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PREFACE

This report presents the results of a study performed by the Hanford
Environmental Surveillance Program to investigate the general characteris-
tics of ground water entering the Columbia River from the Hanford Site.

The Hanford Environmental Surveillance Program is conducted at the
Hanford Site by the Pacific Northwest Laboratory, which is operated by
Battelle Memorial Institute for the United States Department of Energy.
Radiologic conditions in the Hanford environment are monitored and a record
is provided of radionuclides and radiation levels attributable to natural
causes, woridwide fallout, and Hanford gperations.

In addition to routine monitoring activities, special studies are con-
ducted that periodically intensify investigations of specific aspects of
the Hanford environment. These special studies serve to update or expand
the program's data base, as necessary, with regard to those aspects of the
Hanford environment which have the potential to change notably with time.

The study described herein was conducted between the faill of 1982 and
the fall of 1983 to supplement the efforts of the Environmental Surveil-
lance Program, which evaluates ground-water discharges to the river indi-
rectly through routine sampling and analysis of Columbia River water.
Ground-water discharges are also evaluated by the Ground-Water Surveillance
Program, which monitors the unconfined aquifer beneath the Hanford Site.
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SUMMARY

Ground-water discharges to the Columbia River are evaluated by the
Hanford Environmental Surveillance and Ground-WHater Surveillance Programs
via monitoring of the Columbia River and Hanford ground water, respectively.
Both programs have concluded that Hanford ground water has not adversely
affected Columbia River water quality downstream from the Hanford Site, nor
has it affected the public through use of the river as a source of municipal
drinking water, for irrigation of foodstuffs, or for fishing and other forms
of recreation.

This report presents the results of a study undertaken to supplement
the efforts of the above mentioned programs by investigating the general
characteristics of ground water entering the Columbia River from the Hanford
Site, Specific objectives of the exploratory investigation were to identify
general shoreline areas where Hanford-related materials were entering the
river via ground-water seepage, and to evaluate qualitatively the physical
characteristics and re1at1ve magnitudes of those discharges.

The study was conducted in two sequential phases between October 1982
and September 1983. Phase 1 involved visual inspection of approximately 41
miles of Columbia River shoreline, within the Hanford Site, for indications
of ground-water seepage. As a result of that inspection, 115 “springs"
suspected of discharging ground water were observed and recorded. These
springs were accessible only during the periods of Jow water Tevel caused
by reductions in Columbia River discharge rates from Priest Rapids Dam.

During Phase 2, water samples were collected from a distribution of
these springs and analyzed for Hanford-related materials known to be present
in the ground water. The specific materials used as ground-water indicators
for the majority of sémp1es were tritium and nitrate (as NOé) due to their
predominance in much of the Hanford ground water. Uranium analyses were
used in place of tritium for samples collected in the vicinity of the 300
Area where uranium is a primarv ground-water constituent. The magnitude
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and distribution of concentrations measured in the spring samples were con-
sistent with concentrations of these materials measured in ground water
near the sampled spring locations.

Water samples were also collected from the Columbia River to investi-
gate the localized effects of ground-water discharges occurring above and
below river level. These samples were collected within 2 to 4 m of the
Hanford shoreline and analyzed for tritium, nitrate, and uranium. Elevated
concentrations were measured in river samples collected near areas where
ground-water and spring concentrations were elevated. ATl concentrations
were well below applicable DOE Concentration Guides.
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concentration of 1291 in the Columbia River averaged 6.2 X 107 + 7.8 X

1076 5 £3.3X10°° pCi/e. Poten-

tial onsite sources of this radionuclide have been the N reactor, which
129

6

pCi/¢ while downstream averaged 6.5 X 10~

discharges small quantities of I as a result of it's operations, and the

200 Area ground-water plume, shown in Figure 2, which contains Tow levels
129

of I.

In order to differentiate the contributions of these two sources to
the measured downstream concentrations, the surveillance program personne}
conducted a special study during 1981 and 1982. During this period of time,
a third river sampler was installed and operated at a location downstream
from the N reactor and upstream from the area where the 200 Area ground-
water plume contacts the river. The results of that study indicated that N
reactor discharges did not produce a detectable effect on concentrations of

1291 in the river and that 129

1 in ground water entering the river down-
stream from the third sample location was the source of the elevated down-

stream concentrations.

Ground-water discharges via springs along what is now the Hanford
shoreline have been documented as early as 1922 in a report describing the
underground water supply in this region (Jenkins 1922}, The routine evalua-
tion of ground-water springs associated with known Hanford sources dates
back to the mid 1960's. Springs in the vicinity of the 300 Area retention
basin and domestic sewage leaching pits were routinely sampled and analyzed
for selected biological, chemical, and radiological constituents. Springs
on the shoreline near N reactor, resulting from the establishment of a
Tiquid waste crib, have been, and continue to be, monitored routinely
(Eliason 1967; Rokkan 1984; Greager 1982). In addition to these routine
evaluations, smaller scale investigations were periodically conducted.



PHASE 1: SHORELINE INSPECTION

The shoreline was visually inspected to locate accessible ground-water
discharges and to record their physical characteristics prior to sampling
and analysis. Although the discharges from shoreline springs may have con-
sisted primarily of river water which had entered the bank during previous
high water, all locations were recorded and assumed to be ground water
{refer to Prater et al. 1984 for a discussion of "bank-storage"). Inspec-
tions were scheduled to coincide with anticipated Tow water level and were
terminated if the water level increased to the point that springs were inun-
dated.

METHODS

Inspection of the shoreline was accomplished by walking near the
water's edge at Tow river stage and noting indications of seepage. As
springs were observed, they were assigned a unique identification number
and their Tocation was recorded. Because a consistent method was needed
for relating spring locations to physical Tandmarks, all spring identifica-
tion numbers and location descriptions were referenced to the Hanford river
mile (RM) post system, i.e., numbered markers located on the Hanford shore-
tine of the Columbia River at one-mile intervals indicating shoreline dis-
tance downstream from the Vernita Bridge (see Figure 1). The upstream and
downstream boundaries of the study area were RM 3 and RM 44, respectively.
(RM 3 and RM 44 correspond approximately to USGS river miles 385 and 344
respectively, which are river miles measured upstream from the mouth of the
Columbia River.) Recorded spring locations were rumbered sequentially from
the nearest upstream river mile. For example, the first spring downstream
from RM 27 was numbered 27-1; the second was 27-2, etc.

In addition to numbering and recording the lccation of each spring,
the following observations were recorded:

* physical description of the spring and its Tccation
* relative magnitude of the spring flow rate
* temperature of the spring water



proximity to other landmarks
* river condition, i.e., high/low, rising/falling
* time and date.

The shoreline inspection was conducted on nine days between November
4, 1982 and January 3, 1983. The inspection took advantage of a Grant
County Public Utility District (PUD) flow reduction program that coincided
with the inspection schedule. The PUD reduced the Columbia River flow rate
from Priest Rapids Dam, located 12 miles upstream from the Hanford Site, to
36,000 cfs between 12:00 am and 6:00 am during the period October 15 through
November 30, 1982. (The average monthly flow rate below Priest Rapids Dam
in 1982 ranged from 80,000 to 210,000 cfs.) During, and for a short time
following, these periods of reduced flow rate, abnormally low river levels
were experienced along the Hanford reach of the Columbia River.

Inspection of the shoreline was complicated by the fact that most vis-
ible seepage occurred very near the river/shoreline interface which varied
in elevation very rapidly due to changes in water flow rates past Priest
Rapids Dam. Several springs were inundated by the rising river as their
focations were being recorded, while others were observed to begin flowing
as the river level fell, It was apparent that few, if any, of the observed
springs were located far enough up the bank to escape being covered by the
river for some portion of each day. Both the frequency of occurrence and
magnitude of spring flows varied with fluctuating river level; these vari-
able river conditions during the course of this investigation precluded
uniform conditions for observing the springs.

RESULTS

Within the 41 miles of Hanford shoreline covered by the inspection,
115 river-bank springs were observed and documented (Appendix A). Three
general types of river-bank springs were observed during the inspection:

* trickles or streams, above the current river level, emanating from

rock covered banks -- This ranged from small trickles to relatively

large flows over broad areas. These flows appeared to emanate directly



from voids within unconsolidated gravels or from the interface between
large rocks and surrounding saturated sand and silt. These types of
springs were observed as high as two feet above the existing river
level. Drainage patterns caused by these springs were observed on the
river bottom indicating more extensive seepage at lower river levels.

* vertical "percolation" of water, both above and below the level of the

river, from areas covered with fine sand and silt -- The percolations

were upward flowing vertical columns of water that originated from a
layer of unconsolidated coarse sand or grave® sandwiched horizontally
between layers of fine sand or silt. This type of spring was not
observed higher than 2 to 4 inches above the existing river level and
was more often found at or below river level (as deep as 18 inches
below the river surface).

