t a n d a r d s a n d
T e c h n o l o g y ;
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(B) a p p r o v e d in .this a c c r e d i t a t i o n proce s s for the type of r a d i a t i o n or

rad ia t i on s i n c l u d e d in the NVLAP program that most c l o s e l y a p p r o x i m a t e s the t y p e o f rad ia t i on
or radiations for which the ind iv idua l wearing the do s ime t e r is moni t or ed; and

(C) h o l d i n g a current c e r t i f i c a t e o f r e g i s t r a t i o n f r o m the agency
authorizing dos imetry processing.

( q ) C o n d i t i o n s r e q u i r i n g i n d i v i d u a l m o n i t o r i n g o f e x t e r n a l a n d i n t e r n a l o c c u p a t i o n a l
dose . Each l i c e n s e e s h a l l m o n i t o r e x p o s u r e s f r o m sources o f r a d i a t i o n a t l e v e l s s u f f i c i e n t t o
d e m o n s t r a t e c o m p l i a n c e w i t h t h e o c c u p a t i o n a l do s e l i m i t s o f th i s s e c t i o n . A s a m i n i m u m :

( 1 ) each l i c e n s e e s h a l l m o n i t o r o c c u p a t i o n a l e x p o s u r e t o r a d i a t i o n a n d s h a l l
s u p p l y a n d r equ i r e t h e u s e o f i n d i v i d u a l m o n i t o r i n g d e v i c e s b y :

(A) a d u l t s l i k e l y t o receive, in one year f r o m sources e x t e r n a l t o the
body, a dose in excess of 10% of the l imit s in subsection (f)(l) of this s e c t ion;

(B) minor s l i k e l y t o r e c e ive , in one year f r o m sources o f r a d i a t i o n
e x t e r n a l t o th e b o d y , a d e e p dose e q u i v a l e n t in excess o f 0 .1 r cm (1 mSv), a l en s do s e e q u i v a l e n t
in excess of 0.15 rem (1.5 mSv), or a s h a l l o w do s e e q u i v a l e n t to the s k in or to the e x t r e m i t i e s in
excess of 0.5 rem (5 mSv);

( C ) d e c l a r e d p r e g n a n t women l i k e l y t o receive d u r i n g t h e e n t i r e
p r e g n a n c y , f r o m sources o f r a d i a t i o n e x t e r n a l to the b o d y , a d e e p dose e q u i v a l e n t in excess o f 0 .1
r e m ( 1 m S v ) ; a n d

(D) i n d i v i d u a l entering a high or very high rad ia t i on area;
(2) ; no tw i th s tand ing p a r a g r a p h (1)(C) o f this s u b s e c t i o n , a l icensee i s e x empt

f rom s u p p l y i n g i n d i v i d u a l moni tor ing dev i c e s to h ea l th care personnel who may enter a high
r a d i a t i o n area whi l e p r o v i d i n g p a t i e n t care if:

(A) the personnel are not l i k e l y to r e c e ive , in one year f r o m sources
external to the body, a dose in excess of 10% of the l imit s in subsection (f)(l) of this s ec t ion; and

(B) the licensee c o m p l i e s with the requirements of subsection (e) (2) o f
this s ec t ion; and

(3) each licensee shall monitor, to determine c ompl iance with subsec t ion (i) o f
this section, the occupational intake of radioac t ive material by and assess the committed e f f e c t i v e
dose equivalent to:
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(A) a d u l t s l i k e l y to rece ive , in one year, an in take in excess of 10% of

the a p p l i c a b l e ALI in C o l u m n s 1 and 2 of Table I of sub s e c t ion (ggg)(2) of thi s s e c t i on;
( B ) minor s l i k e l y t o r e c e i v e , i n o n e v car , a c o m m i t t e d e f f e c t i v e d o s e

e q u i v a l e n t in excess o f 0 .1 r em (1 mSv); and
( C ) d e c l a r e d p r e g n a n t women l i k e l y t o r e c e ive , d u r i n g t h e e n t i r e

p r e g n a n c y , a c o m m i t t e d e f f e c t i v e do s e e q u i v a l e n t i n excess o f 0 . 1 r e m ( 1 m S v ) .
(r) Loca t i on and use of i n d i v i d u a l mon i t o r ing device s .

( 1 ) Each l i c e n s e e s h a l l ensure t h a t i n d i v i d u a l s w h o a r e r e q u i r e d t o m o n i t o r
o c c u p a t i o n a l d o s e s i n a c c o r d a n c e w i t h s u b s e c t i o n ( q ) ( l ) o f t h i s s e c t i o n wear a n d u s e i n d i v i d u a l
m o n i t o r i n g d e v i c e s a s f o l l o w s .

(A) An i n d i v i d u a l moni t or ing device used f or m o n i t o r i n g th e dose t o th e
whole body shall be worn at the u n s h i e l d e d l o ca t i on of the who l e body l i k e l y to receive the h igh e s t
exposure. When a p r o t e c t i v e apron is worn, the l o ca t i on of the ind iv idua l monitoring device is
t y p i c a l l y at the neck ( c o l l a r ) .

(B) If an a d d i t i o n a l i n d i v i d u a l moni tor ing device is used for monitoring
the dose to an e m b r y o / f e t u s of a d e c l a r e d pregnant woman, in accordance w i th subsection (m)(l)
of this s ec t ion, it shal l be located at the waist under any p r o t e c t i v e apron being worn by the
woman.

(C) An i n d i v i d u a l mon i t o r ing device used f or m o n i t o r i n g th e lens dose
e q u i v a l e n t , t o d emons tra t e c o m p l i a n c e with subsec t ion (f)(l)(B)U) of this s e c t i on , shall b e located
at the neck ( c o l l a r ) or at a l o ca t i on c lo s er to the eye, o u t s i d e any p r o t e c t i v e apron being worn by
the monitored i n d i v i d u a l .

(D) An i n d i v i d u a l m o n i t o r i n g device used for monitoring the dose to the
e x t r e m i t i e s , t o d emon s t ra t e c o m p l i a n c e with subsect ion (f)(l)(B)(iJ) of this s ec t ion, shal l b e worn
on the extremity l i k e l y to receive the highest exposure. Each ind iv idua l moni tor ing d ev i c e , to the
extent pra c t i cab l e , shal l be oriented to measure the highes t dose to the extremiiy being monitored.

(E) An i n d i v i d u a l moni tor ing device s h a l l be assigned to and worn by
only one i n d i v i d u a l .

(F) An i n d i v i d u a l monitoring device shall be worn for the period of time
authorized by the d o s i m e t r y p r o c e s s o r ' s c e r t i f i c a t e o f r e g i s t r a t i o n or for no l o n g e r than three
months , whichever is more r e s t r i c t i v e .
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(2) Each l i c ens e e s h a l l ensure that i n d i v i d u a l m o n i t o r i n g device s are returned

t o t h e d o s i m e t r y p r o c e s s o r f o r p r o p e r p r o c e s s i n g .
( 3 ) Each l i c e n s e e s h a l l ensure t h a t a d e q u a t e p r e c a u t i o n s a r e t a k e n t o p r e v e n t a

d e c e p t i v e e x p o s u r e o f a n i n d i v i d u a l m o n i t o r i n g d e v i c e .
(s) C o n t r o l of access to high radiat ion areas.

( 1 ) T h e l i c e n s e e s h a l l ensure t h a t each e n t r a n c e o r access p o i n t t o a h i g h
r a d i a t i o n area has one or more o f the f o l l o w i n g f e a t u r e s :

(A) a control device t h a t , upon entry into the area, causes the l ev e l o f
r a d i a t i o n to be reduced be low that l e v e l at which an i n d i v i d u a l m i g h t receive a d e e p dose
equivalent of 0.1 rem (1 mSv) in one hour at 30 centimeters (cm) f r o m the source of rad ia t i on f r o m
any s u r f a c e that the r a d i a t i o n p e n e t r a t e s ;

(B) a control device that energizes a conspi cuous v i s i b l e or a u d i b l e alarm
signal so that the indiv idual entering the high radiat ion area and the superv i sor of the a c t i v i t y are
made aware of the en try; or

(C) entryways that are l o c k e d , e x c ep t during per iod s when access to the
areas is required, with po s i t i v e control over each i n d i v i d u a l entry.

( 2 ) I n p l a c e o f t h e c o n t r o l s required b y p a r a g r a p h ( 1 ) o f t h i s s u b s e c t i o n f o r a
h i g h r a d i a t i o n area, th e l i c e n s e e may s u b s t i t u t e c o n t i n u o u s d i r e c t o r e l e c t r o n i c s u r v e i l l a n c e that i s
c a p a b l e o f p r e v e n t i n g u n a u t h o r i z e d entry.

( 3 ) T h e l i c e n s e e m a y a p p l y t o t h e agency f o r a p p r o v a l o f a l t e r n a t i v e m e t h o d s
f o r c o n t r o l l i n g a c c e s s . t o h i g h r a d i a t i o n areas.

( 4 ) T h e l i c e n s e e s h a l l e s t a b l i s h t h e c o n t r o l s r equ ir ed b y p a r a g r a p h s ( 1 ) a n d ( 3 )
o f t h i s s u b s e c t i o n i n a w a y t h a t does n o t p r ev en t i n d i v i d u a l s f r o m l e a v i n g a h i g h r a d i a t i o n area.

(5) The l i c ensee is not required to c on tro l each entrance or access point to a
room or other area that is a h igh r a d i a t i o n area s o l e l y because of the presence of r a d i o a c t i v e
material s prepared for transport and p a c k a g e d and lab e l ed in accordance w i t h the r egula t ions of
t h e U n i t e d S t a t e s D e p a r t m e n t o f T r a n s p o r t a t i o n ( D O T ) p r o v i d e d t h a t :

(A) the p a c k a g e s do not remain in the area l o n g e r than t h r e e d a y s ; and
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(B) the dose rate at 1 meter f r o m the e x t e r n a l s u r f a c e of any p a c k a g e

does not exceed 0.01 rem (0.1 m i l l i s i e v e r t ) per hour.
(6) The licensee is not required to control entrance or access to rooms or other

areas in h o s p i t a l s s o l e l y because of the presence of p a t i e n t s containing rad ioac t iv e m a t e r i a l ,
prov ided that there are personnel in a t t e n d a n c e who are taking the necessary pre cau t i on s to pr even t
the exposure of i n d i v i d u a l s to sources of radia t ion in excess of the e s tabl i shed l imi t s in this section
and to o p e r a t e within the ALARA p r o v i s i o n s o f the l i c en s e e ' s r a d i a t i o n p r o t e c t i o n program.

(t) C o n t r o l o f access t o very h igh r a d i a t i o n areas. In a d d i t i o n :o th e r e q u i r e m e n t s in
s u b s e c t i o n ( s ) o f t h i s s e c t i o n , t h e l i c e n s e e s h a l l i n s t i t u t e measures t o ensure t h a t a n i n d i v i d u a l i s n o t
a b l e t o ga in u n a u t h o r i z e d or i n a d v e r t e n t access t o areas in w h i c h r a d i a t i o n l e v e l s c o u l d b e
e n c o u n t e r e d at 500 r a d s (5 g r a y s ) or more in one hour at 1 m f r o m a source of r a d i a t i o n or any
s u r f a c e t h r o u g h w h i c h t h e r a d i a t i o n p e n e t r a t e s a t t h i s l e v e l .

(u) C o n t r o l o f access t o very h i g h r a d i a t i o n areas f or i r r a d i a t o r s .
(1) This subsect ion a p p l i e s t o l icensees with sources o f rad ia t i on in n o n - s e l f -

s h i e l d e d irradiators . Thi s subsec t ion does not a p p l y to sources of r a d i a t i o n that are used in
t e l e t h e r a p y , in indus tr ia l r a d i o g r a p h y , or in c o m p l e t e l y s e l f - s h i e l d e d i r r a d i a t o r s in which the source
of rad ia t i on is both s tored and operated within the same s h i e l d i n g radia t ion barrier and, in the
designed conf igurat ion of the irradiator , is always p h y s i c a l l y inacce s s i b l e to any indiv idual and
cannot create high l e v e l s of radiat ion in an area that is acce s s ib le to any i n d i v i d u a l .

(2) Each area in which there may exist r a d i a t i o n l e v e l s in excess of 500 rads (5
grays) in one hour at 1 m f r o m a source of r a d i a t i o n that is used to i rrad ia t e materials shah1 meet
the f o l l o w i n g requirements.

(A) Each entrance or access po in t s h a l l be e q u i p p e d with entry control
device s that:

( / ) f u n c t i o n a u t o m a t i c a i l y t o p r e v e n t a n y i n d i v i d u a l f r o m
i n a d v e r t e n t l y ent er ing a very high r a d i a t i o n area;

(U) permit d e l i b e r a t e entry into the area only a f t e r a control dev i c e
is a c t u a t e d that causes the r a d i a t i o n l e v e l w i t h i n the area, f r o m the source of r a d i a t i o n , to be
reduced be low that at whi ch it w o u l d be p o s s i b l e for an i n d i v i d u a l to receive a d e e p do s e
equivalent in excess of 0.1 rem (1 mSv) In one hour; and
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(///) prevent op era t i on of the source of r a d i a t i o n i f i t would

p r o d u c e rad ia t i on l e v e l s in the area that c o u l d r e su l t in a d e e p dose equivalent to an i n d i v i d u a l in
excess of 0.1 rem (1 mSv) in one hour.

(B) A d d i t i o n a l control devices shall be provided so thai:, upon f a i l u r e of
the entry control devices to f u n c t i o n as required by subparagraph (A) of this paragraph:

(/) the rad ia t i on l eve l within the area, f r o m the source of
radiat ion, is reduced below that at which it would be pos s ib le for an individual to receive a d e e p
dose equivalent in excess of 0.1 rem (1 mSv) in one hour; and

(u) conspicuous v i s i b l e and aud ib l e alarm signals are generated
to make an i n d i v i d u a l a t t e m p t i n g to enter the area aware of the hazard and at l e a s t one other
authorized i n d i v i d u a l , who i s p h y s i c a l l y p r e s e n t , f a m i l i a r with the a c t i v i t y , and pr epared to r e n d e r
or summon assistance, aware of the f a i l u r e of the entry control devices.

(C) The licensee shall prov ide control devices so t h a t , upon f a i l u r e or
removal of phys i ca l rad ia t i on barriers other than the sealed source ' s s h i e l d e d s torage container:

(j) the radiation level f r o m the source of radia t ion is reduced
below that at which it would be p o s s i b l e for an ind iv idua l to receive a d e e p dose equivalent in
excess of 0.1 rem (1 mSv) in one hour; and

(i!) con sp i cuou s v i s i b l e and a u d i b l e alarm s igna l s are generated
to make p o t e n t i a l l y a f f e c t e d i n d i v i d u a l s aware of the hazard and the l icensee or at least one other
i n d i v i d u a l , who is famil iar with the a c t i v i t y and prepared to render or summon assistance, aware
of the f a i l u r e or removal of the phys ical barrier.

(-D) W h e n the sh i e ld for stored sealed sources is a l i q u i d , the l i censee shall
p r o v i d e means to monitor the in t egr i ty of the sh ie ld and to s i g n a l , a u t o m a t i c a l l y , loss of adequate
shielding.

(E) Phys i ca l r a d i a t i o n barriers that c ompri s e permanent s tructural
c o m p o n e n t s , such as w a l l s , that have no c r e d i b l e p r o b a b i l i t y of f a i l u r e or removal in ordinary
circumstances, need not meet the requirements of subparagraphs (C) and (D) of this paragraph.

(F) Each area s h a l l be e q u i p p e d with device s that will a u t o m a t i c a l l y
generate conspicuous v i s i b l e and a u d i b l e alarm s i g n a l s to alert personnel in the area b e f o r e the
source of rad ia t i on can be put into operation and in time for any i n d i v i d u a l in the area to operate
a c l e a r l y i d e n t i f i e d control device , which must be in s ta l l ed in the area and which can prevent the
source of radiat ion f r o m being put into o p e r a t i o n .
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(G) Each area s h a l l be c o n t r o l l e d by use of such a d m i n i s t r a t i v e

p r o c e d u r e s and such d ev i c e s as are necessary to ensure t h a t the area is c l e a r e d of personnel p r i o r
to each use of the source of r a d i a t i o n .

(H) Each area shall be checked by a r a d i a t i o n measurement to ensure t h a t ,
pr ior to the f ir s t individual's entry into the area a f t e r any use of the source of r a d i a t i o n , the
rad ia t i on level f r o m the source of r a d i a t i o n in the area is below that at which it would be p o s s i b l e
for an i n d i v i d u a l to receive a d e e p dose e q u i v a l e n t in excess of 0.1 rem (1 mSv) in one hour.

(I) The entry control devices required in s ubparagraph (A) of this
paragraph sha l l be tes ted for p r o p e r f u n c t i o n i n g . See subsec t ion (uu) of this section for
r e c o r d k e e p i n g requirements.

(;) T e s t i n g s h a l l be c o n d u c t e d pr ior to i n i t i a l o p e r a t i o n with the
source of r a d i a t i o n on any d a y , un l e s s o p e r a t i o n s were continued u n i n t e r r u p t e d f r o m the p r e v i o u s
d a y .

(//) T e s t i n g shal l b e c o n d u c t e d prior t o r e s u m p t i o n o f opera t i on
of the source of r a d i a t i o n a f t e r any unintent ional i n t e r r u p t i o n .

(iti) The licensee shall submit and adhere to a s chedul e for p er iod i c
tests of the entry control and warning systems.

(J) The l icensee s h a l l not conduc t opera t i on s , other than those necessary
to p l a c e the source of radia t ion in sa fe c o n d i t i o n or to e f f e c t repairs on c o n t r o l s , unless control
devices are func t i oning p r o p e r l y .

(K) Entry and ex i t p o r t a l s that are used in transpor t ing mater ia l s to and
f r o m the i r r a d i a t i o n area, and that are not in t ended for use by i n d i v i d u a l s , s h a l l be c o n t r o l l e d by
such devices and admini s t ra t ive procedures as are necessary to p h y s i c a l l y p r o t e c t and warn against
inadvertent entry by any ind iv idua l through these p o r t a l s . Exit por ta l s for irradiated mater ia l s sha l l
be e q u i p p e d to d e t e c t and signal the presence of any loose rad ioac t iv e material that is carried
toward such an exit and a u t o m a t i c a l l y to p r e v e n t loo s e r a d i o a c t i v e material f r o m being carried out
of the area.
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(3) Licensees or a p p l i c a n t s for l i c ense s for sources of rad ia t i on within the

purview of p a r a g r a p h (2) of this sub s ec t ion that w i l l be used in a variety of po s i t i on s or in
locations, such as open f i e l d s or f o r e s t s , which make it impracticable to c o m p l y with certain
requirements of p a r a g r a p h (2) of this subsec t ion, such as those for the automatic control of
radiation l e v e l s , may a p p l y to the Agency for approva l of al ternative s a f e t y measures. A l t e r n a t i v e
sa f e ty measures s h a l l p r o v i d e personnel p r o t e c t i o n at l ea s t e qu iva l en t to those s p e c i f i e d in
paragraph (2) of this subsection. At least one of the al ternative measures sheill inc lude an entry-
preventing interlock control based on a measurement of the radiation that ensures the absence ofhigh radiation l ev e l s b e f o r e an ind iv idual can gain access to the area where such sources of
rad ia t i on are used.

(4) The entry control d ev i c e s required by p a r a g r a p h s (2) and (3) o f this
subsection shall be e s tab l i shed in such a way that no ind iv idua l will be pr even t ed f r o m leaving the
area.

(v) Use of proce s s or other engineering c o n t r o l s . The l icensee s h a l l use, to the ex tent
p r a c t i c a b l e , process or other engineering c o n t r o l s , such as containment or v e n t i l a t i o n , to control
the concentrations of radioact ive material in air.

(w) Use of other c on tro l s . When it i s not p r a c t i c a b l e to a p p l y process or o ther
engineering contro l s to control the concentrations of radioact ive material in air to values below
those that d e f i n e an airborne radioac t iv i ty area, the licensee s h a l l , consi s tent with maintaining the
total e f f e c t i v e dose equivalent ALARA, increase monitoring and limit intakes by one or more of
the f o l l o w i n g means:

( 1 ) control o f access;
(2) l i m i t a t i o n o f exposure times;
(3) " use of r e s p i r a t o r y p r o t e c t i o n e q u i p m e n t ; or
(4) other c o n t r o l s ,

( x ) U s e o f i n d i v i d u a l r e sp i ra t ory p r o t e c t i o n equ ipment .
( 1 ) I f t h e l i c en s e e uses r e s p i r a t o r y p r o t e c t i o n e q u i p m e n t t o l i m i t intake s i n

accordance with subsect ion (w) of this s ec t ion.
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( A ) E x c e p t a s p r o v i d e d i n s u b p a r a g r a p h ( B ) o f thi s p a r a g r a p h , t h e

licensee sha l l use only r e s p i r a t o r y p r o t e c t i o n e q u i p m e n t that is t e s t e d and c e r t i f i e d or had
c e r t i f i c a t i o n ex tended b y t h e N a t i o n a l I n s t i t u t e f o r Occupa t i ona l S a f e t y a n d H e a l t h ( N I O S H ) a n d
t h e Mine S a f e t y a n d H e a l t h A d m i n i s t r a t i o n ( M S H A ) .

(B) If the licensee wishes to use e q u i p m e n t that has not been t e s t e d or
c e r t i f i e d by the NIOSH and the MSHA, or has not had c e r t i f i c a t i o n e x t ended by the NIOSH andthe MSHA. or for which there is no schedule for testing or c er t i f i ca t i on, the licensee shall submit
an a p p l i c a t i o n for authorized use of that equ ipment , i n c l u d i n g a demons trat ion by t e s t i n g , or a
demonstrat ion on the basis of test i n f o r m a t i o n , that the material and per formance characteris t ics of
the e q u i p m e n t are c a p a b l e o f p r o v i d i n g the p r o p o s e d d egr e e o f p r o t e c t i o n under a n t i c i p a t e d
c ond i t i on s of use.

(C) The licensee shall i m p l e m e n t and maintain a re sp ira tory p r o t e c t i o n
program that i n c l u d e s :

(/) air sampl ing s u f f i c i e n t to i d e n t i f y the po t ent ia l hazard, permit
p r o p e r e q u i p m e n t s e l e c t i o n , and est imate e xpo sure s ;

(ii) surveys and bioassays, as a p p r o p r i a t e , to e v a l u a t e actual
intakes;

(/ / /) t e s t i n g o f re spirators f o r o p e r a b i l i t y immed ia t e ly prior t o each
use;

(iv) wri t t en procedures regarding s e l e c t i on , f i t t i n g , issuance,
maintenance, and t e s t ing of r e sp i ra t or s , i n c l u d i n g testing for o p e r a b i l i t y i m m e d i a t e l y prior to each
use; supervi s ion and training of p e r s o n n e l ; moni t or ing , i n c l u d i n g air s a m p l i n g and bioas says; and
r e c o r d k e e p i n g ; and

(v) de t erminat ion by a phys i c ian p r i o r to initial f i t t i n g of
re sp irator s , and ei ther every 12 months t h e r e a f t e r or p e r i o d i c a l l y at a f r e q u e n c y determined by a
p h y s i c i a n , that the i n d i v i d u a l user is p h y s i c a l l y ab l e to use the r e s p i r a t o r y p r o t e c t i o n e q u i p m e n t .

(D) The licensee shal l issue a written p o l i c y s ta t ement on re spirator usage
covering:

(/) the u s e o f proces s or o th er engineering c o n t r o l s , instead o f
r e s p i r a t o r s ;
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(j/) the routine, nonroutine, and emergency use of r e s p i r a t o r s ; and
(Hi) the l e n g t h of p e r i od s of r e s p i r a t o r use and r e l i e f f r o m

respirator use.
(E) The l icensee sha l l advise each r e sp i ra tor user that the user may leave

the area at any time for r e l i e f f r o m respirator use in the event of equipment m a l f u n c t i o n , phys i ca l
or p sy cho l og i ca l di s tre s s , procedural or communication f a i l u r e , s ign i f i can t d e t e r i o r a t i o n of
operating condit ions, or any other conditions that might require such r e l i e f .

