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ABSCF

Thisreport.de.scr[beath,eMultimediaEnvironmentalPollutantAsse.ssmemSystem
(MEPAS) computermodel¢IcsignedbyPaci,ScNorthwea.tLaboratoryforuseinevaluating
t:h,e'healthro.ksasv_,iatedwithU.S,DepartmentofEnergy(DOE) wastesites.Thisreport
hasbeenpreparedtoprovideDOE Oak RidgeF'ie)dOIBcc Ig'rsonnelwitha simplifi,cd
explanationofMEPAS andanun,d,erstandingofhow MEPAS ,isusedt,)quantifypotentia.l
ro.kstohuman h,ealth.Th,e .scopearidlimitationso,ftheMEPAS modelarepresented,a.ad
thepossible,contaminantre)casemedi,aandt,ra.mportpathwaysareoutlin,_..

Thee.two.main type._of h,calt.h in,dcxea ger_eratcd--th,c hazard potential ir_dcx(HPl) and
t:h,cmaximum i.rMi'vidualindex are d,cscribe,d; and cal,culatiorts m,ed to o,btain tb_cscir_dcxcsarc
pre.sented,Gui,d.a.n_ceo,ni,nterpretati;o,nof the HP1 isal,so includexi.Final.ly,the HP1
ca.l,cu[atiomfo,r3 co,ntaminantsina hypot.heticalenvironmentalpro,b_emaredemomtrated.

Appendix A co,ntaim a [i_t.ofth,e input and output fiiea created by MEPAS; Apper_dix B
contaim, the HP1 re,port foz"t:h,eexa.mp[e probl,em; and Appe,.t_dixC is t.ke WAT output fi_e
produc,od fo,r th,e exampl,e p,ro,b_em.This report 6escdbeat th,e MEPAS code version 2,IG,
dated January 26, 1992, with reF.om r_ April 12, I992. S.ul'_mqtmntve:rsio_ may co,ntain
mod[ficatiom and enhar_c_ments no,t addre._d in this r©.po,no,rval_e_ different than tko.e
t_sed in th,e exampl,e.

vii



1. INTRODUC ON

Pacific Northwest Laboratory (PNL)of Richland, Washington, developed the Multimedia
Environmental Pollutant Assessment System (MEPAS) computer mcxlel for the U.S.
Department of Energy (DOE) Office of Environment, Safety, and Health as a tool to
evaluate the adverse health impacts of its waste sites and thus rank the sit_._for cleanup. This
report summarizes MEPAS version 2.10 caphbilities and the methodoMgies used to
determine a health-risk-ba,_ed score for environmental problems. This report has been
prepared to provide DOE Oak Ridge Field Of_ce personnel with a simplified explanation of
MEPAS and an understanding of how MEPAS is used to quantify potential risks to human
health.

The underlying methodology of MEPAS is known as the Remedial Action Priority
System (RAPS). This methodology was developed in 1985 and 1986 by PNL with the intent
of pnoritizing hazardom and radioactive mixed waste disposal sites scientifically and
obj,_tively. RAPS and its mathematical formulations (Whelan et al. 1987) have been
indepertdentty reviewed by technical authorities in the private and public sectors. In addition,
the methodol,ogy has been tested at faciliti_ where contaminant levels have been monitored
in the environment, thus allowing comparimn with model-simulated results (Wkelan ct al.
I989).

MEPAS uses mathematical algorithms to simulate the passage of chemical and
radtonuclide contaminants through environmental media to specified loeatiom of potential
foc_t chain or human exposure. The model then evaluates the degree of exposure that the
surrounding population receives and calculates the associated health risk. MEPAS produces
two main indicators of risk for'each environmental probl,em mod,eled: the maxium individual
irr,dcx (MII), baseA on individual exposure, and the hazard potential index (HP1), weighted
b'ythe number of people expose_. Environmental problems can, therefore, be ranked relative
to other problerm _,.ored by the system.

The model is designed to run on any IBMO personal computer series machine having
640K RAId, a hard disk, and a printer. A math coprocesu_r will improve model speed arm
performance but is not required.
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2. GENERAL

_PAS is desired to be more comprehensive than the site-screening Environmental
Protection Ageney's (EPA's) Hazard Ranking System and less intensive than risk assessments
conducted for remedial investigation/feasibility studies required by the Comprehensive
Environmental Response, Compensation, and Liability Act. MEPAS is not intended to
determine health risks caused by waste _itcs precisely but to estimate potential health-risk
magnitude. The model does, however, require a considerable amount of data to define the
contaminant release, to characterize the tramport media, and to define the potential exposure
locations and affected populations.

For accurate modeling, a user of MEPAS should have an extensive knowledge of the
facility and the surrounding area, including awareness of site meteorology, geology,
hydrogeology, _il characteristics, surface water usage, groundwater usage, surrounding
population distribution, agriculture production distribution, and history of site activities. In
addition, the MEPAS application guidance Volume 2 (Droppo et al. 1989b) supplies itemized,
detailed instruetiom for determining MEPAS inputs, including tables, suggested values and
range_, and possible sources for obtaining required information. It is important that input data
be accurate and comistently acquired so that site evaluations and compari_m are credible.
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3. CONTAMINANTRE&EASES

MEPAS evaluates the potential health risk contributed by individual waste areas within
a facility. The source of the contaminant release is referred to in the model as a release unit
(RU). For each RU in the facility,the release media, transportpathways, usage locations, and
exposure pathways must be defined. Releases can be to air, surface soil (SS), groundwater
(GW), or surface water (SW), or the release could be a direct exposure.

"12_efollowing sections describe each possible contaminant release medium and the
pathways through other environmental media which can be modeled. More information about
terminology and defining a waste problem to the model can be found in Multimedia
Environmental Pollutant Assessment System (MEPAS) Application Guidance.-Getting Started
with MEPAS (Buck et. aL1989) and in the MEPAS application guidance Volume 1 (Droppo
et. al. 1989a).

3.1 RELEASE INTO THE ATMOSPHERE

For a contaminant release to the atmosphere, the following pathways through different
environmental media can be modeled.

® Pollutants remain in the air with some deposition to surface soil (RU > Air/SS).

• Pollutants in the air are deposited on the surface soil and are recirculated into the air
by volatilization or resuspension (RU > Air > SS > Air/SS)t.

• Po',_:r_:":_ a the air are deposited on the soil and leach into the groundwater
(RU .- ,-at > SS > GW) I.

• Pollutants in the air are deposited on the soil and leach into groundwater, which
discharges into surface water (RU > Air > SS > GW > SW) z.

• Pollutants in the air are deposited on the soil and are washed into surface water via
overland runoff (RU > Air > SS > OL > SW) _.

• The air is the source of known pollutants to be used in the exposure evaluation (Air as
a source).

To model releases to the air, MEPAS requires local climatological information, including
joint frequency distribution, precipitation, and temperature data. Stack, volatilization, and
Smlxnsion emission rates can be input or MEPAS can compute emission rates for
volatilization and suspension based on site-specific data. Population density and agriculture
production for up to a 50-mile radim from the site must be defined two-dimensionally in a
matrix of 16 compass directions vs 10 distance intervals.

_ . . ,,,,,, ,,, ._ : . -

tThLstrat_pota se_rlariocurrentlyinvolvesmultiplerum.
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3.2 RELEASE FROM SOIL

Contaminant release from soil offers transport scenarios similar to those of the
atmospheric release. However, the release originates from an area of comaminated surface,
soil.

• Pollutants on the ,coilare recirculated into the air by volatilization or resuspension with
some deposition back to the soil (SS > Air/SS).

• Pollutants on the soil leach into the groundwater (SS > GW).

® Pollutants on the soil leach into groundwater, which discharges into surface water
(SS > GW > SW).

• Pollutants on the soil wash into surface water via overland runoff (SS > OL > SW).

MEPAS requires site-specific surface soil characterization information. The user must
also define (I) the geometry of the contaminated area, (2) the average concentration of the
soft contaminant(s), and (3) the soil type.

3.3 REI_E TO GROUNDWATER

A release to groundwater can be modeled to e,,_tima_ehuman exposure in the following
ways.

• Pollutants are released into the groundwater and the groundwater is m_d to affect
human exposure via a well or other access method (RU > GW).

® Pollutants are released into groundwater that discharges into surface water
(RU > GW > SW).