* saturated sand and silt containing free water above the level of the

river -- This type of seepage was observed in the narrow beach areas
found at the base of bluffs and sand dunes. Free water commonly brokeé
through the surface of the sand to form smal! rivulets flowing into
the river. Holes dug into the beaches collapsed quickly and filled
with water. In addition, layers of coarser sand were often observed
to underlie these beaches and to contain additional free water.

No evidence of seepage from the bank was observed above the mean annual
high-water elevation {vegetation 1ine}, and there was seldom evidence of
seepage, either current or past, above the elevation of recent high water.
Although active seepage was observed on the bank as high as 2 vertical feet
above the river, most visible seepage was within approximately 1 foot of
the existing river Jlevel.



PHASE 2: SAMPLING AND ANALYSIS

The objectives of sampling and analysis were to identify the general
areas of Hanford shoreline where Hanford-related materials were entering
the Columbia River via ground-water seepage and to evaluate qualitatively
the relative magnitudes of those discharges. This was accomp]lished by ana-
lyzing water samples collected from a distribution of shoreline springs as
well as locations in the river for materials chosen to be indicators of
Hanford ground water; As with the shoreline inspection, sample collection
was scheduled to coincide with periods of low water level in the river,

SAMPLING METHODS

The sampling schedule and methods were developed based on information
obtained during the shoreline inspection. With the exception of those
areas where springs were not observed, spring sampling locations were
selected from the shoreline inspection record (Appendix A) to provide a
sample at approximate half-mile intervals along the 41-mile study area.
Columbia River water samples were also collected at half-mile intervals,
but only along those sections of shoreline where ground water monitoring
data had identified the presence of Hanford-related materials in the ground
water (see Figure 2). Shoreline sections for RM 3 through RM 12, RM 14
through RM 22, RM 27 through RM 33 and RM 41 through RM 44 were identified
for collection of river samples.

At each spring and river sample location, a 1-Titer grab sample was
collected in a 1-Titer poly bottle. In most cases, spring sample con-
tainers were filled directly from the spring discharge. Where it was nec-
essary to sample springs with low flow rates, a depression was dug in the
bank from which water was scocoped and transferred to the sample container,
The potential for cross contamination in these cases was reduced by rinsing
the trowel used for digging before and after each use and by lining the
scoop used to transfer water from the depression to the sample container
with a clean plastic bag pricr to each use.



River samples were collected from the river's surface {upper 30 cm)
within 2 to 4 m of the Hanford shoreline. At each river sample location,
an aliquot of water was collected for a composite sampie in addition to the
1-Titer sample. Composite samples were collected atong specific sections
of shoreline to provide the large volume of water necessary to perform sore
of the additional analyses discussed in Appendix B. Composite sample inter-
vals were selected to encompass the sections of shoreline adjacent to each
onsite operating area. In addition, three composite sample intervals were
identified between RM 27 and RM 33 to divide the ground-water plume that
originates at the 200 Areas (see Figure 2) into three approximately equal
shoreline sections. Composite sample intervals were as follows:

RM 3 to 5 (100-B Area) RM 17.5 to 22 (100-F Area)
RM 5 to 7.5 (100-K Area) RM 27 to 29 (200 Area plume)
RM 7.5 to 9.5 (100-N Area) RM 29 to 31 {200 Area plume)
RM 9.5 to 12 (100-D Area) RM 31 to 33 (200 Area plume)
RM 14 to 17.5 (100-H Area) RM 41.5 to 44 (300 Area)

. A1l composite samples contained 10 liters of river water, while aliquot
volumes ranged from 1.25 to 2.5 liters depending upon the length of the
composite interval. To ensure the comparability of each l-1iter sample and
composite aliquot from a sampling location, water was collected in a single
grab sample and split between the l-liter sample and composite aliquot.

At the upstream end of each composite interval, an additional i-Titer
grab sample was collected at the approximate middle of the river charnel.
These samples were intended to provide indications of concentrations in the

river away from locaiized infiuences near the Hanford shoreline.
Sample collection was conducted by shoreline section as follows:

RM 3 through RM 12 was sampled December 18, 1982.
RM 14 through RM 33 was sampled January 22 and September 11, 1983.
RM 33 through RM 44 was sampied December 20, 1982.

The shoreline between RM 14 and RM 33 had to be resampled as a resuit
of equipment failures on Januarv 22 which prevented collection of samples
downstream from RM 29. Although samples were collected between RM 14 and
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RM 29 on the original sample date, they were duplicated on September 11,
1983 to provide a consistent set of data for that section of shoreline.
Both sets of data are provided in this report.

ANALYTICAL METHODS

Samples collected between RM 3 and RM 40 were analyzed for tritium
(3H) and nitrate (NOE) while samples collected between RM 40 and RM 44 were
analyzed for nitrate and uranium. These are the primary constituents moni-
tored by the Hanford Ground-Water Surveillance Program in those specific
areas. Additional analyses performed on selected samples are described in
Appendix B.

Following collection, samples were prepared, as necessary, prior to
delivery to the lab for analysis. A 200-ml aliquot was drawn from each
sample for nitrate analysis. Each aliguot was poured into an acid-rinsed
plastic container, preserved with acid, and refrigerated. The first set of
samples, collected December 18, 1982, was spiked with boric acid, as pre-
scribed in the procedures for the nitrate electrode analytical method. .
Difficulties with the nitrate electrode led to selection of the brucine
method which prescribes a sulfuric acid spike. A1l samples collected after
December 12, 1982 were spiked with sulfuric acid. No sample preparation
was required for samples requiring radiologic analyses. All samples were
delivered to the analytical laboratory within 24 hours of collection.

A1l analyses were performed by United States Testing Co. according to
their standard methods. Samples analyzed for tritium were distilled and
the distitlate counted directly using a liquid scintillation spectrometer
with a minimum detectable concentration (MDC) of 300 pCi/%. Uranium was
extracted from nitric acid into ether, the ether phase evaporated, and the
residue was plated on a stainless steel planchet for counting with a low-
background gas flow proportional counter. The MBC for uranium analysis was
0.5 pCi/e. Colorimetric techniques were used to measure nitrate after it
had reacted with brucine. The MDC for nitrate analysis was 0.02 ppm.
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RESULTS

Forty-one spring and 57 river samples were collected and analyzed for
nitrate and tritium. Samples were collected from six springs and six loca-
tions in the river and analyzed for uranium and nitrate. Ten composite
samples were constructed from aliquots of river water collected along sub-
sections of the shoreline and analyzed for the same materials. The results
"of these analyses, as well as details of sample collection, are contained
in Appendix C. Additional analyses performed on selected samples are
described in Appendix B. '

Table 1 provides a comparison of tritium concentrations measured in
springs, in ground-water monitoring wells adjacent to the spring locations,
and in the Columbia River. The concentrations in spring discharges ranged
from levels comparable to those found in nearby wells to levels less than
the analytical detection 1imit. Concentrations in composite river samples,
also shown in Table 1, reflect the localized effects of ground-water dis-
charges within those sections of shoreline where ground water and spring
concentrations were elevated. Along shoreline areas where concentrations
of materials in the ground water were relatively low or the number and
magnitude of spring discharges were small, concentrations in the composite
samples were comparable to those measured upstream from the site. Concen-
trations measured in samples collected near the middle of the river channel
did not indicate any substantial increases relat“ve to concentrations mea-
sured upstream from the Hanfeord Site. In no case did measured concentra-
tions exceed applicable DOE Concentration Guides (USDOE 1981).

Although an attempt was made to sample under conditions that would
maximize concentrations in springs on the river shoreline, the data pre-
sented in Appendix C are not estimates of maximum potential concentrations
in the springs or river. Nor should they be interpreted as necessarily
being representative of average conditions. The factors influencing the
composition of spring discharges are complex and interdependent. The data
contained in this report are specific to the conditions which prevailed
during sampiing and represent a single point on what is likely to be a
broad distribution of potential concentrations.
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TABLE 1.

Comparison of Tritium Concentrations in Hanford Shoreline and
Columbia River Samples

()

Shoreline Concentration*™/, pli/e River Concentration' ", pCi/e
SShore1?ne (b) - Composite driver Upstre%m)
ubsection Well Spring Sample Sample SamplelcC
RM 3-5 4,770 5,900 600 100 100
RM 5.5-7.5 49,000 5,500 1,100 300
RM §-9.5 48,700 38,000 2,700 150
RM 10-12 14,000 80 830 200
RM 14-17.5 64,900 4,000 153 65
PM 18-22 1,500 270 143 130
RM 22-27 115 530 {e) {e)
RM 27-29 230,000 110,000 12,300 107
RM 29,5-31 {d) 2,700 2,100 (f)
RM 31.5-33 (d) 570 430 (f)
RM 33-40 23,000 1,200 (e) (e)

{a) Maximum zmalytical result measured.

