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PREFACE

Environmental monitoring at the Hanford Site is conducted by the Battelle Memorial Institute, Pacific
Northwest Division, as part of its contract to operate the Pacific Northwest Laboratory (PNL) for the U.S.
Department of Energy. The data collected provide a historical record ot radionuclide and radiation levels
attributable to natural causes, worldwide fallout, and Hanford operations. Data are aiso collected to monitor
the status of chemicals on the Site and in the Columbia River.

This report represents a single, comprehensive source of offsite and onsite environmental monitoring data
collected during 1987 by PNL’s Environmental Monitoring Program. Appendix A contains data and data
summaries for results obtained during 1987 that include statistical estimates of variation. Information in
Appendix A is intended for readers with a scientific interest orfor those who wish to evaluate resultsina manner
notincluded here. Those interested inreviewing the raw data can do so at the Department of Energy - Richland
Operations’ Public Reading Room at the Federal Building in Richland, Washington.
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TABLE 1.2. Elementala Chemical Constituent Nomenclature

Constituel Symbol

Aluminum Al
Ammonium NH,*
Antimony Sb
Arsenic As
Barium Ba
Beryllium Be
Bicarbonate HCO,
Boron B
Cadmium Cd
Calcium Ca
Carbonate Co>
Chloride (o]}
Chromium (species) Cre+
Chromium (total) Cr
Copper Cu
Fluoride F
Iron Fe

- Lead Pb

~ Magnesium Mg

' Manganese Mn
Mercury Hg

i Nickel Ni
Nitrate NO
Phosphate PO*
Potassium K
Selenium Se

_ Silver Ag
Sodium Na
Strontium Sr
Sultate SO
Vanadium \
Zinc Zn

1.3











































2

Strontium Semiworks, liquid-waste disposal sites,
and the 300 Area Process Ponds under DOE Order
5480.1A directives.
Nonradiological Air? aitoring

Nonradiological pollutants in atmospheric releases
from chemical-processing plants and fossil-fueled
steam plants at Hanford consisted primarily of nitro-
gen oxides (NO,). The Hanford Environmental
Health Foundation operated a nine-station network
to sample ambient air nitrogen dioxide (NO,) in 1987.
Total suspended particulate monitoring was con-
ducted at the BWIP exploratory shaft site during
1987 and results are summarized in “Air Quality
Monitoring,” Section 3.1.

Wildlife Census

The purpose of the wildlife census was to determine
the population status of a few key wildlife and fish
species that inhabit the Hanford Site. Information on
populations of spawning chinook salmon and nest-
ing Canada geese has been obtained for 33 con-
secutive years. The American bald eagleis a “threat-
ened"” species in the state of Washington (U.S. Fish
and Wiidlife Service 1986). Aerial censuses of bald
eagles have been obtained since the 1960s. In
recent years, the status of nesting hawks, long-billed
curlews, and great blue herons has been added to
the wildlife census. In general, the conservative use

» of the land and water resources of the Hanford Site

has benefited indigenous wildlife species. The num-
ber of spawning salmon has increased in recent
years in response to fishery's management prac-

™ tices. The number of bald eagles has also increased

because of the increased food supply of spawned-
out, dead salmon. The population of nesting geese
has remained relatively stable. Results of the wildlife
census were reported recently in a scientific journal
(Rickard and Watson 1985).

Public Information Activities
Environmental monitoring personnel participated in

avariety of meetings during 1987 to discuss monitor-
ing results with public intt st groups, professional

groups, farm business organizations, and visitors to
the Hanford Site. Special meetings were held with
representatives of the Washington wine industry and
eastern Washington legislators concerning '®linthe
environment and with the Farm Bureau and local
farmers concerning uranium in water from eastern
Washington wells, as measured by the Washington
State Department of Social and Health Services
(WDSHS) and PNL.

The final Environmental Impact Statement for Dis-
posal of Hanford Defense High-Level, Transuranic
and Tank Wastes (HDW-EIS) was released in De-
cember 1987 (DOE 1987a). The five-volume, 2000-
page document examines the short- and long-term
risks, costs, and socioeconomic and ecological
impacts of several altemnatives for the disposal of
defense wastes located at the Hanford Site. Comple-
tion of the HDW-EIS represents a major step forward
in the decision-making process.

A cooperative effort to sample and analyze water
from the Columbia River and riverbank springs was
conducted againin 1987 by the states of Washington
and Oregon, the EPA, the Umatilla Indian tribe, and
the Hanford Education Action League of Spokane,
Washington. Sufficient samples were collected from
the 100-N Area Springs and the Columbia River to
provide an aliquot to each of the participating agen-
cies or groups (see “Quality Assurance,” Section
5.0).

In December 1987, the Quality Assurance Task
Force, which is sponsored by the WDSHS, con-
ducted a review of the environmental monitoring
programs in the Pacitic Northwest. The review was
conducted by a panel of three experts fromuniversity
and private consulting organizations. The organiza-
tions whose programs were reviewed included the
states of Washington and Oregon, the Supply Sys-
tem, WHC, PNL, the Nez Perce Tribe, the Confeder-
ated Tribes of the Umatilla Indian Reservation, and
the Yakima Indian Nation. This review was open to
the public. The panel concluded that the radiation
dose to the public from current Hanford operations
has been adequately assessed and is very low (less
{1 one millirem per year).
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3.0 ENVIRONMENTAL MONITORING RESULTS

3.1 AIR MONITORING

R. K. Woodruff

The transport by wind of atmospheric releases of radioactive and nonradioactive materials
from Hanford to the surrounding region represents a direct pathway for human exposure. The
radloactive materials in alr were sampled continuously on the Site, at the Site perimeter, and
In nearby and distant communltles at 50 locations. Particulates filtered from the air at all
locations were analyzed for radionuclides. Air was sampled and analyzed for selected
gaseous radionuclides at selected locations. Nitrogen dloxide was sampled at elght onsite
locations and one offsite location. Total suspended particulates were sampled at one onsite
location.™

Many of the radionuclides released to the environment at Hanford are also found worldwide
from two other sources: those that are naturally occurring and those resulting from worldwide
nuclear weapons testing fallout. Those samples collected at distant community locations
within the region essentially only contained contributions from natural and fallout sources,
as evidenced by comparison to data obtalned before restart of the PUREX Plant and by
comparison to EPA data from locations outside the region. The Influence of Hanford emis-
sions on local radionuclide levels Is Indicated by the difference between concentrations
measured at distant community locations within the region and concentrations measured
closer to the Site.

In 1987, the annual average Hanford Site perimeter concentrations of ®*Kr, uranlum, and
2020py were numeric ly greater than levels measured at distant monitoring stations. These
differences were not significantly different statistically (at the 5% significance level). lodine-
129 was numerically larger at the perim: r stations than at the distant stations and the
difference was significant statistically (beyond the 0.5% significance level). However, even
the maximum individual perimeter sample for any radionuclide was only 0.5% of the
applicable DOE DCG. The total dose from airemisslons Is compared to Clean Alr Act and Department
of Energy dose standards In the section “Potential Radiological Doses from 1987 Hanford Opera-
tions.” Annual average NO, concentrations at all sampling locations remalned well below federal and
Washington State amblent air standards.

SAMPLE COLLECTION AND ANALYSIS directions to the south and east of the Site, to char-

acterize concentrations a 1e boundaries nearest to
Radioactivity in air was sampled by a network of  residences. Continuous samplers located in Benton
continuously operating air samplers at 21 locations  City, Connell, Eltopia, Kennewick, Mattawa, Othello,
on the Hanford Site, 14 near the Site nerimeter, 9in  Pasco, Prosser, and Richland provided data to
nearby communities, and 6 in r ively distant  characterize air concentrations in the nearest popu-
communities (see Figure 3.1 and Table A.1, Appen-  |ation centers. Samplers at McNary Dam and in the
dix A). Air samplers onthe Hanford Site were located distant communities of Moses Lake, Sunnyside,
primarily around the major operating areas to char-  Walla Walla, Washtu 1, and Yakima provided data
acterize maximumconcentrationsinthe airfromSite  { n relatively unaffected locations for comparison.
operations. Site perimeter samplers were located on

all sides, with emphasis in the prevailing downwind  Samples were collected according to a schedule

bbbl oa el o e

(a) Nitrogendioxide and total su:
sampling and analysis wi
HEHF.



















January [see “Effluents, Waste Disposal and
Unusual Occurrences,” Appendix G (Price 1986)).
The annual average Site perimeter concentration in
1987 (0.00004 pCi/m®) was only 0.0004% of the
applicable DCG (9 pCi/m?).

Quarterly air sampling for 2| began in July 1984.
lodine-129 was sampled at four locations in 1987
(Figure 3.7). (Because of the low levels of '®|, con-
centrations are reported in aCi/m? rather than pCi/
m?3.One aCi/m?= 0.000001 pCi/m®.) Conc lrations
at the perimeter were consistently larger than those
observed at Yakima. Concentrations were variable

and ranged from 157 to 714 aCi/m® at the 200-East
SE location, and from 0.3 to 0.8 aCi/m® at Yakima.
The average onsite concentration decreased from
1986 to 1987. The reported distant measurements
were essentially unchanged from 1986 to 1987. The
annual average '#l concentration at the perimeter
(2.7 aCi/m®) was only 0.000004% of the DCG of
70,000,000 aCi/m? (70 pCi/m3).

Average *H concentrations (expressed in pCi/m? of
air) measured at the Site perimeter and off the Site
were similar (Table A.4, Appendix A). Onsite con-
centrations were highest at the sampling locations
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Ruthenium-106, *'1, and '¥’Cs were routinely moni-
tored through monthly composite gamma. energy
analyses. Detectable levels were observed in 1986
during the Chermnoby! plume passage, but were de-
tected infrequently in 1987. The results obtained for
1987 areincluded in Tables A.4 and A.6 through A.8,
Appendix A. The annual average '®Ru, *'i, and '¥Cs
concentrations at the perimeter were less than
0.01% of their DCGs.

The comparisons discussed in the above para-
graphs are based onthe measured numerical results
withouttakinginto account the uncertainty inthe data
or their averages. However, statistical analyses of
the monthly and quarterly composite particulate data
and the gaseous radionuclide data were conducted
to take such uncertainty into account when evaiuat-
ing the effect of Hanford operations on the environ-
ment. Acomparison was made betweenthe average
distant community concentrations, which represent
natural and worldwide tallout sources, and the aver-
age at the perimeter of the Hanford Site, which
represents natural and worldwide fallout sources
and any Hanford contributions. This analysis indi-
cated thatin 1987, the average Hantord Site perime-
ter concentrations of 3H, #Kr, uranium, and 29.240py
were numerically greater than levels measured at

distant monitoring stations. These differences were

not significantly different statistically (at the 5% sig-

niticance level). lodine-129 was numerically larger at

the perimeter stations than at the distant stations,

and the difference was statistically significant (be-
nd the 0.5% significance level).

Nitrogen dioxide data collected in 1987 (Table A.12,
Appendix A) indicated that the highest annual aver-
age (<0.008 ppm) was observed at the 100-D and
Wye Barricade sampling locations (Figure 3.2, map
location numbers 4 and 7). The Wye Barricade also
had the highest average from 1984 through 1986. All
locations were below the applicable federal and
Washington State annual average ambient air stan-
dard for NO,, which is 0.05 ppm.

Total suspended particulates were sampied near the
200-W Area (Fii e 3.2, map location 10) during

7. Monthly averages ranged from 7.5 to 64.0 pg/
m?®. The annual average was 33.0 ug/m?, well below
the federal and state standards of 75 and 60 pg/m?
annual geometric mean, respectively. The monthly
24-h maximum sample ranged from 10 to 91 ug/m?;
federal and Washington State 24-h maximum stan-
dards are 150 and 260 ug/m?, respectively.
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disposal and storage, and to determine the impacts
of operations on the ground water (Serkowski et al.
1988). Most samples were analyzed for *H and
NO;. Selected samples were subjected to more ex-
tensive radiological analysis by alpha-, beta-, and
gamma-counting techniques, in many cases accom-
panied by selective radiochemical separations. The
radiological monitoring network is shown in Figure
3.10. Well locations for the 200-East and 200-West
Areas are identified in Figures 3.11 and 3.12.

A subset of the radiological monitoring network was
used for Site-wide chemical monitoring. Chemical
sampling wells were selected primarily for their prox-
imity to known active and inactive chemical disposal
sitesinthe 100, 200, 400, and 600 Areas and based
on known waste inventories (DOE 1986). The 600
Area is that area inside the Hanford Site boundary
but outside all other designated areas. Oniy wells
containing submersible pumps were selected for
chemical sampling to allow sufficient purging of wells
prior to sample collection.
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FIGURE 3.12. 200-West Area Monitoring Well Locations

Inthe first quarter of 1987, 46 wells were sampled for
chemical constituents. This effort was expanded in
the second quarter to include 132 wells, including 19
wells co-sampled on a one-time-only basis as part of
the DOE-Headquarters environmental survey of the
Hanford Site. During the third quarter, 121 wells were
monitored; 102 wells were sampled in the fourth
quarter. T : sampling in the fourth quarter included
some wells not previously sampled, while a number
of wells that showed no significant contamination
after three sampling periods were dropped from the
network. To avoid redundancy, areas covered by
ground-water monitoring for RCRA compliance

(EPA 1986b), such as the 300 and 100-H Areas,
were not included in the Site-wide chemical
monitoring network. However, chemical data from
allground-water monitoring programs onthe Site are
included in a single data base for pumposes of
interpretation. Chemical data were gathered on 293
wells during 1987, including wellis comprising the
RCRA compliance networks. Table 3.2 summarizes
the number of wells sampied, the number of samples
collected, and the results obtained during 1987.

Samples fromwells selected for chemical character
ds
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TABLE 3.2. Number of Wells Sampled, Samples Collected, and Analytical Results for Ground-

Water Monitoring Programs in 1987

Number of Number of Number of
Area Wells Sampled Samples Collected Analytical Results
100 86 497 27,246
200 164 1,008 22,298
300 49 322 17,247
400 7 23 453
600 257 1,118 26,273
Total 563@ 2,968 93,517

(a) Total of samples collected for Site-wide,{ RCRA compliance, and for compliance
with WHC and DOE monitoring guid nes.

used for chemical analysis conform to guidelines set
forth by the EPA (1982). Analyses for which EPA
guidelines were not available were performed in
accordance with other written procedures identified
in Table D.2, Appendix D. Analytical techniques
used are described in “Analytical Procedures and
Sampling Summary,” Appendix D. All analyses were
performed by UST. A list of the species covered by
the analytical program is presented in Table 3.3.

Most ground-water monitoring wells on the Site are
15 or 20 cmin diameter, and are constructed of steel
casing. Several small-diameter (5-cm) wells are
sampled for radionuclides only. Monitoring wells for
the unconfined aquifer are completed with wi
screens or perforated casing generally in the upper
3 to 6 mof the aquifer. Completion at the water tabie
allows samples to be collected near the top of the
aquifer where maximum concentrations for some
radionuclides were measured at a few locatic : at
the Hanford Site (Eddy, Myers, and Raymond 1978).
Confined aquifer monitoring wells have screens or
perforated casing within the monitored aquifer.

Samples were collected following internally docu-
mented sampling procedures based on EPA guide-
lines (EPA 1986b). Wells fitted with submersibie
pumps (0.63 L/s) were sampled after pumping for a
sufficient time (at least 20 min) to allow temperature,
pH, and specific conductivity to equilibrate. This
purging ensured that stagnant water in the well was
removed, allowing collection of a sample that was
representative of the ground water near the well.
Specific conductance and pH were measuredin 2
field at the time of sample collection. Samples for

volatile organic analyses were taken with zero head
space and sealed immediately with a septum-seale
cap. For fittered trace metals, a disposable, 0.45-um
pore-sized filter pack was connected to a Teflon®
sampling line. The filter was purged w500 mL of
well water, and then a sample was collected in a
plastic bottle. Trace metal samples and some radio-
chemical samples were preserved by acidification at

e time of collection. All samples were placedinice
chests immediately after sampling and transferred
the same day or early the next day to the laboratory
for immediate analysis of species with short holding
times (e.g., for NO," and volatile organic analyses).
Samples were stored at 4°C from time of sampling
until they were analyzed. All sampies were tracked
by chain-of-custody procedures from sampling
through analysis and disposal.

RESULTS

Detailed discussions of monitoring resuits for 1987,
including tables of all results for each well and
constituent, are reported by Ev: s, Mitchell, and
Dennison (1988) and Evans et al. (1988). Tables of
aliresultsfor 1987 are also availi  :forreview atthe
DOE-RL Public Reading Roc in the Federal
Building, Richland, Washington. Highlights of those
results are discussed below. St in y tables of
selected constituents are included in Tables A.13

(a) Teflon is a registered trademark of E. I. du Pont
de Nemours and Company, Wiimington, Dela-
ware.
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(REDOX) piant in the southern part of the 200-West
Area continued to move slowly to the east and north.
Well 299-W22-9 continued to be the only well in the
200-West Area with *H concentrations greater than
the DCG. The maximum concentration in this wellin
1987 was 8,070,000 pCi/L_. Tritium concentrations in
nearby wells within the 200-West Area and in the
adjacent 600 Area remained above the DWS and
were relatively constant throughout 1987. Move-
ment of the 3H plume that extends north and east
from REDOX was indicated by changes in the °H
concentrations in several wells in the plume. Con-
centrations in well 639-35-70 continued to decrease,
indicating that peak concentrations have moved
beyond this well. Concentrations in wells near the
center of the plume remained relatively constant,
while concentrations in well 699-40-62 continued to
increase as the plume moves northward. The north-
ernmost extent of the plume appeared to be in the
vicinity of well 699-40-62. Weil 699-44-64, north of
well 699-40-62, continued to contain *H concentra-
tions near the 300-pCi/L detection limit.

Gross alpha concentrations were detectedin ground -

water from wells in several areas, and could be
attributable to the presence of isotopes of plutonium
and/or uranium. However, plutonium concentrations
in wells sampled during the year were all below the
detection limit reported by UST. The DWS for gross
alphais 15 pCi/L, not including uranium. Those wells
in the 100-F, 200, and 300 Areas in which the gross
alpha exceeded 15 pCi/L all contained uranium in
concentrations that would account for the gross
alpha concentration detected. Several wells in the
100-H and 100-N Areas also contained gross alpha
concentrations exceeding the DWS. Although a few
wells in the 200-East Area remained somewhat
above the DWS, gross alpha concentrations in most
wells in the 200-East Area were very low. The
highest gross alphaconc trations measuredonthe
Site continue to be in wells adjacent to the inactive
216-U-1 and 216-U-2 cribs. Concentrations  ‘hose
wells continuedto decrease slowly overthe last year.
All wells adjacent to the 216-U-1 and 216-U-2 cribs
contained uranium concentrations that would ac-
count for the gross alpha concentrations detected. A
plot of the gross alpha concentrations at well loca-
tions is shown in Figure 3.14. A summary of uranium
concentrations inwells samp  during 1987 is pre-
sented in Table A.16, Appendix A.

Gross beta concel itions greater than the 50-
pCi/L DWS were found in wells throughout 3 Site.

Gross beta concentrations can commonly be attrib-
uted to the presence of one or more of the following
radionuclides in the ground water: ®Co, *Sr, *Tc,
125gh, '77Cs, 2 Th + 2*Pa (uranium daughters), and to
alesser extent '21. Occasionally, some shorter lived
beta emitters, such as **'l, are also detectable. Trit-
iumis not normally detected by the method used for
assay of gross beta. The beta activity appears in
most cases to derive from a combination of uranium
and **T¢ activity. The only exceptions are some of the
wells in the 100-N Area and a few wells in 2 200-
East Area that contain %Sr at concentrations high
enough to be detected with the gross betatechnique.

Although gross beta concentrations greater thanthe
DWS were widespread, the highest conce! ations
were found in wells near several waste disposal
facilities in the 100-N, 200-East, and 200-West
Areas, andinthe 600 Area adjacent to the 200 Areas.
Wells in the 200-East Area that contained highest
gross beta during 1987 reflect past disposal of liquid
waste to the inactive 216-B-5 reverse well, BY-cribs,
and cribs near PUREX. Gross beta concentrations in
well 299-E28-23 (15,700 pCi/L) near the 216-B-5
reverse well were the highest measured on the Site
during 1987. Wells near the 216-B-5 reverse well all
contained elevated concentrations of ¥Sr, and two
wells also contained measurable '¥Cs. The 216-B-5
reverse well received an estimated 27.9 Ci of ®Sr
and 31.8 Ci of “¥’Cs (both values decayed through
April 1, 1986) during its operation from 1945 to 1947
(DOE 1986). The BY-cribs received U Plant waste.
Wells monitoring the BY-cribs showed gross beta
concentrations greater than the DWS, ranging from
62 to 1010 pCi/L. The BY-crib monitoring wells
generally contained ¥Co and %*Tc¢.

The highest gross beta concentrations in the 200-
West Area were found in wells near U Plant. Gross
beta concentrations in wells near the 216-U-1 and
216-U-2 cribs remained above the DWS, but are
ge rally decreasing. Gross beta concentration in
these wells is dominated by uranium daughters.
Gross beta concentration remained above the DWS
in several wells near Gable Mountain Pond. These
wells contain relatively high concentrations of *Sr,
which would account for the gross beta concentra-
tion measured. The distribution of gross beta con-
centration at well locations is shown in Figure 3.15

Concentrations of °Sr were above the 8 pCi/L DWS
in wells in the 100-B, 100-N, 200-East. 200-West,
300, and 600 Areas. Only in the 100- Area were

3.18






|

R |
200-West lﬁp; o

7 "?e
1987 Maximum Gross/////’/'zt‘-k,7
Beta Concentration, ////j"e
pCi/L 7

V//A Generalized Basalt Outcrop

Above the Water Level

Well Sampled for Gross Beta

Maximum Value is 15,700 pCi/L

Area 200-East .

i,
/s
7

¢ Unconfined Aquifer Monitoring

Map Scale Varies in This Perspective View

Concentration Scale
4000 pCi/L
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An extensive program to analyze ground-water
samples for *Tc was initiated in May 1987. Concen-
trations greater than the 900-pCi/L DWS were de-
tectedinwells inthe 100-H, 200-East, and 200-West
Areas and in portions of the 600 Area. None of the
wells had concentrations exceeding the 100,000-
pCi/L DCG. The highest concentrations of ®Tc on the

Site were measured in well 699-50-53, with a maxi-
mum concentration of 29,100 pCi/L. Well 699-50-53
is located north of the BY-cribs outside the 200-East
Area. A summary of ¥Tc concentrations in wells
sampled during 1987 is presented  Table A.18,
Appendix A.

3.20

























n’\

locationis unknown; however, itis unlikely that these
concentrations are attributable to waste disposal in
the 200 Areas.

Several wells completed in the confined aquif¢  ad
detectable concentrations of fluoride. An av  je
concentration of 8 mg/L (above the 4-mg/L DWS)
could be attributed to the chemistry of the basalt
formations. Fluoride concentrations in some of the
deeper confined aquifers routinely exceed 20 mg/L.

Three wells had elevated concentrations of a single
contaminant during one sampling period in 1987.
Samples collected from well 639-20-ESAP on Aoril
26, 1987, contained an NO, concentration of 0
ppb. Previous and subsequent samples were v
the level of detection for NO,. Samples collected

from well 699-S11-E12AP on May 5, 1987. and well
699-51-46 on June 11, 1987, contained | concen-
trations of 20,000 and 7790 pCi/L, respectively. Pre-
vious and subsequent samples collected at ¢ h of
these wells were below detection forH. The cause of
elevated concentrations of these contamir itsin a
single sample is unknown and may reflect errors in
sample collection or analysis.

Available 2| data for Hanford confined aquifers
(Rattlesnake Ridge and below) were asser ledand
published during 1987 by an intercontractor working
group (WHC 1987). The document discussed back-
ground levels of '®| in ground water, and identified
locations where 2 was found at concentrations
exceeding background.
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129], 29240Py, and isotopic uranium. Gross alpha and
gross beta measurements provided a general ir
cation of ti  radioactive contamination present.
Gamma scans provi d concentrations of several
specific radionuclides (listed on page D.1, Apj 4
D), primarily ®Co, I, and '¥’Cs. Specific -
chemical analyses and, in some cases, special
sampling techniques were used to determr 3 the
concentrations of 3H, 89Sr, %0Sr, 23|, 24|y, 215 B[,
and 2¥24Py in the river water during the year. Radi-
onuclides of interest were selected based o r
importance in determining water quality, ve ]
effluent controt and effluent monitoring systems, and
determining compliance with applicable stand:
that pertain to the potential exposure to the ublic
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using the river. The half-lives of specific radionu-
clides were considered in determining sampling and
analysis frequencies.

iest Rapids Dam is located approximately 8 km
upstream of the Site boundary and 20 km upstream
of the 100-B Area, the facility farthest | stream at
Hanford. The water sampler at Priest Rapids Damis
positioned approximately midstream within the dam
and collects water from the re  voir behind the
impoundment as it passes through the dam. The
Vernita Bridge sample location is approximately 6
km upstream of the 100-B Area. Samples are col-
lected from the Benton County shoreline near the
bridge for analysis of nonradiological constituents.
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source of ®Sr entering the Columbia River was the
100-N Area LWDF that discharged 2.4 Ci to the river
via seepage during 1987. Observed *Sr concentra-
tions during 1987 in Columbia River water were w¢
below the State of Washington and EPA DWS of 8
pCi/L.

