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1.0 1INTRODUCTION

The deactivation of the Plutonium-Uranium Extraction (PUREX) Facility
located on the Hanford $ite in Washingtor state includes the disposition of
approximately 183,000 gallons (692,000 1) of surples, slightly radicactive
nitric acid solution, contaminated with a small amount of radicactive
material. The nitric acid was recovered as a normal processing step during
the operation of the PUREX and Facilities. The average concentration of
the nitric acid ¥s approximately 10 moles per liter (not more tham 52 weight
percent agueous sulution The tnta1 quantitr of plutontum (Py) in the nitric
acid is Tess than 3 x 10" kg (6.6 x 10 Ib), The total quantity of uranium
{U) 1s approximately 7,400 kg (16,300 1b). The fissile cmunents&f the
E;jric acid consi{sts of the negligible invgﬂ{?ry of plutonium {as ““Pu and

Pu) and approximately 72 kg (160 1b) of The uraniuwn enrichment, which
is lx enriched or less, is only slightly higher enrichmert than naturally
occuring uranfum ore. The proposed action would export the nitric acid te
British Kuclear Fuels Limited (BKFL) in Sellafield, England. BNFL would use
the nitric acid in a similar fashion and for the same puyrpose as the PUREX
Facility used ii.

Three shipping routes are proposed for the movement of the material
across the United States: Banford Site to Portsmouth, ¥irginia; Hanford Site
to Baltimore, Maryland; and Hanford Site to Pert Elizabeth, New Jersey. The
transportation impacts, both radiological and toxicelogical, of the proposed
UniE?d States shipping activities have been assessed in the following
sections.
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2.0 TRANSPORTATION ACTIVITIES

2.1 INTRODUCTION

The U.§, Depariment of Energy {DOE) mission of cleaning up the Hanford

Site in Washington State includes the deactivation of the Hanford PUREX

| Facility. As part of the required deactivation activities, approximately
183,000 gallons of surplus nitric acid solution contaminated with a smaiil
amount of radioactive material must be dispositioned. BNFL, in the United
kingdom (UK), has agreed to purchase this material in its current condition
and recetve it at is Selilafield, England, Facility, where it would be ysed as
a process chamical in the B205 (MAGNDX Fuels Reprocessing) Facility. The
transportation activities assoctated with this effort have heen identified in
the U.5. Department of Energy L5A/Nitric Acid Transportation Plan to British

| MNuclear Fuels, Ltd. (WHC 1994a) and 7SO Tank Contariper Greater than 1000
fiallons Internal Volume for Shipment of Nitrating Liquids Greater than 50

| Percent Nitric Acid: Specificatyions and Requirements {MHC 1994b). The
transportation activity elements contained within this section are taken from
these two documents.

2.2  SHIPMENT CHARACTERISTICS

The shipment of nitric acid from the Hanford Site to the (¥ will be
conducted 1m accardance with International Atomic Emergy Agency {IAEA)
regulations, the applicable U.S. Department of Transpertation (DOT)
regulations, and the Internmational Maritime Dangerous Goods {IMDG) code. This
transportation impact analysis addresses only one section of the overall
campaign; the transport of the nitric acid within the United States from the

| Hanford Site to each of the three ports: Portsmouth, Virginia; Baltimore,
Maryland; or Port £1izabeth, New Jersey.

The Tiquid material being shipped is 3lightly vadicactive, surplus
nitric acid, not more than 52 weight percent aqueous solution, containing a
Tow specific activity {L5A) radicactive component. There are approximately
183,000 gallons of the nitric acid at the PUREX Facility. The 1igquid will be
shipped via intermodal tanks lpaded on 2 late model International Standards
Organization (IS0) chassis. Tank-frame containers have been designed and
fabricated to meet the reguirements of Specification DOT 51 [Section 49, Code
of Federal Regulations, Part }78.245 (49 CFR 178.245)] and the IAEA Safety
Series 6 (IAEA 1990). The tanks have been constructed and certified fn
accordance with the American Society of Mechanical Engineers {ASME) Cade. The
tanks have recelved Competent Authority Certification from the DOT, a
Bundesamt fur Strahlenschutz (BFS} permit from Germany, a Transport Canada
permit, and a Tank Container Certificate of Approval from the American Bureau
of Shipping.

Figure 2-1 15 a photograph of one of the IS0 portable tank contafners
which has been fabricated for transporting the LSA nitric acid. Each tank
will be Toaded to a nominal 4,000 gatlons (15,100 LY of liquid. The tank
shell, piping, and fiitings are constructed of Type 304L stainless steel. The
piping and fittings are Schedule 80 or thicker; the tank has a minimum shell
thickness of 0.29% in. (0.749 cm) and is approximately 8.0 ft (2.4 @) in

2-1
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150 Portable Tank and Tank-Frame.

Figure 2-1.
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diameter and 20 ft (6.1 m} Tono. The tank is top loaded and contains no
bottom valves pr vents. The tank also contains Teakage containment enclosures
to retain any leakage from valves and quick-comnects., A five year corrosion
allowance has been included in the design of the vessel. A container is
assembled into an 150 tank-frame which has been designed to stabilize the tank
and provide for 1ifting and handling. AUl designs, fabrications, inspections,
?aﬁgiggglngs, and tests have been carried out as required by the ASME Code

c).

A portable tank will be Toaded on a late model IS0 chassis. The carrier
will be 3 qualified Motor Carrier Evaluation Program (NCEP) motor carrier.
Shipments will be sateiT{te-tracked and the carrfer will maintain
comuunication capabilities with local and state authorities. Shipments will
not procead during adverse weather conditions. Ten IS0 portable tanks have
been manufactured and it is estimated that the entire transportation campaign
will be complete within one year of the starting date. A maximum of
52 shipments will be made from the Hanford Site to Portsmouth, Virginia;
Baltimore, Maryland; or Port Eltzabeth, Mew Jersey. Figure 2-2 shows the
Hanford 5ite to Portsmouth, Virginia, route. Figure 2-3 shows the Hanford
S5ite to Baltimore, Maryland; and Figure 2-4 shows the Hanford Site to Port
Elizabeth, New Jersey. Total one-way distances for the shipments are:
Hanford Site te Portsmouth, Virginia, - 4778 km (2974 mi}; Hanford Site to
Baltimere, Maryland, - 4500 km (2800 mi); and Hanford Site to Port Elizabeth,
Mew Jersey, - 4730 kn {2940 mi).

