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5.0 Potential Radiological Doses from 
1999 Hanford Operations 

E. ] . Antonio and K. Rhoads 

During 1999, radionuclides reached the envi­

ronment in gaseous and liquid effluents from Hanford 

Site operations. Gaseous effluents were released 

from operating stacks and ventilation exhausts. 

Other potential sources include fugitive emissions 

from contaminated soil areas and other faci li ties. 

Liquid effluents were released from operating waste­

water treatment facilities and from contaminated 

groundwater seeping into the Columbia River. 

Potential radiological doses to the public from 

these releases were evaluated in detail to determine 

compliance with pertinent regulations and limits. 

Dose calculation methodology is discussed in Appen­

dix D. The radiological impact of 1999 Hanford 

operations was assessed in terms of the fo llowing: 

• dose to a hypothetica l, maximally exposed 

individual at an offsite locat ion 

• maximum dose rate from external rad iation at 

a publicly accessible location on or within the 

site boundary 

• dose to an av id sportsman who consumes wild­

life that may have acquired contamination from 

rad ionucl ides on the site 

• total dose to the population residing within 

80 kilometers (50 miles) of the Hanford oper­

ating areas 

• absorbed dose rate (rad/cl) received by animals 

caused by radionuclide releases to the Colum­

bia River. 

It is generally accepted that radiological dose 

a sessments should be based on direct measurements 

of radiation dose rates and radionuclide concentra­

tions in the surrounding environment. However, the 
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amounts of most rad ioactive materials released dur­

ing 1999 from Hanford sources were generally too 

small to be measured directly once they were dis­

persed in the offsite environment. For many of the 

measurable radionuclides, it was difficult to identify 

the contributions from Hanford sources in the pres­

ence of contributions from worldwide fa llout and 

from naturally occurring uranium and its decay prod­

ucts. Therefore, in nearly all instances, offsite doses 

were estimated using the Generation 11 (GENll) 

computer code Version 1 .485 (PNL-6584) and Han­

ford Site-specific parameters listed in Appendix D 

and in PNNL-12088, APP. 1 to calculate levels of 

radioactive materials in the environment from efflu­

ent releases reported by the operating contractors. 

As in the past, rad iological doses from the water 

pathway were calculated based on the differences in 

radionuclide concentrations between upstream and 

downstream sampling points. During 1999, only 

tritium and iodine-129 were found in the Columbia 

River downstream of Hanford at greater levels than 

predicted based on direct discharges from the 

100 Areas. A ll other radionuclide concentrations 

were lower than those predicted from known 

releases. Riverbank spring water, containing these 

radionuclides, is known to enter the river along the 

portion of shoreline extending from the O ld Han­

ford Townsite downstream to the 300 Area (see 

Section 4.2, "Surface Water and Sediment Surveil­

lance" and Section 6.1, "Hanford Groundwater 

Monitoring Project"). No direct discharges of radio­

active materials from the 300 Area to the Columbia 

River were reported in 1999. 



The national average radiological dose<•) from 

natural sources is -300 mrem/yr (3 mSv/yr) (National 

Council on Radiation Protection and Measurements 

1987). The estimated dose to the maximally exposed, 

offsite individual from Hanford Site operations in 

1999 was 0.008 mrem (8 x 10·5 mSv) compared to 

0.02 mrem (2 x 10·4 mSv) reported for 1998. This 

0.008 mrem was comprised of 0.006 mrem from the 

air pathway and 0.002 mrem from the water pathway, 

based on GENII calculations. The do e (0.25 person­

rem [0.0025 person-Sv]) to the local population of 

380,000 (PNL- 7803) from 1999 operations was 

slightly higher than the 0.2 person-rem reported in 

1998 (Section 5.0 in PNNL-12088). The 1999 

average dose to the population was -0.0007 mrem 

(7 x 10·6 mSv) per person, slightly higher than in 

1998. The current U.S. DepartmentofEnergy (DOE) 

rad iological dose limit (DOE Order 5400.5) for an 

individual member of the public is 100 mrem/yr 

(1 mSv/yr) from all pathways. This includes the 

U.S. Environmental Protection Agency's (EPA's) 

limit of 10 mrem/yr (0.1 mSv/yr) from airborne 

radionuclide emissions (40 CFR 61). Thus, 1999 

Hanford emissions potentially contributed to the 

maximally exposed individual a dose equivalent to 

only 0.008% of the DOE limit, 0.06% of the EPA 

limit air pathway only, or 0.002% of the average 

dose received from natural radioactivity in the envi- , 

ronment. For the average member of the local 

population, the e contributions were -0.0005%, 

0.005%, and 0.0002%, re pectively. 

The uncertainty associated with the radiological 

dose calculations on which this report is based has 

not been quantified. However, when Hanford­

specific data were not avai lable for parameter values 

(e.g., vegetation uptake and consumption factors), 

conservative values were selected from the literature 

for use in environmental transport models. Thus, 

radiological doses calculated using environmental 

models should be viewed as hypothetical maximum 

estimates of doses resulting from Hanford operations. 

5.0. I Maximally Exposed Individual Dose 

The maximally exposed individual is a hypo­

thetical person who lives at a location and has a 

lifestyle such that it is unlikely that other members of 

the public would receive a higher radiological dose. 

This individual's diet, dwelling place, and other fac­

tors were chosen to maximize the combined doses 

from all reasonable environmental pathways of expo­

sure to radionuclides in Hanford Site effluents. In 

reality, such a combination of maximized parameter 

is highly unlikely to apply to any single individual. 

The hypothetical location of the maximally 

exposed individual can vary from year to year, 

depending on the relative contributions of the several 

sources of radioactive effluents released to the air and 

to the Columbia River from Hanford faci lities. His­

torically, two eparate locations have been used to 

assess the do e to the maximally exposed individual: 

1) the Ringold area, 26 kilometers (16 miles) east of 

separations facilities in the 200 Areas and 2) the 

Riverview area across the river from Richland (Fig­

ure 5.0.1) . TheRingoldareaiscloserthanRiverview 

to Hanford facilities that historically were major 

contributors of airborne effluents. At Riverview, the 

maximally exposed individual has the highest expo­

sure to radionuclides in the Columbia River. 

Since 1993, a third location across the Columbia 

River from the 300 Area has been considered. 

Because of the shift in site operations from strategic 

materials production to the current mission of devel­

oping waste treatment and disposal technologies and 

cleaning up contamination, the significance of the 

air emis ions from the production facilities in the 

(a) Unless stated otherwise, the term "dose" in this section is the "total effective dose equivalent" (see Appendix B, 
"Glossary"). 
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Figure 5.0.1. Locations Important to Dose Calculations 

200 Areas has decreased relative to those from the 

300 Area. Therefore, a receptor directly across the 

river from the 300 Area, at Sagemoor, would be 

maximally exposed to airborne radionuclides from 

those facilities. The applicable exposure pathways 

for each of these locations are described below. 

5.3 

The Ringold area is situated to maximize air 

pathway exposures from emissions in the 200 Areas, 

including direct exposure to the plume, inhalation, 

external exposure to radionuclides that depos it on 

the ground, and ingestion of locally grown food 

products. In addition, it is assumed that ind ividuals 
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at Ringold irrigate their crops with water taken from 

the Columbia River downstream of where ground­

water enters the river from the 100 and 200-East 

Areas (discussed in Section 6.1, "Hanford Ground­

water Monitoring Project"). This results in addi­

tional exposures from ingestion of irrigated food 

products and external irradiation from radionuclides 

depos ited on the ground by irrigation. Recreational 

use of the Columbia River is also con idered for this 

individual, resulting in direct exposure from water 

and radionuclides deposited on the horeline and 

internal dose from ingestion of locally caught fish. 

The Riverview area receptor is assumed to be 

exposed via the same pathways as the individual at 

Ringold , except that irrigation water from the 

Columbia River may contain radionuclides that 

enter the river at the 300 Area, in addition to those 

from upstream release points. This individual is also 

assumed to obtain domestic water from the river 

via a local water treatment system. Exposure of this 

individual from the air pathway is typically lower 

than exposure at Ringold because of the greater 

distance from the major, onsite, air emission sources. 

The individual at Sagemoor, assumed to be located 

1.5 kilometer (1 mile) directly acros the Columbia 

River from the 300 Area, receives the maximum 

exposure to airborne effluents from the 300 Area, 

including the same pathways as the individual at 

Ringo ld. Domestic water at this location comes from 

a well rather than from the river, and wells in this 

region are not contaminated by radionuclides of 

Hanford origin (EPS-87-367 A) . Although the fa rms 

located across from the 300 Area obtain irrigation 

water from upstream of the Hanford Site, the con er­

vative assumption was made that the diet of the 

max imally exposed individual res iding 1.5 kilometer 

( 1 mile) east of the 300 Area consisted totally of foods 

purchased from the Riverview area, which could 

contain radionuclides present in both liquid and 

gaseous efflu en ts. The added contri bution of 
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radionuclides in the Riverview irrigation water maxi­

mizes the calculated dose from the air and water 

pathways combined. 

The 1999 hypothetical, maximally exposed 

individual at Sagemoor was calculated to have 

received a slightly higher do e (0.008 mrem/yr) than 

the max ima lly exposed individua l loca ted at 

e ither Ringold (0.005 mrem/yr) or Ri ve rview 

(0.007 mrem/yr) . Radiological doses to the maxi­

mally exposed individual were ca lculated using the 

effluent data in T ables 3. 1.1 and 3. 1.4. Quantities 

of radionuclides assumed to be present in the 

Columbia River from riverbank springs were also 

calculated for input to the GENII code. The esti­

mated releases to the river from these sources were 

derived from the difference between the upstream 

and downstream activities. These radionuclides 

were assumed to enter the river through groundwater 

seeps between the Old Hanfo rd T ownsite and the 

300 Area. 

The calculated doses for the hypothetica l, max i­

mally exposed individual (at Sagemoor) in 1999 are 

summarized in T able 5.0.1. These values include the 

doses rece ived from exposure to liquid and airborne 

effluents during 1999, as well as the future, or com­

mitted dose from radionuclides that were inhaled or 

ingested during 1999. As releases from facilities and 

the doses from these sources decrease, the contribu­

tion of diffuse sources such as wind-blown contami­

nated so il becomes relative ly more sign ificant. An 

upper estimate of the dose from diffuse sources is 

discussed in Section 5.0.3, "Comparison with C lean 

Air Act Standards." The estimated dose from diffuse 

sources was similar to the do e reported in T able 5 .0.1 

for measured emissions. Site-specific parameters for 

food pathways, diet, and recreational activity used for 

the dose calculations are contained in Appendix D 

(Tables 0.1, 0 .2, and 0.4, respectively). 

The total radiological dose to the hypothetical, 

max imally exposed, offs ite individual in 1999 was 



Table 5.0.1. Dose to the Hypothetical, Maximally Exposed Individual Residing at 
Sagemoor from 1999 Hanford Operations 

Dose Contributions from OI!erating Areas, mrem 

100 200 300 400 Pathway 
Effluent Pathway Areas Areas Area Area Total 

Air External 5.3 X lQ·9 5.2 X 10·8 1.9 X 10·8 6.2 X 10·9 8.3 X 10·8 

Inhalation 2.4 X 10·6 2.8x 10·4 2.8 X 10·3 5.3 X 10·6 3. 1 X 10·3 

Foods 6.0 X 10·8 2.J X lQ·S 2.7 X 10·3 9.7 X 10·6 2.7 X 10·3 

Subtotal air 2.5 X 10·6 3.0 X 10·4 5.5 X 10·3 1.5 X 10·5 5.8 X 10·3 

Water Recreation 3.4 X 10·7 3.7 X 10·6 0.0'•l 0.0 4.0 X 10·6 

Foods l.7 X 10·4 l.7 X 10·3 0.0 0.0 1.9 X 10·3 

Fish 1.4 X lQ-4 1.1 X 10·4 0.0 0.0 2.5 X 10·4 

Drinking water 0.0 0.0 0.0 0.0 0.0 
Subtotal water 3.1 X lQ·4 1.8 X 10·3 0.0 0.0 2.1 X lQ·3 

Combined total 3. 1 X 10·4 2. 1 X 10·3 5.5 X 10·3 1.5 X 10·5 7.9 X lQ·3 

(a) Zeros indicate no dose contribution to max imally exposed individual through water pathway. 

calculated to be 0.008 mrem (8 x 10·5 mSv) com­

pared to 0.02 mrem (2 x 10·4 mSv) calculated for 

1998. The primary pathways contributing to this 

dose (and the percentage of all pathways ) were the 

fo llowing: 

• consumption of foods grown downwind of the 

300 Area (99% ), principally tritium emissions 

to air from the 300 and 400 A reas 

• consumption of food irrigated with Columbia 

River water or fish from the Columbia Ri ver 

(80%), principally tritium. 

The DO E radiological dose limit for any member 

of the public from all routine DO E operations is 

100 mrem/yr (1 mSv/yr) (DO E Order 5400.5) . The 

dose calculated fo r the maximally exposed individual 

for 1999 was 0.008% of the DOE limit. Thus, the 

Hanfo rd Site was in compliance with applicable 

federal and state regulations. 

The doses from Hanford operations fo r the max i­

mally exposed individual for 1994 through 1999 are 

illustrated in Figure 5.0.2. During each year, the 

doses were estimated using methods and computer 

codes prev iously described. In 1992, the maximally 

exposed individual was located at Riverview. For 

1993 th rough 1999, the hypothetical, max imally 

exposed individual was located across the Columbia 

River from the 300 Area at Sagemoor. 

5.0.2 Special Case Exposure Scenarios 

The parameters used to calculate dose to the 

max imally exposed individual were se lected to 

describe a scenario that would yield a high exposure 

scenario, that scenario is unlike ly to occur. The 

parameters used yield a dose that is an upper end 

(or bounding) estimate of the dose to the hypotheti­

cal maximally exposed individual. However, such a 
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scenario does not necessarily result in the highest 

conceivable radiological dose. Other low-probability 

exposure scenario ex ist that could result in some­

what higher doses. Three scenarios that could poten­

tially lead to larger doses include 1) an individual 

who would spend t ime at the site boundary location 

with the max imum external radiologica l dose rate, 

Potentiol Doses from 1999 Honford Operotions 
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Figure 5.0.2. Calculated Dose to the Hypo­
thetical, Maximally Exposed Individual, 

1995 Through 1999 

2) a sportsman who might consume contaminated 

wildlife that migrated from the site, and 3) a con­

sumer of drinking water at the Fast Flux Test Facility 

in the 400 Area. 

5 .0 .2 . 1 Maximum 
"Boundary" Dose Rate 

The boundary radiological dose rate is the exter­

nal radiological do e rate measured at publicly acce -

sible locations on or near the site. The boundary dose 

rate was determined from radiation exposure meas­

urements using thermolumine cent dosimeters at 

locations of expected elevated dose rates on the site 

and at representative locations off the site. These 

boundary dose rates should not be used to calculate 

annual doses to the general public because no one can 

actually reside at any of these boundary locations. 

However, these rates can be used to determine the 

dose to a specific individual who might spend some 

time at that location. 

External radiological dose rates measured in the 

vicinity of the 100-N, 200, 300, and 400 Areas are 

described in Section 4.7, "External Radiation Sur­

veillance." Results for the 200 Areas were not used 

because these locations are not accessible to the 
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public. Radiation mea urements made at the 

100-N Area shoreline (see Figure 5.0.1) were consis­

tently above the background level and represent the 

highest measured boundary dose rates. The Colum­

bia River provides public access to an area within 

-100 meters (330 feet) of the N Reactor and sup­

porting facilities. 

The dose rate at the location with the highest 

exposure rate along the 100-N Area shoreline during 

1999 was 0.02 mrem/h (2 x 10·4 mSv/h), or approx­

imately twice the average background dose rate of 

0.01 mrem/h (1 x 10·4 mSv/h) normally observed at 

other shoreline locations. Therefore, for every hour 

someone spent at the 100-N Area shoreline during 

1999, the external radiological dose received from 

Hanford operations wou ld be approximate ly 

0.01 mrem (1 x 10·4 mSv) above the natural back­

ground dose. If an individual spent 1 hour at this 

location, a dose would be received that is higher than 

the annual dose calculated for the hypothetical, 

maximally exposed individual at Sagemoor. The 

public can approach the shorel ine by boat but they 

are legally restricted from tepping onto the shore­

line. Therefore, an individual is unlikely to remain 

on or near the shoreline for an extended period of 

time. 

5 .0 .2 .2 Sportsman Dose 

Wildlife have access to areas of the Hanford Site 

that contain rad ioactive materials, and some do 

become contaminated. Sometimes wildlife migrate 

off the site. Sampling is conducted on the site to 

estimate the maximum contamination levels that 

might possibly exist in animals hunted off the site. 

Because this scenario has a relatively low probability 

of occurrence, these radiological doses are not 

included in the maximally exposed individual 

calculation. 

Radionuclide concentrations in most consum­

able portions of wildlife obtained within the Hanford 

Site boundary were below contractual detection 

limits (see Section 4.5 , "Fish and Wildlife Surveil­

lance") for gamma-emitting radionuclides, except 



for primordial potassium-40. Ces ium-13 7 was the 

only radionuclide, possiblyofHanford origin, observed 

in edible tissue of wi ldlife in 1999. One rabbit had 

measurable cesium-13 7 ( 0.051 pCi/g) and one goose 

had measurable cesium-13 7 (0.04 7 pCi/g). Although 

bone is not normally consumed, several wi ldlife 

amples collected contained measurable amounts of 

strontium-90 and one elk sample had measurable 

uranium in the bone tissue. Because bone is not 

consumed, a dose estimate to a sportsman is not 

viewed as necessary. 

