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The Hanford Site Environmental Report is prepared and published annually by
the U.S. Department of Energy (DOE), Richland Operations Office (RL) for
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environmental management activities and compliance issues.
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information on Hanford’s conformance to environmental permits, and the status
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Table H
Symbol Co o
Ag silver
Al alumin
As arsenic
B boron
Ba barium
Be beryllit
Br bromin
C carbon
Ca calciun
CaF, calciun
ca, carbon ide
Cd cadmiu
CHC]3 trichlor
Cr chlorid
CN cyanide
Cr# chromii es)
Cr chromii
Co;? carbong
Co cobalt
Cu copper
F fluoride
Fe iron
HCO, bicarbo
Hg mercur

Helpful Information
ISR T e =

:ntal and Chemical Constituent Nomenclature

Symbol Constituent
K potassium
LiF lithium fluoride
Mg magnesium
Mn manganese
Mo molybdenum
NH, ammonia
NH? ammonium
N nitrogen
Na sodium
Ni nickel
NO, nitrite
NO, nitrate
Pb lead
PO phosphate
P phosphorus
Sb antimony
Se selenium
Si silicon
Sr strontium
SO;7 sulfate
Ti titanium
T1 thallium
\" vanadium

value would be 1. Maximum, minii | median
values are reported when there are t aalytical
results to accurately determine the sta certainty.
Negative Numbers

There is always a small amount of r...___. . _diation in

the environment. The instrumentation used in the labo-
ratory to measure radioactivity in Hanford Site environ-
mental media are sensitive enough to measur¢ e natural,
or background, radiation along with any ¢ taminant
radiation in a sample. To obtain a true meas 2 of the

contaminant level in a sample, the natural, or background,

radiation level must be subtracted from the t I amount
of radioactivity measured by an instrument.  >cause of
the randomness of radioactive emissions, ani  he very

low concentrations of some contaminants, it ~ possible
to obtain a background measurement that is larger than
the actual contaminant measurement. When ° ¢ larger

background measurement is subtracted from the smaller

contaminant measurement, a negative result is generated.
The negative results are reported because they are useful
when conducting statistical evaluations of the data.

Understanding Graphic
Information

Graphs are useful when comparing numbers collected at
several locations or at one location over time. Graphs
make it easy to visualize differences in data where they
exist. However, while graphs may make it easy to evalu-
ate data, they may also lead the reader to incorrect con-
clusions if they are not interpreted correctly. Careful
consideration should be given to the scale (linear or loga-
rithmic), concentration units, and type of uncertainty used.
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Comprehensive Environmental
Response, Compensation, and
Liability Act Natural Resource
Damage Assessment Trustee
Activities

The Comprehensive Environmental Response, Compen-
sation, and Liability Act requires the President to appoint
federal officials to act on behalf of the public as trustees
for natural resources when natural resources may be
injured, destroyed, lost, or threatened as a result of a
release of hazardous substances. The President appointed

e Secretary of Energy as the primary federal natural
resource trustee for all natural resources located on,
over, or under land administered by DOE.

The National Contingency Plan (40 CFR 300.600) author-
izes state governors to designate a state lead trustee to
coordinate all state trustee responsibilities. The plan
indicates that tribal chairmen (or heads of governing
bodies) of Indian tribes have essentially the same trustee-
ship over natural resources belonging to the tribe as state
trustees have on behalf of state resources. In addition to
DOE, organizations that have been designated as natural
resource trustees for certain natural resources at or near
Hanford include: the Yakama Indian Nation; the Con-
federated Tribes of the Umatilla Indian Reservation; the
Nez Perce Tribe; the state of Washington represented
by the Washington State Department of Ecology and the
Washington Department of Fish and Wildlife; the state of
Oregon represented by the Oregon Department of Energy;
the U.S. Department of the Interior represented by the
U.S. Fish and Wildlife Service and the Bureau of Land
Management; and the U.S. Department of Commerce
represented by the National Oceanic and Atmospheric
Administration.

DOE has a duty to coordinate with the other natural
resource trustees concerning the cleanup of a Compre-
hensive Environmental Response, Compensation, and
Liability Act release. As part of this coordination
requirement, DOE meets regularly with the trustees.
The objectives of these meetings include the sharing of
information about releases of hazardous substances and
planned studies and response actions to address those
releases. The meetings are further designed to assist the
trustees in the determination and mitigation of actual or

St

TR

potential natural resource i

signed a memorandum of ag -

ing the collaborative workin

Public Particip:

Individual citizens of the sta
boring states may influence
sions through public particif
has opportunities to provid
decisions through many fo
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National Environmental Poli

sholder and Tribal Involvemnent
i e :

aries. The trustees have
>ment formally establish-
roup.

on

of Washington and neigh-
nford Site cleanup deci-
on activities. The public
heir input and influence
ns, including Hanford
arty Agreement activities,
_, Act public meetings cov-

ering various environmental impact statements and envi-

ronmental assessments, and

A framework for integrated ¢
involvement for the Hanford
mitment to and plan for invg

iy other outreach programs.

nmunications and public
te outlines the DOE
ng the public in decisions.

DOE’s Richland Operations ~ “fice of External Affairs is

responsible for establishing
of public participation activi

The Tri-Party Agreement pr
to become compliant with «
requirements. The Commun
panion to the Tri-Party Agre
information and involvemen
Tri-Party Agreement decisio
tions Plan was developed anc
Washington State Departmy
Region 10 with public comme
in 1990. The plan is updated
most recent revision occurrir

To apprise the public of upcc
lic participation, the Hanfora
ongoing and upcoming Tri-
involvement activities, is pul
tion, the Hanford Happening
Tri-Party Agreement schedul
periods, is distributed each ir

Before each activity, the pres
to be discussed, and notices ¢
community leaders, and spec

planning and scheduling
. for the Hanford Site.

les a means for Hanford
ironmental regulatory
Relations Plan, a com-
ent, describes how public
tivities are conducted for
The Community Rela-
egotiated among DOE,
of Ecology, and EPA
and was jointly approved
on an as-needed basis, the
~*nearly 1996.

ing opportunities for pub-
pdate, a synopsis of all
rty Agreement public
shed bimonthly. In addi-
alendar, which highlights
meetings and comment
th.

s informed of the issues
sent to elected officials,
___ interest groups. A mail-

ing list of approximately 4,500 individuals who have

indicated an interest in partic

iting in Hanford decisions
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2.3 Accomplishments and Issues

D. G. Black
This section describes DOE’s progress in meeting  issued the final environr  tal impact statement
its mission at the Hanford Site. Ongoing compliance Record of Decision for t ~ Plutonium Finishing
self-assessments, knowledge gained in implementing Plant (Milestone M-83-C TO1; DOE 1996b)
Tri-Party Agreement (Ecology et al. 1989) milestones,
and communications with stakeholders continue to iden- ¢ completed remediation . 31 waste sites in the
tify environmental compliance issues. Relevant issues 1100 Area (Milestone ~ “ 16-05A-T3) (the EPA
are discussed openly with the regulatory agencies and removed the area fromt National Priorities List)
with the public to ensure that all environmental compli-
ance issues are addressed. * initiated operation of a “30-L/min (150-gal/min)

treatment system for ren__ sal of carbon tetrachloride
at the 200-ZP-1 Operable Unit in the 200-West Area,

Hanford Federal Facility treating over 320 millic L (83 million gal) of

groundwater (Milestone  -16-04A)
Agreement and Consent Order
» began remedial actions f the 100-BC-1 Operable

Sixty-four Tri-Party Agreement milestones scheduled for Unit (Milestone M-16-0 ) and 100-DR-1 Operable
1996 were completed. Highlights of the work with the Unit (Milestone M-16-0'° ), both in the 100 Areas
associated milestone numbers include the following:

1

* completed construction : "’ initiated operation of the

 awarded privatization contracts for the treatment of Environmental Restora  n Disposal Facility with

wastes in 177 underground storage tanks (Milestone over 28,000 m’ (37,00C  F) of contaminated soil
M-60-08) disposed (Milestone M-7  00)

» issued the Long-Term I ‘ility Decommissioning
Plan (DOE 1996d; requi. . | by Tri-Party Agreement
Section 8.3.1)

* completed procurement of laboratory services to
handle 80% or more of the low-level analytical
requirements for the Environmental Restoration/

Waste Management Programs at the Hanford Site o
(Milestone M-14-04) * jssued arevisionto the si  :-shell tank closure work

plan in May 1996 (DOE  J6e; in support of Mile-
stone M-45-06 for closu  f underground waste

» completed vapor characterization for all ferrocya- -
storage tanks in the 200  as)

nide Waich List underground waste storage tanks

(Milestone M-40-03) )

» completed all high-pric...y field investigations

+ completed vapor characterization for  organic in the '1 00 Areas (multi : Milestone M-15-00
Watch List underground waste storage tanks (Mile- commitments)

stone M-40-08)
* completed design for P "ect W-178, construction

of interim-status tank sy: m upgrades for the 219-S
tank system in the 200- :st Area (Milestone
M-32-02-T01)

* initiated construction of Project W-058 for replace-
ment of the cross-site transfer system for transfer of
underground storage tank waste between the 200-East
and 200-West Areas (Milestone M-43-07A)
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Department of Ecology and waste removal from the
324 facility’s high-level vault tank system was completed
(both Tri-Party Agreement milestones), including treat-
ment and disposition of the waste. Removal of highly
radioactive dispersible waste from the 324 Building was
also completed.

Advanced Reactors Transition

The Advanced Reactors Transition Project has three sub-
projects: 1) Fast Flux Test Facility, 2) Fuels and Materi-
als Examination Facility, and 3) Nuclear Energy and
Plutonium Recycle Test Reactor/309 Building. The mis-
sion of the Advanced Reactors Transition Project is to
safely transition these facilities to a deactivated state.

In November 1995, DOE revised its direction to the facility
stabilization project related to the Fast Flux Test Facility,
halting any irreversible deactivation activities and, in
January 1997, direction was received to place the facility
in “hot standby” while alternative future missions for the
reactor are explored (i.e., medical isotope and/or tritium
production). A decision on the Fast Flux Test Facility’s
future is expected in December 1998.

Construction was completed on the Sodium Storage
Facility, intended for storage of Fast Flux Test Facility
coolant, in October 1996. Sodium will not be transferred
to this facility in the near future, pending the outcome of
the 1998 decision on the future of the plant.

Fast Flux Test Facility deactivation activities completed
in 1996 included removal of over 60 highly radioactive
fuel components, washing and placing the components
in interim storage casks, and transporting the casks to
the 400 Area interim storage area. Additionally, reactor
vessel immersion heaters were installed and three poly-
chlorinated biphenyl transformers were removed.

Nuclear fuel was removed from the 308 Building (a
DOE Nuclear Energy Program subproject), and deac-
tivation activities for this building were completed.
Nuclear Energy Program legacy test loop piping and
hardware removal was completed from the 335 and
335-A Buildings.

Cleanout of the 309 Building (Plutonium Recycle Test
Reactor) rupture loop ion exchange vault was completed,
and characterization was performed on the rupture loop
annex.

A Resource Conservation and Recovery Act partial clean
closure was completed for the 105-DR Large Sodium
Fire Facility in 1996. This ~ cility is in the process of

being transitioned to the DO}
Restoration Program for fi
Conservation and Recovery
pleted for the 4843 Alkali M
3718-F Alkali Metal Treat:
The 4843 closure is awaitin
ington State Department of

needs to be performed in the
final closure certification fo

eadquarters Environmental
disposition. Resource
t closures were also com-
| Storage Facility and the
_nt and Storage Facility.
:ceptance by the Wash-
logy. Soil sampling still
cinity of 3718-F prior to
at facility.

rea were dismantled as

y Program Legacy Pro-
600 L (160 gal) of nonra-
s transferred to an offsite
tinue in 1997.

Sodium test loops in the 30(
part of the DOE Nuclear En
gram in 1996. Approximate
dioactive elemental sodium
vendor. This program will «

1ank Waste Rel ediation
System Activitics

Waste Tank Status

The status of the 177 waste t ks as of December 1996
was reported in Hanlon (199  This report is published
monthly; the December repo  provided the following:

e number of waste tanks
- 149 single-shell tanks
- 28 double-shell tanks
* number of tanks listed a: assumed leaker” tanks
- 67 single-shell tank
- 0 double-shell tanks

tank leaks
ed as suspected of leaking

» chronology of single-sh
- 1956: first tank refp
(Tank 241-U-104)

- 1973: largest estim™“~d leak reported
(Tank 241-T-106; 4 ,000 L [115,000 gal])

- 1988: tanks 241-AY 102, -C-201, -C-202,
-C-204, and -SX-10 eported as confirmed
leakers
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safety criteria to be defined and applied to each tank
(Postma et al. 1994a). There were originally 24 ferro-
cyanide tanks on the Watch List: 4 were removed in 1993,
2 in 1994, 4 in June 1996, and 14 in September 1996.
The ferrocyanide levels have decreased by at least 90%,
and in some cases by 99%, over those originally added to
the tanks. Experimental studies (Lilga et al. 1996) and
core samples from 10 of the ferrocyanide tanks show that
hydrolysis and radiolysis of the ferrocyanide occurred
and sufficient fuel to be of concern is no longer present
(Meacham et al. 1996a). DOE approved resolution of
the ferrocyanide safety issue in December 1996.

Flammable Gas. The flammable gas safety issue
involves the generation, retention, and potential release
of flammable gases by the waste. Previously, 25 tanks
were identified and placed on the Watch List. In prior
years, work controls were instituted to prevent introduc-
tion of spark sources into these tanks, and evaluations
were completed to ensure that installed equipment was
intrinsically safe.

The worst-case tank (241-SY-101) was successfully
mitigated in 1994 with the installation of a mixing pump.
The pump is operated up to three times a week to mix the
waste and release gases that are generated and retained in
the waste. This mitigation technique has been completely
successful, and no episodic releases of gas have occurred
since the pump was installed. Two spare mixer pumps
are available in the event the original pump should fail.

Hydrogen monitors have been installed on all 25 flam-
mable gas tanks. These monitors, called standard hydro-
gen monitoring systems, consist of a cabinet equipped
with piping and instrumentation that support an on-line
hydrogen detector and a “grab” sampler. Documentation
to close the unreviewed safety question for the SY Tank
Farm was submitted to DOE in 1995 for closure action.
Approval for tank 241-SY-101 to be removed from the
unreviewed safety question list was received in June 1996.
In November 1996, the unreviewed safety question for
the other tanks was expanded to cover 176 underground
waste tanks (241-SY-101 is not included) and all auxil-
iary tank farm tanks. Standard hydrogen monitoring sys-
tems are being added to a number of these waste tanks.

Additional instrumentation for determining waste proper-
ties and tank behavior has been developed for use in the
flammable gas tanks. These instruments include viscom-
eters for measuring the viscosity of the waste in the tanks,
in-tank void fraction meters that determine the amount of
gas in a given volume of waste, retained gas samplers

that capture a waste sample
allows the gas composition :
after the apparatus is brou;
characterization systems tha

nitrous oxide) to be continuc
tanks. All of these devices t

In November 1996, more str
trols were placed on all 17
tanks after several events oc
was found at significant leve
ing interim stabilization and
sampled. All rotary-mode s:

and Issures

R

a gas-tight chamber and
| volume to be measured
into a hot cell, and gas
low a broad spectrum of
dome-space gases (including hydrogen, ammonia, and

ly monitored in selected
ame operational in 1996.

yent flammable gas con-
righ-level waste storage
ted where hydrogen gas
in a waste tank undergo-
another tank being core
pling using the sampling

trucks was suspended until a safety assessment covering
this method is approved for tanks because they might be

retaining pockets of gas witl

the waste matrix.

The Tri-Party Agreement *'estone for resolution

of the flammable gas safet
September 2001.

ssue is scheduled for

High-Heat Tank. This safety issue concerns tank
241-C-106, a single-shell tank that requires water addi-

tions and forced ventilatior

or evaporative cooling.

Without the water additions, which would have to be

severely restricted in the eve
could exceed structural temg
potential concrete degradatio
This tank is scheduled for re
transfer of the waste to a dot
tanks are designed to better |
than single-shell tanks. Asf
a refrigerated chiller system
radioactive decay heat and
waste transfer pumps. The c
on-line in 1997.

* of a tank leak, the tank

iture limits, resulting in

1d possible tank collapse.
wval, starting in 1998, and
:-shell tank. Double-shell
dle heat-bearing materials
of the retrieval program,
; been installed to remove
: heat generated by the
ler is scheduled to come

The Tri-Party Agreement milestone for resolution of the

high-heat safety issue is sche
with an interim milestone to
tank 241-C-106 by October 1
is being renegotiated to start

" iled for September 2001,
irt retrieval of the waste in
7. This interim milestone
licing in September 1998.

