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D$1 lntroduction

The purpose of th¡s analys¡s is for the assessment of potential human exposure to waste
emissions in the atmosphere, and a comparison of that potential exposure to acceptable
regulatory levels. 20 NÍ\IAC 4.1, Subpart V, 5264.601 requires such an assessment for
disposal of hazardous waste in a miscellaneous unit.

This assessment applies only to potential airemissions from waste containers during normal
operations and the closure time period of the Waste lsolation Pilot Plan WIPP) faejlity. In
resPonse to a request f¡om the NMED, a calcr¡lation of releases during an offnormal event
is also induded. Afrer final facility dos¡¡re of the reposilory, no credible pathway will exist for
air emissions. Once sealed, the waste is confined by engineered and natural baniers, $rhictt
prevent the release of waste constituents in the atmospherc. ln this assessment, only
gaseous emissions will be considered as a source, because any particulate matter will be
conta¡ned in the wale contiainers or panel closures and no liquid waste will be accepted for
disposal. Of the gaseous constituents, the assessment is limited to volatile organic
compounds (VOC), which comprise approimatety 99 percent of the risk.

This appendix provides calculation details and summaries of risk assessments and worker
exposures for the operational phase of the WPP fecility. Ttre analyses included here are the

. risk to a hypothetical member of the public at the boundary of the site. risk to potential members of the public within the boundary of the site. assessments of worker exposure on the surface within the site. assessments of worker exposure in the underground portion of the facitity

The exhaust shaft concentration of VOCs, wh¡ch are used in the exposure and risk
assessnents induded in this appendix, are given in Sestion D92. The exposure scenarios
are described in Sedion DS3. The air dispersion modeling fastors for the assessments are
given in Section D9-,1. Section DSS details the calculations for each risk and worker
exposure assessment, and Section Dg€ summarizes the assessment results.

D92 Exhaust Shaft Concentrations of VOCs

During uaste disposal at the WIPP facility, closure systems wi¡l be used to isolate waste in
a filled paneland to eliminate ventilation through these filled panels. Simitarly, as individual
rooms within a panel are filled, ventilation baniers will be placed on the filled rooms to
prevent the flow of ventilation air through these filled rooms and to isolate the rooms.
Et'pust shafl concentrations of VOCs wil! thus vary with the number of fitled, ctosed panels,
the number of filled roofits with ventilation baniers within an open panel, and the number of
drums in an open K,om.
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DS2.1

Eftaust shafr concentrat¡ons of vocs from a s¡ngle closed panel are celculated as follorrs:

XxGRxHSx 1 mole fnclion
1x1d

r |iW x (1 r 1ú pgtg) x p,

v x o.o2g3 m31fr3 x (525,600 mintyea)
SCPE = (Ds1)
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vyñere,
SCPE =v closed penel, pdm3
A

GR = Panel

HS=
turW = VOC' PPmv

Pc=
V=

of wastes
ronmental
derived in

ure systems will be used to isolate wastes ¡n

. a¡r space above the filter will begin to buildupand approach the concentrations in the drum'rrea¿spãce. Therefo¡., iñ" maximum
in the panelatmosphere would be equivalent
For the risk assessments, it is conservatively

concentrations serve as a constant source of

of low-permeability materials that restrict the
s pressurization is assumed to be the only
d a panelwith a ventilation banier installeã
ll be caused by gas generation and volume

-The 
panelclosure systems willbe designed

for this evaluation, the leakage rate from the
med to be equivalent to the effective gas
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Appendix D11 indudes information on gas genec¡t¡on by WPP wale. Of the gas{enerat¡ng
mechan¡sms desc¡ibed in Appendix D11, microbial degradation will contribute the most tó
the generation rate during the tjrne perfods of interest. The best estimate for gas generation
from microbial degradation under humid conditions is 0.1 moles of gas per drum per year
(see Appendix D11 and D1S5). The recommendation in D1ô5 is for a rate-of i1.02
moles/kg/¡æar. This resutts in 0.2 moles/drum/year, based on 1Okg of cellulosics per drum.
Ho,vever, the memo in D11 states that mocrobial degradation onty occuns haf of the time.
This time results in a 0.1 mole/drum/year rate. For the period of time in this anaþis, there
is not expected to be enough brine flow into panels to create an inundated environment,
whiÖ rrould be necessary to produce these and higher gas genenÍ¡tion rates. This anaþis
conservativety assumes that a humid condition will exist to produce gas at a rate of 0.1
moles per drum per year.

Although Appendix D11 states that the maximum expected value for any one drum of waste
is 0.4 moþs per drum per year, the lowest expected value for any one drum is 0 moles per
drum per year. A discr¡ssion of the relationship between gas generation, brine inflow, ånd
creep dosure can be found in Secfion Fle(4). ln reality, under the conditions that will initially
exist-in a closed panel, the predominant degradation mechanisms may @nsume gas at å
rate faster than it is produced. This outcome is a function of the avaÍlability of nutrients to
sustain microbial activities. lndications of gas consumption activities are in Francis and
Gillow (1994), where they reported 2OGday experiments (see Appendix D11).

The average creep dosure rate, as discr¡ssed in Appendix 11, wilt result in a reduclion of the
panel void volume of 812 m3 per year for each panel. Converting this volumetric reduction
rate to a molar (gas) displacement rate, using the ldeal Gas Law:

GDR= 812ms x P
pnellyear RT

Since one full panel contains 81,000 drums of waste, this rate expressed on a drum basis
is:
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GDR = 812 m3 ,
pnellyeu '(J:ff), *oEl,ooocrrm)1 afii

(o.oaz.t. $n) , lzsa0\ nole. K )

GDR = 0.4 moleldrumlyear

GDR = (4.74 x 1Ú motetparcttyea) x (panett}1,Mdruml
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1 An effective gas genenation rate (gas generation rate plus gas displacement rate) can be
2 ælcl'tlated as follows:

GR = GGR + GDR (Dg3)

3 where,
4 GR = eñective gas generation rate, mole/drum{ear
5 GGR = gas generation rate due to microbialdegradation in a humid environment,
6 0.1 mole/drumfear
7 GDR = gas displacement rate due to salt creep (creep closure), 0.4
I mole/drum/year

GR = (O.1 mdeldrurnlyeaÒ + (O.4 moleldrumlyeall

GR = O.5 moleldrumlyær

9 D92.2
10 Baniers

11 Erùaust shañ concentrations of VOCs ftom an open panel without ventilation baniers on the
12 filled rooms are calc¡¡lated using the equation

SOPE =
X x ADEwc , MW x (1 x 1ú yglg) x po

(DH)

13 where,
14 SOPE = erñaul shafr concenbation of the VOC from a full open panel
15 without ventilation baniers on the filled rooms, l¡dm316 X = number of drums in a full panel, 81,000 drumlpanel
17 ADEvoc = the average drum VOC emission t?te, mole/ldrum
18 MW = molecr¡lar weight of the VOC, g/mole
19 Po = number of open panel equivalents, 1 panel
20 V = mine ventilation exhaust rate, 425,000 ff/min

21 The averaç drum emission rate br eacfr VoC is calq¡lated from the diffusion rate using the
22 following equation:

vxo.o2g3 m3!fr3'l t I
\ 60 s/min/
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ADEwc = Dvocx MFvoc x 31,536,000 slyear (Dss)

of eacfi

average drum VOC emission rate, mole/drum/year
the VOC diffusion cf¡aracteristic through a model NFT-013
carbon composite filter, mole/lmole fractiorVdrum
mole fract¡on of the VOC, mole/mole

VOC is calculated from its weighted average headspace
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where,
ADEwc
q..
MFrn

The mole fraction
concentration by

Dvo" - r,
D,h - ,,

MFrn = (HS,.J x (10-6 mote fnc'tiontppmv) (De€)

wtrere,
MFro" = mole fraction of the VOC, mole/mole
HSuoc = averz¡ge headspace concentration for VOC, ppmv.

