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SUMMARY

Operations at the Hanford Site since 1944 have resulted in the discharge
to the ground of large volumes of process cooling water and low-level liquid
radioactive waste. Radioactivity and chemical substances have been carried
with these discharges and have reached the Hanford ground water. For many
years wells have been used as ground-water sampling structures to gather
data on the distribution and movement of these discharges as they interact
with the unconfined ground water beneath the Hanford Site. During 1980, 317
such structures were sampled at various times for radionuclide and chemical
contaminants. This report is one of a series prepared annually to document
and evaluate the status of ground water on the Hanford Site.

Data collected during 1980 describe the movement of tritium and
ruthenium-106 and the nonradioactive nitrate plume as well as their response
to the influences of ground-water flow, ionic dispersion, and radioactive

106

decay. The gross beta ( ~~Ru) plume continues to recede, with the exception

of a beta source that is beginning to show up in the 300 Area.

The tritium plume continues to show increasing concentrations near the
Columbia River. It is mapped as having reached the Columbia River, but
contributions to the river cannot be distinguished from other sources at this
time. This plume now shows much the same configuration as in 1977, 1978,
and 1979. The size of the nitrate plume appears stable. Concentrations of
nitrate in the vicinity of the 100-H Area continue to be high as a result

of past leaks from the evaporation facility.

]291 distribution in the Han-

The results of a study to determine the
ford ground-water system indicate that the majority of contaminants are in
the upper portions of the unconfined aquifer and are approaching the Columbia

River. The study is nearing completion.

Impact of these ground-water discharges on the public is evaluated
annually and reported in the "Environmental Surveillance at Hanford" report.
The maximum dose resulting from the consumption of ground water is 0.5 mrem
annually. This is from the drinking water at the FFTF.
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RADIOLOGICAL STATUS OF THE GROUND WATER BENEATH THE HANFORD SITE
JANUARY-DECEMBER 1980

INTRCDUCTION

Ground-water surveillance at the Hanford Site is a facet of the Compre-
hensive Environmental Monitoring Program. This program is designed to evalu-
ate existing and potential pathways of exposure from site operations. The
objectives of the ground-water monitoring program, conducted by Pacific
Northwest Laboratory (PNL) for the U.S. Department of Energy (DOE), are to
measure and report the concentration and distribution of radioactive and
other chemical constituents in the ground water, to determine movement and
transport of contaminants with time, and the impact of contamination on
man's environs.

A1l routine ground-water samples for 1980 referred to in this report
were taken by PNL's Environmental Evaluations Section of the Occupational
and Environmental Protection Department. The samples were analyzed by PNL's
Technical Analysis Section. The U.S. Geological Survey collected and compre-
hensively analyzed samples from specific wells. Program overview and
coordination was provided by the Environmental Evaluations Section.

Data from other contractors (Rockwell Hanford Operations, United Nuclear
Corporation, and Hanford Engineering Development Laboratory) were used to
construct the maps in this report but were not included in the tabulation of
data in the Appendix.



BACKGROUND

Since 1944, operations at the Hanford Site have resulted in the disposal
of large volumes of low-level, Tiquid radioactive wastes and contaminated
cooling water to the ground. Figure 1 shows the location and various plant
operations of the Hanford Site. Most of the Tiquid wastes have been disposed
of at or near the chemical separation areas (200 Areas) located on a plateau
near the center of the site. Smaller amounts of wastes have been released at
the reactor sites ( 100 Areas), located adjacent to the Columbia River, and
at the laboratory and fuel fabrication area (300 Area). Only one reactor
and its disposal facility (the 100-N Area) are currently in operation.

The disposal of 1liquid effluents to the ground has been greatly reduced
at Hanford in the past several years, primarily because of the deactivation
of all reactors except the N-Reactor, the cessation of reactor fuel process-
ing, and the improved treatment of several waste streams.

DISPOSITION OF EFFLUENTS

Liquid effluents disposed to the ground percolate laterally and down-
ward through 150 to 300 feet (50 to 100 m) of unconsolidated glaciofluvial
and lacustrine sands, silts, and gravel that overlay the unconfined aquifer.
As the wastes move through these sedimentary materials, adsorption and ion
exchange take place between the minerals in the sediments and the substances
in the 1iquid waste. Some of the longer-lived radionuclides such as
strontium-90 (QOSr), cesium-137 (]37Cs), and plutonium-239 (239Pu)
favorable ion exchange characteristics and are effectively removed from the

have

waste streams as the liquid percolates downward through the soil column.
Other radionuclides, such as ruthenium-106 (]06Ru), cobalt-60 (6000),
technetium-99 (ggtC), tritium (3H), and nonradioactive nitrate (NOé) have
poor ion exchange characteristics and move through the soil column at vary-
ing rates until they eventually enter the ground water. Once they enter the
unconfined aquifer, the contaminants move in a general down-gradient direc-
tion at a rate nearly equal to the velocity of the ground water. As the
contaminants move with the ground water, their concentrations are further
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FIGURE 1. The Hanford Site

reduced by radioactive decay, ion exchange, diffusion, and hydrodynamic
dispersion.

During the past thirty-seven years, the disposal of more than 6 X 10]]
Titers (169 billion gallons) of process cooling water and over 3 X 10]0
Titers (8 billion gé]]ons) of other liquid has changed the water table con-
figuration. Ground-water mounds, created by the discharge of water, now
exists near each of the chemical processing areas and in the 100N reactor
area. Generally, ground-water levels have changed continuously over the
years, because of variations in the volume and location of waste water dis-
charged to the ground. The movement of the ground water and its associated

contaminants has also changed with time, reflecting the discharges of
effluents.



MONITORING WELLS

Nearly 850 cased ground-water monitoring wells (McGhan and Damschen 1979)
have been drilled since the beginning of the disposal operations at the Hanford
Site (Figure 2). These structures provide a means for obtaining water samples
and for conducting in-site investigations.

There are basically three aquifers monitored at the Hanford Site. The
first or deepest is an aquifer in the basalt. When a well is drilled into this
aquifer an artesian flow is generally encountered, which causes the water level
in the well to rise. The second aquifer is encountered when wells are drilled
into a semiconsolidated sedimentary material overlying the basalts. This sec-
ond aquifer is artesian in places and unconfined in other locations. The third
aquifer and probably the most important at the Hanford Site, is the unconfined
aquifer. This unconfined aquifer overlies the artesian aquifers, and is asso-
ciated with the unconsolidated material nearer the land surface. This aquifer
appears to contain most of the contaminants and as such is monitored far more
heavily than the deeper aquifers. Wells are generally drilled a few meters
below the top of this aquifer and ground-water samples taken from the interval.

Most of the wells drilled at Hanford are multipurpose structures. That
is, they are used to obtain geologic and hydrologic information before they
become sampling structures. For a structure to be useful in monitoring, a
well's casing should be perforated below the water table along its entire depth
to allow water in the aquifer to flow in a direction normal to the well at all
depths. However, since the heterogeneity of the sediments beneath the Hanford
Site prevents this, each well structure on the site must be evaluated individu-
ally as a potential monitoring facility.