Organic Tanks. The organic tanks safety issue involves
the potential for uncontrolled exothermic reactions of

organic chemicals and nitr.
vents also present in some o
part of the vapor sampling

s/nitrites or organic sol-
e tanks. During 1995, as
»gram, it was shown that

organic vapors in the organic ..nks are too low in con-

centration to exceed even 25
ity limits. Criteria to screen

of their lower flammabil-
iks for possible organic
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are constructed of two, flexible, high-density, polyethyl-
ene membrane liners. A system is provided to detect,
collect, and remove leachate from between the primary
and secondary liners. Beneath the secondary liner is
a 0.9-m- (3.0-ft-) thick soil/bentonite barrier should
the primary and secondary liners fail. Each basin has a
mechanically tensioned floating membrane cover con-
structed of very low-density polyethylene to keep out
unwanted material and to minimize evaporation of the
basin contents. The facility began operation in April
1994 and is designed to operate for 20 years. A total of
5.3 million L (1.4 million gal) of process condensate was
stored in the basins at the end of 1996.

200 Areas fluent Ti 1t 1t Facility
The 200 Areas Effluent ..e:  mn.. .cility (near the
200-East Area) provides for 1) collection of liquid efflu-
ents, 2) a treatment system to reduce concentrations of
radioactive and hazardous waste constituents in the efflu-
ent streams to acceptable levels, 3) tanks to allow for
verification of treated effluent characteristics before dis-
charge, and 4) a state-approved land disposal structure
for effluent disposal. The treatment process constitutes
best available technology and includes filtration, ultra-
violet light/peroxide destruction of organic compounds,
reverse osmosis to remove dissolved solids, and ion
exchange to remove the last traces of contaminants. Treat-
ment capacity of the facility is 570 L/min (150 gal/min).
The facility began operation in December 1995 and
has a 30-year design life. Approximately 37.5 million L
(9.9 million gal) of waste water were treated in 1996.

The treated effluent from this facility is sampled to verify
that the concentrations of radioactive and hazardous waste
constituents have been reduced to acceptable levels, then
discharged via a dedicated pipeline to a state-approved
land disposal structure. The disposal facility (200-West
Area) consists of an underground drain field. The perco-
lation rates for the field have been established by site
testing and evaluation of soil characteristics. Tritium in
the liquid effluent cannot be practically removed, and the
location of the disposal facility maximizes the time for
migration to the Columbia River to allow for radioactive
decay. A delisting petition was approved by the EPA
that exempts the treated process condensate from the
requirements of dangerous waste regulations under the
Resource Conservation and Recovery Act and imposes
certain effluent quality restrictions. High concentrations
of ammonia in the process condensate also make this
feed stream a dangerous waste subject to WAC 173-303.
After treatment in the facility, the discharged effluent is

not a dangerous waste. The disposal facility was permitted

in June 1995 by the Washing’
ogy under WAC 173-216. ]
monitoring of the effluent

concentrations for certain cc

Secondary waste from treati..

a low-level mixed waste that
and packaged in 208-L (55-¢
Effluent Treatment Facility i
and Recovery Act-permitte
secondary waste material is 1
transferred to the Central V
quent treatment (if needed tc
tion treatment standards) anc
trench 218-W-5 in the 200-V

State Department of Ecol-
discharge permit requires
wundwater to ensure that
ituents are not exceeded.

o the process condensate is
ill be concentrated, dried,
rdrums. The 200 Areas

Resource Conservation
itorage facility, and this
iporarily stored until it is
ste Complex for subse-
ieet land disposal restric-
sposal in mixed waste

it Area.

200 Areas Treated ~ffluent Disposal

Facility

The 200 Areas Treated Effl

nt Disposal Facility is a

collection and disposal system for non-Resource Conser-

vation and Recovery Act-|
already meet discharge requ
regulatory required “best av
and reasonable treatment”

generating facilities. Faci

facility currently include the
222-S Laboratory, T Plant, 2!
Uranium Extraction Plant, B

aitted waste streams that
nents. Implementation of
ble technology/all known
he responsibility of the
s that discharge to this
itonium Finishing Plant,
¥ Power Plant, Plutonium-
ant, and 242-A-81 Water

Services Building. Each faciu.y must comply with dis-
charge limits in WAC 173-216 without further treatment.

This facility began operation :
to operate for 30 years. The
ity is 8,700 L/min (2,300 gal
permit presently limits the
2,400 L/min (640 gal/min). 2
(200 million gal) of treated e
1996. The effluent is discha
disposal ponds located east ¢
discharge permit requires n
groundwater to ensure that
constituents are not exceedec

300 Area Treated E
Facility
Waste water from laboratorie

buildings, and former fuel 1
300 Area is treated in the 3

wpril 1995 and is designed
ign capacity of the facil-
n), though the discharge
:rage monthly flow to
roximately 760 million L
lent were discharged in

1 to two 2-ha (5-acre)

i€ 200-East Area. The
itoring of the effluent
1centrations for certain

uent Disposal

‘esearch facilities, office
sication facilities in the
Area Treated Effluent
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3.0 Facility-Related Monitoring Waste

Management, and Chemical Im

antory

Information

The following sections include information about facility-
related environmental monitoring programs at the Hanford
Site, including effluent monitoring (Section 3.1), near-
facility environmental monitoring (Section 3.2) and vadose
zone monitoring (Section 3.3). The management of radio-
active and nonradioactive solid and liquid wastes stored
or disposed of at Hanford and the types and quantities of
hazardous chemicals stored on the site are also discussed
(Section 3.4).

The monitoring of effluents and contaminants and the
management of wastes and chemical inventories at
Hanford Site facilities are necessary to determine the
effects these materials may have on the public, workers
at the site, and the surrounding environment. Effluent
monitoring is conducted by the various site contractors at
their facilities pursuant to requirements in DOE

Order 5400.1. At Hanford, effluent monitoring includes
the collection of samples for analyses, or measurements,
of liquid and gaseous effluents for the purposes of char-
acterizing and quantifying contaminants released to the
environment, providing source terms for assessing poten-
tial exposures of the public, providing a means to control
effluents at or near the point of discharge, and determin-
ing compliance with applicable standards and permit
requirements.

Near-facility environmental monitoring consists of the
routine monitoring of environmental media near facilities

that have the potential to disc
stored, or disposed of radioac
nants. Monitoring location
with major nuclear-related ins
and disposal units.

rge or have discharged,

re or hazardous contami-
re generally associated
lations and waste storage

Vadose zone monitoring is co  1cted near selected current
or historical waste storage or  sposal sites to character-
ize and establish baseline co1.__ntrations of radioactive
contaminants in the vadose zone sediments near the sites.
Gamma-spectral logging equipment is used within new
and existing boreholes to detect, identify, and quantify
gamma-emitting radionuclides.

Wastes stored on the site are
accordance with applicable s°
Inventories of hazardous ct
reported annually as requirec

.egorized and managed in
“> and federal regulations.

1cals are tracked and

7 law.

More detailed program, samp!
information is contained in F
Environmental Monitoring  nual Report, Calendar
Year 1996 (Perkins et al. 198 Hanford Tier Two Emer-
gency and Hazardous Chemicul Inventory, Emergency
Planning and Community Right-to-Know Act, Section 312
(DOE 1996h), the Hanford ‘e Annual Dangerous
Waste Report, Calendar Yeai 796 (DOE 1997¢), and
Summary of Radioactive So... Waste Received in the
200 Areas During Calendar Year 1996 (Hagel 1997).

1, and waste management
ford Site Near-Facility
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Figure 3.1.1. Liquid Releases of Selected Radionuclides from Site Facilities, 1990 Through 1996

activity, and selected radionuclides. The selection of the Radioactive emission discharge points are located in the
specific radionuclides that are sampled, analyzed, and 100, 200, 300, 400, and 600 Areas. The sources for
reported is based on 1) an evaluation of maximum poten- these emissions are summarized below.

tial unmitigated emissions expected from known radio-

nuclide inventories in a facility or activity area, 2) the ¢ In the 100 Areas, emissions originate from the deac-
sampling criteria given in contractor environmental com- tivation of the N Reactor Fuel Storage Basin, the
pliance manuals, and 3) the potential each radionuclide two 100-K Area water-filled storage basins (K Basins)
has to contribute to the offsite public dose. Continuous containing irradiated fuel, a recirculation facility that
air monitoring systems with alarms are also used at filters radioactive water from the N Reactor basin
selected discharge points when a potential exists for radio- that was used for storage of irradiated fuel, a room
active emissions to exceed normal operating ranges by used for cleaning contaminated tools and equipment,

levels requiring immediate personnel alert.
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Figure 3.1.2. Airborne Releases of Selected Radionuclides from Site Facilities,

and a radiochemistry laboratory. Six radioactive
emission points were active in the 100 Areas during
1996.

The 200 Areas contain inactive facilities for nuclear
fuel chemical separations and reprocessing, waste
handling and disposal facilities, and steam genera-
tion plants using fossil fuels. Primary sources of
radionuclide emissions are the Plutonium-Uranium
Extraction Plant, Plutonium Finishing Plant, T Plant,
222-S Analytical Laboratory, underground tanks for
storage of high-level radioactive waste, and waste
evaporators. During 1996, 63 radioactive emission
points were active in the 200 Areas.

The 300 Area primarily
facilities, and a fossil £
mary sources of radio
324 Waste Technolog
325 Applied Chemists
Irradiation Laboratory
Radioactive emission:
development and waste
1996, 32 radioactive er
active in the 300 Area.

The 400 Area has the
Maintenance and Stora_

Materials Examinatior —

Facility Effluent Monitoring
i CoEa s E e

)0 Through 1996

tains laboratories, research
yowered steam plant. Pri-
lide emissions are the
ngineering Laboratory,
aboratory, 327 Post-

1d 340 Vault and Tanks.
se from research-and-
1dling activities. During
ion discharge points were

t Flux Test Facility, the
facility, and the Fuels and
acility. Operations and
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Facility Effluent Monitoring

Table 3.1.1. Release Estimates of Hanford Site Radionuclide Air Emiss  1s, 1996
Release, Ci®

Radionuclide Half-Life 1Y Areas 200-East Area  200-West Area ) Area 400 Area
°H (as HTO)® 123 yr NM NM NM $x 10° 3.6x10°
H (as HT)® 123 yr NM NM NM Tx 10° NM
%Co 53yr 5.1x 107 7.7x 1010 ND ND NM
87Zn 244.4d ND ND ND ND NM
%S 29.1yr 29x10° 6.2 x 105 3.6 x 10*© z x10%@ 9.0x 10°@
Zr 64.02d ND ND ND ND NM
W06Ru 368 d 54x107 9.5x10*® NM ND NM
138n 115.1d ND ND NM ND NM
12Sb 2797 yr 1.9x 107 20x 10° NM ND NM
127 1.6 x 107 yr NM 39x10° NM ND NM
B 8.040d NM ND NM ND ND
B4Cs 21yr 1.3x10°% 3.0x 10° ND ND NM
¥Cs 30 yr 5.1x10° 55x10* 6.5x 107 ix 106 5.5 x 10%@
192Ey 13.6 yr ND ND ND ND NM
34Eu 8.8 yr 4.5x 107 ND ND ND NM
5By Syr 1.9 x 107 ND ND ND NM
20Rn 56s NM NM NM bx 10 NM
*2Rn 3.8d NM NM NM ) x 107 NM
Uranium,

depleted >2.445 x 10°yr NM NM NM ND®© NM
8Py 87.7 yr 52x 107 22x 107 42x10° 'x 108 NM
239.240pyy 2.4 x 10* yr 4.5 x 100 6.7 x 100 2.4 x 1040 1 x 100 8.3x 1070
24Py 144 yr 4.1x10°% 1.7x 107 3.5x 104 NM NM
#Am 432 yr 2.0x10° 9.2x10° 3.7x10° x 10® NM

(a) 1Ci=3.7x10"Bg; NM = not measured; ND = not detected.

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

(c) This value includes total beta release data. Total beta and unspecified beta results ass
calculations.

(d) The 400 Area’s *'Cs value is derived fully from total beta measurements.

(e) Determined from total alpha measurements. Assumed to be depleted uranium, consist
0.821 Ci% »°U, and 35.701 Ci% **U (99.797 wt% **U, 0.200 wt% 2*>U, and 0.003 wi

(f) This value includes total alpha release data. Total alpha and unspecified alpha results
dose calculations.

ed to be *°Sr for dose

20of 63.478 Ci% **U,
234U)‘
sumed to be 22%249Py for

69



1996 Annual Environmental Report

Table 3.1.2. Nonradioactive Constituents Discharged to the Atmosphere, 1996®

Release, kg®

Constituent 200-East Area  200-West Area 300 Area
Particulate matter 1.78 x 10° 291 x 10 1.23 x 10*
Nitrogen oxides 200 x 10° 1.54 x 10* 4.16 x 10*
Sulfur oxides 246 x 10° 1.03 x 10? 1.68 x 10°
Carbon monoxide 6.76 x 10¢ 7.27 x 10! 3.78 x 10°
Lead 1.73 x 10? 1.81 x 102 224 x 10!
Volatile organic compounds'® 1.35 x 10° 1.73 x 10? 212 x 107
Ammonia® 7.07 x 10° 3.32x 10° NM®
Arsenic 1.85 x 10? 8.55 x 107 1.32 x 10!
Beryllium 2.50 x 10! 5.09 x 107 4.85 x 10
Cadmium 1.47 x 10! 2.24 x 107 2.44 x 10!
Chromium 537 x 10? 9.67 x 102 1.48 x 10!
Cobalt NE®© NE 1.40 x 10!
Copper 3.37 x 102 5.70 x 107 3.21 x 10!
Formaldehyde 7.55 x 10! 8.24 x 10 4.68 x 10!
Manganese 742 x 107 2.85 x 107 8.55 x 10°
Mercury 547 x 10° 6.11 x 107 3.70 x 10°
Nickel 441 x 102 3.66 x 107 2.69 x 107
Polycyclic organic matter NE 3.20 x 10? 6.35 x 10°
Selenium 6.70 x 10! 4.78 x 102 439 x 10°
Vanadium 4.62 x 10! 1.42 x 10! 3.49 x 107
(a) The estimate of volatile organic compound emissions do not include emissions

from certain laboratory operations.
(b)
()
(d)

Multiply kg by 2.205 to convert to lb.
Produced from fossil fuel burning for steam generation and electrical generators.
Ammonia releases are from the 200-East Area tank farms, 200-West Area tank

farms, and operation of the 242-A Evaporator.

(e

NM = Not measured; NE = No emissions.

Liquid effluents containing both radioactive and hazardous
constituents are stored at the 200 Areas in underground
waste storage tanks or monitored interim-storage facili-
ties. Activities in the 600 and 1100 Areas generate neither
radioactive nor nonradioactive hazardous liquid effluents.

Comi ehen ive Environmental
Response, Compensation,
and Liabilit. Act and
Washington Administrative
Code Chenr :al Releases

Chemical releases are hazardous chemicals discharged
directly to the environment, rather than through a liquid

effluent stream. These releases almost entirely consist of
accidental spills. Releases of hazardous substances
exceeding specified quantities that are continuous and
stable in quantity and rate must be reported as required
by Section 103(f)(2) of the Comprehensive Environmen-
tal Response, Comprehensive, and Liability Act.

There were three releases reported under the Act’s report-
able quantity or WAC 173-303-145 requirements by
Hanford contractors in 1996. Effective July 12, 1995,
the reportable quantity for ethylene glycol was increased
from 0.454 to 2,270 kg (1 to 5,005 1b) by the final rule
(60 FR 30926). The number of reportable ethylene gly-
col releases have been significantly reduced as a result of
the change in the reportable quantity. Table 3.1.5 con-
tains a synopsis of 1996 reportable spills pursuant to the
Actand WAC 173-303-145.
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Table 3.1.3. Radionuclides in Liquid Effluents Discharged
to Ground Disposal Facilities in the 200 Areas, 1996

Release, Ci®

Radionuclide Half-Life
*H 12.3yr
1C 5,730 yr
%Sr 29.1 yr
PTc 2.6 x 10 yr
1%Ru 368d
13Sn 115.1d
13Sb 277 yr
13Cs 2.1yr
BCs 30 yr
'S2Eu 13.6 yr
13Ey 8.8 yr
'Eu Syr
By 2445 x 10° yr
25y 7.04x 108 yr
By 447 x 10°yr
%Py 87.7 yr
239.240py 2.4 x 10% yr
HAm 432 yr

(a) 1 Ci=3.7x 10" Bq.
(b) ND = Not detected.

