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Chapter 13

DEPLETED URANIUM AND ITS HEALTH PHYSICS

B

42120101
I %1 INTRODUCTION

Depleted Uranium. DU is what is left as t@ilings from the fuel enfchment process used in
different types of reactor designs for land-based applications and nuclear propulsion, as well as
nuclear wEIpons. In the ennchment process, the uranium fuel has its 1sotopic content n the
isotope U** increased from its natural ztormc abundance of 0.72 percent w higher levels suitable
to the particular application. The increase is to 3-3 percent for l|ght water reactors applications.
to 10-20 percent for fast reactors applications, to U3.5 percent for nuclear warheads applications
and from 40 to 97.3 percent for paval reactors and space regctors applications. The tailings of
depleted uranium rnge from 0.2 to 0.3 percent in the U™ isotape.

Because of its high density it has been used in recent conflicts in both anti armor
projectiles and as protective armor sgainst conventional as well as depleted uranium rounds.
Figure | shows the &brams MI tank which uses depleted uranium armor plates and depleted
uranium munitions.

Figure 1. The USA Abrams M1 tank uses depleted uranium amor plates and fires depleted

Combatants are exposed to its effects during conflict, and noncombatants should be
educated about its potential radiclogical and chemical toxicity after the end of the conflict.
Combat vehicles exposed to, or destroved by depleted umnium munitions should he
decontaminated or decommissioned and properly disposed-of at the end of a conflict Amas
expozed to depleted uranium munitions in combat. training purpuses. or accidental fires or
explosions, need to be identified and either isclated or deconmminated. Individuals exposed to

1



dose if the depleted uranium rounds are handled. Thus direct contact with depleted uranium
should be avoided for extensive periods of time. This includes traphy taking by combatants ar
wmadvertent collection by unsuspecting civilian population and usage for other purposes in areas
of past conflicts.

Table 3: Average effective doses from exposure to radiation in ¢Sv, rem.

E ffective
Conres dose
Cav, rém
Annual maximum allowable occupational cffective dase 5
Annual maximum allowable dosa, 05
member of the public
Arnual maximum allowable dose. 0.170
member of the public at large
Global average exposure to natural sources 0240
Range of global exposure depending on location 0.1-1.0
Avernge UUSA exposure from natural and medical sources 0,360
Average exposure from nuclear power plants operation 0.00002
Exposure from a tvpical chest X-ray 0.010
Surface dose from depleted uranium. 3.0
20 hours contact time
l'ank crews, non surface dose, 0,003
20 haurs mission time

AGED DEPLETED URANIUM

As depleted uranium is stored for years, other members of the decay chain should be
expected to start appearing. Figure |4 shows a storge yand for evlinders containing depleted
LIFE at the Portsmouth ennchment plant in Ohia.

Figure 14, Concrete-floor storage yard for depleted uranium LIF, eylinders at the Partsmouth,
Cthio ennichment plant.



Depleted uranium health physics aspects would then become similar to those applied to
uranium o general. .

Therium™, a daughter of U*** decays inta Radium™®, the commaon isotope of radium. It
decays in tum into Radon®®, which can escape to the stmosphere since it is gascous gt room
emperature. Radon™ has a half-life of 92 hours and it decays into Polonium®™®. which is now a
solid product with a half-life of 3 minutes. In tuen, polosium™ decays into Lead®™. then
Bismuth®", and Polonium®™ . All of the latier are solid clements with short half-lives. and
consequently high activity levels, as shown in Table 6 Palonium®™ decays into Lead®'®, which
has a comparatively long half-life of 20 vears. This group of radionuclides is referred to as the
short-lived doughters of Radon  Since radon has a short half-life itself. these daughters are
present whenever radon is present.

The solid daughters of radon tend to deposit themselves on small dust particles and
droplets of moisture present in the air. If air containing radon gas and its decay products is
breathed. the solid daughter nuclides are retained by the interior lining of the lungs. Here the
emission of short-range alpha particles from Peloniun™® and Poloniun™™ can cause damage to
the alveolar tissue that can lead to the development of lung cancer.

The effect of the bem particles smission from Lead™ and Bismuth®™™ is minimal
compared with the effect of the alpha particles. Lead™’. the daughter of Polonium™. decays
slowly with low activity and emits beta particles. Radon as a gas does not remain for long in the
lung. Thus the main hazard results from the shont-lived solid daughters that are depasited in the

Sinee the half-life of Uranium™* i< 4.5 billion vears. it is very long compared to that of its
daughters Cansequently, a state of secular equilibrium is attsined in the course of time. [n this
equilibrium state, equal numbers of nuclei of the radioactive members of the chain disintegrate
per unit time. This means that they decay with the same activity level. Consequently equal
numbers of curies or Becquerels of cach daughter exist at any given time under equilibrium.
Equilibrium here occurs if the mdon gas does not escape. such as in uranium ores or solid parts
of depleted uranium munitions.

