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INTRODUCTION

The environmental surveillance and evaluations program conducted by
Battelle, Pacific Northwest Laboratory (also referred to as Battelle-
Northwest or BNW) under contract to the U. S. Energy Research and Develop-
ment Administration (ERDA) provides measurement and interpretation of
Hanford operations radiological impact upon its environs, both onsite

and offsite. In compliance with appropriate regulations, radiation ex-
posures to population groups due to Hanford operations are evaluated.

Also, contributions to environmental radioactivity due to fallout from
nuclear detonations in the atmosphere and naturally occurring radioactivity
are evaluated and used to determine the relative significance of the radio-
logical impact attributable to Hanford operations.

The program is designed so that all significant potential pathways are
evaluated, including particularly, those resulting in direct exposure to
the public and those wherein environmental reconcentration is likely to
occur. Summaries of the data and interpretations are published in a series
of annual reports. Groundwater data and evaluations are reported in the
series, "Radiological status of the Groundwater Beneath Hanford Project
for...," the latest issue being BNWL-1970 for 1974.(1) Environmental data
from offsite locations are presented in the annual "Environmental Surveil-
lance at Hanford..." series of reports, the latest being BNWL-1979 for
1975.(2) Environmental data from locations within the plant boundaries
are presented in the annual "Environmental Status of the Hanford Reserva-
tion for..." report series, the previous report being BNWL-B-429 for
1974.(3) The present report describes each major monitoring program and
evaluates data collected during 1975.
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ENVIRONMENTAL STATUS OF THE HANFORD SITE FOR CY-1975

Jack J. Fix, Dwayne R. Speer, Peggy J. Blumer
SUMMARY

Environmental data collected during 1975 showed continued compliance of
Hanford operations with applicable State and Federal regulations regarding
ambient pollutant levels in the environs. Levels of radioactivity in the
atmosphere measured at 21 onsite stations, 17 perimeter stations and 5 dis-
tant stations showed no conclusive observable effect from Hanford operations.
Levels of radioiodine, tritiated water vapor, °0Sr, plutonium, and gamma-
emitting radionuclides were measured during the year. No apparent differ-
ences between levels measured at onsite, perimeter, and distant stations
were detected.

A1l analyses of sanitary water obtained from the Columbia River at 100-N,
300 Area, and Richland water plant were less-than detectable with the
exception of gross alpha, gross beta, ?%Sr, and on one occasion 137Cs.
Tritium was measured in river water at Vernita Bridge and Richland. There
was no indication that Hanford operations contributed to the observed con-
centrations.

Radiological analyses of drinking water at FFTF and WPPSS operations showed
elevated levels of 3H present due to seepage in the groundwater from the
200 Areas. A person who consumes 1.1 Tliters of water per working day con-
taining 50,000 pCi/% of 3H and works 5 days per week, 50 weeks per year
will incur an annual dose of approximately 1.6 mrem.

Observable influx of radioactivity into the Columbia River from riverbank
springs at 100-N and of NO3, F, and U from riverbank springs at the 300
Area was apparent. These pollutants were diluted in the river to essen--
tially background levels within a short distance from entry into the
river. Watercress collected from the 100-N springs showed elevated levels
of several radionuclides.

West Lake, a naturally occurring pond in direct contact with the ground-
water, generally had the highest observed levels of gross beta and gross



alpha activity of all surface ponds sampled during 1975. 100-F leach
trench had the highest observed levels of %%Sr. No waste is discharged
> :Sto West Lake and the probable cause of the elevated concentrations is the
o concentrating effect of continual evaporation of water from the pond.
(West Lake serves as a basin for a relatively large watershed area. Ura-
nium (accounting for gross alpha activity), eroded from the soil during
the entire history of West Lake's existence, and 905y, due to fallout in
rainwater, are assumed to have accumulated in the pond. In contrast,
the waste discharged to the other ponds has been diluted with river water
containing relatively low concentrations of 2%Sr and uranium. Replicate
sampling from West Lake during June 1975 indicated an average concentra- /..,
tion of about 1100 pCi/%2 of uranium and @b}3 pCj[g"ofrpihtoniumT"The

~—

concentrations observed in Columbia River water are approximately 4 pCi/%
and <0.02 pCi/%, respectively. During October 1975, 100-F leach trench
was deactivated and will no longer be used.

Consistent with previous results, mice collected at 1301-N trench showed
the highest levels of radioactivity per gram of any animal sampled during
1975. Only '37Cs was consistently observed at elevated concentrations

in ducks collected from onsite areas compared with ducks collected along
the Columbia River. Assuming an individual consumed 500 grams of duck
meat containing the highest levels of 137Cs observed during 1975, a 50-
year internal dose commitment of 5.9 mrem to the whole body and 6.7 mrem
to the bone would be incurred. The majority of the dose would be re-
ceived during the first year after ingestion.

Analysis of muscle tissue from "road-kill" deer during 1975 did not show

any apparent impact from Hanford operations with the exception of detect-
able 9Co in one deer collected near 100-N. Only naturally occurring 40K
was consistently observed. Assuming a person ingested 50 pounds of deer

meat containing the 0.05 pCi/g of 69Co observed, a 50-year internal dose

commitment of about 0.005 mrem would be incurred.

Surface soil and perennial vegetation samples were collected from 20
different locations during the autumn of 1975 for the purpose of measuring
the levels of radioactivity due to fallout and natural causes as well as



to assess any potential buildup of radiocactivity from Hanford operations.
From the data collected it is apparent that two of the sampling locations
reflect deposition of radioactivity from Hanford operations. These
locations are:

1. East of and directly across the road from the 200-W Area shows

elevated levels of 23%-240py,

2. Directly north of the 300 Area shows elevated levels of U. The
location sampled is near the railroad tracks from the 300 Area.

Two other areas are suspected of receiving observable activity from
Hanford operations but the data available are insufficient to indicate
conclusively that the levels are not due to fallout. These locations are:

1. Directly south of the 1301-N trench, shows possible deposition of
60co activity. Results for 5“*Mn in soil, approximately 100-fold
greater than other locations, and apparently elevated levels of
54Mn, 69Co, 95ZrNb, and l%*%Ce in vegetation further substantiate
the conclusion that Hanford origin activity is present.

2. Directly east of the Nuclear Engineering Disposal site shows
possible deposition of ¢0Co.

Several radionuclides, notably 5“4Mn, 69Co, 65Zn, 152Ey, 15%Eu, and !S5Eu,
observed in Columbia River island and shoreline sediment samples during

1975 are attributed to previous operation of once-through cooling production
reactors. During February of 1975, TLDs were deployed along the Columbia
River shoreline. The maximum observed reading, at the Hanford railroad
tracks entering the river, was about 140 mrad/year. This is twice the
background dose rate of about 70 mrad/year. It is likely that there are
other areas which have similar elevated dose rates. The radioactivity ob-
served is expected to gradually decline as the radionuclides decay and
further dilution occurs.

The greatest external dose observed during 1975 (300 mrad) at the 44 onsite
dosimeter locations occurred at the 200-E Area. The cause was nearby waste
management activities. The maximum external dose received by Washington Pub-
1ic Power Supply System (WPPSS) personnel working near 100-N was estimated



from thermoluminescent dosimeter measurements to be 6 mrem or 1.2% of the
dose standard (500 mrem) for non-occupationally exposed individuals.

External background dose from natural radiocactivity in the Hanford en-
virons was estimated to be 76 + 15 mrem during 1975 from thermoluminescent
dosimeter measurements. An additional 25 mrem/year is received from in-
gestion and inhalation of natural radioactivity, primarily “°K. There-
fore, the total background dose from natural causes is about 101 mrem/
year. For convenience, this dose is assumed to be 100 mrem/year. An
additional dose, approximately 4 mrem/year, must be added to account for
the dose, primarily internal, due to fallout radionuclides.

Routine radiation surveys of control plots, Hanford roads and railroads,
as well as waste disposal sites showed no conditions which required ex-
pedient corrective action.



ENVIRONMENTAL SAMPLE COLLECTION, ANALYSIS, AND EVALUATION

AIR

Air samplers were maintained at onsite, perimeter, and distant locations
during 1975 as shown in Figures 1 and 2. Specific locations of samplers
around operating areas are shown in Appendix A. Each air sampler maintains
a flow of 2.5 m3/hr through a particle filter (either Hollingsworth and
Vose Company HV-70 or Gelman Acropor, AN-800) and generally a 15-cm long,
5-cm diameter charcoal cartridge. The filters were collected either weekly
(AN-800) or biweekly(HV-70) and analyzed for gross beta and alpha activity
after waiting a minimum of 7 days to allow the short-lived radon and thoron
daughters to decay. The filters were composited into groups according to
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FIGURE 1. Hanford Environmental Air Sampling Locations During 1975
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geographical location and analyzed monthly by gamma spectroscopy and
quarterly for 20Sr and plutonium. At a few selected locations, transparent
cartridges 25 cm Tong and 5 cm in diameter containing indicating silica gel
were used to collect water vapor in air during biweekly sampling periods
for analysis for tritium. An air flow of 70 cm3/min. passes through the
cartridge after the air has passed through the particle filter. Table 1
Tists all the air sampling stations, the filter used, status of charcoal

or silica gel cartridges, and composite group for each filter.

