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FOREWORD

The purpose of the Environnental Eval uation Group(EEG)istoconduct an
i ndependent technical evaluation of the Waste Isol ation Pil ot
Plant (WPP) Project to ensure protection of the public health
and safety and the environnment. The WPP Project, |located in

sout heastern New Mexico, is being constructed as a repository for
per manent di sposal of transuranic (TRU) radioactive wastes
generated by the national defense prograns. The EEGwas
established in 1978 with funds provided by the U S. Departnent
of Energy (DCE) to the State of New Mexico. Public Law100-456,t he
Nati onal Defense Authorization Act, Fiscal Year 1989 Section 1433
assigned EEGto the New Mexico Institute of M ning and Technol ogy
and provided for continued funding from DOEt hrough a contract
(DE-ACO04-89AL.58309).

EEG perforns i ndependent technical analyses of the suitability of
the proposed site; the design of the repository, its planned
operation, and its long-termintegrity; suitability and safety of
the transportation systens; suitability of the WAste Acceptance
Criteria and the generator sites' conpliance with them and

rel ated subjects. These anal yses include assessnents of reports

i ssued by the DOE and its contractors, other federal agencies and
organi zations, as they relate to the potential health, safety and
envi ronnmental inpacts from WPP. Another inportant function of
EEG i s i ndependent environnental nonitoring of background

radi oactivity in air, water, and soil, both on-site and in
surroundi ng conmuni ties.

Robert H Neill

Di rector
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EXECUTI VE SUMVARY

This report analyzes the radiol ogical health effects, and, to a | esser
extent, the economic inpacts of transporting contact-handl ed transuranic
(CH TRU) waste from 10 generator sites in the USA to the Waste Isol ation
Pilot Plant (WPP). The effects of transporting renote-handl ed
transuranic (RHTRU) wastes to WPP are not addressed because the U S
Departnent of Energy (DOE) does not have plans to ship this type of
wast e during the Test Phase. The intent of this report is to place into
perspective the risk of radiation fromboth "incident free" exposure,
and exposures resulting froma rel ease of radioactivity froma
TRUPACT-11 container(s) as a result of a highway accident. only the
routes identified in the Supplenental Stipul ated Agreenent (SSA) between
the State of New Mexico and DOE (1982) were anal yzed for this report. An
adequat e database to conmpare the alternate routes with SSA routes was
not available for this anal ysis.

A different version of this report was originally submtted to the New
Mexi co Environnmental |nprovenent Board (EIB) on April 9, 1990 in Santa
Fe, New Mexico in conjunction with hearings concerning the issue of
route designations for the transport of CH TRU waste in TRUPACT I
contai ners through the State to the WPP repository near Carlsbad, New
Mexi co. The current version is an edited, corrected, and re-formatted
version for presentation as an Environnmental Evaluation G oup (EEGQ
report.

The conputer nodel RADTRAN IV was utilized to cal culate radi ati on doses
to persons along the routes. This is the |atest version of a nodel

devel oped by Sandi a National Laboratories which is now capabl e of

anal yzing dosinetric information for discrete highway segnments al ong
the routes. Atotal of 43 different highway segnents within the State
were anal yzed using this nodel. As such it is a "first of a kind"
intrastate study. The mgj or



the routes anal yzed. Although EEG has not anal yzed alternative
routes other than those specified, it appears that the doses
received would still be very |ow conpared to natural background.

Econom ¢ consequences and risks as a result of CH TRU transport
to WPP clearly show t hat maxi num consequences for the nost
severe accidents are greatest in urban areas. A maxi mum

remedi ation cost of $44 million is estimated for a "severity
category eight" accident, involving Los Al anbs Nati onal
Laboratory (LANL) TRU waste, in Artesia, NM O her estinated
costs for a "severity category eight" type of accident include
Santa Fe, NM ($26 nmillion) and Roswell, NM ($24 nmillion). Mich

| oner consequential costs are expected for severe accidents
occurring in rural areas. The "expected" costs to the State as a
result of CH TRU transport accidents are |ow ($15,000) as are the
costs for emergency response ($10,000) over the life-tinme of
WPP. Only five accidents involving CHTRU waste are expected
stat ewi de t hroughout the transportation period. Another five
accidents are expected with enpty transporter trucks.

EEG s recommendations as a result of this analysis are: (1)
transport crew nenbers should be nonitored closely to insure the
all owed 2 nrenf hour exposure rate limt is not exceeded; (2)

st oppi ng pl aces should be carefully selected to | ower potentia
exposure rates to individuals at those places, and (3) by-passes
around cities should be used when possible in the interest of

m nimzing health effects and cl ean-up costs from hi gh
consequence, |ow probability accidents.



1. | NTRODUCTI ON

on Septenber 18, 1989, the Attorney General of the State of New
Mexi co advi sed the State Environnmental |nprovenent Board (ElB)
that it should designate preferred transportation routes for the
transport of radioactive materials in accordance with DOT

Regul ations 49 CFR 177.825(1). The i medi ate concern was
designation of routes to the Waste Isolation Pilot Plant (W PP)
i n southeastern New Mexico. It was further stipulated that any
such designation(s) should be nade according to the DOT

"CQui delines for Selecting Preferred H ghway Routes for H ghway
Route Controlled Quantity Shipnments of Radi oactive Material s”

( DOT/ RSPA/ OHMT- 89/ 01, January, 1989). Furthernore, the Attorney
General recommended that the EIB should, at a m nimum include
those routes identified in Appendix B of the 1982 Suppl enent al
Stipul at ed Agreenent between the State of New Mexico and the
United States Departnent of Energy (DOE). Throughout this report
these routes will be referred to as "SSA Identified Routes."

1.1 Background On Decision To Designate Routes

At the August 21, 1989 hearing held by the Radi oactive and
Hazar dous Waste Committee of the New Mexico Legi sl ature,
several nenbers of the conmttee questioned Robert H Neill,
Director of Environmental Evaluation Goup (EEG, on the
foll ow ng statenent that appeared in EEG 41, "Review of the
Draft Suppl ement Environnental |npact Statenment, DOE Waste
| solation Pilot Plant, April 1989, 11 July 1989:

U. S. Departnment of Transportation Preferred Routes

While there is agreenent on the routes to be followed in New Mexico
for the 34,000 truck shipnments to WPP, they are not "Preferred

Rout es” in the context of regulations issued by the U S. Departnent of
Transportation (49 CFR 171 and 173) and it is nmisleading to inply that
they fulfill the DOT requirenents. (pp. 4-5)




They are not preferred routes, as defined by DOT in 49 CFR
177.825. There are only two conditions which permt states to
desi gnate routes, neither of which had been inplenented by the
Envi ronnmental | nprovenent Board, the only agency in New Mexico
aut hori zed to designate routes. Further, they can only becone
DOT "Preferred Routes"” if the state notified DOT by certified
mai | that they have conplied with the provisions of 49 CFR 171.8
as well as 40 CFR 177. 825.

DCE acknowl edged in a letter to EEG that the contract between DOE and

Dawn Trucking did not provide a conmitnent to the routes.
Additionally, the Consultation & Cooperation Agreenent between the
State of New Mexico and DOE did not require adherence to the routes
shown. Consequently, it appeared that the carrier was

not legally obligated to adhere to the routes.

The issue was previously raised by EEG on Cctober 26, 1987 to

El B, at hearings held by the New Mexico Radi oactive Waste Task

Force on April 19, 1989, and in EEG 41, "Review of the DOE Draft
Suppl enent Environnental |npact Statenent," July 1989.

Subsequently, the Attorney General was asked to comment and he agreed
on Septenber 18, 1989 that it would be necessary for EIB to fornally
designate the routes in order to insure adherence by the carrier to
t hose routes.

1.2 Participants

An organi zational neeting, including state representatives from the
Ofice of the CGovernor, the Ofice of the Attorney GCeneral, the
Energy, Mnerals and Natural Resources Departnent, the Health and
Envi ronment Departnent, the H ghway and Transportation
Departnent, and the Environnental Evaluation Goup, was held on
Cct ober 12, 1989 for purposes of planning an analysis of WPP

2



routes in New Mexico under the conditions specified. other
sources of assistance in this endeavor were the University of New
Mexi co (UNM, Sandia National Laboratory (SNL), DOE, and the U. S.
Depart ment of Transportation (DOT).

1.3 Mbodeling Considerations

The Environnmental |nprovenent Division (EID) announced that the
UNM Departnent of G vil Engineering would provide the technical
assistance to the State in inplenenting a "StateCGen/ StateNet™
menu driven conputer nodel to performthe "figure of nmerit”
transportation anal ysis according to the DOT guidelines specified
above. The nodel was constructed by nodifying the current version
of "StateGen/ StateNet" to conformnore rigorously to the DOT

gui del i nes.

All parties concerned were to provide technical assistance in
dat abase devel opnent, anal ysis, and docunment preparation for use
by the Environnental |nprovenent Division (EID) in planned El B
heari ngs t hroughout the State during the second quarter of 1990,
and for EIB determ nation thereafter.

EEG was interested in using other avail able conputer nodels which
coul d provide dosinetric and health effects infornmation that
woul d not be provided by StateGen/ StateNet. EEG s anal ysis woul d
t hus conpl enent the analysis planned by EID. The | atest version
of the RADTRAN conput er nodel was devel oped by SNL in 1989. The
docunent ati on for RADTRAN |V, has not yet been rel eased. RADTRAN
VI possesses many characteristics, including a specific highway
segnment - by- segnent anal ytical capability not possessed by
previ ous versions of this nodel. Earlier versions of RADTRAN have
been used in preparation of both the Final (FEI S, 1980) and
Suppl enental (SEI' S, 1990) Environnental |npact Statenents for the
W PP. The earlier versions provided a | ower resolution or an

3



aggregat e anal ysis which conposited rural, suburban, and urban
radi ol ogical risk inmpacts of specific waste generator-to-WPP
routes using nationwi de accident rates, population densities,
etc. Hence, a state-specific analysis which can discrimnate

bet ween different highway segnents having different risk-rel ated
characteristics is now avail able for segnments which have a
docunent ed dat abase required for execution of the code.