Table 6. Radon and its daughters in aged depleted uranium.

Isotope Radiation Half life
Radon™= a 9200k
Polonium™ a 105 m
Lead™ = B. v 26.80 m
Bismuth B+ 1970 m
Polonium="* u 2.70x 107% m
Lead " g 20,00 g

MIXED SOURCE DEPLETED URANIUM

FLIXEO source OSpleted URNMUM 15 & mixture of natural depleted uranmum trom the
enrichment process, and recycled uranium from reprocessing: the latter possibly containing

fission products and transuranic elements: both potential health hazards.
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Massachusetts DPH Web Site Search Results

http:#/vosemite.epa.gov/ri/npl pad.nsfif532fa5¢3 1Ta815¢885256ude0050b631/7B6349F1A22FFD
F3852565E5006CAR4070penDocument

US EPA sile

NPL Site History, referenced reports and agency contact information

hitp://www.mass.gov/portal/search ?binG=Search& pagelD=mg2scarchlanding&sid=massgovi&
output=xinl nc dtd&g=nuclear+metals®clieni=muoviproxvstvlesheet—mpoové&site—EOEAxDE
Px&numpem-—-0&1c—UTE-

B&access=p&sort=date%3ADMIAl %63Ad] &entgr=2&entsp=adoe=U1T-8&ud=1 &slart=10
NMI document search results

http:/fwww nmisile.org/assets/odf 20664, pdf
report by Radioactive Waste Management Consultants, Seplember 2000

1980 drinking well contammation. 350 cmployvees exposcd :
grounds contamination emplovee exposure eating lunch

pp 23 worker exposure levels
p 14 800 1b 1235
p18 march 1980 350 emplovees drank VOC contaminated ground water {rom well SW-2A

"the NMI employees represent a Level 1T Contamination Papulation and they number up to 350"
40CFR300 Para 3.3.5

p 19 contaminated soil on and beyond the property  references 1996 DPH report on NMI seil
sampling

p 20 contamination where workers eat lunch and parking
liklihood of exposure factor is 330 where 100 1s accentable.

p 27 ask the question, "how could uranium coniamination bevond the site occurred at NMT if
there weren't releases to the air from the plant?

httpr/wwawnw nmisite.org/
Historical reports from 1991 - 2002 by EPA AND OTHERS ON NMI SUPERIUND SITE
STATUS
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Executive Summary

Since 1958, Nuclear Metals, Inc. (NMI, now known as Starmet) has operated a uranivm
processing facility in Concord, Massachusetts, producing depleted utanium products,
primarily anti-tank uranium penetrators, Between 1958 and 1985, NMI dumped process
wastewaters and sludges \hat conteined depleted uranium, copper, nitrates and toxic
chemicals into the Holding Basin, an unlined depression resembling a swimming pool.
As 3 result, very serfous contamination of soil apd groundwater In and below the Holding
Basin has accurred.  Under the watchful eyes of the Massachusetls Departent of
Environmental Prowection (DEP), Starmet is engaged in thr early slages of work to
remediate the Holding Basin, surrounding sails and groundwater. Yet ta be determined
by the DEF and perhaps by the Environmenial Prelection Agency (FPA) are the soil
cleanup crileia, the Remediai Action Levels {RAL’s),

Afler removing 8,060 cubic yards of contamipated sludge from the Holding Basin,
Starmct has essentially halicd the cleanup while it comducts further swdics.  Post
“cleanup” testing of groundwater near the Holding Basin shows uranivm concentrations
up to 3,000 times the safe drinking water siandards. A metutorng well into the bedrock
aquifer 750 feat from the Holding Basin has had uranium concentrations over 15 tines
the drinking water standards, and is still above dr nking water stacdards. Starmet is now
arguing that the high concenlrations of vranium in the bedrock aquifcr are natural and
Ihal r¢siduat uranium in and around the Holding Basin is below the new RAL’S Starmet
is proposing and does nat have to be removed.

Reinfalls in June and July 1998 led 10 extremely  high wranivm  groundwarer
concentralions in the overburden within 30 fect of 1he Holding Basin; the high uranium
COnceniralions, occosring within twe months of rainfalls, were entirely unanticipated by
DEP and Starmet groundwater models. o an atgumenl Yater rescinded, Starmed reasoned
that ice chanrel depasits, long fingers of gravelly soil, were tesponsilble for this rapid
mirvement of uranium. This rapid mevement of uranivm remaing wnexplained.

Since our last n:po:tl for CREW in 1999, GZA, Siamels conirector, has deilled
#dditional monitoring wells and conducted extensive sampling around and in the Holding
Basin.  We have reviewed all the supporiing reports prepared by GZA  and
vonespindence between Starmet and DEP since our Jasi report, a list of which is
conlzined in Appendix A.  Cur comments refleet information frem these supporting,
references and independent calcolations.