2.3 PUREX NITRIC ACID SOURCE TERM

Tha s11ghtly radicactive LSA material to be shipped from the PUREX
Facility is an aqueous solution consisting of approximately 52 weight percent
concentrated nitric acid. The acid component is Hazard Class 8, and the
radioactive component is Hazard Class 7. Table 2-1 is a listing of the sample
analyses performed on the four PUREX Facility nitric acid storage tanks. The
sample analyses were provided by PUREX Process Shutdown Projects and represent
a conservative source term. No precipitation or separation of the splution is
anticipated,
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Figure 2-3. Route from the Hanford Site to Baltimore, Maryland.
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Figure 2-4. Route from the Hanford 5ite to Port Elizabeth, New Jersey.
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Table 2-1. PUREX LSA Nitric Acld Sample Analyses.
TAME B2 Taw B3 TAMC 01 Tame ud
APPRIOTR  f cix Solids, Clesr, | <I% Solids, Cisar, | <1X Solids, Cleer, | <IX Solsds,
folorlens, <0.5WR | vatlow <0.5 HR | Light Grown, <0.5 Wk | Colorless
N 7.6 M 5.4 B 1.3 10,45 4
Pu 5, 38E-08 /L <1 ME-07 &L 2.70E-08 G/L 1,776-06_G/L
v 1%.95 /L 10.4 G/L 1,156 06 G/L 1.21E-0% 841
gt 1,24 1.2 1,29 1.31
T0¢ 616w Conl 496 16 Cini 5% w6 Trnl 1050 WG C/ok
) 10,7 uisL 9,14 utlsL 16.4 uCifL 8.1 utisL
AT .57 uCi/L 7.34 wehil 2.48-02 uchsL 2.4E-02 WSl
Yoebogr e | w2umee-01 wisy 20961 uCisL 3.58-0 WCifL 6.56-01 uCifL
| e, «2.TSE-02 Wi ji %, 28E-02 ubi/L <3 HPE-D2 WEi/L 4, 08E-D2 VCi/L
fa <2, 81E+02 WCi/L <2, 16E-02 ubist 4.TE-02 uCisL 9.18-02 wtifL
e 3, ME-02 WGi/L 4,26-02 uCLL 408 WESAL 902 WCAL
b 2.706-02 WLisL 2. O7E-02 Ci/L -5, 25E-H3 L/l <1, ME-02 uGisL
103y, «<1.74E-02 LCi/L <1616 -02 WCifL 2. 92E-02 uCi/L <5, 2E-02 uCifL
106p, 1Py | @ sE-01 Win <3.11E-00 utisL <5.45E-0F ubl/L <7.7RE-D1 WEENL
Sar <3, 63E-02 WE1/L «3,48E-02 MCiZL «1,372-02 WEisL <3,93€-00 WC1/L
2y, e 158 uti/L None Detected o122 uCi/L None Detscted
a3y 2. 69E-01 WCi/L 1,68 01 WCi/k Hohe Drtected Kore Detected
£ <2. 126902 uG/nL 2. 126502 uifwl <2096 +02_ LG/ <2.126402 il
= b JAESQD /. <k DLE+0Z /el <k TBE+02 Ui/m b, 2hE02 Uil
PO, 2, 1ZE+05 UG/ <2, T2E+03 o/l <2, 09E103 uG/aL <2, 12E+E3 LG/
g0, " <2, 12E40% uGiml P 13403 uGiel 2. 09F+03 uijel <. 12EHIE LGiaE
2l <1, 7E-05 WClsm, 1, 7E-05 oCl/et 4. PIE-08 uCi/mL 4.49E-05 uti /L
2y, 6.9E-05 uCisal &. 06E-U5 uCh/ni §.28-05 uCiAnt <@.DAE-05 uCi/ml
As 1,402 uism. 9, 06-03 wiret 2.06-02 utimL 2.38-02 uG/mL
5 <50 03 WG/ <5, 06-05 UG/ <5.0E-05 LG/mL <5.06-03 uG/ni
TREL 16.4 uGAL 5.5 uesL 1.4 uG/L 52.7 uG/|
Fa 55w/ 32.3 uoreL 108.5 wi/ut 76,1 ul/nl
ta 1% oG/m 2,45 UG/RL 5,08 UGl 10 uG/el
or 42 wG/m B.ib v 25,0 ub/eL 0.6 uinl
P 27,7 u/oL 2,30 u/m 2.6 LGS, 26 uG/eL
Ny 2.6 ut/ml Nona Detscted 2. EE-0% utiml S ME-DT uhimb
(] 4.2 uG/al 3.5 uGrmd 5,47 uifel 5,03 uG/mL
K 3.4 uGse, .26 uhim Hove Dietectad Worw Datected
7.6 ui/m 4.96 o/l 15.65 ubismi, 2.4 ol
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3.0 RADIOLOGICAL RISK ASSESSMENT

3.1 NETHODOLOGY

The RADTRAN 4 computer code {Neuhauser and Kanipe 1992) was used io

Ferfnrm the analyses of the transportation of LSA nittric acid to the ports at

ortsmouth, ¥irginia; Baltimore, Maryland: and Port Elizabeth, New Jersey,
from the PUREX Facility on the Hanford Site in Washington State. RADTRAN was
developed by Sandia Natfonal Laboratories (SHL) to calculate the risks
assocfated with the transportation of radioactive materials. The original
code was written by SHL in 1977 in association with the preparaticn of
RUREG-0170, Final Environsental Statement on the Trapsporiatien of Radjoactive
Matarizl by Air and Other Modes (HRL lﬂ??g. The code has since been refined
and sxpanded and s currently maintajned by SHL under contract from DOE.

The RADTRAN 4 computer code is organized into the following seven models
{Meuhauser and Kantpe 1994):

mateyial model

transportation modal

poputation distribution model

health effects model

accident severity and package release model
meteorotogical dispersion wodel

economic model.

L I JNE I BN B W

The code uzes the first three nodels to calculate the potantial population
dose due to normal, incident-free transportation and the first six models to
calculate the risk to the population from user-defined accident scenarios.
The eccnomic model §s not used in this study.

3.1.1 Ratarial Model

The material mode] defines the source as either a point scurce or as a
Tine source. For exposure distances Tess than twice the package dimensiom,
the source is conservatively assumed to be a Tine source. For all other
cases, the source is modeled as a point source which emits radiation equally
in 211 directions.

The material smodel also contains a Tibrary of 59 isotopes aach of which
has 11 defining parameters which are used in the caleulation of dose., The
user can add isotopes mot in the RADTRAN Tibrary by creating a data table in
the input file consisting of eleven parameters.

3.1.2 Transportation Model

The transportation model allows the user to input descriptions of the
transportation route. A transportation route may be divided into links or
segnents of the journay with information for sach 1ink on populatfon density,
mode of travel {e.g., trailer truck, ship, etc.), accident rate, vehicle
speed, road typs, vehicle density, and link Tength. Alternatively, the
transportation route can also be described by aggregate route data for rural,
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urban, and suburban arsas. For the LSA nitric acid shipments, the aggregate
route method was used for separate sections for each of the three

destinations. Routes to three destinations were subdtvided into the
following:

——

. Hanford Site, Washington to Portsmouth, Virginia:
Hanford Site, Washington to Ogden, Utah
Ogden, Utah to Lexington, Kentucky
Lexington, Kentucky to Portsmouth, Virginia

-

- Hanford Site, Washington te Baltimors, Maryland:
Hanford Site, Washington to Ogden, {tah
Ogden, Utah to Columbus, Ohio
Columbus, Ohio to Baltimore, Maryland

» Hanford Site, Washington to Port Elizabeth, New Jersey:
Hanford S5ite, Washington to Ogden, Utah
Ogden, Utah to Columbus, Ohio
Columbus, Ghio to Port Elizabeth, Hew Jersey

3.1.3 Health Effects Model

The health effects model in RADTRAN 4 is outdated amd is replaced by
hand calculations, The health effects ave determined by multiplying the
poputation dose (person-rem) supplied by RADTRAN 4 by a conversion factor.
The converston factors relate population dote to latent cancer fatalities and
total detriment from cancer fatalities, cancer incidents, and genetic effects.
They are taken from the International Commission on Radiotogical Protection
{ICRP) Publication 60 {ICRP 19%1) and are listed im Table 3-1.

Table 3-1. Health Effect Conversion Factors {ICRP 189]).

