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STATES ENVIRONMENTAL PROTECTION

REG]ON IX

75 Hawthorne Street
San Francisco, Ca. 94105-3901

September 8, 1993

*)n.yrond E. Ramos
Base Closure Team
Western Division
Naval Facil i t ies Engineering Command
900 Conmodore Dr.
San Bruno, CA 94066-2402

Dear Mr. Ramos:

Enclosed are comments regarding radiat, ion issues at pA-1g (inParcer Bl, prepared by steve oein of our off ice of Radiation inarndoor Air. Arnong other things, in this memorandum Mr. Dean isreconmending tha-t a petrographic'analysis of the soil  at pA-18 bedone to assess whether the raaiurn 1evells are from natural or humanenhanced sources. we are currentry rooking into whether ourNationar Air and Radiation Envirom.r,i"i Labofatory (NAREL) couldperform this workl but i f  notr w€ believe the Navy-should proceed
to do so. Mr. Dean is working with your off ice and the stateagencies to  d iscuss these issues.  P leas l  ca l1 h in  d i rect ly  a t  744-2385 if  you have any questions.

Sincere ly ,
n

11a-l+ 6tu't<*
Roberta B1ank
Remedial project Manager

At tachments (5) :
(1)  Steve Dean Memorandum, g l27/g3
(2)  ORIA Memorandum, 6/LO/93
(3 )  OSWER Fac t  Shee t ,  S lgz
(4) Petrographic Methods paper, undated
(5 )  R isk  Assessmen t ,  s .  oea i r ,  b l zz  1s t

cc:  J in  Sul1 ivan,  NSTI
Mikq McClel land, WestDiv
n i rfft&nvoyl "6e=tDiv 

--

Cyrus Shabahari, DTSC
Barbara Snith, RWeCB
Arny Brownell, SFPHD
Gary Welshans, pRC

N00217.002878

AGENCY HUNTERS POINT
ssrc No.5090.3
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,"x\a.;Yd* UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

REGION IX

75 Hawthorne Street
San Franclsco, Ca. 9410S3901

August  27,  L993

MEMORA}IDUM

DATE:

FROM:

T O :

SUBJECT:

Steve M.  Dean
Environmental Sc ieX t i s t ,  ORIA  (A -1 -L )

Roberta Blank
Remedia l  Pro jec t  l4anager ,  FFEB (H-9-2)

Rad ium Cleanup Leve ls  fo r  PA-1-8

On August  5 ,  1 ,993 |  I  a t tended a Radium Cleanup Conference hosted
Uy nel ion 5 in  Chicago to d iscuss poss ib le  c leanup levels  for  a
v-ar ie ty  of  rad ium contaminated s i tes.  Severa l  issues presented

there irun. direct relevance to the radiurn issues at Hunters Point
Annex and par t icu lar lY PA-18.

First, the most frequently used standard for radiurn cleanup
Ievels  is  the Uraniurn Mi l I  Ta i l inqs Reclamat ion Conservat io l  Act
( I IMTRCA) 40 CFR 192.  t f te  npa i isued th is  gu idance for -Qgal ing-
f f inat ion at  DoE mi l l  ta i l ing s i tes andl is  used
commonly, though not universally, dS an ARAR at^other r 'a'diun or
uraniurn-contaminated s i tes as wel t .  For  instance,  EPA Region 8

w i th  7 ,  OOO u ran ium m ines  cons ide rs  i t  an  ARAR.  Reg ion  5
Super fund Program considers i t  gu idance but  not  an ARAR for  i ts
thor ium contaninated s i tes.

Rad ium 226  i s  a  na tu ra l l y  occu r r i ng  daugh te r  o f  u ran ium 238 ,  t hus

is  found wherever  uranium is  present .  Typica l  background leveLs

o f  rad ium in  U .S .  so j - I s  range  be tween  0 .5  and  1 .5  p i coCur ie  pe r .
g ram (pC i /g )  w i th  ave rage  fe ing  0 .8  p3 i /q .  Rad ium a l so  decays  i n

fo tua ioac i . ive daughter t  which are more tox ic  than radium i tse l f ,

such as radio isotopes of  b ismuth,  Iead,  and poloni -um.

LMTRCA states that the site must achieve a concentration of less

than 5. O pci/g of cornbined Ra226 and Ra228 above the typical
backgrounh le ie l  for  the toP-15 cent imeters of  so i l .  Below 15
C[, frowever, the maximum Ra226 concentration can be up to ]-5
pci/g. One other consid,eration in UMTRCA is the radon f lux
levels  emanat ing f rom the mi l l  ta i l ing p i les.  Hovrever ,  for  most
super fund s i tes radon wi l l  not  be an issue,  th is  is  par t icu lar ly

t rue of  the Bayside Landf i l l  a t  Hunters Poj -nt .

In  my opin iot r ,  the Navy and PRC have been t ry ing to  apply  40 CFR
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t92 as an AFTAR at Hunters Point but much of this guidance is not
appropriate as a cleanup standard for Ra226 at this site.

Margo Ogre,  Di rector  o f  HQ ORIA,  has issued a posi t ion memo on
the application of 40 cFR 1-92 as an ARAR. The key points are:

o The 5. o pci/g l irnit  is for combined Ra226 and Ra228 .

o The 5.0 pc i /q  l in i t  does not  inc lude background.

o The 5.0 pc i /g  is  for  any depth of  contaminat ion,  not  just  the
f i rs t  15 cent imeters.

o The 15 pc i /g  below the f i rs t  1 .5 cm is  on ly  for  DoE Mi l l
Ta iJ , ing Si tes,  because l -5  pCi /g  is  the lowest  concentrat ion that
f ield down hole gamma logging can detect.

o  The  5 .0  pc i / g  i s  a  hea l th  based  number ,  t he  15  pc i / q  i . s  a
technica l  l imi ta t ion based nurnber .

o  Radon  f l ux  has  l i t t l e  o r  no  bea r ing  on  the  5 .0  pc i / q  c lean  up
1 e v e 1 .

Whi le  th is  has helped to  c lar i fy  some issues many of  Regional
ORIA and Super fund staf f  do not  fee l  that  5 .0 pCi /g  p lus
background is protective enough when considering the risk
assessment  for  rad ium and i ts  daughters.  I  personal ly  fee l  that
th is  leve1 is  too l ibera l  when consider ing res ident ia l  use and
that  a  level  o f  3 .5 pCi /g  p lus background is  more appropr ia te.  I
have.  a t tached severa l  r isk  assessments for  Ra225r  dS wel l  ds,  Ra226
and i ts  daughters 1na226d1 us ing both commerc ia l  and res ident ia l
scenar ios  to  i l l us t ra te  rny  po in t .  However ,  t he ' f i na l  c l ean  up
standard has not been determ j-ned yet.

The fo l lowing char t  summar izes the r isk  versus radium
concen t ra t i on  i n  so i l s :

RADIT'M 226 TOIAL RISK COMPARTSONS

CONCEN-
TRATION

COMMERCIAL RESIDENTIAL

pCi/gram Ra225 9"225

+DAUGETERS
Ra226 Ra225

+DAUGHTERS

0 . 8 9 . 2  x  l - o - 8 3 . 2  x  L O - 5 3  . 5  x  1 o - ? 1 , . 4  x  l - O - 4

1 . 5 l - .  I  x  l -O-? 6 .  o  x  l - O - 5 6 . 6  x  l - o - 7 2 . 2  x  1 o - 4

5 . 0 5 . 9  x  1 O - 7 2 . O  x  1 0 - 4 2 . 2  x  l - 0 - 6 7  . 2  x  l - 0 - 4

There are severa l
assessments were

points to
done using

ment ion about
the RAGS HHEM

th is  r i sk  tab le :  The
Par t  B  and  the  t92
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HEAST Tables.  Both the commerc ia l  and res ident ia l  scenar ios were
run with the standard default values. The dominant r isk pathway
in every case was External Exposure. Radium decays into
daughteis that are more carcinogenic than radium itself which
means that whenever radium is piesent most of i ts daughters wil l
b e  a l s o .

The tab le a lso shows that  5 .0 pCi /g  of  rad ium 226 contaminat ion
in a res ident ia l  scenar io  generates a r isk  of  7 .2 cancer  deaths
in a populat ion of  1O,O0O. Add in  the r isk  f rorn the average soi l
backg-round level  o f  0 .8 pCi /gram the r isk  c l i rnbs to  8.6 in
l _ 0 ,  0 0 0

As for PA-1-8, the SCRS reported surface anomalies near the
sur face that  had a h igh o i  5 .4 pc i /gram of  Ra22' .  F igure 1-5 which
is  a rnap of  the PA- l -8  area actual ly  deta i ls  the r r locat ion of
radioact ive point  sourcesrr  accord ing to  the rnaprs legend.

When I  f i rs t  rev iewed th is  I  assumed these were indeed point
sources s i rn i lar  to  the ones in  IR-2.  However ,  in  the Radiat ion
Subgroup  rnee t i ng  he ld  on  Ju Iy  7 ,  L993 ,  Dave  Mar t i nez  i n fo rmed  us
that  thL radium anomal ies are not  d iscreet  po int  sources and may
be natura l ly  occurr ing radium deposi ts  in  the so i l '  around the
restaurant. I  would recommend that NAREL do a petrographic
analys is  of  th is  so i l  us ing a technique developed by Dr .  James
lleiheisal of HQ ORIA which wi}l  determine whether or not the
radium levels at PA-18 are from natural or human enhanced
sources. I have attached a copy of the petrographic procedure.
with this memo for your review-. I f  you agree that this analysis
should be done f wiff  coordinate the arrangements with NAREL and
P R C .  a

please fee l  f ree to  contact  me at  4-L045 regard ing these comments
or  any issues regard ing th is  rad ium or  Hunters Point  Annex.

CC: MICHAEL BANDROWSKI,  Di rector  ORIA (A-1- l - )
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SIIBJECT: Basis

FROM:

TO:

o

A ,r4r-l^- v\^til-!"\?)

UNTTED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON,D.C. 20'160

JUN | 0 t933

o,*ffiffoTt*
for the Soil Cleanup Criceria in 40 CFR ParE 1-92

Marso ose, Directo r 1A.a'12 f 0*
Of f ice of Radiatto" 

fU.Indoor 
ALr U

George Pavlou, Actihg;DirecEor
nmerlency and Remedial Response Division, Region II

You have aeked for cl-arif icat,ion of t 'he basis and
applicat.ion of t,he criteria for radirrn in soil Ehat, are found ia
s-pi,s regulatione for disposal and cleanup 9f .uranium and Ehorium
mil1 tail ings (40 CFR ParE. L92't . More specific?lly, you asked
f or n . . . coniirmat,ion thaE 15 pCi/g is inappropriat,e for use as an
applicable or Relevant and aplropiiaEe Requirement_for cleianup of
c-ongatninaEed soil aE the Ma)rwood Chemical Company Superfund Sit'e,
Maywood, New ,fersey.' The following ouElines our Office's
poiition, based on t,he nrlemaking record, on t,he basis for artd
lpplicabil ity of tshe soil crit.eria conEained in 40 CFR L92. We
aiE prepared- Eo supporE, this posiEion, as ouElined below, during
che dispuEe resolut,ion Procese 

,
fE is usefuL t,o distirrguish, f irsE,, which subpart's of ghe

regulation apply Eo cleanup and whichr go disposal and, secoDd,
th6 naeure of- the two soil criteria, that is, wheEher t 'hey were
healt.h-based or vrere derived using Eechnical consideraE,ions thaE
may or may not, be relevant, and appropriate Eo situations other
chan those t,o which they legally apply-

The Uranium Mifl Tailings Radiation ConErol AcE of 19?8
(IJMIRCA) cont,aine two relevant Titsles. Tit,le I auLhorized
sEandards for dieposal (subpart, A of 40 cFR Part ]92l end cleanup
(Subpare B) of urinium miII- tail inge at sit.es designaEed under.
Secgl ,on fQ2(a) (1) of  ghe AcE. Those ei t 'es are a c losed seg
chosen in fdZi-and cannot be added to. They include t 'he so-
cal led nvic in i ty i  e l tee at ,  which c leanup of  speci f ied of f -e i t ,e
propert' ies for irnresEricEed use is auEhorized' (see sections
1or,  Lo2, 108, and !06 of  IJMTRCA.)