1.4 Previous and Current Role of EEGin Transport Ri sk

The EEG has been involved in issues of waste transportation to
W PP since 1979 including publishing anal yses as well as
reviewi ng DCE reports and testifying before the U S. Congress and
the N.M Legislature. Three EEG reports have been devoted
exclusively to transportation issues. EEG 5, "Cal cul at ed

Radi ati on Doses From Deposition of Material Released in

Hypot heti cal Transportati on Accidents Invol ving W PP-Rel at ed
Radi oacti ve Wastes" (Channell, 1980), calcul ated radi ati on doses
fromingestion and direct radiation due to rel eases from

hypot heti cal transportation accidents. EEG 24, "Potentia

Probl ens From Shi pnment of High-Curie Content Contact-Handl ed
Transuranic (CH TRU) Waste to WPP," (Neill and Channell, 1983),
eval uated potential problens fromgas generation in high-curie
contact-handl ed transuranic (CH TRU) waste shipnents. EEG 33,
"Adequacy of TRUPACT-1 Design for Transporting Contact-Handl ed
Transurani ¢ Wastes to WPP" (Channell, Rodgers and Neill, 1986),
eval uated the adequacy of TRUPACT-I design for transporting

CH TRU wastes to WPP. Al of these reports had positive results:
i ngestion doses fromtransportati on acci dents are now bei ng
consi dered; gas generation is controlled by venting Type A
containers and limting radionuclide quantities that can be

shi pped; and the TRUPACT-1 and TRUPACT-I1 rectangul ar designs
wer e abandoned and a right circular cylinder design, TRUPACT-II



was selected to ship CH TRU wastes to WPP i ncorporating double
contai nment and elimnating venting in the Type B shi ppi ng
cont ai ner .

2. SCOPE AND LI M TATI ONS OF STUDY

The present report analyzes only the SSA Identified Routes to

W PP because of the availability of highway segnent specific data
for these routes. The database was sunmarized in the SEI'S, 1990
by Stoller Corporation through the Division of Governnment
Research, 1 ARS, UNM (1989), but were not actually used in SEIS
cal cul ati ons. The UNM docunent contains the traffic flow and

acci dent anal ysis data needed to execute RADTRAN IV. Specific
limtations and problens encountered in performng this analysis
wi Il be discussed as appropriate in other sections of this
report.

This initial study is limted to an evaluation of risks involving
radi oactive waste transportation to the WPP site al ong the SSA

I dentified Routes. The availability of denographic data al ong al
of the proposed routes is not in a refined stage, and only
approxi mat e popul ati on densities can be obtained for sone
segnents. An excellent reference for this type of information was
| ocated in the first and second editions of "New Mexico in Maps"
(WIlliams and McAllister, 1979 and WIlianms, 1986). Al so, this
study is heavily dependent on the SEIS for specific waste

vol unes, radionuclide concentrations, shipping, and other
characteristics required for RADTRAN |V operation. In addition,
many paraneters involved in the calculation of radiation doses
and specific health effects are integral parts of the RADTRAN IV
code, and the reader is advised to review RADTRAN I 1|
docunent ati on (Madsen et al, 1986) as reference material on these
paraneters pending the availability of RADTRAN |V docunentati on.
Thus, the analysis presented here should not be viewed as a final



docunent ati on of radiological risk, but as a prelimnary exercise
whi ch nust await refinement of the database and perhaps the node
itself for greater sensitivity.

3. SPECI FI C ROUTES SELECTED FOR ANALYSI S

3.1 Route Description

The specific routes selected for this analysis consist of four

hi ghway extensions into New Mexico involving Interstates 1-40
(east and west entrances), 1-25 (north entrance), and US-285
(southern entrance), and one intrastate route from Los Al anps
Nat i onal Laboratory (LANL) to WPP. The CH TRU waste entering the
state fromthe west on 1-40 will originate at Lawence Livernore
Nat i onal Laboratory (LLNL) and the Nevada Test Site (NTS). The
waste entering the state fromthe east on 1-40 wll originate at
Cak Ri dge National Laboratory (ORNL), Mund Laboratory (M), and
t he Argonne National Laboratory (ANL). The Rocky Fl ats Pl ant
(RFP), Idaho National Engineering Laboratory (INEL), and Hanford
Plant (HP) waste will enter the state fromthe north on 1-25.
Waste entering New Mexico fromthe south via I-20/US-285 w |
originate at Savannah River Site (SRS). These national routesare
shown on Figure 1 and the New Mexico routes on Figure 2. Wth the
exception of waste originating at SRS, all routes will converge on
US- 285 near Vaughn, New Mexi co, and thereafter will share a
common route to WPP. Each of these routes within the state have
been subdivided into segments or "links" to all ow conparison of
specific dosinetric values and health effects. The route
convergence schene for all waste origins to their point of
convergence with other waste sources entering the state and their
final progression to WPP is presented in Table 1, along with

ot her specific characteristics required for execution of the
conput er code enployed in this analysis.



No.

10

11

TABLE 1 - CH TRU WAste Route I ntegration- Schene

Description of Link Length Persons Vehi cl es  Accidents
Km per KnR per hr per Km

------- LANL to US285 Interchange (Lany) -------

NMA( Paj arit o Road)

NMB02 i nt er change 7.88
NMB02 i nt er change

US84/ 285 i nt er change 19.6
Us84/ 285 i nt er change

Santa Fe, north limt 20.3
Santa Fe, north limt

1-25, Santa Fe, south 11.0
1-25, Santa Fe, south

US285 i nt er change 12.7

------ HP, RFP, and | NEL to US285
1- 25, Col orado border

US64 i nterchange south 22.1
US64 i nt erchange south

Springer south interch. 55.7
Springer south interch

Las Vegas north limt 101.
Las Vegas north limt

US84 i nt er change 11.9
US84 i nt er change

US285 i nt er change 79.7

57.6 88.8 2. 45E- 07
12.6 237. 3. 48E- 07
3.51 434. 2. 67E-07
580. 592. 1. 64E- 06
3.51 231. 1. 45E- 07

I nterchange (Lany) -----

529. 118. 1. 22E-07
1.16 65.7 2. 64E- 07
1.85 66. 0 2. 70E- 07
1286. 66. 0 2. 70E- 07
3. 86 121. 2. 82E-07

---- US285 interchange (Lany) to 1-40 (dines Corners)
---(LANL, RFP, INEL, HP conposite)

US285 i nt er change-
1-40 i nterchange 66.5

3.51 22.9 5. 24E- 07



No. Description of Link Length Persons Vehi cl es Acci dent s
Km per KnR per hr per Km

--LLNL and NTS to |-40/US285 interchange (Cines Corners)--
12 1-40, Arizona border

Gl lup western limt 46. 4 2.74 237. 3. 16E- 07
13 Gl lup western limt

Gal lup eastern limt 8.21 615. 237. 1. 61E- 07
14 Gllup eastern limt

NMB71 i nterchange 43. 8 2.74 237. 1. 61E- 07
15 NMB71 interchange

NMB3 i nt er change 46. 0 2.74 300. 1. 45E- 07
16 NMb3 interchange

Grants eastern limt 5.47 345. 295. 1. 93E- 07
17 Gants eastern limt

West Central interch. 98. 6 6. 77 295. 1. 93E- 07
18 West Central interch.

Rio Grande Blvd. intch. 11.9 1340. 652. 4. 87E- 07
19 Rio Gande Blvd. intch.

1- 25/ 1- 40 i nt erchange 3.86 1340. 1910. 8. 73E- 07
20 1-25/1-40 i nterchange-

San Mateo Blvd. interch. 3. 86 1340. 2640. 5. 86E- 07
21 San Mateo Blvd. intch.

Tramway Bl vd. interch. 9.18 1340. 1650. 4. 13E- 07
22 Trammay Bl vd. interch.

| - 40/ US285 i nt er change 81.5 50.5 339. 2. 17E-07

--1-40/US285 interchange (Cines Corners) to US285 (Vaughn)-(LANL,
RFP, I NEL, HP, LLNL, and NTS conposite)
23 1-40/US285 i nt erchange

US60 i nt er change 43.5 0.73 29.5 5. 24E- 07
24 US60 i nterchange

US54/ US60 i nt ch. 22.87 0.73 38.8 2. 88E- 07
25 US54/ US60 i ntch.

US285 sout h 6. 28 0. 85 66. 2 1. 37E- 07



No. Description of Link

26

27

28

29

30

---- ORNL, M,
1-40 Texas border
Tucuncari east intch.
Tucuncari east intch.
Tucuncari west intch.
Tucuntari west intch.
uss4sout h i nterchange
uss4sout h i nterchange
Santa Rosa west limt
Santa Rosa west limt
USh4/US285 sout h

---uUs285sout h (Vaughn) to use2us2gsnorth (Carl sbad)
(LANL, RFP, I NEL, HP, LLNL, NTS, ORNL, M., and ANL

Length Persons

Km

and ANL To uszsssout h (Vaughn)

63.0

4.60

5.47

59.8

conposite) 31 US54/ US285 sout h

31
32

33

35

36

37

38

39

us7o east

USs70 east

Roswel | north limt
Roswel |l north limt
us7owest

us7owest

Roswel | south limt
Roswel | south limt
Artesia north limt
Artesia north limt
Uss2i nt er change

uss2i nt er change
Artesia south limt
Artesia south limt
Carl sbad north limt
Carl sbad North limt
use2/us28snort h

142.

2.58

5.80

6.76

55.6

2.57

2.90

48.8

5.64

per Km2

1.43

484.

0.87

0.58

0.66

522.

576.

522.

3.86

1146.

1146.

2.32

469.

Vehi cl es
per hr

168.

168.

213.

408.

151

28.2

375.

375.

229.

821

216.

198.

64.4

225,

Acci dent s
per Km

1.27E-07

1.27E-07

1.37E-07

2.33E-07

2.51E-07

1.96E-07

9.93E-08

2.19E-06

2.84E-06

4.65E-07

6.64E-07

2.48E-07

3.26E-07

2.55E-06



Length Persons Vehi cl es Acci dent s

No. Description of Link Km per Kn2 per hr per Km

------ SRS to US62/US285 north (Carl sbad) --

40 US285 Texas border-
UsS62/ US285 sout h

41 US62/US285 south
Us62/ US285 north

50.7 4.40 42. 4 4. 91E- 07

3.22 469. 365. 1. 77E- 06

---- US62/US285 north (Carlsbad) to WPP---

(LANL, RFP, I NEL, HP, LLNL, NTS, ORNL, M., ANL, and SRS total)
42 US62/US285 north

Carl sbad east limt 1.77 469. 150. 1. 28E- 06
43 Carlsbad east limt
US62/ nort h Access W PP 44. 8 1.12 49.1 1. 55E-07

The one exception to the preferred routes used in the analysis

i nvol ves LANL transport on the Pajarito road route through Wite
Rock instead of the preferred truck route on East Jenmez Road.
Data was not available for the latter. Also, the route from Santa
Rosa to Vaughn via US-54 was not included in the Stoller

Cor poration report, however, unofficial data on this |ink was
made available for this study through personal conmmunication wth
the H ghway and Transportation Departnent and is included in the
anal ysi s.