Also since pur last report, the Commonwealth of Massachuserts has requested the EPA 10
place the NMI/Siamet site on the Superfund list. A Federal Register notice details the
EPA"s basis for recommending placerment on the Superfund fist and aumetically ranks
the hazard. Starmet is resisting this listing and for abvitus reasons. A Swperfund bsting

| M Resnikoff, "Review uf Risk-Based Rersedial Action Levels ind Hahling Hasin Feasibility Sindy.
Starmet Corp.” preparcd fur CREW, Aprit 1599,

Radivariive Wesie Muna gement Atpocites
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likely means the value of the NMU/Starmer site would decline and all potentially
responsible parties (PRPY would be drawn into 1he dialogue about cleanup levels ang
courses of action. Onee gn the Superfund list, remediation of the NML/'S1armel Sile
would be overseen by the EPA, under a count order; the PRP’s would draw up 2
feasibility study and proposed plan. The PRP’s would include MMI/Starmet, the U.S,
Ammy and all comporations and entities that were present when the NMT plant was
constructed and vranium waste was dumped into the Holding Basin. These may include
MIT, Arhur D). Little, Textron lncarporated, Whittaker Corporation, Muloal Life
Insurance Company of New York and Allzgheny Ludlum Steel Co, We expact therefore
that the EPA ranking of the NMI/Starmet sile will be vigorously resisted by $tanmer and
its former owners and operators.

The extent of further cleanup and potential placement on EPA’s Superfund list centers on
the relaiionship berween uranium in soil and ihe assaciated uranivm in groundwater.
Starrel has argued that the residual uranivm concentrations would tead to ao significant
risk, Ihat is, the residual concentrations are below Stammet’s proposed RAL's, According
Lo Starmet, Little or no further removal of uramium sol contammination is necessary,

In support of the new proposed RAL's, GZA has conducted extensive site and laberatory
measurements and analysis to show that the EAL’s, the allowable soil CONCENrAtions, aje
far below the presently measured concenlrations aod therefore, no  addilional
contaminated soil need be exhumed. The Remedial Action Levels are intimately related
to the groundwater model employed and the partition cocfficients, K, the ratio of
uranium concentrations in soil 1o that in water. Not surprisingly, Starmet has produced
sitg-specific measurcments Lo show thet the sjte K4's are much greater than what appear
in the lilerature ard therefors less yranium will be present in proundwater. We funhes
anticipate that Starmet will use these site-specific Ky's o oppose EPA's Initiative 1o place
the: Starmei™Md] siie on the Superfund list.

This repart addresses two issues, the groutndwater model and partition coetficients, and
the Superfund ranking by the EPA.  Section 2 discusses in some detail GZA's
meastirement protocol, panition coefficients, the groundwater meodel and Starmer’'s
revised estimate for allowable wranium concentraiions, Scclion 3 evaluates the EPA’s
numerical ranking of the Starmet/NM! site and presents owr independent calculations for
sail contamination.

Our gencral conclusions are the following, GZA’s measurcment protacel effectively
reciuces the uramium szen in groundwater. Esscalially, GZA is measirng the dissolved
uraniun by filtering oul fine particulates, even though these particulates could be drawn
inte public waier intakes. This measurement protoco] effectively raises the K4 and
increasts the RAT. Bascd on these measurements, GZA erroncously concludes thar no
additional uranium-contaminated soil oecd bt removed from the Holding Basin, The
argumenis by GZA are in error for several reasons.

* Infocusing on measurements 1o supporl a high value for Ky, GZA hes avoided the
primary issue, the risk posed by residual uranivm. GZA's hydrologica) madel
does noi repeesent the physical reality of the Holding Basin. It appears likely rhat

Rudfigari v Wasre Memagemear dssoeiate
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femaining uranium is both seluble and insoluble and GZA 15 measuring just the
soluble purtion. This is our hypothesis lhat has some support in GZA's
MEASUTETENTS,

* The faully sampling protecel alse leads GZA 10 the conclusion that wranivm
contamination in the bedrock aquifer is natural. But uranium concenirations in
bedrock aquifer moniloring wells have declined sinee the Holding Basin has besn
cavered, siongly implying an inlimake conneciion.

*  As we show, (he GZA model is physically incorrect and leads to nonseasical
conclusions. Both the sampling protecol and model must be changed.

The EPA bas done commendable work in ranking the NMIrStarmet site, ‘We support the
inclusian of the NMUStammet site on the Superfund list. EPA's high scoring of the
Starmet shie based on aquifer contamination is justified since the bedrock aquifer is
shared with and serves public water supplies. Soil contamination and air releases were
nol factored into EPA’s ranking determination. However, we feel these two pathways
should have besa considered given that the Starmet site itself is conlaminated, resulting
in an expoesure 1 the warkers. Forthetmore, the site is in a residenttal neighbothood and
uraniumn contamination has been delected off-site. We recalculated the hazard score for
the Starmel property by including the contribution of the soil exposure pathway, which
resolted in 2 small increase in the EPA ranking. Ao EFA ranking for the air migralion
pathway could not be calculated without addittonal information from the COompany.