Tit,Ie fI auEhorized seandards for disposaL of uranium
(Subpart  D) and thor ium (Subpart  E) ta i l ings aE siEes. l icensed by
tne NRC. These stsandards address Ehe nanagemenE of disposal
siLes and were noE developed as cleanup st.andards for release of
land fo r  unresEr icEed use.  (Sec f ions  202,  205,  and 206 o f
IjI',fIRCA. )
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These st.andards are direcE,Iy applicable only Eo 
:::,r3:t: i" 

' ;.-

that, f all int,o one of Ehe above caE,egories. If Ehey are Eo be \r
Eaken from Lhe legal cont,exE, of III'ITRCA and applied Eo other
situaE.ions, care must. be taken Eo asgure t.haE. Ehe circumsEances
in t,he new siEuat,ion are comparable E.o Ehose for which E,he
st.andards hrere developed. For example, Ehe Act specifies Ehat'
sit,es regulat,ed under- Subpart.s A, pl and E shall be maincained in
perpetuiLy under Federal or St,at.e cust,ody (Sections 104 and
2021. In conErast,, the site at, Maylood is t 'o be cleaned up for
unrest,ricEed use. The only standaids tshat. were developed for
applicaEions involving unresericEed use are Chose.found in
SubparE B.

Subpart B conEains t,wo quit,e different. soil sEandards, each
developed for a differenc purpose. The concentraEion crit,erion
for suiface soil (5 pCi/g of radium-226'l is a health-based
stanaaia. The relevane eource of health risk for surface soil
is e>posure Eo ganuna radiat,ion, which is Che basis for Chis
sEandlrd. (Thii basis is not,ed in t.he preamble t,o the final,
regulaEion at  {8 FR 600 and is discussed in great,er det.ai l  in
thE accompanying Final EnvironmenEal Impactr SEat,emenE (FEIS) at.
pp.  57, r r r -1rZl  and 134-13?) .  Region I I  would have Eo determine
wneeher t.he risk ecenarios aE the Maywood sit,e are sufficienEly
similar to Ehose in IJI'ITRCA t,o warranL use of Ehis health-based
sEandard. This st,andard for a single radioisotrope (radium-226)
was developed to conErol t.he hazard from ganma radiaEion. Since
t,he ganrna iadiation hazard ats t,he Malmood sit,e arises from Che
combined effecE of two radiologically similar materials (radium-
226 and radium- 2281 , if E,his st.andard is considered for use aE
t.he Ma)nrrood siEe you ma:r wish to consider applylng it to Eheir
combined concenErat,ions.

On Ehe ot,her hand, Ehe concent.rat.ion criEerion for sub-
surface soil in Subpart, B (fS pCL/g of radium-226'l is not, a
healEh-based stsandard. Thus, its should noe be applied Eo
sit,uat,ions in which a healEh-based sEandard is appropriate, or t 'o
siEuaEions that differ substant,ively from t,hose for which it. was
derived. The basis for this criterion is document,ed in Ehe
m a t ' e r i a I s a c c o m p a n y i n g t , h e p r o m u 1 g a t ' i o n o f S u b p a r e B ( s e e t h e
preamble Eo Ehe fi iral-nrle at, {3 f 'n eOO, t,he FBIS at_pp_. 134-137
lnd D-51 to D-52, and Findings"bf an Ad Hoc Tectnical Gtoup on
Cleanup of Open I'and Coataninated with Aranium DIi77 TaiTings,
EPA, 7987, Dogket A-79-251 ,  as suunar ized below-

The crit,erion for subsurface soil was derived as a pract,ical
measuremenE tool for use in locat.ing discrete caches of high
act iv iEy Eai l ings (Eypical ly 3OO-1000 p3i- /g l  !h?t .vtere deposi ted
in subsirr f  ace locat ions a!  miI I  s ices or aE vic in i t .y propert ies.
The crit.erion for subsurface soil in Subpart, B was originally
proposed as 5 p]i/g G6 FR 2562) . The f inal regulat' ion was
ifra-ngea, noE because Ehe healtrh basis was relaxed, buE rat,her in
ordei Eo reduce Che cost. to DOE of 1ocating buried tail ingS, -

(
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unCer the assumptjon that thjs wouTd resul.t in essentiaTTy the
sane degree of cleanup at the Tit.7e f sjtes as originaTTy
proposed under the 5 pci/g criterioh (48 FR 600 and FEIS
p.  D-51) .  The use o f  a  15  pCi /g  subsur face  c r icer ion  a l lowed the
DOE Eo use field me:iurement,s racher t.han laboratory analyses to
det,ermine when buried tail ings had been deEecced. Thus, iE was
noE developed for sit,uat.ions where significant. quanE,it. ies of
moderaEe or low acEivity mat.erials are involved. fE is only
appropriat,e for user Ers a cost. effect,ive t,ool to locaee radio-
acE,ive wasEe, when cont.aminaEing subsurface saterials are of high
acEivity and are not elcpect,ed t,o be significant,ly admixed with
c lean so i l .

It, is our underst,anding t.haE there are significanL
qrrant,it ies of moderat.e E.o low activity mat,erials aE. Ehe Mayrood
siee, and E,haE under some of t.he proposed remedial alcernatives
large addit, ional guant.it ies of such materials would be creaEed
and left. on the siEe. The 15 p3j-/g cricerion was noE developed
for applicat.ion Eo such situat,ions, and its use under such
circumsE,ances would noE sat,isfy the risk objecCives achieved
under Subpare B for uranium mi1l t,ail ings.'

You should be aware t,hat all of t.he standards discussed
above were developed over a decade ago, and t.haE. Ehis Office is
currently developing comprehensive cleanup standards for all
radionuclides t.hat, wil l apply t,o all Federal agencies, including
DOE. f hope E.his informat.ion is helpful tso you. ff you have any
additional questions about. t,his maEtser, please conlact Allan
Richardson of  th is Off ice aE. (202) 233-92]-3

cc:  M.  Shapi ro,  OAR
E. Durman, ORIA
W. Gunt.er, ORIA/CSD
M. Halper, ORrA/RSD
A. Richardson, ORIA/CSD
G. Davidson, OFFE
D.  Pu ja r i ,  OFFE
C. Simon, Region fI,  AWM
P. Giardina, Region II,  AWM/RAD
M. Buccigrossi, Region II,  AWM/RAD
A. Shorc, Region If, AI{M/R.L)
E. St.amat,aky, Region II, AWM/R.An
B. Wing, Region II ERRD/FFS
J.  Grat ,z ,  Region I I ,  ERRD/FFS
W. Tucker, Region fI,  ORC
K. Cal lahan,  Region I f ,  DRA
P.  Sepp i ,  Reg ion  f f ,  EPD
L.  L i v ings t .on ,  Reg ion  I I ,  E IB
W. Muno, Region V, WMD
D. Kee,  Region V,  ARD
D. Jenson, Region V, ARD/RAD
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9EPA aracterization Protocol
Radioactive
ntaminated SoiBs

Office of Emergency and Remedial Response
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The Superfund Amendments and Reauthorization Act of 1986 (SARA) mandates that remediation at
Superfund sites must utilize a permanent solution and alternative treatment t".nootogies or resource recovery
options to the maximum extent practicable. Treatment technologies that permanentli and significantty reduce
the m-obility, toxicity, or volume of hazardous substances ate pteletrea io iuir requiriment. i{o*ueri in most
remedial actions conducted to datej at radioactive sites, the radioactive soil has been excavated and stored in
t€mporary above-ground conteinment facilities. To alleviate this storage situation the Office of Radiation Pro-
grams has developed 35 inn6v3tive soil characterization process applicaUle in the RI/FS stages of the Superfund
process.torsuppo-rt the development of technologies for on-site volume reduction of radioactive sbils by inpica
separation r'a technologies.

Quick Reference Fact Sheet

BACKGROUND

The volr,me reduction methods employed are based
on physical/mechanical technologies that are
comnon to the coal and ore prooessing industries.
These common technologies-have beln adapted,
modilied and directed toward the task of soil
restoration. This soil characterization protocol is
designed to demonstrate the suitabilitiy (or lack
thereof) of various radioactiviry contaminated soils
for phpical or chemical separation processes.
These could potentially remove the radioactive
fraction from the soil, thus producing a smaller
volume requiring disposal. The protocol combines
radiochemical and petrographic analpis of soil
fractions, focusing on the contaminant waste and its
particle size distribution in tbe host media. Soil
remediation by volume reduction takes advantage of
the fact that radionuclide contaminants concentrate
generally in the snraller soil size fractions, and tend
to selectively associate witb materials that possess
unique physical and/or chemical properties. The
data obtained by following this protocol are used as
the first phase of remediation assessment to
determine if volume reduction is feasible.

CHARACTERUATION DESCRIPNON

This soil chartcterization protocol examines the
various size fractions of a representative sanple of
radioactive soil from a Superfund site, to provide
the following information:

- Grain size distribution curve which relates
werght percent versus particle sizr.

- Relationship of radioactivity to particle size.

- Identification of the mineral/material
composition and physical properties of the
radioactive contaminants for the various
size fractions.

- Identification of the mineral composition
and physical properties of the host material
for the various size fraction;.

- Addtiooal information on contaminant and
host material mineralogical and physical
properties in support of feasible volume
reduction techniques, €.8, magnetic
properties.



These data are used to conceptualize a site-spccific
volume reduction process based on one or more of
the following technologies:

screening,

- classification,

- graviry separation,

- magnetic separatioq

- flotation,

- chemical e:craction"

- washing

- scrubbing

- surface de-bonding and

- attrition.

The two-tiered soil characterization protocol, as
shown in Figure l, consists of fcasibility analpes
(Tier I), and optimization analyses (Tier II), as
necessary, to cost-effectively ma,ximize the volume
reductioh.

Pre-Tier I

Prior to Tier I laboratory tests, the representative
contaminated soil samples obtained in comj4iance
witb EPA and DOE directives from a sites'") 3re
radiologically screened to assure tbat the activity
levels are within laboratory license requirements
and that proper safety practices will be applied.
Additional chemical analpes should be performed
on a portion of each soil sample for the presence of
organic and heavy-metal constituents if that
information has not been previously collected. This
information not only identifies hazardous
constitutents (e.g, cyanide, heayy metals,
chlorinated hydrocarbons), but also contributes to
the mineralogical determination of the soil.

fhs sssaining portions of each soil sample are
oven dried at (OoC prior to weigfiing. The upper
limit of 60oC is specified in order to mahtain the
mineral integrity of the soil by preventing the loss of
water of hydration associated with the mineral
structures which occur in some clays and other
minerals at low temperatures.