For filter-specific diffusion characteristics, the ratio of VOGteH, diffusivities in air are
calculated as follows:

=[ff)'"[#J '"' (De-7)
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where,
qæc." = diffusivity of the VOC in air, mole/s/mole fraction/drum
fìa.n = diffusivity of hydrogen in air, mole/lmole fraction/drum
P", noc = critical pressure of the VOC, atm
Pc,¡o, = c¡itical pressure of hydrogen, 12.8 atmI.,rrc. = critical temperature of the VOC, K
I",¡, = critical temperature of hydrogen, 33.2K
MWrn = molecularweight of the VOC, g/mole
MWp = molec¡¡larweight of hydrogen, 2.016 g/mole

^/NVe 
= molecularweight of air, 28.g46 g/mole

The filter-speciñc V@ diffi.¡sion cfraraderistics from the ratio of VOGto-H, diffusivities in air
are calcr¡lated using the following equation:
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(De8)

wlìel€,
qæ = the VOC diffusion characteristic through a model NFT-013 cerbon

composite filter, mole/s/mole fractiorVdrum
DHz = the difr¡sion characleristic for hydrogen through a model NFT-OÍ 3

carbon composite fi lter, 1 . 1 7E-5 mole/lmole fractiorVdrum.

Y99tp"g-nc Propert¡es for calcr¡lating diffusion rates, the SOPE, and the SCPE are given
in Table D91.

VOCs considered in all calcr.¡lations are indicator VOCs selecled using the screening
technique in EPA (1989, p $23). Tllese indicator VOCs represent approximately 99 percent
of the risk due to air emissions. This screening methodology is described in detail in
Appendix D13.

TABLE Dg.I

PROPERTES USED IN CALCU¡-ATNG DIFFUSION RATES
AND EMISSION CONCENTRANONS
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D92.3 Public Exoosure Concentrations of VOCs

ret¡ons proceed, an increasing number of drums are emplaced ¡n
ng to the exhaust shafl concentration. ln addition, an increasing
contribute to the exhaust shafr concentration over time.

The et'ra d one open panel are conservative for anyexposure fullopen panel, maximum VOC emissioni
will depe niers oútsidà tne Rneo rooms. Two tevels of
pnnrvatisrn are possi$: (1) assuming that rooms in the full panel do not havJ ventilation
baniers installed and VOC emissions ãre from all drums (i.e., At,000) in the panel and (2)
assuming that the filled rooms within the open panel have ventilation baniers installed and
ony the drums (i.e., 1 1,5711in the tast room are freety contributing to VOC emissions. The
averìage exhaust shafl VOC concentration over the óperationat plriod of the facility will belorer than the maximum for 9 closed panels ano 1 fuil open panel.

The maximum exhaust shafr concentrations of VOCs from 9 closed panels and one openpanel without ventilation baniers outside the filled rooms is calcuhtéd as EC,* using thê
equation

EC,,-, = (P, ' SCPfl . (P, , SOPfl (Dse)

wùìere,
EC,,n = e:ôaust shafr concenhatþn of the voc frpm 9 closed panels and I fuil

open panetwithout ventilation baniers outside the filled rooms, pdm3
= number of closed panel equivalents, 9 panels
= number of open panel equivalents, 1 panel

D*2.4 Surface Worker Exposure Concentration

The maximum exposure concentration for the worker on the surface of the facility is based
on emissions fnom 9 dosed and 1 full open panelwith ventitation baniers on 6 otine seven
rooms. The surface worker exposunE concentration is calcr¡lated from the exhaust shañ
concentration multiplied by the ADF. The exhaust shafl concentration is calcr¡lated:

(AOPEâ + (Pc t Rc x.'4CRE) x lúl/l/ x I x 106 Fdg
(DS,11)

Q x 0.0283 m3ff3 x 525,600 mnlyr

Pc
Po
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exhaust shaft concentration of the voc from 9 closed panels and
1 full open panelwith ventilation baniers, pdm3
avenage open panelVOC emission rate, mole/paneUyearAOPEvoc =
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number of closed panel equivalents, 9 panels
number of closed rooms in the open panel, 7 roomVpanel
aver:¡ge dosed room VOC emission rate, mole/roomfear
molec¡¡lar weight of the VOC, g/mole
ventilation rate through the mine, 42S,OOO ff /minute

The average open panel ¡æarly emission rate (AOPE) for eactr VOC is based on the number
of full rooms, the number of drums in the open room, and the emission rates from eactr t¡pe
of room. AOPE for 1 open and 6 closed rooms is calcr,¡lated as:

RCfiA Part I P*tni Apptc¡tbn
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E)tc

R"
ACREvæ
MW
o

AOPE* = (Ro ' AORET.J * (4' ACRE**) (Der2)

wtìere,

= averz¡ge open panel VOC emission rate, mole/paneUyear
= evenage open K,om VOC emission rate, mole/roomfear
= average closed room VOC emission rate, mole/room/year
= .number of open rooms in the open panel, I room/panel
= number of closed nooms in the open panel, 6 room/panel

The open room emission rate (AORÐ is dependent on the number of drums that have been
emplaced in the room and the diffusion of VoCs across the drum vent fitters. Assuming a
continuous fresh air flow across the filters, VoCs will diffuse from the drums at a rate that
is dependent on the concentration gradient ac¡oss the filters and the diffi¡sion properties of
the VOCs, as described in Append¡x Df 2. The AORE is calcutated using thé ãquation
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AOPEwc
AORE,tac
ACREwc
R"

&

AORE* = ADEwcx D

average open room VOC emission rate, mole/roomfear
average drum VOC emission rate, mole/drum/year
number of drums in the ¡oom, drum/room.

(De,13)
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where,
AORE,,,N =ADE* =D=

The average yearly closed room emission rate (ACRÐ for eaclr VOC is calc¡¡lated as:

ACRE* = (GR) x (11,571 drumtrooml x MFvæ (DSr4)

whet€,
ACRE,rn = average emission rate, mole/room/yearGR = effective e/drumfearMFrn = VOC mo
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GR is defined as above for gas genere{¡on through dosed panels. Similar to panel closures,
ventilation baniers will be used to isolate wastes in a full room and to eliminate ventitation
through these filled rooms. As for panels (Section D92.1), gas pressurization is assumed
to be the only process that would cause VOCs to migrate beyond a closed room. The
effective gas generation rate used for calculating ACRE, then, is 0.5 moleldrurlVyear.

O+2.5 UnderoroundWorkerExposureConcentration

The ma<imum eposure concentnations of VOCs to workeæ is the h¡zardous waste worker
ufto is emplacing waste at üre beginning of the next open room, wh¡clt will place the worker
dournstream in the ventilation air of previously filled rooms with ventilation baniers, but
always upstream of the open Kþm waste. This concentration is calculated as folors:

ECU,ú =
(Rc ' ACRE*à x MW x 1d pgtg , Po

(Dslo)
Q x 0.0283 m31ft3 x 525,600 minlyear

wñere,
ECU,* exposune concentration of the VOC from 1 full open panelwith

ventilation baniers on the filled rooms, ydm3
number of dosed rooms in the open panel, 6 room/panel
averìage dosed room VOC emission rate, mole/room/year
molec¡¡larweight of the VOC, g/mole
number of open panel equivalents, 1 panel
ventilation rate through the open room, 35,000 f /m¡nute
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Dg'3 Exposure Assessment

ln orderto assess the potential public exposure to hazardous constituents in the air, first the
probable public adivities both outside and inside the WIPP site boundary during the 3$year
operationaUclosure time frame are evaluated. E¡posure scenarios for potential receptors
both outside and inside the W|PP sile boundary are then described.

D93.1 Public Activity Outside the W|PP Site Boundary

The most prevalent public aclivity currently outside the WPP site boundary is oil and gas
producüon. Severalr¡vells are located along the boundary, and drilling astivities may require
oil uorkers to be present continuously, but not for several years at a time. Oil activities could
be ongoing 24 hours-a4ay,7 days-a-week, up to six months at a time, but the same oil
workers are not likely to be present for severalyears.

Since the land immediately adjacent to the WPP site boundary is federal or state land, a
famity could not theoretically build a house or ô,velling at the boundar¡4 however, one could
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polentially ocanÐ q"t spece lgþ¡g periods of time. Cunently, there are onfy 27 residents
within a lGmile radius of ttre WPP facility, and the closest aréttlng is the MilÉ ranch house
approximately 3/4 miles south of the southwest @mer of the WÞp site boundary G¡gureo+1).

