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631 PARK AVENUE
KING OF PRUSSIA, PENNSYLVANIA 19406

FEB 51974 -

‘Nuclear Metals, Inc. . LicenSe-No. SNM-65

- SMB-179
Inspection No. 70-82/73-05
40-672/73-02

findings held by |._

Gentlemen:

This refers to the inspection conducted by __l | of. this office
on b 1973 and. | 1974 of activities authorized
by AEC L1cense Nos. SNM-65 and SMB 179 and to the discussions of our
hnd to subsequent telephone
on i 1974 and
1974. '

dlscu351ons between
between |

Areas examined during this 1nspect10n are described in the Regulatory
Operations Inspection Repotrt which is enclosed with this letter. Within
these areas, the inspection consisted of selective examinations of
procedures and representative records, interviews with personnel,
me surements made by the 1nspector,'and obsetrvations by the inspector.
In addition, your activities in response to telephone conversations

| confirmed by our letter to you dated

bl 1974 were reviewed.

Our inspector also verified the,steps you had taken to correct the - :
violatiofis brought to your attention in our letters dated | ~ ] 1973
and E 1973. We have no further questions regarding Items.
l.a, 1.b, 1l.¢c, and l.e of Enclosure 1 and Items l.c, 2, 3, and 4 of
Enclosure 2 to the | ~ | 1973 letter; and Item 2 of the Enclosure

.to the , 1973 letter. With regard to Items 1.b, l.c, 1.d and

2 'of Enclosure 1 to this letter, we note that you had taken steps to
correct these violations but your evaluations were 1nadequate in that
they failed to 1nc1ude provisions to cover beta and gamma rad1at10n.

During this 1nspect10n, it was found that certaln of your activities
appeared to be in violation of AEC requirements, and another act1v1ty
appeared to raise a question concerning the safety of operations.

- The items and references to the pertinent requirements and to generally

accepted guidance are listed in the enclosure to this letter. This
letter constitutes a notlce sent to :you pursuant to the provisions

of Section 2.201 of the AEC's "Rules of Practice'", Part 2, Title 10,
Code of Federal Regulations. Section 2.201 requires you to submit

to this office within 20 days of your receipt of this notice, a written’
statement of explanation in reply, including: (1) steps which have
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been or will be taken by you to correct the violations, and the

results achieved; (2) steps which will ‘be taken to avoid further

violations; and (3) the date when full compliance will be achieved.
With respect to the question concerning safety of operations, please

‘include in your response your comments concerning this item, a -

description of any steps that have been or will be taken to correct
it, a description of any steps that have been or will be taken to
prevent recurrence, and the date all correctlve actions or preventlve
measures were or will be completed. -

Durlng the management meetlng with you on P} __l |

L | detailed our enforcement policies and expressed our concern

' about the implementation of your management control systems that.

permitted these deficiencies to occur. Consequently, in your reply,
you should describe in particular these actions taken or planned to
improve the effectiveness of your management control systems as you
described during the meetlng

In accordance with Section 2.790 of. the AEC's "Rules of Practice",
Part 2, Title 10, Code of Federal Regulations, a copy of this 1etter
and the enclosed inspection report will be placed in the AEC's Public
Document Room. If this report contains any information that you (or
your contractor) believe to be proprietary, it is necessary that’ you
make a written application within 20 days to this office to withhold

‘such information from public_ disclosure. Any such application must

include a full statement of the reasons on the basis of which it is -
claimed that the information is proprietary, and should be prepared so
that proprietary information identified in the application is contained
in a separate part of the document. If we do not hear from you in this
regard within the specified perlod ‘the report w111 be placed in the

Pub11c Document Room.

“Should you have any questions concernlng this inspection, we w111 be.

pleased to discuss them with you.

Enclosure:

Description of Violations .

RO Inspectlon Report No. 70-82/73-05 and /
- , ~ 40-672/73-02

ol g e A0







ENCLOSURE NO. 1

DESCRIPTION OF VIOLATIONS

. ‘Nuclear Metals, Incorporated

72229 Main Street
‘Concord, Massachusetts 01781

':Docket No. 40-672

.;Certainiactivities under your license appear to be in violation with AEC
“regulations. The following apparent v1olat10ns are considered to be of

'+ Category II severity. : , ,

'.jl-

10 CFR 20.201(b), "Surveys", requires that surveys be conducted as -
may be necessary to comply with the regulations contained in each

section of Part 20. A "survey", as defined in Paragraph 20.201(a),

- means "an evaluation of the radiation hazards incident to productioi,

use, release, disposal, or presence. of radioactive materials or

-other sources of radiation under a specific set of conditioms.

When approprlate, such evaluation includes a physical survey of’

the’ location of materials and equipment, and measurements of
 levels of radiation or concentrations of radioactive materials
‘present'’.

‘a. Contrary to this requirement, you failed to make such surveys

as were necessary to assure compliance with 10 CFR 20. 101(a),
 "Exposure of individuals to radiation in restricted areas"

a regulation which, in part, establishes a quatrterly 1imit

for dose to the hands. Specifically, you failed to conduct
"adequate evaluations of the hand exposures to all forms of

radiation incurred by your employees through use of gloves

contaminated with beta-gamma emitting material and through

direct handling of uranium-238. :

'ba COntrary to this requirement, you failed to make such surveys

as were necessary to assure that employees exposed to airborne
uranium-238 and associated alpha, beta and gamma emitting
daughters were not exposed to concentrations exceeding those
.specified in 10 CFR 20.103, "Exposure of individuals to
concentrations of radioactive material in restricted areas".
Specifically, the surveys you conducted did not measure
alpha and beta-gamma concentrations in workers' bteathing
- zones. This is an uncorrected violation.

‘Cy Contrary to this requ1rement, you failed to make such surveys

" as were necessary to assure that effluents released from your
stacks did not contain concentrations exceeding those
specified in 10 CFR 20, 106, '"Concentrations in effluents
. to unrestricted areas".: Spec1f1ca11y, the surveys you conducted
did not include analys1s for beta-gamma emitting materials
resulting from your process., This is an uncorrected violation:
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Contrarj to this requirement, yon failed to make such surveys
as were necessary to assure compliance with 10 CFR 20 106,

2 "Concentrations in effluents to unrestricted areas", a regulatiéii.

that in part, limits the yearly average concentration of
radioactive material contained in’ liquids discharged from your
plant to the unrestricted areas. Spec1f1cally, the surveys
which you did conduct of your liquid waste, resulting from the
dissolutlon of copper from uranium-238, prior to its disposal
to a bag on your property, did not include measurement of

_beta-gamma emitting materials which may have been present.

This is an uncorrected violation.

Condition 8 of the license requires that material possessed and used
in accordance with procedures submitted with your license application

~dated February 26, 1969. Section II of these procedures is entitled
" "Health and Safety". It specifies, among others, the requirement

o shown below:

Environmental water and soil samples ‘'will be collected and
analyzed annually :

Contrary to this requirement, the énvironmental water and soil

samples collected were not analyzed for the concentration of béta-gatma
emitting materials whlch may have been pPresent.

v1olat10n

-

‘This is an uncortected




ENCLOSURE NO. 2

DESCRIPTION OF SAFETY ITEM

Nuclear Metals, Inc.

2229 Main Street

Concord, Massachusetts 01742
Docket No. 40-672

Accepted radiological safety practices dictate that radioactive
contamination be controlled to the lowest level practicable. For
example, the National Council on Radiation Protection and Measuremernts S
in its Report 30 "Safe Handling of Radioactive Materials", clearly S
advocates this principle. : : -

Contrary to this. generally accepted practlce, you failed to identify
and control contamination and particularly that due to beta and gamma
emitting radionuclides associated with your depleted uranium operation.
, This failure lead to the spread of contamination outside. the confines
of the immediate work area into office and other non-manufacturing
areas. In a few cases, contamination was carried out of the plant o
on the personal clothing of employees. : —

Among other things, you failed to routinely survey individuals to
determine that they were free of alpha, beta and gamma contamination
mpon leaving the work area and before undertaking such activities

as eating or smoking. This situation was noted on our last inspecétiom.

To assure en'acceptable contamination control prégram, one must:
"l. Establish an area of control.

2, Implement procedures (including the use of protective clothing
: and instruments) for. entering, conducting operatlons, and

exiting from the controlled area.

3. Routinely monltor uncontrolled areas at a frequency adequate
to detect 51gn1f1cant contamination spread,.

employee ingestion is not occurr;ng

T A S SHENY I T T
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_] T ls [Facilities Radiation Protection Section, RO:I

. INSPECTOR EVALUATION

Nuclear Metals, Inc.

2229 Main Street

Concord, Massachusetts 01742
License Nos. SNM-65 and SMB-=179

The licensee's SNM program is being deactivated. It may be reactivated
in about seven years. No significant problems were apparent.

An inspection conducted in | 1973 indicated a beta—gamma contamination
problem in association with the depleted uranium program. Apparently,

we failed to impress the licensee concerning the problem and it was not
brought under control. Consequently, the licensee is again being cited
for the whole gamet of survey v1olat10ns.

I blame the safety offlce
of this plant. He was made well aware of beta-gamma contamination
problems on the previous inspection. ' Either he ignored it or he didn't
get the message. 'Until about a year ago he was a technician with no
knowledge of health physics and he doesn't appear to have improved hisg
‘knowledge sinte he was made Safety Officer. appears to be
‘quite knowledgeable but was not directly involved in the previous
inspection. He is now Manager, Health and Safety and also Manager,
Quality Control. I get the imnression he doesn't want to he hotherad .
' with radiation safety. BothT
lvwere .aware that uranium-238 daughter products were concentrated in the
“impurities resulting from melting the uranium.

It wiil take more thaJ to straighten out this operation. He
can't conduct a decent survey. Let's give the licensee a month to

-Straighten thlngs out and then 1nspect them again to see how well they
have done.

A

ke ] o e ) A s A 5 s e

pr1mar11y for the deplorable situation

S - . .
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V. S. ATOMIC ENERGY COMMISSION

DIRECTORATE OF REGULATORY OPERATIONS

REGION I .

e . _ 70-82

RO Inspection Report No.: _70- 82/73-05 and 40- 672/73 02 vDocket No.: 40-672
S SNM~65 -
Licensee: Nuclear Metals, Incox:porated - License No.: SMB- 179 )
2229 Main Street | - ‘Priority: 1 and 3 }_
Category: _& (1J6E

'Ipcation: - Concord, Massachugetts
: T}'pc of Licensee: Fuel Fabricator and 'Pfoduc’t Manufacturer .. |

Type of Inspection: Routine, Unannounced S . .
Dates of Inspection: December 27-28,°1973 January 8-9, 1974

Dates of Previous Inspection: _]

' :-i?l;incip‘al- Inspector:

. - (/ ‘ ° .
Accompanying Inspectors:
. ‘J . 7 ' k Date

'Other Accomnanuine Parcann

Rcviewed B

-I.‘\ .
) .




SUMMARY OF FINDINGS

Enforcement Action

A,

Violations

1. - Failure to evaluate the dose to hands of individuals handling

'uranium-238 and wearing gloves contaminated with uranium-238
and its daughter products. (Deétails, Paragraph 12a and b)

| Continuing Violations

" The material presented below is organized in the following order:

(1) The violation as contained in the Region I letter dated
1973; (2) The corrective action reported in the licensee's reply

~dated 1973; and (3) a brief statement of the inspectorls

findin

1. "... you failed to make such surveys as were necessary to assure
that employees at risk of exposure to airborne uranium-238 were

‘not exposed to concentrations exceeding those specified in 10 CFR 20. 103

'Exposure of 1nd1viduals to concentrations of radioactive material i
restricted areas'. You did make surveys that were intended to achieve
‘this objective but these surveys did not measure the airborne
concentrations in the workers' breathing zones."

"Corrective Action Taken

Our method of continuous inplant monitoring as described in our liceénse
application has been in effect for several years. Our sampling

heads are located from six to eight feet above the floor, and sample
air just above the breathing level of personnel. Program of air
monitoring will continue, under new schedule/calendar control.

Special air samples will be taken during June to provide data

‘for correlation with normal sampling stations. This will be doiié

periodically with portable air samplers.

The inspector examined the corrective action taken and noted that»b
the air sampling perfOrmed measured only alpha activity and did
not measure workers' breathing zone air. (Details, Paragraph 9)

2. "Filters from stack. air monitoring samplers will be collected
monthly and analyzed to assure compliance with requirements-
of 10 CFR 20 106 Concentrations in effluents to unrestricted.
areas'

Contrary to this requirement, your air sample‘filters were -
collected and analyzed only once between
1972." -

!
|
N
i
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"Corrective Action Taken

Stack air monitorlng samples have been taken, analyzed and
recorded each month since 72 "

The inspector examined the corrective’action taken and noted
that the stack samples were taken at the indicated intervals .
but were counted only for alpha radiation. (Details, Paragraph 10) -

"You failed to make such surveys as were necessary to assure

“compliance with 10° CFR 20.106, 'Concentrations in effluents

to unrestricted areas', a regulation that limits the yearly
average concentration of uranium-238 contained in the liquids

'_ discharged from your plant to the unrestricted areas. Specifically,

no surveys were made of liquid wastes, resulting from the
dissolution of copper from uranium—238 prior to its disposal

‘to. a bog on your property.

"Corrective Action Taken

OQur inplant plumbing system directs all. liquid wastes to outr

acid house disposal area. Our two-tank system allows the
treatment of wastes prior to dumping in the bog at the rear’

of the disposal facility. Samples of the contained effluent

are taken as the waste is treated from an acid to an alkaline
condition. This was achieved by adding lime in sufficient

amount to accomplish the approprlate PH reading.

Under this method, uranium content in the effluent is precipitated,
and remains on the bottom of the holding tank. . The tanks are
flushed, on reaching the proper PH level, above the level

of precipitates. '

We will take additional samples for analysis to supplement
our normal PH tests, :

"No dumping can take place without the approval;of the Safety

Department, after appropriate analyses have been made."

'The inspector examined the corrective action taken and noted

that the samples were analyzed only for uranium. (Details,
Paragraph 16a.)

"Environmental water and soil samples will be collected and
analyzed annually.

Contrary to this requirement, the only samples collected since
November 10, 1970 were collected December 28, 1971 and these
samples were not analyzed."




Jf”ce
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"Corrective Action Taken

" - Samples taken’ _71 were analyzed and report submitted by our

~consultant oﬂ '73. Samples taken 73 were analyzed and
- report submitted by our consultant on 73." :

v‘-The inspector'examined the corrective action taken and notedfthaﬁ
samples were evaluated only for uranium. (Details, Paragraph-11)

"Safetz Item

10 CFR 20.201(b); 'Serveys', requires you to make such surveys aé-

may be necessary for you to comply with all sections of Part 20.

Contrary to this requirement, you failed to survey individuals to
determined that they were free of contamination before eating,
'smoking or leaving the plant.,"

T

© "Corrective Action Taken

As a matter of company policy for many years, all employees have bééi

--given a five minute clean-up period before the lunch break, and

before quitting time. . This policy remains in effect.

New. ""NO SMOKING" signs are on order and will be posted appropriately,

B accompanied by a reaffirmation of company policy on the subject:

We have ordered a new electronic "frisking" device, as specified

‘by. our radiation consultant, to suit our needs. The unit is a

‘Model. RM-lS—Radiation Monitor with Alpha Scintillation Probe
Model AC-3B. :

" This unit will be installed at our employees' entrance in Building
. B, which is also near the factory first floor washroom. The unit
- will be available at all times during work hours to allow for self=

analysis before coffee breaks, lunch periods, and a final check on
the way home for factory and engineering personnel."

" The Inspector examined the corrective action taken and noted that
‘glthough the instrument had been obtained, it had not been installed

as indicated nor were employees required to use it and no arrangement
for beta-gamma surveys had been made. (Details, Paragraph 12a.)

Corrected Violations

The following violations contained in the Region I letter dated
April 23, 1973 were found corrected. :
1. Quarterly meetings and training sessions for fire brigade
members; the licensee stated quarterly meetings would be
held. The inspector verified the corrective action taken.
. (Details, Paragraph 3)
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Periodic health and.safety meetings; the liceénsee stated
periodic meetings would be held. The inspector verified .
the corrective action taken. (Details, Paragraph 4)

P/ .

3. Operational checks of hoods and sucker hoses; the licensee
stated that records of checks would be maintained. The inspector
verified the corrective action taken. (Details, Paragraph 5)

4. Periodic’'direct measurement surveys with gas proportional
counters; the licensee stated that periodic measurements
would be made. The inspector verified the corrective action
'taken. (Details,_Paragraph 6a.)

5. Records of transfer and disposal, the licensee stated that records

of transfer and disposal would be maintained. The inspector verified

the corrective action taken. (Details, Paragraph 13b.)

_ The following violation contained in the'Region I letter dated
‘ 1973 was found corrected.

6. Posting of notices to employees; the licensee stated that notices
would be posted stating where the regulations and license could
be examined. The inspector verified the corrective action taken.
(Details, Paragraph 14b. )

. Unusual Occurrences -

Measurements made by the inspector revealed that significant amournts of
undetected beta-gamma contamination existed in the work area. As a
result of this finding and management's statement that it could not be.

~guaranteed that employees alway$s changed into uncontaminated personal

clothing before leaving the plant, two inspectors revisited the plant

" and the residences of affected employees on‘ 1974 to

further evaluate the extent of contamination spread. (Details, Paragraph 18)

Other Significant Findings

‘A. Current Findings

The ‘licensee has fulfilled its current contract with Argonne
National Laboratory for fabrication of CP-5 reactor fuel elements.
The last production run was completed in 1973 and all
fuel elements have been shipped. This had been the licensee's
sole enriched uranium fuel element fabrication activity, and
renewal of.the contract is not anticipated for several years.

B. Status of Previously Reported Unresolved Items

Not appiicable

Management Interview

At the conclusion of the»inspection OJ 1973, a management

‘meeting was held with the following persons in attendance:
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. C. The need to survey for both alpha and beta*gamma-emiﬁtétS’Was

..At the conclusion of the inspectioh on 1974, a managemnent:

“\Nuclear Metals

The following subjects were discussed:

A. The violations found were discussed. Many existed because the
licensee failed to identify the existence of beta-gamma emitting S
radionuclides associated with the foundry operation. Mr. Jerman o
reiterated the violations to Mr. Tuffin in a phone conversation ' E
on| 1974. S |

B.. The use of lapel air samplers for determining exposure of,individualé
to airborne concentrations of radioactive material was discussed.

discussed.

meeting was held with the following in attendance:

Nuclear Metals .

State of Masséchuggtts Départmeht of Health'

The following subjects were discussed:

A. Results of residence and auto surveys : o .

B. Whole body counts for foundry employees. agreéd that
whole body counts would be made on the five foundry employees.

C.  The need to establish full contamination control. The inspectors
pointed out that they 'observed actions on the part of employees
which raised questions concerning the adequacy of the training .
they had received. Licensee management agreed further training was needed.




DETAILS

~ Individuals Contacted

Scope of Operations )

- ‘a. A licensee representative stated that the final fabrication

‘of CP-5 Reactor fuel elements under the current contract with-
Argonne National Laboratory was completed id 1973.

~This has been the only enriched uranium fuel fabrication conducted
by the licensee. There will be no additional need for fuel of
this type for several years. The uranium used in fuel element

" fabrication was fully enriched metal. It was extruded with
aluminum to make tubular -elements up to three inches in diametet.

b. Depleted uranium is melted in induction furnaces and molded into
shields for radioactive sources and into penetrators.

. Fire Brigade Meetings

The record of fire brigade meetings held was.examined. . The record

'shows that meetings were conducted on 1973; 1973
.and ‘ 1973. \— . » ‘

-

“Health and Safety Meetings

. record showed that checks were made on

Hood and‘Sucker'Hose Checks

The record of hood and sucker hose checks made was reviewed. The

1973. The. face velocity at all hoods and sucker hoses ranged.
from 1000 to 4500 1f/m.




6.  Direct keading Surveys

ae.

Records were examined and showed that 14 locations were routinely

surveyed directly with an alpha detection instrument (Eberline
Model RM-15). The survey was conducted monthly. Readings up

to 360 d/m were recorded. Records of a special survey

conducted on 973 showed 4500 d/m alpha on the foundry

‘podium- floor. A Iicensee representative stated that no beta-

.

gamma measurements were made.

" The inspector surveyed the foundry'area using a Model E-120

Eberling instrument with a GM end window probe with about

2 mg/cm” absorber. Dose rates up to 5 mR/hr at 1 cm were
measured on the floor. HoodSshowed up to 25 mR/hr. The
instrument was calibrated with cobalt-60, Galibration of the

- same model instrument with a ~uranium (natural) slab showed

that a correction factor of 6 should be applied for measuring
dose rates from uranium. (Refer to footnote 4 of table 3 fot a
discussion of instrument response.) '

7. Wipe Surveys

a.

Records were examined. for the period from
1973 and showed that wipes were taken mon

in the plant area. The wipes were counted only for alpha .
contamination. The maximum wipe showed 28.5 d/m alpha/lOOCmZ{
It was taken on the floor near the large door in the found¥y
area. o '

The inspector took wipes at Eén locations as indicated in
Table 1. The wipes were counted o 1974 using

_an Eberline Model SAC-4 for alpha c Eberline Model

LCS-1 with Eberline Model RD-14 Beta Detector for beta counting. -

- Figure 1 shows the location of the wipes by number:




' SMEAR NUMBER

NI—‘_

~NN w e~ W

O 0o

10

8-
TARLE 1

INSPECTOR SMEAR SAMPLE RESULTS

(For Locations See. Figure 1)

d/m beta-gamma

- LOCATION ‘ d/m alpha
Floor near tower (Foundry) 78
Inside side wall crucible hood' 270
(Foundry) v -
Step to tower (Foundry) 78
Floor of tower hood (Foundry) 189
Inside paint hood, side wall . 34
__ (Foundry) .
Floor near hack saw (Foundry) 25
Floor near exit to hall 6 -
- (Main shop. area)
Tower counter top (Foundry) 40
"Floor near entrance to shipping 6
‘and receiving area(Main
- Shop Area) E
Fléor in hall at reception room 9

(1) Footnote 4 of Table 3

10,105
11,224

17,559
S mR/h
705

4,256

686

5,331
335

148

(1

r.
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‘In-Plant Air Monitoring — Spécial Nuclear Material

ﬁ-plant air sampling records for fuel element fabrication operations

- were reviewed. The records showed that samples were collected and
--analyzed monthly from the eight in-plant stations. The maximum

concentration shown on the records was noted to have been 8.5 x 10~ -13

uCi/ml. Results for samples taken after| 1973, had not

been received from the contractor who supplies the analytical
service.

In-Plant Air Monitoring - Source Material

The inspector observed that two air sample stations in the foundry

area were in the same locations as observed during the inspection
conducted inl 1973, .One was located at the side of the hood
canopy (outside of the canopy air flow pattern), on the furnace

. platform and the other was about 8 feet above the foundry floor,

remote from where source material was processed. The air sample
records examined showed that samples were collected and analyzed -
for alpha monthly. The maximum concentration shown on the records

‘was noted to have been 818 x 10713 uci U-238/ml. The MPCa for

insoluble U-238 is 1x10 uCi/ml. Records also showed that on two
occasions a series of three air samples was taken with a portable
air sampler in the vicinity of work performed in the foundry area.

The first of these was on 1973 when samples were taken at

the furnace while lifting the urnace cover, while manipulating
the crucible. and "while burning'". The second series was on _
1973. The maximum sample showed a concentration of -

10.

11.

3.0 x 10712 uCi/ml. A licensee representative stated that the

samples- were only analyzed for alpha activity, with no ana1y51s

. for presence of beta or gamma radiation.

Surveys of Airborne Effluents

Examination of the stack air sampling records showed that saﬁpleg

had been collected from all stacks monthly since 1973.
Analyses showed the maximum concentration to be 9. x 10712 yci
alpha/ml from the E-30 stack during the period from to

1974. The MPCa for soluble uranium-238 is 3 x 10-12 _
dCi/ml. The average concentration for this stack and each of the
other stacks for ise twelve month period ending 1973 was
less than 3 x 107“ uCi/ml uranium-235 or uranium-Z38. Results
for samples removed at the end of November, 1973 had not been

received from the vendor. A licensee representative stated that
the stack air samples were analyzed only for alpha radiation.

Environmental Monitoring

Examination of environmental monitoring records showed that water
and soil samples collected from wells on the plant pronertv on
—1973 and from nearby streams and ponds o

1971 and 1973, were analyzed for uranium content.

The maximum concentrations of uranium found in well samples were
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0.075 ugms/ml of water and 8.9 ugms/gram of soil. The maximum

quantity ofuranlumfound in samples taken from locations off the
plant property were 0.020 ugms/ml of water and 8. 3 ugms /gram of

.soil.

Personnel Surveys

a.

A licensee representative stated that an Eberline Model RM-15"
alpha detector had been procured which the company intended to
install so that employees could monitor their persons.before
eating, smoking or leaving the plant. Instructions were given
to employees concerning proper use of the instrument. However,
the instrument was not installed and there was no requirement
that the employees use it. The instrument was used for direct
reading surveys in the entire plant area. Records examined
showed that on 1973 personnel in
the foundry area working with U-238 were spot checked for

clothing and hand contamination. As much as 1560 and 8400 d/m

alpha were found on. clothing and gloves, respectively. No
hand contamination was found. The shop employees continued

- to use plant issue shirts, trousers, shoes, socks, and gloves

but did not check their persons before eating, smoking or

" leaving the plant. No beta-gamma surveys of personnel were

conducted.

The inspector examined the foﬁndry'area where uranium-238
is processed. The shoes and clothing of two technicians were

"checked with an Eberline Model E-120.vwith an end window GM

probe containing about 1.8 mgr/cm2 end window. Readings

up to 5 mR/hr* and 2 mR/hr were found on shoes and clothing,

respectively. One technician stated he had used the canvas
gloves he was wearing for about five days. The reading

on the inside surface of the palm of the right glove (turned
inside out) was greater than 50 mR/hr at 2 cm. He produced
a pair of leather gloves which he stated he wore for one or
two days. The palm of the right glove (turned inside out)
showed 30 mR/hr at 2 cm. A licensee representative stated

- that finger TLD's had been used during June, July and August,
- 1973. Ten dosimeters were received for use each month. The

only positive result was for dosimeter #148 used during
June, 1973. It showed 270 mrem. The individual who wore
it was not identified. The licensee representative stated

_that the finger TLD's had not been used by personnel who worked

in the foundry area. It was noted by the inspector that
uranium-238 shields for which the theoretical surface dose
rate is 240 mrads/hr, were directly handled by personnel with -
and without the use of gloves. The licensee had done no other
evaluation of the radiation doses to employee's hands.

*See footnote 4 to table 3
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13.'Use of Licensed Materials

a.

The licensee's records of receipt, inventory and transfer of
licensed source material were examined. It was found that
source materials had been used for purposes authorized by
the license and that quantities possessed had not exceeded

" the quantities authorized.

Examiﬁation of the‘records of transfer of source material

showed that the quantity of material transferred was always
listed. A licensee representative stated that each customer
to whom source material products were transfered had been

- contacted to determine that the customer was authorized to

receive the material. Examinations of this correspondence
file showed that each customer to whom source material was
transfered was authorized to receive it.

Posting and Labeling

a,.

It was noted that the‘areas in which depleted uranium shields
were stored at which dose rates in excess of 5 mR/hr at 18 irnches

were measured, were posted with signs bearing the radiation

caution symbol and the words "Caution Radiation Area"

It was noted that notices were posted both in the lunch rooi

“and the shop area which informed personnel a copy of the

regulations and a copy of the 11cense could be obtained for
examination.

‘Personnel Monitdring

a.

The licensee's records of whole body radiation exposure for
1973 through November 30 were examined. The maximum exposure
received by any employee as indicated by film badge results was
1170 mrem, whole body exposure and 5970, skin of whole body
exposure. _ .

A licensee representative stated that film badges were checked

for the presence of contamination each time they were collected
for exchange of the film packets. No contamination was.found.
It was observed when examining film badge records that the
processor indicated the possibility of contamination on a few
badges.. In no case was the film not read.. The maximum reading

reported for film showing the contamination notation was 60 mrem.

It was observed that no.contamination notation appeafed for film

. used during the month of 1973.
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»f:;”fLG. Liquid Effluent Released to Unrestricted Areas

‘a.  Records showed that the acid used to dissolve the copper
‘. -~ sheath from —-7%~- "“anj ined to a bog on plant
_property on _1973. The 2000 gallons

* released on 1973 showed 0.68 ugms U=~238/ml and the . o

5000 gallons released on August 9, 1973 showed 3.85 ugms .ﬁ

. U-238/ml. The MPC is 119.2 ugms U-238/ml. A licensee '
. representative stated that the samples of neutrilized acid

taken were not analyzed for the concentration of radioactive

~ material other than U-238 such as the beta-gamma emitting
_uranium daughter products. '

‘b. Soil samples were taken from thé bog area;_ Records examinéd
‘ _showed the following results:

TABLE 2

EOG_SAMPLEfANALYS?SLRESULTﬁ

»e Tranjum/gm Soil

1973 1973 .

Soil from bog depression ' 1550 ° o 38 .

- Soil from edge of bog . 4 g 440 . - 18 ‘ §
Soil 30' east of bog. © 7325 38 -

"Soil 30' south of bog . , . 138 363

17. Bioassay

- Examination of bioassay records revealed that seven employees
submitted urine samples on| 1973 and that eleven employees

- submitted urine samples on 1973 all of which were analyzed.
The maximum results determined by the radiometric method and the
flourometric method were 81 and 25 dpm alpha/liter, respectively.
The previous urine samples were submitted on _1972. It appears
possible, based on the degree of contamination control exercised by
the licensee, that many of the samples submitted were contaminated.
This coupled with the inability to determine when an uptake was
received, if received, makes it apparent that it would be impossible

to establish the degree of internal deposition which occurred in any
case. : :

18, Status on 1974

In the Region I letter to the licensee dated 1974,
understandings regarding immediate actions taken by the licensee

-were listed. The actions stated in the letter are shown below
together with the findings of the inspectors.
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‘a. "You ceased uranium melting and casting operations on
' 1974 and do not intend to restart until the 7
situation has been resolved to your satisfaction and ours.".

The inspectors observed that no uranium melting and éastiﬁg
operations were being performed.

b. "You have surveyed the foundry area and undertaken extensive
cleanup operations. A restricted area has been established and-
contamination control procedures have been implemented."

‘The inspectors observed that the only activities conducted in
the foundry area were cleanup operations. A rope bdundary had
been established for the foundry area with appropriate signs.
Shoe covers and lab coats were supplied for assigned employees.
A step off procedure had been implemented. A thin end window
GM survey meter was provided at the boundary exit point.

¢. "You have instructed all involved employees'in personnel
contamination control methods and performed contamination
- 8urveys on them. . . :

1. A 1icensee represeritative stated that meetings had beeii

’ held with involved emploYees to instruct them in personnel
contamination control method and that contamination surveys
had been performed on them. A memo in regard to personnel
contamination control methods had been issured to employees

and was examined by the inspector. The following observatiofs

were made by the inspectors in regard to this item.

2. A foreman (employee C listed in Table 3 below)

was working in the foundry area when he was informed that

- the AEC inspectors located in the plant conference room,

-a non-controlled area; wished to see him. The purpose was
to initiate a home survey. His response was to go directly
to the Conference Room in. the '"work clothes" he was wearing
at the moment, 'despite the fact that he knew these clothes
were possibly coq}aminated He was monitored by an inspectotr
who found up to 3 mR/hr on the soles of his shoesggup to
1 mR/hr on most of the exterior of the waist length jacket .
he was wearing.  The cuffs of the shirt he was wearing
protruded from the sleeves of the jacket. The edges of
these cuffs measured 0.5 mR/hr. ' '

3. When four employees were requestéd to open their autos
for survey,. they proceeded to the plant parking lot in
plant issued clothing and shoes, and personal outer
clothing. Three sat is their autos awaiting survey
because of cold wind.

*Seevfbofnote 4 TO Table 3
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4, Members of licensee management witnessed the matters
- reported in Paragraphs 2 and 3 above. The inspectors °
pointed out that this behavior on the part of the
enployees was not in accord with good contamination
control practlces.,

"You will undertake all other steps necessary to prevent
contamination spread outside the plant confines and to prevent.
the possible ingestion of radioactive.material by personnel"

1. A licensee representative stated that wipes had been taken
" of the floor inside and outside of each entrance door to
‘the plant building. The wipes showed less than 50 d/m for.
both alpha and beta-gamma emitters.

.2."Surveysmef the second-flobr of the building were conducted-

by the inspector. Nine wipes taken on tables in the lunch
room showed no indication of contamination. A crack in the
tile of the floor in the hall just outside the lunch room
read 0.3 mR/hr at 1 cm*., Particles which collected on the
floor at door jams in the hall read up to 0.5 mR/hr at ~
3 cm. Three dry mops used exclusively in.halls and rooms
outside the shop area showed dose rates from 0.3 to 0.8
" mR/hr at 2 cm, A licensee representative stated the mops
surveyed had been used 1974 after contamination
" control procedures had been instituted in the foundry area.
The licensee stated that the dry mops in question had not
. béen taken into the controlled foundry area. A janitor's
-shoes were surveyed and showed no indication of contaminatioi.

"You will assist in arranging for a survey of the homes of
appropriate employees to assure that there has been no significarit

-transfer of contamlnation.

1. The licensee had,arranged,fbr surveys'of.homes_and autos

The inspectors surveyed the residences of five employees
~ whose work assignments were primarily in the foundry

area where uranium-238 was processed. The automobiles
of four of these employees were also surveyed. The other
employee rode to and from work with one of the four
employees. The automobile of Employee F which was used
frequently by some of the five employees mentioned above
durirg lunch periods was also surveyed.  Results of the
survey were as follows:

*See Foqﬁﬁote 4 to Table 3
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TABLE 3

RESIDENCE AND AUTO SURVEY RESULTS

__Re31dence Survey

(‘5)

Auto Survey

------ T B TR R S e e T

(0

(@)
(3)
®

A No contamination found 0.25 mR/hr on front
‘ @)- floor, drivers side
Bl Trousers—0.3 mR/hr No auto to survey
C Boots - 0.1 mR/hr 0.2 mR/hr on front
floor, d;iver% side
D 2 shirts - 0.2 mR/hr at cuffs 0.2 mR/hr on rear
Boots - 0.3 mR/hr . right floor
_._Jacket - 0.3 mR/hr - . L
E Boots - 0.5 mR/hr o 0.1 mR/hr on front’
. ) ' ' oo | floor mat
F No residence survey = 1.0 mR/hr on back
“floor hump
0.5 mR/hr gn right
rear floor: e

Residence was in New Hampshire.
Massachusetts.

All other residences were in

Licensee reported survey of auto showed no contamination.

All clothing listed was personal clothing, not plant issued.
Measurements on clothing and autos were made with radiation passing
through the thin end window of a portable G.M. Survey Instrument,

(Eberline E120),
" Contamination measured was independently determined to be predominately
The instrument used in this survey has been calibrated with
‘beta radiation from depleted uranium passing through the thin énd:

beta.,

which is calibrated against cobalt 60 gamma radiation

window and for this case mR/hr readings must be multiplied by a

-2L .