• Groundwater is the source of known pollutants to be used in the exposure evaluation
(GW as a source).

Modeling releases into groundwater requires characterizing the different media (partially
saturated and saturated zones) through which the waterborne pollutants pass. The user must
identify the sand, silt, and clay content of the zone; pH of the pore water; travel distances in
the zone; and thickness, bulk density, total porosity, field capacity, longitudinal dispersion, ax_,_
saturated hydraulic conductMty of the zone. Absorption coefficients for each contaminant in
each zone can be calculated by MEPAS or be supplied by the user.

Transport pathways involving groundwater generally require longer computer processing
time than transport through other media. Peak exposures for this transport media also
frequently occur beyond the first 70-year time period. Details on the contaminant distribution
are provided in the MEPAS output reports.
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3.4 REI.,E.ASE TO SURFACE WATER

MEPAS models the following transport ,_enarios for a contaminant release to surface
water.

* Pollutants are released into surface water (RU > SW).

. Surface water is the source of known pollutants to be used in the exposure evaluation
(SW as a source).

. Pollutants in surface water are volatilizing into the air (SW as a source > Air)2.

e Pollutants in surface water are volatilizing into the air and being deposited on the soil
(SW as a source > Air > SS)2.

Prec_ently,MEPAS considers only nontidal rivers as surface-water bodies for transport.
Surface-water flow is assumed to be unidirectional, steady, and uniform. Users must provide
the dimensions of the river receiving contamination, the distance to the closest usage location,
and the discharge rate (cubic feet per second) of the fiver at each usage location.

When contaminants enter surface water from an external discharge source
(i.e., groundwater or overland runoff), the contaminant concentration in the river for full
distribution is calculated as the contaminant flux entering the fiver divided by the river's
discharge rate. MEPAS also calculates concentrations for pollutants that travel an insufficient
distance from source to usage location to become fully mixed with fiver water. MEPAS
accounts for dilution through differences in river discharge rates but currently does not
account for contaminant adsorption to and desorption from sediment particles.

3.5 DmF.L'W EXPOSURE

MEPAS models the following direct exposure scenarios:

® Direct soil ingestion

• Measured food concentration ingestion

• Measured radiation dose

To model the direct-extx_ure pathways, the user must provide the contaminant
concentration in soil or food or the measured dose rate of radiation (rads per hour) and an
estimate of the number of people exposed. For the measured food concentration ingestion
scenario, an average daily intake rate (kilograms per day) for the food product is needed. For
direct soil ingestion, the average soil contaminant concentration is used, along with an average
life-time ingestion rate of 4!0 mg/d, to compute risk values.

2This transport seonario currently involves multiple runs.
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4. EXPOSURE PATHWAYS

Once the MEPAS user has established the contaminant release media and the transport

pathways, the user must define places where humans may be exposed to the destination
media. These include groundwater wells, recreation or fishing areas along a river, water
intakes for drinking water or irrigation pu_,, and inhalation of air and water vapors.

For contamination transported in the atmosphere, MEPAS can simulate exposures to
within a 50-mile radius of the site through (1) inhalation of contaminated air and (2) ingestion
of agriculture products on which the contaminant has been deposited. The potential routes
used for calculating human exposure are listed below.

For exposure to contaminated air/surface soil:
• Air/SS >Inhalation, external exposure, and/or soil ingestion
• Air/SS >Crops >Ingestion
• Air/SS >Crops >Animals >Ingestion

For exposure to contaminated groundwater:
• GW >Ingestion
• GW >Bathing >Ingestion/Inhalation
® GW >Irrigation >Crops >Ingestion
• GW >Irrigation >Crops >Animals >Ingestion
• GW >Animals >Ingestion

For exposure to contaminated surface water (SW):
• SW >Ingestion
• SW >Finfish/Shellfish >Ingestion
• SW >Irrigation >Crops >Ingestion
• SW >Inigation >Crops >Animals >Ingestion
• SW >Animals >Ingestion
• SW >Bathing >Ingestion
• SW >Recreation >External Extx_ure
• SW >Recreation >lngestien
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5. HF_,AL'I')tRISK INDEXES

MEPAS produces two primary health risk indexes: the MII and the HP1. These are
reported in the MEPAS output file with the *.HPl filename (the Hazard Potential Index
Report), where * is the user-defined name of the data set used for the run. An example HP1
report is given in Appendix B.

The MII is the maxitaum individual risk value for radionuclides and carcinogenic
chemicals and the maximum individual reference dose ratio for noncarcinogenic chemicals.
It is determined from the maximum contaminant dose calculated for an individual or group
of equally exposed individuals for each of the exposure scenarios given the receptor
placement defined to the model. Exposure media for which the MII is evaluated include
inhalation of contaminated air; ingestion of drinking water, fish, vegetable,s, meat, milk and
contaminated soil; and exposure to radiation directly and in contaminated surface water
through swimming, boating, and shoreline activities.

The/VIII is calculated i_ldependently for each exposure media and route; therefore, the
risks or ratios reported are not necessarily common to the same individual but are the highest
risks or ratios calculated for contact with a particular contaminant through each independent
exposure mexlium and route. For example, the MH re,ported for inhalation could be the risk
calculated for the person(s) living downwind of and closest to the release site. However, the
MII reported for drinking water for the same release unit could be attributed to a different
group of people receiving water from an intake nearest a contaminant release to surface
water. The MII is calculated according to the risk equations described in Sect. 5.2.

The HP1 is an indicator of population _Ssk.lt is derived from the cumulative r_sksto the
modeled population and is weighted by the number of people exposed. Its calculation is
outlined in this section also.

5.1 DOSE _LATION

When MEPAS simulates a contamina_t's passage through the environmental media
selected in the transport scenario, MEPAS calculates a 70-year average environmental
concentration at the locations of potential food-chain or human exposure. This concentration,
along with other factors, is used in mathematical equations to determine an individual's
average dose for the exposure pathways defined for the usage locations.

A dose from radionuclides is expressed as the effective whole-body dose equivalent
received over a 70-year lifetime by an average member of the exposed population (reins per
70 years). For chemicals, the dose is the average daily intake (per unit body weight) that an
average member of the exposed population would receive (milligrams per kilograms per day).
The average person is assumed to weigh 70 kg.

5.2 RISK CAI_'ULATION

Based on the contaminant type (i.e., radionuclide, carcinogenic chemical, or
noncarcin.ogenic chemi:cai), a risk is calculated for each exposure pathway.



Th,e fo,llowin,ge_quat.io,n,de.tidy©d,from th,e BEIR V repo,rt (N,_g _),,, {mu_e_',to ,e_.t.tmete
r'adi,et:tonh,e_slt:h,r_k"

R.,_,,_.= 6,.3iE-4__ .Dc.,

w'h_ere

R._. = h,e,althr_,kfo,r _po_.ure to;rad'i.eti,o,nfrom a s',pecificr'adto,nt_c;liid,e(dimemionl,e_),
6,,3_ = l_ealt,heffect ._,k facto,r (.pet rem).,
Dc'= MEPAS_cal_c:u,tat_*a,vera,_ei.ndivld'u,all,[fetim¢dlos_(rem),

Fo,r c'.h,emical contamin,an ts with c,arcinoge.t6c p,ro,pe,rt.iie_,,the e_uati_o,n.below _su_cd to
ev_,!u,atet._e ri_k:

R= = ,Dc " Q,

.w!h,ere

R_, = he,aitlh ri_.kfor '_)_iUr_"etO _i S:,_C;i,H,C ch,etni,cal, carcir.],ogen(dim_e,,n_i,o,tale._),
Dc = MEPA_-ca,l,cutate_*_,veragedail'y'intaker'_t,,eo,faspcci,[:,'iccl__.m,icalc_arc[n,o_enand :,
expo,,surepat,hw)a'y(mg/kg/d),
Q = can,_.r pote,n,cy facm,r fo,r a speci:t_,cch,emi,cal carcin.o,g+an.[(,mg,/_k_/d)')],.