Figure 3 illustrates the average monthly beta concentrations observed at
eastern quadrant stations, which are located in the predominately down-

wind direction from Hanford operations, compared with the concentrations
observed at onsite and distant stations (for the years 1971 through
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FIGURE 3. Monthly Average Gross Beta Activity in the Atmosphere



TABLE 1. Hanford Air Sampling Network During 1975 Including Location,
Filter Used, Frequency of Sample Collection, and Composite Group

(a) -

Frequency _ Composite Group -
Filter Onsite Area No. Inner Quadrant Quter Quadrant
Location Type Filter Charcoal SilicaGel 1 2 3 4 5 NE E SE SH NW NE SE W
Onsite -
200 ENC AN-800 W M (NRA) BW *
200 ESE AN-800 W BW *
200 EWC AN-800 W (BNW)
200 EEC AN-800 W (BNW)
200 WEC HV-70  BW M (NRA) *
Redox AN-800 W M (NRA) *
200 WWC AN-800 W M (NRA) *
200 WNE AN-800 W (BNW)
3705 Bldg. AN-800 W M (NRA) *
ACRMS HV-70  BW *
300 Pond AN-800 W (BNW) M (NRA)
300 SW Gate HV-70 BW BW *
300 South Gate HV-70 BW M (NRA) *
Prosser Barr. HV-70 BW M (NRA) *
100-K HV-70  BW M (NRA) *
100-N AN-800 W BW BW *
100-D AN-800 W M (NRA) *
100-F HV-70  BW M (NRA) *
100 Fire Stn. HV-70 BW M (NRA) *
Hanford HV-70  BW M (NRA) *
Wye Barr. HV-70  BW M (NRA) *
Rattlesnake HV-70  BW M (NRA) *
Springs
ERC HV-70  BW M (NRA) *
Yakima Barr. HV-70  BW M (NRA) *
Wahluke #2 HV-70  BW M (NRA) *
Perimeter
Pasco HV-70  BW M (NRA) *
Richland HV-70  BW BW BW *
Benton City HV-70 BW BW *
Vernita HV-70  BW M (NRA) *
Berg Ranch HV-70  BW M (NRA) BW *
Wahluke Wm. HV-70 BW M (NRA) *
Cooke Bros. HV-70  BW M (NRA) *
Baxter Sub. HV-70  BW BW BW *
Byers Landing HV-70  BW BW *
Othello HV-70  CW M (NRA) *
Connell HV-70  BW M (NRA) *
C.P. #63 HV-70  BW (BNW) M (NRA)
C.P. #64 HV-70  BW (BNW) M (NRA)
Distant
Walla Walla HV-70  BW M (NRA) *
McNary HV-70  BW M (NRA) *
Sunnyside HV-70 BW M (NRA) *
Moses Lake HV-70 BW M {NRA) *
Washtucna HV-70  BW M (NRA) * .

a. Frequency of sample collection: W-weekly, BW-biweekly, M-monthly. A1l analyses by U.S. Testing
except for analyses by BNW (indicated in table) or NRA (not routinely analyzed).
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1975). The distant stations are sufficiently remote from Hanford opera-
tions that observed levels of radiation were assumed due to natural
causes or fallout. The gross beta concentration in the atmosphere
usually begins to rise each spring following an increased rate of trans-
fer of radiactivity (natural and fallout) from the lower stratosphere to
the troposphere. The results of gross beta, gross alpha, and *°'I
analyses for the different sampling locations are shown in Table 2. The
average beta concentration during 1975 observed at onsite, perimeter,
and distant stations was 0.9x10'13 uCi/ml. The highest observed gross
beta concentration, 7.4x10'13 uCi/ml, occurred at the 200 WWC station
during the period of November 18 through 25, 1975. The reason for the
high concentration is not known since subsequent specific radionuciide
analyses (Table 3) did not show anything unusual.

Analysis for gross alpha concentrations in the atmosphere during 1975 was
done on filters obtained from 12 of the 21 onsite, 4 of the perimeter, and
2 of the distant sampling stations. The results were similar at all loca-
tions and the activity observed was primarily due to naturally occurring
radioactivity in air.

Analysis for 1311 concentrations in the atmosphere was performed on a
biweekly interval for 3 of the 21 onsite and 4 of the 17 perimeter sampling
stations during 1975. Although charcoal cartridges were located at all
perimeter and distant sampling stations and most onsite locations (Table 1),
the majority were not analyzed but provided available samples for analysis

if there had been any indication that jodine was present in the atmosphere.
The charcoal for all stations was changed monthly. A1l 1311 analyses
during 1975 were less than the detection limit of 0.07x10"!2 uCi/ml, or
less than 0.07% of the ERDA Manual Chapter 0524 standard of 1x10710 uCi/m
for uncontrolled areas.(4)

During 1975, tritiated water vapor (HTO) was measured at 2 onsite and 3
perimeter sampling stations. An air flow of approximately 1 ft3/hr was
maintained through a transparent 25-cm long, 5-cm diameter cartridge con-
taining indicating silica gel. The biweekly resuits expressed in terms

of specific activity (pCi/2) are shown in Figure 4. There are no apparent

11



TABLE 2. Radioactivity in Air (1975)

Concentration (10-12 uCi/m])(a)

Gross Beta Gross Alpha(b) 1317
Analytical Limit 0.01 0.0004 0.07
Concentration Guide (¢ 100. 0.02 100.
No. of No. of No. of
Location Samples Max. Min. Average Samples  Max. Min. Average Samples Max. Min. Avg.
Onsite Stations
00-K 26 0.25 0.03 0.11:0.14
100-N-WPPSS 47 0.20 0.02 0.09+0.12 47 0.004 * <0.001 25 * * *
100-D 49 0.20 0.01 0.08+0.12
100-F 25 0.23 0.02 0.10+0.14
100 Area Fire Station 26 0.22 0.03 0.10:0.11
Hanford 25 0.29 0.02 0.10:0.16
200 ENC 50 0.22 0.02 0.09+0.10 49 0.006 * <0.001 °
200 ESE 51 0.21 0.02 0.09+0.10 51 0.007 * <0.001 25 * * *
200 EEC 12 0.18  0.04 0.11£0.09 12 0.002 *
200 EWC 13 0.16  0.01 0.06+0.07
200 WNE 14 0.13 0.02 0.06+0.06
200 WEC 27 0.27 0.02 0.11#0.15 27 0.004 * <0.001
200 WWC 52 0.74 0.01 0.11:0.21 50 0.004 * <0.001
Redox 50 0.23 0.02 0.09:0.1 50 0.004 * <0.001
Wye Barricade 26 0.21 0.03 0.11£0.12 26 0.002 * <0.001
300 Pond 14 0.09 0.02 0.05:0.04 13 0.002 0.0005 <0.002
300 SW Gate 26 0.23 0.02 0.10+0.14 26 * * *
300 South Gate 25 0.24 0.02 0.10:0.14 25 0.004 * <0.001
3705 Bldg. 51 0.20 0.02 0.08:0.11 50 0.007 * <0.002
ACRMS 26 0.22  0.02 0.08+0.09
Prosser Barricade 26 0.21 0.02 0.10:0.12 26 0.002 * <0.001
0.09:0.04(d)
Perimeter Stations
Benton City 26 0.20 0.02 0.10+0.12 26 0.002 * <0.001 26 * * *
ERC 25 0.23 0.02 0.09:0.12
Rattlesnake Spring 24 0.21 0.02 0.09:0.11
Yakima Barricade 24 0.22 0.03 0.11:0.13
Vernita Bridge 26 0.21 0.02 0.10:0.12
Wahluke #2 25 0.26 0.02 0.10+0.12
Othello 28 0.22 0.03 0.10+0.13
Connell 26 0.21 0.02 0.10+0.12
Berg Ranch 26 0.28 0.01 0.10+0.15 26 0.002 * <0.001
Wahluke Wm. 28 0.23 0.03 0.0940.11
Cooke Bros. 30 0.21 0.02 0.09:0.11
Baxter Substation 22 0.16 0.01 0.09+0.09 24 * * *
Byers Landing 25 0.22 0.03 0.10:0.12 25 0.003 * <0.001 25 * * *
RRC CP#63 14 0.08 0.03 0.05+0.04
RRC CP#64 14 0.09 0.02 0.04:0.04
Richland 25 0.25 0.03 0.09:0.12 25 0.003 * <0.001 26 * * *
Pasco 25 0.21 0.02 0.10:0.13
0.0920.04(d)
Distant Stations
Walla Walla 23 0.22 0.03 0.10:0.13 22 0.002 0.0005 0.001
McNary 26 0.20 0.02 0.09:0.13 25 0.002 0.0005 0.001
Sunnyside 23 0.20 0.03 0.10:0.12
Moses Lake 26 0.23  0.02 0.10:0.14
Washtucna 19 0.20 0.03 0.08:0.12

0.09:0.02(4)

No entry indicates no analysis.
* Less than detectable. i
(a) 1 pCi/m® = 10-12 uCi/ml. Average+2 sample standard deviations shown if all analyses had positive results.