' the plant or by an authorized laundry. ‘
. representative notified RO:I by phone on January 711, 1974

factor of 6 or slightly more to obtain true mrad/hr readings.

All contaminated items found in residences were immediatéiy g
returned to the licensee's plant except the boots of
Employee C and one shirt of employee D. A licensee

representative stated these articles would be returned

to the plant and all articles would be decontaminated»at'
A 1icensee

that all contaminated autos had been decontamined to background

level. (<0 1 mR/hr).
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19. Subsequent Action by the Licensee

a.

On 1974, in a telephone call, the licensee's
management repreSentative reported that whole body counts-
had been done on the five employees for whom home surveys
were conducted. He stated that the preliminary report from
MIT, based on 20 minute counts, showed no abnormal activity
in the individuals counted.

He also reported‘that his radiation consultant had been to the
plant twice during the week, that a ventilation consultant

had been to the plant once and that extensive phone consultation
had been conducted with both of them. He said that aecontamination
operations were continuing and that as of the time of his

telephone call, surveys conducted with his: thin window portable

GM counter revealed no detectable contamination up to the. entrance

. of the work area.

He stated that there was what he referred to as a buffer zone
between the entrance to the work area and the platform on which
the melting is accomplished.  He reported that in this buffer
zone, instrument readings never exceeded 0.4mR/hr including

_ a background of 0.2 mR/hr.

The management representative then requested approval to beg1n
melting operations again and outlined a plan under which the

procedure would be undertaken. He stated that every .step

of the operation would be monitored in the following manner.
Initially, contamination and smear surveys would be made of

the work area. During the operation, breathing zone air

samples would be taken and upon, completion of each step of the
operation smear and instrument surveys would be done to determine
whether contamination spread was taking place. 1In the event that
it was, decontamination would be undertaken as necessary.

He reported-that ‘the first melt would be typical of their smallest
batch, consisting of a 96 pound charge which produces two of the
smallest shields weighing 30 pounds each with the remaining
material recaptured as waste. The management representative
agreed to notify RO:I in the event of any unusual occurrence

~during the operations. He stated that rough checks of smears’

and air samples would be made with a thin end window GM

- detector as a screening process and that the samples then would

be sent immediately to their consultant for processing and .
stated that he expected results back within a couple of days. ‘
If the first melt went well, he then planned to go on to a larger
melt using the same steps as previously outlined. In the event:
this permitted them to fully delineate and control their
contamination problems he indicated that they intended to

resume normal operations.

Based on the information provided-in this phomne call, RO:I1
gave 1ts approval to resume melting operations. -
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License Nos. S

cooperation with us is appreciati

Sincerely; -
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NUCLEAR METALS, INC.

2229 MAIN STREET
CONCORD, MASSACHUSETTS 01742
TELEPHONE: 617 3692-5410

' 1974.

U.S. Atomic Energy Commission
Directorate of Regulatory Operatlons:'
Region 1

631 Park Avenue

King of Prussia, Pa. 19406

Attention: ‘

Subject:
Reéferences: (1) License Nos. SNM-65, SMB-179
(2) Inspection Nos. 70- 82/73 053 40- 672/73—02
(3) Your letter of February 15, 1974
Gentlemen:

This letter constitutes a response to.points raised in the ref. (3) letter as
required by Sec. 2.201 of the AEC's "Rules of Practice', Part 2, Title 10,CFR.

Item 1. Surveys:

Reference: Enclosure No. 1, Item No. 1, Ref.(3) letter.

(é). Survey of hand exposures: .

1, Steps which have been or will be takenf

Results of surveve of hand exposuré-conducted prior»td inspection
of} 1973 were regrettably not completely available to

during his visit, since our| sas out of plant at that
time. Wh11e| reviewed reports of hand dosage : “provided by the
company evaluating dosimeters, these were not identified as to which
individuals had worn the dosimeters. The following paragraphs define our
usage of finger dosxmeters.

During the month of_l 1973, 4 gamma finger dosimeters were placed on
our employees, 3 on foundry employees and 1 on a machinist, all directly
handling uranium. One of the foundry personnel received 50% of the maximum
pernissible monthly dose to the hand, the other two received 10%, and the.
machinist received only 17Z.
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Then 14 1973,L__of our employees wore gamma finger dosimeters, all
of these persons were directly handling uranium, though the portion of
working hours spent handling uranium was less than for the group
surveyed in April, 'None of these employees exceeded 0.5% of the maxi-
" mum monthly permissible dose to the hands. (For purposes.of clarification,
these calculations are based on dividing the maximum permissible
quarterly dose to the hands, as defined in 10CFR20.101 by 4.3 to -arrive
at a monthly limit).

It has been and continues to be our judgment and the Judgment of our
consultants that the finding of relatively low whole.body dosage
- to our employees relative to penetrating radiation is adequate
indication that the likelihood of approach to hand exposure limits
‘was-not of concern, particularly in view of the markedly higher
limits for hand exposure as compared to whole body exposure. The
body badges have consistently shown low exposure; our report for 1973
appended hereto, shows only 1 person out of 38 wearing body badges who
exceeded 25% of the maximum permissible dose to the whole: body (his dose
was 40%), the average of all employees wearing body badges was only 47
of maximum permissible whole body doses. 1t does not appear axiomatic
that a house averaging 4% of permissible whole body dose has failed in
adequacy of hand exposure evaluation when penetrating beta-gamma radiation
~is under evaluation, particularly including hand surveys of one third of
its labor force involved with active materials, when both the total labor
force and the segment evaluated with hand dosimeters, each contained only
1 individual exceeding 25% of permissible dose. The language of the A
> "Description of Violations" would make it appear that Nuclear Metals failed
to make any assessment of radiation hazard. Para. 10CFR20.201(a) defines .
a survey as "an evaluation of hazards". We .submit .that .such evaluation
-may include use of engineering judgment, particularly when the data presented
above shows rather low levels of radiation exposure.

Nonetheless, Nuclear Metals has since, on a rotating basis, been placing
" finger dosimeters on some 3 to 4 of its employees 'monthly and expects to
‘continue to do so until such time as we judge the accumulation of data
to show exposure levels sufficiently low to be beyond concern.

2. Steps to avoid further violation:

We are of the opinion we were not in violation of the requirement for
hand exposure evaluation, but nonetheless, as defined abovVe, we are
using finger dosimeters on a rotating basis.

3. Date of compliance:

We are airveying some 3 to 4 of our uranium-handling employees on a
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(b)

e)

rotating ba51s, monthly, since 1974 in addition tovthe'surveys
performed 1n| : of 1973, L

Surveys of breathing zone air:

Steps Which have been or will be taken:

The location of 1nplant air samplers has been well. documented in prior
correspondence. The location of the air sampler adjacent to the foundry
furnace used for the bulk of our uranium melting is in the workers'
breathing zone. This sampler is 68.5 inches above the platform floor

and is at the entrance of the fume hood, i.e., air entering the fume

hood passes by the sampler. The noses of foundry workers in this area
are 4 to 6 inches below the entrance to the air sampler. We are of

the opinion that this sampler performs an effectlve functlon in monitoring
breathing zone air.

We are of the opinion we are not in violation on this matter as shown
by surveys made in 1973, but nonetheless, we have ordered and
received a portable (Mine Safety Appliances) battery powered air

sampler which we are using to monltor breathlng zone air for our workers

~Steps to avoid further violation:

The use of the breathing zone air sampler is expected to provide »
additional evidence of acceptable breathing zone air quallty~ Such air
samples will be evaluated for both.alpha and beta-gamma act1v1ty.

Date of compliance:

- Air sampling has been a continuing program at this facility for years. We

are now enhancing this program with the portable unit and. evaluatlng for
both alpha and beta-gamma.activity,

Effluents released from stacks:

All stack air samples are now evaluated for beta-gamma activity in addition
to alpha activity. We do not understand this to be an uncorrected
violation since we find no reference. to- beta-gamma measurements in prior
Region 1 correspondence,

Steps to avoid further violations:

Qur responsible for sending filter discs from air samplers
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'to our consultants for analysis, assures that the shipping papers
accompanying filter discs request measurement of both alpha and
beta-gamma activity, Returned reports are also checked and logged
in for both alpha and beta-gamma act1v1ty

3. Date of compliance:

Effective with the date of this letter, reports now filed include
results of monitoring for beta-gamma activity.

‘(d) Liquid effluents:

1. Steps which have been or will be taken:

- Liquid effluents have been resampled and are under analysis for beta-
gamma activity. We do not believe this to be an uncorrected violation,
since to our knowledge this matter has not preV1ously been called to our:

. attention. :

2. Steps to avoid future violations:

Effective with. the date of this letter, all future samples of llquld effluents
will be evaluated for both alpha and beta—gamma act1v1ty.

3. Date of compliance:

Reports of results of analysis of liquid effluents after the date of
this letter will report both alpha and beta-gamma measurements.

Item 2. Evirommental Samples:

Reference: Enclosure No. 1, Item No. 2, Ref. (3) letter.

1. Steps which havelbeen or will be taken:

An additional series of soil and water samples are under analysis for beta-
gamma activity. We do not believe the lack of evaluation for beta-gamma
activity to.represent an uncorrected violation, since to our knowledge

this matter has not previously been called to our attention.

2.  Steps to avoid future viblations:

Effective with the date of thlS letter, all future environmental samples
- will be evaluated for both alpha and beta—gamma activity.
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3. . Date of compliance:

Reports of results of anelysiS'of environmental samples dated later than
the date of this letter will report both alpha and beta-gamma measurements.

. General Note: Alleged Violations relating to Daughter Product
' Beta-Gamma Activity

The general tenor of a number of the alleged violations discussed above relates
to the discovery of beta-gamma radiation attending the depleted uranium, and '
coming from the daughter products of uranium, The conclusion of Region 1 has
been that:since beta-gamma activity exists, the licensee is in violation for
performing an incomplete survey.

We wish to bring to your attention the point that Nuclear Metals, Inc. is not
processing these beta-gamma daughter products as pure materials, separated from
the parent uranium, but rather that any occurrence of beta-gamma radiation
attends our work with uranium.,

The maximum quantity of daughter product in existence at this fac111ty cannot
therefore exceed that amount in equilibrium with the parent uranium. We are
therefore in. the process of examining the relationship between an equilibrium
quantity of parent and daughter in-both effluent and inplant air and liquids

as compared to allowable limits for these daughters as defined in Appendix B

of 10CFR20. Preliminary data suggests it may not be possible to exceed
Appendix B limits for thesé daughters when their only existence stems from the
parent uranium. We intend further evaluation of this matter with the intent of
bétter def1n1ng one of the ‘aspects of the process of performing a ‘survey in
order to assure its completeness.
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Item 3. Contamination Control Program:

Reference: Enclosure No. 2, Ref. (3) letter.

Corrective steps taken or planned:

~(a) extensive cleanup of operations

(b) additiomal surveys

(c) establishment of restricted area

(d) implementation of contamination control procedures

(e) ~employee instruction in personnel -contamination control
(f) use of shoe covers and lab coats

(g) implementation of stépoff procedure

(h) supply of survey meters to ‘employees, including instructions for use
(i) wipe tests both 1nplant and beyond plant entrances

(j) monitoring of janitors' mops

(k) whole body counting of foundry personnel

(1) extensive utilization of consultants

.(m) evaluation of both alpha and beta-gamma activity during surveys

(n) purchase and use of lapel-type breathing zone air sampler
(o) procedural revisions designed to_mlnlmlze the number of work areas
processing uranium

 (p) substitution of equipment with surfaces easy to decontaminate for

equipment more difficult to decontaminate within work areas.
. processing uranium
(q) extensive use of plastic bagging of uranium obJects between proce531ng
‘operations
(r) enhancement of ventllatlon around certaln equipment processing uranium
(s) enhancement of filtration of effluent air
(t) expanded use of dosimeters for hand exposure
(u) establishment of changeroom in restricted area
(v) equipment modification to minimize contaminationwpotential of a
: given process :
(w) procedural modlflcatlons to minimize contamlnation potentlals of
a given process :

Steps taken or planned to prevent recurrence:-

The items listed above of course also operate in the direction of minimizing
the potential for recurrence of spread of contamination beyond.work areas

. processing uranium, but in addition, the magnltude and degree of our
‘attention to control of programs involving uranium merits discussion.

~ Nuclear Metals, Inc. is a company of about 100 employees involved in many
" phases of specialty metals manufacture., The involvement with uranium

constitutes less than 10% of our total business, yet the degree of attention

‘found to be necessary to control uranium operations, including use of our
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consultants' time and the time required for performance of purchased
services for evaluation functions, exceeds the equivalent of two

men working full time. This ratio of more than one fulltime person

in control functions per 5% of our total business then greatly exceeds
the extent of control effort found to be necessary over the balance of
our operations, this balance including control programs to satisfy both
the regulations of such agencies as OSHA, EPA and other state, federal
and local town agencies, as well as to meet our internal goals for
assurance of satisfactory operations.

Completion data for action items:

Listed below are each of the actlon 1tems listed aBove with projected

or actual completion dates:

‘(a) cleanup: projected completion about 4/30/74, initiated 1/2/74

(b) additional surveys: initiated 1/2/74, and continuing
(c) restricted area establishment: initiated 1/2/74, final permanent
barricades projected to be installed about 5/30/74
(d) control procedure implementation: 1/2/74 and continuing under
" progressive refinement as needed

‘(e) employee instruction: significant numbers of formal meetings with

operating personnel during the periocd 1/2/74 to 1/18/74, and
¢again in the period 2/25/74 thru 2/28/74. TFréquent on-the-spot’
observations and instructions of personnel in a continuing program
-initiated 1/2/74. This program is a continuing program

(f) protective clothing: implemented prior to 1/18/74, contlnulng and
under refinement as dictated by experience

(g) stepoff procedure: implemented prior to 1/18/74, continuing under
refinement as indicated by experience

(h) survey meter use by operating employees: initiated prior to 1/18/74,
continuing .

(i) wipe test program expan51on' initiated prlor to 1/18/74, continuing

(j) monitoring of janitors' mops: initiated prior to 1/18/74,< continuing

(k) whole body counting: performed prior to 1/18/74. We do not propose
whole body counting as an ongoing program, since it is the opinion
of our consultants that a more definitive evaluation of body burden
is obtained from periodic urinalyses for uranium, this program

_ continues and reveals satisfactory low values

(1) enhanced utilization of consultants: initiated prior to 1/18/74, con—
tinuing. At least one man-day of consultant visitation has '
occurred weekly since 1/18/74, continuing consultant visitation will

A of course be on an as-needed basis

(m) evaluation of both alpha and beta-gamma act1v1ty. initiated prlor to
1/18/74 and continuing
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(n) use of lapel-type air sampler. 1nit1ated 3/21/74 on receipt of the
unit and continuing

(o) minimization of work areas processing uranlum. 1nit1ated during

, February 1974 and continuing

(p) enhanced surface decontamination capabllity initiated during January
~ 1974 and continuing »

(q) plastic bagging of uranium: initiated prior to 1/18/74 and continulng

(r) ventilation enhancement: initiated during January 1974 and cont1nu1ng
with expected completion about 10/30/74 :

(s) effluent filtration enhancement: initiated during March 1974 and
continuing with expected completion about 10/30/74

(t) expanded use of hand dosimeters: 1n1t1ated durlng January 1947 and
. continuing

(u) changeroom establishment: plans formulated durlng February 1947
equipment relocation. to make space available for .changeroom
progressing as of date of this letter, expected c¢ompletion of

- chlangeroom installation expected about 5/30/74

(v) equipment modif#cation to minimize contamination: minor modifications
completed as of 3/29/74; mote major equipment modifications now
in planning stage, expected completion about 10/30/74

(w) procedural modifications to minimize contamination: a continuing program;
several procedure changes implemented prior to 1/18/74 have been.
shown effective in minimizing contamination, results of surveys are
used to direct additional procedural modificatiorns as needed.
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Item 4. Management Control Syetems:

As defined in our letters of May 15 and June 20, 1973, we have
implemented a master time schedule/calendar, established by the Safety
" Engineer as a working tool and control document for our entire Safety Program.
This schedule is reviewed weekly both for compliance to the schedule and to
authorize the allocation of resources needed to stay on schedule.

This management control system constitutes a complete listing of all
operations which require monitoring, inspection, and documentation of
results, as a supplement to all other logs and required documentation. The
Safety Engineer is responsible for maintaining the document and assuring that
all operations have been carried out and properly documented.

Our Director of Industrial Safety performs weekly .reviews and sign-offs
relative to completion of assgigned tasks; the document is further reviewed at
monthly Safety Committee meetings and at monthly Management Review Meetings.
The purpose of these reviews are to assure that all action items are completed
on a timely basis and to discuss any problems which may havgigrisen and the
effectiveness of corrective action.

This procedure has. demonstrated its usefulness as an effective Management
Control System and is subject to revision as we find ways.to 1mprove its
effectiveness.

Since 1/18/74, several actions have been taken to enhance our control over
operations. These actions include the following:

a) Doubling of the size of the NMI Safety Committee to‘include extensive
worker representation. '

b) The more extensive use of consultants to the NMT Management Group
as defined prev1ously

¢) Extensive meetings with the Management Group of the Manufacturlng Department
to define program requirements and assure implementation. :

/

d) Additional assigmment of personnel to a551st the Safety Engineer in
conduct of hig duties.

e) Allocation of additional financial resources, not only.to the operating
budget of the NMI Safety Program, but also to equipment and plant

modifications designéd to enhance contamination control.

f) Increased utilization of operating plant personnel to enhance contamination
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éontrol, i.e., an increased number of manhours per week of operating
plant personnel is now invested in assurance of clean areas and in
prevention of personal .contamination.
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NUCLEAR METALS,INC.

2229 MAIN STREET
CONCORD, MASSACHUSETTS 01742
TELEPHONE: 617 369-5410

April 16, 1974

U.S. Atomic Energy Commission
Directorate of Regulatory Operations
‘Region 1 :

631 Park Avenue

King of Pru331a Pa. 19406

Attention: ‘
Subject:
References: ' (1) License Nos. SNM-65, SMB-179

(2) Inspection Nos. 70- 82/73 053 40— 672/73 02

(3) Your letter of February 15,1974

(4) Our letter of March 27, 1974

(5) Telecon from your ‘Mr. Jeérman of April &, 1974
Gentlemen:

This letter provides information supplemental. to the ref.(4) letter regarding:
(l) usage of gloves for hand protection, (2) monitoring of hand and glove
contamlnatlon, ‘and (3) usage of our breathlng zone air sampler. This
additional information is nrovided in resvonse to telephone requests made

. on Aprll 4, 1974 by your

Item l and 2: Usage of Gloves; Monltorlng HandS'and'G16Ves:

The attached memoranda summarize our policies in. this regard,
though they were issued primarily for the purpose of consolidating prior
instructions to operating personnel. We should like to point out that we
are currently operating to glove contamination levels of 5 mr/hreand 1 mr/hr
and to hand contamination levels at instrument background on an experimental
basis only; as we gain experience these levels are subJect to modification.
"We believe these to be extremely conservatlve levels in that our hand/flnger
dosimeters have shown verysmodest exposure of. 18.75 Rems. per .calendar quarter
as defined in 10CFR20.101(a) would appear to permit-¢ontinudus exposure of
the hands to 36 mr/hr, based on-a 40—hour work week.,

Since ‘none of our personnel are continuously handling uranium
nor continuously wearing those gloves reserved for uranium handling, it would.
appear that trigger points markedly higher than 5 mr/hr would continue to
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U.S. Atomic Energy Commlss1on

Mr. James P, O' Rellly, Director
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- provide assurance against the likelihood of excessive hand exposure; our
continuing program of evaluation of dqmmetry data should allow this judgment .
at some future time. :

'Item 3: Usage of.Breathing'Zone Air Sampler: -

Our -eceives daily advices from as to
operatlons to be conducted that day with uranium and beryllium, he then
selects on a rotatlng basis those operations that will be monitored by use of
the breathing zone air sampler. It is our desire to make use of the sampler
each day that either beryllium or uranium operations occur, but at times
this may not always be the case, since the instrument has a long recharging
time and has been twice. repaired 31nce its recelpt. ~

As we build an experience file of breathing zone data, we expect usage
frequency to revert to spot checks of repétitive and well characterized
~operations and to usage for those operatlons found by experlence to possess some
real. potentlal for air contamination.

Should you have any further questlons, please do not hesitate to contact
the unders1gned



Office Memorandum . NUCLEAR METALS
10 o ' PATE: 1974
FROM

' SUBJECT:

This memo serves the purpose of consolidating and definitizing prior memoranda
and discussions relative to use of protective gloves by Foundry personnel, and
is to be implemented immediately as standard operating procedure.

‘Category 1. Glove usage when'handling uranium, crucibles,
' molds, and contaminated'furnaCe'partS' '

(a) A double glove system shall be worn ‘or all Cateoory iy handllng, .
the inner glove to be rubber to av01d p0551b111ty of contamination transfer o
to the skin of the hands. : -

_ (b) The outer glove may be cotton, leather, or a plastlc or
rubber coated glove as found convenient by operating personnel, though leather is
recommended because of its shielding ability (leather,reduces the hand dose by half).

(c) The outer glove for Category 1 handling shall be marLed w1th a
large yellow U on the back and shall only be used for Category 1 handllng When
" not in active use, Category 1 gloves shall be placed in plastic bags. It is

recommended that such bags be suspended from platform railings to permit easy use
of the gloves therein. :

(d) After each use in a melt cycle, Category l outer gloves shall be.
monitored for beta-gamma contamination and shall be either cleaned or discarded (at
your optlon) when found to be contaminated in excess of 5 mr/hr when held approx.
2" from the end of the (iger counter probe...

(e) After each removal of Category 1 outer gloves, the operatorrshall
wash and dry his hands while still wearing the inner rubber gloves, and only
then may he remove the rubber gloves. The bare hands shall then be monitored and
shall be washed on any finding of contamination in excessof normal instrument background.

Category 2, Glove usage for general foundry handling-

(a) Usage of a single glove is permissible for general foundry handllng
.and may be of any material found convenient by the operator.

(b) No special marking is to be applied to Category 2 gloves.

(c) Category 2 gloves are to be monitored at least once daily and are to
be discarded or cleaned (at your option) on finding of contamination in excess of
1 mr/hr, monitored under the same practices as for Category 1 gloves.

t



'MEMORANDUM = | ~2- o April 12, 1974

(d) On each removal of Category 2 gloves, the operator shall monitor .

the bare hands and shall wash the hands on any finding of contamination in excess
of normal instrument background. '

cCy¢
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Oﬂ%e Memorandum . NUCLEAR METALS
xo | |
FROM

SUBJECT: Radiation Exposure to the hands, use of protective

gloves by Machine Shop and Fabrication Dept. Personnel

'This memo consolidates and further defines prior memoranda and discussions relative
to use of protective gloves by Machine Shop and TFabrication personnel, and is to be
implemented immediately as standard operating procedure.’

- Glove Usage When Handling Uraniam or : : . : . . .
Materials Contaminated with Uranium ' o

(a) Gloves must be worn at all times when actually handling bare uranium
or materials and equipment known or suspected to be contaminated from
contact with uranium.,

(b) The type of glove is totally at .the option of the operator and may be cotton,
leather, rubber, asbestos, or plastic, though leather gloves are recommended
since the dose to the hands is reduced to half by the shleldlng effect
of the leather. :

(c) It is not the intent of this requirement to encumber or interfere with operation
- of equipment by requiring wearing of gloves. Operators are encouraged

.to remove gloves when manipulating the controls of the equipment, For example, when

performing lathe machining of U, it is actually desirable to wear the gloves only
when loading the wapium piece into the chuck; wearing the gloves when handling

. the wrench for tightening the chuck or when operating the lathe controls would
only transfer ‘the contamination to tools or parts of the lathe that should be
kept clean.

(d) When work is interrupted such as at breaks, lunch, at the end of the day, or on
conclusion of a given task, the gloves and hands must be monitored with a
Geiger counter. '

The operator shoulﬁ bold. the gloves ahout 2" from the end of the probe. of the
Geiger counter and discard or wash the gloves on finding of contamination in excess
of 1 mr/hr. Bare hands should be washed, dried, and rechecked on any. finding of

contamination in excess of normal instrument background.

-
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MANAGEMENT MEETING - NUCLEAR METALS, INC., CONCORD, MASS.
' DOCKET NOS. 70-82  and 40-672
LICENSE NOS. SNM-65 and SMB-179

--0On February 13, 1974, Paul R. Nelson and Peter Knapp met with:
Mr. W.B. Tuffin, President, and his staff, A. Gillman, R.. Franks, and
‘R. Robie. Also present was S. Levin, consultant for Nuclear Metals.

Mr. Nelson opened the meeting by describing available enforcement
tools (enforcement letter, civil penalty, and cease and desist orders)
and their purpose. He then described the conditions requiring a civil
penalty, namely unsuccessful enforcement through documentation letters
and recurring violations. Nelson then described the actions taken
before levying a civil penalty. ' First a strongly worded enforcement
letter followed by a meeting with the licensee if the letter failed to
achieve .compliance. It was explained that the management meeting was
for the express purpose of ensuring the licensee was aware that a
civil penalty would be levied if the condition was not corrected.
Nelson pointed out that these steps had already been taken by Region I
including a previous management meeting with them on March 21, .1973,
and our recent .inspection revealed recurring violations. :

Mr. Tuffin was informed that Region I had given serious consideration
to leveying a civil penalty but had concluded it would not be appro-
priate at this time. It was explained we reached this decision
because Nuclear Metals had taken action to resolve the violations
previously noted but had overlooked the need for beta and gamma
measurement. Further, Mr. Nelson stated that in this situation there
was a need for Regulatory to have better clarified this need.

Mr. Nelson concluded by stressing the fact that now Nuclear Metals
was fully aware of beta-gamma survey requirements and that the
imposition of-a civil penalty would depend on our findings during our
next inspection, which would be conducted in the near future

Knapp noted that it is Nuclear Metals responsibility at all times to
take whatever action is necessary to protect health and safety and meet
regulatory requ1rements

He then stressed three areas that he part1cu1ar1y wanted to brlng to
the attention of Nuclear Metals:

a. The need for beta and gamma as well as alpha evaluation. This
was a reiteration of material already known to the licensee to
assure that the questions was clearly settled in everyone s
mind.

W
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~ b. The question of whether adequate steps were being taken to
assure that air samples were representative and that the
employee's breathing zone was being monitored.

c¢. The fact that certain actions of licensee employees,
‘reported in Section 18 of Inspection Report 70-82/73-05 and
40-672/73-02 (specifically the employee and foreman actions
~of entering uncontrolled areas in contaminated clothing
observed by inspectors during the visit of January 7, 19764)
showed that even after the licensee had agreed to control
contamination spread he had failed to do so. Knapp emphasized
that findings of similar actions at subsequent inspections
would show clear recurrence of a very significant violation.

. Nuclear Metals' President expressed a strong desire to comply with all
regulatory requirements, described and demonstrated actions they had
taken to correct the problems and said that he looks forward to the
next inspection which he felt confident would demonstrate compliance.

...... iy .

_ Pefer J. Knapp, S
g Facilities Radiatio

Paul R. Nelson, Chief ‘
Radiological & Envirommental
Protection Branch
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June 30, 1978

0.S. Nuclear Regulatory Commisgssion, Region I
Office of Inspection and Enforcement

2 ...86312 Park Avenue

& King of Prussia, Pa. 19496

Sugject: REPORT OF OVEREXPOGURE
Centlemen:

This is a report of overexposure of the skin of the whole body

to beta plus gamma radiation as required by 10CFR20.405(a) (1).

This is our first experience of such an apparent overexposure
during our 35 years of operations with uranium. We have i

_ completed our investigatiOn, we have had the films re-evaluated e
1 ' by the film badge service, and we are filing this report based T
) on confirmation of the film badge data as received by us on .

1. Extent of Exposure:

. To help assure accurate assessment of exposure, we have
for some time been assigning two film badges to each foundry
worker. [Ixposures of beta plus gamma recorded for the first
quarter of 19§ ? for the badges worn by two foundry workers are
as follows: .

Badge Exposure in Rems (Beta olus Gamma)

ﬁlg .. The total gamma ray dosage for each individual was
" below the quarterly permissible dose of 1.25 Rems.

No. Jan. "Feb., March Total P

4.210  1.780 2.550 8.540 ]

3.770 1.480 2.070 7.320 :

X 4.180 2.020 3.440 9.640 :

,iltiqformation required by 10CFR20.405(b) appears \
on a separate attachment.

4030412 78063%///,
gggl ADO 04000 7%
&' - '\.- Y . N . Mt‘ p
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June 130, 1978
U.S. Nuclear Regulatory Commission, Region I
Page -2~

2. Lavels of Radiation:

L

Surveys have been made of the materials involved in all
foundry operations with particular attention to pust-melt
cleanup. The highest radiation levels related to the cleaning
of the crucibles., A maximum beta ray dose rate of approximately
one Rem per hour was determined by radiation measurements at
the operator's location relative to the open end of the crucible
(the closest expected approach of the film badge). The associated
gamma ray dose rate was approximately 0.020 Rem per hour.

3. Cause of Overexposure:

The source of radiation exposure, principally beta rays,
results from the selective deposition of daughter products on
crucible surfaces following uranium melting operations. An
exposure equivalent to being in close juxtaposition to the
crucibles for some cecight to ten hours during the calendar quarter
could produce the reported exposures.

4, Corrective Action:

We are implementing a number of corrective actions to aveoid a
recurrence:

A. Reassignment of Personnel: The two individuals were
transferred to non-foundry activities pending
completion of our evaluation and implementation
of corrective action.

B. Early Alert: Our processor of film badges has
been directed to telephone us immecdiately on the
. £finding of any individual badge reading in excess
of one third the limits stated in 10CFR20.101l(a).
This will allow prompt investigation of exposures
exceeding the average permissible monthly limit.

C. Shielded Storage: Used crucibles and covers stored

within the work area are now placed inside steel
containers of sufficient thickness to shield
against beta radiation.
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June 30, 1978
U.S. Nuclear Regulatory Commission, Region 1
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D. Shielding Quring Operations: Wherever possible
during the post-melting cleanup cycle, added
shielding will be used to reduce the beta ray
exposure to the body.

E. Increased Supervisory Attention: The supervisors
of foundry employees are placing still greater
emphasis on the education of the workers and on
efficient work techniques to reduce exposures,

While foundry operations certainly involve exposure to
heat and the handling of heavy objects that could place pressure
on the badges, our review has discovered no conclusive indica-
tion that these factors have influenced the reported exposures,

Wa are of the opinion the corrective actions defined
above will be effective in minimizing the possibility of a
recurrence. The exposures to the skin of the whole body for
foundry workers during the month of April are indicative of our
efforts in this regard -- the average exposure was 0.4 Rems, with
a maximum of 0.67 Rems, and during the month of May the average
exposure was 0.5 Rems, with a maximum of 1.2 Rems.

Please let us know if any added information is needed.

Very truly .yours,,

Attachment (Per 10CFR20.40S) (b})

CC: Director of Inspection and Enforcement
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555




padge Nos.

—~——

DOB

SSN

INFORMATION REQUIRED BY 10CFR20.405(b)

"aUCLEAR METALS, INC,







e

T ———

- LA recent survey of plastic bags from the Mel-ting and Casting axea
ind.icabes one of:'several problems with the -"solution".:: Figure. 1l shows a
histogram of levels of contamination’ on: a“group :of bags after two weeks '

" of use. .This' is ‘the first pmblemo_ To get a handle-on the magnitude,

Isi.x umxsed £4im badges were placed "in. used plastic bags for. one week.
on. these - films - indicate . that 'the bags.themselves will- cause’readings

B ‘v ranging from *minimal®- to 480  mREM. (beta-gamma) - in a one week period.,
"_?“‘Hith “Melting “and ' Casting: operations: at - p::esentp direct' 1ifting of

‘contaminated - ‘graphite , :crucibles . cannot .be .avoided. :: | Therefore,

., {_cmtamimtim of . protective plastic; bags cannot be avoided without .
q:eraticml dxangem . .

of film badges’ when Pklting and Casting. 'Decl'micians are ‘being exposed
“As’” stated:'in ~Item :9 - of: our.Septenber : 1,%51974: License Renewal. under.
:Casting Operatimv A ,?'localized radiation - 1evels: -approximating /1% REM/hr
(principally. beta-rays) ' may, occur,,within® the area. in-such’ ‘Jocations as
inside the  furnaces,- inside vented” enclosures;”or;adjacent to castings or ~
: stock '';..This situation has always been known. to the enployees and -
.Unfortunately,:.the’ enployee's - posture |

1 when mrking ‘on’,the above stated items;’ and respective. position of his.

.film ‘badge;;: was’ 'not. correlated : when the ‘use’ of bags. began, '/ Prior 0 -
- dnforming the : subject individual: of" his ' potential’ overexposure,: the |
.. writers. wanted “to -cbserve his work’ ‘habits without.bias.. ‘It was noted '
“‘that whenever the subject individual’(or:other technic:.ans) worked, on ggz
- of the | -above *items,.. they were: bending -over -them.:. -Furthermore, ' B
plastic bags pinned at’the top and to their, shirt’ pockets caused the fi].m‘

ba.dge to fallv four to':six ’inches”away. nijan‘t‘he trunk’ of‘the’body and

. the pocket. aid not cause such-” 1ar§e distance- dlscrepancy,, with' respect‘to-
‘the dosimeter and the ind.widual(s) J }'.».'Ihe aocuracy probleri this situation®
K 'rhe _graphlte cmc:Lbles

f"c';rfxciblés_ 1 i.g,p;vac':m’imng, precoat.mg mter:.or
- charge for 'alloy':j.ng) B they are’-bendmg over' and
iblesi:s It "i 5




"-last ~:quarter.x;of 1981., 3
,sunmaxy of ,our.. experments/e
.bebn/lcm:‘ energy - gamma . kand

Vendor's' :‘dosimetry

consultant to | NMI:

crucible horizontally in-a fume: hood, and measurmg a beta dose rate (at

10.75 inches):with his, NBS . traceable "extrapolation’ chanber/electrometer
‘A series of:itest’: fil.m-’-badges‘iwere,: then .irradiated : singularly: at -that
- point "(with' and wn.thout ‘backscatter) through a-range of values. exceedmg

of film: badées from ‘the ' sane’: batch’ were simllarly“ irradiated (through 7

xrg/cm’) with;a’ depleted, uraniun) (IJlJ)'f‘netal’:' lab recently,calibrated by
“Ja - ’ 3. illustrates the 'results .after ‘our

nore, appropnate x:ﬁ with' res_pect

V. 1T*

: standardlzed condlplons (

cmcﬁsl ‘“{rradiations?