",I'h,er.eferen_'.• ,. ,'.. di_ ra ti,o fo.r noncarci,nogen.ic c:h,emi,ca.tsi_ evaluated a_:

R.,, = DeRID,

wh,ere

. = n,on,c.arcmogcnR,,_. r._.:fet'e:r_v.do_,e rati_o for expc_.ure to a spectl!.tc ch,emical: ' ' "" '
(dim,en,si,o,rtl_e_),
Dc' = MEPAS.-c;a,'_cul.ated _verage d.,,._.i._yi..ntake rate of a Sp(e_:irf,iiC ch,emi,cal n,onc tarcin:0gen
and.exposure .pathway (m.g/krg/d),
R.fD reference _c._e for _ sl:_.:t.fi,_,chem.ical nor_carcin,o,gen (mg/kg/d).

Can,ce.r potency fa,cm,t_ and _'eference d,o_ values are ctefin,ed:i.n t.h,eMEPAS cb,emit.al __,=
_'! .

dat._ b,a_e (S.tven:.gea.r_dPct.ermn 1989), Th,ese va.lueaswere o,b,tai.n,edprim.t_ril'yf.mm EPA':_
5) stem.and are utxt.ated pe..ri<.._i,cal.l'y,$e.para te va.Iu,e, are lice.ted,fo,rIn.tewated R_k lnf o_raatio,n _ ,

in.hal.a6o,n and irnge_tion. To evalua te t.h,eri.s.k,MEP A_Sua_e.ath,e app.mp,riatev alu,e b a_,edo,n -
th,e ex.IX)_uremedia..

=

..)i-,-,-.. • ,_ ,m. ,, ..... • _, _. • c, _, . ,,,,
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5.3 P__Y' HAZARD POTENTIAL _;X '__ON

_,_ MEP_ is de,s,igm_I to compare a,i_ea tiha_ have !yo,t_hcarc_inogenic and
_o,r_car'cinoge_nicch.emJ_ca_,,.a._'e,lal:i'_comp.ar_nmus,tbe m_de bct_ea canoe,ro,usand
n,o,ncan,ce,ro,u_healtheff,-_:ts,.Fo,r_?O-ye,_,_rl:ffe.Ii,me e._c,_uretora,dlonucli,de_o,rc;arci[n,oilen_c
c_hem,_ca,l_,a hcallth risk of i0"* (one cance,.r de,_ih p,L_:lic,led for every one ro,[Ilionpeople
expo_.i) o,r be,low i_ co,n_:i,di_,r,_ ar,]_ccep,t,ab,leItevelo,f r_k by EPA. R_i_:l_,high,c,rthan 10"4
(i,,,e,.,I_) are g,cncta,ll,y '_)I_,Idered unmcceptaib,le(EPA I'989).

Fo,t r#o,ncarcinogcn.icclae_m,_cal_:,the refelre,rtce dose to w'hic:hthe c_slc_uIateddo_,e
.comma,redi_thec_,tim_tcd_ce.eptable.a'ver:agedailyd_o_e'fourtl_e_'peci.Scchemic;ali,Dos,_
hrger '_!b,_n,the referer_ce tlrx_ may cause ad'verse 'health effects.. Th,erefore, q_o,tie,,nt_from
nonca,n::i,a.o.genicc_emical expo_,ure_which are g;reater t:h,anone are oo,n_,i,_e,red unacceptable,

The thr_.h,o_d o,f scc_p,t_b,l_e_:k d!iffers _,"_tw_a noncarc_:n,ogcnJc .chemical cxpos.u_re_
(thresl_o,ld=_'_)a,ndradionucl,ide,andc_a,rcinogenicc:hem_calc.xpo_._re_(comervativcth,rea:ho,td
,= 1.0"_),,_PAS mu.ltip,I'ics.r_k _.,:alue_catc,ulated/br radioac.ti've.contamin,at)ts amJ.c;helm,ical
.c:arcinoge_t_.by1,0'inanatt,e:mp,tto.comparecancerrisk._.thnottca_c,i.nogenic_efe,rem:ed_o_
rat_ov'alue_(Whelane,tai,1987').,These ._,n.ve,rtedri_kva,l'ue_.,at wellM,ualcul,ated
n,o,n,carcinogen.icrefe,re.r)c_ _tosc ra.:ti,c_,,.s,re refcrr_: .to i.n t,)h,efol,llo_:ng equ,atiom _/__,k
f_c'ton.

Foreachexp_.urepathway,a p,rel_imin,aryhazardpo,tenti_ali:ndex(PO..i_.c_lculat:e..dby
multip,lying tlhe r_,k f_c'to,rby the _ popul,_t,ion.

Pl = RF * _' ' e'xp (-Lt) ,

where

PI = pre,lim:inaryhazard pot,cnt,ial:index fbr a specific _>ntaminant and exposure p,athw:ay
(per_om),

= r_ik f_cto,r ib,r the co,ntamin,ant and exposure .patl_way(dimemi)onlic_s),
P = number of p_o,p,l,eex_)_ (per_o,r_),
L = time co.n_tant fo,r_:h,c._im¢-wcighting fu.))ctior_b,_e_do._ a hail-time of 70 y,c_).ns
(0,01/year) (yc_ar")),
_'_ tim,c between tb_ebeginning o,f the cal,culati,o,nan,d ,t:h,ebcg:inni.ngof _,hecurrent time
peri,c_ (multiples o,f 70 ye,ar_),

TI_e <PI'extu,ation in,etude:a,a time-weighting fac.to,r,[exp (,..Lt)] fo,r cx'_N,_,ure_exttending
bcyo,n,done 70,-yeartime:_:ri,odforgro,un,d,watcrand su,rra,ce watersccnari,o_,,The
atm,c_spheric_ra,n_s_mscenari,c_ o,nly 6eal with, the ,firs,t70-yc,ar period.

The tim,cfactorcat_c,tthePIvaiu,c forca,c;h7tA.yearpe.ricxltokm approximatelyhalfo,f
the PI value for t.h,cp,r_.wious70-year per:iod,,thus.,e'x:lx_.u.re_that c_:.c'urin the di_stantfutu.rc
are dial,unfed and cx,lx._u.r:e_i.mpo_ing_,n imme.,di.atchazard are giv,e,.niml:x2nano,_,

The m<xte.lcan be direc:ted to c;a.lc:ulatcthe P1 withou t appt'y,l.ngth,c time-w,ctghti:ng fa,cto,r
to l:),nxlu,c,¢ a.n.'"undi_ounted" li.H fo,r cech co.nt.aminant.,MEPAS alumappl.i,,esthe tim,c.
weighting fa¢..to,rto the MIIan, d rcpo,ns bo,t.h a d.._co.u.nt.e,.dand undi_o,untcd. MII,
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5.4HAZARD POT_ INI)EXC_I_CUIATION

Fo,r _,n cnvi:ronmental problem area o,r rcle_e unit, Pi values fo,r a contaminan_ are
cal,culated for ench c_ure pathw'a,y,for each 70:-yeartime pc,r_od,and for en,eh ,tramport
pathway m,cxlel,c,d, TI_¢sum o,ft:h,csc PI valu,_ i_ use_Jin th,e foll,_ng equati,on to determin,e
th,e ,HP1fo,r a pa ni,eular ,contaminant emitting from th,e rel,ea_ u nit:

HPI ,= 10 (l,ogloP/3.

wh,e,,re

HP/,= h._a.rd po_tcntialindex fo,r.ap,ar_i,cutar eo,nta.mi.nantfrom a particular rcLcat,e unit
(di,mc,mi,o,nl,est_),
PI ffi th,e sum o,ft:h,cpr©lJminaryh.az_rd po,tcntial ind¢'xvalu,e_f_,r ali CXl:X_.u.rcpathw'ays
rnodel,ed fourthe contaminant within th,e _l,c_e unit (pcr,_om).

Th,e HP1 s_re o,f rbe re_ea_,eunit's highest-_o,ri.ng co.r._taminantis con_sid_crexlt.h,eha_.rd
po,tential index fo,r the unit. _e P1 _a:),r_ o_fc.ta,c_hmod,el,ed contaminant may a._o be addend
togct_h,c.rwithin co,ntamin.ant type (careino,gca or n,o,n,carei:no;_en)an,d ,used in thee above
equatio,n to obtain a multiple comami.n.ant HPl fbtr th,e unit3, Environmc:ntal pro,blcm tare_
c,an th,e,.nbe ranked by chh,er of th,ese commo,n in,alex,, a,_,rding to a populatio,nowcighted
po,tcntial h,calth _,k.