Yorker Public

Latent Cancer Fatality {per person-rem) 4.0 E-04 E.0 E-04

Total Detriment {per person-rem) 5.6 £-04 7.3 E-03

3.1.4 Accident Severity and Packige Reélease Model

Accident analysis in RADTRAMN 4 is performed using the accident severity
and package release model. The user can define up to 20 severity categories
for three population densities {urban, suburban and rural), each increasing in
magnitude. NUREG-0170 (NRC 1977) defines efght severity categories for spent
fuel containers that are related to fire, puncture, crush, and immersion
gavivonments., Various other studies have a1s0 been performed for small
(Clarke et al. 1476) and large (Dennis et al. 1978) packages which can also be
used to generate severity categories. The accident scenarios arve further
defined by allowing the user to input release fractions, and aerosol and
respirable fractions for each severity category. These fractions are also a
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function of the physical-chemical properties of the materfals being
transportad.

3.1.5 Keteoralogical Dispersion Model

RADTRAN 4 allows the user the choice of two different methods for the
modeling of the atmospheric transport of radionuctides after a potential
accident. The user can either input Pasquill atmosphevic stability category
data or averaged time-integrated concentrations. Im the LSA nitric acid
analyses, the dispersion of radionuclides after a potential accident 1s
modeled by the use of time-integrated concentration values in downwind areas
compiled from natipnal averages by SHL.

3.1.6 Incident-Free Transport

The models described above are used by RADTRAN 4 to determine dose from
incident-free transportation or risk from potential accidents. The public and
worker doses calculated by RADTRAN 4 for incident-free transportation are
dependent wpon the type of material being transported and the Transportation
Index {TI) of the package or packages. The 71 is defined in
49 CFR 173.403{bb) as the highest package dese rate in millirem per hour at &
distance of 1 » from the external surface of the package. Dose consequences
are also dependent upon the size of the package, which as described in the
material model description, will determine whether the package is modeled as a
point source or line squrce for close-proximity expesures,

3.1.7 Potential Accident Analysis

The potential accident analysis performed in RADTRAN 4 calculates
population doses for each accident severity category using stx exposure
pathway models. They include inhalation, resuspemsion, groundshine,
closdshine, ingestion, and direct exposure. This RADTRAN & analysis assumes
that any contaminateg area is either mitigated or public access controlled g0
the dose via the ingestion pathway equals zevo., The congtequences calculated
for each severity category are multiplied by the appropriate probabilities for
aach category and summed to give a total radiological) accident risk.

2.2  RADTRAN 4 INPUT PARAMETERS

RADTRAN 4 computer code input files divide into parameters associated
with the source term, parameters which are used for incident-frea
transportation, and data that are assoclated with potential accidents.
Input file 1istings for each of the trip segments can be found in the

Appendix.
3.2.1 Source Term Paramaters

The LSA nitric acid is currently Jocated at the PUREX Facility on the
Hanford Site. The ESA source term was developed using the information given
in Table 2-1 in Section 2. This table gives the results of measurements
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performed on the material currently located at the PUREX Facility. Some of
the radionuclides 1isted in Table 2-1 show a "less thanm value.” These values
are the detection limits of the equipment used for measurement. Although, in
most cases, these radionuclides are not present, they were included in the
source term. In developing the source for the RADTRAN 4 input, the highest
recorded cancentration or “iess than" value of a radionuclide was miltiplied
by the shipment quantity of 42?0 gallens (15,100 L); all beta activity {TB in
Table 2-1} was assumed to be “5r. Uranium and plutenium values were taken
from the source term developed in the Westinghouse internal memo,
84100-94-JEM-056, which is contained in the Appeadix. The resuiting source
term represents a worst case and is conservative. Table 3-2 lists the RADTRAN
4 source term developed for the nitric acid shipments. The total activity per

4000 gallons (15,100 L) shipment will be less than 0.9 Ci.

Table 3-2. LSA Nitric Acid Shipment Source Term.
NHitric Acid Ci/Shipment Nitric Acid | Ci/Shipment
Source Term Seurce Term

Hgp” 4.25 £-01 | S 8.09 E-03
teice” .84 E-03 24)) 1.27 E-b2
o §.45 E-04 28y 7.51 E-D2
Biee 1,38 E-03 o 7.13 £-04
Bigs” 1.37 E-01 | Z'Np 1.04 E-03
| "Nb 4.2] E-04 Sopy 2.10 E-04
1%3py) 7.87 E-04 Spy 2.37 E-03
105Ry” 1.18 E-02 &0py 5.6 £-04
v 5.95 E-04 21py 2.28 E-02
Z87h 2.39 £-02 22p,, 5.64 E-08
i 1.55 E-01 H TOTAL .50 E-01 |

* pabTRAN sutomatlcally Include: deughter activity from thace resdfemoclides.

RADTRAN 4 has a radionuclide 1ibrary which contains data for

59 jsotopes.

informat

jon.

for the data follow.

RHalf-1ife {ICRP 1923)

Of the 21 radionuclides in the nitric acid sclution, three of
them were not contained within the RADTRAN 4 library. Accordingly, the
radionucl ide data needed for RADTRAN was compiled.
with RADTRAN 4, the original references were used for the sources of this

The eleven values needed for each radionuciide and the refevence

Te maintain consistency

2. Photon energy (ICRP 1983}

3. (Cloudshine dose factor, externa)l immersion {DOE 1982a)
(Eckerman et al. 1988)

4. Committed effective dose equivalent for inhalation (DOE 1988b)

{Eckerman et al. 198B)
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5. Committed effective dose equivalent for ingestion (DOE 1988b}
(Dunning 1983) {Eckevman et al. 1988}

6. Food transfer factor - set to zero since any contamination from
accidents wil] be mitigated

7.  Soit transfer Factor - alseo set to zero

8. Deposition velocity of aerosol particles {Neuhauser and
Kanipe 1992}

9. lLung type - determined by radiation characteristics
10. One-year lung dose for inhalation {Dunning 1983)
11. One-year marrow dese for fnhalation (Dunning 1983}).

Section 7.2 of the Appendix contains the data set generated far the
radionuctides not contaimed in the RADTRAN 4 VYibrary. As previously
discussed, these eleven parameters are used in RADTRAN 4 to calculate
population dose from potential accidents.

Two additiona) parameters zre associated with the source term. These
parameters determine the release of the radicnuclides given an accident of a
certain magnitude. The parameters define the physical-chemical properties of
the radionuclides being shipped. They are the ?hysical-cheuica1 group and the
dispersibitity category of the radionuclide. The nitric acid paylead is in
tiguid form and has the disperstbility category default value taken from the
RADTRAN user’s manual for tiquids (Neuhauser and Kanipe 1992).

3.2.2 Incident-Free Transportstion Input Parameters

Table 3-3 is a 1ist of input parameters that are used by RADTRAN 4 in
the calculation of population dose for incident-free transportation. The LSA
nitric acid will be shipped to the chesen Eastern port in up to 52 shipments.
The tank will contain wp to 4000 galions {15,106 L) of LSA nitric acid

solution,

RADTRAM 4 uses the dose rate at 1 m in talculating dose to the public
and worker. Historical dose rate data are avajlable for the shipment of LSA
nitric acid in tanks on the Hanford Site (see Appendix, Section 7.3}, The
dese rate measured on the surface of the tank was less than 0.5 mrem/h.
Accardingly, the use of 0.5 myen/h at I m is 3 conservaiive value that will
overastimate the dose to the public and workers.
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Table 3-3. Input Parameters for Incident Free Transport.'”’