>“dose delivered/c observed “Ven
"‘has performedA




semployeese
W above ‘,_‘and ‘;ﬁ}rnm‘tt;enuatec'h badges
?;E";irradiatiq_nsiwré;done ‘on

?

s
B
3 ,ti..v‘hr(n

8% bi i reg e s ualv';,‘,»

S5 Vadee S

cip AT
\Vendor; repo

p’t:desplte:' the,.use of'-flattemng‘ filters:in the. badge, .An !
on: i»'tog,,'the qubject“indlndual's‘ ganma'!‘;dose would
ine‘ f ctlon ’w:.th“"m";,equal to"%ll%ami "p

"t;lie’fggglon ofnfl]ni“
A r(8) ;
; r range -Qi;;:- ‘
_wou];q :be required to
‘fg’;xaeta%f

"'\,mayl, bei:s further.”
,investigated this problem to“‘

O v Sl A wr ' One adjust:nent w111 be an
SrgEal : ;remainder‘decreasesow They,, are‘ ._follws

3 uM “
73

i
e

a decrease by the stralght 1ine function in

ot el
P

i *5ps g Ny rsbave s 0 gphlay
L oy e LR
I x J > 3 ey

NS
GRELUY T




: ? eta'’dose . an’; increase'”of "0, 8%, for . the una ted
mifof‘»theg_‘antimntamination"' plastic, bags, ‘and'a ‘decrease’ Qf ,
108 for attenuation’of theindividual's shirt - (badges worn on outside) .

A

B
W t] ﬂ\' s fr;';{%

o
'rhe writer§ ; an

S
G

PR Ky

Fon

o

=2

,,
s

usmg " the wTheory” of
It was done_.,for the

3&§§v ;

‘~-= averagehdose to'thicknessT below |

4




)

N":&v-m- o €

personallyjifeels

Py

e“'" 3




for contamination after each Shift and
e ;’f,‘;
LU R}

>
: 7
% .’fi P

bottcm): are, ncwused to.p
ges thmugh the arployee,,s;shirto'u o
renain ‘the’ sartte“(ioe°~if the person 'is'right handed pinned ol
oi+We feel this: Rk a, conservative estimate.

’-\
e i B o o
HM-‘ “rev 23, 4, »_‘,14“?’{"»555‘*?!

éx’nployee
z%"‘and im;erior,. surfaoe coating)“ b'Figure 55.
' ‘ff"a»-Measuranents with' an' ionizationi_.

PR

L the' kdose‘*rate »fromf'_ ‘crucible’on
o T

By, W

nh X . r e e
A g : fﬁ"{s‘%‘f’ fﬁmu,r}’}

Wftﬁ’ﬁOOdShave rece""’n""ii}: £ '.

‘purchased.
oyees’ mll'-be wearing thlS outer;gear ‘and ‘a’ plastic ‘face; shield

gwhenever working mth‘used'cmc:.bles,'or workmg in, the"mterior of
athe i.nduction furnaces: ;;»:;

SRS s

~reductlon in" dose raté usmg a cruc

Tepn .

have been ordered for ‘when" mployeesppen furnace heads.'-hIf a.;
tihg;'rech{ucian ‘were':to: rea } .'v‘vi
uld’nelt‘" g I'n '

i

engi@ermg*'Effort %
‘-: ubJ o ‘ ..

TR T -

2) o5 An :cruc’:’ible cleaner/interior surface coater is A
b f,.«‘fg‘:f'.jbeing designed to*’eliminate ‘technician{contact’ time ‘with open
" L 3 e Oost.‘ofwthe 7design’ and"fabrication of this device is

"w' ted vtotmrxmdred’tlw' usand dollarss :,'I‘tns,devicé"”

(Y

i “has: been‘in the dcsign phase foriabout.a half:a year nows
""difficult enginegring problem, ‘but.we are" pushing the engineering




'\. ASCASE

y .Permnent asaigment f Aa’fun

3 nfabricawd and. will be .utilized as* soon ‘as they. are available;

e P } X o o L Sty ks
STRDERRE : a2 Fae g SRR ] SO st
5 ’-" wl‘l'w PR LT

thaf:the ‘total’ 'adjusted et
‘as

i

NRC .qui
subjecp individual"s do_simetry record°

o e

5\1pervisor of Health Physi

£ :- x.\»

'4/.".»-.
»ﬁ'(}.,\”
h""\’:v' e 7
AP v
|
m»“m
oo R




R e O T D e i en
'*5*?"*’???.1;;}’5‘4@;‘@% RO T SRy e
S Ao AT ¥ A

S

A
By G
o NP R AP AN Y,
b BTSN s
% Aﬁ;ﬁ'ni‘:;r‘}}\‘
FLetlea o
o

LR : S IR 5. (s B"’“‘m-f N, ;
(- e SRR Rcr 2] i 8 152
" 4 Ny Wt S AT I D e
gl MR &% A

S

)

S
e 3
R

ST

A
Riay,

+ :f;‘v]’ £

et ] Ty

‘e‘{f’&x"(* &
$

i AN AR

. AU R TI R S ; Jo:
A } 5

¢ : x TR P et . 3 X B g

‘ oty - i' el Sl .

]
ey
ot

e o R AR BRI

R i ke
i R
Wl

R

g LY

=T EHONL e
TRy ¥

; . i Lt
i Sroea St
34 o el AR ta ot

by Pkt ot Rt 3 : & £ L te Re :
iainiT Received:

3 A
e s
:&W :3;,% %;?1 R e B S ST ﬂ“ ﬁj‘. E “.:“ 810" ”’ i L 2:‘3/31.;
sidadhenn : , : Pty e

[

pell VAV
SR

3
S G

Sy
)

Tx o Tt

g
FEReS

EER
7

Yy
PR

Gl o
RCUPER O
Ly . : i LRV e T
H s K % H i 3 2 : ) fry e e g Yd
i ; z : & B s g g TR TR 1
]

el i
N

N
wh a&,;};
o P
P
3 ARl
LRSI
ot

Jnnagesie }m%ﬁ& X J;'.ﬁ'.»*" 0 ; 4 ; w‘«,-g:&"‘:,jf'”“ 10 ﬁjfé-ﬂ 3
A R e Sl oS LN e sl (B
q;;\f‘ .;ﬂ%:‘g& e s ‘% i AR ;‘{?‘}1.3“5' 4 ﬁ‘ﬁml‘a‘},\f\”}% :

XL R A * * BARNN S htd
R R R : ; L




3 3 I :"'é a2y

£ n -'l};})—‘ ¢

rone 7

s -».5%,; a”%\

B §eda0 o

oo Ty s z AN, g P sy nle e Detli et s

o IR e R A e s TR i ML e

It A RO S L e SR
RO \}"ﬁm‘i R M g ke

.4 ‘ _ﬁ:‘u‘ e ,:l'. 1 1( N

AR O TIA-S Vv

R Ly e g L

3R "c";“ xE ; il ‘*k;:

el asray i % oY LA
AR Qe 4 AzAts g,

St SRl A N R et Uy S T

3
YA

in Be

vl
PR

PO
P

iy e
e RS RRR

o e gt AT
e

sk i
DA

EEL e Paidb

QL % LS5

i oy TV ST g S
B

‘

“in.Beta'Dose

e g,
T (2GS
e LA N
e Sohsw g

o4, 9 g PIT L N
G ey SRR RO S ad dgaid
- PR e Ty T 5 5.
Sl Ameho Ry : phat
wesl Polyester: Pants jovl.
Goie s EC SLEL- Fants sy
AR Era Y .
SR TS R :
PRt :-t':
{Apparen

.
N
=5

ae

Y e

3 IR AR A A
. y 5 : St el

LR
2 D
."';‘-“:- "‘2{*4~ ?f.’:.’"‘

57




o
LRR

2y
Sieva?

oL
*i

.=xﬁwt b AT
ﬁww..mﬁ%u&fm* "

A e

w»tx&x.. ent;

Lend

? Jﬁm...... £, v,
Py
. AT an et

3

b¥:

sepedeins

Ly

retatle i snmanning

¥

" ,r&g
SORN

":‘3&

v

3{1&.‘,

b
1o

P2y

NI e ters fo The Clentimeter

1NaINm N




.nw.,.. S

SRR 5 e, 2 2453

b2
]

C e
- » i b 1@5@.\& ~o!
o : . R

11

k22t

baas

Teee

i

L1

“yee

ctes

rosefoebefse

rrrsfiess
cepiferse

$

-
sefoee

Sio23=lC0

iviegilyg




.:..k,i...«....ﬂ;...”!,ﬁ.,.‘.i.wﬁw...,,u:..,,ﬁ.n.
Y, Lo ..?1) , ,qmaﬁb???:l.«i,x
ey EE A T g
e A : S i A o
km@k.fwwmmu : Weid o, o - 2 W.M.,:
SR Al : 3 Gy VR v i
St i T MR s
e 1 - : s

:
i3
It}
o

o
RIS
A

>poe

obeos
223
oo o

’
.
.
e
T

*

o2
¢

14
¢

Tree
ceviyed

B
S R
.: ,_uu.",. ..n

o
.
Iod Ea ks

!
cies

Pdee

VUR Py
e o as B3
rite
rogéd

I+

.
b e
P
oo
pe-et
ved
244
oo

e
Jeg S suas Béy

1

R e

t
t
31
cheoprtectoee
%1‘.
>
(o X4

#:

e
B
rys

vers
894

P add
re e

seee
st
oo
-t o
shed
re e
sese

123
Sagtebe
Ig30eess

s

cssegoree

oo

ebarifoe

PRy

.-

srerietonty

pyeae
(4

seeebneee
--~oz
etbsbhsoen

..

0% 2t e

) SRS DR O P

IRYIRERS
PR I

e
ey

1

cree
.

i
'
:

te!

JIang e
PHRSPRY

—ger e
cevbdera

oy
29988
53

-t
2238

12208 ae

IR

.
[ 266084
1

(ad
o o4

- s

Sieebaene

PEIRE SR

.-t

IR R

o g

cyropeees

crmiboois

;,
Y

oY
~

20 Nquares to the Inch M



|

. N
_;} J‘;({ ?"'f"

v
o




s
&

N '

AT XN

PO ATV
(RN

S IGA P
AT Al
o}




GBI gL s
W{;“&». ,‘,'“"“‘",Pﬁ"

)
He

oy ‘“J
a5
(3

Ferto rmance..
»bb‘:"d?}\i;’i&?i}s‘ i ;
, A i

" \'L-,:’_ ¥ ‘5 5

o}
.“ ¥ 3 Ly
’@j;‘;‘ «,}%* _‘u.. .r,\f\;: _*yj.‘%,%’ ‘ i ‘A-‘ : . 5 ?:‘fv :
e A ]
Criteria"

FALR

“ ! omi c % > e R la TS
Atomic;Energy T PR
nilatory Giide 8/ 3% SS1onziy ¥ ormance”
(. “;.'»;“- " ,;,ﬁ.;?gf"‘;“""{??Féj:“m‘ﬂl ’ &~ g X 5 X oast
L g ﬁi‘?')i/f"““fui:é';;" S Y ; e

e FldL0 ] 2 P - M PR Dhlg v 7y AN AT o Aty
kb (S) - American National ; v
Fj{?':ﬁ“"\ -~ &2‘:_ e Ny . { t'e;i !

A g ) St by
July 8 o e e 0 Rl
g o bl L "

s i HARG

 StandardiCriteria’ for Testing Personnel: Dosinrdtey
SI/N13.1)’ ‘ Tazrbene) ' ?’imtre.y

13,11

LT

g

N
%

vl
,,,,,v:,tf)‘fxw.ﬂ 3
g™ 18 Ty S g o

alth’Physics;i

Soliet
Robe

{Eent

el

T

et
A ,3'«3 P

'4

odsa L SR
% ﬁ%f»‘w‘.’;ﬁ%-
ALV

S
W,
Cydey

o,
var, Ry
. s e
XN '.““:‘”' AN ":;f i R D ST SN et R

A e VY X y { p g

5 :
X :

4 o
s







PR LN . . . N
e T R R T S I e S e
P ' . N .
A RN

TR T | o A SMB-I7
B A AR e SME
LI T ll-:-.’ I ”ﬁ,w.."“_?(‘;_( g2
NUCLEAR METALS INC. omenge st

May 24, 1984

United States Nuclear Regulatory Commission
Region I

631 Park Avanue

King of Prussia, PA 19406

Attention: Mr. John D. Kinneman
' Nuclear Materials Section

Re: Docket No. 40-00672
‘License No. SMB=179

Gentlemen:

Under the provisions set forth in 10 CFR 20.405(a), Nuclear Metals,
Inc. (NMI) is hereby submittin§ thirty day written notification pursuant to
an exposure of an individual to radiation in excess of the applicable limits
as set forth in 10 CFR 20.101. Specifically, an exposure in excess of the
18,75 Rem/quarter limit to the extremities has occurred. Attached please
find a description of the occurrence, as well as the evaluation of the
actual exposure to the hand of the individual in question.

Should you or your staff have any questions, please feel free to
contact me. -

Sincerely,

I ML/\_ d Vu«m J‘z‘lc O

Frank J. V aco, Manager
Realth and Kadiation Safety

Attachments

g : CC: Director of Inspection

1 and Enforcement

U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Mr. Frank R. Archibald, P.E.

Industrial Radiation Control Supervisor

The Commonwealth of Massachusetts , ///
» Department of Labor and Industries .
Division of Occupational. Hxﬁigqg,, Y
39 Boylston Street !
Boston, MA 02116
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ATTACHMENT I

P INDIVIDUAL'S PERSONAL INFORMATION
(b)(6)

Name:
Positior
SS No.:
DOB:
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ATTACHMENT 11

EVALUATION OF EXPOSURE

Introduction t

As indicat-d in Attachment I, the individual that received the exposure
in excess of regulatory limits is a Health Physics Technician. He is
assigned to our Foundry area to perform routine surveys and often, with his
high level of motivation and interest, becomes involves in non-routine
surveys and investigations.

We have in past correspondence described in detail the operations
performed by the Melting and Casting Technicians in this area. Whole "body
and extremity dosimetry is issued and read-out on a weekly frequency. The
subject individual of this report is also on the weekly dosimeter change
frequency. All individuals in the facility are subject to administrative
quarterly dose limits which are two-thirds that of the NRC limits. The
application (i.e., actual values) of administrative limits depends on the
dosimeter type and frequency. For instance, with the weekly frequency these
administrative dose 1limits are 64 mRem deep dose whole body, 385 mRem
shallow dose whole body, and 961 mRem deep and/or shallow dose extremity.

The above information Is discussed because of this individual's
integral job function in the area, and the actual events leading to his
recent extremity exposure.

Discussion

During the third week (April 16, 1984 - April 22, 1984) of this quarter
the Melting and Casting Procedures were changed in the Foundry resulting in
an upward trend in extremity exposures for the Melting and Casting
Technicians. The change was that of requiring cleaning and =zirconia
painting of the interior of the crucible extension. This was done in order
to improve casting chemistry. Attachment III shows the crucible extension
as it would be used in a melt cycle. As can be seen, these extensions are
not subject to contact with molten depleted uranium metal, They do,
however, pick up unsupported Th-234/Pa-234m daughter product activity, as do
other internal components of the furnace. The Foundry Melting and Casting
Technicians had, up to this point ‘in time, minimal extremity contact with
these extensions. Additionally, we had instituted the decay of extensions,
crucibles, break off rod and pour cup by storage for a six week decay
period. This latter item was initiated to maintain exposures ALARA.

As stated, once the above procedure was implemented, an increase in the
Melting and Casting Technicians' extremity dosimetry values was observed.
Based on our weekly dosimetry tracking, several individuals were receiving
hand exposures which would have placed them above our quarterly
administrative limit before the end of the calendar quarter. This prompted
an investigation and evaluation as to the cause and possible solution to the
problem. (Note: No other individuals in the area have received exposures
anywhere near that described below nor has anyone else been restricted from
work in the area.)
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Part of the invest nation involved a number of surveys of‘the furnace
graphite cowponents be. ' placed in 55 gallon drums for decay. Also,
surveys of used graphite components coming back into the area for re-use
were jerformed. The radiological surveys wera done by the sudbject
individual and were no doudbt the cause of extremity exposure in excess of
regulatory limits. Surveys were performed with the individual in the
standard safety equipment: that is, an aluminized cape/apron, plastic face
shield/safety qglasses, leather gloves, company issue uniform, and the
required whole body and extremity dosimetry. The survey results indicated
beta dose rates on the interior surfaces of the extensions that were quite
high. The results are below. Also, it is unclear at this time if the
2ire 1 vajinting contributed to the plating of Th-234/Pa-234m on these

intera arfaces. .
Typical Dose Rate Range 60 to BO RAD/hr (primarily beta)
Highest Observed Dose Rate 217 RAD/hr {primarily beta)

The individual's whole body and extremity dosimetry for the second
calendar quarter of 1984 is ocutlined below. All values are in mRem.

whole Body Whole Body Right Extremity Left Extremity

Period Deep © Shallow Shallow Shallow
4/02-4/08/84 Minimal Minimal : 90 70
4/09-4/15/84 Minimal Minimal Minimai Minimal
4/16~4/22/84 Minimal Minimal Minimal Minimal
4/23-4/29/84 Minimal Minimal 70 70
4/30-5/06/84 Minimal 70 1940 400
5/07-5/13/84 Minimal 60 8780 20,790
5/14-5/16/84 - - 180 180
TOTALS: Minimal 130 11,060 21,510

On Wednesday, May 9, 1984, a routine call-in from ocur dosimetry vendor
indicated the individual had, during the previous week, received an exposure
of 1940 mRem to his right hand while performing surveys of crucible
extensions. At that time, the Dosimetry Health Physicist spoke to the
individuval and instructed him to stop the surveys. Six extensions were
surveyed from April 30, 1984 to May 6, 1984. However, by the time we
received the routine call-in, sixteen additional extensions were surveyed
during the beginning of the week of May 7, 1984. On Wednesday, May 16,
1984, a call-in was received for the May 7, 1984 - May 13, 1984 exposure
period. The individuval was immediately pulled from dutles in restricted
areas on May 16, 1984. The next day his currently dated TLD rings (i.e.,
May 14, 1984) were sent for processing; results were received on May 21,
1984 for the partial week. He was issued spare TLD rings for the remainder

of the week. e
| NIM1
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In addition to the above dosimetry logistics, the individual was
igterviewed by the Dosimetry Health Physicist, the Manager of Health and
Radiation Safety, and the Vice President, Health/Safety. {His
self-disappointment was quite evident at the time.) He was asked to
estimate his extremity exposures through calculation, which has resulted in
the following shallow dose estimates for the two exposure periocds in
qQuestion

Estimated Extremity

Period Exposure (mRem)
4/30/84 = 5/06/84 5,560
5/07/84 - 5/13/84 12,330

TOTAL! 17,890

As can be seen, the estimates are well within a factor of 3 and 2 for
the two respective periods. The agreement {is good, in that, some
statistical and systematic errors are to be expected with a TLD readout.

Conclusions

The individual has an appointment to be examined by our Company
Physician on Thursday, May 24, 1984. This is routine for anyone who has
been pulled from an area for radiological concerns,

The Melting and Casting Procedures have been changed back, such that

there will be no cleaning or painting of crucible extensions. Additionally,
all new extensions have been modified to allow remote/shielded (aluminum)
handling. The extremity dosimetry in the area is being critically evaluated
each week in order to maintain exposures within our administrative limits,
Meetings with much communication between the Melting and Casting Technicians
and the Health Physics Department Staff have increased in frequency. It is
being stressed that all those involved use uniform safety procedures so new
dose reduction measures will be reflected in the dosimetry.
The Health Physics Technician presently in the area is under
instruction to perform routine surveys (ambient, smears and air) only. Any
non-routine surveys must be cleared through a member of the Health Physics
Staff. Previously, the Staff member would review the survey results in
relation to the work to be performed by the production worker. This should
prevent re~occurrence of a similar exposure scenario.
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Lastly, we are planning to obtain a telescopic survey instrument once
we'identify one suitable for our radiation fields. 1Inquiries are currently
b,lng made to various Mealth Physics equipment vendors as to availability.

Respectfully submitted,

o) Jadd)

David J. Allard /
Dosimetry Healfh Physicist

;ﬂ!LL 4( VLUH(M o

Frank J. €0, Manager
Health and Radiation safety

FIV/DIA/swk
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swag called to replace the thermozouple which he did.:: The problem penistedlﬁ"; ;
Chemicad Engineer (Schiller) suggested that the thermorouple lézd wire may beif: ;J !
‘defective.’ It was temporarily bypassed and the room temperature reading read i i

; cco:rml]m ‘Newy permanent lead wire was then Installed.: For & polnt of information;
 the HEPA filkers were changed this same day having lasted 2 normal wseful life iy
before rezching the differential pressure Mmit of 8 tnches of wateriThe Sonodm@
wag pek started for'a test Tun on Tuesday February 20.: It was quickly seen that kh@

: ﬁﬁm\dscaued temperarire was golng down rather than ups It was shut doivn and Richai]
A w@ne@ He reversed the B@ed wnreo ot the controller which appeared to correct the'i:!
Sy ‘émblm» The Soncdyne system wes then started and run for abour 10 minutes o
e check out §ts operaton. Shut down was accomplished by shutting off the feed '»jvawef ;

and aliowing the high temperature lmit to automatcally shut down the systems AIH ‘
apmmd normal during &hatt 10 m;nme &est.. iF
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Sonodyne atto shut ¢ m ‘ the Wm' bt
: Operator logged s could smell o
il‘lmoke then s @ @Mﬁ&% slmteatl RS i

smoke; no flame.'. mghtmpgpmrelimltonSonodynecontrdpaml
% seen 10 be reading ZI'F- w-ﬁ L *‘;Zi;:;f"“i:a BdEtoe
.\a?mfh'll rox:; Four CO? bottles es brought to roof

7 cartridges:. iSprayeddownﬁnwlth water hose and closed hatch.f&%g @
Monltoﬂng thermocouple inserted into Tomthmghmrhatch.*’A SRR
temperature of about 750'lendlcated. ;The four CO2 bottlesducharged*

. down duct from roof through nci“connecdon.‘v’remmm "of monitoring -
; fe indicated 578°F and was dropping about 1 1/2'F. per minute:
Fonrbonluthahadbemonﬂoormalwbmghttomofand‘ib Aty
ﬁischarxeddownduct. ¢ Temperature indicated by thermocouple :howed' ]
497'FthmcreptupmSOUFbefmmumhlgdmpdabout I’Fperminute.
Whentempenm fell 10'400°F, prefilter and HEPA filter housing covers

removedfoﬂnspecﬂon:v&rdbowdftmedpnﬂltmhadbm e
completel burned; however, high temperature HEPA filters were found to
bembsmuﬂlyhmmdmnmvedﬁomhondngmddroppedto
‘\noorbdowfﬂtbatumekobaunpmudthauhenrehadmmedut,

'-mthmghdie’l'o:'ltrwhatch:-s:idtobemofaﬂowﬁthahzyr%
.mmmgwtdmmdge.mdmmenmmokemmw

HEPA housing filter ports:: Cartridges sprayed with water and front:
mmmﬁetcd:eTaﬂbymovingdxcaxﬁdgehﬂchcovm.

% Cartridges were said to be glowing.’ They were water and six

; muidgammwedmproﬁdemm‘tomyan

g completdynnthelowlmensity filter fire, iz i

b 12030 PM B“ndin' Ew‘ﬁsﬁ@&?
i _“"%W‘ ,.‘.’5:3:”““) et
TORY FINDINGS

—-:“ﬁzh&*\’*\’;"h}’?’«'*'f“-"‘”‘-
“r g D J‘*

Shrbloalach
n&;ﬁi‘s&‘n‘é"w‘*’ of ibe HEPA Glvérs found
\dththefmhluvingmg!dmehmdmaged

‘rather than opening voids:iThe media had been

igfnme“on the fourth filter.: Roberts states he did not

filter from the housing and believes that it occurred from the drop |
rmmtmmwmwdmeobwomlyw KR
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- 'As sald above, the HEPA filters were in fairly good condition and remained effective

throughout the entire fire event. Depending on the exact time the fire started
during the 6:25 t0 6:5S period of high temperature/erratic temperature control, the
vent blowers were on somewhere between S and 35 minutes during the fire. Based on
the condition of the HEPA fllters, the comparatively short period of time that the
blowen were on during the fire and, most importantly, that the uranium content
Rx‘ e discharge vent sampling flilter reported to show no increase, it is
concluded t the fire did not cause an increase of uranium to be discharged from
the vent to the environment. A'so, the integrity of the 12 gasl.eted round metal cover

. plates for the Torit Cartridges vas apparently sufficient to keep any dust from

entering the closed front compartment of the Torit housing. The Torlit cartridges
themaselves function as a solids s tion device and are not part of the containment
structure. Therefore, it is concluded that there was no joss in integrity of the
containment structure of the Torit filter housing, duct work, HEPA filters and

- housing nor any other component of the complete Sonodyne Pulse Combustion drier

structure. Smoke from the fire however, with a potential for airborne uranium,

. entered the Sonodyne room either during opening inspection ports for evaluation,

during periods of fighting the fire or from down drafts. This was drawn into the
interior space of Building E and exhausted through the three HEPA filtered general
bullding and other process vents. Total filtered building vents provide about 38,000
cfm of filtered exhaust air. The removal of the filters during the final periods of the

~ fire fighting process did present another pathway for uranium to enter the work

There were no injuries hésult!ng from the fire. Dainage or loss to equipment was
minor and limited to the Torit cartridge filters, prefilters, HEPA filters (mostly from
handling), gaskets and caulking. The estimated cost to repair the damage is $8,000 for

. materials and 150 man hours of NMl labor

The root cause of the vent fire was found to have been the purchased thennocouple
supplied with reversed wires (polarity). Secondary to the root cause was the
reversal of the lead wire polarity at the instrument. It was an incorrect fix of the
root cause. In fact, what this did was to introduce a secondary thermocouple that
caused the instrument to read an ardﬂdally low temperature and the Sonodyne vent
system to overheat. - ‘

Testing and lnformatlon was gathered to ldenufy the materal that ﬂr:t lgnited the

- fuel. Mo oll could be found in the waste water. There was some inconsistent evidence

that the dried Sonodyne solids could burn under red heat from a propane flame;
much higher than would have been experienced in the Sonodyne at the time of
ignitdon. Visolite powder which is used to check the integrity of the Torit filters did
jgnite with the propane torch and sustained a ﬂame. This material had been used for
a number of years without a problem and again th e flame was hotter than
the Sonodyne overheat condition. The pouibmry a hot spark being carried over to
the filters from the combustion chamber was discussed. Sparks had been seen some
years ago in the primary collector but cleaning procedures where instituted to keep
this from happening. The other material investigated was the Torit filter media
jtself. Both Nelson and Roberts independently observed the media burning during
fighting the fire. Mr. Mirvan Wright of the Donalson Company ( the cartridge _
supplier) stated that their experience indicated that the media would have to exceed .
5001: say 650°F, before it would combust. He did say however that they have

that if carbon and rich diesel fuel are present, the media could ignite as low
as SSO'F Although this is at the upper limit to which one could expect the Sonodyne




as $50°F. Although this is at the upper limit to which one could expect the Sonodyne
vent gas to have reached, it could have occurred. It can be said with some certainty
that the Torit filter media is what started buming and provided the fuel to the fire. In
summary, the defective thermocouple caused the Sonodyne vent system to exceed the
maxdmum operaung temperatune o? 285°F and ultimately burn the Torit Filter media.

4. CORRR'STIVE ACTION

The following was done to prevent a sunllar sltuation from occurring again.
- o A properly functioning thermocouple and leadwire were installed with the
*  correct polarity . -
¢ An independent over temperature thermocouple. Jeadwire and controller
were installed to limit the maximum temperature excursion should the
pﬂmary high temperature umlt system fall again -

The following was done to asslst in ﬂzhunz a Torlt fire should one occur again.
* A water deluge system was installed directly into the Torit housing

The following is belng evaluated as an addmonal layer of fire control.

¢ Installation of a CO2 system to be actuated automadcally before there would
be a need to use water.

AN

Distribution: BEZ, FJV, DSS, RTF, MAN, EBA, FGO'K, LEH, MFJ

Facilities/vents/Sonodyne vent fire




+i-04=22-96 02:22 PM FROM NUCLEAR METALS - FOlZ

© TOr Eric Andersen
“  FROM: David Schiler P
Subject: Potential Ur volved in Vent l-'irc, 2/21/96

1 Sample- took sample from feed tank bottom, l/ 21, attemping to maintain normal (2
gpm) flow. -

2. Measured 3 mls sulfuric add into 50 ml volumetric flask. Added about 40 ml. .
mixed sample and mixed. Filled to volume with more mixed sample. Mixed well
Analyzed using colorimeter at 400 nm. :

Aliquoted 20 ml. acidified sample (from 2 above) into 50 ml. volumetric flask.
Added 5 ml. 20% Ammonium Tartrate solution.
Added 15 ml. NH4OH (conc.)
Added 0.1 ml. H;O,, 50%.
Brought to volume, mixed well. . |
Read on Milton-Roy Spec 20D Colorimeter at 400 nm per instrument
instructions.

8. Reading was 0.144 AU, factor is 10.6 mg U/AU
4. Total solids in sample is approximately 0.33 lb/ gallon (from Resorce Recovery
Monthly Report).
Approximate weight of contaminated solids in Collector: 2 Ib/filterx24 filters: 50 Ib.
Calculations:
1. Determine U in Sample

U =0.144AU x 106—%—

U=153mgU
3 where U is the total amount of Uranium found in the volume analyzed.
2. Determine sample size.

V = (20ml) o (50— 3’"')

vV =18.8ml
where V. is corrected sample volume.

3.  Uranium concentration.
1.53mgU : 10005
e Ty R TE
[U]=0.0814gU/1
where {U] is the uranium concentration
4. Total uranium in Collector
‘ 0.08142U /e 3.7851 / gal
Wy ==—5 3316/ ga
W, =47gU ‘
where Wy is the weight of Uranium in t.he collector.

7. Conclusion: less than 50 grams U could have been potentially involved in the vent
fire on 2/21/96.
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FOREWARD

The Depleted Uranium Technical Brief is designed to convey available information
and knowledge about depleted uranium to EPA Remedial Project Managers, On-Scene
Coordinators, contractors, and other Agency managers involved with the remediation of
sites contaminated with this material. It addresses relative questions regarding the
chemical and radiological health concerns involved with depleted uranium in the
environment.

This technical brief was developed to address the common misconception that
depleted uranium represents only a radiological health hazard. It provides accepted data
and references to additional sources for both the radiological and chemical
characteristics, health risk as well as references for both the monitoring and measurement
and applicable treatment techniques for depleted uranium.



Acknowledgments

This technical bulletin is based, in part, on an engineering bulletin that was prepared by the U.S.
Environmental Protection Agency, Office of Radiation and Indoor Air (ORIA), with the assistance of
Trinity Engineering Associates, Inc. (TEA) under Contract No.68-D-00-210, and EnDyna, Inc. under
Contract No. 06-H-00-1057.

Thanks go to Ron Wilhelm, Madeleine Nawar and Schatzi Fitz-James of ORIA, and Charles
Sands, Stuart Walker, Robin Anderson, and Kenneth Lovelace of OSWER for their comments and
suggestions and to the following EPA regional staff: R2: Angela Carpenter; R3: Randy Sturgeon; R4:
David Dorian; R6: Camille Hueni, Raji Josiam and George Brozowski, R10: Rick Poeton.



TABLE OF CONTENTS

L PURPOSE ..ottt ettt sttt b et b et ekt e be e e b e e b e e e b e e b e ne e £ e e b e A e e b e e b ne e R e e R e e b e AR e e e R e e Re e e R e e Re e eEeeRe e eReebe e ebeabeneeteare e 1
2. INTRODUGCTION ..titittittiteieiteieetesteseeieste e este st stessesessessesesbessesestesseseasesseseabesseseebesees e ebeas a8 e eEenaes e e benees e e beneen e e benbes e e beneeneabeneeneabeneenes 1
2.1 Characteristics of Uranium and Depleted UraniUm ... et seesne s 1
2.2 HEAITN CONCEBIMS ...ttt ettt bbbt h et et A e bt S h e bt e b e s e ea b e oE e e R e eb e eheeb £ e R e en b e neeebeebeebeebeeseenbeneenbeneesneas 2
2.2.1 EXPOSUIE PANWAYS ...ttt et bbbt a et b e bt bt s b e bt e bt et e m b e se e e b e s b e eb e e b e e aten s e nn e besbesbeneas 2
A O 1= 0 01T o7= LB ] RS R PR 3
2.2.3 RAAIOIOGICAI RISK ...viitiiiiiitiitiiettre ettt bbb bbbtk bbb bbb bbb b st et bt nb e bt b b 3

3. URANIUM IN THE ENVIRONMENT ....ctititeiitiiteistest st esa st ssesastesaesassessesessessessssessessasessessasessessssessessssessessasessesssssssessasessenes 4
I 70 R O Lol o1 U] =T [ o] = TP PSP P PSR PS TP PR TR 4

G T2 CT=To Tl 1= 0 013 1 /2SS 4
GG N |V 0 o 11 1 YOO OSSPSR 4
G oY g =T aTot=To IN1Y To o 1 1 Y/ RS 4
4. FATE AND TRANSPORT OF DEPLETED URANIUM .....ccciiiiiiiiisisiest sttt sttt st st sbe st snens 5
o R o =1 TS T 01| TSSOV UTO TP PRTRR 5
A2 FALE TN WALEK ..ttt ettt ettt b e bt bt s b e Rt e h e a2 e b e eb e Sh e e b e R £ eh £ a2 e b e AR e A Reeb e e Re e h e e e e b e nbeeRe e b e eheeb e e e et e neeebeneas 6
G T e = N1 o N 1 OSSP 6
e VA= N1 =T Yo | - LSS 7
A5 Partition COfICIENTS ..oiiiiiiiiiciciee ettt sb e s te e s e e s e e e be s EesResEeeReesee e e benbeaResbeaneesee e enbeneesrenes 7
4.6 Fate and TranSPOIrt MOGEIING . .cuii ettt st r e e et e tesae st e e neesee e et e seesbesteaneenee e e seneenrenes 7
5. SITE SCREENING FOR DEPLETED URANIUM CONTAMINATION.....cccctiiiiiriiiirieisesieesie e 8
6. MEASUREMENT TOOLS AND MONITORING TECHNIQUES ........cccoiiitiiiiiriese st 9
7. REMEDIATION TECHNOLOGIES ..ottt sttt st sae st sttt sseseabe st s e abesses e abesaeseabesseseabesaeseaseneeneaseneenes 9
4% Yo 1 I =Tod T a Lo Fo Yo 1= TS 9
% A o 0 ) VST ot LIRS T=T o T T = A o o OO TR UR USROS 9
7.1.2 CREMUCAI EXTFACTION ..ttt ettt bbbt bt e a b e ee e b e bt b e s b e bt e b e e e et e neeebe s beebeebeeneenbeneeabesbenneas 10

7.2 GrouNdWater TECHNOIOGIES ..ot bttt b e bbb e bt e bt et et e sbe e bt sbe s bt ebeeseenbeseesbesee e 10
T.2.1 PUMP BNA TTEAL ... eittitiietiitiitetiete ettt sttt sttt ettt ettt ettt b e eh e sb e s e es e eb e s e b £ bt s e e b £ eb e nEeh e bt e b e s e bt e b eh e e bt b e s e eb s b s b eb e e b e seen et enes 10
7.2.2 Permeable REACTIVE BAITIEIS ..iiiiiiicie ittt sest ettt sttt st ste s e esaeseesbestesbestesseesee e enbeseesbesbesneateeneenseseessesensneas 10
7.2.3 COMMETCIAI TEST STUGIES .. .cuiiiieiiiieieite bbbt bt b bbbt s bt e bt st s et et ne bt nes 10

7.3 Technologies fOr SO @NU WALET ...ttt ae e re e e e e st e s tesbesreereeneeneeseenrenee e 11
7.3.1 IN-Situ StabiliZatioN/TrEAIMENT ..o bbbt bbbt se et st sbentenes 11

RS I = 1) Y4 (o T (=T 4 aT=To 1= Lo o SO RSR 11
7.3.3 Monitored NatUral AtEENUBALION .....ivieiiereiie sttt sb ettt s bt seebe b s e eb e b neaneneenes 11

8. EPA STANDARDS APPLICABLE TO DEPLETED URANIUM SITES......ccceiiititiiiiieese e seeessesessesse e 12
S0 I o] ST | OO U TP 12
ST o1 g | SO OO SOU ST 12
TG T o T VA= 1= SRRSO 12
8.4 Storage Of DEPIEted UIBNTUM ..ottt bbb et b bbbt b et st e b e bt et b st st nnns 12
8.5 FOI DISPOSA .ttt bbbt bbb b bR R R R R R R R bR e R bRt R bRt b b st e n e 13

F AN o] £ 11V 1 11 T OO PP UPPRPPPUPPUPPIN 14
(] o 17T 1 S 15
Additional SOUICes Of INTOIMALION 1..uuiiiiiiiiie e e e st e e e s st e e e s stbe e e e s sabeeeesssbaeeesanbaeeeesnseeeessne 17
Appendix 1: Technical Background on Uranium and Depleted Uranium .........cccocevveieniinieniniesesesieseeee e e svesee s 19
Appendix 2: Measurement Tools and Monitoring TECANIQUES ... 23
Appendix 3: National Priorities List (NPL) Sites that have or may have DU Contamination .........c.ccccceeeneinnennne 28
Appendix 4: Depleted Uranium Manufacturing and Testing FaCilities ...t 30
Appendix 5: Case Study - Nuclear Metals, Inc. (NMI) site, Concord, Massachusetts.........ccccociviiiiniinnc e, 32
Appendix 6: Case Study - Maxey Flats Nuclear Disposal Site, Hillsboro, KENtUCKY ........cccoeviineiniinenienenee, 35
Appendix 7: Treatment DefiNed DY NCP ...t bbb bbb b et bbbt ee e 37
RETEIENCES ... ittt b etk b e et s btk e s bt b e e b e st e b S b et e b e b et b oA E e Rt e R e bRt e Rt E et e bbb e bbbt bne 38

Vi



1. PURPOSE

Technical Briefs are designed to convey
available information and knowledge about a
particular contaminant of interest, such as
depleted uranium (DU), to the Environmental
Protection Agency (EPA) Remedial Project
Managers (RPM), On-Scene Coordinators
(OSC), contractors, and other site cleanup
managers involved with the remediation of sites
contaminated with radioactive material.