(F) The l icensee sha l l u s e r e s p i r a t o r y p r o t e c t i o n e q u i p m e n t within the
e q u i p m e n t m a n u f a c t u r e r ' s expressed l imi ta t i on s for type and mode of use and shall p r o v i d e p r o p e r
visual, communication, and other special c a p a b i l i t i e s , such as a d e q u a t e skin p r o t e c t i o n , when
needed.

(2) When e s t imat ing exposure o f i n d i v i d u a l s t o airborne r a d i o a c t i v e m a t e r i a l s ,
the l i c en s e e may make a l lowance for r e sp i ra tory p r o t e c t i o n e q u i p m e n t used to l imi t intakes in
accordance with subsection (w) of this section, provided that the f o l l o w i n g c ond i t i on s , in a d d i t i o n
to those in paragraph (1) of this subsection, are s a t i s f i e d .

(A) The licensee select s re spiratory protec t ion equipment that provides
a p r o t e c t i o n f a c t o r , s p e c i f i e d in subsection (ggg)(l) of this section, greater than the m u l t i p l e by
which peak concentrations of airborne radioactive mat er ia l s in the working area are expected to
exceed the values s p e c i f i ed in Co lumn 3 of T a b l e I of subsection (ggg)(2) of this section.
H o w e v e r , i f the s e l e c t i o n of r e sp i ra t ory p r o t e c t i o n equ ipmen t with a p r o t e c t i o n f a c t o r greater than
the peak concentration is inconsistent with the goal s p e c i f i e d in subsection (w) of this section of
keeping the to ta l e f f e c t i v e dose equivalent ALARA, the l icensee may select r e sp ira tory p r o t e c t i o n
equipment with a lower pro t e c t i on f a c t o r prov id ed that such a s e l e c t ion would result in a total
e f f e c t i v e dose equivalent that i s ALARA. The concentra t i on of r a d i o a c t i v e material in the air that
is inhaled when r e sp i ra tor s are worn may be i n i t i a l l y e s t i m a t e d by d i v i d i n g the average
concentration in air, dur ing each period of un in t errup t ed use, by the p r o t e c t i o n f a c t o r . If the
exposure is l a t e r f ound to be greater than i n i t i a l l y e s t i m a t e d , the corrected value shall be used; If
the exposure is l a t e r f o u n d to be less than i n i t i a l l y e s t imated, the corrected value may be used.

(B) The l i c en s e e s h a l l obtain author iza t ion f r o m the agency b e f or e
assigning re sp iratory pro t e c t i on f a c t o r s in excess of those s p e c i f i e d in subsection (ggg)(l) of this
section. The agency may authorize a l icensee to use h igher p r o t e c t i o n f a c t o r s on r e c e i p t of an
a p p l i c a t i o n t h a t :
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p r o t e c t i o n f a c t o r s ; and
(/) d e s cr ib e s the s i t u a t i o n f or which a need ex i s t s f or h i g h e r

( i / ) d emons t ra t e s that t h e r e s p i r a t o r y p r o t e c t i o n e q u i p m e n t
p r o v i d e s these higher p r o t e c t i o n f a c t o r s under the propo s ed c o n d i t i o n s of use.

(3) In an emergency, the l icensee shal l use as emergency e q u i p m e n t on ly
r e sp i ra t ory p r o t e c t i o n equipment that has been s p e c i f i c a l l y c e r t i f i e d or had c e r t i f i c a t i o n ex t ended
f o r emergency u s e b y t h e N I O S H a n d t h e M S H A .

(4) The l i censee sha l l n o t i f y the agency in writing at l ea s t 30 days b e f o r e the
da t e that respiratory pro t e c t ion equ ipment is f i r s t used in accordance with either paragraph s (1) or
(2) o f this subsection.

( y ) S e c u r i t y a n d c on t ro l o f l i c e n s e d sources o f r a d i a t i o n .
( 1 ) T h e l i c e n s e e s h a l l secure r a d i o a c t i v e mat er ia l f r o m unauthorized removal o r

access.
(2) The l icensee shal l maintain constant s urve i l l anc e , using devices a n d / o r

administrative procedure s to prevent unauthorized use of r a d i o a c t i v e material that is in an
unrestricted area and that is not in s torage .

(z) Caut ion signs.
(1) U n l e s s otherwise authorized by th e agency, th e s tandard r a d i a t i o n symbol

prescribed s h a l l use the co lors m a g e n t a , or p u r p l e , or b l a c k on y e l l o w background. The s tandard
rad ia t i on symbol prescribed is the thr e e-b laded design as f o l l o w s :
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(A) the cro s s-hatched area of the symbol is to be i n a g e n t a , or p u r p l e , or

b l a c k ; and
(B) the background of the symbol is to be y e l l o w .

( 2 ) N o t w i t h s t a n d i n g t h e r e q u i r e m e n t s o f p a r a g r a p h ( 1 ) o f t h i s s u b s e c t i o n ,
l i c e n s e e s are a u t h o r i z e d to l a b e l source s , source h o l d e r s , or d e v i c e c o m p o n e n t s c o n t a i n i n g sources
o f r a d i a t i o n t h a t a r e s u b j e c t e d t o h i g h t e m p e r a t u r e s , w i th c o n s p i c u o u s l y e t c h e d o r s t a m p e d r a d i a t i o n
c a u t i o n s y m b o l s a n d w i t h o u t a c o l o r r e q u i r e m e n t .

( a a ) P o s t i n g r equ irement s .
( 1 ) T h e l i c e n s e e s h a l l p o s t each r a d i a t i o n area w i t h a c o n s p i c u o u s s i g n o r s i g n s

b e a r i n g t h e r a d i a t i o n symbol a n d t h e word s " C A U T I O N . R A D I A T I O N A R E A . "
( 2 ) T h e l i c e n s e e s h a l l p o s t each h i g h r a d i a t i o n area w i t h a c o n s p i c u o u s s ign o r

s i g n s b e a r i n g t h e r a d i a t i o n symbol a n d t h e w o r d s " C A U T I O N , H I G H R A D I A T I O N A R E A " o r
" D A N G E R . H I G H R A D I A T I O N A R E A . "

(3) The l i c e n s e e s h a l l po s t each very h i g h r a d i a t i o n area wi th a c o n s p i c u o u s s ign
o r s i g n s b e a r i n g t h e r a d i a t i o n symbol a n d words " G R A V E D A N G E R . V E R Y H I G H
R A D I A T I O N A R E A . " I f t h e very h i g h r a d i a t i o n area i n v o l v e s m e d i c a l t r e a t m e n t o f p a t i e n t s , t h e
l i c e n s e e may o m i t the word " G R A V E " f r o m the s ign or s i g n s .

(4) The licensee shaJl pos t each airborne rad ioac t iv i ty area with a conspicuous
sign or signs bearing the rad ia t i on symbol and the words "CAUTION, .AIRBORNE
R A D I O A C T I V I T Y A R E A " o r " D A N G E R . A I R B O R N E R A D I O A C T I V I T Y A R E A . "

(5) The l i c en s e e shalJ post each area or room in which there is used or s t ored
an amount of l icensed material exceeding 10 times the q u a n t i t y of such material s p e c i f i e d in
subsect ion (ggg}(3) of this section w i th a conspicuous sign or signs bearing the radia t ion symbol
a n d t h e words " C A U T I O N . R A D I O A C T I V E M A T E R I A L ( S ) " o r " D A N G E R . R A D I O A C T I V E
M A T E R I A L ( S ) . "

(bb) Exc ep t i on s to post ing requirements.
(1) A l i c e n s e e i s no t r e q u i r e d t o p o s t c a u t i o n s i g n s in areas or rooms c o n t a i n i n g

sources o f r a d i a t i o n f o r p e r i o d s o f l e s s t h a n 8 h o u r s , i f each o f t h e f o l l o w i n g c o n d i t i o n s i s m e t :
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( A ) t h e sources o f r a d i a t i o n a r e c o n s t a n t l y a t t e n d e d d u r i n g these p e r i o d s

by an i n d i v i d u a l who takes the pr e cau t i on s necessary to p r e v e n t the e x p o s u r e of i n d i v i d u a l s to
sources of rad ia t i on in excess of the l i m i t s e s t a b l i s h e d in this s e c t i on; and

( B ) t h e area o r room i s s u b j e c t t o t h e l i c e n s e e ' s c o n t r o l .
(2) Rooms or o ther areas in h o s p i t a l s that are o c c u p i e d by p a t i e n t s are not

required to be pos t ed with caution signs in accordance with subsec t ion (aa) of this section provided
that the p a t i e n t c o u l d be r e l ea s ed f r o m l i c e n s e e c o n t r o l in a c c ordanc e wi th t h i s c h a p t e r .

(3) A room or area is not r equired to be p o s t e d wi th a cau t i on s ign because of
the presence of a sealed source(s) prov ided the r a d i a t i o n l eve l at 30 c ent imeter s f rom the s u r f a c e
of the s ea l ed source c o n t a i n e r ( s ) or h o u s i n g ( s ) does not exceed 0.005 rem (0.05 m S v ) per hour.

( 4 ) Rooms i n m e d i c a l f a c i l i t i e s t h a t a r e used f o r t c l e t h e r a p v a r ? e x e m p t f r o m t h e
r e q u i r e m e n t t o p o s t c a u t i o n s i g n s i n a c c o r d a n c e w i t h s u b s e c t i o n ( a a ) o f t h i s s e c t i o n p r o v i d e d t h e
f o l l o w i n g c o n d i t i o n s a r e met .

( A ) A c c e s s t o t h e room i s c o n t r o l l e d i n a c c o r d a n c e w i t h t h i s c h a p t e r ; a n d
( B ) Personne l i n a t t e n d a n c e t ak e neces sary p r e c a u t i o n s t o p r e v e n t t h e

i n a d v e r t e n t e x p o s u r e o f worker s , o t h e r p a t i e n t s , a n d members o f t h e p u b l i c t o r a d i a t i o n i n excess
o f t h e l i m i t s e s t a b l i s h e d i n thi s s e c t i o n .

( c c ) L a b e l i n g c o n t a i n e r s .
( 1 ) T h e l i c e n s e e s h a l l ensure that each container o f l i c e n s e d mater ia l bears a

d u r a b l e , c l e a r l y v i s i b l e lab e l b ear ing t h e r a d i a t i o n symbol a n d t h e words " C A U T I O N ,
R A D I O A C T I V E M A T E R I A L " o r " D A N G E R . R A D I O A C T I V E M A T E R I A L . " T h e l a b e l s h a l l
also p r o v i d e i n f o r m a t i o n , such as the r a d i o n u c l i d e s p r e s e n t , an e s t i m a t e of the quant i ty of
r a d i o a c t i v i t y , the d a t e for which the a c t i v i t y i s e s t i m a t e d , radiat ion l e v e l s , kinds of mat er ia l s , and
mass e n r i c h m e n t , to permit i n d i v i d u a l s h a n d l i n g or us ing the containers, or working in the v i c i n i t y
of the containers, to take pre cau t ions to avoid or minimize exposures.

(2) Each Licensee s h a l l , pr ior to removal or d i spo sa l o f e m p t y uncontaminated
containers to unrestricted areas, remove or d e f a c e the radioact ive material labe l or otherwise
c l ear ly ind i ca t e that the container no l o n g e r contains rad ioac t iv e ma t e r ia l s .
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(dd) Exempt ions to l a b e l i n g requirements. A licensee is not required to l a b e l :

(1) containers h o l d i n g licensed material in quant i t i e s less man the quantities l i s t e d
in subsection (ggg)(3) of this sect ion;

(2) containers h o l d i n g licensed material in concentrat ions les s than those spec i f i ed
in T a b l e ID of subsection (ggg)(2) of this section;

(3) containers a t t ended by an individual who takes the pr e cau t i on s necessary to
prevent the exposure of i n d i v i d u a l s in excess of the l imit s e s tab l i shed by this section;

(4) containers when they are in transport and p a c k a g e d and l a b e l e d in
accordance wi th the rules of the DOT Q a b e l i n g of p a c k a g e s containing r a d i o a c t i v e mater ia l s i s
required by the DOT if the amount and type of rad ioac t iv e mater ial e x c e ed s the l imi t s for an
excepted quantity or article as d e f in ed and l imited by DOT regulations 49 CFR 1 7 3 . 4 0 3 ( m ) and
(w) and 1 7 3 . 4 2 4 ) ;

(5) containers that are a c c e s s i b l e only to i n d i v i d u a l s authorized to handle or use
them, or to work in the vicinity of the containers, if the contents are i d e n t i f i e d to these ind iv idua l sby a readily ava i lab l e written record. E x a m p l e s of containers of this type are containers in locat ions
such as w a t e r - f i l l e d canals, storage vaul t s , or hot c e l l s . The record shall be retained as l ong as the
containers are in use for the p u r p o s e i n d i c a t e d on the r e cord; or

(6) in s ta l l ed manufac tur ing or process equipment , such as p i p i n g and tanks,
(ee) Procedures for receiving and opening packages.

(1) Each l i c en s e e who e x p e c t s to receive a pa ckage containing quanti t i e s o f
radioact ive material in excess of a T y p e A q u a n t i t y , as d e f i n e d in § 2 8 9 . 2 ! 0 1 ( b ) of this t i t l e and
s p e c i f i e d in § 2 8 9 . 2 5 7 ( s ) ( l ) o f thi s t i t l e ( r e l a t i n g to P a c k a g i n g and T r a n s p o r t a t i o n o f Radioac t iv e
M a t e r i a l ) , shal l make arrangements to receive:

(A) the package when the carrier o f f e r s it for d e l i v e ry; or
(B) the n o t i f i c a t i o n of the arrival of the package at the carrier's terminal

and to take pos se s s ion of the p a c k a g e e x p e d i t i o u s l y .
(2) Each licensee s h a l l :
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( A ) m o n i t o r t h e ex t ernal s u r f a c e s o f a l a b e l e d p a c k a g e , l a b e l e d with a

R a d i o a c t i v e W h i t e I , Y e l l o w I I . o r Y e l l o w I I I l a b e l a s s p e c i f i e d i n D O T r e g u l a t i o n s 4 9 C F R
172.403 and 172.436-440, for r a d i o a c t i v e contamination unless the pa ckage contains only
radioac t ive material in the f orm of gas or in special f o r m as d e f i n e d in §289.201 (b) of this title; and

(B) monitor the external sur fac e s of a l a b e l e d p a c k a g e , l a b e l e d with a
Radioact ive W h i t e I , Y e l l o w D , o r Y e l l o w I I I label a s s p e c i f i e d i n D O T regula t ions 4 9 C F R
172.403 and 172.436-440, foi r a d i a t i o n l e v e l s unless the package contains quant i t i e s of rad ioac t ive
m a t e r i a l that are l e s s than or equal to the T y p e A q u a n t i t y , as d e f i n e d in § 2 8 9 . 2 0 1 (b) of t h i s t i t le
a n d s p e c i f i e d i n § 2 8 9 . 2 5 7 ( s ) ( l ) o f this t i t l e : a n d

( C ) m o n i t o r a l l p a c k a g e s known t o c on ta in r a d i o a c t i v e m a t e r i a l f o r
rad ioac t iv e c on tamina t i on and r a d i a t i o n l e v e l s i f there i s e v id enc e o f d e g r a d a t i o n o f p a c k a g e
in t egr i ty , such as packages that are crushed, wet, or damaged.

(3) The l i censee s h a l l p e r f o r m th e mon i t or ing required by p a r a g r a p h (2) o f this
s u b s e c t i o n as soon as p r a c t i c a b l e a f t e r r e c e i p t o f the p a c k a g e , but not l a t e r than thr e e hours a f t e r
the p a c k a g e i s received at the l i c en s e e ' s f a c i l i t y i f i t i s received during the l i c en s e e ' s normal
working hours. If a p a c k a g e i s received a f t e r working hours, the p a c k a g e s h a l l be monitored no
l a t e r than t h r e e hours f r o m the b eg inning of the next working day. If the l icensee di s covers there
is ev idence of d e g r a d a t i o n of p a c k a g e i n t e g r i t y , such as a package that is c r u s h e d , w e t , or
d a m a g e d , the package sha l l be surveyed i m m e d i a t e l y .

(4) The licensee s h a l l i m m e d i a t e l y n o t i f y the f ina l d e l i v e r y carrier and. by
t e l ephone and te legram, mailgram, or f a c s i m i l e , the agency when removable radioactive surface
contaminat ion or external r a d i a t i o n l e v e l s exceed the l i m i t s e s t a b l i s h e d in s u b p a r a g r a p h s (A) and
(B) of this p a r a g r a p h .

( A ) L i m i t s f o r removable rad ioac t iv e sur fa c e contamination l e v e l s .
(;) The l e v e l o f r e m o v a b l e rad i oa c t i v e c o n t a m i n a t i o n on the

external sur face s o f each package o f f e r e d for sh ipment shal l be ALARA. The l eve l o f removable
radioac t ive contaminat ion may be determined by w i p i n g an area of 300 square c ent imet er s ( c m 2 )
of the surface concerned with an absorbent m a t e r i a l , using modera t e pressure, and measuring the
ac t i v i ty on the w i p i n g m a t e r i a l . S u f f i c i e n t measurements must be taken in the most a p p r o p r i a t e
locat ions to yield a r epre s en ta t iv e assessment of the removable contamination l e v e l s . Excep t as
p r o v i d e d in clause (///) of this s u b p a r a g r a p h , the amount of r a d i o a c t i v i t y measured on any s i n g l e
wiping m a t e r i a l , when averaged over the sur fa c e w i p e d , must not exceed the limits given in clause
(//) of this subparagraph at any time during transport. If other methods are used, the de tec t ion
e f f i c i e n c y of the method used must be taken into account and in no case may the removable
contamination on the external s u r f a c e s of the p a c k a g e exceed 10 times the l i m i t s l i s t ed in c lause (if)
o f t h i s s u b p a r a g r a p h .
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(U) R e m o v a b l e external radioac t ive c on tamina t i on wipe l i m i t s are

as f o l l o w s .
Maximum Permiss ible

Limits
Contaminant p C i / c m 2 * d p m / c m 2

Beta-gamma emit t ing r a d i o n u c l i d e s ;
all radionuc l ide s with h a l f - l i v e s
less than 10 d a y s ; natural uranium;natural thor ium; uranium-235;
uranium-238; t h o r i u m - 2 3 2 ; t h o r i u m - 2 2 8 ;
and thorium-230 when contained in
ores or p h y s i c a l concentrat e s . . . . . 105 22
All other a l p h a emit t ingradionuclides......................... I f r 6 2 . 2

(Hi) In the case of package s transported as e x c lu s i v e use s h ipment s
by rail or highway only, the removable radioactive contamination at any time during transport must
not exceed 10 times the l e v e l s prescribed in clause (u) of this subparagraph. The l e v e l s at the
beginning of transport must not exceed the l e v e l s in clause (i!) of this subpc i ragraph.

(B) Limits for external radiation level s .
(!) External r a d i a t i o n l e v e l s around the p a c k a g e and around the

veh i c l e , if a p p l i c a b l e , will not exceed 200 mi l l i r ems per hour ( m r e m / h r ) (2 miil i s iverts per hour
(mSv/hr)) at any point on the external sur fac e of the package at any time during transportat ion.
The transport index s h a l l not exceed 10.

(ii) For a package t ranspor t ed in e x c lu s iv e use by rail, h ighway
or water, r a d i a t i o n l e v e l s external to the p a c k a g e may exceed the l imi t s s p e c i f i e d in c lause (f) of
this s u b p a r a g r a p h but shall not exceed any of the f o l l o w i n g :

" To convert microcuries (^Ci) to SI units o f k i l ob e cquer e l s . m u l t i p l y the values by 37.
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(I) 200 mrem/hr (2 m S v / h r ) on the access ible external

s u r f a c e of the p a c k a g e unle s s the f o l l o w i n g c o n d i t i o n s are met, in which case the l i m i t is 1,000
mrem/hr ( 1 0 m S v / h r ) :

(-a-) the s h i p m e n t is made in a c l o s ed transport
v e h i c l e ;

(-b-) provi s ions are made to secure the package so
that its po s i t i on within the vehicle remains f i x e d during transpor ta t ion; and

(-C-) there are no l o a d i n g or u n l o a d i n g op era t i on s
between the beginning and end of the t ran spor ta t i on;

(II) 200 mrem/hr (2 m S v / h r ) at any p o i n t on the o u t e r
s u r f a c e of the v e h i c l e , i n c l u d i n g the u p p e r and lower s u r f a c e s , or, in the case of a f l a t - b e d s t y l e
veh i c l e , wi th a personnel barrier, at any p o i n t on the vert ical p l a n e s p r o j e c t e d f r o m the outer edges
of the v eh i c l e , on the u p p e r s u r f a c e of the load (or enc lo sure , if u s e d ) , and on the lower external
sur face of the v eh i c l e (a f l a t - b e d s t y l e v e h i c l e with a personnel barrier shal l have r a d i a t i o n l e v e l s
de t ermined at vertical p lane s . If no personnel barrier, the p a c k a g e cannot exceed 200 mrem/hr
(2 m S v / h r ) at the sur fac e .);

(III) 10 mrem/hr (0.1 m S v / h r ) at any point 2 m f r o m the
vertical planes represented by the outer lateral sur face s of the vehicle, or, in the case of a f l a t - b e d
s ty l e v eh i c l e , at any point 2 m f r o m the vertical p lane s p r o j e c t e d f r o m the outer edges of the
vehic l e; and

(TV) 2 mrem/hr (0.02 m S v / h r ) in any normal ly o c c u p i e d
po s i t i on s of the v e h i c l e , e x c ep t that this p r o v i s i o n does not a p p l y to p r i v a t e motor carriers when
persons occupying these po s i t i on s are provided with special hea l th supervision, personnel rad ia t i on
e x p o s u r e moni tor ing d e v i c e s , and t r a i n i n g in ac cordance with § 2 8 9 . 2 0 3 ( c ) o f t h i s t i t l e ( r e l a t i n g to
N o t i c e s , I n s t r u c t i o n s , and Report s to W o r k e r s ; I n s p e c t i o n s ) .

(5) Each licensee s h a l l :
( A ) e s t a b l i s h , maintain, a n d re tain wr i t t en pro c edure s f o r s a f e l y opening

package s in which rad ioac t iv e material is r e c e i v e d ; and
(B) ensure that the proc edure s are f o l l o w e d and t h a t due cons iderat ion

is given to special instructions for the type of package being opened.
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(6) Licensee s t r a n s f e r r i n g special f o r m sources in veh i c l e s owned or o p e r a t e d

by the licensee to and f r om a work s i t e are e x empt f r o m the contaminat ion monitoring requirements
of paragraph (2) of this s ub s e c t i on , but are not e x empt f r o m the moni tor ing requirement in
paragraph (2) of this subsection for measuring rad ia t i on l e v e l s that ensures that the source is still
p r o p e r l y l o d g e d in its s h i e ld .

( f f ) General requirements f o r waste management.
( 1 ) U n l e s s otherwise e x e m p t e d , a l i c ensee s h a l l d i s c h a r g e , t r e a t , o r d e cay

l i censed mater ia l or t ran s f e r waste for d i s p o s a l o n l y :
(A) by t r a n s f e r to an authorized r e c i p i e n t as p r o v i d e d in subsec t ion (jj)

of this section. §289 .252 of this t i t l e , § 2 8 9 . 2 5 4 of this t i d e ( r e l a t i n g to Lic en s ing of Radioac t ive
W a s t e Proce s s ing a n d S t o r a g e F a c i l i t i e s ) , § 2 8 9 . 2 5 7 o f this t i d e , § 2 8 9 . 2 5 9 o f :his t i d e ( r e l a t i n g t o
L i c e n s i n g o f N a t u r a l l y Occurring R a d i o a c t i v e M a t e r i a l ( N O R M ) ) , o r t o t h e U n i t e d S t a t e s
D e p a r t m e n t o f Energy ( D O E ) :

(B) by decay in s t o r a g e with p r i o r a p p r o v a l f r o m the agency;
(C) by release in e f f l u e n t s within the l i m i t s in subsection (n) of this

sect ion; or
(D) as authorized in accordance with paragraph (2) of this s u b s e c t i o n ,

and subsections (gg) and (hh) of this s ec t ion.
(2) U p o n agency a p p r o v a l , emission control dust and other material f r o m e l e c tr i c

arc f urnac e s or f o u n d r i e s , such as K061 l i s t e d hazardous waste or other l i s t e d hazardous was t e ,
contaminated as a r e su l t of inadver t en t m e l t i n g of a c e s ium-137 source may be t r a n s f e r r e d for
disposal to a hazardous waste d i s p o s a l f a c i l i t y authorized by the T e x a s N a t u r a l Resource
Conservation Commission (Commis s i on) or i t s successor, another s tate' s regulatory agency with

j u r i s d i c t i o n to r e g u l a t e hazardous waste as c l a s s i f i e d under S u b t i t l e C of the Resource Conservat ion
and Recovery Act (RCRA), or the EPA. The material may be t ran s f e r r ed for d i s p o s a l w i thou t
regard to its r a d i o a c t i v i t y if the f o l l o w i n g c o n d i t i o n s are met.