SAMPLING AND ANALYSIS

Well-water samples are obtained routinely throughout the Hanford Site.
For the 1980 routine ground-water monitoring program 317 wells were sampled.
From these, 1526 well-water samples were taken to provide 5120 analytical
results for evaluating the effects of site operations on the ground water.

(These figures do not include other contractors monitoring efforts at the
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Hanford Site.) The frequency of sampling is monthly, quarterly, semi-
annually, or annually depending on well Tocations and constituents to be
analyzed.

Some ground-water samples are collected just under the water surface
of the unconfined aquifer by lowering a plastic bottle enclosed in a steel
bailer. Where contamination appears the greatest concentration is usually
observed at the surface of the water table (Eddy, et al., 1978).

Submersible sampling pumps have been installed in most key wells to
obtain a more representative sample of the water in the aquifer adjacent
to the well than is provided by a small-volume bailer sample. Since the
submersible pumps are left in the wells this method prevents the poséibi]ity
of cross contamination that may result from using a single bailer to sample
several wells. At a few locations, where appropriate well structures are
available, samples are obtained from the confined aquifers. Some small
diameter wells and piezometer tubes are sampled by the airlift method (Tres-
cott and Pinder, 1970).

Three substances are readily transported in ground water with Tittle
decrease in concentration from adsorption or ion exchange. The radionuclides
are represented by gross beta measurements and are calculated as ruthenium
(]06Ru) and tritium (3H). The nonradioactive substance is the nitrate ion
(N0§). Therefore, these substances are used as primary tracers to monitor
the movement of contaminated ground water. In addition, samples from select-
ed wells are routinely analyzed at less frequent intervals for the radio-
nuclides 9OSr, ]37Cs, and 60Co. Total alpha (as 239Pu) emission is also
determined. Selected samples are analyzed by gamma spectrometry to identify
the mixture of radionuclides present. Standard radiometric and chemical

methods are used to analyze the routine ground-water samples.

Other radionuclides, such as ]291 and 99Tc, have been detected in the
ground water beneath the Hanford Site. Although these radionuclides
generally occur in very low concentrations, they make excellent tracers of
238)), fluoride (F") and
total chromium (Crt6) are also made on selected ground-water samples in and

ground-water contamination. Analyses for uranium (

adjacent to the areas where these substances are present and may be reaching
the ground water.



EVALUATION OF GROUND-WATER SURVEILLANCE DATA

Radionuclides concentrations in the ground water beneath Hanford are
evaluated in terms of their respective Concentration Guides (CGs; U.S. Depart-
ment of Energy, 1977). Radioactive materials are also compared with Drinking
Water Regulations (DWR) promulgated by the Environmental Protection Agency
(EPA 40 CFR 141) as adopted by the State of Washington. The comparison between
the actual concentration and the guidelines provides a conservative method for
evaluating the potential significance of most water-borne materials. The CGs
used in this report are those that apply to uncontrolled areas. Table 1 shows
the detection 1imit and applicable CGs or DWR for various chemicals analyzed
under the routine ground-water monitoring program.

TABLE 1. Lower Analytical Detection Limit and Lowest Applicable
Concentration Guides or Drinking Water Regulations

Analysis Detection Limit CGs
(pCi/me)
Gross Beta (as ]06Ru) 0.08 NA(a)
239 (a)
Total Alpha (as Pu) 0.017 NA
3y 0.5 3,000.0
60¢q 0.02 30.0
90
Sr 0.03 0.3
106p,, 0.06 10.0
125, 0.06 100.0
129; 1x 1078 0.06
131, 0.0} 0.3
137¢ 0.02 20.0
U (Natural) 3.4 20
Detection Limit DWR
(mg/2)
NO3 0.5 45()
F- 0.08 1.8
Crb* 0.01 0.05

(a) NA--Not Applicable. Significance of contaminations
determined by specific radionuclide analysis.

(b) Calculated as (NOS).



Each section of this report that deals with-a major contaminant, contains
a map showing the distribution of that contaminant. The isopleths on the maps
show concentration zones rather than discrete contours because the data do not
Jjustify the additional detail. Some data from the 200 Areas were used to
provide continuity in the maps although no data from waste disposal operations
and resultant ground-water contamination in the 200 Areas are included in this
report.

Appendix A contains tabular analytical data for 1980 on the average,
maximum and minimum concentrations of the primary tracers (gross beta activity,
tritium and nitrate ion). The data on the average concentrations of the pri-
mary tracers were used to generate the isopleth maps.

Table 2 shows the number of wells sampled, the number of samples taken,
and the number of analyses made as part of the 1980 ground-water monitoring
program for each area of the Hanford Site. The data shown in Appendices A
(the primary tracers) and B (selected contaminants in ground water) were
derived from analysis of these samples. The table does not Tist any special
samples.

TABLE 2. Numerical Data on the Routine Ground-
water Monitoring Program, 1980

Number of Number of Number of
Area Wells Sampled Samples Taken Analyses Made

100 35 163 441
200 21 84 336
300 26 230 1570
600 236 1049 2173

318 1526 5120

10



GROSS BETA (8.) CONCENTRATION IN THE UNCONFINED GROUND WATER

Figure 3 shows the concentration and distribution of gross beta (Bt)
contamination in Hanford's unconfined ground water. Appendix A contains this
primary tracer data for ground-water samples collected during 1980. The con-
figurations of the By plumes are static with the plume's general size con-
tinuing to recede slightly since the last reporting period. The plumes continue
to extend southeasterly from the 200-E Area for about 12.5 km. The increase
shown in well 699-49-55 during FY-1979 has returned to the low level of previous
years which indicated that the higher results were from laboratory error and

not an actual increase in concentration of contamination (Figure 4).

Concentrations in the most southeasterly plume continue to be less than
1.0 pCi/mg. Concentrations higher than 1.0 pCi/mg were noted in two small
plumes adjacent to the southeast corner of the 200-W Area. Figure 5 shows
gross beta concentrations at well 699-34-42 that continue to be near the
detection limit of 8 X 1072
indicates that this well is located in an area where ground-water flow is

pCi/me. The nature of the concentration history

minimal, or the concentration is detreasing as a result of dilution. The
concentration history of well 699-38-70, shows a continuing supply of By~
containing ground water with 1ittle dilution moving past this site as reflected
in Figure 6.

Beta activity shown in Figure 6 results from the cyclical nature of Han-
ford's plants as they startup and shutdown their operations. The peak in By
concentrations occurred in early 1971 at a level of about 1.5 pCi/mg. Well
699-26-15 (Figure 7) Tlocated near the extreme eastern edge of the gross beta
plume where gross beta concentrations are expected to drop to very near or
below the detectable levels in the near future.

Peaks in concentration histories can be used to determine travel times in
the ground-water flow system. However, correlation of peaks and discharges is
sometimes difficult because dispersion within the ground-water flow system
tends to coalesce minor plumes from different release points and mask the true
time of release.

11
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In addition to the 200 Area plumes, By concentration of ground water is
evident in the 100-B, 100-D and 100-H Areas, attributable to past operations
at Hanford, in the 100-N Area from liquid waste disposal to the 1301-N trench;
and in the 300 Areas, from the operation of waste disposal facilities.