This Technical Brief is intended to help the user
understand the characteristics, behavior in the
environment, and potential human health risks of
DU as a contaminant in soils and groundwater.
The document also identifies available
monitoring and measurement tools and various
treatment technologies for remediation of sites
contaminated with DU. Supplementary
discussions and additional information are
provided in the appendices.

This Technical Brief specifically addresses DU
in an environmental contamination setting and
specifically does not consider airborne DU
micro-particulates of the type associated with
DU munitions. Further, it considers only
contamination scenarios in the United States,
though it has used international scientific data,
where appropriate, for its technical basis. In
these environmental contamination settings, the
major risk from DU is toxicological rather than
radiological, and chemical toxicity is the major
driver for site cleanup.

Further, since most available literature
concerning chemical properties of uranium focus
on natural uranium, this document will make
frequent reference to these studies in full
knowledge that the chemical properties
addressed for natural uranium are identical to
those of DU. Addenda will be issued
periodically to update the original Technical
Brief, whenever deemed necessary.

2. INTRODUCTION

Depleted uranium (DU) is a byproduct of the
process used to enrich natural uranium for use in
nuclear reactors and in nuclear weapons. Natural

uranium is composed of three isotopes; ‘U,
U, and U (see Table 1) [1]. The enrichment
process concentrates both the **°U and the U
isotopes in the product material, resulting in a
waste product or byproduct depleted in both 2°U
and 2*U. The resultant DU retains a smaller
percentage of U and ***U, and a slightly
greater percentage of **®U (99.8% by mass
instead of 99.3%). Because of the shorter half-
life of U and *°U compared to **U, the
radioactivity  associated with DU s
approximately 40% less than that of natural
uranium.

Table 1: Typical Isotopic Abundances in Natural
and Depleted Uranium

Isotope Abundance ( by weight)
Natural Uranium Depleted Uranium

234y 0.0058% 0.001%

25y 0.72% 0.2%

238y 99.28% 99.8%

In the United States, DU is available mainly
from the U.S. Department of Energy (DOE) and
other government sources. DU occurs in a
number of different compounds with different
characteristics, which may have a significant
impact on the management and disposition of
this material.

Because DU metal is 1.7 times more dense than
lead, it is valuable for industrial uses. It has
been used for civil and military purposes for
many years. Detailed information on uranium,
its chemical forms, manufacturing/enrichment
processes, and uses of DU are further discussed
in Appendix 1.

2.1 Characteristics of Uranium and
Depleted Uranium

Uranium is a naturally occurring radioactive
metal in all rocks and soils in low concentrations
(1 to several hundred picocuries per gram
(pCi/g)). All three isotopes are radioactive and
produce decay products upon radioactive
disintegration. After purification (processing) of
uranium, the decay products of all of the
uranium isotopes will begin to accumulate very
slowly, and traces of these decay products can
be detected.




Other trace isotopes that have been observed in
depleted uranium, and are likely of
anthropogenic origin, include plutonium-238
(*®Pu), plutonium-239 (**Pu), plutonium-240
(**Pu), americium-241 (**Am), neptunium-237
(*'Np) and technetium-99 (*Tc).

Table 2: Radiological Properties of Uranium

Isotopes
Isotope Half-life (years)
=4y 2.455 x 10°
2y 7.038 x 10°
Y 4.468 x 10°

Table 2 above lists the half-life of each isotope.
Approximately 48.9% of the radioactivity of
natural uranium is associated with 2*U, 2.2% is
associated with ?*°U, and 48.9% is associated
with 28U. All three isotopes behave the same
chemically but have different radiological
properties. As may be calculated from the tables,
the radioactivity of natural uranium is
approximately 0.70 uCi/g, whereas the
radioactivity of DU is approximately 0.40 uCi/g.

The weight percentages in Table 1 and
radioactivity percentages given previously are
different because each isotope has a different
physical half-life - the shorter half-life makes
%41 the most radioactive and the longer half-life
makes **®U the least radioactive. Each isotope
decays by emitting an alpha particle.

For natural uranium present in soils and rocks,
the activities of 2*U and U are identical; they
are said to be in secular equilibrium. In natural
waters, however, the #*U can appear to be
slightly more soluble and the radioactivity ratio
of #*U to U varies from 1:1 to more than
20:1. This is believed to be due to the fact that as
238 decays to U, it passes through thorium-
234 (*'Th) (first decay product) and then
protoactinium-234  (®'Pa)  (second decay
product) which are slightly more soluble than
the uranium isotopes. The ?**U thus appears to
move while the *®U remains sparingly soluble.
When converting from activity to mass or vice
versa, knowledge of the concentration of each
the three uranium isotopes is required.

2.2 Health Concerns

A common misconception is that radiation is the
primary hazard DU poses to human health. This
is not the case under most exposure scenarios.
Though irradiation from DU can occur, chemical
toxicity is usually the major hazard from soluble
forms of uranium, while the radiological hazard
dominates inhalation of sparingly soluble forms.
Since all forms of uranium possess the same
inherent chemical properties, they also display
the same behaviors of chemical toxicity, and if
internalized, will all lead to adverse health
effects similar to those of other heavy metals
such as lead and cadmium. The Agency for
Toxic Substances and Diseases Registry
(ATSDR) Toxicological Profile on uranium [1]
summarizes the existing animal and human data
on the toxicology of natural uranium.

Natural and depleted uranium differ only in their
relative concentrations of uranium isotopes.
Depleted uranium is roughly 60% as radioactive
as natural uranium because the more radioactive
isotopes have been removed. All three naturally
occurring uranium isotopes emit alpha particles
as their primary radiation. Because alpha
particles cannot penetrate the skin, uranium is
usually considered an internal radiological
hazard rather than an external radiation hazard.
Awareness should be maintained regarding the
external hazard since DU can contain trace
amounts of ?*°*U and other substances (such as
plutonium, americium, and technetium);
however, the risk posed by these trace
contaminants is  usually  regarded as
insignificant.

2.2.1 Exposure Pathways

Uranium occurs widely in the environment, and
as a consequence small amounts of natural
uranium in air, water, and soil are ingested and
inhaled every day. This normal intake results in
a natural level of uranium in the body of
approximately 90 pg [1]. Excess loading occurs
through three exposure pathways — inhalation,
ingestion, and dermal contact — though the latter
(dermal) is usually considered to be an
insignificant exposure scenario.




Inhalation is the most likely route of intake of
DU. In the case of sites contaminated with DU,
this may occur through resuspension in the
atmosphere through wind or dust disturbances
due to site operations. Accidental inhalation may
also occur as a consequence of fire in a DU
storage facility, an aircraft crash, manufacture of
armor-piercing weapons, or the decontamination
of contaminated objects. [34]

Ingestion can occur in a large section of a
community or population if drinking water or
food supplies become contaminated with DU. In
addition, ingestion of soil by children is
considered a potentially significant pathway
[34].

Dermal contact is considered a relatively
unimportant type of exposure since little of the
DU will pass across the skin into the blood.
However, DU could enter systemic circulation
through open wounds or from embedded
fragments of DU [34].

2.2.2 Chemical Risk

When incorporated into the body, the highest
concentrations of uranium occur in the Kidneys,
the most sensitive organ, as well as liver tissue
and skeletal structure. The amount of DU
subsequently absorbed into the blood and
deposited in the Kidneys or other organs is
dependent upon several factors (e.g., exposure
pathway, particle size, solubility) [1]. DU
particles and oxides retained in the body have
different solubilities. The three uranium oxides
of primary concern (UO,, UO;, and U;Og) are
relatively insoluble [35]. Insoluble and sparingly
soluble uranium compounds are believed to have
little potential to cause renal toxicity but could
cause pulmonary toxicity through inhalation
exposure [1].

The ingestion exposure pathway currently has a
number of established risk levels and standards
for chemical toxicity. ATSDR has a "minimal
risk" level for intermediate-duration ingestion
set at an oral uptake of 2 ug of uranium per kg
of body weight per day, though the World
Health Organization (WHO) has established a
tolerable daily intake (TDI) for uranium of 0.6
pMo/kg body weight per day. WHO has a

provisional guideline for drinking water quality
of 15 pg/L - a value considered to be protective
for sub-clinical renal effects reported in
epidemiological studies. EPA’s Rule on
Radionuclides in Drinking Water sets a
maximum contaminant level for naturally
occurring uranium at 30 pg/L, and its
preliminary remediation goal (PRG) for
Superfund is 2.22 pg/L for ®*U in tap water.
The Nuclear Regulatory  Commission’s
occupational annual limit on intake (ALI) for
oral ingestion is 14.8 mg.

2.2.3 Radiological Risk

The general population is exposed to uranium
primarily through food and water with an
average annual intake from all dietary sources
being about 350 pCi [31]. On average,
approximately 90 pg (micrograms) of uranium
exists in the human body from natural intake of
water, food, and air. About 66% is found in the
skeleton, 16% in the liver, 8% in the Kidneys,
and 10% in other tissues [32]. In the United
States, the typical concentration of uranium in
the skeletal structure (wet weight) is about 0.2
pCi/kg [31]. The lungs, kidneys, and bone
receive the highest annual doses of radiation
from uranium, estimated at 1.1, 0.92, and 0.64
mrem, respectively, for U.S. residents.

As they decay, DU and its decay products emit
alpha, beta, and gamma radiation that can result
in external and internal exposure to those who
handle or encounter DU-contaminated materials.
Based on the zero-threshold linear dose response
model, any absorbed dose of uranium is
assumed to result in an increased risk of cancer.
Since uranium tends to concentrate in specific
locations in the body, the risk of cancer of the
bone, liver, and blood (such as leukemia) may
be increased.

Inhaled DU particles that reside in the lungs for
long periods of time may damage lung cells and
increase the possibility of lung cancer after
many years. DU is considered primarily an
internal hazard, although there is some external
radiation hazard associated with DU since its
progeny emit gamma rays.




The amount of uranium in the air is usually very
small and effectively insignificant for remedial
operations.  People who live near federal
government facilities that produced or tested
nuclear weapons in the past, or facilities that
mine or process uranium ore or enrich uranium
for reactor fuel, may have increased exposure to
uranium. For example, data from the United
States and Canada have shown elevated uranium
levels in and around milling and processing
facilities, and estimated airborne releases of
uranium at one DOE facility amounted to
310,000 kg between 1951 and 1988, which
produced an estimated offsite inventory of
2,130-6,140 kg of excess uranium in the top 5
cm of soil in the vicinity of the facility [34].

3. URANIUM IN THE ENVIRONMENT

Due to its natural abundance, uranium can be
found anywhere in water, in food, and air.
Because DU and naturally occurring uranium
are chemically the same, knowledge about
transformation, transport, fate and effect on
natural uranium in the environment is applicable
to the study of DU.

3.1 Occurrence

As an environmental contaminant, DU most
frequently occurs as the metal, and as a number
of solid oxides, which may include those arising
from oxidation of the metal, those from
hydrolysis of uranium hexafluoride accidentally
released to the environment, and those from
neutralization of acidic industrial wastes that
contain dissolved DU. It can also occur as
soluble aqueous species (primarily the uranyl
ion) or as a number of insoluble and sparingly
soluble species, including mineral forms that
have arisen as a result of uranium’s complex
environmental chemistry.

3.2 Geochemistry

Oxidation-reduction processes play a major role
in the occurrence and behavior of uranium in the
aqueous environment. The dominant uranium
valence states that are stable in the geologic
environment are the uranous (U*"), and uranyl
(U%, UO,*" ion) states; the former is much less
soluble [2] while the latter can form many
complexes and is regarded as a dominant feature

of uranium chemistry. For the metal, the
oxidation rate is likely to be controlled by
variables such as temperature, metal size and
shape, presence or absence of coatings, soil
matrix, and presence of water and other
contaminants.

3.3 Mobility

Uranium transport generally occurs in oxidizing
surface water and groundwater as the uranyl ion,
Uo,%*, or as uranyl fluoride or carbonate
complexes. UO,** and uranyl fluoride
complexes dominate in acidic oxidizing acidic
waters, whereas the carbonate complexes
dominate in near-neutral and alkaline oxidizing
waters, respectively. In contrast, the uranous
ion, U*, is essentially insoluble. An important
point in considering uranium migration in soils
is that when UO,*" is reduced to U*" by humus,
peat, or other organic matter or anaerobic
conditions, it is essentially immobilized. It
should also be noted that phosphates and
sulfides usually precipitate uranium and hence
stop migration, a behavior that can be exploited
in remedial operations.

Hydroxyl, silicate, organic, and sulfate
complexes might also be important, sulfate
especially in mining and milling operations that
use sulfuric acid as a leaching agent. Maximum
sorption of uranyl ions on natural materials (e.qg.,
organic matter; iron, manganese and titanium
oxyhydroxides, zeolites, and clays) occurs at a
pH of 5.0-8.5. The sorption of uranyl ions by
such natural media appears to be reversible. For
uranium to be “fixed” and therefore accumulate,
it requires reduction to U** by the substrate or by
a mobile phase, such as hydrogen sulfide (H,S).

3.4 Enhanced Mobility

A further complication in predicting the mobility
of DU is the existence of facilitated transport.
Facilitated transport is the accelerated movement
of contaminants in an aqueous system at a rate
greater than would be predicted by either the
simple solubility of the contaminant, the formal
flow-rate of the aqueous phase, or by the
interaction of a contaminant with the solid
phases present. Facilitated transport is usually
attributed to the contaminant being bound to
particles such as colloids, or having enhanced




solubility due to the presence of complexants,
ligands, and/or chelators. While the aqueous
phase in general may be able to explore a very
tortuous path through the geologic media when
contaminant attached to a particle that is too
large to travel through the smaller pathways, it is
effectively restricted to wider cracks and
crevices, thus giving it an enhanced mobility.
Colloids are typically tiny (spanning the size
range from large molecules to small biological
entities such as bacteria) particles of mineral
and/or organic matter that can remain suspended
in the aqueous phase without settling. They may
be hydrolysis products of uranium, organic
chelates (natural and anthropogenic ligands), or
mineral/oxide/humic colloids.

4. FATE AND TRANSPORT OF
DEPLETED URANIUM

Environmental contamination by DU can occur
in soil, water, biota, and as airborne particles.
Although the radiological properties of uranium
isotopes differ considerably, their chemical
behavior is essentially identical. Hence,
knowledge about the transformation, transport,
fate, and effect of natural uranium in the
environment is applicable to DU.

Under some conditions, such as the reducing
conditions  characteristic of swamps and
wetlands, the stable chemical form of uranium is
the +4 state in which it will not readily dissolve
in water, and will thus become relatively
immobile. Under oxidizing conditions, such as
on the surface of the ground or in shallow water,
DU oxidizes to a state in which it can dissolve
and become mobile in water. Metallic forms
will oxidize faster as small particles than as
large pieces [37].

Aside from pH, a number of other parameters
affect uranium fate and transport. Other
parameters that influence movement are the
presence (or absence) of organic compounds,
redox status, ligand concentrations (i.e.,
carbonate, fluoride, sulfate, phosphate, and
dissolved carbon), aluminum- and iron-oxide
mineral concentrations, and uranium
concentrations.

Given the long half-life of uranium (see Table
2), decay is not particularly relevant to uranium
fate and transport in the environment. The
following sections discuss DU fate/transport by
medium.

4.1 Fate in Soil

Upon weathering, non-oxidized small particles
may be adsorbed to clay minerals and humus.
The surfaces of remaining DU fragments in soil
exposed to the atmosphere will slowly oxidize to
uranium oxides.

Uranium can exist in the +3, +4, +5, and +6
oxidation states. The +4 and +6 states are the
most common in the environment. These oxides
are only sparingly soluble, but will gradually
form hydrated uranium oxides in moist
conditions. The hydrated uranium oxides will
then slowly dissolve and be transported into the
surrounding soil, pore water, and eventually
groundwater, although adsorption of uranium to
organic compounds in the soil may inhibit the
rate of migration. It should be noted that the +6
form (uranyl ion) can be adsorbed on clays and
organic compounds and later be *eluted” or
displaced by other cations. However, many
organic materials reduce the uranyl ions to the
+4 forms which are not likely to be eluted,
though they might be subsequently reoxidized
and made soluble.)

In the case of metallic particles, the oxidation
rate depends on fragment size, pH, humidity,
soil moisture content, soil chemistry, soil
oxygen content, and the presence of other metals
in the soil. The system’s pH and dissolved
carbonate concentrations are the two most
important factors influencing the adsorption
behavior of U** in soil [38].

Iron and manganese oxides, smectite clays, and
naturally occurring organic matter can act as
somewhat irreversible sinks for uranium present
in soils. As a result, sorption onto iron and
manganese oxides can be an effective extraction
process, although the presence of dissolved
carbonate can inhibit this process. Uranium
transfer between these bound phases and the
dissolved phase is subject to very slow reaction
rates [38].




Aqueous pH influences the sorption of U®* to
solids. The poorer-adsorbing uranium species
are most likely to exist at pH values between 6.5
and 10. Additionally, lowering the pH reduces
the number of available exchange sites on
variably charged surfaces, such as iron oxides
and natural organic matter.

Microbial activity might speed up the corrosion
of metallic DU, but it should be noted that the
titanium present in DU of military origin
(typically 3.5%) would tend to counteract and
slow down the process [39]. On the other hand,
in soil with high concentrations of organic
materials, naturally occurring soil bacteria can
reduce soluble U®* to sparingly soluble U*,
thereby limiting uranium mobility as well.
Oxygen content, presence of water, size of the
metal particles, presence of protective coatings,
and the salinity of the water present all impact
the rate of microbial action. Although it is
known that organic matter is a sink for uranium
in soils and sediments, the actual mechanism of
the process is still unclear [38].

4.2 Fate in Water

U* solid phases have relatively low solubilities,
so the total concentration of U** in water is
usually low (3-30 mg/L) [38]. In general,
aqueous U** forms precipitates that are sparingly
soluble, adsorbs strongly to mineral surfaces,
and partitions into organic matter. All of these
properties lead to its reduced mobility in water.

Under reducing conditions, U*" is the dominant
oxidation state in aqueous solutions. Reducing
conditions are found in deep aquifers, marsh
areas, and engineered barriers. U* is not
strongly complexed by common inorganic
ligands and is present predominantly as the
U(OH), ion under pH conditions typical of most
natural waters. U* precipitates to form
relatively insoluble solids, such as uraninite
(UO,) and coffinite (USiO,4) [40].

As previously mentioned, the U®* ions can be
removed from solution by sorption on iron
hydroxides and organic soil matter. Sorbed
uranyl ions can be reduced to U*" by reductants
such as hydrogen sulfide (H,S), methane (CH,),
or ferrous iron (Fe?*). If uranyl ions are sorbed

by organic matter, the organic matter may
reduce the uranyl ions [40]. Uranyl ions may
also be removed from solution by precipitation
as U solid phases such as schoepite (3-
UQO3+2H,0), which is relatively soluble, or by
precipitation of the less soluble phases carnotite
(K2(UO2)2(VOy)2) or tyuyamunite
(Ca(U0,)2(VOa),) [40].

Uranyl ions form strong complexes with
carbonate ion in solution. These carbonate
complexes increase the solubility of uranium
solids, facilitate U** oxidation, and increase
uranium mobility by limiting uranium sorption
in oxidized waters [40]. Fluoride, phosphate,
and sulfate ligands can also significantly
complex uranyl ions [40].

At low ionic strengths with low concentrations
of U%, the concentration of dissolved U®" is
mostly controlled by cation exchange and
adsorption processes. As the ionic strength of a
solution increases, other cations (e.g., Ca®,
Mg?, K*) displace any uranyl ions on soil
exchange sites and force them back into
solution.

4.3 Fate in Air

Atmospheric releases of DU are almost
exclusively in particulate form, as the vapor and
gas forms of DU are not commonly encountered.
The high density of DU in most particulate
forms limits the air transport of DU to relatively
small particles. Air releases of DU can occur
via emission from stacks, re-suspension from
soil, or through emissions of fugitive dust from
piles or industrial process areas containing DU.

Source estimates for stack releases are generally
derived from stack monitors. The revised wind
erosion equation [41] may be used to estimate
releases via suspension from soil. Sources of
fugitive dust releases to air are often estimated
using the EPA AP-42 guidance [42]. Air
transport of long-term (Jone year) releases of
DU in the form of aerosols or other respirable
particle sizes is typically analyzed using codes
based on the Gaussian plume model. These
models estimate air concentrations as a function
of direction and distance from the source, and
also will usually provide estimates of ground




concentrations resulting from deposition of the
airborne DU. It is reported that most of the DU
dust will be deposited within a distance of 100
meters from the source [43].

Following airborne transport, the migration of
DU will ultimately become subject to water,
soil, and biological transport mechanisms. In
general, DU deposited by airborne transport will
be present on or near the soil surface and shows
minimal uptake by plant roots. DU is not
effectively transported through the food chain,
as low-level organisms tend to excrete the
soluble uranium species quickly.

4.4 Fate in Biota

Some plant material, such as lichens, can serve
as an indicator of airborne DU contamination.
Lichens consist of fungi and algae living
together symbiotically, in a mutually beneficial
way. As lichen morphology does not vary with
the seasons, their accumulation of pollutants can
occur throughout the year, and they usually live
for very long periods.

Some lichens growing on the surface of another
plant have a high capacity to accumulate
uranium. Because they lack roots, lichens do not
have access to soil nutrient pools and
accumulate substances mainly via trapping
atmospheric  particulates. Uranium s
accumulated in lichen thallus under moist and
dry conditions from airborne particles and dust.
Even tiny fragments of lichens may contain
concentrations that are readily detectable [43].

4.5 Partition Coefficients

Partition coefficient (Ky) is a parameter used
when estimating the migration potential of
contaminants present in aqueous solutions in
contact with surface, subsurface, and suspended
solids. Ky is defined as the ratio of the
contaminant concentration associated with the
solid to the contaminant concentration in the
surrounding aqueous solution when the system
is at equilibrium. Generic or default partition
coefficient values found in literature can result
in significant errors when used to predict the
absolute impacts of contaminant migration or
site-specific remediation options.  Partition
coefficient values measured at site-specific
conditions are essential for site-specific
calculations [44].

With respect to uranium movement in the
environment, however, the EPA guidance on Ky
suggests that the best way to model the
concentration of precipitated uranium is through
the solubility constants of the different uranium
compounds involved, rather than through Kj
[44].

As with other uranium properties, uranium Ky
values are strongly influenced by pH because of
the pH-dependent surface charge properties of
soil minerals and the complex aqueous
speciation behavior of dissolved U®*. In general,
at pH less than 3, the adsorption of uranium by
soils and single-mineral phases in carbonate-
containing aqueous solutions is low, reaching a
maximum in adsorption between pH 5-8, then
decreasing at pH values greater than 8 [44].
Table 3 provides minimum and maximum Ky
values for uranium as a function of pH and
shows the wide variation that occurs in Kj.

4.6 Fate and Transport Modeling

Obviously, the best method for determining the
concentration of a contaminant at a location in a
contaminated site is by direct, site specific
measurement using the appropriate analytical
method and protocol. The contaminant
concentration is then usually used to determine
Ky for further modeling purposes. The use,
advantages, and limitations of the Ky approach
have been well discussed in the literature [43],
and we recommend that whenever possible Ky
should be measured. It is important to note that
soil scientists and geochemists knowledgeable of
sorption processes in natural environments have
long known that generic or default partition
coefficient values found in the literature can
result in significant errors when used to predict
the absolute impacts of contaminant migration
or site-remediation options. Accordingly, one of
the major recommendations is that for site-
specific calculations, partition coefficient values
measured at site-specific  conditions are
absolutely essential [43]. However, due to the
complexities of both geological media and
chemical behavior within this media, the
necessary  measurements of  contaminant
concentration may not be possible. For example,
at a given point in a geological matrix, a
contaminant will be partitioned between the




groundwater and the host geological matrix, and
a “true” measurement at that point requires
removal of a sample containing both the solid
and aqueous phase; this may not always be easy
to achieve. If such problems are the case, or if
the contaminant has not yet reached exposure
points, environmental fate and transport models
must be used to predict contaminant
concentrations.

Table 3: K4 Values for Uranium as a Function of

pH

Kg (mL/g)
pH Minimum Maximum
3 <1 32
4 0.4 5,000
5 25 160,000
6 100 1,000,000
7 63 630,000
8 0.4 250,000
9 <1 7,900
10 <1 5

Source: [44 - Table 5.15]. (See also reference 43, Table 5.18
and pages 5.79 — 5.81)

While many fate and transport models are
available for various media, this type of
modeling is an area of active research with much
debate on the problems associated with existing
models and little consensus on how chemical
reactions and reaction parameters should be
determined for field applications. The Federal
Interagency Steering Committee on Multimedia
Environmental Models (ISCMEM) exists to
coordinate efforts among agencies that actively
use or support the development of coupled
hydrologic and geochemical models to simulate
the transport of chemical contaminants in the
subsurface environment.

Fate and transport modeling is of great
importance in radiation risk assessments and
conceptual site models required for remediation,
and considerable importance is attached to the
availability of expertise in their use.

5. SITE SCREENING FOR DEPLETED
URANIUM CONTAMINATION

EPA has published several guidance documents
on the approach for remediation of sites
contaminated  with  hazardous  materials,

including radionuclides. Because of the
complexity and comprehensiveness of the
subject matter, the reader is advised to consult
the relevant details in the following
documents/websites:

1. "Distribution of OSWER Radionuclide
Preliminary Remediation Goals (PRGSs) for
Superfund Electronic Calculator”, February 7,
2002.
http://epa.gov/superfund/resources/radiation/p
df/rad.pdf

2. Soil Screening Guidance, User’s Guide,
2nd Edition 9355.4-23, 1996. This Guide [3]
provides a methodology to calculate risk-
based, site-specific soil screening levels
(SSL).

3. Soil Screening Guidance for Radionuclides:
Technical Background Document, EPA/540-R-

95/128, 1996 [4], and Soil Screening
Guidance for Radionuclides: User’'s Guide,
EPA/540-R-00-007, 2000 [5].

4. EPA website,
http://www.epa.gov/radiation/radionuclides/ura
nium.htm

5. Inventory of Radiological Methodologies
for Sites Contaminated with Radioactive
Materials, EPA/402-R-06-007, 2006 (See
Table 10, page 42, for analytical
methodologies applicable to each
radionuclide, and Section 3.2.1 for discussion

of water sample preservation and transport
issues).

It should be noted that information on the
chemical toxicity of uranium is available in the
ATSDR Toxicological Profile for Uranium [1].
It should also be noted that since uranium,
including DU, is both a chemical and
radiological hazard, SSLs for DU should
consider both types of hazards. SSLs for
uranium should be calculated using both the Soil
Screening Guidance for non-carcinogenic
chemicals and the Soil Screening Guidance for
Radionuclides. Since the SSL is a numerical
concentration, it should be based on the most
protective health quantity, whether that is kidney
toxicity or radiological risk.
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6. MEASUREMENT TOOLS AND
MONITORING TECHNIQUES

Uranium and DU can be detected by measuring
the different types of radiation (i.e., alpha, beta
and/or gamma radiation) emitted. Presently, a
vast choice of equipment for monitoring such
radiation is available. Refer to Table 6,
Appendix 2, for a description of selected
specific measurement tools and monitoring
techniques.

Measurements made with field equipment are
typically less sensitive than laboratory
measurements and may be impaired by
environmental characteristics such as natural soil
composition. If these field measurements are
not, or are only partly, successful, field samples
must be collected and analyzed in a laboratory in
order to obtain a comprehensive assessment of
the contamination.

EPA’s Office of Radiation and Indoor Air
completed a draft compendium on the Inventory
of Radiological Methodologies, focusing on the
radionuclides likely to be found in soil and water
at contaminated sites. While it is not a complete
catalog of analytical methodologies, it is
intended to assist project managers to
understand the concepts, requirements, practices,
and limitations of laboratory analyses unique to
radioactive environmental samples. Detailed
guidance on recommended radioanalytical
practices may be found in current editions of the
Multi-Agency Radiological Laboratory
Analytical Protocols Manual (MARLAP) [6]
and the Multi-Agency Radiation Survey and Site
Investigation Manual (MARSSIM) [7].

7. REMEDIATION TECHNOLOGIES

Technologies for the remediation of DU
contamination may involve one or more of the
following processes: excavation and earth
moving,  physical  separation,  chemical
separation, in-situ stabilization, or a combination
of these technologies. Remediation of surface
and groundwater contaminated with DU may
include conventional pump and treat methods
and/or permeable reactive barriers. These
technologies are described in the following

subsections [8]. However, no technologies exist
that are capable of significantly reducing the
chemical and radiological toxicity of DU,
characteristics also fundamental to natural
uranium. Case studies of the remediation efforts
of two sites with DU contamination, Nuclear
Metals, Inc. in Concord, Massachusetts, and
Maxey Flats in Hillsboro, Kentucky, are
provided in Appendix 5 and 6. It should be
noted that the following descriptions of
remediation technologies are brief and serve
only as a guide for further investigation and
analysis. The evaluation and selection of a
remediation technology can be a complex
matter; critical issues include the physical and
chemical forms of the depleted uranium
contaminant, physical and chemical properties
of the contaminated media, and the presence of
other contaminants. The technologies below
broadly cover DU contaminated sites, storage
sites, sites associated with UFs, and address DU-
contaminated soil and groundwater. In such
remedial situations, consideration must also be
given to related media, such as dust with the
potential to become airborne as a result of
remediation operations. The scope presented
here does not include air pollution such as
particulates from munitions and projectiles, and
in this regard it is worthy to note that EPA is
unaware of any National Priority List sites
associated with DU contamination arising from
projectiles.

7.1 Soil Technologies

Several technologies have been developed for
use on DU-contaminated soils [8]. Examples
include:

o Excavation, followed by disposal of soils in
a low-level waste repository; and

e Excavation of contaminated soil followed by
treatment (i.e., physical separation and
chemical extraction).

7.1.1 Physical Separation

Remediation of soils contaminated with metallic
DU typically begins with physical removal of
large fragments, either by hand sorting or by size
classification using a screening device [8].
Excavation and physical separation with




screening devices may be used as the principal
means of remediation of contaminated soil if the
contamination is associated with a particular soil
size  fraction. Physical separation of
contaminated and uncontaminated soils may also
be accomplished using magnetic separation
technology; or gravimetric separation. Other
proprietary devices include the Segmented Gate
System (SGS), produced by the Eberline
Instrument  Corporation, which  monitors
radiation in soil as the soil moves along
conveyor belts and then diverts the contaminated
material [8] [9]. After separation of the
contaminated and uncontaminated soil fractions,
the uncontaminated soils are used as clean fill,
and contaminated soils are treated or processed
for disposal. The volume reduction of
contaminated soil that requires disposal or
treatment can result in significant cost savings
[10].

7.1.2 Chemical Extraction

Chemical extraction methods (also referred to as
soil washing or heap leaching) use water with
various chemical additives to dissolve DU from
contaminated soils. The chemical additives
include oxidants to convert relatively insoluble
U™ to the more soluble U™ form, complexing
agents such as carbonate that increase uranium
solubility, and strong acids or bases [8] [9] [10]
[11]. The cleaned soil is then generally used as
fill material, and leachate containing the
uranium and other contaminants is often treated
to remove contaminants in a concentrated form
for disposal [8].

7.2 Groundwater Technologies
Technologies for the treatment of DU in
groundwater include:

e Treatment of groundwater contamination by
conventional pump and treat methods;

e Treatment of groundwater contamination by
permeable reactive barriers; and

o Emerging/Pilot Studies treatments.

7.2.1 Pump and Treat
Pump and treat methods remove contaminated
groundwater from the aquifer and can be used to

contain and manage migration of contaminant
plumes. Pump and treat methods involve
pumping contaminated water from the ground,
treating it, and either injecting it back into the
aquifer or discharging it to a suitable surface
system.