{USOOE 1981) of 3,006,000 pCi/e.

(b) Maximum single measurement from any nearby monitoring well during 1983,

and analytical methods reported in Prater et al. 1984.)
{c} Average of concentration in samples coijected from the Columbia River at Priest

Rapids Oam during 1983 {Price et al. 1984},
(d) Mo ground-water monitoring well located adjacent to this section of shoreline.
(e) River sampling not performed along this section of shoreline (see discussion of

sampling methods).

(f) Sample not collected.

To be compared to DOE Concentration Guide

{Data

Concentrations measured in samples of river water can be compared to

average concentrations measured in the Columbia River upstream and down-
stream of the Hanford Site during 1983,
downstream river concentrations are (Price et al. 1984):

Tritium
Uranium
Nitrate

These annual average upstream and

Upstream Downsiream
100 * 26 pCi/t 130 + 28 pCi/a
0.27 = 0.08 pCi/a 0.50 + 0.15 pCi/e
0.23 £ 0,04 ppm 0.27 + 0,08 ppm
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Measured concentrations of tritium, nitrate, and uranium in spring and
river sampies collected between RM 3 and 12, RM 14 and 22, RM 27 and 33,
and RM 41 and 44, and their locations in relation to operating areas and
facilities on the Hanford Site, are depicted in Figures 3 through & respec-
tively. Additional results for 90Sr, gch, 1291 and gross beta are dis-

cussed in Appendix B,
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CONCLUSIQNS

Data collected during the course of this study compiement the informa-
tion obtained through routine monitoring of the ground water and Columbia
River at the Hanford Site. The Hanford Ground-Water and Surface Environ-
mental Surveillance Programs have documented:

the movement of Hanford-related materials in the unconfined aquifer
and their presence at the Hanford shoreline of the Columbia River
{(Prater et al. 1984), and

* the negligible downstream impact of ground-water discharges
into the Columbia River (Price et al. 1984).

The results of this study have provided additional information regard-
ing the location and characteristics of ground-water discharges from the
Hanford shoreline. As illustrated in Figures 3 through 6, the predominant
areas of ground-water discharge were in the vicinity of the 100-N Area, the
old Hanford Townsite, and the 300 Area. However, the volume of ground water
entering the river at these locations was very small relative to the flow
of the Columbia River.

The results of this study also indicate that monitoring the unconfined
aquifer is the most effective method of monitoring ground-water discharges
to the Columbia River. Because the majority of shoreline springs are acces-
sible only during periods of low river level, routine access is not possi-
ble. In addition, river water can mix with ground water and produce diluted
concentrations in spring discharges.
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APPENDIX A

SHORELINE INSECTION AND SPRING LOG

Inspection of the Hanford shoreline between RM 3 and RM 44 was accom-
plished in nine days. A log of the river-bank springs observed and recorded
during these inspections is provided in Table A.1. Daily averaged Columbia
River flow rates measured in cubic feet per second (cfs) that were recorded
at Priest Rapids Dam for each af the nine days were as follows:

Flow Rate,
Date cfs

11-04-82 102,000
11-11-82 102,000
11-12-82 94,000
11-15-82 100,000
11-17-82 80,000
11-19-82 73,000
11-24-82 112,000
12-27-82 106,000
01-03-83 119,000

Actual flow rates during the inspections, which began at approximately
8:00 a.m,, or earlier, each day and were terminated by rising water by mid-
day, were substantially lower than these daily averages. The mean annual
flow rate of the Columbia River during 1982 was 140,000 cfs.

A.l



TABLE A.1. Shoreline Inspection Record

River Mile Spring Inspection
Location Designation Date/Time Description
3 3-1A 11-17-82/7:20 a.m, 10.9°C, moderate to heavy flow, LIS(a‘lI end of small inlet,
2% ft US from rails extending into river, 10 ft from ri-
ver's edge, cobbles and boulders
3-18 1:35 11.3°%C, 1ow flow, 100 ft DS{bll 3-1A, 5 ft from river's
edge cobbles and boulders

3.3 3-2 8:00 6.1%C, moderate to heavy flow in middle of narrow muddy
inlet extending inland, 173 miles DS RMEC) 3, 10 £t from
river's edge cobbles and bouTders either side inlet

3-3 B:15 B.0°C, very low flow, 1n elongated depression-rocks piled
on either cide, flat bank

3.5 3-4 8145 6.0°C, very low flow, drainage area behind peninsula

3.75 3-8 9:00 16.4°C, heavy flow, in secondary small inlet inside
peninsula, emanates from row of cobble, below no trespass
sfgn

3-8 §:05 21.9°C, heavy flow, 150 ft DS 3-5, sandy area small gravel,
percolates from sandy soil underlain by gravel, & ft from
river's edge, below sign "1"

3.9 4-0 11-11-82/7:00 &.m, 21.0°C, heavy flow, broad cobble shore, 100 5 DS B intake
300 y US RM 4, pools and lighter flow in area 16-18°C,
flow within intake rip rap

4.2 a-] 7:20 18.2°C, heavy flow, inside concrete Tined outfall,
emanating from crack € v below rock backfill

8,25 4-2 7:35 23°C, heavy flow, 50 ¥ US from 2nd 100 Area B outfall and
PNL TLR, Emgnates from cobble right at river level.

5.4 B-1 7:18 11.2°C, moderate flow, area 100 y wide near river's edge,
cobble small to medium, 50 ft DS RM 5,

5-2 ) 7.39 i4.2°t, moderate flow, 20 f1 area of rocky shore, several
: percalating springs, 250 y DS RM 5
5,25 5-3 7156 10.9°C, Tow flow, small trickle in rocky shore near river's
edge, 100 y 0S 5-2 betwsen 5-2 and pump house
5-4 8:0% 17.37C, moderate flow, several small springs at river's
adge, 6O y DS 5-3.
5.6 5-44 11-12-82/6:5] a.m. 12.3°C, Yow flow, 100 y 03 pump station
5-5 6:58 10.2°C, moderate flow, 50 y DS 5-4A, percolating

5.9 5-6 F.20 12.8%C, moderate flow, zontinuous to RM & {80 ¥}

6.0 6-1 7:39 12.9°C, mogerate flow, Jercolating continuous for 50 ft,
150 y DS RM &

6.7 E-2 744 10.1°C, low flow, percolating stream, 75 y US boat
launch area.

B-3 B:28 B,B°C, Tow flow, 75 y D3 100-K West intake

6.8 7-0 7:00 13.2°C, heavy flow, inside narrow inlet extending inland
10 ¥y from river's edge, 200 y DS 100-K East intake, inlets
surrounded large boulders and cobble - 20 ft 05 9% anpther
inlet, low flow 12.0°C

6.9 ¥-1 730 11.9°C, moderate to low flow, emanating from small boulders

at 05 inlet from small aoint, 4 ft from river's edge, 100 ¥
0S it another area low Flow 12.5°C {at RM 7}

a)] U5 - Upstream
Eb} DS - Downstrean
c] RM - River Mile
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River Mile 5

Location Designation

TABLE A.1.

pring

Inspection
Date/Time

Shoreline Inspection Record {Cont'd.)

Description

7.0

8.3 8.

1

14.5

15
15,25
US - Upstream

{a}
{b} DS - Downstre
{c] RM - River Mi

7-1

7-3

7-4

8-1

25-1

8-10
-1

9-1

9-2
9-3

am
le

7:40

11-17-82/9:45 a.m.

7:45

1-3-83/8:50 a.m,

12-27-82/9:13 a.m.

13.a°c, h?”y f}oy, 5 ¥ from river's edge, cobhle and boulders,
150 ¥t DS'P/ RMASY 7 on small peint - 10 ¥ 05 is 2nd area
heavy flow 13.0°C - 30 y D5 is 3rd area heavy flow 14_6°C,

6 ft from river's edge - 36 y total DS 7-1 4th area 15.1°C,
broad area of springs (directly below K-19 well)-unnumbered
well with water in it here, - at K trench gverflow, broad
ared, low flow 12.2°C (BM site sign} - 8:10 a.m.