2.2 x 107
8.5 x 10°
1.5 x 10*
1.5 x 10*
ND®
ND
ND
ND
6.7 x 10°
ND
ND
ND
2.0x 10+
ND
1.5 x 104
24 x 107
2.6 x 107
9.3 x 103

Facility Effluent Monitoring

Table 3.1.4. Radionuclides it .iquid Effluents Discharged
to the Columbia River from : 100 Areas, 1996
Radionuclide Hali _ife Release, Ci®
SH 12 1.3 x 10!
“Co 5. r 2.3x10°
“Sr 29 r 1.2 x 107!
1Ry 3¢ 1 ND®
15Sb 25 3.5x 10°
134Cs 2. 0r ND
3Cs 3 r 3.8x10°
Eu 87 r ND
1%Eu 5 1.2x10?
8Py 87 4.0x 10°
239.240py 24x Fyr ND
#AmM 43 1.1x10*
(a) 1Ci=3.7x10"Bq.

(b) ND = Not detected.

Table 3.1.5. Comprehensive Environmental Response, Compensation, and Liability Act and \

Code Reportable Spills, 1996

Material Occurrence
Radioactive water 1
Ammonium bifluoride and 1
ferric chloride hexahydrate
Polychlorinated biphenyl 1
Raw sewage/water 1

Quantity

shington Administrative

Location

8.6 x 105 Ci, *Sr
2.7x 10* Ci, ¥'Cs

0.5 kg, NH,F,
1.2 kg, ferric chloride hexahydrate

Undetermined

Undetermined

105-KW Basin
Sent to Richland
Landfill

105-KE Basin

MO-398 Building
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3.2 Near-Facility “nvironmental N >nitoring

C. J. Perkins, A. R. Johnson, B. M. Markes,
S. M. McKinney, R. M. Mitchell, and R. K. Price

Several types of environmental media are sampled and
various radiological measurements are taken near nuclear
facilities to monitor the effectiveness of contamination
control in waste management and restoration activities
and effluent treatment and control practices. These
include air, surface and spring waters, surface contami-
nation, soil and vegetation, vadose zone monitoring,
investigative sampling (which can include wildlife), and
external radiation. Sampling and analysis information
and analytical results for 1996 for each of these are sum-
marized below. Additional data and more detailed infor-
mation may be found in Hanford Site Near-Facility
Environmental Monitoring Annual Report, Calendar
Year 1996 (Perkins et al. 1997).

Near-Facility Environmental
Monitoring at the Hanford Site

Near-facility (near-field) environmental monitoring is
defined as routine monitoring near facilities that have
potential to discharge, or have discharged, stored, or dis-
posed of radioactive or hazardous contaminants. Moni-
toring locations are associated with nuclear facilities,
such as the Plutonium-Uranium Extraction Plant and
N Reactor, and waste storage or disposal facilities, such
as burial grounds, tank farms, ponds, cribs, trenches, and
ditches.

Much of the monitoring program consists of collecting
and analyzing environmental samples and methodically
surveying areas near facilities releasing effluents and
waste streams. The program also evaluates acquired ana-

tical data, determines the effectiveness of facility efflu-
ent monitoring and controls, measures the adequacy of
containment at waste disposal units, and detects and
monitors unusual conditions. The program implements
applicable portions of DOE Orders 5400.1, 5484.1, 5400.5,
and 5820.2A; WAC 246-247; and 40 CFR 61.

Routine monitoring activities
toring ambient air, water fr.
units, external radiation dos
sediment, vegetation, and ani
eters typically monitored are
tions, radiation exposure le
selected hazardous chemice
from known or expected effh
ways are generally downwini

lude sampling and moni-
surface-water disposal

-ate, vadose zone, soil,

ts. Some of the param-

[, radionuclide concentra-
s, and concentrations of
Samples are collected
it pathways. These path-

f potential or actual air-

borne releases and downgrawent of liquid discharges.

The routine activities of near
are summarized in Table 3.

quantity, and location of sam °

Waste disposal sites and the
surveyed to detect and chara
contamination. Routine surv

cility monitoring in 1996
., which shows the type,
s collected.

-ain surrounding them are
-ize radioactive surface
locations include cribs,

trenches, retention basin perimeters, pond perimeters,

ditch banks, solid waste dispo
trenches), unplanned release
stabilized waste disposal site
and around the site operation

Air Monitoring

Near-facility air sampling m
waste management and efflu
reducing effluents and emi:
monitor diffuse source emiss

Collection of Air S:
Analytes of Interes

Radioactivity in air was sam
uously operating samplers at
facilities: 4 in the 100-N Are
the 200 Areas, 3 at the Enviro
Facility, 4 at the 100-D,DR ¢

sites (e.g., burial grounds,
:s, tank farm perimeters,
oads, and firebreaks in
reas.

tors the effectiveness of
treatment and controls in
ns; these systems also
iS.

iples and

1 by a network of contin-
locations near nuclear

4 the 100-K Area, 38 in

iental Restoration Disposal

:a, 3 at the 100 B,C Area,
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Table 3.2.1. Near-Facility Routine Environmental Samples and Locations, 1996

Operational Area

Total Number of

Sample Type Sample Locations  100-B,C  100-D,DR  100-K 100-N ERDF®  200/600 300/400
Air 58 3 4 4 4 3 39® 1
Water 11 0 0 0 9 0 2 0
External radiation 156 0 5 11 54© 2 63 21
Soil 78 0 0 0 7 0 54 17
Vegetation 76 0 0 0 10 0 49 17

(a) Environmental Restoration Disposal Facility.
(b) Includes one statior cated at the Wye Barricade.
(c) Thirty thermoluminescent dosimeters and 24 survey points.

1 near the 300 Area Treated Effluent Disposal Facility, Each composite sample was analyzed for plutonium-238,
and 1 collocated with samplers « ated by the ~  fic plutonium-23¢ .0, strontium-90, uranium-234,
Northw¢  National Laboratory and the Washington uranium-2335, uranium-238, and gamma-emitting radio-
State Department of Health at the Wye Barricade in the nuclides (e.g., cesium-137, cobalt-60). Samples from the
600 Area. To avoid duplication of sampling, the near- 100-K Area were also analyzed for americium-241 and
facility environmental monitoring program used existing plutonium-241.

Pacific Northwest National Laboratory air samplers in

the 300 and 400 Areas. Results for these areas are reported Radiological Results for Air Samples
in Section 4.1, “Air Surveillance,” and are not discussed

here. Air samplers were located primarily at or near Of the radionuclide analyses performed, cesium-137,
(within approximately 500 m [1,500 ft]) sites and/or plutonium-239,240, strontium-90, and uranium were
facilities having the potential for, or history of, environ- consistently detectable in the 100-N and 200 Areas.
mental releases, with an emphasis on the prevailing down- Cobalt-60 was consistently detectable in the 100-N Area.
wind direction. Air concentrations for these radionuclides were elevated
near facilities compared to the concentrations measured
Samples were collected according to a schedule estab- offsite. Figure 3.2.1 shows average values for 1996 and
lished before the monitoring year. Airborne particles the preceding 5 years for selected radionuclides compared
were sampled at each of these stations by drawing air to DOE derived concentration guides and the background
through a glass-fiber filter. The filters were collected air concentration as measured by the Pacific Northwest
biweekly, field surveyed for gross radioactivity, held for National Laboratory in distant communities. The DOE
at least 7 days, and then analyzed for total alpha and beta derived concentration guides (DOE Order 5400.5) are
activity. The 7-day holding period was necessary to allow reference values that are used as indexes of performance
for the decay of naturally occurring radionuclides that (Appendix C, Table C.5). The data indicate a large degree
would otherwise obscure detection of longer-lived radio- of variability. In general, air samples collected from air
nuclides associated with emissions from nuclear facilities. samplers located at or directly adjacent to nuclear facili-
The total radioactivity measurements were used to indi- ties had higher concentrations than did those samples
cate changes in trends in the near-facility environment. collected farther away. The data also show that concen-
trations of certain radionuclides were higher within dif-
For most radionuclides, the amount of radioactive mate- ferent operational areas. Generally, the predominant
rial collected on a single filter during a 2-week sampling radionuclides are activation products (i.€., gamma emitters)
period was too small to be measured accurately. The in the 100 Areas and fission products in the 200 Areas.

accuracy of the sample analysis was increased by compos-
iting the samples into biannual samples for each location.
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Radiological analyses of water samples from surface-
water disposal units were performed onsite by the Waste
Sampling and Characterization Facility in 1996. Analyses
included uranium, tritium, strontium-90, plutonium-238,
plutonium-239,240, and gamma-emitting radionuclides.
Radiological analyses of sediment and aquatic vegetation
samples were performed for uranium, strontium-90,
plutonium-239,240, and gamma-emitting radionuclides.
Nonradiological analyses were performed for pH, tem-
perature, and nitrates. Analytes of interest were selected
based on their presence in effluent discharges and their
importance in verifying effluent control and determining
compliance with applicable effluent discharge standards.
Surface-water disposal units that received potentially
radioactively contaminated effluents were within posted
radiological control areas.

Radiological |
Water Dispos

Radiological result:
water disposal units

200 Areas are summ
radionuclide concet
units were less than tl

Radiological results

samples taken from ¢
in the 200 Areas arc
3.2.4, respectively. .
levels in both aquat
cases the results wer
in the Hanford Site
(HSRCM 1994).

Table 3.2.2. Radiological Results for Liquid Samples from Surface-Water Disposal Uni

r Surface-

nples from surface-
hes) located in the
3.2.2. Inall cases,
face-water disposal
concentration guides.

ztation and sediment
isposal units located
in Tables 3.2.3 and
were some elevated
ind sediment, in all
n the standards cited
Zontrol Manual

(pCi/L), 200 Areas, 1996

Number of
Sample Location Samples HW *Sr 9Cs 3Py 29.240py Total [y
200-East Powerhouse 12 Mean 1.7 x 102 1.2 x 10 ND® ND <37 x 10° 3.8 x 10*
Ditch Maximum 3.8 x 10? 1.2 x 103 ND ND 2.0 x 10¢ 7.7 x 10*
216-B-3C Expansion 12 Mean 2.0 x 107 1.5 x 10° ND 20 x 1€ 1.7 x 10° 2.0 x 10
Pond (200-East Area) Maximum 4.7 x 10? 1.5 x 103 ND 2.0 x 1C 1.7 x 103 5.2 x 10*
DCG® 2.0 x 10%@ 1,000 3,000 40 30 500

(a) The detection limit for tritium is 300 pCi/L .

(b) ND = Not detected.

(c) DCG = DOE derived concentration guide (DOE Order 5400.5).
(d) Using uranium-234 as the most limiting DCG.

Table 3.2.3. Radiological Results for Aquatic Vegetation Samples from Surface-Water Di
200 Areas, 1996

Number of
Sample Location Samples Sr B1Cs ML
216-B-3C Expansion Pond
(200-East Area) 1 0.35 0.47 0.23
200-East Powerhouse Ditch 1 0.73 ND®@ 0.4"

(a) ND = Not detected.

osal Units (pCi/g, dry wt),

Total T T (g/g)

24x10°

3.4x10°
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Table 3.2.4. Radiological Results for Sediment Samples from Surface-Water Disposal Units (pCi/g, dry wt), 200 Areas,

1996
. Number of
Sample Location Samples “Sr
216-B-3C Expansion Pond »
(200-East Area) 1 3.8
200-East Powerhouse Ditch 1 0.26

1310 29.209py Toul(] (g/g)
7.9 0.78 1.9x 1010
0.076 4.30 3.0x10°

Radiological Results for
100-N Riverbank Springs

In the past, radioactive effluent streams sent to the
1301-N and 1325-N Liquid Waste Disposal Facilities in
the 100-N Area contributed to the release of radionu-
clides to the Columbia River through their migration
with the groundwater. Radionuclides enter the Columbia
River along the riverbank region known as N Springs.
Releases into the river at N Springs are calculated based
on analysis of weekly samples collected from monitoring
well 199-N-46 located near the shoreline. A more detailed
discussion of the release calculations may be found in
Environmental Releases for Calendar Year 1996 (Gleckler
et al. 1997).

Groundwater springs along the 100-N Area shoreline are
sampled annually to verify that the reported radionuclide
releases to the Columbia River are conservative (i.e., not
under reported). To verify releases, conservatively high
radionuclide concentrations in samples collected from
well 199-N-46 are used, multiplied by the estimated
groundwater discharge into the river. The N Springs
groundwater flow rate was estimated using a computer
model developed by Gilmore et al. (1992). The estimated
groundwater flow rate used to calculate 1996 releases
from N Springs was 43 L/min (11 gal/min). The results
of characterizing the radionuclide concentrations in the
springs along the shoreline can then be compared to the
concentrations measured in well 199-N-46 to ensure that
the well is located in the groundwater migration route
that has the highest concentrations of radionuclides.

In 1996, the concentrations detected in samples from
shoreline springs were highest in springs nearest

well 199-N-46. All of the concentrations were lower
than those measured in the well. The data from shoreline
springs sampling are summarized in Table 3.2.5.

Table 3.2.5. Concentration (pCi/L) of Radionuclides in
100-N Area Columbia River Shoreline Springs, 1996

Facility Effluent

Monitoring Well Shoreline Springs
Radionuclide 199-17 *~ Maximum  Average DCG®
Tritium 20,000 16,100 2,490 2,000,000
Cobalt-60 NA® 5.84 1.85 5,000
Strontium-90 14,000 5,780 811 1,000

(a) DCG = DOE derived concentration guide (DOE Order 5400.5).
(b) NA = Not analyzed.

Nonradiological Results for
Surface-Water Disposal Units

Nonradiological results for water samples taken from
surface-water disposal units located in the 200 Areas are
summarized in Table 3.2.6. The results for pH were well
within the pH standard of 2.0 to 12.5 for liquid effluent
discharges based on the discharge limits listed in the
Resource Conservation and Recovery Act. The analyti-
cal results for nitrates were all less than the 45-mg/L
state and federal drinking water standard for public water
supplies (WAC 246-249, 40 CFR 141).

Radiological Surveys

Radiological surveys are used to monitor and detect radio-
logical contamination on the Hanford Site. The two main
types of posted radiological controlled areas are under-
ground radioactive material and contamination areas.

Underground radioactive material areas are posted areas
with contamination contained below the soil surface.
These areas are typically stabilized cribs, burial grounds,
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Table 3.2.6. Nonradiological Results for Water Samples from Surface-Water Disposa” “Jnits, 200 Areas, 1996

pH Nitrate (NO,), mg/L
No. of No. ¢~
Sample Location Samples Mean  Maximum Minimum Samp s Mean Maximum
200-East Powerhouse
Ditch 52 8.2 8.7 6.6 4 0.17 0.32
216-B-3C Expansion
Pond (200-East Area) 52 8.9 9.3 7.8 4 0.16 0.32

and covered ponds, trenches, and ditches. Barriers over
the contamination sources are used to inhibit radionu-
clide transport to the surface environs. These areas are
surveyed at least annually to document the current radio-
logical status. The radiologically contaminated areas
have been reposted to meet the new requirements outlined
in HSRCM (1994). The postings include contamination,
high contamination (activity of >100,000 dpm/100 cm?
beta/gamma or >10,000 dpm/100 cm? alpha), soil con-
tamination, underground radioactive material, radiologi-
cal buffer, and radiation/high radiation. For continuity
between annual reports issued in 1995 and 1996, the use
of contamination area in this report includes contamina-
tion, high contamination, and soil contamination areas.

Contamination/soil contamination areas may or may not
be associated with an underground radioactive material
structure. A breach in the barrier of an underground radio-
active material area may result in the growth of contami-
nated vegetation. Insects or animals may burrow into an
underground radioactive material area and bring contam-
ination to the surface. Vent pipes or risers from an under-
ground structure may be a source of speck contamination.
Fallout from stacks or unplanned releases from previously
operating facilities may contaminate an area that is not
related to a subsurface structure. All types of contamina-
tion areas may be susceptible to contamination migration.
All known contamination areas are surveyed at least
annually to document the current radiological status.

In 1996, the Hanford Site had approximately 4,016 ha
(9,923 acres) of posted outdoor contamination areas and
550 ha (1,360 acres) of posted underground radioactive
material areas not including active facilities. The number
of hectares (acres) of contamination areas is approxi-
mately eight times larger than the underground radioac-
tive material areas. This is primarily because of the
BC Ciribs controlled area located south of the 200-East
Area. This area was initially posted as a radiologically

controlled area in 1958 be
contamination and encomps
(2,500 acres). Additional
conducted adjacent to the
1996, and the area was enlar;
Table 3.2.7 lists the acreage
underground radioactive ma’
change from 1995 to 1996.
was used in 1996 to measu
accurately than in past yea
1996 have been entered into
Information System, mainta
restoration contractor.