Tier

Tiei t begins with radioanalysis of the dry soit

samples try high-resolution gamma spectroscopy.
and if necessary, alpha and beta spectroscopy
analysis (using slandard leaching/digestion and

chemical methods6) to determine the level and type

of activity prcsent in each sample.

Physical separation of the soil particles is

accomplished by nixing at least 250 grans of each

soil sample with water to produce a liquid+o-solid
(L/S) ratio of Slt, agttating the mi:cure with a

vigorous motion 'for 30 minutes at arnbient
tJmperature, and wet screeningT through a set of

o"ri.d sieves. In some site specific cases it may be

advantageous to perform a less vigorous wash

because- of tbe nature of the constituents. The

standard sieves include at least nesh sizes 4 (4'75

mm),50 (030 mm), 100 (0.15 mn), a1d 200 (0:07

--j. e""U soil fraction is &ied at 609C, v,erghed,

anrl analryznd for radionuclide activity. From this
procedurl the weight and radionuclide distribution
Ly particle s'Ize is determined- .tr, similar separation
ls aiso performed using hydroclassification metbods'
The results of these tests indicate the compatability
of the soil to remediation by particlo-size
hydroseparation techniques.

[NTJTE: All water used niust tre collected and

analrzed sincc it may contain transierred ra<iioactfue
contaminants, Target Analyte Ust metds, volatile

organic solvents, and/or pesticides. The analytical
rerults will determine if the water can be recycled,

safely disposed down a &ain, or if it must be

treated as a hazardous waste.J

Petrographic analpis is conducted on each of the

size lraitions to identify the mineral/material
composition and ph)6tcal properties of the

radioactive contaminant - 4d host materials'
fetrographic proceduress'9'ro ioclude the use of

Uinocitar and petrograpbic microscopcs to provide

a statistical poLt connt of all materials larger than

silt-size to O.Olg mm (400 mesh size), an{ x-ray

diffraction analpis of fines less than 0.038 mm size'

Density s"p"toiioot are made on sand and silt siz"

fractions 1b:o to 0.045 mm) to concentrate heavy

particles gtt"t"t than 3-0 specific gflvity usT g'

ioOiu- potyt-gstute as the separatbg liquid' The

heavy fractions, in many cases, provide focus on

radioactive particles wbich tend io concentrate in

minerals or'anthropogenic radioactive materials of

the heavy fractions. 
- 

Tte degre" of o"utS"ringr

presence of coatings, particlg shape, surface textute',

\

(
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hardness, magnel.ism, and dcgree of aggregation or
homogeneous nature are also physical properties
examined for interprctations that relate to
aC.sorpticn, vrasre forrn, .., ' potenlial pbysical
separation methods.

Tier I  Report

Tier I tests results are gained from the petrographic
and radiochemical analysis of the size fractions, as
depicted in Figure I, to assess the feasibility of using
volume reduction as a remediation technology. The
test results include a grain size distribution curve of
weight percent versus particle size, glaphic data on
activity level versus particle size, and tables and
graphs on complete physical and mineralogic
descriptions. This data is instrumental to the
interpretation of the radioactive contiminants
concentration in specific size ranges and the physical
similarity and difference of the contaminants in
relation to host materials.

It is assumed that the petrography and
radiochemistry will be performed by personnel who
are qualified by education and experienc€ to employ
the  methodo logy  spec i f ied  and tha t
recommeodations for additional tests to validate key
p:uameters for future tests will be incorporated in
the report, e.g.. recommend analysis of diagnostic
elements tbat constitute chemical signatures to
radioactive compounds. Radiochemical data should
also be correlated with mineralogic data for
interpretations, e.E, secular equilibriun of
radionuclides to validate natural radioactive mineral
assemblages reported or in the event of non-secular
equilibrium of radionuclides, to reflect on
anthropogenically enhanced radioactive waste forms
in the radioactive soil. Any historic data on the ore
minerals used and chemical processes used to
convert the radionuclides to anthropogenic
compounds should also be reported for the forensic
data it might provide to support the list of
radioactive compounds reported in the Tier I
testing.

The Tier I report will provide an assessment of the
technical feasibility of using one or more of the
volume reduction technologies. Based on the
feasibility of the most promising alternative, the
Tier I report will also provide recommendations on
further testing (Tier II) focusing on the validation of
key factors that affect volume reduction. On the
other hand, an evaluation ofthe test data could lead
to the preliminary conclusion that volume reduction
is not technically feasible.

T i e r  I I

If the Tier I test data indicates tbe soil is

saiisfactory for remediation consideration Tier II

testing is conducted. Tier II tests are designed to

colleci additional data for further characterization of

contaminated soils. For example, additional soil

fractions may be test:d to focus on the mineral

phase of opaque constituents, particle coatings, or

ipecial materials requiring- -91e -precise
iortru-"otution for validation of particles than was

made available for Tier I tests. Additional tests

may also be necessary to provide op-timum soil

separation sizes. These tests can be performed with

small soil volumes. The results are to be used to

plan bench-scale tests that are designed to take

udu-tug" of unique physical and chemical

characteristics of radioacliys sqn(aminants and host

soil constituents. Tier II tests to be considered are

in support of one of the following general categories

of treatment technologies:

- Particle seParation,

- Particle liberation, and (

- Chemical extraction.

Particle separation is the separation of a mixture of

various particles into rwo or more portions' For

e xample, mapetlc separation s,e-p:uates a mixture of

soil particles Uased on the difference ia 6agnetic

susceptibilities.

Particle liberation is the physical de-bonding of

conteminated particles s1 g631ingq from clean

particles. For example, attrition removes friable

ioatings from soil Particles.

When performing chemical extraction, the soil is

immersed in a iolvent that has been carefully

chosen to preferentially extract the cotrtar^inant'

Selected chemical extraction tests maybe performed

in Tier II (as shown in Figure 1) to determine the

potential iot remediation by simple chemical

"rrractioo. 
Chemical extraction tests are desiped

to remove contaminants from selected particle-size

fractions or from whole soil if it proves to be

unsuitable for remediation by physical separation

1 sgh n i ques. For example, the latter- possibility exist s''

fo. soils witU unifoim radionuclide distribution

amoog the various Particle sizes.

The chemical extraction tests are conducted on 100



gram samples of selccted soil fractions o. *not,
soil. On a sarnple in which the nature of rhe
contaminant is poorly known, extractions are
performed at 90oC wiih water ancl each of four
extracting reagents known to be effective in
removing various, radionuclides from contaminated
soils. These reagents include dilute solutions of
hydrochloric alid, nitric acid, sodium chtoride with
h_ydrochloric acid, and sodium hexametaphosphate.
With foreknowledge of the pr"."n." of a
contaminant in a particular mineral form, one or
two otber select extracting reagents specific for the
mineral are also included in these preii-io"ry tests.
The results of these tests provide information about
the potential of chemical extraction as a
complement or alternative to remediation.

Along with Tier I results, data from the Tier II tests
can be used to select bench-scale test equipment for
conducting remediation tests of contamin;ted soils.
The initiation of bench-scale testing is based on the
preliminary informarion prouided by soil
characterization which assesses the differences in
physical properties between the waste form and host
sraterials. For example, for physical volu,ne
reduction the applicable informationielating to the
differences in the waste form from the host material
may be classified as follows:

- ilelatioriship of radioactivity to particle
sves.

- Relationship of radioactivity to particle
densities.

- Relationship of radioactivity to parricle
wettabilities.

- Relationship of radioactiviry to parricle
shapes.

- Relationship of radioacriviry to particle
magnetic properties.

- Relationship of radioactiviry to friabiliry of
particles or of particle coatings.

- Solubility of contaminants.

The most important information is the relationship
of radioactivity to particle sizes. The information
on the other physical properties such as density is

ohtained by identifying the waste form anci host
matrix using petrographic techniques. It is
importanl to develop this petrogpaphic information
ior varions ranges ol particle size. And, based on a
carefu! analysis of this information, a preliminary
bench-scale test can be designed using batch
applications of physical methods if a difference in
the physical properties stated exists between the
radioactive contamination and the hrst materials.

Tj-er I I  Report

The Tier II report consists of the test data
generated in the categories depicted in Figure I. In
most cases, except for the chemical extraction tests,
the Tier I recommendations provided focus on
amplification of specific objectives that appear in
tables and graphs in the report. Tier II tests results,
just like Tier I tests results, are evaluated to assess
the feasibility of using volume reduction, and if so,
to what degree. The evaluation has focus on the
physical differences previously cited. between the
waste form and host materials for desip of bench-
scale tests that will provide more realistic
quantification of degtee of separation possible by
vol 'me reduction equipment. The nature of the site
specific soil drives the testing performed so that,
while no standarj format is presented, it is assumed
that the test objectives will be governed by qualified
personnel skilled in the state of the art of quality
: :uefication testing. The report data can thus
generate preliminary cost and time assessments that
relate to the feasibility of volume reduction for the
particular site.

SUHHARY

The characterizatiou protocol described above for
radioactive contaminatod soils depends 6ainly upon
tbe physical, chemical" and mineralogical
characteristics of the soil and radioactive particles
with respect to grain size. The intent is to return
the "clean' soil fractions, which can be a major
portion of the soil (by volume), to the ground,
preferrably on-site.

Supplemental information concerning this protocol
may be obtained frqm James Neileise.l or MiY-
E a g l e  a t  f z o z > ^ Z . l l l 3 Y b  )  b b a 3 J t
Environmental Protection Agency, 401 M Street
SW, Washington, D.C. 2W.

efellars
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Petrographic Methods in Characterization of
Radioactive and Nlixed Waste

James Neiheisel. Ph.D.
Office of Radiation Programs

U.S. EPA
Washington, D.C.

.{BSTRACT
The Office of Radiation Programs has developcd a soil charac-

terization protocol for radioactive sites on the NPL that uses
petrographic rcchniques in concert with radiocherirical analysis to
assess potentid rcmediation technologies. The peuographic method
is essentially a laboratory procedure that cxamines rcprescntative soil
fractions separated by wet sioring and sedimentation tcchniques. This

' -lrocedurc uscs the petrographic and stercographic microscopcs and

]"y diffraction (XRD) techniques odeterminc thc ptrlaical propenies
Ynd mincrd composition of thc contaminants and the host medium.

This focus, on precisc physical and compositiorul differcrrces betwecn
radioactive contaminants and individual componcns of the host
materials of various size fractions. prwides diagnostic information
applicable to the asscssment of soil *ashing as a feasible rcmediation
mea5urc.

Thc basic pqtrographic procedure (Tier I) consists ofa statistical
particlc count (l50 to 300 particles) of sieve fractions (sand size and
iarger) by petrographic and stereoscopic microscopcs. X-ray diffrac-
tion is conducted on the fines passing the smallest sieve. Additional
examination of heavy minerds on medium ro finc sand-size fractions
provides focus on these materials of higher density that frcquently
contain higher concentrations of radioactive conlaminants. In more
advanced testing (Tier II), use ofthe scanning electron microscope'
cquipped with an energy dispersive analyzer, provides diagnostic data
on contaminant materials.