Paramatar 1 Mumbar
Busber of Ehipaents L1
Doxe rate 1 m from Vehfcle/Package {wram/h} 0.5
Lenath of Package (m) 6.1
Exclus|ve Lsa Tas
velocity Tn Rural Populstion Tors Cleshy 83.6
Velockty in Suburban Bopulation Zone (kmsh)‘®? 49.3
Velocity {n Urban Fopulation Zone Clahy<E? 2.2
#upbar of [ 2
Hetance from Source to Srew (m) 10.0
Etop Time per i (hikmy’D? 0.074
Fertong Expoged Whils Stopped! D) 50
Average Exposure Distence While Stopped (myt®? 20,0
Nurber 0f People per Vehicle on LirkfP? 2
Teatfie Comt Phiging o Specifie Paint+Rursl Zone, Dne-Uey'D 470
Traftle Count Pescing & Specific Faint-Suburban Zone, One-ury " 780
Teaffic Count Passing & Specific Polnt-Urban Zone, w—m{h} 2,800

{a) Values shown are ghipsent specific vnlesa otherwize roted,
[ty Defoult wveloes from RADTRAM & (Necheaser shd Kitipe 19%2).

Travel fractions and population densities, as shown in Table 3-4, were
generated using the computer code HIGHWAY 3.1 {Johnson et al. 1993). The data
are uwsed in beth incident-free and accident analyses. The information was
generated for six different sections identified as part of the routes from the
Hanford Site to the three Eastern ports. Since population densities and
accident rates in the West are significantly different from those in the
Midwest and East, the sections are roughly broken into geographical areas
which cover travel across Western, Midwestern and Eastern states. The input
parameters generated were used in six different RADTRAR 4 input files. Copies
of the input files can be found in the Appemdix. The output for the six
different runs were summed to give total integrated popuiation doses and risks
for the three different routes from the Hanford Site to Eastern ports.
Accident rates are discussed in the following section.
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Table 3-4. Trarsportation Statistics and Frequency Data,
From To Description Ruroi Subnsrban Wty ‘Intl= km
mi)
Henford, WA Ogder, LT 10139
(630.0)
hccident kete (o 1y | 2.51E-07 | 25907 | 2,507
Pacpl e/ 5.0 3207 20%3.5
Parcancage of Travai 1.3 ¥.2 1.4
Ggden, UT Lexington, KY 2797.0
(573507
Accident Rote (k' 'y | 2.215-97 | s.285-07 | S.2ae-07
Paopefan’ 5.1 4.9 2054, 8
Percwniage of Travel B5.0 113 0.7
Laxington, K¥Y Pertomouth, Vi wF.2
(£01.0)
secivent Reee ¢k by | 2.a0e-07 | zoase-nr | 3.351-07
Pecple/ket 16.0 308,3 2043.7
Percentage of Trave 2.1 5.8 2.1
Ogden, UT Columbus, OH 2801.8
{1761.03
dccicant fate (ke 'y | 2.236-07 | S.5e-07 | s.15e-07
Paoplasin’ 5.9 331.8 21117
Fer¢entege of Trovel ar.1 1.7 1.2
Columbus, OH Port ELlizebath, ¥4 .1
ns {5800
sceidant fate oy | z.éx07 | soee07 | 3oeeeo7
PeopLeflnd 19.4 282§ 346,08
Ptr:mtag of Travel o7.3 26.9 3.8
Columbus, O FatLimore, MD 6507
(£23.0)
accident pete cin' Yy | Z.mee07 | 3om-or | s.o7en7
Pecplesia’ 3.7 7.2 2350.2
Parcentage of Travel 52,7 3.4 3.7

3.2.3 Accident Input Parameters

Radiolegical acctdent impacts are addressed in this report as integrated
population rizks {i.e., accident frequencies times consequences integrated
over the entire shipping campaign), as well as the consequences of the maximum

credible accident.

descriptions of the analyses performed using this computer code.

For this analysis, risk is defined as the product of the probability of
occurrence of an accident involving the LSA nitric acid shipments and the
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consequences of an accident. Consequentes are expressed in terms of the
radiotogical exposuras ard latent cancer fatalities from a release of
radicactive material from the tank pr the exposuve of persons to radjation
that could result from damaged package shielding. The probability of an
accident that involves radicactive materials is expressed in terms of the
expected number of accidents per unit distance integrated over the total
distance traveled. The response of the tank to the accident environment, and
hence, the probability of release or loss of shielding, is related to the
severity of the accident.

The probabilities of occurrence of transporiation accidents that weuld
release significant quantities of radioactive material are relatively small
because the tank fs designed to withstand certain transportation accident
conditions (i.e., the tank is designed and fabricated to the requirements of
DOT SpaciTication 51 - see 49 CFR 178.425). Accidents on the road are
difficult to totally eliminate. However, because the shipping tanks and
frames are capable of withstanding certain accident environments, including
mechanical and thermal environments, only a relatively small fraction of
accidents ;nvu1ve conditions that are severe encugh to result in a release of
nitric acid.

Should an accident dinvelving an L5A nitric acid tank occur, a release of
radigactive material could occur only if the tank were to fail. A fatlure
would most 1ikely be & smal) gap in a seal or valve failure. For the
radioactive material to reach the environment, it would have to pass through
the tank walls or through a failed valve. Materials released to the
gnvironment would form a poel of mitric acid, evaporate, and then become
dispersed and diluted by weather action and a fraction would be deposited on
the ground {1.e., drop out of the contaminated plume) in the surrounding
region. Emergency resqnnse crews arriving on the scene would evacuate and
secure the area to exclude bystanders from the accident scene. The released
material would then be cleaned up using stamdard decontamination techniques,
such as excavation and removal of contaminated soil. MHonitoring of the area
would be performed to locate contaminated areas and to guide Cleanup crews in
their choice of protective clothing and equipment {e.g., fresh-air equipment,
filtered masks, etc.). Access to the area would be vestricted by Federa)
an?fur st?te radiation control agencies until it had been decontaminated to
safe lavels.

The RADTRAN 4 computer code was used to calculate the radislegical risk
of transportation accidentis involving LSA nityic acid shipments. The
RADTRAN 4 methodology was summarized previously. For further details, refer
to the discussions presented by RADTRAY 111 {Madsen et al. 1986) and
RADTRAN §: Volume 2--Technical Manval (Reuhauser and Kanipe 1994).

There are five major categories of input data needed to calculate
potential accideat transportation risk impacts using the RADTRAN 4 computer
code. These are (1) accident probabiliity, (2) release quantities,

{3) atmospheric dispersicn parameters, (&) population distributfon parameters,
and {5} human uptake amd desimetry medels. Accident probability and release
guantities are discessed below, the remaining pavameters have been discussed
in previous sections.
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3.2.3.1 Accident Probability. The probability of a severe accident is
calcutated by multtplytng an averall accident rate (accidents per
truck-kfiometer} by the conditional probability that an accident will invalve
mechanical and/or thermal conditions that are severe enough to result in
container failure and subsequent release of radioactive material. For this
analysis, four accident severity categories were defined, with category 1 as
the jeast severe and category £ as the most severe. The conditional
probabilities of encountering accident conditions in each severity category
were taken from an U.5. Nuclear Regutatory Lommission (HRC) document
{Fischer et a). 1987}, which were developed based on reviews of accident
records and statistics compiled by various State and Federal agencies. The
derivation of the accident rates and conditional probabilfities used in this
analysis s discussed below.