Otherwise, a less-than number is calculated from all results, including less-than values.

(b) Gross alpha activity does not include any significant contribution due to naturally occurring radon and short-
lived daughters in the air. The filters are held 7 days before analysis to allow radioactive decay of these
radionuclides.

(c) ERDAM-0524 standards only apply to concentrations of radioactivity in excess of that due to naturally occurring
or fallout radioactivity.

(d) Average:2 Sample Standard Deviations.

12
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FIGURE 4. Specific Activity of Tritiated Water Vapor During 1975

geographical patterns and the observed concentrations are attributed to
fallout. The approximate average air concentration during a two-week
sampling period in which 30 ml of water are collected containing 1000 pCi/2
of tritium would be 3.2x10-12 uCi/cc. The most restrictive ERDA Manual
Chapter 0524 guideline for HTO in air is 2x10-7 or a factor of about 10°
greater.

Results of specific radionuclide analyses are shown in Table 3 for each
monthly or quarterly analysis. Beryllium-7 is a naturally occurring radio-
nuclide formed by the interaction of cosmic rays with oxygen and nitrogen
in the upper atmosphere. The other radionuclides are fission or activation
products and result from either fallout or Hanford operations.
and 6 are Tog-normal probability plots of the positive results for 106Ruy,
144%Ce, and 137Cs, and for 20Sr and Pu, respectively, for all composite

groups. None of the data points is grossly different from the other

Figures 5
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TABLE 3.

7

Date _Be

Analy%;sal

Limit 0.04

1/28 *
2/25
3/25
4/29
5/20 *
6/24 *
7/29
8/21
9/30
10/29 *
11/25 *
12/30

Annual
Average

(b)

3/25
6/24
9/30
12/30

Annual (b)
Average

1/28 *
2/25 0.05
3/25 0.14
4/29 0.08
5/27 0.
6/24 0.06
7/29 0.0%
8/26 *
9/30 0.05
10/28 *
11/25 *
12/30 0.04

Annual (b)
Average

1/28 *
2/25 0
3/31 0
4/28 0.
5/27 0.
6/30 0
7/29 0.
8/26 *
9/29 0
10/27 0
11/24

12/30 0

Annual (6)

Average <0.06

1727 *
2/24

3/31 0.2
4/28 0.06
5/27 0.08
6/30 0.04
7/28 0.05
8/25 0.03
9/29 *
10/27 *
11/24 *
12/29

Annual ()

Average <0.06

Concentrations of Selected Radionuclides
on Air Filter Composites - 1975

Units of 10712 uCi/ml

5%

i}

65

90, 95

co In Sr Zrib Ry s Cs Total Py
0.002 0.004 0.007 0.0002 0.003 0.06 0.02 0.004 0.04 0.000002
Onsite Area #T
* * * 0.02 0.34 * * *
* * * 0.03 * * * *
* * * 0.009 0.04 * * 0.02! * 0.00006
* * * 0.02 * * 0.0mM *
* * > 0.04 * * * *
* * * 0.003 0.08 0.28 * * * 0.00004
* * * 0.01 0.09 * * *
* * * * 0_]2 * * *
* * * 0.004 * 0.14 * * * 0.00003
* * * * 0.09 * 0.006 *
* * * * 0']1 * * *
* * * 0.003 * * * 0.008 * 0.00001
* * * 0.005 <0.02 <0.1 * <0.01 * 0.00004
Onsite Area #2
0.004 0.0001
0.003 0.00003
0.003 *
C.009 0.00001
0.005 <0.00004
Onsite Area #3
* * * 0.02 0.20 * * *
* * * 0.03 * * 0.005 *
¢.01 0.006 * 0.002 0.04 0.05 * 0.010 0.06 0.00009
* * * 0.02 0.05 * 0.008 0.04
* * * 0.03 0.1 * 0.007 *
* * * 0.003 0.01 0.15 * * * 0.00003
* * * 0.01 0.09 * 0.003 *
* * * * 0'14 * * *
* * * 0.002 * 0.14 * * * 0.09002
* * * * 0]0 * * *
* * * * 0.10 * 0.003 *
* * * 0.008 0.01 0.04 * 0.009 * 0.000002
<0.003 <0.004 * 0.004 ~0.02 <0.1 * <0.01 <0.04 0.00004
Onsite Area =4
* * * 0.03 0.17 * * 0.03
* * * 0.03 * * * 0.03
0.006 * * 0.0007 0.03 0.04 * 0.005 0.06 0.00002
0.003 * * 0.03 0.06 * 0.006 0.05
* * * 0.03 0.12 * 0.006 0.04
* * * 0.008 0.01 0.13 * * 0.03 0.00005
* * * 0.004 0.10 * * *
* * * * 0."5 * * *
* * * 0.001 * 0.12 * * * 0.00001
* * * * 0.09 * * -
* * * * 0_1'[ * * *
* * * 0.0002 * 0.04 * * * *
<0.02 * * 0.002 <0.01 <0.1 * <0.004 <0.04 <0.00002
Onsite Area #5
* * * 0.02 6.14 * * *
* * * 0.03 * * * 0.03
* * 0.02 0.04 * * 0.005 0.06
0.003 * * 0.02 0.09 * 0.005 0.04
* * * 0.03 0.14 * 0.004 0.03
* * * 0.01 0.1 * * 0.03
* * * 0.004 0.08 * * *
* * * * 0.07 * * *
* * * 0.001 * 0.20 * * * 0.00001
* * * > 0']3 * * *
* * * * 0.07 * * *
* * * 0_00] * 0_05 * * * *
<0.002 * <0.01 0.001 <0.03 <0.1 * <0.004 <0.04 <0.00001

No entry indicates no analysis was made.
* Indicates result was less than analytical limit.
(a) The analytical limit shown is the average of the individual analytical limits for all samples.
{b} The annual average has been calculated from the result reported for each analysis including "less-than
analytical 1imit" values.
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TABLE 3. (contd)
Date 7Be 54Mn 60Co 65Zn 90$r 9SZrNb ]OGRu
Ana]yfisal
Limitla 0.04 0.002 0.004 0.007  0.0002 0.003 0.06
Inner Southwest Quadrant
1/22 0.03 * * * 0.02 0.09
2/19 * * * * 0.03 *
3/19 * 0.007 * * 0.002 0.03 0.16
4/30 0.05 0.003 * * 0.02 0.09
5/28 0.03 * * * 0.03 0.20
6/25 0.09 * * * 0.002 0.01 0.09
7/23 0.12 * * * 0.005 *
8/20 * * * * * 0.15
9/17 * * * * 0.0008 * 0.23
10/29 0.05 * * * * 0.12
11/26 - 0.03 * * * * 0.10
12/23 0.04 * * * 0.003 * *
Annual (b)
Average <0.04  <0.0009 * * 0.002 <0.01 <0.11
Inner Northwest Quadrant
1/29 * * * * 0.02 0.12
2/26 0.06 * * * 0.04 *
3/3 0.10 0.01 * * 0.0004 0.03 0.04
4/30 0.08 0.004 * * 0.02 0.04
5/28 0.15 * * * 0.03 0.06
6/25 0.07 * * * 0.002 0.01 0.13
7/30 0.08 * * * 0.005 0.10
8/27 * * * * * 0.10
9/29 0.09 * * * 0.0007 * 0.1
10/29 0.09 * * * * *
11/26 * * * * * 0.08
12/31 * * * * 0.001 * 0.10
Annual (b)
Average <0.06 <0.001 * * 0.001 <0.01 <0.08
Inner Northeast Quadrant
1/31 0.03 * * * 0.02 0.09
2/28 0.03 * * * 0.04 *
3/28 0.05 * * * 0.0003 0.04 0.12
4725 0.08 0.005 * * 0.03 0.1
5/25 0.07 * * * 0.02 0.10
6/24 0.03 * * * 0.003 0.01 0.20
7/30 0.12 * * * 0.004 *
8/29 0.04 * * * * 0.06
9/26 0.04 * * * 0.0004 * 0.18
10/30 0.03 * * * * 0.10
11/25 0.06 * * * * 0.04
12/29 0.04 * * * 0.0002 * 0.08
Annual (b)
Average 0.05 <0.0004 * * 0.001 <0.01 <0.09
Inner Southeast Quadrant
1/20 * * * * 0.02 0.22
2/18 * * 0.09 * 0.04 *
3/3 * * * * 0.002 0.03 *
4/28 0.09 0.004 * * 0.03 0.07
5/27 0.04 * * * 0.02 0.16
6/23 * * * * * 0.01 0.18
1/30 0,06 * > * 0.004 0.10
a/27 0,04 * * . 0,001 0.10
9/29 0.0/ * * * 0. 00008 » 0.1
10/ 0.08 * * * * 0.12
11/24 * * * * * 0.08
12/29 0.04 * * * 0.0006 * 0.06
Annual ()
Average <0.03 <0.0003 <0.007 * <0.0007 <0.01 <0.10

No entry indicates no analysis was made.
Indicates result was less than analytical Timit.