The application of petrographi: and radiochemical techniques to
assess the feasibility of soil uashing as a remediation measure is based
upon casc studies of radium contaminated soil of the Montclair and
dlen Ridge, New Jeney. NPL s.ites and thorium contaminatcd soil
ar the Wayne and Mayu'ood. New lersey, sites. The potential appli-
catron of the petrographic and chemical testing is suggested for mixed
r\rste sites with heavv metals and other hazardous toxic materials'

I\TRODUCTION
The petrographic eumination of eanh materials has been employed

in research bS universities for nearll' a centuq and as a standard
\)perxting procedure lbr several decades by the mining industry and
.:(rvernmcnt agcncies. Petrography deals with the description and

r.r'stematic classitication ol rocks and materials br means of micro-

J'.rpic examtnation ot their opric and physical propenres. Petrogruphic
-r'unrination. 

lbr exanlplc. has bccn a cost-effective means used b1'
rh.' U.S. Corps of Engrneers tor rapidll '  a-'sessing u'ith ceruinty the
Dre\cncc or abscnce of sntall qulntit ies of deleterious materials in

! ! frclr lc that couid ci. luse t i i lurc. ln rnajor CorlCr€tc

active/mixed waste site soils, in like manner, usualll' occur in such

minute amounts that it is difficult to gain an accurate assessment oI

the size range, physical Propcrties, oiwaste form composition if the

soil charac[rization is iimitca to bulk sample analysis' Therefore'
thc scparation of the radioactive soil into several size fractions for
petrographic and radiochemical analysis is an ess-ential first step to

ifu-f,fy'tft" composition and physical propenies of.the soil and focus

on radioactive or hazatdous contaminants that might otherwise be

maskcd in the background of bulk samplcs.
Prior o SARA's p"ss"g. in 1986, radioactive soil characterization

was generally limi;d to UuU samplcs analysis during the RI/FS
pro..-tr at Supcrfund sircs. The radioactivity rcadout on bulk samples
by high rcsolution Samma sPectoscoPy prwided precise aaivity lo"els

;td fi" radionucli[es pt"*t{l; these are parameters used for assessing
public hcalth. Hovcver, thc soil characterization. limited to these
p.o-"rctt, did not prwide thc parameten nece-ssary for assessing
ihe feasibility of soil washing orbther rcchnologies that Section lO4

of SARA prescribed for cleanup of Superfund sitcs'
The purposc of this paper is to describe a pcrographic proc-edure

which ibeniifics the composition and physical ProPerties of con-

aminants and host materials. This procedurc. combined with radio-

chemical analysis of scveral size fractions separated by sieving and

sedimcntation techniques, is the basis of the innovative soil charac-

terizztion protocol diveloped by the Office of ladiation Programs

to dercrminc the feasibiliiy of radioactivc soil for rrashing'' The
proccdure nas dorelopcd from rad.um- and thorium-contaminatcd soils
bn the NPL and the ipplication of the Protocol has been suggested'
based on these investigations. to provide dau qualitl'objectives.in
site characterization and risk assessment as well as feasibility studies
tbr volume reduction by soil washing.: The application of rhe-
protocol is also suggested for feasibility consideration of cleanup of

toxic heavy metals at Superfund sites.

CHARACTERIZATION OF RADIOASTIIT SOILS
The soil characterization protocol described in the US' EPAr;

OS\\'ER 9380.1-t0FS' combtnes radiochemicalichemical and petro-

graphic analyses of soil fractrons in a tiered frame*'ork to dem"tn-
ir.ate *re feasibilitl of separaring the con*minants from host materirlr.
The methodology prorides: f l) a grain size distribution cur\e thxi

relates weight peicent of size iraction to parricle size. (2) a relation-

shrp of tp.-"if i i  radionu.'I ide rcttr itr levels versus panicle 11ze' l ir
.n id.nt,i.utton of rhe nlinerat material comfnsltl(rn ttf thc radrolcttvc

contaminant wsste lbrm: and therr physical pr!)penies' attt l t ' [ .)-a

nrineralrmaterial idcnti l lcation of the host mcdiunr and its specltt( '

phlsical propertic5.cn: : lnccr ing  \ l ru . ' tu r ! ' s .  Thc  rad ioac t i re  conr ! t tuen ls  in  ra r l to '



ROLE OF Pf,TTOCRAPHY TN N.ADICIA(.'NVE
solL ANALISIS

Tlr parqngbk crrminainn irrludcr idcmificrtion of obi.rvcd
phyrrd propcnir vrrdly or micucoPicdly u urcll u tttc
mrrntrrrrcrid ilcdificrtbo o{ P.rticl6 b opticd propcntcr
ob*rtld in inia snro il irdcr oilr udcr thc Partlnphk micro-
rco?c-t b dlc ce.:irin cf rdirxirt oilr, tlr Parognphcr drc
urcr tbc rdiochcrrirl/ch.miql dn I corrtlra ud intcrprer 0r
rnrrr frr"'r Hirtct do, rclrtirg ryccid mrnuhcturiry preg,
urcd lx 0r prodrrtin cf 0r rrrhrcpoglnk rdirtirt or dhcr u'h
compqndl. rrt dso uscd rs r furcnsic tool br bcus on thc ndio
lcrrrr o. trrvy nrul cont&minrnts rrd rssociltcd ptccipiurcs rnd
coprcciprutcs frqn thc mrnufrcunng Proccss.

Tbc ptq;,ricd difrbrenccs ftud bctrrccn thc conumitunts ud tbc
horr m*rielr prwik trc PrntDc{crs br esscssitg thc po,tcntid fur
rcprrrrnn of ccrrrminrnc ud ttod nrcdir. Sornc of thc Ptpkrl
progcni: rrc Lcned frqrr tbc idcntificrtion of mincrdr by otric
trtrns c b r-rry diffrrrbn (c.3., rircon klcntificd by thcsc rrcenr
hrs r hsrod gnin &nsity of 46 o 4.7 ud qurrtt hes r gnin &nrity
of 26) Hrrdrrs, lpncrd rhegcs. chcmicd compoaition, mrgncrk
susccp..ibilrty. rrd clrr propcnics rnry dso bc infcrrcd fmm positirc
ilcrrifiorin dccrtrin marrids ry rcfcrnt to publishcd liss; trorcwq
rhe butt of thc physicel propcrtics ere &rribtd from thc visurl pre
cedurer uscd in thc pctrqnphic craminrtion.r

TIET T PETROGRAPHIC APPARATUS A}{D METHODS
ln lrr I tcstiog. pctrqrrphic rndysis is cotductcd on crch sizc

frrrion to idcntify thc minerd/mercrid composition rnd phpicd
propcnics of thc ndioectivc contaminens rnd host matcrirls.

hrd to tcrliog thc rcil fnaions. t}r rernplc rccivod is prcprrcd
in r prcrribcd nunrtt The rcil srmplc er reccircd is eir dritd u
r@m Empenrurc o. orcn dricd rt S t. Approrirualy 250 3nms
of npnrrrlriw nrplc ue rifilod q Srytcrcd ftom 0tc hll trmPlc
in rcordrncc wih rlE ASTM rpthods.' A lrnPlc br r 3nin drc
dirrnltrili cunlc, o bcilitatc u't[h pcrcn cdodrtlns br uy rirc
frxtbo coosirlcnrin. is rcr rsi& for :siq in rcordrrre sith thc
ASTM procodurc br prniclc-rizc rnrlyris of roilr.r

Tht:oil frrbns ftr tlr Trr I rrdlxhcmkd/chcmical erd pcttc

Snphr unlpis rc lolcd qcrnit}r in 5 prru Uy rchtrrE d&iqti&d
*rcr b I pan :olirl. Thc rlurry it girrcd rnd hco prsscd thrqlh
r gr of U.S. St.^drnd Shcr. with thc ticrt rirc dacrmincd by thc
rirc rr4c of Utc plrticles. Urully thir ricving proccss will ittcludc
rrr:h riecr 4 (4.6 mm). 30 (0.59 mm). lS (0.119 mm), ud 2m
(0ol5 run). Mdhioorl rizc fnctions rill bc mr& of thc firrs by
*drnrlrtbn r.od ccnrifugrtion tcchniqucs drrt rrt Sovcrncd by
golct [r*.r Thc frrr rizc frrctiqrs might includc. but erc rct
limilcd to. thc follciry: 53 microos. 44 micronr. 20 micronr. X)
nucror6. 5 mkronr. 2 mkmns. erd Oi ;m rizcs.

Ttr pctrofr+hk rnd ttcreoscopic microrcopo rrd thc r-nry
diffncronrtcr rrc thc esrntid lpprrtur fot thc Ticr I pctrogrrphic
astiry. Thc mkrqcogic crrmirutbn ir prcfcrcd for dl nuarid
*rrhin tlrc ogticrlly visiblc nr6e. A rutisticd point count (lJX) oi
nrorc anias) on crt rirc frrrion groridcs qurntit tiYG dru oo thc
phyricd forms ud cordition of penklcr a; well u thc mincnl com'
po5rtro irtntifrcrirn of tnnspercrr soil pnicler.t X'rry diffnalon
urcd to cuminc of frrcs bclond thc o6icd nngc is scvcrely limitcd
rn idcnificrtion of srull quantitier of mrtcrid thlt may bc mrskcd
rf rnt,rc th:n r fo vrriaics of minenl comSrounds occur in thc fincr
or if rnrcqphour nut:rids Qlass, ctc ) lrc prcscnt.

ln 6ncnl, tht rpgc.ntus rnd supplics that rrc rcquired to suPPort
Or ur ddrc ogr:l pctnanphk mknxcopt. binoculer (sarco*oPic)
micrr,rcopc ud r-rry diffnaion cguiprrrnt rrc dcscribcd in dcteil
by llrt'hrrcnt rnd in ASTM C-295 t Thc rpplicrtion of thir
rpp.r..ur to ob.pt'rivc goeJs wilt bc &rribcd in thc dcscription of
thc pcuognphic tcrts.

TltlR lt: PETROCRAPIIIC APPARA'|'IIS At\iD ML'TI|ODS
Ttlc Trcr ll crernrrutron prrcnlly consrsb of tic cuminrtion of

morc sirc fractrons :rlcctivcly bascd on thc dau prwidcd fmm thc

Trt I rMy. lf thc frrr frruonr cootrin rrdroxtiw mrcndr. hrrer
dasrry 3rd*rr rcp.ruxxrs ca$E nr. frrtxxu nlppord by udy:u
rith XRA Scrmiq Elcctrm Microrcogy (SEM) with cncrU
dupcniw r-rrt rgocrrum. rod Fmrtu pcctrolcrlpy crn tr:
iogrunsrel io &liutioj oa Otc rdiortiw compourds.