Accident rates were developed for each of the six transport links using
state-level accident data developed by Trends in State-Level Frefght Accident
Rates {Saricks and Kvitek 1991). Since each 1ink encompasses more than one
state, a weighted-average accident rate was developed for each Yink. The
weighted-average was derived by determining the fraction of the total distance
in sach Yink that passes through a certain state, multiplying the fraction by
the accident rate in the state, and then swming over all the states in the
link. 35ince the accident rates given by Trends in State-fevel Freight
Accident Rates (Saricks and Kvitek 1991) are split into accidents per mile for
rural and urban travel, it was necessary to incorporate this factor into the
analysis. This was done by determining the distance tvaveled in urban and
rural 2one: in each state in a idnk using the HIGHWAY computsr code (Johnson
et al. 1993) output {fracticns of travel in rural and urban/suburban
population zones) and than perfarming the weighted-average calculations to
develop the aceident rates in each population 2one each Tink. These
calcuiations are itliustrated for a specific Vink (Hanford to Ogden, Utah) im
Table 3-5, The accident rates for each tink are presented in Table 3-6.

Table 3-5. Itlustration of Calculations Performed to Develop
Link-by-Link Accident Ratss.

state [oistance| Fraceions Travel in|os in each 2one,|Stete accldent  jRate

||u|il Ewch zw“?f k2 e “f!:- per 1.0 541,1 0 £407 it

Rurat Huburban| Urben Rural |SuburbenjUrban [Rurcal Urben Rurat ll.lrbin
Peniehisi—
ik &5 0.918 007 0.01h S8 5 1 2.50 1.41 Q.17 H.1
|om 2001 o.9t8] 0.7 o010 300 h 3 2.20 3.9 0.68 .29
10 7] oee| o.0m] c.o10 405 12 4 2.30 1,73 Q.93 g. 70
jur 18] o.918] o.071] 0.0 29 17 Fi 2.41 2.52 0,53 .55
E7T 1000 ™ 1 FIT] 2.59

{8} These date were taken from the HIGHUAY compuiar code resvite for thise Link.

(b} Cotained by soltiplying the total travel distence (n sach state by the rursl, suoborien, sl orissn
travel frections and then converting 1o RILoBwtars, .

€c; bats teken from Irecds \p Siste-Level Freight Accident Retes (Saricks and Kvitek $991).

(d)} Caleulsted by smoitiplying the fraction oFf roral and urbanfaubordan trevel §a sech zome (e.g.,
rural disterce/total distence) by the rorsl wnd suburbsn/urben sccicent rates in sach atete, The
toral se¢igent rate for this link is e e of the weighted svereges in each atace.
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Table 3-6. Accident Rates for Each Link in this Analysis.

Limk No. From g Acgident Raxe, per 1.0 E+)T km
Rursl by Lbearban
1 {Nenford, wA {ogden, Ut z.31 2.59
2 Ugcan, Ul JLexington, kY z.21 5,28
| 3 luexington, Iy [Portamcuth, WA 2.40 3.07
% tgdam, UT Jeovming, on 2.25 5,18
s Columbus, OH IPort Etizabeth, W) 4,52 3.06
& Colunbus, O ~ Iesitimore, 3.3 3.07

Four severity ciategories were defined to model the response of the
nitric acld tank to accidents. Severity category 1 was defined as
encompassing all accidents that are not severe enough to result in failure of
the tank {i.e., accidents with zero releuse). Category 4 was defined to
include all accidents that are severe enough to result im a spill of the
entire tank contents. No data on the accident-resistance of the tank to be
used for the nitric acid shipments was found so gasoline tanks (Rhoads 1978}
were used to approximate the structural and thermal capabilities of the LSA
nitric acid tank. This is believed to be conservative because gasoline tanks
are not protected during transport by the rollover protectors and [50
container frame provided for the nitric acid. In addition, gasoline tanks are
constructed of an atuminum alloy which provides less: structural strength than
the 304L stainless steel nitric acid tank.

The structural analysis of a gasoline tank described by An Assessment of
the Risk of Transporting by Gasoline Truek (Rhoads 1978) concluded that the
failure thrashold fer aluminum gasoline tanks involved in impact accidents is
about 23.6 mph. This study aiso concluded that the gascline tank can
withstand the pressures produced in an 1850 ‘F fire for up to 40 minutes with
all relief valves faiiing to function. Therefore, 1t 1s conservative to
assume that the nitric acid tank can withstand & 10 minute fire without
failing. These failure thresholds were used to determine the conditional
probabilities of severity categories 1 and 2. According to Shrpping Container
Response to Severe Highway and Railway Accident Conditions {Fischer et al.
1987), 15.3%% of all truck accldents that involve impact velocities less than
22 mph 15 0.56877 {includes small percentage of nom-impact accidents involving
fires). Since severity category 1 does mot include fire occurrences, the
fraction of these accidents was modified to remove the non-collision fire
events. Shipping Comtainar Response to Severe Highway and Railway Accident
Conditfons (Fischer et al. 1987) indicated that 15.3% of all truck accidents
invalve fires and that when a fire occurred, about 66% of the fires were Jess
than 10 minutes in duration. Therefere, the fraction of impact-only accidents
Tess than 22 nph was calculated as follows:

PROB (Sev. fat. 1) = D.gﬁ?i? - {0.153)(0.6596){D.56877})

The probability of severity category 2, which was defined as a minor ¢oliision
{less than 22 mph} for which a fire occurs, is the product of the last three
terms 1n the above equation; i.e., (0,3%3){0.6596)(0,56877} = 0.0574.

Severity category 3 was defined to encompass collisicen-only accidents at
velocities between 27 mph and 30 mph. The latter velocity was estimated by

3-1D0




WHC-SD-TP-RPT-015 Rev. 1 March 30, 1995

An Asseszmant of the Risk of Transporting Gasgline by Truck (Rhoads 1978) as
the failure threshold for axial impact events for a gasoline tank. According
to Shipping Container Response to Severe Highway and Railway Accident
Conditions (Fischer et al. 1987), the cumulative probability of accidents less
than 30 mph is about 0.74353. Therefore, the conditional probability of
accident severity category 3 1s 0.74353 - 0.56877 = 01,1748, The conditional
probability of accident severity category 4, which encompasses all accidents
mwore severe than 30 mph collisions, with and without fires, is 1.0 - 0.74353 =

0.2565,

3.2.3.2 Release Fractions for Ritric Acid Shipments. Release fractions
{array RFRAC in RADTRAN 4} are used to determine the quantity of radicactive
material released to the environment as a result of an accident. The quantity
of material released s 2 function of the severity of the accident (i.e.,
thermal and mechanical conditions preduced in the accident), the response of
the tank te these condittons, and the physical and chemical properties of the
material being shipped. The basis for the release fractions used in this
analysts are discussed below.

A four-parameter array was established to describe the release
fracttons. Release fractions were develcped to describe the quantity of
nitric acid estimated to be released given the occurrence of an accident in
each severity category. The release fraction for severity category 1 relates
to the releases expected from non-fire accidents Yess tham 22 mph., These
accidents are not expected to result in tank failure. Consequently, the
release fraction For severity category 1 was set equal to zere.