5.5 HAZARD PO'_L INDEX SCORE _ALUATION

HP1 v)_lu,e_ typi,ca.l.l!yrange from -250 to 100. Th,e high,cr th,c HPl s,co.re,t.h,em,or'e ,_,eri,ou,s
th,c c_alieul,atc..dpopulati,o,n h,cal'tih r{s.k. Beta ,u_ tIPI s,corcs are directl'y related to varying
exposure e..,'),n_centratiio,ma.n,dpopul.ati,o,m, gu_d,clin,es for interpret.ing HP1 value_ arc diffi,culz
to ,est.ab,l.ish,._l_,e fb,llc)win.gexarnpl,e_ from 'tl_e MEPAS app,lJ,c.atkm gui,dancc Vo,lume 1
(Drop,_:) et al.. 1989,a)provide a concept of HPl r,_.rrercp,r.'c_,cntat.i,on:

• t.:.xpc._ureof o,n,c i.ndivi,dual at th,e rcfercnce d,_c lic'vcl (non,c.a.rcinogen) or can,cer
potca, cy fa,cto,r (c.ar¢:in,o,gc:n)willgive an HPl _'_o,reo,f0, _.i_s is equival,ent to a reference
d,c_,eratk), o,f o,n,e(non,c_arcino_gen)or an in,divi,dual t{fettm,e ri_k of 10"_ (carcinogen).

• Exposure o.f 1 m.illi_o,npeopl,e at th,c refercn,ce d,o_el,cvel _non,carcin,o_en) o,r can,ecr
l:X3,_cncyfa,cto,r(c.arcin,o.gen)will give an HPI u.:orco.f60. This i_equival,cnt to a refcrcn,ce
dic_,erati,o o,f o.n,c fo.r each o.f t,h,e 1 m{Hi,o,n [x_.opl,c(non,ca.rcin,o.gen) o,r an in,div'idual
lifetime ri_k o,f I0 '_ fo.r e_c:ho,f th,e ,_milli,o,n peopl,e (c,arcin,ogen).

• F..L_TX_ureo,f 10 mi:ll.io,npeoplic at 10 tim,es the 'rcfcren,_ 6_e I_evel(non,carcin,ogcn) o,r
10 time_ t.be can,c_erpo,ten,oy fa,ctor (carcin,ogen)will " _'g.wc an HPl _.coveof 80. 'I'hi_ _s
e,,,qta.i_Var_e_ntt.o a refcren,c.e. dose rat{_oof 10 fo,r c,a,ch of th,c 10 milli<:mpe_:_p.le ,__-

;l_ca.ta_eo.ftlrt,el_o,garitlam{_cn,at)_reo,ftt!l,ettPI, t,ta,c mu.ltip_.econtamin.antHPl wfflm.ea.rl!yapproximate th,e =
HP/of t.h,e{aigla,e_,t_),rin_g_m tamlm_,rat,, __

r-

_
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(noneaTei,nogen) or ata i_dMdual Itfeti,me _k of I0"s for e,a_h of th,e I0 million pex_pl,e
(carc'tr_ogen).

Tl_e preceding examptes iilmtrate tih,e general na.le that for each oMer of magnitttd_e
increm in population or cxtx_ure dose, the HPI increases by 10,

The DOE Environment, Safety, and Health Office of Environmental Audit (DOE 1.988).
categoria,e_ HP1 score, m fo,ll,ow_:

• S¢,orcs71 to 100

Eavimnmental problems o,f most co.n,cem because o,f th,e size of usage pop ulatiom attd
tke t.oxieityand co,n,centration of th,e contaminants.

• Storm 51 to 70
Environmentalpro,bl,erm ofscc_n,darycon,cern.These_.xJ,r_ge_a,erallyrepent large
ma.gepopulatiomwithmoderateconcentrntiomand/ortoxicityof contaminants.
However,a fewprobl,en_ini_hisgin,uprepresentsmallmagepopulatiomwh,eretoxicity
or _,t_ccntratiom are high..

• Sc,o,ms 31 to 50
Envirt>nmentalprob,_emso,fte.niary co,ttcern, 'rl_,e.seseorc_ are gen,eral}ya result of mali
us.aCCpopulatiom, low 6ot,_., o,rlow.toxicity contaminants,

• Scores Ito30

Environmental prob.|etm gen,erally rel_ching us.age t,ocati.,o._ at ._eve_wetl below th,ose
useditrregulato,iT dccisi,om.

• S¢or_. 0 o,r below
Environmental probl,ems rtot proj_ectc.dto reach usage 1,ocati,o.n_s..

Anotl_er way to exami.t_e th,e HPI is to use t.h,e in,dcx to eal,culatc t,h,e total can,cef
fataliti,cs prexli,cted to occur as a result of th,c environmental pm,btem model,e.xl.To do this.,
th,e tIPI is c_.nvcrted ha,ck to th,e PI: PI = 10n'ntt°.Th,e PI is then multiplied by 10"_to remove
tkeI0_factorusedtotmrmalizccarcir_ogeni,c riskstoreferen,ccdme ratios(socSect.5,3).
Th.i_sleave,s _be p,redi,eted number of can,c.er fatal:iti,e, (ean,eer Hk times t.h_ee_
po!p.ulat._o,n)fo,r each exposure pathway, 70-yea,r time peri,od, arid traml:m.rtpathway i.r_clutted
in th,e HP1 eal,eulatio,n. 'rh,e simplifi,edequation is:

HE = 10_nM'_w° ,

where HE ,= number o,f can,ecr t_at.aliti,es expeete,d over t.h,el:ifethn,e of th,e environmental
probl,em (pertain).

This ca_cul,ati,o.n can only be appli,ed to th,e HPI numbers for radi,o,nucli,de_ and
carc:in,ogeni,c c:h,emi,eal_., lt h,_ litt.l,emee,,amg for tm,n,earcinogenic c:h,emi,ea_ because t.h,e
refercn.ee dose ratio is n,ot a measure of ria_kbut a comparison between t.h,ed,ose received and
t.h,ea,eceptabl,e d,oae. Th,e population is eith,er getting less than, mo,re than, or th,e same dose
as tke refere.n,ce. dme,
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6. EXAMP APPHCATION OF

In this chapter, MEPAS calculatioas will be applied to the following hypothetical
environmental problem to il_astrate the methodology MEPAS uses in assigning an HP1. The
*.HP1 arid *.WAT MEPAS output tiles for thts exampl,e are presented in Appendix B and
Appendix C, respectively.

An industry ,ts releasing tr_C.s(at 0.57 C_ear), polychlorinated biphenyls (PCBs) (at
4200 g/year), and mercury (at .672 g/year)into a stream that t3ows into a fiver. Tl_ese re_eases
are expected to continue at the same rate fo.r 40 years. An intake that draws, treats, and
dtstributes fiver water for do,me,stic use is located along the river. Th,e river is also _ for
recreation: shoreline activities, swi.mminb and boating. T_e population eats fi.nfts:hfrom th,e
river, lt is ,assumed that the fiver contains app.roximate|y rbe same volume of water at each
of tl_e usage locations.

6.1 DOSE C/d.,CUI_TION

Using i_lp,utdata desefibing the release, tra.mport pathway, and environmental media,
MEPAS simulates contaminant t.ramport to th,e us.agel,ocatiom mcxteled. Th,e 70.year average
concentration in the surface water ts th,en ea_cutated fo,r c.a,c.hcontaminant at these usage

" _ocatiom. Th,e 70.year average contaminant co.t_eentratiom in water ate found _nt.l_eMEPAS
output file with a ".WAT f'denam,e, wl_ere" ts the user-defined name of th,e data set .used for
the run.. Tl_e concentrat_om are i_athe r_ext.to.l.ast column and are in units of atto (10"is)
curies per mi.Uiliteror atto grams per milliliter. These units must be converted to pi_cocuries
per liter or milligrams per liter for use i.n the fo.l_owing dose cal,culatio_. A set of
concentratior_i_sgivenforeachro,agelocation,

The concentrat!ion values in the *.WAT file do not account for decay or d,egra,dation of
contaminants which occurs in traasit from th.e source to the usage _ocation. MEPAS versi,on
2.1G in,clude_ the foil,owing eq u.ation to more accurately es timate con taminant concentratiom
at th,e usage locati,on:

Cw = Ca * exp(.Xw'tt)

wh,ere

Cw = average water con,centration of the contaminant after decay or d,egradat.ion
or i/L)

Ca = average water concentration of the contaminant obtain,ed from th,e '.WAT fil,e
(me,:Lor pC.i/L)

= _.w= environmental degradation o,r radi,o_ogi,cal decay constant fbr th,e .eont.am:inant
in surfnce water (d"I)
n = contaminant travel time from source, to us,age Location (d)

The aecaycomtant for th,e contaminant in surface, water (_.w)_ computed as:
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).w= (In2)It,,

where t = the contaminant eavironmernta:lhalf.life in surface water l_te.d in the MEPAS
chemical data b.ase in days. The contaminant travel time. is computed ,a_ t,he distance to the
first usage l,ocation divided by th,e vel,c_.ity of th,e surface water. In thi_ example, the first
usage _ocat:i,o.nis 8000. ft from the source and the velocity of the r_ver is 0.8 ft/sea _e
contaminant travel time i,s 10,000 sccor_dsor 0.1I6 days.