PETROGRAPHIC EXAMINAT.ION OF CAANSE TN CTIONS
TtE pcrrotnphic ceemiarix rcrrully bcairu with rhc cnmr-

ndifi of tbc lrrjcn rirc frrtin. Tbc corne frdioo will gcrrnlly
conrirr o( r jrrlrcl-rirc ud couc lnd-rirc rnrtcrid. Ttr grrvcl-
sirc mrarid ir thrt gortion of thc rrdioeaiw rcil srmple rcuincd
on t!rc numbcr 4 ricvc (4.7t1 mm). On thc rvcngc. thc lnrtcrirl tcstcd
will rrrely crcecd 76 mm in dirrnctct. Tlrc corr:c und-rir frrction
ir thrt sutcrid bctuco oumbcr tl ricve-rirc irad numbcr 30 riac-
rirc (0.60 mm). Soil rutcridr in thc arncl urd colrc rrnd frrtions
jcrcnlly concist of {grctrbd rrl prniclcs, qurrtz, ftldsper. rnd
r nricry of urthropogcnic nrrridr, iocludiry concrctc. 3hss. dag,
corl rsh/clinter, rnd alrcr mrtcridr. Crrc rMics of roerd NPL
ritcs trrtc rtrorrn thrt thc rmount of rdioraire mrkrid in thc coarsc
frrtion ir anrcr brckgrotrnd leralr, ud thc andcrry ir for thc fincr
frrtions !o corccntrrtc ttrc bulk of thc ndiorctivity.r

ln thc euminrtion of thc colrs€ frrction. thc pctrographcr must
sclcct the crtcgorics of mrarids thrt vill bc tcportcd. In groupin6
rock typcs into crtcgorics. it ir prcfcrrcd to grcup thc mcumorphic
and igncous rocls into gnnitic typcs in onc crtc8,ory erd basdt rnd
otlrcr mefic rocl, rypcs in rnothcr crtcgory. Mrjor scdin*ntary rocl
chsscs mry bc crtcaorircd irdividuelly or to6cthcr dcpcnding on th<
pcroent rcprcrcntrtion: if thcre is lcss thrn l0* nprescnution, it is
3crrrdly dvisble o 3roug thcm togcther. ln r similrr rnrnrcr. thc
urrhropopak rutcridi thoold bc rtrtrictcd !o es f,ar crtcgorics rr
posriblc, crpccidly if thc rrdio*tjvity lcvcls u! rtrr brclgroux
in thc rizc fnctin bciry ffi. TIE rrdioctivity rnry eris in discretr
mirrnls. rarhropojcnic compounds. or u rdprbrtc on rpccifi,
prrticle ruriocr: thcrdorc. crch vrricty of conrminrnt should b
rcporrod. (

Tbc ptqnicrl cooditioo ud propcnicr of crh crtcaory of -\
$oold bc nccd on crh ri:c fnction. Phfkd pogcnics rcPortc{
in thc protcol pctrqnphic crminrlion $ould. rs r minimum
irrlu& grrtictc rhegc. hrrdncs, dcarte of ulcrthcriry. dcnsitl
pre*rc1c of cortirgr. oumbcr of dcnsc wrsrr Porou3 or friebl'
prrtklcs. mejrrtic'ircnur mnrngrrric Prrriclct, rnd alrcr physio
propcnicr fut mllrr Uc rpdirtic o rolunr nductbn considcraions
Ttrc ptryricd dro collcctcd $oold bc fonruncd into ublcr such r
dcrribcd io ASTM. C-295-t5.r Only significurt dru rpplicrblc t
rcil wrshirg nc.d bc ubulrtcd: borncacr. dl physicd dau collcctc
$ould bc bric0y runrnerircd in thc tcst rcpon. lf thc visu;
qrrnindn lcrver ronr mrtcridt in qucst'xro rcarrding mincrd con
poritbn or idcntity, I rtpncscntltion Poriion $oold bc sct esidc fc
rcduaion in rizc by I nxtrtrt lrd pcstle or rpproprirtc vcsscls ft
ilciliftdiotr with thc potrridry pcttognphic mkrcscopc or by nxar
of r-rry diffrrcrion tcchniqucs.

PETROGR,APHIC EXAMINATION OF SAND AND
STLT SIZE FRACTIONS

Thc rrdiotctivc roil frections less thrn 30 ricvc'rirc (06O mr
but coerrcr rhrn 0.018 mm will jcncnlly comprisc tto or thrcc fn
tions end should bc tcstcd with the opticrl pctrogrrphic micruscol
in conjunction with thc stcrcoropic microscop. Photonticrograp
rhould bc ulcn of signifrcrnt mincnlogicd or phyricel fcalurcs lt
rrc rpplicrblc to volumc rcduction considcntions.

Thc mrl,crirls idcntifrcd in thc sand rnd silt sir will undoubtcd
includc ronr of rhc srnrc metcrirls fourd in thc coarscr fracitor
hororcr. rnost of rhc mrarid will bc disr33rc8,rtcd hom()genc('
peniclcs or Prniclci uniquc to thrt sirc rrngc. Thc crlegorics u
includc tho+c of thc coareer mrtcrial rnd rhc mrtcrials uniquc to tl
sirc nngc. Onc of the crtc3orics will bc hcarymincrelr obuirl ir
thc rint-flort mcthod using sodium polytungsutc (2 98 llrci
gnvity) rt thc hcavy l iquid.t Thc hcavy mincnl celcSory
important sincc many of thc nrtural radiorctivc mincnls as uell

MONTI()RINC nNl) SAMI' l  lN(;
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and are ct ien touno rn thrs fruclton. A \t l l t lsttcJl p() lnt cr)uri l  () !  i : i r ,
to 300 plrtrcles should be conducted on each iractron tcster..

Many phl sical properlres o[ sand and si l t-size lractrons are J! ' ter-
mined b1 examinatron uith the stcreoscoprc ntrcroscope. l t  rs c.rn-
uenlent to move and probe the particles rvith a stect needle or t'orceps
to check for various propenies described in the coarse frrction ol'thB
preceding section. Color. panicle shape. degree of rveathering.
presence of coatings, and other propenies (e.g.. magnetic, as deter-
mined by a hand magnet) should be based on a satistical panicle
count.- A summary paragraph in the petrographic report should
describe the physical properties and their potential apphcation to
volume reduction methods.

The optica! petrographic microscopc is used to identif.v all trans-
parent mineral grains b.v emplqving of,tica.l crystallographic techniques.
Examination of mineral grains immersed in index oils under plane
polarized light provides refractive indices of mineral grains along their
crystallographic axes. In the early exploratory phase, the pefographer
will utilize refractive indices measurements and all the Echniques that
are well documented by Blosse and Kerr. n Once this initial investi-
gation phase has been accomplished, the diagnostic optical proper-
ties arc used for the point count to determinc the Percentage ofeach
mineral present. ln the petrographic examination, photomicrographs
should bc made at rarious magnifications to obtain graphic features
applicable to physical separation techniques.

After the mineral composition has treen documented for the sand
and silt-size fractions. correlation should be made with the radio-
chemical data. If the radioactive contamrnants are confined to natural
radioactive minerals, the radionuclides should be in secular
equilibrium. Secular e4uilibrium in orc minerals hai been cited for
thorium contaminated sites, and examples of nonsecular equilibrium
have bcen circd at radium contaminated sites.: Any marked deviation

Irom secular equilibrium could indicate anthropogenically enhanced
Vradioactive waste forms in the radioactive soil.

PETROGRAPHIC EXAMINATTON OF FINESTLT AN'D CLAY

X-Ray Diffraction (XRD)
The fine silt (0.002 to 0.038 mm) and clay'size (less than

0.0O2 mm) material are examined by x-ray diffraction techniques for
mineral composition. Unlike the visual or microscopic methods of
analysis used for coarser materials, the x-ray diffraction method cannot
determine mineral morphology or physical proPenies. In addition.
minor amounts (a few percent) coutd be easily obscured in the back-
ground scatrer of the diffractogram. Horever, with the radionuclide
data from coarser size fractions, the radioactive contaminants will
be known and a reasonable estimatc can likely bc made. It is also
essentid to determine the composition of all materials in the fines
since some.are likely candidates as adsorbates for radionuclides
deposited from solution. The increased surface area of the fines as
well as the physico-chemical nature of the various clav minerals are
correlative with the degree ofadsorption ofthe various radionucliCes.
If the radionuclides and the minpral species are knorvn. the degree
of adsorption may be predicted from published lists of distributron
coefficients.rr

The frne silt and clay-size fractions are dried onto a glass sliCe
from a well mixed slurry at 60'C and .t-rayed as a nndomly oriented
po,rder. The randonr.ll'oriented mounts are x-rayed between the angles
of 2 to 60 degrees two thel,a on the Ciffractometer using coPper
radiation and a scanning rate of 3 degrees trvo theta pei minute.

The principles of x-ray diffraction are r,"'ell established and in com-
1on Lrse in manl- lacoratories.': The areas and intensities of mrneral

1:aks on x-ray diffractograms ma;- \ 'arv srgnificantly. especiall, rn

Je silt-size rang,c. because of varia(ions that occur in sanrple or: ':n-
ution and thickness. machrne conditions. and the influence ol pcak
rntensities b1' other mineral phases. One method for estimating the
percentages of silt-size materials is comparison of knoun miner:rl
usscmblages rn various proportrons. For thc clar-stze lr: lr l:oi..
usual l - r  conrprrscd largelv o l  p late-shaped phl l iosr l icates { l i l \er

. t l , .  . r ! .  .  l t te  l ] rC l l t , r t l  : r t l . rp1g. ;  ! r , . r i : l  l l l \ ca \ ,J  gCnCf . l l l r  t \  u \C. i .  I  !1 . -
tttctlttx, e ll. ulutc\ \\atthtctj 1^-lil lrrc.l I!-rcentagelt lirr ritontntorillonrrr..
k i r , r l rn i tc .  i ,  lo r i t c . : rnd  r l l r t c .  Thc  pc i l ks  an ,J  se ighrng  lac to rs  use i :
arr ' .  I I)  thc area of the l l  . \ngsrrom (A) gl lcolated peak t irr
ntonrnrorr l l rrnrte. r:)  l i )ur,t imes the l0-.4, peak area f,rr i l l i te. and (-tr
twice thc arer of rhe 7..{ peak lor rhe combined rc:al of kaol inire
and chlorrrc. lndividual kaolrnite and chlori te percents are assigned
acco:ding to the rario of rhe 3.58-A peak of kaol inire and 3.5i-A
peak of chlorite. The weighing factor for montmorillonite. adiusied
for the amount of illite layers or chlorite layers present in the c:rysnl
slructure. is used to calculare the estimates for these mixed-lar.er
montmorillonites. All peak areas are generaily compured from ihe
glycolated panerns.

Scanning Electron Micropcopl' (SEM) and X-Ray
Dispersive Spectroscopy (EDX)

Where morc quantiurtive daa are rcquircd for radioactive materials
in the fines. using a scanning elecrron microscope (SEM) and x-ra;.
ciispersive spectroscopy (EDX) on linear densiry gradient fractions
from heavy liquid separations in conjunction with XRD and garnma
spectroscopy is effective. Such extensive, time-consuming, and
expensive measures are gcnerally warranted only in a Tier II type
investigation. This type of investigation has been reponed on radiurn
contaminated soils from Monrclair and Glen Ridge, New Jerse1,.s

APPLICATION OF PETROGRAPHY TO MIXED WASTES
The petrographic procedure described for radioactive contaminated

soil is also applicable to other toxic hazardous wastes. such as heavv
metals. Chemical analysis for specific toxic substances of each sieve
fraction shoutd be made available to the petrographer and correlared
with the pctrographic data. The narure of the waste form, such as
opaque heavy metal compounds. would require more extensive use
of x-ray diffracrion on all sizc fractions to suppon the microscopic
analysis. The usc of reflected lighr microscopy on mineral grains uould
also be helpful in the identifrcarion of opaque minerals. In other
respecB. the nature of the petrographic examination rrould be similar
in relating physical differences berween the toxic conraminanr and the
host media.

CONCLUSION
The pctrographic analysis of soil fractions of radioac:ive or toxic

hazardous waste is imponant tbr assessing the feasibiliry of volume
reduction I soil washing or chemical extractions as a remediation
technology. The test rcsuls of rhe soil charaaerization protocol include
a grain size distribution curve of weight percent versus panicle size.
graphic data on acrivil!' level versus panicle size, and ables and graphs
on complete physical and minerrlogic descriptions. The petmgraphic
analysis uscs all these data in the interprerarion of physical differ-
ences that lends itself to separation of the radioactive or toxic chemical
contaminants frorn the hosr materials.

