








Table D.2. Selected Drinking Water Standards
Primary Maximum Interim Drinking
Radiological Constituent Contaminant Level Water Standard Agency® Status
Gross alpha® 15 pCi/L DOH,© EPA@ Final
Radium-226 20 pCi/L@ 3 pCi/L© DOH, EPA Final
Beta particle and photon activity 4 mrem/yr‘) DOH, EPA® Final
Tritium 20,000 pCi/L DOH,© EPA@ Interim
Beryllium-7 6,000 pCi/L EPA® Interim
Cobalt-60 1009 pCi/L EPA® Interim
Strontium-90 8 pCi/L DOH,© EPA@ Interim
Technetium-99 900 pCi/L EPA® Interim
Ruthenium-106 300 pCi/L EPA® Interim
Antimony-125 3009 pCi/L EPA® Interim
lodine-129 19 pCi/L EPA® Interim
Jodine-131 30 pCi/L EPA® Interim
Cesium-134 20,0009 pCi/L EPA® Interim
Cesium-137 200 pCi/L EPA® Interim
Europium-154 2009 pCi/L EPA® Interim
Europium-155 600" pCi/L EPA® Interim
Uranium 30 pg/L®™ EPA Final®
Fluoride 4 mg/L DOH,© EPA @) Final/under review
Nitrate, as NO; 45 mg/L DOH, ) EPA ) Final
Chromium 100 pg/L DOH,© EPA @) Final
Cyanide 200 pe/L EPA(d) Final
Trichlorethene 5 pg/L DOH,©) EPA &) Final
Tetrachloroethene 5 pe/L DOH,© EPA &) Final
Carbon tetrachloride 5 pg/L DOH,© EPA @) Final
Chloroform (THM)® 100 pg/L DOH,© EPA® Final
cis-1,2-Dichloroethene 0.07 mg/L EPAY Final
(a) DOH = Washington State Department of Health, EPA = U.S. Environmental Protection Agency.
(b)  Excluding radium-226, radon, and uranium.
(c) WAC 246-290.
(d) 40 CFR 141.
(e) Beta and photon radioactivity from manmade radionuclides. Annual average activity shall not exceed a 4 mrem/yr
effective dose equivalent.
(f)  Activity assumed to yield an annual dose of 4 mrem/yr.
(g) EPA-570/9-76-003.
(h) Equivalent to 27 pCi/L (assuming typical uranium natural abundance in rock).
(i)  Final rule promulgated December 7, 2000 (65 FR 76708).
(j)  EPA 822-R-96-001.
(k) Standard is for total trihalomethanes (THM).
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Table D.3. Selected Surface Freshwater Quality Criteria for Toxic Pollutants

Level to Protect

Level that Level that Human Health for
Yields Acute Yields Chronic the Consumption of
Compound Toxicity, pg/L® Toxicity, ug/L® Water and Organisms, ug/L®
Dissolved Metals
Antimony - - 14
Arsenic 360.0 190.0 0.018
Cadmium 1.6 0.59@ -
Chromium(VI) 16 10 --
Copper 8.4 6.00 -
Lead 28 1.1W -
Nickel 7500 830 610
Silver 0.94® .- ..
Thallium - - 1.7
Zinc 600 55(m) -
Total Recoverable Metals
Chromium (IIT)® 300 96® --
Mercury 2.1 0.012 0.14
Selenium 20 5.0 -
Anions
Cyanide@ 22.0 5.2 700
Chloride® 860,000 230,000 -
Organic Compounds
Benzene - - 1.2
Carbon tetrachloride - - 0.25
Chloroform - - 5.7
1,2-Dichloroethane - - 0.38
Methylene chloride - - 4.7
Toluene .- .- 6,800
Tetrachloroethene - - 0.8
1,1,2-Trichloroethane .- .- 0.60
Trichloroethene - -- 2.7
Vinyl chloride - - 2
1,4-Dichlorobenzene - - 400

(a) WAC 173-201A-040. For hardness dependent criteria, the minimum value of 47 mg CaCO;/L for 1992-2000 water
samples collected near Vernita Bridge by the U.S. Geological Survey is used.

(b) 40 CFR 131.36.

(c) (1.1017 - [In(hardness)] 0.04184) exp(1.128[In(hardness)]-3.828). Hardness expressed as mg CaCO,/L.

(d) (1.1017 - [In(hardness)] 0.04184) exp(0.7852[In(hardness)]-3.490).

(e) (0.960) exp(0.9422[In(hardness)]-1.464).

(f)  (0.960) exp(0.8545[In(hardness)]-1.465).

(g) (1.4620 - [In(hardness)] 0.1457) exp(1.273[In(hardness)]-1.460).

(h) (1.4620 - [In(hardness)] 0.1457) exp(1.273[In(hardness)]-4.705).

(i) (0.998) exp(0.8460[In(hardness)]+3.3612).

(j)  (0.997) exp(0.8460[In(hardness)]+1.1645).

(k) (0.85) exp(1.72[In(hardness)]-6.52).

(1) (0.978) exp(0.8473[In(hardness)]+0.8604).

(m) (0.986) exp(0.8473[In(hardness)]+0.7614).

(n) Where methods to measure trivalent chromium are unavailable, these criteria are to be represented by total recoverable
chromium.

(0) (0.316) exp(0.8190[In(hardness)]+3.688).

(p) (0.860) exp(0.8190[In(hardness)]+1.561).

(q) Criteria based on weak and dissociable method.

(r) Dissolved in association with sodium.
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Table D.4. Radiation Standards (dose limits'®) for Protection of the Public from all
Routine DOE Concentrations

All Pathways (limits from DOE Order 5400.5)

The effective dose equivalent for any member of the public from all routine DOE operations® shall not exceed
the values given below.
Effective Dose Equivalent®

mrem/yr mSv/yr
Routine public dose 100 1
Potential authorized temporary public dose!® 500 5

Dose to Native Aquatic Animal Organisms from Liquid Discharges (interim limits from DOE

Order 5400.5)

Radioactive material in liquid waste discharged to natural waterways shall not cause an absorbed dose' to native
aquatic animal organisms that exceeds 1 rad/d (10 mGy/d).