6.1.1 _ Water

MEPAS ,_,es the folks,ring equati,on to calculate the dose an average individual woul,d
,receive by ingesting drinking water from a co,ntaminatod sours:

pw .=uw ° Cw• D ° D8° (-Xw"rp),

where

Dw _ everage individual dose for a spe_'.ificcontaminant from ingesting drinking water
(mg/kg/dor _ttt/7'0years),
Uw = averageda[)ywaterintakerateforani:ndividual(L/d),
Cw = averagewaterconcentrationofthecontaminant(mg/LorpCi/L),
7y = waterpurificationfscto,r,fracti,o,nof contaminantremainingaftertreatment
(dimem_onl,ea,s),
Dg = inge_ticmdoteconversionfactorforthecontanlinant(kg"zorrem/pCi),
_w = environmentaldegradationorradiologicaldecaycomtantforthecontaminantin
su.ft,acewater
rp = average time of trans,itthrough the water d,_tributio,nsystem (day).

As th,e average rate of daily water intake (Uw), MEPAS us¢_ 2 L/d for drinking water plus
0.01 L/d inge.stedfrom domestic bathing. For ra.dionuclid_ such as t_TCs,the amount of water
ingested over a 70-year period (5.14E+04 liters) m_st be ua,e_. The contaminant
concentrati3n in the water at th,e intake (Cw) can be obtaine.d from the *.WAT output file
and refined as d,_:ribe_ above.

The MEPAS ch,em.i.ca.ldata base contaim th,e water treatment puri.Seationf_c.to,r(Tr) for
eac.hcontaminant,lti_t,l_eestimatedpercentageo.fth,e contaminantthatrermaimfo.II,owing
comm,on water treatment p_ing. If the water i_ not treated before drinking, ali
contaminantswillhaven purifi,cationf_c,to,ro,fon,e.

T'r),ei.nge_ti,ondo_.convers.ionfactor(Dg)fo.rch,emi,calcontaminantsis1/70kgtc)relate
dose to unit body weight of an average adu.lt, For radi,cmucli,dea, Dg is the inge,sti,o,n dose
fa,cto,rinth,e MEPAS cl')emicaldatabase,The decaycorot,antforthecontam.i,nantinsurface
water().w)i_computedassh,own alx_ve..The MEPAS defau.l_valueof0.5d fortheaverage
timeoftra._itthroughthewaterdi_tributi,onsystem(rp)willbeusedinrh.isexarmple,

Table 1 sh,ows the value, o.fvariab)es and th,e average it_divi,dua._dove from dr[nkJ.ng water

ingesti,on for each of the contaminants c_m.i,de.,redin th.i_examp:ie..
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Tsble I,,_g wst_rdoe__,0oe ,adwes
_: ii I ....... ._ _ :" :- " : .:= ='mine'--------:: _:-'--_ : _ _' tqm.msm.mDml_ .... i , ,i j iii

Contamt_ant C'w TJ' 2_ ,1.w(d"_) Dose(Dw)

Cesium.137 7,40_ pCL/L 0.9 5.0E-08rem/pCl 6.,3E-05 1.71F.,-04rem/
70 year

PCB_ 4.10E-07 mg/L 0,1 1.43E-02 kg,_ 2.47E0 3,42E..10mg/kg/d

Mercury 8,73E-08mg/L 0_5 1,43E-.02kg"_ 1,0E-08 1.25E.479mg/kg/d

6.1.2 Recreattion

Exposure.fromsurface-watercontaminantsinrecreationalareas is attributedprimarily
to rsd$onttcii_es. _e foll,owing equation combirtes calculated radionuclide exposures dur/ng
boating,s_vimming,an,d shorelineac.fivitie_.

De =7'0*(0.5*tb+ts)*Cw*Db + 70*If'Cd*W*D$,

where

De = rad,ration dose to an individual from external exposure to a specific radionuclide
(rem_0year),
tb= evera..getimespentbyatain,dividualboating(h/yea.r),
ts= averagetimespentby arnindi_dualswimming(,h/year),
Cw = average water concentration of the contaminant (pCi/L),
Db = external dose conversion factor for t,h¢ radionuclide for immersion i.n water

(rem*L,/pCi*h),
rf = average time spent by an individdal in sh,orcline activities (h/_,ear),
Cd = average sediment concentration of th,c contaminant deposited on the shoreline
fromcontaminatedwater(p,Cilm2),
W = si_o.re-wi,dth factc)r to correct for finite size of sh,oreline (dimen_si,on.l_ess), -"
Ds = c_xternal d,ose conversion factor for exposure to a contaminated plane (soil
extx)sure factor ) of t.b_era,dionucliae (re m*m2/pCi*h).

The average individual _ estimated to spend 12 h/year in each of the three activities
co.mi,aered (tb, ts, and tj'). The bo.ating exposure time Lsreduced by half (0.5 * rb), because
only partial immersi_onin water is experienced. The MEPAS chemi,cal data base contaim dose
conversion factors for immersion in water (Dh) and exposure to contaminated soil (Ds).
MEPAS uses 0..2 as the sh,ore.,width fa,c_tor(W) derived from experimental data (Dunster
.1971)."I'Veaverage contaminant concentration in sl_oreline sediments (Cd') is estimated using
the fo.l[o_.ng eq u,at.i,on (Sol,datet al. 19'74):

Cd = lO0 * t * Cw * [1-exp(=_*tw)],
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where

Cd = average sed_ent concentration of the contaminant deposited on the shoreline
from contaminated water (pCi/m_),
100 - transfer constant from water to sediment (L/mS/d),
t = physicalhalf-lifeoftheradionuclide(d),
Cw = averagewaterconcentrationofthecontaminant(pCi/L),
_'= radio.logicaldecayconstantforthecontaminantinsoil(d'l),
tw= lengthoftimetheshorelinesedimentisexposedtothecontaminatedwater.

The MEPAS chemicaldatabasecontainsthephysicalhalf-lifeoftheradionuclide(t).
The ra_ologicaldecayconstant(_) iscalculatedasdiscussedfor.thedrinkingwaterdose,
usingthevalueibr thehalf-lifeinsoilinsteadofsurfacewater.The lengthoftimethe
shorelinesedimentis_ tothecontaminatedwater(tw)isestimatedathalfthe70-year
evaluationperiodor12,780days.

Table2sho_,sthevaluesofvariablesandthecalculatedaverageindividualexposuredose
_om swimming,boating,andshorelineactivitiesinand aroundcontaminatedsurface-water
recreationalareas.

_J_ . t _.u__. J ,J±JJ,.nm ii i i . , ,_::: _: : " . :r ..... :; .... 7 :::.... ............

Contaminant Cw Db Cd Ds Dose(De)
ii _ tamm. i L ,,u,,i i __J i 11 ii ,J ll, tLi, , i,i,i i , ,i .... .