With the Starmet site’s proposed inclusion on the Superfund Hist, we are hopeful that the
EPA can move the process along quickly; it has been 15 years and counting singe
problems with the Holding Basin were first broached by the Nuclear Reguiatery
Commisston and later followed up more aggressively by the Massachuseits DEP,

Rodisaciie Worle Maragrmen: Ascociales
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Section 1. Introduction

Since 1958, Nuclear Metals, Inc. (NMI, now called Starmet Corporation} has operated a
uranium processing facility in Concord, Massachusetts. It produced depleted uranivry
products, particularly anti-tank uraniom penetrators for the Army, afthough it has recently
stopped doing so. It bas continued though to mamufacture metal powders and other
specially medel products for industrial, medical, and military purposes, Between 1958&
and 1985, NMI dumped process wastewaters and sludges conlaining depleted uraniom,
copper, nitrates and ocher loxic chemicals inio 1he Holding Basin, an unlined narural
depression resembling a swimming pool. This resulied in VEFY serious comtamination of
the soil a0d groundwaler in and betow the Holding Basin. Under the watchfol eyes of the
Massachusetts Department of Environmental Proteciion (DEP), Starmel is engaped in Lthe
early stapes of remediating the Holding Basin, surrounding soils and groundwater. Yet to
be determined by Ibe DEP, and perhaps by the Environmental Protection Agency (EPa),
are the actual, final standards for this cleanup, the Remedial Action Levels (RAL's),

After removing 8,000 cubic yards of contaminated studge from the Holding Basin,
Starmet has essentislly halted the clzamup while it conducts furiher studies, Post
"eleanup” testing of groundwaler near the Holding Basin shows uranium concentralions
up 10 3,000 times the safe drinking waler standards. A monitoring well into the bedrock
aquifer 750 Feet from the Holding Basin had urarium concentrations over 15 times the
drinking waler standards. Siarmet is now arpuing that the high concentrations of uranium
in the bedrock aquifer are natural and that residual vranivm in and arcund the Holding
Basin are below the new RAL’s Starmet is proposing and docs nol have Lo be removed.

Rainfalls in June and July 1998 led 1o extremely high uwranium  groundwater
concentrations in the overburden within 30 feet of the Holding Basin; the high uranium
concentrations, occurring within (wa months of rainfalls, wers entizely vnanticipated by
the DEP and Starmel groundwater models. DEF requested an explanation from
NMisStammel for these new developments. In an argdment later rescinded, Starmet
reasoned thal ice channel deposits, long fingers of gravelly soil, were responsible for rhis
rapid movement of uranium. DEP then required NMI/Starmet o subsiantiate this theery
by locating Ihese jce channels. But GZA could nor, leaving the rapid movement of
uranium s1il] unexplained.

Since we issued our lasi rcpon: for CREW in 1999, GZA, Starmet's contractor, has
drilled sdditional monitoring wells and conducted extensive sampling around and in the
Helding Basin. These dara have been factored igio a groundwater model 1o estimate a
new RAL for urunium. We have reviewed the supporling repoils prepared by GZA and
comrespondence between Siarmet and DEP, a list of which is contained in Appendix A,
and our comments reflect information gathered from these supporiing references and
independent calculations.

* pbid.

Radisactioc Waste Menageman: Asiociates
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T support of the new praposed Remedial Action Levels, GZA has conducted exlensive
site and laboratory measurements and analysis to show that the RAL's, the allowable soil
concenlralions, ar far below \he presently measured concentrations end therefore no
addnional contaminated zoi! nead be exhumed. The RAL’s are intimately related to the
model of the Holding Basin and the pariition coefficieats, K, the ralio of vranium
concentrations iz soil to that in water, Not sarprisingly, Starmet bas produced site-
specific measurements to show that the site Kq's are much greater than what appear in the
literature and therefore less uraniom will be present in proundwater.  We further
anticipate Lhal Starmet wili use (hese site-specific Ka's to oppose EPA'S indliative 10 piace
the Slarmet/NMI site on the Superfund List. Thus, much of this report deals with Lhe issue
of partition coefficients. Section 2 discusses GZA's measurement protocot, the partition
cottlicients, the SESOIE/AT123D groundwater model and Starmet’s revised est wniale for
gilowable uranium conce nrations.