3.2 Velocities. Traffic Density and Acci dent Rates

The only rural and urban segnents were considered in the
analysis in order to be consistent wwth the Stoller report. It
was assuned that a hi ghway segnent through any major city or
town along the routes was urban, but only the segnents
traversi ng Al buquer que
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were considered as urban freeway. The velocity of the transport
trucks and all other traffic was assuned to be 88.6 Km hr (55
nmph) on all rural segnments, and sonme urban segnents where the
interstate highway allowed this velocity on the bypass and/or
freeway, such as for Al buquerque. The vehicle velocity through a
city, such as Santa Fe, Roswell, and Artesia, was assuned to be
24.2 km hr (15 nph) on the average, allowng for stops at traffic
lights, etc. Traffic flow density and dependent crash rates were
based on one-way traffic or one-half of the average daily two-way
traffic (ADT) and crash rates reported by Stoller before
conversion to the netric system Fatality crash statistics were
not consi dered because the accident severity classification

enpl oyed by RADTRAN |V was assuned to take into effect both fatal
and non-fatal incidents in its operation. Truck crash statistics
were not enpl oyed because of the uncertainty of truck traffic

per cent ages al ong nany of the segnents, and their effect on the
overall crash rates was not clear. It was thus assuned that the
probability of auto-auto, auto-truck, truck-truck, and individual
truck accidents were represented by the overall crash rate for a
gi ven segnment in the direction of WPP.

3.3 Popul ation

The estimates of popul ation densities along the route segnents
wer e made upon consideration of the 800 m (0.5 mle) boundary
fromthe center line of a highway utilized for incident free
dosinmetric calculations in the code, and for the radial distances
enpl oyed for accidental releases of radionuclides. WIIlians
(1986) presents popul ation densities for significant cities and
towns in each county in addition to nmean county density
estimates. He al so presented a popul ation density map of New
Mexico illustrating the clustering of people al ong major highway
routes (see Figure 3). The assunption used in this analysis was

11



to consider the city or town popul ation densities when specific
route segnents traversed these areas, and to use nean county
densities or densities adjusted for major towns between
comunities. In sone cases it was necessary to weight densities
fromdifferent counties when segnents crossed such boundari es.
The total population along the route calculated, from T Table 1, is
170, 000. Partial verification of the densities was acconplished
by conparison with the density nmap alluded to earlier. Every
effort was nmade in this analysis to utilize individual segnent(s)
for the major cormmunities along the routes by subdividing the
specifically |arger segnents provided in the Stoller report where
necessary and possi bl e.

4. CH TRU WASTE AND WASTE TRANSPORT

The final SEISis the main source of CH TRU waste characteristics
utilized in this analysis; other information of this type is also
avai l abl e from RADTRAN |11 docunentation (Madsen et al, 1986).

4.1 CH TRU Shi pnents

The projected nunber of shipnents (SEI'S, 1990) utilized in this
anal ysis are presented in Table 2, along with radioactivity
shi pnent dat a.

12



TABLE 2-- Projected Nunber of CH TRU Shi pnents To W PP By
Truck And Curie Loadi ngs

Facility Total Shipnents Curi es/ Shi prrent
| NEL 4046 103
RFP 7608 153
HP 3103 646
SRS 2640 1890
LANL 2065 1250
ORNL 228 310
NTS 80 6.6
ANL 14 55.5
LLNL 969 96. 2
M. 150 1.4

t ot al 20903

This analysis will consider the effects of all CH TRU shi pnents
to WPP independent of the actual nunber of years required to
transport the entire inventory. Hence, the results of the

anal ysis are based on the total inpact of these wastes and not on
an annual shi pnent basis. Once the actual nunber of years
required to transport the CH TRU waste fromthe specific
generator sites is nore firmy established, annual contributions
may be estimated as required by partitioning the total inventory
on a year-by-year basis.

4.2 \Waste Characterization

A CHTRU trailer contains 3 TRUPACT-11 packages, each contai ni ng
14 55-gallon druns or two Standard Waste Boxes. The average
radi oactivity in one shipnent for each generator site is given
in Table 3.
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TABLE 3 - Average Radi oactivity Per

Shi prent by Radi onucl i des

I sot ope
Th-232
U-233
U-235
U-238
Np-237
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Am-241
Cm-244
Cf-252

i sot ope
Th-232
U-233
U-235
U-238
Np-237
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Am-241
Cm-244
Cf-252

ANL
0O.00E+O
0O.00E+O
0.00E+O
0O.00E+O
9.65E-4+
5.39E+O
3.41E+O
1.56E+O
3.10E+
0O.00E+O
1.41E+
O.00E+O
0O.00E+O

NL
0O.00E+O
0.00E+O
0O.00E+O
0.00E+O
0O.00E+O
1.36E+O
1.18E-2
3.10E-3
1.19E-3
0.00E+O
0O.00E+O
0.00E+O
0O.00E+O

HP
0.00E+O
0.00E+O
0.00E+O
0.00E+O
0.00E+O
3.08E+0
3.30E+
1.18E+
5.98E+2
2.66E-3+
0.00E+O
0.00E+O
0.00E+O

NTS
0.0CE+O
0.00E+O
0.0CE+O
0.00E+O
0.0CE+O
3.82E-2
6.46E-1
1.53E-1
5.76E+O
0.00E+O
0.0CE+O
O.00E+O
0.00E+O

Curi es
INEL

5.17E-5++
1.53E-1
5.79E-6+
9.72E-6+
0.00E+O
1.08E+
5.89E+0O
1.44E+0
4.55E+
0.00E+O
3.89E+
0.00E+O
0.00E+O

ORNL
4.26E-4++
3.85E+
1.15E-3+
4.59E-3+
0.00E+O
5.75E+
1.24E+2
0.00E+O
0O.00E+O
0.00E+O
1.04E+O
6.90E+
1.10E+
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LANL
0.00E+O
2.95E-2
8.37E-5+
3.61E-4
0.00E+O
1.67E+2
8.86E+I
2.04E+]
6.88E+2
4.00E-3
2.90E+2
0.0CE+O
O.00E+O

RFP
0.00E+O
0.00E+0
0.00E+O
0.00E+O
0.00E+0
5.37E-1
1.82E+
4.15E+0
1.20E+2
3.70E-4+
8.62E-1
0.00E+0
0.00E+0

LLNL
0.00E+O
0O.00E+O
0.00E+O
0O.00E+O
0.00E+O
3.42E-1
8.23E+0
2.36E+O
7.84E+]
1.29E-4
6.81E+O
0O.00E+O
0O.00E+O

SRS
0.0CE+O
0.00E+O
0.0CE+O
0.00E+O
4.09E-3
1.83E+3
2.20E+O
8.81E-1
6.61E+
7.19E-4+
1.81E-1
0.00E+O
0.0CE+O



Notes for Table 3:

+ radi onuclides listed in SEIS, but quantities not considered
significant enough to include in anal yses based on
uncertainty of estimates for other radi onuclides present

++ Thorium 232 was not included in the anal yses where present
because radi ati on characteristics are not included in the
RADTRAN 1V |ibrary, and because of the relatively snal
quantities invol ved.

4.3 Radionuclide Characteristics

The CH TRU waste is classified as "lung type 311 which indicates
that the waste consists of al pha-emtting long half-Ilived

radi onucl i des, and the waste itself is categorized as "type su
designating it as solid, dispersible, sintered waste containing
"smal | " size | oose powder. In addition, each radionuclide present
in the waste has specific radiological transport and dosinetric
characteristics which are specified by the analyst or the RADTRAN
code itself (see Table 4).
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TABLE 4 - Radi ol ogi cal Characteristics O Specific
Radi onucl i des

| sot ope 1 2 3 4+ 5+ 6

U 233 5. 79E+07 1. 31E-0 3.70E-05 3.40E-04 1.70E-02 1.0E-02
NP- 237 7.82E+08 3.43E-02 3.65E-03 3.60E-06 9.20E-02 1.CE-02
U 238 1.03E+12 1.36E-03 1.65E-05 3.40E-04 1.70E-02 1.CE-02
PU- 238 3.20E+04 1.82E-03 1.40E-05 1.0CE-06 1.40E-02 1.CE-02
PU- 239 8. 79E+06  7.96E-04 1.30E-05 1.0CE-06 1.40E-02 1.CE-02
PU- 240 2.39E+06 1.73E-06 1.37E-05 1.00E-06 1.40E-02 1.0E-02
PU- 241 5.26E+03 2.54E-06 O OCE+00 1.0CE-06 1.41E-02 1.CE-02
PU- 242 1.37E+08 1.44E-03 1.16E-05 1.0CE-06 1.40E-02 1.0E-02
AM 241 1. 58E+05 3.24E-02 3.01E-03 3.60E-06 4.20E-02 1.CE-02
CM 244 6. 61E+03 1.70E-03 1.33E-05 3.60E-06 1.60E-02 1.0E-02
CF- 252 9.64E+02 1.20E-03 1.19E-05 3.60E-06 1.60E-02 1.0E-02

1 = physical half-life, days 2 = photon energy, MeV/dis

3 = cloud dose, remnB/Ci -sec 4 = food transfer frac, G /G
5 = soil transfer frac, G/C 6 = deposition velocity, n sec
not e:

+ supplied by user; others supplied by code

4.4 Dose Conversi on Factors

Dose factors which convert bot h I nhal ed and I ngest ed
radi onuclides to a specific organ or tissue dose with either a
l-year or b50-year integration period are required as RADTRAN
I nput
for estimating doses received by the population and the resulting
health effects. This informati on was obtained from severa
sources as were the user supplied paraneters in Table 4 (Till and
Meyer, 1983; Brodsky, 1982; U. S. Departnent of Energy, 1988;
Dunni ng, 1985). Table 5 presents rem C inhaled or ingested
conversion factors for selected organs and tissues in the adult
human body.
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TABLE 5- Remi G Conversion Factors For Specific Organs And
Ti ssues From I nhal ati on And I ngestion O Specific