Radiochemical dau should be compared u'irh mineralogic data
for inrerpretations. e.9.. secular equilibrium of raciionuclides to refleci
on anthropogenically enhanced radioactive waste forms in the radio-
active soi!. Any histcric dau irbout the ore minerals processed and
the chemical processes used :o ionvert the radionucl ides or thc ic; l ic
chemicals to anthropogenic compounds alsc should be reported. Tile
int-crmation may p.l'ide tbrensic dau to suppon rhe lisr of radro-
ac(ive or ioxic chemical cornpounds reponed in the Tier I  tesring.

The Tier I  prccedure is desrcneC to perfornr a l imited numtrer of
tesls on several sizc fract ions. The tesirng is designed for lou.er cost
and a relat iveh rapid turnarou;. i  trmc of 4 to 6 weeks lbr completing
the tests and reponing rhe :. 'sulrs relaring to porential l .r .  teasible
remedral measures. The Trer I I  :estrng is to!^ optimlzation analy.sis
i l the Tier I  rests indicarc. (hlt  r tr luure reduction is potenrral l l  l 'easible.
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COMMERCIAL SOIL
RADIONUCLIDE RISK ASSESSMENT
Performed by Steve M. Dean

0 8 - 2 7  - L 9 9 3  1 5 :  0 8 :  1 2

SAMPLE ID: Typical  radiurn 226 background concentrat ion

SITE NAME & COMMENTS:  Typ ica l  U .S.  so i l s

COMMERCIAL SOfL Risk Assessment with DEFAULT SCENARIO FACTORS

I N G E S T I O N  R I S K  :  3 . 0 E - O 8
VOLATILE RISK =  3 .OE-22
PARTICULATES RISK =  6 .58-11
EXTERNAL EXPOSURE RISK = 6.4E-OB

T O T A L  R f S K  =  9 . 4 E - 0 8

Risk-based PRELIMINARY REMEDIATION GOAL is 8.68+00 pCi/Gran

RADIONUCLIDE OF CONCERN: RA226

TNGESTION SLOPE FACTOR
INHALATION SLOPE FACTOR
EXTERNAL EXPOSURE SLOPE FACTOR

RADIONUCLIDE CONCENTRATION :

COMMERCIAL SOIL SCENARTO FACTORS

Exposure Frequency (daYs/Year)
Exposure Duration (yrs)
Dai ly  A i r  Inhalat ion Rate (n^3/day)
Dai ly  Soi I  Ingest ion Rate (ng/day)
Par t icu late Emmiss ion Factor  (n^3/kg)
Gamma Shie ld ing Factor  (un i t less)
Gamma Exposure Time Factor (unit less)
: tSo i l  Vo la t i l i za t i on  Fac to r  (n^3 /kg )

( *  nuc l i de  spec i f i c )

=  1 . 2 8 - 1 0  R i s k / p c i
=  3 .  OE-09  R isk lpc i
=  1 .2E-o8  R isk /y r  pe r  Pc i /Gran i

.8  pC i /Gram

DEFAULT

250^ 2 5

2 0
5 0

4 . 6 3 E 0 9
o . 2

. 3 3 3
9 . 9 8 + 2 0

SELECTED

250
2 5
2 0
5 0

4 . 6 3 E + 0 9
. 2

. 3 3 3
9 . 9 F ' + 2 0

This  program calcu lates r isk  assessment  based on 'Risk Assessment
Cuidance For Superfund: Volume 1 - Hunan Health Evaluation Manual
(Par t  B,  Dbveloprnent  of  Risk-based Remediat ion Goals) ' :  In ter im
Final ,  OERR Washington DC, EPA|S4O/R-921OO3, December 1991.

Slope factors used for the pathway risk calculations are taken
frorn Health Effects Assessment Summary Tables (HEASf): Annual
Upda te ,  FY  L992 ,  oERR 9200 .6 -303  (92 -L r ,  March  1992 .



COMMERCIAL SOIL

RADIONUCLIDE RISK ASSESSMENT
Performed bY Steve M' Dean

08-27. ] -gg3 15  :  11  :  l -5

SAMPLE ID: Typical upper lirnit of F.a226

SITE NAME & COMMENTS:  IN U.S.  SOi IS

RADIONUCLIDE OF CONCERN: RA226

INGESTION SLOFE FACTOR =

INHALATION SLOPE FACTOR =

EXTERNAL EXPOSURE SLOPE FACTOR =

RADIONUCLIDE CONCENTRATION :

1 . 2 8 - 1 0  R i s k / P c i
3 .  o E - 0 9  R i s k / P c i
1 .28 -08  R isk /Y r  Pe r  Pc i /Gram

1 . 5  P C i / G r a m

COMMERCIAL SOIL RiSK ASSCSSMENT With DEFAULT SCENARIO FACTORS

I N G E S T I O N  R I S K  =  5 . 6 8 - 0 8

VOLATILE RISK = 5.78-22

PARTICULATES RISK = 1'28-10

EXTERNAL EXPOSURE RISK = ]-'28-07

T O T A L  R I S K  =  1 . 8 8 - 0 7

Risk-based PRELIMINARY REMEDTATION GOAL is 8.6E+OO pCi/Grarn (

COMMERCIAL SOIL SCENARIO FACTORS

Exposure FrequencY (daYs/Year)
Exposure Durat ion (Yrs)
Oa i t y  a i r  I nha la t i on  Ra te  (n^3 /day )
Oai fy  Soi l  Ingest ion Rate (ng/day)
Par t icu late Emin iss ion Factor  (n^3/kg)
Gamma Shielding Factor (unit less)
Gamma Exposure Tirne Factor (unit less)
*So i I  Vo la t i l i za t i on  Fac to r  (n^3 /kg )

( *  nuc l i de  sPec i f i c )

DEFAULT

^  2 s o
2 5
2 0
5 0

4 . 6 3 8 0 9
o . 2

. 3 3 3
9 . 9 8 + 2 0

SELECTED

254
2 5
2 0
5 0

4 . 6 3 E + 0 9
. 2

. 3 3 3
9 . 9 8 + 2 0

This program calculates r isk assessment based on 'Risk Assessment

Guidance Fbr i"p"it""at Volume 1 - Hurnan Health Evaluation Manua1

(part B, p"""f" ir"" i  
"t  

nisX-Uased Remediation Goals) f:  Interirn

f inat ,  6nRn Wasi r ington DC, EPA/54OlR-921OO3, December L99L'

slope factors used for the pathway risk_calculations are taken

from Health Ef fects Assessrnlnt Suiunary Tab1es (HEAST) : Annual

U p d a t e ,  F Y  l g g 2 ,  O E R R  9 2 0 0 ' 6 - 3 0 3  ( 9 2 - l ) ,  M a r c h  L 9 9 2 '

(
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COMMERCIAL SOIL
RADIONUCLIDE RISK ASSESSMENT
Perforrned bY Steve M. Dean

o 8 - 2 7 - t 9 9 3  L 5 : L 2 : 4 8

SAI"IPLE ID: IJMTRCA Allowable Limit

SITE NAME & COMMENTS: DOE MiII Tail ing Sites

RADIONUCLIDE OF CONCERN: RA226

INGESTION SLOPE FACTOR
INHALATION SLOPE FACTOR
EXTERNAL EXPOSURE SLOPE FACTOR

RADIONUCLIDE CONCENTRATION :

coMMERcIAL SoIL Risk Assessrnent with DEFAULT SCENARIO FACTORS

INGESTION RISK :  1 .98-07
VOLATILE RISK = L.9E-2L
PARTICULATES RISK = 4.OE-10
EXTERNAL EXPOSURE RISK = 4.OE-07

T O T A L  R I S K  :  5 . 9 8 - 0 7

Risk-based PRELfMINARY REMEDIATION GOAL is 8.68+00 pCi/Grant

COMMERCIAL SOIL SCENARIO FACTORS

Exposure FrequencY (daYs/Year)
Exposure Durat ion (Yrs)
Da i l y  A i r  I nha la t i on  Ra te  (m^3 /day )
Dai ly  Soi l  Ingest ion Rate (ng/day)
Par t icu late Ernrn iss ion Factor  (m^3/kg)
camma Shie ld ing Factor  (un i t less)
Ganrna Exposure Time Factor (unit less)
*So i I  Vo la t i l i za t i on  Fac to r  (n^3 /kg )

(*  nuc l ide speci f ic )

=  1 . 2 8 - 1 0  R i s k / p c i
=  3 .  OE-09  R isk /pC i
=  1 .28 -oB  R isk /y r  Pe r  Pc i /Gram

5 pCi/Gran

DEFAULT SELECTED

^  2so  25o
2 5  2 5
2 0  2 0
5 0  5 0

4 , 6 3 8 0 9  4 . 6 3 E + 0 9
o . 2  . 2

. 3 3 3  . 3 3 3
9 . 9 E + 2 0  9 . 9 8 + 2 0

This program calculates r isk assessment based on 'Risk Assessment
Guidance Fbr Superfund: Volume 1 - Human Hea1th Evaluation Manual
(part B, Oevelolrnent of Risk-based Remediation Goals) ' :  Interirn
Final ,  OERR Washington DC, EPA|S4OlR-92/003,  Decernber  L99L.

Slope factors used for the pathway risk calculations are taken
fro ln  Heal th  Ef fects  Assessment  Summary Tables (HEAST):  Annual
U p d a t e ,  F Y  L g g 2 '  O E R R  9 2 O O . 6 - 3 0 3  ( 9 2 - L ) '  M a r c h  L 9 9 2 '



COMMERCIAL SOIL
RADIONUCLIDE RISK ASSESSMENT
Performed bY Steve M. Dean

0 8 - 2 7 - t 9 9 3  1 5 : 0 8 : 4 9

SAMPLE ID: Typical radium 226 bac'kground concentration

SITE NAME & COMMENTS: Typical  U.S. soi ls

COMMERCIAL SOIL RiSK ASSESSMENT With DEFAULT SCENARIO FACTORS

RADIONUCLIDE OF CONCERN: RA226D

INGESTION SLOPE FACTOR =

INHALATION SLOPE FACTOR =

EXTERNAL EXPOSURE SLOPE FACTOR =

RADIONUCLIDE CONCENTRATION :

INGESTfON RISK =

VOLATILE RISK =

PARTICULATES RISK =

EXTERNAL EXPOSURE RISK =

TOTAL RISK =

Risk-based PRELIMINARY REMEDIATION

1 . 2 8 - 1 0  R i s k / P c i
3 .  oE-o9  R isk /Pc i
6 .OE-06  R isk /Y r  Pe r  PC i /Gram

.8 pCi /Gran

3 . 0 8 - 0 8
3 . O E - 2 2
6 . 5 8 - 1 1
3  . 2 E - 0 5

3. .2E.-05

GOAL is  2.58-02 Pci /Gram (

COMMERCIAL SOIL SCENARIO FACTORS

Exposure FrequencY (daYs/Year)
Exposure Duration (Yrs)
Oai ly  a i r  Inhalat ion Rate (n^3/day)
Dai ly  Soi I  Ingest ion Rate (mg/day)
Particulate Ernrnission Factor (n^3/kg)
Gamma Shie ld ing Factor  (un i t less)
Gamma Exposure Time Factor (unit less)
*So i l  Vo la t i l i za t i on  Fac to r  (n^3 /kg )

( *  nuc l i de  sPec i f i c )

DEFAULT

^  zso
2 5
2 0
5 0

4 . 6 3 8 0 9
o . 2

. 3 3 3
9 . 9 8 + 2 0

SELECTED

250
2 5
2 0
5 0

4 . 6 3 E + 0 9
. 2

. 3 3 3
9 . 9 8 + 2 0

This program calculates r isk assessment based on 'Risk Assessrnent

Guidance f"r i"p"iiuna: Volume 1 - Human Health Evaluation Manual

(part B, O"""i" i*"" i  
"t  

Risk-based Remediation Goals) t:  Interim

r inat ,  6nnn Wasi ington DC, EPA/54O/p.-92/OO3,  December 1991'

slope factors used for the pathway risk_calculations are taken

from Health Ef fects Assessmlnt su-rnnary Tables (HEAST ) : Annual

U p d a t e ,  F Y  L g g 2 ,  O E R R  g 2 O O . 6 - 3 0 3  ( 9 2 - 1 - l ,  M a r c h  r . 9 9 2 '



COMMERCIAL SOIL
RADIONUCLIDE RISK ASSESSMENI
Perforrned bY Steve M. Dean

o8-27  -L993

SAMPLE ID: Typical upper l imit of Ra226

SITE NAI'{E & COMMENTS: IN U.S. SOiIS

RADIONUCLIDE OF CONCERN: RA226D

INGESTION SLOPE FACTOR :

INHALATION SLOPE FACTOR =

EXTERNAL EXPOSURE SLOPE FACTOR =

RADIONUCLIDE CONCENTRATION :

1 5 : 1 1 : 4 5

1 . 2 E - 1 0  R i s k / P c i
3 .  O E - 0 9  R i s k / p C i
6 .OE-05  R isk /Y r  Pe r  PC i /Gram

1 . 5  p c i / G r a m .