Also since our last report, the Commonwealth of Messachusets bas reguested the
Environmenial Protection Agency (EPA} o place the NMU/Starmet site on the Superfend
list. The Superfund list is a list of the counlry's most seriously conlaminated waste sites
identified for lang-term cleanup. We expect the ranking of the NML'Siammet site by the
EPA to be vigorously resisted by NML/Starmet and its former owners and operalors for
obvious reasons. Once on EPA's Superfund list, the vatue of the NMI'Starmet site could
he reduced and all potentially responsible parties (FRF) would b drawn inla the dfalogue
aboul cleanup levels and courses of action. Under Superfund law, remediation wounld be
overseen by the EPA under a court osder. The FRP's would draft a feasibility study and
proposed plan. The PRP's would likely include NM1/Starmel, the U.S. Ay, and all
past owners and operators, including MIT, Arthor Do Ligtle, Textron Incorporaled,
Whitlaker Corporation, Murnal Life Tesurance Company of New York and Allegheny
Ludlum Sl Co.

A Federal Register’ notice details the EPA's basis for recommending placement on the
Superfund list. We evaluated the EPA’s numerica) ranking of the StarmetNM! site and
discovered that soil contamination and air releases were not factored inta EPA’s scoring
of the NMJ/Starmet site. They were zightly considered of lesser imporance in ranking
the site. However, we fzel thess rwo pathways should still have becn considered given
that the Stanmet site itself s contaminated, resulting in an £xposure to the workers. Paris
of the NMI/Starmet site, such as the “sweepings fili” arca and the cranberry bog, are
contaminated with wraniwm. Although the firsi pricrily under DEP's Contingency
Management Plan (CMP} is the remediation of groandwater conlamination near the
Holding Basin, other parts of the sits, inciuding surface soit, will also have ta he dealt
with. [n addition, the site is in a residential neighboi hood and vranium contarmination has
been detected offsite. We therefore recalcalated the hazard score for the Slarmct property
by including the comiribution of the soil exposure palthway, and this resulted in an
increase in the EFA ranking, Unfortuaately, a hazard score for the air migration pathway
could gl be calculated without additicnal information frem the compzny. Section 3 of
ibis report discusses the proposed racking and additional calculations we have made.
Section 4 contains our conclusions and recommendations,

65 FR 46131-45137, Tuly 27, 2006,

Radisacior Wesle Mancgement A 3ocnairs
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Section 2. Partition Coefficients and Remedial Action
Levels

Previous Hydrological Modei Disproved

Under the Conlingency Manzgement Plan {CMP), the Massachusetis DEP is attempring
10 require NM1/Starmet 1o reduce the hazard caused by the presence of wranium and toxic
chemicals on the site. The risk comes from [he uranium that has lezked from the Holding
Basin and is conlaminating groundwater. The hazard is also due 1 s0il and air
contzminalion, but remediation has beeg divided ino 1wo stages: the Holding Basin and
clreryr.hing else, with the former being the firsl priocily. With the recent series of reporls
by NML/Starmet’s contractor, the focus bas turned 1o groundwater contamination due to
the remaining 30il and groundwater contamination within and below the Holding Basin.
Still remaining is remediation of site soils, including the sweepings fill arca and the
cranbemry bog.

Since uranium will leach from soil to groungwater, DEP is altlempting 1o determine the
allowsble residual ranivm concentrations in soil that would lead 12 no significant sk

from contaminated groundwater. The uranfom concentralion in seil that leads 10 ge.

significant risk is called the Remedial Action Level or RAL. The RAL’s depend on the
groundwater model and several imput parameters, including the relationship berween
uranium in soil and wramiurm in water tepresented by the partition coefficient, K, DED
has set the maximum concentration Himit {MCL} in waler as less than or equal to 10
PCVL (28 pg/L} depleted uranium.** [However, EPA’s proposed Natienal Drinking
Water Siandards sets the MCI. 1o 20 pg/l. wrapium®, making no distinction between
natural or depleted uranium since the MCL is based on heavy metal toxicity 1o liver, not
on radiation effects.]  Usder DEP's model shown in Fig. 1, the resideal soil
concentrations {or RAL’S) that resulted i urznium concestrations in proundwaler less
than or equal 1o 28 pzd., were caloulated o be 12.8 ppm in soil.” On the other hatd,
GZA previously proposed its own RAL of 20 Ppm uranium, which they arrived at using a
risk-based approach.® Now, under a new NM1/Starmet model shown in Fig, 2, their
proposed RAL increases to 541 ppm vraniom®, 42 times greater than the DEF"s RAL and
27 times larger than GZA's previous RAL. Under this mew RAL, NM1/Starmer woutd
net have o exhume 2dditional contamingted soil sinve GZA has caicuiated the average

‘N Mohanty (DEP) memo fo € Weidner {DEF), Re: Leaching-Based Cleanug Criteria for ths Holding
Basin Removal Projeat, October 25, 1998, p. 1.

? At present, the Massachuseus drinking water goideling for aranivrn is 20 g/, Refer 1o “Drinking Water
Standards and Guidelines for Chemticals in Massachusetis Brinking Waters" pubilished by the Office of
Besearch and Siandasds (GRS} of the Massachusells Depanment of Envirenmental Protection, Spring
20KM).