DS3.2 Public Activity lnside the Wtpp Sile Boundary

As shown in Figure D9-1, the area of land that lies within the WIPP site boundary contains
gPProx¡metely 10,240 acnes including Seclions 1Fl22 and 27-34 in Township 22 South and
Rarçe 31 Eest This area contains three other distinct boundaries that limii public aceess.
The innermost bamdary, wh¡ch contains most of the WPP facjlity structures, is sunounded
by a cñain link fence and covers approxirnately &5 acres in Sections 20 and Zi. fn¡s fenced
area is knourrl as the Property Protecäon Area. Only persons on official business are allo¡ræd
within this area. Access is controlled by a 2Shour per day security force. The ne'1 area is
surrounded bya barbed-wire fence, covers approximatefy 424 ãcres, and is posted'No
Trespassing.' This area is known as the Exclusive Use Arêa. The public may access this
area for short periods of time for
seority force. The third area cove
and is kno¡rm as the Ofi Limits Area. W'lthin th
prohibited. Otherforms of public access are al
erea covens approimately 10,240 acres and is leased for catüe grazing.

Public acoess is allorred ¡nside the WPP site boundary for various activities and for various
periods of time. Acüvities that take place inside the WPP site boundary are described in
detailin DOE (1993).

DS3.2.1 Agricrttural Uses

Allthe landwithin the WPP site boundary
for grazing, tr'h¡clì is the only significant
leaseholders as slþtyn in Figure Dg-1. Th
Kenneth Smith, lnc., of Carlsbad, New M
portion of the WPP Site. J.C. Mills of Abemathy, Texas, c¡¡nent lessee of the Antelope
Ri'dge Allotnent, has lease rights to 7,360 acres wittr¡n the sor¡them portion of the Wpp Siie.

D93.2.3 Recreational Activities

Hu¡t!!ft9, camping, horse.back ridlng, hiking, wildlife watching, and sightseeing aæ all
aciivities that may be permitted inside the WPP site boundary up to the boundarieè marked.No 

lpggassing'. Campers are required to check in with WIpp Security personnel before
establishing 9"tp. Although all of these astivities are allorred anC manãied (DOE 1993),
no member of the public is e.rpected to perform any of these astivities on Vilpi property fó;
long periods of time. Hunting du¡ations are short and are established and enforce'd Oy ttre
State of New Mexico. The other activities mentioned above are not likety to occur, beéuse
the WPP facilÍtyis in a hot, arid environment, and mucfr more scenic areás are in the viciniÇ
for these activities (e.9., Guadalupe Mountains).
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D93.2.4 Scientific Research

Some scientific research is conduced for WIPP-related activities (i.e., archaeological and
geological studies), but public research inside the WPP site boundary does noitypically
occur. lf sucfi stt¡dþs were to occur in the future, the time frame for suctr studies uói¡ru Uè
short-term (hours, days, orweeks d mol) and r¡rrculd not pose significant exposune @noems
for the public.

D+3.3 Public Exposure Outside the Wpp Site Boundary

The worstqse expost¡re just ort$de the WIPP site boundary is conservativety assumed to
occt¡r to the who could occt¡py spece on the boundary up
to 24 hot¡rs. rs (EF = 8760 hoursfear, ED = gS years, ¡i
= 613,200 is refened to in following sections as the
Boundary Publìc Receptor. The Boundary Public Receptor exposure scenario is not
considered a realistic scenario because resirJents around the facility live some distance away
from the site boundary. More realistic exposure scenarios are those relating to ranchin!
activities within the site boundary as disct¡ssed below.

D93.4 Publíc Exposure lnside the WIPP Site Boundarv

The uorst-case exposure of a member of the public to hazardous constituents released into
the air around the WIPP facility is assumed to occt¡r to the rancher wlro may be on land

for cattle grazing. The exposure is assumed to be equally likely for any point within
the area. The assumption is conservative, because the ranch hand ii typ¡caity inspecting
tgnges and watering facitities, wh¡ch takes him to isolated locations eitheion ttie pir¡ptreù
of the grazing anea or to locations wtrictr are not principle do¡rnwind tocations. OOg ¡i
re_sPonsible for inspecting the fence on the boundary of the grazing allotment adjacent to
WPP. Because no ac{ual statistics exist regarding ine amount of ime a ranclr händ may
spend at any field location on a ranch, the DOE had to make several assumptions in order
to prepare the exposure analysis. The exposune time assumptions have been made in a
mannerthat tends to overestimate exposures. Firl, il is assumed that a ranch hand spends
A Pl!_qqt day, 5 days per week (EF = 2080 hours/year) for 35 years (ED = 35 years, AT
= 613,200 ttot¡rstr¡orking üe ranch. This is conservative, beceuse-rancfràrs rotatepastures
to Protect them from overgrazing. As a result, there will be etended periods of tiire when
there will be no aclivity in the grazing arees within the WIPP site boundary. Second, it is
a¡¡u.med that a singÞ rancfi hand from each ranch works only on the portioñs of the leases
within the WIPP site boundary. This is conservative, because the iease covens a muctr
hrgeraæa than wtrat lies within the WIPP site boundary. Th¡rd, the erposure assessment
is based on the aver:¡ge ground"level, rather than inhalation level, concentrations of
hazardous constituents for eacfi area of grazing-leased land between the WPP site
boundary and the Exclusive Use Area.

For the exposure assessment, two h¡ryothetical receptors are evaluated, conesponding to
ancñens vrcrking on each of the tvro grazing allotments within the WIPP site boundary. itre
exposure scenerios are referred to in following seclions as Livingston Ridge Rancherand
Antelope Rídge Rancher.
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heticalty occurwithin the Wlpp site boundary
itional scenario is that of a worker utro urcrkå

after removing vacations and holida¡æ.
approximate! ten ærcent of lheir time offsite
exposure duration represents normal fu mover

t the facility. The exposure location
the suÍace within the site boundary
scenario is refened to in following

g{r1ust The 130 posrtions represents , so 390 waste units (Z_pad<,swB, 4-pack, or TDop) are involved. present approximateþ 10opallets of wate, whió takg 30 minr.rtes per palle r Sb hours pã-, _orn. Backfillrequires 3O minutes everytime a rovv ot'S ståcks is complete. Since there are 26 rows in thisaæa (l3o + 5), 13 hory 
for emplacing backfill is needéd. This results in a totat of 63 hours

PerPotn nl1æ spent dou,nwirÉ from full rooms. Finally, a waste workerwill be dorrrnvind
Ig.nq:¡t 6 through l; however, the amount of wastein ne Room r enry is s2 positions
(114 oî Rooms 2€) so ürat üre_total exposure time in . pan"i is 63 r 5.25 = 330 hours. Thisexposune ocq¡rs o19r th9 2.5 years required to f¡ll the panel and is shared equally by fourwaste workers resulting in an annual erposure of 330 i 2.s *4 = ù-ho-urs/y;ä.

Dfl-4 Air Dispersion Modeling

ir dispersion modeling performed inside and
in assessing the scenarios described in

modeling is described in Appendix D10.

To determine areasu/here the maximum conce
was run wih a
public exposu
around üte æi

D$14
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run. To determine the exPosune concentnations at the WIPP site boundary, the annual

¡ndary is used to determine the ADF for lhe
i

loJ the. rancher exposure assessments, the @arse grid run mentioned above was used.
This grid covers all of the leased land within ne WlÉP site boundatdaho*t in FigureD9-1. All concentrations derived in the model run we¡e then averagéOiói éach tease,

tion throughout the leased land inside the
n Ridge Allotment is 9.8 x 10ñ and the ADF

For determining the exPosure concentrations to the surface wotker, the model was run with
.1I'!! receptor grid of 10 meters around the area with the highest concentration inside the
WPP.site boundary predicted during the coaæe grid run lsee Figure DS3). This area was
near the exhaust fans. The ADF for the surface wo*er ¡i t.zg i to-r.