Drinking Water Pathway Only (limits from 40 CFR 141 and DOE Order 5400.5)

Radionuclide concentrations in DOE-operated public drinking water supplies shall not cause persons consuming
the water to receive an effective dose equivalent greater than 4 mrem/yr (0.04 mSv/yr). DOE operations shall not
cause private or public drinking water systems downstream of the facility discharge to exceed the radiological

drinking water limits in 40 CFR 141 (see Table D.2).

Air Pathways Only (limits from 40 CFR 61) Effective Dose Equivalent!®
mrem/yr mSv/yr

Public dose limit at location of maximum annual
air concentration as a consequence of routine DOE
operations® 10 0.1

(a) Radiation doses received from natural background, residual weapons testing and nuclear accident fallout,
medical exposures, and consumer products are excluded from the implementation of these dose limits.

(b) “Routine DOE operations” implies normal, planned activities and does not include actual or potential
accidental or unplanned releases.

(c) Effective dose equivalent is expressed in rem (or millirem) and sievert (or millisievert).

(d) Authorized temporary annual dose limits may be greater than 100 mrem/yr (but cannot exceed 500 mrem/yr)
if unusual circumstances exist that make avoidance of doses greater than 100 mrem/yr to the public impracti-
cable. DOE Richland Operations Office is required to request and receive specific authorization from DOE
Headquarters for an increase from the routine public dose limit to a temporary annual dose limit.

(e) Absorbed dose is expressed in rad (or millirad) with the corresponding value in gray (or milligray) in
parentheses.
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Table D.5. Selected Derived Concentration Guidese®<!

Radionuclide

Tritium
Carbon-14
Chromium-51
Manganese-54
Cobalt-60
Zinc-65
Krypton-85
Strontium-90
Technetium-99
Ruthenium-103
Ruthenium-106
Antimony-125
lodine-129
lodine-131
Cesium-137
Cerium-144
Europium-154
Europium-155
Uranium-234
Uranium-235
Uranium-238
Plutonium-238
Plutonium-239
Plutonium-240
Americium-241

Ingested Water,
pCi/L
2,000,000

70,000

1,000,000
50,000
5,000
9,000
NS@
1,000
100,000
50,000
6,000
60,000
500
3,000
3,000
7,000
20,000
100,000
500
600

600

40

30

30

30

Inhaled Air,
pCi/m’?
100,000
500,000
60,000
2,000
80
600
3,000,000
9
2,000
2,000
30
1,000
70
400
400
30
50
300
0.09
0.1
0.1
0.03
0.02
0.02
0.02

(a) Concentration of a specific radionuclide in water or air that could be
continuously consumed or inhaled at average annual rates and not

exceed an effective dose equivalent of 100 mrem/yr.

(b) Values in this table represent the lowest, most-conservative, derived
concentration guides considered potentially applicable to Hanford
Site operations and may be adjusted upward (larger) if accurate
solubility information is available.

(¢) From DOE Order 5400.5.

(d) NS = No numerical standard, but the effective dose equivalent
cannot exceed 100 mrem/yr.

(e) Air immersion derived concentration guides.
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Table D.6. Environmental Permits

Clean Water Act Permit
Additional details are given in Section 2.2.
Clean Air Act Permits

Prevention of Significant Deterioration Permit No. PSD-X80-14, issued to DOE Richland Operations Office
by EPA Region 10; covers emission of NO, to the atmosphere from the Plutonium-Uranium Extraction Plant
and the Uranium-TriOxide Plant. No expiration date.

Radioactive Air Emission Permit No. FF-01, issued to DOE Richland Operations Office by the Washington
State Department of Health under authority granted by the Clean Air Act; covers operations on the Hanford
Site having a potential to emit radioactive airborne effluents. Initially issued August 15, 1991, the permit
was updated August 1993.

Wildlife Sampling Permits
Scientific Collection Permit 00-047b, issued by Washington State Department of Fish and Wildlife to Pacific

Northwest National Laboratory for 2000; covered the collection of food fish, shellfish, and wildlife, including
game fish, for environmental monitoring purposes. Renewed annually.

Federal Fish and Wildlife Permit No. MB671877-0, issued by the U.S. Fish and Wildlife Service to Pacific
Northwest National Laboratory; covers the collection of migratory wildlife. Expires December 31, 2002.

National Pollutant Discharge Elimination System Permits (governing effluent discharges to the
Columbia River)

Permit #WA-002591-7 includes the outfall for the 300 Area Treated Effluent Disposal Facility and two
outfalls in the 100-K Area.

A multisector general stormwater permit and stormwater permit WAR-10-000E

Copies of the regulations concerning these permits may be obtained from the following organizations:

State of Washington U.S. Environmental Protection Agency U.S. Department of Energy
Department of Ecology Region 10 Richland Operations Office
P.O. Box 47600 1200 Sixth Avenue 825 Jadwin Ave.
Olympia, WA 92504-7600 Seattle, WA 98101 Richland, WA 99352
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Appendix E
Dose Calculations

E. J. Antonio

The radiological dose that the public could
have received in 2000 from Hanford Site opera-
tions was calculated in terms of the “total effective
dose equivalent.” The total effective dose equiva-
lent is the sum of the effective dose equivalent
from external sources and the committed effec-
tive dose equivalent for internal exposure. Effec-
tive dose equivalent is a weighted sum of doses to
organs and tissues that accounts for the sensitivity
of the tissue and the nature of the radiation causing
the dose. It is calculated in units of millirem
(millisievert)® for individuals and in units of
person-rem for the collective dose received by the
total population within an 80-kilometer (50-mile)
radius of the site. This appendix describes how the

doses in this report were calculated.