(A) C o n t a m i n a t e d material described in paragraph (2) o f this sub sec t ion,
whether packaged or unpackaged ( i . e . , b u l k ) , must be treated through s t a b i l i z a t i o n to c o m p l y with
all waste treatment requirements of the a p p r o p r i a t e s ta t e or f e d e r a l r e g u l a t o r y agency as l i s t e d in
this p a r a g r a p h . The treatment opera t i on s must be undertaken by e i ther of the f o l l o w i n g :
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( j ) t h e o w n e r / o p e r a t o r o f t h e e l e c t r i c a r c f u r n a c e o r f o u n d r y

l i censed to pos s e s s , treat or t rans f er ces ium-137 contaminated i n c i d e n t - r e l a t e d m a t e r i a l ; or
(it) a service c on t ra c t or l i censed by the agency, NRC, or an

agreement s t a t e .
(B) The emis s ion control dus t and other i n c i d e n t - r e l a t e d material s have

been stored (if applicable) and t rans f err ed in a c cordance with o p e r a t i n g and emergency pro c edure sa p p r o v e d by the agency.
(C) The to tal c e s ium-137 a c t i v i t y contained in emis s ion control dust and

other i n c i d e n t - r e l a t e d ma t e r ia l s to be t rans f erred to a hazardous waste di sposal facility has been
s p e c i f i c a l l y a p p r o v e d by NRC or the a p p r o p r i a t e agreement s t a t e (s) and does not exceed the t o ta l
ac t iv i ty associated with the inadver t ent m e l t i n g i n c i d e n t .

(D) The hazardous waste d i s p o s a l faci l i ty o p e r a t o r has been n o t i f i e d in
writing of the i m p e n d i n g t rans f er of the i n c i d e n t - r e l a t e d mater ia l s and has agreed in writing to
receive and d i s p o s e of the p a c k a g e d or u n p a c k a g e d mater ia l s . C o p i e s of the n o t i f i c a t i o n and
agreement shall be submitted to the agency.

(E) The l i c en s e e , as l i s t e d in s u b p a r a g r a p h (A) (/) or (if) of this paragraph ,
n o t i f i e s the NRC or agreement s tate (s) in which the trans f eror and t rans f er e e are l o c a t e d , in
writing, of the impending t ran s f e r , at least 30 days b e fore the trans fer .

(F) The packaged s tabi l ized material has been packaged for transportat ion
and d i s p o s a l in non-bulk steel packag ing as d e f i n e d in DOT regulat ions at 49 CFR 173.213.

(G) The emission control dust and other i n c i d e n t - r e l a t e d materials that
have been s tabi l ized and packaged as described in subparagraph (F) of this paragraph shall contain
pre t r ea tment average c o n c e n t r a t i o n s of cesium-137 that do not exceed 130 p C i / g of m a t e r i a l , above
background.

(H) The dose rate at 3.28 f e e t (1 m) f r o m the sur face o f any package
containing stabilized waste shall not exceed 20 urem per hour or 0.20 p . S v per hour, above
background.

(I) The unpackaged s tab i l i z ed material shall contain pretreatment average
concentrations of ces ium-137 that do not exceed 100 pCi/g of m a t e r i a l , above background.
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( 3 ) T h e l icensee t r a n s f e r r i n g t h e c e s ium-137 contaminated i n c i d e n t - r e l a t e d

material must c on su l t with the agency, the C o m m i s s i o n or i t s succes sor, another s ta t e ' s r e g u l a t o r y
agency with j u r i s d i c t i o n to regulate hazardous waste as c l a s s i f i e d under R C R A . or the EPA and
other authorized parties, i n c l u d i n g s ta t e and local governments , and obtain all necessary a p p r o v a l s ,
in a d d i t i o n to those of NRC a n d / o r a p p r o p r i a t e agreement s t a t e s , for the t r a n s f e r s described in
paragraph (2) of this subsection.

(4) N o t h i n g in this subsection sha l l be or is in t ended to be construed as a waiver
of any RCRA permit condi t ion or term, of any state or local s ta tu t e or r e g u l a t i o n , or of any f edera l
RCRA r e g u l a t i o n .

(5) The t o t a l i n c i d e n t - r e l a t e d c e s ium-137 a c t i v i t y received by a f a c i l i t y over i t s
op e ra t ing l i f e shal l not exceed 1 Ci (37 GBq). The agency wil l maintain a record of the t o t a l
i n c i d e n t - r e l a t e d ce s ium-137 a c t i v i t y s h i p p e d by a person l icensed by the agency. U p o n c o n s u l t a t i o n
with the Commis s ion, the agency will determine if the t o t a l i n c i d e n t - r e l a t e d cesium-137 act ivi ty
received by a hazardous waste disposal f a c i l i t y over its opera t ing l i f e has reached 1 Ci (37 GBq).
The agency wil l not a p p r o v e s h i p m e n t s o f cesium-137 contaminated i n c i d e n t - r e l a t e d mater ia l that
will cause this l imit to be exceeded.

(6) A person shall be s p e c i f i c a l l y licensed to receive waste containing licensed
material f r o m other persons for:

( A ) treatment prior t o d i s p o s a l ;
(B) treatment by incineration;
(C) decay in s t o r a g e ;

... (D) disposal at an authorized land d i spo sa l f a c i l i t y ; or
(E) s t orage u n t i l t r a n s f e r r e d t o a s t o rage or d i spo sa l fac i l i ty authorized

to receive the waste.
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(gg) D i s c h a r g e by re l ea s e i n t o sanitary sewerage.

(1) A l icensee may di s charge l i c ensed material into sanitary sewerage if each
of the f o l l o w i n g conditions is s a t i s f i e d :

( A ) t h e m a t e r i a l i s r e a d i l y s o l u b l e , o r i s r e a d i l y d i s p e r s i b l e b i o l o g i c a l
mat er ia l , in wa t er;

(B) the quanti ty of l i c ens ed radioactive material that the licensee releases
into the sewer in one month d i v i d e d by the average m o n t h l y v o l u m e of water released into the
sewer b y t h e l i c e n s e e does n o t exceed t h e c o n c e n t r a t i o n l i s t e d i n T a b l e I I I o f sub s e c t i on ( g g g ) ( 2 )
of this section; and

(C) i f more than one r a d i o n u c l i d e i s r e l e a s e d , th e f o l l o w i n g a d d i t i o n a l
condi t i ons must also be s a t i s f i e d :

(i) t h e f r a c t i o n o f t h e l imit in Tab l e III o f subsec t ion (ggg)(2) o f
this section repre s en t ed by di scharges into sanitary sewerage determined by d iv id ing the actual
m o n t h l y average concentrat ion of each r a d i o n u c l i d e re l eased by the l i c ensee into the sewer by the
concentrat ion o f that r a d i o n u c l i d e l i s t ed i n T a b l e I I I o f subsec t ion ( g g g ) ( 2 ) o f this s e c t i on; a n d

(ii) the sum of the f rac t i on s for each r a d i o n u c l i d e required by
clause (1) of this subparagraph does not exceed unity; and

(D) the t o t a l q u a n t i t y o f l icensed r a d i o a c t i v e material that the licensee
releases into the sanitary sewerage in a year does not exceed 5 curies (Ci) (185 g igabecquere l s
(GBq)) of h y d r o g e n - 3 , 1 Ci (37 G B q ) of carbon-14, and 1 Ci (37 G B q ) of all o ther r a d i o a c t i v e
material s combined.

( 2 ) E x c r e t a f r o m i n d i v i d u a l s u n d e r g o i n g med i ca l d iagno s i s o r t h e r a p y with
rad ioac t iv e mater ia l are not s u b j e c t to the l i m i t a t i o n s contained in p a r a g r a p h (1) of this subsec t ion.

(hh) T r e a t m e n t by incineration. A licensee may treat l icensed material by incinerat ion
only in the form and concentration sp e c i f i ed in subsection (fTfj(l) of this section or as authorized
by the agency.

(ii) Discharge by release into s e p t i c tanks. No licensee shall d i s charge radioact ive
material into a s e p t i c tank system ex c ep t as s p e c i f i c a l l y a p p r o v e d by the agency.
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( j j ) T r a n s f e r f o r d i spo sa l a n d m a n i f e s t s .

(1) The control o f t ran s f e r s o f L L R W in t ended for d i s p o s a l a t a l i c ensed low-
level rad ioac t iv e waste d i s p o s a l f a c i l i t y , the e s t a b l i s h m e n t of a m a n i f e s t tracking sy s t em, and
a d d i t i o n a l r e q u i r e m e n t s concerning t r a n s f e r s and r e c o r d k e e p i n g for those wastes are f o u n d in
§ 2 8 9 . 2 5 7 ( s ) ( 5 ) o f this t i t l e .

(2) Each person involved in the t ran s f e r of waste for d i s p o s a l i n c l u d i n g the waste
generator, waste c o l l e c t o r , and waste processor, shal l c o m p l y with the requirements s p e c i f i e d in
§ 2 8 9 . 2 5 7 ( s ) ( 5 ) of this t i t l e .

(kk) C o m p l i a n c e with env ironmenta l and h e a l t h p r o t e c t i o n r e g u l a t i o n s . N o t h i n g in
subsections ( f f ) , ( g g ) . ( h h ) , o r ( [ ] ) o f this section re l i eve s t h e l icensee f r o m c o m p l y i n g with other
a p p l i c a b l e f e d e r a l , s t a t e , and local r egu la t i on s governing any other toxic or hazardous prop er t i e s
of mater ia l s that may be d i s p o s e d of in accordance with subsections (ff). (gg), (hh), or (jj) of this
section.

(11) General provi s ions for records .
( 1 ) Each l i c e n s e e s h a l l u s e t h e S I u n i t s b c c q u e r e l . gray, s ieven, a n d coulomb

per k i l o g r a m , or th e s p e c i a l u n i t s cur i e , rad , rem, and r o e n t g e n , i n c l u d i n g m u l t i p l e s and
s u b d i v i s i o n s , and sha l l c l e a r l y i n d i c a t e t h e u n i t s o f a l l q u a n t i t i e s on records required by t h i s s e c t i o n .
Disintegrat ions per minute may be indicated on records of surveys per f ormed to determine
compliance with subsection (ggg)(6) of this section. To ensure c o m p a t i b i l i t y with international
transportation s tandards , all l imit s in this section are given in terms of dual units: The Internat ional
Sys t em o f Uni t s (SI) f o l l o w e d or preceded by U n i t e d S t a t e s (U.S.) standard or customary units.
The U.S. customary units are not exact e q u i v a l e n t s , but are rounded to a convenient va lue ,
prov id ing a f u n c t i o n a l l y equivalent unit. For the purpose of this s ec t ion, e i t h er unit may be used.

(2) ' N o t w i t h s t a n d i n g the requirements o f p a r a g r a p h (1) o f this subsection, when
recording information on shipment manife s t s , as required in §289.257 of this t i d e , information must
be recorded in SI units or in SI and units as s p e c i f i e d in p a r a g r a p h (1) of t h j s sub sec t ion.

( 3 ) T h e l i c e n s e e s h a l l make a c l e a r d i s t i n c t i o n among t h e q u a n t i t i e s en t ered o n
t h e r e cord s r equ i r ed b y t h i s s e c t i o n , such a s , t o t a l e f f e c t i v e d o s e e q u i v a l e n t , t o t a l organ do s e
e q u i v a l e n t , s h a l l o w dose e q u i v a l e n t , l e n s do s e e q u i v a l e n t , d e e p dose e q u i v a l e n t , o r c o m m i t t e d
e f f e c t i v e dose e q u i v a l e n t .
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(4) R e c o r d s r equ ir ed in a c cordance wi th § 2 8 9 . 2 0 1 (d) o f thi s t i t l e , and

s u b s e c t i o n s ( m m ) - ( o o ) . ( t t ) , a n d ( u u ) o f th i s s e c t ion s h a l l i n c l u d e t h e d a t e a n d t h e i d e n t i f i c a t i o n o f
i n d i v i d u a l ( s ) making the record, and, as a p p l i c a b l e , a unique i d e n t i f i c a t i o n of survey i n s t r u m e n t ( s )
u s e d , and an exact d e s c r i p t i o n of the l o c a t i o n of the survey. Record s of r e c e i p t , t r a n s f e r , and
disposal of sources of rad ia t i on shall uniquely i d e n t i f y the source of rad ia t i on .

( 5 ) C o p i e s o f r e c o r d s r equ i r ed i n a c c o r d a n c e w i t h § 2 8 9 . 2 0 1 ( d ) o f t h i s t i t l e , a n d
s u b s e c t i o n s ( m m ) - ( u u ) o f t h i s s e c t i o n , and by l i c e n s e c o n d i t i o n t h a t ar e r e l evan t t o o p e r a t i o n s a t an
a d d i t i o n a l au thor i z ed u s e / s t o r a g e s i t e s h a l l b e m a i n t a i n e d a t t h a t s i t e in a d d i t i o n t o th e main s i t e
s p e c i f i e d on a l i c e n s e .

(mm) Records o f 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 s .
( 1 ) Each l i c e n s e e s h a l l m a i n t a i n r e cord s o f t h e 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 ,

i n c l u d i n g :
(A) t h e prov i s i on s o f t h e p r o g r a m ; and
(B) audi t s and other reviews of program content and i m p l e m e n t a t i o n .

( 2 ) T h e l i c e n s e e s h a l l r e t a i n t h e records r equired b y p a r a g r a p h ( 1 ) ( A ) o f t h i s
" sub s e c t i on u n t i l t h e agency t e r m i n a t e s each p e r t i n e n t l i c e n s e r e q u i r i n g t h e record. T h e l i c e n s e e

s h a l l r e t a i n t h e r e cord s r equ ir ed b y p a r a g r a p h ( 1 ) ( B ) o f t h i s s u b s e c t i o n f o r three years a f t e r t h e
,. record is made .

(nn) Records of surveys.
( 1 ) Each l i c e n s e e s h a l l m a i n t a i n r e c o r d s s h o w i n g t h e r e s u l t s o f surveys a n d

c a l i b r a t i o n s r e q u i r e d b y s u b s e c t i o n s ( p ) a n d ( e c ) ( 2 ) o f t h i s s e c t i o n . T h e l i c e n s e e s h a l l r e t a i n the s e
r e c o r d s f o r t h r e e years a f t e r t h e record i s m a d e .

( 2 ) T h e l i c e n s e e s h a l l r e t a i n each o f t h e f o l l o w i n g r e c o rd s u n t i l t h e agency
t e r m i n a t e s each p e r t i n e n t l i c e n s e r e q u i r i n g t h e r e c o r d :

(A) the r e s u l t s o f surveys to d e t e rmine the dose f r o m external sources o f
radia t i on used, in the absence of or in c ombinat i on with i n d i v i d u a l monitoring d a t a , in the
assessment of i n d i v i d u a l dose e q u i v a l e n t s ; and

(B) r e su l t s of measurements and c a l c u l a t i o n s used to de t ermine i n d i v i d u a l
intakes of rad ioac t iv e material and used in the assessment of internal d o s e ; and
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(C) r e s u l t s of air s a m p l i n g , surveys, and bioassays required in accordance

with subsection (x)(l)(C)(j) and (i) o f this s e c t i on; and
(D) re su l t s of measurements and ca l cu la t ions used to eva lua t e the release

of radioact ive e f f l u e n t s to the environment.
(oo) Records of t e s t s for leakage or contamination of sealed sources. Records of t e s t s

for l eakage or contamination of sealed sources required by §289.201 (g) of this t i t l e sha l l be kep t
in uni t s of becquerel or microcurie and retained for in spec t i on by the agency for f i v e years after
the records are made.

( p p ) R e c o r d s o f l i f e t i m e c u m u l a t i v e o c cupa t i ona l r a d i a t i o n dose. T h e l i censee shall retain
the records of l i f e t i m e cumulat ive o c c u p a t i o n a l r a d i a t i o n dose as s p e c i f i e d in subsection (k) of this
s e c t ion on BRC F o r m 202-2 or e q u i v a l e n t u n t i l the agency t e r m i n a t e s each p e r t i n e n t l i c e n s e
r e q u i r i n g t h i s r ecord. The l i c e n s e e s h a l l r e t a i n records used in p r e p a r i n g BRC F o r m 202-2 or
equ iva l en t for t h r e e years a f t e r the record i s made .

( q q ) Records o f p l a n n e d sp e c ia l e x p o s u r e s .
(1) For each use o f the provi s i ons o f subsec t ion (k) o f this section for p lanned

special exposures, the licensee shall maintain records that describe:
(A) the e x c ep t i onal circumstances requiring the use of a planned special

e x p o s u r e ;
(B) the name of the management official who authorized the planned

special exposure and a copy of the signed au thor i za t i on;
(C) what ac t ions were neces sary;
(D) why the ac t i ons were necessary:
(E) what p r e c a u t i o n s were taken to assure that do s e s were maintained

A L A R A :
(F) what i n d i v i d u a l and c o l l e c t i v e doses were expected to r e s u l t ; and
(G) the dose s a c t u a l l y received in the planned spec ia l exposure .

(2) The licensee s h a l l r e ta in the records until the agency terminates each
pertinent license requiring these records.
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(rr) Records o f i n d i v i d u a l monitoring r e s u l t s .

(1) Each l i c e n s e e shal l main ta in records o f doses received by al l i n d i v i d u a l s f or
whom m o n i t o r i n g was r e q u i r e d in a c cordance wi th s u b s e c t i o n (q) o f t h i s s e c t i o n , and records o f
do s e s rece ived d u r i n g p l a n n e d s p e c i a l e x p o s u r e s , a c c i d e n t s , a n d emergency c o n d i t i o n s .
Assessments of dose equivalent and records made using units in e f f e c t b e f or e January 1, 1994,
need not be changed. T h e s e records shall i n c l u d e , when a p p l i c a b l e :

(A) t h e d e e p dose e q u i v a l e n t t o t h e whole body, l e n s do s e e q u i v a l e n t ,
s h a l l o w dose equivalent to the skin, and s h a l l o w dose e q u i v a l e n t to the e x t r e m i t i e s ;

(B) the es t imated intake of r a d i o n u c l i d e s , see subsect ion (g) of this
sect ion;

(C) the c o m m i t t e d e f f e c t i v e dose equivalent assigned to the intake o f
rad ionuc l id e s :

(D) the s p e c i f i c in f ormat i on used to ca l cu la t e the commit t ed e f f e c t i v e dose
equivalent in accordance with subsec t ion (i)(l) and (3) of this section and when required by
s ub s e c t i on ( q ) ( l ) o f t h i s s e c t i o n ;

(E) the to ta l e f f e c t i v e do s e e q u i v a l e n t when required by subsec t ion (g)
of this section;

(F) the t o ta l of the d e e p dose equ ival ent and the commirted dose to the
organ receiving the h ighe s t total dose; and

(G) the d a t a used to make occupat ional dose assessments in accordance
with subsection (j)(5) of this section.

( 2 ) T h e l i c e n s e e s h a l l make e n t r i e s o f t h e r e cords s p e c i f i e d i n p a r a g r a p h ( 1 ) o f
t h i s s ub s e c t i on at i n t e r v a l s not to exceed 1 year and w i t h i n 60 days of the end of the year.

( 3 ) T h e l i c e n s e e s h a l l m a i n t a i n t h e r e cord s s p e c i f i e d i n p a r a g r a p h ( 1 ) o f t h i s
s u b s e c t i o n on BRC F o r m 202-3. in a c c o r d a n c e w i t h the i n s t r u c t i o n s for BRC F o r m 202-3, or in
c l e a r and l e g i b l e r e c ord s c o n t a i n i n g a l l th e i n f o r m a t i o n r equired by BRC F o r m 202-3.

( 4 ) T h e l i c e n s e e s h a l l m a i n t a i n t h e records o f dose t o a n e m b r y o / f e t u s w i t h t h e
r e cord s o f dose t o the d e c l a r e d p r e g n a n t woman. The d e c l a r a t i o n o f pregnancy, i n c l u d i n g the
estimated d a t e of c o n c e p t i o n , sha l l also be k e p t on file, but may be maintained s e p a r a t e l y f r o m the
dose records.
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( 5 ) T h e l i c e n s e e s h a l J r e t a i n each r equ i r ed f o r m o r record u n t i l t h e agency

t e rminat e s each p e r t i n e n t l i c en s e r e q u i r i n g the record. The l i c en s e e sha l l re tain records used in
p r e p a r i n g BRC F o r m 202-3 or e q u i v a l e n t for three years a f t e r the record i s made .

(ss) Records of dose to individual members of the p u b l i c .
( 1 ) Each l i c en s e e s h a l l m a i n t a i n records s u f f i c i e n t t o d e m o n s t r a t e c o m p l i a n c e

with the dose l i m i t for i n d i v i d u a l members of the p u b l i c . See subsection (n) of this section.
( 2 ) T h e l i c e n s e e s h a l l r e t a i n t h e r e c ord s r e q u i r e d b y p a r a g r a p h ( 1 ) o f t h i s

sub s e c t i on u n t i l the agency t e r m i n a t e s each p e r t i n e n t l i c en s e r e q u i r i n g the record.
( t t ) Records o f d i s c h a r g e , t r e a t m e n t , o r t r a n s f e r f o r d i s p o s a l .

(1) Each licensee shal l maintain records of the d i s charge or treatment of l i c ensed
materials made in accordance with subsection (gg) and (hh) of this section and of t ran s f e r s for
disposal made in accordance with subsection Qj) of this section and §289.257 of this t i t l e .

(2) The l icensee shall retain th e records required by p a r a g r a p h (1) o f this
subsection until the agency terminates each pertinent license requiring the record.

(uu) Records of t e s t i n g entry control devices for very high r a d i a t i o n areas.
( 1 ) Each l i c e n s e e s h a l l m a i n t a i n records o f t e s t s made i n accordance w i t h

s u b s e c t i o n ( u ) ( 2 ) ( f ) o f t h i s s e c t i o n o n entry c o n t r o l dev i c e s f o r very h i g h r a d i a t i o n areas. T h e s e
records must i n c l u d e the d a t e , t ime , and re su l t s of each such test of f u n c t i o n .

( 2 ) T h e l i c e n s e e s h a l l r e t a i n t h e r e cord s r e q u i r e d b y p a r a g r a p h ( 1 ) o f t h i s
sub s e c t ion for three years a f t e r the record is made.

(w) F o r m of records. Each record required by this c h a p t e r shalJ be l e g i b l e throughout
the s p e c i f i e d retention period. The record s h a l l be the original or a reproduced copy or a
micro f orm, p r o v i d e d that the copy or m i c r o f o r m is au then t i ca t ed by authorized personnel and that
the microform is c a p a b l e of p r o d u c i n g a clear copy throughout the required re tent ion period or the
record may also be stored in e l ec tronic media with the c a p a b i l i t y for produc ing l e g i b l e , accurate,
and c o m p l e t e records dur ing the required r e t e n t i o n per iod . Record s , such as l e t t e r s , d rawing s , and
s p e c i f i c a t i o n s , s h a l l i n c l u d e a l l p e r t i n e n t i n f o r m a t i o n , such as s t a m p s , i n i t i a l s , and s ignatures . The
licensee sha l l m a i n t a i n a d e q u a t e s a f e g u a r d s aga in s t t a m p e r i n g wi th and loss o f records.
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( w w ) R e p o r t s o f s t o l e n , l o s t , o r m i s s i n g l i c e n s e d sources o f r a d i a t i o n .