The posted contamination
because of an ongoing effc
remediate areas of known
time, new areas of contamina
Table 3.2.8 indicates the ch:
zation activities during 19¢~
(52 acres) were reclassified 1
tamination areas to underg
areas and 2,831 ha (6,995 ac
tamination areas. This large
soil contamination area is du
BC Cribs controlled area (Fig
areas may have resulted fron
an increased effort to investi_ .
logical contamination. Vehi ~
detection devices and an ul
system have identified areas
previously undetected.

It was estimated that the exte
identified outdoor contamii
1 mrem/h, though direct dost
radioactive specks (a particle
0.6 cm [0.25 in.]) could have

1se of widespread speck
:d approximately 1,000 ha
‘estigative surveys were
Cribs controlled area in
to 3,831 ha (9,466 acres).
- contamination areas and
ial areas, showing the net
global positioning system
the surface areas more
Area measurements for

" 2 Hanford Geographical

d by the environmental

:as vary between years
to clean, stabilize, and
itamination. During this
n are also being identified.
es resulting from stabili-
Approximately 21 ha
m contamination/soil con-
ind radioactive material
) were posted as soil con-
>rease in contamination/
o posting changes in the
:3.2.2). Newly identified
ontaminant migration or
e outdoor areas for radio-
s equipped with radiation
sonic ranging and data
contamination that were

al dose rate at 80% of the
ion areas was less than
ite readings from isolated
ith a diameter less than
:en considerably higher.
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Table 3.2.7. Outdoor Contamination Status, 1996

Contamination

Net Change,®™

Underground Radioactive Net Change,®

Hanford Site Area Areas,® ha (acres) ha (acres) Material Areas,ha (acres) k= /acres)

100-B,C 8 (20) 0 39 (96) 0
100-D,DR 0.1 0.2) -3 N 39 (96) 3 @)
100-F 0.7 (.7 -7 17 33 (82) 3 7
100-H 04 98] 0 14 (35 1 (2)
100-K 8 (20) 5 (12) 53 (131) -7 17
100-N 29 (73) 0 0.2 0.5) 0
200-East® 64 (158) -2,194  (5,421) 137 (339) -14 (35)
200-West® 35 (86) -166 (410) 194 479) -483  (1,193)
300 20 49 -1 2) 14 (35 1 2)
400 0 0 0 0
600© 3,850  (9,513) 3,850 (9,513) 28 (69) 22 54)
Totals 4,016  (9,923) 1,484  (3,667) 550 (1,360) -474  (1,171)

(a) Includes areas posted as contamination/soil contamination or as

underground and contamination/soil contamination.
(b) - = Decreases.

“ologi  ycont areas that had both

(c) Includes areas with only underground contamination. Does not include areas that had contamination/soil contami-

nation as well as underground radioactive material.
(d) Includes tank farms.

(e) Includes BC Cribs controlled area and waste disposal facilities outside the 200-East Area boundary that received
waste from 200-East Area facilities (e.g., 216-A-25, 216-B-3) and waste disposal facilities outside the 200-West
Area boundary that received waste from 200-West Area facilities (e.g., 216-S-19, 216-U-11).

Table 3.2.8. Zone Status Change of Posted Contamina-
tion Areas, 1996

Location Zone Change Area, ha (acres)
100 Areas CA to URM® 11 27
200-East Area CA to URM 0.5 D
200-West Area CA to URM 3 (1D
300 Area CA to URM 0
400 Area CA to URM 0
600 Area CA to URM 7 17
600 Area NONE to CA 2,831 (6,995)
(a@) CA = Contamination/soil contamination area.

URM = Underground radioactive material area.

Contamination levels of this magnitude did not signifi-
cantly add to dose rates for the public or Hanford Site
workers in 1996.

Soil and Vegetation Sampling
from Operational Areas

Soil and vegetation samples were collected on or adjacent
to waste disposal units and from locations downwind and
near or within the boundaries of the operating facilities.
Samples were collected to detect potential migration and
deposition of facility effluents. Special samples were
also taken where physical or biological transport prob-
lems were identified. Migration can occur as the result
of resuspension from radioactively contaminated surface
areas, absorption of radionuclides by the roots of vegeta-
tion growing on or near underground and surface-water
disposal units, or by waste site intrusion by animals.
















100-N Area

Analytical results from vegetation samples collected in
the 100-N Area in 1996 were comparable to those seen
in 1995, with one notable exception observed at a sam-
pling location near the retired 1301-N Liquid Waste
Disposal Facility. This sample displayed elevated con-
centrations of cobalt-60, strontium-90, and cesium-137
and slightly elevated concentrations of plutonium-238
and plutonium-239,240. Otherwise, the values observed
for strontium-90 in samples collected near the N Springs
were typically higher than those seen in the remaining
locations at 100-N Area. Generally, 1996 radionuclide
levels in 100-N Area vegetation were greater than those
measured offsite and levels for cobalt-60 and strontium-90
were higher compared to the 200 and 300/400 Areas.

200 Areas

Analytical results from vegetation samples taken in 1996
in the 200 Areas were comparable to those seen in 1995.
Before 1992, radionuclide levels in these areas were
greater than those measured offsite and were higher for
cesium-137 and plutonium-239,240 compared to the 100
and 300/400 Areas. During 1996, the average concentra-
tions for cesium-137 and plutonium-239,240 were similar
onsite, offsite, and within the various operational areas.

300/400 Areas

Generally, the levels of most radionuclides measured in
the 300 Area were greater than those measured offsite,
and uranium levels were higher compared to the 100 and
200 Areas. The higher uranium levels were expected
because uranium was released during past fuel fabrica-
tion operations in the 300 Area. The levels measured in
the 400 Area were at or near those measured offsite.

External Radiation

External radiation fields were monitored near facilities
and waste handling, storage, and disposal sites to mea-
sure, assess, and control the impacts of operations.

Radiological Field Measurements

Two methods are used for measuring external radiation
fields. Hand-held meters are used at individual points of
interest to give real-time assessments. Thermolumines-
cent dosimeters are used at numerous fixed locations to

Near  cility Environmental Monitoring
SHRNEGRETES SR ey

gather dose rate information
Thermoluminescent dosime
vidually or averaged to dete
area for a particular samplin eriod. Specific informa-
tion about external radiation mpling methods and loca-
tions can be found in Westi1 , ouse Hanford Company
(1991a).

'er longer periods of time.
results can be used indi-
ine dose rates in a given

Results of Radiolc ical Field

Measurements

Radiation Surveys

A hand-held micro-rem met was used to survey points
along the N Springs. Radi....on measurements were
taken at a height of approxir ely 1 m (3.28 ft). Prior to
1995, a micro-R meter was 1 d for this survey. This
instrument is known to over1  >ond to low-energy gamma
radiation. Since 1995, the icro-rem meter has been
used to provide a more acc  ate measurement of the
exposure rate. Figure 3.2.5 * »ws the overall shape of
the curve for 1996, which in :ates that N-Springs shore-
line areas with the highest posure rate are, as in the
past, juxtapositional with thr  301-N Liquid Waste Dis-
posal Facility.

Thermoluminescent DP~simeters

100-D,DR Area. Five new
monitoring sites were estab.
at the end of the third quart
ronmental restoration acti’
116-DR-9 Liquid Waste L
only 48 days of data were ¢
1996, the thermoluminesc
extrapolated to 1 year, res
88 mrem/yr, which is compa
ground levels. Table 3.2.9 s

rmoluminescent dosimeter
ed in the 100-D,DR Area
f 1996 to evaluate envi-
es at the 116-D-7 and
osal Facilities. Because
:cted at these sites during
dosimeter results were
ng in an average of

le to offsite ambient back-
wmarizes the 1996 results.

100-K Area. This is the fo h year that thermolumi-
nescent dosimeters have bee )laced in the 100-K Area,
surrounding the K Basins and adjacent reactor buildings.
Three of the thermolumine ent dosimeters have, as
expected, shown consistently elevated readings (ranging
from 3.5 to 24 times greater than the overall 100-K Area
average) because of their proximity to radioactive waste
storage areas or stored rad’ " 1ctive rail equipment.
Table 3.2.9 summarizes the 96 results.

100-N Area. The 1996 the _oluminescent dosimeter
results indicate that direct Jiation levels are highest
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Table 3.2.9. Thermoluminescent Dosimeter Results for Waste Handling Facilities in

(mrem/yr, based on 24 h/d), 1995 and 1996

ility Environmental Monitoring

e ettt e G

: Operations Areas

Number of 1995 199¢
Area Locations, 1996 Maximum Mean Maximum % Change®™
100-D® 5 NA® NA 92 NA
100-K 11 2,800 390 2,250 ‘ 23
100-N 30 (23)@ 13,000 1,300 9,200 ‘ -11
200/600 63 700 120 500 o 0
ERDF® 2 NA NA 100 100 NA
300 8 310 140 240 120 -14
300 TEDF® 6 84 81 87 85 5
400 7 81 77 92 83 8

(a) Numbers indicate a decrease (-) or increase from the 1995 mean.
(b) Thermoluminescent dosimeter (TLD) network established for fourth quarter of 1996.

(c) Not applicable.

(d) Seven TLDs were removed from the 100-N network as a result of budget cuts pri

1996.

to the third quarter of

(e) ERDF = Environmental Restoration Disposal Facility.

(f) TEDF = Treated Effluent Disposal Facility.

near facilities that had contained or received liquid efflu-
ent from N Reactor. These facilities primarily include
the 1301-N and 1325-N Liquid Waste Disposal Facilities.
While the results for these two facilities were noticeably
higher than those for other 100-N Area thermolumines-
cent dosimeter locations, they were approximately 9%
lower than exposure levels measured at these locations in
1995. Overall, dose rates measured at all locations in the
100-N Area in 1996 were approximately 13% lower than
those measured in 1995. Decreases are the result of decay
of the radionuclide inventories in the facilities and deac-
tivation activities that occurred in 1996. The results
of the 100-N Area thermoluminescent dosimeter read-
ings are presented in Table 3.2.9.

200 Areas. Table 3.2.9 summarizes the results for the
63 thermoluminescent dosimeter locations used in 1995
and 1996 in the 200/600 Areas. The highest dose rates
were measured near waste handling facilities such as
tank farms. The highest dose rate was measured at the
241-A Tank Farm complex located in the 200-East Area.
__ie average annual dose rate measured in 1996,

120 mrem/yr, was similar to the 1995 measurement.

Environmental Restoration Disposal Facility.
Two new thermoluminescent dosimeter monitoring sites

mental Restoration Dis-
hird quarter of 1996 to
ation disposal activities.
er were collected at these
imparative information
ent dosimeter analyses
zar, resulting in an aver-

were established in the Envi
posal Facility at the end of tt
evaluate environmental res
Because data for only one qu
sites during 1996, there is nc
available. The thermolumin
results were extrapolated to
age of 100 mrem/yr.

300/300 Treated Efflueni isposal Facility/

400 Areas. Table 3.2.9 cot  ires 1996 thermolumines-
cent dosimeter results to those of 1995 for these areas
and facilities. The highest do: ates in the 300 Area were
measured near the 340 Was  Handling Facility. The
average annual dose rate m sured in the 300 Area in
1996 was 120 mrem/yr, whic s adecre.  of 14% com-
pared to the average dose rat  f 140 mrem/yr measured
in 1995. The average annual Hse rate at the 300 Area
Treated Effluent Disposal I  ility in 1996 was

85 mrem/yr, which is an inct e of 5% compared to the
average dose rate of 81 mren  r measured in 1995. The
average annual dose rate m sured in the 400 Area in
1996 was 83 mrem/yr, whicl  an increase of 8% com-

pared to the average dose rat  f 77 mrem/yr measured
in 1995.
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Table 3.2.10. Investigative Samples Collected from the Operational Ar

Qamnls Tuns

Paint chips

Soil

Soil

Ant mound
(soil)

Mosses and
lichens

Vegetation

Tumbleweeds

R R e B

Collection Area

(Nnmber of Samples)

200-West Area (1)

(10-g sample)

200-East Area (2)

200-West Area (2)

200-East Area (1)

200-West Area (2)

200-East Area (1)

200-East Area (2)

Environmental Monitoring

i, 1996
Elevated
Radionuclide Maximum ...ncentration, pCi/g

%Co 78
NSr 00
31Cs 100
28py 53
239,240Pu : 5 3
Total[J 0.33
9Co <23
NSt 53
1371Cs 00
238py <79
239'24°Pu <7 .9
Total[ J 0.15
“Co <0.047
NSr 70
B31Cs 0.23
28py 30
239,240Pu ‘30
Total ] 0.03
Co <0.21
NSr 42
137Cs 28
8Py <0.059
239.240Pu O 1 2
Total 0.009
“Co <0.067
PSr 0.74
3Cs 0.55
238Pu 80
239,240Pu 20
Total(J 0.019
%Co <4.1
NSr 00
31Cs <4.6
Total[ J 0.065
“Co <8.4
NSr 00
B1Cs 10
28py <5.5
239,240Pu < 5 . 5
Towal(J 0.078
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Table 3.2.10. (contd)
Collection Area Elevated
Sample Tvne (Number of Samples) Radionuclide Moavimum Concentration, pCi/g
Tumbleweeds 200-West Area (2) “Co <2.6
OSr 1,300,000
37Cs 0.67
B8Py <1.0
239,240Pu < 1 O
Tola]U 0.09
Freshwater clams 200-East Area (1) %Co <9.0
(50-g sample, shell XSr 10
and body) 31Cs <13
Z8py <0.26
239,240Pu <026
ToalJ 0.018
Caterpillar 200-East Area (1) Co <340
HGr 3,300
131Cs <450
8Py <150
239,240Pu <1 50
Total [ 0.029
Honey bee comb 200-East Area (1) %Co <0.049
(t including honey) %St 1,800
B1Cs 16
8Py <0.84
239,240Pu <084
Towl[J 0.01
Darkling beetles 200-West Area (1) 9Co <110
(10-g sample) #Sr 160
B1Cs <180
238Pu <4_4
239,240py <44
TowllJ 0.047
Western toad 100-N Area (1) %Co 46
(whole body) %Sr 310
¥Cs 850
BEpy 62,000
239,240Pu 1 20,000
Total [ J 0.057
Gopher snake 200-East Area (1) 0Co <0.73
(whole body) NOSr 230
B1Cs 61
B8Py <0.56
239.240py <0.56
Towl[J 0.00013
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241-ER-152 Diversion Box in the 200-East Area. The
highest radionuclide concentrations were cesium-137
(7,200 pCi/g) in a sample collected above the inactive
pipeline to the decommissioned 216-A-25 Pond north of
the 200-East Area and strontium-90 (370 pCi/g) collected
west of the 218-W-4B Burial Ground and northeast of
the 2401-W Building on the west side of the 200-West
Area. Analytical results are provided in Table 3.2.10.
The contaminated areas were cleaned up and posted. In
addition, 32 incidents of contaminated soil or specks
were found during cleanup operations and disposed of in
low-level burial grounds.

In 1996, the number of contamination incidents, the
range of radiation dose levels, and radionuclide concen-
trations generally were within historical ranges. A of
special soil sampling that were outside radiological con-
trol areas and had radiation levels greater than radiologi-
cal control limits (Westinghouse Hanford Company 1991b)
were posted as surface contamination areas.

Vegetation

In 1996, four tumbleweed samples, one unidentified veg-
etation sample, and two moss and lichen samples were
analyzed for radionuclide concentrations. Maximum
concentrations are provided in Table 3.2.10. The maxi-
mum radionuclide concentration (found in 200-West
Area tumbleweeds) consisted primarily of strontium-90
(1,300,000 pCi/g). The moss and lichen samples con-
tained a measurable quantity of plutonium-239,240
(120 pCi/g), which bears further investigation to deter-
mine if moss and lichens act as environmental “sinks”
for radionuclides. In addition, 14 instances of contami-
nated vegetation (mostly tumbleweeds) were recorded in
the operational areas in 1996. This vegetation was
discovered during remedial operations, surveyed with
field instruments, and disposed of in low-level burial
grounds. The field instrument readings for the vegeta-
tion ranged from <1 to 210 mrad/h (approximately 100 to
>1,000,000 cpm). During 1996, the numbers of contami-
nated vegetation samples, radioactivity levels, and range
of radionuclide concentrations were all within historical
ranges (Perkins et al. 1997). Historically, the greatest
number of contaminated vegetation samples (42) were
submitted for analyses in 1978 (Johnson et al. 1994).