The release fractions for the remaining sevarity categoriss were
developed uwsing information in An Assessment of the Risk of Transporting
Gaseline by Truck (Rhoads 1978). Severity category 2 iavolves a relatively
minor thermal accident environment. The most Tikely Faiture mode for this
category is averpressure resulting in leakage through pressure relief wvalves.
An Assessment of the Risk of Transporiing Gasolinme by Truck {Rhoads 1978)
estimated the release fraction for gasoline under these conditions at 1% of
the tank cantents, as tong s the tamk does not overturn (overturn is unlikely
at vehicle speeds Tess than 22 mph so this release fraction appears to be
reasonable).

The severity category 3 release fraction would be substantially larger
than that for category 2 betause the nitric acid tank walls are projected to
fail under category 3 conditions, An Assessmant of the Risk of Transporting
Gasoline by Truck (Rhoads 1978) estimated the release fraction for a gasoline
tank under stmilar conditions te be 50% ([representative of a fatlure of tank
walls under impact or pressure conditions and faflure of outlet valves in
gverturn accidents). This appears to be conservative because of the overturn
protection provided for the nitric acid tank and 1ts stronger and tougher
stainless steel construction relative to gasoline tanks. The release fraction
for severity category & was assumed censervatively to be 1.0 {100% of the tank
contents released}. Furthermore, it was assumed that 100% of the released
mzterial in 31? severity categories is in dispersible and respirable form.
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3.3 INCIDENT-FREE RADIOCLOGICAL TRAMSPORTATICN IMPACTS

Results from the normal, incident-free transportation of the 52 L3A
nitric acid shipments from the Hanford Site to the thres differant Eastern
ports are shown tn Tabile 3-7. Travel from the Hanford Site to Portsmouth,
¥irginia, results in a total dose to the worker and public of 3.6 person-rem.
Using the ILRP 60 hea]th1ﬁffects conversion factors given in Table 3-1 this
would resylt fn 1.7 x 107" Tatent cancer fatalities with a total detriment of
2.3 x 10 Travel from the Hanford Site to Bz1timore, Maryland, reﬁ§1ts in
2,8 person-rem with 1.3 x 10°" latent cancer fatalities and 1.6 x 10 total
detriments. Jpe results to Port E)lizabeth, New Jersey, give 2.7 person-

and 1.3 x 107 latent cancer fatalities with a total detriment of 1.7 x 107,

Table 3-7. Incident-Free Radiological Impacts from
52 LSA Nitric Acld Shipments.
Description Worker Public Total
Hanford, Washington to Portsmouth, Yirginia
Tota) Dose (person-rem} 4.3 E-01 | 3.} E+00 | 3.6 E+00
Latent Cancer Fatalities 1.7 E-04 | 1.6 E-03 1.7 E-03
| Total Detriment 2.4 €04 | 2.3E-02 | 2.3 E-02 |
Hanford, Washington to Baltimore, Maryland
Total Dose {person-rem) 4.1 E-0) 2.2 E+00 2.6 E+00
Latent Cancer Fatalities 1.6 £-04 | 1.1 E-03 1.3 E-03
Total Detriment 2.3 E-04 | 1.6 £-02 1.6 £-02
Hanford, Washington to Port Elizabeth, New Jersey
Tota) Dose (person-rem) 4.3 E-01 | 2.3 E+00 2.7 E+00
Latent Cancer Fatalities 1.7 E-04 | 1.2 E-03 1.3 E-03
Total Detriment 2.4 E-04 1.7 E-02 1.7 E-02

To place the above numbers in perspective, a calculation was performed
to determine the dose rate and heaith effects from naturally occurring
radiation to the poputation which could potentialiy be affected by the
shipments. The National Council on Radiation Protection and Measurements
{HCRPF 1987) has determined that the average exposure from background radiation
to individuals in the United States is approximately 300 mrem/yr. To
determine a population dose for the area traversed by the three different
shipments, a 60 m strip {30 m on each side of the highway) is multiplied by
the Tength of each shipment. These areas were then aultiplied by the -
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population densities and travel fractions given in Table 3-4 for rural,
suburban and vrban zones respectively. The following example for the Hanford
| to Portsmouth route 11justrates the calculation:
| Total shipping distance =  4772.1 km
| Total exposure area - {0.06 km) x (#778.1 km) = 285.6%9 kit

Total exposed population

Area x T {{Link Fraction) x & [{Population
Pensity) x (Traval Fraction}]}

= 286.69 ia® x {10]13.9/4786.1 (5 x 0.918 +
320.7 x 0.072 + 2038.5 x 0.01) +
2797.0/4786.1 (6.1 x 0.88 + 314.9 x 0.113
+ 2094,8 x 0,007) + 975.2/4786.1 (16 x
0.719 + 342.2 x 0.256 + 2102.7 x 0.025)}

I = 21,098.0
| Person-rem =  21,098.0 person x 0.2 rem/yr
| « 6,329 person-rem/yr

The average exposure in person-rem from background radiation for the
three proposed routes yieids a dose of 5,860 person-rem resulting in
2.9 latent cancer fatalities. The highest incident-frea population dose
from Table 3.7 1s less than 0.1% of the calculated national average persom-rem
from background radiation for the same population.

3.4 POTENTIAL ACCIDENT RISKS

The results from RADTRAN & analyses for potential accidents are shown in
Table 3-8. The Hanford to Portsmouth, Virginia, ru&;e yields a risk of
1.2 x 10" person-rem which may resuit in 6.2 x 10" Tatent cancer fatalities
and 9.1 x 107 tﬂﬁal detriments, The Battiﬁpre, Maryland, route produces a
risk of ¥&3 x 107" parson-vem and 6.6 % M0 latent cancer fatalities and
9.6 x 107° total detriments. The Port E1izabetqt New Jersey, route resylts
in a risk of 1.4 x 10°" person-rem and 7.1 x 107" latent cancer fatalities
and 1.0 x 107V total detriments. These numbers reflect no excess latent
cancer fatalities.
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Table 3=-B.
52 LSA Witric Acid Shipments.

March 30, 1995

Potential Accident Risks from

Hanford, Washington to Portsmouth, ¥irginia

Total Dose {(person-rem) 1.2 E+01
Latent Cancer Fatalities 6.2 £-03
Tatal Detriment 9.1 €-02

Hanford, Washington to Baltimore, Maryland

Total Dose {person-rem) 1.3 E+0]
Latent Cancer Fatalities 6.6 E-03
Total Detriment 8.6 £-02
Hanford, Washington to Port Elizabeth, New Jersey
Total Dose {person-rem) 1.4 E+]
Latent Cancer Fatalities 7.1 E-03
Total Detriment 1.0 E-01
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8.0 TOXICOLOGICAL IMPACT ASSESSMENT

This chapter evaluates the impacts of an acctdental release of toxic
materials to the environment during transport of the LSA nitric acid. The
toxicological impacts are presented in terms of the concentration of nitric
acid fumes at various receptor Jecatioms. The calculated concentrations are
then compared to various exposure 1imits to evaluate the effects of the
release on the public.

4.1 METHOROLOGY

Hand caleulations were performed to calculate the concentrations of
nitric acld that could reselt from the maximum credibie reiease during
transport. For this assessment, the maximum cradible release was assumed to
be a full tank ¢r 2000 gallons (15,100 L) of liquid. This is conservative as
it 1s the entire contents of the tank,.

Hitric acid released from the tank during a transportation accident was
hypothesized te form a pool of spilled 1iquid. The Tiquid will then begin to
evaporate and become dispersed by wind. The formuta used to calculate the
gvaporation rate of the nitric acid from this pool of spilted 1iquid was taken
from the B-Plant Preliminary Accident Analysis {Marusich 1989), which, in
turn, was taken from Perry’s Chemical Engineer’s Hamdbook (Perry and
Green 1984). This formula 5 as follows:

w = 0.00138(P, - P)'-*
where : avaporation rate, tb/h-ft?
partial pressure of solution vapor, mmHg

= reference pressure, assumed here to be 0 maHg
which maximizes the evaporation rate.