65 FR 21576, April 21, 200K,

! Mubanty, pp. 6, &

4 G7a, "Deseclopren of Risk-Based Remedial Acuon Levels (RALs™, Eebruary 1997, Table 6.
‘uza, "Supplemanial Report 1o Uragium Partitioning Cotieient Evaluation and Holding Basin Sail
Characierization Studies™, July 2000, pp. 11, 13,

Radicacrve Waste Maragement A siacicies
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hypothesis with measurements. GZA sampled monitaring wells near the Hoiding
Basin™, such as HBPZ-2 and HBPZ4, and compared the ratios of U-238 to U.234,
These ratios ranged around 7 to 8, indicating depleted uranium. These samples were
compared to the U-235 to U-234 ratios in bedrock aquifer wells GZW-7-2 and GZW-5-3,
which ranged from 0463 to 1.12. From this, GZA concluded that the high uranium
concentrations in the bedrock aquifer were natral,  We disagaee. Mad the filiered
particles also heen sampled for radioactivity, and found to have isotopic ratios similar 10
natural uranium, we would agree with GZA. Filration biases the results towards
radioactivity in solution,

While the focus of GZA’s investigation hes been on depleted wranium, it is important o
point out \hat uranium in the Holding Basin is comprised of a mixture of deplered
uranium and highly endched uranivm, The Helding Basin conlains approximately
400,000 tb of D, consisting almost entirely of 1-238, and 806 Ib of highly enriched
uranium, consisting almost entirely of U-235. Together, this represents uranium
containing 0.3% U-235, and therefors close to natural Urani urn, wiich has a U-235 agsay
of 0.71%. Thus, testing has to be precise to distinguish between nahral otanivm znd
urapium from the Holding Basin. Removal of fine wranium particulates makes the
distinelion between utanium from the Holding Basin and natural uragium that much more
difficult.

We are concerned about filicring for another reason. Experience at the Ferzald vranium
plant in Ohio shows that uranium moverem in the environment has two componenls
with different iransit times. Dissolved uranium had s mesn trzosit fime of one moath,
whereas insoluble utanium had 2 meas transit time of 14 vears.> The sampling protocol
does net allow GZA to distinguish between these twa compenents. [t is our hypothesis
that the rapid movement of wranium into monitoring wells HBFZ-2 and HEPZ-4 was due
to uranium in sofulion. Movement of uranium particulates is far slower, but not zera.

It is imporant 1o point out that total and dissolved uranium measuremers from
monitoring well GZW-75 differ strikingly. The total uranivim conceniration is T20
pe/L while the dissolved uranium concentration is only 71 ug/l. GZA docs not discuss
this difference. Clearly, the small particulates carry moch of the radioactivity in the
sample. An isolopic breskdown of Ihe particulates would have been useful in
determining wheiher the high wranium copoeatrations were due to natural or dkpleted
uraniumn,

Finally, the uranium concertrarions in the bedrock moniloring well GZW-6-3 have
declined dramaticaliy since 1he Holding Basin was covered, and more so since 8,000 yd*
of conlaminated waste was removed from 1he Holding Basin, There appears 10 be a
Slrong comelasion between covering the Holding Basin and the decline of uranium

* GZA, “Groundwater Moniwring Repor”, December 1999, p. £5,

* Radiolgival Assessonents Corporation, “Tasi §: Radiation Doses and Risk fa Residents from FMPC
Operations from 1951-1988, Wilume 11 Appendices, Fernald Dosimiry Reconstrugtion Project”, prepared
sof the Coners for Dissuse Contral and Frevention, August 1996, p. 5.2,

* GZA, February 2000, Table 3,
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Population {target)

Although residents have been rightfully counted as potential comtamination targets, it
must be remembered that there were workers who were actually subject W actual
contarnination.

Although lacking in original analylical documentation and nol scored by the EPA, theez
i% & summary data table from the Massachusetts Department of Envircnmental Quality
Engineering (MADEQE) indicating that in March 1980, water from well SW-24A, 2
process/drinking water well at the NMI site, was conlaminaled with 8 ¥OCs. At that
time, 350 employees wese working for NMI and drank YOC-contaminaied water from
well SW-2A4. After that, SW-2A was reportedly no longer used as a drinking water
sonrce.”