7.2.2 Permeable Reactive Barriers
Permeable reactive barriers are passive systems
consisting of reactive materials placed in the
subsurface. As groundwater flows through the
system, the reactive materials in the permeable
barrier remove and immobilize the contaminants
[12] [13] [14]. Reactive materials used to
remove uranium from groundwater in these
systems typically include different forms of
metallic (zero-valent) iron [13], but other
materials (e.g., amorphous ferric oxyhydroxide)
have also been used to remove uranium from
groundwater (www.gjo.doe.gov). A
disadvantage of using metallic iron is that the
uranium is removed by a precipitation reaction
and the precipitate product has a tendency to
clog the barrier, thus reducing its long-term
effectiveness. In contrast, the use of a material
such as apatite, a calcium phosphate mineral,
leads not only to the formation of sparingly
soluble uranium phosphate minerals but also to
adsorption of uranyl carbonate complexes on the
apatite surface with little clogging.

Examples of the effective use of permeable
reactive barriers to remove uranium from
groundwater include installations at Fry Canyon,
Utah, and Durango, Colorado
(www.gjo.doe.gov). A permeable reactive
barrier system has also been used to remove
uranium from contaminated groundwater in an
area known as the mound site plume at DOE’s
Rocky Flats Environmental Technology Site
(RFETS) in Colorado [15]. It is important to
note that the mode of action of permeable
barriers leaves the contaminant in place unless
the barrier is excavated (usually at great cost), so
barrier longevity and long-term performance are
important engineering issues.

7.2.3 Commercial Test Studies

Several research and development (emerging)
processes have been tested on a pilot scale by
Water Remediation Technology, LLC, (WRT)
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of Arvada, Colorado, using an adsorptive media
Z-92™  for treatment of well waters
contaminated with uranium in excess of the
maximum contaminant level (MCL). WRT
conducted three studies at Brazos Mutual
Domestic Water in New Mexico [16]; the
Mountain Water & Sanitation District in
Conifer, Colorado [17]; and the Fox Run Water
Company at Chesdin Manor in Dinwiddie
County, Virginia [18]. In each of these studies,
municipal water suppliers had wells that
contained water with concentrations of uranium
in excess of the MCLs. WRT provided pilot
scale (approximately one gallon per minute) and
larger scale (80 gallons per minute) systems
using the Z-92™ media to demonstrate the
effectiveness of the treatment process, establish
design parameters for the full-scale systems or
document the effectiveness of the WRT system,
and meet regulatory compliance requirements.
In each case, the pilot unit or larger scale system
successfully met gross alpha and uranium
compliance at all times.

7.3 Technologies for Soil and Water
Several technologies can be used to treat either
soil or groundwater. Examples include:

e In-situ stabilization, through the use of
amendments, grouting, or capping of
contaminated soil; and

e Phytoremediation, in which plants are used
to extract contaminants from soil or
groundwater.

7.3.1 In-Situ Stabilization/Treatment

In-situ stabilization, treatment, and amendment
methods are available for immobilizing uranium
contamination in soils and groundwater [10].
The addition of amendments (e.g., apatite or
phosphate solutions) stabilizes uranium in soils
and groundwater through the formation of
relatively insoluble uranium-phosphate solids
[10] [19] [20].  Grouting or capping of
contaminated soils and sediments may also be
used to stabilize uranium contamination in place
[10]. As with permeable reactive barriers,
stabilization leaves the contamination in place.
Precipitation of uranium to the phosphate form
leaves uranium highly insoluble and essentially

inert chemically. Even ingestion would not
result in much uranium retention in the body.
Nevertheless, most methods for screening for
uranium would show that the uranium was still
present, and it may be difficult to be sure that the
uranium found by screening is effectively
stabilized as the phosphate.)

7.3.2 Phytoremediation

Phytoremediation refers to the utilization of
green plants’ natural absorption of specific
components of their host growing medium; it is
an emerging, rather than established, technology
for remediation. Uptake of uranium by plants is
typically small [21] [22]. However,
phytoremediation of uranium using sunflowers
(genus Helianthus) has been demonstrated with
uranium waste at Ashtabula, Ohio, and at a
small pond contaminated with uranium near the
Chernobyl nuclear power plant site in Pripyat,
Ukraine [23]. Phytoremediation using Indian
mustard (Brassica juncea) of DU contamination
at a firing range at the Aberdeen Proving
Ground in Maryland has also been demonstrated

[24]. Phytoremediation of uranium is
accomplished  through the process of
rhizofiltration in which plant roots sorb,

concentrate, and precipitate metal contaminants
from surface or groundwater [23]. The
concentration  of uranium  contamination
removed from the soil by the plants can reduce
the volume of material that otherwise would
need be removed for disposal.

A requirement of phytoremediation is that a
proper disposal approach must be adopted for
the contaminant-bearing plants to prevent cross
media transfer of contaminants and subsequent
exposure. For inorganic contaminants such as
uranium, simply burning the plants will not
destroy the contaminant.

7.3.3 Monitored Natural Attenuation

In addition to the remediation technologies
described above, the use of monitored natural
attenuation (MNA) may be applied as an
optional process, which should be evaluated
with other applicable remedies (including
innovative  technologies)  for  restoring
contaminated groundwater, preventing migration
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of contaminant plumes, and protecting
groundwater and other environmental resources.

MNA refers to the reliance on natural
attenuation processes (including a variety of
physical, chemical, or biological processes) to
achieve site-specific remediation objectives
within a reasonable timeframe compared to
other more active methods. In order for natural
attenuation to be selected as a remedy,
determining the existence and demonstrating the
stability and irreversibility of these mechanisms
is important to show that a MNA remedy is
sufficiently protective. Additionally, site-
specific determinations will always have to be
made to ensure that sorption capacity of the
subsurface is sufficient to be fully protective of
human health and the environment. [25]

8. EPA STANDARDS APPLICABLE
TO DEPLETED URANIUM SITES

When contaminated sites to be released for
public use are to be remediated to meet EPA's
media specific risk-based standards or criteria,
several potential drivers for the remediation
need to be considered. Various statutes apply to
different aspects of the remediation process.
Table 4 lists the major statutes that apply to
various media that may come into consideration
during remediation. The following sections also
provide further details of the drivers. It should
be noted that the discussion presented here is not
intended to be comprehensive, but is provided as
a starting point for further investigation.

Table 4: Main Statutes Applying to Various Media
in the Remediation Process.

Media Statute

Air CAA

Water SDWA

Soil CERCLA, RCRA
NRC regulations, DOE

Waste Orders

8.1 For Soll

Under CERCLA/RCRA, EPA's site cleanup
standards limit a person's increased chance of
developing cancer to between 1 in 10,000 and 1
in 1,000,000 from residual uranium on the

ground [26]. Site-specific factors are weighed in
establishing the actual clean up value.

8.2 For Air
Under the CAA, EPA established the amount of
uranium in the air as the maximum dose to an
individual not to exceed 10 millirems (mrem)
per year [27].

8.3 For Water

Pursuant to the SDWA, EPA established an
MCL of 30 micrograms per liter (:g/L) for
uranium in drinking water [28].

8.4 Storage of Depleted Uranium

DU is not stored widely around the country; the
majority of the inventory of DU is stored at
United States Enrichment Corporation (USEC)
sites or at DOE sites. DU stored by the military
is only a fraction of the total. It should be noted
that under the Atomic Energy Act (AEA), the
storage of depleted uranium hexafluoride
(DUFg) is self-regulated by the DOE. DU is
mainly stored in the form of uranium
hexafluoride (UFg), which is a colorless high
molecular weight (352) solid, at ambient
temperature. It is readily transformed into a gas
at atmospheric pressure by raising its
temperature above 56.5°C, and into a liquid by
increasing the pressure and temperature above
1.5 atmospheres and 64°C. All three phases,
solid, liquid and gas, coexist at 64°C

A 2001 joint report by the Organization for
Economic  Cooperation and Development
(OECD) Nuclear Energy Agency and the
International Atomic Energy Agency on
Management of Depleted Uranium noted that
DU arising from the operations of enrichment
plants can be safely stored in different forms,
including uranium tetrafluoride (UF,), or
uranium oxides (Us0g, UO,, and UOy3) in coated
steel containers in external yards, provided that
contact with standing water is prevented and that
containers are routinely inspected and localized
defects leading to corrosion are treated. [29]
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8.5 For Disposal

For purposes of disposal, DU is considered a
low-level waste (LLW) and its disposal is
subject to U.S. Nuclear Regulatory Commission
(NRC) regulations and appropriate DOE Orders.
Disposal of DU mixed waste having both a
radioactive component and a RCRA hazardous
waste component must be performed in
compliance with NRC LLW requirements and
RCRA hazardous waste requirements.

The Executive Summary of the DOE, Oak Ridge
National Laboratory’s Assessment of Preferred
DU Disposal Forms published in June 2000
noted that “...the four potential forms of DU
(DU metal, DUF,, DUO,, and DU3QOg) in this
study should be acceptable for near-surface
disposal at sites such as the Nevada Test Site
(NTS) and Envirocare.” [30]. It further added
that, “The DU products are considered to be
low-level waste under both DOE orders and
NRC regulations.” It indicated the preference
for disposal at “...the NTS because of its unique
geohydrologic and institutional settings.” The
study also noted that, “Each DU form has a
degree of uncertainty regarding DUF,;, DUO,,
and DU;Og acceptability [for disposal at NTS],
with the uncertainty decreasing in the following
order: DU metal, DUF,, DUO,, and DU30g [30]

EPA has issued guidance entitled
“Establishment of Cleanup Levels for CERCLA
Sites with  Radioactive = Contamination”
(OSWER No. 9200.4-18, August 22, 1997)
which provided clarification for establishing
protective cleanup levels for radioactive
contamination at CERCLA sites. The guidance
reiterated that cleanups of radionuclides are
governed by the risk range for all carcinogens
established in the National Oil and Hazardous

Substances Pollution Contingency Plan (NCP)
when applicable or relevant and appropriate
requirements (ARARS) are not available or are
not sufficiently protective. Cleanup should
generally achieve a level of risk within the 10
to 10° carcinogenic risk range based on the
reasonable maximum exposure for an individual.
In calculating cleanup levels, one should include
exposures from all potential pathways, and
through all media (e.g., soil, groundwater,
surface water, sediment, air, structures, etc.) To
assist with calculating risk, EPA has developed a
Superfund radionuclide preliminary remediation
goal (PRG) calculator. PRGs for the Superfund
programs are risk-based concentrations, derived
from standardized equations  combining
exposure information assumptions with EPA
toxicity data. They are considered to be
protective for humans, though not always
applicable to a particular site and they do not
address non-human health endpoints such as
ecological impacts. PRGs are used for site
"screening” and as initial cleanup goals if
applicable. PRGs are not actually cleanup
standards and should not be applied as such.
Their role in site "screening" is to help identify
areas, contaminants, and conditions that do not
require further federal attention at a particular
site. Additionally, they could be used to
establish final cleanup levels for a site after a
proper evaluation takes place. In the Superfund
program, this evaluation is carried out as part of
the nine criteria for remedy selection outlined in
the National Oil and Hazardous Substances
Pollution Contingency Plan (NCP). Once the
nine criteria analysis is completed, the PRG may
be retained as is, or modified (based on site-
specific information) prior to becoming
established as a cleanup standard.
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AEA

ALI
ARAR
ATSDR
CAA
CERCLA
DOE

DU

EPA
ISCMEM
LLW
MARLAP
MARSSIM
MCL
MNA
NCP
NRC
NTS
OECD
(ON]®
OSWER
PRG
RCRA
RFETS
RPM
SDWA
SGS

SSL

TDI
USEC
WHO
WRT

Acronyms

Atomic Energy Act

Annual Limits on Intake

Applicable or Relevant and Appropriate Requirements
Agency for Toxic Substances and Diseases Registry

Clean Air Act

Comprehensive Environmental Response, Compensation, and Liability Act
Department of Energy

Depleted Uranium

U.S. Environmental Protection Agency

Interagency Steering Committee on Multimedia Environmental Models
Low-Level waste

Multi-Agency Radiological Laboratory Analytical Protocols
Multi-Agency Radiation Survey and Site Investigation Manual
Maximum Contaminant Level

Monitored Natural Attenuation

National Oil and Hazardous Substances Pollution Contingency Plan
Nuclear Regulatory Commission

Nevada Test Site

Organization for Economic Cooperation and Development
On-Scene Coordinators

Office of Solid Waste and Emergency Response

Preliminary Remediation Goal

Resource Conservation and Recovery Act

Rocky Flats Environmental Technology Site

Remedial Project Managers

Safe Drinking Water Act

Segmented Gate System

Soil screening Levels

Tolerable Daily Intake

United States Enrichment Corporation

World Health Organization

Water Remediation Technology, LLC
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Glossary

Alpha particle — A positively charged particle made up of two neutrons and two protons emitted by
certain radioactive nuclei. Alpha particles can be stopped by thin layers of light materials, such as a sheet
of paper, and pose no direct or external radiation threat; however, they can pose a serious health threat if
ingested or inhaled.

Becquerel (Bq) — The international, or Sl, unit used to measure radioactivity, equal to one transformation
(or disintegration) per second. Often radioactivity is expressed in larger units like: thousands (kBg), or
millions (MBq) of Becquerels. One Curie (the traditional activity unit) is equal to 3.7 x 10*° (37 billion)
Bg.

Beta particle — An electron or positron emitted by certain radioactive nuclei. Beta particles can be
stopped by aluminum. They can pose a serious direct or external radiation threat. They also pose a
serious internal radiation threat if inhaled or ingested.

Curie (Ci) — A traditional unit used to measure radioactivity. One Curie equals that quantity of
radioactive material in which there are 3.7x10" nuclear transformations per second. The activity of 1
gram of radium-226 is approximately 1 Ci.

Depleted uranium — Uranium containing less than 0.7% uranium-235, the amount found in natural
uranium. (See also enriched uranium)

Enriched uranium — Uranium in which the proportion of the isotope uranium-235 has been increased.
(See also depleted uranium.)

Gamma rays — High-energy electromagnetic radiation emitted by certain radionuclides when their nuclei
transition from a higher to a lower energy state. These rays have high energy and a short wavelength.
Gamma rays are very similar to X-rays.

Half-life — The time in which one-half of the atoms of a radioactive isotope disintegrate into another
nuclear form. Half-lives vary from billionths of a billionth of a second to billions of years. Also called
physical or radiological half-life.

lon — An atom or molecule that has too many or too few electrons, causing it to have an electrical charge,
and therefore, be chemically active.

Isotope — A nuclide of an element having the same number of protons but a different number of neutrons.
Maximum contaminant level (MCL) — The amount of a contaminant that may be present in drinking
water under the Safe Drinking Water Act. MCLs are the standards that drinking water treatment systems
must meet.

Microcurie (uCi) — One-millionth of a Curie. (3.7x10* disintegrations per second.)

Molecule — A combination of two or more atoms that are chemically bonded. A molecule is the smallest
unit of a compound that can exist by itself and retain all of its chemical properties.

Monitoring — The use of sampling and detection equipment to determine the levels of radiation or other
toxic materials in land, air, or water.
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Millirem (mrem) — One-thousandth of a rem.

Neutron — A small particle possessing no electrical charge typically found within an atom's nucleus. A
neutron has about the same mass as a proton.

Nuclide — A general term applicable to all atomic forms of an element. Nuclides are characterized by the
number of protons and neutrons in the nucleus, as well as by the amount of energy contained within the
atom.

Oxide — A compound formed by the reaction of oxygen with another element. For example, rust - ferrous
oxide - is iron that has combined with oxygen.

Picocurie (pCi) — One one-millionth of a microcurie (3.7x107? disintegrations per second).

Proton — A small particle, typically found within an atom's nucleus, that possesses a positive electrical
charge. The number of protons is unique for each chemical element.

Rad - (See Radiation Absorbed Dose)

Radioactive decay — The process in which an unstable (radioactive) nucleus emits radiation and changes
to a more stable nucleus. A number of different particles can be emitted by decay. The most typical are
alpha, beta and gamma particles.

Radioactivity — The process of undergoing spontaneous transformation of the nucleus, generally with the
emission of alpha or beta particles, often accompanied by gamma rays.

Radioisotope — An isotope of an element that has an unstable nucleus. Radioactive isotopes are
commonly used in science, industry, and medicine. The nucleus eventually reaches a more stable number
of protons and neutrons through one or more radioactive decays. Approximately 3,700 natural and
artificial radioisotopes have been identified.

Radionuclide — An unstable form of a nuclide.
Rem — (See Roentgen Equivalent Man)

Roentgen Absorbed Dose (rad) — A basic unit of absorbed radiation dose. It is being replaced by the
“gray,” which is equivalent to 100 rad. One rad equals the dose delivered to an object by 100 ergs of
energy, per gram of material.

Radiation Equivalent Man (rem) — A unit of equivalent dose. Rem relates the absorbed dose in human
tissue to the effective biological damage of the radiation. Not all radiation has the same biological effect,
even for the same amount of absorbed dose.

Specific activity — The activity of radioisotope per unit mass of a material, either (a) in which the
radioisotope occurs, or (b) consisting of only that isotope.

Treatment — A ‘treatment’ technology means any unit operation or series of unit operations that alters the
composition of a hazardous substance, pollutant, or contaminant through chemical, biological, or physical
means so as to reduce toxicity, mobility, or volume of the contaminated material being treated. See
Appendix 7 for complete definition.
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Uranium — A naturally occurring radioactive element whose principal isotopes are uranium-238 and
uranium-235. Natural uranium is a hard silvery-white shiny metallic ore that contains a minute amount of

uranium-234.

X-rays — High-energy electromagnetic radiation emitted by atoms when electrons fall from a higher
energy shell to a lower energy shell. These rays have high energy and a short wave length. X-rays are

very similar to gamma rays.
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Additional Sources of Information
The following reports, documents, and websites offer additional information about DU:
Argonne National Laboratory. Depleted Uranium, Human Health Fact Sheet. October 2001.

Argonne National Laboratory. Depleted UF6 Management Information Network.
http://web.ead.anl.gov/uranium/

International Atomic Energy Agency. Depleted Uranium Fact Sheet. International Atomic Energy
Agency Information Series, Division of Public Information, 01-01198 / FS Series 3/02/E.

North Atlantic Treaty Organization. NATO Information: Depleted Uranium.
http://www.nato.int/du/home.htm

The Royal Society. The Health Hazards of Depleted Uranium in Munitions. Policy Document 7/01. May
2001. Available at http://www.royalsoc.ac.uk/

U.S. Department of Defense. Deployment Health Support. http://www.deploymentlink.osd.mil/

U.S. Department of Energy, Office of Environmental Management, Depleted Uranium Hexafluoride
Management Program. Depleted Uranium Hexafluoride Fact Sheet. Washington, DC. Fall 2001.

U.S. Department of Energy, Office of Environmental Management and Office of Technology
Development. Depleted Uranium: A DOE Management Challenge. Washington, DC. October 1995.

U.S. Department of Energy, Office of Nuclear Energy, Science, and Technology. Final Programmatic
Environmental Impact Statement for Alternative Strategies for the Long-Term Management and Use of
Depleted Uranium Hexafluoride. April 1999.
http://web.ead.anl.gov/uranium/documents/nepacomp/peis/index.cfm

U.S. Environmental Protection Agency. EPA Facts About Uranium. July 2002.
http://www.epa.gov/superfund/resources/radiation/pdf/uranium.pdf

U.S. Environmental Protection Agency. Soil Screening Guidance for Radionuclides: Technical
Background Document. Office of Radiation and Indoor Air, EPA/540-R-00-006. OSWER Directive
9355.4-16. October 2000. http://www.epa.gov/superfund/resources/radiation/radssg.htm

U.S. Environmental Protection Agency. Soil Screening Guidance: A User’s Guide. OSWER 9355.4-16A.
October 2000.

U.S. Environmental Protection Agency. Common Radionuclides Found at Superfund Sites. OSWER
9200.1-34. July 2000. http://www.epa.gov/superfund/resources/radiation/pdf/nuclides.pdf

U.S. Environmental Protection Agency. Field Demonstration of Permeable Reactive Barriers to Remove
Dissolved Uranium from Groundwater: Fry Canyon, Utah, September 1997 through September 1998
Interim Report. Air and Radiation Emergency Response. EPA 402-C-00-001. November 2001

World Health Organization, Department of Protection of the Human Environment. Depleted Uranium:
Source, Exposure, and Health Effects. Geneva, April 2001.

Nuclear Energy Agency, Organization for Economic Cooperation and Development; Environmental
Remediation of Uranium Production Facilities, A joint report by the OECD-NEA and the International
Atomic Energy Agency (IAEA).

National Research Council. Evaluation of Guidelines for Exposure to TENORM. 1999. Pgs. 33, 34, & 76.
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Appendix 1: Technical Background on Uranium and Depleted Uranium

Origin and History

After the discovery of fission, it was realized that to produce a practical military weapon, the much rarer

isotope of ?°U would have to be separated from the much more common “®U isotope. In the United

2S‘»Stsates, massive efforts were undertaken, as part of the Manhattan Project, to produce uranium enriched in
u.

Enrichment is a process that increases the amount of one isotope relative to another. Regardless of the
enrichment method utilized for uranium, large quantities of uranium depleted in *°U, are generated as a
waste product. This waste became known as depleted uranium, or DU.

Production of highly enriched uranium (HEU) ended in 1992 due to the decreased needs of U.S. defense
programs. In 1993, the United States Enrichment Corporation assumed responsibility for the production
of low-enriched uranium (LEU) for commercial nuclear reactor fuel. As a result of past enrichment
activities, DOE currently maintains a large inventory of DU, most of it stored in the form of uranium
hexafluoride. Smaller quantities of DU are stored in the form of uranium metal, uranium metal alloys,
and uranium oxides.

Uses of Depleted Uranium

The most well known use for DU is in the manufacture of armor-piercing projectiles due to its high
density and pyrophoric properties. It is also used for other military purposes to reduce the effect of other
conventional munitions. Civil applications are also prevalent, including use in counterweights in aircraft,
missiles, racing sailboat keels, and as a material used in hospitals for shielding X-rays or gamma radiation
from equipment used for radiation therapy. Below are further discussions of some of these applications.

Further Enrichment
DU was once proposed as a feedstock for further uranium enrichment. This application has been
postponed indefinitely because of the present low cost of uranium ore. It should be noted that, like the
initial enrichment process, any further enrichment of DU would result in small quantities of “enriched”
uranium and about the same amount of DU. The DU would contain an even smaller proportion of 2°U
than the original DU.

Nuclear Reactor Fuel

While DU cannot be used directly in nuclear reactor fuel, it can be used as a fertile material in a breeder
reactor to produce plutonium-239 (**Pu). The plutonium, once extracted, can be blended with DU to
make mixed oxide (MOX) reactor fuel (typically 6% Pu and 94% DU).

Down-blending Highly Enriched Uranium

DU could be blended with weapons grade highly enriched uranium (HEU) to make commercial reactor
fuel. This option is one method to reduce the quantity of HEU, as part of a reduction in the nuclear
weapons stockpile.

Munitions

DU metal has been used in conventional military applications, most notably in tank armor and armor-
piercing projectiles. Conventional weapons using DU were used in the 1991 and 2003 Gulf Wars and in
NATO operations in Kosovo and Bosnia.

Shielding
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The high atomic number (Z=92) and high density (19.5 g/cm® make DU an excellent potential material
for shielding persons or equipment from X-rays and gamma rays.

Counterweights
The high density that, in part, makes uranium such an attractive shielding material also makes it suitable
as a small but heavy counterweight in aircraft and other similar applications.

It should be noted that Military Specification MIL-U-70457 stipulates that DU used by the U.S.
Department of Defense (DoD) must have a “*U concentration of less than 0.3% by weight. Most DU has
a U concentration of approximately 0.2% by weight. In addition to **U, ***U, and *®U, DU may
contain trace amounts of ?°*U. The detection of 2°U indicates that part of the depleted uranium originated
from reprocessed uranium.

To date, the above uses of DU have consumed only a small portion of the DU in storage. A number of
other uses for DU have been proposed, some of which might result in the consumption of a significant
amount of the stored DU. Additional proposed uses include the following.

High-Density DU Shielding

DU metal has been used in some shielding applications, but the high cost of converting UFs to metal has
prevented more widespread use. One proposal being considered is to incorporate DU into concrete for
applications in self-shielded storage boxes for radioactive waste and dry spent fuel storage shields for
onsite storage of civilian reactor fuel.

Cask Fill Material, Repository Inert Material, or Back Fill Material

Depleted UO, has been proposed for use as a fill material in spent fuel nuclear waste containers. The
concept is intended to provide additional shielding, reduce the likelihood of criticality accidents, and
reduce the long-term release of radionuclides. For similar reasons, DU has also been proposed as a
repository inert or backfill material.

Counterweights for Forklift Trucks

Use of DU metal, clad in protective steel shielding, in fork lifts as counterweights would result in the
design of forklifts that could lift heavier loads, while at the same time reduce the turning radius of the
forklift. This would allow the forklift to work in narrower aisles, increasing the usable warehouse floor
space.

Depleted Uranium and its Chemical Forms

DU can exist in any chemical form in which uranium occurs. Since all isotopes of an element undergo
the same reactions in nature and have almost identical physical characteristics, natural, enriched and
depleted uranium are essentially chemically identical. Each isotope has the same chemical reactions in
the environment, and the same biochemical and biological effects on the human body. Any differences
exist because of small mass differences between various isotopes.

Chemically, DU is identical to “normal” uranium. Uranium is the heaviest existing natural element and
can react with most elements except rare gases. In the air, it forms oxides such as uranium oxide (UO,)
and triuranium octaoxide (U3QOg). At room temperature, humidity can promote the oxidation of uranium.
When uranium is fragmented in chips, powder, and turnings, the metal becomes pyrophoric,
spontaneously ignites in air. Uranium is produced in a number of chemical forms, including uranium
oxides, uranium hexafluoride, uranium tetrafluoride, and uranium metal. These forms are explained
below in greater detail. The physical properties of some of the most important uranium compounds are
given in Table 5.
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Uranium Oxides

Uranium oxides include U3Og, UO,, and uranium trioxide (UO3). Both U;Og and UO, are solids that are
relatively stable over a wide range of environmental conditions, with a low solubility in water. In these
forms, the DU is chemically more stable and suitable for long-term storage or disposal. U3Og is the most
stable form of uranium and is the form most commonly found in nature. The most common form of U;Og
is “yellow cake,” a solid produced during mining and milling operations, and named for its characteristic
yellow color. UQ, is a solid ceramic material, and the form of uranium most commonly used in nuclear
reactor fuel. At ambient temperatures, UO, gradually converts to U;Os.

Uranium Hexafluoride

Uranium hexafluoride is the chemical form of uranium used during enrichment. UFs can be a solid,
liquid, or gas within a reasonable range of temperatures and pressures. Solid UFg is a white, dense,
crystalline material, resembling rock salt. While UF; does not react with oxygen, nitrogen, carbon
dioxide, or dry air, it does react with water or water vapor to form corrosive hydrogen fluoride (HF) and
uranyl fluoride (UO,F,). Because UFg reacts with water, including humidity in the air, it is always
handled in leak-tight containers or processing units. Although very convenient for processing, UFg is not
favored as a chemical form for long-term storage or disposal because of its relative instability.

In uranium conversion and enrichment processes, a major hazard is the handling of uranium hexafluoride
(UFg), which is chemically toxic. Uranium in these situations can also react with moisture to release
highly toxic hydrofluoric acid.

Uranium Tetrafluoride

Uranium tetrafluoride (UF,), sometimes called green salt because of its characteristic green color, is a
solid composed of agglomerating particles with a texture similar to baking soda. It is nonvolatile,
nonhydroscopic, and slightly soluble in water. When exposed to water, UF, slowly dissolves and
undergoes hydrolysis, forming several possible uranium compounds and hydrogen fluoride (HF). UF, is
generally an intermediate in the conversion of UFg to uranium oxide (UO, or U3Og) or uranium metal.

Uranium Metal

Uranium metal is among the densest materials known, with a density of 19 grams per cubic centimeter
(g/lcm®). The silvery white, malleable, and ductile metal is not as stable as uranium oxide and will
undergo surface oxidation. It tarnishes in air, with the oxide film preventing oxidation of the bulk
material at room temperature. Uranium metal powder or chips will ignite spontaneously in air at ambient
temperature.

Manufacturing/Enrichment Processes

To produce uranium for commercial reactor fuel or military applications, the uranium must first be mined,
milled, enriched, and converted to a usable form. Uranium ore contains about 0.1% uranium by weight.
This ore is processed at mills using mechanical and chemical measures to separate the uranium from the
remainder of the ore. The uranium mills produce “yellow cake,” a powder containing mostly U3Os.

Since isotopes of the same element have the same chemical properties, enrichment must be accomplished
by using processes that are based on the physical differences between isotopes, such as mass. A number
of methods have been developed to enrich uranium, including gaseous diffusion, gas centrifuge, and
electromagnetic separation. In gaseous diffusion, enrichment is accomplished by first converting the
yellow cake (U3Og) into uranium hexafluoride (UFs), a highly corrosive gas. This gas is allowed to pass
through a porous barrier, where the lighter “°U molecules are slightly more likely to pass through the
barrier than the heavier ?*U molecules. Because **UFg and *®UFs molecular weights are nearly the
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same, the gas is only slightly enriched in a single stage. The gas is passed through many stages, until the
251 fraction in the gaseous UFs is increased to the required enrichment. In addition to the enriched
uranium produced, a large quantity of DU, containing about 0.2% 2*°U, is also generated as a byproduct.

Some of this DU has been used to manufacture armor-piercing penetrators and armor. Army contractors
manufacture penetrators from DU metal at contractor-owned, contractor-operated facilities. The U.S.
Nuclear Regulatory Commission (NRC) and Agreement States license these contractors to possess and
store DU and to manufacture munitions components from it. A typical license would allow a contractor
to receive depleted UFg, transport it to a manufacturing facility, convert it into UF, and/or metal, and sell
the DU components to an authorized buyer. Most of the depleted uranium hexafluoride (DUFg) is stored
in cylinders at the gaseous diffusion plants where it was generated.

USEC was created as a government corporation to shift some of the enrichment capacity from military to
civilian use. In the early 1990s, USEC was created as a government corporation that became USEC, Inc.
when it was privatized in 1998. Today, USEC, Inc. is the world’s leading supplier of enriched uranium
fuel for commercial nuclear plants. They currently manage enrichment processes out of the Paducah,
Kentucky, plant and perform research and laboratory functions out of the Portsmouth, Ohio plant.

DUF; can be stored in three forms —liquid, gaseous, or solid. At ambient temperatures and pressures
DUFg is a solid; therefore, it is not easily released from the storage container. When DUFs mixes with the
water vapor in the air and the iron of the cylinders, a plug of solid uranium and iron compounds and a
small amount of HF gas is created, limiting the amount of material released from a breached cylinder.

Most of DOE’s DU inventory contains between 0.1 to 0.4 weight-percent uranium-235, in the form of
uranium hexafluoride (UFg) or uranium tetra-fluoride (UF4), well below levels necessary to create a
nuclear chain reaction. A large stockpile has been contained primarily in the form of UFs in metal
cylinders stored at DOE’s enrichment facilities. DU manufacturing and testing facilities in the United
States are provided in Appendix 3, while Appendix 4 contains a listing of sites on the NPL that have or
may have DU contamination.

Table 5: Physical Properties of Uranium Compounds

Compound Melting Point (°C) Density (g/cm3) Solubility in Water at Ambient
Temperature
Crystal Bulk
Particle
Uranium Hexafluoride Decomposes to UO,F,
(UFe) 64.1 4.68 4.6
Uranium Tetrafluoride 2.0- Very Slightly Soluble
(UFy) 960 +5 6.7 4.5
Uranyl Fluoride (UO,F,) Decomposes to UsOg at Soluble
300 6.37 ~2.6
Triuranium Octaoxide Decomposes to UO, at 1.5- Sparingly Soluble
(U3Og) 1,300 8.30 4.0
Uranium Dioxide (UO,) 2.0- Sparingly Soluble
2,878 + 20 10.96 5.0
Uranium Metal (U) 1,132 19.05 19 Sparingly Soluble

Source: http://web.ead.anl.gov/uranium/guide/ucompound/propertiesu/tablephysprop.cfm
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Appendix 2: Measurement Tools and Monitoring Techniques

Monitoring uranium in the environment includes both field measurements and analysis of environmental
samples in the laboratory. Since there is considerable natural uranium around in all soils and the
concentration of natural uranium varies greatly, analyses for uranium alone may not tell anyone if DU is
present, and so isotopic analyses are generally needed. This is also important since, although there is little
difference between the hazard from natural uranium and that from DU, there could be serious legal issues
when a site could be responsible for the DU, but not for the natural uranium. DOE has had cases where
the total uranium present could have been either background or from leaks or emissions.

The following sections provide some introductory information on measurement tools and monitoring
techniques used for uranium. It should also be noted that EPA has recently published an inventory of
radiological methodologies for sites contaminated with radioactive materials (see reference 4 on page 9)
and the interested reader is referred to this document for further information.

Field Measurements

Field measurements are typically performed using hand-held survey meters, capable of detecting alpha
particles while discriminating against beta particles. These instruments typically provide an estimate of
the surface contamination due to all alpha emitting radionuclides present. Alpha scintillation (ZnS)
detectors have been commonly used in the past, but large-area gas-flow proportional counters have often
been found to be more suitable for remediation efforts where lower detection limits are required [1].

The Measurements Applications and Development Group at Oak Ridge National Laboratory (ORNL)
compared the performance of several hand-held detectors commonly used to detect DU in soil [45].
Detectors reviewed included a Field Instrument for Detection of Low Energy Radiation (FIDLER), a
1.25” x 1.5” sodium iodide (Nal) detector, and open and closed window pancake-type detectors. The
open-window pancake detector showed the best detection sensitivity, although the Nal detector systems
provided more consistent results.

Field measurements using survey meters are best suited for identifying surface contamination. The
detection of DU below the surface using hand-held proportional counters, ionization chambers, and GM
counters is inhibited by the absorption of alpha and beta particles in the soil. Hand-held gamma ray
spectrometers can detect DU below the surface, but the lack of a high-energy, high-yield gamma-ray
emission by ?**U significantly reduces the effectiveness of this technique for field identification and
survey [46].

Laboratory Analysis of Environmental Samples

A number of analytical methods have been developed to quantify uranium in environmental samples.
Environmental media that have been analyzed include air filters, swipes, biota, water, and soil [1].
Analytical methods include both chemical methods that usually determine only the total quantity of
uranium, and radiological methods that can determine the quantity of individual uranium isotopes.
Chemical methods include kinetic phosphorescence analysis, X-ray fluorometry, and mass spectrometry.
Among the most common radiological methods are alpha spectrometry, gamma ray spectrometry, delayed
neutron counting, and instrumental neutron activation analysis. These methods are briefly described
below.

Kinetic Phosphorescence Analysis (KPA)
KPA is a method that uses a laser to excite uranium in an aqueous solution and then measures the
emission luminescence intensity over time. The intensity of the luminescence is proportional to the total
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guantity of uranium in the sample. The technique provides no information about the relative isotopic
abundances of uranium and, therefore, cannot distinguish DU from natural uranium in the sample.