The method to determine doses from consump­

tion of wi ldlife was to multiply the maximum con­

centration measured in tissue by a dose conversion 

factor for ingestion of that flesh, which is addressed in 

more detail in PNL-7 539. Listed below are estimates 

of the radiological doses that could have resulted if 

wild life containing cesium-13 7 were hunted and 

consumed. 

• The radiological do e from eating 1 kilogram 

(2.2 pounds) of jackrabbit that conta ins the 

maximum cesium-13 7 concentration 

(0.051 pCi/g) measured in any rabbit samples 

co llected from within the Hanford Site bound­

ary in 1999 is estimated to be 3 x 10·3 mrem 
(3 x 10·5 mSv). 

• The radio logical dose from eating 1 kilogram 

(2.2 pounds) of We tern Canada Goose flesh 

that conta ins the maximum cesium-13 7 activ­

ity (0.047 pCi/g) mea ured in Canada Goose 

samples collected from within the Hanford Site 

boundary in 1999 is estimated to be 2 x 

10·3 mrem (2 x 10·5 mSv). 

Doses to sportsmen from consuming onsite 

game animals harvested for su rve illance purposes in 

1999 are very low and are comparable to the maxi­

mally exposed individual dose. For example, if a 

sportsman could consume 3 kilograms (6.6 pounds) 

of rabb it flesh or 4 ki lograms (8.8 pounds) of 

Western Canada Goose flesh, with the highest con­

centration of cesium-137 detected in 1999 samples, 

then he, or she, could obtain a radiological dose 

comparable to the dose the hypothetical maximally 

exposed individual receives from all pathways. 

Cesium-13 7 was not detected in any fish or elk 

sample collected in 1999. 

5.0.2.3 Fast Flux Test Facility 
Drinking Water 

During 1999, groundwater was used as drinking 

water by workers at the Fast Flux Test Facility in the 

400 Area. Therefore, this water was sampled and 

ana lyzed throughout the year in accordance with 

applicable drinking water regulations (40 CFR 61). 

A ll annual average radionuclide concentrations 

measured during 1999 were well be low applicable 

drinking water standards, but tritium was detected at 

levels greater than typica l background values (see 

Section 4.3, "Radiological Surveillance of Hanford 

Site Drinking Water," and Appendix D). Based on 

the measured groundwater well concentrat ions, 

the potential dose to Fast Flux T est Facility workers 

(an estimate derived by assuming a consumption of 

1 li ter per day [0. 26 gallon per day] for 240 working 

days)wouldbe-0.02 mrem(0.0002 m v). Although 

the hypothetical Fast Flux Test Facility worker 

would receive a slightly higher dose than the 1999 

offsite maximally exposed individual, the dose is well 

below the drinking water dose limit of 4 mrem for 

public drinking water supplies. 

5.0.3 Comparison with Clean Air Act Standards 

Limits for radiation do e to the public from 

airborne radionuclide emissions at DOE faci lities are 

provided in 40 CFR 61, Subpart H. The regulation 

specifies that no member of the public shall receive 
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a do e of greater than 10 mrem/yr (0.l mSv/yr) from 

exposure to airborne radionuclide effluents, other 

than radon, released at DOE faci li t ies (EPA520/ 

1-89-005). The regulation also requires that each 

Potential Doses from 1999 Hanford Operations 



DOE facility submit an annual report that supplies 

information about atmospheric emissions for the pre­

ceding year and their potential offsite impacts. The 

fo llowing summarizes information that is provided in 

more detail in the 1999 air emissions report (DOE/ 

RL-2000-37) . 

The 1999 air emissions from monitored Hanford 

Site facilities resulted in a potential dose to a maxi­

mally exposed individual at Sagemoor of0 .029 mrem 

(2.9 x 10-4 mSv), which represents less than 0.3% of 

the standard. The Clean Air A ct requires the use of 

CAP-88 (EP A-402-B-92-001) or other EPA-approved 

models to demonstrate compliance with the stan­

dard, and the assumptions embodied in these codes 

differ slightly from standard assumptions used at 

Hanford for reporting to DOE via thi report. Never­

theless, the result of calculations performed with 

C AP88-PC for air emissions from Hanford Site fac ili­

ties agrees well with doses calculated for this report 

using the GENII code (for air pathways ). 

The December 15, 1989, rev isions to the Clean 

A ir A ct (40 C FR61 , SubpartH) require DOE facilities 

to estimate the dose to a member of the public for 

radionuclides released from all potential sources of 

airborne radionuclides. DOE and EPA have inter­

preted the regulation to include diffuse and unmon­

itored sources as well as monitored point sources. 

EPA ha not specified or approved methods to esti­

mate emissions from diffuse sources, and standardiza­

tion is difficult because of the wide variety of such 

sources at DOE sites. Estimates of potential diffuse 

source emissions at Hanford were developed using 

environmental surveillance measurements of air­

borne radionuclides at the ite perimeter. 

During 1999, the estimated dose from diffuse 

sources to the maximally exposed individual at 

Sage moor was 0.04 mrem ( 4 x 10·4 mSv), which was 

greater than the estimated dose at that location from 

stack emissions (0.029 mrem, or 2.9 x 10·4 mSv). 

Doses at other locations around the Hanford perim­

eter ranged from 0.02 to 0.05 mrem (2 x 10·5 to 

5 x 10·4 mSv). Based on these results, the com­

bined dose from stack emi sions and diffuse and 

unmonitored sources during 1999 was well below the 

EPA standard . 

5.0.4 Collective Dose to the Population Within 
80 Kilometers (50 Miles) 

Exposure pathways for the general public from 

releases of radionuclides to the atmosphere include 

inhalation, air submersion, and consumption of con­

taminated food. Pathways of exposure for radionu­

clides present in the Columbia River include 

consumption of drinking water, fish, and irrigated 

foods and external exposure during aquatic recre­

ation. The regional collective dose from 1999 Hanford 

ite operations was estimated by calculating the radio­

logical dose to the population res iding within an 

SO-kilometer (SO-mile) radius of the onsite operating 

areas. Results of the dose calculations are shown in 

T able 5.0.2. Food pathway, dietary, residency, and 

recreational activ ity assumptions for these calcula­

t ions are given in Appendix D (T ables D.l through 

D.4) . 
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The collective dose calculated for the popula­

tion was 0.25 person-rem (0.0025 person-Sv) in 1999, 

and increased slightly from the 1998 population 

dose. The SO-kilometer (SO-mile) collective doses 

attributed to Hanford operations from 1995 through 

1999 are compared in Figure 5.0.3. Primary pathways 

contribu ting to the 1999 population dose were the 

following: 

• consumption of foodstuffs (52% ) contaminated 

with radionuclides released in gaseous effluents, 

principally tritium 

• consumption of drinking water (22% ) contami­

nated with radionuclides released to the Colum­

bia River at Hanford, primarily tri t ium 



Table 5.0.2. Dose to the Population from 1999 Hanford Operations 

Dose Contributions from OQerating Areas2 Qerson-rem 

100 200 300 400 Pathway 
Effluent Pathway Areas Areas Area Area Total 

Air External 9.0 X 10·7 4.1 X 10·6 1.1 X IQ-7 2.0 X lQ•l 5J X 10·6 

Inhalation 5.8 X lQ·4 3.3x 10·2 2.4 X IQ-2 1.1 X 10·4 5.8 X 10·2 

Foods 1.6 X lQ·S 2,4 X 10·3 l.3 X 10·1 1.8 X 10·6 l.3 X lQ•l 

Subtotal air 6.0 X lQ·4 3.5 X 10·2 1.5 X lQ·l 1.1 X lQ•4 1.9 X lQ•l 

Water Recreation 2.6 X lQ·6 4.6x 10·5 0.0 0.0 4.9 X lQ·S 

Foods 1.8 X lQ·4 1.9 X 10·3 0.0 0.0 2. 1 X lQ·3 

Fish 5.2 X lQ·S 4.1 X lQ·S 0.0 0.0 9.3x 10·5 

Drinking water 4.4 X lQ·4 5.6 X 10·2 0.0 0.0 5.6 X 10·2 

Subtotal water 6. 7 X 10·4 5.8x 10·2 0.0 0.0 5.9 x 10·2 

Combined total 1.3 X lQ-3 9J X 10·2 1.5 X lQ•l 1.1 X lQ·• 2.5 X lQ·l 

(a) Zeros indicate no dose contribution to the population through the water pathway. 

• inhalat ion of rad ionuclides (23 %) that were 

released to the air, principally tritium emitted 

from the 300 Area stacks. 

The average per capita dose from 1999 Hanfo rd 

Site operations based on a population of 380,000 

within 80 kilometer (50 miles ) was 0.0007 mrem 

(7 x 10·6 mSv). T o place this dose from Hanford 

Site activities into perspective, the est imate may be 

compared with doses from other routinely encoun­

tered sources of radiation such as natural terrestrial 

and co mic background radiation, medical treatment 

and x- rays, natural radionucl ides in the body, and 

inhalation of naturally occurring radon . The 

national average rad iological dose from these other 

sources is illustrated in Figure 5.0.4. The estimated 

average per capita dose to members of the public from 

Hanford Site sources is - 0.0002% of the annual per 

capita dose (300 mrem) from natural background 

sources. 

The doses from Hanford effluents to the max i­

mally exposed individual and to the population within 

80 kilometers (50 miles ) are compared to appropri­

ate standards and natu ral background radiation in 

5.9 

T able 5.0.3. This table shows that the calcu lated 

radiological doses from Hanford Site operat ions in 

1999 are a small percentage of the standards and of 

natu ral background. The radiological dose from 

diffuse sources is approximately equal to dose from 

the air pathway for measured effluents. 
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Figure 5.0.3. Calculated Dose to the Popula· 
tion Within 80 Kilometers (50 Miles) of 
the Hanford Site, 1995 Through 1999 
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Table 5.0.3. Summary of Doses to the Public in the Vicinity of the Hanford Site 
from Various Sources, 1999 

Source 

All Hanford effluents 
DOE limit 

Maximum Individual 

0.008 mrem1•l 

Population 

0.25 person-rem1•l 

Percent of DOE limit1bl 

Background radiation 
Hanford dose percent of background 
Doses from gaseous effluents 
EPA air standard1<l 

Percent of EPA standard 

100 mrem 
0.008 

300 mrem 
<0.01 

0.015 mrem 
10 mrem 

0.15 

110,000 person-rem 
2 X lQ·i 

(a) To convert the dose values to mSv or person-Sv, divide by 100. 
(b) DOE Order 5400.5. 
(c) 40 CFR 61. 

5.0.6 Hanford Public Radiological Dose in 
Perspective 

This section provides information to put the 

potential health risks of radionuclide emiss ions from 

the Hanford Site into perspective. Several scientific 

tudie (National Research Council 1980, 1990; 

United Nations Science Committee on the Effects of 

Atomic Rad iation 1988) have been performed to 

estimate the possible risk of detrimental health 

effects from exposure to low levels of radiation. 

These studies have provided vital info rmation to 

government and scientific organization that recom­

mend radiological dose limits and standards for pub­

lic and occupational safety. 

Although no increase in the incidence of health 

effect from low doses of rad iation has actually been 

confirmed by the scientific community, some scien­

ti ts accept the hypothesis that low- level doses might 

increase the probability of cancer or other health 

effects . Regulatory agencies conservatively (cau­

tiously) a sume that the probability of these types of 

health effects at low doses (down to zero dose) is the 

same per unit dose as the same health effects observed 

at much higher doses (e.g., in atomic bomb victims, 

radium dial painters). This is also known as the linear 

no thre hold hypothesis. Under these assumptions, 
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even natural background rad iation, which is hun­

dreds of times greater than radiation from current 

Hanford releases, increa es each person's probability 

or chance of developing a detrimental health effect. 

Not all scientists agree on how to translate the 

ava ilab le data on health effects into the numerical 

probability (ri k) of detrimental effects from low­

level radiological doses. Some scientific studie have 

indicated that low radiological do es may cause ben­

eficial effects (Sagan 1987). Becau e cancer and 

hereditary diseases in the general population may be 

caused by many sources (e.g., genetic defect , sun­

light, chemicals, background rad iation), some scien­

tists doubt that the risk from low- level radiation 

expo ure can ever be conclusively proved. In devel­

oping Clean Air Act regulations, EPA uses a prob­

abi lity value of approx imately 4 per 10 million 

( 4 x 10·7) fo r the risk of developing a fatal cancer 

after receiving a dose of 1 mrem (0.01 mSv) (EPA 

520/1-89-005 ). Additional data (National Research 

Counci l 1990) support the reduction of even this 

small risk value, possibly to zero, for certain types of 

radiation when the dose is spread over an extended 

t ime. 

Potential Doses from 1999 Hanford Operations 



Government agencies are trying to determine 

what level of risk is safe for members of the pub lic 

exposed to pollutants from industrial operations (e.g., 

DOE facil ities, nuclear power plants, chemical plants, 

hazardous waste sites). All of these industries are 

considered beneficial to people in some way such as 

providing electricity, national defense, waste dis­

posal, and consumer products. These government 

agencies have a complex task in establishing environ­

mental regulations that control levels of risk to the 

public without unnecessarily reducing needed ben­

efits from industry. 

One perspective on risks from industry 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 radiological 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 radiologi­

cal doses to the risks of some activ ities encountered 

in everyday life. T able 5.0.5 lists some activities 

considered approximately equal in risk to that from 

the dose received by the maximally exposed indi­

vidual from monitored Hanford effluents in 1999. 

5.0.7 Dose Rates to Animals 
Conservative (upper) estimates have been made 

of the radiological dose to native aquatic organism in 

accordance with the DOE Order 5400.5 interim 

requirement for management and control of liquid 

discharges. Poss ible radiological dose rates during 

1999 were calculated for several exposure modes, 

including exposure to radionuclides in water enter­

ing the Columbia River from spr ings near the 

Table 5.0.4. Estimated Risk from Various Activities and Exposuresl•l 

Activity or Exposure Per Year 

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

in 1999 (0.008 mrem, 8 x 10·5 mSv) 

Risk of Fatality 

},600 X 10·6 

100 X lQ·6(b) 

20 X 10·6 

10 X 10·6 

10 X 10·6(b) 

8 X lQ·6(b) 

8 X 10·6 

6 X lQ·6(b) 

3 X 10·6 

2 X 10·6(b) 

1 X 10·6 

0 tO 120 X 10·6 

0 to 5 X lQ·6 

0 to 0.4 X 10·6 

0 to 0.0032 X 10·6 

(a) These values are generally accepted approximations with varying levels of uncertainty; there can be 
significant varia tion as a result of differences in individual lifestyle and biological factors (Atallah 1980; 
Dinman 1980; Ames et a l. 1987; Wilson and Crouch 1987; Travis and Hester 1990). 

(b) Real actuarial values. Other values are predicted from statist ical models. For radiation dose, the values are 
reported in a possible range from the least conservative (O) to the currently accepted most conservat ive 
value. 
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Table 5.0.5. Activities Comparable in Risk to the 0.008-mrem (8 x 1 o-s mSv) Dose 
Calculated for the 1999 Maximally Exposed Individual 

Driving or riding in a car 0.77 km (approximately 0.5 mi) 
Smoking less than 1/100 of a cigarette 
Flying 2 km (1 .25 mi) on a commercial airliner 
Eating approximately l. 75 tsp of peanut butter 
Eating one 0.13-kg ( 4.6-oz) charcoal-bro iled steak 
Drinking approximately 0. 78 L (26 oz) of ch lorinated tap water 
Being exposed co natural background radiation for approx imately 14 min in a typical 

terrestrial location 
Drinking approx imately 0.05 L ( < 1.4 oz ) of beer or 0.016 L (0.5 oz) of wine 

100-N Area and internally deposited rad ionuclides 

measured in animals co llected from the river and on 

the site. 

The aquatic animal rece iving the highest poten­

tial dose from N Springs water was a hypothetical 

crawdad. The water flow of the N Springs is very low; 

no aquatic animal was observed to live directly in this 

spring water (PNNL-11933 ). Exposure to the rad io­

nuclides from the spring cannot occur until the 

spring water has been noticeably diluted in the Colum­

bia River. The assumption was made that a few 

aquatic animals might be exposed to the max imum 

rad ionuclide concentrat ions measured in the spring 

water (see T able 4. 2.4) after a 10-to- 1 dilution by the 

river. Radiological doses were calculated fo r several 

different types of aquatic and riparian animals, using 

these extremely conservative as umptions and the 

CRITRII computer code (PNL-8150). If a crawdad 

population spent 100% of its t ime in the one-tenth­

d iluted spring water and consumed only plants grow­

ing there, it is possible that an individual could 

receive a dose rate of 3.3E-10 rad per day. This 

hypothetica l dose rate is 0.00000003 % of the limit of 

1 rad per day for native aquatic animal organisms 

established by DOE Order 5400.5 . The intent of the 

DOE Order 5400.5 native aquatic an imal organism 

do e limit i to protect the population of a species, not 

necessarily individual organisms. It is not possible for 

a population of crawdads to live in this spring fo r an 

entire year. 