( 1 ) Each l i c e n s e e s h a l l r epor t t o t h e agency b y t e l e p h o n e a s f o l l o w s :
(A) i m m e d i a t e l y a f t e r i t s occurrence becomes known to th e l i c en s e e ,

s t o l e n , l o s t , or mis s ing l icensed rad ioac t iv e material in an a g g r e g a t e quant i ty equal to or greater
than 1,000 times the quant i ty s p e c i f i e d in subsect ion (ggg)(3) of this s e c t ion, under such
circumstances that it appears to the licensee that an exposure could result to ind iv idua l s in
unres tric ted areas; or

(B) within 30 d a y s a f t e r its occurrence become;; known to the l i c en s e e ,
l o s t , s t o l en , or missing licensed rad ioac t iv e material in an aggregat e quant i ty greater than 10 times
the quanti ty sp e c i f i ed in subsection (ggg)(3) of this section that is s t i l l miss ing.

( 2 ) Each l i c e n s e e r e q u i r e d t o make a r e p o r t i n a c c o r d a n c e w i t h p a r a g r a p h ( 1 )
o f t h i s sub s e c t i on s h a l l , w i t h i n 30 days a f t e r m a k i n g the t e l e p h o n e r e p o r t , make a w r i t t e n report
t o t h e agency s e t t i n g f o r t h t h e f o l l o w i n g i n f o r m a t i o n :

( A ) a d e s c r i p t i o n o f t h e l i c e n s e d source o f r a d i a t i o n i n v o l v e d , i n c l u d i n g ,
f or r a d i o a c t i v e m a t e r i a l , the k i n d , q u a n t i t y , and chemical and phys ical f o r m :

(B) a d e s c r i p t i o n of the circumstances under which the loss or t h e f t
occurred;

( C ) a s t a t e m e n t o f d i s p o s i t i o n , o r p r o b a b l e d i s p o s i t i o n , o f t h e l i c e n s e d
source o f r a d i a t i o n i n v o l v e d :

(D) exposures of i n d i v i d u a l s to radia t ion, circumstances under which the
expo sure s occurred, and the p o s s i b l e t o t a l e f f e c t i v e dose equival ent to persons in unre s tr i c t ed areas;

(E) actions that have been taken, or w i l l be t ak en , to recover the source
of radia t ion; and

(F) p r o c e d u r e s or measures t h a t have been, or w i l l b e , a d o p t e d to ensure
a g a i n s t a recurrence o f t h e l o s s o r t h e f t o f l i c e n s e d sources o f r a d i a t i o n .

( 3 ) S u b s e q u e n t t o f i l i n g t h e w r i t t e n r e p o r t , t h e l i c e n s e e s h a l l a l s o report
a d d i t i o n a l s u b s t a n t i v e i n f o r m a t i o n o n t h e l o s s o r t h e f t w i t h i n 3 0 d a y s a f t e r t h e l i c e n s e e l earns o f
such i n f o r m a t i o n .
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( 4 ) T h e l i c e n s e e s h a l l p r e p a r e a n y r e p o r t f i l e d w i t h t h e ag ency i n a c c o r d a n c e

w i t h t h i s s u b s e c t i o n so t h a t names o f i n d i v i d u a l s who may have received e x p o s u r e t o r a d i a t i o n are
s t a t e d in a s epara t e and d e t a c h a b l e p o r t i o n of the r epor t .

( x x ) N o t i f i c a t i o n o f in c id en t s .
( 1 ) N o t w i t h s t a n d i n g other r equ ir ement s f o r n o t i f i c a t i o n , each l i c e n s e e shall

i m m e d i a t e l y report each event i n v o l v i n g a source of r a d i a t i o n p o s s e s s e d by the l i c e n s e e t h a t may
have caused or t h r e a t e n s to cause:

(A) an i n d i v i d u a l to receive:
(/) a t o t a l e f f e c t i v e dose equ iva l en t o f 25 rems (0.25 Sv) or more;
(/;) a l e n s do s e e q u i v a l e n t o f 75 rems (0.75 Sv) or more; or
(Ui) a s h a l l o w dose e q u i v a l e n t to the skin or e x t r e m i t i e s or a t o t a l

organ dose equ iva l en t of 250 rads (2.5 g r a y s ) or more; or
(B) the release of radioac t ive mat er ia l , ins ide or o u t s i d e of a restricted

area, so tha t , had an indiv idual been present for 24 hours, the individual could have received an
intake f i v e times the occupat ional ALL T h i s provi s ion does not a p p l y to locat ions where personnel
are not n o r m a l l y s tationed during routine op era t i on s , such as h o t - c e l l s or process enclosures.

( 2 ) Each l i c e n s e e s h a l l , w i t h i n 2 4 hours o f d i s c o v e r y o f t h e e v e n t , report t o t h e
agency each event i n v o l v i n g lo s s of c on t ro l of a l i c e n s e d source of r a d i a t i o n possessed by the
l i c e n s e e t h a t may have c a u s e d , or t h r e a t e n s to cause:

(A) an i n d i v i d u a l to rece ive , in a period of 24 hours:
(!) a total e f f e c t i v e dose equival ent exceeding 5 rems (0.05 Sv);
[u] a l e n s do s e e q u i v a l e n t e x c e e d i n g 15 rems (0.15 Sv); or
Hi!) a s h a l l o w dose e q u i v a l e n t to the skin or e x t r e m i t i e s or a totaJ

organ dose e q u i v a l e n t e x c e e d i n g 50 rems (0.5 Sv); or
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(B) the release of r a d i o a c t i v e m a t e r i a l , ins ide or o u t s i d e of a re s tr ic t ed

area, so t h a t , had an i n d i v i d u a l been pre s ent for 24 hours, the i n d i v i d u a l c o u l d have received an
intake in excess of one o c c u p a t i o n a l ALL T h i s prov i s i on does not a p p l y to l o c a t i o n s where
personnel are not normally s tat ioned during routine operat ions , such as h o t - c e l l s or process
enclosures .

(3) Licensees s h a l l make th e i n i t i a l n o t i f i c a t i o n r e p o r t s r equ i r ed by p a r a g r a p h s
( 1 ) a n d ( 2 ) o f t h i s s u b s e c t i o n b y t e l e p h o n e t o t h e agency a n d s h a l l c o n f i r m t h e i n i t i a l n o t i f i c a t i o n
r epor t w i t h i n 24 hours by t e l e g r a m , m a i l g r a m . or f a c s i m i l e to the agency.

( 4 ) T h e l i c e n s e e s h a l l p r e p a r e each r e p o r t f i l e d w i t h t h e ag ency i n a c c o r d a n c e
wi th t h i s s e c t i o n s o t h a t names o f i n d i v i d u a l s who have r e c e iv ed e x p o s u r e t o sources o f r a d i a t i o n
a r e s t a t e d i n a s e p a r a t e a n d d e t a c h a b l e p o r t i o n o f t h e r e p o r t .

(5) The provi s ions of this sect ion do not a p p l y to doses that re su l t f r o m planned
special e xpo sure s , p r o v i d e d such doses are wi thin the l i m i t s for p lanned spec ial e xpo sure s and are
repor t ed in accordance with section (zz) of this section.

(6) Each l i c e n s e e s h a l l no t i fy- the agency as soon as p o s s i b l e bu t no t l a t e r than
f o u r hours a f t e r t h e d i s c o v e r y o f a n event t h a t p r e v e n t s i m m e d i a t e p r o t e c t i v e a c t i o n s necessary t o
avoid e x p o s u r e s t o r a d i o a c t i v e m a t e r i a l s t h a t c o u l d exceed r e g u l a t o r y l i m i t s o r r e l e a s e s o f
r a d i o a c t i v e m a t e r i a l s t ha t c ou ld exceed r e g u l a t o r ) ' l i m i t s (even t s m a y i n c l u d e f i r e s , e x p l o s i o n s , t o x i c
ga s r e l e a s e s , e t c . ) .

( 7 ) Each l i c e n s e e s h a l l n o t i f y t h e agency w i t h i n 2 4 hours a f t e r t h e d i s c o v e r } ' o f
any o f the f o l l o w i n g events i n v o l v i n g r a d i o a c t i v e m a t e r i a l :

( A ) a n u n p l a n n e d c o n t a m i n a t i o n event t h a t :
( / ) r equ ir e s acces s t o t h e c o n t a m i n a t e d ar ea , b y workers o r t h e

p u b l i c , t o b e r e s t r i c t e d f or more t h a n 24 hours by i m p o s i n g a d d i t i o n a l r a d i o l o g i c a l c o n t r o l s or by
p r o h i b i t i n g en t ry i n t o ' t h e area:

( / / ) i n v o l v e s a q u a n t i t y o f m a t e r i a l g r e a t e r than f i v e t i m e s t h e
l o w e s t annual l i m i t o n i n t a k e s p e c i f i e d i n s u b s e c t i o n ( g g g ) ( 2 ) o f t h i s s e c t i o n f o r t h e m a t e r i a l ; a n d

(/ '; ' /) ha s access t o th e area r e s t r i c t e d f or a reason other than t o
a l l o w i s o t o p e s w i t h a h a l f - l i f e o f l e s s than 2 4 hours t o d e c a y p r i o r t o d e c o n t a m i n a t i o n .

(B) an event in wh i ch e q u i p m e n t is d i s a b l e d or f a i l s to f u n c t i o n as
d e s i g n e d when:
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( / ) t h e e q u i p m e n t i s r e q u i r e d b y r u l e o r l i c e n s e c o n d i t i o n t o

p r e v e n t r e l e a s e s e x c e e d i n g r e g u l a t o r y l i m i t s , 1 0 p r e v e n t e x p o s u r e s t o r a d i o a c t i v e m a t e r i a l s
e x c e e d i n g r e g u l a t o r y l i m i t s , o r t o m i t i g a t e t h e consequence s o f a n a c c i d e n t :

(ii) the e q u i p m e n t is r e q u i r e d to be a v a i l a b l e and o p e r a b l e when
i t i s d i s a b l e d or fa i l s to f u n c t i o n ; and

(Hi) no r e d u n d a n t e q u i p m e n t i s a v a i l a b l e and o p e r a b l e to p e r f o r m
t h e r equ ir ed s a f e t y f u n c t i o n ;

( C ) a n event t h a t r e q u i r e s u n p l a n n e d m e d i c a l t r e a t m e n t a t a m e d i c a l
f a c i l i t y o f a n i n d i v i d u a l w i th s p r e a d a b l 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 o n t h e i n d i v i d u a l ' s c l o t h i n g o r
b o d y ; or

( D ) a n u n p l a n n e d f i r e o r e x p l o s i o n d a m a g i n g a n y r a d i o a c t i v e m a t e r i a l o r
a n y d e v i c e , c o n t a i n e r , o r e q u i p m e n t c o n t a i n i n g r a d i o a c t i v e m a t e r i a l when:

(!) the q u a n t i t y o f m a t e r i a l i n v o l v e d i s g r ea t e r than f i v e t i m e s the
lowes t annual l i m i t o n i n t a k e s p e c i f i e d i n s u b s e c t i o n ( g g g ) ( 2 ) o f t h i s s e c t i o n f o r t h e m a t e r i a l ; a n d

(ii) the d a m a g e a f f e c t s the i n t e g r i t y o f the r a d i o a c t i v e m a t e r i a l or
i t s c o n t a i n e r .

(8) P r e p a r a t i o n and s u b m i s s i o n o f r e p o r t s . R e p o r t s made by l i c en s e e s in
re spons e to the r e q u i r e m e n t s o f p a r a g r a p h s (6) and (7) o f t h i s s u b s e c t i o n s h a l l b e made a s f o l l o w s .

( A ) L i c e n s e e s s h a l l make r e p o r t s r equired b y p a r a g r a p h s ( 6 ) a n d ( 7 ) o f
t h i s s u b s e c t i o n b y t e l e p h o n e t o t h e a g e n c y . T o t h e e x t e n t t h a t t h e i n f o r m a t i o n i s a v a i l a b l e a t t h e
t i m e o f n o t i f i c a t i o n , t h e i n f o r m a t i o n p r o v i d e d i n t h e s e r e p o r t s s h a l l i n c l u d e :>i

( / ) t h e c a l l e r ' s name a n d c a l l back t e l e p h o n e number;
( ; ' / ) a d e s c r i p t i o n o f t h e e v e n t , i n c l u d i n g d a t e a n d t i m e ;
( / / ; ) t h e exac t l o c a t i o n o f t h e e v e n t ;
( n ) t h e i s o t o p e s , q u a n t i t i e s , a n d c h e m i c a l a n d p h y s i c a l f o r m o f t h e

r a d i o a c t i v e m a t e r i a l i n v o l v e d ; a n d
( v ) a n y p e r s o n n e l r a d i a t i o n e x p o s u r e d a t a a v a i l a b l e .
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(B) Each l i c e n s e e who makes a r e p o r t r e q u i r e d by p a r a g r a p h s (G) and

(7) o f t h i s s u b s e c t i o n s h a l l s u b m i t t o t h e a g e n c y a w r i t t e n f o l l o w - u p r e p o r t w i t h i n 30 d a y s o f t h e
i n i t i a l r e p o r t . W r i r t c n r e p o r t s p r e p a r e d i n a c c ordanc e w i t h o t h e r r e q u i r e m e n t s o f t h i s c h a p t e r m a y
b e s u b m i t t e d t o f u l f i l l t h i s r e q u i r e m e n t i f t h e r epor t s c o n t a i n a l l o f t h e necessary i n f o r m a t i o n a n d
t h e a p p r o p r i a t e d i s t r i b u t i o n i s made . T h e r e p o r t s must i n c l u d e t h e f o l l o w i n g :

(!) a d e s c r i p t i o n o f the e v e n t , i n c l u d i n g the p r o b a b l e cause and
t h e m a n u f a c t u r e r a n d mode l number ( i f a p p l i c a b l e ) o f a n y e q u i p m e n t t h a t f a i l e d o r m a l f u n c t i o n e d ;

( ; ' / ) t h e exact l o c a t i o n o f t h e event:
( / / ' ; ) t h e i s o t o p e s , q u a n t i t i e s , a n d c h e m i c a l a n d p h y s i c a l f o r m o f t h e

r a d i o a c t i v e m a t e r i a l i n v o l v e d :
( n j d a t e a n d t i m e o f t h e e v e n t ;
( v ) c o r r e c t i v e a c t i o n s t a k e n o r p l a n n e d a n d t h e r e s u l t s o f a n y

e v a l u a t i o n s or a s s e s s m e n t s ; and
( v i ) t h e e x t e n t o f e x p o s u r e o f i n d i v i d u a l s t o r a d i o a c t i v e m a t e r i a l s

without i d e n t i f i c a t i o n o f i n d i v i d u a l s b y name.
(yy) R e p o r t s o f e x p o s u r e s , r a d i a t i o n l e v e l s , and concentrat ions o f rad ioac t ive material

exceeding the limits.
( 1 ) I n a d d i t i o n t o t h e n o t i f i c a t i o n r equ ir ed b y s u b s e c t i o n ( x x ) o f t h i s s e c t i o n , each

l i c e n s e e s h a l l s u b m i t a w r i t t e n r e p o r t w i t h i n 3 0 d a y s a f t e r l e a r n i n g o f a n y o f t h e f o l l o w i n g
occurrences:

s e c t ion;

sect ion;

this section;

(A) i n c i d e n t s f or which n o t i f i c a t i o n i s required by subsection ( x x ) o f this

(B) doses in excess of any of the f o l l o w i n g :
(!) the o c c u p a t i o n a l dose l i m i t s for a d u l t s in subsection (f) o f this

(iV) the occupat ional dose limits for a minor in subsection (1) of
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(///) th e l i m i t s f or an e m b r y o / f e t u s o f a d e c lar ed pregnant woman

in subsection (m) of this s e c t ion;
(iv) the l imit s for an i n d i v i d u a l member of the p u b l i c in subsection

(n) of this section;
(v) any a p p l i c a b l e l i m i t in the l i c e n s e ; or
(w) t h e ALARA c o n s t r a i n t s f o r a i r e m i s s i o n s a s r e q u i r e d by

s u b s e c t i o n ( e ) ( 4 ) o f t h i s s e c t i o n ;
(C) l e v e l s o f r a d i a t i o n or concentrat ions o f r a d i o a c t i v e material in:

( / ) a r e s t r i c t e d area i n excess o f a p p l i c a b l e l i m i t s i n t h e l i c e n s e :
or

(il) an u n r e s t r i c t e d area in excess of 10 r ime s the a p p l i c a b l e l imit
set f o r t h in th i s s e c t i o n or in the l i c e n s e , w h e t h e r or not i n v o l v i n g e x p o s u r e of any i n d i v i d u a l in
excess o f t h e l i m i t s in s u b s e c t i o n (n) o f t h i s s e c t i o n ; or

( D ) f o r l i c en s e e s s u b j e c t t o t h e prov i s i on s o f t h e E P A ' s g e n e r a l l y
a p p l i c a b l e environmental radiat ion s t andard s in 40 CFR 190, l e v e l s of radia t ion or releases of
radioactive material in excess of those s t a n d a r d s , or of l i c ense condi t ions re la t ed to those
requirements.

(2) Each report required by p a r a g r a p h (1) o f this sub s e c t ion shall describe the
ex t ent of exposure of i n d i v i d u a l s to rad ia t i on and rad ioac t iv e m a t e r i a l , i n c l u d i n g , as a p p r o p r i a t e :

„•• (A) estimates o f each individual ' s do s e;
(B) the l e v e l s of r a d i a t i o n and c o n c e n t r a t i o n s of rad ioac t ive material

i n v o l v e d ;
(C) the cause of the e l eva t ed exposures, dose rate s , or concentrat ions;

and
(D) c o r r e c t i v e s t e p s t a k e n o r p l a n n e d t o ensure a g a i n s t a r e curr enc e ,

i n c l u d i n g t h e s c h e d u l e f o r a c h i e v i n g c o n f o r m a n c c w i t h a p p l i c a b l e l i m i t s , A L A R A c o n s t r a i n t s ,
g e n e r a l l y a p p l i c a b l e e n v i r o n m e n t a l s t a n d a r d s , a n d a s s o c i a t e d l i c e n s e c o n d i t i o n s .
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( 3 ) Each report f i l e d i n a c cordance with p a r a g r a p h ( 1 ) o f this subsect ion sha l l

i n c l u d e f o r each i n d i v i d u a l e x p o s e d : t h e name, i d e n t i f i c a t i o n n u m b e r , a n d d a t e o f b ir th . W i t h
respect to the l imit for the e m b r y o / f e t u s in sub s e c t i on (m) of this s ec t ion, the i d e n t i f i e r s s h o u l d be
those of the d e c l a r e d pregnant woman. The report s h a l l be p r e p a r e d so that t h i s i n f o r m a t i o n is
s tated in a separate and d e t a c h a b l e por t i on of the report .

( 4 ) A l l l i c e n s e e s w h o make r epor t s i n a c c o r d a n c e w i t h p a r a g r a p h ( 1 ) o f t h i s
s u b s e c t i o n s h a l l s ubmi t t h e report in w r i t i n g t o t h e agency.

(zz) Report s o f p lanned spe c ia l e xpo sur e s . The l i c en s e e s ha l l submit a written report
to the agency wi th in 30 days f o l l o w i n g any p l a n n e d s p e c i a l e x p o s u r e c o n d u c t e d in accordance with
subsection (k) of this s ec t ion, i n f o r m i n g the A g e n c y that a p lanned spec ial exposure was c o n d u c t e d
and indicating the d a t e the p l a n n e d special exposure occurred and the in f o rmat i on required by
subsec t ion ( q q ) of this section.

(aaa) N o t i f i c a t i o n s and report s to i n d i v i d u a l s .
( 1 ) Requirements f o r n o t i f i c a t i o n a n d r epor t s t o i n d i v i d u a l s o f e xpo sur e t o

sources of r a d i a t i o n are s p e c i f i e d in §289 .203 of this t i t l e .
(2) When a l i c e n s e e is required in a c c ordanc e w i t h s u b s e c t i o n (yy) or ( z z ) of

t h i s s e c t ion t o r epor t t o t h e agency any e x p o s u r e o f an i d e n t i f i e d o c c u p a t i o n a l l y e xpo s ed i n d i v i d u a l ,
or an i d e n t i f i e d member o f the p u b l i c , t o sources o f r a d i a t i o n , the l i c e n s e e shal l a l so n o t i f y the
i n d i v i d u a l and p r o v i d e a c opy o f t h e report s u b m i t t e d t o t h e ag ency , t o t h e i n d i v i d u a l . S u c h notice
shall be t ransmi t t ed at a time not l a t e r than the t r a n s m i t t a l to the agency, and shall c o m p l y with the
provi s ions o f § 2 8 9 . 2 0 3 ( d ) ( l ) o f this t i t l e .

(bbb) R e p o r t s o f l e a k i n g or c o n t a m i n a t e d sealed sources. The l icensee s h a l l i m m e d i a t e l y
n o t i f y the agency if the test for l eakage or contaminat ion required in accordance with §289.201 (g)
of this t i t l e indicates a sealed source is leaking or contaminated. A wri t t en report of a l eaking or
contaminated source s h a l l be s u b m i t t e d to the agency within f i v e day s . The report s h a l l i n c l u d e
the equ ipment involved-,- the t e s t r e s u l t s and the c orr e c t iv e a c t i o n taken.

(ccc) V a c a t i n g premises.
( 1 ) Each l i c e n s e e o r p e r s on p o s s e s s i n g n o n - e x e m p t sources o f r a d i a t i o n s h a l l ,

no le s s than 30 days b e f o r e v a c a t i n g and r e l i n q u i s h i n g p o s s e s s i o n or c o n t r o l o f p r e m i s e s , no t i fy
the agency, in w r i t i n g , o f the i n t e n t to vacate .
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(2) The l i c ensee or person po s s e s s ing non-ex empt rad i oa c t i v e material shall

decommission the premises to a degree cons i s t en t wi th subsequent use as an unre s tr i c t ed area and
in accordance with the r equirement s o f s u b s e c t i o n (ddd) o f t h i s s e c t i o n or . f or uranium recovery
a n d b y p r o d u c t m a t e r i a l d i s p o s a l f a c i l i t i e s l i c e n s e d i n a c c o r d a n c e w i t h § 2 8 9 . 2 6 0 o f t h i s t i t l e ,
s ub s e c t i on ( e e e ) o f t h i s s e c t i o n .

( d d d ) R a d i o l o g i c a l r e q u i r e m e n t s f o r l i c e n s e t e r m i n a t i o n .
( 1 ) G e n e r a l p r o v i s i o n s a n d s c o p e .

( A ) T h e r e q u i r e m e n t s i n t h i s s e c t i o n a p p l y t o t h e d e c o m m i s s i o n i n g o f
f a c i l i t i e s l i c e n s e d i n a c c o r d a n c e w i t h § 2 8 9 . 2 5 2 o f t h i s t i t l e ( r e l a t i n g t o L i c e n s i n g o f R a d i o a c t i v e
M a t e r i a l ) . § 2 8 9 - 2 5 4 o f t h i s t i t l e ( r e l a t i n g t o L i c e n s i n g o f R a d i o a c t i v e W a s t e P r o c e s s i n g a n d S t o r a g e
F a c i l i t i e s ) . § 2 8 9 . 2 5 5 o f t h i s t i t l e ( r e l a t i n g t o R a d i a t i o n S a f e t y R e q u i r e m e n t a n d L i c e n s i n g a n d
R e g i s t r a t i o n P r o c e d u r e s f o r I n d u s t r i a l R a d i o g r a p h y ) , a n d § 2 8 9 . 2 5 8 o f t h i s t i t l e ( r e l a t i n g t o
L i c e n s i n g a n d R a d i a t i o n S a f e t y R e q u i r e m e n t s f o r I r r a d i a t o r s ) . T h e r e q u i r e m e n t s d o n o t a p p l y t o
uranium recovery a n d b y p r o d u c t m a t e r i a l d i s p o s a l f a c i l i t i e s a l r e a d y s u b j e c t t o t h e r e q u i r e m e n t s o f
§ 2 8 9 . 2 6 0 o f t h i s t i t l e ( r e l a t i n g t o L i c e n s i n g o f U r a n i u m Recovery a n d B y p r o d u c t M a t e r i a l D i s p o s a l
F a c i l i t i e s ) .