15.4°C, mderate flow, area 15 ft wide, small inlet at DS
end of depressed K-Trench overflow area, & ft from river's edge

11.2°C, mderate flow, 100 ft Us(‘) no trespass sign, 10 ¥
from river's edge - 10.9°C below no trespass sign 100 ft DS
from 7-3 intermitten flow D5 from 7-3

11.8°C, very heavy flow, forms small) pool, boulder area 15 ft
from river's edge, bank broad and flat

12.0°C, low flow, in grooves perpendicular to river, 15 y
from river’s edge, flat cobble shore, 500 y DS RM 8 - 50 ft
DS B-1 12.2°C, percolating vertically from hole between rocks
2 ft from river’s edge - 9:30 a.m. 11.9°C below no trespass
sign 5 ft from river's edge

$.6°C, moderate flow, emanates beneath boulders 10 ft from
river's edge, mud around spring, small pool

15.5°C, moderate flow, continupus for 75 y, 30 y DS 100 N intake

17.6°C, heavy flow, 25 ft IS UKD TLD, below smokestack, 100 y
DS intake

20.2°C, heavy flow, below no trespass sign and trench

20.1°C, heavy flow continuous 25 y and 75 y DS . 100 ft US
from sample shack, 100 y DS from 8-12 other temperatures 24.4,
24.7, and 25.6°C at orange rock 25 y US shack and 64 ft from
rive;‘s edge 8-13 continues past RM 9 - highest discharge
at shack ' :

20,9°C, heavy flow, 9-1 marks end of continuous area from
2-13, 1/4 mile 0S RM 9

18.1°C, moderate flow, 150 ft DS 9-]
19.7°C, heavy flow, 150 y D5 9-2, huge pgol, continuous 30 y
16.7°C, heavy flow, continuous 25 y

11.5°C, heavy Flow near river level, 200 ft 0S RM 11 at 05
edge of concrete outfall, river rising

Oistributed heavy flow continuous from RM 14.25 to rocky
point at RM 14.5, broad flat rocky beach - sand beach below
river level, located behind island and below row of trees on
bluff, 14-4 marked in red on rocks

Moderate to low flow immediately around rocky point DS of
14-4, emanating from rocks ahove broad flat sand beach,
14-5 marked in red on rocks

9.3°C, moderate flow from narrow sandy beach below
vegetation behind and few feet DS RM 15, percelaticn from sand

6°C, very low flow, 40 ft down from concrete slab 70 ft US
from bend in H Area fence
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River Mija

_Location

18.6

19.0

22.75
23.0

23.25

23.75

Hanfard
Slough

TABLE A.1.

Spring
Designation
15-5
158-0
18-1
18-2
18-3/19-1

221

22-1A
22-2

23-2

23-3

258-15

25-2%

25-25

25-45%

25-58

[a) US - upstresm
Eb 0% - Downstresm
c} RM - River Kile

Shoreline Inspection Record {Cont'd.)

Inspection
Date/Time [escription
8:48 65.6°C, moderate flaw percolating out of cobble shore, 30 ft

§-11-B3/3:25 p.m,

11-11-82/9:30 a.m.

10:09

10:45

11:03

11-24-82/6:15 a.m.

9:16

10:00 .

11:45

12:47

12:21

11-12-82/11:03 a.m.

V18
11:23

on flat bank from river
13,3°C, heavy flow from pipe fn trench under power Tine

12.3°¢, very low fiow, 200 y 05(®) RM(C} 18, steep cobble
bank, at river level 100 £t 05 cut in bank (old irrigaticn
return}

13.71°C, heavy flow, on J§ point of gld F intake, emanating
beneath large concrete sTab fmbedded in bank 2/3 mile 05 RM 18

12.8°C, low flow, narros steep bank, small cobble, 5 ¥ below
vegetation at river Tevel

1.8%C, very low flow, sroad flat shore, slight depression and
pocl, 100 ft wide along shore

3.7°C, moderate flow, 130 ft D5 from 22-1

7.1°C, moderate flow, 100 ¥ DS 22-1, emanates 19 y below
vegetation, runs out to river 20 ft

8.1°C, low flow, 10 ft “rom river's edge - 15 ft DS, mderate
flow 9.7°C - 75 ft 5 8 7°C small pool - continuing DS

10.6°C, moderate flow, 10 y below vegetation

8.1°C. low flow, shallow depression, moderately steep cobhle
shore 4 y from river's edge, pothole 10 £t DS and 10 fr up
bank - 25 y D5 8,5°C moderate flow, 1 ft from river - 50 y
DS 23-1, 9.8°C, heavy f ow, at no trespass sign -
intermittent B%

5.3°C, heavy flow, depression at lower ievel, emanating from
racks and mud at vegetaiion Jine, 3 ft from river's edge

620, very low flow, larpe pothole B ft from river's edge
iom flow into pothole - 50 y DS 23-3, 8°C, heavy flow

9.5°C, very heavy flow, cluster of potholes within broad
depression, draining rapidly ints each other and subse-
quently into river, nop level drop in potholes but no
apparent surface flow fi1ling them from bank - 20 ft
DS, 9.%°C heavy flow, directly into river - 40 - 50 ¥
DS, 8.4°C, moderate Flow, around corner D5 from depression

12.2°C, heavy flow, muddy vegetated bank, head end of
slough, flowing over mud flats to rocky shore

13.3°C, neavy flow, 200 ft DS 25-1%5, mud bank, running over
flats then cobble, contiwous D5

12.7°C, heavy flow, 300 Ft DS 258-25, emanating beneath boulder
in mud below vegetation - 50 ft D5 13.8°C, heavy flow from
boutder - continuous DS

12.5°C, moderate flow, hilfway in slough, 200 ft of sandy
silty beach, cozing and zercolating frowm beach composed of
top fine sand, clay laye-, sand Tayer, then cobble layer
below

saturated beach 100 y long at base of collapsing bluff, at
entrance to slough

11.4%C, heavy flow, percolation and opzing continuous 25 ¥
us and 100 y 05

8.8°C, moderate flow, 200 y DS 25-1, continuous 25 y US and DS

12.4°C, heavy flow, bubb ing spring 31 ft from river's edge,
250 y D5 pump house .
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Shoreline Inspection Record (Cont'd.}

Description

River Mile Spring Inzpection
Locatign Designation Date/Time
25,75 25-4 11:47
25-5 12:00 -
25.8 25-6 12:05
26,2 26=1 11:20
26.25 26-2 11:40
26.6 26-3 12:20
26.8 26-4 12:30
7.0 27-1 11-5-B2/8:30
27.28 27-2 9:04
27.8 27-3 9:15
28 28-1 9:10
28-2 9:30
28.25 28-3 9:40)
28.5 20-4 10:00
29.25 29-1 10:00
29.5 292
29.75 29-3
3000 30-0 10130
301
30.9 30-2
1n.q 31-1
3.3 11-2
3.5 31-3
31-a
.86 31-5
3.0 334 12:30

(2} Us - Upstream
Ehi DS - Downstre
£} RM - River Mi

am
le

11.3°C, heavy Flow, just Ds(b} boat ramp {ferry landing),
deep cove in bank, entire cove spring activity, 11.9°C

11.8°C, heavy flow, 50 ¥ DS ferry landing
10,6%C, heavy flow, 6 ft wide stream, 150 ¥ D5 ferry landing

10.9°C, heavy Flow. springs across inlet at TLD lpcation,
10 ft from river's edge, small cobbles with mud and silt

heavy overall flow/moderate individuzlly, 200 ft wide
indentation in bank, flat mud and sand beach topped by
boulders, 200 ft DS 26-1

moderate Tlow, streams trickling down from arga of pathole
Tocated up EQ’ bank, paoi 20 ft from river's edge, at foot
of trees US from well 44-7

heavy flow, silty beach with cobble Jenses, inside wide bay
in bank below bluff, emanating from middie cobtle lens,

20 ft from river's edge, rivulets extend 20 ft into river

12.6°C, heavy flow, broad depressed area forming {ndentation
in bank, flow from 100 y wide area, 100 y DS RMAC! 27

12.7°C, heavy flow, broad dished area, surrounded by numercus
pothmles, cobble with mud in depressions

12.5°C, heavy flow, broad 100 y wide dished area, broad cobble
shoreline, fine silt in areas of springs - 50 y DS 27-3, disheg
area - 100 D5 27-2 broad shallow depression 100 y US RM 28,
several floming pathalas

12.5°C, moderate flow, continuous 200 y 05

12.3°C, heavy flow, bluff recedes, rocky point in river, DS
side of point major flom

12.2°C, large poal 50 ft diameter

12.1°C, large pocl DS from point and bend 1o river, US
from narrow heach and bluffs to RM 29 - saturated sard
area U3 from &M 23 ’ :

13°C, moderate flow, small depressed area and patholes, 150 ¥
wide

12.8°C, -saturated mud and s11t, signs of recent surface
flow, buried pipe and timber across hole 1n bank.