DEFINITION OF GROSS BETA CONTRIBUTORS

A program to define the actual contributors to the gross beta plume was
initiated in 1976. Well 699-34-42 (Figure 5) was selected for analysis because
of its proximity to the 200-East Area plume. Initial analyses indicated the
possible existence of minute concentrations of highly mobile radionuclides.

In an effort to determine whether gross beta contributors could be detected
away from the major plume, four wells were selected for comprehensive radio-
chemical analysis. Data from these four wells, (699-S11-E12A, 699-24-33,
699-38-65 and 699-61-62) are shown in Table 3. Figures 4-7 illustrate the
changes in concentration of gross beta with time.

Additional data concerning 60Co and 106Ru were obtained during analy-

]291; these data are presented in a later section of this report.

sis for
The Tow levels shown for these radionuclides were attainable only through spe-
cial analytical techniques, and corroborate the data obtained to define the

gross beta contributors.

The method used for detecting these gross beta contributions entails
passing a large volume (1415 1iters) of the ground-water sample through four
12-inch diameter fiberglass filters, two 1-inch-thick cation exchange resin
beds, two 1-inch-thick anion exchange resin beds and three 1/4-inch activated
aluminum oxide beds.

Analysis of the sample is accomplished by counting directly from the fil-
ters and the sorption beds. A duel-coincidence Nal (Tg) gamma-ray spectrometer
and a Ge (Li) diode detector were used to measure the gamma-emitting radionu-
clides. The filters and sorption beds are then chemically stripped and indi-
vidual radiochemical analyses conducted.

19



Well No.

699-E-12
Filters
1st Anion Bed
2nd Anion Bed
1st Cation Bed
2nd Cation Bed
Ist A1203
2nd A]ZO3
699-24-33
Filters
1st Anion Bed
2nd Anion Bed
1st Cation Bed
2nd Cation Bed
Ist A1203
2nd A]ZO3
699-38-65
Filter
1st Anion Bed
2nd Anion Bed
1st Cation Bed
2nd Cation Bed
1st A1,0

273
2nd A1,0

273

699-61-62

Filters

1st Anion Bed

2nd Anion Bed

1st Cation Bed

2nd Cation Bed

1st A1,0

273

2nd A1203

Radionuclide Concentrations and Chemical Forms in Hanford Ground Water, 1980

TABLE 3.

22Na 54Mn 60CO 65Zn 952r 95Nb ]06Ru 108mAg_
<0.0122 <0.00885 0.0184 <0.0236 <0.0115 <0.00863 <0.0697 <0.00694
<0.00583 <0.00436 <0.00705 <0.0128 <0.00511 <0.00444 <0.0489 <0.00353
<0.00823 <0.0154 <0.00795 <0.0165 <0.00720 <0.00590 <0.0357 <0.00459
<0.00382 <0.00293 <0.00381 <0.00742 <5.00691 <0.00276 <0.0323 <0.00222
<0.00450 <0.00489 <0.00477 <0.00751 <0.00371 <0.00339 <0.0233 <0.00234
<0.00283 <0.00212 <0.00511 <0.00548 <0.00376 <0.00206 <0.0165 <0.00167
<0.00332 <0.00835 <0.00353 <0.00676 <0.00317 <0.00253 <0.0199  <0.00204
<0.00937 <0.00702 0.0998 <0.0183 <0.00881 <0.00640 <0.0553 <0.00533
<0.00780 <0.0200 6.23 0.0951 <0.00999 <0.00772 0.0696 <0.00475.
<0.00456 <0.00370 0.0909 <0.00950 <0.00430 <0.0033¢9 <0.0277 <0.00264
<0.00262 <0.00204 <0.00424 <0.00500 <0.00254 <0.00200 <0.0161 <0.00159
<0.00651 <0.00192 <0.00238 <0.00476 <0.00205 <0.00155 <0.0147  <0.00144
<0.00264 <0.00203 0.0109 <0.00601 <0.00241 <0.00194 <0.0168 <0.00163
<0.00353 <0.00354 <0.00542 <0.00702 <0.00302 <0.00250 <0.0275 <0.00231
<0.0112 <0.00921 0.0304 <0.0228 <0.00993 <0.00774 <0.0617 <0.00634
<0.00418 <0.00367 0.179 <0.00963 <0.00465 <0.00347 <0.0448 <0.00256
<0.00897 <0.0702 0.00806 <0.0160 <0.00811 <0.00526 <0.0505 <0.00461
<0.00485 <0.00384 <0.00518 <0.0102 <0.00482 <0.00366 <0.0290 <0.00297
<0.00300 <0.00304 <0.00330 <0.00601 <0.00245 <0.00186 <0.0166 <0.00166
<0.00372 <0.00288 <0.00677 <0.00752 <0.00508 <0.00245 <0.0206 <0.00212
<0.00270 <0.00192 <0.00259 <0.00522 <0.00239 <0.00173 <0.0184 <0.00158
<0.0274 <0.00907 0.198 <0.0216 <0.00964 <0.00716 <0.0661 <0.00608
<0.0127 <0.0173 17.3 0.101 0.0245 <0.0152 0.107 <0.00845
<0.00532 <0.00402 0.172 <0.0117 <0.00516 <0.00399 <0.0373  <0.00409
<0.00809 <0.00315 <0.00448 <0.00771 <0.00414 <0.00326 <0.0263  <0.00256
<0.00507 <0.00317 0.00%46 <0.00846 <0.00398 <0.00356 <0.0266 <0.00365
<0.00320 <0.00254 <0.00460 <0.00691 <0.00439 <0.00340 <0.0175 <0.00463
<0.00484 <0.00338 <0.00503 <0.00911 <0.00487 <0.00333 <0.0267 <0.00274

110m

<0
<0
<0

<0

<0

<0

<0.
<0.
<0.
<0.
<0.
<0.
<0.

A

.0136

.00659
.00972
<0.

00419

.00447
<0.
<0.

00296
00386

.0102
<0.
<0.
<0.
'0.00256
<0.
<0.

0155
00528
00288

00304
00392

.0159
<0.
<0.
<0.
<0.
<0.
<0.