Doses also were estimated u ing the CRITRII 

code for aquatic and riparian organisms based on 

measured rad ionuclide activities in river water. The 

highest potential dose rate from all the radionuclides 

reaching the Columbia River from Hanford Site 

sources during 1999 was 9 x 10-9 rad per day for 

hypothetical fish, mollusks, and crawdads. The high­

est rad iological dose to riparian organisms, ducks, 

raccoons, or muskrats, for example, based on the 

same measured radioactivity in water, wa calculated 

to be 3 x 10·8 rad per day to the hypothetical duck 

consuming contaminated fish. The radiological dose 

rate to individual animals collected on the site or 

from the Columbia River wa calculated using the 

maximum levels of radionuclides measured in muscle 

ti ue. These doses ranged from 1 x 10·6 rad per day 

for a deer to 1 x 10·3 rad per day i r a pheasant. 

Neither the dose ca lculated based on Columbia 

River water activities nor the doses based on actual 

biota activities approach the dose limit set fo rth in 

DOE Order 5400.5. 

DOE has developed a screening method to esti­

mate rad iological do es to aquatic and terrestrial 

biota, using surveillance data. This method assesses 

compliance with proposed rule 10 C FR 834, Sub­

part F. The Biota Dose Calculator is a program that 

uses an Excel spreadsheet to initially compare radio­

nuclide concentrations measured by routine surveil­

lance programs and to a set of conservatively set biota 

concentrations gu ides, then uses a sum of fractions to 
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determine compliance. If a site does not initially 

comply, site-specific parameters (e.g., concentration 

ratios) may be substituted for the conservative ones in 

the program. If a site still does not comply, a site­

specific biota data calculation must be done. 

Radiological doses to plants and animals were in 

compliance with proposed limits based on sediment 

and riverbank spring water data. Maximum concen­

trations of radionuclides in onsite pond water were 

entered into the Biota Data Calculator. The results 

indicated that ons ite pond water exceeded the pro­

posed dose limits. Following further investigation, it 

was apparent that high uranium concentrations in 

West Lake, a naturally occurring, spring-fed pond 

located north of the 200-East Area, were the reason 

the proposed dose limits were exceeded. 

The next step in the screening was to enter the 

mean concentrations and rerun the program to 
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6.0 Groundwater and Vadose Zone 
Monitoring 

6.0.1 Groundwater Monitoring 

The Hanford Groundwater Monitoring Project 

includes sitewide groundwater monitoring mandated 

by U.S. Department of Energy (DOE) Orders and 

near-field groundwater monitoring conducted to 

ensure that operations in and around specific waste 

dispo al facilities are in compliance with applicable 

regulations. 

Collection and analysi of groundwater samples 

to determine the distribution of radiological and 

chemical constituents were major parts of the ground­

water monitoring effort. In addition, hydrogeologic 

characterization and modeling of the groundwater 

flow system were used to assess the monitoring net­

work and to evaluate potential effects of Hanford 

Site groundwater contamination. Other work 

included data management, interpretation, and 

reporting. The purpo e of this section is to provide an 

overall summary of groundwater monitoring during 

1999. Additional details concerning the Hanford 

Groundwater Monitoring Project are available in 

PNNL-13116, "Hanford Site Groundwater Moni­

toring for Fiscal Year 1999." 

6 .0 .1. 1 Monitoring Objectives 

Groundwater monitoring was conducted to 

accomplish the following tasks: 

• assess the impact of radiological and hazardous 

chemicals on groundwater as a result of Hanford 

Site operations 

• provide an integrated assessment of ground­

water quality on the Hanford S ite 

• evaluate potential offsi te effects from the 

groundwater pathway 
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• verify compliance with applicable environmen­

tal laws and regulations 

• eva lu a te effectiveness of groundwater 

remediation 

• identify and characterize new or existing ground­

water quality problems. 

Sitewide groundwater monitoring i designed to 

meet the project objectives stated in DOE Order 

5400.1 and described above. The impact of Hanford 

Site operations on groundwater have been moni­

tored for more than 50 years under thi project and its 

predecessors. Near-field monitoring of groundwater 

around specific waste facilities was performed to meet 

the requirements of the Resource Conservation and 
Recovery Act (RCRA) (40 CFR 265) and Washing­

ton Administrative Codes (W ACs 173-303 and 

173-304) as well as applicable DOE Orders (e.g., 

5400.1, 5400.5). Groundwater monitoring was also 

performed in conjunction with cleanup investiga­

tions under the Comprehens ive Environmental 
Response, Compensation, and Liability Act 
(CERCLA) (40 CFR 300). 

6 .0 .1.2 Monitoring Design 

Groundwater moni toring was designed to satisfy 

regulatory requirements using various criteria. Spe­

cific chemicals and rad ionuclides analyzed at each 

monitoring well and their sampling frequencies were 

se lected based on past waste disposal (PNL-6456, 

WHC-EP-052 7-2) and on previou analytical results. 

Also considered was information on the location of 

potential contaminant sources and hydrogeology, 

including groundwater flow directions. Selections 

involved determining those chemicals and rad ionu-



elides important in assessing health risk and for 

understanding contaminant di stributio n and 

movement. 

Groundwater surveillance was conducted using 

established quality assurance plans (see Section 8.0, 

"Qua lity A ssurance") and written procedures 

(ES-SSPM-001). Computerized data management 

systems are used to schedule sampling; generate sam­

ple labels and chain-of-custody forms; track sample 

status; and load , store, and report data. The Hanford 

Environmental Information System is the central , 

consolidated database for storing and managing the 

results of groundwater monitoring. 

Groundwater samples were collected from both 

the unconfined and upper confined aquifers. The 

unconfined aquifer was monitored extensively because 

it contains contaminants from Hanford Site opera­

tions (PNNL-13116) and provides a potential path­

way for contaminants to reach points of human 

exposure (e.g., water supply wells, Columbia River) . 

The upper confined aquifer was monitored, though 

less extensively and less frequently than the uncon­

fined aquifer, because it also provides a potential 

pathway for contaminants to migrate off the site. 

Also, some sampling was conducted at the request of 

the W ashington State Department of Health. 

Areas that might be a source of contamination 

were monitored to characterize and define trends in 

the condition of the groundwater and to identify and 

quantify ex isting, emerging, or potential problems in 

groundwater quality. These areas included active 

waste disposal fac ilities or facilities that had gener­

ated or received waste in the past . Most of these 

facilities are located within the 100, 200, and 300 

Areas. However, some sources such as the Solid 

W aste Landfill are located outside the operational 

areas. 

W ells located within known contaminant plumes 

were monitored to characterize and define trends in 

the concentrations of the associated radiological or 

chemical constituents. These wells were also moni­

tored to quantify ex isting groundwater quality 

problems and to provide a baseline of environmen-
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tal conditions aga inst which future changes can 

be assessed. Even though releases of liquid waste to 

ground disposal facilities have for the most part 

ceased, these wells continue to be monitored as 

cleanup of the Hanford Site continues. This will 

provide a continuing assessment of the effect of 

remediation efforts on groundwater. 

W ater supplies on and near the Hanford Site 

potentially provide the most direct route for human 

exposure to contaminants in groundwater. In 1999, 

three of the site's 12 DOE-owned, contractor oper­

ated drinking water systems provided groundwater 

for human consumption on the site. One system 

supplied water at the Fast Flux T est Facility, and one 

was located at the Hanfo rd Patrol T raining Academy 

(see Sect ion 4.3, "Radiological Surveillance of 

Hanford Site Drinking W ater"). W ater supply wells 

used by the city of Richland are located near the site's 

southern boundary. Mon itoring wells near these 

water systems were routinely sampled to ensure that 

any potential water quality problems would be iden­

tified long befo re regulatory limits were reached. 

To assess the effect of Hanfo rd Site operations 

on groundwater quality, background conditions, or 

the quality of groundwater on the site unaffected by 

operations, must be known . Data on the concentra­

tion of contaminants of concern in groundwater that 

ex isted before site operations began are not available. 

Therefore, concentrations of naturally occurring 

chemica l and radiological constituents in ground­

water sampled from wells located in areas unaffected 

by site operations, including upgradient locations, 

provide the best estima~e of pre-Hanford ground­

water quality. Summaries of background conditions 

are tabulated in PNL-6886 and PNL-71 20. 

Groundwater samples are collected at various 

frequencies, depending on the historical trends of 

constituent data, regulatory or compliance require­

ments, and characterization needs. Sampling fre­

quencies range from monthly to every 3 years. 

Summary results for 1999 are discussed in Sec­

tion 6.1, "Hanford G roundwater Monitoring Project." 



6 .0.2 Vadose Zone Monitoring 

The vadose zone is defined as the area between 

the ground surface and the water table. This subsur­

face zone is also referred to as the unsaturated zone, 

zone of suspended water, or zone of aeration. The 

vadose zone function as a transport pathway or 

storage area for water and other materials located 

between the soil surface and the groundwater aqui­

fers . Historically, the vadose zone at industrialized 

and waste disposal areas at the Hanford Site has been 

contaminated with large amounts of radioactive and 

nonradioactive materials through the intentional 

and unintentional discharge of liquid waste to the 

soi l column, the burial of contaminated solid waste, 

and the deposition of airborne contaminants to the 

ground. Depending on the makeup of the soil, the 

geology of the area, the nature of the waste, the 

amount of water or other fluids available to mobilize 

the contaminant, and other factors, contaminants 

can move downward and laterally through the soi l 

column, can be chemically bound to soil particles 

(and immobilized), or can be contained by geologic 

formations. 

Becau e of concerns about the effect of some 

vadose zone contaminants on the groundwater 
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beneath the Hanford Site, and the potential for 

contaminated groundwater to reach the Columbia 

River, characterization efforts are under way to learn 

more about the nature and extent of vadose zone 

contamination. At the Hanford Site, the primary 

method for monitoring rad iological contamination 

in the vadose zone consists of borehole logging ( mon­

itoring rad iation leve ls in narrow shafts bored or 

drilled into the soil column). Borehole logging is 

conducted in ex isting boreholes located in and around 

the 200 Areas single-she ll tank farms and beneath 

former waste disposal facil ities also in or near the 

200 Areas. Additionally, so il-vapor extraction and 

monitoring are conducted as part of an expedited 

response action in the 200-W est Area to remove 

carbon tetrachloride from the vadose zone. 

Results for the 1999 vadose zone monitoring 

program are discussed in Section 6.2, "Vadose Zone 

Characterization and Monitoring." Section 6.2 has 

been divided into vadose zone characterization in the 

200 Areas tank farms, vadose zone monitoring beneath 

former 200 Areas waste disposal facilities, surface 

barrier technology, and soil gas and soil moisture 

measurements. 

Groundwater ond Vadose Zone Monitoring 





6 .1 Hanford Groundwater 
Monitoring Project 

D. R. Newcomer and M. J. Hartman 

The stra tegy for manag ing and protecting 

groundwater resources at the Hanford Site focuses 

on protection of the Columbia River, human health, 

the environment, treatment of groundwater con­

tamination, and limitation of contaminant migra­

tion from the 200 Areas (see G roundwater/Vadose 

Zone Integration Project reports DOE/RL-98-48, 

Draft C and DOE/RL-98-56). To implement this 

strategy, the Hanford G roundwater Monitoring 

Project continues to monitor the quality of ground­

water. The project is designed to detect and charac­

terize new contaminant plumes and to document the 

distribution and movement of ex isting groundwater 

contamination. Monitoring provides the historical 

baseline to evaluate current and future risk from 

exposure to groundwater contamination and to 

decide on remedial options. Hydrogeologic studies 

are an integral part of the project because the geol­

ogy and hydrology of the Hanfo rd Site control the 

movement of contaminants in groundwater. 

The effort to protect groundwater quality at the 

Hanford Site is implemented through programs to 

minimize and eliminate wa te discharged to the soil 

column and through remediation work on the site. 

The Hanfo rd Federal Facility Agreement and Con­

sent Order (also known as the Tri-Party Agreement; 

Ecology et al. 1998) provides a framework fo r reme­

diation of the Hanfo rd S ite, including groundwater, 

over a 40-year period. A summary of accomplish­

ments in waste minimization and site remediation is 

pre ented in Section 2.3 , "Activities, Accomplish­

ments, and Issues." 

DO E prepared a Plan and Schedule to Discontinue 

Disposal of Liquids Into the Soil Column at the Hanford 

Site (DOE 1987), which includes an alternative fo r 
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treatment and disposal of contaminated effluents 

discharged to the soil. Of the 33 major waste streams 

identified in DOE ( 1987), the Phase I (high-priority) 

streams have either been eliminated or are being 

treated and diverted to the 200 Areas Treated Efflu­

ent Disposal Facility . In 1999, the State-Approved 

Land Disposal Site was the only place on the Han­

ford Site where liquid effluent containing radionu­

clide contamination discharged to the soil column. 

The locations of active permitted faciliti es through 

which wastewater was discharged to the ground in 

1999 are shown in Figures 1.0.2 and 6.1.l and are 

discussed in detail in Section 2.3, "Activities, 

Accomplishments, and Issues." In 1999, - 15%of the 

total volume of wastewater at the Hanford Site was 

discharged to the State-Approved Land Disposal 

Site and - 85% was discharged to the 200 Areas 

Treated Effluent Disposal Facility. All other facili­

ties (e.g., cribs, trenches) where wastewater was 

historically discharged to the soil column are out of 

service. The only operational injection wells are 

associated with pump-and-treat remediation sys­

tems. Treated wastewater is reinjected back into the 

unconfined aquifer at these wells. 

Groundwater is used for drinking water and 

other purposes at 12 DOE facilities on the Hanford 

Site. Pacific Northwest National Laboratory moni­

tors DOE drinking water supplies for radiological 

constituents at the point of use or at the source. 

Results of the radiological monitoring are summa­

rized in Section 4.3, "Radiological Surveillance of 

Hanfo rd Site Drinking W ater." The locations of 

wells completed in the unconfined aquifer that pro­

vide water fo r drinking, fire suppression, and cooling 

are shown in Figure 6.1.2. 
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6.1.1 Geologic Setting 

The Hanford Site lies within the Pasco Basin, 

one of several structural basins within the Columbia 

Plateau. Principal geologic units beneath the Han­

ford Site include, in ascending order, the Columbia 

River Basalt Group, the Ringold Formation, and the 

Hanford formation (informal name) (Figure 6.1.3 ). 

The Columbia River ba alts were formed from 

lava that periodically erupted from volcanic fissures . 

The regional river system eroded the basalt and 

deposited sediment across the basalt surfaces between 

eruptions. Zones between the basalt flows and the 

sediment deposited as interbeds between basalt erup­

tions are frequently zones that are used as water 

sources in areas around the Hanford Site. 

During the period when basalt was deposited, 

tectonic pressure was slowly deforming the basalt 

flows into the generally east-west ridges that border 

the Pasco Basin today. After the last major basalt 

eruption, sand and gravel of the Ringold Formation 

were deposited in the central portion of the Pasco 

Basin by the ancestral Columbia River as it mean­

dered back and forth across the relatively flat basalt 

surface. Following uplift of the basalts and overlying 

sediment, the Columbia River began to erode, rather 

than deposit, sediment in the Pasco Basin. The 

uppermost mud layer was eroded from much of the 

Pasco Basin, and a caliche layer, part of the Plio­

Pleistocene unit, developed in places on the eroded 

surface of the Ringold Formation. The caliche forms 

a low-permeability layer that affects migration of 

water through the vadose zone. 

More recently, Hanford formation sediment was 

deposited by catastrophic ice age floods. Fine sand 

and silt were depo ited in slackwater areas at the 

margins of the basin. However, primarily sand and 
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gravel were deposited on the Hanford Site. In places, 

the sediment is covered by up to a few meters of 

recent stream or windblown deposits. 

More detailed information on the geology of the 

Pasco Basin can be found in BHI-00184, DOE/ 

RW-0164 (Vol.1), PNNL-13080, WHC-MR-0391, 

WHC-SD-EN-TI-014, and WHC-SD-EN-TI-019. 

6 . 1 .2 Groundwater Hydrology 

Both confined and unconfined aquifers are 

present beneath the Hanford Site. An aquifer is a 

water-saturated geologic interval or unit that has a 

high permeability, meaning it can transmit signifi­

cant quantities of water. A confined aquifer is 

bounded above and below by low-permeability 

materials that restrict the vertica l movement of 

water. The confining layers may be dense rock, 

such as the central parts of basalt flows, silt, clay, or 

well-cemented ediment (i.e., caliche). Extensive, 

confined aquifers at the site are found primarily 

within interflows and interbeds of the Columbia 

River basalts. These are referred to as basalt­

confined aquifers. Locally confined aquifers are 

al o found below the clays and silts of the Ringold 

Formation. 

An unconfined aquifer, or water-table aqu ifer, 

is overlain by unsaturated sed iment. The upper 

surface of the saturated zone in an unconfined aqui­

fer, which is called the water table, rises and falls in 

response to changes in the volume of water stored in 

the aqu ifer. In general, the unconfined aquifer at the 

Hanford Site is located in the Hanford and Ringold 

format ions. In some areas, the water table is below 

the bottom of the Hanford format ion and the 

unconfined aqu ifer is entirely within the Ringold 

Formation. Sand and gravel of the Hanford forma­

tion are unconsolidated and are generally much 

more permeable than the compacted and silty gravel 

of the Ringold Formation. C lay and si lt units and 

zones of natural cementation form low-permeability 

zones within the Ringold Formation. 

The unconfined aquifer forms the uppermost 

groundwater zone and has been directly effected by 

wastewater disposal at the Hanford Site. The uncon­

fined aquifer discharges primarily into the Columbia 
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River and is the most thoroughly monitored aquifer 

beneath the site. The Rattlesnake Ridge interbed is 

the uppermost, basalt-confined aquifer within the 

Pasco Basin and the Hanford Site. This aquifer and 

other confined aquifers are generally i olated from 

the unconfined aquifer by dense rock that forms the 

interior of the basalt flows. However, interflow 

between the unconfined aquifer and the basalt­

confined aquifer system is known to occur at faults 

that bring a water bearing interbed in contact with 

other sediments or where the overlying basalt has 

been eroded to reveal an interbed (Newcomb et al. 