12,3°C, saturated mud and silt, no flow on surface
11.7°C, intermittent saturated areas 100 y DS RM 30
12.9°C, low flow, narrow share, 250 y DS AM 30

12.40°C, very low flow, 100 y US RM 31, numerous patholes
extensive fine myd and silt, signs of recent runoff

saturated area, located behind paint in back eddy, no
frespass sign

12.8°C, more sand present, moderate flow
12.8°C, low flow, saturated area, in back eddy

13.4°C, heavy flow, cobble area separating marrow sandy
beaches, qgpposite US end of Ringold island numercus sandy

‘beaches 200 y US and ) mile D%, saturated and cozing water,

rivulets flowing, 15t layer of si1t, 2nd layer coarse sand,
3rd layer silt, hole in sand 13.1, fills rapidly

11.7%, low flow, dry rivulets and saturated beaches, dryar
for rest of RM 33, sand more compact
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River Mile

Lecation

M0

kW]

35.6

36

36.75

8.2%
3.8

39.25

40.0

40.75

4.5

41.8

42.0

42.25

43.6

43.75

41.8

TABLE A.1.

Spring
Designation
34-1

34-2
38-3

-4
5.1

35-2
36-1
37-1
31-2

g-1
38-10

401
4q-2
40-3
40-4

43-1
43-2

43-3

fal US - Upstream
{b) 0S - Downstream
{c) AM - River Mile

Shoreline Inspection Record (Cont'd.}

Inspection
Date/Time Desc-iption
12:50° 50 y 05(P) Cable crossing, saturated sand between cobble,
appearance of recent flow
1:10 saturated above high wate* mark
15

11-15-82/ 8:15

1G:45

10:46

11:00

11:42
11:43

12:50

2.09
Z2:10

2:494

2:57

11-19-827 8:18

B:25

§:48

1023

10:32

10:45

surface flow o?ssrve?. saturated above high water, 50 ¥ 05
34-2, 100 y ys{a) mMic) 33

substantial standing wate- on bank

moderate flow located fm back eddy on sandy shore, 150 ft
0S 15t WPPSS intake - small pands 100 y 03 2nd {ntake

low flow, broad seepage on sandy hank, pond in weeds US,
Tocated in back eddy

9.3°C, low flow, continuwous several hundred feet DS, 200 ¥
05 powerlines, sandy and -ocky

moderate flow, rocky shoreline lacated in slough, cantinuqus
25 y DS, rocky shore

high discharge, 5 springs 10 y U5 and 05 from stake, sandy
shore with cobbles and baulders

heavy flow, 75 y continuaus, muddy, source below boulders

7.9°C, Tow flow, sandy besch, muskrat and beaver ditches,
flow from ditches, 250 y US AM 39

several springs In small Jditches flowing onto sandy beach and
poals 6.9°C

B.6°C, low flow, sandy rocky beach, 25 y DS RM 40
11,1°C, low flow, rocky shore, 100 ft D5 40-1
10,0°C, low flow, emanate: under boulder at river's sdga

10.3%C, low ﬂ?u. trickle: from rocky shore at river's edge,
300 y US [ LR

14,3°C, low to moderate flow, continuous trickles on sandy
beaches for several hundred ft DS'8 41,75

13.6°C, moderate flow sancy beaches below bank side cut,
swallows nests

13.9°C, moderate flow, cortinuous 20 y US and 30 y 05, sandy
muddy shore

15.2%C, heavy flow, sandy muddy shore, continupys 30 y US and
50 y 05 to paint in river, no trespass sign, 100 y 05 RM 42-
at point huge flow at 19°( 12-12-82/10:00 a.m.

13.6°C, mderate flow, emdnates from sandy mud, small spring,
boulders and cobbles surrcunded by patches of mud

15.1°C, heavy flow continuous 25 y US and 50 ¥ D5, 100 ft US
from tree - final half mile of RM 42, intarmittent springs
10.8°C - note to 42-4 at locatfons of historid 300 Area
Springs #1

11.6°C, moderate flow, rocky shareline, 50 y 05 from boat
ramp, 250 y US POR

11.6%C, moderate flow, continugus 10 y US to POB 100 ¥ OS,
rocky sharelinge

12.1°C, moderate discharge, sandy muddy beach, intermittent
cobble, continuous along keach 05, trickles and percolation

A.B

o



APPENDIX B

ADDITICNAL ANALYSES




APPENDIX B

ADDITIONAL ANALYSES

In addition to the analyses described in the Phase 2, Sampling and
Analysis section of this report, selected samples were analyzed for 9OSr,
1291, gch, and gross beta. These analyses are discussed in the sections

that follow.

STRONTIUM-90 ANALYSES
90

Analyses for ~ Sr were performed on composite samples of river water
collected between RM 3 and RM 22. Because this analysis requires a
9.5-1iter sample, individual spring and river samples were not analyzed for
gOSr. Results of these analyses, listed in Table B.l, are consistent with
the results of other analyses performed on samples ccllected in these areas,
in that the highest concentrations were observed in shoreline areas known

to be in contact with Hanford ground water.

TODIME-129 ANALYSES
129

Analyses for I were performed on four spring samples and two large-
volume river sampies collected between RM 27 and RM 33, Iodine-129 is a
constituent of the ground-water plume that originates in the 200 Areas and

is thought to be discharging 129

I to the Columbia River along this section
of shoreline. For the purpose of these analyses, additional 10-liter sam-
pies were collected from springs 27-1, 28-2, 31-5, and 32-0. Two large-
volume river samples were collected at RM 27 and RM 29 by pumping 100
Titers of water through mixed resin ion exchange columns. The results of
these analyses are listed in Table B.2. As with 9USr, the results are con-

sistent with other analytical results obtained from samples in this area.

GROSS BETA ANALYSES

Gross beta analyses were performed on spring samples collected
September 11, 1983, between RM 14 and RM 33, in response to public inquir-
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jes about ground-water discharges via river-bank springs. The analyses

were performed on January 6, 1984 using water remaining in each sample after
analyses for tritium and nitrate had been performed. Results of the gross
beta analyses are listed in Table B.3.

TECHNETIUM-99 ANALYSES b f
129

In addition to the I analyses described above, 99Tc analyses were
performed on the 10-Titer samples collected from springs 27-1, 28-2, 31-5, v
and 32-0. These analyses produced results that were consistent with the
1291 and other analyses performed on samples collected from these springs.

Results of 99Tc analyses are listed in Table B.4,
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TABLE B.1. Strontium-90 Analyses from Columbia River Samples

River Mile Sample Date Concentration,

Location ID Collected pCi/e 2o
3.0-5,0 B Comp RH(a) 01/22/83 0.55 = 0.23
5.5-7.5 K Comp RW 12/18/82 0.18 + 0,02
8.0-9.5 N Comp RW 12/18/82 28 + 0.47
10.0-12.0 D Comp RW 12/18/82 1.1 = 0.0%
14.0-17.5 H Comp RW 01/22/83 0.50 + 0.14
18.0-22.0 F Comp RW 01/22/83 0.93 + 0.15

Upstream Columbia
River Concentration
(Average 1983) 0.18

DOE Concentration
Guide {USDOE 1981) 300

1+
L]

.22

(a) Comp-RW denotes composite river water sample comprised of
aliquots from immediately preceding river sample locations.,

TABLE B.2. TIodine-129 Analyses from Spring and Columbia River Samples

River Mile Sample Date Concentration,
Location ID Collected pCi/e +2¢

27.0 27.0 Rw(a) 01/22/83 3.3){10‘6 + 1.4x10'6
27.0 27-1 Sp(b) 09/11/83 1.6)(10‘4 + 2.1x107°
28.0 28-2 Sp 09/11/83 6.2x10'2 + 6.8x1073
29.0 29.0 RH 01/22/83 6.3){10'5 + 5.0:'(10'6
31.75 31-5 Sp 09/11/83 3.0x10'5 * 4.0x10'6
32.5 32-0 Sp 09/11/83  4.4x10™° + 2.7x107°
Upstream Columbia
River Concentration _5 -5
(1983 Average) , 2.4x10°7 + 2.6x10
DOE Concentration
Guide {USDOE 1981) 60

(a) RW denotes composite river water sample.
{b) Sp denotes river bank spring sample.
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TABLE B.3. Gross Beta Analyses from Spring Samples

River Mile Sample Date Concentration,

Lacation 10 Collected pCi/e *2¢
14.5 14-4 5p¢2) 09711783 2.5+ 1.8
15.0 15-0 Sp 09/11/83 3.2=x2.0
19.0 18-3 Sp 09/11/¢&3 12 + 2.8
22.75 22-4 Sp 09/11/83 4.6 + 2.0
23.6 23-4 Sp 09/11/83 0.46 + 1.6
Hanford Slough 25-2s Sp 09/11/83 3.9+ 1.9
25.5 25-3 Sp 09/11/&3 0.21 £ 1.3
26.2 26-1 Sp 09/11/&3 2.2 + 1.7
27.0 27-1 Sp 09/11/83 0.26 = 1.6
27.5 27-3 Sp 09/11/&3 35+ 4.4
28.0 28-2 Sp 09/11/€3 3.0 £ 1.7
28.5 28-4 Sp 09/11/€3 9.8 + 2.6
30.0 30-1 Sp 09/11/€3 5.0 £ 2.1
31.0 31-1 Sp 09/11/83 1.0 £ 1.8
31.75 31-5 Sp 09/11/83 2.6 + 1.8
32.5 32-0 Sp 09/11/83 0.46 + 1.4
33.0 33-1 Sp 09/11/83 26 £ 3.9