00534
00891
00576
00532
00935
00300

0113

0292

00643
00488
00513
00370
00530

1255b ]265n ]34CS 137CS 144Ce 152Eu 154Eu 155Eu 2281, 226Ra
<0.0201 <0.00772 <0.00863 <0.00868 <0.0178 <0.0386 <0.0368 <0.00890 0.0536 0.118
<0.0103 <0.00403 <0.00438 <0.00419 <0.00833 <0.0107 <0.0177 <0.00459 0.0167 0.0517
<0.0135 <0.00532 <0.00540 <0.00896 <0.0109 <0.0217 <0.0259 <0.00593 0.0183 0.0336
<0.00651 <0.00249 <0.00309 <0.00272 <0.00481 <0.00608 <0.0108 <0.00515 0.0532 0.0285
<0.00685 <0.00275 <0.00300 <0.00292 <0.00508 <0.00630 <0.0121 <0.00282 0.0482 0.0164
<0.00484 <0.00182 <0.00201 <0.00202 <0.00361 <0.00442 <0.00770 <0.00233 0.0292 0.0117
<0.00583 <0.00224 <0.00244 <0.00240 <0.00461 <0.00602 0.0229 <0.00256 0.00731 0.0148
<0.0157 <0.00689 <0.0150 <0.00646 <0.0109 <0.0141 <0.0275 <0.00936 0.123 0.0653
<0.0137 <0.00694 <0.00885 <0.00738 <0.0140, <0.0117 <0.0434 <0.00427 0.0556 0.0334
<0.00801 <0.00239 <0.00558 <0.00329 <0.00573 <0.00713 <0.0177 <0.00312 0.0502 0.0454
<0.00860 <0.00186 <0.00500 <0.00196 <0.00394 <0.00430 <0.00790 <0.00389 0.0531 0.0543
<0.00438 <0.00168 <0.00178 <0.00174 <0.00315 <0.00396 <0.00708 <0.00180 0.0487 0.0200
<0.00475 <0.00274 <0.00202 <0.00195 <0.00358 <0.00449 <0.00775 <0.00199 0.0335 0.00919
<0.00597 <0.00248 <0.00236 <0.00246 <0.00463 <0.00529 <0.0103 <0.00260 0.0132 0.0298
<0.0182 <0.0126 <0.00765 <0.00780 <0.0142 <0.0170 <0.0316 <0.00782 0.0564 0.109
<0.00747 <0.00297 <0.00521 <0.00316 <0.00551 <0.00678 <0.0146 <0.00300 0.0399 0.0267
<0.0138 <0.00537 <0.00728 <0.00774 <0.0115 <0.0123 <0.0250 <0.00619 0.0127 0.0537
<0.00857 <0.00340 0.00443 <0.00359 <0.00675 <0.00757 <0.0z216 <0.00375 0.0233 0.0296
<0.00487 <0.00252 <0.00211 <0.00202 <0.00358 <0.00452 <0.00873 <0.00322 0.0360 0.0415
<0.00632 <0.00566 <0.00272 <0.00262 <0.00496 <0.00570 <0.0243 <0.00282 0.0167 0.0280
<0.00460 <0.00173 0.00570 <0.00180 <0.00345 <0.00424 <0.0108 <0.00194 0.0323 0.00949
<0.0175 <0.00685 <0.00808 <0.00783 <0.0127 <0.0161 <0.0323 <0.0114 0.120 0.0468
<0.0248 <0.0124 <0.0176 <0.0132 <0.0138 <0.0207 <0.0798 <0.00771 0.0235 0.0217
<0.00892 <0.00363 <0.00406 <0.00467 <0.00829 <0.00850 <0.0183 <0.00400 0.0155 0.0400
<0.00735 <0.00282 <0.00836 <0.00307 <0.00552 <0.00659 <0.0350 <0.00294 0.0540 0.0324
<0.0168 <0.00284 <0.00336 <0.00323 <0.00544 <0.0179 <0.0128: <0.00307 0.0552 0.0155
<0.00540 <0.00243 <0.00242 <0.00225 <0.00779 <0.00630 <0.00911 <0.00233 0.0133 0.0398
<0.00808 <0.00288 <0.00905 <0.00332 <0.00619 <0.00731 <0.0139 <0.00345 0.0216 0.0416
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TRITIUM (3H) CONCENTRATION IN THE UNCONFINED GROUND WATER
(3

Because tritium (“H) enters the ground-water system as part of the water
molecule, it is carried along with the ground-water flow and remains almost
unaffected by the geologic conditions that affect other radionuclides. Tri-
tium, therefore, provides the most accurate and extensive overview of ground-
water movement at the Hanford Site. Figure 8 shows the distribution of 3H
in the unconfined aquifer. Appendix A contains data concerning maximum, aver-
age, and minimum concentrations for samples collected in 1980.

The configuration of the 3

H plume has changed somewhat in the past year.
Concentrations of 3H in well 699-40-1, shown in Figure 8, have increased

which indicates that the plume has reached the Columbia River.

Tritium concentrations in wells within the plume show different responses

dependent upon the geohydrology of the locale being monitored. Figure 9 shows
3
H

in this well is about 10 years, slightly less than the actual half life. This

a concentration history for well 699-15-26. The apparent half life for

rate of decay indicates that uncontaminated or at least less contaminated water
is reaching this well. Figure 10, a graphic illustration of the concentration
history for well 699-32-22 shows essentially the same results; however, ground
water containing slightly higher concentrations of 3H is indicated by the
apparent half life, which is greater than 12.3 years. The concentration his-
tory of 3H in well 699-26-15 (Figure 11) shows that, after peaking in 1969,

concentrations of 3

H declined and reached an apparent equilibrium in about
1975. Ground-water flow in the vicinity of this well is such that concentra-

tions are maintained near 1000 pCi/mq.

Figure 12 shows -that the tritium concentration in well 699-9-E2 dropped
through mid-1972, showed a gradual increase until 1978, and then declined to
the present low level. Well 699-2-3 represented by Figure 13 shows a rising
3H concentration since 1968. Although wells 699-9-E2 and 699-2-3 show dif-

ferent concentrations, both are used to monitor the southern portion of the 3

H
plume. Well 699-9-E2 represents an area of low hydraulic conductivity, which
retards the movement of ground water, and well 699-2-3 represents an area
through which ground water moves at a more rapid rate.
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The combination of operational effects and hydrological events can be seen
in Figure 14, which shows a concentration history for well 699-87-55. The
graph, with its sinusoidal pattern illustrates a dynamic system which combines
river flow, precipitation, reactor operations and geohydrology. This well is
located about 1.8 km from N Reactor.

NITRATE (NOs) CONCENTRATION IN THE UNCONFINED GROUND WATER

Figure 15 shows the concentration and distribution of nitrate (N0§) in the
ground water at Hanford. Appendix A contains data on the maximum, minimum and
average concentrations. Data collected in 1980 indicate little areal change
in the nitrate plume. Zones of elevated nitrate concentrations persist in the
vicinity of the 200-E, 200-W, 100-D, 100-F, 100-H, 100-K, and 100-N Areas, and

in the central portion of the main ground water plume.