Annual average uranium concentrations in 1987
continued to be slightly higherin river water collected
at the Richland Pumphouse than in samples col-
lected at Priest Rapids Dam (Figure 3.28). The
difference in annual averages (0.05 pCi/L) is small
and within the degree of variability expected for this
type of analysis. Monthly values duringtheyea 3re
not consistently higher at any one location, as shown
in Figure 3.29. This figure indicates there was not a
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"FIGl 'E 3.28. Annual Average Uranium Con-
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FIGURE 3.29. Monthly Uranium Conc: rati s
in Columbia River Water During
1987

consistently measurable contribution to Columbia
River water uranium concentrations attributable to
Hanford operations. Statistical analyses showed
that the differences during the year were insignifi-
cant. Although there is no direct discharge of ura-
nium to the river, uranium is present in the ground

water beneath the 300 Area (see “Ground-Water
Monitoring,” Section 3.2) and has been detected at
elevated levels in riverbank springs in this area
(McCormack and Carlile 1984).

As in past years, 'l concentrations continue to be
significantly higher at the 300 Area water intake than
at Priest Rapids Dam. Average Priest R.  ids Dam
and 300 Area river water 2| concentrations during
1987 were 7 and 106 aCi/L, respectively. During
1987, a continuous filter-resin sampling system was
installed at the Richland Pumphouse to allow for the
measurement of '®I. Concentrations of ' at the
Richland Pumphouse (103 aCi/L) were essentially
the same as those at the 300 Area (106 aCi/L).
lodine-129 in the river is attributable to the flow of
ground water from the unconfined aquifer into the
river (McCormack and Carlile 1984). Figure 3.30
provides the annual average '®| concentrations from

0.001 g 129
[0 Priest Rapids Dam 1
[ E 300 Area

Richland Pumphouse
0.0001 3

0.000001 X i 1
1983 1984 1985

1982

g
g

Concentration, aCllL {log scala}

1986 1067

FIGURE 3.30. Annual Average lodine-129 (')
Concentrations in Columbia
River Water, 198Z ..irough 1987

1982 through 1987. The differences during 1987
among the Priest Rapids Dam, 300 Area, and Rich-
land Pumphouse concentrations were similar to the
differences in past years. Figure 3.31 illustrates the
quarterly '®| concentrations at Priest Rapids Dam
and the Richland Pumphouse. As for other
radionuclides, '®| concentrations in Columbia River
water during 1987 at those locations were below
concentrations that would resuit in doses exceeding
the State of Washington and EPA DWS of 4 mrenv
yr.
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3.7 I NETRATING-RAD! TION MONITORING

L. A. Rathbun

Dose rates from penetrating radiation (gamma rays) were measured at a number of locations in the
Hanford environs during 1987. Measurements were made using thermoluminescent dosimeters
(TLDs) to provide estimates of the dose rates from external radiation sources. Penetrating radiation
from naturaily occurring sources, including cosmic radiation and natural radloactive materials in the
alr and ground, as well as worldwide fallout, was recorded at all dosimeter locations. Dosimeters al
measured dose rates from exposure to radioactive materlals assoclated with activities at Hanford.
Results obtained both on and off the Site were simllar to those of past years. Dose rates near
operating facllities were somewhat higher tt  natural background rates.

Radlatlon surveys were conducted at numerous locations on the Hanford Site. Onsite roads,
railroads, and retired waste-disposal sites located outside of operating areas were routinely surveyed
during 1987. These surveys were designed to identify areas where levels of radloactivity were
abnormal. Survey resuits for 1987 were comparable to those of past years. No unexpected or

abnormal conditions were observed on Site Ighways or railroads.

PENETRATING-RADIATION MEASUREMENTS

External radiation measurements were made using-

environmental TLDs at numerous locations on the
Site, around the Site perimeter,innearby andd it
communities, and along the shoreline of the C¢  m-
bia River. Environmental radiation dosimeters con-
sisted of five CaF,Mn thermoluminescent ips
encased in a plastic capsule. The capsuie coni  ed
a lead/tantalum filter to provide uniform dose re-
sponse characteristics for penetrating radiation
above 60 kilo electron volts (keV) (Fix and liller
1978). Dosimeters were mounted 1 m above ground
level and were exchanged every 4 weeks, with the
exception of the shoreline TLDs, which were ex-
changed quarterly. Although they were measuredin
milliroentgens (mR), measured doses arer  rted
in dose equivalent units (mrem) to allow corr  ison
with dose stani  ds and dose equivalents reoorted
elsewhere in this document. The TLDs reco adia-
tion exposure from natural : | fallout sources,
well as any local contribution (NCRP 1987). Because
the dosimeter is used in a multienergy beta/gamma
radiation field (the environment near Hanford) that
differs considerably from calibration conditions
(*¥"Cs photons in air), the conversion factor relating
mrem to mR may not be exactly 1.0. Nonetheless, it
is assumed to be 1.0 throughout this reponrt.

Dosimeters were placed at numerous locations in
the vicinity of Hanford and at several locations more
distant from the Site (Figure 3.54). Dose 1S

measured at each location during 1987 are given in
Table A.50, Appendix A. Offsite dosimeter locations
were chosen to represent areas that couid have
been inhabited continuously. Dose measurements
at these locations are reported in mrem/yr.

Results were similar to those observed in previous
years for the same locations. However, new caicula-
tionalmethods cause dose measurementsto appear
about 16% higher than in previous years. e back-
ground dose rate, calculated from the annual aver-
age dose rates observed at distant locations, was 72
mrem/yr (0.008 mrervh), in contrast to the 60 mrenv
yrreported last year. Dose rates measured at Seattle
and Spokane in 1985 by the WDSHS were 56 mremv
yr and 88 mremvyr, respectively (WDSHS 1987).

Figure 3.55 shows average annual dose rates mea-
sured at perimeter and distant locations during 1987
and the previous 5 years. In this figure, some year-
to-year varation is apparent. In addition to natural
variability of penetrating radiation in the environs at
both nearby and distant locations, the resuits are
aftected by administrative changesinthe analyses of
environmental TLDs. The naturalvaric yisdueto
severalweatherandclimaticfactorsan  solarflare
activity. Thus it is difficuit to quantify. Because the
administrative changes (e.g., sam| g ‘riod
changes, background correlations) are large enough
to cause the variability apparent in Figure 3.55, itis
assumed that the administrative .  (nges are more
important than natural year-to-year va bility.
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3.8 COMPARISON OF MEASUREMENTS WITH CALCULATIONS AND
OTHER MOl TC ING RESULTS

R. E. Jaquish

Measurements of radiation levels and radionuclide concentrations In the environment were
used to estimate the radiological impact of Hanford operations. The quantities of radionu-
clides released to the environment were usually small, and frequently it was not possible to
measure radloactivity attributable to Hanford operations. For dose calculations, environ-
ment. concentrations of radionuclides In air, water, and other media were calculated based
on the quantitles released In varlous efi ts. To verify that calculated environmental
concentrations used In the dose models reasonable, concentrations of radionuclides
that could be measured In air and water were compared with calculated values. Calculated
concentrations used for radiological dose assessment were verifled as reasonable estl-
mates. Monitoring results from other organizations in Washington and the Hanfolr vicinity
were reviewed. These data did not show radionuclide concentrations to be different from
national ambient radiation levels.

For most radionuclides on and around the Hanford
Site, concentrations were low and indistinguishable
from background. Dose estimates were based on
radionuclide concentrations cailculated from re-
ported effluents using appropriate dispersion and
dose models (see Appendix F). To determine
whether the models had provided reasonable con-
centrations, measured concentrations of radionu-
clides in air and surface water were compared with
the calculated concentrations. Most concentra ns
were near minimum detectable levels, but even at
these levels it was possible to determine wheth e
calculated concentrations were inthe samerange as
measured concentrations.

Table 3.5 lists the major nuclides contrib  1g to the
radiological dose from Hanford operations’ 3juid
effluents to the Columbia River. The table also
compares calculated concentrations with measured
concentrations. The Richland Pumphouse was used
as the station for comparing concentrations  as-
urements taken at Priest Rapids Dam were used as
the background to be subtracted to estimate the net
concentration at the Richland Pumphouse.

For %Sr, 131), 1?97Cs, and 2%¥-20py, the measured con-
centrations were low and no increase resut g from
effluents could be detected. With the exception of °H,
129, and uranium, the calculated downstream con-
centrations were also low, below the sensiti yofthe
monitoring methods. The measured concentration of
°H was greater than that calculated from the moni-
tored liquid effluents to the Columbia River. 1e cal-
culated added concentration from monitored

effluents was 1 pCi/L,, and the measured difference
was 60 pCi/L. This difference indicates an additional
source of °H along the Hanford reach attributed to
seepage from the Hanford shoreline (McCormack
and Carlile 1984). Incompiete mixing of the *H plume
at this location could also contribute to the elevated
measured concentration. There was no monitored
liquid effluent for ' or uranium. The smallincreases
inthese two radionuclides measured atthe Richland
Pumphouse are also presumed to be from ground
water. (See “Ground-Water Monitoring,” Section
3.2)

Asimilar comparisonwas made for airborne radionu-
clides by calcuiating concentrations forthe perimeter
monitoring location nearest the Site (Ringold) and
comparing these values with the measurements at
this location. Average results for distant stations
were used as the background level to be subtracted
from the Ringold results to estimate the net concen-
tration contributed by Hanford effluents. The 1987
average dispersion values (X/Q') were used for
these calculations (see Tables F.5 to F.8, Appendix
F). Table 3.6 lists the major airborne effl  its from
the 200 Areas and shows the calculated and net
measured concentrations at the Ringold location.
For®H, %S, 131, ¥7Cs, and #92Py 3 net measured
perimeter concentrations were ver  w or negative,
indicating no detectable contribution from the Han-
ford effluent. This conclusion agrees with the calcu-
lated concentrations, which indicate very low levels

that would be below the detec in levels of the

measurement techniques. The calculated %Kr con-

centration was 22 pCi/m® a  the measured
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TABLE 3.5. Measured and Calculated 1987 Annual Average Concentrations of Selected
Radionuclides in the Columbia River
‘Calculated
100 Area Concentration A ed Measured Concentration at Richland

Radionuclide Releases, Ci® Downstream, pCi/L Pumphouse Minus Background, pCi/L

3H 98 1 60

%Co 0.33 0.004 0.004

8Sr 0.83 0.009 0.03

0gr 25 0.03 -0.01®

1291 -0 0.0001

131 0.0043 0.00005 -0.007®

$Cs 0.08 0.0009 -0.006®™

23.240py 0.0005 0.00001 -0.0001®

U Total ---() - 0.05

(a)
(b)
(c)

From Table G.5, Appendix G.
Negative concentration values indicate results less than the background value.
Indicates no monitored effluent for these radionuclides.

TABLE 3.6. Measured and Calculated 1987 Annual Average Air Concentrations of Selected

Radionuclides (pCi/m?)

Calculated Measured Perimeter
Perimeter Concentrations
200 Area Concentrations at Ringold Minus
Radionuclide Releases, Ci® at Ringold Background®
3H 70 0.02 -0.8
8Kr 70,000 20 6
08r 0.0002 6 x 107 -0.00003
129 05 0.0002 0.000006
3 <0.0002 <6 x 10°® -0.001
WICs 0.00004 1 x10°% -0.00007
23:.240py 0.0004 1 x107 0.0

(a)
(b)

From Table G.5, Appendix G.
Negative concentration values indicate results less than the background vaiue.
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concentration was 6 pC/m?. This is reasonable
because the straight line model tends to give results
higher than observed in actual wind fields. Aithough
the measured and calculated concentrations of 29|
were very low, the calculated results were greater
than the measurements. Uncertainties in both the
quantity released and the environmental measure-
ments could contribute to the differences observed.

In general, the comparison of measured and calcu-
lated concentrations for a limited number of radionu-
clides in air and water indicated that the calculated
concentrations were in the correct range, as identi-
fied by environmental monitoring measurements.

Other Monitoring Data

The states of Oregon and Washington and the EPA
performed environmental monitoring in 1987; how-
ever, these organizations collected only limited
amounts of data from the Hanford vicinity. The fol-
lowing monitoring was performed by these organiza-
tions:

Monitoring Locations
U.S. Environmental Protection Agency
Gross Beta in Air Olympia and Seattle, Wash.

Tritium in surface Northport and Richland,
water Wash.

Radionuclides in Seattle and Spokane,
pasteurized Milk Wash.

Strontium-89 and -90 Region 10 composite
in pasteurized milk

3.60

State of Washington

Radioactivity in air Hanford Site

. Radioactivity in Priest Rapids and
Columbia River Richland, Wash.
Radioactivity in 100-N Area Springs
springs

Radioactivity in soil ~ Hanford Site

State of Oregon

Radioactivity in 100-N Area Springs
springs

Monitoring data for 1987 fromthe states of Washing-
ton and Oregon are not available in published form.
Table A.57, Appendix A, lists the 1986 data for the
joint sampling of the Columbia River and seep
springs by the states and PNL.

The EPA monitoring is conducted through their
Environmental Radiation Ambient Monitoring Sys-
tem. Monitoring results are compiled and distributed
quarterly (EPA 1987b) by the Office of Ra ition
Programs’ Eastern Environmental Radiation Facility
in Montgomery, Alabama.

The EPA monitoring results for Washington State
and the Hanford vicinity are similar to the ambient
background levels from other parts of the United
States. A summary of EPA results for 1987 is shown

-in Table 3.7.




TABLE 3.7. U.S. Environmental Protection Agency and PNL Results - 1987

Tritium in Surface Water, pCi/L

Northport, Wash. EPA Jan-March 1987 100 £ 200
Richland, Wash. EPA Jan-March 1987 100 £ 200
Richland, Wash. PNL 1987 Mean 130+ 10

Tritium in Drinking Water, pCi/L

Seattle, Wash. EPA Jan-March 1987 100 + 200
Richland, Wash. EPA Jan-March 1987 300 + 200
Richland, Wash. PNL 1987 Mean 130+ 10

Gross Beta in Air Particulates, pCi/m?

January February March 1987 Mean
Olympia, Wash. EPA 0.00 0.00 0.00
Spokane, Wash. EPA 0.02 0.01 0.01 -
Hanford Perimeter PNL - --- - 0.03

Radionuclides i >asteurized Milk, pCi/L

137Cs 14OBa 131'
Seattle, Wash. Jan EPA 1 + 3 -- ---
Feb EPA 20 = 7 8 * 8 4 + 7
Mar EPA 13 + 7 5 + 8 5 + 7
Spokane, Wash.  Mar EPA 9 + 18 17 £ 18 1 + 14
Riverview, Wash. 1987 Mean  PNL 36 + 9.1 - 001 + 035
Strontium in Pasteurized Milk, pCi/L
8Sr ©Sr
EPA Region 10 Comp.  Jan-March EPA 2 *1 04 £ 04
Riverview, Wash. 1987 Mean PNL 28 + 7.1 08 £ 1.0
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MAXIMUM “FENCE-POST” DOSE RATE

The “fence-post” dose rate is a measure of the
maximum potential external radiation dose rate at
publicly accessible locations on or nearthe Site. The
“fence-post” dose rate was determined from radia-
tion exposure measurements using fixed environ-
mental dosimeters placed at locations of expected
maximum dose rates. It does not represent the dose
actually received by any member of the public, but
rather the radiation dose absorbed by the dosimeter.
The reporting of maximum “fence-post” dose ratesis
required by DOE Order 5484.1 (DOE 1981Db).

“Fence-post” dose rates were measured in the vicin-
ity of the 100-N, 300, and 400 (FFTF) operating
areas, as described in the section “Penetrating
Radiation Monitoring,” Section 3.7. The 200 Areas
were notincluded because they are not accessible to
the general public.

The Columbia River provides public access to an

area within a few hundred meters of the N Reactor

and supporting facilities. Measurements made atthe
100-N Area shoreline (Table A.52, Appendix A) were
consistently above background. The highest
average dose rate observed along the shoreline
during 1987 was 0.03 mrem/h (0.0003 mSv/h), or
about four times the dose rate normally observed at

- offsite shoreline locations (0.007 mremvh or 0.00007

mSv/h).

The FFTF Reactor Visitors Center, located south-
east of the FFTF Reactor building, provides public
access to the 400 Area. Dose rate measurements
during 1987 atthis location (Table A.52, Appendix A)
showed essentially normal background radiation
levels (0.009 mrenvh or 0.00009 mSv/h).

Dose rates along the perimeter of the 300 Area were
above background levels at some locations acces-
sible to the general public. The highest average dose
rate measured was 0.06 mrenmvh (0. )6 mSv/h)
over a 2-day period in early 1987 near a research
facility housing a radioactive steam generator. The
average dose rate for other 300 Area perimeter lo-
cations accessible to the public was 0.011 mrenvh
{0.00011 mSwv/h).

The impact from these reported “fence-post” dose
rates was negligible. They should not be used to
calculate annual doses to the general public be-
cause no oneresides at these “fence-post” locations.

4.2

MAXIMALLY EXPOSED INDIVIDUAL DOSE

The maximally exposed individual is a hypothetical
person, living at a single location, who has a life style
that results in hinvher receiving the maximum calcu-
lated radiation dose using maximum assumptions
with regard to location, inhalation of radioactive
effluents, consumption of contaminated foods and
water, and direct exposure to contaminants. This
individual’s characteristics were chosento maximize
the potential combined doses from all realistic, avail-
able exposure pathways from environmental re-
leases at Hanford. The particular characteristics of
the maximally exposed individual were based on
factors such as the total amount, composition, and
dispersion of effluents released to the air or the
Columbia River.

The following exposure pathways were included in
the calculation of doses to the hypothetical maxi-
mally exposed individual: inhalation of and submer-
sion in airborne effluents, consumption of foods
contaminated by radionuclides deposited on the
ground from airborne materials and by irrigation with
water from the Columbia River, direct exposure to
radionuclides deposited on the ground, use of drink-
ing water originating from the Coiumbia River, con-
sumption of fish taken from the Columbia River, and
direct exposure to radionuclides while using the
Columbia River for recreation. The hypothetical
maximally exposed individual for 1987 was postu-
lated to be an individual who:

¢ was a resident in an area approximately 13
km south-southeast of the 300 Area

« consumed foodstuffs grown in the north-
western part of the Riverview district using
Columbia River water for irrigation

* ingested drinking water obtained from the
Pasco sanitary water system

« ust t! Cc nbia River extensively for
boating, swimming, and fist ], and con-
sumed the fish that were caught.

The doses to the hypothetical maximally exposed
individual were calculated using the effluent data in
Tables G.1 and G.5, Appendix G and monitoring
data.
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whole-body dose limit and 1% of the dose limitforthe
maximally exposed organ (thyroid). Thus, the
calculated maximum hypothetical annual doses for
1887 Hanford releases were well below all
applicable standards.

The effective dose for the maximally exposed indi-
vidual from 1987 Hanford operations is compared
with the doses for 1985 and 1986 in Figure 4.1. The
calculated committed organ doses and effective
doses for 1985, 1986, and 1987 are in Table 4.2.

POPULATION DOSE

The regional population dose from 1987 Hanford
operations was estimated by calculating the radia-
tion dose to the popuiation residing within an 80-km
radius of any of the onsite operating areas. Popula-
tiondoses are expressed in units of person-rem. The
results are shown in Table 4.3, in terms of the
committed organ dose and the effective dose. Site-
specific population distribution characteristics, food
pathway and dietary parameters, residency parame-
ters, and recreational activity parameters assumed
for these calculations are givenin Tables F.1to F.4
and F.9 to F.12, Appendix F.

0.12
0.10 -

0.08 -

0.06

0.04 -

Effective Dose, mrem

0.02

YA

1985 1986

%

0.00 s
1987

FIGURE 4.1. Calculated Effective Doses to the
Maximally Exposed Individual for

1985, 1986, and 1987

The effective dose to the population was calculated
to be 4 person-rem (0.04 person-Sv) in 1987, com-
pared to 9 person-rem (0.09 person-Sv) in 1986.
This dose corresponds to an average per capita
effective dose of 0.01 mrem (0.0001 mSv) for indi-
viduals living within 80 km of Hanford. The decrease

TABLE 4.2. Cailculated Committed Organ Doses and
Eftective Dose to the Hypothetical Maximaily
Exposed Individual from Hanford Operations,
1985 Through 1987 (person-rem)
Committed Dose® 1985 1986 1987
Red Marrow 0.3 0.3 0.07
Bone Surfaces 0.7 0.6 0.1
Lung 0.07 0.03 0.02
Gi® 0.09 0.04 0.03
Th 4 1.0 0.9 0.9
Effective Dose ©@ 0.1 0.09 0.05

(a) Total 50-year committed dose to each organ from
exposure to ¢ available pathways.

(b) Gastrointestinal tract (lower large intestine).

(c) Etffective dose compiled from the product of each
organ’s dose and its weighting factor, and includes some
organs not listed here.
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TABLE 4.4. Calculated Committed Organ Doses and Effective Dose
to the 80-km Population fr 1 Hanford Operations,
1985 Through 1987 (person-rem)

Committed Dose® 1985
Red Marrow 6
Bone Surfaces 31
Lung 13
GI® 4
Thyroid 98
Eftective Dose® 9

1986 1987
5 0.9
12 2
7 1
4 0.7
120 110
9 4

(a) Total 50-year committed dose to each organ from exposure

to all available pathways.

(b) Gastrointestinal tract (lower large intestine).
(c) Effective dose equivalent compiled from the product of each
organ’s dose and its weighting factor, and includes some organs

not listed here.

estimate may be compared with doses from other
routinely encountered sources of radiation, such as
natural terrestrial and cosmic background radiation,
medical treatment and x-rays, natural internal body
radioactivity, and inhalation of radon. The aver @
radiation doses from these sources are illustrate n
Figure 4.3. The estimated per capita dose for individ-
ual members of the public is only a small fraction of
the annual per capita effective radiation dose m
natural background and medical sources of radiation
(about 360 mreminthe Tri-Cities area of Washington
State). The contribution of radon (200 mrem) to the
effective dose from natural background sources has
only recently been quantified by authoritative U.S.
organizations (NCRP 1987).

RADIOLOGICAL IMI CT FROM PAST
OPERATIONS

Columbia River

Measured levels of certain radionuclides in the Co-
lumbia River have been attributed to past  erations
atHanford. (See “Surface Water Monitoring,” Section
3.3) The primary environmental impacts resulting
from past operations were residual radionuclides
deposited along the Columbia River shoreline in river
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sediments and the seepage of ground waterinto the
river from the unconfined aquifer.

Environmental radiation dose rates resulting from
residual radionuclides deposited along the Colum-
bia River shoreline were discussed in “Maximum
‘Fence-Post’ Dose Rates,” Section 4.0. (See also
“Penetrating Radiation Monitoring,” Section 3.7).

Although '#lwas not released directly to the Colum-
bia River from Hanford facilities in 1987 (Table G.5,
Appendix G), this nuclide was measured at low
concentrations in the Columbia River at the Rich-
land Pumphouse. In addition, the measured con-
centration of 3H at the Richland Pumphouse was
higher than that predicted from measured effluents
to the Columbia River. These concentrations are
attributed to seepage from ground water.