Upstream Columbia
River Concentration

{1983 Average) 6.1 + 22
DOE Concentration
Guide (USDOE 1981) 3,000

{a) Sp denotes river bank spring sample.
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TABLE B.4. Technetium-99 Analyses from Spring Samples

River Mile Sample Date Concentration,

Location ID Collected pCi/L *2¢
27.0 27-1 5p'®) 09711783 0.049 = 0.005
28.0 28-2 Sp 09/11/83 43 + 2
31.75 31-5 Sp 09/11/83 0.012 + 0.D03
32.5 32-0 Sp 09/11/83 0.065 + 0.007

Upstream Columbia
River Concentration

(1983 Average) NA(b)
DOE Concentration
Guide {USDOE 1981) 200,00

{a) Sp denotes river bank spring sample.
(b} Not analyzed.
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L'D

Summary of Sample Collection and Analytical Results

TABLE C.1.
Sample Collection
River MI!e{a} Sample Date/Time
Location Sample 1D Size Collected
3,0 3,0 mg'® 12 12-18-82/0745
3.0 fw'S! 12 12-18-82/0745
12 01-22-83/0800
3-14 5p'9) 1L 12-18-82/0756
3,5 3,5 RW 12 12-18-82/0800
12 01-22-83/0900
3-3 Sp 12 12-18-82/0804
4,0 4,0 RW 12 12-18-82/0815
12 01-22~83/0930
4-0 Sp 12 12-18-82/0818
4.2 4-1 Sp 12 12-18-82/0820
4,25 a-2 Sp 12 12-18-82/0821
4.5 4.5 RW 12 12-18-82/0841
: 12 01-22-83/1000
5.0 5,0 RW 12 12-18-82/0845
18 01-22~83/1030
8 comp. RW'®’ 12 12-18~82/0900
108  01-22-83/1030
5-1 Sp 18 12-18-82/0848
5.25 5-4 Sp 18 12-18-82/0900
5,5 5.5 BKG 12 12-18-82/0919
5.5 RW 12 12-18-82/0908
5-4A Sp 18 12-18-82/0909
6.0 6,0 R 18 12-18-82/0915
6-1 Sp 12 12-18-82/0915
6.5 6.5 RW 12 12-18-82/0925
7.0 7.0 RW 1L 12-18-82/0933
7-1 Sp 12 12-18-82/0933

{a-f) Key found at

and of table,

Anslyses
>u, NO,, u,
pCi /R +2qg ppa _pCi/R & 20 Commants

(1.05x|02 + l.ﬂlxlozltf) 0.26 6,2°C mid rlver
(2.73%102 & 3.0x10%) 0.53 22 for B comp.
2.97%10% & 2. 15x10° 0.7

(2.60x10° & 2,B3x10°) 1.28 9,0°C
(2.51x102 & 2.64x10%) 0,31 2% for B comp.
(2.09x10% & 2.14x10°%) 0.66

5.50x102 + 2.60x10° 0.18 7,6°C

(1.61x10% 1 2,40x10%) 0.22 20 for B comp.
2.70x10% & 2.14x102 1.24

(1.10x10° & 2.27x10%) 7.84 18,2°C

5,92x10° & 3.82x10° 0.75 17.2°C

5.81x10° & 2,89x10° 1.68 20.1°C

3,85¢10° & 3,27x10° 0.58 2 ¢ for B comp.
(9.10x10' & 2.11x10%) 0,97

(2.80x102 £ 3.96x10°)  0.53 2 2 for B comp.
(6.30x10" £ 2.11x10%) 0.80

5.97x10° & 4.05210° 0.44

(8.20x10" & 2.11x10%) 0.93

6.39x10% £ 3.13x10° 0.44 10.2°C

8.71x10% & 3,03x10° 4.43 16.9°C
3,09x102 &+ 2,7Bx10° 0.44 6.2°C mid river
(3.261]02 x 4.04:]02} 0.18 2 £ tor K comp,
8.73x10° & 3.32x10° 0.80 10,2°C
(2.T?x102 t 4.BBx102) 0,09 2 2 for K comp.
5.49x10° # 2.87x10° 0.80 8.1°C

1.28!103 F3 2.301102 0,40 2 £ for K comp,
3.50x10% & 2.71x102 0.58 2 % for K comp.
1.40x10° & 2,32%10° 0.40 11.2°C



¢d

TABLE C.l, ({(contd)

Sample Collectlion Analyses
River Mile'® sample  Date/TIme 3, NO,, u,
Lacation Sample D Size Collected pCl/% £20 Ega pCl/% & 20 Commants
7.5 7.5 r'S’ 18 12-18-82/0938 (1.85x10° = 1.94x105) T 0.2 2 % for K comp.
K comp, Rx'®’ 108 12-18-82/0938  1.13x10° & 2,96x102 0.13
8.0 8.0 axe'® 12 12-18-82/0948  1.49x10° & 1.38x10° 0,09 6.1°C mid river
8.0 Rw 18 12-18-82/0945  1.33x10° & 2.31x10° 0.35 2.5 % for N comp.
8-1 sp% 19 12-18-82/0945  3,97x10° & 2.66x10° 0,44 10,1°C
8.5 8.5 RW 12 12-18-82/0952  3.10x102 & 2,81x10° 0.18 2.5 2 for N comp.
8-10 Sp 18 12-18-82/0952 4.86x10> & 2.81x10° 1,02 15.2°C
3.0 9.0 Rw 12 12-18-82/1001  4.43x10° & 3.50x10° 1,34 2.5 £ for N comp.
9-0 Sp 12 12-18-82/1001  3.85x10° £ 5.54x10° 10.4 20,1°C
9.25 9-4 Sp 16 12-18-82/1007  2.24x10% & 3.39x10° 3,54 16,1°C
9.5 9.5 RW 18 12-18-82/1016  7.61x102 & 2.01x10° 1.37 2.5 £ for N comp.
N comp, RW 108 12-18-82/1016  2.71x10° & 2.53x10° 1.24 2.5 £ for N comp.
10.0 10.0 BXG 18 12-18-82/1025 2.04x10% & 1.83x10° 0.d4
10,0 Rw 16 12-18-82/1021  8.30x10° % 1.49x10° 1.99 2 4 for D comp.
10,5 10,5 RW 14 12-18=-82/1133 3.!41102 + J.Oleoz 0,22 2 £ tor D comp,
11,0 1.0 RW 12 12-18-82/1137  3.10x10% & 2,52x10° 0.24 2 % for D comp.
11-1 sp 1% 01-22-83/1230 lS.ODxlol t 2.11x103) 1.1 6.1°C
1.5 11,5 RN 18 12-18-82/1142  (2.49x10° & 2,59x10") 1,75 2 & for D comp,
12,0 12.0 RwW 18 12-18-B2/1148  2.96x10° £ 2.19x10° 0.18 2 % for D com,
D comp. RW 108 12-18-82/1148  8.29x102 & 3,26x10° 0.22
14,0 14,0 BKG 12 12-18-82/1200 4.7ax10% & 2.39x102 6.4°C
19 01-22-83/0739  (4.90x10" £ 2.11x10%) 0,66 4,3°C
1£ 09~-11-83/1640 (6.46!10' % 2.05x|02) 0.03 18,4°C mld river
14,0 Rw 19 12-18-82/1200 (1.56x102 £ 1.89x10°) 0,31
12 01-22-83/0743 (G.BOxIO‘ * 2.1lx102) 0,26 1,5 £ for H comp,
16 09-11-83/1637  6.03x102 & 2,11x10° 0,10 1.5 £ for H comp.