The concentration histories for wells 199-H3-1 and 199-H4-3 graphically
represented by Figure 16 and 17 show marked increases in the level of N0§
concentration. Well 199-H4-3 was drilled specifically to monitor a United
Nuclear Corporation (UNC) solar evaporation facility. The facility consists
of a concrete structure previously used as a retention basin for the 100-H
Reactor. The basin is currently used as a concentrator for wastes generated
by UNC fuel fabrication activities in the 300 Area. Wastes placed in the basin
normally contain copper, sodium, nitrate, and sulphate, with small amounts of
other constituents, such as chromium. The wastes do not contain radioactive
materials other than trace amounts of uranium. The concentrated wastes even-
tually precipitate out of solution and form a recoverable crystalline coating
on the bottom of the solar evaporation basin. An unknown quantity of this
leaked from the pond through joints or fractures in the concrete basin and
eventually reached the ground water. Mobilization of the brine was enhanced
by water from a leaking valve in a fresh-water line servicing the facility.
Upon realization of the problem, corrective action was initiated in 1979 which
included sealing the leak in the basin and repairing the leaking valve.
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A decrease of nitrate concentration continues in well 699-34-42
(Figure 18), where a cyclical pattern reflects the operational history of the
200-E Area. The very definite trend of increasing nitrate concentration ob-
served in well 699-17-5 (Figure 19), located north of the Washington Public
Power Supply System projects, has reversed, and decreasing concentrations of
nitrate are now being observed. Maintenance work on this well and the in-
stallation of a sampling pump have eliminated much of the data scatter. The
graph indicates that the previous rapid increase in nitrate concentration
at this site is caused by the movement or expansion of the plume's zone of
high concentration within the central portion, and that the later decline
in nitrate concentration is caused by the passage of the main plume from
the site.
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ADDITIONAL CONTAMINANTS IN THE GROUND WATER

Appendix B contains data from the routine analysis of materials other
than the primary tracers. These materials include uranium, gross alpha
emitters, and fluoride ions, all found primarily in the fuel fabrication or
300 Area. A special analysis was performed for iodine-129 (see next section).
In addition, water samples from the unconfined aquifer were analyzed and the
temperature distribution defined.

SPECTAL ANALYSES FOR IODINE-129

During 1979 and 1980, samples were collected from wells for iodine-129
(]291) analysis. These wells were selected with a preference for those
distant from a source of contamination so that the degree and direction of
movement of this radionuclide could be ascertained. Existing data were com-
plemented by the additional information.-

Analyses were performed using neutron activation techniques (ASTM 1979).
This analytical technique allows a detection level of approximately 1 X 10-5
picocuries per liter (1.7 X 10'5% of the Concentration Guides). Table 4
shows the results of the analyses from 1976 through 1980.

Iodine-129 is of interest because of its long half life (107 years) and
its mobility in the ground-water environment. Analyses made during 1975-
1980 verify that ]291 follows the flow paths of the other major contaminants
and that its levels of concentration are reduced by diffusion and dispersion
within the ground-water flow system. Past studies have shown that the
majority of the ]291 is contained in the upper portions of the aquifer (Eddy,

et al., 1978).
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TABLE 4. Contamination Results for Selected Wells

Well No. Date 129, 3y NO3
(pCi/e)  (pCi72)  (ppm)
699-35-9 March 1980 120,000 16
699-39-1 September 1980 120,000 21
699-40-1 April 1977 0.12
March 1978 180,000 24.0
March 1979 0.26 190,000 26.0
July 1979 0.16 180,000
June 1980 220,000 28.0
699-41-1 May 1980 0.035 200,000 26.0
September 1980 210,000 25.0
699-42-2 May 1980 0.11 170,000 23.0
September 1980 180,000 23.0
699-42-12 March 1978 0.49 330,000 24.0
March 1979 0.87 320,000 34.0
July 1979 0.50 340,000 27.0
699-43-3 July 1979 0.16
March 1980 200,000 23.0
September 1980 190,000 24.0
699-44-4
699-45-4 July 1979 0.078
March 1980 110,000 17.0
September 1979 100,000 13.0
699-46-4
699-46-5 July 1979 0.067
March 1980 100,000 14.0
September 1980 92,000 12.0
699-46-21 June 1977 13,000 6.9
April 1978 20,000 8.8
March 1979 25,000 13.0
June 1980 33,000 12.0
699-47-6 July 1979 0.20
March 1980 170,000 19
September 1980 190,000 21
699-48-7 June 1977 <1,200 2.7
June 1978 2,100 1.9
June 1979 2,300 2.6
March 1980 860 2.9
September 1980 <500 3.3
699-48-18 June 1977 <1,600 6.6
June 1978 <1,000 5.3
June 1979 . <490 5.9
March 1980 <540 4.6
September 1980 <820 3.1
699-49-13 June 1977 <1,100 3.2
June 1978 <840 3.1
June 1979 : 790 3.2
March 1980 570 2.9
September 1980 <460 3.3
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RADIOLOGICAL IMPACT

Ground-water transport of contaminants within the Hanford Site represents
a potential pathway for exposure to radiation via water obtained from either
1) wells that tap the unconfined aquifer, or 2) the Columbia River, into
which the unconfined aquifer discharges. The following discussion examines
these potential pathways.

GROUND WATER

During 1980, drinking water for DOE facilities on the Hanford Site was
obtained from the unconfined aquifer at the Fast Flux Test Facility (FFTF).
The drinking water at FFTF contains elevated concentrations of 3H from past
effluent disposal in the 200 Areas (refer to Figure 8).

The impact on the total-body dose attributable to the 3H in drinking
water at FFTF (average 35,000 pCi/2) is calculated to be 0.5 mrem per annum,
based on an ingestion rate of 220 Titers/year at 40 hrs/week. The 50-year
dose commitment from 3H is the same as the annual dose because of the
relatively short bioTogica] half 1ife of this radionuclide. This total-
body dose is greater than the amount of 0.4 mrem reported last year. The
increase is the result of changes in the ground-water withdrawal practices
at the FFTF.

The concentrations of 3H in FFTF drinking water are low compared to
the guidelines in DOE Order 5480 and the calculated dose is 10% of the
State of Washington drinking water standards.

COLUMBIA RIVER

Ground water entering the Columbia River from the Hanford Site is
diluted by a factor of about 1000 because of the difference between the
river and ground-water flow rates. During 1980, the average Columbia River
flow rate at Hanford was reported by the U.S. Geological Survey as 102,000
cfs (2889 m3/sec). The flow rate from the unconfined aquifer (Myers, 1978)
was calculated to be about 100 cfs (2.8 m3/sec).
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Tritium (3H) observed at the extreme outer boundaries of the contamina-
tion plume shown in Figure 8 indicate that the radionuclide would reach the
river at a concentration between 30 and 300 pCi/m . Figure 20 provides a
comparison of identical analyses performed on samples taken upstream and down-
stream from the Hanford Site. The figure shows that there is no apparent,
statistically significant difference between upstream and downstream concen-
trations of 3H. The Columbia River transports approximately 26,000 Ci/yr of
3H attributable to worldwide fallout (annual flow of 1.5]2 [yr x ~290 pCi/ ).
Tritium discharges from N Reactor during 1980 contributed an additional
88 Ci/yr which is <0.01 of the total from worldwide fallout, (Greager, 1981).

This contribution is not distinguishable from the variability resulting in
fallout levels.
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FIGURE 20. Upstream and Downstream Concentration
of 3H in Columbia River Water
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QUALITY CONTROL

The PNL program for quality control measures was initiated in 1974 and
includes all phases of the ground-water monitoring program. The extensive
effort to insure that samples are representative of the unconfined aquifer
system beneath the site includes: 1) well maintenance; 2) visual and geo-
physical inspection, and; 3) installation of sampling pumps. In addition,
blind and duplicate samples are analyzed by the PNL Technical Analysis Labora-
tory. Analysis of ground-water samples by the U.S. Geological Survey has been
continued. These programs have shown that data received as part of the routine
monitoring program are within the analytical limits of accuracy. The histori-
cal analytical record for each well further confirms the representativeness of
the data collected each year.