1972, RHO-RE-ST-12 P, WHC-MR-0391). Addi­

tional information on the basalt-confined aquifer 

system can be found in PNL-10158 and PNL-10817. 

The thickness of saturated sediment above the 

basalt bedrock is greater than 200 meters ( 656 feet) 

in some areas of the Hanford Site and thins out along 

the flanks of the uplifted basalt ridge (Figures 6.1.3 

and 6.1.4). Depth from the ground surface to the 

water table ranges from less than 0.3 meter ( 1 foot) 

near the Columbia River to greater than 106 meters 

(348 feet) in the center of the site. The unconfined 

aquifer is bounded below by either the basalt surface 

or, in places, by relatively impervious clays and silts 

within the Ringold Formation. The water table 

defines the upper boundary of the unconfined aqui­

fer. Laterally, the unconfined aqu ifer is bounded by 

basalt ridges and by the Yakima and Columbia 

Rivers. The basalt ridges have a low permeabi lity and 

act as a barrier to the lateral flow of groundwater 

where they rise above the water table (RHO-BWI­

ST-5, p. II-116). 

The water-table elevation contours shown in 

Figure 6.1.5 indicate the direction of groundwater 

flow and the magnitude of the hydraulic gradient in 

Hanford Groundwater Moni toring Project 
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the unconfined aquifer. Groundwater flow is gener­

ally perpendicular to the water-table contours from 

areas of higher elevation, or head, to areas of lower 

head. Areas where the contours are closer together 

are high-gradient areas, where the "driving force" for 

groundwater flow is greater. However, because sedi­

ment with low permeabilities inhibits groundwater 

flow, producing steeper gradients, a high gradient 

does not necessarily mean high groundwater veloc­

ity. Lower transmissivity and steeper gradients are 

often assoc iated with areas where the water table is 

below the bottom of the Hanford formation and the 

aquifer is entirely within the less permeable Ringold 

sediment. Figure 6.1.6 shows the generalized distri­

bution of transmissivity as determined from aquifer 

pumping tests and groundwater flow model calibra­

tion. Additional information on aquifer hydraulic 

properties at Hanford is presented in DOE/R W-0164 

(Vol. 2) and PNL-8337. 

Recharge of water within the unconfined aquifer 

(RHO-ST-42) comes from several sources. Natural 

recharge occurs from infiltration of precipitation along 

the mountain fronts, runoff from intermittent 

streams such as Cold and Dry C reeks on the western 

margin of the site, and limited infiltration of precipi­

tation on the site. The Yakima River, where it flows 

along the southern boundary of the site, also 

recharges the unconfined aquifer. The Columbia 

River is the primary discharge area for the unconfined 

aquifer. However, the Columbia River also recharges 

the unconfined aquifer for short periods during high­

river stage, when river water is transferred into the 

aquifer along the riverbank. Recharge from infiltra­

tion of precipitation is highly variable on the Han­

ford S ite both spatially and temporally. The rate of 

natural recharge depends primarily on soil texture, 

vegetation, and climate (Geeetal.1992, PNL-10285). 

Natural recharge rates range from near zero, where 

fine-grained soils and deep-rooted vegetation are 

present, to greater than 10 centimeters per year 

(4 inches per year) in areas where soils are coarse 

textured and bare of vegetation. 

1999 Annual Environmental Report 
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Large-scale, artificial recharge to the uncon­

fined aquifer occurred as a result of past liquid waste 

disposal in the operating areas and offsite agricul­

tural irrigation to the west and south. Discharge of 

wastewater caused the water table to rise over most 

of the Hanford Site. Since the peak discharge in 

1984, discharge of wastewater to the ground has 

been significantly reduced and, in response, the 

water table subsequently declined over most of the 

site. The water table continues to decline, as illus­

trated by Figure 6.1. 7. The water table declined up 

to 0.5 meter ( 1.6 feet) over most of the site between 

1998and 1999. Adeclineof0.5 to 1.5 meters (1.6 to 

4.9 feet) in the water table along the Columbia River 

from west of the 100-B,C Area to the Old Hanford 

Townsite was due to variations in river discharge 

during different times of the year. Beginning in 1999, 

annual water-level mea urements were taken in 

March instead of June because the March water table 

is considered to represent the annual average water 

table (PNNL-13021). River discharge is typically 

lower in March than in June. 

The decline in the water table has altered the 

flow pattern of the unconfined aquifer, which is 

generally from the recharge areas in the west to the 

discharge areas (primarily the Columbia River) in 

the east and north. Water levels in the unconfined 

aquifer have continually changed as a result of varia­

tions in the volume and location of wastewater 

discharge. Con equently, the movement of ground­

water and its associated constituents has also changed 

with time. 

Two major groundwater mounds formed in the 

vicinity of the 200-East and 200-West Areas in 

response to wastewater discharges. The first of these 

mounds was created by disposal at the 216-U-10 

pond (U Pond) in the 200-West Area. After U Pond 

was decommissioned in 1984, the mound slowly 

dissipated. The water table continues to decline in 

this area (see Figure 6.1. 7). The second major 

mound was created by di charge to the decommi -

sioned, or former, 216-B-3 pond (B Pond), east of the 

200-EastArea. The water-table elevation near B Pond 
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increased to a max imum before 1990 and decreased 

because of reduced discharge. After discharge to 

B Pond ceased in A ugust 1997, the decline in the 

water-table elevation accelerated. In 1999, the rate 

of decline in the water-table elevation slowed. 

Groundwater mounding related to wastewater dis­

charges has also occurred in the 100 and 300 Areas. 

However, groundwater mounding in these areas is 

not as great as in the 200 Areas primarily because of 

lower discharge volumes. 

6. I .3 Contaminant Transport 

The history of contaminant releases and the 

physical and chemical principles of mass transport 

control the distribut ion of radionuclides and chem­

icals in groundwater. Processes that control the 

movement of these contaminants at the Hanford 

Site are discussed below. 

Most of the groundwater contamination at the 

Hanford Site resulted from discharge of wastewater 

from reactor operations, reactor fuel fa brication, 

and processing of spent reactor fuel. T able 6. 1.1 lists 

the principal contaminants fo und in each opera­

tional area and the type of operation that generated 

them. In the 100 Areas, discharges included reactor 

cooling water, fuel storage bas in water, filter back­

wash, and smaller amounts of waste from a variety of 

other processes. In the 200 Areas, large quan t ities of 

wastewater from fuel reprocessing were discharged to 

the ground. O ther contamination sources in the 

200 Areas included plu tonium purification waste 

and decontamination waste. The plutonium purifi­

cation process resulted in the discharge of large 

amounts of liquid organic chemicals in addition to 

aqueous solutions. This organic liquid, once in 

contact with groundwater, slowly dissolves and pro­

duces contaminant plumes. The presence of non­

aqueous liquid has a major impact on the site's 

groundwater remediation strategy because the organic 

liquid in the subsurface represents a continuing source 

of contamination that is very difficult to clean up. 

Groundwater contamination in the 300 Area 

resulted mainly from discharge of waste fro m fuel 

fabrication . 

Liquid effluents discharged to the ground at 

Hanford Site fac ilities percolated downward through 

the unsaturated zone toward the water table. Radio­

nuclide and chemical constituents move through 

the soil column and, in some cases, enter the ground­

water. In some locations, sufficient water was dis­

charged to saturate the so il column to the surface. 

Not all contaminants move at the same rate as the 

water in the subsurface. C hemical processes such as 

adsorption onto so il particles, chemical precipita­

tion , and ion exchange slow the movement of some 

constituents such as stront ium-90, cesium-137, and 

plu tonium-239/240. However, these processes may 

be affected by the chemical characteristics of the 

Table 6.1.1. Chemical and Radiological Groundwater Contaminants 
and Their Link to Site Operations 

100 

200 

200 

300 

Facilities Type 

Reactor operations 

Irrad iated fuel processing 

Plutonium purification 

Fuel fabr ication 

Contaminants Generated 

Tri tium, 60Co, 90Sr, Cr6
, SO/ 

Tri tium, 90Sr, Wfc, 1291, me s, Pu , U, CN·, Cr6, F·, NOj 

Pu , carbon tetrachloride, chloroform, NOj 

99Tc, U, Cr6
, tr ichloroethylene 
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waste such as high ionic strength, acidity, or presence 

of chemical complexants. Other rad ionuclides, uch 

as technetium-99, iodine-129, and tritium, and chem­

icals, such as nitrate, are not as readily retained by 

the soil and move vertically through the soil column 

at a rate nearly equal to the infiltrating water. When 

the contaminants reach the water table, their con­

centrations are reduced by dilution with ground­

water. As these dissolved constituents move with 

the groundwater, many radionuclides and chemicals 

adhere to sediment particle surfaces (adsorption) or 

diffuse into the particles (absorption). Radionuclide 

concentrations are also reduced by radioactive decay. 

Outside the source areas ( i.e., liquid disposal 

ices), there is typically little or no downward grad i­

ent (driving force or head), so contamination tends 

to remain in the upper part of the aquifer. In the 

source areas, where large volumes of wastewater 

were discharged, a large vertical hydraulic gradient 

developed that moved contaminants downward in 

the aquifer. Layers of low-permeability silt and clay 

within the unconfined aquifer also limit the vertical 

movement of contaminants. Flow in the unconfined 

aquifer is generally toward the Columbia River, which 

acts as a drainage area for the groundwater flow 

system at Hanford. Contamination that reaches the 

river is further diluted by river water. 

6 . 1.4 Groundwater Modeling 

Numerical modeling of groundwater flow and 

contaminant transport is performed to simulate 

future groundwater flow conditions and predict the 

migration of contaminants through the groundwater 

pathway. Modeling of Hanford Site groundwater is 

also used to assess performance of waste disposal 

facilities and evaluate remediation strategies. In 

1999, efforts were made to consolidate sitewide 

groundwater models into one model. The purpose 

of the consolidation was to eliminate redundancies 

and promote consistency in groundwater modeling 

analyses for the Hanford Site. The scope of the model 

consolidation process was to define needs and 

requirements of a sitewide model, evaluate current 

sitewide models and codes, and specify recommenda­

tions for a consolidated sitewide model. The recom­

mendations for the consolidated sitewide model were 

subjected to an external peer review. 

DOE selected a computer model developed by 

Pacific Northwest National Laboratory's ground­

water project for the sitewide groundwater model. 

The model has broad capabilities to meet the antici­

pated needs of the site. Capabilities of the model 

include a high level of resolution, a large areal extent 

to address the potential movement of contaminant 

plumes off the Hanford Site, and the effects of natural 
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recharge. The DOE selected the Coupled Fluid, 

Energy, and Solute Transport (CFEST-96) code as 

an interim code for implementing the consolidated 

sitewide groundwater model (Gupta 1997). The 

CFEST-96 code was developed by CFEST Co., 

Irvine, California. The model includes up to nine 

layer above the top of basalt to represent the major 

hydrogeologic units within the unconfined aquifer 

system. 

In 1999, the itewide model was applied to an 

environmental impact statement for solid waste. 

The Pacific Northwest National Laboratory used the 

sitewide groundwater model to predict the impact of 

water quality on human health and the environ­

ment. The purpose of this analysis was to calculate 

contaminant concentrations in groundwater from 

source areas defined in each of the environmental 

impact alternatives. The calculations were com­

pared with drinking water standards and provided a 

basis to estimate the potential risk to human health 

and ecology. The potential sources of groundwater 

contamination were solid and radioactive waste con­

tained in low-level burial grounds in the 200-East 

and 200-W est Areas. 

Groundwater models were used to as ess the 

performance of groundwater pump-and-treat 



systems in operable units in the 100-K, 100-N, 

100-D, 100-H, and 200-West Areas. The operable 

units and their associated contaminants of concern 

are presented in Table 6.1.2. In these pump-and­

treat systems, contaminated water is removed by 

means of extraction wells, treated, and either dis­

posed of to the State-Approved Land Disposal Site 

or returned upgradient to the aquifer through injec­

tion wells. The models were used to predict system 

performance and progress toward remediation goals. 

The modeling was used to evaluate different extrac­

tion and injection well configurations, predict effects 

of pumping, assess the extent of hydraulic influence 

and the capture zone, and evaluate groundwater 

travel times. Modeling was conducted using the 

Micro-FEM10 finite-element code developed by 

C. ]. Hemker, Amsterdam, The Netherlands. 

Computer modeling was used to evaluate 

hydraulic capture and optimize the pumping rates 

of the pump-and-treat systems in the operable units 

in the 100-K, 100-N, 100-D, and 100-H Areas. The 

modeling results showed that the extraction wells 

were reducing the net groundwater flow to the Colum­

bia River through the targeted plume area by - 70% 

in the 100-KR-4 Operable Unit, -96% in the 

100-NR-2 Operable Unit, over 90% in the 100-D 

Area part of the 100-HR-3 Operable Unit, and-82% 

in the 100-H Area part of the 100-HR-3 Operable 

Unit (DOE/RL-99-02; DOE/RL-99-13 ). 

For the 200-UP-1 Operable Unit in the 

200-West Area, modeling was performed to evaluate 

effectiveness in containing the targeted area of the 

technetium-99 and uranium plumes and track progress 

of remediation. The modeling showed that the area 

of high technetium-99 and uranium concentrations 

was captured and contained using one extraction 

well (299-W19-39). The extraction well removed at 

least one pore volume of water from the targeted 

plume area by the end of September 1999 (DOE/RL-

99-02; DOE/RL-99-79). One pore volume is the 

total volume of pores considered collectively within 

soils of the targeted plume. 

For the 200-ZP-1 Operable Unit in the 

200-West Area, modeling was performed to evaluate 

the remedial action of the pump-and-treat system. 

The modeling results indicated that the pump-and­

treat extraction wells contained the high carbon 

tetrachloride concentration area of the plume and 

provided a hydraulic barrier to plume movement 

(DOE/RL-99-79). The modeling predictions showed 

that pumping had removed one pore volume of water 

from the aquifer ( upper 15 meters (49 feet]) near the 

northernmost extraction wells. 

Table 6. 1.2. Operable Units and Associated Contaminants 
of Concern 

Area Operable Unit Contaminants of Concern 

100-K 100-KR-4 Hexavalent chromium 

100-N 100-NR-2 Strontium-90 

100-H and 100-D 100-HR-3 Hexavalent chromium 

200-West 200-UP-l Technetium-99 and uranium 

200-We t 200-ZP-l Carbon tetrachloride 
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6.1.5 Groundwater Monitoring 

Groundwater monitoring at the Hanford Site is 

an integral part of the Hanford Site Ground-Water 

Protection Management Plan (DOE/RL-89-12, Rev. 2). 

That plan integrates monitoring at active waste dis­

posal facilities to comply with requirements of the 

RCRA and Washington State regulations, as well as 

requirements for operat ional monitoring around 

reactor and chemical processing facilities and envi­

ronmental surveillance monitoring. Pacific N orth­

west National Laboratory manages these monitoring 

efforts to assess the distribution and movement of 

ex isting groundwater contamination, to identify and 

characterize potential and emerging groundwater 

contamination problems, and to integrate the various 

groundwater projects to minimize redundancy. 

The Integrated Monitoring Plan for the Hanford 

Groundwater Monitoring Project ( PNNL-11989, 

Rev. 1) describes how the DOE will implement the 

groundwater monitoring requirements outlined in 

DOE (1987) and DOE/RL-89-12, Rev. 2. The pur­

pose of the integrated monitoring plan is to 

1) describe the monitoring well networks, constitu­

ents, sampling frequencies, and criteria used to 

design the monitoring program; 2) identify federal 

and state groundwater monitoring requirements and 

regulations; and 3) provide a list of we lls, constitu­

ents, and sampling frequencies fo r groundwater 

monitoring conducted on the Hanford Site. Federal 

and state regulations include RCRA, CERCLA, and 

Washington Administrative Codes. 

Info rmation on contaminant distribution and 

transport are integrated into a sitewide evaluation 

of groundwater quality, which is documented in an 

annua l groundwater monito ring report (e.g., 

PNNL-13116) . Groundwater monitoring is also car­

ried out during CERCLA cleanup investigations. 

These investigations, managed by Bechtel Hanford, 

Inc., are documented in annual summary reports 

(e.g., DOE/RL-99-79). 
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6 .1.5 .1 Groundwater 
Sampling and Analytes of 
Interest 

Groundwater samples were collected from 

645 wells for all monitoring programs during 1999. 

The locations of sampled wells are shown in Fig­

ures 6.1.8 and 6.1.9; well names are indicated only 

for those 400 and 600 Area wells specifically dis­

cussed in the text. Because of the density of uncon­

fined aquifer wells in the operational areas, well 

names in these areas are shown on detailed maps in 

the following ections. Figure 6.1.10 shows the 

locations of fac ilities where groundwater monitor­

ing was conducted to comply with RCRA (Appen­

dix A in PNNL-13116). Wells at the Hanford Site 

generally follow a naming system that indicates 

the approximate location of the well. The prefix of 

the well name indicates the area of the site, as shown 

in T able 6.1.3. The names for 600 Area wells fo llow 

a local coordinate system in which the numbers 

indicate the distance relat ive to an arbitrary datum 

location in the south-centra l part of the site. 