*
{a) The analytical 1imit shown is the average of the individual anlaytical limits for all samples.

134cs

0.02

* % A F O ¥ F O Ok X F *

* % % ¥ X A O X A % % ¥

*

* 4 A % * ® * * * X % *

* % # 2 ¥ % X * ¥ A * ¥

137Cs M4CePr Total Pu
0.004 0.04 0.000002
* *
* 0.03
0.003 0.07 0.00001
0.005 0.04
* 0.05
* 0.03 0.00001
* *
* *
* * 0.000008
* *
* *
* * 0.000003
<0.0006 <0.02 0.000008
* *
* 0.06
0.005 0.06 0.00002
0.006 0.03
0.007 0.04
* * 0.00004
* *
* *
* * 0.000009
* *
* *
* %* *
<0.001 <0.02 <0.00002
* 0.02
* 0.03
0.002 0.05 0.00002
0. 006 0.05
0.003 0.04
* 0.04 0.00004
0.002 *
* *
* * 0.000007
* *
* *
* * *
<0.0009 <0.02 <0.00002
* *
* 0.05
0.003 0.05 0.00002
0.007 0.07
0.004 0.03
* * 0.00009
* *
& *
. * 0. 000008
A *
* *
* * 0.000006
<0.0009 <0.02 0. 00003

(b) The annual average has been calculated from the result reported for each analysis including "less-than
analytical 1imit" values.
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TABLE 3. (contd)

_.bate R T
Ana]y%isal
Limitia 0.04 0.002 0.004

O

0.007

Sr ?Rﬂw “@&1

0.0002 0.003 0.06

Outer Northeast Quadrant

1/17 * * * * 0.02 0.16
2/21 . * * * * 0.03 *
3721 * 0.01 * * 0.002 0.02 0.11
4/25 0.10 0.004 * * 0.02 *
5/23 * * * * 0.03 0.15
6/20 * * * * 0.003 0.0 0.15
7/18 0.14 * * * 0.007 *
8/29 * * * * * 0.09
9/26 * * * * 0.001 * 0.19
10/24 * * * * * 0.14
11/21 * * * * * 0.18
12/19 * * * * 0.001 * *
Annual
Average(b) <0.03 <0.001 * * 0.002 <0.01 <0.11
Outer Southeast Quadrant
1/24 * * * * 0.02 0.19
2/ 0.03 * * * 0.03 *
3/21 * * * * 0.002 0.03 0.20
4/19 * * * * 0.03 0.14
5/30 0.07 * * * 0.03 0.16
6/26 * * * * 0.002 0.02 0.14
7/25 0.09 * * * 0.005 0.10
8/22 * * * * * 0.22
9/26 0.06 * * * 0.0008 * 0.14
10/ 31 * * * * * 0.15
]]/]4 * * * * * *
12/20 0.05 * * * 0.001 * 0.05
Annual
Average(b) <0.03  * * * 0.002  <0.01  <0.13
Outer Western Quadrant
1/27 * * * * 0.02 0.18
2/24 * * * * 0.03 *
3/24 0.18 0.01 * 0.02 0.01 0.03 *
4/21 0.12 * * * 0.03 *
5/19 * * * * 0.04 *
6/16 * * * * 0.003 * 0.27
7/28 * * * * * 0.17
8/27 * * * * * *
9/22 * * * * 0.0005 * *
10/20 * * * * * *
11/17 * * * * * *
12/29 * * * * 0.001 * *
Annual (b)
Average <0.03 <0.001 * <0.001 0.004 <0.01 <0.09

No entry indicates no analysis was made.
* Indicates result was less than analytical limit.
(a) The analytical limit shown is the average of the individual analytical limits for all samples.
(b) The annual average has been calculated from the result reported for each analysis including

"less-than analvtical 1imit" values.
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points plotted which leads to the conclusion that there is nothing
distinctive or different about any of the results obtained and that
all of the observed radioactivity is attributed to worldwide fallout.
The maximum Pu concentration was observed in the second quarter
composite from the outer northeast quadrant.

In summary, average levels of radionuclides observed at onsite, perimeter,
and distant sampling stations were similar, indicating no conclusive ob-
servable effect from Hanford operations. In Table 4 the maximum observed
concentrations for any composite group are compared to ERDA Manual Chapter
0524 concentration guides for uncontrolled areas although the observed
levels are likely attributable to causes other than Hanford operations.

In all cases, the observed values are much lower than the concentration

guides.
TABLE 4. Maximum Concentration of Specific Radionuclides
Observed in Air - 1975
Maximum Observed(a) ERDAM 0524(P)
Concentration Standard
Radionuclide 10-12 ,Ci/ml 10-12 Ci/ml Composite(€) Group
7Be 0.2 40,000 Active Area #5
SUMn 0.01 1,000 Several
60Co 0.09 300 Inner Southeast Quadrant
657n 0.02 2,000 Outer Western Quadrant
Active Area #1
05y 0.01 30 Outer Western Quadrant
35ZrNb 0.08 3,000 Active Area #1
106Ry 0.34 200 Active Area #]
134Cs * 400
137Cs 0.02 500 Active Area #1
l44CaPy 0.07 200 Inner Southeast Quadrant
Inner Southwest Quadrant
Pu-total 1x10-" 6x10-2(d)  Outer Northeast Quadrant

Active Area #2

* less than detectable

a. 1 fCi/1 = 10-12 uCi/ml

b. Concentration Guides for uncontrolled areas shown.

c. In some cases the maximum concentration was observed in more than one
composite group.

Concentration guide for 23°9Py.

o
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COLUMBIA RIVER

Samples of Columbia River water were obtained at Vernita Bridge, 100-B,

100-N springs, Hanford powerline, 300 Area forebay, and Richland sanitary
water forebay for radiological, chemical, physical, and/or biological
analyses. Additionally, samples from the vicinity of the 300 Area river-
bank springs and 100-F shoreline were analyzed for coliform organisms and
BOD. Fecal coliform measurements were made to clarify the types of coliforms
present. The majority of the information has been evaluated and presented

in the 1975 Environmental Surveillance Report.(z) Data representing the
analysis of samples collected from onsite sanitary water and Columbia River

shoreline locations are discussed herein.

Sanitary Water

Cumulative sampling (30 ml every 30 minutes) of sanitary water for radio-
logical analyses was conducted at 100-N, 300 Area, and Richland. The
results of these analyses are shown in Table 5. The gross alpha count is
an approximation of the naturally occurring uranium in the river. Tritium
concentrations were measured in raw river water at Vernita Bridge and Rich-
land, and the annual averages determined during 1975 were both <370 pCi/z.(z)
The concentration observed at 100-N was 540+310 pCi/g. These values are
very much less than the ERDA 0524 concentration guide(4) of 3x10® pCi/%,
and the source of the tritium is primarily fallout. Other radionuclides
were generally less-than-detectable although %99Sy, attributed to fallout,
was detected in most samples collected at Richland.

A few operations on the Hanford site obtain drinking water from the ground-
water via wells. Among these are the FFTF and WPPSS operations. The annual
dose received from 3H present in the water due to seepage in the groundwater
from the 200 Areas is approximately 1.6 mrem/year based on an average con-
centration of 50,000 pCi/e, ingesting 1.1 liters per 8-hour working day,
working 5 days per week, and 50 weeks per year. Measurement of tritium

at levels 5% of the ERDAM 0524 concentration guide (150,000 pCi/g) in the
vicinity of the FFTF site (Well No. 699-18-17) have been made during 1975.
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TABLE 5. Radiological Analysis of Orinking Water - 1975

Units of 10 9 pCi/mi
Analytical (a) No. of Maximum  Minimum b)
Location Analysis Limit Standards‘? Samples Observed Observed Average(
100-N Beta 2 30 52 11 * <2
34 300 3,000,000 9 860 350 540+310
60Co 20 30,000 6 * * *
657n 40 100,000 6 * * *
137Cg 20 20,000 6 * * *
300 Area Alpha 0.3 30 52 1.2 * <0.5
/ Beta 2 30 52 3 * <1
60Co 20 30,000 50 * * *
65Zn 40 100,000 50 * * *
137Cs 20 20,000 50 * * *
Richland Alpha 52 30 52 1.3 * <0.4
Beta 2 30 52 3 * <1
305y 0.08 300 10 0.8 * <0.4
60Co 20 30,000 1 * * *
657n 40 100,000 n * * *
137Cs 20 20,000 11 2.6 * <0.06

* Less than analytical limit.
No entry indicates no analysis was made.

a. Radiological standards obtained from ERDAM-0524 and apply only to concentrations in
excess of natural or fallout activity.

b. Average +2 sample standard deviations shown if all analyses were positive. Otherwise,
a less-than number was calculated from all results, including less-than numbers.

Drinking water for WPPSS operations is expected to be obtained from the
Columbia River during the latter part of 1976.