)
P
P

After the evaporation rate is calculated, the next step is to calculate
the release rate, which is a function of the evaporation rate and the spill
area. The formula ¥s as follows:

ER = wh

where: RR = retease rate, 1b/h
w - evaporation rate, 1b/h-ft2
A = spill area, ft-.

The final calculation determines the downwind concentration of nitric
:c{? vapors at the specified receptor locations. The formula for this is as
ollows:

Conc = RR{X/0Q)
where: Qo= atmospheric dispersion parameter, sec/m’.
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The X/Q values for the varfous veceptor locations were calculated using
the formulas and data provided in U.S. Muclear Regulatory Commission [NRC)
Regulatory Guide 1.145 (NRC 1982). Three sepavate formulas are provided in
Regulatory Guide 1.145 and the intent is to select the largest X/Q value from
these calculated wsing the three formulas.

The discussion above indicated that the release concentrations are a
function of receptor location {and other variables, as well, to be discussed
later). In a transportation accident, the potential receptor locations are
difficult to characterize because the accident may occur anywhere along a
route. Therefore, ¥t is nearly impossible to predict the location of the
nearest receptor. As a result, three potential receptor locations will be
examined, inclwding 100 m, 200 m, and 1090 m downwind from the accident
location. This should effectively bracket the potential nearast individual
location and provides a reasonable basis for comparing the calculated
concentrations to the applicable exposure Timit values. Distances closer than
100 m were not selefted because the atmospheric disperston caleulations are
highly uncertain at shorter distarces and 100 m is a reascnable estimate of
the distance between an interstate highway and the nearest resident.

Release concentrations are also a function of the weather conditions
present when the accident occurs. For this analysis, two sets of
meteorological conditions were examined. The first represents the weather
conditions that result in the worst-case consequences; 1.e., Pasquill
Stability Class F and wind speed at ) a/s. These conditions tend to disperse
the released material very =lowly, resulting in the highest possible downwind
concentrations. However, these conditions are rarely sncountered, except
perhaps for night conditions, and tend to overstate the actual impacts.
Therefore, a more 1ikely, yet sti1l evelatively rare, set of conditions wers
examined to move closely approximate the actual impacts. The weather
conditions are referred to as neutral stability {Pasquill Stability Class D)
with a relatively low wind speed (2 m/s). The Tatter set of conditions will
be used to calculate the concentrations at all three potential receptor
locations and the former will be used to calculate the worst-case conditions
at the shortest distance {100 m).

4,2  INPUT PARAMETERS

The input parameters required to perform the calculations described in
Section 4.1 Include material (nitric acid} properties, atmospheric disparsion
parameters, and spill area, Each parametar 1s discussed below.

4.2.1 Material Properties

The properties of nitric acid that are pertinent to the consequence
calculations are given below:

= P, Pastial pressure of solutien (mitric acid) vapor over an
agueous solution of nitvic acdd. This parameter is a function of
the weight percentage of KNO; in solution and the ambient
temperature. The HN); concentration used here was 55% which is
greater than the estimated maximum weight pevcentage of 52%. The
sabient temperature was assumed to be about 50 "€ {120 °F), a
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conservative estimate to model the effects of a release during a
hot summer day. The partial pressure of HHQ, under thesa
conditions is 3.41 molig (Pevry and Green 1984, p, 3-70).

*  Molecular Weight: The molecular weight of nitric acid is
63.02 g/mol.

4.2.2 Atmospheric Disparsion Parameters (X7Q)

The X/Q values calculated using the methods described in Atmospheric
Dispersicn Models for Potential Accident Consequence Assessments at Nuclear
Power Plants (NRC 1982) are summarized below:

« X0 for 100 m receptor, Paﬁﬂy11] F, and 1 o/sec wind speed was
calculated to be 2.85 x 10 secfm’.

s X/0 for 100 m receptor, FaqﬂinI D, and 2 m/sec wind speed was
calculated to be 3.76 x 107 sacfnﬁ.

»  X/0 for 200 m receptor, Paaaui]l 0, and 2 m/sec wind speed was
calcutated to be 9.68 x 107 setan.

= XA for 1000 m receptor, Pq&quil1np, and 2 m/sec wind speed was
calculated to be 6.63 x 1077 sec/m".

4,2.2 5pill Araa

Spill area was calewlated assuming that the entire tank contents were
released as a result of the accidanti The quantity of nitric acid spilled was
4000 gallons (15,100 L), or 534.6 Tt°. Assuming that the spilled acid
cu11ect§ in a pool 3 in. deep, the spill area will cover 534.6/0.25 =
2138 ft“. The pool depth is highly uncertain because 4t depends on the local
terrain near the accident site, the presence of surface-water drainage
pathways, release rate, evaporation rate, and the absorptive properties of the
ground. These paramsters are rot well defined because the accident could
pccur anywhere along the potential routes. The 3 in. pool depth assumption
seems reasonable ?1ven that the routes are dominated by interstate highways
which are typically provtded with rainwater drainaae paths so 2 pool dapth of
3 in. could easily be obtained. Absorption into the ground would reduce this
pool depth estimate but would alse reduce pool area. Therefore, a 3 in. pool
depth seems to be reasonable approximationm for this assessment.

4.3 TOXICOLOGICAL IMPACTS

This saction presents the calculations leading to the concentrations of
nitric acid vapors at the various receptor locations under both sets of
meteorological conditions. An exakple {5 provided to guide the reader through
the caleulations.
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The first step 15 to calculate the evaporation rate using the equation
given in Section 4.1. The parameter values are specified in Section 4.2.
These calculations are {1Vustrated below:
w = 0.00138(P, - P)*2
- 0.00138{3.41 - 0.0)"2
= 6.01E-03 1b/h-ftE.

This value was multipiied by the spill area to calculate the release rate from
the spiited liguid, ac showa helow:

RR = wh
= {6.01E-03 1b/h-ft?) (2138 ft?)
= 12.86 1b/h {0.214 1b/min).
The next step is to calculate the downwind concentration of nitric acid vapors
by multiplying the release rate and X/Q value together and making the
necessary unit conversions. The caleulation using the X/Q value for
Pasquill B, 1 m/sec windspeed, and 100 m receptor distance is shown below:
Conc = RR(X/Q)}
= (0.214 1b/min){3.76F-03 sec/m’)(min/60 sec)({454,000 mg/1h)
= 6.1 mg/n’,

This concentration was converted ic parts-per-million using the following
standard formula:

Conc(ppm) = [Conc (mg/m®) x 24.45]/ Molecular Wt.
= {6.] x 24.45)/63.02
= 2.4 ppm.
This calculational sequence was repeated to develeop estimates of the

concentrations of H for the other receptor locations and weather
conditions. The results are presented in Table 4-1.

Table 4-1. Results of Toxicolegical Impact Calculations.

Pasquill Stability Wind Speed, Receptor Concentration,
Categor sec Distance, m ppe
Z.0 100 2.4
2.0 200 0.61
2.9 1000 0.041
1.0 100 17.9
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The resutts in Table 4-1 were compared to the various exposure
1imits established in various documents. These 1imits are as follows:

*  Toxicity: The Lnﬂh lethal dose to EO% of the population} is
88 ppm/4 hours {(inhalatfon of NO,} or 315 ppm (inhalation of ND;
Sax and Lewis 1989).