The monitoring frequency for the wells was 

se lected by Pacific Northwest National Laboratory 

based on regulatory requirements, variab ility of his­

torical data, proximity to wa te sources, and charac­

teristics of the groundwater flow system at the 

sample location. Of the 645 wells sampled, 288 were 

sampled once, 164 twice, 55 three times, 88 four 

times, and 50 wells were sampled more than four 

times during the year. Beginning in 1998, the sam­

pling frequency was changed to every 3 years for 

several wells that showed concentrations with steady 

historical trends. Wells showing larger variability 

are sampled more frequently (annually or more 

often) . Wells that monitor source area are sampled 

more frequently than wells that do not monitor 

source areas. Contaminants with greater mobility 
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Figure 6.1.10. Locations of RCRA Groundwater Monitoring Projects 

(e.g., tritium) in groundwater may be sampled more 

frequently than contaminants that are not very 

mobile (e.g., strontium-90). 

Each monitoring program has access to ground­

water data collected by other programs through a 

common database, the Hanford Environmental 

Information System. Thi database contains more 

than 1.6 million groundwater monitoring result 
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records. After the data are verified and/or validated, 

they are made available to federal and state regu­

lators for retrieval. 

Most groundwater monitoring well on the site 

are 10 to 20 centimeters ( 4 to 8 inches) in diameter. 

Monitoring wells for the unconfined aquifer are 

constructed with well screens or perforated casing 

generally in the upper 3 to 6 meters (10 to 20 feet) of 

Hanford Groundwaler Monitoring Project 



Table 6. 1.3. Hanford Site Well 
Naming System 

Example 
Well Name 

199-

199-B3-47 
199-05- 12 
199-FS-3 
199- H4-3 
199-K-30 
199-N-67 

299-

299-W19-3 
299-E28-4 

399. 

399-1-1 ?A 

499. 

499-S l -SJ 

699-

699-50-53A 
699-42-E9A 
699-S 19- l l 
699-S19-El3 

100 Areas 

100-B,C Area 
100-D Area 
100-F A rea 
100-H Area 
100-K Area 
100-N Area 

200 Areas 

200-West Area 
200-East Area 

300 Area 

300 Area 

400 Area 

400 Area 

600 Area 

600 Area north and west of datum 
600 Area north and east of datum 
600 Area south and west of datum 
600 Area south and east of datum 

Note: Letters at end of we ll names distinguish either 
multiple wells located close together or multiple 
inte rva ls within a single well bore. 

the unconfined aquifer, with the open interval 

extending across the water table. This construction 

allows sample collection at the top of the aquifer, 

where maximum concentrations of radionuclides 

and maximum concentrations of chemicals tend to 

be found. W ells monitoring the hallowest of the 

basalt-confined aquifers have screens, perforated cas­

ing, or an open hole within the monitored aquifer. 

Wells drilled before 1985 were generally constructed 

with carbon steel cas ing. Since 1985, RCRA moni­

toring wells and CERC LA characterization we lls 

have been constructed with stainle s steel casing and 

screens. Most monitoring wells on the site are sampled 

using either submersible or Hydrostar™ pumps (a 

1999 Annual Environmentol Report 
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registered trademark of Instrumentation Northwest, 

Inc., Redmond, W ashington) , though some wells 

are sampled with bailers or airlift systems. 

Samples were collected for all programs follow­

ing documented sampling procedures (PNL-6894, 

Rev. l ; ES-SSPM-001) based on U.S. Environmen­

tal Protection Agency (EPA) guidelines (OSWER 

9950-1). Analytical techniques used are listed in 

DOE/RL-91 -50, Re v. 2; PNNL- 13080; and 

CERCLA work plans. The samples were analyzed 

fo r the radionuclides and chemicals listed in 

T able 6.1.4. 

Most groundwater samples collected on the site 

in 1999 were analyzed fo r tritium. Selected samples 

were analyzed for other radionuclides. Sample 

results fo r radionuclides are generally presented in 

picocuries per liter; however, the results for total 

uranium, which is usually measured by laser fluores­

cence, are given in micrograms per liter. 

Nitrate analyses were performed on many sam­

ples collected during 1999 because of the extensive 

areas with elevated nitrate concentrations that 

originate from onsite and offsite sources. However, 

nitra te concentrations were below the EPA 45 -mg/L 

drinking water standard ( 40 CFR 141) for most of 

the affected area. Selected monitoring wells were 

used for additional chemical surveillance. 

6.1.5.2 Data Interpretation 

Each analysis of a groundwater sample prov ides 

information on the composition of groundwater at 

one time at one location in the aquifer. Uncertainty 

in the analyses results from a number of sources. 

Some of the sources of uncertainty are discussed 

below. everal techniques used to interpret the 

sample results are also discussed. 

Groundwater sampling techniques are designed 

to collect a sample that is representative of the 

constituent concentration in the aquifer when the 

sample i taken. However, there are limitations in 

collecting representative samples or even defining 



Table 6. 1.4. Radionuclides and Chemicals Analyzed for in 
Groundwater, 1999 

Radiological 
Parameters 

Tritium 

Chemical and Biological Parameters 

pH (field) 

Beryllium-7 

Carbon-14 

Potassium-40 

Coba lt-58 

lron-59 

Cobalt-60 

Strontium-90 

Technetium-99 

Ruthenium- I 06 

Antimony-125 

Iodine-129 

Cesium-134 

Cesium-137 

Neptunium-23 7 

Americium-241 

Gross alpha 

Conductance ( field and laboratory) 

Total dissolved solids 

Alkalinity 

Total carbon 

Total organic carbon 

Total organic halogens 

Be, Na, Mg, A l, K, Co, Si, As, Se 

Ca, V, Cr, Mn, Fe, Ni, Pb, Li, Hg 

Cu, Zn, r, Ag, Cd, Sb, Ba, Sn, Tl, Ti 

F, Cl·, NOj, PO/ , SO/ , NOi , Br· 
CN· 

NH; 

Hexavalent chromium 

Volatile organic compounds 

Semi volatile organic compounds 

Polychlorinated biphenyls 

Pesticides 

Chemical oxygen demand 

Coliform bacteria 

Dissolved oxygen (field) 

Gross beta 

Europium isotopes 

Plutonium isotopes 

Radium isotopes 

Uranium i ocopes 

Uranium ( total) 
Total petroleum hydrocarbons 

Oi l and grease 

Diesel oil 

Gasol ine 

preci ely the volume of the aquifer represented by 

the sample. Proper well construction and mainte­

nance, well purging, sample preservation, and, in 

some instances, filtering are used to help ensure 

consistent and representative samples. Careful sam­

ple labeling protocols, chain-of-custody documenta­

tion, and bottle preparation avoid many gross errors 

in sample results. Duplicate samples and field blanks 

are used to assess the sampling procedure. 

Uncertainties are inherent in laboratory analy­

sis of samples. Gross errors can be introduced in the 

laboratory or during sampling. Gross errors include 

transcription errors, calculation errors, mislabeling 
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result , field equipment problems, orothererrors that 

result from not fo llowing established procedures. 

Often, these gross errors can be recognized because 

unreasonably high or unreasonably low values result. 

Data review protocols are used to investigate and 

correct gross errors. 

Random errors are unavoidably introduced in 

the analytical procedures. Usually, there are insuf­

ficient replicate analyses to assess the overall ran­

dom error at each sample location. In truments for 

analy is of radioactive constituents count the num­

ber of rad ioactive decay products at a detector, and 

background counts are subtracted. The nature of 

Hanford Groundwater Monitoring Project 



radioactive decay and the instrument design result 

in a random counting error that is reported with the 

analytical result. Generally, a sample result less than 

the counting error indicates the constituent was not 

detected. The background subtraction may result in 

the reporting of results that are less than zero. 

Although below-zero results are physically impos-

ible, the negative values are of use for some statistical 

analyses (see "Helpful Information" section for more 

details). 

Systematic errors may result from problems with 

instrument calibration, standard or sample prepara­

tion, chemical interferences in analytical techniques, 

as well as sampling methodology and sample han­

dling. Sample and laboratory protocols have been 

designed to minimize systematic error . The analyti­

cal laboratories participate in interlaboratory com­

parisons, in which many laboratories analyze blind 

samples prepared by the EPA (see Section 8.0, "Qual­

ity Assurance"). 

In 1999, double-blind samples for specific con­

stituents were analyzed (Section 8.0, "Quality Assur­

ance," discusses double-blind results) . Several wells 

were also cosampled with the Washington State 

Department of Health for comparison, and the resu Its 

are available from that agency. 

The chemical composition of groundwater may 

fluctuate from differences in the contaminant 

source, recharge, or groundwater flow field. The 

range of this concentration fluctuation can be esti­

mated by taking many samples, but there is a limit 

to the number that can be practicably taken. Com­

parison of results through time helps interpret this 

variability. 

Overall sample uncertainty may be factored 

into data evaluation by considering the concentra­

tion trend in a given well over time. This often helps 

identify gross errors, and overall, long-term trends 

can be distinguished from short-term variability. 

The interpretation of concentration trends depends 

on an understanding of chemical properties as well 

as site hydrogeology. The trend analysis, in tum, aids 

in refining the conceptual model of the chemical 

transport. 

Plume maps presented in this section illustrate 

site groundwater chemistry. Although analytical 

data are available only at specific points where wells 

were sampled, contours are drawn to join the 

approximate locations of equal chemical concentra­

tion or radionuclide activity levels. The contour 

maps are simplified representations of plume geom­

etry because of map scale, the lack of detailed infor­

mation, and the fact that plume depth and thickness 

cannot be fully represented on a two-dimensional 

map. Plume maps are a powerful tool because knowl­

edge of concentrations in surrounding wells, ground­

water flow, site geology, and other available 

information are factored into their preparation. 

6 .1.6 Groundwater Monitoring Results 

The following sections summarize the distribu­

tion of radioactive and chemical contaminants 

detected in Hanford Site groundwater during 1999. 

These discussions are followed by a summary of 

groundwater monitoring results for RCRA sites. 

More detailed information on groundwater monitor­

ing, including listings of analysis results for each 

monitoring well in electronic format, is available in 

PNNL-13116. However, because PNNL-13116 (the 

annual groundwater report) covers the fiscal year, it 

1999 Annual Environmental Report 

does not include results from the last 3 months of 

1999. This report includes results for the last 

3 months of 1999. 

One way to assess the impact of radionuclides 

and chemicals in groundwater is to compare them 

to EPA's drinking water standards and DOE's 

derived concentration guides ( 40 CFR 141 and DOE 

Order 5400.5; see Appendix C, Tables C.2 and C.5). 

The drinking water standards were established to 

protect public drinking water supplies. The derived 
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concentration guides were established to protect the 

public from radionuclides resulting from DOE opera­

tions. Specific drinking water standards have been 

defined foronly a few radiological constituents. Drink­

ing water standards have been calculated for other 

radionuclides, using an annual dose of 4 mrem/yr. 

Calculations of these standards consider their half­

life, the energy and nature of the radioactive decay, 

and the physiological factors such as its buildup in 

particular organs. Drinking water standards are more 

restrictive than der ived concentration guides 

because the standards are based on an annual dose 

of 4 mrem/yr to the affected organ. The guides are 

based on an effective dose equivalent of 100 mrem/yr 

(see Appendix C, Tables C.2 and C.5). In addition, 

the standards use older factors for calculating the 

concentrations that would produce a 4-mrem/yr dose 

than are used in calculating the guides. Thus, the 

values used below for standards are not always in 

agreement with the guides, which are available only 

for radionuclides. Primary and secondary drinking 

water standards are given for some chemical con­

stituents; secondary standards are based on aesthetic 

rather than health considerations. 

The total area of contaminant plumes with con­

centrations exceeding drinking water standards was 

estimated to be - 254 square kilometers (98 square 

miles) in 1999. This area, which is an increase of 

-4% compared to 1998, occupies just under 20% of 

the total area of the Hanford Site. Most of the 

contaminant plume area lies southeast of the 

200-East Area extending to the Columbia River 

(Figure 6.1.11). The most widespread contaminants 

within these plumes were tritium, iodine-129, 

technetium-99, uranium, strontium-90, carbon 

tetrachloride, nitrate, and trichloroethylene. Con­

taminant plumes with concentrations exceeding 

derived concentration guides occur in isolated areas. 

The only contaminants at levels above the derived 

concentration guide in 1999 were tritium, uranium, 

and strontium-90. 
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6 .1.6. I Radiological 
Monitoring Results for the 
Unconfined Aquifer 

Hanford Site groundwater was analyzed for the 

radionuclides listed in Table 6.1.4. The distribution 

of tritium, iodine-129, technetium-99, uranium, 

strontium-90, carbon-14, cesium-13 7, cobalt-60, and 

plutonium are discussed in the following sections. 

Tritium and iodine-129 are the most widespread 

radiological contaminants associated with past site 

operations. Technetium-99 and uranium plumes are 

extensive in the 200 Areas and adjacent 600 Area. 

Strontium-90 plumes exhibit very high concentra­

tions in the 100 Areas but are of relatively smaller 

extent. A carbon-14 plume is present in the 100-K 

Area. Cesium-137, cobalt-60, and plutonium con­

tamination occurs in isolated areas in the 200 Areas. 

Gross alpha and gross beta are used as indicators of 

radionuclide distribution and are not discussed in 

detail because the specific radionuclides contribut­

ing to these measurements are discussed individually. 

Several other radionuclides, including ruthenium-

106, antimony-125, and americium-241, are associ­

ated with wastes from Hanford Site operations. 

Because of their very low activities in groundwater, 

they are not discussed in this section. Half-lives of 

the radionuclides are presented in Table H.5 in the 

"Helpful Information" section. 

Tritium. Tritium, which is present in irradiated 

nuclear fuel, was released in process condensates 

associated with decladding and dissolution of the 

fuel. Tritium was also manufactured as part of the 

Hanford mission by irradiating targets containing 

lithium in several reactors from 1949 to 1952 (DOE/ 

EIS-0119F, WHC-SD-EN-RPT-004). In the late 

1960s, tritium production took place in N Reactor 

(WHC-MR-0388). 

Tritium was present in many historical waste 

streams at the Hanford Site and is highly mobile, 

Hanford Groundwater Monitoring Project 
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essentially moving at the same velocity as the 

groundwater. Consequently, the extent of ground­

water contamination from site operations is gener­

ally reflected by tritium distribution. For this reason, 

tritium is the most frequently monitored radionu­

clide at the Hanford Site. Figure 6.1.11 shows the 

1999 distribution of tritium in the unconfined aqui­

fer. Tritium is one of the most widespread contami­

nants in groundwater across the Hanford Site and 

exceeded the 20,000-pCi/L drinking water standard 

in the 100, 200, 400, and 600 Areas. Tritium levels 

exceeded the 2,000,000-pCi/L derived concentra­

tion guide in the 100-K and 200 Areas. Tritium 

levels are expected to decrease because of dispersion 

and radioactive decay (half-life is 12.35 years). In 

the 600 Area, tritium was detected above the derived 

concentration guide for the first time in a well near 

the 618-11 burial ground in early 2000. 

In 1999, the only tritium bearing liquid effluent 

discharged to the soil column on the Hanford Site 

occurred at the State-Approved Land Disposal Site, 

which began operating in 1995 and is located just 

north of the 200-West Area. The total radioactivity 

received by this facility in 1999 was -9 curies, which 

was attributed solely to tritium. 

Tritium in the l00Areas. Tritiumconcentra­

tions greater than the drinking water standard were 

detected in the 100-B,C, 100-D, 100-F, 100-K, and 

100-N Areas. Tritium was detected above the 

derived concentration guide in the 100-K Area. The 

largest tritium plume in the 100 Areas with concen­

trations above the drinking water standard occurs 

along the Columbia River from the 100-N Area to 

the 100-D Area. 

Tritium concentrations continued to exceed 

the drinking water standard in several wells in the 

northern and southwestern parts of the 100-B,C 

Area in 1999. Most of these are associated with past 

liquid disposal practices at 100-B,C retention basins 

and trenches near the Columbia River. The maxi­

mum tritium concentration decreased slightly to 

86,900 pCi/L in the southwestern part of the 

100-B,C Area. 
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In the 100-D Area, tritium concentrations 

decreased in the southwestern comer of the area, 

but were still greater than the drinking water stan­

dard in 1999. The maximum tritium reported dur­

ing 1999 was 20,400 pCi/L in the southwestern 

comer of the area and is associated with the tritium 

plume that extends southwest to the 100-N Area. 

One well in the 100-F Area contained tritium 

at concentrations greater than the drinking water 

standard. A maximum of 36,900 pCi/L occurred 

near the 118-F-1 burial ground in 1999. This was a 

slight decrease from the 1998 maximum. This burial 

ground received only solid waste, and the source of 

the tritium contamination is not known. 

Well 199-K-30, located near the KE Reactor in 

the 100-K Area, continued to contain the highest 

tritium within the 100 Areas, with a maximum con­

centration of 2,230,000 pCi/L. This is the only 

tritium concentration in the 100 Areas that 

exceeded the derived concentration guide in 1999. 

The tritium trend for well 199-K-30 is shown in 

Figure 6.1.12. The probable source is past disposal to 

a French drain east of the reactor building (DOE/ 

EIS-0 l 19F). The downward migration of tritium is 

promoted by increased infiltration of water from 

the surface, which is discussed in PNNL-13116. 

Tritium levels greater than the drinking water stan­

dard, but much less than the derived concentration 

guide, occur in a small area near a pump-and-treat 

extraction well adjacent to the Columbia River. 