C.esium-13"/ "/.40E-.02 6.9F.:-.I04.50E+04 6.8E-12 5.15E..05
pCi/L rem*L/pCi'h pCi/m2 rem*mZ/pCi*h rem/70year

....... ,,. .i ,,,,,,,, , ,,,,i i i - .....¢_ : : i . , _ ,, . _ ,,,.,,,,_ ,,

MEPAS alsocalculatesthe dose,aniadi_dualwou_dreceivebyinadvertentlyingesting
waterwhileswimming.Unlikethepre_ouslycalculateddosesfortherecreationpathway,thh
doseiscalculatedfornonradionuclid_saswellasradionuclides.The followingequation
used:

Dr = 0.I0* Cw *ts*Dg/365,

whe__"

Dr ---averagedoseofa particularcontaminantan indi_dualreceivesbyinadvertently
ingest.ingwaterwhile_,'imming(mg/kg/dorrem/70years),
0.10= inadvertentwateringestionrateduringrecreationalswimming(L/h),
Cw = averagewaterconcentrationofthecontaminant(mg/LorpCi/L),
ts---averagetimeanindividualspendsswimming(12h/year),
Dg = ingestiondoseconversionfactorforthecontaminant(kg"_orrem/pCi),
365= daysperyear.

Table3 showsthecalculatedvaluesofvariablesanddosesapp[icabletoingestionof
contamiaatedwaterwhileswimming.
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Tabk3.,Swimmingdme calmlationvalues

C..oatammant Cw Dg Dose(Dr)

Cesium-137 7.40_ pCi/I.,5.0E.-08rem/pCi 3.12E-07rem/70year

PCBs 4.10E-07mg/L 1.43E-02kg"I 1.93E-11mg/kg/0

Mercury 8.73E-08 mg/L 1.43E-432kg"_ 4.10E-12 mg/Rg/d
__l ,l,t , i i

6.1.3 F'II_

River contaminants enter the food chain and affect the population when people eat
finch caught from the river. MEPAS u,_esthe following equation to calculate the average
individual dose from ingestion of finfish:

of = r.:.f,cw* Bf* * c.xp(-xw,

where

Df = average individual dose from ingesting finfish for a particular contaminant (mg/kg/d
or rem/70 year),
_7"= averageindividualconsumption rateof tint]sh(kg/d),
Cw = averagewaterconcentrationofthecontaminant(mg/LorpCi/L),
Bf = bioaccumulationfactorforfinchandthespecificcontaminant(I.Ag),
Dg = ingestiondosec_nversionfactorforthecontaminant(kg"torrem/pCi),
kw = environmentaldegradationorradiologicaldecayconstantforthecontaminantin
surfacewater(d'1),
tf= averagetimefordecayfromfoodharvesttoconsumption(d).

The averageindividualconsumptionrateforfinfishisesti_atedas0.0065kg/d.To
calculateradionuclideexposure,theamountoffinftshtheaverageindividualingestsovera
70-yearperiod(1.66E+02 kg)mustbeused.Foreachconstituent,theMEPAS chemicaldata
basedefinesthebioaccumuletionfactorsusedforfinftshandotherfoodsources.The MEPAS

defaultvaluesfortheaveragedecaytimefromfoodharvesttoconsumption(tj),0.5d,will
be usedinthisexample.

Table4 givesthevaluesofvariablesandtheaveragedosean individualreceivesfrom
ingestingf'mfishforeachofthecontaminantsconsideredinthisexample.

z
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Table 4. Pinfishingestiondose¢almdatio.avalues
i i i ii i IRIILI I I I I I I I I I II i i

Contaminant 04, Bf (LAg) Dose (Dr)
iiii ii i i i i ii i i i i i

Cesium-t37 7.40E-02 pOlL 2.0E+03 1.23E-03 rem/70 year

PCBs 4,10E.-07mg/L 1.8E+05 1,99E-,06mg/kg/d

Mercury 8.73E-08 mg/L 2.0E+05 1.62E-06 mp/kg/d
ii !

6.2 RISK CALCULATION

Using the doses for each potential exposure, the risk and reference dose ratio can be
calculated by the formulas discussed in Sect. 4. _use this example has only one usage
location for each exposure to drinking water, recreational activities, and fmfish and each
location considers a population of equally _ individuals, these risk and reference dose
ratio values are also reported by MEPAS as the MHs for each contaminant and ex[m6ure.
Tables 5, 6, and 7 show the risk for each contaminant and exposure in this example
calculation.

Table 5. Risk for wC_ (radioauclide) +
i I .+ . ii

Exposure Dose (rem/70 year) Risk
m_J---- ii i i ii i ,ii i i ,i

Drinking water 1.71E-.04 1.08E--07

Recreation 5.15E-05 3.24Ed)8

Swimming 3.12E-07 1.96E-10

Finfish 1.23E--03 7.74E.-07
i

Tabk 6. Risk for polyciflorinated biphenyls (dg_cal mrcim_en)
iu i ........

Cancer potency factor
Exposure Dose (mg/kg/d) [(mg/kg/d)"_1 Risk

Drinking water 3.42E-10 7.7 2.64E-09

Swimming 1.93E-11 7.7 1.48E-10

Finfish 1.99E-06 7.7 1.54E--05
2

11 111 111 ........ _ii I t , III, l III
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Table 7. Risk for memny (chemical Ro_gen)

Dose Reference dose Reference

Exposure (mg/kg/d) (mg/kg/d) dose ratio

Drinking water 1.25E-09 3.0E-04 4.18E.4)6

Swimming 4.10E-12 3.0E-04 1.37E-08

Finfish 1.62E-(,6 3.0E-04 5.41E--03

63 PRELIMINARY HAZARD POTENTIAL INDEX CALCULATION

After multiplying the risk values calculated for the radionuclide and carcinogenic
chemicals (137Csand PCBs) by 10_ (see Sect. 5.3), the risk factors can be multiplied by the
population present at each exposure and then totaled for each cor taminant to determine the
Pl. The population using water from the intake is estimated to be 2000 people. One hundred
eighty thousand people are estimated to use the recreational are_ of the river. An estimated
_0,000 kg of finfish are consumed from the river each year. The number of people affected
by this food source is computed as follo,_:

Pf = Pd/(Ir * 365),

where

Pf = population affected by the food source,
Pd = production rate of food source (kg/year or IJyear),
lr - average individual ingestion rate of foe0 source (kg/d or L/d),
365 = days per year.

MEPAS estimates that the average individual ingests 0.0065 kg/d of finfish each year. An
estimated 4215 people are calculated as being __ to contaminated finfish from the river.
Tables 8, 9, and 10 show P1 calculations for each contaminant.

Table 8. PI values for mCs

Exposure Risk factor Population P1

Drinking water 1.08E-01 2000 2.16E+02
=

Recreation 3.24E-02 180,000 5.83E+03

Swimming 1.96E-04 180,000 3.53E+01

Finfish 7.74E-01 4215 3.26E+03

Total PI 9.34E+03

L-
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Tab_ 9. P1 valu_ for po_hloriaated biphenyls
lm ,, i i

Exposure Risk factor Population P/

Dr_nlungwater 2.64E-03 2000 5.28E0

Swimming 1.48E-.04 180,000 2,66E+01

Finfish 1.54E+01 4215 6.49E+04

TotalPI 6.49E+04

Tabk 10. PI w,dm for morcuff
, ,,,, ,, , _ J, . Jmrlm,

Exposure RLskfactor Population PI
|.l lamina,=,,,,, , ii ii ,

Drinking water 4.18E-06 2000 8.36E-03

Swimming 1.37E,4)8 180,000 2.47E-03

Finfmh 5.41E-03 4215 2.28E+01

Total P1 2.28E+01 ,

6.4 HAZAKD POTENTLaLL INDEX CAI.LRR,ATION

The HP1 iscalculatedasdescribedinSect.5.4usingthetotalPI value.Table 11 shows
theHPI scoresforeachcontaminantmodcle,d inthisexample.

Table 11.//PI scores for emmple problem

Contaminant PI HP1

Cesium-137 9.34E+03 39.7

PCBs 6.49E+04 48.1

Mercury 2.28E+01 13.6

The highest HP1 score is the PCB score of 48.1, resulting primarily from ingestion of
finfish. This score is considered to be the HPI of the example environmental problem for the

surface-water transport pathway.
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7. CONCLUSION

MEPAS is a complex pollutant simulation model that re_luires experience in personal
computer operations and an extensive knowledge of the conditions surrounding the
environmental problems modeled. Although this report does not attempt to analyze the
MEPAS code in detail, the calculations and methods used to simulate contaminant transport
and evaluate contaminated sites are adequate.