( B ) T h e r e q u i r e m e n t s i n t h i s s e c t i on d o n o t a p p l y t o t h e f o l l o w i n g :
( / ) s i t e s t ha t have been d e c o m m i s s i o n e d p r i o r t o October 1 , 2000,

in a c cordance w i th r equ i r emen t s i d e n t i f i e d in t h i s s e c t i o n and in § 2 8 9 . 2 5 2 o f t h i s t i t l e; or
(/;) s i t e s t h a t have p r e v i o u s l y s u b m i t t e d and received a p p r o v a l on

a d e c o m m i s s i o n i n g p l a n by October 1 , 2000.
; ( C ) A f t e r a s i t e h a s been d e c o m m i s s i o n e d a n d t h e l i c e n s e t e r m i n a t e d i n

a c c o r d a n c e w i t h t h e r e q u i r e m e n t s i n t h e s u b s e c t i o n , t h e agency w i l l r e q u i r e a d d i t i o n a l c l e a n u p i f
i t d e t e r m i n e s t h a t t h e r e q u i r e m e n t s o f t h e s u b s e c t i o n were n o t m e t a n d r e s i d u a l r a d i o a c t i v i t y
r e m a i n i n g a t t h e s i t e c o u l d r e s u l t i n s i g n i f i c a n t t h r e a t t o p u b l i c h e a l t h a n d s a f e t y .

( D ) W h e n c a l c u l a t i n g T E D E t o t h e average member o f t h e c r i t i c a l g r o u p ,
t h e l i c e n s e e s h a l l d e t e r m i n e t h e p e a k a n n u a l T E D E dose e x p e c t e d w i t h i n t h e f i r s t 1 , 0 0 0 years a f t e r
d e c o m m i s s i o n i n g .
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( 2 ) R a d i o l o g i c a l r e q u i r e m e n t s f o r u n r e s t r i c t e d use. A s i t e w i l l b e c o n s i d e r e d

a c c e p t a b l e f o r u n r e s t r i c t e d u s e i f t h e r e s i d u a l r a d i o a c t i v i t y tha t i s d i s t i n g u i s h a b l e f r o m background
r a d i a t i o n r e s u l t s in a T E D E to an average member of the c r i t i c a l g r o u p that doe s not exceed 25
mrem ( 0 . 2 5 m S v ) p e r year , i n c l u d i n g t h a t f r o m g r o u n d w a t e r sources o f d r i n k i n g w a t e r , a n d t h e
r e s i d u a ] r a d i o a c t i v i t y has been reduced to l e v e l s t h a t are ALARA. D e t e r m i n a t i o n o f the l e v e l s that
a r e A L A R A must t a k e i n t o a c c o u n t c o n s i d e r a t i o n o f a n y d e t r i m e n t s , such a s d e a t h s f r o m
t r a n s p o r t a t i o n a c c i d e n t s , e x p e c t e d t o p o t e n t i a l l y r e s u l t f r o m d e c o n t a m i n a t i o n a n d waste d i s p o s a l .

( 3 ) A l t e r n a t e r e q u i r e m e n t s f o r l i c e n s e t e r m i n a t i o n .
( A ) T h e agency m a y t e r m i n a t e a l i c e n s e u s i n g a l t e r n a t e r e q u i r e m e n t s

g r e a t e r t h a n t h e do s e r e q u i r e m e n t s s p e c i f i e d i n p a r a g r a p h ( 2 ) o f t h i s s u b s e c t i o n i f t h e l i c e n s e e does
t h e f o l l o w i n g :

( / ) p r o v i d e s a s suranc e t h a t p u b l i c h e a l t h a n d s a f e t y wou ld
c o n t i n u e t o b e p r o t e c t e d , a n d t h a t i t i s u n l i k e l y t h a t t h e dose f r o m a l l m a n - m a d e sources c o m b i n e d ,
other than m e d i c a l , wou ld be more t h a n the 1 mSv per year (100 mrem per year) l i m i t s p e c i f i e d
in s u b s e c t i o n (o) o f t h i s s e c t i o n , by s u b m i t t i n g an a n a l y s i s o f p o s s i b l e sources, o f e x p o s u r e ;

( / ; ) r educ e s doses t o A L A R A l e v e l s , t a k i n g into c o n s i d e r a t i o n a n y
d e t r i m e n t s such a s t r a f f i c a c c i d e n t s e x p e c t e d t o p o t e n t i a l l y r e su l t f r o m d e c o n t a m i n a t i o n a n d waste
d i s p o s a l ; a n d

( / / ' ; ) h a s s u b m i t t e d a d e c o m m i s s i o n i n g p l a n t o t h e agency i n d i c a t i n g
t h e l i c e n s e e ' s i n t e n t t o d e c o m m i s s i o n i n a c c o r d a n c e w i t h t h e r e q u i r e m e n t s i n § 2 8 9 . 2 5 2 ( 1 ) ( 7 ) o f t h i s
t i t l e , a n d s p e c i f y i n g t h a t t h e l i c e n s e e p r o p o s e s t o d e c o m m i s s i o n b y u s e o f a l t o ' r n a t e r e q u i r e m e n t s .
T h e l i c e n s e e s h a l l d o c u m e n t i n t h e d e c o m m i s s i o n i n g p l a n h o w t h e a d v i c e o f i n d i v i d u a l s a n d
i n s t i t u t i o n s in the c o m m u n i t y who may be a f f e c t e d by the d e c o m m i s s i o n i n g has been s o u g h t and
a d d r e s s e d , a s a p p r o p r i a t e , f o l l o w i n g a n a l y s i s o f t h a t a d v i c e . I n s e e k i n g such a d v i c e , t h e l i c e n s e e
s h a l l p r o v i d e f o r t h e f o l l o w i n g :

(I) p a r t i c i p a t i o n by r e p r e s e n t a t i v e s of a broad cross s e c t i o n
o f c o m m u n i t y i n t e r e s t s who may b e a f f e c t e d by th e d e c o m m i s s i o n i n g ;

(II) an o p p o r t u n i t y for a c o m p r e h e n s i v e , c o l l e c t i v e
d i s c u s s i o n on th e i s sue s by th e p a r t i c i p a n t s r e p r e s e n t e d ; and

(III) a p u b l i c l y a v a i l a b l e summary o f th e r e s u l t s o f a l l such
d i s c u s s i o n s , i n c l u d i n g a d e s c r i p t i o n o f t h e i n d i v i d u a l v i e w p o i n t s o f t h e p a r t i c i p a n t s o n t h e i s sues
and the e x t e n t of agr e emen t and d i s a g r e e m e n t among the p a r t i c i p a n t s on the issues.

202-50 (October 2000)



§ 2 8 9 . 2 0 2 ( d d d ) ( 3 ) ( B )
( B ) T h e u s e o f a l t e r n a t e r e q u i r e m e n t s t o t e r m i n a t e a l i c e n s e require s t h e

a p p r o v a l o f t h e agency a f t e r c o n s i d e r a t i o n o f t h e a g e n c y ' s r e c o m m e n d a t i o n s tha t w i l l a d d r e s s a n y
c o m m e n t s p r o v i d e d by th e EPA and any p u b l i c c o m m e n t s s u b m i t t e d in a c c o r d a n c e w i t h p a r a g r a p h
( 4 ) o f t h i s s u b s e c t i o n .

( 4 ) P u b l i c n o t i f i c a t i o n a n d p u b l i c p a r t i c i p a t i o n . U p o n r e c e i p t o f a
d e c o m m i s s i o n i n g p l a n f r o m the l i c e n s e e , or a p r o p o s a l f r o m the l i c e n s e e for r e l ea s e o f a s i t e in
a c c o r d a n c e w i t h p a r a g r a p h (3) o f t h i s s u b s e c t i o n , or whenever the agency deems such n o t i c e t o
b e in d i e p u b l i c i n t e r e s t , t h e agency w i l l do th e f o l l o w i n g :

( A ) n o t i f y a n d s o l i c i t c o m m e n t s f r o m t h e f o l l o w i n g :
( / ) l o c a l a n d s t a t e g o v e r n m e n t s i n t h e v i c i n i t y o f t h e s i t e a n d a n y

I n d i a n N a t i o n o r o th e r i n d i g e n o u s p e o p l e t h a t have t r e a t y o r s t a t u t o r y r i g h t ? ; t ha t c o u l d b e a f f e c t e d
by the d e c o m m i s s i o n i n g : and

(ii) the EPA for cases where the l i c en s e e p r o p o s e s to release a
s i t e i n a c c ordanc e w i t h p a r a g r a p h ( 3 ) o f t h i s s u b s e c t i o n ; a n d

(B) p u b l i s h a n o t i c e in the Texas Register and a f o r u m , such as l o c a l
n e w s p a p e r s , l e t t e r s t o s t a t e o f l o c a l o r g a n i z a t i o n s , o r o th er a p p r o p r i a t e f o r u m , t h a t i s r e a d i l y
a c c e s s i b l e t o i n d i v i d u a l s i n t h e v i c i n i t y o f t h e s i t e , a n d s o l i c i t comments f r o m a f f e c t e d par t i e s .

( 5 ) M i n i m i z a t i o n o f c o n t a m i n a t i o n . A p p l i c a n t s f o r l i c en s e s , other than renewals,
a f t e r October 1 , 2000, s h a l l d e s c r i b e i n t h e a p p l i c a t i o n h o w f a c i l i t y d e s i g n a n d p r o c e d u r e s f o r
o p e r a t i o n w i l l m i n i m i z e , t o t h e e x t e n t p r a c t i c a l , c o n t a m i n a t i o n o f t h e f a c i l i t y a n d t h e e n v i r o n m e n t ,
f a c i l i t a t e e v e n t u a l d e c o m m i s s i o n i n g , a n d m i n i m i z e , t o t h e e x t e n t p r a c t i c a l , t h e g e n e r a t i o n o f L L R W .

( e e e ) L i m i t s f o r c o n t a m i n a t i o n o f s o i l , s u r f a c e s o f f a c i l i t i e s a n d e q u i p m e n t , a n d v e g e t a t i o n .
( 1 ) N o l i c e n s e e s h a l l p o s s e s s , r e c e i v e , u s e , o r t r a n s f e r r a d i o a c t i v e m a t e r i a l i n

such a manner a s t o cause c o n t a m i n a t i o n o f s u r f a c e s o f fac i l i t i e s or e q u i p m e n t in u n r e s t r i c t e d areas
t o t h e e x t e n t t h a t t h e c o n t a m i n a t i o n e x c e e d s t h e l i m i t s s p e c i f i e d i n s u b s e c t i o n ( g g g ) ( 6 ) o f t h i s
s e c t i o n .

(2) No l i c en s e e s h a l l pos se s s , receive, u s e , or t r a n s f e r r a d i o a c t i v e material in
such a manner as to cause c o n t a m i n a t i o n of s o i l in unre s t r i c t ed areas, to the extent t h a t the
c on tamina t i on e x c e ed s , on a dry w e i g h t ba s i s , the c o n c e n t r a t i o n l i m i t s s p e c i f i e d in:
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( A ) sub sec t ion ( g g g ) ( 8 ) o f this s e c t i o n ; o r
( B ) t h e e f f l u e n t c o n c e n t r a t i o n s i n T a b l e I I . C o l u m n 2 o f s u b s e c t i o n

(ggg)(2)(F) o f this s e c t i o n , with th e uni t s changed f r o m microcuries p er m i l l i l i t e r t o microcuries p er
gram, for r a d i o n u c l i d e s not s p e c i f i e d in sub s e c t i on (ggg)(8) of this s ec t ion or p a r a g r a p h (4) o f this
sub s e c t i on .

(3) W h e r e c o m b i n a t i o n s o f r a d i o n u c l i d e s are i n v o l v e d , the sum o f the ra t io s
between the c onc en t ra t i on s pre sent and the l i m i t s s p e c i f i e d in p a r a g r a p h (2) o f t h i s sub s e c t i on sha l l
not exceed one.

( 4 ) N o t w i t h s t a n d i n g t h e l imi t s s p e c i f i e d i n p a r a g r a p h ( 2 ) o f this s u b s e c t i o n , n o
l i c e n s e e s h a l l cause the c o n c e n t r a t i o n of r a d i u m - 2 2 6 or r a d i u m - 2 2 8 in so i l in u n r e s t r i c t e d a r e a s ,
averaged over any 100 square me t er s ( m 2 ) , to exceed the background l e v e l by more than:

( A ) 5 p i c o c u r i e s p e r gram ( p C i / g ) ( 0 . 1 8 5 b e cquere l p e r .gram ( B q / g ) ) ,
averaged over the f i r s t 15 cm of soil below the s u r f a c e ; and

(B) 15 p C i / g ( 0 . 5 5 5 Bq/g), averaged over 15 cm thick layers of soil more
than 15 cm below the s u r f a c e .

(5) No l i c e n s e e s h a l l po s s e s s , rece ive , use, or t r a n s f e r r a d i o a c t i v e m a t e r i a l in
such a manner as to cause c o n t a m i n a t i o n of v e g e t a t i o n in u n r e s t r i c t e d areas to exceed 5 p C i / g
( 0 . 1 8 5 B q / g ) . based on dry w e i g h t , for r a d i u m - 2 2 6 or r a d i u m - 2 2 8 .

( 6 ) N o t w i t h s t a n d i n g t h e l i m i t s s p e c i f i e d i n p a r a g r a p h ( 2 ) o f t h i s s u b s e c t i o n , n o
l i c e n s e e s h a l l cause the c o n c e n t r a t i o n o f n a t u r a l u ran ium w i t h no d a u g h t e r s p r e s e n t , based on dry
w e i g h t and averaged over any 100 m 2 of area. 10 exceed the f o l l o w i n g l imi t s :

( A ) 3 0 p C i / g ( 1 . 1 1 B q / g ) , averaged over t h e t o p 1 5 c m o f soil b e l ow t h e
s u r f a c e ; and

(B) 150 p C i / g ( 5 . 5 5 Bq/g), average concentration at d e p t h s greater than
15 cent imeters below the s u r f a c e so that no i n d i v i d u a l member of the p u b l i c will receive an
e f f e c t i v e dose equivalent in excess of 100 mrem (1 m S v ) per year.

( f f f ) E x e m p t i o n o f s p e c i f i c wastes.
(1) A licensee may discard the f o l l o w i n g licensed m a t e r i a l without regard to i t s

radioactivity:
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( A ) 0.05 microcurie ( ^ C i ) ( 1 . 8 5 k i l o b e c q u e r e l s ( k B q ) ) . o r l e s s , o f

h y d r o g e n - 3 , carbon-14, or i o d i n e - 1 2 5 per gram of medium used for l i q u i d s c i n t i l l a t i o n counting
or in vitro c l i n i c a J or in vitro l a b o r a t o r y t e s t i n g : and

(B) 0 . 0 5 / ^ C i (1 .85 kBq), or l e s s , o f h y d r o g e n - 3 , carbon-14, or iodine-
125, per gram of animal t i s sue , averaged over the we ight of the entire animal.

(2) A licensee shall not discard tissue in accordance with paragraph (1)(B) of
this subsection in a manner that would permit its use either as food for humans or as animal f e e d .

(3) The l i c ensee shal l maintain records in accordance w i th subsection (t t) o f this
section.

(4) Any licensee may, u p o n agency a p p r o v a l o f p r o c e d u r e s required in
paragraph (6) of this subsect ion, discard licensed material i n c l u d e d in subsection (ggg)(7) of this
s e c t ion, p r o v i d e d that it does not exceed the concentrat ion and t o t a l curie l i m i t s contained t h e r e i n ,
in a T y p e I municipal solid waste si te as d e f i n e d in the M u n i c i p a l Solid W a s t e Regu la t i on s of the
authorized r e g u l a t o r y agency ( 3 1 T e x a s A d m i n i s t r a t i v e C o d e C h a p t e r 3 3 0 ) , unless such l i c en s ed
material also contains hazardous was t e , a s d e f i n e d in S e c t i o n 3(15) o f th e Sol id W a s t e D i s p o s a l
A c t , H e a l t h a n d S a f e t y C o d e , C h a p t e r 361. A n y l i c en s ed material i n c l u d e d i n sub s e c t i on ( g g g ) ( 7 )
of this section and which is a hazardous waste as d e f i n e d in the Solid W a s t e Disposal Act may be
discarded at a f a c i l i t y authorized to manage hazardous waste by the authorized regula tory agency.

(5) Each licensee who d i s card s material de scribed in p a r a g r a p h s (1) or (4) of
this subsection s h a l l :

(A) make surveys a d e q u a t e to assure that the l i m i t ; o f paragraphs (1) or
(4) of this subsection are not e x c e e d e d ; and

(B) remove or otherwise o b l i t e r a t e or obscure all l a b e l s , t a g s , or other
markings that wou ld indi ca t e that the material or its c on t en t s is rad i oa c t iv e .

(6) Prior to authorizat ions in accordance with paragraph (4) of this subsec t ion,
a licensee shall submit procedures to the agency f o r :

(A) the p h y s i c a l d e l i v e r y o f the material t o the d i sposal s i t e ;
(B) surveys to be p er f ormed for c o m p l i a n c e wi th paragraph (5) (A) of this

subsection;
(C) maintaining secure p a c k a g i n g during t ran spor ta t i on to the s i t e ; and
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(D) maintaining records o f any d i s c a r d s made under p a r a g r a p h (4) o f this

subsect ion.
(7) N o t h i n g in this section r e l i eve s the licensee of maintaining records showing

the r e c e i p t , t ran s f e r , and discard of such r a d i o a c t i v e material as s p e c i f i e d in §289.201 (d) of this
t i t l e .

(8) N o t h i n p <n this s e c t i on r e l i e v e s the licensee f r o m c o m p l y i n g with other
a p p l i c a b l e f e d e r a l , s t a t e , and loca l r e g u l a t i o n s governing any other t o x i c or hazardous p r o p e r t y of
these mater ia l s .

(9) L i c e n s e d mater ia l d i s c a r d e d u n d e r this s e c t i on i s e x empt f r o m the
requirements o f § 2 8 9 . 2 5 2 ( t ) o f this t i t l e .

( g g g ) A p p e n d i c e s .
( 1 ) P r o t e c t i o n f a c t o r s f o r r e sp i ra t or s . T h e f o l l o w i n g t a b l e contains p r o t e c t i o n

f a c t o r s f o r r e s p i r a t o r s 3 :

T H I S P O R T I O N O F T H E P A G E L E F T I N T E N T I O N A L L Y B L A N K
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P r o t e c t i o n F a c t o r s ' 1 T e s t e d & C e r t i f i e d E q u i p m e n t

Descr ip t i on b Mode s ' Particu-lates
only

Particu-
la t e s ,
gases,

vapors e

N a t i o n a l I n s t i t u t e f o r
Occupat ional Safety and

H e a l t h & Mine Safety and
H e a l t h Admini s t ra t i on
t e s t s f o r permis s ib i l i ty

1 . A I R - P U R I F Y I N G R E S P I R A T O R S f

F a c e p i e c e , h a J f - m a s k 8 N P
F a c e p i e c e , f u l l N P
F a c e p i e c e , h a l f - m a s k , P P
ful l , or hood

2 . A T M O S P H E R E - S U P P L Y I N G
R E S P I R A T O R S
A . Air-l ine r e s p i r a t o r
F a c e p i e c e , h a l f - m a s k C F
F a c e p i e c e , h a l f - m a s k D
F a c e p i e c e , f u l l C F
F a c e p i e c e , fu l l D
F a c e p i e c e , f u l l P D
H o o d C F
S u i t C F
B. S e l f - c o n t a i n e d

brea th ing a p p a r a t u s
( S C B A )

F a c e p i e c e , f u l l D
F a c e p i e c e , f u l l P D
F a c e p i e c e , fu l l RD
F a c e p i e c e , f u l l R P

10
50

1,000
3 0 C F R 1 1 ,
S u b p a r t K .

1,000
5

2.000
5

2 . 0 ( H j l
3 0 C F R 1 1 ,

S u b p a r t J .

50
10.000k

50
5 , 0 0 0 '

3 0 C F R 1 1 ,
S u b p a r t H .

See f o o t n o t e s at end of this p a r a g r a p h .
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P r o t e c t i o n F a c t o r s 6 T e s t e d & C e r t i f i e d E q u i p m e n t

Descript ion* 1 Mode s ' Particu-
la t e s
only

Parti cu-
l a t e s ,
gase s ,

v a p o r s ' "

N a t i o n a l I n s t i t u t e f o r
Occupat ional Safe ty andHealth & M i n e Safe ty and

H e a l t h A d m i n i s t r a t i o n
tests f o r permis s ib i l i ty

C O M B I N A T I O N R E S P I R A T O R S
Any combinat ion of
a ir-pur i fy ing and
a t m o s p h e r e - s u p p l y i n g
r e sp i ra t or s

Prote c t i on f a c t o r
for type and mode
of o p e r a t i o n as
l i s t e d above

3 0 C F R 1 1 ,

See f o o t n o t e s at end of this p a r a g r a p h .
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F O O T N O T E S

(a) For use in the s e l e c t i o n of r e s p i r a t o r y p r o t e c t i v e e q u i p m e n t to be used on ly where the
contaminants have been i d e n t i f i e d and the concentrat ions , or p o s s i b l e c oncentra t i ons , are
known.

(b) Only for shaven f a c e s and where nothing in t e r f e r e s with the seal of t i g h t - f i t t i n g f a c e p i e c e s
against the skin. H o o d s and suits are e x c e p t e d .

(c) The mode symbol s are d e f i n e d as f o l l o w s :
C F = continuous f l o w
D = demand
NP = negat ive pressure, that i s , n ega t iv e phase dur ing inha la t i onPD = pressure d e m a n d , that is, always p o s i t i v e pressure
PP = po s i t iv e pressureRD = d e m a n d , rec ircula t ing or closed circuit
RP = pressure d emand , r e c i r cu la t ing or c lo sed circuit

(d) (1) The p r o t e c t i o n f a c t o r i s a measure o f the degree o f p r o t e c t i o n a f f o r d e d by a
re sp ira tor , d e f i n e d as the ratio of the concentration of airborne radioactive material
o u t s i d e the re spiratory p r o t e c t i v e equipment to that I n s i d e the e q u i p m e n t , u s u a l l y
inside the f a c e p i e c e , under condi t ions of use. It is a p p l i e d to the ambient airborne
concentration to estimate the concentrations inhaled by the wearer according to the
f o l l o w i n g f ormula:

.-, . , , . Ambient airborne concentrationConcentration inhaled - .======================«=.=,Protection factor

( 2 ) T h e pro t e c t i on f a c t o r s a p p l y :
(i) on ly for i n d i v i d u a l s trained in using r e sp i ra t or s and wearing p r o p e r l y f i t t e d

re sp irator s that are used and maintained under supervi s ion in a w e l l - p l a n n e d
re spiratory pro t e c t i v e program:

( i l ) f o r a i r - p u r i f y i n g r e s p i r a t o r s o n l y when h i g h e f f i c i e n c y p a n i c u l a t e f i l t e r s ,
above 99.97% removal e f f i c i e n c y by t h e r m a l l y generated 0.3 micrometer
dio c ty l p h t h a l a t e ( D O P ) test or equ iva l en t , are used in a tmo spher e s not
d e f i c i e n t in oxygen and not containing radioactive gas or vapor respiratory
hazard s ;
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(iii) no a d j u s t m e n t is to be made for the use of sorbent s against rad ioac t iv e

material in the f o r m of gases or v a p o r s ;
( i v ) f o r a t m o s p h e r e - s u p p l y i n g r e sp i ra tor s only when s u p p l i e d wi th adequa t e

r e sp i rab l e air. R e s p i r a b l e air shall be provided of the q u a l i t y and quanti ty
required in accordance with th e NIOSH and th e MSHA c e r t i f i c a t i o n
described in 30 CFR 11. Oxygen and air sha l l nor. be used in the same
a p p a r a t u s .