Radi onucl i des

L =viai nhal ati on G - via ingestion
| sotope
1 2 3 4 5 6 7 8
U_233 * k% kkkkkkk *kkkkkkk kkkkkkk kkkkkkk kkkkkkk kkhkkkkk*k *kkkkkkk

L 4.00E+8 5.30E+3 2.82E+4 3.90E+4 2.82E+4  1.10E+7 5.99E+7 7.92E+5
G 590E+3 2.88E+4 3.93E+2 6.30E+4 3.86E+2 8.70E+5 3.86E+2 1.09E+4

NP-237

L 1.00E+8 1.50E+7 1.14E+8 4.90E+4 381E+4 1.70E+9 5.96E+7 7.07E+8

G 480E+2  1.30E+6 9.10E+8 7.90E+4 3.02E+3 140E+6 8.77E+3 5.66E+7
U-238

L 3.50E+8 3.90E+3 248E+4 340E+4 248E+4 9.60E+6 4.60E+7  7.33E+5
G 520E+3 2.60E+4 3.77E+2 550E+4 3.40E+2 7.70E+5 341E+2 1.01E+4

PU-238

L 450E+8 9.90E+5 1.03E+8 4.50E+4 1.70E+1 2.70E+9 1.80E+S 6.51E+S
G 3.08E-1 1.50E+3 8.62E+3 7.30E+4 145E-3 6.80E+5 3.21E-2 5.44E+4
PU-239

L 420E+8 1.10E+6 1.17E+8 4.10E+4 1.61E+1 3.20E+8 1.70E+8 7.29E+8
G 2.88E-l 1.40E+3 9.77E+3  6.70E+4 1.70E-3 7.90E+5 194E-2 6.11E+4
PU-241

L 3.60E+5 1.30E+3  2.52E+6 8.70E+2  551E+1 6.40E+7 1.50E+5 1.51E+7
G 150E-4 130E+O 2.09E+2 140E+3  459E-3 1.70E+4 241E-2 1.26E+3
PU-242

L 4.00E+8 880E+5 1.11E+8 4.00E+8 1.09E+1 3.00E+9 1.70E+8 6.96E+8
G 350E-1 140E+3 9.29E+3  6.50E+4 1.24E-2 7.30E+5 8.73E-2 6.85E-1

17



| sotope

1 2 3 4 5 6
AM-241
L 1.20E+S  1.70E+7 1.20E+S  4.60E+4 2.78E+3  1.00E+9
G 1.80E+1 7.60E+4 5.00E+5  7.40E+4 1.14E+1 8.20E+5
CM-244
L 1.20E+8 1.70E+7 5.88E+7 4.70E+4 2.31E+1 5.90E+8
G 168E+1  7.90E+4  2.45E+5 7.60E+4 9.25E-2  4.80E+5
CF-252
L 240E+S 3.10E+7 2.0O0E+7 5.00E+5 6.03E+4  1.79E+9
G 1.10E+3 1.60E+5 1.14E+5 5.00E+5 3.70E+2 7.66E+6
Legend:
1 - lung, 1 year integration
2 = bone marrow, 1 year integration
3 = gonads, 50 year integration
4 = |ower large intestine, 50 year integration
5 = thyroid, 50 year integration
6 = bone (endosteal), 50 year integration
7 = lung, 50 year integration
8 = bone marrow, 50 year integration

6.00E+9

6.36E+1

7.14E+7

9.55E-1

1.38E+8

1.05E+3

7.50E+8

3.12E+6

3.85E+8

1.61E+6

1.44E+8

6.22E+5



5. HEALTH EFFECTS OF BOTH EXTERNAL AND | NTERNAL EXPOSURE
TO I ONI ZI NG RADI ATI ON UTI LI ZED | N RADTRAN |V

The "expected" latent effects of ionizing radiation in producing
ei ther cancer nortalities or genetic effects used for this

anal ysis are based on the United States Nucl ear Regul atory

Comm ssion (NRC) publication, "An Assessnent of Accident Risks in
U S. Commercial Nuclear Power Plants" (U S. Nucl ear Regul atory
Comm ssion, 1975), and are used for this analysis. However,
updating the code to nore current estimtes of these paraneters
is planned by SNL in the near future. It is estinated that the
conversion factors used in this study may be | ow by a factor of
3.3to 6.6 if BEIR YV values are universally accepted. Table 6
lists the latent effects paraneters that were obtai ned (Madsen et
al, 1986) for this study.

TABLE 6 - Expected Latent Effects Per Person-Rem OF Exposure

Exposed organ or tissue Lat ent cancers/ person- Rem

_ 2.8E-05 fatalities
Bone marrow (| eukem a)

2.2E-05 fatalities
Lung

3.0E-06 fatalities
Lower |arge intestine

7.0E-06 fatalities

Bone
2.2E-05 fatalities
Al'l other
gonads 1. 7E- 04 genetic effects
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It is expected that the thyroid | atent cancer induction rate of

1. 34E-04 per person-remw ||l prove fatal in 10% of the cases.

Al so, the whol e body induction rate is based on external exposure
to penetrating radiation. Finally, the genetic effects conversion
factor is applied to both low and high |linear energy transfer
(LET) radiation involving both internal and external exposures.

6. CH TRU WASTE TRANSPORT MODE CHARACTERI STI CS

The transport of CH TRU waste by truck assunes that two crew
menbers are present at a distance of 4 nmeters fromthe nearest
TRUPACT Il container, and that they are not exposed to doses
greater than 2 nrenf hour while operating the vehicle. A further
assunption is that a maxi num of 50 people are exposed to ganma
radi ati on at each stopping place at an exposure di stance of 20
meters fromthe TRUPACT containers. The assuned stop tine in
hours/ kil ometer traveled for all carriers is set at 0.011
whereas, the mnimumstop tinme (hrs) is set to 0. 0. A
transportation accident is rated in terns of its severity. In
this analysis eight severity classes were assuned where 46. 2,
30.2, 17.6, 4.03, 1.18, 0.65, 0.057, and 0.011 percent of
accidents occurred in rural areas for classes 1 thru 8,
respectively. Thus, about 98% of the accidents are in severity
classes 1 thru 4, of which 94%occur in the first three severity
cl asses. For urban areas the respective percentages are 58. 3,
38.2, 2.78, 0.63, 0.074, 0.014, 0.0011, and 0.0001, where 99% of
all accidents are in the first three severity classes. An
i nternedi ate set of nunbers is obtained for suburban areas, but
they are not used in this analysis. The fraction of the
radi oactivity rel eased during an accident varies according to
severity where 0.0, 0.0, 0.0001, 0.001, 0.01, 0.10, 1.0, and 10
percent for severity classes 1 thru 8, respectively. It is
further assuned that 10% of the released nmaterial (type 5) is
aerosolized for any accidental rel ease, and that 5% of the
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resulting aerosol contains particles bel ow 10 um aer odynam ¢

equi val ent dianeter (AED). Thus, in a class 8 accident, 0.1 x 0.1
X 0.05z 5 x 10-4 or 1 part in 2,000 of the contents would be
aerosolized and respirable. Details on the inhalation and ingestion of
radi onuclides resulting fromrel eases and di spersion in accidents
can be found in the RADTRAN |11l docunentation (Madsen et al,
1986) .

7. RESULTS

Both the incident free and acci dental exposure of the New Mexico
popul ati on (other than that to be descri bed as "societal" by
Madsen et al (1986)) may be divided into 5 maj or groupings for
pur poses of analysis. These groups consist of CH TRU waste
generators which share identical routes within the state as
descri bed earlier:

1. RFP, INEL,HP- whi ch nutual |y share hi ghway segnents 6 thru
10 excl usively.

2.LLNL,NTSwWhi ch nutual |y share hi ghway segnents 12thru 22
excl usivel y.

3.ORNL ,MP,ANL - whi ch nutually share hi ghway segnents 26 thru
30 exclusively.

4,SRS- whi ch has exclusive use of highway segnents 40and 41.

5. LANL - whi ch has exclusive use of highway segnents 1
thru 5.
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In addition, four subgroups nmay be identified where the five
maj or groups nutually share hi ghway segnents with each ot her

la. groups 1 and 5 nmutually share hi ghway segnent 11
excl usivel y.

2a. groups 1, 2, and 5 nutually share hi ghway segnents 23
thru 25 excl usively.

3a. groups 1, 2, 3, and 5 nutually share hi ghway segnents
31 thru 39 exclusively.

4a. all groups nutually share hi ghway segnments 42 and 43.

7.1 Incident Free Exposure

I nci dent free radiation exposure involves external whol e body
exposure by penetrating (gamma and associ ated x-rays) radiation
emtted fromthe TRUPACT container equally in all directions
(i1sotropic). Some shielding by buildings along urban freeways is
assunmed in this analysis (building dose factor = 0.0086, Madsen
et al, 1986), however, no shielding is assuned al ong rural
routes. Only three highway segnentsin the State (1-40 thru

Al buquer que) were of the urban freeway class where this building
dose factor was considered. The resulting person-rem exposure
dose to individuals along the transportation routes by grouping
are presented in Table 7.
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TABLE 7 - Popul ati on Exposure by Cenerator

. . expected | atent percent max.
Grouping personroms (aaities 0 O dese e
CEDE ’

157 0.0188 24. 4 0.722
2 20 0. 0025 3.1 0. 020
3 12 0. 0014 1.9 0. 109
4 13 0. 0016 2.0 0. 292
5 20 0. 0025 3.1 0. 346
| a 54 0. 0065 8.4 1. 068
2a 60 0. 0072 9.3 1.088
3a 254 0. 0305 39.5 1.197
da 53 0. 0063 8.2 1. 489

total s 643 0.0773 99.9

It should be noted that al nost 50% of the maxi mum i ndividual dose
is contributed by the first highway grouping (RFP, I NEL, HP), and
that both group 4 (SRS) and group 5 (LANL) are nmjor

contributors. Gouping 1 is also a major contributor to the

| atent cancer fatality rate. The expected genetic effects in the
popul ati on from external exposure is estimated as 0.1 for al

shi pnments of all CH TRU wastes fromthe generators.