A widespread tritium plume at levels exceeding 

the drinking water standard extends northeast from 

the northern part of the 100-N Area to the 600 and 

100-D Areas. This plume is associated with past 

liquid disposal to the 1301-N and 1325-N Liquid 

Waste Disposal Facilities. The highest concentra­

tions, which have decreased in recent years, contin­

ued to decrease in 1999. The maximum tritium 

level reported in the 100-N Area in 1999 was 

51,600 pCi/L between the 1301-N facility and the 

Columbia River. 

Hanford Groundwa ter Monitoring Pro ject 
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Tritium in the 200-East and 600 Areas. The 

highest tritium concentrations in the 200-East Area 

continued to be measured in wells near cribs that 

received effluent from the Plutonium-Uranium 

Extraction Plant. However, tritium levels are gener­

ally decreasing slowly in this area because of disper­

sion and radioactive decay. Levels greater than the 

derived concentration guide were detected in only 

one well (299-El 7-9) in 1999 in the 200-East Area. 

The maximum tritium level detected in this well, 

which monitors the 216-A-36B crib in the southeast­

ern part of the 200-East Area, was 2,450,000 pCi/L. 

This was the highest tritium level detected in any well 

on the Hanford Site in 1999. 

In the plume that extends from the southeastern 

portion of the 200-East Area, tritium concentrations 

above 200,000 pCi/L occurred in a small area 

downgradient of the Plutonium-Uranium Extrac­

tion Plant and did not extend beyond the 200-East 

Area boundary. The plume area at levels above 

200,000 pCi/L has extended at least as far south­

east as the Central Landfill in the recent past 

(PNL-8073). 

A widespread tritium plume extends from the 

southeastern portion of the 200-East Area to the 

Columbia River (see Figure 6.1.11). Movement of 

the plume was consistent with patterns noted in 

recent monitoring reports (Section 5.10.3.2 in 

PNNL-12086, Section 2.9.2 in PNNL-13116). 

Separate tritium pulses associated with the two epi­

sodes of Plutonium-Uranium Extraction Plant 

operations can be distinguished in the plume. A 

trend plot (Figure 6.1.13) of the tritium concentra­

tions in well 699-40-1 east of the 200-East Area near 

the shore of the Columbia River clearly shows the 

arrival of a pulse in the mid-1970s. High tritium 

concentrations near the Columbia River result from 

discharges to the ground during the operation of the 

Plutonium-Uranium Extraction Plant from 1956 to 

1972. Following an 11-year shutdown, plant opera­

tion began in 1983 and ceased in December 1988. 
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Figure 6.1.13. Tritium Concentrations in Well 699-40-1, 1962 Through 1999 

This resulted in elevated tritium levels measured in 

several wells downgradient from the 200-East Area. 

Movement of the leading edge of this later pulse is 

evident near the Central Landfill (Figure 6.1.14 ), 

which shows arrival in early 1987. Tritium concen­

trations from the earlier pulse were at least three 

times the maximum concentrations in the later 

pulse. The effects of the 1983 to 1988 operational 

period have not been detected near the Columbia 

River. 

The tritium plume, which has been monitored 

since the 1960s, provides information on the extent 

of groundwater contamination over time. Fig­

ure 6.1.15 shows the distribution of tritium in 

selected years from 1964 through 2000. This figure 

was created from maps in BNWL-90, BNWL-1970, 

PNL-5041, PNL-6825 (Section 5.0), PNNL-11141, 

and PNNL-13116. The contours in the original 

references were recalculated and interpreted to pro­

vide uniform contour intervals. Figure 6.1.15 

shows that tritium at levels greater than the drinking 
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water standard reached the Columbia River near 

the Old Hanford Townsite in approximately the 

mid-1970s. By the late 1980s, tritium at these levels 

was discharging to the Columbia River several kilo­

meters south of the Old Hanford T ownsite. The 

tritium plume continued to expand in the southeast­

ern part of the Hanford Site. By 1995, tritium at 

concentrations exceeding 20,000 pCi/L was entering 

the Columbia River along greater portions of the 

shoreline extending between the O ld Hanford Town­

site and the 300 Area. Tritium levels did not change 

significantly between 1995 and 2000. 

The configuration of the western portion of 

the tritium plume shown in Figure 6.1.11 closely 

matches previous predictions of the direction of 

contaminant movement from the 200-East Area 

(PNL-6328). Movement is forced to the south by 

flow that originates at the groundwater mound 

beneath the former B Pond. Flow to the southeast 

also appears to be controlled by a zone of highly 

permeable sediment, stretching from the 200-East 

Hanford Groundwater Monitoring Pro ject 
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Figure 6.1.14. Tritium Concentrations in Well 699-24-33, 1962 Through 1999 

Area toward the 400 Area (PNL-7144). The shape 

of the tritium plume indicates that tritium dis­

charges to the Columbia River between the Old 

Hanford Townsite and the 300 Area. 

In January 1999, a high tritium concentration 

of 1,860,000 pCi/L was measured in one well 

(699-13-3A) near the 618-11 burial ground. This 

burial ground is located west of the Energy North­

west reactor complex in the eastern 600 Area (see 

Figure 6.1.8). The high concentration was con­

firmed by re-analysis. A sample collected in January 

2000 measured 8,100,000 pCi/L, which is the high­

est tritium concentration detected at the Hanford 

Site in recent years. The burial ground was active 

from 1962 to 1967 and received a variety of low and 

high level waste from the 300 Area. A special inves­

tigation is being conducted in year 2000 to define the 

source of the high tritium levels. The Phase I sam­

pling results are reported in PNNL-13228 and are 

available on the Groundwater Monitoring Project 

website at http://www.hanford.pnl.gov/groundwater. 

1999 Annual Environmental Report 
6.30 

The distribution of tritium near the former 

B Pond shows an area of concentration above the 

drinking water standard in a limited area. B Pond 

produced a radial flow pattern of groundwater that 

mostly had low contaminant levels. The mound 

under the former pond has been dissipating since 

wastewater flow was diverted to the 200 Areas 

Treated Effluent Disposal Facility in August 1997. 

Tritium is also found at levels above the drink­

ing water standard in the northwestern part of the 

200-East Area (see Figure 6.1.11 ). This plume 

appears to extend to the northwest through the gap 

between Gable Mountain and Gable Butte. The 

tritium distribution to the northwest and southeast 

of the 200-East Area indicates a divide in ground­

water flow direction across the 200-East Area. A 

pulse of tritium levels above the drinking water 

standard also occurred between Gable Mountain and 

Gable Butte. 

Tritium in the 200,WestArea. Tritium from 

sources near the Reduction-Oxidation Plant forms 
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the most extensive plume associated with the 

200-West Area. The Reduction-Oxidation Plant is 

located in the southeastern part of the 200-West 

Area and operated from 1951 through 1967. This 

plume extends into the 600 Area east of the 

200-West Area to US Ecology's faci lity (see Fig­

ure 6.1.11 ). The eastern part of the plume curves to 

the north, but the tritium concentrations in the 

northern part of the plume are declining. However, 

concentration continue to increase slowly in the 

eastern part of the plume near the US Ecology facil­

ity. Tritium concentrations exceeded the drinking 

water standard in much of the plume, including a 

small area near the former 216-S-25 crib and S-SX 

tank farm upgradient of the Reduction-Oxidation 

Plant. The maximum concentration in this plume in 

1999 was 408,000 pCi/L in the 600 Area east of the 

Reduction-Oxidation Plant. The movement of 

plumes in the 200-West Area is slow because the 

Ringold Formation sediment that underlies the 

area has low permeability and restricts flow. Move­

ment of the plumes in the 200-West Area is also slow 
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because of declining hydraulic gradients since the 

closure of U Pond in 1984. This pond was located 

near the southern boundary of the 200-West Area. 

A smaller tritium plume covers much of the 

northern part of the 200-W est Area and extends to 

the northeast (see Figure 6.1.11). This plume is 

associated with former T Plant waste sites, including 

TY tank farm, the 242-T evaporator, and inactive 

disposal cribs. The highest tritium concentration, 

detected ju t east of the TX and TY tank farms near 

the 216-T-26 crib, was equal to the derived concen­

tration guide of2,000,000 pCi/L. The area where the 

drinking water standard wa exceeded extends north­

east past the northern boundary of the 200-W est 

Area. 

Tritium concentrations were generally lower in 

1999 than in 1998 at wells monitoring the State­

Approved Land Dispo al Site just north of the 

200-West Area. The maximum concentration 

decreased from 2,100,000 pCi/L in 1998 to 



610,000 pCi/L in 1999, which exceeded the drinking 

water standard. The lower concentrations in 1999 

reflect the reduced concentration levels in effluent 

discharged to this facility over the past - 2 years 

(PNNL-13058). By the end of December 1999, 

- 304 curies of tritium and over 2 70 million liters 

(71.3 million gallons) of treated effluent containing 

tritium had been discharged to this faci lity since 

operations began in 1995. 

Tritium in the 300 Area. The eastern portion 

of the tritium plume that emanates from the 

200-East Area continues to move to the east­

southeast and discharge into the Columbia River 

(see Figure 6.1.11 ). The southern edge of the tritium 

plume extends into the 300 Area, as shown in Fig­

ure 6.1.16. Figure 6.1.16 shows that tritium concen­

trations decrease from greater than 10,000 pCi/L in 

the northeastern part of the 300 Area to less than 

100 pCi/L in the southwestern part of the 300 Area. 

This distribution is nearly the same as the 1998 

distribution. Although tritium in the 300 Area is 

below the drinking water standard, a concern has 

been the potential migration of tritium to a munic­

ipal water supply to the south. The municipal water 

supply consists of the city of Richland's well field and 

recharge ponds (see Figure 6.1.16). The highest 

tritium level detected south of the 300 Area was 

516 pCi/L near the well field. Monitoring data 

indicate that the Hanford Site tritium plume has not 

reached the municipal water supply. 

The tritium plume is not expected to impact the 

well field because of the influence of groundwater 

flow from the Yakima River, recharge from agricul­

tural irrigation, and recharge from infiltration ponds 

at the well field (see Figure 6.1.16). The Yakima 

River is at a higher elevation than the water table and 

recharges the groundwater in this area. Groundwater 

flows from west to east (see Figure 6.1.16), mini­

mizing the southward movement of the contaminant 

plume. Recharge from agricultural irrigation occurs 

south of the Hanford Site boundary and contributes 

to eastward flow. The recharge ponds are supplied 

with Columbia River water, which infiltrates to the 
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groundwater. The amount of recharge ~ater exceeded 

the amount pumped at the well field by a factor of 

-2:1 in 1999, resulting in groundwater flow away 

from the well field. Recharge creates a mound that 

further ensures that tritium-contaminated ground­

water will not reach the well field. 

Tritium in the 400 Area. The tritium plume 

that originated in the 200-East Area extends under 

the 400 Area. The maximum concentration 

detected in this area during 1999 was 33,800 pCi/L 

in well 499-S0-8, a backup water supply well. The 

average concentration in this well was -15,200 pCi/L 

during 1999. Tritium levels appear to fluctuate 

annually, but the maximum levels have increased. 

Samples from another backup water supply well 

( 499-S0-7) showed a maximum tritium concentra­

tion of 20,600 pCi/L. Tritium levels in the primary 

water supply well for the 400 Area (499-Sl-SJ) did 

not exceed the annual average drinking water stan­

dard of 20,000 pCi/L in 1999 and never exceeded 

4,500 pCi/L in any one month. The water supply 

wells are located in the northern part of the 400 Area. 

Additional information on the 400 Area water sup­

ply is provided in Section 4.3, "Radiological Surveil­

lance of Hanford Site Drinking Water." 

Tritium levels below the drinking water stan­

dard north of the 400 Area are most likely due to 

discharge at the 400 Area process ponds (see Fig­

ure 6.1.11). A maximum tritium concentration of 

20,400 pCi/L in a well near the process ponds is 

attributed to the 200-East Area tritium plume and 

not wastewater discharge to the ponds. The source of 

the wastewater is potable water from local water 

supply wells. 

Iodine-129. Iodine-129 has a relatively low 

drinking water standard ( 1 pCi/L), has the potential 

for accumulation in the environment as a result of 

long-term releases from nuclear fuel reprocessing 

facilities (Soldat 1976), and has a long half-life 

(16,000,000 years). The relatively low fission yield 

for production of iodine-129 combined with its long 

half-life limits its specific activity in Hanford Site 

Hanford Groundwater Monitoring Project 



"' c--i 

D Buildings 

~ Waste Sites 

Fences 

Roads 

• 

Tritium Contour, pCi /L 
Dashed where Inferred 

Water-Table Contour, m 
(Dashed Where Inferred) 

• Monitoring Well 

Groundwater Flow Direction 

0 300 600 900 1200 meters 

0 750 1500 2250 3000 feet 

0 
~ 
a, 

• o o 
co ,co 

• 
• u, 

• 316-5 Process 
Trenches 

/ 
/ 

/ 

can env99_03 June 27 , 200010:34 AM 

Figure 6. 1.16. Average Tritium Concentrations and Groundwater Flow Near the 300 Area, 1999 

1999 Annual Environmental Report 
6.34 



wastes. Iodine-1 29 may be released as a vapor during 

fuel dissolution and during other elevated tempera­

ture proce ses and, thu , may be associated with 

process condensate wastes. At the site, the main 

contributor of iodine-129 to groundwater has been 

liquid discharges to cribs in the 200 Areas. Iodine-

129 has essentially the same high mobility in 

groundwater as tritium. The iodine-1 29 plume at 

levels exceeding the drinking water standard is 

extensive in the 200 and 600 Areas. No ground­

water samples showed iodine- 129 concentrations 

above the 500-pC i/L derived concentration guide in 

1999. 

lodine-129 in the 200-East Area. The high ­

est iodine-129 concentrations in the 200-East Area 

are in the northwest near the BY cribs and in the 

southeast near the Plutonium-Uranium Extraction 

Plant (Figure 6. 1.17) . The maximum level of 

iodine-1 29 detected in 1999 in the 200-East Area 

was 12. 1 pCi/L south of the Plutonium-Uranium 

Extraction Plant near the 216-A-36B crib. lodine-

129 concentrations are declining slowly or are stable. 

The iodine-129 plume extends from the Plutonium­

U ranium Extraction Plant area southeast into the 

600 Area and appears coincident with the tri t ium 

plumes (see Figure 6. 1.11 ). The plume appears 

smaller than the tritium plume because of the lower 

initial concentration of iodine-129. The iod ine- 129 

contamination can be detected as far to the ea t as 

the Columbia River but at levels below the drinking 

water standard. Data indicate that iod ine- 129 at 

levels above the drinking water standard is approach­

ing the Columbia River (see Figure 6. 1.1 7). The 

plume likely had the same sources as the tri t ium 

plume. lod ine-1 29 is also present in groundwater at 

levels above the drinking water standard in the 

northwestern 200-East Area; however, a definite 

source fo r this plume has not been determined. This 

plume extends northwest into the gap between Gable 

Mountain and Gable Butte. 

lodine-129in the 200-WestArea. The distri­

bution of iodine-1 29 in Hanfo rd Site groundwater is 

shown in Figure 6. 1.17. The highest level observed 
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in 1999 was 59.2 pCi/L near the T , TX, and TY 

tank farms in the northern part of the 200-W est 

Area. This level occurs in a plume that originates 

near the tank farms and nearby disposal facilities 

and extends northeast toward T Plant. The iodine-

129 plume is ge nera lly co inc id ent with the 

technetium-99 and tritium plumes in this area. A 

much larger iodine- 129 plume occurs in the south­

eastern part of the 200-W est Area, which originates 

near the Reduction-Oxidation Plant, and extends 

east into the 600 Area. This plume is essentially 

coincident with the tritium plume, though there 

appears to be a contribution from cribs to the north 

near U Plant. In 1999, the maximum concentra­

t ion detected in this plume was 3 7. 7 pCi/L in the 

600 Area east of the Reduction-Oxidation Plant. 

lod ine- 129 leve ls in this plume did not change sig­

nificantly between 1998 and 1999. 

Technetium-99. T echnetium-99, which has 

a half- life of 210,000 years, is produced as a high­

yield fission byproduct and is present in waste 

streams associated with fuel reprocessing. Reactor 

operations may also result in the release of some 

techn etium-99 assoc ia ted wit h fu e l e lemen t 

breaches. T echnetium-99 is typically associated with 

uranium th rough the fuel processing cycle, but ura­

nium is less mobile in groundwater. Under the 

chemical conditions that ex ist in Hanford Site 

groundwater, technetium-99 is normally present in 

solution as anions that sorb poorly to sediments. 

T he refore, technetium-99 is very mobile in site 

groundwater. The derived concentration guide is 

100,000 pCi/L and the interim drinking water stan­

dard i 900 pCi/L fo r technetium-99. 

T echnetium-99 was found at concentrations 

greater than the 900-pCi/L interim drinking water 

standard in the 100-H, 200-East, and 200-W est Areas, 

with the highest measured in the 200-W est Area. 

Technetium-99 in the 100-H Area . 
Technetium-99 concentration exceeded the interim 

drinking water standard in one well near the 183-H 

solar evaporation basins in the 100-H A rea. The 

Hanford Groundwater Monitoring Project 
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technetium-99 concentration, which is influenced 

by fluctuations in Columbia River stage at this 

well, was 1,070 pCi/L in November 1999. Usually 

concentrations are highest when river stage is low. 

Technetium,99 in the 200,East Area. 

Groundwater in the northwestern part of the 

200-East Area and a part of the 600 Area north of 

the 200-East Area contain technetium-99 at con­

centrations above the interim drinking water stan­

dard (Figu re 6.1.18). The source of these two 

technetium plumes was apparently the BY cribs 

(Section 2.9.l in PNNL-13116). However, some of 

this contamination is believed to originate from 

tank fa rms B, BX, and BY (PNNL-11826). 