Columbia River Shoreline

Several riverbank springs are observable along the Columbia River at 100-N
and the 300 Area resulting from either waste water discharge to nearby
trenches (1301-N) or ponds (300 Area) or, in the case of one spring above
the 300 Area and above the Port of Benton, to the surfacing of groundwater
flow as it enters the Columbia River. During 1975, the following shoreline
areas were sampled:

100-N A series of springs between 100-N and 100-D result from seepage
from the 1301-N trench. Approximately 2.5 million gallons of
water flow into the trench per day and subsequently to the river.
A monthly grab sample for 3H, 1311, and gamma spectroscopy analy-
ses was collected at the river bank opposite the 1301-N trench.
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100-F

300
Area

Port of
Benton

100-F Tleach trench received animal waste from experiments being
conducted in the 100-F area. A monthly grab sample of river

water was collected from along the 100-F shoreline directly across
and slightly down river from the trench. Analyses for coliforms,
fecal coliforms, and BOD were performed.

Depending on the water level of the Columbia River, as many as
three different river bank springs can be seen. The first spring
(Above 300 Area Spring) is about one mile above the 300 Area and
results from the surfacing of groundwater flow as it enters the
Columbia River. The other two springs (300 Area Spring #1 and #2)
are directly adjacent to and are caused by seepage from the 300
Area sanitary leach trenches and 300 Area process ponds. Each
month, a grab sample was collected from "Above 300 Area Spring"
and "300 Area Spring #1" for coliform, fecal coliform, and BOD
analyses. Whenever the river level was less than 345' MSL.

Mean Sea Level (345' MSL) at the 300 Area forebay, additional
samples were collected at "Above 300 Area Spring," "300 Area Spring
#1," and occasionally at "300 Area Spring #2" twice a week for
NO; analysis. Whenever the water level is greater than 345' MSL,
no additional samples are collected. During the first several
months of 1975, additional samples from 300 Area Spring #1 and #2
were collected for U, F, NO3, and Cu analyses.

An additional riverbank spring is located upstream of the Port of
Benton dock in North Richland. Each month, samples were collected
for coliform, fecal coliform, and BOD analyses. Additional samples
were collected for NO3 analysis if the river water level was less

than 345' MSL at the 300 Area forebay.

Table 6 lists the results for the samples collected at the 100-N springs
during 1975. Several positive results were observed although all were less
than ERDA 0524 standards for uncontrolled areas with the exception of two
1317 results, as shown in Table 6.

Samples of watercress were collected from different spring locations during
1975 and the results are shown in Table 7. The vegetation is a potential
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TABLE 6.

Columbia River Water Samples in the Vicinity

of the 100-N Area Riverbank Springs - 1975

Concentration (10-9 nCi/m1)

SH W65 SICr  SuMn 58Co  60Co  ©5Zn_ 95ZrNb 105Ru I3!I 137Cs IBLCePr
Conce gsation 3106 ax10% 2x106 1x105 9x10% 3x10% 1x10° ex10%  1x10* 300  2x10t 1x10%
Guide
Analytical Limit 400 25 400 20 30 30 40 20 500 2 30 400
Analytical Results
Date : _
]/9 * * * * * * * * 50 * *
2/]4 * * * * * * * * *
3/6 * * * * * * * * 50 * *
4/10 * * * * * * * * 100 * *
5/8 * * * * * * * * ]00 * *
6/5 * * * * * * * %* 20 * *
7/10 25,000  * * * * 110 66 * * 30 110 *
8/8 32,000 * * * * * * * * * * *
9/4 14,000 * 580 * * 120 * * 4600 270 70 *
10/9 47,000 * * 74 * 390 * 20 6600 3600 * 8700
11/6 34,000 * * * 1000 80 * * 5400 5200 70 2000
‘]2/5 6,]00 * * * * * * * * 50 * *
No entry indicates no analysis
* Less than detectable
(a) ERDA Manual Chapter 0524 most restrictive guideline for uncontrolled areas.
TABLE 7. Selected Radionuclides in Watercress Samples
from 100-N Riverbank Springs - 1975
Concentration (pCi/gr Dry Weight)
BUK ©0Co ©°/n 95ZrNb 1T06Ry 12°Sb 1317 137Cs T4hCePr
Analytical Limit(a) 3 0.3 0.5 0.2 3 1 0.4 0.2 2
Analytical Results

Date

7/10 3 2 * * 51 * 2 0.8 16

8/8 * 2 * * 7 * * 0.4 7

9/4 2 * 0.3 11 * 0.4 0.2 19

10/9 4 1 * 0.2 1 3. * 59

11/6 20 9 13 7.7 68 226. * *

12/5 4 2 * 0.6 6 * 0.8 *

No entry indicates no analysis
* Less than detectable
(a) Approximate detection limit.
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means of accumulating radionuclides present in the spring water and providing
transport of the radionuclides to deer, gamebirds, and potentially to man.
Several short-lived radionuclides were observed.

Table 8 Tists the results for samples collected from the 300 Area riverbank
springs and 300 Area forebay. There is definite influx of F, U, and NOs
into the Columbia River although sufficient dilution occurs before reaching
the 300 Area forebay to reduce the levels to background concentrations.
With the removal of the process ponds from service during the early part of
1975 in lieu of two recently dug trenches further from the river, the ob-
served Tevels in the riverbank springs are expected to decrease.

TABLE 8. Water Samples from 300 Area Riverbank Springs - 1975

\ Concentration
Max imum Minimum
Spring Location(a) Ana]ysis(b) Units  Observed Observed Average
Above 300 Area NC; ppm 12 <0.5 <2.6
F~ ppm 0.2 <0.1 <0.1
“Beta(b) pCi/z 80 <75 <78
Alpha pCi/2 30 <17 <18
34 pCi/e 4000 <500 <1300
300 Area #1 NO3 ppm 33 0.2 14
F- ppm 2.2 0.2 1.0
Cu ppb 5.0 0.8 2.0
U ppb 160. 1.6 45
300 Area #2 NO3 ppm 46 1.7 16
F- ppm 0.8 0.1 0.5
Cu ppb 7.0 1.0 3.7
U ppb 36.0 1.1 18
Columbia River NO3 ppm 1.5 <0.5
(North Richland) F- ppm 0.2 <0.1 <0.1
U ppb 7 <5 <5

(a) Several riverbank springs can be observed along the Hanford reach of
the Columbia River depending on the river water level. The first
spring sampled is about 1 mile above the 300 Area. The springs listed
2nd and 3rd are directly east of the 300 Area process ponds and sani-
tary land trench. Spring #2 is observable only during periods of low
river flow.

(b) The analyses for Springs #1 and #2 were performed by HEDL.
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The resu1t§Foﬁ‘Bio]ogicaT'anaTyses of water samples collecte

S

d at Vernita

Bridge, 100-F shoreline, 300 Area Spring #1, and Port of Benton Spring in
North Richland are shown in Table 9.
sults for biological measurements of samples collected from the 300 Area

leach trench, 300 Area Spring #1, and North Richland.

Table 10 shows the difference in re-

The results from the

spring-are the same as measurements obtained at North Richland.

. . a

TABLE 9. Columbia River Biological Analyses - 1975( )
Coliform Fecal Coliforms BOD

Standard 240 -—- ---

Unit ' No./100m1 No./100m1 mg/ 2
Sample Obs.  Obs. Annual(b) Obs. Obs. Annual Obs. Obs. Annual
Location Max. Min. Average Max. Min. Average Max. Min. Average
Vernita 64 12 30433 26 7 14417 5 3 4+1

Bridge

100-F 84 4 31+47 66 23+39 3 4+2
300-Area 61 9 35+35 62 7 2632 4+3
Spring c)

North 56 8 36+35 51 3 27+29 6 2, 422
Richland

a. Analytical results for monthly grab samples.
b. Average +2 sample standard deviations shown.
c. Spring located approximately 1 mile above the 300 Area process ponds.
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TABLE 10. Biological Measurements of Samples Collected from the 300 Area
Leaching Trench and Associated River Shoreline Seepage Area - 1975

Coliform Fecal Coliforms BOD Turbidity
Date N/100 ml N/100 mil mg/ % JTy  *

300 Area Leaching Trench

1/21 1.1x10° 1.4x104 7.5 16
2/4 2.0x10° 1.4x10% 6.9 20
3/5 4.5x10° 4.7x104 6.4 20
4/29 6.3x10° 6.1x10% 6.1 45
5/28 7.2x10° 5.1x104 5.5 39
8/20 5.1x10° 4.7x10% 5.4 25
9/16 4.7x10° 6.6x104 5.4 28
11/19 1.4x106 5.6x104 4.0 31
12/16 4.8x10° 2.1x104 6.5 35
Average  (5.5+7.4)x105 (4.2:4.0)x10% 6.0+2.C 29419
River Shoreline Seepage Area
1/22 32 32 4.4 1
2/4 33 25 5.5 4
3/5 9 20 4.5 6
4/29 44 18 3.9 6
5/28 25 28 4.5 7
8/20 19 14 3.3 5
9/16 60 62 1.4 2
11/19 61 33 1.8 2
12/16 31 7 2.4 8
Average 35435 26+32 3.5+2.8 5+5
North Richland
Average 36+35 27+29 4.0+1.8 5+6

* Jackson Turbidity Units
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DITCHES, PONDS, AND TRENCHES

Surface water areas on the Hanford Reservation resulting from the disposal
of process water were sampled routinely during 1975. Grab samples were
collected and analyzed for gross beta, gross alpha, and gamma-emitting
radionuclides. In some cases, specific analyses for °°Sr, uranium, and
plutonium were done. Figure 7 shows the location of the major ditches,
ponds, and trenches on the Hanford Reservation sampled during 1975.