X-Ray Fluorometry (XRF)

XRF is similar to KPA, but uses X-rays to excite secondary X-ray fluorescence in the sample material.
The secondary X-rays have wavelengths characteristic of the element that produced them. The X-rays are
separated by wavelength by Bragg diffraction in a crystal with the appropriate lattice spacing. The
measurement of the intensity of the X-rays at the characteristic wavelength provides quantitative
information about trace elements in the sample material, including uranium. XRF does not provide
information about the isotopic composition of the uranium in the sample.

Mass Spectrometry (MS)

MS is a technique that separates and analyzes ions based on the ratio of the mass to the charge. Unlike
most chemical methods, this method provides quantitative information about both the total quantity of
uranium in the sample and the isotopic composition. The two most common MS techniques for
quantification of uranium in environmental samples are thermal ionization mass spectrometry (TIMS) and
inductively coupled plasma-mass spectrometry (ICP-MS). Until recently, TIMS had been the preferred
method for the determination of uranium isotopic ratios in environmental samples because of its superior
sensitivity, accuracy, and precision, but ICP-MS has been shown to provide similar accuracy and
precision, with higher sample throughput and ease of use [46].

Alpha Spectrometry

Alpha spectrometry is a method that relates the quantity of a given alpha-emitting radionuclide to the
number of alpha particles detected. Since radionuclides emit alpha particles at one or more discrete
energies, it is possible to relate the area of a peak in the alpha spectrum to the quantity of a radionuclide in
the sample. Alpha particles continuously lose energy to the electrons in the medium they are traveling in,
and will travel only a short distance before they lose all their energy. For this reason, samples should be
kept thin and placed near the detector.

Gamma Spectrometry

Gamma spectrometry involves the detection of gamma rays emitted by radionuclides. Radionuclides
typically emit gamma rays at one or more discrete energies. The areas of peaks in the gamma ray
spectrum can be related to the quantity of the appropriate radionuclide. Since different isotopes of
uranium emit gamma rays of different energies, gamma spectrometry can be used to quantify the relative
abundance of uranium isotopes in addition to the total quantity of uranium. Unlike alpha particles,
gamma rays can penetrate soil and water, and can be detected some distance from the source.

Instrumental Neutron Activation Analysis (INAA)

INAA involves the irradiation of a sample with neutrons to produce an activation product that decays by
emission of gamma rays characteristic of the radionuclide. After irradiation, the sample is counted using
a high resolution gamma ray spectrometer. For DU, the radionuclide of interest is 2°U, which absorbs a
neutron to become ?°U. **°U emits gamma radiation when it decays to neptunium-239 (**Np). As
mentioned in the previous section, INAA can be used with delayed neutron counting to measure both the
isotopic composition and the total quantity of uranium in the sample.

Delayed Neutron Counting (DNC)

DNC is a method for determining the quantity of ?*°U and other fissile radionuclides in a sample by
irradiating the sample with neutrons and counting the delayed neutrons from fission. Delayed neutrons
result from a small fraction of fission products that emit neutrons as part of their decay chain. DNC can
be used with instrumental neutron activation analysis, described previously, to determine the isotopic
composition of uranium, which is necessary to distinguish DU from natural uranium.
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Analytical Methods for Air Samples
Air samples are typically collected on some type of air filter and then analyzed by one of the methods
described previously, including ICP-MS, alpha spectrometry, or INAA.

In a method used by EPA’s National Air and Radiation Environmental Laboratory (NAREL), the air
filters are ashed, silica content is volatilized with hydrogen fluoride, uranium is extracted with
triisooctylamine, purified by anion exchange chromatography, and co-precipitated with lanthanum as
fluoride. The uranium is then collected by filtration and dried. The activities of ?*U, ?°U, and ?**U are
measured by alpha spectrometry. This method is used to measure uranium in air as part of the
Environmental Radiation Ambient Monitoring System [47].

In another method, described by Singh and Wrenn, air filters are ashed, re-dissolved, and co-precipitated
with iron hydroxide and calcium oxalate. The uranium is further purified by solvent extraction and
electrodeposition. A detection level of 0.02 dpm/L for U in solution was reported using alpha
spectrometry [48].

Analytical Methods for Water Samples

EPA’s Environmental and Support Laboratory published standardized procedures in 1980 for
measurement of radioactivity in drinking water that included uranium analysis by both radiochemical and
fluorometric methods [49], and more recently, developed an ICP-MS method.

In the radiochemical method, the uranium is co-precipitated with ferric hydroxide, purified through anion
exchange chromatography, and converted to a nitrate salt. The residue is transferred to a stainless steel
planchet, dried, and flamed. The gross alpha activity is measured using either a gas flow proportional
counter or a scintillation detection system following the chemical separation [49].

For the fluorometric method, uranium is concentrated by co-precipitation with aluminum phosphate,
dissolved in diluted nitric acid containing magnesium nitrate as a salting agent, with the co-precipitated
uranium extracted into ethyl acetate, and dried. The uranium is dissolved in nitric acid, sodium fluoride
flux is added, and the samples fused over a heat source [50].

The ICP-MS method was developed for measuring total uranium in water and waste. The sample
preparation is minimal — filtration for dissolved uranium, followed by acid digestion for total recoverable
uranium. Recovery is quantitative (near 100%) for a variety of aqueous and solid matrices and detection
limits are low, 0.1 :g/L for aqueous samples and 0.05 mg/kg for solid samples [51].

Analytical Methods for Soil Samples

EPA’s Office of Radiation and Indoor Air has developed two methods for the radiochemical analysis of
uranium in various environmental media including soil: a fusion method and a non-fusion method [47]. In
the fusion method, the sample is ashed, the silica volatilized, the sample fused with potassium fluoride
and pyrosulphate, a ?°U tracer added, and the uranium extracted with triisooctylamine, purified on an
anion exchange column, co-precipitated with lanthanum, filtered, and prepared in a planchet. Alpha
spectrometry is used to quantify the individual uranium isotopes, and the sample concentration is
calculated using the *°U vyield.

In the non-fusion method, the sample is ashed, the silica volatilized, a 235U tracer added, and the uranium
extracted with triisooctylamine, stripped with nitric acid, co-precipitated with lanthanum, and transferred
to a planchet. Further analysis by alpha spectrometry is the same as that for the fusion method.
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Table 6: Selected Analytical Methods for Determining Uranium in Environmental Samples
(see Table 6-2 of the Toxicological Profile for Uranium [1] for additional methods and details)

Sample Matrix Sample Preparation Analytical Method Sample Accuracy
Detection
Limit
Water Sample fusion with sodium fluoride (NaF) Fluorometry 5 mg/L 117.5% at
and lithium fluoride (LiF) (total uranium) 6.3 mg/L
Water Pre-concentration by ion exchange Neutron No data No data
chromatography; purification by ion- Activation
exchange and solvent extraction Analysis (NAA)
(235U and 238U)
Water Extraction by ion-exchange; dissolution in Delayed neutron 0.4 mg/L No data
low oxygen solvent; irradiation analysis (total
uranium)
Water Wet-ashed; reaction with complexant Pulsed-laser 0.05 ppb 103
phosphorimetry (average)
Groundwater Separation on resin; automated Flow Injection— 0.3 mg/L 0.3 ng/L
Inductively for 28U
Coupled Plasma
— Mass
Spectrometry
(FI-ICP-MS)
(isotope
quantification)
Groundwater Separation and concentration on two High Spectrophoto- 1-2 mg/L No data
Performance Liquid Chromatography metry (total
(HPLC) columns; complexation with uranium)
Arsenazo Il
Soil Dissolution in HCI-HNO; —HF; purification ~ Alpha 0.03 67%
by co-precipitation, solvent extraction and Spectrometry mg/sample
electrodeposition (isotope
quantification)
Soil Soil leached with HCI-HclO, -HF; Alpha No data No data
purification by ion exchange, and solvent Spectrometry
extraction and electrodeposition (isotope
guantification)
Soil, Ashing; fusion with potassium fluoride (KF)  Alpha No data No data
sediment, and potassium pyrosulfate (K,S,0); Spectrometry
and biota purification by extraction with
triisooctylamine; anion exchange
chromatography and co-precipitation
Soil, Ashing; extraction into triisooctylamine, Gross Alpha No data No data
sediment, strip from triisooctylamine with nitric acid Spectrometry or
and biota (HNOy), and coprecipitation with Alpha

lanthanum.

Spectrometry
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Sample Matrix Sample Preparation Analytical Method Sample Accuracy
Detection
Limit
Field Survey  None Scintillation No data
Detector and
Count Rate
Meter
Air Air particulate collection on glass fiber Inductively 0.1 mg/Lin No data
filter, digestion in nitric acid (HNO3) Coupled Plasma  final
— Mass solution
Spectrometry
(ICP-MS) (total
uranium)
Air Spiked air particulate dry and wet ashed; Alpha 0.02dpm/L  No data
dissolution; coprecipitation with iron Spectrometry for *®U in
hydroxide and Ca oxalate, purification by solution
solvent extraction and electrodeposition onto
platinum
Air Sample collection on cellulose filters; Alpha 0.015 pCi No data
ashing; extraction with triisooctylamine; Spectrometry
purification by anion exchange
chromatography and co-precipitation
Air Collection on cellulose filters Instrumental 0.03 mg per No data
Neutron filter
Activation
Analysis
(INAA)

Source: Toxicological Report for Uranium [1], Table 6-2
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Appendix 3: National Priorities List (NPL) Sites that have or may have DU

Contamination

NPL Site

EPA
Region

Description

Maxey Flats Nuclear
Disposal, Hillshoro,
Kentucky (NPL-1986)

Malta Rocket Fuel Area,
Malta, New York (NPL-
1987)

Savannah River Site,
Aiken, South Carolina
(NPL-1989)

Rocky Flats
Environmental
Technology Site, Golden,
Colorado (NPL-1989)

Oak Ridge Reservation
(DOE), Oak Ridge,
Tennessee (NPL-1989)

lowa Army Ammunition
Plant, Des Moines
County, lowa (NPL-
1990)

Region
4

Region

Region

Region
8

Region

Region

The Maxey Flats Nuclear Disposal Site is located in eastern Kentucky near
Hillsboro in Fleming County and was a disposal facility for low-level
radioactive waste. Approximately 533,000 pounds of source material
(consisting of uranium and thorium or ores containing them), 2.5 megacuries
(MCi) of byproduct materials, and 950 pounds of special nuclear material
(i.e., plutonium and enriched uranium) were buried in an area known as the
Restricted Area. Radioactive leachate was discovered to be leaching out of
this area and into surrounding fractured bedrock, soil, and possibly
groundwater. The remediation approach was to capture and evaporate the
leachate, producing solid concentrates that were then buried in onsite
disposal trenches, which were ultimately capped. Other liquid waste was
solidified and buried in another onsite disposal trench, which was also
capped.

This site is located in the towns of Malta and Stillwater, New York,
approximately 1 mile south of Saratoga Lake and 2 miles northeast of
Round Lake. All or part of the Test Station on the site has been leased and
used for a wide range of rocket and weapons testing programs and for space
and other research. In 1979, approximately 8 grams of uranium
hexafluoride gas were released in a portion of the former GE/Exxon nuclear
building. The area was cleaned and the contaminated material was sent to
licensed disposal facilities.

Savannah River has produced nuclear materials for national defense since
1951. This site is surrounded by woods and ranges from dry hilltops to
swampland. The Department of Energy (DOE) reports that a small quantity
of DU was released in January 1984 into Upper Three Runs Creek, which
eventually flows into the Savannah River. The site remedy has included
groundwater pump and treat, capping/solidification of various disposal
basins and solid waste disposal sites, removal and treatment and/or disposal
of hazardous substances, and shipping process waste to the Waste Isolation
Pilot Project in New Mexico.

This former plant manufactured plutonium components for nuclear weapons
and shut down operations in 1989 in response to alleged violations of
environmental statutes. In 1992, the United States decided not to resume
production at this site. During the summer of 1998, DOE excavated 171
drums of uranium and contaminated soil from Trench T-1. Most of this
waste was shipped to the Nevada Test Site for disposal.

Two facilities at this site produced enriched uranium: the Y-12 plant by an
electromagnetic process, and the K-25 plant by gaseous diffusion. DU is a
byproduct of both of these processes. There has been leakage from this site
into the surrounding environment. At the Y-12 plant, the Abandoned Nitric
Acid Pipeline was used to carry waste effluent, which included DU.

The lowa Army Ammunition Plant site’s primary activity has been to load,
assemble, and pack a variety of conventional ammunition and fusing
systems. In the fall of 2000, chunks of DU were reported at the Firing Site.
This has prompted increased focus on the site.
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NPL Site

EPA
Region

Description

Naval Surface Warfare
Center, Dahlgren,
Virginia (NPL-1992)

Materials Technology
Laboratory (U.S. Army),
Watertown,
Massachusetts (NPL-
1994)

Gaseous Diffusion Plant
(USEC), Paducah,
Kentucky (NPL-1994)

Nuclear Metals,
Concord, Massachusetts
(NPL-2001)

Region
3

Region

Region

Region

NSWC is approximately 4,300 acres and located 40 miles south of
Washington, D. C., along the Potomac River. This site conducts research,
development, testing, and evaluation of surface ship weaponry. Six sites are
related to the former use of munitions, some of which included DU.

Located on 48 acres of land on the north bank of the Charles River, this
arsenal has been in operation since 1816. In addition to storage, this facility
has expanded into weapons development and production. Specifically, DU
machining, milling, forging, and casting took place on this site.
Radiological contamination present at the site has been remediated and
removed. At the time of this writing, the site’s remediation focus is on
decontaminating the soil.

This site, which is 3 miles south of the Ohio River and 10 miles west of
Paducah, KY, performed the first step in the uranium-enrichment process.
Separating the uranium by diffusing it through a barrier results in several
end products, one of which is DU. Radiological and volatile organic
compound (VOC) contamination has been found in on- and offsite wells,
and polychlorinated biphenyl (PCBs) in offsite surface water bodies.

The Nuclear Metals, Inc., also known as Starmet Corporation, site is located
in Concord, Massachusetts. In 1958, NMI began operating a manufacturing
facility that produced DU products, primarily as penetrators for armor
piercing ammunition. Soil, sediment, and surface water samples taken
historically and recently indicate that the holding basin, sphagnum bog, and
cooling recharge pond all have elevated levels of DU.
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Appendix 4: Depleted Uranium Manufacturing and Testing Facilities

Facility/Site/Company Name Location EPA Region
Sierra Army Weapons Depot Susanville, California Region 9
Aerojet Ordinance Company Downy, California Region 9
NI Industries Los Angeles, California Region 9
Hughes Helicopter Los Angeles, California Region 9
Armtec Defense Products Coachella, California Region 3
China Lake Naval Weapons Center China Lake, California Region 3
Elgin Air Force Base Munition Test Facility Valpariso, Florida Region 4
Chamberlain Waterloo, lowa Region 7
Mason & Hangar Middletown, lowa Region 7
Specific Manufacturing Capability, INEEL Idaho Falls, Idaho Region 10
U.S. Army Armament Munitions & Chemical Compound Rock Island, Illinois Region 5
Olin Corporation East Alton, Illinois Region 5
Jefferson Proving Ground, U.S. Army Madison, Indiana Region 5
u.S. Army Fort Riley, Kansas Region 7
Paducah Gaseous Diffusion Plant, U.S. DOE Paducah, Kentucky Region 4
Nuclear Metal, Inc. Concord, Massachusetts Region 1
U.S. Army Laboratory Command Watertown, Massachusetts Region 1
Chamberlain New Bedford, Massachusetts ~ Region 1
U.S. Army Aberdeen Proving Ground Aberdeen, Maryland Region 3
General Dynamics Detroit, Michigan Region 5
U.S. Army Camp Grayling Grayling, Michigan Region 5
Honeywell Minnetonka, Minnesota Region 5
Honeywell Corporation Hopkins, Minnesota Region 5
U.S. Army Twin Cities Army Ammunition Plant New Brighton, Minnesota Region 5
Kisco St. Louis, Missouri Region 7
Remington Arms Company Lake City Army Ammunition Plant  Independence, Missouri Region 7
Target Research, Inc. Dover, New Jersey Region 2
Los Alamos National Laboratory Los Alamos, New Mexico Region 6
Los Alamos, New Mexico Albuquerque, New Mexico Region 6
Kirkland Air Force Base Albuquerque, New Mexico Region 6
Terminal Effects Research and Analysis Socorro, New Mexico Region 6
Aerojet General Corporation Lockwood, Nevada Region 9
U.S. Ecology Beatty, Nevada Region 9
U.S. Army Ballistics Research Laboratory, Nevada Test Site Mercury, Nevada Region 9
Nellis Air Force Base Las Vegas, Nevada Region 9
National Lead Industries Colonie, New York Region 2
Watervliet Arsenal Albany, New York Region 2
Bulova Systems Valley Stream, New York Region 2
Lima Army Tank Plant, General Dynamics Lima, Ohio Region 5
Feed Materials Plant, U.S. DOE Fernald, Ohio Region 5
Portsmouth Uranium Enrichment Plant, U.S. DOE Portsmouth, Ohio Region 5
Ashtabula Extrusion Plant Ashtabula, Ohio Region 5
Sequoyah Fuel Corporation Gore, Oklahoma Region 6
General Defense Red Lion, Pennsylvania Region 3
Carolina Metals Barnwell, South Carolina Region 4
Savannah River Site, DOE Aiken, South Carolina Region 4
Defense Consolidation Facility Snelling, South Carolina Region 4
Aerojet Heavy Metals Jonesboro, Tennessee Region 4
Martin Marietta Energy Systems K-25 Site* Oak Ridge, Tennessee Region 4
Day and Zimmerman Texarkana, Texas Region 6
Pantex Plant, U.S. DOE Amarillo, Texas Region 6
General Dynamics Falls Church, Virginia Region 3
U.S. Naval Surface Weapons Center Dahlgren, Virginia Region 3
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Facility/Site/Company Name Location EPA Region
Hercules Radford, Virginia Region 3
Ethan Allen Firing Range General Electric Burlington, Vermont Region 1
Hanford Nuclear Reservation, U.S. DOE Hanford, Washington Region 10
U.S. Army Yakima Firing Range Yakima, Washington Region 10
Stresau Labs Spooner, Wisconsin Region 5

* The Martin Marietta Energy Systems K-25 facility is now known as the East Tennessee Technology Park; it was originally known

as the Oak Ridge Gaseous Diffusion Plant.
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Appendix 5: Case Study - Nuclear Metals, Inc. (NMI) site, Concord, Massachusetts

Background

The Nuclear Metals, Inc. (NMI) site, also known as the Starmet Corporation site, is located on a 46.4-acre
parcel located at 2229 Main Street in Concord, Middlesex County, Massachusetts. The facility includes
five interconnected buildings, a paved parking area, a sphagnum bog, a cooling water recharge pond, and
a holding basin.

In 1958, NMI began operating a manufacturing facility on previously undeveloped land. Nuclear Metals,
Inc. produced DU products, primarily as penetrators for armor piercing ammunition. NMI also
manufactured metal powders for medical applications, photocopiers, and specialty metal products
Disposal was executed via waste stream discharge. From 1958 to 1985, NMI discharged wastes to an
unlined holding basin. Extrusion operations on depleted uranium produced rods with a thin layer of
copper coating that was removed in a nitric acid pickling operation during which "small quantities" of
copper and uranium were dissolved in the nitric acid. The spent nitric acid solution was collected,
neutralized with a lime slurry, and discharged to the unlined, in-ground holding basin along with other
wastes. Discharge to the holding basin ceased in 1985 when NMI began using an acid closed-loop
recycling process.

NMI was renamed Starmet Corporation in 1997. In March 1997, the company's NRC license to handle
source material (including depleted uranium, thorium, and thorium oxide) was transferred to the
Massachusetts Department of Public Health, Radiation Control Program. The state collected groundwater
samples and detected volatile organic compounds (VOCSs) in NMI's supply well, previously used for
drinking water. Further analytical results indicated that the groundwater beneath the property was
contaminated with radionuclides (i.e., uranium and thorium), and other materials. In addition, a sphaghum
bog on the property was also been sampled and has shown evidence of radionuclides. Soil, sediment, and
surface water samples taken historically and recently indicated that the holding basin, sphagnum bog, and
the cooling water recharge pond all have exhibited elevated levels of depleted uranium.

Cleanup Approach

In 1998, Starmet conducted a voluntary partial cleanup of contaminated soils under the Massachusetts
Department of Environmental Protection (MADEP) oversight. The partial cleanup consisted of
excavation and transportation off-site of approximately 8,000 cubic yards of soil contaminated with
depleted uranium and copper. The cleanup halted in late 1998 when Starmet determined that the cleanup
level set by MADEP could not be met without excavation of a significantly greater quantity of material.
The site has since been listed on the National Priorities List; further evaluation of remaining
contamination at the site will be addressed under EPA authority.

Response Action

A time-critical removal assessment was conducted to determine if buried drums on site contain hazardous
material. Two areas containing buried drums and other laboratory equipment were located during the
removal assessment: one in a fenced-in area adjacent to the holding basin and cooling water pond, and
contains approximately 70 drums; the other, called the "old landfill" contains an unknown number of
drums and laboratory equipment. A time-critical removal action was conducted which included: 1)
installation of fencing around the "old landfill" area where buried drums are located; 2) re-grading and
capping of the "old landfill" area; and 3) installation of a liner in the holding basin to eliminate fugitive
dust and reduce the leaching of contaminated soils into the groundwater. Sampling and analysis of soils in
the holding basin was conducted in September 2001 to fill data gaps in previous sampling efforts and to
determine if data from past sampling efforts performed by Starmet were comparable to EPA data. In June
2002, EPA assumed the groundwater monitoring program previously performed by Starmet. During the

32



June 2002 sampling event, EPA also sampled sediment and surface water on-site and in the Assabet
River. EPA sampled the groundwater monitoring wells again in July 2003 before turning site work over
to Potentially Responsible Parties.

Progress and Current Status

Removal of 8,000 cubic yards of soil from the holding basin by Starmet under MADEP oversight has
reduced the threat of potential exposure at the site. A time-critical removal action has been conducted to
prevent the direct contact threat with the contaminated surface soils located in the "old landfill" area, and
to reduce the infiltration of precipitation into the holding basin soils. EPA has installed a fence and
warning signs around the perimeter of contaminated soils in the "old landfill" area, has capped the "old
landfill" area; and, has installed a liner over the holding basin. In June 2003, EPA also negotiated an
agreement with five potentially responsible parties including: U.S. Army, U.S. DOE, Whittaker
Corporation, MONY Life Insurance Co., and Textron, Incorporated, for the performance of a Remedial
Investigation/Feasibility Study (RI/FS), which includes the performance of an Engineering Evaluation
and Cost Analysis (EE/CA). An EE/CA Approval Memorandum was signed on September 27, 2002,
which authorizes the performance of an EE/CA in support of a Non Time-Critical Removal Action for the
holding basin and buried drum areas. A lien has been recorded on the Starmet property at 2229 Main
Street in Concord.

In May 2001, Starmet transported 1,700 drums containing depleted uranium from its South Carolina
facility to the site, to facilitate its planned sale of that facility. Starmet also has approximately 2000 drums
and other containers of depleted uranium wastes and approximately 100 drums of beryllium wastes stored
at the site. Starmet is currently in violation of its MADPH radioactive materials license because it has
failed to remove the stored drums of depleted uranium materials from the site and is therefore not allowed
to process any radioactive material at the facility under their license. After Starmet indicated that it
planned to cease operations or file for bankruptcy, the Commonwealth of Massachusetts obtained a
preliminary injunction in state court in January 2002, requiring Starmet to continue to provide site
security and necessary utilities. On March 15, 2002, the state court placed Starmet into temporary
receivership. On or about March 18, 2002, Starmet abandoned the site property. The temporary receiver
provided security and necessary utilities, with the assistance of MADPH, until March 25, 2002.
Thereafter, MADPH began providing security at the site. Starmet filed for Chapter 11 bankruptcy
protection on April 3, 2002, returned to the site, and continues to operate and provide site security.
MADPH currently has funding available to provide security and necessary utilities if needed, through the
financial assurance mechanism provided under Starmet’s radioactive materials license. If MADPH’s
funding is exhausted and no other funding source is available, resulting in abandonment of the facility,
then EPA may be required to address the security and utilities issues.

In April 2004, the state reached an agreement with the Army to remove the more than 3,000 drums of
depleted uranium and other materials from within the facility. The state has procured a contractor for
performance of the work, and shipments of drums and other material to the Envirocare waste disposal
facility in Clive, Utah, began in September 2005. It is expected that the state removal work will be
completed in spring 2006. In September 2004, EPA conditionally approved the RI/FS Work Plan
submitted by de maximis, inc., the project coordinator for the private PRPs. Field work associated with
the remedial investigation began in October 2004. In October 2004, under the supervision of U.S.
Environmental Protection Agency, de maximis, inc., started an investigation of the Superfund Site to
locate all contaminants and prepare a feasibility study of the Site cleanup. So far over 1300 samples of
soil, sediment and water have been collected and analyzed. Since each sample is analyzed for a number of
different contaminants, the data base contains over 300,000 records. Soil contamination has been found at
several locations on the site. Contamination has also been located in the groundwater. The major
contaminant is uranium. Polychlorinated biphenyls (PCBs) and volatile organic compounds are also
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present. A number of other chemicals have been detected at lower concentrations. Analysis of data is
being conducted to determine the extent of, and the risk from, the contamination.

Under a contract with MADEP, Envirocare Inc. is removing all identifiable radioactive and other waste
material from the Starmet Plant. The material shipped so far to Clive, Utah, includes 1,315 drums of
uranium tetrafluoride, 1,097 drums of a concrete and uranium mixture (conjoint) and 447 drums of other
uranium waste. Approximately 250 drums of uranium tetrafluoride, 200 tons of uranium metal, and other
miscellaneous waste remain to be shipped. The material is removed every working day in two or three
Landstar Co. tractor trailers. The work was scheduled for completion by March 31, 2006. Removal of the
radioactive material is required prior to starting the EPA investigation of the buildings and soil and water
beneath them. The funding for the contract was provided by the U.S. Army.

In December 2004, de maximis, inc., under supervision of the EPA, removed from the ground between
the Holding Basin and Cooling Water Recharge Pond a number of drums containing some uranium and
beryllium waste, production tools and production materials, buried in 1967.

In April 2003 Weston Solutions Inc., under a contract

Further Information
with EPA, removed from the ground in the area of

e http://yosemite.epa.gov/rl/npl pad.nsf/f52fa5c31faf

the Old Landfill (south of Bog) drums containing 5c885256adc0050b631/7B6349F1A22FFDF385259
uranium and beryllium, more production tools and E5006CA840?0penDocument

materials, then filled, graded and covered the area.

Another phase of the plant cleanup, which will http://www.crewconcord.org/pages/whats _new.html

include the removal of all contaminated equipment, is
anticipated after Starmet leaves the premises.
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Appendix 6: Case Study - Maxey Flats Nuclear Disposal Site, Hillsboro, Kentucky

Background

The Maxey Flats Nuclear Disposal Site is located in eastern Kentucky, near Hillsboro, in Fleming
County. The site was a disposal facility for low-level radioactive wastes. The site is located on a spur of
Maxey Flats, a ridge 300 feet above the surrounding stream valleys. The area surrounding the site is rural
and agricultural. More than 300 people live within a five mile radius of the restricted area; the closest
residence is within ¥ mile. More than 120 wells and 25 springs are situated within five miles; however,
nearby residents receive household water from a municipal water system.

From 1963 to 1977, the Commonwealth of Kentucky, under authorities granted by the U.S. Government,
licensed private operators including the Nuclear Engineering Company (NECO) to dispose of low-level
radioactive wastes from military ships and facilities, hospitals, universities, corporations, etc.; an
estimated five million cubic feet of material were disposed. Most was solid waste; however, other waste
types were disposed and some were highly radioactive. Approximately 533,000 pounds of source material
(consisting of uranium and thorium or ores containing them), 2.5 megacuries (MCi) of byproduct
materials, and 950 pounds of special nuclear material (plutonium and enriched uranium) were buried in an
area known as the Restricted Area.

Between 1973 and 1986 a large evaporator facility was operated on site to handle contaminated liquids.
During the operation of the facility, workers capped each disposal trench with a layer of soil after it was
filled, but the earth eventually collapsed into the ditches. Water collected in the trenches, leaching
radionuclides into the surrounding environment. A restricted area of approximately 40 acres is situated
entirely on top of the flats. The fenced and patrolled restricted area encompasses the disposal trenches,
"hot wells" (sealed concrete pipes containing plutonium and uranium), waste storage buildings, and an
evaporator facility. Including the acquired buffer zone properties, the site occupies 900 acres.

Operations closed in 1973 and by 1985, the U.S. EPA had developed a list of potentially responsible
parties (PRPs) from the disposal records toward whom to point financial responsibility. In 1986 Maxey
Flats was placed on the National Priorities List, becoming, at 300 acres, one of the largest Superfund sites
in the history of the program, and from 1987 to 1991 extensive studies on remediation options were
carried out.

Response Action

To assure proper management and closure, the Commonwealth of Kentucky has maintained the site since
the time that commercial operations ended. The Remedial Investigation and Feasibility Study was
conducted from March, 1987 until September, 1991 under an administrative Order by Consent. The
Record of Decision was issued in September, 1991. Meanwhile, between December, 1988 and November,
1989, U.S. EPA Emergency Response solidified 286,000 gallons of tanked leachate because of significant
leakage from the metal leachate (radioactively contaminated trench water) tanks. Subsequently, from
March, 1991 to September, 1992, U.S. EPA Emergency Response disposed of the solidified leachate
blocks in an underground on-site trench and installed 30 acres of temporary above-ground plastic,
impermeable liner to prevent infiltration of rain into the waste trenches.

After negotiations lasting from June, 1992 until June, 1995, two Consent Decrees (one for the 50 de
maximis parties and one for the 306 de minimis parties) arranged for cost allocation and for the
performance of the Remedial Design (RD) and Remedial Action. After the required public comment
periods, the U.S. District Court activated the decrees in April 1996; the RD for the first of two major
cleanup phases ( 1. Leachate Removal and Disposal; 2. Building Demolition, On-Site Disposal, and Other
Items) began immediately thereafter. Construction of Phase | and Phase Il of the reinforced concrete
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bunkers (for disposal of solidified radioactive leachate and other contaminated materials) have been
completed.

Approximately 900,000 gallons of leachate and have been removed from within the landfill since current
dewatering operations began in September, 1998. However, the median total daily volumes of water
removed declined from more than 5,050 gallons in 1998 to less than 600 gallons during the 2000
pumping season. Landfill dewatering operations were discontinued during the early fall of 2000.
Construction of an interim cap to prevent water infiltration with a perimeter drainage system that includes
the groundwater interceptor channel has been completed. To verify the drainage system does not
negatively impact erosion rates, erosion monuments have been installed for monitoring the rate of
erosion.

The completion of the Initial Remedial Phase was declared in October 2003 by U.S. EPA. Remedial work
completed at the Maxey Flats Waste Disposal Site has been under the guidance of the U.S. EPA, Atlanta,
Georgia, and in accordance with the Consent Decree signed in 1996. International Technology
Corporation and Shaw Environmental Group performed the remedial construction.

Progress and Current Status

A five year review was completed in 2002; other five year reviews are planned for 2007 and 2012, the
latter of which, if successful, will render the Commonwealth of Kentucky fully responsible for the site.
Corrective steps completed in 2003 have brought most problems at the site under control. The steps
include installation of the geomembrane liner, which directs rainwater into a detention basin to be tested
for radioactivity before it is released into a nearby creek. Contaminated water was pumped out of the
storage trenches, solidified with concrete, and buried on site. Automatic monitoring equipment samples
surface water at multiple locations around the site every six hours for testing. A 550-acre "buffer zone"
has been added around the perimeter of the site to separate it from the surrounding farms and homes.

No contaminated water has been found outside Maxey Flats' restricted area, with the exception of two
springs in the buffer zone where low levels
have been detected. If work continues on

schedule, a permanent "cap" consisting of ,
multiple Iayerps of liner andpsoil with grass e http://www.epa.gov/Region4/waste/npl/nplky/maxfltky.htm

sown on the surface, is planned to cover the e http://nucnews.net/nucnews/2006nn/0604nn/060423nn.txt

site sometime around 2012. The total cost of
cleanup and monitoring is expected to exceed
$60 million. In addition to the depleted uranium contamination, Maxey Flats is also noted for tritium,
strontium-90, and radium-226 contamination.

Further Information
e http://www.waste.ky. rams/sf/Maxey+Flats.htm
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Appendix 7: Treatment Defined by NCP

The concept of treatment is discussed in the National Oil and Hazardous Substances Pollution
Contingency Plan (NCP) under Section 300.5, as follows:

“Treatment technology” means any unit operation or series of unit operations that alters the
composition of a hazardous substance, pollutant, or contaminant through chemical, biological, or
physical means so as to reduce toxicity, mobility, or volume of the contaminated materials being
treated. Treatment technologies are an alternative to land disposal of hazardous wastes without
treatment.

The NCP further states that

“EPA expects to use treatment to address the principal threats posed by a site, wherever
practicable. Principal threats for which treatment is most likely to be appropriate include liquids,
areas contaminated with high concentrations of toxic compounds, and highly mobile materials.”
(See Section 300.430 (a)(iii)(A))

The preamble to the NCP provides further clarification of treatment:

“This goal [treatment expectation] reflects CERCLA’s preference for achieving protection through
the use of treatment technologies that destroy or reduce the inherent hazards posed by wastes and
result in remedies that are highly reliable over time. The purpose of treatment in the Superfund
program is to significantly reduce the toxicity and/or mobility of the contaminants posing a
significant threat (i.e., “contaminants of concern”) wherever practicable to reduce the need for long-
term management of hazardous material. EPA will seek to reduce hazards (i.e., toxicity and/or
mobility) to levels that ensure that contaminated material remaining on-site can be reliably
controlled over time through engineering and/or institutional controls.

Further, the Superfund program also uses as a guideline for effective treatment the range of 90 to 99
percent reduction in the concentration or mobility of contaminants of concern (see preamble
discussion below on “reduction of toxicity, mobility or volume” under Section 300.430 (e)(9)).
Although it is most important that treatment technologies achieve the remediation goals developed
specifically for each site (which may be greater or less than the treatment guidelines), EPA believes
that, in general, treatment technologies or treatment trains that cannot achieve this level of
performance on a consistent basis are not sufficiently effective and generally will not be
appropriate. [See 55 FR 8701]

For further information on this definition please contact EPA’s Office of Superfund Remediation &
Technology Innovation.
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Analysis of Nuclaur Metals Site

by P R
M. Rose Byrne and Richard Codell
Performance Assessment and Hydrology Branch
Divisfon of Waste Management
Office of Nuclear Materials Safety and Safeguards

Introduction and Statement of Problem

The Nuclear Metals Incorporated (NMI) site is located in Concord MA, near the
banks of the Assabet River. This site has been operating since 1958, producing
military ordinance from depleted uranfum (OU). - The production of the DU
ordinance produced untfil recently a waste product sludge rich in DU, nitrate,
copper and other contaminants. The waste sludge was disposed of in a holding
basin. Dewatering of the sludge and infiltration of meteoric water lead to
releases of the rontaminants in the local groundwater. Discharge of contaminated
sludge ceased in 1985. In 1986, the holding basin was covered by an impermeable
membrane to reduce the discharge of contaminants. The staff of the Performance
Assessment and Hydrology Branch was asked to evaluate two questions: (1) Should
the contaminated sludge in the holding basin be removed in the near future or
allowed to stay on-site for 7-8 years; and (2) Will existing levels of
contaminants in the groundwater require remedfation before the site §s released
to unrestricted use?