TABLE D9-2
AIR DISPERSION FACTORS FOR WPP SITE AFEAS

13
14
15
16

17
18

19

20

21

22

23

24

25
26
27
28
29
30
31
32

WPP Süe Boundary

Livingston RiJge Alloùnent

Antelope RiJge Al lotnent

WPP Property Proteclion A¡ea

12E41

9.8E{2

6.7842

123E+01

12E44

9.8E45

6.7E{t5

123E42

D95 Receptor Concentrations and Risk Calculations

Risks and ha-ards forthe public exposure scenarios described in Section D$3 are described
in this section. Also presented are evaluations of VOC concentration levels to vrrcrker

Rancher, Antelope Ridge Rancfrer, and Surfiacr
the recepton¡ are subjected to concentrations based on maximum exhaust shaft VOC
concentrations, wttictt aæ tlpse concentrations that result hom emissions from 9 closed and

o*r7
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conservat¡vely assumed to contain no room
at the surface, that is, the Boundary pubtic,
cher, and Surface Worker scenarios. These

iof concentrations from air dispersion. For assess¡ng
impaci to an underground rrorker, only one full open penel is used and is assumed to contain
room closures. Since this uorker is expoied io undeçround concentrations, no air
dispersion takes place before exposure.

D95.1

The Boundary Public exposure scenario is evaluated in this section. An ADF ol 1.2x iora
is used.in.assessing risk from emissions ftom g closed and 1 open panet eluivatents, with
no credit taken for room closures within the open panel.

D+5.1.1 Carcinogens

For carcinogens, risk is calcr¡lated as follows:

Risk =
ECxADFxURFxEFxED

AT (Ds1s)

14
15
16
17
18
19
20
21

where,
Rbk = a unitless probability (e.g., 2 r 1O1 of an individual developing cancerEc = mãximum exhaust shafi concentnatlton for the voc, y/m3, Eè,*
ADF = air dispersion factor, unifless, ,1.2 x 1O-1

'n.)-,ourlyear (24 hours/day : 365 da¡ærlear)

æ (24 hours/day x 365 days/year x 70 years)

Equation D$15 was derived from equations in EPA (1989); the derivation is shorrrn belorr.

EPÁ (1989), page 6-44, provides the calcr.¡tation of residential exposure from inhalatíon of
airbome (vapor phase) chemicals as:

22

23
24

lntake =U x/Rx EFxED
BWxAT (Er$,16)

25
26
27
28

where,
lntake
CA
IR

receptor intake, mg/kgday
contaminant concentrat¡on in air, ¡lg/m3
inhalation rate, 20 m3/day

D+18



\

ALL VALUES X 1O.3

\

\
É'q

l
l

I
i
l
I

I

\

_.-/''"--a

50' 0 50' loo'æ

E]

tgure D9-3
Air Dispersion Factors lnside the property protection Area

og19



RCR^ P¡rt I Prrtit App¡c.tioî
DO€/Yì/IPPgf$
Rcvä¡ 6

THIS PAGE INTENTIONALLY LEFT BT.ANK

D920



RCRA p.rt I F.íîi Apgtcdbn
Do€rrflPP9l4t

R¡tbbn€

1 EF = exposure frequenry, hourVyear
2 ED = exposure duration, yeans
3 BW = body weight, 70 kg
4 AT = averìaging time, da¡æ

5 EPA (1989), page 8€, also describes chronic intake as:

(os1Ð

6 where,
7 lntake = receptor intake, mg/kg-day
I Rrsk = a unitless probability (e.g., 2 x 101 of an individual developing cancer9 SF = cancer slope factor, (mg/kg-day)-r

10 To express the carcinogenic effect in terms of unit risk factor, as provided in EpA (19gg),11 page 7-13, the following equation is used:

URF=SFx/R,l ttB ìBW [.r*rd¡rs/

12 wlìerr,
13 URF = unit risk factor, uniüess
14 lR = inhalation rate, 20 m3tday
15 BW = body weight, 70 kg
16 SF = cencer slope factor, (mg/kg-day)-r

17 Solving for slope factor in equation Dglg:

(D+,18)

tntake = Rlitk
SF

gp=|JRF'BW,fr'rær¡n1
lR\np)

18 where,
19 SF = cencer slope factor, (mg/kg-day)-1
20 URF = unit risk factor, uniiless
21 BW = body weight, 70 kg
22 lR = inhalation rate, 20 m3tday

23 Combining equation DglZ and Dg19:

(DS1s)

ù*21
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where,
lntake = receptor intake, mg/kg-day
Rsk = a unitless probability (e.g., 2 x 10é) of an individual developing cancerlR = inhalation rate, 20 m3/dayURF = unit risk facior, uniiless
BW = body weight, 70 kg

Setting equations Dg.16 and Dg20 equalto eacfr other:

Rskx/R,( ,rB )_CA'lR'EFxED=( mg \
IJRF x s11y ( 1, 10. r,, ) 

- W ^ [ì;il¡,e7
and solving for risk lelds equation AS21:

(Ds-20)

Risk =
CAxURFxEFxED

AT (Ds2r)

= a unitless probability (e.9., 2 x 10j of an individual developing cancer
= contaminant concentration in air, Hdm3
= unit risk factor, unifless
= exposure frequency, hoursþar
= exposure duration, years
= averaging time, days

Forthis assessment, the contaminant concentration in air is the exhaust shafr concentration
in air (EC) muttiptied by the ADF as fo[ors:

o4 = ECx ADF (D922)

where,

rcRA P¡rt B Pcrrrt't Agglic¡tixt
OO€iU,PP91æs
R.vi..m 0

tntake_ Rriskx/R,l rg )
URFxBW \l,ldr¡g/

wfìere,
Rsk
CA
URF
EF
ED
AT

CA = contaminant concentration in air, yg/m3
EC = e¡draust shafr concentration for the-VOC, pdm3
ADF = air dispersion factor, uniiless

combining equations Ds21 and D*22yields equation D$15:

9

10
11

12
13
14
15
1ô

17
1E

19
20
21
22

23

ù922
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Rísk =
ECxADFxURFxEFxED

AT

Excess cancer risks to the Boundary Public Receptor are calculated using Equation DS15
with an ADF of '1.2 r 1Ú and are pres€nted in Table D$3. For this assêssment, excess
cencer risk to the public ranges from one and one-half to three and one-half orders.of-
rnagnitude belor accep,table risk þvels. Allrisks given in Teble D93 are for a receptor being
sultjeded to concentrations based on maximum exhaust shafr VOC concentrations, that is,
those resttling firom emissions frorn 9 dosed and 1 full open partels, over the entire e)çosure
period. Room closures within the open panel are not considered.

D95. 1.2 Noncarcinooens

For noncarcinogens, excess healür effects are quantified in terms of a hazard quotient. The
hazard quotient is computed as:

Haæd Quotient =
ECxADFxEFxED

AT x RÍC
(Ds23)

wlìere,
lhzad Quotient = receptor hazard quotient, unitless
EC = exhaust shafr concentration for the VOC, Fdm3
ADF = air dispersion fac{or, unitless
ED = exposu¡e duration, yean¡
Rrc = reference concentration, mg/m3
AT = averaging time, 306,600 hours (24 hours/day x 365 daysrlear x 35 years)

Note that the averaging time for noncarcinogens is one-half that for carcinogens. lf the
hazerd quotient is below 1.0, no excess health effects to the receptor is expecteã. Equation
DS23 was derived from equations in EPA (1989); the derivation is shown belorr.