(a-f) Key found at end of table,
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TABLE C.1. (contd}

Sample Collection Analyses
River Mile'® Sample  Oate/TIme *u, NO,, v,
Locat fon Sample JD Size Collected pCli/f 20 pp pCi/L + 20 Comments
14,5 14,5 RS 12 01-22-83/0820 (-1.70x10"  2.10x105) ‘") 0,44 1.5 & for H comp.
1L 09-11-83/1634  (1.30x10° & 2.04x10°) 0.1% 1.5 & for H comp,
14-2 5p'9 1 12-27-82/0920  1.21x10° % 2.20x10° 1.06 .
12 09-11-83/1630  4.05x10° & 2.74x10° 2.36 13,9%C
15.0 15.0 RW 12 01-22-83/0835  3.89x10° & 2.16x10° 0.44
12 09-11-83/1620  (3.19x10' & 2,02x10%) 0.25 1.5 & for H comp.
15-0 Sp 12 12-27-82/0848  5.80x10° & 2,18x10° 5.75 1.5 £ for H comp.
12 01-22-83/0843  4.51x10° & 2.17x10° 1,55 7.2°C
18 09-11-83/1622  2.12x10° & 2,03x10° 0,48 19,3°C
15,5 15.5 RW 12 01-22-83/0850  (1.62x10° & 2,11x10%) 0,44 1,5 % for M comp,
18 09-11-83/1614  2,34x10° &+ 2,04x10° <0,02 1.5 & for H comp,
16.0 16,0 RW 12 01-22-83/0855 ¢-8.00x10° & 2,10x10%) 0.58 1.5 & for H comp.
12 09-11-83/1609  3.49x10° + 2,06x10° 0.43 1.5 & for H comp.
16.5 16.5 RW 12 01-22-8370901  (9.80x10" & 2.11x10%) 0.31 1.5 & for H comp.
18 09-11-83/1606  2.45x10° & 2,06x10° 0,15 1.5 % for H comp.
17.0 17,0 RW 12 01-22-83/0939  (1.72x10% & 2,12x10%) 0.44 1.5 & for H comp.
12 09-11-83/1648  (1.35x10° £ 2,01x102) 0,20 1.5 & for H comp,
17.5 17.5 RW 1 01-22-83/0949  (5.30x10' & 2.10x10%) 0.44
12 09-11-83/1600  (3.36x10' & 1,99x10%) <0,02 1,5 % for H comp,
H comp. RW'®’ 104 01-22-83/0939  (1,53x10% t 2.12x10%) 0,66
106 09-11-83/1657 (=3.68x10' & 1.97x10%) 0,15
H Slough H Slough-RW 18 01-22-83/0947 (3.50xlﬂ1 : 4 2.101102) 0.22 middle of slough
12 09-11-83/1538  3.95x10° & 2.87x10° <0.02
18,0 18,0 xg'd? 12 01-22-837095%  (1.30x10! & 2,10x10%) 0.80 4.4°C mid river
18 09-11-83/1535  (1.31x10° & 2.04x10°) 0,05 18,4°C mid rlver
18.0 RW 12 01-22-83/1100  (6.70x10' £ 2,11x10°) 0.44 1.5 & for F comp,
12 09-11-83/1522 (1.73x10° & 2.,04x10°) 0.23 1.25 % for F comp.

{a=-f) Key found at end of trable.



TABLE C.1 (contd)

7

Sample Collectlon Analysas
River Mile'® Sample  Date/Time y, NO,, u,
Locatlon Sampie 1D Size _ Collected pCi/%, 20 poA _ pCI/L & 20 Comments
14,5 14,5 ru' 19 01-22-83/0820 (-1.70x10' % 2,10x105)*%  0.44 1.5 £ for H comp.
1L 09-11-83/1634  (1.30x10° & 2,04x10°) 0.15 1.5 2 for H comp.
144 sp'¥ 19 12-27-82/0920  1.21x10° & 2.20x10° 1.06
12 09-11-83/1630  4.05x10° % 2.74x10? 2.36 13.9°C
15,0 15.0 RW 1§ 01-22-83/0835  3.89x10> % 2.16x10° 0.44
: 18 09-11-83/1620  (3.19x10' & 2.02x10°) 0.25 1.5 & for H comp.
15-0 Sp 1§ 12-27-82/0848  5.80x10° & 2,18x10° 5.75 1.5 2 for H comp,
12 01-22-83/0843  4.51x10% & 2.17x10° 1.55 7.2°C
1L 09-11-83/1622  2.12x10° & 2.03x10° 0,48 19,3%C
15.5 15,5 R 14 01-22-83/0850  (1.62x10% 1 2.11x10%) 0.44 1.5 & for H comp.
12 09-11-83/1614  2.34x10° & 2.04x102 <0,02 1.5 % for H comp.
16.0 16.0 R 16 01-22-83/0855 (-8.00x100 & 2.10x10%) 0,58 1.5 & for H comp.
12 09=-11-83/1609 3.49x102 x 2.06x102 0,43 1.5 £ for H comp,
16.5 16.5 RW 12 01-22-83/0901  (9.80x10" & 2.11x10%) 0.31 1.5 & for H comp.
14 09~-11-83/1606 2.45x102 x 2.06x102 0,15 1.5 £ tor H comp,
17,0 17.0 Rw 12 01-22-83/0939  (1.72x10° & 2,12x10°%) 0.44 1.5 & for H comp.
12 09-11-83/1648  {1.35x10°  2,01x10°) 0,20 1.5 2 for H comp.
17.5 17.5 Rw 1%, 01-22-83/0949  (5.30x10' 1 2.10x10%) 0,44
18 09-11-B3/1600  (3.36x10' & 1.99x102) <0,02 1,5 £ for H comp.
H comp, RW'®’ 108 01-22-83/0939  (1.53x10° & 2.12x10%) 0.66
108 09-11-83/1657 (-3.68x10 £ 1.97x10°) 0,15
H Slough H Slough-RW 12 01-22-83/0947 {J.SOxIO‘ x 2.10x102) 0.22 middle of slough
12 09-11-83/1538  3,95x10° & 2.87x10° <002
18,0 18,0 mxetP!? 18 01-22-83/0953  (1,30x10’ * 2.10x10%) 0.80 4,4°C mid river
12 09-11-83/1535  (1.31x10° & 2.04x102) 0,05 18,4°C mid river
18.0 RW 12 01-22-83/1100 (6.70)(101 t 2.llx102) 0,44 t.5 ¢ for F comp.
18 09-11-83/1522  {(1.73x10° & 2.04x10°) 0.23 1.25 ¢ for F comp.

{a=f} Key found at end of table.
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TABLE C.1. (contd)

Sample Collection Analyses
R1ver Hllata’ Sample Date/TIma 3H, NO, , U,
Location Sample 1D Size Collacted pCH/L £2g Appa pCi/L £t 20 Commants
18,25 18-1 s5pt? 12 01-22-83/1100  (1.56x10> & 2.13x10) ") 0,66 5.0°C
18,5 18,5 rw'S 19 01-22-83/1113  2.42x10° & 2.13x10° 0,44 1.5 & for F comp.
19 09-11-83/1515  (1.31x10° + 2,08x10%) 0.24 1.25 & for F comp.
19.0 19.0 Rw 12 01-22-83/1127  (1.99x10% & 2,13x10%)  0.26 1.5 & for F comp,
12 09-11-83/1450  2.10x10° + 2.03x10° 0.10 1,25 & for F comp.
18-3 5p 10 01-22-83/1127  2.69x10° & 2.14x10° 0.88 4.9°C
12 09-11-83/1445  2.56x10° & 2.04x10° 1.77 17.7°C
19,5 19.5 RW 12 01-22-83/1134  2.33x10° & 2.14x10° 0.44 1.5 % for F comp.
12 09-11-83/1435  (2.01x10> & 2.03x10%) 0.05 1.25 § for F comp.
20.0 20,0 R 18 01-22-83/1182  (1.66x10% & 2,12x10°) 0,44 1.5 £ for F comp.
12 09-11-83/1431  (1.92x10° & 2.03x10°) 0.16 1,25 & for F comp.
20,5 20,5 RW 12 09-11-83/1427 (-6.87x10' & 1.97x10°) <002 1.25 & for F comp,
21,0 21.0 /W 19 09-11-83/1410  2.54x10° & 2.06x10° 0,10 1.25 & for F comp.
21,5 21,5 Rw 14 01-22-83/1640 3.57x102 % 2.l5x102 0,66 1.5 & for F comp,
12 09-11-83/1416 (l.25x102 x 2.04x!02) 0.25 1,25 & for F comp,
22,0 22.0 RW 12 01-22-83/1625  2.85x102 & 2.14x10° 0.66 1.5 & tor F comp,
22-1 Sp 12 01-22-83/1620  (2,11x10% & 2,13x10%) 0.66 6.1°C
Focomp. RW'® 0% 01-22-83/1640  (1.43x10° & 2,14x10%) 0.66
108 09-11-83/1522  (4.36x10'  2,00x102) 0,02
22,75 22-4 Sp 12 01-22-83/1610  3.13x10° & 2,05x10° 0.88 5.3°C
1L 09-11-83/1345  2.35x10° & 2.06x10° 6,87 17.4°C
23,6 23-4 Sp 12 09-11-83/1335  2,22x10° & 2.03x10° 0.38 17,3°C
Henford Slough 25-25 Sp 1L 01-22-83/0810  2.66x10° & 2.05x10° 5,53 12,3°C
12 09~11-83/1315  (6.63x10) & 2.00x10%) 0.35 23.3°C
Hanford Slough Hanford Slough-RW 14 01-22-83/1540 2.62x102 t 2.14x102 1.51 Collected from shore
12 09-11-83/1317  3,53x10° & 2.06x10° <002