Contaminant release, can be modeled to the atmosphere, surface soil, groundwater, and
surface water. MEPAS can simulate contaminant transport through multiple er vironmental
media to potential human exIxxsure locations. Dire _ ingestion of c;mtaminated soil, ingestion
of a measured contaminant concentration in food, and measured ,direct radiation can also be
simulated.

MEPAS evaluates the health risk of the average person using average inhalation and
consumption rates for a 70-year lifetime. The MII, showing individual r/.'.sk,and the HP1,
measuring population risk, are produced as indicators of potential human health risk.
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In_t a_d Out_( _ C_,t_ by MEP_

Input Fi]_ Created :byMEPAS

File name Compon,cn t File cont,cnts
*.BAT G_ncric Batch commar_dfile

*.DET Atmospberic Contaminant data fi)c usezl by the volatilizat:ioncompon,ent

*.HIN E,xIxmure Usage Iocati,on input

*.lD Generic Control file containing th,e names of ft]es to be run

*JFD Atmmph,eric Joint fre,qu,cncy distrib.ution used in worka,kcct 3.2

*.MET Atmosp_eri, c Meteorol, ogy input

*..POP Atmosp.beric Population distrrib,utionu_d in work_bect 4,3

*.SOU Atmmph,eric Source.term input

*..TOP Atmospl_e:ric Topography and suff_oe ro.ughrmss

'.WIN Waterlx_rne Source-term and, envim,nmental input

* Represents th,c user-defined name of the data set used for _h,erun..

P2



1._pm_ Ou_pm _ Createdby MEPAS

Output FLiesCreated by MEPAS
........... i -'-- ii I I . till[---- ; .... 7--i_7.7 .... ilrlltlmlmylt_tq_mll_M_lGm _ ,_ ---- 12 - _..I.L; 7 -- iil_llllllllt i ..... JI III I

File name Compo,t_ent Fi,le contents

*.AIR Atmo_ph,e:ri¢ 70-year average air co,n,centrati,on used m input to tt)e extx_ure
component

*.ALC Atmo_ph,efic Intermediate mass budget data

*.M_ Atmo6,phe.ric Intermediate meteorologicalL,em_,ion, and dispersion data

*.CNC Atmo6pheric Contaminant Hncentratiom used by the eTqx_ure component

*.HPl Ex;x_ure Final report showing computed HPl arid MI1 values

*.POL Waterborne Intermediate results of der,ailed pollutograph (Hr_centration
versus time)

*.RSK Expo6ure Intermediate HPl results used to produce the HPl summary
report (*.THP)

*.THP Exfx_ure Final summary report combining HPI_ for different rum within
the s,ame hierarchical unit

*.VOL Atmo_prheric Volatilization emi_on rates (g/s) used by tke exposure
component

*.WAT Waterborne 70-year average water co n¢.ntrati,ons used tminput to the
exp_ure Hmponent

*.WLS Waterborne Intermediate processed input and calculated data. peak
concentrations and time of arrival for e.,c_hcontaminant

_ ................ ,,, , i : :_ :::: ....

* Represents the u_:r-defined name of tim data set used for the r'un_
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EXAMPLE H_!OtTI_UT



Multimedia Environmental Pollutant Assessment System (MEPAS)

MEPAS Hazard Potential Output (VERSION 041292)
Pacific Northwest Laboratory
Richland, WA 99352

Developed for the U.S. Department of Energy

Run Date and Time: 4/14/1992 16:2t32
(This run used 630. effects per million man-rem)
Run Titlez Example Ranking Unit
Ranking Unit I : EXAMPLE

Number of Constituents is: 3

Time Discounted HPIo are computed using 70 year time periods (Time Index n 0)

Num Constituent Names ........................................... CASED .......

1 CESIUM-137+D CS137

2 Mercury, Quicksilver 7439976

3 Aroclor, PCB (General Classification), Therminal 1336363

29
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Exampk_HPl OutputF_

Summary of Data from MEPAS Constituent Database
COMBINED DATA LIBRARY FOR RAPS/MEPAS - UPDATED AUGUST 16, 1991

Thls Database Contains Entries for 397 constituents

Constituent Parameter Constituent ConstLtuent Constituent
Parameter Units I 2 3

ID / CAS #g (None) CS137 7439976 1336363
Toxicity Typeg (None) 1 5 2
Ngl. Weights g/mole 1.370E+02 2.010E+02 3.280E+02
Vapor Pressure: mm-H: 0.OOOE+O0 2,000E-03 7.700E-05
Henry"s Law Con: atm*m3/mole 0.O00E+O0 1.140E-03 2.600E-03
Water Sol: mg/L 0.OOOE+O0 3.000E-02 3.100E-02
Carbon Mat Part: ml/g O.O00E+00 0.OOOE+OO 6.100E+05
Oct Wat Parts (None) 0.OOOE+00 0.000E+O0 1.100E+06
I/2-1ife in AIR: days I.IOOE+04 6.900E+07 6.900E+07
I/2-1ife in GW: days 1.100E+04 6.900E+07 6.900E+07
i/2-11fe in SW: days I.IOOE+04 6.900E+07 2.81OE-01
I/2-11fe in SOZLs days I.IOOE.04 6.900E+07 1.250E+07
Ing Dose Fa_t: I/K: or rem/pCA 5.0OOE-08 1.430E-02 1.430E-.02
Inh Dose Facts I/K: or rem/pCi 3.20OE-08 1.430E-02 1.430E-02
Air Imm Fact: rem*m3/pCi*h 3.40OE-I0 0.OOOE+O0 O.O00E+00
Soil Exp Fact: rem*m2/pCi*h 6.800E-12 0.000E+00 0.O00E+00
Water Imm Fact: rem*L/pClth 6.900E-I0 0.O00E+00 0.000E+00
Fish Bioaccum: (None) 2.000E+03 2.000E_05 1.800E.05
Shell Bioaccum: (None) I.O00E+02 2.000E+05 6.337E+03
Veg Bioaccum: (None) 2.0OOE-03 3.800E-01 3,119E-03
Keat Trans Fact: day/K: 3,0OOE-02 I.O00E-OI 2.763E-02
Milk Trans Fact: day/L 5.0OOE-03 1.900E-02 8.738E-03
Water Put Fact: (None) 9.000E-OI 5_000E-01 1.000E-01
Dep Velocity= m/sec I.O00E-03 I.O00E-03 7.410E-04
Atmos Dis Class: (None) 1 1 6
Inh Cancer Pot: (Kg_day)/mg 0.O00E+O0 0.000E+00 7.700E+00
Ing Cancer Pot_ (Kg*day)/mg 0.O00E+O0 O.000E+00 7.70CE+00
Inh Ref Dose: mg/(Kg*day) O.O00E+OO 3,O00ED04 O.O00E+00
Ing Ref Dose: mg/(Kg*day) 0.O00E+00 3,O00E-04 0_000E+00
Xnh Tox Uncert HPI units 5 5 I0

Ing Tox Uncsrt HPl units 5 5 5
Phys Prop Uncert HPI units 3 3 8
Tran Fact Unc_rt HPl units 3 3 i0

Toxicity Type 1: Radionuclide carcinogenic inhalation and ingestion
Toxicity Type 2g Chemical carcinogenic inhalation and ingestion
Toxicity Type 3t Chemical carcinogenic inhalation, non-carcinogenic ingestion
Toxicity Type 4= Chemical non-carcinogenlc inhalation, carcinogenic ingestion
Toxicity Type 5: Chemical non-carcinogenic inhalation and ingestion

KEY for Constituent Table
Constituent I = CESZUM-137+D
Constituent 2 = MERCURY

Constituent 3 =PCBs (GENERAL)
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_,ple/-Wl OutputF'dc