Releases of radionuclides from Hanford Site
operations are usually too low to be measured in
offsite air, drinking water, and food crops. There-
fore, the air dose calculations were based on meas-
urements made at the point of release (stacks and
vents). The water pathway dose calculations were
based on measurements of releases to the Columbia
River (from the 100 Areas) or the difference in
detectable radionuclide concentrations measured
upstream and downstream of the site. Environ-
mental radionuclide concentrations were estimated
from the effluent measurements by environmental

transport models.

The transport of radionuclides in the environ-
ment to the point of exposure is predicted by empiri-
cally derived models of exposure pathways. These
models calculate radionuclide levels in air, water,
and foods. Radionuclides taken into the body by

(a) 1rem (0.01 Sv) = 1,000 mrem (10 mSv).

E.l

inhalation or ingestion may be distributed among
different organs and retained for various times. In
addition, long-lived radionuclides deposited on
the ground become possible sources for long-term
external exposure and uptake by agricultural prod-
ucts. Dietary and exposure parameters were
applied to calculate radionuclide intakes and radio-
logical doses to the public. Standardized computer
programs were used to perform the calculations.
These programs contain internally consistent
mathematical models that use site-specific disper-
sion and uptake parameters. These programs are
incorporated in a master code, GENII (PNL-6584),
which employs the dosimetry methodology
described in International Commission on Radio-
logical Protection reports (1979a, 1979b, 1980,
1981a, 1981b, 1982a, 1982b, 1988). The assump-
tions and data used in these calculations are

described below.

The biota dose calculator was used to screen
the radionuclide concentrations in environmental
media for exceeding conservatively set biota con-
centration guides. Both internal and external doses
to aquatic, riparian, and terrestrial animals as well
as to terrestrial plants are included in the screening
process. The screening process is described in
“A Graded Approach for Evaluating Radiation
Doses to Aquatic and Terrestrial Biota” (DOE

2000a and b).

The computer program, CAP88-PC, was used
to calculate dose to a maximally exposed individual
as required by the U.S. Environmental Protection
Agency (EPA) through the Code of Federal Regu-
lations (40 CFR 61, Subpart H) from airborne



—

L Av

radionuclide effluents (other than radon) released are provided in detail in the 2000 air emissions
at U.S. Department of Energy (DOE) facilities. report (DOE/RL-2001-32).
Technical details of the CAP88-PC calculations

Types of Dose Calculations Performed

Calculations of radiological doses to the public The following types of radiological doses were
from radionuclides released into the environment estimated.

are performed to demonstrate compliance with

applicable standards and regulations. Boundary Dose Rate (mrem/h and

mrem/yr). The external radiological dose rates

DOE Order 5400.5 requires: during the year in areas accessible by the general

o effective dose equivalent to be used in estimat- public were determined from measurements
obtained near operating facilities.

ing public doses

¢ biokinetic models and metabolic parameters Maximally Exposed Individual Dose
given by the International Commission on (mrem). The maximally exposed individual is a
Radiological Protection to be used when esti- hypothetical member of the public who lives at a
mating doses location and has a lifestyle that makes it unlikely

e doses to the public to be calculated using that other members of the public would receive

facility effluent data when environmental con- higher doses. All potentially significant exposure

centrations are too low to measure accurately. pathways to this hypothetical individual were

considered, including the following:
The calculation of the effective dose equivalent e inhalation of airborne radionuclides
takes into account the long-term (50-years) internal

exposure from radionuclides taken into the body submersion in airborne radionuclides

during the current year. The effective dose equiva- ¢ ingestion of foodstuffs contaminated by radio-
lent is the sum of individual committed (50-years) nuclides deposited on vegetation and the
organ doses multiplied by weighting factors that ground by both airborne deposition and irriga-
represent the proportion of the total health effect tion water drawn from the Columbia River
risk that each organ would receive from uniform downstream of N Reactor

irradiation of the whole body. Internal organs may .

exposure to ground contaminated by both air-

also be irradiated from external sources of radia- borne deposition and irrigation water

tion. The external exposure received during the

. . . e ingestion of fish taken from the Columbia River
current year is added to the committed internal

dose to obtain the total effective dose equivalent. In ¢ recreation along the Columbia River, includ-
this report, the effective dose equivalent is expressed ing boating, swimming, and shoreline
in rem (or millirem) with the corresponding value in activities.

sievert (or millisievert) in parentheses. The numer-

Determination of the Location of Maxi-
ous transfer factors used for pathway and dose calcu-

lations have been documented in GENII (PNL-6584)
and in PNL-3777.

mally Exposed Individual. The hypothetical
location of the maximally exposed individual can

vary from year to year, depending on the relative

E.2
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contributions of the several sources of radioactive
effluents released to the air and to the Columbia
Since 1990, three

separate locations (see Figure 6.1) have been used to

River from Hanford facilities.

assess the dose to the maximally exposed individ-
ual: 1) the Ringold area, 26 kilometers (16 miles)
east of separations facilities in the 200 Areas;
2) the Sagemoor area, across the Columbia River
from the 300 Area; and 3) the Riverview area
across the river from Richland. Scientists consider
where a person would receive the maximum
exposure to radionuclides from both air and water.
Although the Ringold area is closer than River-
view to Hanford facilities that historically released
airborne effluents, at Riverview the maximally
exposed individual receives a higher dose rate
from radionuclides in the Columbia River than a
Ringold resident. The applicable exposure path-
ways for Ringold and Sagemoor are described in
the following paragraphs. In 1990, the maximally
exposed individual was located at Ringold. In
1991, 1992, and again in 2000, the maximally
exposed individual resided in the Riverview area.
However, from 1996 through 1999, the hypo-
thetical, maximally exposed individual was located
across the Columbia River from the 300 Area at
Sagemoor (see Figure 6.2).