Wildlife
In 1996, 41 wildlife and wildlife-related samples (e.g.,

feces, nests, etc.) were collected either as part of an inte-
grated pest management program designed to limit the

cility Envir

lental Monitoring

R
Ee

mination of animals with
alt of finding a radiologi-
\nimals were collected

exposure to and potential cc
radioactive material or as a
cally contaminated anima
directly from, or near, fac  es to identify potential
problems with preventive  asures designed to deter
animal intrusion. Surveys were performed after collection
to determine whether an ani: 1 was radioactively con-
taminated. If a live anima as found to be free of
contamination, it was taken an area of suitable habitat
and released. If an animal v contaminated, a decision
was made based on the level ~contamination, sampling
facility, and frequency of oc rrence either to collect the
animal as a sample or to dis] e of the animal in a low-
level burial ground.

Thirty-seven of the 41 special animal samples (50 of the
54 individuals) analyzed in 1996 showed detectable levels
of contamination (see Table 3.2.10). This compares to
22 contaminated samples (of 5) that were analyzed in
1995 and 16 (of 27) in 1994. "his is not considered an
unusual increase because the umbers of samples sub-
mitted depended on opportunity (i.e., increased human
activity to decommission an inactive facility) rather than
exact numbers submitted f n established sampling
points. The maximum rad  uclide concentrations in
1996 were for cobalt-60 (¢ )00 pCi/g in mouse feces
from the 241-S-151 Diversio.  ox in the 200-West Area);
strontium-90 (1,000,000 pC:  from a deer mouse cap-
tured at the 241-ER-152 Div  iion Box in the 200-East
Area and 7,800,000 pCi/g  mouse feces from the
241-S-151 Vent Station in  : 200-West Area);
cesium-137 (51,000 pCi/g  mouse feces from the
200-East Area and 490,000 pC_i/g in mouse feces from
the 241-S-151 Diversion B in the 200-West Area);
plutonium-238 (4,200 pCi/ n a deer mouse captured
at the Plutonium-Uranium ...traction Plant in the
200-East Area, 18,000 pCi’~ in mouse feces from the
241-S-151 Diversion Box i he 200-West Area, and
62,000 pCi/g in a Western 1d collected at the
105-N Basin in the 100-N A ); and plutonium-239,240
(13,000 pCi/g in a deer mo 3 from the Plutonium-
Uranium Extraction Plant, 8 00 pCi/g in mouse feces
at the 241-S-151 Diversion I ¢, and 120,000 pCi/g in a
Western toad collected att  105-N Basin in the
100-N Area). The increased1 nber of animals submitted
for analyses in 1996 was primr  ly due to an investigation
of contaminated deer mice a e 241-ER-152 Diversion
Box in the 200-East Area. T re were 16 contaminated
mice at this facility alone th: vere captured and ana-
lyzed, with the analytical res s indicating elevated con-
centrations of strontium-9C ,000,000 pCi/g) and
cesium-137 (51,000 pCi/g) 2est control operations
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continued for 10 days after the last contaminated mouse
was captured, and the area was cleaned up and resur-
faced with clean gravel.

A contaminated deer mouse captured at the 1301 Build-
ing in the former 3000 Area was notable because the
building had been transferred to the Port of Benton and
was being used as a food bank and is not near any poten-
tial radionuclide source. Pest control operations at the
facility led to the capture of the mouse, which was sub-
mitted for a radiological survey as a routine precaution.
It was determined that the contaminated mouse most
likely relocated with food collected from one of the opera-
tions areas. Extensive trapping found no other mice,
contaminated or otherwise, in the building. No food was
found to be contaminated as a result of this incident. The
building no longer serves as a food bank.

Contaminated animal samples, which were somewhat
atypical for the special sample program, included a cater-
pillar, a honey bee comb, darkling beetles, long-eared
owl pellets, and a Western toad. Samples of freshwater
clams, even though not contaminated according to field
instrument measurements, were submitted for analyses
because they were located in a potentially contaminated
waste-water basin. The analytical results indicated very
low levels of strontium-90 (10 pCi/g). Sample results
are summarized in Table 3.2.10.

An increased interest in the northern pocket gopher’s
activity was raised during a lawsuit against former
Hanford Site contractors by people living downwind of
the Hanford Site. Two pocket gophers (one captured
near the stabilized 216-T-4 Pond and the other in the
218-W-4A Burial Ground Complex, both in the 200-West
Area) were submitted for radionuclide analyses. Ana-
lytical results for both pocket gophers indicated measur-
able levels of strontium-90 (3,000 and 6,000 pCi/g,

R B A e S R P R R R R R B

respectively) but other radionuclides were either less-
than values or well below background concentrations.

Additionally, there were 15 cases of contaminated wild-
life or related samples (e.g., nests or feces) found during
cleanup operations that were not analyzed. The numbers
of animals found to be contaminated with radioactivity,
the radioactivity levels, and the range of radionuclide
concentrations were within historical ranges (Johnson
et al. 1994).

Special Characterization Sampling

Special characterization projects were conducted or com-
pleted in 1996 to verify the radiological and, in some
cases, potential hazardous chemical status of several
operations. These included the following:

e continued monitoring of ambient air to determine
the levels of diffuse fugitive air emissions at four
liquid waste disposal sites (116-B-1, B-4, B-5, C-1)
in the 100 Areas. The preliminary analytical data
and those from the nearby routinely monitored
1301-N Liquid Waste Disposal Facility indicated
that emissions from these facilities were below levels
of regulatory concern.

* completed preoperational monitoring support of
solid waste operations complex projects (Waste
Receiving and Packaging and the Central Waste
Complex) in the 200-West Area. Issued the Preop-
erational/Operational Environmental Survey Report:
Solid Waste Operations Complex (Mitchell and
Johnson 1996), completing the 2-year preoperational
environmental monitoring survey for these projects.
The analytical data did not identify any environmen-
tal concerns that would delay startup of the facilities.
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dose equivalent rates (mrem/yr) by averaging the quar-
terly dose rates and multiplying by 365 d/yr. The two
TLD-200 chips are included to determine doses in the
event of a radiological emergency.

All community and most of the onsite and perimeter
locations are collocated with air monitoring stations.
The onsite and perimeter locations were selected based
on historical determinations of the highest potentials for
public exposures (access areas, downwind population
centers) from past and current Hanford operations. The
two background stations in Yakima and Toppenish were
chosen because they are generally upwind and distant
from the site.

Twenty-eight thermoluminescent dosimeter locations are
established along the Columbia River shoreline (see Fig-
ure 4.7.3), from upstream of the 100-B Area to just down-
stream of Bateman Island at the mouth of the Yakima
River. The general public has access to most of this
shoreline.

External Radiation Results

Thermoluminescent dosimeter exposures have been con-
verted to dose equivalent rates by the process described
above. Table 4.7.1 shows maximum and mean dose rates
for perimeter and offsite locations measured in 1996 and
the previous 5 years. External dose rates reported in
Tables 4.7.1 through 4.7.3 include the maximum annual

average dose rate (2 standar
locations within a given locat
mean dose rate (32 standard ¢
class. The mean dose rates w
the annual means for each loc
sification. Locations were cl:
on their distance from the site

In 1996, the annual average p
dose rate was 88 + 10 mrem/;
in 1995, the average was 86 *
ground external radiation dos:
ties in 1996) was 71 + 1 mrer
perimeter average of 72 + 8 n
1996) and a 5-year perimeter
Simple, two-tailed t-tests wer
cant difference between 19¢
and p = 0.89, respectively. T
sure rates may be partially att
ral background radiation th:
changes in annual cosmic rad
restrial radiation (15% to 2
Radiation Protection 1987]). (
ing the annual dose rates re|
variations in the sensitivity of
cent dosimeter zero-dose reac
in the readout equipment, p:
1989), and changes in station
include, but are not limited
thermoluminescent dosimetei
of a location to avoid continu
graphically displays a compa

ternal Radiatinn Qiiniaillanca
o

rror of the mean) for all
classification and the

ir of the mean) for each
:computed by averaging
on within a location clas-

fied (or grouped) based

meter external radiation
see Table 4.7.1), while
wem/yr. The mean back-
ite (in distant communi-
r, compared to the 1995
m/yr (Dirkes and Hanf
srage of 99 *+ 4 mrem.
nable to show a signifi-
ind 1996 data, p = 0.52
small variation in expo-
uted to changes in natu-
an occur as a result of
on (up to 10%) and ter-
[National Council on
er factors possibly affect-
ted here may include
dividual thermolumines-
1, fading, random errors
edural errors (Rathbun
:ations. These changes
the discontinuation of
cations or the changing
vandalism. Figure 4.7.4
»n between, and trends

Table 4.7.1. Dose Rates Measured by Thermoluminescent Dosimeters at Perimeter and Of.

Compared to Values from the Previous 5 Years

Dose Rate, mrem/yr®

e Locations, 1996

1996 1¢ -1995
Map No. of
Location Location® Maximum® Mean® Samples M mum® Mean®
Perimeter 1-4 97 +5 88 + 10 27 1. £17 99 +4
Community 5-12 890 +3 7913 40 It £16 893
Distant 13-14 7213 711 12 It £11 85+6

(a) =2 standard error of the mean.
(b) All station locations are shown in Figure 4.7.2.

(¢) Maximum annual average dose rate (+2 standard error of the mean) for all stations wit
(d) Means *2 standard error of the mean computed by averaging annual means for each st

a given location.
»n within each location.

185















THIS PAC : INTENTIONALLY
LEFT BLANK






































































































1996 Annual Environmental Report

The extent of strontium-90Q at levels greater than the
drinking water standard in the 100-K Area is shown in
Figure 4.8.26. The maximum concentration detected in
1996 was over 8,000 pCi/L. measured in September at
well 199-K-109A. The concentration at this well had
reached 6,000 pCi/L in April, then dropped significantly
after repair of a leaking water supply line located within
5 m (16.4 ft) of the well. A trend plot of strontium-90 in
well 199-K-109A is also shown in Figure 4.8.26. It was
thought that strontium-90 contamination in the soil col-
umn might have been transported to the water table by the
water from the leak. However, the reason for the increase
in concentration during September is not yet understood.
In October, the concentration dropped to 3,200 pCi/L.
The derived concentration guide for strontium-90 is
1,000 pCi/L. Strontium-90 is also found near the K-West
Reactor, and an extensive plume continues to be found
near the liquid waste trench.

Strontium-90 was detected at concentrations greater than
the derived concentration guide in the 100-N Area in
1996. The maximum level detected was 19,100 pCi/L at
well 199-N-99A in May 1996. However, the average
concentration throughout the year was 8,300 pCi/L at this
well, compared to 11,600 pCi/L at well 199-N-67. Both
wells are located between the 1301-N Liquid Waste Dis-
posal Facility and the Columbia River. As shown in Fig-
ure 4.8.26, strontium-90 concentrations at well 199-N-67
increased and then decreased during 1996. Higher than
normal river stages during the year may have caused the
water table to rise into contaminated sediments, releasing
strontium-90 to the aquifer.

The distribution of strontium-90 in the 100-N Area

is shown in Figure 4.8.26. The movement of the
strontium-90 plume northward in the 1980s is illustrated
by the trend data from well 199-N-14. Strontium-90 dis-
charges to the Columbia River in the 100-N Area through
springs along the shoreline. Section 4.2, “Surface Water
and Sediment Surveillance” and Section 3.2, “Near-
Facility Environmental Monitoring,” give the results of
spring-water sampling. Remediation of strontium-90 in
the 100-N Area by the pump-and-treat method began in
1995.

Strontium-90 in the 200 Areas. Concentrations of
strontium-90 in the 200-East Area ranged up to
5,800 pCi/L in well 299-E28-23 near the 216-B-5 injec-
tion well. Strontium-90 was also found at 80 pCi/L in
well 299-E28-2, which is approximately 150 m (490 ft)
from the 216-B-5 injection well. Strontium-90 distribu-
tion in the 200-East Area is shown in Figure 4.8.27.

R R R R R A R S R G TR N R e

Strontium-90 was detected in 1996 at levels above the
drinking water standard in two wells (299-E17-14 and
299-E17-8) near the Plutonium-Uranium Extraction Plant
cribs. The maximum concentration of strontium-90
detected in 1996 in this vicinity was 15.7 pCi/L in
well 299-E17-14.

Strontium-90 is detected occasionally in the 200-West
Area. In 1995, samples from two wells exceeded the
drinking water standard, with concentrations of 71.3 pCi/L
at well 209-W22-1 and 26.8 pCi/L at well 299-W22-10,
located in the southern part of the 200-West Area. These
wells were not sampled during 1996, and no concentra-
tions over the drinking water standard were measured in
the other sampled wells.

Strontium-90 in the 600 Area. The maximum con-
centration of strontium-90 detected in the 600 Area was
1,500 pCi/L at well 699-53-48B, which is in the former
Gable Mountain Pond area (sce Figure 4.8.27). This is
the first time in several years that a value greater than the
1,000-pCi/L derived concentration guide has been detected
in this area. A trend plot is shown in Figure 4.8.28.
Strontium-90 contamination in this area resulted from the
discharge of radioactive waste to the former Gable
Mountain Pond during its early use. Strontium-90 has
since migrated through the sedimentary column to the
groundwater, which is relatively close to the surface at
that location. Initial breakthrough occurred in 1980 in
some areas. The depth to bedrock is also small in the
former Gable Mountain Pond area, and strontium-90 has
been detected in wells completed in the basalt just below
the unconsolidated sediments.

Technetium-99

Technetium-99 is produced as a fission byproduct and is
present in waste streams associated with fuel reprocess-
ing. Reactor operations may also result in the release of
some technetium-99 associated with fuel element breaches.
Under the chemical conditions that exist in Hanford
groundwater, technetium-99 is normally present in solu-
tion as anions that sorb poorly to sediments. Therefore,
technetium-99 is very mobile in Hanford Site groundwater.

Technetium-99 was found at concentrations greater than
the 900-pCi/L drinking water standard in several areas of
the Hanford Site. One location is downgradient of the
183-H Solar Evaporation Basins in the 100-H Area. These
basins were used for storage of waste primarily from fuel
fabrication in the 300 Area. Some of the waste leaked
into the subsurface, contaminating the groundwater. The
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Figure 4.8.34. Uranium Concentrations in Well 399-1-17A, 1987 Thi  gh 1996

highest value reported in this well was 4.5 pCi/L, down
from 17.2 pCi/L in 1995. This well is located to the east
of the TX-TY Tank Farms. It is not known if the pres-
ence of cobalt-60 in the groundwater results from tank
leaks or discharge to nearby cribs. The levels of cobalt-60
are well below regulatory standards, and the concentra-
tions and extent of the plume appear stable with time.

Cesium-137

Cesium-137 is produced as a high-yield fission product
and is present in waste streams associated with fuel proc-
essing. Reactor operations may also result in the release of
some cesium-137 associated with fuel element breaches.
Cesium-137 is normally strongly sorbed on soil and, thus,
is very immobile in Hanford groundwater. The drinking
water standard for cesium-137 is 200 pCi/L; the derived
concentration guide is 3,000 pCi/L.

Cesium-137 is consistently detected in two wells
(299-E28-23 and 299-E28-25) located in the 200-East
Area near the 216-B-5 Injection Well. The injection well
received cesium-137-bearing wastes from 1945 to 1947.
The maximum 1996 concentration of cesium-137 in
well 299-E28-25 was 114 pCi/L. Well 299-E28-23 was
not sampled in 1996; however, the 1995 concentration

was 1,470 pCi/L. Cesium-.. ] appears to be restricted to

the immediate vicinity of
extremely low mobility in g

In the 200-West Area, a s.
contained 18 pCi/L of cesit
located in the S-SX Tank F
confirm the presence of ci
this location.

Plutonium

Plutonium has been release
locations in both the 200-W
tonium is generally conside
ments and, thus, has limitec

rinjection well by its
undwater.

ple from well 299-W23-7
137 in 1996. This well is

1s area and was sampled to
1m-137 in groundwater at

) the soil column in several
t and 200-East Areas. Plu-
| to sorb strongly to sedi-

obility in the aquifer. The

derived concentration guide .r either plutonium-239 or

plutonium-240 is 30 pCi/1
water standard for plutor
alpha drinking water stai
applicable at a minimum.
concentration guide, whic
standard, is converted to
used for the drinking wate
the relevant guideline.

here is no explicit drinking
1-239; however, the total
d of 15 pCi/L. would be
srnatively, if the derived
based on a 100-mrem dose
4-mrem dose equivalent
indard, 1.2 pCi/L would be
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Figure 4.8.38. Filtered Chromium Concentrations in Well 299-E24-19, 1990’

to be erratic as the result of variable amounts of particu-
late matter being present in the sample. Release from the
A-AX Tank Farms is a potential source of this chromium
contamination.

Chromium contamination has been found at several loca-
tions in the 200-West Area and is detected in both filtered
and unfiltered samples, though the filtered concentrations
tend to be lower. The highest filtered chromium concen-
tration observed in the 200-West Area in 1996 was
590 ug/L at well 299-W11-27, which is located north of
the T single-shell tank farm, near facilities that received
liquid discharge from T Plant operations.