EPA (1989), page &11 provides the calcr¡lation for intake as:

lntake = Haætd Quotient x RfD (Ds24)

11

12
13
14
15
16
17

1E
19
20

21

22
23
24
25

wlìere,
lntake =
Hazañ Quotient =RrD =

receptor intake, mg/kg-day
receptor hazard quotient, unitless
reference dose, mg/kg-day
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TABLE D$3
EXCESS CANCER RISKS OUTSIDE THE WPP SITE BOUNDARY

3

4

5

o

7

E

9

10

14
15
16
17
16

19

11

12

13

a. Data from EPA (1994a)
b. Data from Superfund Technical Support Center

EPA (1989), page &5 provides the calc¡¡lation for the reference dose as:

RÍD=RÍCxlR
BW

where,
= reference dose, mg/kg-day
= reference concentration, mg/m3
= inhalation rate, 20 m3/day
= body weight, 70 kg

Combining equations D9-24 and DtÞ2S:

- Hanrd Quotient x RrC x /R
BW

RÐ
Rrc
IR
BW

(D+2s)

lntake

D*24

(Ds,26)
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1 where,
2 lntake = receptor intake, mg/kgday
3 Hazañ Quotient = receptor hazard quotient, unitless
4 Rrc = reference concentration, mg/m3
5 lR = inhalation rate, 20 m3/day
6 BW = body weight, 70 kg

7 Setting equations D9.1S.and D9'26 equalto eaeå other:

Haærd Quotient r RfC x lR _ CAt x tR r EF x ED, / t rg I
BW eWrAT ^[1r1g3trr/

I and solving for Hazard Quotient:

Hazardeuotient=ffi.(ffi) ,ùnl2n

9 where,
10 Hazañ Quotient = receptor hazard quotient, unitless
1'l Oq = contaminant concentration in air, yg/m3
12 EF = e)çosure frequency, hours/year
13 ED = exposure duration, years
14 AT = averaging time, 306,600 hours (24 hourlday x 365
15 days/year x 35 years)
16 Rrc = reference concentration, mg/m3

17 Combining equations D}22 and D$27 yields equation D923:

Hao,ñeuotient=W,(ffi)

18 Excess non-cencer health effects to a Boundary Public Receptor are calcr¡lated using
19 Equation D923 with an ADF of 1.2 x 1Oa and are presented in Table D94. Norcancer
20 health effects nange from five and one-half to six and on+half orders-of-magnitude below
21 acceptable levels for a h¡pothetical Boundary Public Receptor. All hazard quotients given
22 in Table D!I.¿l are a receptor being subjected to concentrations based on ma¡<imum exhaust
23 shafr VOC concentrations, that is, those resulting from emissions from 9 closed and 1 full
24 open panels, over the entire exposure period.

D925
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ExcEss NoNcANcER HEALTH 
=Jâ=""TtätstDE rHE wpp strE BouNDARy

a. Data from EPA (1994b)
b. Data from EPA (1994a)

D+5.2 Receptor Concentrations and Risk lnside the WPP Site Boundary

The Livingston Ridge Randter, Antelope Ridge Rancf¡er, Surface Worker, and Underground
Worker exposure scenarios are evaluated in this sedion. ADFs of 9.9 x 1O's, 6.7 x 10É, and
1.23 x 1Ú are used forttre Winglon Ridge Rancfrer, Antelope Ridge Rancher, and Surface
Worker exposure scenarios, respectively. For all public exposure scenarios, the maximum
erñaust concentration from emissions from 9 closed and I open panel equivalents is used
in assessing risk, with no credit taken for room closures within the open panel. Room
closures are used in evaluating the undeçround worker exposure scenario.

D95.2.1 Carcinooens

The excess cancer risks calculated for eactr VOC inside the WPP site boundary for the
Livingston Ridge Rancher and the Antelope Ridge Rancher ane pnesented in Table O*5.
The excess cancer risks to the Uvingston Ridge Rancher and the Antelope Ridge Rancfier
range from two and onehatf to four and onehalf orders of magnitude below acceptable
levels. Acceptable levels for these receptors are I x 10€ for Class B carcinogens and I x
10é for Class C carcinogens.

Risks given in Table D95 are for receptors being subjected to concentrations based on
maximum exhaust shafr VOC concentrations, that is, those resulting from emissions from
9 closed and 1 full open panels, over the entire period of exposure.

I
9

10
11

12
13
14
15

16

17
18
19
20
21
22

23
24
25

Chlorobenzene

Toluene

8.88E-05

1.15E-04

2.OOE-02"

4.00E-01b

4E-06

3E-07

1E+00

1E+00
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TABLE DO-5
EXCESS CANCER RISKS INSIDE THE WPP SITE BOUNDARY FOR LIVINGSTON RIDGE RANCHER

AND ANTELOPE RIDGE RANCHER SCENARIOS

7

I
9

10

11

12

13

14
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TABLE D96
EXCESS NON€ANCER HEALTH EFFECTS INSIDE THE V\IIPP SITE BOUNDARY FOR

LIVINGSTON RIDGE RANCHER AND ANTELOPE RIDGE RANCHER SCENARIOS

ù*5.2.2 Noncarcinooens

The excess non-cancer health effest calcr¡lation results for each VOC inside the WIPP site
boundary are presented in Table Dg€. The ADFs used are the same as those described in
Sedion E1S5.2.1. Excess non-cencer health effects range from six to seven and onehalf
orders-of-magnitude below a hazard quotient of one; this implies that there will be no
adverse health effects from noncarcinogens to any of the evaluated receptors inside the
WIPP site boundary. All hazard quotients given in Table D9,6 are for receptors being
subjected to concentrations based on exhaust shañ VOC concentrations for emissions from
9 dosed panels and 1 full open panel over the entire period of exposure.

095.3 worker concentrations and Risk on the surface and underground

Worker Concentrations ane calculated using the maximum allorrmble average VOC
headspace cor¡cenHion as elablished in Table G5 of Ctrapter C. The Table G5 timils are
the highest average concentrations that can exist in any waste K,om. This assumption is
very conservative, since the avert¡ge headspace concentration clearly shows that
concentrations are muctr lower on average. The Table G5 limits are listed in Table D9.7.

As described in Seclion D9b(4)(a) of Chapter D, occupational and public risk measures arc
different. For example, occupational exposure is calculated by assessing the effects on
heatthy aduÍa of uorking age and pubtic risk includes effects on children, adults, the elderly
and the infirm. See D9b(4)(a) for more information.

I

5

b

7

I
I

10
11

12
13
14
15

16
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1E
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20
21
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24
25
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ÎABLE D9.7
HAXIMUM A\ÆRAGE HEADSPACE CONCENTRANON UMITS

3

4

5

6

7

8

9

10

11

12

13

11
15
16
'|.7

1E
19
20

21
22
23
24
25
n
27
28
29
30
31

Carbon Tetractrloride

Cåloroberuene

Cfrloroform

l, 1, - t¡r-cfi I oroethy,len e

1,2-Dictrloroethane

Methylene Orloride

1, 1,2,2-T etacñ lo roetha n e

Toluene

l, 1, 1 -Trichloroethane

7,510

17,660

6,325

2E,7æ

9,100

100,000

7,924

41,135

100,000
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D9-5.3.2 Non-Carcinoqens

As for carcinogens, noncarcinogen VOC contaminant concentrations in airforthe Surface
Worker and the Underground Worker and OSHA I hour TWAs are presented (Table D9-
9). This information provides a mechanism for evaluating occupational exposures in

addition to the risk assessment approach. The receptor concentrations for the Surface
Worker are seven orders of magnitude below the TWAs and those for the Underground
Worker are more than six orders of magnitude below the TWAs.

Human health risk from non-carcinogens can be calculated using equation D9-23 with EF

= 1920 hours/year for the surface worker and 33 hours per year for the underground
worker, ED = 10 years, and EC = ECS in Table 9-9. The calculated hazard quotientfrom
Chlorobenzene is 4E-01for the surface worker and 3E-02 for the underground worker.
The risk from Toluene is the hazard quotient 3E-02 for the surface worker and 3E-03 for
the underground worker.

TABLE D9.8
VOC CONTAMINANT GONCENTRATIONS IN AIR FOR THE SURFACE WORKER

AND THE UNDERGROUND WORKER

a. I hour TWAs except chloroform TWA for up to a 10 hour day in a 40 hour work week.

b. TWA from ACGIH

Revision 6.3
July 18, 1997

Supersedes all prlor versisns.
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TABLE D9-9
VOC CONTAIIIT.¡ANT CONCENTRAT¡ONS IN AIR FOR THE SURFACE WORKER

AND THE UNDERGROUND WORKER

Chlorobenzene

Toluene

2.58E+02

4.99E+02

1.328+02

2.538+02

6.91E{4 2.88E{2

1.63E{3 6.70E42

75

200

7

I
9

10
11
12

13
14

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

D9€ Summary

Based on estimated maximum VOC emissions fnom emplaced waste, there are no
significant exPosures expected to occr¡r to the publ¡c or workens. Risks and hârards to
members of the public riange from one and one-half to seven and one-half orders-of-
magnitude belorr acceptable levels. Worker exposu¡e VOC concentrations are
approximatety trrc to over five orders-of-magnitude below g hour osl{A TWAs.