*  Threshold Limit Value/Time-Weighted Average (TLV/TWA): The
TLV/TWA is 2 ppm (ACGIH 1992).

*  TLY/Short Term Exposure Limit (STEL): The STEL {15 minute
average) is 4 ppm {ACGIH 1932).

* Protective Action Guideline {PAG): The Hational Institute of
Dccupational Safety and Health {NIOSH) established the Immediately
Dangerous to Lffe and Health {IDLH) value for nitric actd at
100 ppm (NMIOSH 1985). The PAG is 50 ppm.

The reader is referred to the source documents for detailed descriptions
of these exposure indices.

Tha concentrations fn the table are all well below the expasures that
could result in acute health effects, namely the LD,,, IDLH, and PAS.
Therefore, aven under the worst-case meteorplogical conditions {(Pasquill § and
1 m/sec windspeed), no health effects were projected to occur. The 8-hour
TLY/TWA limit is exceeded under the worst-case weather conditions but this
Timit represents the maximum allowable exposure to which & worker may be
exposed for an B-hour wovkday and 40-hour workweek. Exposures at this level
on a daily basis would not adversely affect a worker's health. The caleulated
toncentrations may also exceed the STEL at short distances from the release
point and under worst-case weather conditions. The STEL vepresents the
concentration to which workers can be exposed for a short pardod of time
without suffering, for example, jrritation, tissue damage, or effects which
could impaiyr self-rescue. Exposures at the STEL concentration would not be
life-threatening exposures. Thevefore, no adverse health effects are
projected to resyit from the maximum credible toxicological release during the
L5A nitric actd shipping campaign.

The results in the table also 11lustrate the reduction in concentraticn
as the distance from the release point increases. At 100 m, the concentration
is near the TEV/THA concentration for ajtric acid. Although this does not
roesult in any health effects for short durations, it still may cause
dfscomfort {¢.q., irritation of the ayes and skin). At twice this distance,
the concentration is well below the TLY and is probably below the level at
which tha vapor could be detected by huwians. At 1000 m away from the release
point, the concentration is even lower than at 200 m and s most Vikely
undatectable.
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6.0 CONCLUSION

The radiological and toxicelogical transportation impacts of the
shipment activities defined for the proposed campaign for recycled PUREX
Facility LSA nitric acid have been assessed. The shipping activities
addressed in this document inciude the transportation of the LSA nitric acid
along three possible routes from the Hanford Site in Washington state to the
Eastern seaboard ports of Porismouth, ¥irginia; Baltimore, Maryland; and Port
Elizabeth, New Jersay.

RADTRAN 4 was used o assess the radiclogical risks from both
incident-free and potential accidents relating to the shipping campafgns. The
radicliogical risks for the incident-free transportation of the LSA nitric 2cid
gave no excess tatent cancer fatalities or total detriments. The highest
incident-free population dose was less than 0.1% of the exposure calculated
from naturvally occurring radiation te the same population. Potential
accidents also resulted in no excess latent cancer fatalities or total

detriments,

Hand catculations were used to assess the toxicolegical health effects
for three maximum frdividual! recepior Jocations and two weather conditions for
a potential accident that results in a release of the entire tank contents.

An evaporative release mode) was used to determinme the release rate from the
spilled poot of nitric acid. The concentrations at the receptor Jpcations
were calculated vsing atmospheric dispersion parameters were calculated using
the methods recommended by the NRC. At all three receptor locations and undar
worst-case weather conditions, the concentrations calculated were below the
levels that could result in acute health effects.
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Westinghouse
Hantord Company

internal
Memo

From: S¥lvia Albartin
Phonu: - 55-50
Date: Novenbar 3, 3

94
Subjuct: Dots Ratas an Mitric Acsd shipped to PUREX from 0O

To: Junet Grean g2-02
et il
San yttacted Eadiation Surver Bmport forms on Mitri¢ Acid
shipsant: from WO ta MREX. Thess formt ave to balp
sstablizh dose rate $nfermation on thase shipments. The

acid wax shipped in batches of 2800 gailoms in tha UMK
tanker.

Sﬂ?; % Albertin

PUREX /U03 Radiological Lontrol Manager
.
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| 7.4 PUREX NITRIC ACID SHIPPING CATEGORY

Westinghouss - intemal
Hanford Compeny -Memo
From: ~
P;::-: ;;:hgfnq g{ﬁy Enginearing BL100-94=JEN usﬁ_
Data: January 4,

1o
Subject: PUREY MITRIC ACID SKIPPINE CATESORY

Te: R. J. Thoapson 58-17
¢c: K. W. Barker &I-03
K. 5, Drivd S6=18
- J. B. Fiel g2-02
- 0. €. Hamr " 515
D. &. Harl 56-17
J. E. Mol &2-03
- M, A, Pwiffer - 56-18
J. R, Portzanuth G203
R. 4. Smith ae-02

J. W £2-03
JEM Fim,ﬂ LB

Refergncet: {I) 48 CFR 173, Subpart I, "Rsdiodctiva Matarials®, 1992, Code ﬂfI
Federa) Requiations, as spended -

(2) IAEA Safety Serfes, Wo. B, Regulations for the Safe Transpart of
Radicactive Nzteril), 1985 Edition (mmended 1999}, pp 5-6.

Basiground:

Transpartation ond Packaging s suppariing the effort to ship 200,000
gallans of aranier-contaminated nitric acid from the Hanford Site as
product., The shipment may involve marine transport. In order to identify
the 1pplicable hizardrus msterial transportation requiraments, caleulations
werg porformed to deterwine the radicactive shipping catagory of the acid.

Sourcs tera:

The concentritions of the radiomuclides in tha Tiquid wars provided by PUREY,
Frocass Shutdown Projects (Attachemnt 1). The tzotopic distributions far
tranjum and Plutonivm and $he solution densities were alse provided by FUREY
Frocecs Shutguoun Frojects. In ordar 10 ba cotzervative, the calculations
itsumg that ™5r 15 responsible for the total beta contribution. Values that
wire provided as "lass than®* were osed in the caleulatton: as §F thay wees

actusl oeasured vaiues. Ko pracipation or sepuretion of the sciution is
snticipated.

ikpecfard Duarvrions sl Englraacing Comorasner far the DX Sapermune of Enegy

7-28
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R. J. Thazpson . BAIDO-S=JEM-05E

* Cxleutation=:

Two sets of calculationt were performed for each of four tanks: P2, P3
UL, and U2. Ths measurad concantrations were cowpared to the DOT and IAEA
Hmits for Low Specific Actiwity (LSA} radicactiva materia) [49 CFR
173.402(n} and LAEA 55 #%, Paragraph #1315. The calculztions sre decumented
in Attachments 2-0.

Regultg:

.?I'ht caleulations verifisd that the acid 4n each tank falls within the LSA
imits.

The acid f5 excepted from fFissils materia] requirements per 49 CFR 173.453
{e) and FAEA 55 #8, Paraoraph 550 (d) becauss the material does not centalin
mora than 5 grams figeile r‘fiunuﬂﬁhs po&]ﬂ Titer voluma. Fissiile
radionucifdes are <°Py, g'Pﬂ. Py an

Yary truly yours.

d.e.%w

J. E. Mercade, Enginesr
Packaging Safaty insaring

dmy

Attachments 4
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