HANFORD
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FIGURE 7. Surface Water Areas Sampled During 1975
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The results for gross beta, gross alpha, and °°Sr analyses are shown in
Figures 8 through 10 for all 200 Area and vicinity surface water areas ana
the 100-F leach trench. West Lake, a naturally occurring pond in direct
contact with the groundwater, generally had the highest observed levels of
gross beta and gross alpha activity. 100-F Teach trench had the highest
observed levels of ?°Sr.

No waste is discharged to West Lake and a likely cause of the elevated
concentrations is the concentrating effect of continual evaporation of
water from the pond. West Lake serves as a basin for a relatively large
watershed area. Uranium (accounting for gross alpha activity), eroded
from the soil during the entire history of West Lake's existence, and °°Sr,
due to fallout in rainwater, are assumed to have accumulated in the pond.
In contrast, the waste discharged to the other ponds has been diluted with
river water containing relatively low concentrations of °°Sr and uranium.

Table 11 is a summary of replicate sampling from West Lake during June 1975.
The table indicates an average concentration of about 1100 pCi// of uranium
and <0.3 pCi/¢ of plutonium. The concentrations observed in Columbia River
water are approximately 4 pCi/f and <0.02 pCi/Z, respectively. During

October 1975, 100-F leach trench was deactivated and will no longer be used.

1000
i O WEST LAKE
- 4 GABLE POND NORTH
i O B8 POND NORTH
. o @ 216-8-63 DITCH
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® U POND NORTH
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= r o
k- L . N n
&
5 8] A
z ® o
2 o n
8 10 — - ®
g .
[ COLUMB A RIVER
10 1 1 L I 1 1 N N L L R
J F M A M J J A 3 0 N N

FIGURE 8. Gross Beta Activities Observed in 200 Area Ponds
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CONCENTRATION, pCi/¢
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FIGURE 10. Strontium-90 Observed in Selected 100 and 200 Area Ponds
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TABLE 11.

West Lake Replicate Sampling*

Sample
Number Gross Alpha Gross Beta Uranium Plutonium
pCi/¢ C/Min/mi pCi/¢ pCi/:
1 187 206 1010 0.04
2 159 133 959 0.05
3 122 269 448 0.02
4 173 239 1200 0.02
5 241 304 859 <0.004
6 187 365 1420 0.04
7 145 330 1350 0.3
8 109 396 1240 0.02
9 170 178 1110 0.1
10 214 269 1150 <0.008
Aver. *2c 171180 269+166 10754559 <(0.06+0.2)

*Samples obtained from different locations during the same day.

The results of 300 Area process pond sample analyses for gross beta, gross

alpha and uranium activity are shown in Figure 11.

is primarily due to uranium.

The gross alpha activity

The levels of uranium observed (100 pCi/{) are

approximately 10% of the concentrations observed in West Lake (Table 11)
and approximately 25 times the Tevels observed in Columbia River water

(4 pCi/z).

other ponds.

The Tevels of gross beta radiocactivity were similar to the
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FIGURE 11. Monthly Gross Beta, Gross Alpha, and Uranium

Results for 300 Area Discharge to Waste Ponds
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The results of gamma spectroscopy analysis of pond water samples are shown
in Table 12. Only '37Cs in Gable Mountain pond was detected consistently.
137¢s was also detected in West Lake, B Pond, and U Pond. ©°Co was detected
in 300 Area pond water on one occasion. A1l other results were less than
detectable.

TABLE 12. Gamma Activity in Waste Water Samples - 1975

Units of 1072 uCi/m

Date S51lCr 60Co 65Zn 137¢s
Detection Limit(?) 300 30 2 3
Location
West Lake 1/10 * * 6+4 342
4/4 * * * *
8/1 * * * *
1/7 * * * 442
Gable Pond 1/10 ~—eme——- Pond Frozen
4/4 * * * 63+1
8/1 * * * 35431
11/7 * * * 59+2
B Pond 1/10 * * * *
4/4 * * * 8+1
8/1 * * * *
11/7 * * * 4+2
T Pond 1/10 ———————— Pond Dry
4/4 ———w——— Pond Dry
8/] * * * *
11/7 ————— Pond Dry
U Pond 1710 * * * 42422
a/4 * * * *
8/1 * * * *
]]/7 * * * *
216-B-63 Ditch 1/10 * * * *
4/4 * * * *
8/] * * * *
]]/7 * * * *
331 Pond 1/2 * * * * .
300 pond(®) 120 1727 * * * *
2/18  2/24 * * * *
3/24 3/31 * 10249 * *
4/21 4/28 * * * *
5/19  5/27 * * * *
6/23 6/30 * * * *
7/21  7/28 * * * *
8/18 8/25 * * * *
9/22 9/29 .. * ¥* L *
10/20 10/27 * * * *
11/17 11724 * * * *
4 * * *

12/22 12/29

* Less than detection Timit.

(a) Average detection limit calculated from the detection limits reported
for each analysis.

(b) Integrated sample dates shown.
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WILDLIFE

Selected wildlife were collected throughout the Hanford environs as an indi-
cator of radionuclide availability and potential transfer through the food
chain. Although the Hanford Reservation south of the Columbia River is not
open to hunting, several of the wildlife species collected are game animals
and, as such, are potentially subject to hunting during time spent offsite.
Table 13 shows the results of gamma spectroscopy and °°Sr analyses of about
500 gram samples of muscle tissue taken from gamebirds collected during 1975.
Ducks were collected from each of the larger trenches or ponds on the
Hanford Reservation and along the Columbja River. Cesium-137 was present
in the highest concentration and is primarily attributable to Hanford
operations.

Table 14 shows the concentrations of uranium and ?3°Pu observed in liver
/tissue from ducks collected in 300 Area pond, U Pond, and West Lake. Although
fthe data are limited, apparently there are elevated concentrations of uranium

f in 300 Area pond and in U Pond duck livers, as well as 23°Pu in U Pond duck

|

Tivers.

In Table 15 the observed levels of selected radionuclides in ducks are
classified according to the variety of duck. Apparently, coots are inclined
to nest on the ponds whereas the mallards migrate from location to location.
During 1975 the one analyzed coot had the highest observed maximum concentra-
tion of 137Cs. Other duck varieties had levels of 137Cs compared to ducks
collected along the Columbia River.

Assuming that an individual consumed 500 grams of meat from the duck contain-
ing the highest levels of 137Cs observed during 1975, a 50-year internal dose
commitment of 5.9 mrem to the whole body and 6.7 mrem to the bone would be
incurred. The majority of the dose would be received during the first year
after ingestion (137Cs biological ha]thimes; body, 70 days; bone, 140 days).
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Samples of muscle Tiver and bone tissue from "road-kill" deer on the
Hanford Reservation were analyzed for radioactivity. The results are shown
in Table 16. Only naturally occurring “°K was observed in muscle tissue
from each of the deer. °°Co was observed in one deer collected near 100-N.
No other radionuclides were observed in muscle tissue. 23°Pu concentration
in Tiver samples and °°Sr concentrations in bone are due to either Hanford
operations or fallout. The lack of observable quantitites of radionuclides
in muscle tissue known to be available on the Hanford site (eg. 1®7Cs)
would indicate that the observed levels of °°Sr and 23°Pu are 1likely due
to fallout. The ©0Co observed in one deer collected at 100-N is assumed
due to Hanford operations. Assuming a person ingested 50 pounds of deer
meat containing the 0.05 pCi/g of %0Co observed, a 50-year dose commitment
of about 0.005 mrem would be incurred. This is a very small percent
(0.001%) of the 500 mrem per year dose guideline set forth in ERDA Manual
Chapter 0524.