The worker exPosure and public risk assessment used the following conservative
assumptions:

' Table C'5 limils for headspace concentrations of VOCs represent the
averi¡ge container concentration

' All drums are fitted with the model NFT-013 carbon composite filtero The effective gas generetion rate is constant in dosed panels
' The actual sounce of VOCs wilt exist throughout the operationaUdosure

phase and will maintain the average concentrations in drum and panel
headspaces (i.e., no depletion of the source over time)

' VOC concentrations in the closed panel atmosphere are instantaneously
equivalent to the drum average headspace @noentrations¡ There is no decrease in closure system permeability due to creep closure
over timer Jþe h¡pothetical Boundary Public receptor is exposed every hour of every
day during the span of facility operations

' Public risk to developing excess cencer does not include the probability that
the receptor is one of the 27 residents within 10 miles (16 kilometers¡ ót
WIPP

D$31
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WPP. Enough moisture will exjst to crìeate humid environmental conditions for gas
generat¡on

r ,{ full repository of waste ex¡sts for the duration of the operet¡oneuclosure. There will be 81,000 drums disposed of in eactr panel. The actual
configuration may indude 60% Standard Waste Boxes (2 vents, 7-drum
equivalent) and 40o/o drums (1 vent), meaning less than E1,OOO fitter vents
will be venting in a panel (approÍmately 5E,000).o The assessments for the public and surface worker assume that no room
ventilation baniers are installed, and emissions from 9 closed and I open
panel full of waste exists for 35 yeans

Other assumptions that may contribute to the overall uncertainty of the receptor
concentration and risk estimates are as follows:

r Jþe mine ventilation flow rate will remain constant throughout the
operationaUclosure phase. Weighted average drum headspace concentrations of VOCs are
representative of all waste to be disposed of at the Wlpp

Although the uncertainties in the receptor concentration and risk estimates that result
frcm these assumptions are not quantifiable, it is believed that they are far outweighed by
the conservative assumptions used in the estimates.

14
15
16
17

18
19
20
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ATTACHMENT 1

EXAMINATION OF ROOF COLLAPSE SCENARIO

D9-ATT 1-1.0 Background lnformation from WIPP SAR

An unexpected roof collapse in panels two through eight is considered to be an incredible (< 10")
accident because the panels will be mined, filled with waste, and closed before a roof fall in these panels
becomes a concern (WIPP 1995). However, Panel 1, having a longer life span, has been addressed for
this scenario as a special case. The WIPP safety analysis report (SAR) (WIPP 1995) determined that the
unexpected roof collapse event in Panel I during emplacement operations in the underground bounds all
other roof collapses due to the total number of waste containers in the area during these operations. Even
in Panel 1, such a roof fall would require the failure of preventive and mitigative systems and controls
identified in the SAR for this scenario, and is considered unlikely (frequency of occurrence of 10'2 to 104).

The number of drums that can be placed under this hypothetical room collapse, stacked 3 layers high in
seven pack configurations, is 3,843 (WIPP). The maximum drum weight allowed by the WIPP WAC is
1,000 pounds. Assuming the top two layers of drums in the waste stack are loaded to the maximum
weight of 1,000 lb (454 kg), a loading of 2,000 pounds (907 kg)would be applied to a drum in the bottom
layer. Based on the roof collapse in room 1 in the Site Preliminary Design Validation (SPDV), the section
that collapsed was irregularly shaped and approximately 33 ft (10 m) wide by 7 ft (2.1 m) thick by 180 ft
(54.9 m) long and weighed 700 tons (636 metric tons). With the added weight of the 7 ft (2.1 m) high
collapsed roof material, the load on a drum on the bottom layer is 3,100 lb (1a07 kg) (WIPP 1995).
Backfill added to the top of the drum stack contributes 4200 lb (1907 kg) to each seven pack or 600 lb
(272 kg) to each drum. Thus, the total load on a drum on the bottom layer is 3,700 lb (1680 kg).
Conservatively assuming this entire mass as dynamic loading, the maximum load on a drum from 3,700
lb (1680 kg) of material falling a distance 1.5 ft (0.4572 m) approximately 5,550 ft-lb (7,540 N-m).

Sandia National Laboratories, in reportSANDS0-2157, Analysis, Sca/e Modeling, and Full-Sca/e lesfsof
Low-Level Nuclear Waste Drum Response fo Accident Environmenfs (Sandia 1980), concluded that the
energy required to crush an empty drum 10 inches in the axial direction requires a dynamic load of greater
than 16,947 N-m. The lid did not separate from the drum and the drum did not breach during the dynamic
tests. Therefore, the roof fall scenario, when conservatively considering the dynamic effects of falling roof
material on drums, is not expected to result in any breached drums.

Even if some of the drums are breached, the material falling is expected to encapsulate the waste and the
material available to be released will be minimal. Therefore, no release of radioactive or nonradioactive
hazardous materials is expected from the loading of drums due to the added weight of the collapsed roof
material. However, for conservatism the SAR assumed that an underground roof collapse causes 21
drums to fall from the top of the stack resulting in a breach of those drums.
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D9-ATT l-2.0 Methodology

Two scenarios were evaluated: (1)a roof collapse in an open room that is being filled with drums, and (2)
a roof collapse in a closed room with ventilation barriers in place. ln addition two cases are evaluated for
each scenario based on the concentrations of VOCs in the headspace of the drums. These cases are:
(1) drum headspace VOC concentrations corresponding to the values given in Table C-5, representing the
maximum average headspace concentrations for a container of waste, and; (2) concentrations of VOCs
in the drum headspace corresponding to the weighted average concentrations as calculated in Appendix
C2. Assumptions used to quantify exposure levels associated with the scenarios and cases examined are
presented in the following sections.

D9-ATT 1-2.1 Open Room Scenario

D9-ATT 1-2.1.1 Assumptions

1) The underground roof (back) collapse may occurduring waste emplacement causing 21 drums
to fall from the top of the stack resulting in a breach of the drums, although the roof life has been
extended by a supplementary roof support system (WIPP 1995). Two cases are examined one
based on the Table C-5 limits of VOCs in the containers and the second based on the Appendix
C2 headspace concentrations.

2) The room is backfilled to 1.5 ft from the ceiling (i.e., no credit is taken for the air between the
drums).

3) Room dimensions are 300 ft x 33 ft x 13 ft.

4) The void space in each drum is 5.2 ft3 (WIPP 1995).

5) The room headspace air volume and the void space gas volume in the breached containers, mix
completely and instantaneously.

6) Dilution of the contaminated air from the collapsed room with the air flowing by the workers is
negligible because

a) the rate of displacement of the contaminated air is much greater than the rate of
fresh air flow by the workers.

b) the collapse of the room will preclude fresh air ventilation.

7) The contaminated air is cleared from the vicinity of the workers based on the rate of the fresh air
flowing by them (i.e., 35,000 ft3/min¡ (WlD 1996).

8) Duration of exposure is dependent on the rate at which the contaminated air is cleared from the
vicinity of the worker. Averaging time for calculation of risk and hazard quotient is 70 yrs and
0.014 hrs, respectively.

9) A worker is assumed to be downstream of this event. ln reality, for as low as reasonable
achievable (ALARA) reasons, few workers spend time downstream of the emplaced radioactive
waste.

D9-ATT 1 -2.1.2 Calculations

1) Volume of clean air in the room headspace (RHV)
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300 ft (length) x 33 ft (width) x 1.5 ft (headspace) = 14,BSO ft3

2) Volume of contaminated air released from the containers (CAC)

(number of drums) x 5.2 ft3/drum = 109.2 ft3 lfor 21 drums)

3) Concentration of the contaminant in the room air (CCR) (NOTE - the room air is hereafter referred
to as the cloud)

(VOC concentration)x(CAC/(RHV+CAC)) = ppmv

4) Duration of worker exposure (DWE)

(RHV + C4Cy35,000 ft3/min = (14,850 ft3 + 109.2 ft3)/35,OOO ft3 = 0.43 min

5) 8-hour time weighted average

(CCR x DWE x hr/60 min)/8 hrs

D9-ATT 1-2.2 Glosed Room Scenario

The time dependent VOC concentration expressed as mole fraction VOC in a closed room may be
evaluated by solving the following ditferential equation describing the accumulation of VOC in the sealed
room due to the diffusion of VOC through the drum filter from the drum headspace into the room.

d^

å=N&(xH-xà

subject to the initial condition that no VOC is present in the closed room initially, i.e.