In addition to providing quality assurance, the program with the U.S.
Geological Survey provides data on the chemistry of Hanford ground water.
These data, including wet, chemical, and spectrographic analysis, represent
background information that is useful in assessing trends on the effects of
plant operations. The results of the analyses made in 1980 are shown in
Appendix C. These data analyses indicate that the quality of the ground water
beneath the Hanford Site is comparable to that of other ground waters found in
eastern Washington.

At the laboratory level the documentation of laboratory instrument cali-
brations and all laboratory procedures is required. Documentation of field
instrument calibration also is being implemented.

47



REFERENCES

American Society for Testing and Materials (ASTM). 1979. 1979 Annual Book
of ASTM Standards. Part 31: Water. American Society for Testing and
Materials, 1916 Race Street, Philadelphia, PA 19103.

Eddy, P. A., D. A. Myer, and J. R. Raymond. August 1978, Vertical Contami-
nation in the Unconfined Ground Water at the Hanford Site, Washington.
PNL-2724, Pacific Northwest Laboratory, Richland, WA 99352.

Eddy, P. A. April 1980. Radiological Status of the Ground Water Beneath
the Hanford Project January-December 1979, PNL-3346, Pacific Northwest
Laboratory, Richland, WA 99352

Greager, E. M. March 1980. UNC Nuclear Industries, Inc., Reactor and Fuels
Production Facilities, 1979 Effluent Release Report. UNC Nuclear Indus-
tries, Richland, WA 99352.

Sula, M. J. and P. J. Blumer. May 1981. Environmental Surveillance at Hanford
for CY-1980, PNL-3728. Pacific Northwest Laboratory, Richland, WA 99352,

McGhan, V. L. and D. W. Damschen. May 1979. Hanford Wells. PNL-2894, Pacific
Northwest Laboratory. Richland, WA 99352

Trescott, P. C. and G. F. Pinder. 1970. "Air Pump for Small-Diameter Piezome-
ters," Ground Water, Vol. 8, No. 3. May-dJdune.

U.S. Department of Energy. Environment, Safety and Health (ES&H) Manual.
March 1977. "Standards and Requirements for Radiation Protection,”
Chapter 0524 (Appendix) Annex A, Table II, Column 2, U.S. Department of
Energy, Washington, D.C.

49



APPENDIX A

GROSS BETA, TRITIUM AND NITRATE CONCENTRATIONS

IN THE GROUND WATER (UNCONFINED AQUIFER)




APPENDIX A
Gross Beta, Tritium and Nitrate Concentrations
in the Ground Water (Unconfined Aquifer)
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APPENDIX B

TOTAL ALPHA, STRONTIUM, CESIUM, COBALT, URANIUM,
RUTHENIUM, CHROMIUM, AND FLUORIDE CONCENTRATIONS

IN THE GROUND WATER (UNCONFINED AQUIFER)
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APPENDIX C

CHEMICAL AND SPECTROGRAPHIC ANALYSES
FROM VARIOUS WELLS SAMPLED




TABLE C.1. Chemical and Spectrographic Analyses
from Various Wells Sampled
Constituents Units 699-25-55  699-27-4 699-31-31 699-32-77  699-35-9 699-37-82A  699-40-1
Aluminum ug/ e 500 500 500 500 500 500 300
Antimony ud/2 100 100 100 70 100 50 30
Arsenic w9/ 3 6 4 5 4 2 5
. Barium ug/e 50 70 50 30 70 50 70
Bery1lium ng/e <1 <1 <1 <1 <1 <1 <1
Bicarbonate mg/e 179 160 133 130 160 14 150
- Bismuth ng/2 <1,000 <1,000 <1,000 <1,000 <1,000 <1,000 <1,000
Boron ug/1 30 30 30 30 30 10 10
-0 Bromide mg/ s 0.1 0.1 0.1 0.0 0.1 0.1 0.1
- Cadmium ud/e 50 5 5 3 3 1 3
-4 Calcium mg/ g 50 50 37 30 50 50 50
» Carbon Dioxide mg/e 2.1 3.2 0.0 1.9
- Carbonate mg/ s 23
. Chloride mg/e 7 6.8 1 1 n 13 9.3
’ Chromium ug/ 70 70 70 <50 70 <50 <50
Chromium Hexavalent ug/ e 0 0 0 0 5 0 0
Cobalt ua/e 10 10 7 <5 7 <5 <5
Color 5 5 5 5 5 5
Copper ug/e <10 <10 <10 <10 <10 <10 <10
Cyanide mg/ g 0.00 0.00 0.01 0.00 0.00 0.00 0.01
Fluoride mg/ g 0.6 0.3 0.7 0.8 0.4 0.3 0.4
Gallium ug/s 100 100 100 <30 70 50 50
Germanium ug/g 300 100 100 100 100 <30 100
N Hardness Noncarb mg/ e 2 13 31 0 17 54 22
Hardness Total mg/ e 150 140 140 87 150 100 150
Todide mg/ s, 0.00 0.00 0.00 0.00 0.00 0.01 0.00
Iron ug/e 30 10 10 10 10 5 10
Iron Ferrous ug/e
Lead ug/e 700 500 700 700 500 300 500
Lithium ua/e 10 10 10 <10 10 10 10
Magnes ium mg/e 12 10 1 7 10 0.4 n
Manganese ug/e 7 10 5 3 3 <1 3
Mo1ybdenum ug/s 30 10 30 30 30 10 10
Nickel ug/e 100 70 70 <50 70 <50 <50
Nitr NO, as in N Total mg/ 0.00 0.00 0.00 0.00 0.00 0.05 0.00
Nitr NO3 as in N Total mg/ g 3.3 4.7 7.6 1.5 5.4 9.8 7.3
Nitr NO5 as NO, mg/s 15 21 34 <6.6 24 <43 <32
NO, + Na3 as N“Total mg/ s 3.3 4.7 7.6 1.5 5.4 9.8 7.3
pHField 8.0 8.0 8.0 8.0 7.9 10.7 8.1
Ph Lab . 8.0 8.0 8.1 8.2 8.1 10.4 8.1
Pho Ortho Tot as P mg/ ¢ 0.05 0.03 0.04 0.08 0.04 0.01 0.03
Phosphorus Tot as P mg/ g 0.04 0.02 0.03 0.06 0.02 0.01 0.03
Phosphorus Tot PO, mg/ s 0.15 0.09 0.12 0.25 0.12 0.03 0.09
Potassium mg/e 5.1 5.7 6.9 3.2 5.5 8 5.8
Residue Calc Sum mg/s 223 205 254 161 263 217 259
Residue Ton/Aft mg/e 0.32 0.29 0.40 0.24 0.35 0.33 0.37
Residue 180C mg/ s, 237 215 292 179 254 243 27N
SAR 0.7 0.5 1.2 1.2 0.7 0.9 0.6
Selenium ug/e 3 1 2 1 2 10 2
Silica mg/ e 50 30 50 50 33 30 30
Silver ug/s 30 30 10 <10 10 <10 <10
Sodium + Potassium ma/ e 20 13 31 30 19 30 17
Sodium mg/ e 10 10 30 25 10 22 10
: Sodium Percent 22 16 32 37 21 30 20
. Sp Conductance F1d 349 280 380 382 390
Sp Conductance Lab 392 354 435 285 394 387 389
Strontium ug/e 100 300 300 100 300 300 300
R Sulfate ma/s 34 27 58 20 38 59 31
Tin ug/2 300 300 300 70 300 50 100
Titanium ua/e 7 <5 <5 <5 <5 <5 <5
Turbidity NTU 3.0 24 4.1 0.50 1.3 7.4 1.0
“ e Vandium ugd/s 50 30 30 50 30 30 30
- Water Temp c° 18.1 17.5 19.4 16.6 17.5 18.0 17.3
- Zinc w9/ 10 <5 <5 <5 <5 <5 <5
: Zirconium ug/e 10 7 10 <5 7 <5 <5
: Cesium-137- pCi/g <1 <1 <1 <1 <1 <1 <
Cobalt-60 pCi/e <1 2 20 <1 5 <1 10
- Gross-B,D,Cs-137 pCi/z 4.8 12 37 3.3 14 7.6 21
Gross-B,D,Sr-90 pCi/e 4.9 12 38 3.3 14 7.8 21
Gross Alpha U-Na ug/e 5.4 4.5 <4.9 <2.8 8.3 2.6 6.4
Potassium-40 pCi/e 3.8 4.3 5.1 2.4 4.1 6.0 4.3
Strontium-90 pCi/e <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4
Tritium pCi/a <200 52,000 530,000 340 120,000 <200 200,000
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TABLE C.1 (continued)