(e) E x c l u d i n g r a d i o a c t i v e c o n t a m i n a n t s that pre sent an a b s o r p t i o n or submers ion hazard. For
tritium ox ide , a p p r o x i m a t e l y one-third of the intake occurs by ab s o rp t i on t h r o u g h the skin
so that an overall p r o t e c t i o n f a c t o r of l e s s than 2 is a p p r o p r i a t e when a t m o s p h e r e - s u p p l y i n g
re sp i ra tor s are used to protect against trit ium oxide. If the pro t e c t i on f a c t o r f or r e sp ira tory
p r o t e c t i v e e q u i p m e n t i s 5 , th e e f f e c t i v e p r o t e c t i o n f a c t o r f or t r i t i u m i s about 1 .4: with
p r o t e c t i o n f a c t o r s o f 10, the e f f e c t i v e f a c t o r f or t r i t i u m ox ide i s about 1 .7; and with
p r o t e c t i o n f a c t o r s of 100 or more, the e f f e c t i v e f a c t o r for tri t ium oxide is about 1.9. Air-
p u r i f y i n g respirators are not s u i tab l e for pro t e c t i on against tritium oxide. See also f o o t n o t e
( i ) concerning s u p p l i e d - a i r suits.

(f) Canisters and cartridges shall not be used beyond s e rv i c e - l i f e l imi ta t i on s .
(g) Under-chin type only. This type of re spirator is not s a t i s f a c t o r y for use where it might be

po s s i b l e , such as, if an acc ident or emergency were to occur, for the ambient airborne
concentrations to reach instantaneous values greater than 10 times the pertinent values in
Column 3 of T a b l e I of subsection (ggg)(2) of this section. This type of respirator is not
s u i t a b l e for p r o t e c t i o n against p l u t o n i u m or other h i g h - t o x i c i t y materials . The mask is to
be tes ted for fit prior to use, each time it is donned.

(h) (1) Equipment shaU be operated in a manner that ensures that p r o p e r air f l o w - r a t e s are
maintained. A prote c t ion f a c t o r of no more than 1000 may be ut i l ized for t e s t ed-
a n d - c e r t i f i e d s u p p l i e d - a i r hoods when a minimum air f l o w of 6 f W m i n (0.17
mVmin) is maintained and c a l i b r a t e d air line pressure gauges or f l o w measuring
devices are used. A prot e c t ion f a c t o r of up to 2000 may be used for te s ted and
c er t i f i ed hoods only when the air f l o w is maintained at the m a n u f a c t u r e r ' s
recommended maximum rate for the e q u i p m e n t , this rate is greater than 6 f W m i n
(0.17 nvVmin) and cal ibrated air line pressure gauges or f l o w measuring devices are
used.
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(2) "The des ign of the s u p p l i e d - a i r hood or h e l m e t , with a minimum f l o w of 6 f r V m i n

( 0 . 1 7 m 3 / m i n ) of air, may de t ermine i t s o v e r a J l e f f i c i e n c y and the p r o t e c t i o n i t
provide s . For e x a m p l e , some hoods a s p i r a t e contaminated air into the breathing
zone when the wearer works with hands-over-head. T h i s aspirat ion may be
overcome if a short c a p e - l i k e extens ion to the hood is worn under a coat or over-
a l l s . Other l i m i t a t i o n s s p e c i f i e d by the a p p r o v a l agency shall be considered b e f o r e
using a hood in certain types of a tmosphere s . See f o o t n o t e (i).

(i) A p p r o p r i a t e p r o t e c t i o n f a c t o r s shaJJ be d e t e r m i n e d , taking into account the d e s i gn o f th e suit
and its p e r m e a b i l i t y to the contaminant under c ond i t i on s of use. T h e r e shall be a s t andby
rescue person equipped with a respirator or other appara tu s a p p r o p r i a t e for the p o t e n t i a l
hazards and communications equ ipment whenever s u p p l i e d - a i r suit s are used.

( j ) N o a p p r o v a l s c h e d u l e s a r e c u r r e n t l y a v a i l a b l e f o r thi s e q u i p m e n t . E q u i p m e n t i s t o b e
e v a l u a t e d by t e s t i n g or on the basis of r e l i a b l e test i n f o r m a t i o n .

(k) This type of r e s p i r a t o r may p r o v i d e greater p r o t e c t i o n and be used as an emergency device
in unknown concentrations for pro t e c t i on against inha la t i on hazards. External radiat ion
hazards and other l i m i t a t i o n s to p e r m i t t e d e x p o s u r e , such as skin a b s o r p t i o n , must be taken
into account in such circumstances.

(1) Quanti tat ive fit t e s t ing shall be p e r f o rmed on each ind iv idua l , and no more than 0.02%
leakage is a l lowed with this type of a p p a r a t u s . P e r c e p t i b l e outward leakage of gas f r o m this
or any p o s i t i v e pre s sure s e l f - c o n t a i n e d breathing a p p a r a t u s is u n a c c e p t a b l e because service
life wi l l be reduced s u b s t a n t i a l l y . S p e c i a l training in the use of this type of a p p a r a t u s shal l
be p r o v i d e d to the wearer.
Note 1: P r o t e c t i o n f a c t o r s f o r r e s p i r a t o r s a p p r o v e d by th e U n i t e d S t a t e s Bureau o f Mines
and the NIOS,H. according to a p p l i c a b l e a p p r o v a l s for respirators for type and mode of useto p r o t e c t against airborne r a d i o n u c l i d e s , may be used to the ex t ent that they do not exceed
the p r o t e c t i o n f a c t o r s l i s t e d in this t a b l e . The pro t e c t i on f a c t o r s l i s t e d in this t a b l e may not
be a p p r o p r i a t e to c i r cums tance s where chemical or o ther r e s p i r a t o r y hazards ex i s t in
a d d i t i o n to rad ioac t iv e hazards. The s e l e c t i on and use of re spirators for such circumstances
shou ld take into account a p p l i c a b l e a p p r o v a l s of the U n i t e d S t a t e s Bureau of Mines and the
N I O S H .
N o t e 2: Radioa c t i v e c on taminant s , for which the c o n c e n t r a t i o n values in C o l u m n 3 of
T a b l e I of subsect ion (ggg)(2) of this section are based on internal dose due to inhalat ion,
may pre s ent external exposure hazards at h i g h e r concentrat ions . U n d e r these
circumstances, l imitations on occupancy may have to be governed by external dose l imi t s .
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(2) Annual l imi t s on intake (ALI) and derived air concentrations (DAC) of

r a d i o n u c l i d e s f o r o c c u p a t i o n a l e x p o s u r e ; e f f l u e n t c o n c e n t r a t i o n s ; c o n c e n t r a t i o n s f o r release t o
sanitary sewerage.

( A ) I n t r o d u c t i o n .
( ; ) F o r each r a d i o n u c l i d e , T a b l e I o f s u b p a r a g r a p h ( F ) o f this

paragraph i n d i c a t e s the chemical f orm that i s to be used for s e l e c t i n g the a p p r o p r i a t e ALI or DAC
value. The ALIs and D A C s for inha la t i on are given for an aerosol with an a c t i v i t y median
aerodynamic diameter (AMAD) of 1 micron, and for three classes (D,W,Y) of radioact ive
material , which refer to their retention ( a p p r o x i m a t e l y d a y s , weeks, or years) in the pu lmonary
region of the lung. Thi s c l a s s i f i c a t i o n a p p l i e s to a range of clearance h a l f - t i m e s for D if less than
10 days , for W f r o m 10 to 100 d a y s , and for Y greater than 100 days. T a b l e II of s u b p a r a g r a p h
(F) of this paragraph p r o v i d e s concentration limits for airborne and l i q u i d e f f l u e n t s released to the
general environment. T a b l e i n o f s u b p a r a g r a p h ( F ) o f th i s paragraph p r o v i d e s concentrat ion l i m i t s
for di scharges to sanitary sewerage.

( i f ) T h e values i n T a b l e s I . I I , a n d I I I o f s u bparagraph ( F ) o f this
paragraph are presented in the computer "E" notation. In this notat ion a value of 6E-02 repre s ent s
a value of 6 x 10'2 or 0.06, 6E+2 repre sent s 6 x 102 or 600, and 6E+0 r e p r e s e n t s 6 x 10° or 6.

(B) Occupational values.
(!) Note that the columns in T a b l e I of s u b p a r a g r a p h (F) of this

p a r a g r a p h capt ioned "Oral I n g e s t i o n A L I , " " I n h a l a t i o n A L I , " a n d " D A C , " a r e a p p l i c a b l e t o
occupat ional exposure to radioactive mat er ia l .

(if) The ALIs in s u b p a r a g r a p h (F) of this p a r a g r a p h are the annual
intakes of given r a d i o n u c l i d e by "Reference Man" that would result in e i ther a committed e f f e c t i v e
dose equivalent of 5 rems (0.05 Sv), s t o chas t i c ALI, or a committed dose equivalent of 50 rems
(0.5 Sv) to an organ or tissue, non- s t o cha s t i c ALI. The s tochastic ALIs were derived to r e s u l t in
a risk, due to i r r a d i a t i o n of organs and t i s s u e s , c o m p a r a b l e to the risk a s soc ia t ed with d e e p dose
e q u i v a l e n t to the whole body o f 5 rems (0.05 S v ) . The d er iva t i on i n c l u d e s m u l t i p l y i n g the
committed dose equivalent to an organ or tissue by a we ight ing f a c t o r , WT. T h i s weighting f a c t o r
is the propor t i on of the risk of s tochast ic e f f e c t s re sul t ing f r o m irrad ia t i on of the organ or tissue.
T, t o the total risk o f s t o chas t i c e f f e c t s when the w h o l e body i s i r rad ia t ed u n i f o r m l y . The va lue s
of W T are l i s t ed under the d e f i n i t i o n o f "we igh t ing f a c t o r " in subsect ion (c) of this section. The
non-stochastic ALIs were derived to avoid non-s tochas t i c e f f e c t s , such as p r o m p t damage to tissue
or reduction in organ func t i on .

202-58b (October 2000)
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(zifl A value of WT = 0.06 is a p p l i c a b l e to each of the f i v e organs

or t i s sues in the "remainder" category receiving the highes t dose equival ent s , and the dose
equivalents of all other remaining tissues may be d i sregarded. The f o l l o w i n g port ions of the GI
t rac t; s tomach, small intestine, u p p e r large inte s t ine, and lower large intes t ine, are to be treated as
f o u r separate organs.

(iv) The dose equivalent s for an extremity, skin, and lens of the
eye are not cons idered in c o m p u t i n g the committed e f f e c t i v e dose equ iva l en t , but are sub j e c t to
limits that must be met separately.

(v) When an ALI is d e f i n e d by the s t o c h a s t i c dose l i m i t , this value
alone is given. W h e n an ALI is d e t e rmined by the non-s tochast ic dose l i m i t to an organ, the organ
or tissue to which the l i m i t a p p l i e s is shown, and the ALI for the s t o chas t i c l i m i t is shown in
parentheses. Abbrev ia t ed organ or tissue d e s i g n a t i o n s are used as f o l l o w s :

(I) LLI wall = lower large intes t ine w a l l ;
( T I ) S t . wall = stomach w a l l ;
(HI) Blad wall = b l a d d e r w a l l ; and
(TV) Bone sur f= bone surface.

(vi) The use of the ALIs l i s t ed f i r s t , the more l imi t ing of the
s tochastic and non-s tochas t i c ALIs, will ensure that non-stochast ic e f f e c t s are avoided and that the
risk of stochastic e f f e c t s is l imi t ed to an a c c e p t a b l y low value. If, in a particular s i tuation involving
a r a d i o n u c l i d e for which the non-stochast ic ALI is l i m i t i n g , use of that non-stochastic ALI is
considered u n d u J y conservative, the l i censee may use the s t o chas t i c ALI to determine the commit-
ted e f f e c t i v e dose e q u i v a l e n t . H o w e v e r , the licensee shall also ensure that the 50 rems (0.5 s i evert)
dose equivalent limit for any organ or tissue is not exceeded by the sum of the external d e e p dose
equivalent p l u s the internal committed dose equivalent to that organ, not the e f f e c t i v e dose. For
the case where there is no external dose c o n t r i b u t i o n , this wou ld be d emons t ra t ed if the sum of the
f rac t i on s of the nons tochas t i c ALIs (ALLJ that contribute to the committed dose equivalent to the
organ rece iving the highest dose does not exceed u n i t y , that is, £ (intake (in p C i ) of each
r a d i o n u c l i d e / A L I J $ 1.0. If there is an external d e ep dose equivalent contribution of H d, then this
sum must be less than 1 - (H.j/50), instead of s 1.0.

(vi/) The dose equivalent s for an extremity, skin, and lens of the
eye are not considered in c ompu t ing the committed e f f e c t i v e dose equivalent, but are subjec t to
l i m i t s that must be met s e p a r a t e l y .

202-58c (June 19%)
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(viti) The DAC values are derived l i m i t s intended to control chronic

o c cupa t i ona l exposures . The r e l a t i o n s h i p between the DAC and the ALI i s given by:
DAC = ALI (in p C i ) / ( 2 0 0 0 hours per working year x 60 minute s/hour x

2 x 10 4 ml per m i n u t e ) = (ALI/2.4 x 10 9 ] u C i A n l .
where 2 x 104 m i l l i l i t e r is the vo lume of air breathed per minute at work by
R e f e r e n c e Man under working c o n d i t i o n s o f l i g h t work.

(ix) The DAC values r e la t e to one of two modes of exposure:
either external submersion or the internal c ommit t ed dose equ iva l en t s r e su l t ing f r o m inhalat ion of
radioact ive materials. D A C s based upon submersion are for immersion in a s e m i - i n f i n i t e cloud of
uniform concentrat ion and a p p l y t o each r a d i o n u c l i d e s e p a r a t e l y .

W The ALI and DAC values in c lude contributions to exposure
by the s ingl e r a d i o n u c l i d e named and any in-growth of d a u g h t e r r a d i o n u c l i d e s produc ed In the
body by decay o f the p a r e n t . H o w e v e r , i n t a k e s tha t i n c l u d e b o t h the p a r e n t and d a u g h t e r
rad ionuc l id e s should be treated by the general method a p p r o p r i a t e for mixtures.

(AO) The values o f ALI and DAC do not a p p l y d ir e c t ly when the
individual both ingests and inhales a r a d i o n u c l i d e , when the indiv idual is exposed to a mixture of
r a d i o n u c l i d e s by e i ther inha la t i on or inge s t ion or bo th , or when the i n d i v i d u a l is exposed to both
internal and external irradiation. See subsection (g) of this section. When an individual is
exposed to radioactive materials which fall under several of the translocation c l a s s i f i c a t i o n s of the
same radionuc l ide , such as, Clas s D, Cla s s W, or Clas s Y, the exposure may be evaluated as if
it were a mixture of d i f f e r e n t radionucl ides .

(xti) It s h o u l d be noted that the c l a s s i f i c a t i o n of a compound as
Clas s D, W, or Y is based on the chemical f o r m of the compound and does not take into account
the radio logi ca l h a l f - l i f e o f d i f f e r e n t r a d i o n u c l i d e s . For this reason, values are given for Clas s D,
W, and Y compounds , even for very short-l ived rad ionuc l ide s .

( C ) E f f l u e n t concentrat ions .
(;) The columns in T a b l e II of s ubparagraph (F) of this paragraph

captioned " E f f l u e n t s , " " A i r , " and " W a t e r " are a p p l i c a b l e to the assessment and control of dose to
the p u b l i c , p a r t i c u l a r l y in the i m p l e m e n t a t i o n of the provis ions of subsection (o) of this section.
The concentration values given in Columns 1 and 2 of T a b l e n of s u b p a r a g r a p h (F) of this
p a r a g r a p h are equ iva l en t to the r a d i o n u c l i d e concentrat ions which, if inhaled or inges ted
continuously over the course of a year, would produce a total e f f e c t i v e dose equivalent of 0.05 rem
( O . S m S v ) .

202-58d ( M a r c h 1 9 9 8 )
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(ii) Cons id era t i on of non-stochastic l i m i t s has not been i n c l u d e d

in d e r i v i n g the air and water e f f l u e n t c o n c e n t r a t i o n l i m i t s because non- s t o cha s t i c e f f e c t s are
presumed not to occur at or below the dose l ev e l s established for individual members of the p u b l i c .
For r a d i o n u d i d e s , where the non-s tochas t i c l imi t was governing in der iv ing the occupational DAC,
the stochastic ALI was used in deriving the corresponding airborne effluent limit in T a b l e II of
subparagraph (F) of this paragraph. For this reason, the DAC and airborne e f f l u e n t l imit s are not
always propor t i ona l as they were in the previous radia t ion pro t e c t ion s tandard s .

(til) The air concentration values l i s t e d in Column I of T a b l e II
of subparagraph (F) of this paragraph were derived by one of two me thods . For those
r a d i o n u d i d e s for which the s tochas t i c l imit i s governing, the o c c u p a t i o n a l s t o cha s t i c inhalat ion ALI
was d i v i d e d by 2.4 x 109, r e l a t i n g the i n h a l a t i o n ALI to the DAC, as e x p l a i n e d in s u b p a r a g r a p h
(B)(v&/) of this p a r a g r a p h , and then d iv id ed by a f a c t o r of 300. The f a c t o r of 300 i n c l u d e s the
f o l l o w i n g components:

(!) a f a c t o r of 50 to r e l a t e the 5 rems (0.05 Sv) annual
occupat ional dose l imit to the 0.1 rem l imi t for members of the p u b l i c ;

(II) a f a c t o r of 3 to a d j u s t for the d i f f e r e n c e in exposure
time and the inhalation rate for a worker and that for members of the p u b l i c ; and

(/Z7) a f a c t o r of 2 to a d j u s t the o c cupa t i ona l va lu e s , derived
for a d u l t s , so that they are a p p l i c a b l e to other age group s .

(iv) For those r a d i o n u d i d e s for which submersion, that is external
dose, is l i m i t i n g , the occupational DAC in Column 3 of T a b l e I of s ubparagraph (F) of this
p a r a g r a p h was d i v i d e d by 219. The f a c t o r of 219 is composed of a f a c t o r of 50, as described in
clause (HI) of this s u b p a r a g r a p h , and a f a c t o r of 4.38 r e l a t i n g o c cupa t i onal exposure for 2,000
hours per year to r u l U t i m e exposure (8,760 hours per year). N o t e that an a d d i t i o n a l f a c t o r of 2
for age cons iderat ions is not warranted in the submersion case.

(v) The water concentrat ions were derived by taking the most
restrictive occupat ional s t o chas t i c oral inge s t ion ALI and d i v i d i n g by 7.3 x 107. The f a c t o r of 7.3
x 10 7 m i l l U i t e r s (ml) i n c l u d e s the f o l l o w i n g c omponent s :

(I) the f a c t o r s of 50 and 2 described in c lau s e (///) of this
s u b p a r a g r a p h ; and

(II) a f a c t o r of 7.3 x 105 (ml) which is the annual water
intake of "Reference Man."

202-58e (March 1998)
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( V T ) N o t e 2 o f s u b p a r a g r a p h ( F ) o f thi s p a r a g r a p h p r o v i d e s

g r o u p i n g s o f r a d i o n u c l i d e s that ar e a p p l i c a b l e t o unknown mixtures o f r a d i o n u c l i d e s . T h e s e
groupings , i n c l u d i n g occupational inhalation ALIs and D A C s , air and water e f f l u e n t
concentrat ions , and releases to sewer, require demons tra t ing that the most l i m i t i n g rad i onuc l id e s
in successive classes are absent. The l i m i t for the unknown mixture is d e f i n e d when the presence
of one of the l i s t e d r a d i o n u c l i d e s cannot be d e f i n i t e l y e x c l u d e d as being pre s ent either f r o m
knowledge of the radionuc l ide c ompo s i t i on of the source or f r o m actual measurements.

(D) Releases t o sewers. The m o n t h l y average c onc en tra t i on s for release
to sanitary sewerage are a p p l i c a b l e to the prov i s i on s in subsection (gg) of this section. The
concentration values were derived by taking the most res tric t ive o c c u p a t i o n a l s tochas t i c oral
ingestion ALI and d i v i d i n g by 7.3 x 10 6 (ml). The f a c t o r of 7.3 x 10 6 (ml) is composed of a f a c t o r
of 7.3 x 105 (ml), the annual water intake by " R e f e r e n c e M a n , " and a f a c t o r of 10, such that the
concen tra t i on s , if the sewage released by the l i c e n s e e were the only source of water ingested by
a "Reference Man" during a year, would re su l t in a c ommi t t ed e f f e c t i v e dose e q u i v a l e n t of 0.5
rem.

Name

(E) Lis t o f e l ement s .

Symbol
A t o m i c

Number N a m e S y m b o l
A t o m i c

Number

Actinium
A l u m i n u m
Americium
Antimony
Argon
A r s e n i c
A s t a t i n e
Barium
Berkelium
Beryl l ium
Bismuth
Bromine
C a d m i u m
C a l c i u m
C a l i f o r n i u m
Carbon
Cerium
Cesium

A cA l
A mS b
A r
A s
A t
BaBk
Be
Bi
Br
Cd
CaC f
CCe
Cs

89
13
95
51
18
33
85
5697

4
83
35
48
20
98

6
58
55

Chlor in e
Chromium
Cobal t
C o p p e r
Curium
D y s p r o s i u m
Einste inium
Erbium
E u r o p i u m
Fermium
F l u o r i n e
Franc ium
G a d o l i n i u m
G a l l i u m
Germanium
G o l d
H a f n i u m
H o l m i u m

C lCr
CoCu
Cm
Dy
Es
Er
Eu
F MF
F rG d
G aG e
Au
H f
H o

17
24
27
29
96
66
99
68
63

1009
87
64
31
32
79
72
67
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H y d r o g e n
I n d i u m

N a m e ______

I o d i n eI n d i u m
I r o n
K r y p t o n
Lanthanum
Lead
L u t e t i u m
M a g n e s i u m
Manganese
M e n d e l e v i u m
Mercury
M o l y b d e n u m
Neodymium
N e p t u n i u m
N i c k e lN i o b i u m
Osmium
PalladiumPhosphorus
Plat inum
Pluton ium
Polon ium
Potassium
Praseodymium
Promethium
Protactinium
Radium
Radon
Rhodium
Rubidium
Ruthenium
Samarium
Scandium
Sel en ium

Svmbo

II r
F eK r
LaPb
Lu
M g
Mn
Md
H gMo
N d
N p
N iN b
OsPd
P
Pt
Pu

JPOK
Pr
Pm
PaRa
RnRh
RbRu
S mS c
S e

H I
I n 4 9
A t o m i c

N u m b e r

53
77
26
36
57
82
71
12
25

101
80
42
60
93
28
41
76
46
15
78
94
84
19
59
61
91
88
86
45
37
44
62
21
34

N a m e

S i l i c o n
S i l v e r
S o d i u m
S t r o n t i u m
S u l f u l
T a n t a l u m
T e c h n e t i u m
T e l l u r i u m
T e r b i u m
T h a l l i u m
T h o r i u m
T h u l i u m
T i n
T i t a n i u m
T u n g s t e n
Uranium
V a n a d i u m
X e n o n
Y t t e r b i u m
Y t t r i u m
Zinc
Z i r c o n i u m

S v m b o l

S i
A gN a
S r
ST a
T c
T e
T b
T l
T hT m
S nT i
W
U
VX e
Y b
Y
Zn
Zr

A t o m i c
N u m b e r

14
47
11
38
16
73
43
52
65
81
90
69
50
22
74
92
23
54
70
39
30
40

2 0 2 - 5 8 g ( J u n e 1 9 9 6 )
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( F ) T a b l e s - V a l u e s f o r annual l i m i t s . T h e f o l l o w i n g t a b l e s contain values

f o r annual l i m i t s o n in take ( A L I ) a n d der ived a i r c o n c e n t r a t i o n s ( D A C ) o f r a d i o n u c l i d e s f o r
occupat ional exposure; e f f l u e n t concentrat ions; concentrat ions for release to sanitary sewerage:

T H I S P O R T I O N O F T H E P A G E L E F T I N T E N T I O N A L L Y B L A N K

2 0 2 - 5 8 H U u n e 1 9 9 6 )
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R E F E R E N C E I N S T R U M E N T I N S T R U M E N T
C A L . P C I N T R E C E I V E D M E T E R R E A D I N G '

Reaaout 400 K com I ? / / 5 - ' < > ^ 7/7 5"2 "Z.
40 K com 7 9 ^ 6 ' J ? 9 ? d > /

4 K cpm 3 ? ? & > Ss'JCo400 cpm •vfc>& *v»o40 com vo V6

R E F E R E N C E
C A ' . . P O I N T

L o gS c a l e 500 K com
50 K com

5 K cpm
500 cpm

v L L R a n o » ( » ) C a l l b r a t t d E l e c t r o n i c a l 1 '
N S T R U M c N T I N S T R U M E N T

R E C E I V E D M E T E R R E A D U - ^ '
J'&oxf S&ofT C / T x"o{r/f y>\
J t P O 5&L>

L u d t u m M e o j u r e m e n t i . i n c . c e n i f i e i t h a i t h e above I n j t r u m e n t h o i been c a l i b r a t e d b y i t a n d a r a i t r o c e o b i e t o t h e N o t i o n a l i n j t i i u t e c . ' S t a n o a r d i a n d T e c n n o i c o y , o r t o t h e c a l i b r a t i o n t o c l t i i l » s :

o ' h e r I n t e r n a t i o n a ' S ' a n d o r d i O r g a n i z a t i o n memberi. o r have been a e r l v e d f r o m o c c e o i e d v a l u e l c r n a t u r a l p h y i i c o l c o n i t a n t i o r nave been d e r i v e d b y t h e r a t i o t y p e o f c a l i b r a t i o n t e c h n l p ^ 'T n e c a l i b r a t i o n l y i i e m eonlormi I P t n e r e q u l r e m e n i i o l A N S V N C S l Z } 4 M - 1 9 « a n d A s t S i N 3 2 J - K 7 a _____ S t a t e o f T e x a i C a l i b r a t i o n L i c o n i e N o . L O - ' :

R e l e r « n c » I n s t r u m v n t s a n d / o r S o u r c e s :
C s - 1 3 7 G a m r n o S / N L ^ 1 1 6 2 L _ ; G ! I 2 : _ M 5 i 5 ^ _ ' 5 1 0 5 ~ E 5 5 2 £ 5 5 1

2 A l o n e S / N P u - 2 3 9 4357 ; 5 , 7 < c c m E e t a S / N O t h e r
M u l t i m e t e r S / N .

_ ] N e u t r o n A m - 2 4 1 B e S / N

73760305
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D e i i g n e r a n d M a n u f a c t u r e '
o f

S c i e n t i f i c a n s i n a u i l n ' a l
I n i t r u m e n t i

L U D L U M M E A S U R E M E N T S , I N C .P O S T O F F I C E B O X S I O P H . 9 1 5 - 2 3 5 - 5 4 9 4
£ 0 1 O A K S T R E E T F A X N O . 9 1 5 - 2 3 5 - 4 6 7 2
S W E E 7 W A T E R . T E X A S 7 9 5 5 6 . U . S . A .