Ringold Maximally Exposed Individual The
Ringold area is situated to maximize air pathway
exposures from emissions in the 200 Areas, includ-
ing direct exposure to a contaminated plume, inha-
lation, external exposure to radionuclides that
deposit on the ground, and ingestion of locally
grown food products contaminated by air
deposition. In addition, it is assumed that individ-
uals at Ringold irrigate their crops with water
taken from the Columbia River downstream of
where groundwater enters the river from the 100
and 200-East Areas (discussed in Section 7.1). This
results in additional exposures from ingestion of
irrigated food products and external irradiation
from radionuclides deposited on the ground by
irrigation. Recreational use of the Columbia River

also is considered for this individual, resulting in

E3

direct exposure from water and radionuclides
deposited on the shoreline and doses from inges-

tion of locally caught fish.

Riverview Maximally Exposed Individual.
The Riverview area is situated to maximize water
pathway exposures to effluents from Hanford facili-
ties. For the calculation, it was assumed that the
Riverview maximally exposed individual obtained
domestic water from a local water treatment sys-
tem that pumped from the Columbia River just
downstream of the Hanford Site. In addition, it
was assumed that individuals at Riverview irrigate
their crops with water taken from the Columbia
River (discussed in Section 7.1). This results in
additional exposures from ingestion of irrigated
food products and external irradiation from radio-
nuclides deposited on the ground by irrigation.
Recreational use of the Columbia River was also
considered, resulting in direct exposure from water
and radionuclides deposited on the shoreline and
doses from ingestion of locally caught fish. This
individual also receives exposure via the air path-
ways, including direct exposure to a contaminated
plume, inhalation, external exposure to radionu-
clides that deposit on the ground, and ingestion of
locally grown food products contaminated by air

deposition.

Sagemoor Maximally Exposed Individual.
Because of the shift in site operations from
nuclear weapons production to the current mission
of managing waste products, restoring the envi-
ronment, and researching new ideas and tech-
nologies for waste disposal and cleanup, the
significance of air emissions from production
facilities in the 200 Areas has decreased compared

to those from research facilities in the 300 Area.

An individual at Sagemoor, located 1.5 kilo-
meters (1 mile) directly across the Columbia River
from the 300 Area, receives the maximum expo-
sure to aitborne emissions from the 300 Area, and
other exposure pathways as an individual at

Ringold. However, domestic water at this location -
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comes from wells rather than from the river, and
wells in this region are not directly contaminated by
radionuclides of Hanford origin (EPS-87-367A).
Because the farms located across from the 300 Area
obtain irrigation water from the Columbia River
upstream of the Hanford Site, the conservative
assumption was made that the diet of an individual
from the Sagemoor location consisted totally of
foods purchased from the Riverview area, which
could contain radionuclides present in both the lig-
uid effluent and air emissions pathways. The added
contribution of radionuclides in the Riverview irri-
gation water maximizes the calculated dose from

the air and water pathways combined.

80-kilometer (50-mile) Collective Doses
(person-rem). Regulatory limits have not been
established for population doses. However, evalua-
tion of the collective population doses to all resi-
dents within an 80-kilometer (50-mile) radius of
Hanford Site operations is required by DOE Order
5400.5.

population within 80 kilometer (50 mile) of the site

The radiological dose to the collective

was calculated to demonstrate compliance with
environmental regulations, confirm adherence to
DOE environmental protection policies, and pro-
vide information to the public. The 80-kilometer
(50-mile) collective dose is the sum of the product
of the individual doses and the number of indi-

viduals exposed for all pathways.

Pathways similar to those used for the maxi-
mally exposed individual were used to calculate
doses to the offsite population. In calculating the

effective dose, an estimate was made of the fraction

of the offsite population expected to be affected by
each pathway. The exposure pathways for the pop-

ulation are as follows.

Drinking Water. The cities of Richland and
Pasco obtain their municipal water directly and
Kennewick indirectly from the Columbia River
downstream from the Hanford Site. A total popu-
lation of ~70,000 in the three cities drinks water
derived from the Columbia River.

Irrigated Food. Columbia River water is
withdrawn for irrigation of small vegetable gardens
and farms in the Riverview district of Pasco in
Franklin County. Enough food is grown in this
district to feed an estimated 2,000 people. Com-
mercial crops are also irrigated by Columbia River
water in the Horn Rapids area of Benton County.
These crops are widely distributed.

River Recreation. These activities include
swimming, boating, and shoreline recreation.
Specific pathways include external exposure from
radionuclides in the water or on the shoreline and
ingestion of river water while swimming. An esti-
mated 125,000 people who reside within 80 kilo-
meters (50 miles) of the Hanford Site are assumed
to be affected by these pathways.

Fish Consumption. Population doses from
the consumption of fish obtained locally from the
Columbia River were calculated from an estimated
total annual catch of 15,000 kilograms per year
(33,075 pounds per year) (without reference to a
specified human group of consumers).

Data

The data that are needed to perform dose calcu-
lations are based on either measured upstream/
downstream differences or measured effluent
releases and include information on initial transport
through the atmosphere or river, transfer or accu-

mulation in terrestrial and aquatic pathways, and

2000 Annual Environmental Report

E.4

public exposure. By comparison, radiological dose
calculations based on measured activities of radio-
nuclides in food require data describing only dietary
and recreational activities and exposure times.

These data are discussed below.



Population Distribution
and Atmospheric
Dispersion

Geographic distributions of the population
residing within an 80-kilometer (50-mile) radius
of the Hanford Site operating areas are shown in
PNNL-13487, APP. 1. These distributions are
based on 1990 Bureau of the Census data (PNL-
7803). These data influence the population dose
by providing estimates of the number of people
exposed to radioactive effluents and their proximity

to the points of release.