COMMERCIAL SOI.L RiSK ASSESSMCNT With DEFAULT SCENARIO FACTORS

INGESTION RISK =  5 .68-08
VOLATILE RISK =  5 .78-22
PARTICULATES RISK =  1 '28-10
EXTERNAL EXPoSURE RISK = 5'OE-05

T O T A L  R I S K  =  6 . 0 8 - 0 5

Risk-based PRELTMINARY REMEDIATION GOAL is 2.5E.-02 pCi/Grant

COMMERCIAL SOIL SCENARIO FACTORS

Exposure FrequencY (daYs/Year)
Exposure Durat ion (Yrs)
Da i l y  A i r  I nha la t i on  Ra te  (m^3 /day )
Dai ly  Soi I  Ingest ion Rate (ng/day)
Par t icu late Emmiss ion Factor  (n^3/kg)
Gamrna Shie ld ing Factor  (un i t less)
Gamrna Exposure Time Factor (unit less)
*so i l  Vo la t i l i za t i on  Fac to r  (m^3 /kg )

( *  nuc l i de  sPec i f i c )

DEFAULT

^  z s o
2 5
2 0
5 0

4 . 6 3 8 0 9
a . 2

. 3 3 3
9 . 9 8 + 2 0

SELECTED

2 5 0
2 5
2 0
5 0

4 . 6 3 8 + 0 9
. 2

. 3 3 3
9 . 9 8 + 2 0

This program calculates r isk assessment based on tRisk Assessment

Guidance For inp"ri""at Volurne 1 - Human Health Evaluation Manual

(par t  B,  O""" f " i r " " i  
" f  

R isk-based Remediat ion Goals) ' :  In ter im

Final ,  6rnn Wasi r ington DC I  EPA11AOlR-92/OO3,  December l -991 '

Slope factors used for the pathway risk-calculations are taken

from Health Effects AssessmLnt Surnrnary Tables (HEAST) : Annual

Upda te ,  FY  tggz ,  OERR 9200-6 -303  (92 'L ) ,  March  L992



COMMERCIAL SOIL
RADIONUCLIDE RISK ASSESSMENT
Performed bY Steve M. Dean

0 8 - 2 7 - L g g 3  1 5 : 1 3 : 1 5

SAMPLE ID: UMTRCA Allowable Lirnit

SITE NAME & COMMENTS: DOE MiI I  fai l ing Sites

RADIONUCLIDE OF CONCERN: RA226D

INGESTION SLOPE FACTOR =

INHALATION SLOPE FACTOR =

EXTERNAL EXPOSURE SLOPE FACTOR :

RADIONUCLIDE CONCENTRATION :

1 . 2 E - L o  R i s k / P c i
3 .  O E - 0 9  R i s k / P c i
6 .oE-06  R isk /Y r  Pe r  PC i /Gram

5 pCi/Grarn

COMMERCIAL SOIL RiSK ASSESSMENT With DEFAULT SCENARIO FACTORS

INGESTION RISK =

VOLATILE RISK =

PARTICULATES RISK =

EXTERNAL EXPOSURE RISK =

TOTAL RISK =

RiSK-bASEd PRELTMINARY REMEDIATION

COMMERCIAL SOIL SCENARIO FACTORS

1 . 9 8 - 0 7
1 .  9 E - 2  1
4 .  O E - L 0
2 . O E - O 4

2 .  O E - O 4

GOAL is  2 .58-02 PCi /Grarn  
' {
(-

Exposure FrequencY (daYs/Year)
Exposure Durat ion (Yrs)
Oai ty  a i r  Inhalat ion Rate ( rn^3/day)
oai ly  Soi I  Ingest ion Rate (ng/day)
Par t icu late Ernniss ion Factor  (n^3/kq)

Ganma Shie ld inq Factor  (un i t less)
Garnrna Exposure Time Factor (unit less)
*So i l  Vo la t i l i za t i on  Fac to r  (n^3 /kg )

( *  nuc l i de  sPec i f i c )

DEFAULT

^ 250
2 5
2 0
5 0

4 . 6 3 8 0 9
o . 2

. 3 3 3
9 . 9 8 + 2 0

SELECTED

250
2 5
2 0
5 0

4 . 6 3 8 + 0 9
. 2

. 3 3 3
9 . 9 E . + 2 0

This program calculates r isk assessment based on 'Risk Assessment

Guidance For Superfund: Volume 1 - Human Hea1th Evaluation Manual

(par t  B,  Developrnent  of_Risx-rased Rernediat ion Goals) . ' :  In ter im

Final ,  6ERR Washington DC, EpA/54OlR-921oo3,  December 1991.

slope factors used for the pathway risk-calculations are taken

from Health Effects Assessmlnt Suirrnary Tables (HEAST) : Annual

U p d a t e ,  F Y  L g 9 2 ,  O E R R  9 2 0 0 ' 6 - 3 0 3  ( 9 2 - L ) ,  M a r c h  L 9 9 2 '



RESIDENTIAL SOIL
RADIONUCLIDE RISK ASSESSMENT
Performed by Steve M. Dean

o 8 - 2 7 - L 9 9 3  L 5 r L 5 z 2 9

SAMPLE ID: Typical radium concentration

STTE NAME & COMMENTS: IN US SOiIS

RADIONUCLIDE OF CONCERN: RA226

INGESTION SLOPE FACTOR =

INHALATION SLOPE FACTOR =

EXTERNAL EXPOSURE SLOPE FACTOR =

RADIONUCI,TDE CONCENTRATION :

L . 2 E - 1 0  R i s k / P c i
3 . 0 8 - 0 e  R i s k / P c i
1 .28 -08  R isk /y r  pe r  PC i /Gram

.8  pC i /Gram

L . 2 E - 4 7
3 .8E . -22
8 . 2 8 - 1 1
2 . 3 8 - 0 7

3 . 5 8 - 0 7

coAL  j - s  2 .38+00  pC i /Gram

RESfDENTIAL SOIL Risk Assessment with DEFAULT SCENARIO FACTORS

INGESTION RfSK =
VOLATILE RISK =
PARTICULATES RISK =

EXTERNAL EXPOSURE RISK :

TOTAL RISK =

Risk-based PRELIMINARY REMEDIATfON

RESIDENTIAL SOIL SCENARIO FACTORS

Exposure Frequency (daYs/Year)
Exposure Durat ion (yrs)
Dai ly  A i r  Inhalat ion Rate (n^3/day)
Dai ly  Soi l  Ingest ion Rate (ng/day)
Par t icu late Emmiss ion Factor  (n^3/kg)
Gamma Shie ld ing Factor  (un i t less)
camma Exposure Tine Factor (unit less)
*So i1  Vo la t i l i za t i on  Fac to r  (m^3 /kg )

(*  nuc l ide speci f ic )
Age-Adjusted Soil  Ingestion Factor (ng-yr/day)

DEFAULT

3 5 0
3 0
1 5
5 0

4 .  6 3 8 0 9
o . 2

1 . 0
9 . 9 8 + 2 0

3  6 0 0

SELECTED

3 5 0
3 0
1 5
5 0

4 . 6 3 8 + 0 9
. 2
L

9 . 9 8 + 2 0

3  6 0 0

This program calculates r isk assessment based on tRisk Assessment
euidairce For Superfund: Volume 1 - Human Health Evaluation Manual
(Par t  B,  nevelopnent  of  Risk-based Remediat ion Goals) ' :  In ter im
F ina l ,  OERR Wash ing ton  DC,  EPA/54OlR-92 l003 ,  December  1991 .

Slope factors used for  the pathway r isk  ca lcu lat ions are taken
froln Health Effects Assessrnent Summary Tab1es (HEAST) : Annual
U p d a t e ,  F Y  L 9 9 2 ,  O E R R  9 2 0 0 . 6 - 3 0 3  ( 9 2 - L ) ,  M a r c h  L 9 9 2 .



RESIDENTIAL SOIL
RADIONUCLIDE RISK ASSESSMENT
Periorned bY Steve M. Dean

1 8 : 0 7 : 4 308-27-L993

SAMPLE ID: Typical upper linit of Ra226

SITE NA},TE & COMMENTS: IN U.S. SOiI

RADIONUCLIDE OF CONCERN: Ra226

INGESTION SLOPE FACTOR
INHAI,ATION SLOPE FACTOR
EXTERNAL EXPOSI'RE SIOPE FACTOR

RADIONUCLIDE CONCENTRATION :

= 1.28-10 Risk/pCi
= 3.oE-09 Risk/pCi
= 1.28-og Risk/Yr Per Pci/Gram

1.5 PCi/Gram

RESIDENTIAL SOIL RiSK ASSESSMENT With DEFAUI'T SCENARIO FACTORS

INGESTION RISK = 2.3E-07
VOLATILE RISK = 7.28-22
pARTICULATES RISK = 1.5E-1O
EXTERNAL EXPOSLRE RISK = 4'3F,-07

TOTAL RISK : 6.68-07

Risk-based PRELIMINARY REIIEDIATION GOAL is 2'38+00 pci/Gran
(

RESIDENTIAL SOIL SCENARIO FACTORS

Exposure FrequencY (daYs/Year)
Exposure Duration (Yrs)
oaify Air Inhalation Rate (xo^3/day)
pail-y SoiI Ingestion Rate (ng/day).-
particulate f:nrnission Factor (n^3/kg)
Gamrna Shielding Factor (unitless)
Gamma Exposure-Tirne Factor (unitless)
*Soi l  Volat i l izat ion Factor (n^3/kg)

(*  nucl ide sPeci f ic)
age-aijusiea soil rngestion Factor (rng-yr/day)

This program calculates risk assessment based on tRisk Assessment

Guidance for iupeiiuna: Volume 1 - Human Health EvaLuation Manua1

(part B, Development of_Ri"i lUal"d Rernediation Goals)': Interirn

Final ,  OERR Wisir ington DC, EPA1S4OlR-921OO3, December 1991'

slope factors used for the pathway risk-calculations are taken

from Health Effecte Assessmlnt Suignary Tables (HEAST): Annual

upaut " ,  FY : .gg t ,  oERR 9200.6-303 (92-1) ,  March  L992 '