Bench 7 e s f D a f a F o r A l p h a Detector

D e t e c t o r S e r i a l N O .
C u s t o m e r U S E C O L O G Y O A K R I D G E
C o u n t e r 2221

1C o u n t T i m e ' »VM
i s o t o p e P u - 2 3 9

4 3 - 4 / 4 3 - 4 4 H V
A l t i t u d e

S e a L e v e l
1 0 0 0 f o o t
2000 f o o t1 3000 f o o t

; 4000 f o o t
5000 f o o t
6000 f o o t
7000 f o o t

S e r i a l N o . / 2
•̂

4337 1 5 . 7 K c p m

A d j u s t f o r A l t i t u d e
H i g h V o l t a g e

2050 V
2025 V
2000V
1 9 7 5 V
1 9 5 0 V

1 900 V
1 8 7 5 V

O r d e r * . 2 6 3 7 6 4 / 2 5 5 7 1 8
( p J x . 5 C o u n t e r I n p u t S e n s i t i v i t y ' 0 m v

D i s t a n c e S o u r c e t o D e t e c t o r Ju^T=^«-^-
O t h e r

A l p h a S c i n t i l l a t i o n D e t e c t o r
H V P l a t e a u S c i c k g r o u n a S o u r c e C o u n t

^50 Q ^9^/77oo 0 jycf
ISO o J=9«r£??o& o H loi
9o-<3 Z i *4£>^*& i

^ J ' o ' * ? . < T / ! ? 7 O ;

O p e r a t i n g V o l t a g e S e t a t
.".'

A i r P r o p o r t i o n a l
T o e

C e n t e r
H e e l

[|vf U n i f o r m i t y ( ±

43-5
T o e

' C e n t e r
H e e l

10%)

43-65
L / S *

C e n t e r
O t h e r - -

43-90
T o e

C e n t e r
H e e l

A v e r a g e E f f i

B a c k g r o u n d M e t e r R e a d i n g
O '3Fft*>
C? 4 107
O 3 ^ / F

c i e n c y %. (& %

R a n g e / S c a l e
—
— '
— .

' L e a s t S e n s i t i v e P o s i t i o n ( H e e l o f D e t e c t o r )
* " O p p o s i t e L e a s t S e n s i t i v e P o s i t i o n ( T o p o ' D e t e c t o r

D a t e - p :



. 5 E C O L O G Y O A < R I D G E
_•_ - jm M e a s u r e m e n t s . >n-z.
.uoum M e a s u r e m e n t s î .;

ve 2 - - M a v - 0 !

M o a e i
M o a e i

C a 1 D u e D a ' e

2 2 2 !
43-90

2 4 - M O Y - 0 2 C c 1 . i n t e r /

£ L V O-.K V K c E T F A X N O . 5 1 5 - 2 3 5 - 4 6 7 2
S / . ' E E T W A T E R . T E X A S 7 9 5 5 6 . U . S . A .

__ O R D E R NO. ______263764/255716
S e r ' o 1 N o . .
o e ' i C ' N O .

Y e a r 2 0 2 - 1 5 9
T .

_ _ M e ' e r f o c e _
23 % Alt _____7QQ.8 mm HgC h e c k mark T f a o p l i e s t o a p p ' i c a b i e i n s ' r . a n d / o r a e t e c ' o r I A W m f g . scec.
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2" ?/S R e s p . ck ^ R e s e t ck. 2" W i n d o w O p e r a t i o n 2" G e o t r o p i s m
2 " A u d i o c k . ~ A l a r m S e l l i n g c k . 2 " B a t t . c k . | M i n . V o l t ) 5 , 0 V D C
T P ' C a l i b r a t e d i n a c c o r d a n c e w i t h L M I S O P 1 4 . 8 r e v 1 2 / 0 5 / 8 9 . [ 3 C a l i b r a t e d i n a c c o r d a n c e w i t n L M I S O P 14.9 r e v 0 2 / 0 7 / 9 7 .T h r e s h o l d650 v Input S e n s . 10 mv P e t . Oper. 550 v at IQ mv Dial R a t i o 100 = 10i n s t r u m e n t V o l t S e t . v i n p u t S e n s .

H V R e a d o u t ( 2 p o i n t s ) R e f . / ' n s l . v R e ' . / I n s ) . / 200Q
C O M M E N T S :O L s e t t o s i m u l a t e l i g h t l e a x .
F f i r m w a r e : b I

Gji\ma C a t o r s l i o n GM daiec i cys p o s M c n e a p e r o e f l f l i c i v i s r 13 source «IMPI lor M 44-9 in wtncn :ne Iror.i of Drobe f a c e s source

R A N G E / M U L T I P L I E R
X 1000______
X 1000_______
X 100________
X 100__________
X 10________
X 10_______

R E F E R E N C E
C A L . P O I N T

4.00K cpm_____
1 0 0 K c p m

I N S T R U M E N T R E C ' D
" A S F O U N D R E A D I N

I N S T R U M E N T
M E T E R R E A D I N G *

7So~ /OG
_40 K cpm

10 K cpm4 K cpmK cpm
' P C ?

I Q C ?
400 cpm va?
100 cpm

C . F . w i t h i n i 2 0 % A L L R a n g » ( > ) C a l l b r a t - d E l e c t r o n i c a l l y

D i g i t a l=?eaaou!

R E F E R E N C E
C A L . p O i N ;

400 K cpm
40 K c p r n

4 K com
400 cpm40 cpm

I N S T R U M E N T I N S T R U M E N T
R E C E I V E D M E T E R R E A D I N G '
4_xr>oo3 </<:>oe>o3*{ooo~) vooo3

<JOOG VOOOHOG titco
W V6

R E F E R E N C E

L e gS c a l e 500 K cpm
50 K cpm

i N S T R U M E N T I N S T R U M E N T
R E C E I V E D M E T E R R E A D I N G '

SO*," "SO£
5 K cpm TA" < / (

/

500 cpm S"co y&O
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Rel«r»nc» I n i t r u m e n t i a n d / o r S o u r c e s :
C : - ' 3 7 G a m m a S , " i _ _ ' I I 6 2 _ G H 2 _ M 5 i £ _ 5 1 0 5 . E 5 5 i

A . i p n o S / N = V 2 3 9 4 3 5 9 ^ 5 , 7 K C C ^

1 2 1 0 2 5
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D e i i g n e - a n d M a n u f a c t u r e r
o f

S c i e n t i f i c a n a i n d u s t r i a l
' n i t r u m e n t i

L U D L U M M E A S U R E M E N T S , I N C .
P O S T O F F I C E B O X 8 1 0 P H . 9 1 5 - 2 3 5 - 5 4 9 4
5 0 1 O A < S T R E E T F A X N O . 9 1 5 - 2 3 5 - 4 6 7 2
S W E E T W A T E R . T E X A S 7 9 5 5 6 , U . S . A .

Bench Tesf D o f o For Alpha Detector
D e t e c t o r 43-90 S e r i a l N o .

2221 S e r i a l N o .
C u s t o m e r j j s E C O L O G Y O A K R I D G E
C o u n t e r _
C o u n t T i m e .

I s o t o p e _ P u - 2 3 9 4 3 3 9 1 5 . 7 K c p m O t h e r

Order #. 2 6 3 7 6 4 / 2 5 5 7 1 8
C o u n t e r I n p u t S e n s i t i v i t y _ _

D i s t a n c e S o u r c e t o D e t e c t o r _SJ
' 0 mV

4 3 - 4 / 4 3 - 4 4 H V A d j u s t f o r A l t i t u d e
A l t i t u d e

; S e a L e v e l
1000 f o o t
2000 f o o t1 3000 f o o t

, 4000 f o o t1 5000 f o o t
6000 f o o t
7000 f o o f

H i g h V o l t a g e
2050V
2025 V i
2000V
1 9 7 5 V !

1 9 5 0 V
1 9 2 5 V |
1 9 0 0 V
1 8 7 5 V

A l p h a S c i n t i l l a t i o n D e t e c t o r
H V P l a t e a u B a c k g r o u n d S o u r c e C o u n t

760 (052-0
-7

O p e r a t i n g v o l t a g e S e t a t

A i r P r o p o r t i o n a l
T o e

C e n t e r
H e e l

43-5
T o e

1 C e n t e r
' H e e l

43-65
L / S *

. C e n t e r
Other"

9̂0>
T o e

C e n t e r
H e e l

B a c k g r o u n d M e t e r R e a d i n g ' R a n g e / S c a l e ' .
I k 4 0 j ? ' - :
i (#(*(e>Z \ " \
< £ > 7 j ? 9 -"

_/ Uniformity ( ± 10%) A v e r a a e E f f i c i e n c y H Z

* L e a s t S e n s i t i v e P o s i t i o n ( H e e l o f D e t e c t o r )
' * O p p o s i t e L e a s t S e n s i t i v e P o s i t i o n ( T o p o f D e t e c t o r )

D a t e ,
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L u d l u m M e a s u r e m e n t s

22-Mav-Ol
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C E R T l f i C A T E O F

R I D G E
inc. M o d e l

M o a e i
Cal Due Date

I n s t r . a n d / o r d e f e c t o r I A W m f g .

C A U 3 R A 7 / O N

9

22-Mav-02
s p e c . T .

5 0 1 O A X S T R E E T
S W E E T W A T E R , T E X A S

O R D E R N O .
S e i i a l N o . /
S e r i a l N o .

C a l . I n t e r v a l l Y e a r

FA
79556.

X N O . 9 ) 5 - 2 3 5 - 4 6 7 ;
U . S . A .

2 6 3 7 6 8 / 2 5 5 7 2 2

M e t e r t a c e
73 °f RH 20 7. Alt 707.

200
8 mm hg

N e w I n s t a l m e n t I n s t r u m e n t R e c e l v e c f ^ ^ v W h l n T o l e r . +-10% 010-20% Q O u t o f T o l . Q R e q u i r i n g R e p a i r O t h e r - S e e c omment s
52" M e c h a n i c a l ck. J2" Merfer Z e r o e a
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£f A u d i o ck . Q A l a r m S e t t i n g ck .
L! C a l i b r a t e d in a c c o r d a n c e w i t h LMI SOP 1 4.8 rev 1 2/OS/89.

Q B a c k g r o u n d S u b t r a c t
[ j W i n d o w O p e r a t i o n
J 2 f Bart . c k . ( M l n . V o l t )

I n p u t S e n s . L i n e a r i t y
G e o t r o p l s m

2.2 VDC

I n s t r u m e n t V o l t S e t
^} HV R e a d o u t (2 p o i n t s )

. V Inpu t S e n s .
R e f . / l n s t .

Q > C o l l b r a t e d I n a c c o r d a n c e w i t h L M I S O P 1 4 . 9 r e v 0 2 / 0 7 / 9 7 .T h r e s h o l dmV D e t . O p e r . _______ V at ______ mV Dial R a t i o
. V R e f . / l n s t . .

C O M M E N T S :

R A N G E / M U L T I P L I E R
X 1000X 1000
X 100
X 100X 10
X 10
X 1
X 1

R E F E R E N C E I N S T R U M E N T R E C ' D I N S T R U M E N TC A L . P O I N T " A S F O U N D R E A D I N G " M E T E R R E A D I N G *
4 R / h r 4. 2. 4-
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400 m R / h r 4, 7100 m R / h r I,/4,0 m R / h r A. 2.10 m R / h r /•/
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Rt(«r«nc* I n s t r u m c n h a n d / o r S o u r c t i :
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Ioniz ing r a d i a t i o n i s r a d i a t i o n t h a t ha s s u f f i c i e n t energy to removee l e c t r o n s f r o m atoms. In t h i s d o c u m e n t , i t w i l l b e r e f e rr ed t o s i m p l y a sr a d i a t i o n . One source of r a d i a t i o n i s the n u c l e i o f u n s t a b l e atoms;. Forthe se r a d i o a c t i v e atoms ( a l s o r e f e r r e d to as r a d i o n u c l i d e s orr a d i o i s o t o p e s ) to become more s t a b l e , the n u c l e i e j e c t or emits uba tomic p a r t i c l e s a n d h i g h - e n e r g y p h o t o n s ( g a r n m a rays). T h i sproces s i s c a l l e d r a d i o a c t i v e decay. U n s t a b l e i s o t o p e s o f r a d i u m ,radon, u r a n i u m , and t h o r i u m , f or e x a m p l e , exi s t n a t u r a l l y . Others ar ec o n t i n u a l l y b e i n g made n a t u r a l l y or by human a c t i v i t i e s such as thespl i t t ing of atoms in a nuc l ear reactor. E i t h e r way, t h ey re lease i o n i z i n gr a d i a t i o n . The m a j o r t y p e s o f r a d i a t i o n e m i t t e d as a r e s u l t o fs p o n t a n e o u s decay are a l p h a and beta p a r t i c l e s , and gamma rays. Xrays, a n o t h e r m a j o r t y p e o f r a d i a t i o n , ari se f r o m proces se s o u t s i d e o fthe nuc l eu s .
A l p h a P a r t i c l e s

A l p h a p a r t i c l e s a r e e n e r g e t i c , p o s i t i v e l y charged p a r t i c l e s( h e l i u m n u c l e i ) tha t r a p i d l y lose energy when p a s s i n gt h r o u g h mat t er . T h e y are c o m m o n l y e m i t t e d in ther a d i o a c t i v e decay of the heavies t r a d i o a c t i v e e l e m e n t s suchas uranium and r a d i u m as we l l as by some manmadee l e m e n t s . A l p h a p a r t i c l e s lo s e energy r a p i d l y i n mat t er a n ddo not p e n e t r a t e very f a r ; however, t h ey can cause d a m a g eover t h e i r short p a t h t h r o u g h t i s su e . T h e s e p a r t i c l e s ar eu s u a l l y c o m p l e t e l y absorbed by the outer dead layer o f thehuman skin a n d , so, a l p h a e m i t t i n g r a d i o i s o t o p e s are not ahazard o u t s i d e the body. H o w e v e r , t h ey can be very h a r m f u lif t h ey are i n g e s t e d or i n h a l e d . A l p h a p a r t i c l e s can bes t o p p e d c o m p l e t e l y by a sheet of p a p e r .
Beta P a r t i c l e s

Beta p a r t i c l e s are f a s t m o v i n g , p o s i t i v e l y or n e g a t i v e l ycharged e l e c t r o n s e m i t t e d f r o m t h e nuc l eu s d u r i n gr a d i o a c t i v e decay. H u m a n s are e xpo s ed to beta p a r t i c l e sf r o m m a n m a d e and n a t u r a l sources such as t r i t i u m ,carbon-14, and s t r o n t i u m - 9 0 . Beta p a r t i c l e s are morep e n e t r a t i n g t han a l p h a p a r t i c l e s , bu t ar e l e s s d a m a g i n g overe q u a l l y t r a v e l e d d i s t a n c e s . S o m e beta p a r t i c l e s a r e c a p a b l eo f p e n e t r a t i n g t h e sk in and c a u s i n g r a d i a t i o n d a m a g e ;however, as w i th a l p h a e m i t t e r s , beta e m i t t e r s are g e n e r a l l ymore hazardous when th ey are i n h a l e d or i n g e s t e d . Betap a r t i c l e s travel a p p r e c i a b l e d i s t a n c e s in air , but can bereduced or s t o p p e d by a l a y e r of c l o t h i n g or by a fewm i l l i m e t e r s of a sub s tance such as a l u m i n u m .
G a m m a Rays
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L i k e v i s i b l e l ight and x rays, gamma rays are w e i g h t l e s sp a c k e t s o f energy c a l l e d p h o t o n s . G a m m a rays o f t e na c c ompany the emis s ion of a l p h a or beta p a r t i c l e s f r o m anucleus . T h e y have n e i t h e r a charge nor a mass and arevery p e n e t r a t i n g . One source of gamma rays in theenvironment i s n a t u r a l l y o c curr ing po ta s s ium-40. M a n m a d esources i n c l u d e p l u t o n i u m - 2 3 9 and cesium-137. G a m m arays can e a s i l y pa s s c o m p l e t e l y t h r o u g h the human body orbe absorbed by t i s s u e , t h u s c o n s t i t u t i n g a r a d i a t i o n hazardfor the en t ir e body. S e v e r a l f e e t of concrete or a few inchesof l ead may be required to s t o p the more e n e r g e t i c gamrric irays.
X R a y s

X rays are h i g h - e n e r g y p h o t o n s p r o d u c e d by the i n t e r a c t i o nof charged p a r t i c l e s w i t h mat t er . X rays and gamma rayshave e s s e n t i a l l y the same p r o p e r t i e s , bu t d i f f er in o r i g i n ; i.e.,x rays are e m i t t e d f r o m proce s s e s o u t s i d e the n u c l e u s , w h i l egamma rays o r i g i n a t e i n s i d e th e nucleus . T h e y are g e n e r a l l ylower in energy and t h e r e f o r e l e s s p e n e t r a t i n g t h a n gammarays. Literal ly t h o u s a n d s of x-ray machine s are used d a i l y inm e d i c i n e and i n d u s t r y f o r e x a m i n a t i o n s , i n s p e c t i o n s , andproces s c o n t r o l s . X rays are a l s o used for cancer t h e r a p y tod e s t r o y m a l i g n a n t c e l l s . Because of t h e i r many uses, x raysare the s i n g l e l a r g e s t source of manmade r a d i a t i o nexposure . A few m i l l i m e t e r s of lead can s t o p m e d i c a l x rays.

P e n e t r a t i n g Powers of Alpha & Beta P a r t i c l e s & G a m m a Rays

R a d i a t i o n S o u r c e
A l p h a P a r t i c l e s

S t o p p e d by a _____she e t o f p a p e r
Beta P a r t i c l e s[ S t o p p e d b y a l a y e r o f c l o t h i n gor by a few —— — —m i l l i m e t e r s o f a s u b s t a n c esuch as a l u m i n i u mGamma Rays

S t o p p e d b y r\S\Jr\.s ev era l f e e t o f c o n c r e t e
or a few i n c h e s of l e a d

Sourc e s o f R a d i a t i o n
N a t u r a l R a d i a t i o n
H u m a n s a r e p r i m a r i l y e x p o s e d t o na tura l r a d i a t i o n f r o m t h esun, cosmic rays, and n a t u r a l l y o c curr ing r a d i o a c t i v ee l e m e n t s f o u n d i n t h e e a r t h ' s crust. Radon, which emanate sf r o m the g r o u n d , i s ano ther i m p o r t a n t source of n a t u r a lr a d i a t i o n . C o s m i c rays f r o m spac e i n c l u d e energe t i c p r o t o n s ,e l e c t r o n s , gamma rays, and x rays. The p r i m a r y r a d i o a c t i v ee l e m e n t s f o u n d i n t h e e a r t h ' s crust a r e uran ium, t h o r i u m ,a n d p o t a s s i u m , a n d t h e i r r a d i o a c t i v e d e r i v a t i v e s . T h e s ee l e m e n t s emit a l p h a and beta p a r t i c l e s , or gamma rays.
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M a n m a d e R a d i a t i o n
R a d i a t i o n is used on an ever i n c r e a s i n g scale in m e d i c i n e ,d e n t i s t r y , and i n d u s t r y . M a i n users o f manmade r a d i a t i o ni n c l u d e : m e d i c a l f a c i l i t i e s such a s h o s p i t a l s andp h a r m a c e u t i c a l f a c i l i t i e s ; research a n d t e a c h i n g i n s t i t u t i o n s ;nuc l ear reactors and t h e i r s u p p o r t i n g f a c i l i t i e s such asuranium m i l l s a n d f u e l p r e p a r a t i o n p l a n t s ; arid F e d e r a lf a c i l i t i e s i n v o l v e d in n u c l e a r weapons p r o d u c t i o n as part o ft h e i r normal o p e r a t i o n .
M a n y o f the se f a c i l i t i e s g enerate some r a d i o a c t i v e waste;and some release a c o n t r o l l e d amount of r a d i a t i o n in to theenvironment. Radioact ive mat er ia l s are al so used incommon consumer p r o d u c t s such as digital andl u m i n o u s - d i a l wr i s twat che s , ceramic g l a z e s , a r t i f i c i a l t e e t h ,and smoke de t e c tor s .

H e a l t h E f f e c t s o f R a d i a t i o n E x p o s u r e
D e p e n d i n g on the l eve l of e xpo sur e , r a d i a t i o n can pose ah e a l t h risk. I t c a n a d v e r s e l y a f f e c t i n d i v i d u a l s d i r e c t l ye xpo s ed as we l l as t h e i r d e s c e n d a n t s . R a d i a t i o n can a f f e c tc e l l s o f the b ody , i n c r e a s i n g the r i sk of cancer or h a r m f u lgene t i c m u t a t i o n s t h a t can be pas s ed on to f u t u r eg e n e r a t i o n s ; or, if the d o s a g e is l a r g e enough to causemassive t i s s u e d a m a g e , i t may l ead to d e a t h w i t h i n a f ewweeks of exposure . You can read more about the h e a l t he f f e c t s f r o m e xpo sur e t o i o n i z i n g r a d i a t i o n f r o m t h e f o l l o w i n gf a c t sheet.

S u g g e s t e d R e a d i n g
To l earn more about r a d i a t i o n , we s ugge s t you read the f o l l o w i n gbooks:

• Cember , H . I n t r o d u c t i o n t o H e a l t h P h y s i c s . N e w Y o r k : PergamonPress , 1983.• M a r t i n , A. and H a r b i s o n , S.A. An I n t r o d u c t i o n t o R a d i a t i o nP r o t e c t i o n . 3rd ed . L o n d o n : C h a p m a n and Hal l , 1986.• S h a p i r o , J . R a d i a t i o n P r o t e c t i o n . C a m b r i d g e : H a r v a r d U n i v e r s i t yPres s , 1972.