Technetium-99 concentrations continued to increase 

in several wells monitoring tank farms B, BX, and 

BY in 1999. The maximum concentration in the 

200-East Area occurred at the BY cribs at a level of 

9,410 pCi/L. The maximum technetium-99 con­

centration in the plume north of the 200-East Area 

in 1999 wa 2,820 pCi/L. This plume appears to be 

moving through the gap between Gable Mountain 

and Gable Butte. T echnetium-99 levels are increas­

ing in some of the wells in this plume. 

Technetium,99 in the 200,West Area. The 

largest technetium-99 plume in the 200-West Area 

originates from cribs that received effluent from 

U Plant and extends into the 600 Area to the east 

(Figure 6.1.19). The technetium plume is approx i­

mately in the same location as the uranium plume 

because technetium-99 and uranium, which are typi­

cally associated with the same fue l reprocessing cycle, 

were disposed to the same 216-U- l, 216-U-2, and 

216-U- l 7 cribs. The highest technetium-99 con­

centrations in this plume in 1999 were measured in 

several wells in vicinity of the 216-U-l 7 crib, where 

remediation by a pump-and-treat method is occur­

ring (see below). The high concentration portion of 

the plume, which has decreased in size, appears to be 

moving downgradient toward the extraction center 

(well 299-Wl9-39). The maximum level was 

detected in monitoring well 299-Wl9-29 at a level 
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of 28,900 pCi/L. This we ll is located approximately 

midway between the 216-U-l, 216-U-2, and the 

216-U-l 7 cribs. 

The purpose of the 200-UP-l pump-and-treat 

system near the 216-U- l 7 crib is to contain and 

reduce the highest concentrations in the technetium-

99 and uranium plumes (Record of Decision 1997). 

As of September 1999, -61.7 grams (2.2 ounces) of 

technetium-99 have been removed from 

-357 million liters (99 million gallons) of extracted 

groundwater since pump-and-treat operations began 

in 1994 (DOE/RL-99-79). This mass of technetium-

99 is equivalent to -1.1 curie of radioactiv ity. Con­

taminated groundwater is currently pumped from 

one extraction we ll (299-Wl9-39) and transported 

via pipeline to the 200 Areas Effluent Treatment 

Facility, where it is treated using a number of proc­

esses. The treated groundwater is disposed of to the 

State-Approved Land Disposal Site north of the 

200-W est Area. 

Several wells that monitor tank farms T , TX, 

and TY consistently showed technetium-99 con­

centrations above the interim drinking water stan­

dard in 1999 (see Figure 6.1.19). The highest was 

6,200 pCi/L east of the TX and TY tank farms, where 

technetium-99 levels have been increasing in recent 

years. These increases may be related to changes in 

the direction of groundwater flow being influenced 

by the 200-ZP-l pump-and-treat operation immedi­

ately south of the tank farms. In the northeastern 

comer of T tank farm, technetium-99 leve ls were 

above the interim drinking water standard in two 

wells. The maximum in this area was 7,110 pCi/L in 

1999. This was a decrease from the maximum of 

13,000 pCi/L in 1998. The sources of the 

technetium-99 contamination were tank farms T, 

TX, and TY (PNNL-11809). 

Technetium-99 contamination in small areas in 

the southern part of the 200-West Area originates 

near tank farms S and SX and the 216-S-13 crib. 

Multiple sources of technetium-99 contribute to 

Hanford Groundwater Monitoring Project 
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groundwater contamination m this area (PNNL-

11810). The maximum leve l detected was 

48,600 pCi/L in a new well in the southwestern 

corner of tank farm SX. This was the highest 

technetium-99 concentration detected on the Hanford 

Site in 1999. 

Uranium. There were numerous po sible sources 

of uranium released to the groundwater at the 

Hanford Site, including fuel fabrication, fuel reproc­

essing, and uranium recovery operations. Uranium 

may exist in several states, including elemental ura­

nium or uranium oxide as well as tetravalent and 

hexavalent cations. Only the hexavalent form has 

significant mobility in groundwater, largely by form­

ing dissolved carbonate species. Uranium mobility is 

thus dependent on oxidation state, pH, and the 

presence of carbonate. Uranium is observed to 

migrate in site groundwater but is retarded relative 

to more mobile specie such a technetium-99 and 

tritium. The EPA's proposed drinking water standard 

for uranium is 20 µg/L, which is based on chemical 

toxicity. The derived concentration guide that rep­

resents an annual effect ive dose equivalent of 

100 mrem/yr is 790 µg/L for uranium. 

Uranium has been detected at concentrations 

greater than the proposed drinking water standard in 

portions of the 100, 200, 300, and 600 Areas. The 

highest levels detected at the Hanford Site in 1999 

were in the 200-West Area near U Plant, where 

uranium levels exceeded the derived concentration 

guide. 

Uranium in the 100 Areas. One well near 

F Reactor continues to show elevated uranium 

levels. However, the concentration fell below the 

20-µg/L proposed drinking water standard to 

19.5 µg/L in 1999. 

Uranium was detected at levels higher than the 

proposed drinking water standard in three wells in 

the 100-H Area. Uranium concentrations in the 

100-H Area u ually fluctuate in response to changes 

in groundwater levels. The maximum detected in 

1999 was 157 µg/L downgradient of the 183-H solar 

evaporation basins. Past leakage from the basins is 

the source of the 100-H Area uranium contamina­

tion. These basins were remediated in 1996. 

Remediation consisted of demolition and removal 

of the basins and removal of the underlying con­

taminated soil. 

Uranium in the 200-East Area. In the 200-East 

Area, uranium contamination at levels greater than 

the proposed drinking water standard is limited to 

isolated areas associated with B Plant. The uranium 

distribution in 1999 indicates the highest concentra­

tions were in the vicinity of the B, BX, and BY tank 

farms; BY cribs; and 216-B-5 injection well that has 

been inactive since 1947. The highest concentra­

tion detected wa 350 µg/L east of the BY tank farm 

(southeast of the BY cribs). The source of the ura­

nium contamination in this area is unclear. Near 

inactive injection well 216-B-5, one well annually 

shows an increasing uranium concentration greater 

than the proposed drinking water standard; however, 

this well was not sampled in 1999. The sampling 

schedule for this well was changed from the early to 

the latter part of the fiscal year and, thus, the well was 

not sampled during calendar year 1999. One well 

near B Plant showed a uranium concentration of 

17.8 µg/L in 1999. Wells adjacent to the inactive 

216-B-62 crib showed a maximum concentration of 

27.2 µg/L in 1999. 

Uranium in the 200,WestArea. The highest 

uranium concentrations in Hanford Site ground­

water occurred near U Plant, at wells downgradient 

from the inactive 216-U-1 and 216-U-2 cribs and 

adjacent to the 216-U-17 crib (see Figure 6.1.19). 

The uranium plume, which extends into the 

600 Area to the east, is approximately in the same 

location as the technetium-99 plume discussed above. 

Uranium and technetium-99 were typically associ­

ated with the same fuel reprocessing cycle and were 

disposed to the same cribs. However, uranium is less 

mobile than technetium-99 because of its stronger 

sorption to the sediment. A greater proportion of the 

uranium contamination remains at or near the 

source area. The high concentrations exceeded the 
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6.2.2 .4 Carbon Tetrachloride 
Monitoring and Remediation 
in 200-West Area 

V. ]. Rohay, D. G. Horton 

Soil-vapor extraction is being used to remove 

carbon tetrachloride from the vadose zone in the 

200-West Area. The EPA and the Washington 

State Department of Ecology authorized DOE to 

initiate this remediation in 1992 as a CERCLA expe­

dited response action. The primary focus in the 

following discussion is on 1999 activities associated 

with the carbon tetrachloride removal. 

Monitoring at the Soil, Vapor Extraction 

System. Soil-vapor extraction to remove carbon 

tetrachloride from the vadose zone operated from 

March 29 to June 30, 1999, at the 216-Z-9 well field 

(Figure 6.2.8). Initial on-line wells were selected 

close to the 216-Z-9 trench. As extraction contin­

ued, wells farther away from the crib were brought 

on-line. Each selection of on-line wells included 

wells open near the groundwater and wells open near 

a less-permeable zone above the groundwater table, 

where the highest carbon tetrachloride concentra­

tions have consi tently been detected. Initial carbon 

tetrachloride concentrations measured at the soil­

vapor extraction inlet were -90 ppmv (Figure 6.2.9). 

After 3 months of extraction, concentrations had 

decreased to - 30 ppmv. The daily mass-removal rate 

increased significantly twice during the 3 months of 

extraction as a result of adjustments in the mix of 

on-line wells and the flow rate (see Figure 6.2.9). 

Soil-vapor extraction resumed June 30, 1999, at 

the 216-Z-lA/-12/-18 well field (see Figure 6.2.8). 

Extraction wells open near the less permeable zone 

were selected within the 216-Z-lA tile field to opti­

mize mass removal of contaminant. Initial carbon 

tetrachloride concentrations measured at the soil­

vaporextraction inletwere-40 ppmv. After 3 months 

of extraction, concentrations had decreased to 

-25 ppmv. The daily mass-removal rate increased 

significantly twice during the 3 months of extraction 
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as a result of adjustments in the mix of on- line wells 

and the flow rate (see Figure 6.2.9). 

Between March 29 and September 30, 1999, 

832 kilograms (1,800 pounds) of carbon tetrachlo­

ride were removed from the vadose zone in the 

200-West Area. Of this total, 44 7 kilograms 

(985 pounds) were removed from the 216-Z-9 well 

field during 93 days of operation and 385 kilograms 

(850 pounds) were removed from the 216-Z-lA/- l 2/ 

-18 well field during 92 days of operation. 

As of eptember 1999, - 76,500 kilograms 

(168,700 pounds) of carbon tetrachloride had been 

removed from the vadose zone since extraction opera­

tions started in 1992 (Table 6.2.8). Since initiation, 

the extraction systems are estimated to have 

removed 7% of the residual mass at the 216-Z-lA/ 

-12/-18 well field and 22% of the mass at the 216-

Z-9 well field. This estimate assumes chat all of the 

mas that ha not been lost to the atmosphere (21 % 

of the original inventory), dissolved in groundwater 

(2% of the original inventory), or biodegraded (1 % 

of the original inventory) is still available in the 

vadose zone as residual mass (BHI-00720, Rev. 3; 

WHC-SD-EN-TI-101 ). 

Monitoring at O ff-Line Wells and Probes. 

During October 1998 through March 1999, soil­

vapor concentrations of carbon tetrachloride were 

monitored near the groundwater and near the ground 

surface to assess whether nonoperation of the soil­

vapor extraction system was allowing carbon tetra­

chloride to migrate out of the vadose zone. The 

maximum concentration detected near the ground 

surface (between 2 and 10 meters (6.5 and 33 feet] 

below ground surface) was 8 ppmv. Near the ground­

water, at depths ranging from 58 to 64 meters ( 190 to 

210 feet) below ground surface, the maximum con­

centration was 29 ppmv. 

Soil-vapor concentrations were al o monitored 

near the less permeable zone located above the 

groundwater table to provide an indication of vapor 

concentrations chat could be expected during restart 

of the soil-vapor extraction system. The maximum 
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concentration detected near this zone (between 25 

and 41 meters [82 and 134 feet] below ground su r­

face) was 561 ppmv. These resu lts, after 6 to 

9 months of nonoperation of the soi l-vapor extrac­

tion system, were similar to those obtained during the 

8-month rebound study conducted in fisca l year 1997 

(BHI-01105) and during the 6 months of nonoper­

ation during the winter of fiscal year 1998 (BHI-

00720, Rev. 3). 

During April through June 1999, soil-vapor 

monitoring was continued at the 216-Z-lA/-12/-18 

well field, while the soi l-vapor extraction system was 

operated at the 216-Z-9 site. Concentrat ions 

detected during these additional 3 months of 

rebound (a buildup of carbon tetrachloride vapor fol­

lowing cessation of extraction activities) were simi­

lar to those observed during the previous 6 months. 

Near the less permeable zone, maximum concentra­

tions ranged from Oto 492 ppmv. These results were 

obta ined after 9 months of rebound and are simi lar 

to tho e obtained during the 8-month rebound study 

conducted in fiscal year 1997 (BHI-01105). 

During July through September 1999, soil-vapor 

monitoring was resumed at the 216-Z-9 site while the 

soil-vapor extraction system was operated at the 

216-Z- lA/-12/-18 site. The highest concentration 

detected near the ground surface was 4 ppmv and the 

highest concentration detected near the ground­

water was 24 ppmv. The maximum concentration 

detected was 267 ppmv at the less permeable zone. 

These results were obtained after only 3 months of 

rebound. 

Becau e carbon tetrachloride concentrations 

did not increase significantly at the near-surface 

probes monitored in 1999, temporarily suspending 

operation of the soil-vapor extraction system for 6 

to 9 months appears to have caused minimal detect­

able vertical transport of carbon tetrachloride through 

the soil to the atmosphere. Because carbon tetra­

chloride concentrations did not increase significantly 

near the water table during this time, temporarily 

suspending operation of the soil-vapor extraction 
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system appears to have had no immediate negative 

impact on groundwater quality. 

Carbon Tetrachloride Migration. Three 

major pathways through the vadose zone to ground­

water are possible: 

• inking and lateral spreading of a heavier-than­

air vapor phase down to the top of the aqu ifer 

• transport of an organic liqu id phase, or dense, 

nonaqueous-phase liquid , down through the 

vadose zone over time, which eventually reaches 

the water column, dissolves, and settles through 

the aturated zone to an unknown depth 

• transport of carbon tetrachloride dis olved in 

the aqueous phase either through disposal of 

aqueous waste or by contact between infiltrat­

ing recharge and carbon tetrachloride soil 

vapor and/or residual, dense, nonaqueous-phase 

liquid (WHC-SD-EN-Tl-248). 

A schematic representation, or conceptual 

model, of the subsurface behavior of carbon tetra­

chloride beneath the 216-Z-9 trench is shown in 

Figure 6.2.10. A numerical model was developed 

(BHI-00459) to simulate the primary transport proc­

esses shown in Figure 6.2.10, using local stratigraphy, 

documented discharge volumes to the well field, and 

soil properties. Results of initial simu lations sug­

gested that over two-thirds of the discharged carbon 

tetrachloride would be retained in the soil column 

and that a dense, nonaqueous-pha e liquid would 

continue to drain slowly through the vadose zone and 

be transported into the underlying aquifer for years 

into the future. The initial modeling results indi­

cated that the dense, nonaqueous-phase liquid dis­

solved in the groundwater and the depth of 

penetration was dependent on the groundwater flow 

rate. 

Additional modeling is needed to assess the 

influence of porosity and groundwater velocity. 

Nevertheless, the modeling re ults support the 

conceptualization of the liquid-phase transport illus­

trated in Figure 6.2.10. The vapor-phase results were 
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Figure 6.2.10. Conceptual Model of Carbon Tetrachloride and Wastewater Migration Beneath 
216-Z-9 Trench, 200-West Area 

less definitive but suggested that vapor-phase trans­

port is secondary to dense, nonaqueous-phase liquid 

as a groundwater contamination pathway in the 

vicinity of the disposal site. 

Field measurements of carbon tetrachloride 

vapor concentrations are not complete ly consistent 

with the numerical modeling results. If a major 

1999 Annual Environmental Report 6.104 

fraction of the carbon tetrachloride originally dis­

charged to the 216-Z-9 trench is still present in the 

so il column as a nonaqueous phase, a relatively high 

soil-vapor concentration would be expected. For 

example, vapor-extraction concentrations more 

than 12,000 ppmv of carbon tetrachloride would 

indicate that the soil near the extraction well is 

saturated with nonaqueous-phase liquid. During 



initial extraction operations at the 216-Z-9 well 

field, soil-vapor carbon tetrachloride concentrations 

extracted from wells open above the less permeable 

zone were more than 12,000 ppmv, suggesting the 

presence of a nonaqueous phase. Soil vapor 

extracted from wells open below the less permeable 

zone were an order of magnitude lower and do not 

uggest the presence of a nonaqueous-phase liquid. 

However, the depths and locations of the extraction 

wells below the less permeable zone may not have 

been optimal to detect the presence of a nonuniformly 

distributed contaminant, and the presence of a 

nonaqueous-phase liquid cannot be ruled out. 

During the soil-vapor monitoring of rebound 

concentrations conducted in 1997 through 1999, the 

carbon tetrachloride vapor concentrations moni­

tored deep within the vadose zone at the 216-Z-9 

trench did not exceed 60 ppmv. These low vapor 

concentrations do not indicate the presence of a 

nonaqueous-phase liquid remaining in the vadose 

zone below the less permeable zone; however, these 

measurements were not taken directly under the 

216-Z-9 trench or at depth-discrete, narrow zones 

above the water table. Although carbon tetrachlo­

ride vo latilizing from a residual nonaqueous-phase 

liquid ource may have been diluted by the time 

the vapor reached the sampl ing locations, the data 

uggest that soil-vapor extraction may have 

removed much of the remaining deep, vadose zone, 

nonaqueous-phase, liquid source in the area of the 

216-Z-9 trench and that the continuing groundwater 

source may now be within the aquifer (BHI-01105). 

The apparent discrepancy between the numeri­

cal modeling results and the field measurements may 

be a re ult of 

• nonuniform discharge, migration, and dis­

tribution of the nonaqueous-phase carbon 

tetrachloride 

• nonoptimal locations for monitoring 

• nonequilibrium partitioning of carbon tetra­

chloride within the vadose zone 
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• discharge of organic mixtures contain ing carbon 

tetrachloride rather than the pure phase 

• vadose zone geologic heterogeneities and 

nonhorizontal geologic layers. 