Atmospheric dispersion data are also shown in
PNNL-13487, APP. 1. These data describe the
transport and dilution of airborne radioactive
material, which influences the amounts of radio-
nuclides being transported through the air to

specific locations.

Terrestrial and Aquatic
Pathways

Important parameters affecting the movement
of radionuclides within exposure pathways such
as irrigation rates, growing periods, and holdup
periods are listed in Table E.1. Certain parameters
are specific to the lifestyles of either “maximally

exposed” or “average” individuals.

Public Exposure

The offsite radiological dose is related to the
extent of external exposure to or intake of radio-
nuclides released from Hanford Site operations.
Tables E.2 through E.4 give the parameters describ-
ing the diet, residency, and river recreation assumed

for “maximally exposed” and “average” individuals.

Table E.1. Food Pathway Parameters used in Dose Calculations, 2000
Holdup, d®
Maximally Exposed Average Yield, Irrigation Rate,
Medium Individual Individual Growing Period, d kg/m? L/m*/mo

Leafy vegetables 1 14 90 1.5 150
Other vegetables 5 14 90 4 170
Fruit 5 14 90 2 150
Cereal 180 180 90 0.8 0
Eggs 1 18 90 0.8 0
Milk 1 4 - - -

Hay (100)®™ (100) 45 2 200

Pasture (0) (0) 30 1.5 200
Red meat 15 34 - - -

Hay (100) (100) 45 2 200

Grain (180) (180) 90 0.8 0
Poultry 1 34 90 0.8 0
Fish 1 1 - -
Drinking water 1 1 - -
(a) Holdup is the time between harvest and consumption.
(b) Values in ( ) are the holdup in days between harvest and consumption by farm animals.
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Table E.2. Dietary Parameters used in Dose Calculations, 2000
Consumption
Maximally Exposed Average
Medium Individual Individual
Leafy vegetables 30 kgfyr 15 kgfyr
Other vegetables 220 kgfyr 140 kgfyr
Fruit 330 kg/yr 64 kglyr
Grain 80 kg/yr 72 kglyr
Eggs 30 kgfyr 20 kg/yr
Milk 270 Ljyr 230 Ljyr
Red meat 80 kg/yr 70 kgfyr
Poultry 18 kg/fyr 8.5 kgfyr
Fish 40 kg/yr -
Drinking water 730 Lfyr 440 L/yr
(a) Average individual consumption not identified; radiation doses were
calculated based on estimated total annual catch of 15,000 kg
(33,075 1b).

Table E.3. Residency Parameters used in Dose Calculations, 2000

Exposure, h/yr

Maximally Exposed Average
Parameter Individual Individual
Ground contamination 4,383 2,920
Air submersion 8,766 8,766
Inhalation® 8,766 8,766

(a) Inhalation rates: adult 270 cm’/s.

Table E.4. Recreational Parameters used in
Dose Calculations, 2000

Exposure, h/yr®

Maximally Exposed Average
Parameter Individual Individual
Shoreline 500 17
Boating 100 5
Swimming 100 10

(a) Assumed river-water travel times from 100-N Area to the point of
aquatic recreation were 8 hours for the maximally exposed individual
and 13 hours for the average individual. Correspondingly lesser times
were used for other locations.
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Dose Calculation
Documentation

DOE established the Hanford Dose Overview
Panel to promote consistency and defensibility of
environmental dose calculations at Hanford. The
panel is responsible for defining standard, docu-
mented computer codes and input parameters used
for radiological dose calculations for the public in
the vicinity of the Hanford Site. Only those proce-
dures, models, and parameters previously defined
by the panel were used to calculate the radio-
logical doses (PNL-3777). The calculations were
then reviewed by the panel. Summaries of dose
calculation technical details for this report are
shown in Tables E.5 through E.9 and in PNNL-
13487, APP. 1.

400 Area Drinking Water

Drinking water at the Fast Flux Test Facility
contained slightly elevated levels of tritium. The
potential doses to 400 Area workers consuming
this water in 2000 are given in Table E.10.

Air Surveillance Inhalation
Doses

Radionuclide concentrations measured in
ambient air at locations on or near the Hanford Site
were used to calculate radiological doses from
breathing. Inhalation rates were taken from
ICRP 66. Occupancy times ranged from 100% at

offsite locations to 33% for onsite locations.

Table E.5. Technical Details of 100 Areas Airborne Release Dose Calculations, 2000

Facility name

100-K Area

Releases (Ci) ©Co (3.4 x 10%), °Sr (4.1 x 10”°), B¥’Cs (1.1 x 10#), 2%Pu (8.4 x

107), B9#%Py (5.4 x 10°)@, Py (6.8 x 10°), *'Am (2.6 x 10°)

2000 annual average, calculated from data collected at the
100-K Area and the Hanford Meteorology Station from January
through December 2000, using the computer code HANCHI

Meteorological conditions

X/Q Maximally exposed individual, 2.3 x 10 s/m? at 53 km (33 mi)
SSE; 80-km (50-mi) population, 8.7 x 10* s/m’ person-s/m’
Release height 89-m (292-ft) effective stack height

375,000 (PNNL-13487, APP. 1, Table D-1)

Population distribution

Computer code GENII, Version 1.485, December 3, 1990 (e.g., PNL-6584)

Chronic, 1-yr exposure, 50-yr committed internal dose equiva-
lent, and annual effective dose equivalent to individual and
population

Doses calculated

External exposure to plume and ground deposits
Inhalation
Ingestion of locally produced foods

Pathways considered

Files addressed Radionuclide Library, Rev. 7-1-92
Food Transfer Library, Rev. 8-29-88
External Dose Factor Library, Rev. 5-9-88

Internal Dose Factor Library, Rev. 12-3-90

(a) This value includes gross alpha release data. Gross alpha and unspecified alpha results assumed to be
29240Py for dose calculations.
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Table E.6. Technical Details of 100-N Area Liquid Release Dose Calculations, 2000