The effective dose from the extra concentrations of
these two radionuclidesinthe riveris estimatedto
0.007 mrem (7 X 10° mSv) to the  iximally ex-
posed individual, and 0.1 person-rem (0.001 per-
son-Sv) to the 340,000 people within 80 km. The
extra contributions from 3H and '#l are included in
the doses from individual water exposure pathways
and in the total doses listed in Tables 4.1 and 4.3.
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40 mrem

Terrestrial\

\_30 mrem \
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\
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Cosmic '\

Medical 38 mrem

Consumer Products 11 mrem

200 mrem

| Other <1 mrem

Occupational 1 mrem
Faliout <1 mrem
Nuclear Fuel Cycie 0.05 mrem
Miscellaneous 0.06 mrem

FIGURE 4.3. Annual Radiation Doses from Various Sources (mrem) (NCRP 1987)

RADIOLOGICAL IMPACT FROM PUREX PLANT
OPERATIONS

The PUREX Plant operated for 2 months in 1987. In
" addition to the dose contributions identified earlier
from PUREX Plant operations, other minor dose
contributions are discussed here. The greatest per-
centage of the radionuclides emitted to the air from
the PUREX Plantin 1987 was 70,000 Ci of 8Kr (see
Table G.1, Appendix G). Krypton-85 is an inert gas
and is not retained in environmental media or the
human body. The dose from inhaling ®Kr is small
compared with doses from other radionuclides.
Consequently, even though the curie quantity of this
radionuclide was large, it was a minor contributor to
the radiation dose. The average concentration of #Kr
measured in 1987 at the five perimeter monitc g
stations (see Figure 3.5) was 40 pCi/m?, which was
calculated to produce a potential effective dose of 7
x 10* mrem to an individual who was at that “aver-
age” location 100% of the time.

In 1987, there was 0.0004 Ci of 2%9-290Py in airborne
emissions from the PUREX Plant (see Tabie G.1,
Appendix G), compared to 0.003 Ci in 1986. Pluto-
nium-239,240 was a minor contributor to the dose

from 1987 Hanford operations, with a maximum
potential effective dose of 3 x 10+ mrem (3 x 10
mSv).

RADIOLOGICAL IMPACT OF DRINKING
WATER FROM WELLS

During 1987, ground water was used as the source
of drinkingwaterforthe 400 Area (FFTF), the Yakima
Barricade Guardhouse, and the Hanford Patrol
Training Academy. Samples were collected from
these systems throughout the year in accordance
with applicable drinking water regulations. Radionu-
clide concentrations observed during 1987 were well
below applicable drinking water standards.

With the exception of the FFTF drinking water sup-
ply, results for 1987 were similar to those observed
in 1986. The concentrations of 3H measured in the
FFTF drinking water have been decreasing since a
newdeeper well was drilledfor the water source. The
average concentration measured in 1987 was
4,100 pCi/L, compared to 8,500 pCi/L in 1986 and
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0.06 mrem (0.0006 mSV) or 2% of the Washington
State Drinking Water Standard of 4 mrenvyr.

One sample of FFTF drinkingwater was analyzed for
2] jn 1987. The result was 0.013 pCi/L. The effective
dose from consuming 250 L of such water would be
9 x 10* mrem (9 x 10 mSv); the corresponding
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thyroid dose would be 0.03 mrem (0.0003 mSv).
These doses are well below DWS. Nonradiological
and radiological results from the Hanford Sanitary
Water Quality Surveillance Program are discussed
in more detail and reported annually by HEHF
(Somers 1988).
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5.0 QUALITY ASSURA CE

J.A lacLellan

omprehensive quality assurance programs were maintained to ensure that data collected
were accurate and representative of actual concentrations In the environment. These
programs covered surface- and ground-water monitoring for radionuclides and chemicals.
Extensive environmental data were obtalned to eliminate an unrealistic rellance on only a few
results. Newly collected data for each locatlon and each environmental medlum were
compared with recent resuits and historical data to ensure that deviations from previous
conditlions were Identitied and promptly evaluated. Samples at all locations were collected
using well established and well documented procedures to maintaln consistency In sample
collection. Samples were analyzed by documented standard analytical procedures. The data
quallty was verlfied by a continuing program of analytical laboratory quality control,
participation In Interlaboratory cross-checks, replicate sampling and analysis, and splitting
samples with other laboratorles. The ground-water monitoring program Included procedures
for 1) documenting Instrument callbrations and procedures used In the fleld and the
laboratory, 2) scheduling maintenance of wells to assure well Integrity, 3) Inspecting wells
using downhole TV cameras and other devices, and 4) using dedicated sampling pumps to
avold cross-contamination. These procedures helped ensure that monltoring data could be

used to accurately evaluate environmental Impacts from Hanford operations.

SAMPLE COLLECTION QUALITY
ASSURANCE

Surface- and ground-water samples were collected
by trained Radiation Protection Technologists using
documented procedures. The continuity of sampling
locations was maintained through documentation in
an environmental sampling locations log book.
Sample collection for chemical monitoring was per-
formed according to specially developed written
procedures. The samples were sealed with evidence
tape to prevent tampering and were transported to
the laboratory in accordance with the chain-of-cus-
tody procedures required by EPA for RCRA monitor-
ing programs.

IALYTICAL LABORATORY QUALITY
ASSURANCE

The routine radiochemical analyses for environ-
mental monitoring were performed by UST and PNL
laboratories (water samples only). United States
Testing Company maintained an intemal quality
control program that involved routine calibration of
counting instruments, frequent source and back-
ground counts, routine yield determinations of radio-
chemical procedures, replicate analyses to check
precision, and analyses of reagents to ensure purity
of chemicals. Calibration standards traceable to the

National Bureau of Standards were used for radio-
chemical calibrations when available. Both laborato-
ries continued to participate in the DOE Quality
Assessment Program, and UST participated in
EPA’'s Laboratory Intercomparison Studies Pro-
gram. These programs provided standard samples
of various environmental media (water, milk, air
filters, soil, foodstutfs, and tissue ash) containing
one or more radionuclides in known amounts. After
the samples were analyzed, the results were for-
warded to DOE and EPA for comparison with known
values and results from other laboratories. Both EPA
and DOE have established criteria for evaluating the
accuracy of results (Jarvis and Siu 1981; Sanderson
1985). These programs provided a regular means for
accurate evaluation of results and for indications of
where corrective actions were needed. Summaries
of the 1987 UST results for both programs are
pr ded in Tables 5.1 and 5.2. About 90% of the
results during the year were within 3-sigma control
limits. This level of performance was determined to
be adequate to assess this concentration of radionu-
clides in the environment.

Surface Hnitorl
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TABLE 5.1.
in 1987

Sample Media Radionuclides

Air filters Be, %Mn, ®Co, #Sr, %S,
%Zr, 1Ry, 1258h, ¥7Cs,
“Ce, 24U, 281, U(total),
9Py, 21Am

Soil 40K, 20Gr, WICs, 2%Ra, 24U,
2381y, U(total), Z°Pu

Vegetation 40K, 0Co, 2Gr, '37Cs,2%Ra,
29py M1AmM

Tissue 40K 905, 17Cg, 26Rq, 24,
28y

Water 3H, #Mn, 5Co, ®Co, ©Sr,

187Cs, 24|, 238, U(total),
29py, ¥1Am

(a) Control limits from Sanderson (1985).

U. S. Testing Laboratory Performance on DOE Quality Assessment Program Samples

Number

Samples Within Control
Analyzed Limits'®

25 21

12 11

10 10

10 8

18 17

evaluate precision and accuracy and to conduct
special intercomparisons as necessary. All data
were reviewed by a computerized, anomalous data
system that checked each entry against established
limits.

To check the precision of sampling and analysis,
replicate samples were routinely collected. The
replicate data provided an estimate of the variability
thatci e expected fromthe sampling and analysis
process. The summary of the total precision for
surface samples above the minimum detectable
concentration, based on replicate sampling, is
shown in Table A.55, Appendix A, and Figure 5.1.
The estimated precision (or reproducibility) of results
interms of coefficient of variation, was generally less
than 20% for samples with activities greaterthan 2.5
times the minimi  detectable amount (MDA).

Each month three pairs of dosimeters were exposed
to known levels of radiation and processed with the
routine environmental dosimeters. A summary of the
1987 results is shown in Figure 5.2. An average bias
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of approximately 1.7% was observec etween the
known and the measured exposures.

During 1987, PNL and WDSHS shared 20 environ-
mental dosimeter locations. The locations were on
and around the Hanford Site and )und the U.S.
Ecology site and the Supply System WNP-2 Plant.
Pacific Northwest Laboratory and WOSHS dosime-
ters were put in place and collected at the same
times. The results from the two organizations are
shown in Table A.56, Appen ¢ A,andF re 5.3.
The WDSHS results averaged 11% higher than the
PNL results. Previous studies showed these results
differed because of the different sensitivities of the
two types of « iimeters. The environm tal dosi-
meter in routine use at Hanford uses a very sensitive
phosphor that is shielded to minimize the ‘er-
response to low-energy radiation. The PNL dosime-
ter did not respond to beta radiation or gamma
radiation below 60 keV. The WDSHS dosimeter
used an unshielded, less sensitive phosphor that
over-responded somewhat t¢ w-energy radiation.




TABLE 5.2. U. S. Testing Laboratory Performance on EPA Intercomparison Program Samples

in 1987
Number
Samples Within Control

Sample Media Radionuclides Analyzed Limits'®
Water Gross Alpha, Gross Beta 42 35

51Cr,%2Zn, %Co, 1* |,

131|, 13408' 137Cs
Water 2R3, 28Ra, 28y, 16 14

U(nat), #°Pu
Water ®gr, 9Sr 8 8
Water H 3 3
Milk ®8Gr, 80Gr, 191, ¥Cs 5 3
Food 89Gy, 90Gr, 13| 19Cg 7 6
Air filters Gross Alpha, Gross Beta, 8 7

r‘~

0Gr, ¥Cs

. ..(a) Control limits from Jarvis and Siu (1981).
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Again in 1986, there was a special quality assurance
effort involving sampling of the Columbia River and
adjacent springs. In July 1986, the states of Wash-
ington and Qregon, PNL (for the DOE), and Green-
peace Northwest conducted the joint sampling effort.
The samples were shared among the participants.
Results from Washington, Oregon, and PNL, which
were not available for the 1986 environmental moni-
toring report, are shown in Table A.57, Appendix A.
Results were not available from Greenpeace.

Radiological and Chemical Ground-Water
Monltoring

The quality control effort for ground-water radiologi-
catand chemical monitoring includes routine internal
checks periormed by the laboratory contracted to
perform the analyses (UST). Also, external checks
were conducted by Washington State University
(WSU) and PNL to evaluate laboratory performance.
internal checks for radiological, inorganic, and or-
ganic analyses included extensive use of analytical
standards and check samples, blank samples, and
matrix-spiked samples. '

Washington State University was contracted to per-
form an independent review -of the ground-water
monitoring program. The review focused on three
major aspects of the program: sample collectionand
handling, radiological and chemical analyses, and
data handling and reporting. The evaluation was
accomplished through onsite inspection of facilities,
interviews with project personnel, observation of
field sampling, and interlaboratory analysis of
sample splits and blind samples.

it was concluded by WSU that the sample collection
and analysis procedures used were appropriate for
the constituents analyzed in the monitoring program.
Their review showed that PNL and UST have ade-
quate checks in place to control data errors during
transcription and transmission. Interlaboratory
analysis of split and blind samples showed good
agreement between results obtained by W{ and
UST. Both laboratories demonstrated acceptable
accuracy for all ground-water constituents routinely
tested in the program.

In PNL’s quality control program, duplicate ground-
water samples (arecord sample and a blank sample)
were collected by PNL and submitted to UST to
assess the amount o!

single sampling event. A third set of samples (audit
samples) was also collected during selected sam-
pling events and submitted to PNL analytical labora-
tories to verify the results through facilities independ-
ent of UST.

Table A.58 presents the results of radiological and
NO, analyses of record, blind, and audit samples of
PNL’s external quality control program. Results are
shown inthe table when the measured concentration
for a sample was greater than the counting error for
the analytical method in two of the three measure-
ments. In general, *H and NO,” showed very good
agreement between field duplicates, with the °H
coefficient of variation typically 10% or less and the
NO, coefficient of variation typically 1% or less. The
audit samples for *H showed generally good agree-
ment with only slightly more variability than the field
duplicates. The field duplicates for other radioactive
constituents were generally in good agreement as
long as the counting errors were one-third or less of
the analytical result. The coefficient of variance was
typically higher for the audit sampie.

Interlaboratory comparisons were also conducted
for anions, volatile organics, and metals. Table A.59
summarizes data from well 198-H4-4, a 183-H Area
well forwhich the most complete interlaboratory data
set is available. The table shows comparisons be-
tween laboratories for selected metals, anions, and
volatile constituents. Table A.60 summarizes data
from replicate samples and interlaboratory compari-
sons during 1987. Samples analyzed during 1987
showed that results from UST for these constituents
were also comparable to those from PNL laborato-
ries. Blind standards for numerous organic and inor-
ganic constituents were submitted quarterly to UST.
In general, UST's performance was very good.
Occasionally, results of the analyses caused UST to
reevaluate methods or performance.

In addition, UST participated in performance
evaluations sponsored by the EPA for both water
supply (drinking water) and water poliution (waste
water) samples. The EPA-sponsored evaluations
covered a wide range of waterborne poliutants,
including metals, ions, pesticides and herbicides,
and various organic compounds. Performance by
UST in these evaluations has been generally good.
In 1987 UST qualified for the EPA Contract
Laboratorv Proaram for hnth inarnanicre and




and cyanide; the organic analyses included volatile
and semivolatile organic compounds, pesticides,
and polychlorinated biphenyls.

DOSE CALCULATIONS QUALITY ASSURANCE
Quality assurance on the radiation dose calculations

was provided in several ways. First, comparisons
were made against past calculated doses and
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significant differences were verified. Second, all
computed doses were double-checked by the
originator and by an independent third party who also
checked all input data and assumptions used in the
calculation. Dose codes were verified and approved
by the Hanford Dose Overview Committee. Third,
information necessary to perform all of the calcula-
tions was fully documented. (See “Dose Calcula-
tions ,” Appendix F.)
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TABLE A.2. Gross Beta Concentr:

Gross Beta Concentrations,® pCi/m?® (102 uCi/mL)

ns in Airin the Hanford Environs for 1987

Station No. of
No. Location®™ Samples Maximum Minimum Mean
ON SITE
1 100-K 26 0.070 £ 0.0054 0.011 + 0.0012 0.026 * 0.0055
2 100-N 24 0.056 £+ 0.0051 0.012 % 0.0012 0.026 t 0.0049
3 100-D 26 0.060 + 0.0053 0.011 £ 0.0012 0.025 + 0.0049
4 100 Fire Station 26 0.061+ 0.0053 0.009 + 0.0040 0.025 * 0.0050
5 S of 200-East 26 0.065 + 0.0026 0.012 + 0.0013 0.028 * 0.0059
6 E of 200-East 26 0.067 + 0.0026 0.012 + 0.0013 0.027 * 0.0056
7 200-East SE 26 0.076 + 0.0028 0.012 + 0.0043 0.027 + 0.0059
8 Rt 11A, Mi. 9 26 0.066 + 0.0026 0.010 % 0.0012 0.027 + 0.0055
9 N of 200-East 26 0.084 + 0.0089 0.012 + 0.0013 0.028 * 0.0068
10 SW of BC Cribs 26 0.070 £ 0.0026 0.001 + 0.0012 0.026 * 0.0059
11 Army Loop Camp 26 0.069 £ 0.0026 0.010 + 0.0012 0.026 * 0.0057
12 GTE Building 26 0.064 £+ 0.0025 0.008 £ 0.0010 0.025 % 0.0057
13 300 Pond 26 0.059 £+ 0.0024 0.014 1 0.0042 0.030 * 0.0054
14 ACRMS 26 0.055 + 0.0024 0.011 £ 0.0012 0.026 * 0.0049
15 300-South Gate 26 0.059 £+ 0.0053 0.012 + 0.0012 0.028 + 0.0056
16 400-East 26 0.059 £+ 0.0053 0.012 1 0.0013 0.027 * 0.0053
17 400-West 25 0.058 + 0.0024 0.012 + 0.0013 0.026 t 0.0053
18 400-South 26 0.059 £+ 0.0024 0.013 % 0.0013 0.027 + 0.0053
19 400-North 26 0.062 + 0.0024 0.011 £ 0.0012 0.027 * 0.0060
20 Hanford Townsite 23 0.055 + 0.0024 0.011 % 0.0012 0.025 * 0.0050
21 Wye Barricade 26 0.046 + 0.0022 0.011 1 0.0012 0.023 * 0.0034
OVERALL AVERAGE . 0.027 £ 0.0012
PERIMETER
22 Berg Ranch 26 0.059 + 0.0024 0.012 £ 0.0013 0.027 * 0.0048
23 Sagehill 27 ' 0.064 + 0.0025 0.013 * 0.0012 0.026 + 0.0049
24 Ringold 27 0.059 £+ 0.0024 0.012 1 0.0012 0.028 * 0.0049
25 Fir Road 25 0.053 + 0.0023 0.008 + 0.0042 0.025 * 0.0045
26 Pettett 25 0.053 + 0.0051 0.011 + 0.0012 0.026 * 0.0045
27 Byers Landing 24 0.051 + 0.0051 0.010 % 0.0041 0.024 + 0.0041
28 RRC No. 64 26 0.054 £+ 0.0023 0.010 t 0.0011 0.026 + 0.0050
29 Horn Rapids Substation 26 0.061 £ 0.0025 0.012 + 0.0013 0.027 + 0.0054
30 Prosser Barricade 25 0.077 £ 0.0034 0.011 + 0.0042 0.029 + 0.0069
31 ALE 26 0.050 £ 0.0023 0.011 1 0.0012 0.023 1t 0.0042
32 Rattlesnake Springs 25 0.070 £+ 0.0027 0.010 * 0.0012 0.026 + 0.0063
33 Yakima Barricade 26 0.063 £ 0.0025 0.011 t 0.0012 0.026 * 0.0055
34 Vernita Bridge 26 0.056 + 0.0053 0.010 1 0.0011 0.025 t 0.0046
35 Wahluke Slope No. 2 24 0.057 £+ 0.0052 0.012 £ 0.0012 0.025 + 0.0048
OVERALL AVERAGE 0.026 * 0.0013
NEARBY COMMUNITIES
36 Othello 27 0.057 + 0.0024 0.008 + 0.0011 0.026 * 0.0048
37 Connell 27 0.059 + 0.0025 0.013 + 0.0013 0.027 * 0.0045
38 Pasco 25 0.054 + 0.0052 0.013 + 0.0012 0.026 * 0.0044
39 Richland 26 0.076 £ 0.0149 0.009 + 0.0011 0.028 * 0.0062
40 Kennewick 26 0.048 + 0.0050 0.007 + 0.0040 0.023 + 0.0040
41 Benton City 26 0.059 + 0.0024 0.007 = 0.0010 0.024 * 0.0048
42 Prosser 26 0.053+ 0.0063 0.007 t 0.0010 0.023 * 0.0043
43 Eltopia 27 0.066 + 0.0025 0.012 + 0.0012 0.027 * 0.0054
44 Mattawa 26 0.063 £ 0.0053 0.007 % 0.0010 0.022 * 0.0046
OVERALL AVERAGE 0.025 * 0.0016
DISTANTCOMMUNITIES
45 Moses Lake 26 0.050 £+ 0.0023 0.008 * 0.0014 0.026 + 0.0042
46 Washtucna 0.052 £+ 0.0051 0.012 + 0.0013 0.026 + 0.0038
- 47 Walla Walla 25 0.040 £ 0.0020 0.010 % 0.0011 0.024 + 0.0034
48 McNary Dam 26 0.052 £+ 0.0051 0.010 + 0.0012 0.026 * 0.0042
49 Sunnyside 26 0.055 + 0.0051 0.010 + 0.0011 0.022 + 0.0043
50 Yakima 26 0.034 £ 0.0019 0.005 * 0.0009 0.017 + 0.0030
OVERALL AVERAGE 0.024 £ 0.0016

(b) Locations are identified in Figure 3.1.

(@) Maximum and minimum values 12 sigma counting error. Averages +2 standard error of the calculatec
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TABLE A.3. Gross AlphaC

centrations in Air in the Hanford Environs for 1987

Gross Beta Concentrations,® pCi/m® (10'? pCi/mL)

Station No. of
No. Location® Samples Maximum Minimum Mean
ON SITE .
3 100-D 26 0.0021 t 0.0007 0.0002 + 0.0003 0.0009 + 0.0002
5 S of 200-East 26 0.0017 + 0.0006 0.0002 + 0.0003 0.0009 + 0.0002
6 E of 200-East 26 0.0018 + 0.0006 0.0003 + 0.0004 0.0009 + 0.0002
7 200-East SE 26 0.0015 + 0.0006 0.0005 + 0.0004 0.0010 + 0.0002
8 Rt 11A, Mi. 9 26 0.0017 + 0.0006 0.0001 + 0.0003 0.0009 + 0.0002
9 N of 200-East 26 0.0025 + 0.0009 0.0003 + 0.0003 0.0010 * 0.0002
10 SW of BC Cribs 26 0.0018 + 0.0006 0.0004 + 0.0004 0.0003 + 0.0002
11 Army Loop Camp 26 0.0022 + 0.0007 0.0003 + 0.0004 0.0009 + 0.0002
12 GTE Building 26 0.0017 + 0.0005 0.0002 + 0.0003 0.0008 + 0.0002
13 300 Pond 26 0.0063 + 0.0012 0.0003 + 0.0004 0.0023 + 0.0006
15 300-South Gate 26 0.0017 + 0.0006 0.0003 + 0.0004 0.0008 + 0.0002
16 400-East 26 0.0020 + 0.0006 0.0002 + 0.0003 0.0008 * 0.0002
17 400-West 25 0.0021 % 0.0007 0.0003 + 0.0004 0.0008 + 0.0002
i8 400-South 26 0.0022 + 0.0007 0.0003 + 0.0003 0.0009 + 0.0002
19 400-North 26 0.0021 + 0.0007 0.0003 + 0.0004 0.0008 + 0.0002
20 Hanford Townsite 23 0.0023 + 0.0007 0.0003 + 0.0003 0.0009 + 0.0002
21 Wye Barricade 26 0.0019 + 0.0007 0.0003 + 0.0003 ; + 00
OVERALL AVERAGE 0.0010 + 0.0001
PERIMETER
22 Berg Ranch 26 0.0022 + 0.0007 0.0003 t+ 0.0004 0.0008 + 0.0002
23 Sagehill 27 0.0021 + 0.0007 00005 + 0.0004 0.0010 + 0.0002
24 Ringoid 27 0.0021 + 0.0007 0.0003 + 0.0003 0.0010 * 0.0002
25 Fir Road 25 0.0018 + 0.0006 0.0002 + 0.0003 0.0009 + 0.0002
26 Pettett 24 0.0015 + 0.0006 0.0002 + 0.0004 0.0008 * 0.0002
27 Byers Landing 26 0.0019 + 0.0007 0.0003 = 0.0004 0.0008 * 0.0002
28 RRC No. 64 26 0.0022 + 0.0009 0.0003 + 0.0003 0.0008 + 0.0002
30 Prosser Barricade 26 0.0042 + 0.0001 0.0003 * 0.0003 0.0009 + 0.0003
33 Yakima Barricade 26 0.0022 + 0.0007 0.0002 + 0.0004 0.0009 + 0.0002
35 Wabhluke Slope No. 2 24 0.0019 + 0.0007 0.0006 + 0.0003 0.0010 _+ 0.0002
OVERALL AVERAGE 0.0009 + 0.0001
NEARBY COMMUNITIES
39 Richland 26 0.0035 + 0.0016 0.0002 * 0.0004 0.0010 + 0.0003
41 Benton City 26 0.0020 + 0.0007 0.0002 * 0.0003 0.0009 + 0.0002
OVERALL AVERAGE 0.0009 + 0.0002
DISTANT COMMUNITIES
49 Sunnyside 26 0.0015 = 0.0006 0.0001 + 0.0002 0.0008 * 0.0002
50 Yakima 26 0.0014 = 0.0005 0.0001 + 0.0003 0.0006 + 0.0002
OVERALL AVERAGE 0.0007 + 0.0001

(a) Maximum and minimum values +2 sigma counting error. Averages +2 standard error ot the calculated mean.
(b) Locations are identified in Figure 3.1.
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ns in the Hanford Environs for 1987

@ Maximum and minimum values 12 sigma counting error. A 9

() On She, perimeter, nearby
& Fromdratt DOE Derived C.

and distart wling

Guide {See Appeadix C).

are identitied in Tabia A1 and Figure 3.1.