TABLE 14. Average Concentrations of Selected Radionuclides in the Livers
of Waterfowl Samples in the Hanford Environs - 1975

Units of 107¢ uCi/gm (wet weight)

U ) ?Z?*)pu
Analytical Limit v.03 0.0005
No. of Maximum  Minimum Maximum  Minimum
Location Samples Observed Observed Average Observed Observed Average
300 Pond 2 0.07 0.04 0.06 * * *
U Pond 3(a) 0.05 0.06 * < 0.02
West Lake 2 * * *

*Less than the analytical limit
No entry indicates no analysis was made.
(a) Only one duck analyzed for uranium.
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TABLE 15. Selected Radionuclides from Muscle of Waterfowl Samples
Taken from Ponds in the Hanford Environs - 1975

Units of 10-% uCi/gm (wet weight)

hOK GOCO
No. of Maximum Minimum Maximum Minimum
Duck Variety Samples Observed Observed Average Observed Observed Average
Mallard 10 3.4 * <2.6 1.8 * <0.3
Coot 1 4.8 *
Scaup, Lesser 1 * *
Green-Winged, Teal 2 6.3 * <4.7 * * *
Blue-Winged, Teal 2 4.0 3.3 3.7 * * *
Bufflehead 1 * *
Barrow's Goldeneye 3 4.5 * <3.3 * * *
No. of Maximum Minimum Maximum Minimum
Samples Observed Observed Average Observed Observed Average
Mallard 10 * * * 0.04 * <0.01
Coot 1 *
Scaup, Lesser 1 * 0.04
Green-Winged, Teal 2 * * * * * *
Blue-Winged, Teal 2 0.7 * <0.5 * * *
Bufflehead 1 * 0.03
Barrow's Goldeneye 3 * * * 0.02 * 0.01
137CS

No. of Maximum Minimum
Samples Observed Observed Average

Mallard 10 59 * <19.3
Coot 1 210
Scaup, Lesser 1 38
Green-Winged, Teal 2 3.7 0.4 2.1
~ Blue-Winged, Teal 2 17.3 0.3 8.8
Bufflehead 1 4.1
Barrow's Goldeneye 3 7.5 * <4.7
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TABLE 16. Concentration of Selected Radionuclides in Deer - 1975

Units of 10-° uCi/gm (wet weight)

Location Date Tissue “og §0co 305y 137¢s 233py
100-N 1/24 muscle 2.2 0.05 * *
Tiver 0.0002
6/19 muscle 2.8 * *
11/19 muscle 1.5 * *
liver 0.0004
bone 0.007
Gable Pond 12/22 muscle 2.2 * * .
Tiver <0.0001
bone 0.022

*Less than the analytical Timit.
No entry indicates no analysis was made.

Mice and rabbits are collected around sources of drinking water or potential
sources of salt on the Hanford Reservation. The results are shown in Tables 17
and 18. The highest levels observed were in mice collected from around the
1301-N trench. The mesh of the screening over the trench is sufficiently

large that mice can pass through easily. The highest observed °°Sr concentra-
tions occurred in samples of bone from rabbits collected in the B-C crib area.
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TABLE 17. Concentration of Selected Radionuclides in Rabbits - 1975
Units of 10-° uCi/gm (wet weight)
Location Date Tissue  “°K  8%o 2'Sr '*7Cs _2%°Pu u
300 Pond 3/4 muscle 2.1 * *
liver <0.0004
bone 0.7
Redox Pond 3}18 muscle 2.9 * 5.9
1iver <0.0004
bone 0.06
Redox Lab 3/24 muscle 1.9 0.4 0.2
Tiver 0.0006
bone 3.9
- 200 B-C 5/5 muscle 2.3 2.1 1.0
Tiver 0.003
bone 300.0
200 B-C 5/5 muscle * 3.9 1.2
liver <0.0004
bone 250.0
300 Pond 9/24 muscle 2.8 *
Tiver <0.0004 <0.0006
bone 0.02
200 B-C 11717 muscle 3.7 * *
Tiver <0.0004
bone 2.0
TABLE 18. Concentration of Selected Radionuclides in Mice - 1975
Units of 107% pCi/gm (wet weight)
Location Date suMn 58co S%Fe 6%Co 9°Sp 106p, 1317 138ce  137(g 1a4copp
N-Trench 2/11 2000 88 1200 360 110 440 210 60 540 1000
3/4 160 12 200 480 10 30 30 30 250 20
4/29 4600 270 4600 6200 50 1100 280 110 710 930
B pond ]/2] * * * * 2 * * * 3 *
300 Pond 2/4 * * * * 0.2 * * * * *
Gable Pond 3/18 * * * * 2.1 * * * 7 *
. 4,22 * * * * 1.4 * * * 5 *
B-C Crib 5/6 * * * * 0.6 * * * * *
5/6 * * * *x* 2_] * x* * * *
West Lake 3/24 * * * * 0.1 * * * * *
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SOIL AND VEGETATION

Surface soil and perennial vegetation samples were collected from 20 differ-
ent Tocations during the autumn of 1975 for the purpose of measuring the
levels of radioactivity due to fallout and natural causes as well as to
assess any potential buildup of radioactivity from Hanford operations.

These locations are shown in Figure 12 and the results Tisted in Tables 19
and 20, Each soil sample represents the composite of five "plugs" of soil
from an approximate 10 m2 area. Each plug was approximately 2.5 centimeters
(1 inch) in depth and 10 centimeters (4 inches) in diameter. The vegetation
samples were collected in the immediate vicinity of each soil sampling loca-
tion and consisted of perennial vegetation, primarily the new growth from
rabbitbrush plants. Both sets of samples were analyzed for gamma-emitting
radionuclides using a Tithium drifted germanium detector, for plutonium
nuctides using alpha spectroscopy, and for °°Sr and uranium by specific
analysis.

From the data collected it is apparent that two of the sampling locations
reflect deposition of radioactivity from Hanford operations. These loca-
tions are:

1. Map location #9, which is east of and directly across the road
from the 200 W Area, shows elevated levels of 23°72%0py,

2. Map location #18, which is directly north of the 300 area, shows
elevated levels of U. The location sampled is near the railroad
tracks from the 300 Area.

The levels observed may be obtained from Table 19 or a visual inspection

of the Tevels observed may be obtained from Figure 13 in which a Tog normal
probability plot of the individual data points is presented. The uppermost
point for both the U and 239-240Py graphs are primarily attributed to
Hanford operations.

Two other areas are suspected of receiving observable activity from Hanford
operations but the data available are insufficient to indicate conclusively
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CONCENTRATION, pCilg

that the levels are not due to fallout.

1.

These locations are:

Map Tocation #3, which is directly south of the 1301-N trench,
shows possible deposition of 6°Co activity. Results for °*Mn in
soil, approximately 100-fold greater than other locations, and
apparently elevated levels of 5%Mn, 60Co, $5ZrNb, and l4%Ce in
vegetation further substantiate the conclusion that Hanford origin

activity is present.

Map location #11, which is directly east of the Nuclear Engineering
Disposal site, shows possible deposition of €0Co.

Figure 14 is a lognormal plot of %°Co and °°Sr results for all sampling
Tocations. The ?°Sr plot appears to be linear indicating that the observed
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concentrations are due to fallout. The uppermost 60Co point was obtained
for the 100-N sample. The second highest value plotted was for the sample
obtained east of the Nuclear Engineering Site. The results for several
background sampling sites were close to the observed 60Co concentrations
at 100-N and east of the Nuclear Engineering Site.

COLUMBIA RIVER SEDIMENT

Subsequent to the Aerial Radiological Monitoring System (ARMS) survey along
the Columbia River(5) during the spring of 1974 in which elevated levels

of 60Co were observed, additional samples of sediment from 21 different
island and shoreline locations were taken during the spring of 1975 for
spectrometric analysis. These locations are shown in Figure 15 and the
results are shown in Table 21 for 17 of the 21 sample locations. Sampie 21
in Tgb]e 21 represents 5 different samples taken in the same general area.
The results of the replicate sampling indicate the amount of variability
inherent in the tabled numbers due to the combination of environmental and
analytical variability.

Several radionuclides, notably 5“Mn, 69Co, 65Zn, 152Eu, 15%Eu, !SSEu observed
in sediment samples are attributed to previous operation of once-through
cooling production reactors. Reference 6 contains aerial photographs of

the Columbia River with exposure isopleths of 60Co observed during the

aerial survey by EG&. The sediment sampling locations are also shown on

the photographs. There are elevated levels of ®%Co due to previous deposi-

" tion with sediments at many locations generally associated with areas sub-
merged only during high water. The concentrations observed are expected to
gradually decline as the radionuclides decay and further dilution occurs.

Table 22 shows the results of profile sediment sampling at the remaining 4

of the 21 sample locations. For each location, 5 separate samples were taken
at increments of 0.1", 1-2", 2-4", 4-6", and 6-8". Figures 16 and 17 are
plots of the results for 60Co and 152Eu. Apparently, the radionuclide

. concentrations increase slightly with depth to about 2 inches and then
decrease.
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FIGURE 15. Sediment Sampling Locations Along the Columbia River During 1975
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DEPTH, INCHES

Depth Profile of ®%Co in Sediment from Columbia River
Shoreline, Islands and Slough Areas
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EXTERNAL RADIATION

Thermoluminescent dosimeters (TLDs) were used to measure the external dose
at several onsite, perimeter, and distant locations. Table 23 shows the
results of these measurements. The dosimeter employed consisted of 3 chips
of CaF,:Dy (Harshaw TLD-200) encased in an opague plastic capsule Tlined with
0.010" of tantalum and 0.002" of lead to flatten the Tower energy response.(7)_
The dosimeters were mounted approximately one meter above ground level and

changed either biweekly or monthly.

The external dose measured at any location is affected by several parameters,
including the height of the dosimeter, elevation, and the amount of natural
fallout, and potentially Hanford origin radioactivity in the underlying soil.
The variability in measured dose from the different locations was expected
primarily because of the spatial dependence of natural radioactivity in soil.
Figure 18 is a log-normal probability plot of the annual average dose for
each location divided into two groups: onsite and offsite stations. Both
groups represent straight line plots although elevated doses measured onsite
primarily around the 200 Areas do not lie on the 1ine, as expected. Accord-
ing to the straight line plot for perimeter and distant stations, contribu-
tions from Hanford operations at perimeter stations were indiscernible from
the variability in background dose measured at the distant stations.