If we count \hese workers as largets, the Tarpets factor would have increased by a
minirmum of 395 because:

* the 3W-2A well would have qualified a5 a Nearest Well with (at the very
least) Leved Il eoncentrations, equivalent w 45 points™, and

= the NMI workers represent a Level Il-contamination Papulation and they
number up o 350%,

= therefore, 454350 = 395 %

As ol now, the EPA has assigned the Targets factor a score of 844 based solely on the
distance-weighted pumber of residenls subject to a polential contaminalion in a
communily well, the exislence of a wellhead protection area within the NMT site, and
impaortance of the community wells 25 2 resource 1o the Town of Concord.”  With our
above calculalion of an additional 395 points due to the workers whe were subject to
actual contamination, the Targels factor incteases from 844 1o 1,239, %

If we multiply the Likelihood of Release score {350} by lhe Waste Characterislics score
(32) and Tarpets score (1,239), and divide the product by 82,500, we get the groundwater
migration pathway scere, subjcct to 2 maximum of 1007 In NMT’s case, the produet
divided by 32,500 is 264.32. However, the maximum sllowed is only 100, Henue, the
EPA’s current score of 100 far the groundwater migration patbway™ stands.

Soil Exposure Pathway
This section oullines the provedure we followed in scoring ihe soil expasure pathway.

* Moid, p. 35.

M a0 CFR 300, App. A, section 3.3.1.

= Ihid, secliom 332,

¥ Ibid, section 335,

¥ Tetra Tech NUS, Inc. and Dynamac Caep., Taly 2000, P 4, 36-32,
™ 20 CFR 300, App. A, section 3.3.5.

H Ihid, seclion 3.4.

“ Telra Tech NUS, Inc. znd Dynamac Corp., July 2000, p. 4.
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Areas of shserved contamination

in ofder o score the soil exposurc pathway, we meust first find areas of abserved
contaminalion. Gencrally, an observed contamination can be established for a cenain
arca by direct observation or chemical amalysis. For the soil exposure pathway, an
ubserved contamination by & radionuclide is established by chemical analysis or gamma
radfiation measurcments. For a radionuclide that is naturally occurring, the following
criteria applies (o analytical (chemical} samples that have to be me! to establish observed
contamination by that radicnuclide:

*  Measured coneentration (in units of activily) has to be equal 1o or greater than
the value 2 standard deviations above the mean site-specific background
concentration OR the measured concentration has to be greater than the upper
limit value of the range of regional backpround concentrations.

* A portion of the increase is zHbutable ta the sik.

* The radionuclids must be found a1 the surface or covered by 2 feet or less of
cover material ¥

On the other hand, gamma radislion measurements nead i meel Lhe following criceria;

* The gamma exposure rate (in uR/br) measured using a survey instroment heid
1 m gbove the ground surface equals or exceeds 2 times the site-specific
background.

* A porion of the increase is attibutable 1o the site.

* The radionuclides do not have o be within 2 fect of the surface of 1he
source.*

Within the boundaries of the Nal property, there exists an Arca of Conlaminated Soil,
a.k.a. Source 3, which qualifies as an area of ohserved contamination. Covering an arca
of approximately 95000 £, conlanination has been estzblished o be significantly
above background and includes a mixture of toxic chemicals and radigactive malerials,
including copper, beryllivm, and uranium. These harardous substances are attributable to
NMI's operational processes. Source 3 does not include the area of 1he holding basin,
cooling waler recharge pond, sphagnum {granberty) bag, the en-properny buildings, and
paved areas. ¥

Beyond the boundaries of the NMI propeny, we have found another Area of Observed
Cantamination, which we will call AGC 1. AQC 1 covers abaut 47713437 15, We were
able to delineate the boundaries of (his area by relying on s0il sampling measurements
taken for a joint NRC-DPH study™. Table 1 presents the soil sampling results we used,

“ 40 CFR 300, App. A. scction 7.1.1.

T 1bid.

 tpid, pp. 30.35,

*“Join: Repert of the Commonwealik of Massachusens Bepantment of Public Health — Rudiatien Control
Program and ihe Uniled Staics Nuclear Regniatary Commission Regizm | 1c Lhe N8 Sai] Sampling
Discussion Group™, December 13, 1995,
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The upper iimit background conceslration measured was 0.33 pCi‘g urenbum.  This was
taken roughly 5 mites north of the NMI site. 5 other sampling locations yielded uranium
Concentralions fhal weic yreater than background. Three of the samples appear to
indicate depleted uranium. All the soil samples were collected wilhin 2 inches in depth, ™

Since these sofl samples mest the criteriz for obsenved cunlaminalion, we were able to
delineate an Area of Observed Contamination bordered by these sampling localions.
Figs. 3 and 4 illustrate the focation of AQC 1 relalive 10 the NMI site and Town of
Concord. Given the limited amount of soil sampling performed offsite (ic., bevond the
NMI property), we will assume that the only contaminant is U-238. We also assume that
AOC 1 is a purcly residential neighborbood.

Having established these two areas of ohserved contaminatien, wo procezded to cvaluate
the threat posed by the soil exposure pathway on resideni and nearby populations. The
following discussion and calculations are suramarized in Table 2.