Chromium in the 300 Area. Chromium is occasion-
ally detected at concentrations greater than the drinking
water standard in unfiltered samples from the 300 Area.

: concentrations in filtered samples were, in all cases,
less than the drinking water standard. This difference
suggests that the high chromium concentrations found in
these monitoring wells represent particulate matter and
are affected by the stainless-steel well construction purg-
ing procedures, time between samples, and other factors
that do not reflect groundwater quality.

Chromium in Other Areas
tions greater than the drinking
been detected locally in filtere
monitoring wells. As discuss
tamination in the vicinity of tl
extends into the 600 Area. Fi
wells, located downgradient ¢
200-West Area, contained chi
drinking water standards. Thu
detected in filtered samples in
227 ug/L at well 699-32-62.
contamination in this area is pc
has not been determined.
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Potential Radiation Dos

rom 1995 Hanford Operatinne

Table 5.0.3. Summary of Doses to the Public in the Vicinit;

Maximum Individual,

Source mrem®
All Hanford effluents 0.007
DOE limit 100
Percent of DOE limit® 0.007%
Background radiation 300
Hanford dose percent of background <0.01%
Doses from gaseous effluents 0.0046
EPA air standard® 10
Percent of EPA standard 0.046%

(a) To convert the dose values to mSv or person-Sv, divide by 100.

(b) DOE Order 5400.5.
(c) 40CFR 61.

R

Population,
person-rem®

0.2

110,000
2x 104%

gathered from these companies, it was conservatively
estimated that the total 1996 individual dose from their
combined activities is on the order of 0.05 mrem

(5 x 10* mSv). Therefore, the combined dose from
Hanford area non-DOE and DOE sources to a member of
the public for 1996 was well below any regulatory dose
limit.

Hanford Public Radiation
Dose 1 Perspective

This section provides information to put the potential
health risks of radionuclide emissions from the Hanford
Site into perspective. Several scientific studies (National
Research Council 1980, 1990; United Nations Science
Committee on the Effects of Atomic Radiation 1988)
have been performed to estimate the possible risk of det-
rimental health effects from exposure to low levels of
radiation. These studies have provided vital information
to government and scientific organizations that recom-
mend radiological dose limits and standards for public
and occupational safety.

Although no increase in the incidence of health effects
from low doses of radiation has actually been confirmed
by the scientific community, some scientists accept the
hvoothesis that low-level doses might increase the prob-
lity of cancer or other health effects. Regulatory
agencies conservatively (cautiously) assume that the
probability of these types of health effects at low doses

(down to zero) is proportion:
dose of these same health eff
much higher doses (in atomic
painters, etc.). Under these
background radiation (which
than radiation from current F
each person’s probability or «
rimental health effect.

Not all scientists agree on ho
data on health effects into the
of detrimental effects from

» the probability per unit
s observed historically at
»mb victims, radium dial
sumptions, even natural
hundreds of times greater
ford releases) increases
nce of developing a det-

o translate the available
nerical probability (risk)
v-level radiation doses.

Some scientific studies have .uicated that low radiation

doses may cause beneficial e
ety 1987). Because cancer ai
general population may be cz
genetic defects, sunlight, ct
radiation), some scientists do
level radiation exposure can «
In developing Clean Air Act
probability value of approx
(4 x 107) for the risk of devel
receiving a dose of 1 mrem
Additional data (National Re
port the reduction of even thi
to zero, for certain types of rz
spread over an extended time

Government agencies are tryi
of risk is safe for members of
lutants from industrial activ
nuclear power plants, chemi

ts (Health Physics Soci-
rereditary diseases in the
:d by many sources (e.g.,
iicals, and background
that the risk from low-

r be conclusively proved.
ulations,’ EPA uses a
itely 4 per 10 million
ng a fatal cancer after
01 mSv) (EPA 1989).
ch Council 1990) sup-
nall risk value, possibly
tion when the dose is

_ to determine what level
" > public exposed to pol-
s (e.g., DOE facilities,
| plants, and hazardous
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waste sites). All of these industrial activities are consid-
ered beneficial to people in some way such as providing
electricity, national defense, waste disposal, and consumer
products. These government agencies have a complex
task in establishing environmental regulations that con-
trol levels of risk to the public without unnecessarily
reducing needed benefits from industry.

One perspective on risks from industrial activities is to
compare them to risks involved in other typical activities.
For instance, two risks that an individual receives from
flying on an airliner are the risks of added radiation dose
(from a stronger cosmic radiation field that exists at
higher altitudes) and the possibility of being in an aircraft
accident. Table 5.0.4 compares the estimated risks from
various radiation doses to the risks of some activities
encountered in everyday life. Table 5.0.5 lists some
activities considered approximately equal in risk to the
risk from the dose received by the maximally exposed
individual from monitored Hanford effluents in 1996.

Dose Rates to Animals

Conservative (upper) estimates have been made of radio-
logical dose to “native aquatic organisms,” in accordance
with DOE Order 5400.5 interim requirement for manage-
ment and control of liquid discharges. Possible radio-
logical dose rates during 1996 were calculated for several
exposure modes, including exposure to radionuclides in
water entering the Columbia River from springs near the
100-N Area and internally deposited radionuclides meas-
ured in samples of animals collected from the river and
onsite.

The animal receiving the highest potential dose from
N Springs water was a duck consuming aquatic plants.
Because the water flow of the springs at the 100-N Area
is so low, no aquatic animal can live directly in this spring
water. Exposure to the radionuclides from the springs
cannot occur until the spring water has been noticeably
diluted in the Columbia River. The assumption was
made that a few aquatic animals might be exposed to the
maximum concentration of radionuclides measured in
the spring water (see Table 3.2.5) after 10-to-1 dilution
by the river. Radiological doses were calculated for
several different types of aquatic animals, using these
highly conservative assumptions and the computer code
CRITR?2 (Baker and Soldat 1992). Even if a duck spent
100% of its time in the one-tenth diluted spring water
and consumed only plants growing there, it would
receive a radiation dose rate of 1 x 10~ rad/d. This dose
rate is 0.001% of the limit of 1 rad/d for native aquatic
animal organisms established by DOE Order 5400.5 and
is not expected to cause detrimental effects to animal
populations.

Doses were also estimated for clams, fish, and waterfowl
living in the Columbia River based on measured radionu-
clide concentrations in river water. The highest potential
dose from all the radionuclides reaching the Columbia
River from Hanford sources during 1996 was 2 x 10~ rad/d
for a duck that consumed contaminated vegetation.

Dose estimates based on the maximum concentrations of
cesium-137 measured in muscle of animals collected
onsite and from the Columbia River ranged from

1 x 107 rad/d for a pheasant to 8 x 107 rad/d for a mule
deer.
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Table 5.0.4. Estimated Risk from Various Activities and Exposu..s®

Activitv ar Evnncnra Par Vaar

Riding or driving in a passenger vehicle (483 km [300 mi])
Home accidents
Drinking 1 can of beer or 0.12 L (4 0z) of wine per day
(liver cancer/cirrhosis)
Pleasure boating (accidents)
Firearms, sporting (accidents)
Smoking 1 pack of cigarettes per day (lung/heart/other diseases)
Eating approximately 54 g (4 tbsp) of peanut butter per day (liver cancer)
Eating 41 kg (90 1b) of charcoal-broiled steaks
(gastrointestinal tract cancer)
Drinking chlorinated tap water (trace chloroform—cancer)
Taking contraceptive pills (side effects)
Flying as an airline passenger (cross-country roundtrip—accidents)
Flying as an airline passenger (cross-country roundtrip—radiation)
Natural background radiation dose (300 mrem, 3 mSv)
Dose of | mrem (0.01 mSv) for 70 yr
Dose to the maximally exposed individual living near Hanford
in 1996 (0.007 mrem, 7 x 10 mSv)

]

C
(

0t

(a) These values are generally accepted approximations with varying levels of unce
cant variation as a result of differences in individual lifestyle and biological fact

1980; Ames et al. 1987; Wilson and Crouch 1987; Travis and Hester 1990).

(b) Real actuarial values. Other values are predicted from statistical models. For r
reported in a possible range from the least conservative (0) to the currently acce

k of Fatality

2 x 10-6(b)
100 x 1™
10 x 10

6 X 10-6(b)
10 x 10°®
,600 x 10°
8 x 10°
1 x 10

3x 10°¢
20 x 10

8 x 10:%®
“to5x 10°
120 x 10¢
0.4 x 10

003 x 10°¢

nty; there can be signifi-
(Atallah 1980; Dinman

ation dose, the values are
d most conservative value.

Table 5.0.5. Activities Comparable in Risk to the 0.007-mrem Dose Calculated for the

Individual

Driving or riding in a car 0.7 km (approximately 0.5 mi)
Smoking 6/1,000 of a cigarette

Flying 2 km (approximately 1.2 mi) on a commercial airliner
Eating approximately 2/3 tbsp of peanut butter

Eating one 0.12-kg (<0.3-1b) charcoal-broiled steak

Drinking approximately 0.75 L (<1 qt) of chlorinated tap water

Being exposed to natural background radiation for approximately 13 min in a typic

Drinking approximately 0.038 L (1.3 oz) of beer or 0.015 L (0.5 0z) of wine

96 Maximally Exposed

terrestrial location
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Table 7.0.3. Summary of Laboratory Performance on EPA Intercomparison Prc

Number of Results

Quality Assurance

n Samples, 1996

Number Within

Reported for Each Control Limits for
B Medium Radionuclides Analyte _ Feck Apalyte®
Quanterra Environmental Services, Richland, Washington

Water $Ba, *H, "I, %Zn 2 2

%Co, 34Cs, 'Cs, ¥Sr, *Sr 4 4

Total alpha, Total beta,

U total, **Ra 5 5

»Ra 5 4

T ~clhaad Analytical Laboratory, T =« Vegae Navada

Water BT 1 1

13B4, 3H, Zn 2 9

%Co, 1¥’Cs, Total alpha, Total

beta, ¥Sr, *Sr 4 4

134Cg 4 3

226Ra, 228Ra 5 5

U total 5 4
(a) Control limits are from Jarvis and Siu (1981).
the analytical facility and provide the framework for Media Audits and mparisons

identifying and resolving potential performance prob-
lems. Responses to audit and inspection findings are
documented by written communication, and corrective
actions are verified by follow-up audits and inspections.
There were no scheduled inspections of services per-
formed at DataChem Laboratories, Inc. in 1996; how-
ever, the laboratory was frequently contacted regarding
questions on results, clarification of methodology, status
of scheduled improvements, etc. There was at least one
inspection of services performed at Quanterra Environ-
mental Services in Richland, Washington and St. Louis,
Missouri.

Internal laboratory quality control program data are sum-
marized by the laboratories monthly or in quarterly
_orts. The results of the quality control sample sum-
ury reports and the observations noted by each labora-
tory indicated an acceptably functioning internal quality
control program.

Additional audits and com
several specific types of san
Department of Health routir
ronmental media and measu
at multiple locations durin
cosampled included 23 grou
River sites, 6 riverbank sprii

systems, 4 offsite water sy:

sediment sites, 3 air monitor
nescent dosimeter sites, 1 mu
ant. Also cosampled were up
of leafy vegetables and wine
in the Washington State D
annual report.

The Food and Drug Adminis
vegetables, potatoes, and fru

wind sampling locations. ~
Table 7.0.7.

sons are conducted on
5. The Washington State
cosampled various envi-
external radiation levels
196. Media that were
rater welle 5 Columbia
2 onsite  nking water
ms, 12 Columbia River
stations, 15 thermolumi-
leer, 1 quail, and 1 pheas-
1d and downwind samples
tesults will be published
rtment of Health 1996

tion also cosampled leafy
rom upwind and down-
: data are presented in
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Table A.2. Radionuclide Concentrations in Columbia River Water at the Richland Pumphouse, 1996 Compared to Values from the Previous 5 Years
1996 1991-1995 Ambient St
No. of Concentration,® pCi/L (10 pCi/mL) No. of Concentration,™ pCi/L Water
Radionuclide® Samples Maximum Average Samples Maximum Average Standard,
Composite System
Alpha 13 1.7 £ 093 043 + 024 59 34 £ 15 0.66 = 0.58 154
Be 13 20 £ 12 59 £ 36 59 16 + 14 27 = 19 6,000
Beta 13 28 £ 1.7 1.1 £ 049 59 92 + 30 095 = 1.5 50
“Co 13 0.73 £ 0.65 -0.0087 £ 0.30 59 20 £ 1.1 0.11 + 0.80 100@
13Cs 13 1.1 £ 0.89 0.0049 = 0.35 59 1.2 + 0.89 -0.19 + 0.70 20,000
BICs 13 13 £ 13 0.48 £ 0.39 59 16 £ 5 0.098 + 0.60 200©
Eu 13 1.0 £ 32 -1.1 £ 0.82 59 43 = 26 031 £ 1.6 200
SEu 13 1.5 £ 28 043 = 0.61 58 35 + 28 -0.059 £ 13 600©
WK 13 100 £ 28 53 £ 17 59 77 £ 27 37 £ 19 -0
1%Ru 5 48 = 6.5 13 £ 43 50 18 =+ 039 + 64 30@
138b 5 0.86 £ 25 0.20 = 0.86 50 39 £ 25 -0.08 + 1.6 300
St 13 0.31 £ 0.081 0.097 £ 0.036 58 0.18 = 0.073 0.089 + 0.026 ged
¥Tc 13 020 £ 0.53 0.0053 £ 0.087 59 6.5 = 27 032 + 096 900®
Tritium 13 140 £+ 16 68 + 16 59 210 £ 23 9% + 32 20,0009
iy 13 0.39 = 0.072 0.25 = 0.028 59 0.50 = 0.13 0.27 = 0.077 --
B0) 13 0.015 £+ 0.013 0.0075 £ 0.0026 59 0.048 = 0.022 0.010 = 0.0096 --
0] 13 0.27 £ 0.056 0.21 = 0.016 59 0.53 = 0.14 0.21 = 0.066 --
U-Total 13 0.66 £ 0.092 047 £ 0.041 59 1.1 £ 0.19 049 = 0.14 --
1270 4 0.00016 = 0.0000078 0.00011 %= 0.000059 14 0.00017 = 0.000020 0.00011 £ 0.000021 1@
Continuous System
239240py P 4 0.000041 = 0.0000083 0.000027 = 0.000012 17 0.000056 + 0.000026 0.000017 = 0.0000067 --
D 4 0.000081 + 0.000077 0.000031 = 0.000035 17 0.00062 + 0.00020 0.000082 + 0.000071 --

by the composite system (see Section 4.2, “Surface Water and Sediment Surveillance”).
(b) Maximum values are * total propagated analytical uncertainty (2-sigma). Averages are +2 standard error of the calculated mean.

(c) WAC 246-290.
(d) 40 CFR 141.

(&) WAC 173-201A-050 and EPA (1976).
(f) Dashes indicate no concentration guides are available.