Specific locations of TLDs stationed around each facility area (100-N, 200-E,
etc.) are shown in Appendix A. In general, all dosimeters are located on

the perimeter of each area. The unexpectedly high maximum reading (260) at
the 300 Area pond location occurred during a 2-week period in March of 1975
and was due to a railroad car parked at the north end of the 300 Area.

During February of 1975, additional TLDs were deployed along the Columbia
River shoreline. The maximum observed reading, at the Hanford railroad tracks
entering the river, was about 140 mrad/year. This is twice the background
dose rate of about 70 mrad/year. It is likely that there are other areas
which have similar elevated dose rates.
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TABLE 23. Ambient Radiation Dose - January-December 1975

No. oftb) . Dose (mrad/yr)(c)
Location Measurements Maximum Minimum Average
Onsite Stations

200 ENC 26 350 270 300:40
200 ESE 26 95 73 77:11
200 EWC 26 88 69 7711
200 EEC 26 106 84 91:11
200 WEC 26 95 77 80:11
Redox 26 102 80 91+11
200 WWC 26 13 99 113:18
200 WNE 26 88 69 77411
3705 Bldg. 26 84 69 777
ACRMS 26 88 73 80+ 7
300 Pond 26 260 77 91166
300 SW Gate 26 80 66 73+ 7
300 South Gate 26 80 58 7307
331 Bldg. 13 73 62 661 7
C.P. #63 13 73 58 66411
C.P. #64 13 69 55 62411
C.P. #65 13 80 58 69:11
C.P. #66 12 80 69 7347
C.P. #67 13 73 55 62111
Wahluke C.P. #17 . 13 9N 73 77:11
Wahluke C.P. #18 13 84 66 73111
Wahluke C.P. #19 13 77 69 73: 4
Wahluke C.P. #20 13 88 69 80:11
Wahluke C.P. #21 13 80 69 80-11
Wahluke C.P. #22 13 80 69 77+ 7
Wahluke C.P. #23 13 80 66 732 7
Wahluke C.P. #24 13 84 69 80:11
Wahluke C.P. #46 13 9 73 80:11
100-K 26 88 69 73:11
WPPSS-100-N 26 110 80 95:18
100-D 13 88 62 77:15
100 Area Fire Station 25 88 69 77: 7
Rt. 10 mi. 1.6 13 77 62 69: 7
FFTF Site 13 80 58 69+11
FFTF North 13 80 62 7311
FFTF Southeast 13 77 58 69:11
Prosser Barricade 13 88 66 7311
100-F 26 88 66 77111
Hanford 13 69 55 66:11
Wye Barricade 13 77 62 69+ 7
Rattlesnake Springs 13 77 66 73+ 7
ERC 13 88 69 80+ 7
Yakima Barricade 13 84 62 77:11
Wahluke #2 13 80 69 77+ 7
Shoreline (100-K) 10 80 62 69:11
Shoreline (100-D) 10 73 55 66111
Locke Island 10 88 69 80:11
White Bluffs 10 84 66 77+:11
Shoreline (100-F) 10 77 66 73+ 7
Hanford Ferry Landing 9 91 77 84+ 7
Hanford RR Tracks 10 157 106 139+29

Average ' 2 sanple standard deviations 82167
Perimeter Stations

Pasco 12 80 66 69+ 7
Richland 26 77 62 69+ 7
Vernita 25 102 77 88+11
Benton City 13 69 51 58+ 7
Othello 13 69 51 62411
Connell 13 69 55 66+ 7
Berg Ranch 13 84 73 77+ 7
Wahluke Wm n 77 69 73 7
Cooke Bros. 13 73 62 69: 7
Ringold 10 91 77 84+ 7
Baxter Sub. 13 73 58 66+ 7
Byers Landing 13 91 73 77:
Powerline 10 99 77 91:11
Wooded Island 10 95 77 8411]

Average : 2 sample standard deviations 74120
Distant Stations

Walla Walla 13 77 66 73+ 7
Sunnyside 13 69 58 66+ 7
McNary 12 84 66 73+ 7
Moses Lake 13 73 58 66+ 7
Washtucna 13 73 58 69+ 7

Average : 2 sample standard deviations 69+ 7

a. Total background dose from external irradiation would include an addi-
tional dose from the neutron component of cosmic radiation. At the Han-
ford elevation, this additional dose is estimated from EPA publication
ORP/SID 72-1 to be 6 mrem/year.

b. Dosimeters are generally deployed on a 2-week or 4-week interval. This
practice results in approximately 13 or 26 separate measurements at each
Tocation. There is some variability because of scheduling and year-to-
year overlap.

C. Monthly or biweekly measurements converted to equivalent annual dose.
Average + 2 sample standard deviations calculated for each location.
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FIGURE 18. Log-Normal Probability Plot of Onsite
and Offsite TLD Data During 1975

The dosimeter located at 100-N is used to estimate the potential dose
received by WPPSS personnel. The annual difference between the dose recorded
at the 100-N station (95 mrem) and a background dose of 70 mrem/yr is 25 mrem
based on continuous occupancy. Assuming a 40-hour work week for 50 weeks per
year reduces this dose to approximately .6 mrem/yr or 1.2% of the Radiation
Protection Guide (500 mrem) for nonoccupationally exposed individuals.

From the information in Table 23 the external background dose from natural
radioactivity received by the population in the Hanford environs can be
estimated. The average measured dose and 95% confidence interval were about
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70+15 mrem/year at parameter locations away from the Columbia River and dis-
tant locations (1 mrem equals 1 mrad in this case). To this number an addi-
tional 6 mrem/year must be added to account for the neutron component of cosmic
radiation.(8) Thus, an estimate of the total (external plus internal) back-
ground dose must include the approximate 25 mrem/year received from radio-
activity, primarily *°K, in human bodies. 9) Therefore, the average total
background dose received from natural radioactivity in the Hanford environs
is approximately 100+15 mrem/year. A realistic breakdown of the doses due
to different sources of natural background radiation is shown in Table 24.
An additional dose, approximately 4 mrem/year, must be added to account for
the dose, primarily internal, due to fallout radionuc]ides.(s)

TABLE 24. Background Dose Received in the
Hanford Environs from Natural Causes

millirem/year

External Irradiation: 75
Terrestrial 33
Cosmic: donizing component 35
Neutron component 6
Internal Irradiation:(a) 25
#0K 17
the 1
ZIOPO 3
222Rn 3
Other (°H, °7Rb) 1 .
TOTAL 100

(a) Adopted from U.S. Environm§nta1 Protection Agency
Publication ORP/CSD 72-1(9
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RADIATION SURVEYS

Hanford Roads Survey

Hanford roads were routinely surveyed with a bioplastic scintillation detector
attached to the front end of a truck and positioned about 0.6 meters (2 ft)
above the road surface. This road monitor has been described in BNwL-62.(]0)
Most traveled roads within the Hanford Reservation were surveyed monthly.
During 1975, no conditions were detected which required corrective action.

Railroad Survey

A11 Hanford railroad tracks outside area fences were surveyed semi-annually
with the previously described road survey detector attached to a railroad
maintenance car. No conditions were detected in 1975 which required cor-
rective action.

Control Plots

Small areas, called control plots, are located within the Hanford boundaries
(Figure 19). These plots, measuring 3.05 m by 3.05 m (10 x 10 ft) were sur-
veyed monthly or semi-monthly with a GM survey meter for deposited radio-
active material. In addition, 22 special control plots located near test
wells were surveyed on a semi-annual basis. A1l control plots showed only
background measurements for 1975,

Waste Disposal Sites

Active, inactive, and retired waste disposal sites were surveyed during 1975
and inspected for general physical condition and evidence of disturbance.
The sites were generally in good order, with the most recurring problem
being housekeeping--primarily vegetation growing inside the waste sites.
Radiation levels were noted during each survey and, if unusual, reported to
responsible contractor representatives for corrective action.

Aerial Surveys

Aerial surveys can be used to detect contamination which is spread over a
large land area. Although Hanford aerial surveys have been only comparative
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from year to year, through routine use a capability for rapid assessment of
an emergency situation is maintained. Aerial surveys are conducted at an
altitude of 150 meters (500 ft) using a 3-inch by 5-inch Nal (T1) scintil-
lation crystal detector. During September of 1975, three flight patterns
were flown:

1) the perimeter of the Hanford Reservation

2) the Columbia River from Vernita Bridge to Plymouth

3) a pattern parallel to the perimeter of the Hanford Reservation
but 15 to 20 air miles distant.

No significant differences from previous measurements were observed.
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APPENDIX A
SPECIFIC SAMPLING LOCATIONS AROUND HANFORD FACILITIES

100-K
100-N
100-D
100-H
100-F
200-W
200-E

300 Area
300 Area
3000 Area

A-1
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