• I o n i z i n g R a d i a t i o n F a c t s h e e t S e r i e s : No. 2 * P u b l i c a t i o n s •
R a d i a t i o n H o m e | N e w s | T o p i c s | I n f o r m a t i o n | P r o g r a m s | Vi s i t o r s ' C e n t e r
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I o n i z i n g R a d i a t i o n F a c t s h e e t S e r i e s : N o . 1
I o n i z i n g rad ia t i on i s r a d i a t i o n that has s u f f i c i e n t
energy to remove e l e c trons f r om atoms. In th i s
document , it w i l l be referred to s i m p l y as
rad ia t i on . One source of rad ia t i on is the nuclei
of un s tab l e atoms. For these rad ioac t iv e atoms
( a l s o re ferred to as r a d i o n u c l i d e s or
r a d i o i s o t o p e s ) to become more s t a b l e , the
nuc l e i e j e c t or emit subatomic p a r t i c l e s and
h igh-energy p h o t o n s (gamma rays). T h i s
proce s s i s c a l l e d rad ioac t iv e decay. U n s t a b l e
i s o t o p e s of radium, radon, uranium, and
t h o r i u m , f o r e x a m p l e , exis t n a t u r a l l y . Others
are c o n t i n u a l l y being made n a t u r a l l y or by
human a c t i v i t i e s such as the s p l i t t i n g of atoms
in a nuclear reactor. Ei ther way, they release
i o n i z i n g r a d i a t i o n . T h e m a j o r t y p e s o f r a d i a t i o n
e m i t t e d as a re sul t of s pon taneou s decay are
a l p h a and beta p a r t i c l e s , and gamma rays. X
rays, another m a j o r t y p e o f r a d i a t i o n , arise f r o m
proce s s e s o u t s i d e o f the nuc l eu s .



natural sources such as t r i t i u m , carbon-14, and
strontium-90. Beta p a r t i c l e s are more
p e n e t r a t i n g than a l p h a p a r t i c l e s , but are l e s s
d a m a g i n g over e q u a l l y traveled d i s tance s .
S o m e beta p a r t i c l e s are c a p a b l e o f p e n e t r a t i n g
the skin and causing rad ia t i on damage;
however, as with a l p h a emit t er s , beta emit ters
are g e n e r a l l y more hazardous when they are
inhal ed or inge s t ed . Beta p a r t i c l e s travel
a p p r e c i a b l e d i s t a n c e s in air, but can be reduced
or s t o p p e d by a layer of c l o t h i n g or by a few
m i l l i m e t e r s of a substance such as aluminum.

G a m m a Rays
Like v i s i b l e l i g h t and x rays, gamma rays are
w e i g h t l e s s pa cke t s o f energy c a l l e d pho ton s .
Gamma rays o f t e n accompany the emission of
a l p h a or beta p a r t i c l e s f r o m a nucleus. T h e y
have nei ther a charge nor a mass and are very
pene t ra t ing . One source of gamma rays in the
environment is n a t u r a l l y occurring
potassium-40. Manmade sources i n c l u d e
p l u t o n i u m - 2 3 9 and cesium-137. Gamma rays
can e a s i l y pas s c o m p l e t e l y through the human
body or be absorbed by t i s s u e , thus c o n s t i t u t i n g
a rad ia t i on hazard for the entire body. Several
f e e t of concrete or a few inches of lead may be
required to s t o p the more energetic gamma
rays.

X R a y s

X rays are high-energy p h o t o n s produced by
the in t e rac t i on of charged p a r t i c l e s with matter.
X rays and gamma rays have e s s e n t i a l l y the
same p r o p e r t i e s , but d i f f e r in or ig in; i.e., x rays
are emi t t ed f r om proces se s o u t s i d e the nucleus,
w h i l e gamma rays or ig ina t e in s i d e the nucleus.
T h e y are g e n e r a l l y lower in energy and
t h e r e f o r e l e s s p e n e t r a t i n g than gamma rays.
L i t e r a l l y t h ou sand s of x-ray machines are used
d a i l y in medic ine and indu s t ry for
e xamina t i on s , i n s p e c t i o n s , and proces s
c o n t r o l s . X rays are a l so used for cancer
t h e r a p y to d e s t roy m a l i g n a n t c e l l s . Because o f
t h e i r many uses, x rays are the s i n g l e large s t



source of manmade r a d i a t i o n exposure. A few
m i l l i m e t e r s of lead can s t o p medi ca l x rays.

P e n e t r a t i n g Powers o f A l p h a & Beta P a r t i c l e s
& Gamma Rays

P e n e t r a t i n g Powers o f I o n i z i n g R a d i a t i o n
Source s o f R a d i a t i o n

N a t u r a l Radia t i on
H u m a n s are p r i m a r i l y exposed to natural
rad ia t i on f r om the sun, cosmic rays, and
n a t u r a l l y occurring rad ioac t iv e e l ement s f o u n d
in the earth's crust. Radon, which emanates
f rom the ground, is another impor tant source of
natural rad ia t i on . Cosmic rays f r om space
i n c l u d e energetic pro t on s , e l e c t rons , gamma
rays, and x rays. The primary radioac t ive
e l ement s f ound in the earth's crust are uranium,
thorium, and po ta s s i um, and th e i r radioact ive
der ivat ive s . T h e s e e l ement s emit a l p h a and beta
p a r t i c l e s , or gamma rays.
Manmade R a d i a t i o n
R a d i a t i o n is used on an ever increas ing scale in
medic ine , d e n t i s t r y , and industry. Main users of
manmade r a d i a t i o n i n c l u d e : medical f a c i l i t i e s
such as h o s p i t a l s and p h a r m a c e u t i c a l f a c i l i t i e s ;
research and t ea ch ing i n s t i t u t i o n s ; nuclear
reactors and the ir s u p p o r t i n g f a c i l i t i e s such as
uranium m i l l s and f u e l p r e p a r a t i o n p l a n t s ; and
F e d e r a l f a c i l i t i e s involved in nuclear weapons
p r o d u c t i o n as part of th e i r normal opera t i on .
Many of these f a c i l i t i e s generate some
r a d i o a c t i v e waste; and some release a
c o n t r o l l e d amount of rad ia t i on into the
environment. R a d i o a c t i v e m a t e r i a l s are also
used in common consumer p r o d u c t s such as
d i g i t a l and l u m i n o u s - d i a l wr i s twa t ch e s , ceramic
g l a z e s , a r t i f i c i a l t e e t h , and smoke de t e c t or s .

H e a l t h E f f e c t s o f R a d i a t i o n E x p o s u r e



D e p e n d i n g on the l eve l of expo sure , r a d i a t i o n
can pose a h e a l t h risk. It can a d v e r s e l y a f f e c t
i n d i v i d u a l s d i r e c t l y exposed as wel l as their
descendants . Radiat ion can a f f e c t c e l l s o f the
body, increasing the risk of cancer or harmfu l
genet i c muta t i on s that can be pas sed on to
f u t u r e generat ions; or, if the do sage is large
enough to cause massive t i s sue damage, it may
lead to dea th w i t h i n a few weeks of exposure.
You can read more about the h e a l t h e f f e c t s
f r om exposure to i o n i z i n g r a d i a t i o n f r om the
f o l l o w i n g f a c t sheet.

S u g g e s t e d R e a d i n g
To learn more about r a d i a t i o n , we sugges t you
read the f o l l o w i n g books:

• Cember, H. I n t r o d u c t i o n t o H e a l t h
Phys i c s . New York: Pergamon Press,
1983.

• Martin, A. and H a r b i s o n , S.A. An
I n t r o d u c t i o n to R a d i a t i o n Prot e c t i on . 3rd
ed. London: Chapman and Hall, 1986.

• S h a p i r o , J . R a d i a t i o n Pro t e c t i on .
Cambridge: Harvard U n i v e r s i t y Press,
1972.
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I o n i z i n g R a d i a t i o n F a c t s h e e t S e r i e s : N o . 2
Ionizing radiation can cause changes in the
chemical balance of c e l l s . S o m e of those
changes can result in cancer. In add i t i on , by
damaging the genetic material (DNA)
contained in all c e l l s of the body, ionizing
radiation can cause harmful genetic mutations
that can be passed on to fu tur e generations.
Exposure to large amounts of radiation, a rare
occurrence, can cause sickness in a few hours
or days and death wi th in 60 days of exposure.
In extreme cases, it can cause death within a
few hours of exposure.
Sourc e s of Expo sur e

The ioniz ing r a d i a t i o n s of primary concern are
alpha and beta p a r t i c l e s , gamma rays, and x
rays. A l p h a and beta p a r t i c l e s and gamma rays
can come from natural sources or can be
t e c h n o l o g i c a l l y produced. Most of the x-ray
exposure p e o p l e receive i s t e c h n o l o g i c a l l y
nroduced. N a t u r a l r a d i a t i o n comes from cosmic



external sources, r a d i a t i o n expo sure can occur
i n t e r n a l l y by i n g e s t i n g , i n h a l i n g , i n j e c t i n g , or
absorbing rad ioac t iv e mater ial s . Both external
and internal sources may irradiat e the whole
body or a por t i on of the body. The amount of
rad ia t i on exposure is u s u a l l y e xpr e s s ed in a unit
c a l l e d m i l l i r e m (mrem). hi the Uni t ed S t a t e s ,
the average person is exposed to an e f f e c t i v e
dose equivalent of a p p r o x i m a t e l y 360 mrem
(who l e-body expo sure) per year from all
sources (NCRP Report No. 93).

R e s u l t s o f Expo sur e
I o n i z i n g radiat ion a f f e c t s p e o p l e b y d e p o s i t i n g
energy in body tissue, which can cause cell
damage or c e l l death. In some cases there may
be no e f f e c t . In other cases, the ce l l may
survive but become abnormal, either
t emporar i ly or p ermanent ly , or an abnormal cell
may become malignant. Large doses of
radia t ion can cause extensive c e l l u l a r damage
and result in death. W i t h smal l er doses, the
person or par t i cu lar irradiated organ(s) may
survive, but the c e l l s are damaged , increasing
the chance of cancer. The extent of the damage
d e p e n d s upon the total amount of energy
absorbed, the time period and dose rate of
exposure, and the par t i cu lar organ(s) expo s ed .
Evidence of injury from low or moderate doses
of rad ia t i on may not show up for months or
even years. For leukemia, the minimum time
period between the radiat ion exposure and the
appearance of disease (latency p er i od) is 2
years. For s o l id tumors, the latency period is
more than 5 years. The type s of e f f e c t s and
their p r o b a b i l i t y of occurrence can depend on
whether the exposure occurs over a large part
of a person's l i f e s p a n (chronic) or during a very
short port ion o f the l i f e s p a n (acut e). It should
be noted that all of the h ea l th e f f e c t s of
exposure to radiat ion can also occur in
unexpo s ed p e o p l e due to other causes. A l s o ,
there is no d e t e c t a b l e d i f f e r e n c e in appearance
between rad ia t i on induced cancers and gene t i c
e f f e c t s and those due to other causes.



C h r o n i c E x p o s u r e
Chronic exposure is continuous or intermit tent
expo sure to low l e v e l s of r a d i a t i o n over a l ong
period of time. Chronic exposure is considered
to produce only e f f e c t s that can be observed
some time f o l l o w i n g in i t i a l exposure. T h e s e
in c lude genetic e f f e c t s and other e f f e c t s such as
cancer, precancerous l e s i on s , benign tumors,
cataracts , skin changes, and congenital d e f e c t s .

A c u t e Expo sur e
Acute exposure is exposure to a large, s ingl e
dose of rad ia t i on , or a series of doses , for a
short period of time. Large acute doses can
result f rom accidental or emergency exposures
or f rom spec ia l medical procedures (radia t i on
therapy). In most cases, a large acute exposure
to radiation can cause both immediate and
delayed e f f e c t s . For humans and other
mammals, acute exposure, if large enough, can
cause rapid deve lopment of radiation sickness,
evidenced by gastrointes t inal d i sorder s ,
bacterial i n f e c t i o n s , hemorrhaging, anemia, lo s s
of body f l u i d s , and e l e c t r o l y t e imbalance.
Delayed biological e f f e c t s can include
cataracts, temporary s t e r i l i t y , cancer, and
genetic e f f e c t s . Extremely high l e v e l s o f acute
radiat ion exposure can result in death within a
few hours, days or weeks.

Risks o f H e a l t h E f f e c t s
All p e o p l e are chronically exposed to
background l e v e l s of radiation present in the
environment. Many p e o p l e also receive
a d d i t i o n a l chronic exposures and/or r e la t iv e ly
small acute exposures. For p o p u l a t i o n s
receiving such exposure s , the primary concern
is that radiation could increase the risk of
cancers or harmfu l genetic e f f e c t s .
The p r o b a b i l i t y of a radiation-caused cancer or
genetic e f f e c t i s related to the t o t a l amount of
radia t ion accumulated by an i n d i v i d u a l . Based
on current s c i e n t i f i c evidence, any exposure to



r a d i a t i o n can be h a r m f u l (or can increase the
risk of cancer); however, at very low
exposures , the e s t imated increases in risk are
very small . For this reason, cancer rates in
p o p u l a t i o n s receiving very low doses of
rad ia t i on may not show increases over the rates
f o r unexposed p o p u l a t i o n s .
For in f ormat i on on e f f e c t s at high l e v e l s of
exposure, s c i e n t i s t s l a r g e l y depend on
e p i d e m i o l o g i c a l data on survivors of the
J a p a n e s e atomic bomb exp lo s i ons and on
p e o p l e receiving large doses o f radia t ion
m e d i c a l l y . T h e s e data demonstrate a higher
incidence of cancer among exposed i n d i v i d u a l s
and a greater p r o b a b i l i t y of cancer as the level
of exposure increases. In the absence of more
direct i n f o r m a t i o n , that data is also used to
es t imate what the e f f e c t s could be at lower
exposures. Where questions arise, s c i ent i s t s try
to e x t r a p o l a t e based on in f ormat i on obtained
from laboratory experiments , but these
e x t r a p o l a t i o n s are acknowledged to be only
estimates. For radon, s c i en t i s t s l a r g e l y depend
on data col l ec ted on underground miners.
P r o f e s s i o n a l s in the radia t ion p r o t e c t i o n f i e l d
p r u d e n t l y assume that the chance of a f a t a l
cancer from radiat ion exposure increases in
propor t i on to the magnitude of the exposure
and that the risk is as high for chronic exposure
as it is for acute exposure. In other words, it is
assumed that no radiat ion exposure is
c o m p l e t e l y risk free.

S u g g e s t e d R e a d i n g
The f o l l o w i n g books are p o s s i b l e sources for
more in-dep th i n f o r m a t i o n on the hea l th e f f e c t s
of radiat ion exposure.

• Decker, F., Editor. Cancer - Volume I:
Plenum P r e s s - 1 9 7 5 .

• S h a p i r o , J . Radia t ion Protec t ion - Second
Edition: Harvard Universi ty Press, 1981.

• Turner, J. A t o m s , Radiat ion, and
Radiat ion Pro t e c t i on: Pergamon Press,
1986.



I o n i z i n g Radia t i on Expo sur e o f th e
P o p u l a t i o n o f t h e U n i t e d S t a t e s -
( N C R P Report N o . 93): N a t i o n a l Counc i l
on Radiat ion P r o t e c t i o n and
Measurements, 1987.
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S o u r c e s o f R a d i a t i o n E x p o s u r e
F r o m : N C R P R e p o r t N o . 9 3

Other
- O c c u p a t i o n 0.3%- Fallout < 0.3%- N u c l e a r F u e lC y c l e 0.1%
- M i s c . 0.1%

D Radon ( 5 5 % )i l l N a t u r a l S o u r c e s ( e x c l u d i n g R a d o n ) (26%)• M e d i c a l X-rays ( 1 1 % )• N u c l e a r M e d i c i n e (4%)IH C o n s u m e r P r o d u c t s (3%)M Other (<1%)
Any release of rad i oa c t iv e mater ia l is a p o t e n t i a l source ofr a d i a t i o n e xpo sure t o t h e p o p u l a t i o n . I n a d d i t i o n t o expo suref r o m ex t ernal sources, r a d i a t i o n expo sure can occuri n t e r n a l l y b y i n g e s t i n g , i n h a l i n g , i n j e c t i n g , o r ab s orb ingrad ioac t iv e m a t e r i a l s . Both ex t ernal and in t e rna l sourcesmay i r r a d i a t e the who l e body or a por t i on of the body. Theamount of r a d i a t i o n expo sure is u s u a l l y expre s s ed in a unitc a l l e d m i l l i r e m (mrem). I n t h e U n i t e d S t a t e s , t h e averageperson is e xpo s ed to an e f f e c t i v e dose equ iva l en t ofa p p r o x i m a t e l y 360 mrem ( w h o l e - b o d y e x p o s u r e ) per yearf r o m a l l sources ( N C R P Report N o . 93).

R e s u l t s o f Expo sure
I o n i z i n g r a d i a t i o n a f f e c t s p e o p l e b y d e p o s i t i n g energy i nb o d y t i s s u e , which can cause c e l l d a m a g e or c e l l d ea th . Insome cases there may be no e f f e c t . In other cases, the c e l lmay survive but become abnormal , e i th er t e m p o r a r i l y orp e r m a n e n t l y , or an abnormal c e l l may become m a l i g n a n t .Large doses of r a d i a t i o n can cause ex t en s ive c e l l u l a rdamage and resul t in d ea th . W i t h s m a l l e r dose s , the personor p a r t i c u l a r i r r a d i a t e d o r g a n ( s ) may survive, but the c e l l sare d a m a g e d , increa s ing the chance of cancer. The extentof the damage d e p e n d s upon the t o t a l amount of energyabsorbed, the t ime per iod and dose rate of expo sure , andt h e p a r t i c u l a r o r g a n ( s ) e xpo s ed .
Evidence of i n j u r y f r o m low or moderate doses of r a d i a t i o nmay not show up for month s or even years. For l e u k e m i a ,the min imum t ime period between the r a d i a t i o n expo sureand the a p p e a r a n c e of d i s ea s e ( l a t e n c y p e r i o d ) is 2 years.For so l id tumors, the latency period is more than 5 years.The t y p e s o f e f f e c t s and t h e i r p r o b a b i l i t y o f occurrence cand e p e n d on whe ther the expo sure occurs over a l a r g e part ofa per son' s l i f e s p a n ( c h r o n i c ) or d u r i n g a very short p o r t i o n o ft h e l i f e s p a n ( a c u t e ) . I t s h o u l d b e noted tha t a l l o f t h e h e a l t he f f e c t s of e x p o s u r e to r a d i a t i o n can a l s o occur in unexpo s edp e o p l e due to other causes. A l s o , there i s no d e t e c t a b l ed i f f e r e n c e in appearance between radiat ion induced cancersand g e n e t i c e f f e c t s and those due to o ther causes.

C h r o n i c E x p o s u r e
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C h r o n i c e x p o s u r e i s c o n t i n u o u s or i n t e r m i t t e n t e x p o s u r e tolow l e v e l s o f r a d i a t i o n over a l o n g p e r i o d o f t ime. C h r o n i cexposure is considered to produce o n l y e f f e c t s that can beobserved some t i m e f o l l o w i n g i n i t i a l e xpo sur e . T h e s ei n c l u d e g e n e t i c e f f e c t s and o ther e f f e c t s such a s cancer,precancerous l e s i on s , benign tumors, cataracts, skinc h a n g e s , and c o n g e n i t a l d e f e c t s .
A c u t e E x p o s u r e

A c u t e e xpo sur e i s e xpo sur e to a l a r g e , s i n g l e dose ofr a d i a t i o n , or a series of do s e s , for a short p er i od of t ime.L a r g e acute doses can r e su l t f r o m a c c i d e n t a l or emergencyexpo sure s or f r o m s p e c i a l med i ca l pro c edure s ( r a d i a t i o nt h e r a p y ) . In most cases, a l a r g e acute exposure to r a d i a t i o ncan cause both immedia t e and d e l a y e d e f f e c t s . For humansand o ther m a m m a l s , acute e x p o s u r e , if l a r g e e n o u g h , cancause r a p i d d e v e l o p m e n t o f r a d i a t i o n s icknes s , evidencedby g a s t r o i n t e s t i n a l d i s order s , bacterial i n f e c t i o n s ,h e m o r r h a g i n g , anemia, l o s s o f body f l u i d s , and e l e c t r o l y t eimba lanc e . Delayed b i o l o g i c a l e f f e c t s c a n i n c l u d e ca tarac t s ,t e m p o r a r y s t e r i l i t y , cancer, and gene t i c e f f e c t s . E x t r e m e l yh i g h l e v e l s of acute r a d i a t i o n expo sure can resul t in d e a t hw i t h i n a few hours, days or weeks.
Risks o f H e a l t h E f f e c t s

All p e o p l e are c h r o n i c a l l y exposed t o background l e v e l s o frad ia t i on present in the environment. M a n y p e o p l e a l soreceive a d d i t i o n a l chronic exposure s a n d / o r r e l a t i v e l y s m a l lacute exposures . For p o p u l a t i o n s rece iving such expo sure s ,the pr imary concern is that radiat ion could increase the riskof cancers or h a r m f u l genet i c e f f e c t s .
The p r o b a b i l i t y of a radia t ion-caused cancer or gene t i c e f f e c tis r e la t ed to the t o t a l amount of r a d i a t i o n a c cumula t ed by ani n d i v i d u a l . Based on current s c i e n t i f i c evidence, anyexposure to r a d i a t i o n can be h a r m f u l (or can increase therisk of cancer); however, at very low expo sure s , thee s t imat ed increases in risk are very s m a l l . For t h i s reason,cancer rates in p o p u l a t i o n s receiving very low doses ofradiat ion may not show increases over the rates forunexposed p o p u l a t i o n s .
For i n f o r m a t i o n on e f f e c t s at h i g h l e v e l s o f e xpo sure ,s c i e n t i s t s l a r g e l y d e p e n d on e p i d e m i o l o g i c a l d a t a onsurvivors of the J a p a n e s e atomic bomb e x p l o s i o n s and onp e o p l e rece iv ing l a r g e doses o f r a d i a t i o n m e d i c a l l y . T h e s edata d e m o n s t r a t e a h i g h e r inc idence of cancer amongexpos ed i n d i v i d u a l s and a greater p r o b a b i l i t y of cancer asthe level of e xpo sure increases. In the absence of moredirect i n f o r m a t i o n , that data is also used to e s t imate whatthe e f f e c t s could be at lower exposures . W h e r e que s t i on sarise, s c i e n t i s t s try to e x t r a p o l a t e based on i n f o r m a t i o nobtained f r o m l a b o r a t o r y e x p e r i m e n t s , but thesee x t r a p o l a t i o n s are a c k n o w l e d g e d to be o n l y e s t imat e s . Forradon, s c i e n t i s t s l a r g e l y d e p e n d on d a t a c o l l e c t e d onunderground miners. P r o f e s s i o n a l s in the r a d i a t i o np r o t e c t i o n f i e ld p r u d e n t l y assume that the chance o f a f a t a lcancer f r o m r a d i a t i o n e xpo sur e increases in p r o p o r t i o n tothe m a g n i t u d e of the exposure and tha t the risk is as h i g h for
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chronic e x p o s u r e a s i t i s f o r acute e x p o s u r e . In o th e r word s ,i t i s as sumed t h a t no r a d i a t i o n e x p o s u r e i s c o m p l e t e l y r i skf r e e .
S u g g e s t e d R e a d i n g

T h e f o l l o w i n g books a r e p o s s i b l e sources f o r more i n - d e p t hi n f o r m a t i o n on the h e a l t h e f f e c t s o f r a d i a t i o n exposure.
• Becker, F . , E d i t o r . Cancer - V o l u m e I : P l e n u m Pres s-1975.• S h a p i r o , J . R a d i a t i o n P r o t e c t i o n - Second E d i t i o n :H a r v a r d U n i v e r s i t y Press, 1981.• T u r n e r , J . A t o m s , R a d i a t i o n , a n d R a d i a t i o n P r o t e c t i o n :Pergamon Press , 1986.• I o n i z i n g R a d i a t i o n E x p o s u r e o f the P o p u l a t i o n o f theU n i t e d S t a t e s -( N C R P Report N o . 93): N a t i o n a l Counc i l o n R a d i a t i o nProt e c t i on and M e a s u r e m e n t s , 1987.
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