(s-f) Key found at end of table,
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TABLE €.1., {contd)}
Sampla Collectlon Analyses
River Hlla(a) Sample Date/TIme 3H. NO,, u,
Locatlon Sample ID Size _ Collected pCI/R +2g pph oCI/8 & 26 Comments
25,3 25-1 spt? 12 01-22-83/1550  3.80x10° & 2.06x10° 0.22 7.0°C
25,5 25-3 Sp 12 01-22-8370945  3,10x10° & 2.06x10° 0.66 4,9°C
19 09-11-83/1300  5,34x10% + 2.10x10° 0.47 17.7°C
25.8 25-4 Sp 19 01-22-83/1710  (1.36x10° £ 2.11x109 1L 7.1°C
26,2 26-1 Sp 4 01-22-83/1015  3,21x10° & 2,06x10° 1,33 4.9°C
19 09-11-83/1245  (8,15x10" & 2.08x10°) 0,55 21,4°C
27.0 27.0 exg'® 12 09-11-83/1225  (1.07x10° & 2.01x10°) 0.09 17.4°C mid rlver
27.0 ru'S! 19 01-22-83/1127 (-ax10° & 2.10x10%) 0,75 2 % for27/29 comp.
19 09-11-83/1221  (1.55x10° % 2.02x102) 0.2 2 % for 27/29 comp.
27-1 $p 19 01-22-83/1125  2,92x10% 3 2.05x10° 0.58 4.5°C
18 09-11-83/1215  3.69x10° & 2.06x10° 0.73 15,1°C
27.5 27.5 RN 12 01-22-83/1338  1.05x10° & 3.42x10° 5,53 2 % tor 27/29 comp.
19 09-11-83/1200  2.76x10° & 2.54x10° 0,05 2 % for 27/29 comp.
27-3 Sp 1L 01-22-83/1336  B.03x10% & 3,16x10° 1,99 B.2°C
12 09-11-83/1206  9.17x10° % 9.18x10° 3,05 16,7°C
28.0 28.0 R 19 01-22-83/1400  4.88x10" & 6,10%10° 9,52 2 % for 27/28 comp.
12 09-11-83/1157  6.06x10° & 7.61x10° 1.18 2 4 for 27/29 comp.
28-2 Sp 10 01-22-8371400  7.98x10" i 7.79xi0° 16.6 1%
1 09-11-83/1150  1.10x10° & 9.95x10° 4,65 17,4%C
28,5 28,5 AW 12 01-22-8371225  1.11x10° + 2.22x10° 2 % for 27/29 comp.
18 09-11-83/1140  7.92x10° & 3.28x10° 2,35 2 4 for 27/29 comp.
28-4 Sp 19 01-22-83/1425  2.32x10° & 4,54x10° 7.52 5,9°C
19 09-11-83/1136  9.69x10° & 9,40x10° 8.2 19.8°C
28.8 28-5 Sp 19 01-22-83/1517  4.31x10° % 2.15x10° 1.55 new location-mlddle of

{a=f) Key found at end of table.

beach between Sp 28-4

and RM

e

29
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TABLE C.1. (contd)
Sample Collection Analyses
River Hlle(a) Sample Date/TIme 3H, N0y, u,
Locat lon Sample ID Slze Col lected pCl/% t2g ppa pCi/h & 2g Commants
29,0 20,0 R 'S’ 12 01-22-83/1240  (1.01x102 & 2.11x105 ) o7
12 09-11-83/1119  4,11x10° & 2.75x10° 0.24 2 ¢ for 27/29 comp.
25-0 5p'? i 01-22-B3/1255  1.63x10° & 2,34x10° 2,65 new locat lon-beach
below RM 29
27/29 comp. RW'®) 10g  01-22-83/1430  (1.23x10° & 3.60x107) 2,65 2 % for 27/29 comp.
108 09-11-83/1221  1.17x10° & 3.74x10° 0.35
29,5 29.5 RW 12 09-11-83/1100  2.56x10° & 2,4Bx10° <0.02 2.5 L for 29/31 comp.
30.0 30,0 RW 18 09-11-83/1035  2,32x10° & 2.44x10° 0,15 2.5 ¢ for 29/31 comp.
30-1 Sp 12 09-11-B371025  2.73x10° 1 2,52x10° 3,14 20,4°C
30.5 30,5 Rw 19 09-11-83/1012  2.73x10° & 2.51x10° 0,05 2.5 % for 29/31 comp,
31,0 31.0 RW 1L 09-11-83/1009  9.38x10° % 2.20x10° 0.05 2.5 % for 29/51 comp.
31-1 Sp 18 09-11-B3/1005  (1.57x10% & 2,02x10°) 5.25 15,8°C
29/31 comp. RW 10  09-11-83/1100  2,07x10° % 2.39x10° 0.26
31.5 31,5 Rw 18 09-11-83/0946  6.86x10° & 2,13x102 0.15 2.5 L for 31/33 comp.
31,75 31-5 Sp 12 09-11-83/0950  (1.90x10% & 2,0Zx10%) 2.64 17.4°C
32.0 32,0 RW 12 09-11-83/0923  4.69x10° & 2.09%10° 0,09 2.5 L for 31/33 comp.
32,5 52,5 RW 18 09-11-83/0912  8.06x10° £ 2.16x10° 0.1 2.5 & for 31/33 comp.
32-0 Sp 12 09-11-83/0927  3.17x10° & 2.06x10° 1,78 17.8°C
33,0 33,0 RW 12 09-11-B3/0900  (1.30x10% & 2,08x10%) 0,05 2.5 L for 31/33 comp.
33-1 Sp (4 09-11-B3/0900  5.73x10°  2,11x10° 0.75 17.9°C
31/35 comp, RW 10  09-11-B3/0950  4.31x10° & 2,08x10° 0.15
. 31.2 37-1 Sp 19 12-20-82/1087  1.19x10° & 2.30x10° 5.3t 6.1°C
38.25 38-1 Sp 1R 12-20-B2/1120  4.72x10° & 2,50x10° 4,65 6.4°C
41,5 41,5 RW 12 12-20-82/1235 0,62 0.408 £ 0,143 2 £ for 41.5/44 comp.;
41.8 a1-1 sp 1L 12-20-82/1235 3,98 9,03 & 3,16 1.1°C

{a-f) Key found at end of table,
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TABLE G.1. (contd)
Sampla Coilectlion Analyses
River Mile'® Sampla  Date/Time 3y, NO,, u,
Locatlan Sampte ID Sire Collacted pC1/% £20 _ppm _ pCi/Rk & 20 Commants
42,0 42,0 Rw 12 12-20-82/1235 2,12 1,57 % 0,549 2 2 for 41,5/44 comp,
42~-1 Sp 1L 12-20-82/1235 12,6 15.4 z 5,40 11.8%C
ig 01-22-83/1530 19,0 + 6.64 13, 7*C
42,25 42-2 59’ 10 12-20-82/1305 2,21 16,2 % 5,67 11.2°C
12 01-22-8%/1500 - 8,72 + 3.05 17.1*C
42.5 42.5 RH{C) 1% 12-20-82/1314 0,26 0,612 £ 0,214 2 £ tor 41,5/44 comp.
42=-4 Sp 14 12-20-82/1314 8.4 8,35 ¢ 2,92 &6,6°C
1, 01-22-83/1515 8,38 & 2,93 17.3°C
43,0 43,0 Rw 12 12-20-82/1327 0.75 0.401 & 0,140 2 § for 41.5/44 comp,
43,5 43,5 RW 12 12-20-82/1340 0.26 0.325 £ 0,114 2 % for 41,5/44 comp.
43-1 Sp L 12-20-82/1340 1,15 12,2 £ 4.26 7.8°C
43,8 43~3 Sp 12 12-20-82 /1359 0,44 2,99 1.05 10,.14C
44,0 44 .0 Rw 12 12-20-82/1350 Q.18 0,391 £ 1,37 2 R for 41,5/44 comp,
41,5/44 (0) 102 12-20-82/1350 0.66 0,746 ¢ 0,261
comp, RW

Nlver miia lucaiions based on markers Indicating shorellne distance downstream from Yernlta Bridge.
BKG denctes "background” river sample collacted from river surface at the middle of the river channei awny from Hanford

Shorellne,

RW denotes river water sample collected from surface within 2 to 4 meters of Hanford shore!ine,

Sp denotes rliver—bank spring sample.

Comp, RW denotes composlite river water sampie comprised of alfquots from Immadiately preceeding sample Jocations,

Parenthesis enclosing a value indicates that the radiocnucltide was not detectable; l,e,, the value was less than [ts
two-standard deviation (counting error) or the value was negative,
ot environmental radiocactivity to result In values of zero or negative numbers due to subtracting out Tnstrumental

background,}

..
.

(It Is not uncommon for Individual measurements
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