A simlar table show ng the contribution of each CH TRU generat or
to the accident free incidental dose is presented in Table 8.
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TABLE 8 - Popul ati on Exposure Byl ndi vi dual CGenerators

gener at or popul ation expected | atent percent max. i ndi vi dual
per son-rens cancer of LCF dose, nrens
CEDE fatalities
LANL 133 0.016020.6 20.6 0.346
SRS 24 0.00293.7 3.7 0.292
| NEL 99 0.011915.4 15.4 0.166
RFP 278 0.033443.2 43.2 0.467
HP 53 0.00648.2 8.2 0.089
LLNL 21 0.00253.3 3.3 0.016
NTS 5 0.00060.8 0.8 0.004
ML 1 0.00010.2 0.2 0.002
ANL 1 0.00010.2 0.2 0.004
ORNL 28 0.00344.4 4.4 0.103
total s 643 0.0773100.0 100.0 1.489

Not e: LCF based on 1.2E-4LCF/rem SEIS(1990) used 28E-4,and BEIRV (1990)
suggests 4toSE-4LCF/ rem



The dose to the maxi mum i ndividual of 1.489 nremwould be in a

| ocati on where all transport trucks used a common route (highway
segnents 42 and 43) within the city of Carlsbad and east to the
WPP site. Shipnents fromLANL, SRS, INEL, RFP, and HP contribute
over 90% of the total; grouping 1 alone contributes al nost 50% of
this external dose. Hi gher maxi mum i ndivi dual doses woul d be
expected to occur at stops along the route. For exanple, EEG 41
suggested a nmaxi num dose greater than or equal to 110 ntremwhile
the SEI'S projected values as high as 480 nrem SRS, |NELI RFP
and HP al so contribute al nost 70% of the expected | atent fatal
cancers and genetic effects; LANL is the only other major
contributor to these risks.

Table 9 shows the partitioning of exposure dose for these groups.
This anal ysis partitions the external exposure of the popul ation
i nto doses received by the crew (2 persons), residents along the
route, persons traveling along the route during transport, and

i ndi vi dual s (50 persons assuned) exposed at transport truck

st oppi ng | ocati ons.
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TABLE 9 - Exposure Dose Partitioning Anong | ndividuals
During CH TRU Transport Wthin New Mexico

fracti on of dose

gener at or crew nenbers residents passengers stops F?jg

LANL- r ur al 0. 47 0. 0003 0. 009 0.53 0.87
- ur ban 0. 26 0. 0990 0. 340 0. 30

SRS-rur al 0.55 0. 0003 0. 005 0.45 0.93
- ur ban 0.35 0. 0750 0. 280 0. 29

| NEL- r ur al 0.54 0. 0030 0. 004 0.45 0.94
- ur ban 0. 36 0. 1000 0. 240 0. 30

RFP-rur al 0.55 0. 0030 0. 004 0.40 0.94
- ur ban 0. 36 0. 1000 0. 230 0. 30

HP- r ur al 0.55 0. 0030 0. 004 0.45 0.94
- ur ban 0. 37 0. 1000 0. 240 0. 30

LLNL-rural 0.54 0. 0009 0.010 0.45 0.96
- ur ban 0. 43 0. 0590 0. 160 0.35

NTS-rur al 0.54 0. 0009 0.010 0.45 0.96
- ur ban 0. 43 0. 0590 0. 160 0.35

M- rur al 0.55 0. 0005 0. 006 0.45 0.93
- ur ban 0. 36 0. 1000 0. 240 0. 30

ANL- rur al 0. 32 0. 0007 0. 008 0.67 0.92
- ur ban 0. 18 0.1280 0. 300 0. 38

ORNL- r ur al 0. 25 0. 0008 0. 009 0.75 0.91
- ur ban 0. 13 0. 1370 0. 320 0.41

nmean- r ur al 0. 49 0. 0010 0. 007 0.51 0.93
mean- ur ban 0. 32 0. 0960 0. 250 0. 32



7.2 Accidental Exposure Anal ysis
7.2.1 Met hodol ogy

Bot h external and internal exposures to ionizing radiation may
result from accidents of trucks carrying CH TRU waste if the
accident is severe enough to cause a rel ease of radioactivity.
The actual release fraction, the fraction of accidents, the

aerosolized fraction, and the fraction of aerosols bel ow 10um by
the eight severity classes utilized in this analysis have been
di scussed previously. Al so, the expected |latent fatal cancer and
genetic effects rates have been presented. Early fatality and
norbidity effects rates are excluded fromthis report as the
expected doses resulting fromaccidental rel eases from TRUPACT I
contai ners are far below those required for such occurrences. A
di scussion of early fatality and norbidity effects is presented
in Madsen et al, 1986.

The exposure as a result of an accident is divided into two
groups dependi ng on whether the accident is severe enough to
cause a release of radioactivity fromthe waste containers. As
noted earlier the nost probable accidents (severity 1 and 2) do
not have postul ated rel eases, and severity class 3 would invol ve
a rel ease equal to one-mllionth of the content of the TRUPACT

cont ai ners. Hence, nost of the accidents will be of the
nonrel ease type for urban (96.5t), and rural (76.49% areas; only
1.9% of all rural accidents will have rel eases exceedi ng

onem |l lionth of the contents. In the case of a non-rel ease

acci dent, persons within a radial distance between 3.05 to 305
neters are assuned to be exposed to external radiation fromthe
stationary containers. Popul ati on exposures froma rel ease
accident are calculated for an area of 1.35E+09n2 (520 square
mles) in the 22. 50 downw nd sector. The maxi nmum di st ance of
this exposure would be about 30 mles fromthe TRUPACT

Radi ati on doses to the exposed popul ation are conputed for
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i nhal ation fromthe contam nated cl oud and fromresuspension, for
external radiation from cloudshine and groundshi ne, and from

i ngestion of contam nated food. The inhal ati on and ext ernal

radi ati on exposures are covered in section 7.2.3 and the

i ngestion pathway is discussed in section 7.2.4. Mdsen, et al
(1984) contains nore detail on the computational procedure.

Acci dents occurring in the predomnantly rural settings of the
State are assuned to be 50% under cultivation for estimating
exposure doses due to ingestion of contam nated food. RADTRAN |V
does not consider the ingestion pathway in urban areas. The
ingestion pathway i s di scussed in nore detail in section 7.2.4.

The total exposure dose received fromthe rel ease of

radi oactivity in accidents ranging fromseverity 3 thru. 8 is
hi ghway segnent specific (severity accidents 1 and 2 do not

rel ease radioactivity), and is dependent on the origin of CH TRU
wast e involved in the accident. A given highway segnment may
receive waste from1l to 10 waste generator sites, depending on
its location, and the expected nunber of accidents will be

addi tive. The expected nunber of accidents for all shipnents by
hi ghway segnent are |isted below taking into account the ngjor
transport groupings outlined earlier and one-way traffic (while
carryi ng wastes) toward W PP
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TABLE 10 -

Expect ed Acci dents For All

Shi pnments O CH TRU

Waste By Hi ghway Segnent And G oupi ng

hi ghway
seg/grp

/5 1.8E-3
2/5 6.5E-3
3/5 5.2E-3
4/5 22E-2
55 1.8E-3
6/1 3.3E-2
7/1  1.0E-1
81 19E-1
9/1 22E-2
10/1  15E-1
11/1a 2.7E-1
12/2  7.1E-3
13/2  6.4E-4
14/2  3.4E-3
15/2  3.2E-3
16/2 5.1E-3
17/2  9.2E-2
18/2  3.5E-3
19/2  2.1E-3
20/2  1.4E-3
21/2  2.3E-3
22/2  8.6E-3
23/2a  1.9E-1
24/2a  4.5E-2
25/2a  7.1E-3
26/3 1AE-3
27/3 1.1E-4
28/3  2.1E-3

1

1.2E-3
4.3E-3
3.4E-3
14E-2
1.2E-3
2.1E-2
6.6E-2
1.2E-1
1.4E-2
1.0E-1
1.8E-1
4.6E-3
4.2E-4
2.2E-3
2.1E-3
3.3E-3
6.0E-2
2.3E-3
1AE-3
9.1E-4
1.5E-3
5.6E-3
1.2E-1
3.6E-2
4.6E-3
9.5E-4
6.9E-5
1.4E-3

7.0E-4
2.5E-3
2.0E-3
1.0E-3
6.7E-4
1-2E-2
3.0E-2
7.1E-2
8.3E-3
5.SE-2
1.0E-1
2.7E-3
24E-4
1.3E-3
1-2E-3
1.9E-3
3.5E-2
1.7E-4
9.8E-5
6.8E-5
1.1E-4
3.3E-3
7.2E-2
2.1E-2
2.7E-3
5.5E-4
4.0E-5
8.0E-4

severity cl asses

4 5

16E-4 4.7E-5
5.7E-4 17E-4
45E-4 13E-4
24E-4 28E-5
15E-4 A4.5E-5
29E-3 8.4E-4
8.8E-3 2.6E-3
1-6E-2 4.7E-3
19E-3 2.7E-3
75E-3 2.2E-3
24E-2 6.9E-3
6.2E-4 1.SE-4
5.6E-5 1.6E-5
3.0E-4 8.7E-5
28E-4 8.3E-5
45E-4 13E-4
8.0E-3 8.0E-3
3.9E-5 4.5E-6
2.3E-5 2.6E-6
15E-5 1.8E-6
25E-5 3.0E-6
75E-4 2.2E-4
14E-2 2.8E-3
4.5E-3 1.6E-3
6.2E-4 1.8E-4
1.3E-4 1.6E-4
9.2E-6 2.7E-6
1.8E-4 5.4E-5
29

2.6E-5
9.1E-5
7.2E-5
5.4E-6
2.5E-5
4.5E-4
1.4E-3
2.6E-3
4.4E-4
1.2E-3
3.SE-3
9.9E-5
9.0E-6
4.8E-5
4.5E-5
7.2E-5
1.3E-3
8.9E-7
5.2E-7
3.5E-7
5.8E-7
1.2E-4
1.5E-3
8.7E-4
1.0E-4
2.0E-5
1.5E-6
2.9E-5

2.3E-6
S.OE-6
6.4E-6
4.2E-7
2.2E-6
4.0E-5
1.2E-4
2.3E-4
2.7E-5
1.9E-4
3.3E-4
8.8E-6
7.9E-7
4.2E-6
4.0E-6
6.3E-6
1.1E-4
6.9E-8
4.0E-8
2.7E-8
4.5E-8
1.1E-5
1.9E-4
6.2E-5
B.SE-6
1.8E-6
1.3E-7
2.6E-6