X"(t=0) -0

where,

Rr=
DvacXRxT

Vrrx P

Rr VOC filter release coefficient ('llday mol fraction)
Duoc VOC ditfusivity through filter on drum, mol s-1 mol fraction'1
R Gas law constant, 8.2057 x 10s atm m3 mol-, Ki
T Absolute temperature, 298 K
VR Room headspace volume, 14,850 ft3
P Absolute pressure, 1 atm
XR Mole fraction VOC in the closed room, dimensionless
N Number of drums in closed room, 11,571 drums
XH Mole fraction VOC in drum headspace, dimensionless
t Time, yr.
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The solution to the differential equation yields the time dependent VOC concentration in a closed room

AS:

Xrl1 = XJI -e-NR/¡

The time dependent concentrations of VOCs in the closed room are presented in Figure D9-ATT 1-1,

After 0.1 years, the concentrations in all regions of the room have equilibrated and the concentrations

are equal to the concentrations inside the drum headspace.

D9-ATT1 -2.2.1 AssumPtions

1) The underground roof collapse occurs in a closed room (i.e. a room with a ventilation barrier)

Six rooms are closed and each room contains 11, 751 drums. The last room is open and is
about to be closed with 11,751 drums inside.

The room is backfilled to 1.5 ft from the ceiling.

Room dimensions are 300 ft x 33 ft x 13 ft.

Based on the previous analyses to predict VOC concentrations in a closed room as a function

of time, the concentrations of the VOCs in the air gap have equilibrated with the VOC
concentrations in the headspace of the containers (i.e, the VOC concentration in the room is
equal to the VOC concentration in the drum headspace).

Based on the Sandia experiments, the collapse of the roof material onto the drum stacks does

not provide sutficient energy to breach the drums. Thus, only the contaminated air gap is

available for release. Based on examination of the material that collapsed in room '1 in the

SPDV, the collapse of the roof material can not be simply described as a piston system that
expels the contaminated air gap into the panel access drifts. The majori$ (90%) of the
contaminated air will escape into the overlying void space created by the collapsed section and

will not be available for release into the fresh air flowing through the panel. Ten percent of the
room air is released with 5% escaping through each side of the room. Thus a worker is

exposed to 5% of the room air.

ln calculating the I hr TWA, the contaminated air is cleared from the vicinity of the worker
based on the rate of the fresh air flowing by them (i.e., 35,000 ft3/min¡ (WlD 1996).

ln calculatng the 8 hr TWA, the duration of exposure is dependent on the rate at which the

contaminated air is cleared from the vicinity of the worker and is calculated based on 5% of the
contaminated air being released into the fresh air flowing through the access drift in the panel.

A worker is assumed to be downstream of this event. ln reality, for as low as reasonable

achievable (AI-ARA) reasons, few workers spend time downstream of the emplaced radioactive

waste.

D9-ATT 1-2.2.2 Calculations

1) Duration of worker exposure (DWE) is calculated as

(f x RHV)/(35,000 ft3/min)

5)

6)

7)

8)
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where,

f Fraction of room headspace volume that is released to an access drift and available for
worker exposure, 0.0S dimensionless

RHV Room headspace volume, 14,850 fr3

2) The 8-hour time weighted average (TWA) assuming one closed room with a roof collapse is
calculated as:

(CCR x DWE xhr/60 min)/8 hr

where,

CCR Concentration of the contaminant in the room air, ppmv

3) The maximum 1-minute concentration that the worker is exposed to is calculated as:

MAXC = CCR x f x RHV/(3S,000 ft3 + f x RHV)

D9-ATT 1-3.0 Discussion

The VOC concentrations to which the workers would be exposed in the scenarios examined were
compared to various exposure limits, including threshold limit values (TLVs), permissible exposure
limits (PELs), and recommended exposure limits (RELs). These exposure limits were compiled from
various sources and are presented in Table Dg-Att 1-'1.

D9-ATT l-3.1 Open Room Scenario

The calculated worker exposures, given as the contaminant concentration in the cloud (CCR), were
then compared to the most restrictive exposure limits; this comparison is presented in Table D-ATT 1-2
and Table Dg-Att 1-3 foreach of the two examined. Based on the analyses, the immediate VOC
concentrations in air (i.e., in the CCRs) are below the respective IDLH exposure limits for both of the
scenarios. The 8-Hr TWA concentrations are below the respective TWA exposure limits for both of the
scenanos.

D9-ATT 1-3.2 Closed Room Scenario

The calculated worker exposures, in terms of 8 hr TWA concentrations were then compared to the
most restrictive exposure limits. This comparison is presented in Table D9-ATT 1*4 and Table D9-ATT
1-5 for each of the two cases examined. Based on the Table C-5 limits for VOCs in the drum
headspace, the I minute maximum VOC concentrations are below the IDLH limits for all VOCs. Using
the Table C-5 VOC concentrations in the drum headspace, the 8 Hr TWA are below the I Hr TWA
limits. Based on the Appendix C2 concentrations for VOCs in the drum headspace, the 1 minute
maximum concentrations are well below the IDLH values in all cases and the calculated worker
exposure I hr TWA concentrations are well below the 8 hr TWA limits.

D9-Attachment 1 - 5



WPP RCRA Pari B Permit Applicat¡on

DOE/W|PP 91-005
Revisron 6

REFERENCES

29 CFR 1910.1000. "Occupational Safety and Health Standards Subpart Z - Toxic and
Hazardous Substances." Code of Federal Regulations, Washington, D.C., Office of
the Federal Register National Archives and Records Administration.

ACGIH. 1995. 1995 - 1996 Threshold Limit Values for Chemical Suôstances, Physical
Consfanfs, and Biological Exposure lndices, American Conference of Governmental
lndustrial Hygienists (ACGIH), Cincinnati, Ohio.

NIOSH. 1994. Pocket Guide to Chemical Hazards, U.S. Department of Health and Human
Services, Public Health Service, Centers for Disease Control and Prevention, National
lnstitute for Occupational Safety and Health (NIOSH), Washington, D.C., U.S.
Govemment Printing Office, Superintendent of Documents.

Sandia. 1980. SAND80-2157, Analysrs, Sca/e Modeling, and Full-Scale lests of Low-Level
Nuclear Waste Drum Response to Accident Environmenfs, Albuquerque, New Mexico,
Sandia National Laboratory, U.S. Department of Energy.

WIPP. 1995. Waste lsolation Pilot Plant Safety Analysis Repoft, DOEiVVIPP-95-2065, Rev.
0, Carlsbad, New Mexico, Waste lsolation Pilot Plant, U.S. Department of Energy.

D9-Attachment 1 - 6



TABLES



Revision 6.3 Table D9-ATT 1-1 . Exposure Limits"

Substance OSHA PELb ACG¡H TLV NIOSH REL"

Carbon tetrachloride 10 ppm TWA 5 ppm TWA, 31 mg/m3 2 ppm STEL (60 min), '12.6 mg/m3
(Tetrachloromethane) (C) 25 ppm 10 ppm STEL, 63 mg/m3 Carcinogen

200 ppm peak for 5 min in any 4 hrs Animal carcinogen 200 ppm IDLH

Chlorobenzene 75 ppm TWA,35O mg/m3 10 ppm TWA,46 mg/m3 NLd

1,000 ppm IDLH

Chloroform (C) 50 ppm, (C) 24O mglm3 10 ppm TWA, 49 mg/m3 NL'
(Trichloromethane) Suspected human carcinogen 2 ppm STEL (60 min), 9.78 mg/m3

Carcinogen
500 ppm IDLH

1,1-Dichloroethylene NL 5 ppm TWA, 20 mg/m3 NL'
(Vinylidene chloride) 20 ppm STEL, 79 mg/m3 Carcinogen

IDLH not determined

1,2-Dichloroethane 50 ppm TWA 10 ppm TWA,40 mg/m3 NL'''
(Ethylene dichloride) (C) 200 ppm I ppm TWA, 4 mg/m3