DEFAI'LT SELECTED

.  3 5 0  3 5 0
3 0  3 0
15 15
5 0  5 0

4 . 6 3 8 0 9  4 . 6 3 8 + 0 9
o . 2  . 2

1 . O  1
9 . 9 8 + 2 0  9 . 9 E + 2 0

3 5 0 0  3 6 0 0



RESIDENTIAL SOIL
RADIONUCLTDE RISK ASSESSMENT
Performed by Steve M. Dean

08-27 -L993 t 7  t 5 9 t 4 L

SAMPLE ID: IIMTRCA Allowable Upper Linit

SrTE NAME & COMMENTS: DOE Mill TaiJ.ing Sites

RADIONUCLIDE OF CONCERN: RA226

INGESTION SLOPE FACTOR
INHALATfON SLOPE FACTOR =
EXTERNAL EXPOSURE SLOPE FACTOR =

RADIONUCLIDE CONCENTRATION :

1.28-10 R isk /pc i
3 .08-09 R isk /pc i
1.28-08 Risk/yr  per pci /Gram

5 pCi/Gran

7 .68 -07
2 .48 -2L
5 . 1 8 - 1 0
1 .  4 E - 0 6

2 .28 -06

GOAL is  2.38+00 pCi /Gran

RESIDENTTAL SOIL RisK Assessment With DEFAI'LT SCENARIO FACTORS

INGESTION RISK =
VOI,ATILE RISK =
PARTICULATES RISK :
EXTERNAL EXPOSURE RISK =

TOTAL RISK =

Risk-based PRELIMINARY REMEDIATION

RESIDENTIAL SOIL SCENARIO FACTORS

Exposure Frequency (daYs/Year)
Exposure Duration (yrs)
Daily Air Inhalation Rate (m^3/day)
Daily SoiI Ingestion Rate (ng/day)
Particulate Emmission Factor (n^3/kg)
camna Shielding Factor (unitless)
Gamma Exposure Tirne Factor (unitless)
*soi l  volat i l izat ion Factor (n^3/kg)

(*  nucl ide speci f ic)
Age-Adjusted Soil Ingestion Factor (ng-yr/day)

DEFAI'LT

3 5 0^ 3 0

1 5
5 0

4 . 6 3 8 0 9
o . 2

1 . 0
9 . 9 8 + 2 0

3 6 0 0

SELECTED

3 5 0
3 0
15
5 0

4 . 6 3 8 + 0 9
. 2
1

9 . 9 8 + 2 0

3 6 0 0

This program calculates risk assessment based on 'Risk Assessment
Cuidance For Superfund: Volume 1 - Human Health Evaluation Manual
(Part B, Develolrnent of Risk-based Renediation Goals)'3 Interim
Final ,  OERR Washington DC, EPA/54O/R-921003'  December 1991.

Slope factors used for the pathway risk calculations are taken
from Health Effects Assessment Summary Tab1es (HEAST): Annual
Update ,  FY L992,  OERR 9200.6-303 (92-L) ,  March  L992.

o



RESIDENTIAL SOIL
RADIONUCLIDE RISK ASSESSMENT
Perforrned bY Steve M. Dean

O e - 2 7 - L g g 3  1 5 : 1 5 : 4 5

SAMPLE ID: Typical  radium concentrat ion

SITE NA}IE & COMMENTS: IN US SOi}S

RADIONUCLIDE OF CONCERN: P.A226D

INGESTION SLOPE FACTOR =

INHALATION SLOPE FACTOR =

EXTERNAL EXPOSURE SLOPE FACTOR =

RADIONUCLIDE CONCENTRATION :

1 . 2 8 - 1 0  R i s k / P c i
3 .  oE-09  R isk /Pc i
6 .OE-06  R isk /Y r  Pe r  PC i /Gram

.8  pC i /Gram

RESIDENTIAL SOIL RiSK ASSCSSMENT With DEFAULT SCENARIO FACTORS

INGESTION RISK :

VOLATILE RISK :

PARTICULATBS RISK :

EXTERNAL EXPOSURE RISK =

TOTAL RISK =

RiSK-bASEd PRELIMINARY REMEDIATION

RESIDENTIAL SOIL SCENARIO FACTORS

L . 2 E - 0 7
3 . 8 E . - 2 2
B . 2 E - l - 1
1 . 2 E . - O 4

L . 2 E ' - O 4

coAL is  6.9E-03 PCi /Grarn (
\

Exposure FrequencY (daYs/Year)
Exposure Duration (Yrs)
Oai ty  a i r  Inhalat ion Rate (n^3/day)
Dai ly  Soi l  Ingest ion Rate (mg/day) .
Part iculate Ernrnission Factor (n^3/kg)
camma Shielding Factor (unit less)
camma Exposure Time Factor (unit less)
*Soi I  Volat i l izat ion Factor  (n^3/kg)

( *  nuc l i de  sPec i f i c )
ege-edjusted Soi l  Ingest ion Factor  (ng-yr /day)

DEFAULT

.  3 5 0
3 0
15
5 0

4 . 6 3 8 0 9
o . 2

1 . 0
9 . 9 8 + 2 0

3  6 0 0

SELECTED

3 5 0
3 0
15
5 0

4 . 6 3 8 + 0 9
. 2

t-
9 . 9 E + 2 0

3 6 0 0

This  program calcu lates r isk  assessment  based on 'Risk Assessrnent

Guidance For i"p"i i""at Vo}ume 1 - Human Health Evaluation Manua}

(par t  B,  O""" f " i^" " i  
" f  

R isk-based Remediat ion Goals) ' :  In ter im

Final ,  OERR wasi r ington DC, EPA/54OlR-92/OO3,  December 1991'

slope factors used for the pathway risk-calculations are taken

from Health Effects Assessmlnt suirmary Tables (HEAST): Annual

U p d a t e , F Y L g g 2 ' O E R R g 2 O O ' 6 - 3 0 3 ( 9 2 - L ' ) , M a r c h l . 9 9 2 '



RESTDENTIAL SOIL
RADIONUCLIDB RISK ASSESSMENT
Perforrned by Steve M. Dean

08-27 -L993  18 :08 :04

SAMPLE ID3 Tlpical upper l imit of Ra226

.SITE NAI'TE & COMMENTS: IN U.S. SOiI

RADIONUCLIDE OF CONCERN: RA225D

INGESTION SLOPE FACTOR =

INHAI,ATION SLOPE FACTOR =

EXTERNAL EXPOSIjRE SLOPE FACTOR =

RADIONUCLIDE CONCENTRATION :

1.28-10 R isk /Pc i
3 .oE-oe R isk /Pc i
i .on-oo niskiyr  per Pci /Gram

1.5  pc i /Gram

RESIDENTIAL soIL Risk Assessment with DEFAULT SCENARIO FACTORS

INGESTION RISK :

VOLATILE RISK =

PARTICUI,ATES RISK =

EXTERNAL EXPOSURE RISK =

TOTAL RISK :

RisK-bASEd PRELIMINARY REMEDIATION

2 .38 -07'l .28-22
1 .  5E-10
2 .28 -04

2 .28 -04

GoAL is  6.9E-03 PCi /Gran

RESIDENTIAL SOIL SCENARIO FACTORS

Exposure FreguencY (daYs/Year)
Exposure Duration (Yrs)
Oaify Air Inhalation Rate (n^3/day)
Daily Soil  Ingestion Rate (ng/day)-
part iculate Emrnission Factor (n^3/kg)
Gamma Shielding Factor (unit less)
Gamma Exposure Time Factor (unitless)
rtsoi l  volat, i l ization Factor (n^3/kg)

(*  nuc l ide sPeci f ic )
age-adjusted soil- Ingestion Factor (ng-yr/day)

DEFAI'LT

,  3 5 O
3 0
15
5o

4 . 6 3 8 0 9
o . 2

1 . 0
9 . 9 E + 2 0

3 6 0 0

SELECTED

3 5 0
3 0
15
5 0

4 . 5 3 8 + 0 9
. 2

1
9  .98+20

3  6 0 0

This program calculates risk assessment based on tRisk Assessment

Guidance fot i"p"rfund: Volume 1 - Human Health Evaluation Manual

(part B, O"""f"i^""i 
"f 

Risk-based Remediation Goals)': Interim

rinaf,  6nRn Wasi l ington DC, EPA1S4OlR-921O03, December 1991'

Slope factors used for the pathway risk- calculations are taken

from Health Effects Assessmint suiunary Tab1es (HEAST): Annual

Update ,  FY Lgg2,  oERR 9200.6-303 (92- r ) ,  March  L992.

o



RESIDENTIAL SOIL
RADIONUCLIDE RISK ASSESSMENT
Performed bY Steve M. Dean

0 8 - 2 7 - L 9 9 3 1 8 :  0 0 : 0 4

SAIIPLE ID: IJMTRCA Allowable Upper Linit

SITE NAl,lE & COMMENTS: DOE MiII Tailing Sites

RADTONUCLIDE OF CONCERN: RA226D

INGESTION SLOPE FACTOR =

INHAI,ATION SLOPE FACTOR :

EXTERNAI, EXPOSIIRE SLOPE FACTOR =

RADIONUCLIDE CONCENTRATION :

1.28-10 Risk/Pci
3 .oE-09 R isk /Pc i
6.oE-06 Risl</Yr Per PCi/Gran

5 pCi/Gran

7 . 6 F - 0 7
2 .48-2L
5 . 1 8 - 1 0
7 .28 -04

7 . 2 8 - 0 4

GoAL is  6.98-03 PCi /crarn (

RESIDENTIAL SOIL Risk Assessment with DEFAULT SCENARIO FACTORS

INGESTION RISK =

VOLATILE RISK =

PARTICUI,ATES RISK =

EXTERNAL EXPOST'RE RISK '=

TOTAL RISK =

RiSK-bASEd PRELIMTNARY REMEDTATION

RESIDENTIAL SOIL SCENARIO FACTORS

Exposure FrequencY (daYs/Year)
Exposure Duration (Yrs)
Oaify Air Inhalation Rate (rn^3/day)
Dailt soil rngestion Rate (nq/day)

DEFAT'LT

'  
3 5 0

3 0
15
50

4 . 6 3 8 0 9
o . 2

1 . O
9 . 9 8 + 2 0

3 6 0 0

SELECTED

3 5 0
3 0
15
50

4 . 6 3 8 + 0 9
. 2
1

9 . 9 8 + 2 0

3 6 0 0

DaLIy UOII Ingestr(, l l  trcrt-r3 \ruY,\ sL

Particulate rtnrnission Factor (n^3/kg)
Gamrna Shielding Factor (unitless)
camma Exposure Time Factor (unitless)
*soil volati l ization Fact'or (n^3/kg)

(*  nucl ide sPeci f ic)
age-edjusLed Soil Ingestion Factor (mg-yr/day)

This program calculates risk assessment based on tRisk Assessnent

Guidance f"r i"p"rfund: Volume 1 - Human Hea1th Evaluation Manua1
(part B, o"""I"F*E"t 

"t 
Risk-based Rernediation Goals)': Interim

Final ,  6nRn Wisir ington DC, EPA1S4OlR-92 lOO3, December 1991'

slope factors used for the pathway risk_calculations are taken

from Hea1th Effects Assessrnlnt Suiunary Tables (HEAST) : Annual

Update ,  FY 1gg2,  OERR 9200.6-303 (92-L) ,  March  L992 '