4.5E-7
1.6E-6
1.3E-6
3.7E-8
4.3E-7
8.0E-5
2.5E-5
4.5E-5
5.4E-6
3.7E-5
1AE-4
1.7E-6
1.6E-7
8.4E-7
7.9E-7
1.3E-6
2.3E-5
6.0E-9
3.5E-9
24E-9
4.0E-9
2.1E-6
3.8E-5
1.3E-5
1.7E-6
3.5E-7
2.3E-8
5.1E-7

%

.08

.30
24
.79
.08
15
45
8.6
1.0
6.7
12.
.33
.03
15
15
.23
43
A2
.08
19
.08
.39
8.6
2.3
.33
.07
.01
10



severity cl asses

hi ghway

seg/grp 1 2 3 4 7 8 %
29/3 2.3E-4 1.5E-4 SSE-5  20E-5 59E-6 3.2E-6 2.9E-7 5.6E-8 .01
30/3 2.7E-3 1.8E-3 1.0E-3  2AE-4 6.9E5 3.8E-5 3AE-6 6.7E-7 .12
31/3a  2.3E-1 1.5E-1 89E-2  20E-2 6.0E-3 33E3 2.9E-4 5.7E-5 11
32/3a  2.7E-3 1.8E-3 1.3E-4 75E-5 3.2E-6 6.8E-7 6AE-7 49E-9 .11
33/3a  1AE-1 8.9E-2 7.3E-3 1.56-3 1.7E-4 3AE-5 2.6E-6 23E-7 50
34/3a  20E-1  13E-1 9.7E-3 22E-3 2.6E-4 5.1E-5 5.5E-6 23E-7 72
35/3a  2.1E-1 1AE-1 8.3E-2 19E-2 5.6E-3 8.6E-4 2.7E-4 53E-5 9.9
36/3a  1.SE-2 1.2E-2 8.7E-4 1.1E-3 23E5 4.8E-6 3.5E-7 3.1E-8 .68
37/3a  7.7E-3 1.3E-3 3.2E-4 7.1E-5 9.7E-6 1.9E-6 2.1E-6 1.36-8 .44
38/3a  1.3E-1 8.SE-2 5.1E-2 1.2E-2 3AE-3 1.5E-3 1.7E-4 33E5 6.1
39/3a  15E-1 1.0E-1 7.3E-3 1.7E-3  1.9E-4 3.8E-5 3.0E-6 26E-7 56
40/4 3.0E-2  20E-=2 1.2E-2 2.7E-3 7.8E-4 4.3E-4 3.8E-5 7AE-6 14
41/4 8.8E-3 5.8E-3 4.2E-4 9.6E-5 1.1E-5 2.2E-6 1.7E-7 1.56-8 .33
42/4a  2.8E-2 1.8E-2 1.3E-3 2.7E-4  B.1E-5 6.9E-6 5AE-7 47E-8 1.0
43/4a  B.7E-2 AAE-2 2.6E-2 47E-3  1.7E-3 8.2E-4 8.3E-5 1.5E-5 3.1
tots. 24E+0O  16E+O 7.2E-1 1.6E-1 4.8E-2 3.2E-2 2.3E-3 5.8E-4

% 48. 32. 15. 3. 1. 1. <0.1 <0.1
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7.2.2 Expected Nunber of Accidents

The nunber of expected truck transport accidents (see Table 10),

i nvolving CH TRU waste over the entire life-time of the WPP, are
about five wth only one (20% involving arel ease of

radi oactivity. There is about a 75% chance that the expected
accident releasing radioactivity will be in severity class 3
(1/1, 000,000 of the contents are released), and |l ess than a 9%
chance that the accident will be equal to or greater than
severity class 5 where the rel ease would be greater than 1/10, 000
of the contents. About 30%of all the accidents are expected to
occur in urban areas with the majority expected to occur in
Roswel I (12%, Carlsbad (7%, and Artesia (1% . About 1% percent
of the accidents are expected to occur in the urban areas of

Al buquerque and Santa Fe with the rest scattered anong ot her
communities along the routes, such as Raton, Las Vegas,

Tucuntari, Santa Rosa, Gllup, Gants, and Vaughn. Furthernore,
about 1.5%of the five predicted accidents are expected between
LANL and the southern urban imt of Santa Fe. The initial

segnent for this route (through Wite Rock) that is eval uated
here is not the preferred route by the State (Jenmez Road has been
designated for this purpose) but the effect on the overal
calculations is not expected to be significant.

The expected accidents in rural areas (about three and one-half)
over the life-tine of WPP are distributed in a pattern which
reflects the projected nunber of shipnments traversing the highway
segnent, the specific accident rate, the average daily traffic
volunme, and the length of the segnent. The expected acci dent

per cent ages by segnent groupi ngs described earlier are presented
in Table 11.
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TABLE 11 - Expected Percentage O Accidents by H ghway

G ouping In Rural Areas

hi ghway percent of approxi mat e description
gr oupi ng acci dent s of grouping
5 0.7 Los Alanps to Lany cutoff
1 19.8 Raton to Lany cutoff
;a 12.0 Lany cutoff to Clines Corners
2a 5.3 Gl lup to dines Corners
3 10.9 Cines Corners to Vaughn
3a 0.3 Tucuncari to Vaughn
ja 16.0 Vaughn to Carl shad
1.4 US- 285 south to Carl sbhad
3.1 Carl sbad to WPP
t ot al 69. 5

7.2.3 Latent Cancer Fatalities from Accidents

The total exposure dose received fromthe rel ease of radioactivity in
accidents ranging fromseverity 3 thru 8 are hi ghway segnent specific
and are dependent on the source of CH TRU waste involved in the
accident. A given highway segnent may involve only one, or all waste
generator types, depending on its location within the routing schene,
and the expected accident rates are also additive in this respect. The
expect ed nunber of accidents for all shiprments by hi ghway segnent are
listed in Table 12. These accidents are only for one-way transportation
to WPP when the TRUPACTS are carryi ng waste.
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It should be enphasized that the |atent cancers in Table 12
depi ct the consequences of accidents occurring within a given
severity class, and not the actual expected risks involved from
such accidents. An illustration of this difference can be shown
Wi th respect to segnent 4 (Santa Fe urban area) where:

* consequent |atent cancer fatalities = 2.7
(Tabl e 12. accident involvina LANL waste. seanent

*probability of severity 8 type accident = 3.7E-08
(Tabl e 10, all shipments, segnent 4)

The expected |l atent cancer fatalities or risk is estimted as the
product :

ELCF = 2. 7(CLCF) X 3.7E-08 (PS8A) = 1.CE-7, where
ELCF = expected | atent cancer fatalities or “risk”
CLCF = consequent | atent cancer fatalities

PSBA = probability of severity 8 type accident.
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TABLE 12 -

Tot al

Lat ent Cancer

Fatalities From

Transportati on Accidents Arranged by H ghway Segnent

G oupi ng and Severity C ass +

severity cl asses

hi ghway

seg/ gr p+++ 3

15 1.4E-6
2/5 1.4E-6
3/5 1.4E-6
4/5 2.8E-5
5/5 1.4E-6
6/1 2.0E-7
7/1 2.0E-7
8/1 2.0E-7
9/1 2.0E-7
10/1 2.0E-7
11/1a 1.6E-6
12/2 3.3E-8
13/2 3.3E-8
14/2 3.3E-8
15/2 3.3E-8
16/2 3.3E-8
17/2 3.3E-8
18/2 2.2E-6
19/2 2.2E-6
20/2 2.2E-6
21/2 2.2E-6
22/2 3.3E-8

5 6 7 8
13E-4 12E-3 10OE-2 7.7E-2
13E-4 12E-3 10E-2 7.7E-2
13E-4 12E-3 10E-2 7.7E-2
2SE-3 28E-2 28E-1 27E+O
13E-4 12E-2 10E-2 7.7E-2
2-OE-5 194 17E-3 13E-2
20E-5 18E4 17E-3 13E-2
20E-5 19E4 17E-3 13E-2
22E-5 194 17E-3 13E-2
20E-5 19E4 17E-3 13E-2
16E-4 14E-3 12E-2 9.0E-2
33E-6 33E5 30E4 23E-3
33E-6 33E5 30E-4 26E-3
33E-6 33E5 33E4 23E-3
33E-6 33E-5 30E4 23E-3
33E-6 33E-5 30E4 23E-3
33E-6 33E-5 30E4 23E-3
22E-4 22E-3 22E-2 22E-1
------ 2
22E-4 22E-3 22E-2 22E-1
-------- 2
22E-4 22E-3 22E-2 22E-1
--------- 2
22E-4 22E-3 22E-2 22E-1
--------- 2
33E-6 33E-5 30E4 23E-3

1++



severity classes

highway

SEY/OMP. v 3 4 5 6 7 8
23/2a 1.6E-6 1.6E-5 1.6E-4 1.5E-3 12E-2 93E-2
24/2a 1.6E-6 1.6E-5 1.6E-4 1.5E-3 12E-2 93E-2
25/2a 1.6E-6 1.6E-5 1-6E-4  1.5E-3 12E-2 93E-2
26/3 1.5E-7 1.5E-6 1.5E-5 1.5E-4 1.3E-3 1.1E-2
27/3 1.6E-7 1.6E-6 1.6E-5 1.5E-4 1.5E-3 1.1E-2
28/3 1.5E-7 1.5E-6 1.6E-5 1.5E-4 1.3E-3 1.1E-2
29/3 1.5E-7 1.5E-6 1.6E-5 1.5E-4 1.3E-3 1.1E-2
30/3 1.5E-7 1.5E-6 6.7E-5 1.5E-4 1.3E-3 1.1E-2
31/3a 1.8E-6 1.SE-5 1.7E-4 1.6E-3 1.3E-2 1.0E-1
32/3a 4.2E-5 4.2E-4 4.2E-3 42E-2 40E-1 4.2E+O
33/3a 47E-5 ATE-A4 4.7E-3 4.7E-2 ATE-1 4.7E+O
34/3a 4.2E-5 4.2E-4 4.2E-3 4.2E-2 42E-1 4.2E+O
35/3a 18E-6 1.SE-5 1.7E-4 16E-3 13E2 10E-1
36/3a 9.3E-5 9.3E-4 9.3E-3 93E-2 93E-1 9.3E+O
37/3a 9.3E-5 9.3E-4 93E-3 93E2 93E1 93E+O
38/3a 16E-6 16E-5 16E-4 15E-3 12E-2 93E-2
39/3a 38E-5 38E4 38E3 382 3SE-1 38E+O
40/4 28E-8 28E-7 286 23E5 20E4 15E-3
41/4 6.7E-5 6.7E-4 6.7E-3 6.7E-2 6.7E-1 6.7E+O
42/4a 10E-4 10OE-3 10E-2 10OE-1 10OE+O 1.0OE+
43/4a 18E-6 21E-5 1764 16E-3 14E-2 10E-1



Notes for Table 12:

val ues shown are conposited according to the nunber of waste
generators traversing the specific highway segnment. They
reflect the cunul ati ve consequence where accident(s) from
each generator(s) are assuned to occur independently of the
others within a given segnent and severity class. For
exanpl e, segnents 1-5 show t he consequence of varying
severities involving only LANL CH TRU waste, whereas
segnents 42-43 show t he conbi ned consequences of 10

i ndependent waste generators, etc. The maxi mum consequences
for single category 8 accidents are 2.7 LCF in Roswell, 5.5
LCF in Artesia, and 6.7 LCF in Carl sbhad.