Facility name

Releases (Ci)

Mean river flow
Shore-width factor

Population distribution

Computer code

Doses calculated

Pathways considered

Files addressed

100-N Area

H (1.5 x 101), *°Sr (2.8 x 101), #8Pu (9.2 x 10%), #°Pu (3.9 x 10”),
MAm (7.9 x 10°)

3,404 m’/s (120,000 ft’/s)
0.2

70,000 for drinking water pathway

125,000 for aquatic recreation

2,000 for consumption of irrigated foodstuffs

15,000 kg/yr (33,075 Ib/yr) total harvest of Columbia River fish

GENII, Version 1.485, December 3, 1990 (e.g., PNL-6584)

Chronic, 1-yr exposure, 50-yr committed internal dose equivalent,
and annual effective dose equivalent to individual and population

External exposure to irrigated soil, to river water, and to shoreline
sediments
Ingestion of aquatic foods and irrigated farm products

Radionuclide Library, Rev. 7-1-92

Food Transfer Library, Rev. 8-29-88

External Dose Factor Library, Rev. 5-9-88
Internal Dose Factor Library, Rev. 12-3-90
Bioaccumulation Factor Library, Rev. 10-26-92

2000 Annual Environmental Report

E.8




Table E.7. Technical Details of 200 Areas Airborne Release Dose Calculations, 2000

Facility name 200 Areas

Releases (Ci) 200-East Area
9Sr (9.1 x 10”), 'Sb (1.8 x 10°), 1 (1.2 x 107?), ¥'Cs (6.7 x
10%), #8Pu (9.8 x 108), #924Py (2.5 x 10%), #'Pu (6.1 x 10°),
Am (4.8 x 10°%)
200-West Area

PSr (1.9 x 10*), B7Cs (2.1 x 10?), 8Pu (1.1 x 10°), 24Py (5.1 x
104), *Pu (3.1 x 104), *!Am (8.7 x 10)

Meteorological conditions 2000 annual average, calculated from data collected at the
Hanford Meteorology Station from January through December
2000, using the computer code HANCHI

X/Q Maximally exposed individual, 1.1 x 10%s/m’ at 43 km (27 mi) SE;
80-km (50-mi) population, 1.6 x 10° person-s/m’

Release height 89-m (292-ft) effective stack height

Population distribution 376,000 (PNNL-13487, APP. 1, Table D-2)

Computer code GENII, Version 1.485, December 3, 1990 (e.g., PNL-6584)

Doses calculated Chronic, 1-yr exposure, 50-yr committed internal dose equivalent,

and annual effective dose equivalent to individual and population

Pathways considered External exposure to plume and ground deposits
Inhalation
Ingestion of locally produced foods

Files addressed Radionuclide Library, Rev. 7-1-92
Food Transfer Library, Rev. 8-29-88
External Dose Factor Library, Rev. 5-9-88
Internal Dose Factor Library, Rev. 12-3-90
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Table E.8. Technical Details of 300 Area Airborne Release Dose Calculations, 2000

Facility name

Releases (Ci)

Meteorological conditions

X/Q

Release height
Population distribution
Computer code

Doses calculated

Pathways considered

Files addressed

300 Area

SH (as HT)® (4.3 x 10'), °H (as HTO)® (7.9 x 10), *°Sr (8.4 x
10), B8Py (7.7 x 10°19), 29240Py (6.5 x 107), ' Am (9.8 x 10°)

2000 annual average, calculated from data collected at the 300 Area
and the Hanford Meteorology Station from January through
December 2000, using the computer code HANCHI

Maximally exposed individual at residence, 7.5 x 107 s/m® at 13 km
(8 mi) SSE; 80-km (50-mi) population, 5.7 x 10”* person-s/m’

10 m (33 ft)
282,000 (PNNL-13487, APP. 1, Table D-3)
GENII, Version 1.485, December 3, 1990 (e.g., PNL-6584)

Chronic, 1-yr exposure, 50-yr committed internal dose equivalent,
and annual effective dose equivalent to individual and population

External exposure to plume and ground deposits
Inhalation
Ingestion of locally produced foods

Radionuclide Library, Rev 7-1-92

Food Transfer Library, Rev. 8-29-88
External Dose Factor Library, Rev. 5-9-88
Internal Dose Factor Library, Rev. 12-3-90

(a) HT = elemental tritium; HTO = tritiated water vapor.

2000 Annual Environmental Report

E.10




Table E.9. Technical Details of 400 Area Airborne Release Dose Calculations, 2000

Facility name 400 Area
Releases (Ci) SH (as HTO)® (8.8 x 10!), B'Cs (3.5 x 10)
Meteorological conditions 2000 annual average, calculated from data collected at the 400 Area

and the Hanford Meteorology Station from January through
December 2000, using the computer code HANCHI

X/Q Maximally exposed individual at residence, 9.0 x 10 s/m’ at 22 km
(14 mi) SSE; 80-km (50-mi) population, 4.1 x 10 person-s/m’

Release height 10 m (33 fr)

Population distribution 283,000 (PNNL-13487, APP. 1, Table D-4)

Computer code GENII, Version 1.485, December 3, 1990 (e.g., PNL-6584)

Doses calculated Chronic, 1-yr exposure, 50-yr committed internal dose equivalent,

and annual effective dose equivalent to individual and population

Pathways considered External exposure to plume and ground deposits
Inhalation
Ingestion of locally produced foods

Files addressed Radionuclide Library, Rev 7-1-92
Food Transfer Library, Rev. 8-29-88
External Dose Factor Library, Rev. 5-9-88
Internal Dose Factor Library, Rev. 12-3-90

(a) HTO = tritiated water vapor.