300 ppm peak for 5 min in any 3 hrs 2 ppm STEL, 8 mg/m3
Carcinogen
50 ppm IDLH

Methylene chloride 500 ppm TWA 50 ppm TWA, 174 mg/m3 NLo
(Dichloromethane) (C) 1,000 ppm Suspected human carcinogen Carcinogen

2,000 ppm peak for 5 min in any 2 hrs 2,300 ppm IDLH

1,'l ,2,2-Telrachloroethane 5 ppm TWA, 35 mg/m3 1 ppm TWA, 6.9 mg/m3 NL"r
Skin designation Skin designation 1 ppm TWA, 7 mg/m3

Carcinogen, skin designation
100 ppm IDLH

Toluene 200 ppm TWA 50 ppm TWA, 188 mg/m3 100 ppm TWA, 375 mg/m3
(C) 300 ppm Skin designation 150 ppm STEL, 560 mg/m3
500 ppm peak for 10 min 500 ppm IDLH

1,1,1-Trichloroethane 350 ppm TWA, 1,900 mg/m3 350 ppm TWA, 1,910 mg/m3 (C) 350 ppm (15 min), (C) 1,900 mg/m3
(Methyl chloroform) 450 ppm STEL, 2,460 mg/m3 700 ppm IDLH

6.3
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Substance OSHA PELb ACGIH TLV NIOSH REL"

'SOURCE: 29 CFR 1910.1000; ACGIH 1995; NIOSH 1994.
o8 hr TWA unless noted otherwise, (C) denotes ceiling limit
'Up to a 10 hr day in a 40 hr workweek TWA, STEL is a 15 min TWA unless noted otherwise
oNIOS¡t questions whether the OSHA PEL TWA of 75 ppm is adequate to protect workers from recognized health hazards but does not offer an
alternative.

'NIOSH usually recommends that occupational exposures to carcinogens be limited to the lowest feasible level
t¡¡tOSH considers the substance to be a potential occupational carcinogen

Acronyms and Un¡ts for Table Dg-ATT 1-1

OSHA Occupational Safety and Health Act
PEL permissible exposure limit
ACGIH American Conference of Governmental lndustrial Hygienists
TLV threshold limit value
NIOSH National lnstitute for Occupational Safety and Health
REL recommended exposure limit
ppm parts of vapor or gas per million parts of contaminated air by volume at 25C and 760 torr
TWA time-weightedaverage
(C) ceiling limit
STEL short-term exposure limit
IDLH immediately dangerous to life or health concentration
mg/m3 milligrams per cubic meter
NL not listed

Revision 6.3
July 18, 1997
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Clpmical
Headspace

Table C-5 Limlt
voc

Concentration
(ppm)

Concentretion in Air
(ppm) Exposure Limit

(ppm)
Source

lmmediate 8-Hr TWA

Carbon tetrachloride 7,510 27.5',1 005 2 (STEL)
5 CrWA)

200 0DLH)

NIOSH
ACGIH
NIOSH

Chlorobenzene a
10 CIWA)

1000 (|DLH)
ACGIH
NIOSH

Chloroform 6,325 23.17 0.04 2 (STEL)
10 crwA)

s00 (|DLH)

NIOSH
ACGIH
NIOSH

'1,1-

Dichloroethylene
28,750 105.3 0.19 20 (STEL)

5 (TWA)
ACGIH
ACGIH

1 ,2-Dichlihoroethane 9,1 00 33.34 0.06 2 (STEL)
1 (T1¡/A)

50 (|DLH)

NIOSH
NIOSH
NIOSH

Methylene chloride r 00.000 366.3 0.65 50 (nryA)
2,300 (|DLH)

ACGIH
NIOSH

1,1,2,2-
Tetrachloroethane

1(TWA)
100 (|DLH)

NIOSH
NIOSH

Toluene f50 (STEL)
50 (n /A)

500 (|DLH)

NIOSH
ACGIH
NIOSH

1,1,1-
Trichloroethane

4s0 (STEL)
350 CIWA)
700 (|DLH)

ACGIH
ACGIH
NIOSH

a No Table C-5 limit assigned

Table D9-ATT l-2. Open Room Scenario: Comparison of Calculated Cloud Concentrafions from 2i
Drum Source and Table C-5 VOC Concentrations to Most Restrictive Exposure Llm¡ts
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Table D9-ATT l-3. Open Room Scenario Comparison of Calculated Cloud Concentrations from 21
Drum Source and AppendixC2 VOC Concentrations to Most Restrictive Exposure Llmits

Chemical
Appendix C2
Headspace

voc
Concent¡ation

(ppm)

Concentralion in Air (ppm)
Exposure L¡mit

(ppm)
Source

lmmediate 8-Hr TWA

Carbon tetrachloride 375.5 1.38 2.4É,x1O-l 2 (STEL)
5 (Tr¡/A)

200 (|DLH)

NIOSH
ACGIH
NIOSH

Chlorobenzene 125 005 8.13x10'5 10 (T\ /A)
1000 (|DLH)

ACGIH
NIOSH

Chloroform 25.3 0.09 1 .Ê4x',l0' 2 (STEL)
10 cn/A)

s00 flDLH)

NIOSH
ACGIH
NIOSH

1,1-
Dichloroethylene

11.5 004 7.48 x 10'5 20 (STEL)
5 Cn^/A)

ACGIH
ACGIH

'l ,2-Dichloroethane 9'l 003 5.92 x 10's 2 (STEL)
l CrWA)

50 (rDLH)

NIOSH
NIOSH
NIOSH

Methylene chloride 368.5 't.35 2.40 x 103 50 crWA)
2,300 (|DLH)

ACGIH
NIOSH

1,1,2,2-
Tetrachloroethane

94 0.03 6.11 x lO's 1 (.rWA)
100 (|DLH)

NIOSH
NIOSH

Toluene 194 0.07 '1 .26 x'10{ r50 (STEL)
50 cfwA)

500 (|DLH)

NIOSH
ACGIH
NIOSH

1,1,1-

Trichloroethane
317.1 't.'16 2.06 x 10'3 450 (STEL)

350 CrWA)
700 (|DLH)

ACGIH
ACGIH
NIOSH
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Table D9-ATT l-4. Closed Room Scenario Comparisons of Concentrations Based on Table C-5 VOC
Goncentration Limits to the Most Restrictive Exposure Limits

voc

I-able C5 VOC

Concentration
Limit

(ppmv)

Calculated
8 HT TWA

(ppmv)

Maximum
1 min

Concentration
(ppmv)

IDLH
I Hr TWA

Limits
(ppmv)

Carbon tetrachloride

Chlorobenzene

Chloroform
1 , 1 -Dichloroethylene

1 ,2-Dichloroethane
Methylene chloride

1,1,2,2
Tetrachloroethane
Toluene
I, 1, 1, 1 -Trichloroethane

7,510

6,325

28,750
9,1 00

100,000

0.33

0.28

1.27

0.40
4.42

156

131

597

189

2 080

200

500

50

2,300

100

500

700

5

10

10

5

1

50

1

50

3s0
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Table D9-ATT l-5. Closed Room Scenario Comparisons of Concentratlons Based on Appendix C2
Welghted Average Headspace Concentrations to the Most Restrictive Exposure Limits

voc
Appendix C2

voc
Concentration

(ppmv)

Calculated
8 Hr ÏWA

(ppmv)

Maximum
1 min
Conc.
(ppmv)

IDLH I Hr TWA
Limits

(ppmv)

Carbon tetrachloride
Chlorobenzene
Chloroform
1 ,1-Dichloroethylene
1 ,2-Dichloroethane
Methylene chloride

1,1,2,2-
Ietrachloroethane
Toluene

1, 1, l, 1 -Trichloroethane

376
13

25
12

9

369

9

19

317

0.0166
0.0006

0.0011

0.0005
0.0004
0.0163

0.0004

0.0009

0.0140

7.80

0.26

0.53

0.24

0.19
7.66

0.20

0.40
6.59

200

500

5;
2,300

100

500
700

5

10

10

5

1

50

1

50

350
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Figure D9-ATT 1-l Closed Room VOC Concentration Versus Time
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