Derived Concen-
No. of _Concertration pCimX® 1012 Cimi) tration Guide,
Samoles Madnam. —Momum Aere —RCm3e)
77 10.3 4 13 04 + 038 21 t 0S5 200,000
104 10.9 + 1.8 1.2 + 12 1.9 t 04
14 5.0 E 2.7 -2.1 + 34 1.5 t 1.1
26 8.1 E 2.4 -1.0 + 11 2.2 t 08
13 1.5 4 0.1 1.1 + 0.2 1.3 + 0.1 500,000
12 1.4 + 041 1.2 + 04 1.3 + 0.1
20 1600 t+ 200 17 + 9 220 + 170 60,000
36 130 + 18 18 + 9 34 t 7
33 48 + 9 17 t 7 28 t 3
23 48 +r 1 18 + 7 28 t 4
28 0.0005200 i+ 0.0001100 0.0000018 + 0.0000500 0.0000610 0.0000370 9
24 0.0001100 +  0.0000530 -0.0000004 + 0.0000370 0.0000410 t 0.0000170
20 0.0004000 i+ 0.0000850 -0.0000066 <+ 0.0000460 0.0000590 t 0.0000410
16 0.0000840 <+ 0.0000660 0.0000180 + 0.0000520 0.0000540 t 0.0000180
84 0.008 4 0.006 -0.012 + 0.011 0.001 t 0.001 30
72 0.018 E 0.009 -0.024 + 0017 0.000 t 0.002
60 0.013 + 0.008 -0.024 t 0.017 0.002 t  0.002
48 0.015 % 0.008 -0.024 + 0.020 -0.001 t 0.003
4 0.00071000 + 0.000¢ 0.00016000 + 0.00000870 0.00036000 0.00027000 70
8 0.00001500 +  0.00007n 0.00000410 + 0.00000031 0.00000880 1 0.00000270
4 0.00000082 + 0.000( } 0.00000033 + 0.00000004 0.00000053 = 0.00000024
180 0.0079 E 0.0079 £0.0072 + 0.0066 0.0002 + 0.0006 400
126 0.0049 4 0.0048 -0.0010 + 0.0082 -0.0002 t 0.0008
26 0.0055 E 0.0055 -0.0070 + 0.0052 0.0005 t 0.0017
52 0.0063 +  0.0063 -0.0075 + 0.0061 -0.0007 t 0.0011
72 0.0009 E 0.0005 -0.0021 + 0.001$ 0.0000 t 0.0002 400
72 0.0017 4 0.0014 -0.0018 + 0.0018 0.0002 + 0.0002
60 0.0020 E 0.0010 0.0018 + 0.0017 0.0002 t 0.0002
48 0.0022 4 0.0011 -0.0019 + 0.0017 0.0003 t 0.0003
19 0.002000 +  0.000070 0.000003 + 0.000009 0.000290 t 0.000260 01
8 0.000490 + 0.000031 0.000026 + 0.000013 0.000150 t 0.000120
4 0.000071 4 0.000011 0.000025 + 0.000011 0.000047 * 0.000023
28 0.0000012 t 0.0( 10 -0.0000007 t 0.0000009 0.0000002 * 0.000000 0.03
25 0.0000025 t 0.0( 2 -0.0000012 + 0.0000015 0.0000003 t 0.0000003
22 0.0000012 0.(4===+15 -0.0000008 + 0.0000008 0.0000001 * 0.0000002
18 0.0000032 t O.( 24 -0.0000018 + 0.0000028 0.0000003 0.0000007
28 0.0000041 0.0000029 -0.0000004 : 0.0000009 0.0000010 t 0.0000005 0.02
25 0.0000033 ¢t 0.0000023 -0.0000004 <+ 0.0000016 0.0000005 * 0.0000004
22 0.0000015 +  0.0000023 -0.0000005 : 0.0000005 0.0000004 =+ 0.0000003
16 0.0000027 =+ 0.0000043 -0.0000008 + 0.0000011 0.0000003 t 0.0000006
12 errors of calcul mean. Entries have been rounded off.
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TABLE A.5. Airbome Radionuclide Concentrations Near the 100 Areas in 1987

Sampling No. of Concartvaion, cCHTP® 10 2oty
3H 100-N (2) 12 8.2 + 25 0.0 + 12 2.3 t 14 2.2 £ 08
100-D (3) 13 7.0 + 12 03 + 10 1.5 11
0, Cormposite(d) 4 0.00007 + 0.00003  0.00003 * 0.00002 0.00004 £ 0.00002  0.00006 t 0.00002
131y 100-N (2) 26 0.005 + 0.005 -0.004 +  0.005 0.001 £ 0.001 0.001 + 0.001
100-D (3) 26 0.004 + 0.004 -0.007 t 0.006 0.001 + 0.001
137¢s Composlte 12 0.0009 +  0.0005 -0.0001 i+ 0.0005 0.0004 t 0.0002 0.0003 1 0.00031
Ultotal) Composlte 4 0.00018 t 0.000017 0.000010 + 0.000006  0.000069 * 0.000085 0.000047 % 0.000023
238py Composite 4 0.0000004 + 0.0000007 0.0000002 % 0.0000005 O 3t 0 3 0 1+ 0 7
239,240py  Composite 4 0.0000010 + 0.0000010 0.0000003 % 0.0000007 0.0000006 + 0.0000006 0.0000003 : 0.0000006
Gross Bela 100-K (1) 26 0.070 t 0.005 0.011 £ 0.001 0.026 + 0.005
100-N () 26 0.060 + 0.005 0.011 + 0.001 0.025 + 0.005
100-D (3) 24 0.056 + 0.005 0.012 + 0.001 0.026 + 0.005
Fire Station (4) 26 0.061 + 0,005 0.009 + 0.004 0.005
' Average 0.026 0.003 0.024 +  0.0016
Gross Aipha  100-D (3) 26 0.0021 + 0.0007 0.0002 +  0.0003 0.0009 t 0.0002 0.0007 0.0001
@ Maximum and minimum values 12 sigma counting ermor. Averagee 12 standasd error of caiculaied mean. Entries have been rounded for clarky.
(o) Sample map location numbers are shown in par Sampling locations are idertified in Table A.1 and Figure 3.1.
(@ Distant locations are identified in Tabile A.1 and Figure 3.1.
(@) Composites of biweekly sampies trom the individ wling locations (1-4) in Table A.1.
TABLE A.6. Airborne Radionuclide Concentrations Near the 200-East Area in 1987
Sampling No. of _ Congortration, pCima) 412 yCirml) —
Badienuclide ionf®) Samples Maximum _Mnmum _Avorage —Average 1987 Distant(e)
3H 200-East SE (7) 13 45 + 1.2 08 + 08 24 + 06 22 + 0.8
14c 200-EastSE(7) 6 15 o1 1.1 t 0.2 1.3 + ot 1.3 + 0.4
85Kr 200-East SE (7) 10 1580 + 200 17 t 9 370 + 300 28 t 4
80sr Composite(d) 4 000013 + 000004  0.00002 it 0.00003 0.00007 &  0.00008 000008 + 0.00002
108RyY Composite 12 0.004 + 0,008 -0.008 + 0.009 -0.001 + 0.003 -0.001 + 0.003
129 200-East SE (7) 4 0.00071 t 000005  0.0016 + 0.00001 0.00036 + 0.00027  0.0000005 i+ 0.0000002
131 Sof 200-East (5) 26 00038 t 00039 -0.0071 + 0.0054 00005 t 00016
Eof 200-East (6) 26 0.0064 t 0.0084 0.0057 + 0.0045 0.0005 t 0.0013
200-East SE (7) 26 00078 % 00079 00054  t 0.0055 00003 & 00015
Average 0.0001 + 0.0008 0.0007 1 0.00t1
Csqa7 Composite 12 0.0008 % 0.0005 -0.0011 + 0.0009 -0.0001 t+  0.0004 0.0003  t 0.0003
Uftotal) Composite 4 0.000060 + 0000009 0000016 * 0.000008  0.000033 + 0000022 0.000047 1 0.000023
238p, Composite 4 0.0000014 + 00000021 -0.0000002 + 0.0000000 0.0000005 +  0.0000010 0.0000003 % 0.0000007
239p, Compostte 4 0.0000018 +  0.0000014 0.0000003 * 0.0000017 0.0000013 +  0.0000012 0.0000003 % 0.0000006
Gross Beta S of 200-East (5) 26 0.065 + 0003 0.012 1 0.001 0.028 +  0.006
Eof 200-East (6) 26 0.067 + 0003 0.012 + 0.001 0.027 +  0.006
200-East SE (7) 26 0.076 + 0003 0.012 + 0.004 0027 & 0006
Average 0.027 + 0.003 0.024 + 0.002
Gross Apha Sof 200-East (§) 26 0.0017 t  0.0006 0.0002 1 0.0003 0.0009 t 0.0002
Eof200-East (6) 26 0.0018 *  0.0006 0.0003 1 0.0004 0.0009 t 0.0002
200-East SE (7) 26 0.0015 % 0.0006 0.0005  + 0.0004 00001 & 00002
Average 0.0008 t+  0.0001 0.0007  t 0.0001

(a) Maximum and minimum concentrations 12 sigma counting error. Averages 2 standar
(b} Sample map location numbers are shown in parertheses. Sampling iocations are identi
(c) Distart locations are identified in Table A.~ "™ -

i\ G omposites of biweekly samples from the tions {5-7) in Table A.1.

. Entries have been rounded for clarity.
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TABLE A.7. Airborne Radionuclide Concentrations Near the 200-West Area in 1987

Sampling No. of Concorwration, pCYm8) (1012 uCurmi)

Badionuclida  Lecation(®) Samples Maximum Momum ______Average  _Average 1987 Distani(®)
3H GTE Bidg. (12) 13 7.6 + 18 -0.4 + 0.9 23 + 1.2 2.2 + 08
90y Composite(d) 4 0.00009 % 0.00004 0.00001  t 0.00004 0.00003 t 0.00004 0.00006 t 0.00002
106Ry Composite 12 0.0059 + 0.0042 -0.0120 + 0.0100 0.0002 t 0.0032 -0.0009 + 0.0026
137¢cs Composite 12 0.0008 + 0.0004 -0.0007 + 0.0008 0.0001 + 0.0003 0.0003 t+ 0.0003
Ultotal) Composite 4  0.000049 1 0.000008 0000012 + 0.000008 0.000031 + 0.000018 0.000047 + 0.000023
238py Composta 4 0.0000011 % 0.0000010 -0.0000007 % 0.0000009 0.0000001 + 0.0000010  0.0000003 + 0.0000007
239.240py  Composite 4 0.0000027 + 0.0000016 0.0000008 + 0.0000013 0.0000018 1 0.0000013  0.0000003 + 0.0000008
Gross Beta  SW of BC Crb (10) 28 0.070 + 0.003 0.010 + 0.001 0.026 1 0.008

Army Loop Camp (11) 26 0.069 t 0.003 0.010 + 0.001 0.027 1 0.006

GTE Bidg. (12) 26 0.064 + 0.003 0.008 + 0.001 0025 & 0006

Average 0.026 + 0.003 0.024 +  0.002
Gross Apha SWof BC Cribs (10) 28 0.0018 + 0.0006 0.0004 + 0.0004 0.0009 1 0.0002

Army Loop Camp (11) 26 0.0022 1 0.0007 0.0003 1 0.0004 0.0009 1 0.0002

GTE Bidg. (12) 28 0.0017 1 0.0005 0.0002 + 0.0003 0.0008 4 00002

Average 0.0009 + 0.0001 0.0007 t 0.0001

(a) Maximum and minimum concentrations +2 sigma courting error. Averages +2 standard arror of the calculated mean. Entries have been rounded for clarity.
(o) Sample map location numbers are shown in parentheses. Sampling locations are identitied in Table A.1 and Figure 3.1.

(c) Distant locations are identified in Table A.1 and Figure 3.1.

(d) Composites of biweekly samples from the individual sampling locations in Table A.1.

TABLE A.8. Airbome Radionuclide Concentrations North of the 200 Areas in 1987

Sampling No. of __Concantration, pCim3@) (10712 uCikml).

90s¢ Composke(d) 4 0.000091 + 0.000051 0.000007 + 0.000047 0.000053 & 0.000100 0.000054 1 0.000018
106Ry Composite 12 0.003 + 0.009 0.007 + 0.013 -0.003 + 0.004 -0.001 + 0.003
137¢cg Composite 12 0.0006 + 0.0009 -0.0019 + 0.0015 -0.0002 +  0.0005 0.0003 i 0.0003
238py Composite 4 0.00000028 1 0.00000079 -0.00000018 % 0.00000000 -0.00000001 +

0.000000280.0000003 t 0.0000007
239,240py  Composite 4 0.0000041 + 0.0000029 0.0000001 t -0.0000010 0.0000012 + 0.0000021 0.0000003 + 0.0000008
GrossBeta  RL11A M.9(8) 26 0.068 1+ 0.003 0.010 + 0.001 0.027 + 0.005

Nof200-East{9) 26 0.084 + 0.008 0.012 + 0.001 0028 % 0007

Average 0.028 + 0.004 0.024 + 0.002
GrossAlpha RL11A,M.9(8) 28  0.0017 + 0.0006 0.0001 + 0.0003 0.0009 + 0.0002

Nof200-East(9) 26  0.0025 t 0.0009 0.0003 + 0.0003 0.0010 i+ 00002

Average 0.0009 t 0.0001 0.0007 % 0.0001
@ M and minimum lons +2 sigma counting ==~ A~~~jes +2 standard error of the calculated mean. Entries have been rol for clarity.
(o) Sample map location numbers are shown in parentheses. 1 atlons are identified in Table A.1 and Figure 3.1,

(3 Distant locations are identitied in Table A.1 and Figure 3.1,
(& Composites of biweekly samples from the individual sampling locations (8 and 9) in Table A.1.
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TABLE .14. (contd)

No. of . Concentration (pCi/L)®
Well Name®™  Samples Maxinmum Minimum Average
3-1-11 6 156 + 924 273 % 3.56 745  * 416
3-1-12 6 533 + 5.9 260 t 3.50 433 9.01
3-1-13 8 140 + 264 481 = 1.59 105 2.43
3-1-14 6 28.1 + 380 100 t 2.28 165 + 5.95
3-1-15 6 166 + 3.25 399 % 1.70 933 1 4.18
3-1-16A 6 130 t 256 833 + 2.10 109 1.80
3-1-16B 5 347 + 1686 210 « 1.55 247 0.796
3-1-16C 5 420 + 1.7 0.273 0.986 191 1.62
3-1-16D 1 .0.195 + 0.755 -0.195 %
3-1-17A 6 79.1 + 656 1.75 1.05 493 25.0
3-1-17B 5 0.936 + 1.02 -0.348 + 0.352 0.278 0.599
3-1-17C 5 113 £ 147 -0.480 0.651 0276 = 0.729
3-1-18A 6 415 + 1.8 213 = 1.39 316 + 0.934
3-1-18B 5 0792 + 1.07 -1.04 0.292 0.115 % 0.814
N, 3-1-18C 5 0582 + 0.876 -0.089 0.936 0221 = 0.472
3-1-19 5 208 + 10.6 524 % 5.58 111 + 59.9
e 3-2-1 7 117 t 257 738 = 1.94 882 % 1.46
3-3-7 7 103 * 280 680 2.11 829 1 1.31
M 3-3-10 7 516 t 5.40 730 + 2.02 185 12,5
3-4-1 7 127 = 272 107 2.64 11.4 1.15
e 3-4-7 7 366 + 4.63 23.1 + 3.80 306 t 4.11
3-4-11 6 16.1 + 3.96 823 + 2.30 113 + 2.79
L 3-8-1 " 574 + 204 574 +
3-8-2 7 280 + 155 0.830 + 0.978 183 0.724
s 3-8-3 1 437 + 1.78 437 ¢
' 4-81-7C 376 + 201 3.76 +
, 4-S1-8A 347 + 169 347
™~ 4-51-8B 469 + 227 469 +
- 6-2-3 2 225 + 1.39 0976 + 0.975 1.61 + 1.81
1 6-2-33A 2 359 + 1.48 269 + 1.33 314 ¢ 1.50
- 6-8-25 2 407 + 202 335 + 1.74 371 1.61
6-9-E2 3 171 £ 119 1.08 + 0.963 144 0.770
o 6-10-E12 1 159 + 133 159 + -
6-15-26 2 388 + 177 358 + 1.75 373 % 1.30
6-19-43 1 351 + 182 351 %
6-20-E5A 2 293 + 132 193 + 1.11 243 + 1.52
6-20-20 3 275 + 153 244 + 1.35 259 0.870
6-20-39 3 277 + 141 134 1.12 191 1.21
6-23-34 2 404 + 190 395 + 1.86 400 + 1.33
6-24-33 4 388 + 182 206 1.75 348 + 0.999
6-24-34A 2 276 + 1.62 232 + 1.56 2.1 + 1.25
6-24-34B 3 329 + 179 238 + 1.93 287 1.23
6-24-34C 2 372 + 176 215 + 1.52 294 ¢+ 229
6-24-35 2 4.13 1.85 410 # 1.72 412 = 15
6-24-46 1 192 + 132 192
6-25-33A 4 344 + 187 164 1.20 276 117
6-25-34A 4 393 + 1.7 131 + 1.22 259 1.47
6-25-34B 4 372 + 169 194 + 1.35 255 + 1.13
6-25-34C 1 3.08 + 308 =
6-26-33 4 285 + 1.49 113 + 1.03 222 + 1.07




























TABLE A.15. (contd)

. No. of Concentration (pCi/L) @
Well Name®  Samples Maximum Minimum Average
6-2-3 2 36.6 * 5.88 27.9 + 5.79 32.3 + 1.7
6-2-33A 2 297 £ 2.90 1.72 ¢ 3.31 234 t 2.70
6-8-25 2 25.5 t 511 19.1 t 5.20 223 t 8.81
6-9-E2 3 9.78 t 3.55 426 ¢ 3.59 6.63 4.30
6-10-E12 1 9.60 + 4.26 9.60 -
6-15-26 4 27.1 + 3.75 20.4 t 3.29 246 t 3.97
6-19-43 1 6.55 ¢ 3.61 655 % -
6-20-E5A 2 20.2 + 4.59 17.2 t 483 18.7 t 5.02
6-20-20 5 455 + 6.31 29.7 t 5.81 40.3 + 6.56
6-20-39¢ 3 930 t 4.08 331 £ 3.36 6.14 1t 4.63
6-23-34. 2 23.8 + 5.64 19.1 t 5.14 215 * 7.02
6-24-33 6 27.8 + 5.20 14.8 t 4.83 22.0 t 4.60
6-24-34A 2 242 + 5.63 21.9 t 5.35 23.0 + 4.84
6-24-34B 3 27.9 + 5.87 223 + 5.49 24.8 + 5.02
6-24-34C 2 27.9 + 5.96 18.9 4 5.00 23.4 t 11.9
6-24-35 2 17.8 + 4.87 16.2 t 4.82 17.0 t 3.97
6-24-46 1 10.0 + 4.00 10.0 t -
6-25-33A 4 10.9 * 3.82 680 t 3.40 8.96 % 2.76
6-25-34A 4 325 + 5.47 216 + 5.16 26.4 t 5.92
6-25-34B 4 343 + 5.65 222 t 5.20 28.5 t 6.48
6-25-34C 1 16.7 = 4.76 16.7 t -
6-26-33 4 33.9 =3 5.55 22.9 + 5.12 28.2 t 5.98
6-26-34 4 38.0 + 5.82 21.3 t 5.08 31.7 t 8.59
6-26-35A 4 35.7 + 5.81 242 + 5.55 29.2 ES 6.24
6-26-35C 4 325 * 5.48 15.5 + 4.75 25.2 t 8.66
6-28-40 1 254 5.32 25.4 t
6-29-4 2 37.6 * 5.81 26.2 + 5.52 31.9 t 14.8
6-29-78 1 246 = 3.20 246 t -
6-32-22 2 46.8 + 6.81 395 + 6.44 43.2 t 10.3
6-32-43 1 54.3 * 7.38 543 t
6-32-70B 1 25.1 * 5.33 25.1 t -
6-32-72 12 15.7 * 2.80 313 % 1.45 851 t 2.90
6-32-77 1 337 % 3.28 337 ¢
6-33-42 1 63.1 + 7.78 63.1 *
6-33-56 1 722 = 4.43 7.22 %
6-34-42 1 14.5 + 4.79 14.5 t
6-34-51 1 758 = 3.86 758 + -
6-35-9 2 48.2 + 7.20 39.2 + 6.53 43.7 t 12.3
6-35-66 1 14.6 E 4,63 14.6 t -
6-35-70 1 28.7 + 5.83 28.7 t
6-35-78A 12 10.1 + 2.29 442 ¢+ 1.67 6.73 = 1.22
6-36-61A 1 9.01 ¢ 3.98 9.01 = -
6-37-E4 2 26.4 t 3.60 19.1 * 4.92 22.8 t 9.64
6-37-43 1 9.10 £ 4,09 9.10 % -
6-37-82A 1 14.1 t 4.37 14.1 t -~
6-38-65 2 16.9 t 4.39 15.5 * 5.01 16.2 t 3.76
6-38-70 4 381 + 16.1 278 + 183 327 x 50.7
6-39-0 1 66.6 t 5.61 66.6 t
6-39-79 4 11.0 t 3.85 405 + 3.02 6.87 1t 3.83
6-40-1 4 64.9 A 7.35 38.7 * 6.39 53.2 + 131
6-40-33A 2 818 + 3.88 578 = 3.65 698 t 4.02
6-40-82 1 796 £ 4.11 7.96 ¢t
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TABLE A.15. (contd)

No. of Concentration (pCi/L) @
Woell Name®  Samples Maximum Minimum Average
6-41-1 2 64.4 + 5.51 40.1 t 6.44 52.3 + 30.7
6-42-2 2 61.5 + 5.41 41.2 + 6.49 51.4 + 25.8
6-42-40A 12 510 ¢ 1.68 332 + 1.50 409 ¢ 0.58
6-42-40B 12 6.90 £ 1.85 . + 1.31 404 ¢+ 0.88
6-43-3 2 50.1 + 7.09 46.5 + 4.75 48.3 t 6.21
6-43-88 3 813 = 4.11 666 = 3.37 724 2.41
6-44-64 1 16.2 + 4.66 16.2 + -
6-45-2 2 52.2 + 5.01 413 + 6.51 46.8 + 14.3
6-45-42 5 8.07 = 3.85 295 ¢ 1.54 477 ¢ 222
6-45-69A 1 10.2 + 4.19 10.2 t -
6-46-4 2 43.0 + 4,54 305 + 5.84 36.8 + 16.1
6-47-5 2 27.0 + 3.68 227 + 5.24 249 + 6.27
6-47-46A 1 10.9 + 4.20 10.9 t -
A 6-47-50 1 11.0 t 4.40 11.0 + ---
> 6-47-60 1 623 = 3.87 623 ¢ ---
.. 6-48-7 2 380 ¢ 3.35 267 = 3.21 324 ¢ 2.72
6-48-18 2 1.1 + 435 683 = 3.80 896 + 6.08
~— 6-48-71 2 20.7 + 5.16 521 = 3.61 13.0 + 19.7
‘o 6-49-13E 1 403 ¢ 1.68 403 ¢ ---
. 6-49-55A 4 1,390 + 36.7 1,180 + 333 1,240 + 103
6-49-57 6 299 + 159 174 + 113 255 + 40.7
O 6-49-79 3 764 3.55 379 = 3.49 6.34 3.38
’ 6-49-100C 3 10.2 + 2.39 680 <+ 2.06 835 £ 2.66
e 6-50-42 2 735 ¢t 2.10 584 t 1.91 6.60 = 2.37
6-50-53 6 2,770 + 552 1,240 + 323 2,100 t .
| - 6-50-85 1 367 = 3.23 3.67 ¢ -
6-51-75 3 962 = 3.64 - 570 % 3.59 747 3.44
~ 6-53-47A 11 143 t 7.99 86.8 + 6.28 111 + 10.2
6-53-47B 12 190 + 9.39 135 + 7.79 157 + 8.91
—-— 6-53-48A 12 16.2 + 4.49 594 + 3.23 9.69 1.99
6-53-48B 12 691 + 36.6 365 + 257 545 t 63.4
~) 6-53-55A 11 957 ¢ 2.31 631 = 1.99 796 + 0.91
6-54-48 11 117 + 7.49 89.5 + 6.49 105 + 5.51
o 6-54-49 11 123 t 7.45 224 t 3.24 69.1 + 222
6-55-50C 5 6.95 ¢ 3.61 368 ¢ 1.61 524 ¢ 1.61
6-55-50D 4 45.6 + 4.64 476 + 1.69 248 + 19.9
6-55-76 1 637 ¢ 3.59 6.37 = -
6-56-51 1 507 ¢ 1.76 5.07 = -
6-59-58 2 503 ¢ 1.77 454 ¢ 1.71 479 ¢ 1.38
6-63-58 2 17.8 + 2.95 143 + 2.67 16.0 + 4.82
6-65-72 1 26.6 + 5.44 26.6 t ---
6-65-83 1 932 ¢ 4.47 932 ¢ -
6-67-86 1 476 t 3.52 476 ¢ -
6-70-68 1 13.3 + 4.18 13.3 + -
6-71-30 1 7143 ¢t 3.86 713 %
6-71-52 1 501 ¢ 3.52 : 5.01 ¢ -
6-71-77 1 271 + 5.51 271 + .-
6-73-61 1 341 ¢ 3.36 341 ¢ -
6-74-44 1 158 ¢ 3.07 1.58 *
6-77-36 1 858 t 4.13 858 + -
6-77-54 2 851 % 3.86 706 3.66 779 £ 3.22
6-81-58 1 ¢t i )4 0.85 ¢ -
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TABLE A.15. (contd)

No. of Concentration (pCi/L) ®
Well Name® Samples Maximum Minimum Average
6-83-47 2 111 + 4.34 8.08 £ 3.86 9.59 ¢ 477
6-89-35 2 12.2 + 4.38 331 = 3.51 7.76 ¢ 11.5
6-90-45 3 567 = 3.66 407 = 3.29 470 = 2.29
6-96-49 5 7.88 £ 3.85 489 1.83 6.04 ¢ 1.58
6-97-43 5 6.76 2.04 3.72 3.43 514 % 1.56
6-97-51A 1 389 = 3.70 3.89 % -
6-101-48B 1 483 + 3.37 483 ¢
6-S3-E12 1 484 3.52 484 < -
6-S3-25 2 11.7 + 4.43 115 + 3.93 11.6 + 297
6-S6E14A 2 926 ¢+ 3.54 718 3.96 822 3.72
6-S8-19 2 114 + 3.83 9.74 4.24 10.4 * 3.33
6-S11E12AP® 1 738 4.26 7.38 +
6-S12-3 3 11.0 + 4,26 355 3.12 7.03 ¢ 5.53
6-S19-E13 7 43.1 + 6.90 6.15 = 3.78 14.8 + 105
6-S28-E0 4 817 ¢ 2.22 576 1.89 648 1.53
6-S29-E12 3 15.0 + 4,03 389 = 3.48 11.3 + 7.91
6-S30E15A 10 10.6 + 3.82 433 + 1.83 7.18 £ 1.74
6-S31-1 2 574 % 3.61 550 = 3.59 5.62 % 2.56

(a) Maximum and minimum concentrations+ 2-sigma counting error. Average concentrations +2 standard error of

the calculated mean (no estimate of standard error for one sample).