Table E.10. Annual Dose to Workers in the 400 Area from Ingestion of Drinking Water
Obtained from Groundwater Wells, 2000

Drinking Water Ingestion Dose Ingestion Dose,
Radionuclide Activity, pCi/L® Intake, pCi/yr® Factor, rem/pCi® rem/yr (Sv/yr)
Gross beta® 6.11+0.24 1,466 5.00x 10 73x10°
(7.3x107)
Tritium 3,853+ 211 9.24 x 10° 6.40 x 101 59x10°
(5.9x 107)
Total 1.3x 10*
(1.3x10°)

(a) Drinking water activities are annual averages obtained from quarterly samples taken during 2000.

(b) Intake is based on the assumption that a worker ingests 1 L/d of groundwater during the entire working year
(taken to be 240 days for the analysis).

(c) Ingestion intake-to-dose conversion factors are taken from EPA/520/1-88-020 and converted from Interna-
tional System of Units (SI). Where the document lists dose factors for more than one chemical form of a
radionuclide, the most soluble chemical form was assumed.

(d) Gross beta activities were assumed to be P’Cs for the purposes of this analysis.
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Table E.11. Offsite Dose from Inhalation due to the Hanford Site Wildfire, June 2000
(based on maximum EPA measured offsite air concentrations)
Maximum Breathing Dose Conversion Exposure Committed
Concentration Rate Factor Period Effective Dose
Radionuclide (pCi/m’?) (liters/day) (rem/pCi) (days) Equivalent
Strontium-90 0.0066 23,000 0.23 30 0.001
Uranium-234 0.0003 23,000 130 30 0.027
Uranium-235 0.00021 23,000 120 30 0.017
Uranium-238 0.00046 23,000 120 30 0.038
Plutonium-239/240 0.00042 23,000 330 30 0.096
Total 0.18
E.12
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Appendix F
Radionuclides Detected by Gamma
Spectroscopy (Gamma Scan)

One of the several forms of radiation is gamma
radiation. Gamma radiation is emitted by many
radionuclides. Gamma spectroscopy, sometimes
called a gamma scan, is used to detect the presence of
the radionuclides shown in Table F.1. These radio-
nuclides may be natural or result from Hanford Site

operations. They include activation products formed

by the absorption of a neutron by a stable element
and fission products that occur following fission
(splitting) of nuclear fuel radionuclides such as
uranium-235 or plutonium-239. Some of these radio-
nuclides may not be discussed in the main body of

this report if they are below detection levels.

Table F.1. Radionuclides Analyzed by Gamma Spectroscopy

Radionuclide Symbol
Beryllium-7® Be
Sodium-22 2Na
Sodium-24 2Na
Potassium-40® K
Manganese-54 *Mn
Cobalt-58 8Co
Cobalt-60® “Co
Iron-59 *Fe
Zinc-65 S7n
Zirconium/niobium-95 9%Zr/Nb
Molybdenum-99 Mo
Ruthenium-103 1®Ru
Ruthenium-106® 106Ru
Antimony-125® 125Sh
Iodine-131 BI
Cesium-134® 134Cs
Cesium-137® B1Cs
Barium/lanthanum-140 140Ba/La
Cerium-141 HCe
Cerium/praseodymium-144 44Ce/Pr
Europium-152 B2Eu
Europium-154® B4Ey
Europium-155® 5Eu

environmental surveillance samples.

(a) Routinely reported by contracting laboratory for Pacific Northwest National Laboratory

Source

Natural

Activation product

Activation product

Natural

Activation product

Activation product

Activation product

Activation product

Activation product

Activation product and fission product
Activation product and fission product
Activation product and fission product
Fission product

Activation product

Fission product

Activation product

Fission product

Fission product

Activation product and fission product
Fission product

Activation product

Activation product

Activation product

F1



Appendix G
Threatened and Endangered Species

R. K. Zufelt

This appendix discusses the federal and state
threatened and endangered species, candidate spe-
cies, and plant species of concern potentially found
on the Hanford Site. Threatened and endangered
species are listed by the federal government in

Title 50, Code of Federal Regulations, Part 17;
Washington Natural Heritage Program (2000); and
Washington State Department of Fish and Wildlife
(2000).

Threatened or Endangered Species

The purposes of the Endangered Species Act, as
amended, are to 1) provide a means to conserve
critical ecosystems, 2) provide a program for the
conservation of threatened and endangered species,
and 3) ensure that appropriate steps are taken to
achieve the purposes of the treaties and conventions
established in the Act. Threatened and endangered
species of plants and animals occurring or poten-
tially occurring on the Hanford Site are listed in

Table G.1.

Identification of candidate species can assist
environmental planning efforts by providing
advance notice of potential listing as a threatened or
endangered species, allowing resource managers to

alleviate threats and thereby possibly remove the
need to list species as endangered or threatened.
Even if a candidate species is subsequently listed, the
early notice could result in fewer restrictions on
human activities in the environment by prompting
candidate conservation measures to alleviate threats
to the species. Washington State candidate species
animals occurring or potentially occurring on the
Hanford Site are listed in Table G.2. Plant species
not listed as threatened or endangered but consid-
ered “candidates” for listing are identified by Wash-
ington State as “species of concern.” Washington

State plant species of concern potentially found on
the Hanford Site are listed in Table G.3.

Hanford Status

No plants or mammals on the federal list of
endangered and threatened species (50 CFR 17) are
known to occur on the Hanford Site. There are,
however, one bird species and two fish species on
the federal list of threatened and endangered
species (see Table G.1). In addition, eight species of
plants, and five species of birds have been listed as
either threatened or endangered by Washington
State. The National Marine Fisheries Service has
the responsibility for the federal listing of anadro-
mous fish (i.e., fish which require both saltwater

G.1

and freshwater to complete a life cycle). Upper-
Columbia River steelhead and upper-Columbia
River spring-run chinook salmon were listed as
endangered evolutionary significant units by
National Marine Fisheries Service (2000) in August
1997 and March 1999, respectively.