USAGE LOCATION DATA FOR SURFACE WATER PATHWAY

Location Location Location Location
Parameter Unite 1 2 3

Drink Index, (None) 2 0 0
Drink Pop, People 2°0005.03 0.0005+00 0.0005+00
Roc Indext (None) 0 0 4
Rec Pop, People 0.0005+00 0.0005+00 1.8005+05
Aquatic Indoxi(None) 0 1 0
FinFinh Prod, Kg/yr 0.0005+00 1.0005+04 0.O00E+00
Shell Prod, Kg/yr 0.0005+00 0.000E+00 0.0005+00
Irr Indexl (None) 0 0 0
Leaf V_g ProdiKg/yr 0.0005+00 0.0005+00 0.O00E+00
Veg Productt Kg/yr 0.O00E+00 0.0005+00 0.0005.00
Meat Products Kg/yr 0.0005+00 0.0005.00 0.O00E+00
Milk Product, L/yr O.000E+00 0.0005+00 0.O00E+00
SW Trans Timeldays 6.940E+00 6.940E+00 6.940E+00
Irr. Ra, el L/mo 1.000E+02 1.000E+02 I.O00E+02
Harveat Time, days 6.0005+01 6.000E+OI 3.000E+01
Transit Time, days 5_000E-01 0°000E+00 0.O00E.00
Water Treatediyei/no Yes No No
H20 Ing Ra,el L/day 2.0005+00 2.000E+O0 2.000E+00
Fish Ti_i Dolayidays 1.000E+01 1.000E+01 I*O00E+01
Inr t_ delayi days 1.0005+01 Io000E+01 1°0005+01

Drinking Index .... > 0 - No Drinking or Bathing, i - Bathing Only, and
2 - Drinking and Bathing

Recreation Index --> 1 - Swimming Only, 2 - Boating Only,
3 - Shoreline Ac, lr*tie8 Only, and 4 - All of the Above

Aquatic Index ...... > 0 - No Aquatic food, I - Aquatic Food
Irrigation Index --> -1 - Animals Drinking Only, 0 u No Farm Production,

i . Crops and Anlmals [Feed and Water], and
2 = Crops and Animal8 Feed Only

mB_BBfNRISf_RISN_R_m_BaRB_SN_IWmB_a__m_RB_Sm_

KEY for Usage Lo cmtion in Table
Usage Location I - Drinking Water Intake
Usage Location 2 - Fislling Area
Usage Location 3 - Recreation Area
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Fammpk:HP1 Output, File

HPl Values by Usage Location for the SURFACE WATER Transport Pathway

Constituent

Usage Location 1 2 3

Drinking Water Intake 23.34 -20.78 7.22
Fishing Area 35.13 13.57 48.12
Recreation Area 37.71 -26.07 14.26

Total for Constituent 39.72 13.58 48.12

--- Constituent Names ---
Constituent I - CESIUM-137_D 2 - MERCURY

3 - PCBs (GENERAL)
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_mp_ n_'_OutputF'_

* Summary of Hazard Potential Index (HPl) Values For Run *

* Constituent Name HPl *

* CESIUM-137+D 39 •72 *
* MERCURY 13.58 *

* PCBB (GENERAL) 48.12 *
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emunpte Output

Maximum Indlvidlal Risk Values/RfD Ratios

[CZSIUM-13_+D ] [MZRCUR¥ ]

Time Non-Time TL_e Non-Time

Exposure Rotate Weighted Weighted Weighted Weighted
mmmmmmmmmmmmmmmmmmmmmmmmmmmm m.

Rimk Time Risk TiLue RfD Time RED Time
Value Per. Value Per. Ratio Per. Ratio Per.

INGESTION/DERMAL ........................................................
Drinking Water 1.08E-07 1 1.08E-07 1 4.18E-06 1 4.18E-06 1
Finfish 7.74E-07 1 7.74E-07 1 5.41E-03 1 5.41E-03 1
Shellfish O.00E.O0 0 0.OOE.O0 0 0.OOE+00 0 O.OOE+O0 0

Leafy Vegetables 0.OOE+00 0 0.OOE+O0 0 O.OOE+00 0 O.OOE+O0 0
Other Vegetables O.00E+00 0 0.OOE+00 0 0.00E+00 0 0,00E+O0 0
Meat O.OOE+00 0 0.OOE+O0 0 0.OOE+00 0 0.00E+O0 0
Milk 0.00E+00 0 0.00E+00 0 0.00E+00 0 0.OOE+O0 0

Swimming 2.24E-10 1 2.24E-I0 1 1.37E-08 1 1.37E-08 1
Soil Ingestion O.OOE+O0 0 0.OOE+O0 0 0.00E+00 0 0.OOE+O0 0
Special Foods 0.00E+00 , 0 0.OOE+00 0 0.OOE.00 0 0.OOE+O0 0

Risk Time Risk Time RfD TAme RfD Time
Value Per. Value Per. Ratio Per. Ratio Per.

INHALATION ......... -..............................................
Inhalation O.00E+00 0 0.OOE.00 0 O.OOE+O0 O O.OOE+O0 0

Showering 0.00E+00 0 0oOOE+O0 0 O.00E+00 0 0.OOE+O0 0

Risk Time Risk Time Risk Time Risk Time
Value Per, Value Per. Value Per. Value Per.

EXTERNAL RADIATION ...............

Boating 1.36E-11 1 1.36E-11 1 O.OOE+00 0 O.OOE+O0 0
Shoreline 3.25E-08 1 3.25E-08 1 0.00E+00 0 0.OOE+O0 0
Ground 0.OOE.00 0 0.OOE.O0 0 0.00E+00 0 0oOOE+00 0

------------------.m------.--_--_----------------._----_--m,_--_--m

For radionuclides and carcinogenic chemicals, RISK VALUES are used
For non-carclnogenlc chemicals, RfD VALUES are used [dose/RfD]
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Euunple HP/Output F'de

Maximum Indlvidial Risk Values/RfD Ratios (Cont)

[Pcss (CENER_) ]

Time Non-Time

Exposure Route Weighted .Weighted
,minami'ro. mm

Risk Time ,_,£_k Time
Value Per, Value Per.

INGESTION/DERMAL .............. "_ ..............
Drinking Water 2.64E-09 1 2.64E-09 1
Finfish 1o 54E-05 1 1.54E-05 1
Shellfish 0.00E+O0 0 0.00E+00 0

Leafy Vegetables O. 00E+O0 0 0.00E+00 0
Other Vegetables O.00E+O0 0 0.00E+00 0
Meat 0.00E+O0 0 0.00E+00 0
Milk 0.00E+O0 0 0.00E+O0 0

Swimming 1.48E-10 1 1.48E-10 1
Soil Ingestion O. OOE+O0 0 0.00E+00 0
Special Foods O. 00E+O0 0 0.00E+00 0

Risk Time Risk Time
Value Per. Value Per.

INHALATION ............................
Inhalation Oo00E+O0 0 0.00E+00 0

Showering O.00E+O0 0 0.00E+00 0

Risk Time Risk Time
Value Per. Value Per.

EXTERNAL RADIATION .............................

Boating O.0OE+O0 0 O.00E+00 0
Shoreline O.00E+00 0 0.OOE+00 0
Ground O.00E+O0 0 0.00E+00 0

mwmmmm_J_mmm_m_m_mmm_mm_mmm_mmmmlmm_m_m

For radionuclides and carcinogenic chemicals, RISK VALUES are used
For non-carclnogenlc chemicals, RfD VALUES are used [dose/_fD]
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FammpleHP1 Output ]File

File Title Summary For Run

Run Titlez Example Ranking Unit --- EXAMPLE .HIN

Run Date and Times 4/14/1992 16s 2z52

Constituent DatabasezUPDATED AUGUST 16, 1991

Water Data File_ Exampl --- EXAMPLE .WAT



Appendix C

EXAMPLE WAT OIYFPUT FILE



Example WAT Output Fde

Example Facillty Example _anking Unit
1 1 3
3
1 1 CESIUM-1 CS137 3.500E+01 7.401E+01 1.000E-18

-88
1 2 MERCURY 7439976 3.500E+01 8.725E+04 1.000E-18

-88
1 3 PCBS (GE 1336363 3.500E+01 5.453E+05 1.000E-18

-88
1 2 3
3
1 1 CESIUM-1 CS137 3.500E+01 7.401E+01 1.000E-18

-88
1 2 MERCURY 7439976 3.500E+01 8.725E+04 1.000E-18

-88

1 3 PCBS (GE 1336363 3.500E+01 5.453E+05 I_000E-18
-88

1 3 3
3
1 1 CESIUM-I CS137 3.500E+01 7.401E+01 1.000E-18

-88
1 2 MERCURY 7439976 3.500E+01 8.725E+04 1.000E-18

-88

1 3 PCBS (GE 1336363 3.500E+01 5.453E+05 1.000E-18
-88
-99

39
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