Underli ned segnents were consi dered urban; only Al buquerque
was consi dered urban freeway. Segnents not underlined were
considered to be rural:

1=Santa Fe, 2=Al buquerque, 3=Roswell, 4=Artesi a,
5=Car | sbhad.

| ngesti on node not considered in urban areas.



7.2.4 Doses from | ngestion Pat hway

The RADTRAN |1V nodel was used to conpute popul ati on doses from
crops that would be contam nated fromrel eases of transuranic
radi onucl i des from TRUPACT Il accidents in rural areas. The
RADTRAN |V code assunes that 50% of all rural |and is under
cultivation. Actually New Mexico | ands are devoted nostly to
grazing and the anount under cultivation is nmuch | ess than 50%
Since a much | ower fraction of radionuclides noving through the
grass - steer - neat pathway actually is ingested by humans in
meat than in cultivated crops, this assunption results in

i ngestion dose cal cul ati ons being conservative (higher than the
nost |ikely value). However, sone of this conservati smwould be
of fset by two assunptions that are not necessarily conservative:
(1) apparently, contam nation on exposed plant surfaces from
resuspensi on and deposition of contam nated soils was not
considered (this can be an inportant nmechanismin arid
environments); and (2) transfer coefficients appear to assune
that transuranics are in the (less soluble) oxide form The
expected val ues of population risks in ternms of |atent cancer
fatalities fromall pathways are presented by waste origin in
Tabl e 13.
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TABLE 13 - Expected Values of Popul ation Ri sk In Latent
Cancer Fatalities By Waste Origin

Origin Group Ground Inhaled Resuspd Cloudsh Ingestion
LANL-rura 5 2.3E-9 3.9E-7 1.SE-6 2.0E-14 8.1E-6
-urban 2.4E-9 3.6E-7 1.6E-6 1.8E-14
RFP-rural 1 7.0E-10 8.9E-7 4.0E-6 3.3E-15 1.7E-7
-urban 3.7E-11 4.4E-8 2.0E-7 1.6E-16
INEL-rura 1 1.0E-8 1.0E-6 4.8E-6 7.4E-14 3.3E-6
-urban 5.6E-10 5.2E-8 2.4E-7 3.7E-15
HP-rural 1 2.7E-10 8.3E-7 3.8E-6 2.9E-16 3.3E-8
-urban 1.5E-11 4.1E-8 1.9E-7 1.5E-17
LLNL-rural 2 1.1E-9 2.2E-7 9.8E-7 7.7E-15 1.4E-6
-urban 3.7E-11 7.1E-9 3.2E-8 2.5E-16
NTS-rural 2 3.6E-13 8.8E-10 4.0E-9 3.4E-19 1.6E-10
-urban 1.2E-14 2.9E-11 1.3E-10 1.1E-20
ORNL-rura 3 9.9E-12 1.6E-8 7.3E-8 2.0E-17 4.3E-8
-urban 7.1E-12 1.1E-8 4-SE-8 1.4E-17
ANL -rura 3 9.2E-13 1.2E-10 5.3E-10 6.6E-18 3.3E-8
-urban 6.4E-13 7.7E-11 3.5E-10 4.4E-18
ML-rural 3 5.0E-14 6.5E-11 2.9E-10 3.2E-20 2.1E-11
-urban 3.3E-14 4.3E-11 1.9E-10 2.1E-20
SRS -rura 4 1.9E-10 3.4E-07 1.5E-06 1.7E-16 8.2E-8
-urban 8.6E-11 1.3E-07 6.0E-07 6.8E-17
total-rural 1.5E-8 3.6E-6 1.8E-5 1.1E-13 (1.3E-5)+
total-urban 3.1E-9 6.5E-7 2.9E-6 2.2E-14
sub-totals 1.8E-8 4.3E-6 2.1E-5 1.3E-13  (2.5E-5)++
notes:
+ = grand total due to ingestion

++ = grand total dueto all other modes of exposure



The expected | atent cancers resulting fromthe wei ghing of
severity group consequences with the severity occurrence accident
probabilities show an expected fatal cancer production which is
over two orders of magnitude | ower than that expected from

i ncident-free external exposures described earlier in this
report. The expected nunber of fatal cancers due to ingestion of
radi onuclides is equal to about 50% of those expected from al

ot her nodes of exposure during an accident, but the assuned
conservative assunptions probably yield an overestinate of this
fraction. Also, ingestion doses are not directly conparable to

t he ot her exposures because they are "societal” in nature, that
is, they are incurred by a nuch |arger nunber of individuals than
those who |ive along the routes to WPP in New Mexi co.

The expected | atent cancer death contribution from urban areas
accounts for only about 13% of the total averaged over all routes
and waste origins excluding the ingestion pathway. Thus, the

acci dental exposure pathway appears, like incident-free
exposures, to be relatively insensitive to higher urban

popul ati on densities in New Mexico. The najor contribution to the
overal | exposure dose from both incident-free and acci dental
exposure conmes fromrural highway segnments al ong routes | eading
to WPP.

8. EXPECTED GENETI C EFFECTS

The expected val ues of population risk in genetic effects, as a
result of CH TRU waste shipnents to WPP, are presented in Table
14 for the ingestion node and for the conbi ned groundshi ne,

i nhal ati on, resuspension, and cl oudshi ne exposure nodes.
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TABLE 14 - Expected Values O Popul ation Ri sk In Genetic

Ef fects by Waste Origin From Transportati on Accidents

origin G oup I ngestion + Al'l ot her nodes
LANL 5 7.6E-7 3.8E-7
RFP 1 1. 6E-8 4. SE-7
I NEL 1 3.3E-7 5. 7TE-7
HP 1 2.3E-9 4. 4E-7
LLNL 2 1. 4E-7 1.2E-7
NTS 2 1.1E-11 4. 6E- 10
ORNL 3 3.7E-9 1.3E-8
ANL 3 2.3E-12 1. CE-10
M. 3 2.1E-11 5.9E-10
SRS 4 7.4E-9 2. 2E-7
totals 1.3E-6 2. CE-6
Not e:
+ This genetic effects conponent considered to be

societal; all other nodes of exposure assumed to be
shared by individuals along the transportation routes.



About 85% of the expected |atent cancer fatalities and genetic
effects due to the ingestion node are produced by LANL and | NEL
waste streans. This is undoubtedly due to the higher Am 241
content of these wastes. The expected genetic effects due to
nodes of exposure excluding ingestion are caused primarily by

i nhal ati on and resuspensi on processes; that due to cloudshine is
negligible relative to the other conponents. The effects by al
nodes of exposure are small when conpared to exposures
attributable to natural background radiation | evels.

9. ECONOM C CONSEQUENCES AND EXPECTED ECONOM C

The cost of environnmental restoration of contam nated | and
surface due to the release of CH TRU waste as a result of a
transportation acci dent ranges in val ue dependi ng on acci dent
severity and the particular highway segnent affected. The
expected economic risk factors in the probability of accident
severity were applied inits fornmulation. Table 15 presents the
range of econom c consequences, identifies their |ocation, and

presents the total expected costs along the route for a specific
wast e generat or
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TABLE 15 - Econom ¢ Consequences And Expected R sks
| nvol ving CH TRU Waste by Generator In 1980 Dol l ars

origin M ni mumt Segnent Maxi num++ Segnent Exp. Risk
Consequence Location Consequence Location All Segnents

LANL $ 2. TE+02 al | $ 4. 4E+07 36- 37 $ 1. 5E+03
RFP 2. TE+02 al | 4. 1E+06 36- 37 2. TE+03
| NEL 2. 7TE+02 al | S. CE+06 36- 37 6. 6E+03
HP 2. TE+02 al | 1. 9E+07 36 37 1. 9E+03
LLNL 2. 7TE+02 al | 3. 2E+06 18-21 1. 7E+03
NTS 2. TE+02 al | 8. 2E+04 18-21 1. 3E+02
ORNL 2. 7TE+02 al | 8. 1E+06 36- 37 6. 3E+02
ANL 2. TE+02 al | 9. 8E+05 36- 37 1. 9E+00
M. 2. 7TE+02 al | 1. 6E+04 36- 37 1. 6E+01
SRS 2. TE+02 al | 2. 6E+07 41-42 1. 8E+02

total expected costs $ 1.5E+04

Not es:

+ assunmes acci dent of severity 1 occurs

++ assunmes acci dent of severity 8 occurs



The total expected costs to the State as a result of accidents

i nvolving the transport of CH TRU waste to WPP is estinated at
about $15, 000 over the entire transportation period. According to
t he nodel the maxi num consequenti al cost ($44,000,000) to the
State woul d invol ve an accident of severity 8 froma truck
carryi ng LANL waste on segnents 36-37 (between the northern and
southern urban limts of Artesia). The maxi num consequence
remedi ati on costs fromwaste originating at RFP, I NEL, HP, ORNL
ANL, and M al so occurs at this location. Two of the maxi num
costs occur in Al buquerque (segnments 18-21) involving wastes from
LLNL and NTS, and one maxi num renedi ati on cost invol ving waste
from SRS occurs in Carlsbad (segnents 41-42). Maxi num consequence
remedi ati on costs for the City of Santa Fe (segnent 4), resulting
froma severity 8 accident involving LANL CH TRU wastes, are

esti mated at $26, 000, 000 and a nmaxi num cost of about $24, 000, 000
is projected for renmediation in Roswell (segnents 33-34) fromthe
same source. These results indicate that maxi num cost consequence
accidents will occur in urban areas with 70% of them expected
within the Gty of Artesia which has one of the higher urban
densities in the State (1,146 persons/kn2, WIIlians, 1986), and
exceeds the popul ation densities of Roswell and Carl sbad. Al so,
all transport of CH TRU waste, with the exception of SRS waste,
traverses this city.