We have analyzed the available data and reached some tentatfive conclusions about
the performance of the sludge holding basin and the possible need for site
cleanup to comply with environmental standards for uranfum. Our conclusions are
based on observation and interpretation by means of visuvalization and correlation
analyses of the available on-site data, and some relatively simple flow models.
While we intended originally to apply numerical forecasting models to predict the
migration of contaminants in the groundwater at the site, such an effort would
require considerably more characterization of the site by the licensee and
analyses by the staff. We are reasonably confident that observation of the data
and application of simple models support our conclusions to the degree necessary
for licensing decisions. We point out needs for further information where we

feel it is necessary.
Visual i 0 inant Plum

Concentration data collected at approximately 6-month intervals from April 1504
through 1992 were avaflable from up to 82 sampling locations on and near the
site, however we used no more than 28 of these locations at any one time in our
analyses. These data were analyzed visually using Earthvision (Dynamic Graphics,
1994) software, and have been helpful in showing the progression of the
contaminant plumes with time. The somewhat spotty sampli.y of boreholes and the
fact that all of the monitoring wells were not in place at earlier times or were
not sampled at every interval may confuse the picture of the plume shape, because
the graphical algorithms used to plot the contours do not have the physical
“"intuition® to deal with missing data. For example, the algorithm does not
account for missing data during a sampling period, even though the data from
previous sampling periods indicated the presence of contaminant. Furthermore,
extrapolation of plume contours ocutside of the spatial boundaries of the data can
lead to erroneous conclusions because the graphical algorithms are not based on
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models of physical behavior of transpoft:‘ Tdf these‘feasbns, the intuition and
comprehension of the analyst must be used at all times to interpret the contour
drawings, rather than relying solely on the interpretations of the computer.

Since the emplacement of ‘he holding basin cover, concentrations of nitrate and
uranium in nearby wells seems to be decreasing overall with time, but there are
cyclic increases and decreaces within the general trend. There seems to he a
gradual dispersal of the nitrate concentration plume away from the site of the
holding basin toward the Assabet River.

The uranium plume is clearly more retarded than the nitrate plume. The direction
of uranium migration appears to be more westward than the nitrate for reasons
that are not clear. The sparse network of wells gives a poor resolution picture
of uranium migration. There is an area of elevated uranium concentration near
the western boundary of the site visible at later times. The contamination in
this region could be the remnants of earlier uranium discharges. This plume
could be very large, but there is not yet enough data to draw an accurate picture
of it. Part or all of this plume resides in the fractured bedrock, at depths
greater than those of the wells near the holding basin. It appears that uranium
is migrating in the groundwater, and will eventually contaminate the groundwater
beyond the site boundaries to levels above the EPA limits of 20 micrograms per
liter. A possible source of error in drawing the plumes might be the
concentrations at the locations of the septic tanks. For the purpose of drawing
the uranium plumes, these concentrations have been interpreted to be that of the
gr.undwater at the locations of the septic tanks. This may not be the case,
because there is evidence that the concentrations in the septic tanks came from
unwitting disposal inside the plant, and therefore are not representative of
concentrations in the water table migrating outside the plant. It should be
noted, however, that the picture for May 1993 near the western boundary depends
primarily upon the measurement at GZW-6-3, the most westward bedrock well.
Figures 1 through 5 are surface contour plots showing a time-wise progression of
the nitrate plume for a few sampling intervals irrespective of sampling depth.
Figure 6 through 10 show the progression of the uranium plume. Figure 10 is the
uranium concentrations for May 1993 in two dimensions, and also shows the outline
of the plant buildings, holding basin, cooling pond and site boundary. Figure
11 is a 3-dimensional perspective plot showing the possible westward migration
of the uranium plume in the deeper strata. S

Flow Het Model

The code RESSQ (Jandoval, 1984) was used to develop two-dimensional flow nets in
the vicinity of the site. The model is steady state and highly simplified,
requiring constant, spatially invariant (horizontal and vertical) properties.

RESSQ cannot accurately represent the complicated hydrogeology of the glacial
lithology overlying fractured rocks at the site. However RESSQ can provide a
general picture of circulation at the site if we make the following assumptions:
(1) there is good vertical hydraulic communication among the sedimentary layers,
(2) there is good vertical communication between the unconsolidated material and
the bedrock, and (3) the overall transmissivity of the water-bearing layers is

uniform.

These flow nets show the general recirculation among the service water wells SW-1
and SW-2, the cooling pond, and upgradient recharge. This circulation has a
major influence on the groundwater hydrology of the site, and affects the




migration of the contaminants presently un the groundwater. The recirculation
among the service water wells and the cooling pond was superimposed on a regional
groundwater flow in the general direction of the river of either 0.5 or 1.0 feet
per day. Groundwater velocities were estimated using Darcy's law from the
natural gradient between monitoring wells on the site, hydraulic conductivities
from hydraulic tests, and typical porosities of sedimentary materials.

bell SW-1 is a 60 foot deep gravel pack well located in glacial sedimentary
material, and provides most of the cooling water needs. The remainder comes from
well SW-2, which extends 500 feet into bedrock. - The cooling pond s represented
as three circular areas in order to approximate the elongated shape. The
analysts specified streamlines emanating from up-gradient points to show the
direction of circulation and capture by the pumping wells. RESSQ also allows
calculation of “isochrone"” lines emanating from one or more recharge areas t»
show the progression of flow away from these areas. Figure 12 shows the
circula;ion for 0.5 ft/@ay aquifer velocity. The pumpage from SW-1 and SW-2 was
1313 ft°/hr and 652 ft°/hr, respectively. The.recharge from the cooling pond
was the sum of the pumpages, 1865 ft°/hr, distributed among the three subareas
of the couiing pond. Isochrones from the center circular area of the cooling
pond are shown in the figures.

The flow net analyses suggest that groundwater following streamlines fluwing
under the holding basin are drawn into SW-2, at least in the case of the 0.5
ft/day regional groundwater flow rate. If this were the case, then contaminants
“eaching from the holding basin would reach the cooling pend relatively quickly.
Recharge from the cooling pond is largely captured by SW-1, with the remainder
traveling to the river. The flow net for the 1.0 ft/day regional groundwater
flow is similar, but there would be less of the contaminants drawn into SW-2.
There appears to be no recharge from the river to SW-1 in either case. The
circulation between the service water wells and the cooling pond is the probable
transport mechanism for contaminated groundwater between the holding basin and
the cooling pond and all groundwater between them (This model appears to be borne
out by correlation analyses reported in the next section). The circulation
between SW-1, SW-2 and the cooling pond also serves as an untreated "pump and
treat” operation, which at the very least is diluting the uranium concentrat ions
to lower levels than found in SW-2. It does not appear likely that the uranium
in the holding basin would have reached well SW-1 directly by natural gradient
flow alone because of its high retardation in the soil. The fate of the uranium
plume after shutdown of the pumps 1is uncertain. It {s possible that after
decommissioning the site, existing groundwater contamination would migrate at
higher concentrations than is now the case because the dilution mechanism would

be lost.

There is a considerable driving force for the vertical migration of contaminated
groundwiter. The likely cause of the gradients {s the cones of depression from
the service water wells, particularly SW-2, which is a deep well screened into
the fru.tured bedrock. The vertical gradients form a potential mechanism for the
transport of contaminated water from the holding basin to the bedrock.
Retardation of uranium in the bedrock may be less than in the sediments, but the
relative migration velocity of the uranium would be controlled by a number of
factors such as gradient, porosity and permeability. There appears to be a
deeper contamination of uranium to the west of the holding basin, as noted in
Figure 11, possibly indicative of an earlier release which has entered the

bedrock because of the vertical gradient. o



Qgrrsli&iﬂﬂi_gf_ﬂéii

Concentrations of nitrate and uranium were correlated at several locatfons at the
site and to other factors such as rainfall. - These correlations serve to auament
or refute the conceptual models of the site. The results of several of the
correlation analyses are presented below: - -

(1) Correlations among service water wells and cooling pond - The concentrations
of nitrate and uranium in service water wells SW-1 and SW-2 were correlated to
the cooling pond concentrations. The results of these correlations are presented
in Table 1. The "U-combined” and "N-combined" values are weighted concentrations
of uranium and nitrate, respectively, based on the approximated mix of water from
SW-1 (67%) and SW-2 (33%). The correlations suggest that for uranium, most of
the contamination leaving the holding basin enters the cooling pond via SW-2
because little if any uranium has reached SW-1 directly from the holding basin
through groundwater. for nitrate, however, e correlation with SW-1 is slightly
higher, suggesting that the travel time of nitrate from the cooling pond to the
well is relatively short. The correlation between nitrate and the weighted
concentration "N-combined” is very high (0.973), greater than for either well
alone. For uranium however, the correlation with weighted concentrations is
lower than for SW-2-alone. A likely explanation for this decreased correlation
is the long travel time for uranium from the cooling pond to SW-1, and the effect
of contaminated sediments in the cooling pond releasing to, or removing uranium
from solution at times unrelated to the pumping rates. These correlations
generally support the flow net analyses.

Table 1 - correlations between wells and cooling‘pond

Pairs of concentration _Correlation ()
U, SW-1 - cooling pond ‘ . 0.123
U, SW-2 - cooling pond : - 0,927
U, Combined - cooling pond " g.s “
N, S¥-1 - cooling pond 0.905
N, SW-2 - cooling pond 0.944
N, Combined - cooling pond 0.973 “
(2) Correlations with rainfall - In an attempt to show whether or not

infiltration through the holding basin cover could be a factor in the release of
contaminants to the groundwater, we correlated concentrations of nitrate and
uranium in several of the wells versus rainfall. The rainfall parameter were
monthly averages lagged by 7 days, calculated from weather rerords from Boston.
The time period for the correlations was divided into two periods: (1) "pre-
cover", prior to May 1987, and (2) "post-cover", May 1987 and beyond. Although
the holding basin was actually covered in December 1986, the contaminated sludge
was apparently still dewatering for a time, so the first samples of concentration
after covering was included in the pre-cover period. Coincidentally, rainfall
averages for the December 1986 time period were high, so keeping these values in
the post-cover data would have contributed to a positive, but probably




misleaiing, correlation between release and rainfall.

There were barely enough data to perform correlations for the pre-cover period,
but there appeared to be no recognizable correlations between well concentrations
and rainfall averages. The results for the post-cover period are given in Table
2. If rainfall was infiltrating the holding basin cover, one would expect to see
a positive correlation between rainfall average and concentration. This however
does not appear to be the case, because most of the correlations are negative and
weak; i.e., higher rainfall leads to lower well concentrations. This result may
reflect the diluticn of water concentrations in some of the sampling wells
because of local infiltration of rain water. We had insufficient time to try
other representative averages based on the Boston data (e.g., longer or shorter
windows, lags or weights), nor were there any data closer to the site available
to us that might have been more representative. The correlations at this time
do not permit any conclusions about the relationship between rainfall and uranium
concentration, nor about the effectiveness of the holding basin cover.

Table 2 - Concentration/Rainfall Correlations

Well Name U-Rainfall r? N-Rainfall r?

HB-7 -0.382 -0.28 l

HB-8 -0.4 . -0.22 '
T HB-9 -0.85 -0.295

SW-2 -0.14 -0.24

P-3 +0.03

SW-1 -0.115

ST-1 -0.36

Conclusions and Need for Further [nformation

We have reviewed NMI's submissions and concluded that their characterization of
the holding basin is adequate. We still have questions however about aspects of
the current groundwater contamination away from the holding basin.

We would 1ike to gain access to the most up-to-date sampling data that NMI has.
The most recent data available to us is for May 1993, and we suspect that there
have been further samples taken from the site. Furthermore, if there are any on-
site or nearby meteorological records, espectally precipitation, we would like
to obtain them to explore further the relationship between rainfall and possible
contaminant releases from the holding basin.

We believe that there needs to be more work to characterize the bedrock well
contaminations. We would like to see a plan to characterize the uranium
concentrations in the area to the west and northwest of well GZW-6-3 to establish
whether or not there is a threat of off-site contamination in the future. We
believe the uranium is migrating, albeit at a speed slower than the groundwater,
and that there is the possibility that concentrations off-site may eventually
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exceed the current standards of 20 micro- rams per liter.

We are also concerned about the potential for migration of uranium once the
pumping of cooling water ceases and the gradients in the region of the plant
return to normal. We believe that the pumps may be in effect reducing the
groundwater concentrations by dilution and recirculation. We would like to
investigate whether cessation of pumping will remove a beneficial, though
unintended feature of plant operation. We further would like to ask if coolina
water pumping should be replaced by another process such as pump-and-treat or in-
situ fixation to comply with environmental standards for unrestricted release of

the sile.
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Figure 11 - 3-Dimensional Perspective Plot of Uranium Concentrations, May 1993




Figure 1 - Nitrate Concentrations, Milligrams/liter, April 198S
(scales are inchas from lower left corner, site map)
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Figure 3 - Nitrate Concentrations, milligrams/liter, April 1989
(scales are inches from lower lgtt corner, site map)




Figure 4 - Nitrate Concentrations, milligrams/iiter, May 1991
{scales are inches from lower left corner, site map)
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Figure 5 - Nitrate Concentrations, milligrams/liter, May 1992
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Figure 6 - Uranium Concentrations, micrograms/liter, April 1985
(scales are inches from lower left corner, site map)




Figure 7 - Uranium Concentrations, micrograms/liter, May 1987
(scales are inches from lower left corner, site map)
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Figure 8 ~ Uranium Concentrations, micrograms/liter, May 1989
(scales are inches from lower left corner, site map)
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Figure 9 - Uranium Concentrations, micrograms/liter, Hay 1991
(scales are inches from lower left corner, site map)
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Figqure 11 - 3-Dimensional Perspecti\ie Uranium
Concentrations, micrograms/liter, May

isplay: a9 tices
m’crv_qra(ntsm'rer;

10077
1hq - -t .




Figure 12, RESSQ analysis of circulation among Bervice Water
Wells, cooling pond, and upgradient recharge
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NRC Database Search for Lict SMB-179

Dizcuz=sesz inzp of License SMB-179 on 531020 re uze of 2ource matl.Major areas
inzpected:organization & procedures & procurement & record control.

Dizcuz=es listed tems of noncompliance noted during ingp= on 581020-21 under
Licenzes SMB-179 & SNM-55.In2p rept for Licenze SMB-179 encl.

Dizcuz=sesz inzp of Licenzesz SMB-179 & SNM-55 on 501103 & 04. Noncompliances
noted.

In=2p Findings & Licensee Ack dtd 620424 of License SMB-179. Inzp findings:no
nencempliance noted.

Motifies that License SMB-1759 expires on 690530 Renewal application =hould be
filed within 30 day=.Encl certification of status of =ource matl activities form =hould
ke completed for nonrenewal of licenze.

Memo to File from Smith, Back-Up Notes to Form AEC-582, Whittaker Corporation,
MNuclear Metalz Divizion.

Re=ponds to 620918 #r re findings during recent insp of activities authorized under
Licenzes SNM-55 & SMB-179. Corrective actionz:environ =amples will be collected
in future in compliance wi/zampling =chedule.

Memorandum from R. Kirkman of USAEC to P. UIf Gummezon of Whittaker
Corporation, Regarding Moncompliance.

Advizes that rezponze to 890822 application for License SMB-179 has not been
received.Info re izzuance of license requested.

Ltr from R. Smith of USAEC to Whittaker Corporation, Regarding Nencompliance
Ob=erved During Inzpection and an AEC-5591 Form for License SNM-55 and SMB-
179.

Source Matl License SMB-179 for Whittaker-Corp,authorizing u=e of 20,000 b U
metal or alloy & 20,000 Ib therium metal or alloy.

USAEC Inzpection Findings and Licenzee Acknowledgment, Licenze Number SNM-
65 and SMB-179.

Dizcuz=ses inzp of Licenzes SNM-55 & SMB-179 on 700715-16. No items of
nencempliance cbeerved & AEC-581 form izzued. Inzp rept encl.

8103150274

8103150271

5103150283

8305120234

8305120283

MLOB0E1017S

8103150294

MLOS0TE0556

8305120264

MLOB07 80399

2301110045

MLOB0850148

5103150303

102011958 12:00:00
AN

02131959 12:00:00
AN

07111961 12:00:00
AN

042415962 12:00:00
Al

07251969 12:00:00
AN

08181 565 12:00:00
Al

10081969 12:00:00
AN

102011969 12:00:00
AN

1221969 12:00:00
AN

014061570 12:00:00
Al

03251570 12:00:00
AN

O7TMEMET0 12:00:00
Al

02051570 12:00:00
A

320 bytes

320 bytes

320 bytes

320 bytes

320 bytes

220 Kb

320 bytes

825 Kb

320 bytes

601 Kb

320 bytes

118 Kb

320 bytes

050172001 02:21:18
AN

050172001 02:21:13
AN

050172001 02:21:32
AN

03212001 11:41:00
P

0562172001 11:45:50
P

3272008 05:03:21
Al

050172001 02:21:.47
AN

040472008 02:36:27
P

0562172001 11:44:02
P

04/04/2008 02:35:11
P

05M18/2001 04:12:16
P

04/04/2008 02:35:38
P

050172001 02:22:01
A
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Ltr from R. Smith of USAEC to H. Crocker of Whittaker Corporation, Regarding
Nencompliance.

Inzp rept for Licenszes SNM-55 & SMB-17% on 700715-15.Mo tems of
noncompliance noted & AEC-5%1 form izzued. Major areas inzpected:.review of
health phyzice records & practices.

Memorandum frem R. Smith of USAEC te File, Regarding Backup Notes to Form
AEC-5581.

Ltr from J. 04 Reilly of USAEC to W. Tuffin of Nuclear Metalz, Inc., regarding
inzpection conducted on March 14 thru 15, 1973,

Daity Reportz - Region |, Including Metification, Event and regional Action.

Ltr from J. 04 Reilly of USAEC to W. Tuffin of Nuclear Metalz Inc., Regarding
Telephone Discussion Regarding the December 27 and 28,

USAEC, Blue Sheet, Directorate of Regulatory Operations, Motification of an
Incident or Occurrence, Regarding Muclear Metalz, Inc. License No. SMB-179.

USAEC Directorate of Regulatery Operations, Region RO Ingpection Report No.
07000082-73-005 and 04000672-73-002.

Daity Report - Region |, Regarding Facility Motification, Event and Regional Action.

Ltr from J. 04 Reily of USAEC to W. Truffin of Nuclear Metalz Inc., Regarding
Inzpection Conducted on December 27-238, 1973,

Memorandum from P. Melzen of USAEC to File, Regarding Muclear Metalz Inc.
Meeting on 02M13/74.

Ltr. from W. Kinner of USAEC to H. Crocker of Nuclear Metalz Inc., Regarding Draft

of Enforcement Letters.

Ltr. from J. O+ Reilty of USAEC to W. Tuffin of Nuclear Metalz Inc., Regarding
Corrective and Preventive Actionz.

MLOS0E50145

5103150306

MLOS0850276

MLOS0810052

MLOS0810338

MLOS0E10385

MLOZ0S10495

MLOS0E10506

MLOS0E10508

MLO80850232

MLOS0850526

MLOS0E50744

MLO&0850788

02/051970 12:00:00
Al

03/06/1970 12:00:00
AN

08111971 12:00:00
Al

047231973 12:00:00
AN

014071974 12:00:00
AN

014071974 12:00:00
AN

01101974 12:00:00
Al

02051974 12:00:00
AN

021415974 12:00:00
Al

021515974 12:00:00
AN

032001974 12:00:00
AN

04111974 12:00:00
AN

04261974 12:00:00
Al

314 Kb

320 bytes

382 Kb

32 Kb

143 Kb

81 Kb

178 Kb

935 Kb

35 Kb

1,493 Kb

106 Kb

1,781 Kb

254 Kb

040472008 02:36:11
Pil

050172001 02:22:06
Al

04/04/2008 02:36:28
Pil

04/04/2008 02:36:05
P

04/04/2008 02:34:58
P

04/04/2008 02:36:01
P

04/04/2008 02:35:44
P

04/04/2008 02:36:35
P

04/04/2008 02:21:04
Pil

040472008 02:21:21
P

040472008 02:21:29
P

040472008 02:21:27
P

04/04/2008 02:21:25
P
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Ltr. frem J. Oq Reilly of USAEC to W. Tuffin of Nuclear Metalz Inc., Regarding
Corrective and Preventive Actions.

Dizcus=ses inzp of Licensze SMB-179 radiation control program. License
classification ghould ke changed from E-3 to B-1. Next ingp scheduled during Mov
1674

Ltr frem P. Nelzon of USAEC to W. Tuffin of Muclear Metalz Inc., Regarding
Inzpection Conducted on May 20 and 31, 1974,

Corrected copy of Amend 3 to Muclear Metalz, Inc License SMB-179 authorizing
mfg of derbies, castings, extruzions & machined or formed partz.Lir did 730508
added to Section 13.

In accordance wi781213 application, MatlByproduct License SMB-179 for Nuclear
Metalz Inc iz amended to limit max amount of depleted uranium pog=ezzed to 5.1
million |bs.

Requests amend of Matl'Bvproduct License SMB-17% authorizing incerperation of
two consultant repts extending evaluations of effluent air re degree of
conservatizm inherent in method of air zampling & dilution of plume.

Letter to MRC Div. of Materialz Licenzing from A.R. Giman, NMI, subj: License
Amendment Application.

USAEC Memorandum from J. Delaney, Regarding Muclear Metals, INC (NMI};
Termination of Special Nuclear Material Licenze NO. SNM-55.

Dizcusszes [E inzp of License SMB-17% on 200304-05 No noncompliance
noted.Major areas inspected: procedures & representative records interviews
wipersonnel & measurements & observations made by inspectors.

Matl'Byproduct License SMB-179 for Nuclear Metalg, Inc iz amended per 791105
application.Amend 5 changes Condition 13 re pessession & use of licensed matl

Rezponds to 810527 application for amend of License SMB-179. Amend fee
reguired.

MLOB0BS07TST

8303120303

MLOS0ES0E70

2301110039

7903010447

8001020309

MLOS3070382

MLOB0850883

a005140324

004170154

8103040013

04/26/15974 12:00:00
AN

08/22M1574 12:00:00
AN

08/22M1574 12:00:00
Al

02M8NSTT 12:00:00
Al

Q20915979 12:00:00
A

11051979 12:00:00
AN

11051 STS 12:00:00
AN

02M5M 580 12:00:00
AN

D327TM 580 12:00:00
AN

03311880 12:00:00
Al

081041581 12:00:00
Al

871 Kb

320 bytes

1,352 Kb

320 bytes

320 bytes

320 bytes

1,624 Kb

445 Kb

320 bytes

320 bytes

320 bytes

04/04/2008 02:21:28
P

052172001 11:47:58
P

04/04/2008 02:21:23
PW

051672001 04:11:39
PW

0572572001 09:18:01
PK

05/21/2001 09:14:37
PM

11/06/2009 01:47:38
PW

04/04/2008 02:22:04
PW

05/24/2001 10:22:23
Al

052472001 03:22:38
Al

052572001 02:26:37
Al
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Re=ponds to 810527 application for amend of License SMB-179. Amend fee
required.

Re=ponds to 810527 application for amend to License SMB-175. VYentilation
conzultant 310413 rept proposing dilution factor of 143 for air effluent releazes
appears to request increaze in effluentz.iImpact of airborne releazes not clarified.

Ferwards application for renewral of License SMB-179.

Ack receipt of application for renewal of License SMB-179. Licenze will not expire
until final action taken by NRC.

Commentz on application for renewal of Licenze SMB-1759. Application =hould
provide more 2pecific procedures for frigking perzonnel & clothing at exitz from
controlled area.

FOL& request for license applications licenzes & inzp repts re License SMB-179 &
incidentz of employee overexposure.

Partial responze to FOLA reguest for license applications, licenses & insp repts re
Licenze SMB-172 & incidentz of employvee overexposure.Search for documents
centinuing. Ferwards documentz listed on App A.

Beeing Company Request Concerning Depleted Uranium Counterweights.

Forwards, for review info for inclugion inte renewal application for License SMB-
175 bazed on reguest from Region | & documented in 830805 Confirmatory Action
Ltr 83-08.

[E Info Motice 84-34, "Respirator User Warning:Defective Self-Contained Breathing
Apparatus Air Cylinders.” Svc list encl.

Amend § to License SMB-17% for Nuclear Metalg, Inc,amending license in entirety.

Letter from NMIto Region |, NRC, Subj. Giving Thirty Day Written Netification in
Regards to Exces=ive Radiation Expo=sure.

8108040013

8301110083

2201050171

8305130006

8305130037

301110007

301110010

ML103440585

2403050150

MLO82870362

&310160308

MLO93070394

05101981 12:00:00
AN

11211981 12:00:00
AN

117301 %81 12:00:00
AM

127261981 12:00:00
AM

04/011%82 12:00:00
AM

11151982 12:00:00
AM

12151982 12:00:00
AM

04141983 12:00:00
AM

01151984 12:00:00
AM

04/231%54 12:00:00
AM

05231584 12:00:00
AN

15/24/1584 12:00:00
AN

320 bytes

320 bytes

320 bytes

320 bytes

320 bytes

320 bytes

320 bytes

415 Kb

320 bytes

42 595 Kb

320 bytes

300 Kb

0562572001 02:26:37
Al

051852001 04:16:31
P

05192001 03:21:14
AN

05222001 12:25:24
AN

05222001 12:28:45
AN

051652001 04:08:13
P

051652001 04:08:33
P

12172010 11:09:08
AN

051852001 05:42:24
P

121572009 11:37:36
AN

032001 12:58:03
P

11/06/2009 01:47:21
P
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Letter from NMIto Region |, MRC, Subj Giving Thirty Day Written Motification in
Regards to Exceszive Radiation Exposure.

Dizcuzzes inzp of Licenzes SMB-179 & 20-02217-05 on 340516- 19 & forwards
netice of vielation. Civil penalty will not be izzued.

Re=ponds to NRC 240914 |r re viclations noted in in2p of Licenses SMB-179 & 20-
02217-05 on 240616-19.Corrective actionz:purchaze order placed to obtain
telezcopic survey instrument & health physics technicians performed surveys.

Amend 7 to License SMB-179 for Nuclear Metalz Inc,amending licenzse in entirety.

Forwards Amend 7 renewing License SMB-179.

Amend & to License SMB-179 for Nuclear Metalz, Inc,amending licenze in entirety.

Ferwards Amend & to Licenze SMB-179.

Corrected Amend & to Licenze SMB-179 for Nuclear Metalz Inc, amending license

in entirety.

Corrected Amend & to Licenze SMB-179 for Nuclear Metalz Inc, amending license

in entirety.
Forwards corrected Amend & to Licenge SMB-179 due to address change.

“Voided matlz licen=ing action for License SMB-179 for Muclear
Metalz Inc.Control: 109541,

Ltr frem NKI to NRC, 2ubj: NMI Request to Amend Two Source Material Licenses.

Requests adjudicatory hearing be =cheduled in order to express resident
concerns on renewal application for license SMB-179.

MLOS3070354

2410030278

2411090205

2606300390

2606300395

Ga04200356

Ga04200380

Ga06080174

Ga06080174

aa08080180

004240277

ML100040212

8110180030

057241584 12:00:00
AN

08141534 12:00:00
AN

10101534 12:00:00
AN

04/24M1586 12:00:00
AN

0442411986 12:00:00
Al

087N SET 12:00:00
AN

087N SET 12:00:00
AN

10N SET 12:00:00
Al

10N SET 12:00:00
AN

10011987 12:00:00
Al

08/07M939 12:00:00
AN

07/26M990 12:00:00
AN

017241991 12:00:00
AN

300 Kb

320 bytes

320 bytes

320 bytes

320 bytes

320 bytes

320 bytes

320 bytes

320 bytes

320 bytes

320 bytes

610 Kb

320 bytes

110672009 01:47:21
P

05M8/2001 10:47:19
AN

051872001 06:00:41
P

051172001 10:03:34
AN

0312001 10:03:42
Al

050872001 02:20:49
P

050872001 02:20:55
P

05/08/2001 08:42:07
P

05/08/2001 08:42:09
P

05/082001 08:42:1%
P

050472001 11:25:31
AN

01/05/2010 03:01:04
P

05022001 06:44:35
AN
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Submitz motion & petition to intervene in renewing licenzes SMB-179 & SUB-1452.

Forwards SJ Lewiz ltr requesting hearing on license renewal application for SMB-

178

SECY-91-0095, "Updated Report on Site Decommizziconing Management Plan™.

Ltr from MRC to NMI, re; Financial Az=surance for Licenze Nos. SUB-1452 and SMB-

178.

FOlA request for documents on adjudicatery hearing held on renewal application

for licen=ze SMB-175.

Matlz licenging package for amend 9 to license SMB-17% for Nuclear
Metalz, Inc.Control: 113005,

Ltr from MMIto NRC, subj. Draft Letter of Credit.

Infermz that MRC in process of reviewing application to License SMB-179 &
that,atthough QL appears to be covered by categorical exclugions in 10CFRS1.22
(chixiiy & (xv) because of plant zize & other factors, MRC to prepare EA covering

oL

USMRC Site Decommizzioning Management Plan, NUREG-1444, regarding Nuclear

Metalz, Inc.

Matlz licenging package for amend 10 to licenze SMB-179 for Nuclear
Metalz, Inc.Control: 115180

Ltr from MMIto NRC, Subj: NRC Letter dated 2 March 15594,

Application for renewal of licenses SMB-179 & SUB-1452.

Memao frem J. Joyner to J. Kinneman, subj MMI Financial As=urance for
Decommiz=icning Funding Plan.

5110180035

110180021

MLOG0S30218

MLOS3640081

8110180013

210290104

ML100040213

9408290357

MLOB0SG0ZTS

5405060198

MLOS3640052

9408260258

MLOS3640053

021411991 12:00:00
AN

022115991 12:00:00
Al

04121991 12:00:00
AN

08/0711991 12:00:00
Al

08/07115991 12:00:00
AN

05/13M992 12:00:00
Al

07I27M892 12:00:00
AN

10/06/1992 12:00:00
Al

10311893 12:00:00
AN

0340215994 12:00:00
Al

041151994 12:00:00
AN

06/03/1994 12:00:00
Al

0672111994 12:00:00
AN

320 bytes

320 bytes

182 Kb

&8 Kb

320 bytes

320 bytes

379 Kb

320 bytes

228 Kb

320 bytes

413 Kb

320 bytes

286 Kb

05/022001 06:44:43
AM

03022001 06:44:20
Al

03/28/2008 04:358:49
P

01/052010 03:01:15
Pl

05/022001 06:44:08
AM

0413002001 102713
Al

017052010 03:00:50
P

05/022001 06:20:47
P

04/04/2008 02:36:46
P

04252001 05:32:13
P

01/052010 03:01:06
P

05/022001 06:09:54
P

01/052010 03:01:55
P
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Ltr frem NRC to MMI, Subj Enfoercement Conf.

Ltr to MRC from Peabody & Arnold on Behalf of NKI, re; Request to Keep
Confidential Portionz of Re=zponze to DML

Ltr to MNRC from Peabody & Arnold on Behalf of NKI, subj. Affidavit of James M.

Spiezio.

Ltr frem NMI to NRC, =ubj Re: NRC/Decommizzioning Funding.

Ltr frem NRC to MMI, gubj: Enforcement Conf on Financial Az=urance.

Ltr frem NRC to MMI, gubj: Enforcement Conf on Financial Az=urance.

Ltr frem NKIto NRC, re; Withhelding of Information from Enforcement Conf
Tran=script.

Ltr to MKI from MRC, =ubj Request for Withhelding.

Partially withheld tr dizcus=ing 541208 enforcement conference to dizscuzs
adeguacy of NMI financial azzurance & compliance wireguirements get forth in
licen=e condition 15 of licenses SMB-179 & SUB-1452.

Ltr. to MMI from MRC, =ubj: Mtg. on May 12, 1995,

Ltr to MKI from MRC, =ubj Request for Withhelding.

Ltr frem NKIto MRC, =ubj Response to Your Letter of 15 June 1995,

Ltr frem NMIto NRC, =ubj Request for Partial Exemption To D&D Requirements.

MLOS3640054

MLOS3640056

MLOS3640057

MLOS3640730

MLOS3640733

MLOS3640735

MLOS3640737

MLOS3640815

9508310378

MLOS3640816

MLOS3840817

MLOS3640818

MLOS3640820

104281994 12:00:00
Al

11171994 12:00:00
Al

111221994 12:00:00
Al

014111985 12:00:00
Al

02/24M1995 12:00:00
Al

04051995 12:00:00
Al

04/28/1995 12:00:00
Al

054231995 12:00:00
Al

06/15M1985 12:00:00
Al

06/15M1985 12:00:00
AN

08/211995 12:00:00
AN

08/30/1995 12:00:00
AN

03/15M1985 12:00:00
A

82 Kb

178 Kb

122 Kb

4533 Kb

85 Kb

138 Kb

215 Kb

120 Kb

320 bytes

83 Kb

101 Kb

34 Kb

374 Kb

014052010 03:01:22
Pil

014052010 03:01:45
Pil

01052010 03:01:47
Pil

014052010 03:01:08
Pi

014052010 03:01:18
Pi

014052010 03:01:20
Pi

014052010 03:00:44
P

014052010 03:01:43
P

045252001 10:05:07
P

014052010 03:01:50
P

014052010 03:01:42
P

014052010 03:01:13
P

014052010 03:01:11
P

ol [ @] @ @ 00 0 6 6@ @ G @ 6@



O

O
H D O

O O 00O OoOoOoo O

DEHEDEDEEEK O

Forwards FR notice of receipt of application for renewal of licenze SMB-179.

Forwards gquestions to receive better understanding of issues =urrcunding
MNuclear Metalz, Inc Decommizzioning Plan for Holding Basin, US licenzes SMB-179 &

SUB-1452.

UZS NRC Site Decommizzicning Management Plan, NUREG-1444, Supplement 1,
regarding Nuclear Metalz, Inc.

Ltr from NMIto MRC, re; License No=. SMB-179, SUB-1452, Decommiz=icning

E=timate.

Preliminary Motification of Event, NKI, re; Fire in Liguid Radicactive Waste

Processing System.

Preliminary Motification of Ewvent, NKI, re: Update: Fire in Liguid Radicactive Waste

Proceszing System.

ORML Sites - Summary; License No. SNM-00085; Docket 070-00082, Licensee

MNuclear Metalz Inc.

Motification of significant licensee meeting on 360530 wiNNMI to discuss
decommiz=icning cost estimate for licenzes SMB-179 & SUB-1452.