(b) See Figures 3.10, 3.11 and 3.12 for well locations.
(c) Waells that sample a confined aquifer or a compo.

of confined and unconfined aquifer.
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TABLE A.16. Maximum, Minimum, and Average Uranium Concentrations

in Ground-Water Samples in 1987

No. of Concentration (pCi/L)

Well Name@® Samples Maximum Minimum Average®
1-D5-12 2 354 1.86 270 = 211
1-F5-1 4 0.883 0.532 0.711 £  0.4171
1-F5-3 4 1.18 0.113 0404+ 0519
1-F5-4 4 7.12 4.02 584 + 1.51
1-F5-6 4 1.02 -0.065 0373+ 0.527
1-F7-1 4 5.65 4.60 513 £ 0.510
1-F8-1 12 362 717 256 + 5§79
1-F8-2 8 144 26.6 87.0 + 29.1
1-H3-1 4 6.80 4.18 589 + 1.27
1-H4-3 4 186 91.0 148 + 46.2
1-H4-4 4 67.0 0.544 365 + 323
1-H4-5 4 2.31 1.82 204 + 0.238
1-H4-6 4 3.59 244 297 + 0.559
1-K-11 4 4.05 3.15 359 + 0.437
1-K-19 12 1.12 0.624 0805+ 0.089
1-K-20 4 1.29 0.967 -1.08 + 0.157
1-K-22 8 1.17 0.629 0915+ 0.134
1-K-27 4 3 2.69 329 + 0.787
1-K-28 4 4.08 3.41 3.76 £+ 0.326
1-K-29 4 1.70 1.34 154 + 0.175
1-K-30 4 1.86 1.55 1.71. £ 0 i1
2-E13-5 2 1.65 1.59 162 = 0.075
2-E13-8 2 1.96 1.47 1.72 + 0.614
2-E13-14 2 2.28 1.80 204 + 0.601
2-E13-19 2 2.31 1.50 191 £+ 1.01
2-E17-2 3 6.80 4.86 565 £+ 1.32
2-E17-5 12 7.43 4.09 575 + 0.546
2-E17-9 12 3.03 1.94 252 + 0.213
2-E17-12 12 4.07 1.75 304 + 0.39
2-E17-13 12 5.73 3.13 416 + 0574
2-E24-8 2 2.02 1.23 1.63 =+ 0.990
2-E25-10 3 1.13 1.06 110 £ 0.048
2-E27-1 2 0.832 0.719 0.776 £ 0.142
2-E27-5 2 1.39 1.19 1.29 + 251
2-E28-7 4 1.35 1.06 1.18 £ 0.141
2-E28-9 4 8.82 455 682 + 2.08
2-E28-16 4 8.06 472 6.18 £+ 1.62
2-E28-17 4 8.40 4.11 6.28 + 2.08
2-E28-18 11 84.0 35.6 509 * 986
2-E28-21 12 55.1 30.7 44 + 51
2-E28-23 4 35.8 23.7 271 * 588
2-E28-24 4 0.517 0.148 0280+ 0.179
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TABLE A.16. (contd)

Concentration (pC

)

No. of
Well Name® Samples Maximum Minimum
3-3-6 4 13.8 9.98
3-3-7 5 10.7 7.36
3-3-9 4 18.7 10.2
3-3-10 5 53.3 13.9
3-3-11 4 28.9 205
3-3-12 4 41.0 26.5
3-4-1 5 16.1 11.1
3-4-7 4 38.2 3.25
3-4-9 4 29.8 24.3
3-4-10 4 38.3 17.6
3-4-11 1 11.7 :
3-5-1 4 4.61 3.46
3-6-1 11 13.0 4.38
3-8-1 5 459 3.33
3-8-2 5 449 1.76
3-8-3 12 7.07 2.70
3-8-4 3 229 1.69
6-3-45 2 0.323 0.297
6-20-20 4 3.62 2.81
6-32-70B S 2 1.20 1.18
6-32-72 2 0.487 0.225
6-35-66 4 2.04 1.56
6-35-70 2 2.3 2.16
6-35-78A 11 13.5 5.45
6-37-E4 1 2.24
6-38-65 2 1.57 1.54
6-38-70 3 39.2 36.4
6-39-0 1 3.12
6-40-1 1 2.81
6-41-1 2 253 2.34
6-42-2 1 3.04
6-42-12A 4 2.15 1.71
6-42-40A 4 0.692 0.269
6-43-3 1 2.51
6-45-2 1 2.78
6-45-42 4 1.76 1.28
6-46-4 1 2.33
6-47-5 5 4.92 1.71
6-47-46A 2 2.15 143
6-47-60 2 1.58 155
6-49-13E 1 1.60
6-49-55A 2 3.23 2.75
6-55-89 2 1.06 0.758
6-61-62 2 1.18 1.09
6-63-58 2 0.705 0.568
6-66-64 2 1.67 1.42
A.39

Average®
118 *+ 186
943 + 1.28
149 + 413
312 £ 152
245 + 4.08
311 £ 7.05
132 + 192
259 =+ 170
265 + 2.67
286 £ 1041
1.7 = -
396 = 0.559
709 £ 1.62
368 + 0.485
260 £ 1.05
435 = 0.770
1.98 + 0.409
0.310+ 0.033
3.13 £ 0.394
119 = 0.025
0356 0.328
181 = 0.233
225 + 0.226
797 + 142
224 + -
156 = 0.038
383 * 1.9
3142 = -
281 + -
244 + 0.238
3.04 £ -
193 =+ 0.214
0487+ 0.206
251 + -
278 £ -
153 = 0.233
233 £ ---
265 £ 123
1.79 = 0.902
157 + 0.038
160 + --
299 =+ 0.601
0909+ 0.378
114 +  0.113
0637+ 0.1
+ 0.313




TABLE A.16. (contd)

No. of Concentration (pCi/L)

Well Name®@ Samples Maximum Minimum Average®
6-S6-E4B 4 3.49 2.70 301 = 0.384
6-S6-E4D 11 7.50 2.56 3.60 £ 0.996
6-S12-3 2 2.94 290 292 + 0.050
6-S14-20A 2 0.673 0.077 0375+ 0.747
6-S19-E13 8 4.16 1.33 292 + 0.702
6-S27-E14 12 4.95 2.63 395 =+ 0.366
6-S29-E12 4 2.78 2.26 246 * 0.253
6-S30E15A 4 1.48 1.40 145 + 0.039

(a) See Figures 3.10, 3.11, and 3.12 for well locations.

(b) Average concentrations + 2 standard error of the calcutated mean.

(c) Wells that sample a confined aquifer or a composite of confined and unconfined
- aquifer.
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TABLE A.17. Maximum, Minimum, and Average Strontium-90 (*Sr) Concentrations in
Ground-Water Samples in 1987
No. of Concentration (pCi/L)®
Well Name® Samples Maximum Minimum Average

1-B3-1 1 55.2 + 3.61 55.2 e
1-B4-1 1 27.3 + 265 27.3 + -
1-B4-4 2 354 + 254 31.0 + 286 33.2 + 5.84
1-D2-5 1 -0.156 + 0.50 -0.156 + -
1-D5-12 1 45.9 + 337 459 + -
1-F8-1 2 0414 + 0869 0.409 + 0718 0.412 £ 0.564
1-H3-1 4 0471 + 0.343 -0.0323 + 0461 0.232 + 0.307
1-H4-3 4 1.03 + 0367 0.647 + 0.389 0.835 + 0.285
1-H4-4 4 8.05 + 193 2.82 + 1.07 503 £ 2.64
1-H4-5 4 0927 = 0852 0.197 + 0.516 0.550 + 0.542
1-H4-6 4 0518 =+ 0.738 -0.313 + 0617 0.168 =+ 0.530
1-N-2 3 4390 + 399 1270 + 18.0 3110 + 2130
1-N-3 3 1460 + 600 1220 + 178 1340 + 165
1-N-4 3 14.3 * 191 11.1 + 1.81 12.6 + 243
1-N-5 3 871 + 367 250 + 899 511 + 424
1-N-7 1 2.79 + 1.26 279 -
1-N-14 2 1170 + 54.0 962 + 171 1070 + 262
1-N-15 4 2.07 + 0.947 0.778 + 0.836 136 = 0.773
1-N-16 2 2.49 + 1.09 -0.17 + 07 116 3.40
1-N-18 4 541 * 256 255 + 105 366 + 139
1-N-19 4 129 - .+ 599 86.5 + 488 103 + 208
1-N-20 4 455 + 3.66 12.2 + 1.7 28.3 + 162
1-N-21 10 11.9 + 238 2.82 + 1.18 6.32 £ 1.92
1-N-22 4 1.47 + 0.889 0.116 + 0716 0.807 + 0.771
1-N-23 11 8.87 + 221 0.451 + 0.474 266 1.82
1-N-24 3 6.61 + 141 6.38 + 146 652 ¢+ 0.856
1-N-25 4 1.21 + 1.05 0.265 +  0.767 0591 + 0.624
1-N-27 3 148 + 646 93.5 + 498 129 + 373
1 -28 3 54.6 + 367 1.62 + 0946 23.7 + 362
1-N-29 2 669 + 4 444 + 116 557 + 283
1-N-30 4 6.16 + 1.63 4.55 + 1.13 509 = 1.03
1-N-31 3 22.3 + 256 149 + 213 19.6 + 5.25
1-N-32 4 71 + 171 2.87 + 111 494 + 217
1 -33 8 663 + 19.9 0.52 + 154 518 + 165
1-N-36 4 135 + 778 73.3 + 5.03 110 + 30.1
1-N-37 3 36.3 + 438 31.6 + 322 33.2 + 3.81
1-N-39 3 10400 + 240 856 + 154 4050 + 6510
1-N-45 4 3160 + 918 258 + 258 1760 + 1410
1-N-49 3 1.37 * 0845 0.0792 £ 0.494 0.830 + 0.984
1-N-50 3 0.0274 * 0.702 -0.172 + 0.433 -0.0676 * 0.369
1-N-51 3 0.291 * 0.866 -0.142 + 0.484 0.0334 + 0.489
1-N-52 3 0.0382 *+ 0.685 -0.428 + 0.684 -0.156 + 0.482




TABLE A.17. (contd)

tr

f’\‘l

No. of Concentration (pCi/L.)®
Well Name® Samples Maximum Minimum Average
2-E13-5 2 0950 + 0915 0.483 + 0.985 0.717 + 0.891
2-E13-8 2 0706 =+ 0.803 0.677 + 0947 0.691 * 0.622
2-E13-14 2 0766 *+ 0.948 0.523 + 0.836 0.645 + 0702
2-E13-19 2 0770 = 0.873 e 7 * 0.934 0.714 x 0.0 5
2-E16-2 4 0620 * 0.715 -0.232 * 0.660 0.193 * 0544
2-E17-1 4 6.94 + 1.58 591 + 142 6.43 + 0.899
2-E17-2 3 4.12 +  1.21 293 + 1.00 3.55 + 1.05
2-E17-5 4 6.78 * 192 2.52 + 1.14 3.78 + 218
2-E17-6 2 0.163 * 0.924 0.00837 + 0.636 0.0807 <+ 0.589
2-E17-8 4 3.56 + 119 250 + 1.08 2.95 + 0.758
2-E17-9 4 3.43 + 115 2.75 + 0984 3.19 + 0.645
2-E17-12 12 0609 == 0.789 -0.214 * 0.568 0.0634 + 0.254
2-E17-13 12 0743 + 0.770 0.0960 + 0.676 0.393 + 0248
2-E24-1 2 16.3 * 227 14.3 + 213 153 * 295
2-E24-2 7 3.34 + 119 1.42 * 0.761 2.40 + 0.675
2-E24-4 2 0464 + 0.768 0.226 + 0.737 0.345 + 0610
2-E24-8 2 0214 <+ 0.608 0.141 + 0.766 0.178 + 0497
2-E24-11 4 1.38 * 0.878 0.922 + 0.866 1.09 * 486
2-E24-12 4 4.31 + 1. 2.96 + 1.09 360 + 0875
2-E24-13 2 0465 <+ 0.703 0.201 x 0915 0.333 + 0.665
2-E25-2 2 4.99 * 151 00965 + 0.706 2.54 * 6.19
2-E25-3 2 0738 + 0.982 0.289 + 0.694 0514 + 0.823
2-E25-6 4 0332 + 0.831 -0.178 + 0.628 0.109 + 0.438
2-E25-9 4 0701 + 0.795 0.0321 + 0.649 0.356 * 049
2-E25-11 4 2.61 * 135 0.0161 * 0.623 0.760 + 135
2-E25-17 4 1.22 + 0.906 -0.232 + 0547 0.584 * 0.801
2-E25-18 4 2.34 + 1.01 0.0526 = 0.721 0.667 + 1.18
2-E25-19 4 0407 + 0.674 -0.628 + 0.508 -0.037 * 0.597
2-E25-20 4 0156 = 0.767 -0.128 + 0634 0.069 + 0.385
2-E25-21 4 0958 + 0.951 -0.156 + 0.669 0.291 * 0.658
2-E25-22 4 0840 + 0.747 00272 x 0.639 0.404 + 0.525
2-E25-23 2 0151 = 0.739 -0.138 + 0.606 0.0065 =+ 0.600
2-E25-24 3 028 <+ 0.778 0.0284 + 0.665 0.145 * 0.448
2-E25-25 1 0.00453 + 0.251 0.00453 + ---
2-E25-26 1 0.0975 + 0.286 00975 =+ ---
2-E25-27 1 -0.0721 + 0.223 -0.721 x -
2-E25-28 1 0111+ 0.282 -0.111 * -
2-E26-2 2 0402 =+ 0932 -0.172 + 0.611 0.115 + 0910
2-E26-3 2 00743 + 0.586 00636 =+ 0.830 00693 =+ 0.508
2-E26-4 2 0.0768 + 0.605 -0.134 + 0832 -0.0286 + 0.578
2-E26-6 4 0643 <+ 0.781 0.260 *  0.711 0.457 + 0.400
2-E271 2 0425 t 0.746 0.259 + 0.732 0.342 + 0.562
2-E27-5 2 0657 =+ 0.935 0.285 + 0.755 0.471 + 0.760
2-E28-1 2 -0.0654 + 0.537 -0.177 +* 0.630 -0.1% + 0.437
2-E28-7 5 145 + 6.18 69.3 + 455 95.6 + 292
2-E28-18 3 0940 <+ 0.838 00548 + 0.645 0.38 + 0.738
2-E28-21 4 1.19 t 0.835 0.114 * 0.666 0514 * 0.643
2-E28-23 4 7800 + 201 4040 t 176 6110 + 1830
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TABLE A.17. (contd)

No. of Concentration (pCi/L)®
Well Name®™ Samples Maximum Minimum Average
2-E28-24 4 192 + 6.92 186 + 7.65 189 + 4.69
2-E28-25 4 3490 + 66.7 227 + 7.40 2420 + 1590
2-E33-1 4 0576 + 0.859 0.0543 + 0.686 0.228 + 0.454
2-E33-3 2 0508 + 0.819 0.452 + 0.745 0.480 + 0.558
2-E33-5 4 0826 * 0.758 0.0677 + 0.653 0.450 + 0.520
2-E33-7 4 40.3 + 3.36 -0.458 + 0.604 10.2 + 198
2-E33-8 4 0657 t+ 0.827 0.0562 + 0.674 0.353 + 0.473
2-E33-9 4 2.01 + 1.06 1.09 + 0.738 1.40 + 0.635
2-E33-10 2 -0.0264 + 0.705 -0.114 + 0.676 -0.0702 + 0.501
2-E33-12¢ 2 0825 = 1.02 0.279 + 0.687 0.552 + 0.920
2-E33-14 2 1.67 + 114 0.172 + 0.667 0.921 + 1.99
2-E33-18 2 2.41 + 0.980 0.665 + 0.808 1.54 + 2.28
2-E33-20 2 2.00 + 0.981 0.735 + 0.780 1.37 + 1.70
e 2-E33-21 2 0612 + 0.844 0.0954 + 0.711 0.354 + 0.851
2-E33-24 4 0935 + 0863 -0.0199 + 0.636 0.441 + 0.603
- 2-E33-26 3 0612 <+ 0.939 0.185 + 0717 0.429 + 0.551
2-W10-1 4 0225 <+ 0.689 -0.499 + 0725 -0.116 + 0.500
2-W10-3 4 0527 <+ 0.774 -0.0415 + 0.654 0.222 + 0.459
2-W10-4 2 1.83 + 1.05 -0.0941 + 0.672 0.868 + 2.49
2-W10-8 4 1.35 + 1.26 0.0653 + 0.686 0.481 + 0.756
2-W10-9 5 0461 =+ 110 -0.0588 + 0.785 0.226 + 0.413
2-W11-3 2 0544 <+ 0872 0.0817 + 0.701 0.313 + 0.805
2-W11-9 2 0945 + 0917 0.0775 + 0.703 0.511 + 1.23
8 2-W11-11 4 0437 <+ 0.754 -0.0881 + 0.649 0.0723 + 0.441
\ 2-W11-18 2 0.814 + 0.795 0.183 + 0.653 0.499 + 0.943
‘ 2-W11-23 4 0.256 + 0.737 -0.151 + 0.620 0.0416 + 0.397
2-W11-24 4 0940 + 1.20 0.0299 + 0.781 0.266 + 0.618
2-W14-2 2 1.65 + 132 0.745 + 0.794 1.20 + 1.37
2-W14-5 2 0422 <+ 0.71 0.393 + 0.701 0.408 + 0.500
2-W14-6 2 0267 + 0.767 0.164 + 0.639 0.216 + 0.516
2-W14-10 4 0388 + 0.682 0.0111 + 0.669 0.122 + 0.387
2-W15-3 2 0101 <+ 0.738 -0.0703 + 0.582 0.0153 + 0.517
2-W15-4 2 0.404 <+ 0.803 0.212 + 0.658 0.308 + 0.572
2-W15-7 1 0804 <+ 0.999 0.804 + -
2-W15-11 4 0233 + 0.790 -0.222 + 0.641 0.0444 + 0.444
2-W19-2 4 15.8 + 204 10.6 + 226 13.4 + 2.74
2-W19-3 4 6.34 + 1.38 0.390 + 0.730 2.80 + 2.94
2-W19-9 1 0.423 + 0.706
2-W19-11 4 2.79 + 1.04 0.0816 + 0.672 1.67 + 1.39
2-W19-12 4 1.36 + 1.06 -0.212 + 0.559 0.449 + 0.857
2-W19-13 4 0.0976 = 0.740 -0.0392 + 0.617 0.0364 + 0.349
2-W19-14 2 0977 <+ 0843 0.0295 + 0.659 0.503 + 1.30
2-W19-15 2 0230 * 0.661 -0.264 + 0.497 -0.017 + 0.744
2-W19-16 2 3.73 + 123 0.245 + 0.675 1.99 + 442
2-W19-19 10 0925 + 0914 -0.103 + 0.673 0.402 + 0.345
2-W19-20 10 0.668 + 0.859 -0.129 + 0.931 0.326 + 0.28]
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TABLE A.17. (contd)

No. of Concentration (pCi/L)®
Well Name® Samples Maximum Minimum Average
2-W19-21 7 0470 £ 0.697 0.0154 = 0.774 0.310 + 0.299
2-W19-23 7 0.768 + 0873 -0.740 + 0.768 0.132 + 0.509
2-W19-24 6 1.95 + 0.868 0.402 + 0.787 1.25 + 0.622
2-W19-25 7 0504 <+ 0.823 -0.0703 + 0.643 0.207 + 0.340
2-W19-26 5 0643 £ 0.791 -0.389 + 0.612 0.172 + 0.529
2-W19-27 6 0470 =t 0.823 -0.294 + 0.759 0.00433 + 0.364
2-W22-1 1 17.0 + 343 17.0 + -
2-W22-2 1 3.71 + 122 3.71 + -
2-W22-7 2 0.196 <+ 0.827 -1.43 + 5.92 -0.617 + 3.62
2-W22-9 2 0300 = 0.700 0.0358 + 0.648 0.168 + 0.581
2-W22-10 5 94.0 + 6.08 276 + 274 515 + 25.6
2-W22-12 1 0275 <+ 0.614 0.275 + -
et 2-W22-18 4 12.0 + 218 -0.177 + 0.598 3.40 + 595
- 2-W22-20 2 0949 <+ 0.841 -0.0435 + 0.497 0.453 + 134
2-W22-21 2 1.47 + 0.979 0.627 + 0.817 1.05 + 123
. 2-W22-22 4 0783 <+ 0.885 -0.169 + 0.562 0.285 + 0.592
o 2-W22-26 2 0.160 * 0.626 0.0954 + 0.678 0.128 + 0.468
~ 2-W23-1 2 0.0885 + 0.645 0.00461 =+ 0.624 0.0466 =+ 0.461
2-W23-2 4 0399 + 0.725 0.0834 <+ 0.729 0.288 + 0.390
2-W23-3 4 0133 + 0.782 -0.302 + 0.604 -0.0203 + 0. 4
2-W23-4 3 0.671 + 1.14 0.165 + 0.690 0.477 + 0.620
2-W23-9 4 0479 =+ 0.723 -0.225 + 0.548 0.242 + 0.478
2-W23-10 4 0795 = 0.731 -0.236 + 0.556 0.175 + 0.600
2-W26-6 4 1.03 + 0.897 -0.154 + 0.753 0.342 + 0.728
2-W27-1 4 0726 t 0.832 -0.367 + 0.497 0.265 + 0.638
3-1-3 3 0716 £ 0.562 0.260 + 0.280 0.490 +
3-3-9 4 0553 + 0.702 0.0565 + 0.599 0.378 +
3-3-10 4 0.774 + 0.858 0.128 + 0.632 0.383 +
3-3-11 4 6.97 + 150 6.24 + 147 6.71 +
3-3-12 4 0670 = 0.805 -0.058 + 0.637 0.196 +
3-4-9 4 0783 + 1.03 0.121 + 0.646 0.358 +
3-4-10 4 0267 <+ 0.639 -0.303 + 0.541 -0.0652
6-3-45 2 2.84 + 1.06 -0.195 + 0.534 1.32 +
6-35-70 2 0202 =+ 0.718 -0.181 + 0.597 0.0105 +«
6-37-E4 1 0288 * 0.626 0.288 +
6-38-70 2 0302 = 0.722 -0.161 + 0597 0.0705 +
6-39-0 1 0.308 =+ 0.641 0.308 +
6-40-1 2 0173 = 0.621 0.160 + 0.626 0.167 +
6-41-1 2 0.0964 = 0.690 -0.0587 + 0.641 0.0189 +
6-42-2 1 0242 + 0.633 0.242 +
6-42-12A 4 0648 + 0.747 -0.111 + 0.606 0.338 +
6-42-40A 4 0826 + 0.874 -0.256 +  0.541 0.210 +
6-42-40B 4 0442 <+ 0.884 -0.0264 + 0.636 0.158 +
6-43-3 1 0295 <+ 0.657 , 0.295 +
6-45-2 1 0349 <+ 0.730 0.2 ) +




TABLE A.17. (contd)

No. of Concentration (pCi/L)®
Well Name® Samples Maximum Minimum Average
6-45-42 4 0221 + 0.695 -0.274 + 0.540 0.05697 + 0.409
6-46-4 1 0248 <+ 0.590 0.248 + -
6-47-5 9 0372 + 0.770 -0.338 + 0.629 0.00665 + 0.277
6-49-13E 1 0521 + 0.667 0.521 + -
6-49-57 1 0257 <+ 0.716 0257 £ -
6-49-100C 3 0326 + 0.818 -0.361 + 0.598 0.0693 + 0.617
6-50-42 4 0307 + 0.609 -0.146 + 0.656 0.0935 + 0.389
6-50-53 1 0.165 + 0916 0.165 + -
6-53-47A 11 79.9 + 525 42.7 + 3.64 61.5 + 6.47
6-53-47B 12 115 + 5.68 70.3 + 434 85.2 + 6.55
6-53-48A 12 1.62 + 117 -0.0134 + 0.694 0.795 + 0.359
6-53-48B 12 439 + 52.8 201 + 38.3 314 + 429
6-53-55A 3 0268 + 0.678 -0.200 + 0.668 0.0843 + 0.508
6-54-48 11 59.0 + 436 37.9 + 333 505 + 406
6-54-49 11 58.1 + 386 12.0 + 197 33.0 + 10.1
6-55-50C 4 0761 £ 0.730 -0.0827 + 0.767 0.501 + 0.582
6-55-50D 4 0914 + 0.739 -0.176 + 0.624 0.329 + 0.634
6-55-89 2 0.195 <+ 0.754 0.0163 + 0.608 0.106 + 0534
~~  6-59-58 2 0299 + 0590 -0.440 + 0.536 -0.370 t* 0.436
: 6-63-58 2 0.0808 + 0.667 -0.148 + 0.565 -0.0336 * 0.523
6-S19-E13 3 0432 + 0.707 0.148 + 0.290 0260 + 0.340
6-S28-E0 4 0273 + 0543 0.0325 + 0.642 0.126 + 0.336

(a) Maximum and minimum concentrations £2-sigma counting error. Average concentrations 2
' standard error of the calculated mean. Single sample shown as maximum.