Constituents Units 699-41-23 699-42-42 699-50-42 699-51-63
Aluminum ug/2 50 300 500 500
Antimony ud/ g 70 70 100 100
Arsenic ug/e 0 5 0 4
Barium ua/e 50 70 30 30
Bery11ium ug/2 <1 <1 <1 <1
Bicarbonate ma/s, 139 140 51 140
Bismuth ug/% <1,000 <1,000 <1,000 <1,000
Boron ua/e 30 30 30 10
Bromide mg/ s 0.0 0.1 0.1 0.1
Cadmium ug/e 3 3 5 3
Calcium mg/e 42 50 17 32
Carbon Dioxide mg/s 2.2 2.2
Carbonate mg/g
Chloride mg/ e 9.6 14 12 9.5
Chromium ug/e 50 50 70 50
Chromium Hexavalent ug/e 0 1 0 0
Cobalt ug/e 7 7 10 7
Color 5 5 30 5
Copper ua/g <10 <10 <10 <10
Cyanide mg/ s 0.01 0.01 0.00 0.00
Fluoride mg/s 0.5 0.5 0.5 0.5
Gallium ua/g 70 70 100 70
Germanium ug/2 100 100 100 100
Hardness Noncarb mg/ e 39 45 18 14
Hardness Total mg/ % 150 160 60 130
Iodide mg/e 0.00 0.00 0.01 0.00
Iron ug/z 10 10 30 10
Iron Ferrous ug/e
Lead ug/2 700 700 300 500
Lithium ua/e 10 10 10 10
Magnesium mg/ s 12 14 5 12
Manganese ug/e 5 3 50 3
Molybdenum ug/2 30 10 30 30
Nickel ug/e 70 70 70 70
Nitr NO, as in N Total mg/g 0.01 0.00 0.00 0.00
Nitr NO3 as in N Total mg/s 9.0 8.1 0.02 1.6
Nitr NO% as NO3 mg/s 40 <36 0.09 <7.1
N0, + N3 as NTotal ma/s 9.0 8.1 0.02 1.6
pH Field 8.0 8.0 7.7 8.0
Ph Lab 8.2 8.0 7.8 8.0
Pho Ortho Tot as P mg/e 0.03 0.03 0.01 0.03
Phosphorus Tot as P mg/g 0.03 0.02 0.00 0.04
Phosphorus Tot PO4 mg/s 0.09 0.09 0.03 0.09
Potassium mg/ s 6.7 5.8 4.6 4.1
Residue Calc Sum mg/ s 270 300 119 169
Residue Ton/Aft mg/ 2 0.42 0.40 0.17 0.25
Residue 180C mg/g 310 297 125 182
SAR 1.0 0.8 0.9 0.5
Selenium ug/s 2 3 0 1
Silica mg/ s 30 39 10 30
Silver ug/2 10 10 30 10
Sodium + Potassium ma/ s 30 30 10 10
Sodium mg/e 29 24 16 12
Sodium Percent 28 24 35 16
Sp Conductance F1d 460 447 212 294
Sp Conductance Lab 454 457 215 308
Strontium ug/s 300 300 100 100
Sulfate mg/se 61 57 39 22
Tin ug/e 100 300 100 300
Titanium ug/e <5 <5 <5 <5
Turbidity NTU 8.1 0.70 32 0.50
Vandium ug/e 30 30 10 30
Water Temp ce - 18.0 17.2 16.7 17.8
Zinc ug/e 10 <5 <5 <5
Zirconium ug/e 7 7 10 7
Cesium-137 pCi/e <1 <1 <1 <1
Cobalt-60 pCi/e 9 10 <1 <1
Gross-B,D,Cs-137 pCi/e 38 32 4.0 3.5
Gross-B,D,Sr-90 pCi/e 38 33 4.1 3.6
Gross Alpha U-Na ug/2 <4.6 <5.3 <1.7 <3.1
Potasium 40 pCi/e 5.0 4.3 3.4 3.1
Strontium-90 pCi/g <0.4 <0.4 <0.4 <0.4
Tritium pCi/e 700,000 330,000 1,300 <200
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TABLE C.1 (continued)