O her expected costs involve initial response costs and on-scene
costs which vary fromas low as $200 to a high estimate

appr oachi ng $10, 000 dependi ng on the severity of rel ease, but
these are nom nal costs conpared to those incurred with high
severity accident renediation costs.
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10. DI SCUSSI ON AND CONCLUSI ONS

10.1 RADTRAN |V Mbde

This anal ysis was conducted with the best avail able data that EEG
could obtain to execute the RADTRAN IV code, and the results
obt ai ned are derived exclusively fromthe output of this nodel.
The four versions of this nodel attest to the efforts of SNL in
trying to both inprove and extend the capabilities of users
involved in transportation analysis. EEGis actively scrutinizing
the "hard-w red" paranmeters and assunptions utilized in the
nodel , and has had positive interaction with SNL personne
actively involved in devel opi ng and mai ntai ni ng the nodel for
out si de users. Many default values present in the code were
accepted for the analysis, pending a nore detailed study by EEG
of site-specific input for future uses of this code. Wile we are
guestioning sone of these assunptions, it was not our intention
in this report to concentrate on nodel operation, but to organize
and anal yze the output resulting fromour interaction in terns of
i nput paraneters. The limtations of database devel opnent on
EEG s part has already been docunented in this report.

10. 2 I nci dent - Fr ee

The inference fromincident-free exposures is that the risk is
practically independent of popul ation density, traffic, and

acci dent rates because crew nenbers and i ndivi dual s surroundi ng
stoppi ng pl aces receive the magjor fraction of the dose (Table 9)
primarily in rural areas which account for over 90% of the total
exposure. Urban areas, however, are nore affected by traffic
density, but their contribution to the total exposure by this
means is | ess than 10%
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Since the mles of urban roadway on the nmain routes to WPP are
only 5 - 7%of the total mleage, it is not surprising that nost

of the total population dose occurs in rural areas. However, the
real fraction of the dose that occurs in urban areas may be
greater then indicated in Table 9 for several reasons: (1) the
stop tinme paraneter used (0.011 hrs/knm) appears to be excessive
for rural areas in New Mexico; (2) the assuned nunber of people
(50) surrounding stopping places nay al so be conservative for

rural areas; (3) the dose to crew nenbers in urban areas (relative
to rural areas) should be directly related to the fraction of the
total transit times spent in urban areas but the volunmes in Table
9 appear to be low by factors of 3-5; and (4) simlarly, the urban
doses to residents and at stops appear to be |low by factors of 1.1
to 2. The effect of the above factors nay |lead to an urban dose
fraction of as nuch as 15%

The overall contribution to the incident-free exposure by

i ndi vidual generators is quite variable (Table 8) with wastes
fromRFP, INEL, and HP contributing over 60% and LANL
contributing over 20% of the total population dose. The maxi num
i ndi vi dual dose partitioning follows a simlar pattern, but
depends on the location of the individual along the route. Wth
respect to preferred routing strategies, the effect of nmjor
contributors to the incident-free dose should be given prinmary
consi deration. For exanple, the selection of routes for wastes
fromRFP, INEL, HP, and LANL will have a najor effect on the
overal | exposure of individuals along the routes, while the final
selection of routes for waste originating at NTS and LLNL may
have relatively small overall radiological health inpact.
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10. 3 Exposure From Transportation

Whereas incident-free exposure of individuals along the routes
carrying CH TRU waste in New Mexi co can be assessed in a

determ nistic manner, the exposure fromrel eases of radioactive
materials as a result of a transportation accident either assunes
the accident occurs (consequential), or factors in the
probability of occurrence or expectation (risk). Expected

acci dents involving CH TRU waste will not occur wth equal
frequency along the routes (Table 11), and will differ by
severity of accident (Table 10) and by the total nunber of

shi pnments traversing the specific segnent. The anal ysis indicates
that about five transportation accidents involving CH TRU waste
will occur in the State over the entire transportation peri od,
and that about one of these accidents will involve the rel ease of
radi oacti ve waste. The probability of this one accident
aerosolizing nore than 1/1000 of the cargo radioactivity is |less
than 1% and there is a 75% chance that only 1/10, 000, 000 of the
radi oactive content will be aerosolized for inhalation exposure.
It is noted that rel ease fractions as a function of accident
severity by the nodel are significantly | ower than the assuned
rel ease fractions used in the RADTRAN || anal yses for the SEIS
(1990), but EEG agrees that the |lower estinmates are nore
reasonabl e, albeit |ess conservative. Finally, the analysis

i ndi cates that about 70% of the accidents will occur in rura
area hi ghway segnents in the routes to WPP. O those accidents
which will occur in urban areas (about 30%, 12% are expected to
occur in Roswell, and 7% in Carlsbad with the remaining 11%

di stri buted anong other communities in the state.

The consequence of an accident that does occur along the
transport routes to WPP, will depend on a nunber of factors
(Table 12): waste origin, highway segnent, nunber of shipnents
traversing the segnment, popul ation density, severity of accident,
etc. The mmj or consequences in terns of latent cancer fatalities
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woul d i nvol ve an accident in an urban area even when exposure
fromingestion of radionuclides is included for rural areas. The
maxi mum consequence of about seven latent cancer fatalities for a

severity 8 accident (with a probability of about 1 in 66 mllion)
is shown for the urban area of Carl sbad. About three | atent
cancer fatalities would result in Roswell, five in Artesia, and

three in Santa Fe as a result of a severity 8 accident within
t hese urban areas; only 0.2 deaths would result froma simlar
acci dent in Al buquerque.

The expected val ues of population risk as a result of accidents
is very small (Table 13) where about 0.00003 | atent cancer
fatalities are expected statewide as a result of transportation
acci dents excluding the ingestion pathway. The expected

popul ation risk due to ingestion of rel eased radioactivity is even
smal l er (0.00001 | atent cancer fatalities) and, in addition,
considers a nuch |arger popul ation as described for societal

risk. Genetic effects fromaccidents followa simlar pattern and
are relatively insignificant (Table 14).

The wi de divergence between consequences and expected risks is
clearly evident in this analysis, and the inportance of a
consequence i s dependent on its probability of occurrence and its
magni t ude. However, consequences can be utilized to bound ri sks,
and to encourage alternative actions when potential harmis
significant. The risk can be either health and safety related or
econom c in nature.
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10.4 Economic Consequences And Ri sks

The econom ¢ consequences and risks resulting froma rel ease of
radi oactive materials as a result of a transportation accident
are presented in Table 15. A maxi num of $44, 000, 000 woul d be
required to renediate a release of radioactivity as a result of a
severity 8 accident in the city of Artesia, and | esser but
significant anmounts in other urban areas of the state. Cities

al ong the southern portion of the route to WPP, particularly
Artesia and Roswel | appear to show maxi num consequences for both
radi ol ogi cal health rel ated and econom ¢ consequences. The

maxi mum economn ¢ consequences contributed by waste from LANL from
a maxi mum severity accident in Santa Fe is $24, 000, 000. Al

maxi mum economn ¢ consequence occurrences are within urban areas
wi t h higher popul ation densities. The expected costs, however,
are trivial (about $15,000 for all accidents over the
transportation period), and are not of great concern.

Addi tional costs involving initial response activities range from
about $200- $10, 000 dependi ng on acci dent severity, and al so
appear to be of little econom c concern.

11. SUMVARY OF CONCLUSI ONS RECOVMENDATI ONS

11. 1 Concl usi ons

The results of this analysis clearly indicate the expected
exposure of New Mexico residents as a result of accidents
involving the transport of CH TRU waste to WPP is | ess than
0.1% of the expected dose due to incident-free shipnments that do
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not involve accidents or releases of radioactivity. The
incident-free dose is partitioned anong truck crew, persons
surroundi ng stopping places, passengers of autonobiles along the
routes, and residents surroundi ng the hi ghway routes

approxi mately as:

* crew 314 person-rens

* persons at stopping places - 314 person-rens
* residents and passengers along routes - 16 person-rens.

| f one assunes a 25-year transportation period, 60 total crew
menbers, 10 stopping places in New Mexi co at 50 persons exposed
per stopping place, and 170,000 residents and passengers
exposed on all the routes, then the followi ng dose rates may be
estimated as:

crew - 0.2 renicrew nenber/year
* persons at stopping places - 0.025 reni person/year
* residents and passengers along the routes - 3. 7E-06
rens/ person/ year.

When conpared to natural background exposures of 0.3

remnms/ year/ person and vari ati ons between |ocations in the U S.,
only crew nenber exposures appears significant. The attendant
expected latent cancer fatalities as a result of these exposures
woul d not be expected to be statistically significant conpared to
t he normal cancer incidence. The cal cul ated dose to persons at
stopping places (25 nremly) is not trivial since it is equal to
the all owabl e dose to nmenbers of the public fromnost fixed

nucl ear facilities (including WPP). However, as stated above,
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we believe this calculated dose is quite conservative. Based on
this analysis, the currently identified routes do not pose a
statistically significant health risk to New Mexico residents,
and it is not expected that any other routes which may be so
designated for this purpose will pose a significant health risk.

11. 2 Recommendati ons

We recomend that crew nmenbers should be closely nonitored to
assure that the 2 nrenm hour maxi num exposure limt is not
exceeded. Al so, the selection of truck stopping places should be
carefully studied, both in nunber and |location, to mnimze
unnecessary exposures as nuch as possible. Finally, in the
interests of mnimzing health effects and clean-up costs in
cities from hi gh consequence, |ow probability accidents, it is
recomended t hat by-passes around communities should be used when
possi bl e.
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State WIPP Routes Ennancea 10r Ciariiicatloll

D Less than 5 people/square mile

D 5-20 people/square mile
- 21-100 people/square mile

. Greater than 100 people/square mile

With Permission
Williams, Jerry, L., 1986. New Mexico in Maps, Second Edition.
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