(I See Figures 3.10, 3.11, and 3.12 for well locations.

(c) Wells that sample a confined aquifer or a composite of a confined and unconfined aquifer.




TABLE A.18. Maximum, Minimum, and Average Technetium-99 (*Tc) Concentrations in
Ground-Water Samples in 1987

No. of Concentration (pCi/L)®
Well Name®™ Samples Maximum Minimum Average
1-B4-4 1 666 + 1.72 666 + -
1-D5-12 1 266 * 1.08 266 + -
1-F8-1 1 495 + 1.08 495 = ---
1-H4-3 3 3,860 t 147 1,610 + 6.76 3,090 *+ 1,540
1-H4-4 1 1,170 t 5.73
1-N-2 1 12.2 + 1.1 12.2 t -
1-N-14 1 390 = 204 390 £ -
1-N-29 1 402 = 204 402 + -
1-N-33 1 414 = 1.05 414 + -
2-E17-1 1 325 =+ 167 325 =+ -
2-E17-2 1 114 + 205 114 + -
- - 2-E17-5 2 411 * 373 226 t 3.10 319 + 232
2-E25-25 2 1.47 + 0.170 0.291 + 0.006 0.881 + 1.48
2-E25-27 2 116 + 0.180 0.820 + 0.007 0.990 =+ 0.435
2-E25-28 2 438 + 0.200 191 % 0.011 316 = 3.10
2-E33-1 1 964 + 595 964 e
2-E33-3 1 1,400 + 6.35 : 1,400 S
2-E33-5 1 1,980 + 121 1,980 + -
2-E33-7 1 4,700 t 185 4,700 -
2-E33-8 1 192 x 291 192 t -
2-E33-9 1 592 * 443 592 -
2-E33-24 1 1,580 + 669 . 1,580 -
2-E33-26 1 1,420 t 6.62 1,420 -
2-W10-3 1 610 + 511 610 -
2-W10-4 1 277 + 298 277 -
2-W10-8 1 139 + 1.04 139 + -
2-W11-11 1 385 + 3.46 385 + -
2-W11-18 1 510 + 3.94 510 I
2-W11-23 1 270 * 297 270 -
2-W11-24 1 250 + 136 250 + -
2-W19-2 2 581 * 422 289 + 3.06 435 + 366
2-W19-3 5 2,740 + 8.78 1,860 + 26.2 2,360 + 339
2-W19-9 2 2,220 * 33 1,120 t 215 1,670 + 1,380
2-W19-11 4 3,200 + 318 2,320 + 279 2,810 + 428
2-W19-15 2 784 + 733 586 * 4.16 685 + 248
2-W19-16 2 1,630 + 249 1,190 + 590 1,410 + 551
2-W19-17 1 194 +  4.08 194 -
2-W19-18 1 8,160 + 519 8,160 e
2-W19-20 1 11,600 + 272 11,600 A
2-W19-23 1 1,330 + 958 1,330 -
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TABLE A.18. (contd)

No. of Concentration (pCi/L)®

Well Name® Samples Maximum Minimum Average

2-W18-24 2 13,,700 + 28.6 13,000 + 27.3 13,400 + 877
2-W19-25 3 16300 + 307 10,700 t 2541 13600 * 3,820
2-W19-26 1 1,800 + 108 1,800 + ==
2-W22-20 1 8566 £ 215 856 * --
2-W22-21 1 906 + 537 906 . -
2-W22-26 1 102 * 227 102 + ---
2-W23-1 1 380 * 423 380 + -
2-W23-2 1 5,420 +* 13.0 5,480 t —
2-W23-7 2 5,380 +* 132 2,480 + 127 3,830 + 3,630
6-27-8 1 319 + 3.16 319 * ---
6-32-22 1 206 ¥ 260 206 * -
6-32-43 1 659 + 1.67 65.9 ¢ -
6-35-70 1 112 * 209 112 + -
6-37-43 1 -0.616 + 0.984 -0.616 £ ---
6-38-70 3 2,860 * 925 1,380 + 624 2,270 *+ 1,010
6-40-1 1 278 + 294 278 t ---
6-41-1 1 308 + 313 308 t -
6-41-23 1 69.1 * 178 69.1 + ---
6-46-4 1 192 * 259 192 t ---
6-47-50 1 -0.622 + 0.980 : -0.622 + ---
6-50-53 2 29,100 + 305 13,600 + 274 21,400 19,400

(a) Maximum and minimum concentrations +2-sigma counting error. Average concentrations +2
standard error of the calculated mean. Single sample shown as maximums.
(b) See Figures 3.10, 3.11, and 3.12 for well locations.
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TABLE A.19. Maximum, Minimum, and Average dine-129 ('®1) Concentrations in
Ground-Water Samples in 1987

No. of Concentration (pCi/L)®
Well Name®  Samples Maximum Minimum Average
1-N-14 1 0.00774 + 0.000650 0.00774 £+ ---
1-N-29 1 0.00620 + 0.000533 0.00620 + ---
1-N-33 1 0.0211 = 0.00181 0.0211 + ---
2-E17-1 1 47.3 + 5.52 47.3 -
2-E17-2 1 1.33 + 1.61 1.33 + .-
2-E17-5 1 25.0 + 3.20 25.0 + -
2-E17-6 2 473 + 1.81 187 + 1.14 3.30 + 3.74
2-E17-8 1 29.2 + 3.54 29.2 + -
2-E17-9 1 27.0 + 3.42 27.0 + -
2-E17-12 1 7.29 + 2.02 7.29 + -
2-E17-13 1 10.1 + 1.95 10.1 + -
2-E24-1 1 44.6 + 5.10 44.6 + -
2-E25-25 2 1.07 + 0.420 0.248 =+ 0.005 0659 =+ 1.05
2-E25-27 2 1.82 + 0.290 0.338 + 0.007 1.08 + 1.86
2-E25-28 2 3.4 + 0.35 220 + 0.050 2.82 + 1.56
2-W19-3 1 329 + 3.92 32.9 + -
2-W19-9 1 21.4 + 2.76 214 + -
2-W19-11 1 31.6 + 3.84 31.6 .-
2-W19-15 1 9.87 + 1.78 9.87 + -
2-W19-16 1 9.26 + 1.75 9.26 t -
2-W22-20 1 1.61 + 1.00 1.61 + -
2-W22-21 1 272  + 112 2.72 £ -
6-27-8 1 1.85 + 0.151 1.85 + -
6-32-22 1 3.87 + 0.325 3.87 -
6-32-43 1 5.51 + 0.440 5.51 + -
6-35-70 1 47.2 + 540 47.2 + -
6-37-43 1 10.7 + 0.900 10.7 + .-
6-38-70 1 0.948 + 0.980 0948 + -
6-41-1 1 0.173 + 0.0145 0173 + -
6-41-23 1 3.76 + 0.324 3.76 + -
6-46-4 1 0.146 + 0.0123 0.146 + ---
6-47-50¢ 1 0.00607 + 0.000413 0.00607 + ---
6-49-55A 1 0.0477 + 0.00391 0.0477 + ---
6-49-57 1 0.201 + 0.0161 0200 + --
6-50-53 2 0.0437 + 0.00376 0.0417 + 0.0035 0.0427 + 0.00364

(a) Maximum and minimum concentrations +2 sigma counting error. Average concentt ns +2
standard error of the calculated mean. Single sample shown as maximum.

(b) See Figures 3.10, 3.11, and 3.12 for well locations.

(c) Wells that sample a confined aquifer or a composite of a confined and unconfined aquifer.

A48




- TABLE A. 20. Maximum, Minimum, and Average Nitrate (NO,’) Concentrations
in Ground-Water Samples in 1987

No. of Concentration (ppb)
Well Name@ Samples Maximum Minimum Average®
100-B River 1 636 636 +
1-B3-1 6 55,600 29,800 37,400 = 8,320
1-B4-1 5 25,200 10,100 13,400 5,810
1-B4-2 4 11,400 9,590 10500 = 880
1-B4-3 4 20,700 9,710 13,100 =+ 5,340
1-B4-4 4 9,300 8,320 8,870 = 476
1-B5-1 5 10,800 9,470 9,930 + 512
1-B9-1 5 26,900 21,100 24800 = 2,230
1-D2-5 4 99,800 72,200 82,900 * 13,400
1-D5-12 5 77,700 62,600 67,800 = 5,810
1-D8-3 4 27,300 23,700 25500 = 1,750
1-F5-1 6 15,500 5,730 12,000 £ 3,150
i 1-F5-3 5 6,980 2,420 <3,400 = 1,750
1-F5-4 5 68,600 52,500 62,300 = 6,190
o 1-F5-6 4 1,740 <500 <1330 = 603
1-F7-1 5 105,000 86,300 96,000 =+ 7,190
1-F8-1 10 218,000 141,000 171,000 = 14,800
iy 1-F8-2 9 99,300 92,300 95500 = 1,570
1-H3-1 10 . 98,000 52,300 66,700 + 7,880
1-H3-2A 11 29,900 15,600 20,300 + 2,450
1-H3-2B 11 24,400 14,700 19,500 = 1,920
1-H3-2C 10 9,180 3,260 5290 ¢ 1,550
1-H4-3 13 1,020,000 246,000 592,000 + 153,000
1-H4-4 15 512,000 9,720 302,000 + 85,900
1-H4-5 10 39,900 28,700 32,400 £ 2,460
1-H4-6 10 40,700 31,500 37,300 = 1,610
1-H4-7 11 44,700 5,090 29,400 + 5,860
1-H4-8 10 36,800 27,800 31,800 + 2,040
1-H4-9 12 253,000 51,800 156,000 + 38,400
1-H4-10 10 26,200 10,400 20,900 = 2,680
1-H4-11 11 32,600 21,800 27,300 +t 1,720
1-H4-12A 11 171,000 22,900 83,000 t 24,400
1-H4-12B 11 85,900 29,300 57,200 + 10,400
1-H4-12C 11 6,140 2,640 4850 + 648
1-H4-13 11 40,300 12,100 23,100 = 4,400
1-H4-14 11 20,500 17,100 19,000 = 583
1-H4-15A 11 45,000 25,400 29,500 = 3,250
1-H4-15B 11 28,500 23,200 25,100 + 915
1-H4-16 7 18,900 5,320 12,700 = 3,800
1-H4-17 5 48,500 42,100 44800 + 2,460
1-H4-18 6 63,800 20,100 30,500 + 14,100
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TABLE A.20. (contd)

No. of Concentration (ppb)

Well Name® Samples Maximum Minimum Average®

1-K-11 4 54,600 48,200 50,700 =+ 3,110
1-K-19 9 68,900 36,300 58,600 =+ 7.320
1-K-20 5 24,100 20,700 22,000 + 1,310
1-K-22 7 3,910 3,130 3520 218
1-K-27 5 9,090 7,000 8,250 804
1-K-28 4 27,100 22,000 23900 = 2,480
1-K-29 5 13,700 8,450 10,900 = 2,020
1-K-30 5 58,500 44,600 52200 =+ 5,350
1-N-2 4 34,400 31,000 32,700 + 1,650
1-N-3 1 26,600 26,600 + -
1-N-4 4 33,600 16,400 27,300 + 8,360
1-N-5 3 50,100 22,500 34,000 + 18,800
1-N-6 2 23,800 23,800 23,800 + 0
1-N-7 1 36,600 36,600 <+ -
1-N-14 6 42,500 30,400 38,300 = 3,900
1-N-15 4 34,400 24,700 27,6870 £ 4710
1-N-16 3 <2,500 851 <1950 = 1,130
1-N-18 4 <2,500 <500 <1500 =+ 972
1-N-19 4 28,500 11,100 17600 = 8,460
1-N-20 4 27,800 10,400 16,200 + 8,460
1-N-21 8 19,100 13,000 16,200 = 1,510
1-N-22 4 17,000 <2,500 <6,800 + 7.050
1-N-23 8 26,300 6,790 12,800 + 4,840
1-N-24 3 8,980 5,460 7,060 =+ 2,400
1-N-25 4 14,800 3,110 7670 = 5,680
1-N-27 4 34,900 18,800 26,100 + 7,820
1-N-28 5 64,300 17,500 35,200 <+ 18,000
1-N-29 6 33,400 18,000 22,300 + 4,970
1-N-30 4 35,700 21,800 29,200 + 6,760
1-N-31 4 65,500 25,500 36,200 <+ 19,400
1-N-32 5 50,800 15,300 33,300 + 13,700
1-N-33 8 54,300 32,100 40,300 + 5,510
1-N-36 5 50,100 22,100 37,300 + 10,800
1-N-37 3 64,300 34,400 50,000 + 20,400
1-N-39 5 63,300 40,200 52,600 =+ 8,880
1-N 1 34,100 34,100 <+ .-
1-N-42 1 30,200 30,200 =+ ---
1-N-45 4 80,700 26,600 48900 + 26,300
1-N-49 4 62,100 43,000 52,000 + 9,280
1-N-50 3 40,200 28,900 34,000 =+ 7,710
1-N-51 3 28,900 24,000 26,400 + 3,340
1-N-52 4 26,100 20,300 22,200 = 2,820
1-N-58 1 1,720 1,720 + ---
1-N-59 1 1,580 1,580 =+ ---
1-N-60 1 1,590 1,590 + -
1-N-61 1 1,290 1290 =+ ---
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No. of
Well Name® Samples
2-E13-5 4
2-E13-14 3
2-E16-2 12
2-E17-1 16
2-E17-2 11
2-E17-5 16
2-E17-6 9
2-E17-8 11
2-E17-9 16
2-E17-12 12
2-E17-13 12
2-E19-1 1
2-E23-1 2
2-E23-2 2
2-E24-1 13
2-E24-2 8
2-E24-4 12
2-E24-7 3
2-E24-8 15
2-E24-11 4
2-E24-12 16
2-E24-13 4
2-E25-2 3
2-E25-6 4
2-E25-7 1
2-E25-9 4
2-E25-11 12
2-E25-13 4
2-E25-17 12
2-E25-18 16
2-E25-19 13
2-E25-20 16
2-E25-21 14
2-E25-22 13
2-E25-23 9
2-E25-24 9
2-E25-25 3
2-E25-26 3
2-E25-27 3
2-E25-28 3
2-E26-1 2
2-E26-2 4
2-E26-3 3
2-E26-4 4
2-E26-6 4
2-E26-8¢ 2
2-E27-1 2

TABLE A.20. (contd)
Concentration (ppb) _
Maximum Minimum Average®
11,400 10,100 10,900 + 632
14,600 11,900 13,500 1,840
7,020 1,360 <3970 + 1,050
417,000 246,000 357,000 < 20,400
258,000 85,500 153,000 =+ 29,700
276,000 75,200 140,000 =+ 33,300
11,700 <500 <2300 = 2,520
358,000 67,000 235,000 =+ 47,700
171,000 114,000 140,000 + 9,620
117,000 24,200 62,800 <+ 16,400
151,000 33,500 91,100 = 25,800
<500 <500 = -
7,200 7,140 7170 + 75
<2,500 <500 <1,500 -
572,000 227,000 388,000 + 60,600
204,000 149,000 178,000 + 13,700
4,620 <2,500 <3,330 391
13,900 12,800 13,300 + 751
35,000 4,140 7980 <+ 3,880
470,000 228,000 318,000 + 118,000
209,000 46,600 82,300 = 20,700
4,210 2,640 3,140 + 763
<2,500 1,580 <1910 = 628
3.290 1,530 <2,250 + 855
2,040 2,040 £ -
<2,500 1,340 <1,940 + 564
55,000 28,000 38,000 = - 4,750
443,000 128,000 322,000 + 153,000
26,500 7,750 16,400 =+ 2,830
26,7¢C 9,550 16,700 = 2,800
257,000 62,700 160,000 *+ 38,800
229,000 132,000 168,000 = 12,300
12,400 5,720 9,250 =+ 1,270
7,040 4,300 5250 ¢+ 513
4,030 2,300 <2,820 = 389
5,300 1,970 <3,010 =+ 748
1,080 785 g22 + 201
1,450 1,220 1,350 = 157
6,090 4,080 5010 = 1,370
1,410 1,120 1,310 # 198
5,090 <500 <2,800 = 5,750
3,400 1,140 <2390 = 1,100
<2,500 1,110 <1,790 = 949

3,710 1,680 <2,600 = 987
<2,500 687 <2,050 =+ 881
<2,500 <500 <1,500 ---

2,930 2,830 2880 + “nT




TABLE A.20. (contd)

9

No. of Conce! 1ation (ppb)

Well Name® Samples Maximum Minimum Average®

2-E27-5 3 6,690 6,520 6,600 =+ 116
2-E27-7 3 10,700 <2,500 <5480 = 5,600
2-E28-1 2 8,070 4,650 6,360 =+ 4,290
2-E28-5 2 3,210 2,900 3,060 =+ 388
2-E28-7 1 9,960 9,960 ¢+
2-E28-17 1 27,100 27,100 =
2-E28-18 12 73,300 36,100 50,600 = 5,830
2-E28-21 16 44,700 30,700 40,700 = 2,160
2-E28-23 4 11,400 9,270 10,200 + 1,040
2-E32-1 4 10,700 504 8,080 =+ 4,960
2-E33-1 3 54,200 14,000 40,200 = 27,400
2-E33-2 1 39,400 39,400 +
2-E33-3 3 60,800 37,800 47,600 = 15,700
2-E33-5 3 37,900 34,600 35900 + 2,250
2-E33-8 2 8,880 8,250 8570 + 789
2-E33-9 4 10,200 1,660 7,700 =+ 4,150
2-E33-10 6 10,500 5,400 6,630 =+ 1,640
2-E33-120 2 <2,500 <500 <1,500
2-E33-14 2 19,500 12,400 16,000 + - "8,900
2-E33-18 3 17,200 15,700 16,500 + 1,020
2-E33-20 4 9,730 2,740 5210 = 3,400
2-E33-21 2 3,980 3,940 3960 + 50
2-E33-24 2 18,000 16,100 17,100 = 2,380
2-E34-1 2 22,800 19,400 21,100 = 4,260
2-We-1 3 223,000 198,000 209,000 * 17,100
2-W10-1 1 425,000 425,000 =+
2-W10-4 4 245,000 180,000 218,000 + 31,600
2-W10-5 1 106,000 106,000 +
2-W10-8 7 7,610 1,820 <3360 + 1,620
2-W10-9 7 397,000 311,000 361,000 + 24,100
2-W11-3 1 94,600 94,600 =+
2-W11-9 2 51,800 7,120 29,500 * 56,000
2-W11-23 4 451,000 408,000 434,000 = 20,900
2-W11-24 4 333,000 221,000 285,000 * 54,400
2-W12-1 3 353,000 345,000 349,000 =+ 5,460
2-W14-2 5 103,C 81,200 89,500 = 8,380
2-W14-5 8 146.000 28,900 83,600 + 29,100
2-W14-6 7 89 ) 20,100 40,800 * 19,300
2-W14-10 11 103.000 64,200 89,300 = 6,800
2-W15-2 1 2 10 2910 +
2-W15-3 4 145,000 124,000 134,000 + 10,200
2-W15-4 7 707 10 520,000 603,000 * 52,300
2-W15-6 4 12,000 8,680 10,300 =+ 1,610
2-W15-7 1 54,900 54,900 =+
2-W15-10 7 107,000 100,000 103,000 =+ 1,960
2-W15-11 7 32,000 121,000 137,000 =+ 8,670
2-W18-3 2 83,100 51,700 67,400 * 39,300
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——location
ON SITE

1 Mile NE of 100-N Area

1 Mile E of 100-N Area

100-Area Fire Station

200-East NC

E of 200-East

200-East SE

SW of BC Cribs

S of 200-East

E of 200-West

2 Miles S of 200-West

NE of FFTF

SE of FFTF

N of 300 Area

Hanford Townsite

Wye Barricade

ONSITE AVERAGE

OFF SITE
Riverview
Byers Landing
Sagemoor
Taylor Flats No. 2
W End Fir Road
Ringold
Berg Ranch
Wahluke Siope No. 2(d)
Vermita Bridge(d)
Yakima Barricade(?)
Rattiesnake Springs(®)
ALE(D)
Prosser Barricade(d)
S of 300 Areal®)
Benton City
Sunnyside
Walla Walla
McNary Dam
Moses Lake
Washtucna
Connell
Othello
Yakima

OFFSITE AVERAGE

TABLE A.47. Cesium-137

Map
Logation(®)

OCOENOMHEWN =+

¥Cs) Concentrations in Vegetation

0Cifg (v weight(®)
1982 1983 1984 1985 1986 1987
0.04 + 006 0003 + 0012 00097 + 0.014 0015 = 0011 0027 = 0.017 -0
009 + 007 0026 + 0008 00032 + 0.013 0003 % 0025 0007 % 0.022 021 = 003
004 £ 007 0015 + 0008 0015 + 0012 0016 + 0014 0034 * 0.0177 011 % 0.02
023 + 005 018 + 0014 024 + 0020 036 + 0042 020 + 003 032 = 003
037 + 013 0069 + 0010 0069 + 0013 012 + 0030 011 £ 008 011 =z 002
008 + 005 0053 + 0008 0078 £ 0017 0078 + 0020 010 = 002 011 =z 002
005 + 002 00085 + 00055 0018 =+ 0.013 0038 =+ 0016 0011 % 0017 0052 : 0.018
005 + 004 0018 + 0007 0022 =+ 0011 0068 = 0015 002 + 0.017 0035 :+ 0020
003 + 004 003 + 0009 0055 = 0.016 0052 = 0017 0032 + 0.020 0054 + 0.019
0.0004 + 0.06 0025 £+ 0009 0011 = 0.012 0019 & 0023 0020 + 0.020 -
003 + 004 002 <+ 0008 00064 + 0.1 0048  0.020 — 0.056 + 0.023
0.01 002 003 + 0005 -0.0095 + 0.015 0032 + 0018 0017 % 0.012 -
0.02 + 005 0010 + 0006 0011 + 0008 0024 + 0016 0.17 + 051 0053 = 0016
007 =+ 002 0011 + 0011 0010 + 0020 0038 + 0.022 - 0.097 : 0022
0035 £ 0045 001 & 0016 00037 & 0011 0035 £ 0015 = 0053 £ 0020
0.072 + 0055 0035 + 0023 0034 + 0033 0062 + 0045 0071 % 0.051 010 = 005
0.006 + 0.03 0021 = 0007 -0.0001 + 0014 -00054 * 0011 1.1 = 0.1 0.049 + 0.016
008 + 006 0013 £ 0011 0024 & 0012 0017 z DO 19 + 0.9 0.049 + 0023
005 + 003 0012 + 0012 0003 + 0012 0013 % 0014 1.2 0.1 0.035 + 0.017
002 + 004 0025 + 0012 0016 = 0013 0011 & 0022 1.7 z 0.1 0.030 t 0015
007 + 004 0021 + C~7 0095 #+ 0021 002 + 0021 12 + 0.1 0.012 * 0013
0.0005 + 008 0020 + ¢ } -00008 + 0.013 00083 % 0013 1.5 % 0.1 0.031 + 0.014
005 + 004 0014 + Owd 0027 = 0011 00073 + 0014 0009 + 0013 0.11 = 003
004 + 007 002 + 0008 -0.0012 + 0012 0023 + 0013 0026 + 0024 0075 + 0.025
008 + 003 0014 & 0010 0005 + 0010 00061 % 0015 0.009  0.022 -
002 + 002 0012 + 0010 000 + 0013 00027 % 0015 - 0018 + 0.013
003 +£002 0004 + 0009 00054 + 0013 0016 + 0014 081 + 0.05 0047 + 0.017
003 + 002 00093 + 0.0095-0.0006 + 0.012 0022 % 0013 - 0.049 * 0.020
0.006 + 0.02 0011 + 0008 0012 2= 0012 NS 0.004 % 0.025 —-
002 + 001 0005 + 0012 00032 * 0013 0013 % 0020 0.018 % 0.023 -
006 =+ 008 002 + 0007 00041 + 0011 0083 % 0021 1.4 + 01 0002 + 0016
004 + 002 0006 + 0009 0018 = 0012 0018 + 0015 034 = 0.03 0004 + 0.023
0006 + 0020 0028 * 0.015
0.014 + 0.019 0042 + 0.020
0.85 % 005 0079 * 0.023
098 £ 0.05 0023 + 0.018
0027 + 0017 0028 + 0014
0002 + 0.019 0012 + 0.017
021 £ 003 0011 £ 0015
0023 + 0.023 0014 + 00041 0.0078 # 0.0055 0018 + 0012 064 + 029 0039 + 0.012

(a) Individual results +2 sigma counting error. Averages 12 standard e
(o) Locations are identified in Figure 3.50. .
(c) Locations sarmpled every other year indicated by dashed line.
(d) Perimeter location on Site near Site boundary.