Constituents Units 699-59-58 699-71-30
Aluminum ug/e 300 300
Antimony ug/ 2 100 70
Arsenic ug/e 10 6
Barium ug/e 30 50
Bery1lium ug/e <] <1
Bicarbonate mg/e 140 240
Bismuth ug/e <1,000 <1,000
Boron ug/e 30 30
Bromide mg/e 0.0 0.2
Cadmium ug/2 3 3
Calcium ma/ s 30 56
Carbon Dioxide mg/ e 1.4 6.1
Carbonate mg/s
Chloride mg/ e 5.9 16
Chromium ug/e 50 <50
Chromium Hexavalent ug/e 0 1
Cobalt ug/2 7 5
Color 5 0
Copper ug/e <10 <10
Cyanide mg/ g 0.00 0.00
Fluoride mg/ g 1.4 0.5
Gallium ug/e 70 100
Germanium ug/ 2 100 100
Hardness Noncarb mg/ e 0 1
Hardness Total mg/ 2 77 200
Todide mg/ 2 0.00 0.00
Iron ug/e 30 10
Iron Ferrous ug/a
Lead ug/e 700 <30
Lithium ug/e 10 10
Magnesium mg/e 7 14
Manganese ug/e 1 3
Molybdenum ug/2 30 10
Nickel ug/e 50 50
Nitr NO, as in N Total mg/ e 0.00 0.00
Nitr NO5 as in N Total ma/ s 0.21 6.1
Nitr NO3 as NO mg/ e <0.93 <27
NO2 + N 3 as N“Total mg/ s 0.21 6.1
pH-Field 8.2 7.8
PH Lab 8.2 8.1
Pho Ortho Tot as P mg/e 0.05 0.05
Phosphorus Tot as P mg/e 0.05 0.05
Phosphorus Tot PO4 mg/e 0.15 0.15
Potassium mg/e 5.4 6.2
Residue Calc Sum mg/e 153 366
Residue Ton/Aft mg/e 0.24 0.51
Residue 180C mg/ e 176 375
SAR 1.3 1.2
Selenium ug/2 0 2
Silica mg/ 50 32
Silver ug/2 10 10
Sodium + Potassium mg/ e 30 30
Sodium mg/ e 27 39
Sodium Percent 41 29
Sp Conductance F1d 248 571
Sp Conductance Lab 266 569
Strontium u9/2 100 500
Sulfate mg/ g 16 57
Tin ug/e 100 300
Titanium ng/e <5 <5
Turbidity NTU 0.60 2.6
Vandium ug/e 50 30
Water Temp ce 17.6 16.7
Zinc ug/ e <5 <5
Zirconium ug/2 7 7
Cesium-137 pCi/e <1 <1
Cobalt-60 pCi/g <1 <1
Gross-B,D,CS-137 pCi/e 5.4 7.0
Gross-B,D,Sr-90 pCi/e 5.5 7.0
Gross Alpha U-Na ug/ e <2.5 15
Potasium 40 pCi/z 4.0 4.6
Strontium-90 pCi/e <0.4 <0.4
Tritium pCi/e 2,400 <200

C.3

" —_
oo Y3
~O0OO

1,300

NOOOOMNWOWOWwWOo

sLorw

.00

<50

500

<50

<160

340

ww

w

.00

.00

.70

130

500
10

10
<50

A

420

& oo

.00

120

500
n

30
<50

A

~n
~N

~n
N
NONO OO0 —m—~O

w
~n

<10

-t w W w
AN =W AOBOPLPNN = —
DOINOODNOONOPOAWOO

A
pa)

<1

670

PLWNWLWW

.00




PNL-3768

uc-41
DISTRIBUTION
No. of No. of
Copies Copies
OFFSITE R. H. Engleken
NRC Directorate of Regional
A. A. Churm Operations, Region V

DOE Patent Division
9800 S. Cass Avenue

. Argonne, IL 60439
o J. D. Griffith
DOE Office of Light Water
Reactors
NE-550

Washington, DC 20545

G. Facer/DP-29

DOE Office of Military
Application

Washington, DC 20545

4 D. E. Patterson/EP-13
DOE Office of Operational and
Environmental Safety
Washington, DC 20545

C. G. Welty/EP-133

DOE 0ffice of Operational and
Environmental Safety

Washington, DC 20545

S. R. Elliott

DOE Office of Safety and Health
P.0. Box 14100

Las Vegas, NV 89114

27 DOE Technical Information Center

2 G. W. Cunningham
- DOE Office of Waste Management,
L Production and Reprocessing
Washington, DC 20545

K '- 3 E. Cowan
Environmental Protection Agency
Region X
1200 6th Avenue/MS-533
Seattle, WA 98101

Distr-1

1990 N. California Blvd
Suite 202
Walnut Creek, CA 94596

M. 0. Fretwell

Water Resources Division
U.S. Geological Survey
345 Middlefield Road
Menlo Park, CA 94025

J. N. Kline

U.S. Geological Survey

1201 Pacific Avenue, Suite 600
Tacoma, WA 98402

J. B. Robertson

U.S. Geological Survey
MS-410

Reston, VA 22092

G. G. Outterson

Section 556

Battelle Memorial Institute
505 King Avenue

Columbus, OH 43201

Dr. H. L. Cahn

Benton-Franklin District Health
Department

508 Newton

Richland, WA 99352

S. R. Arlt

City of Richland

Water and Sewer Department
P.0. Box 190

Richland, WA 99352

D. E. Clark

Exxon Nuclear

Horn Rapids Road
Richland, WA 99352




No. of
Copies

R. D. Paris

Oregon State Health Division
1400 S.W. Fifth Avenue
Portland, OR 97201

M. W. Parrott

Oregon State Health Division
P.0. Box 231

Portland, OR 97207

L. Rocha

Oregon State Health Division
1400 S.W. Fifth Avenue
Portland, OR 97201

Harold L. Sawyer

Administrator of Water Quality

Oregon State Department of
Environmental Quality

P.0. Box 1760

Portland, OR 97205 -

D. A. Stewart-Smith

Oregon State Health Division
1400 S.W. Fifth Avenue
Portland, OR 97207

G. Toombs

Oregon State Health Division
P.0. Box 231

Portland, OR 97207

W. A. Kiel

Washington Public Power Supply
System

3000 George Washington Way

Richland, WA 99352

M. L. Miller ‘

Washington Public Power Supply
System

3000 George Washington Way

Richland, WA 99352

Washington State Department of
Ecology

Library

Olympia, WA 98503

No. of
Copies

G. L. Fiedler

Washington State Department of
Ecology

MS PV-11

Olympia, WA 98503

Fred Hahn

Washington State Department of
Ecology

MS PV-11

Olympia, WA 98504

D. W. Moos

Washington State Department of
Ecology

Olympia, WA 98504

N. P. Kirner

Washington State Department of
Social and Health Services

MS LD-11

Olympia, WA 98504

R. R. Mooney

Washington State Department of
Social and Health Services

1409 Smith Towers/MS B-17-9

Seattle, WA 98104

T. Strong

Washington State Department of
Social and Health Services

MS LD-T11

Olympia, WA 98504

ONSITE

18

Distr-2

DOE Richland Operations Office

R. E. Austin (5)
G. D. Bouchey

C. S. Carlisle
0. J. Elgert (2)
D. R. Elle (5)
R. E. Gerton

H. E. Ransom

J. L. Rhoades

M. W. Tiernan



No. of
Copies

2

58

Hanford Environmental Health

Foundation

L. J. Maas
B. D. Reinert

Rockwell Hanford Operations

Graham
Hanson

Law (2)
Price

. J. Saueressig
HO File

o G

G
A.
W.
B
R

United Nuclear Corporation

Dabrowski
Engler
Greager
Weakley
. Westover
UNC File

=mm>—
OIFXmm

Westinghouse Hanford Company

R. 0. Budd
G. Carpenter
R. B. Hall

Pacific Northwest Laboratory

Backman
Blumer
Bramson
Brown (5)
Cearlock
Cline (5)
Corley
Eddy (20)
Hilty
Kirby
Larson
Legato
McGhan
Price
Robertson

ODAR<Z2TMMUGLOOWMUUOUMD
O Io<uumrIT>ouno=E2macam

No. of

Copies
M. J. Sula
C. M. Unruh

Distr-3

J. S. Wilbur (5)

R. H. Williams

Technical Information (5)

P. E. Bramson--Historical File
Publishing Coordination (2)