Ltr froam NKIte NRC, re; Decemmizgsioning Financial - Assurance.

Rezponds to NRC 550918 ltr re viclationz noted in ingp of licenses SMB-179 & SUB
-1452 Corrective actions:alpha & beta resuliz now being entered into logbook.

Memo to D. Cool, NRC from C. Hehl, NRC, 2ubkj. Action Plan for Pending Renewal

with Nen-Compliance...

Ltr from NRC to MM, 2ubj: Financial Az=surance.

Rezponds to 951105 tr to Chairman re cencern for pending request to renew
license SMB-179 iz=ued to Nuclear Metals Inc.

8311020184

9312120483

MLOS0860308

MLOS3641126

MLOS3000378

MLOS3000422

MLOB0260316

S505240041

MLOS3641128

8510150115

MLOS3070379

MLOS3650239

704070074

10/24/1995 12:00:00
Al

111151985 12:00:00
AN

1143001995 12:00:00
Al

011311996 12:00:00
AN

02/26M1996 12:00:00
Al

03011996 12:00:00
AN

02131996 12:00:00
AN

051301955 12:00:00
Al

05161996 12:00:00
AN

10BN S9S6 12:00:00
Al

121215996 12:00:00
AN

12181596 12:00:00
AN

12311996 12:00:00
AN

320 bytes

320 bytes

145 Kb

608 Kb

174 Kb

87 Kb

147 Kb

320 bytes

34 Kb

320 bytes

1,279 Kb

102 Kb

320 bytes

(4/26/2001 05:36:24
Al

0452672001 05:51:48
AN

04/04/2008 02:36:34
P

0140572010 03:00:42
P

11/06/2009 01:47:52
Pil

110672009 01:47:31
P

040472008 02:36:33
P

04242001 12:58:32
Al

0140572010 03:00:40
P

0472472001 03:16:21
Al

110672009 01:47:47
P

0140572010 03:01:27
P

0452172001 05:48:42
P
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Ltr from MMIto NRC, =ubj Financial A==zurance Submittal.

Motice of renewal of =ource matl licenses SMB-179 & SUB-452 for continued
operation of Nuclear Metalz, Inc located in Concord, MA.

“foided matlz licen=zing action for license SMB-179 for Nuclear
Metalz Inc.Control: 122277,

“oided matle licen=ing action for licenze SMB-17% for Nuclear
Metalz Inc.Control: 117080, With 18 overzize drawings.

Dizcuszes FRN, which announced availability of EA & staff FONSI to 2upport
renewal of licenses SMB-179% & SUB-1452. W/ encl.

Memo to Commizzioners TAs from J. Craig, EDO re: Staff Evaluation of Sites
Indentified in the USA Today Article Dated 0S/06/00.

Memo to Commizzioners TAs from J. Craig, EDO re: Final Staff Evaluation of Sites
ldentified in the USA Today Article Dated 05/05/00.

Aptec-MRC, Inc.; License Termination; dtd 1211 4/2000

03/28/01 - Update on Formerhy Utilized Sites Remedial Action Program List, (To:
Commiz=zioner Az=iztantz; From: J W Craig).

FOl&/PA-2008-0068 - Nuclear Metalz Inc., Concord, Middlezex County,
Maz=achusettz, licenze SMB-179, SNM-55, records re; environmental cenditions
or decommigzioning, 1957 to prezent

SECY-07-0220 - "Weekly Information Report - Week Ending 121407

Subject: NRC FOLA Report Jan 2005 thru Present.

MLOS3850240

702280035

309030425

G809150254

S703280066

MLOZ3250540

MLOZ3250541

MLOO37T 73484

MLO30520156

MLOT3460034

MLOT3S41105

MLOS0ST0402

0ATNSST 12:00:00
AN

02201997 12:00:00
AN

03041997 12:00:00
AN

03111997 12:00:00
Al

03121997 12:00:00
AN

1022000 12:00:00
Al

1082000 12:00:00
AN

12142000 12:00:00
AN

03282001 12:00:00
AN

12M 12007 12:00:00
Al

12202007 12:00:00
Al

021142008 12:00:00

274 Kb

320 bytes

320 bytes

320 bytes

320 bytes

805 Kb

B77 Kb

311 Kb

1,379 Kb

140 Kb

128 Kb

3,025 Kb

0140572010 03:00:54
P

042172001 03:02:41
AN

041972001 12:47:52
P

04192001 03:45:39
P

0452172001 04:58:57
P

12022002 05:06:07
Al

12022002 05:06:10
AN

032672008 04:29:32
P

Q22712003 05:35:49
AN

02282008 09:01:24
Al

12262007 01:09:25
P

02282008 09:02:38
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Memo to Commizzioners TAz from J. Craig, EDO re: Final Staff Evaluation of Sitez
ldentified in the USA Today Article Dated 0S/06/00.

Aptec-NRC, Inc.; License Termination; dtd 1211 4/2000
03/28/01 - Update on Formerly Utiized Sites Remedial Action Program Ligt, (To:

Commiz=icner Azziztantz; From: J W Craig).

FOLA/PA-Z008-00638 - Nuclear Metalz Inc., Concord, Middlezex County,
Maz=zachuszettz, licenze SMB-179, SNM-55, records re: envirenmental conditions or
decommigzioning, 1957 to prezent

SECY-07-0220 - "Weekly Information Report - Week Ending 121407
Subject: NRC FOLA Report Jan 2005 thru Prezent.

FOIA/PA cases received from 02M2/07 to 0211208,

USAEC Post Inzpection Cover Sheet from P. Jerman to P. Knapp Regarding
Inzpection of Muclear Metalz, Inc.

FOlAPA-2008-0068 - Resp 1 - Partial.

Status of Decommizzioning Activities.

FOlAPA Cazes Received from 01/01/04 to 08/20/08.

Lizt of FOlA Requests from 10-01-07 to 10-01-02.

FOLAPA-Z008-0225 - Resp 2 - Final.

MLOZ3250541

MLOO3TTo454

MLO30520158

MLOT3450034

MLOT3S41105

MLOS0570402

MLOS0580579

MLOS0810510

MLOS07T 30588

MLOS0930574

MLOS1200087

MLOS2530293

MLOS3640083

1011972000 12:00:00
AN

121472000 12:00:00
AN

0328/2001 12:00:00
AN

121172007 12:00:00
AN

122002007 12:00:00
AN

021172008 12:00:00
AN

021472008 12:00:00
AN

021572008 12:00:00
AN

021572008 12:00:00
AN

0326/2008 12:00:00
AN

070172008 12:00:00
AN

1W222008 12:00:00
AN

120972009 12:00:00
AN

&77 Kb

311 Kb

1,378 Kb

140 Kb

128 Kb

3,035 Kb

1 485 Kb

1,047 Kb

878 Kb

41 Kb

4953 Kb

825 Kb

187 Kb

12022002 05:06:10
AN

0326/2008 04:29:32
P

2r27I2003 09:35:45
AN

02r28/2008 09:01:24
AN

12026/2007 01:09:26
P

02r28/2008 09:02:36
AN

03/04/2008 09:51:37
AN

040472008 02:22:05
P

040472008 02:35:49
P

040372008 09:10:06
AN

0742008 09:11:23
AN

11032008 09:09:17
AN

0140572010 03:00:23
P
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NRC Database Search for Lic# SMB-179

Dizcuz=ez inzp of License SMB-179 on 531020 re uze of =ource matl.Major areas
inzpected:organization & procedures & procurement & record control.

Dizcuz=es lizted tems of noncompliance noted during inzps on 581020-21 under
Licenzes SMB-179 & SNWM-585.In2p rept for Licenze SMB-175 encl.

Dizcuz=ez inzp of Licenzes SMB-179 & SNWM-55 on 501103 & 04. Noncompliances
noted.

Inz2p Findings & Licensee Ack dtd 620424 of Licenze SMB-179. Inzp findingz:no
nencempliance noted.

Motifies that License SMB-175 expires on 890530 Renswal application 2hould be
filed within 30 dayz.Encl certification of 2tatuz of =ource matl activitiez form =hould
be completed for nonrenewal of licenze.

Memo to File from Smith, Back-Up Notes to Form AEC-582, Whittaker Corporation,
Muclear Metalz Divizion.

Re=ponds to 6905918 #r re findings during recent inzp of activities authorized under
Licenzes SNM-55 & SMB-1759. Corrective actionz:environ zamples will be collected
in future in compliance wi/zampling =chedule.

Memorandum from R. Kirkman of USAEC to P. UIf Gummezon of Whittaker
Corporation, Regarding Noncompliance.

Advizes that rezponze to 590822 application for Licenze SMB-179 haz not been
received.Info re izzuance of licenze requested.

Ltr from R. Smith of USAEC to VWhittaker Corporation, Regarding Noncompliance
Ob=erved During Inzpection and an AEC-551 Form for Licenze SNM-55 and SMB-
175

Source Matl License SMB-175 for Whittaker-Corp,authorizing use of 20,000 16 U
metal or alloy & 20,000 Ib therium metal or alloy.

USAEC Inzpection Findingz and Licenzee Acknowledgment, Licenge Mumber SNK-
65 and SMB-179.

Dizcuz=ez inzp of Licenzes SNM-85 & SMB-175 on 700715-16. No items of
nencempliance obzerved & AEC-551 form izzued. Inzp rept encl.

8103150274

8103150271

5103150283

8305120234

8305120283

MLOB0E810175

5103150254

MLOB0T80556

8305120254

MLOS0780599

8301110045

MLOS0850148

5103150303

1002011958 12:00:00
AN

02131558 12:00:00
AN

07111961 12:00:00
AN

0412415962 12:00:00
Al

07251968 12:00:00
AN

05181565 12:00:00
Al

10/08/1968 12:00:00
AN

10020/1968 12:00:00
AN

10221968 12:00:00
AN

014061570 12:00:00
Al

032515870 12:00:00
AN

O7TMEMET0 12:00:00
Al

0&/051870 12:00:00
Al

320 bytez

320 bytez

320 bytez

320 bytes

320 bytez

220 Kb

320 bytez

825 Kb

320 bytez

G01 Kb

320 bytez

118 Kb

320 bytez

050172001 02:21:18
AN

050172001 02:21:13
AN

0500172001 02:21:32
AN

03/21/2001 11:41:00
P

052172001 11:45:50
PM

032712008 05:03:21
Al

050172001 02:21:.47
AN

040472008 02:36:27
PM

0562172001 11:44:02
PM

04/04/2008 02:35:11
P

051872001 04:12:16
PM

04/04/2008 02:35:38
P

050172001 02:22:01
Al
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Ltr from R. Smith of USAEC to H. Crocker of Whittaker Corperation, Regarding
Noncompliance.

Inzp rept for Licenzesz SNM-55 & SMB-179 on 700715-15.Mo items of
noncompliance noted & AEC-591 form izzued. Major areas inzpected.review of
health phyzics records & practices.

Memorandum from R. Smith of USAEC to File, Regarding Backup Notes to Form
AFC-551.

Ltr from J. 04 Reilly of USAEC to W. Tuffin of Nuclear Metalz, Inc., regarding
ingpection conducted on March 14 thru 18, 15973.

Daity Reportz - Region |, Including Metification, Event and regional Action.

Ltr from J. 04 Reilly of USAEC to W. Tuffin of Nuclear Metalz Inc., Regarding
Telephone Dizcussion Regarding the December 27 and 28,

USAEC, Blue Sheet, Directorate of Regulatory Operations, Notifization of an
Incident or Occurrence, Regarding Muclear Metalz, Inc. License No. SMB-179.

USAEC Directorate of Regulatory Operations, Region RO Ingpection Report No.
07000082-73-005 and 04000672-73-002.

Daity Report - Region |, Regarding Facility Motification, Event and Regional Action.

Ltr from J. 04 Reilly of USAEC to W. Truffin of Nuclear Metalz Inc., Regarding
Ingpection Conducted on December 27-28, 15973.

Memorandum from P. Nelzen of USAEC to File, Regarding Muclear Metalz Inc.
Meeting on 02M13/74.

Ltr. from W. Kinner of USAEC to H. Crocker of Nuclear Metalz Inc., Regarding Draft

of Enforcement Letters.

Ltr. from J. O Reilty of USAEC to W. Tuffin of Muclear Metalz Inc., Regarding
Corrective and Preventive Actionz.

MLOS0850145

5103150306

MLOS0850278

MLOS0810052

MLOS0810338

MLO80E10385

MLOB0S1 0455

MLOE0810308

MLOS0810508

MLO80850232

MLO80850526

MLOS0850744

MLO&0850758

02051570 12:00:00
AN

02/06/1570 12:00:00
Al

06111671 12:00:00
AN

047231573 12:00:00
Al

014071574 12:00:00
AN

014071574 12:00:00
AN

MA0G5T4 12:00:00
Al

020515974 12:00:00
Al

02141574 12:00:00
Al

02151574 12:00:00
AN

032011574 12:00:00
AN

04111574 12:00:00
AN

042615974 12:00:00
Al

314 Kb

320 bytes

382 Kb

32 Kb

143 Kb

81 Kb

178 Kb

935 Kb

35 Kb

1,493 Kb

1086 Kb

1,781 Kb

254 Kb

040472008 02:36:11
PM

0500172001 02:22:06
Al

04/04/2008 02:36:28
PM

04/04/2008 02:36:05
Fil

04/04/2008 02:34:55
PM

040472008 02:36:01
PM

04/04/2008 02:35:44
P

04/04/2008 02:35:35
P

040472008 02:21:04
P

040472008 02:21:21
PM

040472008 02:21:25
PM

040472008 02:21:27
PM

04/04/2008 02:21:25
P
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Ltr. frem J. Oq Reilly of USAEC to W. Tuffin of Nuclear Metalz Inc., Regarding
Corrective and Preventive Actions.

Dizcus=ses inzp of Licenze SMB-179 radiation control program. Licenzse
clazsification should ke changed from E-3 to B-1. Next ingp scheduled during Mov
1574

Ltr frem P. Nelzon of USAEC to W. Tuffin of Muclear Metalz Inc., Regarding
Ingpection Conducted on May 30 and 31, 1574,

Corrected copy of Amend 3 to Muclear Metalz, Inc License SMB-175 authorizing
mfg of derbies, castings, extruzions & machined or formed partz.Lir did 750508
added to Section 13.

In accordance wi/781213 application, MatlByproduct License SMB-17% for Nuclear
Metalz Inc iz amended to limit max amount of depleted uranium pogsezsed to 5.1
million |bs.

Requests amend of Matl'Byproduct License SMB-179 authorizing incerporation of
two consultant repts extending evaluations of effluent air re degree of
conzervatizm inherent in method of air zampling & dilution of plume.

Letter to MRC Div. of Materialz Licenzing from A.R. Giman, NMI, subj: License
Amendment Application.

USAEC Memorandum from J. Delaney, Regarding Muclear Metalz, INC (NMI};
Termination of Special Nuclear Material Licenze NO. SNM-55.

Dizcusses [E inzp of Licenze SMB-17% on 200304-05 . No noncompliance
noted.Major areas inzpected: procedures & representative records interviews
wipersonnel & measurements & observations made by inspectors.

Matl'Byproduct License SMB-175 for Nuclear Metalg, Inc iz amended per 791105
application.Amend 5 changes Condition 13 re pessession & use of licensed matl

Re=ponds to 810527 application for amend of License SMB-175. Amend fes
required.

MLOB0E507ST

8303120303

MLOG0850870

301110035

7303010447

8001020309

MLOS3070382

MLOB0850883

a005140324

004170154

8108040013

0472611574 12:00:00
AN

08/22M1574 12:00:00
AN

08/22M1574 12:00:00
Al

02M8MSTT 12:00:00
Al

02091579 12:00:00
Al

114051579 12:00:00
AN

11051579 12:00:00
AN

02M 51580 12:00:00
AN

0327MS80 12:00:00
AN

03311580 12:00:00
Al

08/1041581 12:00:00
Al

871 Kb

320 bytes

1,352 Kb

320 bytes

320 bytes

320 bytes

1,624 Kb

445 Kb

320 bytes

320 bytes

320 bytes

04/04/2008 02:21:28
PM

0542172001 11:47:58
PM

04/04/2008 02:21:23
PM

051672001 04:11:38
PM

0572572001 09:18:01
PM

05/21/2001 09:14:37
PM

11/068/2005 01:47:38
PW

04/04/2008 02:22:04
PW

0S/24/2001 10:22:23
Al

052472001 03:22:38
Al

052572001 02:26:37
Al



O
Do Do oo

o O
I id

Re=ponds to 810527 application for amend of License SMB-179. Amend fee
required.

Re=ponds to 810527 application for amend to License SMB-175. Wentilation
conzultant 310413 rept proposing dilution factor of 143 for air effluent releazes
appears to request increaze in effluentz.iImpact of airborne releazes not clarified.

Forwards application for renewral of Licenze SMB-179.

Ack receipt of application for renewal of Licenze SMB-179. Licenze will not expire
until final action taken by NRC.

Commentz on application for renewal of Licenze SMB-175. Application =hould
provide more 2pecific procedures for frizking perzonnel & clothing at exitz from
controlled area.

FOL& request for license applications licenzes & inzp reptz re License SMB-179 &
incidentz of employee overexposure.

Partial rezponzse to FOLA reguest for license applications, licenzes & insp reptz re
Licenze SMB-179 & incidentz of employee overexposure.Search for documents
centinuing. Ferwards documentz listed on App A.

Beeing Company Request Concerning Depleted Uranium Counterweights.

Forwards, for review info for incluzion inte renewal application for Licenze SMB-
175 bazed on request from Region | & documentsd in 830805 Confirmatory Action
Ltr 83-08.

[E Info Motice 84-34, "Respirator Uzer Warning:Defective Self-Contained Breathing
Apparatus Air Cylinders.” Svc list encl.

Amend § to License SMB-17% for Nuclear Metalz, Inc,amending license in entirety.

Letter from NMIto Region |, NRC, Subj: Giving Thirty Day Written Notification in
Regards to Exces=ive Radiation Expo=sure.

8108040013

8301110083

201050171

8305130008

8305130037

&301110007

301110010

ML103440585

2403050150

MLO82870382

&310180308

MLO93070394

05/10/M%81 12:00:00
Al

11211881 12:00:00
AN

11730015881 12:00:00
AM

1272815881 12:00:00
AM

04/0115%82 12:00:00
AM

11151882 12:00:00
AM

121515882 12:00:00
AM

04141583 12:00:00
AM

017151584 12:00:00
AM

047231584 12:00:00
AM

05231984 12:00:00
AN

05/24/1984 12:00:00
AN

320 bytes

320 bytes

320 bytes

320 bytes

320 bytes

320 bytes

320 bytes

415 Kb

320 bytes

42 595 Kb

320 bytes

300 Kb

0502572001 02:26:37
Al

051852001 04:16:31
P

051952001 03:21:14
AN

05/2202001 12:25:24
AN

0502202001 12:28:45
AN

051852001 04:08:13
PM

051852001 04:08:33
PM

121772010 11:08:08
AN

051852001 05:42:24
PM

121572009 11:37:36
AN

0312001 12:58:03
P

11406420059 01:47:21
P
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Letter from NMIto Region |, MRC, Subj Giving Thirty Day Written Motification in
Regards to Exceszive Radiation Exposure.

Dizcuzzes inzp of Licenzes SMB-179 & 20-02217-05 on 340516- 19 & forwards
notice of vielation. Civil penalty will not be izzued.

Re=ponds to NRC 2405914 |r re vielationz noted in inzp of Licenses SMB-179 & 20-
02217-05 on 840616-19.Corrective actionz:purchaze order placed to obtain
telezcopic survey instrument & health phyzsics technicians performed surveys.

Amend 7 to License SMB-179 for Nuclear Metalz Inc,amending licenze in entirety.

Forwards Amend 7 renewing License SMB-175.

Amend & to License SMB-1759 for Nuclear Metalz Inc,amending licenze in entirety.

Forwards Amend & to Licenze SMB-175.

Corrected Amend 2 to Licenze SMB-175 for Nuclear Metalz Inc, amending licenze

in entirety.

Corrected Amend 2 to Licenze SMB-175 for Nuclear Metalz Inc, amending licenze

in entirety.
Forwards corrected Amend & to Licenge SMB-179 due to addrezs change.

“Voided matlz licenzing action for License SHMB-179 for Muclear
Metalz Inc.Control: 109541,

Ltr from NKIto NRC, 2ubj: NMI Request to Amend Two Source Material Licenses.

Requests adjudicatory hearing be 2cheduled in order to expres=s resident
concerns on renewal application for license SMB-179.

MLOS3070354

2410030278

2411090205

2506300350

2606300395

G304200356

&3042003580

306080174

306080174

28080280180

004240277

ML100040212

5110180030

05/24M584 12:00:00
AN

08141584 12:00:00
AN

1001001584 12:00:00
AN

047241588 12:00:00
AN

044241588 12:00:00
Al

0817887 12:00:00
AN

0817887 12:00:00
AN

TWONM 88T 12:00:00
Al

TWONM 88T 12:00:00
AN

10011587 12:00:00
Al

05/07M1589 12:00:00
AN

0772601580 12:00:00
AN

017241581 12:00:00
AN

300 Kb

320 bytes

320 bytes

320 bytes

320 bytes

320 bytes

320 bytes

320 bytes

320 bytes

320 bytes

320 bytes

610 Kb

320 bytes

11/06/2009 01:47:21
PM

051872001 10:47:19
AN

051872001 06:00:41
PM

051172001 10:03:34
AN

05112001 10:03:42
Al

05/08/2001 02:20:45
PM

05/08/2001 02:20:55
PM

05/08/2001 08:42:07
P

05/08/2001 08:42:09
PM

05/082001 08:42:15
P

050472001 11:25:31
AN

01/05/2010 03:01:04
PM

05/0272001 06:44:35
AN
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Submitz motion & petition to intervene in renewing licenzez SMB-179 & SUB-1452.

Forwards SJ Lewiz tr requesting hearing on license renewal application for SMB-

178,

SECY-91-009%, "Updated Report on Site Decommizzioning Management Plan™.

Ltr from MRC to MMI, re; Financial Az=surance for Licenze No=s. SUB-1452 and SMB-

178.

FOlA request for documentz on adjudicatory hearing held on renewal application

for licenze SMB-175.

Matlz licenging package for amend 9 to license SMB-179 for Nuclear
Metalz, Inc.Control: 113005,

Ltr from MMIte NRC, subj. Draft Letter of Credit.

Infermz that MRC in process of reviewing application to License SMB-179 &
that,atthcugh QL appears to be covered by categorical exclugionz in 10CFRS1.22
(chixiiy & (xv) becausze of plant zize & other factors, MRC to prepare EA covering

oL

USMNRC Site Decommizzioning Management Plan, NUREG-1444, regarding Nuclear

Metalz, Inc.

Matlz licenging package for amend 10 to licenge SMB-179 for Nuclear
Metalz, Inc.Control:115180.

Ltr from MMIto NRC, Subj: NRC Letter dated 2 March 1594,

Application for renswal of licenzes SMB-17% & SUB-1452.

WMema frem J. Joyner to J. Kinneman, subj MMI Financial As=urance for
Decommiz=icning Funding Plan.

5110180035

8110180021

MLOB0280218

MLOS3640051

5110180013

210280104

ML100040213

9408290357

MLOB0SG02TS

G405060198

MLOG3640052

9408260258

MLOG3640053

021415991 12:00:00
AN

02/21/1991 12:00:00
AN

041215991 12:00:00
AN

08/07115991 12:00:00
Al

08/07115991 12:00:00
AN

05/M13M992 12:00:00
AN

07271992 12:00:00
AN

10/06/19592 12:00:00
Al

103111993 12:00:00
AN

0340215994 12:00:00
AN

0411515994 12:00:00
AN

06/03/1994 12:00:00
Al

08721115994 12:00:00
AN

320 bytes

320 bytes

182 Kb

&8 Kb

320 bytes

320 bytes

379 Kb

320 bytes

225 Kb

320 bytes

413 Kby

320 bytes

866 Kb

05/0272001 05:44:43
AN

03022001 06:44:20
AN

03/28/2008 04:358:45
P

017052010 03:01:15
Pid

05/0272001 06:44:08
AN

0413002001 1002713
AN

01/05/2010 03:00:50
P

05/0272001 06:20:47
P

04/04/2008 02:36:46
P

044252001 05:32:13
P

01/05/2010 03:01:06
P

05/0272001 06:09:54
P

01/052010 03:01:55
P
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Ltr from NRC to MMI, Subj Enforcement Conf.

Ltr to MRC from Peabody & Arnold on Behalf of NKI, re; Request to Keep
Confidential Portionz of Re=ponze to DML

Ltr to MRC from Peabody & Arnold on Behalf of NKI, subj. Affidavit of James M.
Spiezio.

Ltr from NMIto MRC, zubj Re: NRC/Decommizzioning Funding.

Ltr frem NRC to MMI, gubj: Enforcement Conf on Financial Az=urance.

Ltr frem NRC to MMI, gubj: Enforcement Conf on Financial Az=urance.

Ltr from NKIto MRC, re; Withhelding of Information from Enfercement Conf
Tranzscript.

Ltr to MM from MRC, =ubj: Request for Withhelding.

Partially withheld tr dizcus=ing 541208 enforcement conference to dizcuzs
adequacy of NMI financial azzurance & compliance wireguirements 2t forth in
licenze condition 15 of licenses SMB-179 & SUB-1452.

Ltr. to MM from MRC, =ubj: Mtg. on May 12, 1995,

Ltr to MM from MRC, =ubj: Request for Withhelding.

Ltr from NKIto MRC, zubj Responze to Your Letter of 15 June 1595,

Ltr from NMIto MRC, =ubj. Request for Partial Exemption To D&D Requirements.

MLOS3540054

MLOS3640056

MLOS3540057

MLOS3640730

MLOS3640733

MLOS3640735

MLOG3640737

MLOS3640815

508310378

MLOS3540816

MLOS3840817

MLOG3540818

MLOS3640820

10428015584 12:00:00
Al

111715584 12:00:00
Al

1172215584 12:00:00
Al

014111585 12:00:00
Al

02/241585 12:00:00
Al

0405015985 12:00:00
Al

0442801585 12:00:00
Al

054231585 12:00:00
Al

06/15/1585 12:00:00
Al

06/15/1585 12:00:00
AN

060211585 12:00:00
AN

06/30/15985 12:00:00
AN

03151585 12:00:00
AN

52 Kb

178 Kb

122 Kby

453 Kb

85 Kb

138 Kb

215 Kb

120 Kb

320 bytes

83 Kb

101 Kb

34 Kb

34 Kb

014052010 03:01:22
Fi

0140572010 03:01:45
Fi

014052010 03:01:47
Pi

0140572010 03:01:08
P

0140572010 03:01:18
P

0140572010 03:01:20
P

0140572010 03:00:44
P

0140572010 03:01:43
P

047252001 10:05:07
P

0140572010 03:01:50
PM

0140572010 03:01:42
PM

014052010 03:01:13
PM

014052010 03:01:11
P
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Forwards FR notice of receipt of application for renewal of licenze SMB-179.

Forwards questions to receive better understanding of izzues surrcunding
Nuclear Metalz, Inc Decommizzioning Plan for Holding Bazin, U3 licenzes SMB-179 &

SUB-1452.

US NRC Site Decommiz=icning Management Plan, NUREG-1444, Supplement 1,
regarding Nuclear Metalz, Inc.

Ltr from NKIto NRC, re; Licenze No=. SMB-179, SUB-1452, Decommizgioning

Eztimate.

Preliminary Motification of Ewent, NMI, re; Fire in Liquid Radicactive Waste

Processzing System.

Preliminary Motification of Ewent, NKI, re: Update: Fire in Liquid Radicactive Waste

Processing System.

ORML Site= - Summary; Licenze No. SNM-00085; Docket 070-00082, Licenzee

MNuclear Metalz Inc.

Motification of zignificant licenzee meeting on 550530 w/NNI to dizcuss
decommiz=icning cost estimate for licenzes SMB-179 & SUB-1452.

Ltr from NKIto MRC, re; Decommizgzioning Financial - Agsurance.

Rezponds to NRC 550518 ltr re viclationz noted in inzp of licenses SMB-175 & SUB
-1452 Corrective actionzs:alpha & beta resultz now being entered into logbook.

Memo te D. Cool, NRC from C. Hehl, MRC, 2ubj. Action Plan for Pending Renewal

with Nen-Compliance...

Ltr from NRC to MM, =ubj. Financial Az=surance.

Rezponds to 551105 tr to Chairman re cencern for pending request to renew
licenze SMB-179 izsued to Nuclear Metalz Inc.

8511020184

S512120483

MLOB0260308

ML093641126

MLOS3000378

MLOS3000422

MLOB0260316

505240041

ML093641128

8510150115

MLOS3070379

MLOG3650235

704070074

100241585 12:00:00
AN

111515595 12:00:00
Al

1143001585 12:00:00
AN

0143111998 12:00:00
Al

02/26/1556 12:00:00
Al

03011598 12:00:00
AN

03131595 12:00:00
AN

08131595 12:00:00
AN

058M16/1595 12:00:00
Al

10081595 12:00:00
Al

121215598 12:00:00
AN

121815598 12:00:00
AN

1203115596 12:00:00
AN

320 bytes

320 bytes

145 Kby

606 Kb

174 Kby

87 Kb

147 Kby

320 bytes

36 Kb

320 bytes

1,279 Kb

102 Kb

320 bytes

0426872001 05:36:24
AN

04/26/2001 05:51:48
Al

040472008 02:36:34
PM

01/05/2010 03:00:42
P

1140672009 01:47:52
P

1140672008 01:47:31
PM

040472008 02:36:33
PM

042472001 12:58:32
AN

01/05/2010 03:00:40
P

042472001 03:16:21
Al

1170872009 01:47:47
PM

0140572010 03:01:27
PM

0452172001 05:48:42
PM
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Ltr from MMIto NRC, =ubj Financial Az=zurance Submital.

MNotice of renewal of zource matl licenzes SMB-179 & SUB-452 for continued
operation of Nuclear Metalz, Inc located in Concord, MA.

“Yoided matlz licenzing action for licenze SMB-179 for Nuclear
Metalz Inc.Control: 122277,

“oided matle licen=ing action for licenze SMB-17% for Nuclear
Metalz Inc.Control: 117080, With 128 overzize drawings.

Dizcuzzes FRN,which announced availability of EA & staff FONSI to 2upport
renewal of licenses SMB-179 & SUB-1452.W/o encl.

Memo to Commizzioners TA= from J. Craig, EDO re: Staff Evaluation of Sites
Indentified in the USA Today Article Dated 0S/06/00.

Memo to Commizzioners TA= from J. Craig, EDO re: Final Staff Evaluation of Sites
ldentified in the USA Today Article Dated 05/08/00.

Aptec-MRC, Inc.; License Termination; ditd 12/114/2000

03/28/01 - Update on Formerly Utilized Sitez Remedial Action Program List, (To:
Commiz=zioner Az=iztantz; From: J W Craig).

FOL&/PA-2008-0088 - Nuclear Metalz Inc., Concord, Middlezex County,
Maz=zachuszettz, licenze SMB-1759, SNM-55, records re: environmental conditions
or decommizzioning, 1957 to prezent

SECY-07-0220 - "Weekly Information Report - Week Ending 121407

Subject: NRC FOLA Report Jan 2005 thru Present.

MLOS3850240

§702280035

5309030425

G809150254

§703280086

MLOZ3250540

MLOZ3250541

MLOO37 75484

MLO30520156

MLOT 3460034

MLOT3S41105

MLOS0ST0402

01A7MEST 12:00:00
AN

02r2001597 12:00:00
AN

03041597 12:00:00
AN

031115997 12:00:00
Al

03121597 12:00:00
AN

100272000 12:00:00
Al

1041572000 12:00:00
AN

121472000 12:00:00
AN

032872001 12:00:00
AN

121172007 12:00:00
Al

122002007 12:00:00
Al

02M1/2008 12:00:00

274 Kb

320 bytes

320 bytes

320 bytes

320 bytes

808 Kb

&77 Kb

311 Kb

1,379 Kb

140 Kb

128 Kb

3,035 Kb

0140572010 03:00:54
PM

0452172001 03:02:41
AN

041972001 12:47:52
PM

04152001 03:45:39
P

0472172001 04:58:57
PM

1200272002 05:06:07
Al

1200272002 09:06:10
AN

0328/2008 04:29:32
PM

02r27I2003 059:35:49
AN

02/28/2008 09:01:24
Al

122602007 01:09:25
P

02/28/2008 09:02:38

m

—
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Memo to Commizzioners TAz from J. Craig, EDO re: Final Staff Evaluation of Sitez
ldentified in the USA Teday Article Dated 05/08/00.

Aptec-NRC, Inc.; License Termination; dtd 12142000
03/28/01 - Update on Formerly Utiized Sitez Remedial Action Program Lizt, (To:

Commiz=icner Azziztantz; From: J W Craig).

FOLA/PA-Z008-0068 - Nuclear Metalz Inc., Concord, Middlezex County,
Maz=zachuzettz, licenze SMB-179, SNM-55, records re: envirenmental conditions or
decommizzioning, 1957 to prezent

SECY-07-0220 - "Weekly Information Report - Week Ending 121407
Subject: NRC FOLA Report Jan 2005 thru Prezent.

FOLASPA cazes received from 0212007 to 02/12/08.

USAEC Post Inzpection Cover Sheet from P. Jerman te P. Knapp Regarding
Inzpection of Muclear Metalz, Inc.

FOl&/PA-2008-0058 - Resp 1 - Partial.

Statuz of Decommizzioning Activities.

FOlAPA Cazes Received from 01/01/04 to 08/20/02.

Lizt of FOlA Requests from 10-01-07 to 10-01-02.

FOLAPA-Z008-0225 - Resp 2 - Final.

ML0Z3250541

MLOO3TTo484

MLO30520158

MLOT3450034

MLOT3541105

MLOS0570402

MLOS0580579

MLOS0810510

MLOS07E0585

MLOS0530574

MLOS1500087

MLOS2580253

MLOS3640083

101972000 12:00:00
AN

121472000 12:00:00
AN

032872001 12:00:00
AN

121172007 12:00:00
AN

1202002007 12:00:00
AN

021172008 12:00:00
AN

021472008 12:00:00
AN

021572008 12:00:00
AN

021572008 12:00:00
AN

032672008 12:00:00
AN

07072008 12:00:00
AN

1222008 12:00:00
AN

1200972009 12:00:00
AN

&77 Kb

311 Kb

1,378 Kb

140 Kb

128 Kb

3,035 Kb

1 485 Kb

1 047 Kb

878 Kb

41 Kb

4953 Kb

825 Kb

187 Kb

1200272002 09:08:10
AN

03028/2008 04:29:32
PM

02r27I2003 05:35:45
AN

02/28/2008 05:01:24
AN

12026872007 01:09:26
PM

02/28/2008 05:02:38
AN

030472008 08:51:37
AN

040472008 02:22:05
PM

040472008 02:35:45
PM

04/03/2008 05:10:08
AN

07472008 08:11:23
AN

11032008 05:09:17
AN

0140572010 03:00:23
PM