NS No sample.

f the calculated mean.
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TABLE A.48. Plutonium-2t 240 (#%20Py) Concentrations in Vegetation

Map Oty weigt®

— logion  Location® 002 1963 . 1984 1985 1966 _1987

ON SITE
1 Milo NE of 100-N 1 0.0009 : 0.0008 0.00000 % ' )0 0.0005 + 0.00015 0.00093 + 0.00015 NS ()
1 Mile E of 100-N 2 0.0012 + 0.0010 000022 + | 5 000012 : 0.00030 0.00038 + 000020 0.00048 + 000028 0.00061 * 0.00027
100 Area Fire Station 3 0.0002 + 0.0004 0032 + | ) 000012 + 000025 000032 + 000018 0.00041 + 0.00029 0.00084 + 0.00032
200-East NC 4 0.00062 + 0.00067 000028 + ' )9 0.00042 + 000022 000067 + 000028 000070 + 0.00042 00021 + 0.0005
£ of 200-East 5 0.0008 * 0.0007 0.00068 * ' |8 0.00074 + 000066 0.0075 + 00011 0.0010 + 0.0003 00010 * 0.0003
200-East SE 8 0.0001 + 0.0008 0.00046 + ' i1 0.00093 + 000066 00018 + 000043 00021 + 00005 0.0012 + 0.0004
SW of BC Cribs 7 00004 + 0.0008 0.00016 + ' |8 0.00054 : 000081 000098 + 0.00032 NS 0.00077 + 0.00033
S of 200-East 8 0.0005 + 0.0008 0.00020 + u.w25 000044 + 0.00037 00025 + 000051 00017 + 00004 0.00082 * 0.00032
€ of 200-West 9 0.004 + 0.0008 0.0044 + 00010 00065 + 00018 00080 + 000083 00044 1t 00012 0.0082 3+ 0.0015
2 Miles S of 200-Wast 10 0.00074 + 000087 0.0021 + 000084 0.0001 + 0.00020 0.00059 t+ 0.00028 0.00094 + 0.00036 -
NE of FFTF 11 00008 + 0.~~~ 000022 + 0.00028 0.00036 + 0.00039 07""47 i 0.00023 - 0.00012 * 0.00012
SE of FFTF 12 0.0003 + 0. 0.00070 + 0.00069 0.00083 + 000063 0 B + 0.00030 NS -
N of 300 Area 12 0.003 t Owwus 000046 + 000034 00022 + 00011 Ouwweé t 0.00014 000053 t+ 000025 0.00021 * 0.00019
Hanford Townsite 14 00004 + 0.0003 00007 + 0.0010 0.00055 t 0.00035 0.00042 t 0.00022 - 0.00016 + 0.00013
Wye Barricade 15 00006 + 00008 Q00026 + Q00024 Q00078 + 0QO0SR 00012 _+ 000038 = 000018 + 000014
ONSITE AVERAGE 000087 + 0.0006500028 + ¢ 2 00010 + 000085 00016 + 00012 00014 =+ 00009 0.0013 * 00013

OFF SITE
Riverview 18 0.0005 + 00007 000220 + ( )6 -0.00013 + 0.00017 0.00075 + 000039 000029 + 000028 0.00010 * 0.00011
Byers Landing 17 0.00079 + 0.00083 0.00040 + ( 18 0.00010 + 0.00010 0.00015 + 0.00013 0.00023 + 0.00024 0.00037 + 0.00023
Sagemoor 18 0.00040 + 0.0004 0.00020 + ( 30 0.00012 + 0.00014 000022 + 0.00017 NS 0.00005 * 0.00008
Taylor Flats No. 2 19 0.00004 + 0.0004 000056 + ( )8 -0.00010 + 0.00010 0.00036 + 0.00028 0.00015 : 000015 0.00028 it 0.00018
W End Fir Road 20 0.0007 + 0.0009 0.00021 + ( 9 0.00039 + 0.00048 0.00019 * 0.00015 000007 + 0.00015 0.00004 + 0.00018
Ringold 21 0.0001 + 0.0004 0.00000 + ( )0 -0.00007 + 000030 0.00019 + 000017 0.00033 t 0.00031 0.00001 * 0.00001
Berg Ranch 2 00002 + 0.0004 000050 * L.wJO 0.00080 + 0.00059 0.00058 + 0.00031 NS 0.00023 t 0.00018
Wahiuke Siope No. 209 23 0.003 + 0.0008 -0.00001 + 0.00002 000017 + 0.00028 0.00026 + 0.00021 NS 0.00020 *+ 0.00016
Vernha Bridge(d) 24 0002 + 0.0000 0.00008 + 0.00030 0.00035 + 0.00025 0.00017 t 0.00028 NS —
Yakima Barricade(9) 25 0001 + 0.0010 0.00038 + 0.00029 0.00027 + 0.00044 0.00056 + 0.00022 - 0.00017 + 0.00018
Ratlesnake Springs® 28 0.0004 + 00003 0.00083 + 0.00096 000022 + 000022 0.00040 + 000021 000013 + 000012 0.00037 + 0.00022
ALEW@) 27 0.0005 + 0.0008 0.00033 + 0.00028 000074 + 0.00063 0.00054 + 0.00025 - 0.00020 * 0.00014
Prosser Barricade(d) 28 0.00008 + 0.0005 0.00034 + 0.00034 000017 + 0.00031 NS 0.0007t + 0.00027 -
S of 300 Areald) 29 0.001 + 0.0007 0.00014 + 000021 0.00036 + 0.00087 0.00045 + 000021 0.0028 + 0.00027 -
Benton Chy 30 0001 + 0.0009 000070 + ~~¥50 -0.00015 + 000025 0.0019 + 000048 0.0013 + 0.00018 0.00005. + 0.00011
Sunnyside 31 0001 + 0.0008 0.00031 + ( 129 000031 t 0.00025 0.00017 + 0.00014 00006 + 000011 000015 + 0.00017
Walla Walla 32 0.00008 * 0.00002
McNayy Dam 33 0.00011 * 0.00014
Moses Lake 34 0.00024 t 0.00020
Washtucna a5 0.00005 + 0.00008
Connell %% 0.00007 * 0.00009
Othello a7 0.00015 * 0.00016
Yakima a8 +
OFFSITE AVERAGE 0.00077 + 0.00045 0.00045 +- 0.00028 0.00022 + 0.00017 0.00048 + 000023 0.00047 + 0.00049 0.00015 + 0.00008

(a) Individual results +2 sigma counting error. Averages +2 standard er calcul

{b) Locations are identifled in Figure 3.950. = rorof the iaied mean.
(c) Locations sampled every other year indicated by dashed line.

(d) Perimeter location on Site near Site boundary.

NS No sample.
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Map
— location _  location® ___qo —le

ON SITE
1 Mile NE of 100-N Area
1 Mile E of 100-N Area.
100-Area Fire Station
200-East NC
E of 200-East
200-East SE
SW o BC Crbs
S of 200-East
E of 200-West
2 Miles S of 200-West
NE of FFTF
SE of FFTF
N of 300 Area
Hanford Townsite
Wye Barricade

ONSITE AVERAGE

OFF SITE
Riverview
Byers Landing
Sagemoor
Taylor Flats No. 2
W End Fir Road
Ringold
Berg Ranch
Wabhiuke Siope No. 2(d
Vernita Bridge‘d)
Yakima Barricade(®
Rattlesnake Springs(®
ALE(d)

OFFSITE AVERAGE

OONDP A WON =

TABLE A.49. Ural

m Concentrations in Vegetation

o a0
1984 Bl b - 1987
0.01 + 0,005 0006 : 0.003 0.007 <t 0.0034 0.0076 t 0.0056 NS -
0.02 = 0.007 0.007 : 0003 0.0061 : 0.0030 0.013 = 0.0074 0.0060 + 0.0017 0.014 =+ 0.004
0.008 + 0.003 0.007 : 0.003 0.0067 : 0.0033 0.016 = 0.0078 0.0054 + 0.0016 0.008 <+ 0.002
0.006 : 0.002 0.007 + 0.004 0.0092 : 0.0037 0.015 <+ 0.0076 0.011 : 0.003 0.014 : 0.004
001 + 0.005 0.008 : 0003 00066 = 0.0042 0.011 2 0.0064 0.0046 : 0.0013 0.020 : 0.08
0.006 : 0.002 0.007 + 0.603 0.0052 + 0.0040 0.016 + 0.0080 0.013 + 0.004 0.016 = 0.04
0.01 + 0.003 0.005 + 0.003 0.017 =t 0.0077 0.014 <+ 0.0077 NS 0.007 t 0.002
001 + 0.004 0008 :+ 0004 0011 + 0.0054 0.035 =z 0.014 0.0072 : 0.0021 0.025 = 0.007
001 + 0.004 0.011 + 0004 0016 + 0.0085 0.022 1+ 0.0086 0.016 = 0.005 -
0.01 + 0.003 0007 : 0003 0.015 3+ 0.0058 0.0096 + 0.0063 0.0060 + 0.0017 0.026 1 0.007
0.002 + 00008 0.005 2+ 0.003 0014 + 0.005 0.0081 + 0.0054 - 0.015 =+ 0.004
0.007 : 0.002 0.01 + 0.004 0.0050 1+ 0.0027 0.022 <+ 0.0098 NS -
0.01 '+ 0005 0.018 * 0006 0.012 + 00046 0.082 =+ 0.027 0.018 + 0.005 0.016 <+ 0.004
001 t 0.004 0.011 * 0.048 00032 < 0.0022 0.015 = 0.0080 - 0.010 t+ 0.003
Q005 __: 0002 00077 -+ 00035 00045 & 00036 0021 .+ 00095 = Q007+ 0002
0.0088 + 0.0025 0.0083 + 0.0018 0.0083 : 0.0026 0.021 3+ 0.0089 0.0087 + 0.0030 0.0016 + 0.004
002 =+ 0.006 0.014 0005 0021 + 0.0076 0.0088 : 0.0080 0.016 =+ 0.004 0.018 3+ 0.005
0.04 t 0.010 0015 = 0-°"" 0.022 = 0.0078 0.19 + 0.058 0.021 + 0.006 0.020 t 0.006
002 = 0.006 0013 * 0. 0.012 t 0.0050 0.019 =+ 0.0086 NS 0.012 =+ 0.003
003 + 0009 0.016 + Owwe 0.011 = 00044 0022 =+ 00096 0.016 =+ 0.005 0.031 * 0.008
0.03 =t 0.010 0.02 + 0.007 0.036 <+ 0.012 0.038 1z 0.014 0.0092 + 0.0027 0.023 1+ 0.006
003 + 0.010 0.027 1+ 0.009 0.026 <+ 0.0085 0.041 = 0.015 0.011 = 0.003 0.048¢ <+ 0.014
0.02 + 0.060 0.012 + 0005 0017 <+ 0.0066 0.0087 : 0.0063 NS 0.014 1+ 0.004
0.01 + 0.005 0.011 + 0.005 0.0088 : 0.0039 0.016  0.0079 NS 0.018 * 0.005
001 + 0.005 0.013 3+ 0.005 0.011 =+ 0.0045 0.020 =z 0.0080 NS -
001 't 0.003 0.0078 + 0.0035 0.0037 : 0.0020 0.020 : 0.0080 - 0.008 + 0.001
0.004 + 0.001 0,012 #+ 0.005 0.0042 + 0.0022 0.013 : 0.0068 0.0097 + 0.0028 0.012 1 0.003
0.008 + 0.003 0.0055 :+ 0.0029 0.0057 + 0.0025 0.0075 : 0.0054 - 0.016 * 0.004
001 t+ 0.003 0.011 x 0.005 0.0042 1+ 0.0023 NS 0.0087 + 0.0028 -
0.006 t 0.002 0.0118 : 0.0056 0.014 3+ 0.0053 0.036 3+ 0.014 0.014 + 0.004 -
00t + 0.004 0015 : 0.006 0014 =+ 0.0056 0.013 : 0.0074 0.021 : 0.006 0.018 -z 0.005
0.01 * 0.005 0.008 : 0.004 0.0013 1+ 0.0014 0.0086 + 0.0057 0.0080 + 0.0017 0.014 : 0.004
0.016 t 0.004
0.014 3+ 0.004
0.016 + 0.004
0.015 t 0.004
0.014 + 0.004
0.013 * 0.004
o011+ 0003
0.017 t+ 0.0052 0.013 : 0.0028 0.013 1 0.0049 0.041 <+ 0.041 0.013 1+ 0.003 0.018 : 0.004

@) Individual results +2 sigma counting error. Averages +2 standard error of the calcuiated mean.
{o) Locations are Kentitied in Figure 3.50.
(@ Locations sampled every other year indicated by dashed line.
() Perimeter location on Site near Site boundary.
NS

No sample.
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TABLE A.57. (contd)
Results, pCi/L.®
Location Nuclide Washington Oregon U.S. Testing Co.
193Ry 70 £ 5 65 + 12 Total 812 + 12
Dissolved 45 + 11
106Ry 80 + 2 <130 Total 154 + 51
Dissolved 49 + 43
1258b 80 + 10 60 =+ 40 Total 122 + 25
Dissolved 107 + 20
- Monitoring Gross Alpha
Well, N-Spring Dissolved 52 + 21 <3.0 <0.28
Suspended <1 <3.0
Gross Beta
Dissolved 12,100 + 100 12,381 * 20 9,120 + 608
Suspended 120 £ 1 544 + 15
H 64,400 + 1,340 63,780 + 1,560 65,100 + 800
8gr
Dissolved <1 <0.3 <980
~ Suspended <1
<z gy
Dissolved 5,860 7.420 + 231 6,060 + 370
Suspended 50
U-Total 20 £ 0.1
Nitrates 95 mglL
Gamma Scan®
21pj 30 £ 5
%Co 75 £ 5 67 =+ 10 Total 74 + 12
Dissolved 68 + 10
131 13 £+ 3 <30 Total 11 £ 5
Dissolved <26
Ry 60 £+ 5 52 + 13 Total 72 + 11
Dissolved 59 = 10
1%8Ru 65 + 20 <200 Total 83 = 42
Dissolved 93 = 41
125Gh 100 = 10 60 t 50 Total 114 + 21
Dissolved 103 = 19

AS3

(a) Results 2 standard deviations for values greater than the system minimum detectable amount.
{b) Only nuclides with quantifiable activities above the system minimum detectable activity are listed.



TABLE A.58. Results of Site-Wide Radiological and N ite (NO,) Ground-Water Monitoring Quality
Control Program® in 1987

) Blind
Constituent Woll Collection Record (Duplicate) Rep Audit Audit
_funty  __Name . _ Do Sarpl Sarge  CY® ___ Sornd® o
M 1-F8-2 14 JAN 87 3,900 + 347 3,890 + 347 0.2
(pCiL) 17 MAY 87 2,910 + 338 3,130 + 343 5.2
02 JUL 87 2,630 + 230 2,530 + 227 2.7 2530 + 359 1.4
19 OCT 87 2,340 + 265 2,430 + 268 2.7
1-K-22 13 JAN 87 730 + 291 805 + 293 6.9 793 + 315 2.3
23 APR 87 2,240 + 322 1,190 + 299 433 673 + 309 61.7
28 JUL 87 552 + 176 682 + 179 14.9 1,080 + 347 38.6
20 0CT 87 728 + 230 590 + 226 14.8
1-N-21 15 JAN 87 5,040 + 310 4,740 + 304 43 4,950 + 361 0.9
28 MAY 87 2,320 + 319 2,110 t 314 6.7 2,230 + 342 0.5
17 SEP 87 2,380 + 268 2,230 + 265 4.6 2,180 + 322 3.9
22 NOV 87 1,780 + 211 1,750 + 210 1.2 1,450 + 262 13.9
1-N-23 15 JAN 87 2,230 + 260 1,920 + 253 10.6 2,080 + 330 0.2
28 MAY 87 6,090 + 392 5,840 + 388 3.0 6,000 + 383 0.4
17 SEP 87 1,260 + 237 1,450 + 243 9.9 1,170 + 310 10.4
22 NOV 87 8,200 + 336 7.910 + 330 2.5 7,850 + 330 1.8
1-N-33 16 JAN 87 198,000 + 1,440 203,000 + 1,460 1.8 200,000 0.2
01 JUN 87 89,200 + 1,140 84,000 + 1,100 42 91,600 + 925 4.0
10 SEP 87 129,000 + 1,390 126,000 + 1,350 1.7
01NOVS87 218,000 + 1,780 217,000 + 1,770 0.3
4-S1-7C  08JAN 87 82,300 + 1,090 84,100 + 1,100 1.5 79,600 3.1
07 APR 87 81,000 + 947 76,800 t 915 3.8 81,100 + 843 1.9
28 JUL 87 79,500 + 1,060 77,800 + 1,060 1.5 93,800 + 960 12.4
20 NOV 87 81,700 + 954 80,100 t 945 1.4 79,000 + 746 1.7
6-1526  28JANS7 63,000 + 835 62,900 + 834 0.1 64,600 1.8
02 JUN 87 60,400 + 933 64,800 + 974 50 64,500 + 797 2.1
03 SEP 87 63,100 + 966 64,200 + 966 1.2 68,700 + 766 0.1
26 OCT 87 64,700 t 975 64,200 + 979 0.5
6-41-1 28FEB87 233,000 + 1,280 . 242,000 2.7
19 MAY 87 242,000 + 1,840 231,000 + 1,800 3.3 248,000 3.4
07AUGSB7 245,000 + 1,880 242,000 + 1,850 0.9 270,000 7.3
270CT87 240,000 + 1,860 242,000 + 1,860 0.6
6-S6-E4D 08 JAN 87 38,000 + 766 33,000 + 709 100 35,000 1.0
03 JUN 87 35,000 + 715 35,100 + 722 0.2 36,300 + 636 25
24 JUL 87 35,600 + 724 35,800 + 729 0.4 42,100 + 689 11.6
26 OCT 87 37,400 + 758 34,700 + 720 5.3
NO3 1-F8-2 14 JAN 87 97,900 94,400 2.6
(ppb) 17 MAY 87 99,300 99,100 0.1
02 JUL 87 92,400 92,700 0.2
19 OCT 87 92,300 92,700 0.3
1-K-22 13 JAN 87 3,200 3,130 1.6
23 APR 87 3,400 3,560 3.3
1-N-21 15 JAN 87 16,900 16,900 0.0
28 MAY 87 13,000 13,000 0.0
17 SEP 87 15,700 - 15,700 0.0
22 NOV 87 19,000 19,100 0.4
1-N-23 15 JAN 87 11,500 11,100 25
28 MAY87 26,000 26,300 0.8
17 SEP 87 6,790 6,810 0.2
22 NOV 87 6,950 6,810 1.4
1-N-33 16 JAN 87 41,700 41,400 0.5
01 JUN 87 32,100 32,200 0.2
10 SEP 87 33,500 33,700 0.4
01 NOV 87 54,300 53,600 0.9
3-6-1 08 JAN 87 29,300 29,200 0.2
02 APR 87 27,900 28,100 0.5
22 JUL 87 27,000 27,000 0.0
200CT 87 29,200 29,200 0.0
3-83 08 JAN 87 11,300 11,200 0.6
02 APR 87 11,800 11,700 0.6 .
22 JUL 87 12,800 12,800 0.0
20 OCT 87 10,700 12,000 8.1
4-S1-7C 08 JAN 87 28,600 28,600 0.0
07 APR 87 27,000 27,100 0.3
6-15-26  28JAN 87 23,600 23,600 0.0
6-S27-E14 04JUN 87 26,000 28,100 5.5
6-S6-E4D 08 JAN 87 26,500 26,600 0.3
03 JUN 87 24,600 24,900 0.9
24 JUL 87 23,800 23,800 0.0
26 OCT 87 26,000 26,000 0.0
A.94
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Constituent

—dupitsl . __Neme  __Due

Cobalt-60
{(pCiv)

Cesium-137
(pCi)
Ruthenium-106
(pCi)

Ruthenium-103
(pCin)

Antimony-125
(pCiL)

~+ lodine-131

Gross Beta
(pCiL)

Strontium-80
(pCiL)

Well

1-N-33
6-50-53
1-F8-2

1-K-22

2-E33-3

2-W23-2
3-6-1

3-8-3

6-S27-E14
6-S6-E4D

TABLE A.58. (contd)

Blind
Collection Record (Duplicate) Rep
_Sere Serplo. oy

15 JAN 87 568 ¢t 5.08 6.11 = 4.98 5.2
17 SEP 87 508 = 4.54 566 = 5.06 7.6
22 NOV 87 5.06 £ 4,52 790 = 597 31.0
28 MAY 87 222 + 8.47 238 t 1.5 49
16 JAN 87 222 + 33.0 203 + 221 6.3
01JUN 87 176 t 33.9 174 t 28.7 08
10 SEP 87 221 + 34.0 217 + 32.1 13
01 NOV 87 498 t 46.6 542 t 48.1 6.0
03 SEP 87 538 4.82 9.70 ¢+ 6.46 405
26 OCT 87 10.7 t 6.76 11.0 t 7.30 2.0
28 JUL 87 605 4.28 482 = 3.64 16.0
22 NOV 87 3.18 = 2.84
28 MAY 87 11 + 48.4 605 = 59.5 41.6
16 JAN 87 175 + 109 788 ¢ 65.4 53.6
01JUN 87 173 + 86.3 126 + 52.4 222
10 SEP 87 108 t 86.0 135 * 89.3 15.7
16 JAN 87 59.2 + 241 58.7 ¢ 13.8 0.6
01 JUN 87 54.6 + 20.7 472 13.5 103
16 JAN 87 184 + 44.9 51.2 + 18.8 79.0
10 SEP 87 174 + 416
01 NOV 87 98.8 + 37.0 105 + 322 4.3
16 JAN 87 5,820 + 343 1,290 + 113 80.1
04 SEP 87 0.042 £+ 0.0035 0.044 t 0.0038 3.4
14 JAN 87 26.6 + 6.90 67.2 t 17.7 61.2
17 MAY 87 61.5 + 16.2 68.0 + 18.7 8.1
02JUL 87 93.8 + 25.0 8.8 t 26.3 3.7
18 OCT 87 144 E 379 135 * 35.3 4.6
13 JAN 87 0.789 = 0.553 0.629 + 0.586 16.0
23 APR 87 1147 0.391 0.989 0.358 114
28 JUL 87 0.856 = 0.321 0.870 * 0.327 1.9
20 OCT 87 0.894 + 0.348 100 = 0.357 04
15 MAY 87 1.08 = 0.344 1.04 = 0.329 27
06 AUG 87 117 ¢ 0.400 173 = 0.560 27.3
22 SEP 87 395 ¢ 1.13 415 £ 1.19 3.5
08 JAN 87 611 ¢ 1.85 546 = 1.69 78
02 APR 87 563 t 1.55 573 = 1.56 1.2
22 JUL 87 6.66 <+ 1.81 438 1.21 282
20 OCT 87 587 = 1.62 548 = 1.53 4.9
08 JAN 87 3.88 ¢ 1.28 707 ¢ 215 412
02 APR 87 270 = 0.800 392 1.14 261
22JUL 87 433 1.24 347 = 0.999 156
20 OCT 87 333 = 0.969 3.71 = 1.06 76
04 JUN 87 3.46 0.969 346 = 1.14 0.0
08 JAN 87 3.07 ¢ 1.03 3.12 = 1.08 1.1
03 JUN 87 277 ¢ 0.789 286 + 0.822 2.3
24 JUL 87 259 ¢ 0.777 256 = 0.767 0.8
26 OCT 87 262 ¢t 0.790 291 = 0.864 7.4
08 JAN 87 25.7 + 3.77 250 ¢ 3.73 20
07 APR 87 259 + 3.81 23.0 t 3.60 8.4
15 JAN 87 291 1.24 282 = 1.18 2.2
17 SEP 87 846 t 1.89 5.14 ¢+ 1.36 345
22 NOV 87 5981 1.43 6.01 £ 1.42 1.2
15 JAN 87 3.97 ¢ 1.25 3.61 = 1.23 6.7
16 JAN 87 658 t 135 650 t 13.6 0.8
10 SEP 87 454 + 35.8 443 + 34.7 1.7
01 NOV 87 644 + 89.1 635 + 90.2 1.0

@ Individual results £2 sigma counting errors. .
REP CV = standard deviation of original and duplicate divided by their mean times 100

{© AUDIT CV = standard deviation of audit and mean of original and duplicate divided by their mean times 100.