Several species of plants and animals are under
consideration for formal listing as candidate species
by Washington State. There are 15 state-level can-
didate species of plants and animals (see Table G.2)
and 46 plant species of concern (see Table G.3).



Species on the Hanford Site

Table G.1. Federal or Washington State Threatened and Endangered

Common Name
Plants

Columbia milkvetch
Dwarf evening primrose
Hoover’s desert parsley
Loeflingia

White Bluffs bladderpod
White eatonella

Fish

Spring-run chinook
Steelhead

Birds

American white pelican
Bald eagle®™
Ferruginous hawk
Sandhill crane

Western sage grouse

—

= Endangered.

[Ooles!
_]O O
I

Threatened.

Persistent sepal yellowcress
Umtanum desert buckwheat

= Species of concern.

Scientific Name

Astragalus columbianus

Camissonia (= Oenothera) pygmaea

Lomatium tuberosum

Loeflingia squarrosa var. squarrosa
Rorippa columbiae

Eriogonum codium

Lesquerella tuplashensis

Eatonella nivea

Oncorhynchus tshawytscha
Oncorhynchus mykiss

Pelecanus erythrorhychos
Haliaeetus leucocephalus

Buteo regalis

Grus canadensis

Centrocercus urophasianus phaios

a) Currently under review for change in status.

= (Candidate, 50 CFR 17.

Federal

SC

SC

SC

SC

OO0 Hmm 34944

—HmHHm
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Table G.2. Washington State Candidate Animal Species on the Hanford Site I
Common Name Scientific Name

Molluscs
Giant Columbia River spire snail® Fluminicola (= Lithoglyphus) columbiana
Giant Columbia River limpet Fisherola (= Lanx) nuttalli
Fish
Spring-run chinook® Oncorhynchus tshawytscha
Steelhead® Oncorhynchus mykiss
Insects
Columbia River tiger beetle!® Cicindela columbica
Birds
Burrowing owl® Athene cunicularia
Common loon Gavia immer
Golden eagle Aquila chrysaetos
Loggerhead shrike® Lanius ludovicianus
Merlin Falco columbarius
Northern goshawk Accipter gentilis
Sage sparrow Amphispiza belli
Sage thrasher Oreoscoptes montanus
Reptiles
Striped whipsnake Masticophis taeniatus
Mammals
Black-tailed jackrabbit Lepus californicus
Merriam’s shrew Sorex merriami
Washington ground squirrel(®<) Spermophilus washingtoni
White-tailed jackrabbit Lepus townsendii
(a) Federal species of concern.
(b) Federal endangered.
(c) Probable, but not observed, on the Hanford Site.
(d) Reported, but seldom observed, on the Hanford Site.
(e) Federal candidate.
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Table G.3. Washington State Plant Species of Concern on the Hanford Site

Common Name

Annual paintbrush
Awned halfchaff sedge
Basalt milk-vetch

Bristly combseed

Brittle prickly pear
Canadian St. John’s wort
Chaffweed

Columbia River mugwort
Coyote tobacco
Crouching milkvetch
Desert dodder

Desert evening-primrose
False pimpernel
Fuzzytongue penstemon
Geyer’s milkvetch
Grand redstem

Gray cryptantha

Great Basin gilia

Hedge hog cactus
Kittitas larkspur
Lowland toothcup
Miner’s candle

Piper’s daisy

Robinson’s onion

Rosy balsamroot

Rosy pussypaws

Scilla onion

Shining flatsedge
Small-flowered evening-primrose
Small-flowered nama
Smooth cliffbrake

Snake River cryptantha
Southern mudwort
Stalked-pod milkvetch
Suksdorf’s monkey flower
Winged combseed

The following species have been reported on the Hanford Site, but the known collections are questionable
in terms of location or identification, and have not been recently collected on the Hanford Site.

Beaked spike-rush Eleocharis rostellata S
Dense sedge Carex densa S
Few-flowered collinsia Collinsia sparsiflora var. bruciae S
Giant helleborine Epipactis gigantea S
Medic milkvetch Astragalus speirocarpus \%
Orange balsam Impatiens aurella R2
Palouse milkvetch Astragalus arrectus S
Palouse thistle Cirsium brevifolium W
Porcupine sedge Carex hystericina S
Thompson’s sandwort Arenaria franklinii thompsonii R2
(a) S = Sensitive (i.e., taxa vulnerable or declining) and could become endangered or threatened

Scientific Name

Castilleja exilis

Lipocarpha (= Hemicarpha) aristulata

Astragalus conjunctus var. rickardii
Pectocarya setosa

Opuntia fragilis

Hypericum majus

Centunculus minimus

Artemesia lindleyana

Nicotiana attenuata

Astragalus succumbens

Cuscuta denticulata

Oenothera caespitosa

Lindernia dubia anagallidea
Penstemon eriantherus whitedii
Astragalus geyeri

Ammannia robusta

Cryptantha leucophaea

Gilia leptomeria

Pediocactus simpsonii var. robustior
Delphinium multiplex

Rotala ramosior

Cryptantha scoparia

Erigeron piperianus

Allium robinsonii

Balsamorhiza rosea

Calyptridium roseum

Allium scilloides

Cyperus bipartitus (rivularis)
Camissonia (= Oenothera) minor
Nama densum var. parviflorum
Pellaea glabella simplex

Cryptantha spiculifera (= C. interrupta)

Limosella acaulis
Astragalus sclerocarpus
Mimulus suksdorfii
Pectocarya linearis

without active management or removal of threats.
R1 = Taxa for which there are insufficient data to support listing as threatened, endangered, or
sensitive (formerly monitor group 1).

R2 = Taxa with unresolved taxanomic questions (formerly monitor group 2).

State Listing®

wE€dudZRudndgnZEZLE o

R1

W = Taxa that are more abundant and/or less threatened than previously assumed (formerly

monitor group 3).
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