Resident Population Threat

According to section 5.1.3 of the HRS, the resident population considered here includes
the following:

* Resident individual. Lives or attends schoolidey care center on a property
with an area of observed comtwmination: AND whose residence or schooliday
care center is on or within 200 feet of the area of observed

* Worker. Works on a property with an area of observed contarmination AND
whose workplace arez is om or within 200 feet of the area of observed
contaminativn. Worker activilies may include eating lunch and parking,

* Resources. This refers 10 commercial agricultvre, commercial Silviculipre
(forestey), bvestack proaduction or grazing arcas ihat are [ocated on zn arex of
observed contamination.

* Termrestrial sensttive environments.  This refess to national parks, national
monuments, federsl or swate-designaled wildemess aress, prUsCIves, or
wildlife areas that are located on an arca of abserved contammation.

1. Liketiheod of Exposire

According to section 5.1.1 of the HRS™, 4 value of 550 can be assigmed o the
likelibood of exposure factor if there is zn area of observed conlamination in one
or more of the resident population locations mentioned above. In NMI's case,
NMI werkers are on and within 200 feel of Seurce 3 whilc some Concord
residents live on and within 200 feel of AOC 1. Therefore, the tikelihood of
expasure factor is 5540,

* Ibid, pp. 2, 6, Table 2, Atlachmenis 1-1, 1.2,
¥ 40 CFR Part 500, Appendic A
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10 Level I goncentrations is 100 * 3 = 300. Therefore, the Level il resident
population factor is 300,57

Since there are no resident individuals subject to Eevel 1 concentration, the
Level 1 resident papulation fzctor is 0.

*  Workers

NMI cmploys about 200 workers, It is reasonable to assume that while
working or sating lunch or parking thejr cars, Ihey wire an and within 200
fect of conmminated soil of Source 2. BRS scores the worker factor based on
the number of workers, with a maximum worker factor of 15 comesponding to
a preater than 1,000 workers™ In NMI's case, from Table 5-4 of the HES,
Lhe applicable worker factor would be 10

We have assumed that AQC 1 is purely residential and thar there ate no
workplaces within its boundaries.

® Resources

We have assumed thal there are ne commercial agticulture, commercial
sitviculture, comsmercial livestock production, or commercial livestock
grazing on Source 3 or AQC 1. Therefore, the resources factor is 0.

*  Temestrial Sensitive Eovironments

We have assumed (hat there are no lands that are national parks, fcderal or
state-designated wilderncss areas, wildtife refuge. or game management
located on Source 3 ar ADC 1. Therefore, the termestrial sensitive
enviranments factor is 0,

* Resident Papylation Targeis

This factor is the sum of resident individuai, resident p-ngulalion. workers,
resources, and lerrestrial sensitive ¢nvironments factors. Therelore, the
resident population target factor is 355,

4. Resident Population Threat Score

The tesident population threat score is the product of the jikelihood of exposure,
waste charecteristics, and (argets; 3,5 14 500,52

40 CFR 300, App. A, section 5.1,3.2.2,
" fbid, section 5.1.0.3.

¥ rbid, sectivn 5.1.5.4.

* Ihid, section 5.1.5.5,

™ fhud, seetion 5.1.3.6.

*7 fbid, settion S.0.4.
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3, = soil expasure pathway score

8, = gir migration pathway scote

If a site’s HRS score is equal to or greater than 28.5, the site qualifies for Superfund
listing.

EPA’s HAS Score for the NM! Slte
In the case of the NMi site, the EPA calculated the following pathway scores”™:

Sgw = groundwaler migration pathway score = 100
Sy = surface water migration pathway score = 60
8; = sail exposure pathway score = {)
8, = air migration pathway score = ).

Tis, EPA calculated the HRS score for the NMI/Starmet site 10 be 58,317, which makes
the site bighly qualified 1o join the Superfund list.

HRS Scare = { (Sﬂz +5.5+52 4 2741
= {(I00% 4607 40« G ra ) 2
= { (10,000 + 3,600} / 4 }**

NMI Score = 58.31

Our Proposed HAS Score for the NME Site

We fully support the addition of the NMI/Starmt site 1o the Superfund program. We
agree with the EPA that the groundwater migration pathway shoold receive the cnaximum
score of 100 because it has cavsed actual conlamination of 1he aquifer and poses a great
risk to the public aad (he environment, Howewver, the EPA did not score the air and soil
enatamination pathways. In contrasi to the EPA position, we feel these two pathways
should still have been considered given that the Starmet site is cantaminated, resulting in
n exposuee 10 the workers, How could workers not have been vxposed 1o atr and swil
contamination when sweepings from the NMI property give hiph levels of wranium
concentralions and direct gamma readings in the vicinity of the NMI buildings were
above background? In addition, the MNMI property is located in & residencat
neighborhood, with uranivm contamination already having been detected offsite. How
couid depleted uranium have been detected in offsite locations if NMi had not rebeased
uranium to the air?

7 Tetra Tech NUS, Inc. and Dynamac Corp., July 2000, pp, 1. 3-6.
™ ibid, p. 3
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