Audit
)

25 t 4.2
100 t 6.9
230 t 7.5

14 t 14
110 E 32
140 t 43
140 r 21

8,500
46 = 2.8
87 33
13 t 5.5
60 t 3.0
75 ¢ 53
62 = 3.0
34 = 3.1
50 t 16
38 E 15
36 = 1.6
119 ¢ 2.38
776 & 1.84
887 = 2.21
663 %t 19.8

Audit

5.8

5.8
3.5

21.5

12.0
15.3

736

28.5
55.4

288
TN

8s
~Nw

-
f&?pa
QN
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TABLE A.59. Summary of Analytical Results for Replicate Samples Collected from Well 199-H4-4

During 1987
Analysis Values (ppb)
Constituent Month UST HEHF PNL

Chromium January 176@ 160@

February 419 473

March 437 466

April 378 396

May 26 25

June 209 174

July 280 281

August 323, 312 -0

September 336, 337 341

October 249, 233 214

November (e @

December 167, 184 180
Sodium January 69,300 70,000

February 179,000 147,000

March 181,000 155,000

April 168,000 161,000

~ May 12,400 11,900

June 88,300 88,600

July 135,000 148,000

August 306, 300 ®

September 192,000 199,000

177,000, 181,000@

October 115,000, 117,000 119,000

November — -

December 95,500, 99,700 91,500
Chioroform January <10 6.99
(A80) February 20 6.419

March 19 19.91

April 18 18.71+ 0.63

May <10 2.74

June <10 10.88 £ 0.78

July 16.4 13.95

August 12 14.37

September 16 18.99

Qctober 11 11.52

November -- ---(@

December 8 13.1@
Nitrate January 112,000 118,000  118,000"

February 492,000 625,000 470,000

March 493,000 500,000 478,000

April 452,700 507,000 440,000

A.96



Constituent

Sulfate

Chiloride

TABLE A.59.

(contd)

Analysis Values (ppb)

(a) Unfiltered samples January-July and September duplicate; otherwise filtered samples.

Month UST HEHF PNL
May 9,720 9,200 9,920
June 180,000 169,000 180,000
July 296,000 325,000
August 374,000, 369,000 364,000
September 512,000, 499,000 e
October 231,000, 231,000 220,000
November ----(0) -9
December 139,000, 139,000 152,000
January 37,100 40,000 40,7000
February 68,500 78,000 78,200
March 82,900 79,000 77,700
April 68,800 74,000 76,200
May 21.300 19,700 21,200
June « 400 39,000 48,000
July 66,200 61,000
August 70,700, 70,300 71,000
September 81,100, 79,100 o
October 60,100, 60,200 61,800
November - -0
December 54,100, 53,800 55,500
January 3,67 3,570 3,7800
February 5,900 "5,800 5,460
March 7,070M 5,000 5,390
April 6,650 6,700 5,550
May 1,280 1,800 2,490
June 4,480 4,100 4,46
July 6,130 5,010
August 6,710, 6,750 5,570
September 6,890, 6,730 —f
October 6,340, 6,260 5,120
November —( —(
December 5950,5 0 5,390

(b) A mixup in samples caused deletion of August sample.
(c) No November sample coliected.
(d) >2.8 Standard deviations difference between analyses (6.3 ppb).

(e) >2.8 Standard deviations ditference between analyses (>4.3 ppb).
()  Analysis done by WHC until July. WHC Lab became PNL in July 1987.
(g) No sample delivered to PNL.
(h)  UST had instrument trouble, which caused high chloride results.

* Qutlier.

A9
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..ABLE A.60.

Constituent
Nitrate

Sulfate

Chioride

Calcium

Barium

Sodium

Summary of Data from Replicate Samples and Interlaboratory Comparisons for the
Ground-Water Monitoring Project During 1987

Well
_Name

6-49-57

6-49-55A

6-49-57

6-49-55A

6-49-57

6-49-55A

6-49-57

6-50-53

6-49-57

6-50-53

6-49-57

6-50-53

Analytical Results (ppb)

_UST

69,900
70,000
69,800

251,000
252,000
253,000

38,900
38,900
38,800

148,000
148,000
148,000

42,100
41,900
41,900

15,000
15,1
15,1

24,800
24.100
24 10

229,000
225,000
232, 0

29
28
27

71
71
70

48,800
46,300
46,900

59,200
61,600
61,100

—PNL

66,100

223,000

34,500

113,000

3,660

13,500

24,900

217,000

24.6

72.0

47,600

57,400

Comments

PNL spike recovery 118%
indicates initial result
was probably too low

Discrepancy attributed to
dilution error.
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Constituent

Vanadium

Potassium

Iron

.. Magnesium

Strontium

Cyanide

Cyanide

Ammonium

Well

Name

6-49-57

6-50-53
6-50-532
6-50-531

6-49-57

6-50-53

6-50-53

6-49-57

6-49-57

6-50-53

6-49-57

6-50-53

6-49-57

6-50-53

6-49-55A

TABLE A.60.

(contd)

Analytical Results (ppb)

UST

30
30
25

5
7
<5

5,900
4,800
5,300

14,900
14,900
14,400

292
296
283

<30
<30
<30

7,970
7,530
7,630

64,900
66,600
67,100

135
142
131

953
9198
936

619
499
615

622
1120
1120

640
640

PNL

30

19

6,200

15,300

322

23

7,520

60,300

133

870

Comments

Discrepant result

Reanalyzed
gaq

1140
1170



















Outfall - The end of a drain or pipe that carries waste
water or other effluentsinto a dit |, pond, or river.

Person-rem - See “Collective Dose Equivalent” un-
der “Radiation Dose.”

Plume - The distribution of a pollutant in air or water
after being released from a source.

Plutonium - A heavy, radioactive, manmade metall-
ic element. its most important isotope is fissionable
2®Py, which is produced by the irradiation of 28U,
Routine analysis cannot distinguish between the
2¥Py and *°Pu isotopes, hence, the term 282¢0py,

Primary Cooling Loop - A closed system of piping
that provides cooling water to the reactor. Heat
energy is transferred to the secondary loop through
a heat exchanger.

Radiation - Refers to the process of emitting energy
in the form of rays or particles that are thrown off by
disintegrating atoms. The rays or particles emitted
may consist of alpha, beta, or gamma radiation.

Alpha Radiation - The least penetrating type of
radiation. Alpha radiation can be stopped by a
sheet of paper or outer dead layer of skin.

Beta Radiation - Emitted from a nucleus during
fission. Beta radiation can be stopped by an
inch of wood or a thin sheet of aluminum.

External Radlation - Radiation originating
from a source outside the body, such as cosmic
radiation or natural and manmade radio-
nuclides.

Gamma Radiation - A form of electromagnetic,
high-energy radiation emitted from a nucleus.
Gammarays are essentially the same as x-rays
and require heavy shieldings, such as concrete
or steel, to be stopped.

iternal Radlation - Radiation originating from
a source within the body as a result of the
inhalation, ingestion, or implantation of natur.
or manmade radionuclides in body tissues.

Radiatlon Dose - For the purpose of this report,
radiation doses are defined as follows:

Absorbed Dose - The amount of energy de-
posited by radiation in a given amount of mate-
ral. Absorbed dose is measured in units of
“rads” (see “Dose Equivalent”).

Coliective Dose Equivalent - The sum of the
dose equivalents for individuals comprising a
defined population. The per capita dose
equivalent is the quotient of the collective dose
equivalent divided by the population size.

Committed Dose Equivalent - The total dose
equivalent accumulated in an organ ortissue in
the 50 years following a single intake of radio-
active materials into the body.

Cumulative Dose Equivalent - The total dose
one could receive in a period of 50 years follow-
ing release of the radionuclides to the environ-
ment, including the dose that could occur as a
result of residual radionuclides remainingin the
environment beyond the year of release.

Dose Equivalent - The product of the ab-
sorbed dose, the quality factor, and any other
modifying factors. The dose equivalent is a
quantity for comparing the biological ettective-
ness of difterent kinds of radiation ona common
scale. The unit of dose equivalentis therem. A
millirem (mrem) is one one-thousandth of a
rem.

Effective Dose Equivalent - An estimate of the
total risk of potential health effects from radia-
tion exposure. It is the sum of the committed
effective dose equivalent from internal deposi-
tion and the effective dose equivalent from
external penetrating radiation receivedduringa
calendar year. The committed effective dose
equivalent is the sum of the individual organ
committed dose equivalents (50 year) multi-
plied by weighting factors that represent the
proportion of the total random risk that each
organ would receive from uniform irradiation of
the whole body.

Radioactivity - A property possessed by some ele-
me 3, such as uranium, whereby alpha, beta, or
gamma rays are spontaneously emitted.

Radiloisotope - A radioactive isotope of a specified
element. Carbon-14 is a radioisotope of carbon.
Tritium is a radioisotope of hy
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Radionuclide - A radioactive nuclide. There are
several hundred known nuclides, both manmade
and naturally occuming; nuclides are characterized
by the number of neutrons and protons in an atom’s
nucleus.

Rem - An acronym for Roentgen Equivalent Man; a
unit of radiation exposure that indicates the potential
impact on human cells.

Sievert - A unit of dose equivalent from the Interna-
tional System of Units (Sl) equal to 1 joule per
kilogram.

Spent Fuel - Nuclear fuel that has been exposed in
a nuclear reactor; this fuel contains uranium, activa-
tion products, fission products, and piutonium. Spent
fuel is processed in the PUREX Plant.

Standard Deviation - Anindication of the dispersion
of a set of results around their average.

Standard Error of the Mean - An indication of the
dispersionof an estimated mean from the average
other estimates of the same mean.

Thermoluminescent Dosimeters (TLD) - A mate-
rial that, afterbeing exposedto radiation, luminesces
upon being heated. The amount of light emitted is
proportional to the amount of radiation (dose) to
which it has been exposed.

B.4

Unconfined Aquifer - Contains ground water that is
not confined above by relatively impermeable rocks.
The pressure at the top of the unconfined aquifer is
equal to that of the atmosphere. At Hanford, the
unconfined aquifer is the uppermost aquifer and is
| st susceptible to contamination from Site opera-
tions.

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

Water Table - A theoretical surface which is repre-
sented by the elevation of water surfaces in wells
penetrating only a short distance into the unconfined
aquifer.

Whole-Body Dose - A radiation dose that involves
exposure of the entire body.

Windrose - A star-shaped diagram showing how
often winds of various speeds blow from different
directions, usually based on yearly averages.

X/Q' (Chi over Que) - A dispersion factor calculated
using an atmospheric dispersion model from aver-
age annual meteorological data. It is used to esti-
mate the air concentration from the total airbome
release of a radionuclide. The resulting estimates of
average annuat air concentrations at specific loca-
tions away from the source can be used to calcuiate
potential doses.
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ALARA
ALE
BMI
BWIP

Ci CLA

cts
DOE

DOE-RL

DCG
DWS

EML

EPA

ERDA

FFTF

HEDL

HE}

ICRP

MDC

ACRONYMS AND ABBREVIATIONS

as low as reasonably achievable
Arid Lands Ecology (Reserve)
Battelle Memorial Institute
Basalt Waste Isolation Project
Comprehensive Environmental
Response, Compensation, and
Liability Act

cubic teet per second

U.S. Department of Energy

U.S. Department of Energy,
Richiand Operations Office

Derived Concentration Guide
Drinking Water Standards

Environmental Measurements
Laboratory

U.S. Environmental Protection Agency

U.S. Energy Research and Develop-
ment Administration (predecessor to

- DOE)

Fast Flux Test Facility

Hanford Engineering Development
Laboratory

Hanford Environmental Health
Foundation

International Commission on Radio-
logical Protection

minimum detectable concentration

NERP

NPDES

PNL
PSD

PUREX

QA
Qc

RCRA

REDOX
Sl

TLD
UNC

uo,
Plant

UsT
USGS

WDOE

WDSHS

WHC

National Environmental Research
Park

National Pollutant Discharge
Elimination System

Pacific Northwest Laboratory
Prevention of Significant Deterioration

Piutonium and Uranium Extraction
Plant

Quality Assurance
Quality Control

Resource Conservation and Recovery
Act

Reduction Oxidation Plant
International System of Units (metric)
thermoluminescent dosimeter

UNC Nuclear Industries

Uranium Oxide Plant

United States Testing Company, Inc.
U.S. Geological Survey

Washington State Department of
Ecology

Washington State Department of
Social and Health Services

Westinghouse Hanford Company
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ABBREVIATIONS FOR UNITS OF MEASURE

Radioactivity Volume
Symbol Name Symbol Name
Ci curie cm? cubic centimeter
mCi millicurie (102 Ci) L liter
uCi microcurie (10 Ci) mL milliliter (10-3L)
nCi nanocurie (10 Ci) m?3 cubic meter
pCi .picocurie (1012 Ci) ppm parts per million
fCi femtocurie (10'¢ Ci) ppb parts per billion
aCi attocurie (108 Ci)
Bq becquerel
Sv sievent
Length Mass
Symbol Name Symbol Name
km kilometer (10° m) g gram
m meter kg kilogram (102 g)
cm centimeter (102 m) [ls] microgram (10€ g)
mm millimeter (103m) ng nanogram (10° g)
pm micrometer (104 m) t metric ton (or tonne;
10° kg)
Area Time
Symbol Name Symbol Name
ha hectare (10,000 m?) yr year
d day
h hour
m minute
s second

B.6




CONVERSION TABLE

Multiply By To Obtain Muttiply By To Obtain
in. 254 cm cm 0.394 in.
ft 0.305 m m 3.28 ft
mi 1.61 km km 0.621 mi
b 0.454 kg kg 2.205 Ib
liq qt 0.946 L L 1.057 lig qt
ft? 0.093 m? m? 10.76 ft2
ha 2.47 res " acres 0.405 ha
mi? 2.59 km? km? 0.386 mi?
ft? 0.028 m? m? 35.7 ft
nCi/mi? 0.386 mCi/km? mCikm? 2.57 nCi/mi?
dpm 0.450 pCi pCi 2.22 dpm
nCi 1000 p( pCi 0.001 nCi
pCi/L 10% pCi/mL pnCi/mL 10° pCi/L
pCi/m? 1072 Cim? Ciim? 10" pCi/m?
pCi/m? 102 mCiicm? mCi/cm? 1012 pCi/m?
v mCi/km? 1.0 nCi/m? nCi/m? 1.0 mCi/km?
becquerel 2.7x 10" curie curie 3.7 x 10" becquerel
gray 100 rad rad 0.01 gray
s sievert 100 rem rem 0.01 sievert
ppb 0.001 ppm ppm 1000 ppb
ppm 1.0 mg/L mg/L 1.0 ppm
- TABLE OF UNIT PREFIXES

Factor Prefix Symbol

10° giga G
108 mega M
10° kilo k
102 hecto h
10! deka da
101 deci d
102 centi c
103 milli m
10 micro Tl
10 nano n
1012 pico P
1018 femto f
1018 atto a







APPENDIX C

APPLICABI E STANDARDS AND PEF TS AND
ENVIRONMEI T2# . COMPLIANCE DOC ENTATION















TABLE C.3.

Chemical Drinking vvater Standards: U.S. Environmental Protection Agency,
N: nalinteim P| ary Dinking Water Regulations
Washington ™ hlic Water Supplies (WDSHS 1983)

i (! \1976) ar  State of

Chemical
Constituent Concentration
As 50 pg/L
Ba 1 mglL
Cd 10 pglL
CcCl, 5 ngiL
Cr 50 pg/L
Cu 1.0 mg/L
F 2 mg/L
Hg 2 ng/lL
NO, 45 mg/L
Pb - 50 ug/L
Se 10 pg/L

TABLE C.4. Benton, Franklin, Walla
Quality Standards®

Parameters

NO,

Type of Stanc'~-~®

(a)
(b)

protect the public hes

lla Counties Air Pollution Contr.  Authority Ambient Air

Sampling Period Permissible Levels

Secon ry and primary  Annual average 0.05 ppm

Benton, Franklin, Walla Walla Air Pollution Control Authority 1980.

Primary ambient air quality national standards define levels of air quality to
I. Secondary standards define levels of air quality to
protect the public welfare from any known or anticipated adverse effects of

C4

























































TABLE D.3. (contd)

Constituent

Detection Limit

Diethylarsine
Trans-1,2-Dichloroethene
1,1-Dichloroethene
Methylene Chioride
1,2-Dichloropropane
1,3-Dichloropropenes
1,1,2,2-Tetrachloroethane
Bromoform

Vinyi Chloride

Hexone

Dioxane
Formaldehyde
Pyridine

<10 ppb
<10 ppb
< pb
<10 ppb
<10 ppb
<10 ppb
<10 ppb
<10 ppb
<10 ppb
<10 ppb

<500 ppb
<500 ppb
<500 ppb

D.13
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internal or external sources, and the two sources are
to be summed. The new effective dose is also
expressed in rem. The reader should keep in mind
that the previously used cumulative dose is a meas-
ure of potential radiation risk to individual organs,
whereas the new effective dose is a measure of
potential radiation risk to the individual as a whole.

In addition to implementing the effective dose re-
quirement for offsite population dose calculations,
the DOE has also adopted the revised biokinetic
models and metabolic parameters for radionuclides
given by the ICRP (1979-1982) for estimating radia-
tion dose.

The calculation of the new effective dose takes into
account the long-term internal exposure from radi-
onuclidestakeninto the body during the current year,
but not the potential exposure from future intake of
radionuclides remaining in the environment from the
current year's release (as was done in the previous
cumulative dose calculations). For these reasons,
the older cumulative dose and the newer effective
dose are calculated differently, and they cannot be
compared directly. in this report, the effective dose
equivalent is expressed in rem (or millirem), with the
corresponding value in sievert (or millisievert) in
parentheses.®

" The following types.of radiation doses were esti-

mated:

1. “Fence-Post” Whole-Body Dose Rate
(mrem/h and mrem/yr). The maximum external
radiation dose rate during the year in areas ac-
cessible by the general public was determined
from measurements obtained at locations of
potential public access in proximity to operating
facilities.

2. “Maximally Exposed Individual” Dose
(mrem). The maximallv exposed individual is a
hypothetical member (he public residing near
the Hanford Site who, by virtue of loc  »n and
living habits, could receive the highest possible
radiation dose from radioactive effluents. All
potentially significant short- and long-term expo-
sure pathways to this hypothetical individual
were considered, inciuding the following:

+ inhalation of airborne radionuclides

(a) 1 rem {or 1000 mrem) = 0.01 Sv ir 10 mSv).

F.2

« submersion in airborne radionuclides

« ingestion of foodstuffs contaminated by
radionuclides deposited on vegetation and
the ground by both airborne deposition and
irrigation water drawn from the Columbia

iver downstream of the Hanford Site

» drinking sanitary water originating from the
Columbia River at Pasco

» exposure to ground contaminated by both
airborne deposition and irrigation water

« ingestion of fish taken from the Columbia
River

« recreation along the Columbia River, includ-
ing boating, swimming, and shoreline activi-
ties.

0-km Population Doses (person-rem).
Regulatory limits have not been established for
population doses. Nonetheless, evaluation of
the collective population dose to all residents
within an 80-km radius of Hanford Site opera-
tions provides an indication of the overall envi-
ronmental impact of site operations. The 80-km
population dose equivalent represents the
summed products of the individual doses for the
number of individuals involved for all potential
exposure pathways.

The pathways depicted in Figure 2.4 for the
maximally exposed individual were assumed to
also be applicable to the offsite population.
Consideration was given, however, to the frac-
tion of the offsite population actually affected by
each pathway. The river-related exposure path-
ways for the population are as follows:

» Drinking Water. The cities of Richland and
Pasco obtain their municipal water from the
Columbia River downstream from the Han-
ford Site. The city of Kennewick began draw-
ing a portion of its municipal water1 1the
river in late 1980. During 1987, approxi-
mately 40% of Kennewick’s drinking water
was drawn from the C¢ mbia River. The
total affected population of these three cities
was ap| imately 70,000.
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doses calculated for previous annual reports, and  tions for the public in the vicinity of the Hanford Site.
any differences were investigated. Second, the 1ird, all computed doses were reviewed by the
Hantord Dose Overview Committee has defined  Hanford Dose Overview Committee. Summaries of
standard, documented computer codes and input  dose calculation documentation for this report are
parameters to be used for radiation dose calcula-  given in Tables F.13 through F.17.

TABLE F.1. Distribution of Population in 80-km Radius of the 100-N Area by Population

Grid Sector®
Number of People
0-16 16-32 32-48 48-64 64-80
Direction km km km km km Totals
N 36 953 420 1,492 7,583 10,484
NNE 5 285 561 18,531 1,350 20,732
NE 0 624 013 2,691 259 4,587
ENE 0 620 5,884 1,129 429 8,062
E 0 294 625 2,742 605 4,266
ESE 0 306 1,493 596 247 2,642
SE 0 54 2,113 28,922 5,001 36,090
SSE 0 0 35,127 50,292 3,354 88,773
) 0 127 4,592 2,041 176 6,936
SSwW 0 258 1,676 12,603 625 15,162
SwW 0 547 : 4,946 16,747 469 22,709
WSw 0 680 1,699 8,297 15,274 25,950
W 18 395 936 5,149 75,686 82,184
WNW 54 573 377 490 1,598 3,092
NwW 74 277 425 515 683 1,974
NNW 64 277 438 1,030 4,696 6,505
Totals 251 6,270 62,325 153,267 118,035 0,148

(a) Based on 1980 census data.

F.4








































APPE )JIX G

EFFLUENTS, WASTE | 'OSAL, AND UNUSUAL
OCCU :NCES






























