Vertical and areal distribution of dissolved carbon 

tetrachloride in groundwater is consistent with a 

dense, nonaqueous-phase, liquid transport mecha­

nism. If the numerical model prediction are correct, 

for example, slowly dissolving carbon tetrachloride 

distributed with depth in the aqu ifer should con­

tinue to emanate from the point of origin over time, 

with the highest concentrations at the source, and 

should result in dissolved carbon tetrachloride dis­

tributed with depth in the aqu ifer (BHI-00459). If 
vapor-phase transport was a primary pathway, the 

top of the aqu ifer should have the highest concentra­

tions and concentrations should decline rapidly with 

depth over a 1- to 2-meter (3.3- to 6.5-foot) interval. 

The carbon tetrachloride plume map and verti­

cal profiles (Section 2.8.1.2, PNNL-13116) suggest 

there is a continuing ource of groundwater contami­

nation that produces somewhat uniform carbon tet­

rachloride concentrations with depth in the aqu ifer. 

A dense, nonaqueous-phase liquid that drained from 

the vado e zone into the aquifer and is slowly dissolv­

ing could produce such a pattern. One alternative 

explanation for the depth-distribution pattern is that 

a secondary source of water passing near or through 

an area containing a dense, nonaqueous-phase liquid 

and soil-vapor carbon tetrachloride could absorb chis 

slightly so luble chlorinated hydrocarbon and carry it 

into the aquifer under saturated flow conditions. 

This would theoretically drive the contaminated 

water deep into the aquifer. 

The continuing presence, 35 years after termi­

nation of disposal operations, of relatively high, 

dissolved, carbon tetrachloride concentrations in 

groundwater in the immediate vicinity of the 

216-Z-9 trench suggests that a dense, nonaqueous­

phase liquid is slowly dissolving within the aquifer. 

Although this liquid phase may be slowly draining 

from the vadose zone to groundwater, the soil-vapor 

Vadase Zane Characterization and Monitoring 



concentrations monitored deep within the vadose 

zone du ring fiscal year 1997 th rough 1999 suggest that 

soil-vapor extraction remediation may have removed 

much of the vadose zone source and that the continu­

ing groundwater source resides within the aquifer. 

Carbon tetrachloride concentrations in the soil vapor 

and underlying groundwater do not appear to be in 

equilibrium, and the expected direction of carbon 

tetrachloride migration is from the groundwater to 

the vadose zone (BHI-01105) . 

Carbon tetrachloride rebound concentrations 

indicate that, in many areas, much of the readily 

accessible mass has been removed during soil-vapor 

extraction operat ions and that the supply of addi­

tional carbon tetrachloride is limited by desorption 

and/or diffusion from contaminant-rich regions in 

the subsurface ( e.g. , lower-permeability zones such as 

the lower Hanford formation silt, Plio-Pleistocene 

Unit). Under these conditions, the removal ra te of 

the addit ional carbon tetrachloride using soil-vapor 

extraction is controlled by the desorption and diffu­

sion rates of the contaminant. 

6.2.2.5 Spectral Gamma-Ray 
and Neutron Moisture 
Monitoring of 200-East Area 
Inactive Liquid Waste 
Disposal Facilities 

D. G . Horton 

The Hanfo rd Groundwater Monitoring Project 

monitored 25 inactive liquid waste disposal fac ili t ies 

in the 200-East Area of the Hanford Site in 1999 

(PNNL-12222; PNNL-13077) . The moni tored 

fac ilities consisted of 6 cribs and 19 specific reten­

tion fac ilities. Specific retention fac ilities were 

liquid was te d isposa l sites des igned to u e the 

moisture retention capability of the soil to reta in 

contaminants. These fac ili t ies were chosen fo r 

monitoring because they are among the highest prior­

ity sites as determined by an evaluation of past­

practice, liquid waste disposal fac ilities (PNNL-11958, 
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Rev. 2). Ideally, liquid disposed to specific retention 

fac ili ties was to be limited to 6% to 10% of the soil 

volume between the faci lity and the groundwater so 

that the liquid would be retained in the soil and not 

reach the groundwater (WHC-MR-0227). No such 

limits were imposed at normal cribs and trenches. 

The relatively small volumes of liquid discharged to 

specific retention fac il ities was probably insufficient 

to flush contaminants through the vadose zone to 

groundwater. Thu , these sites represent potential 

sources fo r future contamination of groundwater at 

the Hanford Site. Monitoring of the past practice 

sites consisted of spectral gamma-ray and neutron 

moisture logging of 28 wells and boreholes. 

The fac ilities monitored in 1999 can be placed 

into three group based on geographic location and 

the type of effluent rece ived. The three groups are 

• Plutonium-Uranium Extraction faci lities 

• BC controlled area fac ilities 

• BX trenches. 

T able 6.2.9 lists the fac ilities that were moni­

tored in each group. De criptions of the fac ilitie , 

their associated waste streams and operating historie 

can be found in DOE/RL-92-04, Rev. 0 and DO E/ 

RL-92-05 , Rev. 0. 

High-resolution gamma spectroscopy instrumen­

tation and a neutron moisture tool were used to log 

the boreho les. Details concerning the logging 

methods, data analysis, and data interpretation can 

be found in PNNL-13080 and PNNL-13077. 

Four of the wells logged in 1999 were previously 

logged with the high-resolution spectral gamma log­

ging instrument. Time- lapse comparison of spectral 

log data was done for those boreholes. A lso, histori ­

cal gross gamma logs were compared with the gross 

gamma logs collected by the spectral in trument in 

1999. Interpretations of contaminant red istribut ion 

were based on changes among the data sets. 

All depths referred to in the fo llowing discussion 

of results are relative to ground surface. 



Table 6.2.9. Liquid Disposal Facilities and Associated Boreholes and 
Wells in the 200-East Area Monitored with Spectral Gamma-Ray 

I and Neutron Moisture Tools, Fiscal Year 1999 

Well or Well or 
Facility Borehole Facility Borehole 

PUREX Facilities<•l 

216-A-2 crib 299-E24-53 216-A-7 crib 299-E25-54 

216-A-4 crib 299-E24-54 216-A- l 8 trench 299-E25-10 

BC Controlled Area Facilities 

216-B-14 crib 299-El3-l 216-B-26 trench 299-El3-12 

216-B-15 crib 299-E13-2 216-B-27 trench 299-E13-57 

216-B-16 crib 299-E13-2 216-B-30 trench 299-E13-52 

299-E13-21 

216-B-17 crib 299-E13-4 216-B-31 trench 299-E13-58 

216-B-18 crib 299-El3-5 216-B-32 trench 299-E13-59 

216-B-19 crib 299-E13-6 216-B-33 trench 299-E13-60 

216-B-23 trench 299-E13-55 216-B-52 trench 299-El3-54 

216-B-25 trench 299-El3-56 216-B-53A trench 299-El3-61 

BX Trenches 

216-B-35 trench 299-E33-286 

216-B-37 trench 299-E33-287 

299-E33-288 

216-B-38 trench 299-E33-289 

299-E33-290 

(a ) PUREX = Plutonium-Uranium Extraction. 

Plutonium-Uranium Extraction Facilities. 
The isotopes cesium-137, cobalt-60, europium-154, 

uranium-235, and uranium-238 were identified on 

the spectral gamma logs from boreholes monitoring 

the Plutonium-Uranium Extraction specific reten­

tion facilities. One gross gamma log obtained in 1976 

was digitized for comparison with the 1999 log ( bore­

hole 299-E24-53 at the 216-A-2 crib) . The presence 

of several man-made, gamma-emitting radionuclides 

made the comparison very difficult, but the two logs 

showed the same general character suggesting no 

vertical movement of radionuclides. Lateral move­

ment could not be ruled out by the comparison. 

Qualitative, visual (not digitized) comparisons of the 

other 1999 gross gamma logs with historical gross 

216-B-41 trench 299-E33-8 

216-B-42 trench 299-E33-10 

gamma logs, from the monitored Plutonium­

Uranium Extraction facilities, suggested that no 

vertical movement of radionuclides had occurred 

since the previous logging events. Most differences 

between historical logs and the 1999 logs could 

be explained by decay of relatively short- lived 

radionuclides. 

BC Controlled Area Cribs and Trenches. 

The isotopes antimony- 125, cesium-13 7, cobalt-60, 

and europium-154 were identified on the spectral 

gamma logs from boreholes monitoring the BC con­

trolled area cribs and trenches. Three of the wells in 

this area had been previously logged in 1992 with a 

spectral gamma tool. In two of the three wells with 
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both 1992 and 1999 logs, zones were identified where 

the cesium-13 7 concentration had increased since 

1992. The cesium-13 7 concentration increased by 

- 20% between 20 and 2 7 meters ( 66 and 88 feet) in 

well 299-E13-1, at the 216-B-14 crib, and by -32% 

at -25 meters (82 feet) in well 299-E13-5, at the 

216-B-18 crib. The movement of cesium-137 in well 

299-E13-5 is interpreted to be lateral because there 

was no change in cesium-13 7 concentration above 

and below the zone of increase. The increase in 

cesium-137 concentration in well 299-E13-1 could 

have resulted from vertical movement but more infor­

mation is needed to make a definite interpretation. 

Historical gross gamma logs from two wells, 

299-El3-2 and 299-E13-4 were digitized to allow 

comparison with 1999 gross gamma logs. Differences 

between the 1976 and 1999 logs can be explained by 

natural decay of relatively short-lived radionuclides; 

the comparison, however, is qualitative. Similarly, 

most of the differences between the 1999 logs and 

other historical logs reflect the decay of relatively 

deeper, short-lived isotopes and the much slower 

decay of the shallower and longer-lived isotopes. 

BX Specific Retention Trenches. The iso­

topes antimony-125, cesium-137, and cobalt-60 

were identified on the spectral gamma logs from 

boreholes at the BX specific retention trenches. The 

antimony-125 and cobalt-60 were identified only at 

or near detection limits. 

A 1984 gross gamma log from borehole 299-E33-

289 was digitized and compared to the 1999 gross 

gamma results. The different instrument efficiencies 

allow only qualitative comparison but the depth 

profile of the contaminants match very well. It is 

believed that no vertical migration of contaminants 

has occurred in the borehole since 1984. 

Borehole 299-E33-290 at the 216-B-38 trench 

was previously logged with a spectral gamma tool in 

1992. Cesium-137 was the only man-made radioiso­

tope noted in both the 1992 and 1999 logs. Compari­

son of the 1992 and 1999 gross gamma logs indicated 

that a change in the distribution of cesium-13 7 was 
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highly unlikely. Most of the qualitative differences 

between the 1999 logs and the historical logs from 

the BX trenches reflect the decay of short-lived 

isotopes, primarily ruthenium-106. 

Summary. Only four of the boreholes logged 

in 1999 had previou spectral gamma logs for com­

parison. Two of those logs showed that changes in 

the subsurface distribution of man-made radioiso­

topes had occurred since 1992. Although the 

changes are not great, they do point to continued 

movement of contaminants in the vadose zone. The 

logs obtained in 1999 create a larger baseline for 

comparison with future logs. 

None of the facilities monitored in 1999 have 

been used for at least 30 years and some for 40 years. 

Thus, the driving force for the changes is not known 

for certain but must be either natural recharge, 

residual moisture from past facility operations, or 

moisture from adjacent facilities. There are several 

facilities, including cribs and tank farms near the 

BX trenches, that may contribute moisture to the 

subsurface under the trenches. There are no nearby 

liquid waste disposal facilities near the cribs and 

trenches in the BC controlled area, so the driving 

force there must be residual moisture from past 

operations or natural recharge. 

6.108 

The radionuclides that were observed to have 

moved since 1992 are cesium-13 7 and cobalt-60. 

Given the amount of movement and the half-lives of 

the isotopes, it is expected that they will decay to 

insignificant amounts before reaching groundwater. 

Although not seen to have moved in 1999, the same 

is expected for all of the other detected isotopes 

except those of uranium. 

Unfortunately, gamma-ray logging cannot 

detect many of the contaminants of interest such 

as technetium-99, nitrate, and iodine-129, all of 

which can be highly mobile in the vadose zone and, 

for the radionuclides, have long half-lives. The time 

series of gross gamma logs (ARH-ST-156) for many 

of the specific retention facilities show large 

decreases in gamma intensity between the late 1950s 



and 1976. The maximum intensity is generally 

between a depth of 10 and 20 meters ( 66 feet). The 

rapid decay is probably due to ruthenium-106 (half­

life 1.02 year), and the ruthenium-106 probably 

reached a maximum depth of 10 to 20 meters (33 to 

66 feet) with the original slug of water disposed in the 

short time (generally -1 month) the facilities oper­

ated. Depending on the chemical characteristics of 

the waste stream, the mobility of iodine-129 and 

technetium-99, as gauged by experimentally deter­

mined Ki, is either near that of or greater than that 

of ruthenium-106. Thus, the minimum depth that 

iodine-129, nitrate, and technetium-99 probably 

reached during facility operation is indicated by the 

depth of rapid ruthenium-106 decay. Subsequent 

movement of the long-lived and mobile nongamma 

emitting constituents cannot be measured with the 

available geophysical logging tools. 

6 .2 .3 Hanford Site Surface Barrier Technology 

G. W. Gee, A. L. Ward 

A field-scale prototype surface barrier was con­

structed in 1994 over an existing waste site as part 

of a CERCLA treatability test. The barrier was 

designed to be used at waste sites in arid climates and 

to have a 1,000-year performance. The barrier was 

monitored for 4 years to ascertain its stability and 

long-term performance. The 4 years of data were 

compiled and analyzed in 1999. A summary of those 

data is presented here; a more complete discussion is 

found in DOE/RL-99-11, Rev. 0. 

Natural construction materials (e.g., fine soil, 

sand, gravel, cobble, basalt riprap, asphalt) were 

selected because of the demand for the barrier to 

perform for at least 1,000 years without maintenance. 

The current barrier consists of a 2-meter (6.5-foot) 

thick, fine-soil layer overlying other layers of 

coarser materials that include sands, gravels, and 

basalt rock (riprap) and a low permeability asphalt 

layer. The barrier is designed to limit recharge to less 

than 0.5 millimeter (0.02 inch) per year. Figure 6.2.11 

shows the construction details of the barrier. 

Each layer serves a distinct purpose. The fine 

soil layer (silt) acts as a medium to store moisture 

until the processes of evaporation and transpiration 

recycle excess water back to the atmosphere. The 

fine soil layer also provides the medium to establish 

plants that are necessary for transpiration to take 

place. The coarser materials placed directly below 

the fine soil layer create a capillary break that inhibits 

downward movement of water through the barrier. 

The placement of fine soil directly over coarser 

materials also encourages plants and animals to limit 

their biological activities to the upper portion of the 

barrier, thereby reducing biointrusion into the lower 

layers. The coarser materials also help to deter 

inadvertent human intruders from digging deeper 

into the barrier profile. 

Low-permeability layers are placed below the 

capillary break to 1) divert any percolating water that 

crosses the capillary break away from the waste zone 

and 2) limit the upward movement of noxious gases 

from the waste zone. The coarse materials located 

above the low-permeability layers also serve as a 

drainage medium to channel any percolating water 

to the edges of the barrier. 

In addition to testing the performance of a 

capillary barrier, the prototype is being used to test 

two different side-slope designs: 

• a relatively flat apron ( 10: 1, horizontal:vertical) 

of clean fill gravel 

• a relatively steep (2: 1) embankment of fractured 

basalt riprap (PNL-8391; Ward and Gee 1997). 

A shrub and grass cover was established on the 

soil surfaces of the prototype in November 1994. 

Shrubs were planted at a density of two plants per 

square meter with four sagebrush (Artemsia tridentata) 

plants to every one rabbitbrush (Chrysothamnus 

nauseosus) plant. 
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Figure 6.2.11. Cross Section of the Hanford Site Prototype Barrier Showing (a) Interactive Water 
Balance Processes, (bl Gravel Side Slope, and (c) Basalt Riprap Slope 

6 .2 .3.1 Results of Field Tests 

From November 1994 through October 1997, 

soil plots on the northern half of the prototype barrier 

were irrigated such that the total water applied, 

including natural precipitation, was 480 millimeters 

per year (18.9 inches per year) or 3 times the long­

term annual average. This treatment included appli­

cation of sufficient irrigation water on 1 day, during 

the last week of March for 3 years (1995 through 

1997), to mimic a 1,000-year storm (70 millimeters 

(2. 75 inches] of water). 

Survival rates of the transplanted shrubs have 

been remarkably high; 97% for sagebrush and 57% for 

rabbitbrush (PNNL-11367) . Grass cover, consisting 

of 12 varieties of annuals and perennials, including 

cheatgrass, several bluegrasses, and bunch grasses, 

dominated the surfaces, particularly those that were 

irrigated. Approximately 75 % of the surface was 

covered by vegetation; a cover value typical of shrub­

steppe plant communities. In all respects, the veg­

etated cover appeared to be healthy and normal. 

There was nearly twice as much grass cover on the 

irrigated surfaces than on the nonirrigated surfaces 

(PNNL-11367). 

Figure 6.2.12 compares temporal changes in 

mean s~il water storage on the irrigated and 

non irrigated portions of the prototype barrier through 

September 1998. All irrigation and natural precipi­

tation plus all available stored soil water were 

removed via evapotranspiration during the first year 

of surface barrier operation. By late summer of each 

year, water was removed via evapotranspiration 
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