(g) From 1991 through 1995, iodine-129 concentrations were obtained from the dissolved fraction of the continuous system.
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Table A.5. (contd)

1996 1991-1995®
Number of Concentration, pCi/g Number of Concentration, pCi/g
Location Radionuclide Samples Maximum® Median® Samples Maximum® Median
Richland “Co 1 0.039 + 0.019 5 0.075 + 0.024 0.065
B1Cs 1 0.24 + 0.033 5 0.41 + 0.053 0.34
155Eu 1 0.03 £ 0.036 5 0.077 £ 0.045 0.059
239.240py 1 0.002 £ 0.00068 5 0.003 £ 0.00071 0.0023
2Sr 1 0.005 £ 0.0035 5 0.003 £ 0.003 0.0023
sy 1 0.068 £ 0.13 5 0.14 £ 0.08 0.076
L) 1 2.1 £0.54 5 1.6 £ 0.19 1.2
White Bluffs Slough “Co 1 0.2 £ 0.031 6 0.11 £ 0.025 0.081
WICs 1 0.46 = 0.053 6 0.97 £ 0.11 0.82
155Eu 1 0.065 £ 0.034 6 0.56 + 0.026 0.049
239.240py 1 0.0049 £ 0.00097 6 0.0073 £+ 0.0017 0.0041
XSr 1 0.01 £+ 0.0057 6 0.017 + 0.0055 0.0062
=5y 1 0.14 = 0.14 6 0.19 +£ 0.044 0.036
B8y 1 19 £ 0.52 6 23 %026 1.2
1993-1995®
Riverbank Spring Sediment
100-B Spring “Co 1 0.01 £ 0.012 1 0.029 + 0.0097
¥1Cs 1 0.024 = 0.013 1 0.095 £ 0.015
155Eu 1 0.074 £ 0.036 1 0.065 + 0.021
Sr 1 0.0027 £ 0.0033 1 0.0041 % 0.005
By 1 0.1 £ 0.08 1 -0.017 £ 0.14
o) 1 1.3 £ 0.38 1 1.1 £05
31Cs 1 0.32 £ 0.04 1 0.19 + 0.035
35Eu 1 0.055 £ 0.031 1 0.037 + 0.035
NSr 1 0.0097 £ 0.01 1 0.0043 + 0.0044
25y 1 0.17 £ 0.076 1 0.17 £ 0.13
28y 1 14 £ 0.54 1 12£1
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Table A.5. (contd)

1996 1993-1995@
Number of Concentration, pCi/g Number of Concentration, pCi/g
Location Radionuclide Samples Maximum® Median® Samples Maximum® Median
300 Area Spring %Co 1 0.0048 + 0.012 3 0.016 £ 0.0076 0.014
¥1Cs 1 0.15 = 0.026 3 0.074 £ 0.017 0.07
gy 1 0.045 + 0.032 3 0.13 £ 0.14 0.064
Sr 1 0.0073 + 0.011 3 0.012 % 0.006 0.0076
»5y 1 0.073 £ 0.071 3 041 £ 0.17 0.12
28y 1 1.2 £ 0.48 3 52+ 1.1 4.2
Hanford Spring “Co 1 0.059 £ 0.016 3 0.09 £ 0.021 0.086
¥Cs | 0.17 £ 0.024 3 0.29 £+ 0.032 0.25
SEu 1 0.068 £ 0.034 3 0.062 £ 0.02 0.061
“Sr 1 0.0079 £ 0.005 3 0.0086 + 0.011 0.0068
»y 1 0.25 + 0.077 3 0.23 £ 0.14 0.023
=y 1 1.3 +£0.36 3 1.9 £ 0.54 0.97

(a) 1996 river sediment values compared to values from 1991 through 1995; 1996 riverbank spring sediment values compared to values from 1993 through 1995.
(b) Values are * total propagated analytical uncertainty (2-sigma).
(c) Median values are not provided when only one sample was analyzed.




Metal

Aluminum
Antimony
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Magnesi
Manganese
Nickel
Potassium
Silver
Sodium
Strontium
Tin
Vanadium
Zinc

Table A.6. Median Metal Concentrations in Columbia

Priest Rapids I’

6,300
24
48

0.21
22

2,800
13
4.3

11

12,000

3,200
160

13
820
<0.52
260
20
11
30
200

Madian Concentration, mg/kg

1al Monitoring Results for 1996

Hanford Reach

5,400
4.1
44

0.20
1.6

3,000
12
4.0
14

11,000

2,300
120

11
710
<0.52
260
19
8.6
28
240

Riv~~K Sprir

5,800
2.1
52

0.21
1.1

3,200
18
4.6
8.8

14,000

3,000
180
94
760

<0.52
220
22
7.0
34
84
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Table A.7. Radionuclide Concentrations Measured in Riverbank Spring Water, 1996 Compared to Values from the Previous 5 Years

Concentration,® pCi/L

1996 1991-1995
No. of Concentration,® pCi/L (10 uCi/L) No. of

Location/Radionuclide Samples Maximum Samples Maximum
100-B Spring
Alpha 1 1.2 £ 098 5 35+£18
Beta 1 10+24 5 38 +46
“Sr 1 0.031 £ 0.045 5 0.072 + 0.11
#Tc 1 18+23 5 25+32
Tritium 1 24,000 £ 1,800 5 23,000 £ 1,700
100-D Spring
Alpha 1 027 £ 048 6 29+19
Beta 1 43+ 1.8 6 21+33
%“Sr 1 1.8 £0.34 6 94 +18
Tritium 1 1,000 % 200 6 ,000 £ 1,000
100-F Spring
Alpha 1 41 £ 18 2 37+£17
Beta 1 65 £ 11 2 2016
“Sr 1 0.094 £ 0.057 2 0.099 + 0.091
Tritium 1 1,800 + 240 2 1,600 £ 230
U-Total 1 9.2 £0.79 2 2.6 £ 035
100-N Spring©
Alpha 1 0.46 * 0.63 6 89+ 14
Beta 1 45+ 18 6 24,000 £ 1,700
%St 1 0.053 * 0.048 6 11,000 + 2,000
Tritium 1 17,000 £ 1,300 6 ,000 + 2,400
300 Area Spring
Alpha 1 21+ 46 7 110 £ 21
Beta 1 9.6+24 7 29 + 4.7
1291 1 0.0022 * 0.00035 3 049 0.00063
*Tc 1 1.2 £ 0.61 6 14+19
Tritium 1 3,400 % 360 7 12,000 £ 940
U-Total 1 3425 7 65 6.2

Washington State
Ambient Surface-
Water Quality

Median Standard,® pCv/L
1.8 15
11 50

0.02 8
10 900©@
14,000 20,000
1.3 15
9.4 50
4.4 8
6,500 20,000
3.2 15
1.9 50
0.034 8
1,100 20,000
1.7 --@
1.6 15
6.6 50
0.10 8
20,000 20,000
55 15
16 50
0.0044 1
5.7 900©@
9,900 20,000
28 -
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Table A.7. (contd)

Washington State

(a) Maximum values are + total propagated analytical uncertainty (2-sigma).
(b) WAC 246-290, 40 CFR 141, and Appendix C, Table C.2.

(c) WAC 173-201A-050 and EPA (1976).

(d) Dashes indicate no concentration guides available.

14

(e) 1991 sample is from well 199-N-8T, 1992 sample is from well 199-N-46, 1993-1996 samples are from shoreline spring.

1996 1991-1995 Ambient Surface-
No. of Concentration,® pCi/L (10 pCi/L) No. of Concentration,® pCi/L Water Quality

Location/Radionuclide Sag——"-- Maximum Samples Maximum Median Standard,® pCi/L
Hanford Spring
Alpha 1 12 £ 0.86 7 49 22 3.0 15
Beta 1 18 £ 3.2 7 95 *+ 140 26 50
121 1 0.086 £ 0.01 4 0.22 + 0.014 0.14 1
®Tc 1 38 £ 45 7 130 = 16 110 900©
Tritium 1 41,000 £ 3,100 7 170,000 £ 1. X0 140,000 20,000
U-total 1 1.6 £ 0.2 5 2.6 £029 12 --

Y
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Appendix B

Glossary

absorbed dose - Energy absorbed per unit mass from
any kind of ionizing radiation in any kind of matter.

activation product - Material made radioactive by
exposure to radiation from a source such as a nuclear
reactor’s neutrons.

air submersion dose - Radiation dose received from
external exposure to radioactive materials present in the
surrounding atmosphere.

alpha radiation - Least penetrating type of radiation.
Alpha radiation can be stopped by a sheet of paper or the
outer dead layer of skin, and can cause biological damage
only if sufficient quantities are emitted inside the body.

aquifer - Permeable geologic unit that can hold and/or
transmit significant quantities of water.

background radiation - Radiation in the natural environ-
ment, including cosmic rays from space and radiation from
naturally occurring radioactive elements in the air, in the
earth, and in our bodies. In the United States, the average
person receives approximately 300 millirems (mrem) of
background radiation per year.

bank storage - Hydrologic term that describes river
water that flows into and is retained in permeable
stream banks during periods of high river stage. Flow
is reversed during periods of low river stage.

becquerel (Bq) - Unit of activity equal to one nuclear
transformation per second (1 Bq = 1/s). The conventional
unit of activity, the curie, is related to the becquerel
according to 1 Ci = 3.7 x 10'° Bq.

beta radiation - One form of radiation emitted from a
nucleus during radioactive decay. Beta radiation can be
stopped by an inch of wood or a thin sheet of aluminum,
and may cause biological damage if a sufficient amount
is internal, or occasionally external, to the body.

> measured or calculated
on or near the Hanford

boundary dose rate - Dose
at publicly accessible locatic
Site.

ent - Sum of the effective
tIs composing a defined
are “person-rem’” or

collective effective dose equi
dose equivalents for indivi
population. The units for t
“person-sievert.”

committed dose equivaler
accumnulated in an organ or tit
a single intake of radioactive

Total dose equivalent
» in the 50 years following
aterials into the body.

composite sample - Sample - med by mixing discrete
samples taken at different tim  or from different locations.

younded above and below
ndwater in the confined
:ater than atmospheric

confined aquifer - An aquif
by less-permeable layers. Gi
aquifer is under a pressure
pressure.

continuous sample - Sampl
collection of the medium o
medium during the entire sar

yrmed by the continuous
ontaminants within the
le period.

controlled area - An area to  1ich access is controlled
to protect individuals from ex sure to radiation or radio-
active and/or hazardous mate _Is.

cosmic radiation - High-ene¢
electromagnetic radiation frc
the earth. Cosmic radiation i
radiation.

y subatomic particles and
outer space that bombard
vart of natural background

curie (Ci) - A unit of radio
(3.7 x 10" nuclear transforn

tivity equal to 37 billion
ions per second.

decay - The decrease in the
material with the passage of
taneous emission from the at
either alpha or beta particles, ¢

mount of any radioactive
1e, as a result of the spon-
1ic nuclei of nucleons or

:n accompanied by gamma
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radiation. When a radioactive material decays, the material
may be converted to another radioactive species (decay
product) or to a nonradioactive material.

derived concentration guides (DCG) - Concentrations
of radionuclides in air and water that an individual could
continuously consume, inhale, or be immersed in at
average annual rates, and not receive an effective dose
equivalent of greater than 100 mrem/yr.

detection level - Minimum amount of a substance that can
be measured with a 99% confidence that the analytical
result is greater than zero.

dispersion - Process whereby effluents are spread or
mixed as they are transported by groundwater or air.

dose equivalent - Product of the absorbed dose, the
quality factor, and any other modifying factors. The dose
equivalent is a quantity for comparing the biological
effectiveness of different kinds of radiation on a common
scale. The unit of dose equivalent is the rem. A millirem
is one one-thousandth . a rem.

dosimeter - Portable device for measuring the total accu-
mulated exposure or absorbed dose from ionizing radiation
fields.

effective dose - See “effective dose equivalent.”

effective dose equivalent - A value used for estimating
the total risk of potential health effects from radiation
exposure. This estimate is the sum of the committed
effective dose equivalent (see above) from internal
deposition of radionuclides in the body and the effective
dose equivalent from external radiation received during a
year.

effluent - Liquid or gaseous waste streams released from
a facility.

effluent monitoring - Sampling or measuring specific
liquid or gaseous effluent streams for the presence of
pollutants.

exposure - The interaction of an organism with a physical
agent (e.g., radiation) or a chemical agent (e.g., arsenic)
of interest. Also used as a term for quantifying x and
gamma radiation fields (see “roentgen”).

external radiation - Radiation originating from a source
outside the body.

fallout - Radioactive materials that are released into the
earth’s atmosphere following a nuclear explosion or
atmospheric release and that eventually fall to earth.

fission - A nuclear reaction involving the splitting or
breaking apart of a nucleus into at least two other nuclei,
accompanied with a release of various types of energy.
For example, when a heavy atom such as uranium is split,
large amounts of energy including radiation and neutrons
are released along with the new nuclei (which are fission
products).

fission products - Elements formed from fissioning.
Many fission products are radioactive.

gamma radiation - Form of electromagnetic, high-energy

radiation emitted from a nucleus. They require heavy
shielding, such as concrete or steel, to be stopped, and
may cause biological damage when originating internally
or externally to the body in sufficient amounts.

grab sample - A sample that is randomly collected or
“grabbed” from the collection site.

groundwater - Subsurface water that is in the pore spaces
of soil and geologic units.

gray (Gy) - Unit of absorbed dose in the International
System of Units (SI) equal to 1 joule per kilogram.
1 Gy = 100 rad.

half-life - Length of time in which a radioactive substance
will lose one half of its radioactivity by decay. Half-lives
range from a fraction of a second to billions of years, and
each radionuclide has a unique half-life.

internal radiation - Radiation originating from a source
within the body as a result of the inhalation, ingestion,
skin absorption, or implantation of natural or manmade
radionuclides in body tissues (e.g., uranium dust in the
lungs, radioiodine in the thyroid).

ion exchange - The reversible exchange of one species
of ion for a different species of ion within a medium.

irradiation - Exposure to radiation.

isotopes - Different forms of the same chemical element
that are distinguished by different numbers of neutrons in
the nucleus. A single element may have many isotopes;
some may be radioactive and some may be nonradioactive
(stable). For example, the three isotopes of hydrogen are
protium, deuterium, and tritium.
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long-lived radioisotope - A radionuclide that decays at
such a slow rate that a quantity will exist for an extended
period (typically many years).

maximally exposed individual - A hypothetical member
of the public residing near the Hanford Site who, by virtue
of location and living habits, could receive the highest
possible radiation dose from radioactive effluents released
from Hanford.

mean - Average value of a series of measurements. The
mean, X, was computed as:

i=1

X =

=N

where X is the ith measurement and n is the number of
measurements.

median - Middle value in a set of results when the data
are ranked in increasing or decreasing order.

millirem (mrem) - A unit of radiation dose equivalent

1at is equal to one one-thousandth (1/1000) of a rem.
According to DOE standards, an individual member of
the public may receive no more than 100 mrem per year
from a site’s operation. This limit does not include
radiation received for medical treatment or the approxi-
mately 300 mrem that people receive annually from
natural background radiation.

minimum detectable concentration - Smallest amount
or concentration of a radioactive or nonradioactive element
that can be reliably detected in a sample.

noble gas - Any of a group of chemically and biologically
inert gases that includes argon, krypton, and xenon. These
gases are not retained in the body following inhalation.
The principal exposure pathways for radioactive noble
gases are direct external dose from the surrounding air
(see “air submersion dose”).

offsite locations - Sampling and measurement locations
outside the Hanford Site boundary.

onsite locations - Sampling and measurement locations
within the Hanford Site boundary.

operable unit - A discrete area for which an incremental
step can be taken toward comprehensively addressing site
problems. The cleanup of a site can be divided into a
number of operable units, depending on the complexity
of the problems associated with the site.

Glossary

L e

that carries waste water
ond, or river.

outfall - End of a drain or pi
or other effluents into a ditct

it in air, surface water, or
ollutant is released from a

plume - The cloud of a pollu
groundwater formed after the
source.

'tive, manmade metallic
otopes. One important
ced by the irradiation of
istinguish between the
the term #*2*°Pu as used
presence of one or both
al results.

plutonium - A heavy, radic
element consisting of severa’
isotope is #**Pu, which is pro
8. Routine analysis cannc
%Py and 2*Pu isotopes; hen
in this report is symbolic of |
of these isotopes in the analy

hat provide confidence
or exceeds that user’s

quality assurance - Actiol
that an item or process mes
requirements and expectatiol

quality control - Comprises  those actions necessary

to control and verify the feat s and characteristics of a
material, process, product, or service to specified require-

ments. Quality control is an €’ nent of quality assurance.
rad - The basic unit of absor 1 dose of radiation.
radiation - The energy em

particles such as those throw
integrating) atoms. For thi
ionizing types of radiation; n
radiant light, or other types of
ionizing rays or particles typ’
or gamma radiation.

:d in the form of rays or
ff by transforming (dis-
eport, radiation refers to
radiowaves, microwaves,
nionizing radiation. The
Ily consist of alpha, beta,

radioactivity - Property pos:
elements of emitting radiatio
gamma rays) spontaneously ir
element isotopes.

sed by some isotopes of
such as alpha, beta, or
eir decay process to stable

radioisotope - Virtually synol., .nous with radionuclide.

radionuclide - A species of :
number of photons (Z), a par
(A), and a particular atomic
happens to emit radiation. C
Carbon-12 is not and is calle

ms having a particular
ilar number of neutrons
eight (N =7Z + A) that
on-14 is a radionuclide.
1st a “nuclide.”

rem - A unit of dose equiv: nt and effective dose
equivalent.

risk - The probability that a ¢ rimental health effect will
occur.
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roentgen (R) - Unit of x ray or gamma photon exposure
measured in air, historically used to describe external
radiation levels. An exposure of one roentgen typically
causes an effective dose of one rem.

short-lived radioisotope - A radionuclide that decays so
rapidly that a given quantity is transformed almost com-
pletely into decay products within a short period (typi-
cally less than a few months).

sievert (Sv) - Unit of dose equivalent and effective dose
equivalent in the International System of Units (SI) equal
to 100 rem.

spent fuel - Uranium metal or oxide and its metal
container that have been used to power a nuclear reactor.
It is highly radioactive and typically contains fission
products, plutonium, and residual uranium.

standard deviation - An indication of the dispersion or
variability of a set of results around their average.

standard error of the mean - A measure of the precision
of a mean of observed values; that is, an estimate of how
close a mean of observed values is expected to be to the
true mean. The standard error of the mean is computed
as

2
sE= [
n

where S?, the variance of the n measurements, was com-
puted as

n
2 1 2
s% : X
e, 2 %X

This estimator, S?, includes the variance among the
samples and the counting variance. The estimated S*
may occasionally be less than the average counting
variance.

transuranic - An element with an atomic number greater
than 92 (92 is the atomic number of uranium).

thermoluminescent dosimeter - A device containing a
material that, after being exposed to beta and/or gamma
radiation, emits light when processed and heated. The
amount of light emitted is proportional to the absorbed
dose to the thermoluminescent dosimeter.

unconfined aquifer - An aquifer containing groundwater
that is not confined above by relatively impermeable
rocks. The pressure at the top of the unconfined aquifer
is equal to that of the atmosphere. At Hanford, the
unconfined aquifer is the uppermost aquifer and is most
susceptible to contamination from site operations.

uncontrolled area - Area on or near a nuclear facility to
which public access is not restricted.

vadose zone - Underground area from the surface to the
top of the water table or aquifer.

water table - Theoretical surface represented by the
elevation of water surfaces in wells penetrating only a
short distance into the unconfined aquifer.

wind rose - Star-shaped diagram showing how often winds
of various speeds blow from different directions, usually
based on yearly averages.
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Table C.2. Selected Drinking Water Standards

Primary Maximum Interim Drinking

Standards and Permits

Radiological Constituent Contaminant Level Water Standard Agenc Status
Total alpha®™ 15 pCi/L. DOH,©] \@ Final
Radium-226 3 DOE Final
Beta and gamma radioactivity 4 mrem/yr® DOH,©@] \@ Final
Tritium 20,0009 pCi/L DOH,©] \@ Interim
Beryllium-7 6,000 pCi/L. EPA Interim
Cobalt-60 100 pCi/L EPA Interim
Stontium-90 80 pCi/L DOH,©1 @ Interim
Technetium-99 900" pCi/L EPA Interim
Ruthenium-106 309 pCi/L EPA Interim
Antimony-125 3009 pCi/L EPA Interim
TIodine- 129 10 pCi/L. EPA Interim
Todine-131 30 pCi/L EPA Interim
Cesium-134 20,0000 pCi/L EPA Interim
Cesium-137 200% pCi/L EPA Interim
Europium-154 200 pCi/L EPA® Interim
Europium-155 600® pCi/L EPA Interim
Uranium 20 pg/L® EPA Proposed
Fluoride 4 mg/L DOH,©F Wb Final/under review
Nitrate, as NO, 45 mg/L DOH,©@E @d Final
Chromium 100 pg/L, 100 pg/LY EPAWYT @ Final, Final
Cyanide 200 pg/L EPA" Final
Trichlorethylene 5pug/L DOH,* | @b Final
Tetrachloroethylene 5 g/l DOH,©F ¢d Final
Carbon tetrachloride Sug/L DOH,@ @b Final
Chloroform (THM)® 100 pg/L DOH,@] A®
Cis-1,2-dichloroethylene 0.07 mg/L EPA Final

(a) DOH = Washington State Department of Health, EPA = U.S. Environmental Protection Agency
(b) Including radium-226 but excluding radon and uranium.

(c) WAC 246-290.
(d) 40 CFR 141.

(e) Beta and gamma radioactivity from manmade radionuclides. Annual average concentration sha
equivalent from manmade radionuclides to the total body or any internal organ greater than 4 m
assumed if annual average concentrations of total beta, tritium, and strontium-90 are less than 5

respectively.

(f) Concentration assumed to yield an annual dose of 4 mrem/yr.

(g) EPA (1976).

(h) Equivalent to a nationwide EPA standard of 30 pCi/L and a sitewide standard of 13.4 pCi/L (se

ot produce an annual dose
Vyr. Compliance may be
:0,000, and 8 pCi/L,

:ction 4.8, “Groundwater

Protection and Monitoring Program”).
(i) EPA (1996).
(5) Recently modified from 50 ug/L.
(k) Standard is for total trihalomethanes (THM).
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Table C.3. Select Surface Freshwater Quality Criteria for Toxic Pollutants

Level to Protect Human

Level that Yields Level that Yields Health for the Consumption

Compound Acute Toxicity, pg/L® Chronic Toxicity, ug/L® of Water and Organisms, pug/L®
Total Recoverable Metals
Antimony -- - 14
Arsenic 360.0 190.0 0.018
Cadmium 2.0@ 0.719 --
Chromium(IIT)® 1,100® 130@ --
Chromium(VI) 16.0 11.0 -
Copper 10® 7.10
Lead 380 1.5% --
Mercury 24 0.012 0.14
Nickel 860" 95 610
Selenium 20.0 5.0 -
Silver 1.4™ -- -
Thallium - -- 1.7
Zinc 70© 64® --
Anions
Cyanide®@ 22.0 52 700
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 - -- 6800
Tetrachloroethylene - -- 0.8
1,1,2-trichloroethane -- -- 0.60
Trichloroethylene -- -- 27
Vinyl chloride - -- 2
1,4-dichlorobenzene -- - 400

(a) WAC 173-201A-040.

(b) 40 CFR 131.36.

(c) exp(1.128[In(hardness)]-3.828). Limiting value for 1991-1996 U.S. Geological Survey results is 55 mg CaCO3/L. Hardness
expressed as mg CaCOs/L.

(d) exp(0.7852{In(hardness)]-3.490).

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

(f) exp(0.8190[In(hardness)]+3.688).

(g) exp(0.8190[In(hardness)]+1.561).

(h) exp(0.9422[In(hardness)]-1.464).

(i)  exp(0.8545[In(hardness)]-1.465).

(G)  exp(1.273[In(hardness)]-1.460).

(k) exp(1.273[In(hardness)]-4.705).

(1)  exp(0.8460[In(hardness)}+3.3612).

(m) exp(0.8460[In(hardness)]+1.1645).

(n) exp(1.72[In(hardness)]-6.52).

(0) exp(0.8473[In(hardness)]+0.8604).

(p) exp(0.8473[In(hardness)}+0.7614). b

(q) Criteria based on weak and dissociable method.

(r) Dissolved in association with sodium.
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Table C.4. Radiation Standards (dose limits®) for Protection of the Public from All

All Pathways (limits from DOE Order 5400.5)

The effective dose equivalent for any member of the public from all routine DOE activities
values given below.

Effective Dose Equiv

utine DOE Activities

shall not exceed the

nt©

mrem/yr
Routine public dose 100
Potential authorized temporary public dose® 500

Dose to N:  ve Aquatic Animal Organisms from Liquid Discharges (interim limits fror

Radioactive material in liquid wastes discharged to natural waterways shall not cause an at
aquatic animal organisms that exceeds 1 rad per day (10 mGy per day).

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 cau:
water to receive an effective dose equivalent greater than 4 mrem (0.04 mSv) in a year. D(

sv/yr

1
5

YOE Order 5400.5)

‘bed dose® to native

)ersons consuming the
activities shall not cause

private or public drinking water systems downstream of the facility discharge to exceed the diological drinking water
limits in 40 CFR 141 (see Table C.2).
Air Pathways Only (limits from 40 CFR 61) Effective Dose Equi  ent®
mrem/yr Sviyr
Public dose limit at location of maximum annual
air concentration as a consequence of routine DOE
activities® 10 0.1

(a) Radiation doses received from natural background, residual weapons testing and nucle
exposures, and consumer products are excluded from the implementation of these dose

(b) “Routine DOE activities” implies normal, planned activities and does not include actu:
unplanned releases.

(c) Effective dose equivalent is expressed in rem (or millirem) with the corresponding vali
in parentheses.

(d) Authorized temporary annual dose limits may be greater than 100 mrem/yr (but cannot
unusual circumstances exist that make avoidance of doses greater than 100 mrem to th
DOE Richland Operations Office is required to request and receive specific authorizati
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 (c

accident fallout, medical
nits.
i potential acc  ntal or

in sievert (or m isievert)

:ceed 500 mrem/yr) if
ublic impracticable.

from DOE Headquarters

ailligray) in parentheses.
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Table C.5.

Radionuclide

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

Selected Derived Concentration Guides®b<

Water, pCi/L
(10° nCi/mL)

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
NS

Air, pCi/m?®

(102 uCi/mL)

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 contin-
uously 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 concen-
tration 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.
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Table C.6. Environmental Permits

Clean Water Act Permit
Additional details are given in Section 2.2, “Compliance Status.”
Clean Air Act Permits

Prevention of Significant Deterioration Permit No. PSD-X80-14, issued to DOE Ric
EPA Region 10; covers emission of NO_to the atmosphere from the Plutonium-Uraniun
Uranium-TriOxide Plant. No expiration date.

Radioactive Air Emission Permit No. FF-01, issued to DOE Richland Operations Of
State Department of Health under authority granted by the Clean Air Act; covers operatit

having a potential to emit radioactive airborne effluents. ~ " ially issued August 15, 1991
August 1993.

Wildlife Sampling Permits
Scientific Collection Permit WM-0038, issued by Washington State Department of I
Northwest National Laboratory for 1996; covered the collection of food fish, shellfit

game fish, for environmental monitoring purposes. Renewed annually.

Federal Fish and Wildlife Permit No. 671877, issued by the U.S. Fish and Wildlife ¢

National Laboratory; covers the collection of migratory wildlife. Renewed every other ye -

National Pollutant Discharge Elimination Permits (governing effluent discharges to th

Permit #W A-000374-3 includes two outfalls in the 100-K Area, one in the 300 Area, and
100-N Area.

Permit #WA-002592-7 includes the outfall for the 300 Area Treated Effluent Disposal Fa

Copies of the regulations concerning these permits may be obtained from the following o1

State of Washington U.S. Environmental Protection Agency u.
Department of Ecology Region 10 Ris
P.O. Box 47600 1200 Sixth Avenue 82,
Olympia, WA 92504-7600 Seattle, WA 98101 Ric

Standards and Permits

ind Operations Office by
xtraction Plant and the

e by the Washington
on the Hanford Site
1e permit was updated

1 and Wildlife to Pacific
and wildlife, including

vice to Pacific Northwest

‘olumbia River)

o inactive outfalls in the

ty.
nizations:

Jepartment of Energy
and Operations Office
adwin Ave.

and, WA 99352
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Appendix D

Dose Calculations

E. J. Antonio

The radiological dose that the public could have received
in 1996 from Hanford Site operations was calculated in
terms of the “total effective dose equivalent.” The total

¢ ctive dose equivalent is the sum of the effective dose
equivalent from external sources and the committed effec-
tive dose equivalent for internal exposure. Effective dose
equivalent is a weighted sum of doses to organs and tis-
sues that accounts for the sensitivity of the tissue and the
nature of the radiation causing the dose. It is calculated
in units of millirem (mrem) (millisievert [mSv])® for
individuals and in units of person-rem (person-Sv) for
the collective dose received by the total population within
an 80-km (50-mi) radius of the site. This appendix
describes how the doses in this report were calculated.

Releases of radionuclides from Hanford Site activities
are usually too low to be measured in offsite air, drink-
ing water, and food crops. Therefore, in most cases, the
dose calculations were based on measurements made at
the point of release (stacks and effluent streams), and
environmental concentrations were estimated from these
effluent measurements by environmental transport models.

The transport of radionuclides in the environment to the
point of exposure is predicted by empirically derived
models of exposure pathways. These models calculate
concentrations of radionuclides in air, water, and foods.
Radionuclides taken into the body by inhalation or
ingestion may be distributed among different organs and
retained for various times. In addition, long-lived radio-
nuclides deposited on the ground become possible sources
for long-term external exposure and uptake by agricul-
tural products. Dietary and exposure parameters were
applied to calculate radionuclide intakes and radiological
doses to the public. Standardized computer programs

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

were used to perform the ca
contain internally consistent

use site-specific dispersion a

programs are incorporated
(Napier et al. 1988a, 1988b,
dosimetry methodology des
mission on Radiological Pro
1980, 1981a, 1981b, 1982a,
tions and data used in these
below.

CRITR2 is used for assessn
aquatic organisms and their
external doses to fish, crust:
well as organisms that subsi
raccoons, and ducks may t
(Baker and Soldat 1992).

The computer program, CA
late dose to a maximally ex|
by 40 CFR 61, Subpart H,
effluents (other than radon)
Technical details of the CAl
vided in detail in the 1996 a
et al. 1997).

Types of Dose
Performed

Calculations of radiologic:
radionuclides released into th
to demonstrate compliance
regulations.

lations. These programs
athematical models that

"7 uptake parame . These
a master code, GENII
'88c), which employs the
sed in International Com-
ion Reports (1979a, 1979b,
82b, 1988). The assump-
culations are described

t of radiological doses to

:dators. Both internal and
1, molluscs, and algae, as
»n them such as muskrats,
:stimated using CRITR2

3-PC, was used to calcu-
ed individual as required
ym airborne radionuclide
>ased at DOE facilities.
-PC calculations are pro-
missions report (Gleckler

alculations

loses to the public from
nvironment are performed
1 applicable standards and
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DOE requires:

« effective dose equivalent to be used in estimating
public doses

* Dbiokinetic models and metabolic parameters given
by the International Commission on Radiological
Protection to be used when estimating doses

¢ doses to the public to be calculated using facility
effluent data, when environmental concentrations
are too low to measure accurately.

The calculation of the effective dose equivalent takes into
account the long-term (50-year) internal exposure from

radionuclides taken into the body during the current year.

The effective dose equivalent is the sum of individual
committed (50-year) organ doses multiplied by weighting
factors that represent the proportion of the total health-
effect risk that each organ would receive from uniform
irradiation of the whole body. Internal organs may also
be irradiated from external sources of radiation. The
external exposure received during the current year is
added to the committed internal dose to obtain the total
effective dose equivalent. In this report, the effective
dose equivalent is expressed in rem (or millirem), with
the corresponding value in sievert (or millisievert) in
parentheses. The numerous transfer factors used for
pathway and dose calculations have been documented in
GENII (Napier et al. 1988a, 1988b, 1988c) and by
Schreckhise et al. (1993).

The following types of radiological doses were estimated:

1. “Boundary” Dose Rate (mrem/h and mrem/yr).
The external radiological dose rates during the year
in areas accessible by the general public were deter-
mined from measurements obtained near operating
facilities.

2. “Maximally Exposed Individual” Dose (mrem).
The maximally exposed individual is a hypothetical
member of the public who lives at a location and has
a lifestyle such that it is unlikely that other members
of the public would receive higher doses. All poten-
tially significant exposure pathways to this hypo-
thetical individual were considered, including the
following:

¢ inhalation of airborne radionuclides

e submersion in airborne radionuclides

G R

* ingestion of foodstuffs contaminated by radio-
nuclides deposited on vegetation and the ground
by both airborne deposition and irrigation water
drawn from the Columbia River downstream of
N Reactor

e exposure to ground contaminated by both air-
borne deposition and irrigation water

 ingestion of fish taken from the Columbia River

 recreation along the Columbia River, including
boating, swimming, and shoreline activities.

3. 80-km (50-mi) Population Doses (person-rem).
Regulatory limits have not been established for
population doses. However, evaluation of the col-
lective population doses to all residents within an
80-km (50 " radius of Hanford Site operations is
required by DOE Order 5400.5. The radiological
dose to the collective population within 80 km (50 mi)
of the site was calculated to demonstrate compliance
with environmental regulations, confirm adherence
to DOE environmental protection policies, and pro-
vide information to the public. The 80-km (50-mi)
population dose is the sum of the product of the indi-
vidual doses and the number of individuals exposed
for all pathways.

Pathways similar to those used for the maximally
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 population
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
population of approximately 70,000 in the three
cities drinks water derived from the Columbia
River.

* Irrigated Food. Columbia River water is with-
drawn 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.
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Table D.3. Residency Parameters Used in Dose Calculations

Exposure, h/yr

Maximally Exposed Av
Parameter Individual Indi
Ground contamination 4,383 2,920
Air submersion 8,766 8,777
Inhalation® 8,766 8,7

(a) Inhalation rates: Adult 270 cm?/s.

Dose Calculations

Table D.4. Recreational Parameters Used in Dose Calculations, 96

Exposure, h/yr®

Maximally Exposed Aver e
Parameter Individual Indivi‘-al
Shoreline 500 I
Boating 100 :
Swimming 100 I

(a) Assumed river-water travel times from 100-N Area to the point
aquatic recreation were 8 h for the maximally exposed individu: ind
13 h for the average individual. Correspondingly lesser times were
used for other locations.
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